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ically superior females., However, new approa-
INTRODUCTION ches are required to enhance the economical ef-
ficiency of ET industry and the new altemative
Embryo transfer(ET) in cattle has been applications of ET techniques. Also, the pro-

commerically developed in recent years. ET duction of embryos in large quantities for trans-

techniquies are greatly responsible for the rapid
genetic progress of productive ability and have
allowed progress to be made toward increasing

the number of offspring produced from genet-

fer remains a major problem. Recently, the i«
vitro fertilization(IVF) of follicular cocytes ma-
tured in vitro has been doconsiderably interested

in the new approaches and developments of ani-

These studies were conducted under a grant ('87 project) from the Ministry of Education, the Republic of
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mal biotechnology and in the another techniques
that may prove useful for obtaining large
quantities of embryo for transfer(Iritani, 1987).
These studies were conducted under a grant(87
project) from the Ministry of Education of the
Republic of Korea. The bovine oocytes matured
in vitro have been successfully fertilized under in
vitro conditions(Iritani and Niwa, 1977:Bondioli
and Wright, 1983:Fukui e/ al.,1984) and the opti-
mum culture conditions of these oocytes have
been developed(Parrish et 4/.,1986). However,
the results of IVF have shown the variable suc-
cess and early embryonic developmental poten-
tial to blastocyst after [IVF was still greatly low
in many reports(review by Wright and Bondioli,
1981). Bovine oocytes have been matured in a
variety of media ranging from simple balanced
salt solution (Leibfried-Rutledge, et al., 1987) to
complex media(Leibfried and First, 1979). Re-
cent studies have shown that serum provided a
superior environment for the bovine oocytes
maturation(Leibfried-Rutledge ¢ al.,1986:San-
buissho and Threfall, 1989) and appeared to im-
prove the fertilizability of oocytes (Schroeder
and Epping, 1984 :1Leibfried-Rutledge ¢t al.,1986:
Choi et al.,1987; Vanderhyden and Armstrong,
1989) when compared with those matured with
BSA.

The present study was designed to investi-
gate the effect of fetal calf serum(FCS) ad-
dition to different media on the in wvitro matu-
ration rate of bovine follicular cocytes and the
cleavage of oocytes after IVF with bull

spermatozoa capacitated n vitro.

MATERIALS AND METHODS

1. Collection and in vitro maturation of oocytes
Ovaries of Korean cattle were obtained from a
slaughterhouse and transferred at about 35T in

saline to laboratory. The follicles ranging from 2

to 6mm in diameter were aspirated using an
18-gauge needle within 2h to 3h after salughter.
QOocytes from each ovary were pooled and
washed three times in fresh maturation medium.
Only oocytes with an intact, compacted cumulus
were then divided randomly into several groups
and the 5 to 10 oocytes per petri dish were
transferred to 0.4ml maturation medium perin-
cubated under muneral oil. The oocytes were
cultured for 28h at 39°C under atmosphere of 5%
CO,, and 95% air with high humidity. The matu-
ration of oocytes was determined on the basis of
nuclear maturation(metaphase [I). The matu-
ration medium for the control groups was the
defined medium(DM) described by Brackett
and and Oliphant (1975) and Ham'’s F10 prepared
from powder by adding sterile distilled water,
respectively and a modified DM(—BSA) and
Ham’s F10 for the treated-groups was suppl-
emented with 5 to 20%(v /v) fetal calf serum
(FCS) instead of BSA. All media were prepared
for each experiement and were sterilized by
passing through a 0.25gm membrane and gassed

with a mixture of 5% CO: in air before use.

2. Preparation of spermatozoa

For each replicate two frozen (0.5ml straws
from different bulls were thawed in a 35°C water
bath for 1 min and were treated according to
the procedure of Brackett et al.(1982). the
thawed semen were diluted with 3 ml of DM and
washed by centrifugation for 5 min at 250Xg.
Following supermatant removal, the sperm
pellets were resuspended in 3 ml of DM or high
ionic strength(HS)medium and were incubated
for 10 min, After this incubation, the sperm sus-
pension was recentrifuged, resuspended with 0.8
ml of DM, and preincubated for 2h or 6h at 39°C.
Ejaculated fresh semen for each replicate was
collected from 2 different bulls using an arti-

ficial vagina. According to the method of Iritani
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et al. (1984), semen samples were kept in a
stoppered 10 ml test tube at 20C for 18h by
centrifugation at 500xg for 10 min. The sperm
pellets were resuspended with DM and pre-
incubated for 6h at 39°C in al CO, incubator.

3. In vitro fertilization(IVF)

DM or DM (—BSA) containing 10 or 15% FCS
was used for [VF, Following preincubation of 2h
or 6h, sperm suspension was diluted with IVF
medium to adjust the final concentration of
spermatozoa of 1~2X10°motile sperm per ml of
IVF medium. Sperm and oocytes were incu-
bated in 0.4ml of media under
paraffinoil for 36h at 39C in 5% CO. 95% air at
high humidity. After co-incubation, the oocytes

together

were mechanically freed form surrounding cells
and were observed for the number of apparently

cleaved oocytes.

RESULTS AND DISCUSSION

1. In vitro maturation of follicular oocytes

Table 1 and 2 each shows that the ¢n witro
maturation rates of oocytes cultured in DM
(—BSA)
20%FCS, respectively. As shown in Tables, the
proportions of oocytes reached metaphase 1l
were 51.1 to 64.7% in DM(—BSA) plus FCS
and 57.1 to 70.0% in Ham’s F10 plus FCS.

Although there were no significant differences

and Ham’s F10 containing 5 to

among the levels of FCS for maturation, these
maturation rates were higher than those of DM
(—=BSA) or Ham’s F10 only(50% and 40%), re-
spectively, FCS improved the maturation rate
of oocytes and more favorable effect of FCS on
in witro maturation could be obtained form the
addition of 15% for DM(—BSA) and 15 to 20%
for Ham's F10. On the other hand, when Ham'’s
F10 containing FCS was used in comparison
with DM(—BSA) the
oocyte maturation, Ham’s F10 was not signifi-
cantly more efficient than DM (—BSA). In our
study, FCS showed a similar rate to the report
of Shea et al. (1976) and Leibfried and First
(1979) and a slightly higher rate than that of

containing FCS for

Table 1. Maturation rate of follicuiar oocytes cultured in vitro in DM 28h

Culture No, of Stage of meiosis
medium oocytes GV Metl Anal Tell Metll %Metl
Defined medium{DM) 16 2 5 7 50.0
DM (—BSA) -+ 5%FCS 16 3 3 10 62.5
DM(—BSA) +10%FCS 14 4 9 64.3
DM(—BSA) +15%FCS 17 3 2 1 11 64.7
DM(~BSA) +20%FCS 14 6 8 57.1
Table 2. Maturation rate of follicular cocytes cultured in vitro in Ham’s F10 for 28h
Culture No. of Stage of meiosis
medium oocytes GV Metl Anal Tell Metll %Metll
Ham’s F10 16 2 5 7 50.0
Ham’s F10+ 5%FCS 16 3 10 62.5
Ham's F10+10%FCS 14 4 1 9 64.3
Ham's F10+15%FCS 17 3 2 1 11 64.7
Ham’s F10+4-20%FCS 14 6 8 57.1
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Fukui et al. (1987). Numberous studies published
concerning ixn vitro maturation have been added
to maturation media with FCS as a protein sup-
plement. In these cases, the oocytes were al-
lowed to mature at FCS concentration of 15%
(Shea et al.,1976) or 20% (Fukui et al., 1987) in
Ham’s F10 or F12 medium and FCS concen-
tration of 10% (Leibfried-Rutledge, et al.,1987:
Niwa and Ohgoda, 1988:Sirard et a/.,1988) and
20%(Fukui and Ono, 1989; Younis e al., 1989) in
TCM199 medium, respectively,

2. In vitro fertilization of in vitro-matured
oocytes

Table 3 shows the cleavage rates{as a cri-
terion of IVF) of oocytes matured in DM
(—BSA) containing 50 to 20% FCS. The FCS
addition to DM without BSA and its levels did
not affected the cleavage rates. The use of
unfrozen-diluted semen provided a higher cleav-
age rate compared to frozen-thawed semen.

Table 4 shows the cleavage rates of oocytes
matured in Ham’s F10 or TCM199 containing
10% FCS, respectively. These rates were higher
than those of Table3. These was no difference
in the cleavage rate between maturation media
and there also was not different between sperm
treatments. As shown in Table 3 and 4, the IVF
media did not affect the cleavage rates. The
present result that FCS did not improve the
cleavage rates was not similar to those of other
investigators. In the rats, Vanderhyden and
Amstrong(1989) demonstrated that maximum
normal fertilization obtained at FCS concen-
tration of 15% in maturation medium and serum
improved the fertilizability of cocytes compared
with oocytes matured with BSA. Also,
Schroeder and Eppig(1984) and Choi ef al.
(1987) in the mouse and Leibfried-Rutledge et al.
(1986), Sanbuissho and Threfall(1989) and Kim

et al. (1989) in the bovines have shown the im-

portance of serum in maturation medium. Their
results in the bovine oocytes indicated that
serum provided a superior environment for
oocyte maturation as compared with BSA. How-
ever, this beneficial effect of serum in support-
ing oocyte maturation and fertilization should be
further studied for the success of IVF and the
development of i vitro-matured oocytes, be-
cause the precise role fo serum and the effect of
serum levels on maturation and IVF is not fully
understood as well as although FCS is routinely
used in culture medium(Wright et al.,1976;
Camous ef al.,1984;Fukui and Ono,1989).

In our study, the result that showed more
higher cleavage rates from unfrozen semen was
in contrast to those of Bondioli and Wright
(1983) and Fukui e al. (1987), who reported
that the type of sperm(frozen and unfrozen) did
not significantly affect the IVF and cleavage
rates of follicular oocytes. The higher cleavage
rates from unfrozen semen was probably caused
by the more complete capacitation of sperm as
suggested by Iritani ef al. (1984) and Sirard et al.
(1985). On the other hand, the present result
that the cocytes matured in vitro in Ham’s F10
or TCM199 cleaved at equal rates but these
rates were higher than those of oocytes matured
in DM(—BSA) containing FCS was in agree-
ment with the result of Ueda et al. (1988). How-
ever, the result was not similar to that of Sirard
and Lambert(1985), who showed that DM was
found to be superior to Ham’s F10 for IVF and
cleavage. Kuwayama et al. (1989) has suggested
that TCM199 was superior to Ham’s F10 for
IVF and early cleavage. The cleavage rates
with unfrozen-diluted semen in this study was
similar to that reported by Sirard and Lamber
(1985) and was higher than that of Hensleigh
and Hunter(1985). The rates with frozen semen
was similar to other reports(Fukui et al.,
1987:Kim et al., 1988:Leibfried-Rutledge ¢t al,
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Table 3. Cleavage rate of follicular oocytes matured in vitro in DM containing FCS for 28h

Maturation IVF No. of Cleavel Cleavage
Sperm treatment oocytes oocytes
medium medium (expanded)  (2-3 cells) rate(%)
Defined medium Frozen,HIS DM 9 1 11.1
DM(—-BSA)+ 5%FCS ” ” ” 14 0 0
DM(—BSA)-+10%FCS ” ” ” 11 1 0.9
DM(—BSA)+15%FCS ” » - 12 0 0
” Unfrozen, DM  DM(—BSA) 6 2 33.3
+15%FCS
” - HIS 4 5 2 40.0
DM(—~BSA)-+20%FCS Frozen,HIS DM 13 0 0

Duration of sperm preincubation was 6h in DM.

Table 4. Cleavage rate of follicular oocytes matured in vitro in Ham’s F10 or TCM199 containing FCS for 28h

Maturation Sperm treatment IVF No. of Cleavel Cleavage
oocytes oocytes
medium (frozen semen) medium (expanded)  (2-3 cells) rate(%)
Ham's F10+10%FCS DM DM 7 1 14.3
DM(—-BSA) 6 1 16.7
+10%FCS
HIS DM 7 0 0
DM(—BSA) 10 1 10.0
+10%FCS
TCM199+10%FCS DM ” 30 5 16.7
HIS ” 30 5 16.7

Duration of sperm preincubation was 2h in DM.

Table 5. Sperm acrosome reaction of frozen semen preincubated in DM after treatment or non-treatment

of HIS
Preinculation HIS treatment(4) Acrosome
time (h) or not(—) reaction(%)
0 - 3.8+ 1.2
2 - 38.9%+ 4.9
+ 40.6+ 2.3
4 - 53.5+13.4
+ 50.3+ 2.6
6 - 53.5 = 8.0
+ 63.0 + 3.4
1987) but greatly lower than that of Kajihara et of frozen-thawed sperm used to obtain the data
al. (1987). Table 5 shows the acrosome reaction of Table 3 and 4. The proportions of acrosome
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reacted sperm after 2h-and 6h-preincubation
was 39 and 54 for DM only and 41 and 63 for
HIS treatment, respectively. These results
indicated that the lower cleavage rates in Table
3 than in Table 4 might be partially related to
low sperm motility due to the prolonged
preincubation time for 6h after HIS since the
percentage of AR was negatively correlated
with sperm motility.

In conclusion, the results presented here show
that relatively high maturation rates of follicu-
lar oocytes could be obtained in DM(—BSA)
medium supplemented with FCS, However, the
IVF of these oocytes was not significantly
improved. Ham's F10 or TCMI199 which is
biochermically more complete than DM was
thought to be more efficient for the oocyte
maturation and the procedure of sperm treat-
ment was also a important factor to improve the

IVF or cleavage of oocytes matured n vitro.
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SUMMARY

Several levels of fetal calf serum(FCS) were
evaluated for their ability to enhance the i vitro
maturation of bovine follicular oocytes and the
cleavage rate of in vitro-fertilized ococytes. FCS
was added at 5 to 20%(v /v) to the maturation
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media(Brackett’s defined medium without BSA,
Ham's F10 and TCM199). Oocytes were col-
lected from 2~6 mm follicles, cultured for 28h
in a CO, incubator at 39C and fertilized with
frozen-thawed or unfrozen semen capacitated in
vitro. The oocytes reached metaphase [I was 57
to 65% in DM(—BSA) plus BSA and 57 to 70%
in Ham’s F10 plus FCS(control; 50 and 40%, re-
spectively). These was no difference between
two different media and among 4 levels of FCS.
FCS addition to DM (—BSA) for maturation and
its levels did not affect the cleavage rates of
oocytes. The cleavage rate of IVF oocytes was
greatly low by 6h-preincubated frozen semen
after HIS treatment but was increased by
2h-preincubated frozen semen and significantly
increased by the use of unfrozen semen
capacitated i witro. The cleavage rates of
oocytes matured in Ham's F10 or TCM199 plus
10% in DM(—BSA) plus FCS. These results in-
dicate that n wvitro maturation of oocytes
improved by the addition of FCS to medium but
did not greatly affect the cleavage rates after
IVF and that the cleavage rates varied by
sperm conditions and FCS addition to Ham's
F10 or TCM199 was more efficient for cocytes

maturation,
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