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I. INTRODUCTION

The use of new reproductive technologies is

progressing rapidly in many farm animal
species, New applications to produce transgenic
animals from ix vitro produced embryos are rely-
ing on the development and understanding of
the events from oocyte maturation to implan-
In 1974 Motlik and Fulka reported

in-vivo fertilization of porcine oocytes that had

tation.
been matured in witro. Two years later Baker
and Polge(1976) summarized experiments on
in-vitro and in-vivo fertilization of porcine and
predicted that if in witro maturation - in vitro

fertilization techniques can be developed in
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domestic animals, it should be possible to utilize
at least a significant portion of the vast number
of follicular oocytes that are normally lost
through atresia. Important steps towards
realizing this prediction in the porcine were
(1978) who reported the

in wvitro maturation and ferti-

made by Iritani et al,
first successful
lization in porcine using spermatozoa incubated
in isolated female genital tracks, Cheng(1985)
who obtained piglets from oocytes matured in
vivo and then fertilized in vitro and Mattioli et al.
(1989) who generated piglets from in vitro matu-
ration and fertilization oocytes, Porcine oocytes
obtained from the aspiration of small immature
follicles are a ready source of female gamates

since these cocytes mature in vitro to the Meta-
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phase- Il stage, and they can be successfully fer-
tilized in witro with fresh boar semen or
frozen-thawed cauda epididymal spermatozoa.
However, polyspermy and male pronuclear for-
mation still remain prominent problems for n vit-
ro fertilization of porcine oocytes. In this paper,
research tendency and problems on in-vitro fertil-

1zation of porcine will be suggested.

II. PROBLEMS OF IN-VITRO
FERTILIZATION

1. Maturation conditions

The maturation of the oocyte can be divide
into two different aspects: nuclear maturation
and cytoplasmic maturation, The nuclear matu-
ration in porcine was described by Edwards in
1965 and proceeded to the metaphase- Il stage in
43~46h in vitro. Similar results were obtained by
many research, but many oocytes remained at
metaphase- I even after 48 h of culture. The
duration of meiotic maturation is substantially
longer in porcine(42~44h) than in cattle, sheep
and goats(24 h). This delay observed in vitro ref-
lects a comparable situation in 7o where the
time between the LH surge and germinal vesicle
breakdown 1s 20~24h. The importance of the
maintenance of intercellular coupling between
cumulus cells and the oocyte was emphasized by
Moor et al. (1990), who concluded that the con-
tribution made by follicle cells to cytoplasmic
maturation is fully evident only when gonadot-
rophins are present in the IVM medium and
when a non-static culture system is used. The
addition of LH and FSH to the IVM medium
was found to accelerate and faciliate meiotic
maturation in several studies(Galeati et., 1990
Mattioli et al., 1991); LH selectively improved
cytoplasmic maturation. Funashi et al(1994) also
reported at least two different hormonal condi-

tions during maturation ix wvifro, which are the

presence of PMSG during the first 20 h of cul-
ture and the absence of PMSG and oestradiol
during the second 20 h of culture, are beneficial
to meiotic and cytoplasmic maturation of por-
cine oocytes,

Different media were tested for their capacity
to promote nuclear maturation. If nuclear matu-
ration appears to proceed normally in most ooc-
ytes in medium containing BSA or serum, the
formation of a normal male pronucleus following
fertilization is not completed normally in most
oocytes. It has been reported that glutathione
synthesis during oocyte maturation is an import-
ant factor for subsequent formation of a male
pronucleus(Yoshida et al. 1993 : Yoshida, 1993).
An IVM medium containing a high concen-
tration of cysteine was found to enhance the
ability of porcine oocytes to form the male pro-
nucleus(Yoshida et al., 1992, 1993). It is belived
that the addition of cysteine to the IVM me-
dium may be an important factor in the syn-
thesis of glutathione by the porcine oocyte and
in enhancing formation of the pronucleus after
sperm penetration.

Results from a study by Ding and Foxcroft
(1992) confirmed that follicular shells appar-
ently secrete factors that support cytoplasmic,
if not nuclear maturation. They also showed
that male pronucleus formation rate, in sperm-
penetrated oocytes, was correleate to diameter
and shell weight of cocultured follicles; large fol-
licles were more supportive of cytoplasmic mat-
uration than small one. To determine the effect
of culture system and presence of intact follicle
shells on porcine 1VM, porcine oocytes were cul-
tured with different numbers of cumulus cells
either in a static system or in a non-static sys-
tem(Nagai et al., 1993). Elsewhere, Funahashi
and Day(1993 a, b) showed that the removal of
hormone supplements from I[VM medium at 20h

after culture enhanced cytoplasmic maturation
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and cumulus expansion. They also found that a
serum-supplemented IVM medium reduced the
ability of porcine oocytes to form an male pro-
nucleus formation; serum supplementation ap-
parently promoted rapid progression of meiotic
maturation. Maturation media are uaually sup-

plemented with proteins, such as fetal calf ser-

um(Zheng and Sirard, 1992), newborn piglet ser-

um(Funahashi and Day, 1993a) and bovine ser-
um albumin, However, when added to mKRB
solution supplemented with FSH, fetal calf ser-
um has been shown to inhibit maturation of por-
cine oocytes(Naito et al., 1988). The author sug-
gest that serum in the IVM medium may not al-
low porcine oocytes sufficient opportunity for
intercellular communication with cumulus cells,
which may influence male pronucleus formation
after sperm penetration. Lee et al. (1992) have
shown that the maturation rate of porcine coc-
ytes was increased by supplementation of the
IVM medium hormones and 20% dialyzed por-
cine follicular fluid.

Among the growth factors currently implic-
ated in the modulation of oocyte maturation are
EGF, TGF-a, TGF-g, IGF-1 and IGF-1I. The
effect of growth factors on oocyte maturation
has been examined in porcine by several inves-
tigators. Illera and Petters(1993) evaluated the
addition of EGF+IGF-I to IVM medium in the
presence of follicular fluid and hormones, Ad-
dition of the growth factors adversely affected
oocyte quality in presence of hormones and por-

cine follicular fluid but had a favourable effect

when oocytes were cultured without gonadotrop-

hins or porcine follicular fluid. Singh et al.
(1993) examined the effects of combinations of
EGF, TGF-g and FSH, LH, oestradiol and
androstenedione on maturation and cumulus ex-
pansion in porcine, Other studies reported by
Singh and Amstrong(1994) support the view
that EGF of follicular origin may play a role in

the regulation of follicle development and ooc-

yte maturation.

2. Capacitation of porcine spermatozoa

For in vitro fertilization in porcine, it is clearly
essential to have a means of artificially capacit-
ating sperm ; over the past 20 years, much time
and effort have been devoted to this problem.
Part of the artificial capacitating procedure
involves the removal of seminal proteins and the
other substances that coat the sperm membrane
of ejaculated semen. Some workers have sought
to establish the role of substances in seminal
plasma by using epididymal porcine sperm whic-
h have not been coated with accessory gland
proteins, It is clear that differences in the cap-
acitating ahility of porcine sperm do exist.

The successful capacitation of porcine sper-
matozoa in vitro has been demonstrated for the
first time by Nagai et al. (1984). Epidymal sper-
matozoa were preincubated at high concentra-
tions in a simple medium for 4h prior to insemi-
nation of oocytes matured in vitro and 49~84%
of zona-intact oocytes were penetrated. Simi-
larly, a capacitation method employing a 4~5 h
preincubation of ejaculated spermatozoa at a
high concentration but with elevated levels of
Ca** and the high pH of the preincubation me-
dium, modified tissue culture medium, was used
by Cheng(1985) to obtain penetration(100%) of
i wivo and in vitro matured oocytes. The prein-
cubated spermatozoa were transferred into a
modified TCM 199 that had been supplemented
with 2 mM caffeine. There is ample evidence to
suggest that the porcine oviduct may play a key
role in sperm capacitation by providing an en-
vironment that facilitates both this process and
fertilization. Certainly, there is much infor-
mation now available to show that the porcine
oviduct does not function simply as a site for

sperm retention, but probably participates in
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the physiological maintenance of sperm fertiliz-
ing capacity and consequently contributes to the
fertilization of the oocyte. There i1s evidence
that porcine oviductal cells secrete factors that
are capable of supporting and maintaining por-
cine sperm viability and motility for in »itro fer-
tilization(Park and Sirard, 1995 : Dubuc and Sir-
ard, 1995). It is known that secretory epithelial
cells of the ungulate oviduct produce a wide ar-
ray of glycoproteins, and that this production is
mediated by the hormones of the oestrous cycle
(Erickson-Lawrence et al., 1989). Prior to fertil-
ization, sperm and oocytes are exposed to the
oviductal fluid, which contains secretions from
these secretory cells as well as serum transud-
ate.

In porcine, spermatozoa preparation and cap-
acitation as employed by Mattioli et al. (1989)
involved prolonged incubation(24~48 h) in a
commercial semen diluent, with subsequent was-
hing and use of Percoll layers to provide a high-
ly motile fraction. This was a modification of
procedures previously reported by Cheng et al.
(1986). In Korea, Park et al. (1990) suggested
that storage of boar semen at 20°C for 10~12 h
and preincubation at a high sperm concentration
was a suitable method of including capacitation
of sperm in that species. Combination treatmen-
ts with ionophore A23187, heparin and caffeine
have been examined by several workers{Wang
et al., 1991 : Lei et al., 1992). No capacitation
procedure comparable to the relatively simple
heparin procedure used in cattle is currently

available for use in pigs.

3. Control of polyspermy

Under in-vivo conditions, fertilization of por-
cine oocytes occurs soon after ovulation and is
monospermic in over 95% of case(Hunter,
1973). In contrast to in-vivo fertilization, in in-vit-

ro fertilized oocytes are exposed to a large num-

ber of capacitated spermatozoa for a longer per-
iod prior to male pronuclear formation fre-
quently leading to polyspermy(Nagai and Moor,
1990). In addition to the polyspermy problem
encountered with n vitro fertilization, it is com-
mon to observe large variations from individual
to individual in terms of penetration and rates of
polyspermy. Both ejaculated and epididymal
spermatozoa have been used in vifro resulted in
porcine(Kikuchi et al., 1997 ; Park et al., 1997).
Percoll gradient centrifugation had been suc-
cessfully used to separate highly motile spermat-
ozoa from fresh boar semen with some reduction
of the polyspermy, and piglets have been prod-
uced following embryo transfer(Mattioli et al.,
1989). However, polyspermy is again high com-
pared with n wivo fertilization or in vitro fertil-
ization in other species. Wang et al. (1991) suc-
cessfully obtained n witro penetration with froz-
en-thawed ejaculated boar spermatozoa, but the
concentration of spermatozoa needed to achieve
a high penetration rate was 25x10° cells /ml
and no preincubation was used. The principal
explanation for such a large number of cell is re-
lated to the low motility(5~20%) of cells at
thawing. The quality of frozen semen is influen-
ced not only by the donor but also, to a greater
degree, by the freezing procedure used. Varia-
tions in cooling velocity, thawing velocity and
cryoprotectant concentration may greatly influ-
ence the survival of spermatozoa after thawing.
When optimal cooling and warming rates are
used, increasing the glycerol concentration
improved motility, but, at the same time, the
percentage of spermatozoa with a normal apical
ridge gradually decreases(Fiser and Fairfull,
1990). The concentration of glycerol did not sig-
nificantly influence the normal apical ridge rate
after thawing, but the separation procedure did
(Zheng et al., 1992).

The importance of oviduct secretions and mo-
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tility on the control of polyspermy has been stud-
ied and reviewed in detail by hunter(1991). An
abnormal number of sperm cells at the site of
fertilization induces polyspermy, reflecting the
sensitivity of this species to critical sperm : ooc-
yte ratio. This cannot be explained by abnormal
migration of cortical granules, since contralater-
al oocytes were normally fertilized. It would
seem that time is critical in regulating the num-
ber of spermatozoa entering the oocyt and a lar-
ge number of spermatozoa at the site of fertil-
ization would decrease the time between the fir-
st encounter and the second or the third and not
leave sufficient time to. properly install the bloc-
king procedure. The oviduct could regulate the
state of capacitation and the number of spermat-
ozoa coming from the uterus, to ensure that the
right conditions are present at the fertilization
site, It is known that oviduct cells can bind to
spermatozoa under the influence of estradiol and
can release motile spermatozoa about 44 h later.
This capacity is observed more readily with tis-
sues from the isthmus than from the ampulla
(Raychoudhury and Suarez, 1991). This ca-
pacity of oviduct cells i1s maintained when cells
are cultured as vesicles in suspension(Dubuc
and Sirard, 1995). It is also known that the ovi-
duct secretes a viscous product at estrus which
would trap sperm cells in the isthmus and in-
directly act against polyspermy. This product
would be present in smaller quantities during
the luteal phase or in progesterone-treated fem-
ales, resulting in higher polyspermy rates on
those occasions(Hunter, 1991). This suggests
that conditions of fertilization might be more
important to achieve a high percentage of nor-
mal fertilization than the conditions of cocyte

maturation.

4. Pronucleus formation

There are a number of recent studies in which

different procedures were applied during in vitro
maturation of porcine oocytes to study the de-
velopment of the ability to form normal pronuc-
leus but also to prevent excessive polyspermy
during ¢n vitro fertilization. In general, high pen-
etration rates result in high polyspermy rates
and even if male pronucleus formation is pres-
ent, more than on male pronucleus can result in
polyploidy. Recently, Ding and Foxcroft(1992)
used follicular shells from follicles isolated 36 or
72 h after equine chorionic gonadotrophin injec-
tion. They observed a significant effect of fol-
licular size on male pronucleus formation but no
specific effect of the time following equine chor-
ionic gonadotrophin. The effect of the follicle on
the capacity to form a pronucleus does not seem
to be associated with an effect in reducing pol-
yspermy. In another study, the addiition of por-
cine follicular fluid to maturation media was ef-
fective for enhancing the rate of nuclear matu-
ration, however, porcine follicular fluid was not
effective for promoting male pronucleus forma-
tion. While these results are consistent with
previous observations (Yoshida et al. , 1992),
they conflict with the report of Naito et al.
(1988), which incubated that porcine follicular
fluid enhanced male pronucleus formation, Thes-
e conflicting results might be due to differences
in culture conditions or to interactions of por-
cine follicular fluid with specific components
that make up the media used in the experi-
ments. In Canada, Zheng and Sirard(1992) sug-
gested that the effects of different sources of
serum, follicular fluid or portion of the follicular
wall were compared to evaluate their effects on
penetration, polyspermy and pronuclear forma-
tion. In the majority of species soon after incor-
poration of the sperm nucleus into the oocyte
cytoplasm, cytoplasmic factors react with sperm
chromatin to induce molecular changes, includ-

ing cleavage of disulphide bonds, partial enzy-
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matic degradation of nuclear proteins, the re-
lease of chromatin-associated protamines and
their immediate replacement by oocyte-derived
histones. The oocyte cytoplasmic activity that

controls male pronucleus formation has been de-

fined as the male pronucleus growth factor(Thib-

ault and Gerard, 1973). The essential cytoplas-
mic factor appears in the oocyte during the final
maturation phase(Ding et al., 1992). The pred-
ominantly asynchronous formation between male
and female pronucleus in porcine IVM-IVF ooc-
ytes is thought to result from inadequate oocyte

maturation,

. PERSPECTIVES AND CON-
CLUSIONS

The great deal of knowledge accumulated by

many investigators has greatly enhanced improv-

ements in porcine IVM-IVF system. Yoshida et
al. (1993) reported that full developmental po-
tential has been demonstrated of porcine em-
bryos derived from oocytes using very basic
procedures : aspiration followed by maturation
in a static system, in simple medium supple-
mented with porcine follicular fluid and cystein-
e, followed by insemination 7n witro in mTALP
containing oligopeptides with freshly ejaculated
spermatozoa. However, the number of piglets
obtained from IVM-IVF oocytes 1s extremely
low. It is quite obvious that the conditions pre-
vailing @ wivo must be better understood to

achieve a high number of viable oocytes and

embryos with the objective to introduce new tec-

hniques in reproduction management in porcine,
Hormones like FSH, LH and estradiol 174 and
some growth factors such as EGF, TGFa,

TGFA, IGF-I and protein sources and porcine fil-

licular fluid are important for the in vitro sur-
vival and maturation of porcine oocytes. In vitro

studies culturing bovine oocyte with pieces of

their own follicular wall((Carbonneau and Sira-
rd, 1994 ; De Loos et al., 1994) and thecal cells
(Richard and Sirard, 1996) evidently shows the
involvement of the follicular wall in the regu-
lation of oocyte maturation presumably via the
hormones and growth factors mentioned. As
Bevers et al. (1997) point out, further improve-
ments for IVM-IVF require more basic research
to ascertain the cellular physiology of gamate
maturation, Whether the in witro observations
reflect the regulation of i wiwo oocyte matu-
ration is questionable. From the foregoing part
it can be concluded that cumulus oocyte com-
plexes released from the follicular environment
can be apparently maximally stimulated by a sin-
gle hormone or growth factor to achieve optimal
maturation.

The high polyspermy rates encountered in por-
cine are probably the result of a precarious equi-
librium between the number of spermatozoa re-
leased in the ampulla and the speed of reaction
of the oocyte to the first cell fusing with the
plasma membrane. The vulnerability of individ-
ual oocytes to polyspermy is variable i vivo as
one out of three oocytes will be affected if an
excess of spermatozoa is present or if ageing of
the oocyte 1s induced. This variability 1s ampli-
fied during in witro culture and factors present in
the follicle are acting during the maturation pro-
cess both to decrease polyspermy and to en-
hance normal sperm decondensation. The use of
cumulus and oviductal cells i# vitro might help
to regulate a normal interaction between sper-
matozoa and oocyte, by increasing capacitation
through specific binding and by the same way
limiting the concentration of spermatozoa avar-

1able per unit of time.

V. SUMMARY

In wvitro culture has provided new information
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on the mechanisms involved in fertilization how
sperm and oocyte fuse together. At the same
time, results obtained in vitro have led to new
questions. Techniques for in vitro maturation of
porcine oocytes have progressed such that the
problem of the low rate of pronucleus formation
with ¢n vitro matured oocytes after in vitro fertil-
ization has been nearly improved. On the other
hand, porcine spermatozoa have been shown to
be capacitated if the fertilization medium con-
tains caffeine and Ca?*, but the incidence of pol-
yspermy in IVM-IVF oocytes is still high. To
prevent polyspermy, co-culture with oviductal
cells, sperm preincubation with porcine follicular
fluid or control of sperm concentration, have

been examined with significant effects but still

remarkably high rates of polyspermy. The under-

standing of these influences is a prerequisite to
enhancing in vitro production of porcine em-

bryos.
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