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Summary &horbar; This paper presents the results of recovering horse oocytes by aspiration and
maturation in vitro for 24, 30, 36 or 42 h. A total of 522 oocytes were recovered from 221 1
ovaries (2.4 per ovary) and 271 oocytes (51.9%) were selected for in vitro maturation (IVM).
Oocytes were cultured in maturation medium (TCM 199 + estrus cow serum [ECS] + follicle-
stimulating hormone [FSH] + 17 7 fi-estradiol + gentamycin). One hundred and seventy oocytes
were cytogenetically analysed (68.3%). Cytogenetic analysis showed that the stage of maturation
(first telophase-TI or second metaphase-MII) for fertilization was achieved in 42.2% of oocytes
after 24 h, 70.4% of oocytes after 30 h, 75.0% of oocytes after 36 h and 74.4% of oocytes
after 42 h of in vitro maturation.
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Résumé &horbar; Analyse cytogénétique des ovocytes équins venant à maturité in vitro en
diverses périodes de temps. Au total, on a recueilli 522 ovocytes de 221 ovaires équins (en
moyenne 2,4 ovocytes pour un ovaire). On a sélectionné 271 ovocytes (51,9 %, 271/522) pour
la maturation in vitro, effectuée dans l’atmosphère de 5 % de C02 et à température de 38,5 °C,
dans les gouttes (50 pL chacune) d’agent de maturation (TCM 199 avec 20 % de sérum bovin
de sut, 2 pg/mL de FSH, 1 pg/mL de 17 (3-estradiol et 50 pg/mL de gentamycine) sous la
paraffine. La maturation in vitro a été effectuée pendant 24, 30, 36 ou 42 heures. À la fin de la
maturation in vitro, on a fait des préparations cytogénétiques de 249 cellules (91,9 %, 249/271)
par la méthode « air drying ». On a effectué l’analyse cytogénétique de 170 ovocytes (68,3 %,
170/249). On a constaté que le pourcentage d’ovocytes qui ont atteint la maturité de féconda-
tion (télophase 1 ou métaphase II) dépendait du temps de culture in vitro et était de 42,2
(24 heures), 70,4 (30 heures), 75,0 (36 heures) et 74,4 % (42 heures). Les résultats obtenus
montrent qu’une grande partie des ovocytes équins atteint la maturité de fécondation 30 heures
au minimum après la culture in vitro.
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INTRODUCTION

In vitro maturation (IVM) of preovulatory
oocytes obtained from ovaries of slaughtered
animals followed by in vitro fertilization (IVF)
has become a source of embryos for embryo
transfer (ET) and genetic experiments (eg,
transgenesis and cloning). In cattle it is pos-
sible to produce viable embryos at morula
and blastocyst stages with a success rate of
25-50% (Gordon, 1994). In the mare, how-
ever, the development of IVM/IVF proce-
dures still presents difficulties. This is due in

part to the limited number of oocytes that it is

possible to recover from an ovary (Hinrichs,
1991). In cattle and pigs follicle aspiration
seems to be the method of oocyte recovery,
resulting in a sufficient number of oocytes
acceptable for IVM (Gordon, 1994; Sos-
nowski et al, 1996). The aspiration technique
used for collecting equine oocytes has not
given similar results (Choi et al, 1993; Alm
and Torner, 1994). Slicing of ovaries followed
by follicle isolation has produced a higher
number of collected oocytes of good quality
(Zhang et al, 1989; Choi et al, 1993). How-
ever, this method requires intensive labour
and skills and is very time-consuming.

The time required for maturation of equine
oocytes has been reported by many investiga-
tors but the results varied among their studies

(Fulka and Ok6lski, 1981; King et al, 1990;
Willis et al,1991 a,b, 1994; Hinrichs et al, 1993;
Aim and Tomer, 1994; Del Campo et al, 1995).
Nevertheless, it is known that the maturation
time in the horse is longer than in cattle, sheep
and goats, which is about 24 h (Gordon, 1994).
In the studies of Del Campo et al (1990) and
Zhang et al (1990) equine IVF embryos have
been produced from oocytes matured for
36-48 h. In the present study the time required
for oocyte maturation was examined.

MATERIALS AND METHODS

Mare ovaries were collected within 15 min of

slaughter in an slaughterhouse in Rawicz

(Poland). Ovaries were washed in water at 30 °C,
placed in saline solution in plastic bags and trans-
ported to the laboratory within 2-3 h. In the lab-
oratory, the ovaries were washed in fresh saline

(37 °C) and cumulus oocytes complexes (COCs)
were aspirated from follicles of 5-20 mm in
diameter. Low pressure (about-0.1 bar) as cre-
ated by a water pump was used as described by
Berg and Brem (1991). The cylinder containing
follicular fluid with oocytes was kept at 37 °C for
10 min. The pellet of the COCs was then
removed from the bottom of the cylinder and
transferred to a petri dish with collecting medium
(TCM 199 + 10% estrus cow serum [ECS] + 50
pg/mL gentamycin [Polfa, Tarchomin, Poland]).
The COCs were selected for IVM under a stere-

omicroscope (at 100 x magnification). Only
immature oocytes with dark, evenly granulated
ooplasm and at least one layer of compact, intact
cumulus cells were accepted for IVM (Aim and
Tomer, 1994). The selected COCs were washed
three to four times in collecting medium which
was followed by a final washing in maturation
medium (TCM 199 + 20% ECS + 2 pg/mL fol-
licle-stimulating hormone [FSH] [Sigma, Saint
Louis, MO, USA] + 1 pg/mL 17 7 !-estradiol
[Sigma] + 50 pg/mL gentamycin [Polfa]) and
transferred to the droplets of MM.

The oocytes were matured in groups of five
to ten under parraffin oil in 50 pL maturation
droplets at 38.5 °C in 5% C02 in humid air. The
IVM process was conducted for 24, 30, 36 or
42 h.

After maturation of the oocytes the cumulus
cells were loosened by incubation for 30-60 s in
0.25% trypsin + 0.02% EDTA to help their
removal by pipetting. Chromosome slides were
prepared according to the technique developed
by Tarkowski (1966).

The meiotic stages of the oocytes were deter-
mined according to the description of chromo-
some configuration by Xu et al (1986) and Suss
et al (1988) and modification for horse oocytes
by King et al (1990) (fig 1). ).

Statistical analyses were conducted by means
of chi-square analysis.





RESULTS

A total of 522 oocytes were collected from
221 ovaries (2.4 oocytes per ovary). Among
the collected COCs, 271 (51.9%) out of 522
oocytes were accepted for IVM. The remain-
ing oocytes (251 /522, 48.1 %) were discarded
because i) ooplasm was irregulary clumped or
misshapen, ii) only the corona radiata was
present and iii) the cumulus cells were
expanded and/or pyknotic.

The chromosome slides were prepared
from 249 (out of 271, 91.9%) cells: 170 (out
of 249, 68.3%) of them could be cytogeneti-
cally analysed, whereas in 79 spreads (31.7%)
the analysis was impossible due to the loss of
chromosomes during fixation or clumping of
chromatin. The stages of meiosis could be

recognized in 142 oocytes (57.0%). In the
remaining 28 (11.2%) the chromosome stages
were not determined.

The proportion of oocytes which achieved
the nuclear maturation stage within 24 h was

significantly lower (P < 0.05) than in the case
of oocytes matured for at least 30 h. The per-
centages of oocytes which reached telophase
I or metaphase II in the group matured for 30,
36 or 42 h were 70.4, 75.0 and 74.4%, respec-
tively. Chi-square analysis showed that these
differences were not significant. The results of
cytogenetic analysis are presented in table 1.

DISCUSSION

In the mare the number of oocytes that it is

possible to obtain from an ovary is limited by
the number of follicles, which is a result of
the different structure of the mare’s ovaries.

In our study an average of 2.4 oocytes per
ovary were recovered by aspiration. The num-
ber of oocytes recovered by aspiration from
a single ovary in the present study was higher
than that presented by Willis et al (1991b),
who recovered an average of 1.1-1.7 oocytes
and Choi et al (1993), who noted an average
of 1.7 oocytes per ovary. A slightly higher
number of collected oocytes was reported by
Hinrichs (1991) (an average of 2.7 oocytes)
and Shabpareh et al (1993) (an average of
3.(!3.7 oocytes per ovary). The low recovery
rate of oocytes obtained by using the aspi-
ration technique may be caused by strong
adhesion of COCs to the follicular walls
inside the ovarian follicles, as already sug-
gested by Shabpareh et al (1993).

In the present study, 51.9% of the oocytes
recovered by aspiration were acceptable for
IVM, whereas Choi et al (1993) obtained a
slightly lower rate (34%) of aspirated oocytes
acceptable for IVM. In the same study, 55% of
the oocytes recovered using isolation of fol-
licles were classified for maturation. Similar
results were presented by Del Campo et al



(1992) and Sronina and Ok6lski (1993): 59
and 65%, respectively.

In domestic animals the time required for
oocyte maturation differs among species (Gor-
don, 1994). Horse oocytes cultured for 15 h h
reached nuclear maturity for IVF (telophase I
or metaphase II) in 47-48% of the cases as
reported by Willis et al (1991b, 1994). It
should be emphasized, however, that in other
studies such a short time of IVM resulted in a

very low percentage of matured oocytes. In
the studies of Hinrichs et al (1993) and Choi
et al (1993), only 6.5 and 7% of oocytes,
respectively, reached nuclear maturity for IVF
after 16 h of incubation. Moreover, results
presented by Del Campo et al (1995) and Alm
and Torner (1994) showed that 18 h of cul-
ture yielded 15 and 34.8%, respectively, of
matured horse oocytes only.

In our study, 42.2% of oocytes reached
maturity after 24 h. Similar results were
reported by Shabpareh et al (1993); Choi et al
(1993) and Aim and Torner (1994), who
obtained 48, 50, and 56% of matured oocytes,
respectively. King et al (1990) noted 68% of
matured oocytes after 24 h. Fulka and Ok6l-
ski (1981), however, showed only 11.2% of
matured oocytes after 24 h of incubation.
These results indicate the high variability of
data among studies.

When oocytes were cultured for 30-32 h
the majority of oocytes reached maturity. Our
result of 70.4% of matured oocytes compared
with results obtained by other investigators
as follows: 61 % (Zhang et al, 1989), 62%
(Choi et al, 1993), 72.7% (Alm and Tomer,
1994) and 85.7% (Shabpareh et al, 1993). A
lower result of matured oocytes was pre-
sented by Bezard and Palmer (1992) (42%)
and Willis et al (1991a) (52%).
When the time of maturation was 36 h or

longer, approximately 75% of the oocytes in
our study were matured. Similar results were
reported by other investigators: 68.2% (Fulka
and Ok6lski, 1981), 70% (Choi et al, 1993)
and 84.2% (Shabpareh et al, 1993). A lower

rate of about 46% of matured oocytes was
noted by Del Campo et al (1995). ).

Oocytes cultured over 48 h usually dis-
played degenerate polar bodies and frag-
mented ooplasm as previously described
(Shabpareh et al, 1993).

CONCLUSION

i) After 30 h of maturation the majority of
cultured horse oocytes reached maturity.
ii) The time required for horse oocytes to be
matured is longer than for other domestic
species (cattle, goat and sheep).
iii) The results of the present study have
shown that is it possible to obtain a high rate
of oocytes acceptable for IVM using oocyte
aspiration.
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