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ABSTRACT : The main purpose of this study was to improve the efficiency and quality of in vitro embryo production in Korean 
Native Cows (KNC). We examined the effects of ovarian morphologies (Experiment 1) and the culture vessel (Experiment 2) on in vitro 
maturation (IVM). We measured the subsequent development rates and cell numbers of blastocysts. In Experiment 1, the ovaries of 
KNC were divided into six groups, based on follicle and corpus luteum (CL) morphology. The development rates to the 2- and 8-cell 
stages were similar among the six groups. The development rates to blastocyst stages were significantly higher in the group without a 
CL or follicle (WOCL/F) than in the groups with follicular cysts (FCs), regressive CLs (RCLs) or cystic CLs (CCLs) (p<0.05). The cell 
number of the inner cell mass (ICM) of blastocysts in the FCs and RCLs groups, and the number of cells in the trophectoderm (TE) in 
the WOCL/F group, FCs, growing CLs (GCLs) and RCLs were significantly higher than in other groups (p<0.05). The total cell number 
(TCN) in the WOCL/F, FC and RCL groups was also significantly higher than in other groups (p<0.05). The ICM cell number/TCN 
ratio was significantly higher in the FC and RCL groups than in the GCL and DF groups (p<0.05). In Experiment 2, oocyte IVM was 
carried out in culture dishes, in 0.25- or 0.5-ml straws used for freezing sperm. The development rate to the 2-cell stage was significantly 
higher in the 0.5-ml straw group than in the 0.25-ml straw group. The development rates to the blastocyst stage were similar in the dish 
and the two straw groups. There were no differences in the cell numbers of ICM, TE or TCN or ICM cell number/TCN ratios between 
groups. (Key Words : Bovine, In vitro Maturation (IVM), Ovarian Morphology, Straw, Cell Uumber)

INTRODUCTION

In vitro production (IVP) of bovine embryos is carried 
out by collecting immature follicular oocytes from ovaries 
and allowing them to mature in TCM 199 medium 
supplemented with serum and gonadotropins (Fukui and 
Ono, 1989). Ninety percent of oocytes matured, and 70 to 
75% of these oocytes developed to the 2-cell stage 
following in vitro fertilization (IVF) (Watson et al., 2000). 
After 5 to 7 days of in vitro culture (IVC), only 20 to 30% 
of IVF embryos had reached the blastocyst stage (Lonergan 
et al., 2003). One reason for the low blastocyst development 
rate is that no oocyte nuclear or cytoplasmic maturation 
occurs as they would in vivo. Immature oocytes are 
collected from 2 to 8-mm follicles after random sampling 
regardless of ovarian morphology or oestrus cycle. As the 
follicle size increases, nuclear maturation and fertility 
improve (Lonergan et al., 1994). If a dominant follicle 

grows, the rest regress (Ko et al., 1991). Oocytes collected 
from ovaries with a dominant follicle have slower 
development rates (Machatkova et al., 1996). Since we have 
insufficient information on the oestrus cycle of the cows 
when oocytes are collected for IVP, the morphological 
classification of the corpus luteum (CL) and follicles can 
enable the selection of higher quality blastocysts with faster 
development rates at an earlier stage. Most IVP cultures 
were performed in flat-bottom culture dishes, but in vivo 
oocytes mature in a round follicular environment. In 
humans, differences in IVF using a 5-ml test tube, a 4-well 
dish, straw used for freezing sperm and/or microdrops were 
studied. A straw was especially effective in human (van der 
Ven et al., 1989; Ranoux and Seibel, 1990; Hammitt et al., 
1991) and porcine (Li et al., 2003) IVF. There are no 
detailed reports on bovine IVM vessels. Therefore, the final 
goal of the present study was to improve the development 
and quality of bovine embryos in vitro. We examined the 
effects of ovarian morphology and culture vessels on IVM, 
as measured by embryo development stages and cell 
numbers of blastocysts.
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MATERIALS AND METHODS

Chemicals and media
Chemicals were purchased from Sigma Chemical Co. 

(St. Louis, MO, USA) unless otherwise indicated. Solutions 
were expressed as percent dilutions (v:v) and all media used 
for IVM, IVF and IVC were prewarmed at 38.5°C in a 5% 
CO2 incubator with maximum humidity for 4 h before use.

IVM procedure
Ovaries of Korean Native Cows were obtained at a local 

slaughterhouse and transported to the laboratory in saline 
supplemented with 25 卩g/ml gentamicin at 25 to 28°C 
within 5 h. Cumulus oocyte complexes (COCs) were 
obtained by aspiration from follicles 2 to 6-mm in diameter 
using an 18-g needle attached to a 10-ml disposable syringe. 
Only COCs with compact cumulus cell layers and evenly 
granulated ooplasm were selected. According to the method 
of Bavister et al. (1983) the COCs were washed 3 times in 
HEPES-Tyrode’s albumin-lactate-pyruvate medium (TALP 
medium) supplemented with 25 mM HEPES and 3 mg/ml 
BSA. Groups of 15 COCs were placed in TCM199 medium 
(Gibco, No. 12340-030; Grand Island, NY, USA) 
supplemented with 0.2 mg/ml pyruvate, 10% fetal bovine 
serum (FBS), 1 卩g/ml FSH, 10 卩g/ml LH and 1 卩g/ml 
estradiol-17p under mineral oil for 20 h at 39°C in an 
atmosphere of 5% CO2 and maximum humidity.

IVF procedure
Frozen semen obtained from a Korean Native bull was 

thawed for 1 min in water at 37°C and layered on top of a 
discontinuous Percoll density gradient (2 ml 45% Percoll 
over 2 ml 90% Percoll) in a 15-ml centrifuge tube (Corning; 
Acton, MA, USA). The sample was centrifuged for 20 min 
at 700xg at room temperature (22-25°C). The spermatozoa 
collected in the bottom fraction were washed in sperm- 
TALP medium supplemented with 3 mg/ml fraction V BSA 
for 10 min at 350xg. Spermatozoa were counted in a 
hemocytometer and diluted with sperm-TALP to give a final 
concentration of 25x106 spermatozoa/ml.

After maturation, the COCs were washed 3 times in fer- 
TALP (TALP medium supplemented with 6 mg/ml BSA and 
2 卩 g/ml heparin). Groups of 15 COCs were placed in 48 卩 l 
drops of fer-TALP. Two microliters of spermatozoa 
suspension was added to each fertilization drop, resulting in 
a final concentration of 1x106 spermatozoa/ml. Dishes were 
incubated for 20 h at 39°C under 5% CO2 and maximum 
humidity.

IVC procedure
According to the method of Rosenkrans et al. (1993), 

after fertilization the presumptive zygotes were stripped of 

cumulus cells, washed 3 times and transferred to 20 jil 
drops of Charles Rosenkrans 1 amino acid (CR1aa) medium 
with 3 mg/ml BSA. On day 3, the culture medium was 
exchanged for CR1aa medium supplemented with 10% FBS. 
All cultures were carried out under mineral oil at 39°C in 
5% CO2 and maximum humidity. On Day 7, the blastocysts 
were used for differential staining.

Blastocyst differenti이 staining
The zona of blastocysts was removed by treatment with 

0.5% pronase and washed 5 times in HEPES-TALP medium. 
Zona-free blastocysts were incubated in a 1:5 dilution of 
rabbit anti-bovine whole serum in HEPES-TALP medium 
for 1 h. After washing 5 times in HEPES-TALP medium 
again, blastocysts were reincubated in a 1:10 dilution of a 
guinea pig complement in HEPES-TALP medium 
supplemented with 4 卩 g/ml propidium iodide (PI) and 4 
卩 g/ml bisbenzimide for 1 h. Presumptive stained blastocysts 
were mounted on a slide and the cells were counted under a 
fluorescence microscope (Olympus, Tokyo, Japan). The 
bisbenzimide stained inner cell mass (ICM) nuclei 
fluoresced blue, and trophectoderm (TE) nuclei, which 
stained with both bisbenzimide and PI, fluoresced red or 
pink.

Experimental designs
Experiment 1: Ovarian morphology assessment
In the control group, oocytes were collected from 

ovaries without CLs or follicles (WOCL/F group). The 
treatment groups were oocytes collected from ovaries with a 
dominant follicle (DF; follicle under 2 cm in diameter), 
follicular cystic (FC; follicle over 2 cm), regressive CL 
(RCL; CL under 0.5 cm), growing CL (GCL; CL 0.5 to 2 
cm), and cystic CL (CCL; CL over 2 cm).

Experiment 2 : IVM vessels
Oocytes used in Experiment 2 were collected from 

ovaries with WOCL/F. The IVM vessels used were a culture 
dish (control group; Nunc, Roskilde, Denmark), a 0.25-ml 
straw, or a 0.5-ml straw (experimental groups; Fujihira, 
Tokyo, Japan). For the control group, 50-卩1 microdrops 
with 15 immature oocytes were added and left to mature. 
For the experimental groups, 15 immature oocytes in IVM 
medium were added to a 0.25- or 0.5-ml straw and left to 
mature.

Statistical analyses
Embryo development data were analyzed by the x2-test. 

The cell numbers were arcsine transformed and analyzed by 
the General Linear Models Procedure with the Statistical 
Analysis System (Cary, CA, USA). Treatment means were 
compared using the Duncan's multiple range test. P values 
less than 0.05 were considered significantly different.
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Table 1. Effects of ovarian morphology on the subsequent embryonic development of Korean Native Cow oocytes

Morphology n No. (%) of oocytes developed to
>2-cell 8-cell Blastocyst

Without corpus luteum or follicle 265 223 (84.1) 137 (51.6)a 57(21.5)a
Follicular cyst 135 95 (70.3) 50 (37.0)b 17 (12.5)b
Growing corpus luteum 344 261 (75.8) 158 (45.9)ab 68 (19.7)ab
Regressive corpus luteum 501 391 (78.0) 230 (45.9)ab 76 (15.1)b
Cystic corpus luteum 208 156 (75.0) 92 (44.2)ab 28 (13.4)b
Dominant follicle 560 409 (73.0) 243 (43.3)b 110 (19.6)ab
a, b Values in a column that differ significantly (p<0.05) are denoted by differing superscripts.

Table 2. Effects of ovarian morphology on the number of cells in the inner cell mass and trophectoderm, and total cell number in Korean 
Native Cow blastocysts

Morphology n Average no. of cells Inner cell mass/Total 
(%)Inner cell mass Trophectoderm Total

Without corpus luteum or follicle 16 33.5±14.0ab 102.5±19.2a 136.0±29.2a 24.0±6.7ab
Follicular cyst 16 40.3±13.1a 100.0±33.3a 140.4±29.4a 30.5±13.3a
Growing corpus luteum 16 18.9±12.1c 109.9±33.0a 128.8±33.5ab 14.8±7.6c
Regressive corpus luteum 16 41.8±18.2a 97.8±17.5a 136.7±29.4a 30.0±9.2a
Cystic corpus luteum 16 30.6±26.2ab 74.1±28.4b 105.3±29.5b 27.8±19.7ab
Dominant follicle 16 24.6±10.7bc 91.6±41.1ab 116.3±45.7ab 19.9±8.4bc
a, b, c Values in a column that differ significantly (p<0.05) are denoted by differing superscripts. Values are presented as the mean土SD.

Table 3. Effect of the culture vessel on in vitro maturation in 
Korean Native Cow oocytes

Vessels n No. (%) of oocytes developed to
>2-cell 8-cell Blastocyst

Culture dish 210 152 (72.3)ab 111 (52.8)a 56 (26.6)
0.25-ml straw 195 127 (65.1)b 84 (43.1)b 45 (23.1)
0.5-ml straw 195 145 (74.3)a 99 (50.7)ab 60 (30.7)
a, b Values in a column that differ significantly (p<0.05) are denoted by 

differing superscripts.

RESULTS

Experiment 1: Ovarian morphology
The cleavage rate (>2-cell) was similar among 

treatments (Table 1). The development rate to the 8-cell 
stage in the control WOCL/F group was significantly higher 
than in the FC and DF groups (p<0.05). The development 
rate to the blastocyst stage was significantly higher in the 
control group than in the FC, RCL, and CCL groups 
(p<0.05). ICM cell numbers of blastocysts in the FC and 
RCL groups were significantly higher than in the GCL and 
DF groups (p<0.05, Table 2). TE cell numbers in the control, 
FC, GCL, and RCL groups were significantly higher than 
the PCL group (p<0.05). The ICM cell number/TCN ratio 
was significantly higher in the FC and RCL groups than in 
the GCL and DF groups (p<0.05).

Experiment 2: IVM vessels
The cleavage rate in the 0.5-ml straw group was 

significantly higher than that in the 0.25-ml straw group 
(p<0.05, Table 3). The development rate to the 8-cell stage 
was significantly higher in the control culture dish group 

than in the 0.25-ml straw group (p<0.05). The development 
rates to the blastocyst stage were similar among the 3 
treatments. There were no differences in ICM, TE, TCN and 
ICM/TCN cell numbers between treatments (Table 4).

DISCUSSION

There was no difference in the maturation rate of 
immature oocytes collected during different phases of the 
oestrus cycle (Leibfried and First, 1979), but the blastocyst 
development rate of oocytes collected during the luteal 
phase was higher than that of those collected during the 
follicular phase (Machatkova et al., 1996). Development 
rates of oocytes collected from ovaries with a CL or without 
a DF tended to be higher (Varisanga et al., 1998). In the 
present study, however, the development rate of control 
oocytes collected from ovaries during the inactive stage was 
the highest (Table 1). In the ovaries with CL, GCL had 
higher developmental competence than RCL and CCL 
(Table 1).

The blood progesterone levels were 0.3 卩g/ml in 
WOCL/F, 0.5 卩g/ml in RCL, 1.6 卩g/ml in GCL, and, 
notably, over 7.0 卩g/ml in the CCL group. These levels 
were increased with larger CL sizes (Kamishita et al., 1999; 
Son et al., 1999). In addition, the blood progesterone level 
was 4.7 卩 g/ml when ovaries were FC (Kang et al., 2006). 
Kamishita et al. (1999) reported that the development rate 
of embryos decreased with an increase in progesterone level. 
In the present study, the development rate of embryos from 
ovaries with CCL and FC was decreased as progesterone 
level increased. Oocytes from ovaries with CCL not only 
showed decreased embryo development, but also a lower
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Table 4. Effect of IVM culture vessel on the number of cells in the inner cell mass and trophectoderm, and total cell number in Korean 
Native Cow blastocysts

Vessels n
Inner cell mass

Average no. of cells 
Trophectoderm Total

— Inner cell mass/Total (%)

Culture dish 12 26.3± 4.3 75.0±18.4 101.3±16.2 26.8±7.4
0.25-ml straw 12 36.1±25.0 72.8±14.5 109.0±32.3 30.7±11.2
0.5-ml straw 12 35.3±11.4 86.5±21.7 121.7±21.5 29.0±10.7
Values are presented as the mean土SD.

number of total cells (Table 2).
IVF in a 5-ml test tube, in a 4-well dish, in a straw, and 

in a microdrop were compared. The straw was found to be 
most effective for freezing human sperm (van der Ven et al., 
1989; Ranoux and Seibel, 1990; Hammitt et al., 1991) and 
porcine embryos (Li et al., 2003). Boone and Shapiro 
(1990) reported that, in mouse IVC, a petri dish produced 
more toxins than 4-well plates. Historically, the most 
popular and effective method for IVF, IVM, and IVC was 
the use of microdrops on a petri dish, but fertilized embryos 
are coated with mineral oil in the microdrop 
method, resulting in oil contamination and time wasted 
equilibrating embryos before culture (Gardner and Leese, 
2000). In the present study, we showed that dish and straw 
IVM vessels (as shown in Tables 3 and 4) had similar 
blastocyst development rates and cell numbers, but 
development rate at the 2- and 8-cell stages tended to be 
higher for 0.5-ml straws than 0.25-ml straws. This 
difference is attributed to the need for adequate space for 
material movement and metabolism (Rieger and Loskutoff, 
1994; Roberts et al., 2002). In bovine IVM, no effects of 
culture vessel type have been proposed. Further studies will 
analyze the effect of sperm freezing straws on IVF and IVC 
in producing bovine embryos.

The ultimate test of embryo quality is the ability to 
cause pregnancy and produce a live offspring. Due to the 
impracticality of transferring every embryo, we used 
blastocyst morphology (Linder and Wright, 1983), hatching 
rate (Hernandez-Ledezma et al., 1996), blastocyst cell 
number (Papaioannou and Ebert, 1988), and cryotolerance 
(Enright et al., 2000) as measures of embryo quality. 
Blastocysts produced in vivo have a larger number and 
proportion of ICM cells than those produced in vitro 
(Iwasaki et al., 1990). There are many factors, such as 
serum (Watson et al., 2000), amino acid (Park et al., 2004), 
IVM duration (Park et al., 2005) and culture conditions (van 
Soom et al., 1996) which affect number of cells in 
blastocysts. However, this number was not affected by 
follicle size (Lequarre et al., 2005). In the present study, the 
GCL group had a low number of ICM cells and an even 
lower ICM cell number/TCN ratio, but the CCL group had a 
low number of trophectoderm and total cells (Table 2). The 
quality of blastocysts produced by the FC and RCL groups 
tended to have higher cell numbers and ICM cell 
number/TCN ratios (Table 2). Thus, the ovaries with GCL 

and CCL were not effective in the production of high- 
quality blastocysts in vitro.

In conclusion, the data regarding the effects of ovarian 
morphology and culture vessel on IVM, using measures of 
embryo development rates and blastocyst cell numbers in 
Korean Native Cows, suggested that morphological grades 
CL and F of ovaries may offer greater efficiency of 
embryonic development and quality.
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