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I . INTRODUCTION by Motlik and Fulka(1974)

fertilization of such oocytes was first reported

and in vitro

The development of efficient methods for iz by Iritani et al.(1978). Recently, Mattioli et
vitro maturation and fertilization of follicular al.(1989) suggested that the pig oocytes
oocytes has been requested for the further matured and fertilized iz witro can establish
exploitation of nuclear transplantation and normal pregnancy.
genetic manipulation in farm animals, In the However, the development potenitial of in
pigs, the successful in wvivo fertilization of in  vitro-fertilized follicular oocytes was still very

vitro-matured follicular oocytes was achieved low. Initani et al. (1978) and Nagai et al. (1984)
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indicated that these inferior development might
be due to the poor male-pronucleus formation
following the incomplete cytoplasmic maturation
of oocytes. There remains a need for more
detailed studies on culture conditions that will
enable the high proportion of pig oocytes to
undergo the in wvitro maturation, pronucleus
formation and cleavage(Motlik and Fulka,
1974 Naito et al., 1988 Mattioli et al,,
1989) .

To induce the in vitro-full maturation of

follicular oocytes, serveral important factors
have been considered. A correlation between
the size of antral follicles and the frequency of
pig oocytes completing in wvitro maturation was
reported (Tsafriri and Channing, 1975 . McGau-
ghey et al., 1979 ; Motlik et al , 1984) . Naito et
al. (1988, 1989) demonstrated that the male-pro-
nucleus formation capacity and developmental
ability of in witro-matured pig oocytes impro-
ved markedly by the addition of follicular fluid
to a maturation medium,

Recent studies in the bovine have shown that
the supplement of serum provided a superior
environment for in witro oocyte maturation as
compared with BSA (Sanbuissho and Threfall,
1985, 1989)

tended to the cleavage

Younis et al_, and estrous serum

increase rate and
development into blastocyst as compared with
FCS(Fukui, 1989).

effects of serum on in

However, these favorable
vitro maturation and
fertilization have been very limited in the pig
oocytes.

This study was undertaken to investigate the
ability of pig oocytes derived from different
follicular size to undergo in wvitro maturation,
the effect of serum and dialyzed pig follicular
fluid on in vitro maturation and the fertilization
of in wvitro-matured oocytes with epididymal

spermatozoa.

I1. MATERIALS AND METHODS

1. Collection of follicular ococytes

Crossbred gilt ovaries which had no corpus
luteaum were obtained at a local abattoir and
were maintained in a thermos containing saline
solution (30~35C) during transit to laboratory.

Within 2hr after slaughter,

follicles classified into two different groups(1~2

the contents of

mm and 3~7mm in diameter) were separately
aspirated with a syringe and 20guage needle
and the contents were pooled each in a conical
50 ml centrifuge tube,

The collected oocytes were rinsed twice in a
mKRB solution and only oocytes with tightly

adherent cumulus cells were used for culture,

2. In vitro maturation of follicular oocytes

Maturation was accomplished in a mKRB
1974) and mKRB
calf serum (FCS),
sow serum (ESS) or dialyzed pig follicular fluid
(DFF) instead of bovine serum albumin(BSA),

solution{Toyoda and Chang,

solution plus fetal estrous

respectively. The follicular fluid collected from
3~7mm follicles was dialyzed in a cellulose
dialysis bag (12, 000 dalton cut off) .
in 0.4ml of
medium in Falcon dishes for 24~48hr at 37C
under an atmosphere of 5% C0,-95% air with
high humidity .

At the end of each culture period, the oocytes

The oocytes were cultured

were fixed with acetic-alcohol(1 : 3), stained

by 1% aceto-orcein, and examined by a phase

-contrast microscope.

3. Preparation of epididymal spermatozoa

Boar epididymides were removed at an

abattoir and epididymal spermatozoa were

collected. Semen((.5ml) was supended in 3ml

mKRB solution and then washed twice by



centrifugation for 5min at 350 X g to remove the
epididymal plasma.

The washed spermatozoa were resuspended in
a mKRB solution to give the concentration of
4~8x 10% cells/ml and the 0.5ml of spermat
ozoa suspension was preincubated @ vitro in a
CO; incubator or /n vivo a ligated mouse uterus
for 4hr.

4. In vitro fertilization
About (.01 ml spermatozoa suspension(l~2 X
10° cells /ml)

above procedure were introduced into the 0. 4ml

preincubated according to the

IVF medium containing 10~15 in vitro-cultured
oocytes,

After incubation for 24hr with preincubated
spermatozoa, the oocytes were fixed, stained
and examined regarding the fertilization based

on pronuclei formation,

III. RESULTS

1. In vitro maturation of follicular oocytes
The maturation rates at different intervals of
the oocytes obtained from 1~2mm or 3~7mm

follicles are shown in Table 1.

There was no difference in the oocyte
maturation between two follicular size groups,
although the 3~7mm follicular group showed a
slightly higher maturation rates.

About 50~60% of the oocytes in both two
groups reached metaphase [I during 36 to 48hr
of culture and 60% of the 3~7mm follicular
at 24hr of
Table 2 and 3 show the additional
effect of ESS or FCS and dialyzed follicular
fluid to the mKRB solution without BSA on the

maturation rates of 3~7mm follicular oocytes,

oocytes reached metaphase |

culture

respectively .

As shown in Table 2, the addition of 5% ESS
and 15% FCS showed a slightly higher rates
than that of the control mKRB with BSA. In
Table 3, the maturation rates were also slightly
increased by the additions of dialyzed follicular

fraction,

2. In vitro fertilization of in vitro-matured
oocytes

Table 4 shows the in vitro fertilization of in
vitro-matured  follicular  oocytes inseminated
with i vivo- and in vitro-capacitated spermat-

ozoa. The fertilization rate was increased when

Table 1. Maturation in vitro of oocytes derived from follicles of 1~2mm and 3~7mm in

diameter
Folli-  Duration No. of Stage of meiosis Meturation
cular  ofculture oocytes - rate
size (mm) (h) examined ;v Pro Met Ana Tel Met Deg UNCe~  (Met I, %)
I 1 I I 11 rtain
1~2 24 29 2 2 15 2 5 1 17.2
26 26 7 3 13 3 50.0
48 32 6 2 19 2 2 59.4
3~7 24 17 10 1 5 29.4
36 33 9 2 15 2 45.5
48 31 1 8 1 19 2 61.3

Maturation medium was a mKRB solution containing 1 mg BSA/ml,



Table 2. Effect of ESS or FCS on in vitro maturation of 3~7mm follicular oocytes cultured

in vitro for 30hr.

Maturation No. of Stage of meiosis Maturation
medium* oocytes rate
examined GV MetI Anal Tell MetIl Deg (Metll,%)
mKRB + 1 mg
BSA/ml 108 14 35 6 5 54 4 50.0
mKRB(-BSA)
459 ESS 96 3 28 3 5 56 1 58.3
mKRB (-BSA)
+10% ESS 23 3 7 - 1 11 1 47.8
mKRB(-BSA) 21
+15% ESS 4 4 1 2 9 1 42.9
mKRB{-BSA) 41 4
+ 15% FCS 7 3 4 23 - 56.1

ESS . Estrous sow serum, FCS: Fetal calf serum,

Table 3. Maturation in vitro of follicular oocytes cultured for 30hr in medium containing
dialyzed medium size-follicular fluid (DFF)

Maturation No. of Stage of meiosis Maturation
medium* oocy'tes rate

examined GV Metl Anal Tell Metll Deg (MetIl,%)

mKRB+ 1 mg

BSA/ml(A) 37 2 12 1 1 19 2 51.4
A+ 10% DFF 33 6 5 2 1 19 - 57.6
A+ 20% DFF 32 2 6 - 3 20 1 62.5
A+ 509% DFF 29 2 9 1 1 16 - 55.2
100% DFF 23 1 8 - - 14 - 60.0

mKRB(-BSA) plus 5% ESS or 15% FCS was
used for the oocyte maturation,

All the 3 media showed a slightly higher
fertilization rate for the oocytes inseminated
with i vifro-capacitated spermatozoa than for
the oocytes inseminated with in vitro-capacitated

spermatozoa.

[v. DISCUSSION

In the present study maturation rates within
24~48hr of culture confirmed the previous
findings of Koh et al (1988) and Yoshida et al
(1989) . Yoshida et al,(1989) reported that the

rate of oocytes reaching metaphase II was

significantly higher after 30hr of culture than
after 24hr and there was no difference in the
maturation rates between 30 and 48hr of culture
in the control group and between 36 and 48hr
of culture in the gonadotropin-added group.

The time required for maturation to meta-
phase Il is in accordance with the report of
Sato et al.(1978)
quoted by of McGauhey and Polge(1971). In

addition, the time in which a high proportion of

but was shorter than that

oocytes reached metaphase I was similar to that
of Byun et al. (1989) but faster than that of
McGaughey and Polge (1971) .

The results that we found no difference in the

maturation rates between the oocytes from



Table 4. In vitro fertilization (pronucleus formation) of in vitro-matured oocytes inseminated

with in vivo-and in vitro-capacitated epididymal spermatozoa

Maturation  Sperm ca- No. of oocytes* No. of fertilized oocytes with pronucleus(PN)
medium pacitation . e
N{Jatured Insemmatefl 1PN 2PN >2Pn T’otal DO/B D0 C
(%, A) (B) () D) (%) (%)
mKRB + 1 mg . 16/32 )
BSA /ml In vivo (50.0) 36 (18) 8 1 1 10 (27.8) (55.8)
. 28/58 _ _
In vitro (48.3) 17 (8 2 2 (11.8) (25.0)
mKRB (-BSA) . 9/17 _
+ 5% ESS In vivo (53.0) 25 (13) 3 3 6 (24.0) (46.2)
. 27/48
In vitro (56.3) 71 (40) 11 4 1 17 (23.9) (42.5)
) . 14/25 _ _ (
mKRB(-BSA)  In vivo (56.0) 16 (9 7 7 (43.8) (73.3)
. 9/16
In vitro (56.3) 20 (1D 2 2 2 4 (20.0) (36.4)

*A: A part of cultured oocytes perior to insemination were randomly selected and they were

stained to evaluate nuclear maturation,

B: The remaining cumulus-expanded

oocytes were

inseminated to evaluate in witro

fertilization (the ability to support male pronuclear formation) .
C: No. of matured oocytes = No. of oocytes inseminated (B) x maturation rate (%, A) of

random samples.

small and large follicles differed from other
reports (Tsafriri and Channing, 1975 . McGa-
ughey et al., 1979 ;. Motlik et al., 1984), who
reported that the oocyte maturation increased
with an increase in follicular sizes,
Motlik et al.(1984)

to complete meiotic maturation

In contrast, found that
the ability
acquired antral follicles of about 2mm in
diameter and the substantial difference between
small and large follicles appeared after 48hr of
culture

However, because of the in vitro maturation
competence of small follicular pig oocytes has
been shown the conflicting results(McGaughey
1979; Anderson and Hillensjo, 1982),

further studies using a larger number of oocytes

et al,,

are needed to confirm the effect of follicular

size on in vitro maturation rates of oocytes.
The present study found that the maturation

rates could be improved by the addition of

serum, as observed in the bovine oocytes(Kim
et al, 1988; Younis et al., 1989). The be-
neficial effect of follicular fluid was similar
to the result observed in the pig (Naito et al.,
1988,
by the addition of FCS agreed with the reports
of Fukui et al. (1982) and Minato and Toyoda
(1982a) .

However, the fact that maturation rates were
less improved byd the addition of 10~15% ESS
did not agree with those of the bovine oocytes.
and Channing(1975)
that the
increasing the serum level to 509% was benefi-

1989) and the improved maturation rate

In addition, Tsafriri

demonstrated in the pig oocytes
cial for the maturation of oocytes from medium
-sized follicles.

On the other hand, it

determine whether

is not possible to
the beneficial effect of
dialyzed follicular in the present study was due

to the removal of its inhibitory substances



(Tsafriri and Channing, 1975, Meinecke and
Meinecke Tillman, 1981) and harmful sub-
stances (Cho and Lim, 1975), or due to its

beneficial factors (Naito et al., 1988, 1989).
We suggest that the favorable effect of
dialyzed follicular fluid on maturation rates
should be reconfirmed by an iz vitro fertiliza-
The

oocytes was similar to that of Iritani et al,

tion system, proportion of fertilized
(1978) . It is possible that the higher pronucleus

formation obtained by in wivo-capacitated

spermatozoa was related to the degree of
spermatozoa capacitation process as described
by others (Lenz et al., 1982).

Our result that the presence of serum in the
culture medium during ¢ wvitro maturation
improved the pronucleus formation may be
explained by the results in other animals. In the
mouse, it was reported that the addition of
serum to a medium can improve the sperm
Choi

1987) and the further development of

penetration (Minato and Toyoda, 1982b
et al.,
fertilized oocytyes (Schroeder and Eppig,
1984) .

Eppig and Schroeder (1986) suggested that the
serum prevented the zona pellucida hardening
during in vitro maturation of oocytes and
enhanced the potential of oocytes for fertiliza-
tion and development .

Several studies in the bovine have shown that
the serum provided a superior environment for
oocyte maturation when compared with BSA
(Sanbuissho and Threfall, 1985
1988 Younis et al., 1989) .

In conclusion, the present study indicates that
the addition of ESS and FCS at proper level to

a culture medium would be necessary to

Kim et al.,

improve the in vitro maturation and pronucleus
formation of pig follicular- oocytes and the
results further suggest that dialyzed follicular
fluid might be important for in vitro matura-

tion,

V. SUMMARY

Experiments were disigned to define and
optimize efficiency of a system whereby pig
follicular oocytes could be matured and fertil
ized in vitro. The pig oocytes removed from
1~2mm and 3~7mm follicles were cultured in
vitro in the mKRB(-BSA) solution containing
estrous sow serum(ESS), FCS or dialyzed pig
follicular fluid for 24 to 48hr at 37C.

The oocytes matured in vitro were evaluated
after epididymal spermatozoa-oocyte incubation
for 24hr for pronucleus formation. 50~60% of
the oocytes reached metaphase 11 during 36 to
48 hr of culture,

There was no differernce in oocyte matura
tion between two groups of follicular size but
meiosis was slightly faster in the 3~7mm
follicular oocytes,

The oocytes matured in mKRB(-BSA) plus
5% ESS, 15% FCS or
fraction showed slightly higher maturation rates

dialyzed follicular

than the control mKRB. in vitro fertilization,
tended to be increased
when mKRB(-BSA) plus 5% ESS or 15% FCS

was used for oocyte maturation and in wvivo

pronucleus formation,

-capacitated spermatozoa were inseminated,
respectively

It is concluded that ESS, FCS and dialyzed
pig follicular fluid may be effective factors for
in vitro maturation and fertilization of pig

follicular oocytes.
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