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culture (IVC) reduced significantly than that of

I.INTRODUCTION in vivo (Rath et al., 1995) and porcine IVF is
characterized mainly by variable fertilization

The development of porcine embryos derived rates (Nagai, 1994). Until now, improving of
from either in vitro fertilization (IVF) or in vitro porcine IVF system was carried out by many
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researchers and thus successful development of
IVF /IVC embryos to morula and blastocyst
stages was obtained (Nagai et al., 1988: Mattioli
et al, 1989: Yoshida et al., 1990; Rath et al,,
1995). Generally, in respect to sperm factor for
IVF /IVC systems, semen quality such as vol-
ume, concentration, motility and percentage of
abnormal sperm was used to predict successful
IVF (Whitfield and Parkinson, 1992). However,
epididymal sperm shows limited values than
ejaculated sperm, because of epididymal sperm
has the variation for maturity in morphology
(Lacham-Kaplan and Trounson, 1994). Especi-
ally, in epididymal sperm, fertilizing ability was
analyzed only through the treatment procedure
such as preincubation time, concentration, cul-
ture medium (Nagai et al., 1984; Petters and
Wells, 1993). On the other hand, it has known
that male factor by great natural variation in
shape affects to the outcome in IVF system
(Kobayashi et al., 1991). Thus, the morphologi-
cal evaluation of sperm in porcine IVF using
epididymal sperm is important to analyze the re-
lationship between sperm morphology and em-
bryo development.

The objective of this study was to examine
the fertilization and embryonic development rat-
es of porcine IVM oocytes according to morphol-
ogically normal epididymal sperm in porcine
IVF.

. MATERIALS AND METHODS

1. Collection of immature oocytes

Ovaries were collected from prepubertal gilts
at a local slaughterhouse and cumulus-oocyte
complexes (COCs) were recovered by aspiration
from the follicles (2~6 mm in diameter), using
a 18-gauge needle and a 10 ml disposable syr-
inge. The COCs were washed three times with
TLHEPES (1 mg/ml BSA, low carbonate TA-

LP: Parrish et al., 1988). Only oocytes possess-
ing a compact cumulus cell mass were selected
for this experiment,

2. In vitro maturation (IVM)

The oocytes were transferred to maturation
medium (50 oocytes /0.5 ml) and cultured in 5%
CO,, 39T incubator for 42~44 hr. The matu-
ration medium was consisted of TCM-199 (Gib-
co) containing 10% pig follicular fluid, 25 mM
NaHCO; (Sigma), 0.2 mM pyruvate (Sigma), 10
g /ml FSH, 10 g /ml hCG and 25 »g /ml gen-
tamycin (Sigma).

3. Sperm preparation and morphological anal-
ysis

Epididymal semen was collected from cauda
of epididymis obtained from a local slaughter-
house. Semen (1 ml) was diluted into 5 ml
Sp-TALP (Rosenkans et al., 1994) and the ex-
tender was removed by washing two times at
1,000 rpm for 5 min, Then the sperm pellet was
resuspended with Sp-TALP and motile sperm
was collected by swimup separation after incu-
bation for 8 min, Frozen-thawed sperm was don-
ated from National Livestock Research Institute
and highly motile ejaculated sperm was col-
lected by percoll separation method (Park et
al., 1995). Before the insemination, recovered
sperm was counted and morphological normality
was assessed using makler chamber (Xx100).
Morphological analysis of sperm was used cri-
teria described by Mortimer (1985).

4. In vitro fertilization (IVF) and in vitro
development (IVD)

After n wvitro maturation, the oocytes were
transferred to the fertilization medium, Insemi-
nation was carried out according to experimen-
tal purpose as follows: 5x10° cells /ml epidi-
dymal sperm was inseminated to the 50 oocyte /

— 248 —



0.5 ml /well of 4-well dish after assessment of
morphological normality in sample (Experiment
1). Over 50% groups of morphological normality
in sample of epididymal sperm were adjusted to
the 100% (5X10° cells/ml), and thus total
inseminated concentration of epididymal sperm
was 0.5~1x10° cells /ml. Also, ejaculated sper-
m as control group was inseminated with con-
centration of 5X10° cells /ml (Experiment 2).
The fertilization medium was consisted of fatty
acid free bovine serum albumin (FAF-BSA: 6
mg /ml), 0.2 mM pyruvate, 2 g /ml heparin,
PHE stock (18.2 M penicillamine, 1.8 M
hypotaurine, 9.1 M epinephrine) and 25 pg /ml
gentamycin, The oocytes and sperm were incub-
ated for 24 hr at 5% CO. in air with saturated
humidity at 39C. Embryos were cultured in
NCSU 23 contained 0.4% FAF-BSA until day 3
after IVF and then transferred into NCSU 23
supplemented with 10% FBS. Blastocysts were
scored on day 7 after IVF (Fig. 1).

5. Experimental design

1) Experiment 1

The fertilization and development rates were
investigated according to the morphologically
normal epididymal sperm at insemination and
the percentage of the morphologically normal
sperm against the inseminated total sperm was
divided into the three groups (<10%, 10~30%
and =50%).

2) Experiment 2

The >50% groups of morphological normality
of epididymal sperm were adjusted to 100% (5%
105 cells/ml), and then their fertilization and
development rates were compared with those
data of frozen-thawed ejaculated sperm.

3) Experiment 3

Fig. 1. Pig embryos produced by IVM/IVF/
IVC (x300).
A. 3 day, B. 5 day, C. 7 day after IVF.

Based on data of experiment 2, the fertiliza-
tion and development rates by using epididymal
sperm were analyzed according to the oocyte:

sperm ratio at insemination,



6. Statistics

A chi-square test was used to ascertain stat-
istical differences between group. A p value <
0.01 was considered statistically significant.

. RESULTS AND DISCUSSION

1) Experiment 1

The fertilization and development rates were
investigated according to the morphologically
normal ratio of epididymal sperm at insemi-
nation (Table 1).

As shown in Table 1, the fertilization and de-
velopment rates of >50% group (64%, 26%)
were significantly higher than those of other
two lower percentage groups (<10%: 27%, 6%

and 10~30%: 36%, 5%) (p<0.01). It is well-
known that an increase in the percentage of nor-
mal sperm produced improved fertilization rates
in human (Kobayashi et al., 1991). Furthermore,
a high rate of fertilization ¢n vitro should be led
to normal subsequent embryonic development.
The present results indicated that there are cor-
relation between sperm morphology and embry-

onic development.

2) Experiment 2

The >50% groups of morphological normality
of epididymal sperm were adjusted to 100% (5%
10° cells /ml), and then their fertilization and
development rates were compared with those
data of frozen-thawed ejaculated sperm (Table
2).

Table 1. Fertilization and development rates of in vitro matured oocytes according to the morpho-
logical normality of epididymal sperm in porcine IVF

Normal No. of
sperm No. of oocytes Cleavaged Development
percentage  MalS  examined (%) <MB ExBL =HgBL Total(%)
<10 3 464 123(27)7 6 1 - 7( 6)?
10~30 3 563 203(36)? 4 5 1 10( 5)2
=50 3 185 119(64)® 22 7 2 31(26)®

ab Different superscripts within the same columns were significantly different (p<0.01).

Inseminated sperm : 5% 10° cells /ml

MB : Middle blastocyst, ExBL : Expanded blastocyst, HgBL : Hatching blastocyst

Table 2. Comparison of in vitro fertilization and development rates of in vitro matured oocytes ac-
cording to epididymal- or frozen-thawed ejaculated sperm in porcine IVF

Source No. of
of No. of oocytes Cleavaged Development
sperm trials  examined (%) <MB ExBL =HgBL Total(%)
Epididymal* 3 278 174(63)** 28 14 3 44(27)*
Ejaculated*™ 3 584 328(56)™ 70 34 9 113(35)*

* In group of >50% of normal morphology in insemination, percentage of normal sperm was adjusted to 100

(Total insem. sperm. : 0.5—1x 10° cells /ml).
* [nsem. sperm : 5x10° cells /ml.
= Not significantly different from each other.



As shown in Table 2, the fertilization and de-
velopment rates (63%, 27%) in epididymal sper-
m were similar to those in frozen-thawed ejac-
ulated sperm (5625, 35%). Generally, it has
been reported that the fertilization and develop-
ment rates of epididymal sperm were approx-
imately 40~60% and those of ejaculated sperm
were about 21~95% in porcine IVF /IVC sys-
tem (Petters and Wells, 1993) regardless of cul-
ture system condition. Especially, ejaculated
sperm has a great advantage on fertilization
mechanism because of repeated use of sperm
with the same characteristics, In contrast, it is
not possible to use epididymal sperm collected
repeatedly from the same boar because of epidi-
dymal sperm are usually obtained after boars
have been killed (Wang et al., 1991). However,
the present results indicated that when the mor-
phological normality of epididymal sperm in por-
cine IVF was more than 50, the fertilization and
development rates of 1 vitro matured oocytes in
porcine IVF using epididymal sperm were very
similar to those of the frozen-thawed ejaculated
sperm.

3) Experiment 3

Based on data of experiment 2, the fertiliza-
tion and development rates using epididymal
sperm were analyzed according to the oocyte:
sperm ratio at insemination, In Fig. 2, the ratio
of sperm per oocyte in 2502 groups of morphol-
ogically normal epididymal sperm was repres-
ented to 1:6000, 1:6650, 1:7700 and 1:10000.
Also, the fertilization and development rates
were high in ratio of 1:6000 (68%, 32%), 1:6650
(89%, 31%). However, the fragmentation was
increased when the ratio of sperm per ococyte
was high (data not shown). This result was sim-
ilar to the data reported by Xu et al. (1996), in
which they indicated that the optimal ratio of
sperm per oocyte was 6,250 to obtain the poten-
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Fig. 2. Fertilization and embryonic develop-
mént rate by inseminated sperm number
per oocyte in porcine IVF using epidi-
dymal sperm.

tially viable embryo, although they used fresh
ejaculated sperm. Therefore, this result sugges-
ted that detailed evaluation of morphological
normality sperm in porcine IVF using epidi-
dymal sperm is useful in the prediction of more
effective embryonic development.

IV. SUMMARY

The objective of this study was to examine
the fertilization and embryonic development rat-
es of porcine oocytes matured in vitro according
to the morphological normality of epididymal
sperm in porcine IVF, The results obtained in
this experiment were summarized as follows :

1. When the ratio of morphological normality
of epididymal sperm was divided into the
three groups with <10%, 10~30% and =
50%, the fertilization and embryonic devel-
opment rates of >50% group (64%, 26%)
were significantly higher than those of
other two groups (<10%: 27%, 6% and
10~30%: 36%, 5%) (p<0.01).



2. When the =502 group of morphologically
normal epididymal sperm was adjusted to
100% (5x10° cells /ml), the fertilization
and development rates (63%, 27%) of epidi-
dymal sperm were similar to those of froz-
en-thawed ejaculated sperm (56%, 35%).

3. Also, when the fertilization and develop-
ment rates of epididymal sperm were anal-
yzed according to the oocyte : sperm ratio
(1:6000, 1:6650, 1:7700, 1:10000), the fertil-
ization and development rates indicated
high, in 1:6000 (68%, 32%) and 1:6650
(89%, 31%), the ratio of oocyte : sperm,

Therefore, when the percentage of mor-
phological normality of epididymal sperm is
more than 50, the embryonic development
can be obtained similar to that of frozen-
thawed ejaculated sperm. Also, these res-
ults suggested that the morphological eval-
uation of normal sperm in porcine IVF us-
ing epididymal sperm should be prerequisite
for the more effective embryonic develop-
ment,
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