GEIHIIBHHAEE(1992) 745 £2%
Korean J. Emb, Trans. (1992) Vol.7, No.2 pp.97~110

Morphological and Cellular Criteria of Ovaries, Follicles and

Oocytes for In Vitro Maturation in the Pig
T.H. Byun and S.H. Lee

Department of Animal Science, College of Natural Resources, Korea University, Seoul 136-701

A A% AR i L dEere) Yo 27

He s -

o] 4 3.

EEE LR RDE RN

=

AT HPE AHFAAE 9lsted mAF M AAY FRZVEH GE 2GR

dFAEA ) FeyH) MY NFE
GAE G 2

AL o] o] o] &7 w7
P} 8 24 oo Wat A B % C 9

2S5 gyt
4 b7 Welz $Ren 2

typee] WiolA A 3~5mm ¢ GERLE G2 TG I FstAk s4E dxd s G R
Hakdefo] uhel Good, Fair @ Poor ¢ A 7}A] de)& W-Falo ztzhs 28] Hrld
M16+FCS mjFdl oz 35 Al3t F¢t A ojufdsta] 4585 va dESHAe il ol
utg} 34" GEH F Good = Fair g &= Type A 9 C dAholAM 85%F A=A $E vk,

Type B G20l M= 53%0 B3atdet. =3 ol 5
A BlrE dRde 90 % 85%) Fe Ases n
HA

4%e depdth o9 9g 24 o Zwa

H2E GVBD 2 H3de g ngon, 4

°J uld, Type C 91 £ 33%¢9]
o A& Type C i
ol b

g Al ofufFst 75 ﬂ} Type A &

7 < "}}T%}—I]

1
&l 5
Type A 2] 53%°l H]3) 4

5L 85% & UEhilol 458 vndg 1@49}94215]&-%&0 R T,

meba B Age] Auvlze g B i

Wz e e $F 2ol

olal el

Aodulet 47 T A P G AL Fgo] 7hs skt

INTRODUCTION

Mammalian oocyte has unique properties
which are not found in somatic cells. It has a
large amount of materials to be used during
early development of embryo upon fertilization
without genomic activation. This fact makes
mammalian oocyte be one of the favorite exper-
imental materials not only in basic researches
such as cellular, molecular and developmental

biology, but in the applied researches of repro-

ductive biology such as in wvitro fertilization
(Mattioli ¢f al., 1989), embryo transfer (Lu ef al.,
1990), cloning of embryos (Bondioli et al., 1989)
and production of transgenic animals(Hammer e?
al.. 1985). Therefore, it is of importance to
maintain the supply of good quality of materials
at a consistent basis to do such works., Es-
pecially, porcine oocyte may be a good model for
many domestic animals, and suitable for re-
search purpose due to availability of the large
number of the oocytes from an ovary. The

ovaries can also be obtained very easily from lo-



cal slaughter houses in large number. Therefore,
these ovaries obtained from slaugter house may
be practical source to ensure the supply of the
oocytes,

There have been many studies on the matu-
ration of follicular oocytes which were
recovered from pigs either with controlled re-
production or with unknown state of repro-
ductive cycle(Chung et al.. 1991: Byun et al.,
1989: Eng et al. 1986. Gerard ef al, 1979:
Richter and McGaughey, 1979: Tsafriri and
Channing, 1975). However, the results were
often variable and not reproducible. Although
some morphological details of oocyte maturation
have been established(Fukui and Sakuma,
1980), it is not always clear to select follicles
and the oocytes on the basis of known descrip-
tion of published works. There should be some
other selecting criteria for cocyte maturation in
vitro to supply good oocytes which then will give
substantial information along with some of es-
tablished morphological assessment (Homa et
al., 1983).

This study made efforts for the selection of
the ovaries, follicles and oocytes for culture by
morphological and cytological analysis to pro-
vide a reliable culture system for the production

of embryo in vitro.

MATERIALS AND METHODS

1. Chemicals

All of the chemicals used for preparation of
culture media were purchased from BDH
Chmical Co.{(Poole, U. K,).

2. Selection of pig ovaries and follicular oocytes
Ovaries were collected in warm 0.85% NaCl sol-
ution from a local slaughter house. They were
brought to laboratory in a Dewar flask within an
hour. Ovaries were trimmed of other connective

tissues prior to washing three times in physio-

logical saline at 37°C to remove blood and dirts.
They were kept in physiological saline in a
beaker on warmer plate during whole process.
Since it was difficult to classify ovaries defi-
nitely, ovaries were arbitrarily divided into
three groups, A, B and C types, depending on
the distribution of follicular size on the surface
of ovary and the presence or absence of corpus
luteum(CL). The proportion of each types was
determined in 144 ovaries for this study. The
number of visible and collectable follicles, distri-
bution of follicular size and number of corpus
lutea were also examined in 3 different types of
ovaries, The size of follicles was classified into 3
groups, > 5, 3~5 and < 3mm in diameter by

experience.

3. Oocyte recovery from the classified ovaries

Ovaries were blotted on sterile gauze to re-
move saline and blood by applying slight press-
ure. Ovaries were cut into 3 or 4 pieces with a
blade knife(No. 10, Paragon, Paragon Razor
Co., Sheffield, U. K.), and then were blotted
thoroughly with a sterile gauze to remove blood.
They were transferred into 3ml of M2+ 4%.
(V/V) FCS medium in a watchglass at 37¢C.
Only the follicles with 3~5mm in diameter were
punctured with a pair of watchmaker’s forceps.
The released oocyte-cumulus complexes(QOCCs)
were recovered from the watchglass prior to
washing three times in the medium with a finely
pulled Pasteur pipette under a dissecting micro-

scope.

4. Classification of the recovered OCCs

The washed OCCs were again divided into 3
groups depending on the appearance of ocoplasm
and attachment of cumulus cell layers
(McGaughey et al., 1979). Briefly, the OCCs
with several layers of cumulus cells and uniform
ooplasm were designated 'good’ type. 'Fair’ type

has 4~5 cell layers with uniform ooplasm, and
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'poor’ type has one cell layer with the exposed

zona pellucida,

5. Nuclear analysis of the oocytes

Only two types of the OCCs, good and fair,
recovered from the follicles were stripped of
cumulus cells by the treatment of 300 1U /ml
hyaluronidase(Type IV-s, Sigma) with repeated
pipetting, Immediately after the collection of
the OCCs, the chromatins of the ococyte were
analysed by rapid staining method(Byun et a/.,
1991) and fluorescent staining method using
Hoechst 33258(Lee and Byun, 1989)..Chromo-
somes of the oocyte were classified as normal
dispersed germinal vesicle, abnormal condensed
GV and GVBD according to McGaughey (1978).
For more accurate analysis of GV chromosomes,
100mg /ml dibutyryl cyclic adenosine mono-
phosphate (Sigma) were contained in M2+FCS
to prevent GVBD which may occur during the
collection of the oocytes. The oocytes matured
in vitro were also processed for nuclear analysis

at the end of culture.

6. In vitro maturation of follicular oocyte

After washing three times in M2+ FCS, the
OCCs were further washed three times in 2 ml
of M16+15%(V /V)FCS+10 1U PMS+ 10 [U
hCG(M16+FCS+Gn) in a watchglass prior to
culture, The OCCs were cultured in 0.2 to 0.3ml
droplets of the medium under liquid paraffin oil
(BDH Co.) in a sterile, disposable plastic dish
(35x 10mm, Falcon plastics, Becton Dickinson
Co., N. J., U.S.A.). The medium and oil had
been equilibrated in an incubator for a minimum
of 24h. About 30 OCCs were deposited in a drop-
let of the medium, The OCCs were cultured for
35h in an atmosphere of 5% CO. in air with
100% humidity at 39C.

7. Histological analysis of ovaries
Three types of ovaries were cut into pieces,
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and the tissues were fixed in 10% formalin in
phosphate buffered saline for 3 days at room
temperature, They were washed, dehydrated in
ascending alcohols and cleared in xylene prior to
embedding into paraffin(Paraplast, Monoject
Scientific Co., St. Louis, MO, U.S.A.). The
paraffin blocks were sectioned into 2mm in
thickness, and processed according to standard
haematoxylin and eosin staining. From the
sections normal or atretic follicles were analysed
according to the criteria reported{(Centola, 1982)
in the three different types of ovaries.
Photographs were taken under a light micro-
scope using a camera and PAN F film(ASA 50,
Iiford Co., U.K.) with appropriate exposures.

RESULTS AND DISCUSSIONS

1. The proportion of three different types of
ovaries

Total 144 ovaries were classified into 3 groups
according to distribution of developed follicles.
Ovaries in type A contain relatively uniform
size of follicles with 3~5mm in diameter (me-
dium size) and a few corpus lutea and white
bodies on the surface(Fig. la). The proportion
of type A was 26% in 3 collections(Table 1),
This type of ovaries was considered as prefer-
able samples for most of experiments. Type B
ovaries were covered with small follicles with <
3mm in diameter, and CL and white bodies were
distributed over the surface of the ovaries(Fig.
1b). The proportion of type B was the highest,
being 44% among the collected ovaries(Table
1). If differently sized follicles were present on
the surface of the ovaries, they were grouped
into type C(Fig. 1c) and 30% of the ovaries be-
longed to this group. Since the morphological
appearance of the ovaries obtained from slaugh-
ter house were so variable, the classification
may provide certain standard for the selection

of follicles.



Fig. 1. The appearance of ovaries classified into 3 groups depending on the distribution of properly sized
follicles, corpus lutea and white bodies. Representative ovaries in Type A(a) covered with properly

sized follicles, Type B(b) with small sized follicles and Type C(c) with various sizes of follicles and

white bodies are shown.

Table 1. Classification of ovaries obtained from a slaughter house by the follicular distribution®

Type of ovary No. of ovaries(%) Appearance and characteristics
Type A 38(26) Follicles s_ize(.i Bfamm in diameter.
Regular distribution. A few corpus lutea.
Type B 63(44) Follicles sized < 3mm in diameter.
Many corpus lutea,
Various size of follicles.
Type C 43(30) Irregular distribution.
A few corpus lutea,
Total 144(100)

1. The results were obtained from 3 experiments,

2. Distribution of different size of follicles in the
ovary
The numbers of differently sized follicles and
CL were examined in the classified ovaries to
clarify whether the classification by the appear-
ance was appropriate in terms of distribution of
follicular size, CL and white bodies. The total
numbers of visible follicles on the surface of the
ovaries varied ranging from 30 to 50 follicles in 3

types of ovaries(Table 2). However, type B

contained more follicles although 63.8% of
follicles were small( < 3mm in diameter). The
follicles sized 3 to S5mm in diameter were
distributed at the highest rate in type A, being
429%. Type C ovaries have large proportion of
smaller follicles, however, various size of
follicles were found. This quantitative analysis
demonstrated that the selection of the ovaries
was appropriate for obtaining enough number of
follicles properly sized. However, the number of

CL was higher in type B than that of type C,
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Table 2. Distribution of different sizes of follicles in the classified ovaries®

Types of Total No. of % of follicular size at(in diameter) o

ovary follicles? >5mm 3~5mm <3mm 7o ot CL?
Type A 29.9° 22.4 42.0¢ 19.7° 16.0°
Type B 47.9 11.1° 63.8* 25.1°
Type C 34.0° 12.6 18.5° 31.3° 37.6°

1. Results from the analysis of 144 ovaries.

2. The values with different superscripts in the same column significantly differ (p<0.01).

3. Abbreviation is CL, corpus luteum.

thus suggesting that the presence of CL is not
related to the number of proper follicles for
oocyte maturation. The success of oocyte matu-
ration in vitro often depends entirely on the
sources of follicular oocytes once the other
variables are established. It has been reported
that follicular size from which oocytes are
recovered affects the maturity of the oocytes in
various species(Tsuji et al., 1985; Leibfried and
First, 1979: Smith e al, 1978. Tsafriri
Channing, 1975).

and

3. Classification of the OCCs

The recovered OCCs from each types of
ovaries were also examined to elucidate whether
the quality of the OCCs is related to each classi-
fied ovaries. Although properly sized follicles
were selected for this experiment, the recovered
OCCs were various. Three different groups of
the OCCs were found
follicles of A, B and C types of ovaries when the

in the medium sized

OCCs were classified according to the tightness
and thickness of cumulus cells(Fig. 2).

The distribution of 'good’ and 'fair’ OCCs used
however, was

for most of culture studies,

highest in A type of ovaries(85% of follicles,

Fig. 2. Representative OCCs released from medium-sized follicles showing 3 different groups: 'good’(a),
fair(b) and ’poor’(c). The differences in the tightness and thickness of cumulus cell layers are

clearly seen.

—101—



Fig. 3). Most of the OCCs from type B ovaries
were grouped as 'poor’ with a few layers of
cumulus cells. In contrast, 'good’ or 'fair’ groups
of the OCCs were sufficiently found in type C
ovaries, The average proportion of 'good’” OCCs
from 3 types of ovaries was 28%, which was
similar to 25% of good oocytes recovered from
small or medium sized follicles in works of
McGaughey(1978). The selection method used
in this experiment would be very useful for
obtaining constant pool of good oocytes under
similar endocrinological control and developmen-
tal stage. Practically A and C types of ovaries
may be used for the recovery of the oocytes for

culture. From the data presented in Fig. 3,

60

about 33~35% of follicular oocytes may be
grouped as 'good’” OCCs. The higher proportion
of 'good’ OCCs may attribute to the procedure
method described in this study may provide a
practice for the stable supply of 'good’ OCCs

from porcine ovaries.

4, In vitro oocyte maturation in different OCCs

The morphology of ovaries and the content of
follicles were consistently related as shown in
previous sections. However, it 1is critical
whether the morphological criteria work prop-
erly in a biological system. The maturation rate
of the recovered OCCs from each types of

ovaries demonstrated that the morphological
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Fig. 3. Proportions of *good’, *fair’ and "poor’ OCCs collected from follicles in 3 different types of ovaries.
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Fig. 4. The rates of oocyte maturation in vitro in 3 different groups of the OCCs collected from 3 types of

ovaries.

selection was in good agreement with biological
properties, The oocytes with the first polar
body were considered as maturation in this
analysis after 35h of culture in M16+FCS+
Gn. 'Good” OCCs from type A and C ovaries
showed 90 and 85% of maturation, respectively
(Fig. 4). The results were higher than those of
other reports. Even 'fair’ OCCs matured upto 50
and 40% in type A and type C ovaries, respect-
ively. In contrast, ’good’ and ’'fair’ OCCs from
type B ovaries showed 33 and 13% of matu-
ration, respectively.

The results clearly demonstrated that selec-

tion of ovaries by the appearance was appropri-

ate in terms of number of properly sized follicles
and good oocytes resulting higher maturation »
vitro, It also suggests that although properly
sized follicles of B type ovaries have 'good’
OCCs, they are not necessarily good oocytes
since the rate of oocyte maturation was very
low. Many of the oocytes contained highly
disorganized cytoplasm when examined immedi-
ately after collection from the B ovaries. There-
fore, it would be useful to follow the sequential
procedure as shown in this experiment. The pro-
cedure described in detail will provide first sub-
stantial information for all studies using porcine

ovaries from slaughter house.
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5. Nuclear analysis of the oocytes recovered

From above experiment it was not clear why
the oocyte from certain type of ovaries showed
low rate of maturation after 35 h of culture. The
possible factors for low maturation rate may be
either cytoplasmic or nuclear or even
endocrinological one. The visible factor easily
detectable is nuclear status of the oocytes with
similar morphology. Therefore, the oocytes were
analysed immediately after selection and recov-
ery. Type A and C ovaries showed normally
dispersed chromatin in 85 and 68% of analysed
oocytes, respectively(Fig. 5).

Type B ovaries showed about 35% of similar

GV oocytes. Thus the nuclear chromatins may

be one of the reasons for the low maturation
rate in the oocytes of type-B ovaries. The matu-
ration rates are in good agreement with this
proportions of normal GV in 3 different ovaries.
Along with normal GV, abnormally dispersed
chromatins were frequently found in the oocytes
of type C ovaries, and 25% of GVBD chromatin
were also found in this type, consistent with the
morphological criteria of follicles(Fig. 6).
McGaughey (1978) postulated that the inci-
dence of oocytes with fibrous GV chromatin was
highest in the ’good’ category, whereas 'poor’
category contained high incidences of the
oocytes in the diffuse and degenerate configur-
ation. In human oocytes about 2.0~3.6% of the

collected immature oocytes contained GVBD

100

\\\\\\\

% Oocytes
S

Type A

Type B

Type C

Types of ovary

) Normal dispersed GV [N Abnor. condensed GV [] GVBD

Fig. 5. Nuclear analysis of recovered oocytes from the medium-sized follicles of each types of ovaries.

—104—



Tig. 6. Nuclear configurations of 'good’ and 'fair’ oocytes collected from follicles sized 3~5mm in diameter
in 3 different types of ovaries. The chromatins of normally dispersed GV(a, d and g), abnormally
condensed GV(b, e and h) and GVBD(c, f and i) were visualized by the rapid staining or Hoechst

33258( x 500).

chromatins (McNatty ef al, 1979. Shea et al,
1975). It has been also revealed that the rate of
the oocyte with GVBD chromatins was about
7% in human ovaries(Gougeon and Testart,
1986). Therefore, it appears to be general that
the immature, follicular oocytes contain various
status of nuclel at any specific times.

The results presented in this experiment pro-
vided the establishment of the selection of
ovaries, follicular and the OCCs and theoretical
basis for those selection procedure by demon-
strating morphological, nuclear and biological

properties in classified samples.

6. Distribution of atretic or normal follicle in dif-
ferent types of ovaries

It seems that the oocytes with normal mor-
phology and abnormal chromatins may differ in
the follicle before the recovery of the oocytes.
Therefore, this possibility was examined in the
classified ovaries. The histological examination
demonstrated that disorganization in the associ-
ation between the oocyte and follicular cells and
the piknotic nuclei of follicular cells were pre-
dominant in the follicles of types B and C
ovaries {Fig. 7). The proportion of such follicles
was 53% in type A ovaries (Fig. 8). This results
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Fig. 7. Follicular organization in normal and atretic follicles. A very clear limiting structure of the follicle(an
arrowhead), and clear follicular cavity(an arrow), are seen in the normal follicle(a). The folliclular
cells(Fc) tightly connected to the basement membrane(an arrowhead) and theca cells(Te) in
another normal follicle(b). No precipitation was found in the antrum(Ant) of normal follicle. The
precipitation was very extensive in the antrum of atretic follicle(an arrowhead). Disorganization of
cellular association and piknotic nuclei of follicle celis(an arrow) were found in an atretic follicle
(c). Different degrees of atresia were found in the follicle cells with piknotic nuciei (an arrow) in
another atretic follicle(d).
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Fig. 8. The proportion of normal and atretic follicles distributed in 3 different types of ovaries.

suggest that even type A ovaries contain a large
proportion of atretic follicles within the tissue.
The rate of atretic follicle in type A was similar
to that of preantral follicles reported by
Centola(1982). The report suggested that the
atretic follicles accounted for 75, 73 and 84% of
all the oocytes examined in small —, medium—
and large —sized antral follicles, respectively,
and approximately 56% of all preantral follicles
were atretic, Although the rate of atretic fol-
licle was determined in this study, no infor-
mation is available about the exact interrelation-
ship between the morphology of follicles and
atresia by the histological analysis. The data
only demonstrated that appropriate selection

procedure could provide consistent supply of

good oocytes rather than random selection after
collection of thie OCCs from available ovaries.
The histological criteria for the identification
of atretic follicles in the mammals ovary are
well established (Hunter ef af., 1989; Ryan,
1981; Byskov, 1978). Generally, it is known that
many oocytes in mammalian ovaries are atretic
(McGaughey ef al., 1979; Himelstein-Braw e al.,
1976), and most of non-atretic ocoytes are small
and incapable of maturation in culture(Channing
et al., 1980: Tsafriri and Channing, 1975). Also,
the oocytes from atretic follicles underwent
GVBD at very low level and 20% of the oocytes
were necrotic in human study(Gougeon and
Testart, 1986). But once a follicle begins to de-

generate n wvivo, it will probably not return to
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the ovulatory pathway(Hirshfield, 1989). The
size of follicles and atresia are reported as im-
portant factors for normal maturation i/n witro
(Centola, 1982; Channing ef al., 1980). There-
fore, the selection of ovaries, and follicles may
avoid this atretic follicles as few as possible,
thus providing a good system for basic and ap-

plied researches.
SUMMARY

The theoretical basis for the selection of
the ovaries, follicles and oocyte —cumulus
complexes(QCCs) for iu vitro culture by morpho-
logical and cytological analysis to provide a re-
liable culture system was established. Ovaries
were arbitrarily divided into three groups, A, B
and C types, depending on the distribution of
follicular size. The recovered OCCs were again
divided into 3 groups, such as 'good’, 'fair’ and
'poor’, depending on the appearance of ooplasm
and attachment of cumulus cell layers. The
OCCs were cultured in M16 +FCS +Gn for 35h
in an atmosphere of 5% CQ. in air with 100%
humidity at 39°C. The distribution of 'good’ and
'fair’ OCCs was highest in type A of ovaries
(85% of follicles). Most of the OCCs from type
B of ovaries were grouped as ’'poor’. 'Good’
OCCs from type A and C ovaries showed 90 and
85% of maturation, respectively. In contrast,
‘good” and ‘fair’ OCCs from type B ovaries
showed 33 and 13% of maturation, respectively.
Type A and C ovaries showed normally
dispersed chromatin in 85 and 68% of analysed
oocytes, respectively, type B ovaries showed
about 35% of similar GV oocytes. The histologi-
cal examination demonstrated that atretic
follicles were predominant in the follicles of
type B and C ovaries. The proportion of such
follicles was 53% in type A ovary.

The results clearly demonstrated that selec-

tion of ovaries by the appearance was appropri-
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ate in terms of number of properly sized follicles
and good oocytes resulting higher maturation in

vitro,
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