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ABSTRACT

These study was carried out to investigate the effects of the recovery time, diameter of oocytes on in vitro fer-
tilization or intracytoplasmic sperm injection (ICSI). The i vitro maturation rates to MII stage of oocytes recovered
at the inactive, follicular and luteal stages matured for 72 h were 1.4+0.0%, 43.4+3.2% and 10.842.7%, respectively.
The fertilization rates of in vitro cultured oocytes recovered from ovaries at the in active, follicular and luteal
stages were 0.020.0%, 15.743.4% and 7.6+3.5%, respectively. The in vitro maturation rate of oocytes recovered from
ovaries at the follicular stage of the reproductive cycle was significantly higher than those at the inactive and luteal
stages (p<0.05). The penetration rate determined that the percentages of oocytes with diameters in the <100 pm, 100
to 100 ym and 110 to 120 um ranges were 17.5+4.7%, 43.9+4.5%, 21.3+3.4%, respectively. The penetration rate of
oocytes with diameters between 100 to 110 pm was significantly higher than that of oocytes whose diameters were
100< pm and 110~120 pm (p<0.05). The penetration rate of oocytes determined that the percentages of ovaries with
diameters between 1 to 5 mm and 6 to 10 mm were 32.9£3.2% and 17.53.7%, respectively. Thus, the diameters of
the ovaries were significantly higher at 1 to 5 mm (p<0.05). A total of 264 oocytes were fixed and stained after
co-incubation with sperm, of which 72 had identifiable nuclear material. After in vitro fertilization for 20 hrs,
27.3% of oocytes were penetrated by spermatozoas. Oocytes were fixed and stained after ICSI, of which 38 oocytes
contained identifiable nuclear material. After in vitro fertilization and ICSI for 20 hrs, to 27.3% and 67.9% of
oocytes were penetrated by spermatozoas. The in vitro fertilization rates by ICSI was significantly higher than that
in vitro fertilization method (p<0.05).
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INTRODUCTION to those obtained in other carnivores as in cat, in whi-

ch blastocyst rates up to 50% can be obtained in vitro

(Gomez et al., 2003), or in bovine ruminants, in which

Embryonic development of canine oocytes that were blastocyst rates of 40~60% are routinely obtained (Han-
matured and fertilized in vitro was recently achieved. sel, 2003). Compared to the above report by Otoi et al.
Although the rates of cleavage reported to be between (2004) report that the oocytes collected from ovaries at
8% and 37% (Bedford et al, 2003, Songsasen et al., 2002, the follicular phase achieved 41% of maturation after 72
2005; Rodrigues ef al., 2004; Otoi et al., 2005), only one hrs of culture, only one morula (Otoi et al., 2004) and
morula (Otoi ef al, 2004) and one blastocyst (Otoi et one blastocyst (Otoi et al, 2000) have been developed
al., 2000) have been developed in culture. The low rates in culture. This result is higher than Hewitt and En-
of canine embryonic development a testament to the gland (1999), who reported that 45.0%, 6.0% and 36.0

inefficient developmental competence of oocytes matu- % of canine oocytes were in GVBD {(germinal vesicle br-
red in vifro. In the last decade, several attempts have eakdown) and MII stage. Hewitt and England (1997) re-
been made to improve the cultural conditions of matu- ported that there are no differences in maturation rate
ration by taking into account the fact that canine oocy- between oocytes collected from ovaries at the proes-
tes: undergo extra-follicular maturation that requires an trous stages and estrous stages or at the mefestrous and
extended period of time, 2~5 days (Holst and Phemis- anestrous stages. However, our findings indicate that
ter, 1971; Rsutsui, 1975). However, a recent report in- oocyte diameter is an important factor when assessing
dicated that oocytes collected from ovaries at follicular mejotic competence and sperm penetration of oocytes co-

phase achieve 41% maturation after 72 hrs of culture Hlected at different reproductive stages. Yamada et al
(Otoi et al,, 2004). These results are poor if compared (1992) reported that oocytes were at the single cell sta-
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ge at 24 h after insemination, whereas 6 oocytes out of
41 (14.6%) were at the 2 or 3 cell stage at 48 h after
insemination, However, some oocytes were still at the
germinal vesicle stage and had swollen sperm heads in
the ‘ooplasm.

The purpose of this study was to investigate the eff-
ects of collection time and diameter of oocytes on in
vitro fertilization or ICSL

MATERIALS AND METHODS

Rcovery and Incubation of Oocytes

Canine ovaries were transported to the laboratory in
sterile physiological saline containing 100 IUl/ml penici-
llin G 100 ug/ml streptomycin at 25C. Oocytes were
sliced with surgical blade and suspended with mPBS
and then collected. Recovered oocytes were cultured wi-
th TCM-199 (Whittaker, US.A.) medium supplemented
with 10% (v/v) FCS (fetal calf serum) and 1 mg/ml
cysteine, 20 ng/ml E, 10 IU/ml HCG, 10 TU/ml PMSG
and 10 ug/ml gonadotropin. Twenty oocytes were tr-
ansferred to 50 ul drops of maturation medium cove-
red mineral oil and cultured in a CO: incubator (5%
CO;, 95% air, 38C). Follicles were divided into groups
according to their recorded dimeter size 1 to 5 and 5~
10 mm. After incubation for 72 hrs, the oocytes were
divided into groups according to their recorded dia-
meter size 100 to 110 and 110 to 120 um. Unless oth-
erwise stated, all chemicals used in this study were pur-
chased from Sigma Chemical (St Louis, USA).

In Vitro Maturation of Oocytes

Depending on their morphology, the ovaries were
divided into follicular stage (one or more mature folli-
cles were present at least on one ovary) and luteal sta-
ge (one or more copora lutea present on one or both
ovaries). Then each group of 50 oocytes was cultured
in 50 ul of maturation medium. Qocytes were transfe-
rred into 50 pl drops of TCM-199 medium and cul-
tured for 40, 48, 70 hrs.

In Vitro Fertilization of Oocytes

Two mature Jindo dogs (4 years old) were used as se-
men donors. The first and second fractions of ejaculate
were collected by massage methods. TCM-199 medium
with 4 mg/ml BSA (bovine serum albumin) was used
for sperm washing, capacitation, and in vitro fertiliza-
tion. The semen was centrifuged at 500xg for 5 min to
remove seminal plasma, then the sperm pellet was
washed twice under the same conditions. The washed
spermatozoa were incubated at a concentration of 0.5~
4.0x10° sperm/ml for 5 h at 38 in 5% CO,, 95% air.
The sperm suspension was added to 0.4 ml fertilization

medium containing oocytes that had been cultured for
72 hrs. Examination of bound and penetrated sperm
heads were carried out at 400 x magnification with a
fluorescent microscope. The number of sperm remain-
ing on or in the zona pellucida of each oocytes was
recorded.

ICSI of Oocytes

Fresh semen used in experiments. The spermatozoa
were washed twice Hepes-buffered TCM-199 medium
by centrifugation at 800 G for 10 min. The spermato-
zoa were then exposed to 0.2 uM inophore A23187 for
2 min and resuspended in Hepes-buffered TCM-199 me-
dium supplemented with 3 mg BSA (bovine serum al-
bumin) and 1 mM caffeine for 4~6 hrs at 38°C. 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 BSA and centrifuged
at 12,000 g for 3 min to facilitate sperm injection. ICSI
was carried out in 2 ul drops of M; containing 3 mg
BSA. The sperm suspension was placed in droplet of
M: containing 7% polyvinylpyrrolidone. Each spermato-
zoon was injected into ooplasm using a micromanipu-
lator (Narishige, Japan) immediately after immobliiza-
tion.

Assessment of Meiotic Stage and Sperm Penetration

Oocytes were fixed in acetic acid : ethanol (1:3) so-
lution for 24 h then stained using with 1% acetoorcein
or 10 pg/ml bisbenzimide (Hoechst 33342) and obser-
ved under an fluorescence microscope. The judgement
of oocytes maturation in vitro was carried out depend-
ing on the criteria of maturation by cell and nuclear
division, and in vitro development by investigating oo-
cytes of development in vitro. The oocytes were then
fixed, stained, and examined for the mejotic stage of the
oocytes and the state of the penetrating sperm head.

Statistical Analysis

The One-way ANOVA were used to determine the sta-
tistical significance of differences between values for the
experimental and control groups. P values of 0.05 or le-
ss were considered as statistically significant.

RESULTS

In Vitre Fertilization of Oocytes at Different Repro-
ductive Stages

In vitro fertilization rates of in wvitro cultured oocytes
recovered at the inactive, follicular and luteal stages of
the reproductive cycles were shown in Table 1.

The in vitro maturation rates to MII stage of oocytes
recovered at the inactive, follicular and luteal stages ma-
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Table 1. In vitro maturation rates of oocytes collected at di-
fferent reproductive stages

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

Coélfec(f‘;l‘;teﬁ;“e 0§§yt§sf M1 IVF
examined

Inactive 65 14400 0.0:0.0°

Follicular 83 434432 24.1£34°

Luteal 66 10.8+2.7 7.6£3.5°

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

tured for 72 h were 1.440.0%, 43.4+3.2% and 10.8+2.7%,
respectively. The fertilization rates of in vitro cultured
oocytes recovered from ovaries at the in active, follicu-
lar and luteal stages were 0.0:0.0%, 15.7+3.4% and 7.6
+3.5%, respectively. The in vitro maturation rate of oo-
cytes recovered from ovaries at the follicular stage of
the reproductive cycle was significantly higher than tho-
se at the inactive and luteal stages (p<0.05).

The Penetration Rate of Qocytes at Different Dia-
meter

The penetration rate of oocytes classified diameter of
oocytes and ovaries were shown in Table 2.

The penetration rate determined that the percentages
of oocytes with diameters in the <100 pm, 100 to 100
pm and 110 to 120 pm ranges were 17.5:4.7%, 439+
4.5%, 21.3£3.4%, respectively. The penetration rate of oo-
cytes with diameters between 100 to 110 pm was sig-
nificantly higher than that of cocytes whose diameters
were 100< pm and 110~120 pm (p<0.05). The penetra-
tion rate of oocytes determined that the percentages of
ovaries with diameters between 1 to 5 mm and 6 to 10
mm were 32.9+3.2% and 17.5+3.7%, respectively. Thus,
the diameters of the ovaries were significantly higher
at 1 to 5 mm (p<0.05).

In Vitro Fertilization of Oocytes

Table 2. In vitro maturation rates of canine oocytes in vitro
matured at different oocyte diameter

No. of oocytes (%
Diameter of ovaries No. of ytes (%)
& tes oocytes ) o
oocy examined Penetrated Unidentifiable
Oocytes( umj)
100 to 110 82 43.944.5 56.1+4.3
110 to 120 75 21.3:3.4° 78.7+4.5
Ovaries(mm)
1to5 85 32.9+32° 67.1+4.4
6 to 10 80 17537 82.5+4.8

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

Fertilization No. of oocytes No. of cocytes
methods examined IVF (%)
IVF 264 72 (27.3)°
ICS1 56 38 (67.9)°

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

The fertilization rate of cultured oocytes with in vitro
fertilization and the ICSI were shown in Table 3.

A total of 264 oocytes were fixed and stained after
co-incubation with sperm, of which 72 had identifiable
nuclear material. After in vitro fertilization for 20 hrs,
27.3% of cocytes were penetrated by spermatozoas. Oo-
cytes were fixed and stained after ICSI, of which 38 oo-
cytes contained identifiable nuclear material. After in
vitro fertilization and ICSI for 20 hrs, to 27.3% and 67.9
% of ococytes were penetrated by spermatozoas. The in
vitro fertilization rates by ICSI was significantly higher
than that in vitro fertilization method (p<0.05).

DISCUSSION

Development of canine oocytes that were matured and
fertilized in vitro was recently achieved. Although the
rates of cleavage were between 8% and 37% (Song-
sasen ef al, 2002; Rodrigues et al., 2004; Otoi ef al., 2005),
only one morula (Otoi et al, 2004) and one blastocyst
{Otoi et al., 2000} have been developed in culture. The
low rates of canine embryonic development are a testa-
ment to the inefficient developmental competence of oo-
cytes matured in vitro.

The in vitro maturation rates to MII stage of oocytes
recovered at the inactive, follicular and luteal stages
matured for 72 h were 1.4+0.0%, 43.4+3.2% and 10.8+
2.7%, respectively. The fertilization rates of in vitro cul-
tured oocytes recovered from ovaries at the in active,
follicular and luteal stages were 0.0+0.0%, 15.7+34%
and 7.6x3.5%, respectively (Table 1). The in vitro matu-
ration rate of oocytes recovered from ovaries at the
follicular stage of the reproductive cycle was significan-
tly higher than those at the inactive and luteal stages
(p<0.05). The in vitro fertilization rate of oocytes reco-
vered from ovaries at the follicular stage of the repro-
ductive cycle was significantly higher than that at the
luteal stage (p<0.05). These results were lower than
those reported by Lee and Kim (2006), who found that
oocytes collected from ovaries at follicular phase achi-
eved 50.0% maturation after 48 hrs of culture. How-
ever, these results were higher than those reported by
Tsutsui {1975) and Otoi ef al. (2004), who reported that
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oocytes collected from ovaries at follicular phase achi-
eved 41% maturation after 48 hrs. Further, the result of
the in vitro developmental rate was similar to or higher
than that reported by Otoi et al. (2000), who reported
that 45.0%, 6.0% and 36.0% of canine oocytes were in
GVBD and MII stage. The penetration rate determined
that the percentages of oocytes with diameters in the
<100 pm, 100 to 100 pm and 110 to 120 pm ranges
were 17.5+4.7%, 43.9+4.5%, 21.3+3.4%, respectively (Ta-
ble 2). The penetration rate of oocytes with diameters
between 100 to 110 pm was significantly higher than
that of oocytes whose diameters were 100< pm and
110~120 pm (p<0.05). The penetration rate of oocytes
determined that the percentages of ovaries with dia-
meters between 1 to 5 mm and 6 to 10 mm were 329+
32% and 17.5+3.7%, respectively. Thus, the diameters
of the ovaries were significantly higher at 1 to 5 mm
(p<0.05). These results suggest that canine oocytes ac-
quire the ability to develop to MII stage and that spe-
rm penetration occurs at an oocyte diameter of 100 to
110 pm. However, Hewitt and England (1997) repor-
ted that there were no differences in maturation rate
between oocytes collected from ovaries at the proes-
trous stages and estrous stages, or at the metestrous and
anestrous stages. However, our findings indicate that
oocyte diameter was an important factor when asse-
ssing meiotic competence and sperm penetration of oco-
cytes collected at different reproductive stages. These
results indicate that in vitro maturation and in vitro
fertilization times between 48~72 hrs give the highest
maturation and sperm penetration rates for oocytes ma-
tured at different stages. These results were lower than
those of Yamada et al. (1992), in which pre-ovulatory
oocytes collected from ovaries of bitches treated with
exogenous gonadotropins achieved the highest ma-
turation rates after 72 h of culture (31.9%). Sperm pe-
netration and in vitro fertilization of oocytes has been
studied extensively in canines (Hayet al., 1997; Hewitt
and England, 1997; Reyes et al, 2006). Hewitt and En-
gland (1999) reported that the percentages of canine oo-
cytes in GVBD and MII stage for 48 hrs of culture we-
re 33.0~49.0% and 2.0~6.0%, respectively. Bolamba et
al. (1998) reported that the in vitro maturation rate of
oocytes cultured in SOF medium supplemented with
3% BSA was a little higher than oocytes cultured in
other media. A total of 264 oocytes were fixed and st-
ained after co-incubation with sperm, of which 72 had
identifiable nuclear material. After in vitro fertilization
for 20 h, 27.3% of oocytes were penetrated by sperma-
tozoas. Oocytes were fixed and stained after ICSI, of
which 38 oocytes contained identifiable nuclear material
(Table 3). The in vitro fertilization rates by ICSI was
significantly higher than that in vitro fertilization me-
thod (p<0.05). The in vitro fertilization rates of oocytes
were fixed and stained after ICSL, of which 38 oocytes
had identifiable nuclear material. These results for the

in vitro developmental rate were similar to or higher
than those reported by Yamada ef al. (1992) and Otoi
et al. (2000), who found demonstrated the in vitro
fertilization of oocytes. Yamada et al. (1992) reported
that oocytes were at the single cell stage at 24 hrs after
insemination, whereas 6 of 41 (14.6%) oocytes were at
the 2 or 3 cell stage at 48 hrs after insemination; others
were still at the germinal vesicle stage and . contained
swollen sperm heads in the ooplasm. However, we can
not find reports on the ICSI of canine oocytes. The pre-
sent results show that canine oocytes matured and fer-
tilized in vitro in a defined medium can develop to the
8 and 16 cell stages. Weare now studying whether or
not these oocytes can develop into blastocysts and fetu-
ses.

REFERENCES

1. Bedford SJ, Kurokawa M, Hinrichs K, Fissore RA
(2003): Intracellular calcium oscillations and activa-
tion in horse oocytes injected with stallion sperm
extracts or .spermatozoa. Reproduction 126:489-499.

2. Bolamba D, Borden-Russ KD, Durrant BS (1998): In
vitro maturation of domestic dog oocytes cultured
in advanced preantral and early antral follicles. The-
riogenology 49:933-942.

3. Gomez MC, Pope E, Harris R, Mikota S, Dresser BL
(2003): Development of in vitro matured, in vitro
fertilized domestic cat embryos following cryopreser-
vation, culture and transfer. Theriogenology 60:239-
251.

4. Hansel W (2003): The potential for improving the
growth and development of cultured farm animal
oocytes. Anim Reprod Sci 79:191-201.

5. Hay MA, King WA, Gartley (J, Leibo SP, Goodro-
we KL (1997): Effects of cooling, freezing and gly-
cerol on penetration of oocytes by spermatozoa in
dogs. J Reprod Fertil 51:99-108.

6. Hewitt DA, England GCW (1997): Effect of preovu-
latory endocrine events upon maturation of oocy-
tes of domestic bitches. J Reprod Fertil (Supp) 151:
83-91.

7. Hewitt DA, England GCW (1999): Synthetic oviduc-
tal fluid and oviductal cell coculture for canine oo-
cytes maturation in vitro. Anim Reprod Sci 55(1):
63-75.

8. Holst PA, Phemister RD (1971): The prenatal deve-
lopment of the dog: Preimplantation events. Biol Re-
prod 5:194-206.

9. Lee Bk, Kim SK (2006): Studies on the IVM/IVF ra-
tes of in vitro cultured canine oocytes. Korean J of
Emb Trans 21(1):7-11.

10. Otoi T, Murakami M, Fujii M, Tanaka M, Ooka A,
Une S, Suzuki T (2000): Development of canine oo-



11.

12.

13.

14.

Study on IVF and ICSI of Canine Oocytes

cytes matured and fertilized in vitro. Vet Rec 146:
52-53.

Otoi T, Shin T, Kraemer D, Westhusin ME (2004):
Influence of maturation culture period on the deve-
lopment of canine oocytes after in vitro maturation
and fertilization. Reprod Nutr Dev 44:631-637.

Otoi T, Shimizu R, Naoi H, Wongsrikeao P, Agung
B, Taniguchi M (2005): Meiotic competence of cani-
ne oocytes embedded in collagen gel. Reprod Do-
mest Anim 41:17-21.

Reyes M De, Carrion R, Barros C (2006): In vitro fer-
tilization of in vitro matured canine oocytes using
frozen-othawed dog semen. Theriogenology 66:1682-
1684.

Rodrigues BA, Carboneiro dos Santos L, Rodrigues
JL (2004): Embryonic development of in vitro matu-
red and in vitro fertilized dog oocytes. Mol Reprod
Dev 67:215-223.

15.

16.

17.

18.

19.

227

Tsutsui T (1975): Studies on the reproduction in the
dog. V. On cleavage and transport of fertilized ova
in the oviduct. Jpn ] Anim Reprod 21:70-75.
Songsasen N, Yu I, Leibo SP (2002): Nuclear matu-
ration of canine oocytes cultured in protein-free me-
dia. Mol Reprod Dev 62:407-415.

Songsasen N, Wildt DE (2005): Size of the donor fo-
llicle, but not stage of reproductive cycle or sea-
sonality, influences meiotic competency of selected
domestic dog oocytes. Mol Reprod Dev 72:113-119.
Tsutsui T (1975): Studies on the reproduction in the
dog. V. On cleavage and transport of fertilized ova
in the oviduct. Jpn ] Anim Reprod 21:70-75.
Yamada S, Shimazu Y, Kawaji H, Nakazawa M, Na-
ito K, Toyoda Y (1992): Maturation, fertilization, and
development of dog oocytes in wvitro. Biol Reprod
46:853-858.

(Received: 10 September 2010/ Accepted: 17 September 2010)



