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ABSTRACT

These study was to investigate the in vitro fertilization and viability of fresh and vitrified oocytes. Also, the de-
velopmental capacity of IVF and intracytoplasmic sperm injection (ICSI) oocytes were investigated. Then vitrification
was performed with the use of 20% ethylene glycol + 20% DMSO + 0.5 M sucrose +10% FCS + TCM-199 medium. Vi-
trification immature oocytes are cultured in vitrification solution for 10 min afterwards transferred to expose at room
temperature for 5 min. and transferred to the ice water for 5 min. The oocytes were sealed in a 1.0 mm straw and
placed in a LN, container. Frozen oocytes were rapidly thawed in a water bath at 30~35C, and then placed in
TCM-199 medium containing 0.5 M sucrose for 5 min each, respectively, at 38°C. After being washed for 2~3 times,
using fresh medium the oocytes were cultured in TCM-199 medium supplemented with 5% FCS at 38°C in 5% CO;
and air. The normal morphology of fresh and vitrified-thawed oocytes were 87.1+2.1% and 54.84+2.5%, respectively.
The viability rates of fresh and vitrified-thawed oocytes were 70.0+2.2% and 41.9+2.6%, respectively. Viability rates of
vitrified-thawed oocytes were lower than that of fresh follicular oocytes (p<0.05). The in vitro maturation rates of fresh
and vitrified oocytes were 45.1+3.6% and 28.9+4.4%, respectively. The IVF rates of fresh follicular and vitrified-thawed
oocytes were 34.0+2.2% and 20.2+2.6%, respectively. The #n vitro maturation and fertilization rates of vitrified-thawed
oocytes were lower than those of the fresh follicular oocytes (p<0.05). A total of 350 oocytes were fixed and stained
after co-incubation with spermatozoa, of which 88 had identifiable nuclear material. After IVF for 20 hrs, 25.1+3.4%
of the oocytes found to have been penetrated by spermatozoas. Oocytes were fixed and stained after ICSI, and 105
oocytes contained identifiable nuclear material. After IVF and ICSI for 20 hrs, 34.323.4% and 59.0+2.0% of the oocytes
were found to have been penetrated by spermatozoas. The developmental rates upon ICSI were significantly higher
than those of the IVF method (p<0.05).
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INTRODUCTION and England (1999), who reported that 45.0%, 6.0%, and

36.0% of canine oocytes are in GVBD (germinal vesicle

breakdown) and MII stage. Hewitt and England (1999)

It has been reported that in vitro maturation and IVF reported that the rates of GVBD and MII stage canine
in canine oocytes are generally less efficient than when oocytes after 48 hrs of culture are 33.0%~49.0% and 2.0

performed in other species (Hewitt and England, 1999; ~6.0%, respectively. Therefore, more research is urgen-
Otoi et al., 2004). Embryonic development of canine oo- tly needed in these fields to obtain higher in vitro ma-
cytes that were matured and fertilized in wvitro was re- turation and fertilization of canine oocytes in vifro. The

cently achieved. The rates of cleavage are reported to cryopreservation of embryos (Sch-midt ef al, 1993
be between 8% and 37% in culture (Bedford et al., 2003, Leibo and Oda, 1993) or oocytes (Suzuki and Nishi-
Songsasen ¢t al., 2002, 2005; Rodrigues et al., 2004; Otoi kata, 1992; Robinski et al.,, 1991; van Blerkom, 1989) af-

et al, 2005). It is well known that the in vitro matu- ter frozen-thawing has been reported, but there was
ration rates and viability of fresh and vitrified canine large differences among the various studies. Embryo vi-
oocytes are lower compared to other mammals. The in trification was conducted by keeping the embryos cool-
vitre maturation rate of canine oocytes is 5~30%, and ed while preventing water hydration and ice crystal

few of them morula and blastocyst stage (Hewitt and formation by the addition of high concentrations of
England, 1999; Otoi et al, 2004). Otoi et al. (2004) re- cryoprotectants in vitrification solution (Rall and Fahy,
ported that oocytes collected from ovaries at the folli- 1985; Kasai et al., 1990; Vajta et al., 1998; Cuello et al.,
cular phase have a maturation rate 41% after 72 hrs of 2004). Renard et al. (1984) reported that freezing with a
culture. This result is higher than that found by Hewitt short equilibrium time is capable of two-step freezing
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by the addition of non-permeable sucrose. Further, fr-
eezing of early immature oocytes at different develop-
mental stages is more appropriate than at the mature
germinal vesicle stage. If oocytes with high fertilization
and in vitro developmental rates after vitrification can
be preserved, then they can be utilized for IVF and in oth-
er fields of biotechnology. However, the survival rates
of canine immature oocytes or embryos are lower than
those of experimental animals and thus must be im-
proved.

The purpose of this study was to investigate the IVF
and viability of fresh and vitrified oocytes as well as
the in vitro development of oocytes following IVE and
ICSL

MATERIALS AND METHODS

Recovery and Culture of Oocytes

Ovaries were collected immediately after being slau-
ghted and kept at 30T in saline solution containing 100
IU/ml of penicillin G and 100 pg/ml of streptomycin
sulfate. Upon arrival at the laboratory, ovaries were
washed three times with maturation medium. Follicular
fluids was collected from 2~5 mm follicles using an 18
G syringe. Only cumulus-oocytes complexes (COCs)
with more than two layers of intact cumulus cells, and
with uniform cytoplasm were selected for use. The
follicular oocytes were cultured in TCM-199 medium
supplemented with 10% FCS, 1 pg/ml of FSH, 2 IU/ml
of hCG, 1 pg/ml of B- estradiol, 100 IU/ml of penicillin
G, and 100 pg/ml of streptomycin sulfate at 38 in a
5% COz incubator. All chemicals were purchased from
Sigma Chemical Co. (St. Louis, MO US.A)) except for
those specifically described.

Vitrification and Thawing of Oocytes

Vitrification was performed with 20% ethylene glycol
+20% DMSO+0.5 M sucrose +10% FCS + TCM-199 me-
dium. The oocytes were sealed in a 1.0 mm straw.
Immature oocytes cultured in vitrification solution for
10 min were exposed at room temperature for 5 min.
and transferred to the in ice water for 5 min. The oo-
cytes were then sealed in a 1.0 mm straw and placed in
a LN container. Frozen oocytes were rapidly thawed in
a water bath at 30~35C, and then placed in TCM-199
medium containing 0.5 M sucrose at 38T for 5 min
each. After being washed 2~3 times, with fresh medi-
um the oocytes were cultured in 10% FCS+TCM-199
medium, The COCs were then transferred to a 100 ul
droplet of the maturation medium under mineral oil in
a petri dish and cultured at 38C under 5% CO: in the
air for 48 hrs.

IVF Procedure

Five mature Jindo dogs (4 years old) were used as
the semen donors. The first fractions of ejaculate were
collected by the massage method. To remove seminal
plasma, whole semen was diluted with solution of phy-
siological saline and Tris-buffer solution (1:3), centri-
fuged at 500 g for 6 min, and the supernatant was
removed. Sperm pellets were diluted with fertile ty-
rode solution. TCM-199 medium containing 4 mg/ml of
BSA (bovine serum albumin) was used for sperm
washing, capacitation, and IVF. The semen was then
centrifuged at 500 g for 5 min to remove the seminal
plasma, after which the sperm pellet was washed twice
under the same conditions. The washed spermatozoa we-
re incubated at a concentration of 0.5~4.0x10° spe-
rm/ml for 5 h at 38C in 5% CO, 95% air. The sperm
suspension was then added to 0.4 ml of fertilization
medium containing oocytes that had been cultured for
72 hrs. Over 80~85% were viable. The semen were tha-
wed in a 25 C water-bath for 2 min. The supernatant
was then discarded, and motile and non-motile sperm
were separated by the swim-method for 5 min. Motile
sperm were diluted with mPBS medium to a con-
centration of a 1x10° sperm and then cultured at 38T
for 4 hrs. Then a 10 ul droplet of the sperm was
added to each 90 ul droplet of TCM-199 containing 10
oocytes that had been previously cultured by in vitro
maturation for 48 hrs. The oocytes and sperm were
then co-cultured in a CO, incubator for 20~24 hrs. To
stain bound and penetrated sperm, oocytes were trans-
ferred to 1 ml of 100 pg/ml solution of bisbenzimide
(Hoechst 33342) for 20 min. Examination of bound and
penetrated sperm heads were carried out at 400x mag-
nification with a fluorescent microscope (Nikon, Japan).
The number of sperm remaining on or in the zona pe-
Tlucida of each ococyte was recorded.

ICSI Procedure

Frozen semen was rapidly thawed in a water bath at
30C. The spermatozoa were washed twice with Hepes-
buffered TCM-199 medium by centrifugation at 800 G
for 10 min. The spermatozoa were then exposed to 0.2
uM inophore A23187 for 2 min and then resuspended
in Hepes-buffered medium supplemented with 3 mg of
BSA and 1 mM caffeine for 4~6 hrs at 38C. Five to
ten oocytes with a first polar body were loaded into
1.5 ml microcentrifuge tubes containing 500 ul of M
medium supplemented with 3 mg/ml of BSA and cen-
trifuged at 12,000 g for 3 min to facilitate sperm in-
jection. ICSI was carried out in 2 ul drops of M> con-
taining 3 mg of BSA. The sperm suspension was pla-
ced in a droplet of My containing 7% polyvinylpyrro-
lidone. Each spermatozoon was injected into ooplasm
using a micromanipulator (Narishige, Japan) immedia-
tely after immobilization.
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Assessment of Survival and Developmental Rate

After thawing, the oocytes were denuded of cumulus
cells in TCM-199 medium using a pipette by repeated
aspiration and expulsion. The cumulus-free oocytes we-
re stained with 20 ug/ml of propidium iodide (PI) in
PBS containing 0.1% polyvinyl alcohol and incubated
for 15 min. The oocytes were then examined under ul-
traviolet light using an epifluorescence microscope (Ni-
kon, Japan), and plasma membrane integrity of oocytes
was assessed. The oocytes with disrupted plasma mem-
branes were dyed red with PL. Assessment of in vitro
oocyte maturation and fertilization was carried out de-
pending on the maturation criteria based on cellular
and nuclear division and in vitro development by in-
vestigating embryo development.

Statistical Analysis

The results were expressed by treatment as meantS.D.
For comparison of means, Duncan's multiple verification
was performed using SAS package of General Lineas's
Model (GLM) procedures (SAS Institute, 1996).

RESULTS

Viability of Fresh and Vitrified-Thawed Oocytes
Viability of fresh and vitrified-thawed oocytes are sh-
own in Table 1.

The normal morphology of fresh and vitrified-th-
awed oocytes were 87.1+2.1% and 54.8+2.5%, respec-
tively. The viability rates of fresh and vitrified-thawed
oocytes were 70.042.2% and 41.9+2.6%, respectively. Vi-
ability rates of vitrified-thawed oocytes were lower th-
an that of fresh follicular oocytes (p<0.05).

IVM and IVF of Fresh and Vitrified Oocytes

The in vitro maturation and fertilization rates of fre-
sh and vitrified-thawed canine oocytes are shown in
Table 2.

The in vitro maturation rates of fresh and vitrified
oocytes were 45.123.6% and 28.9+4.4%, respectively. The
IVF rates of fresh follicular and vitrified-thawed oo-
cytes were 34.082.2% and 20.242.6%, respectively. The

Table 1. Viability of vitrified-thawed canine oocytes

No. of normal oocytes (%)

Treatment No. of (?oc(}irtes
exarnine Morphology PI stain
Fresh 350 305(87.1+2.1) 245(70.0+2.2)°
Vitrified 356 195(54.8+2.5) 149(41.9+2.6)°

® Values with different superscript are significantly different (p<
0.05).

Table 2. Effects of kinds of oocytes on in vifro maturation

No. of oocytes matured to (%)
Treatment No. of oocytes

examined MII IVF
Fresh 350 158(45.1£3.6)"  119(34.0+2.2)
Vitrified 356 103(28.9+44)°  72(202+2.6)°

** Values within column with different superscript differ (p<0.05).

Table 3. Developmental rates of canine oocytes fertilized at
different fertilization methods

Fertilization No. of oocytes No. of oocytes
methods examined IVF (%)
IVF 350 120(34.3£3.4)°
ICsI 105 62(59.0:2.0)°

** Values within column with different superscript differ (p<0.05).

in vitro maturation and fertilization rates of vitrified-th-
awed oocytes were lower than those of the fresh folli-
cular oocytes (p<0.05).

In Vitro Development of Oocytes Following IVF and
ICSI

The developmental rate of cultured oocytes with IVF
and ICSI were shown in Table 3.

A total of 350 oocytes were fixed and stained after
co-incubation with spermatozoa, of which 88 had iden-
tifiable nuclear material. After IVF for 20 hrs, 25.1+3.4%
of the oocytes found to have been penetrated by sper-
matozoas. Oocytes were fixed and stained after ICSI,
and 105 oocytes contained identifiable nuclear material.
After IVF and ICSI for 20 hrs, 34.3+3.4% and 59.0+2.0%
of the oocytes were found to have been penetrated by
spermatozoas. The developmental rates upon ICSI were
significantly higher than those of the IVF method (p<
0.05).

DISCUSSION

It is well known that the in vitro maturation and
viability rates of fresh and vitrified canine oocytes we-
re lower than other mammals. The in vitro maturation
rate of canine oocytes is 5~30%, and few of them mo-
rula and blastocyst stage (Hewitt and England, 1999;
Otoi et al, 2004). Freezing of early immature oocytes
at different developmental stages is more appropriate
than the mature germinal vesicle stage (Rall and Fay,
1985; Candy et al, 1994; Toth et al, 1994). If oocytes
that have high fertilization rates and in vitro develop-
mental rates after oocyte vitrification can be preserved,
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it could be assumed that it will be highly utilized for
IVF and other fields of biotechnology. However, an
urgent subject need to be increasement of the survival
rates of canine immature oocytes or embryos are lower
than those of experimental animals.

The normal morphology of fresh and vitrified-thaw-
ed oocytes were 87.14£2.1% and 54.8+2.5%, respectively
(Table 1). The viability rates of fresh and vitrified-thaw-
ed oocytes were 70.0£2.2% and 41.9£2.6%, respectively.
Viability rates of vitrified-thawed oocytes were lower
than that of fresh follicular oocytes (p<0.05). This result
was higher than that found by Abe ef gl. (2008) who
reported that the viability rate of vitrified-thawed ca-
nine oocytes treated with E30S vitrification is 17.6%.
During vitrification, the factors that influence the sur-
vival of oocytes are the toxicity of cryoprotectants, the
composition of the vitrification solution, and the free-
zing and thawing speed (Cuello ef al, 2004). Isachen-
ko et al. (1998) reported that the maturation rate of
vitrified-thawed oocytes is between 5.6~22.0%.

The in vitro maturation rates of fresh and vitrified
oocytes were 45.143.6% and 28.9+4.4%, respectively (Ta-
ble 2). The IVF rates of fresh follicular and vitrified-
thawed oocytes were 34.0+2.2% and 20.2+2.6%, respec-
tively. The in vitro maturation and fertilization rates of
vitrified-thawed oocytes were lower than those of the
fresh follicular oocytes (p<0.05). This result is similar to
that of Fujihira et al. (2004), who reported that the nu-
clear maturation rate of vitrified-thawed oocytes trea-
ted with 7.5 pg CB for 30 min is 46.8%. However, This
result is similar than that of Reyes ef al. (2006) who
reported that the IVF rate of in vitro matured canine
oocytes using frozen-thawed dog semen is 26.4~34.2
%. These results indicate that an in vifro maturation
and IVF time between 48~72 hrs provides the highest
maturation and sperm penetration rates for oocytes
matured at different stages.

A total of 350 oocytes were fixed and stained after
co-incubation with spermatozoa, of which 88 had iden-
tifiable nuclear material. After IVF for 20 hrs, 25.1+3.4
% of the oocytes found to have been penetrated by
spermatozoas (Table 3). Oocytes were fixed and sta-
ined after ICSI, and 105 oocytes contained identifiable
nuclear material. After IVF and ICSI for 20 hrs, 34.3+
34% and 59.0+2.0% of the oocytes were found to have
been penetrated by spermatozoas. The developmental
rates upon ICSI were significantly higher than those of
the IVF method (p<0.05). These results are sililar to or
higher than those reported by Yamada et al. (1992)
and Otoi et al. (2000), who demonstrated IVF of oo-
cytes. Yamada et al. (1992) reported that oocytes are at
the single cell stage after 24 hrs of insemination, whe-
reas 6 of 41 (14.6%) oocytes. However, we could not
find reports on ICSI of canine cocytes. The present re-
sults show that canine oocytes matured and fertilized
in vitro in defined medium can develop to the blasto-

cyst stages. We are now studying whether or not these
oocytes can develop into fetuses.
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