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INTRODUCTION

It has been generally accepted that the mammalian oocytes initiate their meiotic
resumption in the medium immediately after liberation from the ovarian follicles
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(Edwards, 1962, 1965:; Cho, 19715 Foote and Thibault, 1969). Edwards (1962) has
claimed that follicular fluid might contain unknown factor(s); anti-meiogenic
substances which suppress the meiosis of the oocytes unless they are freed from
such circumstance. Foote and Thibault (1969) and Foote ef al.(1970) have assumed
that the granulosa cells produce anti-meiogenic factors after the in vitro observ-
ation of cultivating the oocytes in the presence of the granulosa cells.

However, Cho et al. (1971) found that the presence of the human follicular fluid
in the culture medium raised the proportion of the matured human oocytes, and
they presumed that the follicular fluid would provide a better environment to the
oocytes when the fluid is present in oitro. The same results were found by Hunter
et al. (1972) and Kim et al. (1974) who investigated the effects of cow follicular
fluid in vitro on the maturation of the cow oocytes. Thus, the action of the folli-
cular fluid is different with regard to the meiotic resumption; inhibition in vive
and stimulation in vitro.

Until today, it has not been well explained why the follicular fluid acts in diffe-
rent way in vive and in vitro. Based upon the previous studies, which showed that
the in vitro addition of the homologous follicular fluid provides better environment
for the occyte maturation, further investigation on the behaviour of the fluid is
anticipated. At this situation, the present studies have been aimed at an attempt
to find out the efficient factors contained in the follicular fluid for the oocyte, and
in addition to this, the development of a suitable medium for the cow oocyte ma-
turation was intended.

The present studies was supported partly by WHO grant #H9/181/120.

MATRIALS AND METHODS

1. Collection of the oocytes and method of cultivation

The oocytes were obtained from the cow ovarian pieces. The ovarian pieces were
carried in a thermos filled with chilled 0.9% NaCl from the slaughter house. The
oocytes were freed from the ovarian follicles (3~6 mm in diameter) in the medium
by puncturing the follicles with a fine needle, and collection of the cocytes were
performed within two hours after obtaining ovarian pieces from the slaughter house.

The basic medium for collection of the oocytes was a modified Krebs-Ringer
bicarbonate solution (Biggers et al., 1971). Throughout the experiments, the medium
was supplemented with 0.1% Ficoll instead of bovine serum albumin (BSA). Only
the ococyte intact with germinal vesicle was taken for the subject of the cultivation.
The oocytes were washed twice in 1 m/ of the basic medium in a watch glass cov-
ered with 1 m/ of paraffin oil (Thomas, light) and transferred to a drop (50 u!) of
the culture medium set on a plastic culture dish (Falcon, #3002) containing 15 mi
of paraffin oil.
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The culture medium in paraffin oil was previously equilibrated in an incubator
supplied with 5% CO, in moistened air for 3~4 hours. After the cultivation, the
cumulus cells attached to the egg surface were removed by sucking forth and back
with a capillary pipette or by shaking in a test tube containing 1 m! of 0.9% NaCl
with hand, and the oocytes were fixed with acetic alcohol for 12~24 hours and
stained with 0.5% aceto-lacmoid for further observation of the nucleus.

2. Collection of follicular fluid

The follicular fluid was aspirated with a capillary pipette from the follicles of
7~15 mm in diameter. The fluid was kept frozen at —20°C until use.
3. Dialyzation

In order to obtain dialyzable or non-dialyzable fraction from ths follicular fliuid,
the cellophane tube (Thomas, 4 inch, pore size 24 A) was used. The frozen fluid
was thawed and centrifuged at 1,500 rpm for 15 minutes, and the suspension was
applied for dialysis. The cellophane tube (length: 12cm) containing 2 m! of follicular
fluid was tied at both ends with string and put in a test tube (17X100 mm cont-
aining 2 m! of 0.9% NaCl), and left for 36 hours at 4°C. Non-dialyzable fraction
was kept in a sterilized test tube at —20°C until use, and dialyzable fraction in
0.9% NaCl was filtered by Millipore and stored at —20°C in a sterilized test tube
after concentrated two-fold at 60°C.

4. Chromatography

In order to find out the free amino acids, the dialyzable fraction was developed
on a filter paper (Whatman No.1). For this purpose, the dialyzable fraction was
obtained in distilled water instead of 0.9% NaCl. Thirty p/ of dialyzable fraction
was spotted on the paper. The primary solvent used was butyl alcohol: acetic acid:
water (4 :1:3) and the secondary one was phenol: water (7 :3). The period of
primary development was 8 hours and that of secondary 10 hours. After develo-
pment, the paper was sprayed with 0.2% ninhydrin for the identification.

Nine spots were identified on the paper and each of specific spot was identified
by comparing with standards.

5. Media

The composition of the basic medium applied throughout the experiments was a
modified Krebs-Ringer bicarbonate solution (Biggers et al., 1971), supplemented with
Ficoll instead of bovine serum albumin in order to eliminate any nitrogen source
in the medium. Dialyzable fraction in 0.99% NaCl, non-dialyzable fraction dissolved
in 0.9% NaCl, and the basic media supplemented with amino acids identified in the
fluid and with biotin were used according to the experimental design. The com-
ponents of the basic medium, amino acids and biotin were given in Table 1 and 2.
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Table 1. Modified Krebs-Ringer bicarbenate solution
(Standard egg culture medium).

Components mM
NaCl 94. 59
KCl 4.78
KH,PO, 1. 19
MgS0;-7H:0 1.19
Ca-lactate 1.71
Na-pyruvate 0.25
Na-lactate 21.58
NaHCO, 25.07
Glucose 5. 59
Penicillin G 100u/mé
Streptomycin 50 pug/ml
Ficoll 0.1%

Table 2. Concentration of amino acids which were
added to the SECM.

Compenents mM
DlL-alanine 3x107?
DL-aspartic acid 5% 1072
DL-glutamic acid 51072
Glycine 2
L-leucine 1x107t
L-methionine 3x107?
L-phenylalanine 3x107?
L-glutamine 2% 10t
Biotin 4.1x107°¢

SECM : Standard egg culture medium.
RESULTS

Table 3 shows the results obtained in the experiments cultivating the cow oo-
cytes in dialyzable fraction and 10% non-dialyzable fraction dissolved in saline.

In the group cultured in simple dialyzable fraction, all cocytes resumed meiotic
division and 35% of them reached metaphase II in 48 hours. However, non of the

Table 3. Nuclear phases of cow oocytes cultured in the dialyzable or in the nen-
dialyzable fraction of the follicular fluid.

Culture medium Ncolﬂgfrg(\{a MI-TI® MIT Other? Deg®.
100% dialyzable fraction 29 16 10 3
(55.2) (34.5) (10.3)
Non-dialyzable fraction 20 9 11
in saline (45.0) (55.5)

1) MI-TI: Oocytes at metaphase I and through telophase I.
MII : Oocytes at metaphase II.

2) Oocytes with activated or binuclei.
3) Degenerative oocytes.
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oocytes underwent to metaphse II but 459 at metaphase-telophase | in the nen-
dializable fraction and the remainders had already shown degeneration.

In Table 4 are set the results obtained in the experiment of culture in the basic
medium removed all sources of carbohydrates (glueese, pyruvate, and Ca-lactate
but substituted by CaCl,) but mixed with dialyzable fraction in order to evaluate

the significance of the carbohydrates and their compensation in the dialyzable
fraction.

Table 4. Comparison of the effect of carbohydrates in the SECM mixed with the
dialyzable fraction on the meiotic maturation of the cow oocytes in vitro.

. No. of ova

Culture medium cultured MI-TI MII Deg.
SECM+dialyzable fraction+0.1% 28 23 2 3
ficoll (82. 1) 7.1 (10.8)
SECM (—pyruvate, —lactate, 20 6 1 13
—glucose)+dialyzable fraction (30. 0) (5.0) (65.0)
+0.1% ficoll
SECM (—pyruvate, —lactate, 30 4 — 26
—glucose)+0.1% ficoll (13.3) (86.7)

MI-TT : Qocytes at metaphase I and through telophase I.
MII : Oocytes at metaphase 11, Deg. : Degenerative oocytes.

As shown in the table, most of the oocytes underwent degeneration(87%), and
only 13% succeeded to resume meiotic division in the medium without addition
of carbohydrate sources. If the oocytes were cultured in the mixture 0.4 m/ dialyz-
able fraction and 9.6 m! carbohydrate free medium, the proportion of the degene-
rative oocytes decreased to 656% and that of the metaphase II oocytes contrarily
increased to 30%. The medium mixed with the cemplete basic one and the dialy-
zable fraction produced the least proportion of the degenerative oocytes (11%),
but the highest one of the metaphase I. Seven percent ef them had already
proceeded to the metaphase II.

Referring to the above two experiments, it hecame apparent that the dialy zable
fraction acts beneficially for the initiation of the meiotic resumption of the cow
oocytes. In order to find out the efficient factors in the dialyzable fraction, partic-
ular concern was made with the composition of the amino acids which might be
contained in the fraction and such amino acids were identified by paper chroma-
tography, and they were added to the basic medium to examine their significance
in the initiation of the oocyte maturation. The results are shown in Table 5. If
all amino acids previously identified were added to the medium, the maturality of
the oocytes was progressed gradually as the culture period was extended from 18 to 30
hours (Figs. 1~5). When the oocytes were cultured in the basic medium, the product-
ion of the degenerative oocytes markedly increased (79~84%) and the rest arrested
at the early stage of the meiosis. Most of the degenerative oocytes showed chro-
matin condensation or heteropycnosis in the heterologous cytoplasm with vacuoles.
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Fable 5. Nuclear maturation of the cow oocytes in the SECM added by eight amino
acids which were identified in the follicular fluid.

Culture Culture No. of ova 1. ‘
medium hours cultured Dic. Pro. PMI MI AT TI MII Other Deg.

18 16 1 1 2 4 1 — —_ — 7
6.0) (6.00(12.5)(25.0) (6.0) (43.7)
SECM +0.1% 24 19 — 2 — — — — — — 17
ficoll (10.6) (89. 49)
30 14 - 3 - - - - - — 1
(21.5) (78.5)
18 20 1 — 8 8 1 — — — 2
5.0 (40.0)(40.0) (5.0) (10.0)
SECM+0.1% 24 19 —_ — - 8 3 5 —_ 1 2
ficoll+8 . (42.1)(15.8)(26.3) (5.3)(10.5)
amino acids 30 2 _ _ _ 9 2 3 2
(10.0) (10.0) (45.0) (10.0) (15.0) (10.0)

Dic. : Oocytes at dictyate. Pro.: Oocytes at prophase 1. P-MI: Oocytes at prophase
I and through metaphase I. MI : Oocytes at metaphase I. AL : Oocytes at anaphase
I. TIL : Oocytes at telophase I. MIIL: Oocytes at metaphase 1I. Other : Qocytes in
activated or binuclei. Deg. : Degenerative oocytes. Figures in parenthesis are per-
cent to total number of oocytes cultured.

Table 6. Effect of biotin added to the SECM plus amino acids on the cow oocyte
maturation in vitro.

Culture medium Culture No. of 0¥ MITI  MIT  Other  %MII
SECM+0. 1% ficoll+8 30 25 23 — 2 —
amino acids 42 18 15 3 — 16.6

48 20 15 4 1 20.0
SECM+0.1% ficoll+8 30 20 15 4 1 20.0
amino acids-+biotin 42 20 11 7 2 35.0
48 20 6 12 2 60.0

MI-TI : Oocytes at metaphase I and through telophase I, MII : Oocytes at
metaphase 1I, Other : Qocytes in activated or binuclei.

As shown in the above table, only 109 of cocytes remained at the metaphase IT
stage in 30 hours. If biotin was added to the amino acid medium, the propertion
of the metaphase II oocytes rapidly increased to 60% in 48 hours, while only 20%
of the oocytes succeeded to reach at the metaphase II in 48 hours in the same
medium but free of biotin (Table 6 and Figs. 6,7). The oocytes grown in the
biotin medium showed comparatively homogeneous cytoplasm.

DISCUSSION

Recently, many reports have been found regarding to the biological significance
of the follicular fluid in particular connection with the oocyte maturation (Foote
and Thibault, 1969; Cho et al., 1971; Kim et al., 1974) and with the sperm capac-
itation (Yanagimachi, 1969 a,b; Edwards, 1974; Mukherjee, 1974).

Their findings imply that the fluid acts favourably to the oocytes if it leaves
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from the follicle. This means that the fluid keeps the inhibiting substance only
inside the follicle. On the other hand, we also can make an assumption in this
way: the ability of the meiotic resumption of the cocytes in witro would not be
due to the change of the follicular fluid but wholly due to the change of the
oocyte itself regarding to the membrane behaviour. On this matter further
investigation should be conducted.

Kim et al. (1974) succeeded to increase the proportion of the cow oocyte maturation
in the medium mixed with follicular fluid in the ratio of 1:1. In the present
studies, however, the dialyzable fraction in the saline provides better condition to
the oocytes than the medium mixed with follicular fluid. This might imply that
the dialyzable fraction which will contain most of micromolecules such as amino
acids, carbohydrates and steroid hormones acts more preferentially to the oocytes
than total fluid which contains macro- as well as micromolecules. Moreover, the
oocytes tended to degenerate if they were cultured in the saline mixed with non-
dialyzable fraction whose main components might be of the macromolecules such
as proteins and polysaccharides.

Essential substances for the support of the oocyte maturation or early development
of the embryos were studied in the various laboratory mammals. Finally it has
been found that most of them required certain kinds of amino acids (Gwatkin and
Haidri, 1973-hamster oocytes; Bae and Foote, 1975-rabbit oocytes; Daniel and
Olson, 1968; Brinster 1970-rabbit embryos). As shown in the present studies, the
cow oocytes also require amino acids for the oocyte maturation. The dialyzable
fraction possibly contains such amino acids, and so the fraction acts beneficially
for the oocytes. Actually, better results were obtained in the present studies by
addition of amino acids identified in the dialyzable fraction into the basic medium
than either addition of fraction or applying solely with the fraction.

Donahue (1968) found that the synthesis of protein takes place during maturation
of the mouse oocytes even though they do not need any supply of exogeneous
amino acids in the medium. Cho et. al. (1974) and Stern and Wassarman (1974)
also confirmed that mouse cocytes even arrested by the inhibitory action of dbc-
AMP carried out protein synthesis during culture in the amino acid free medium.
Possibly, the mouse oocytes would utilize endogeneous amino acids in protein
synthesis which is necessary’ for the maturation. However, the mammals other than
the mouse generally require supply of the amino acids to keep enhancing protein
synthesis by which finally the cocyte succeed to grow to the metaphase I.

The fact that maturation is less promoted by addition of whole follicular fluid
than by addition of the dialyzable fraction would be related with the fact that
the total fluid might contain some sorts of harmful substances. Actually, Cho ez al.
(1971) found that the addition of the heated follicular fluid into the medium
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decreased the proportion of degenerative oocytes. This possibly means that the
heat treatment of the fluid is enough to denature the toxic substances in the fluid.

In the present studies, the addition of biotin to the amino acid medium provided
better environment to the cow oocytes, and the proportion of the metaphase 1I
oocytes markedly increased. This pcssibly suggests that the treatment with biotin
is enough to drive metaphase 1 oocytes to continue meiotic division and to form
polar body, because biotin is known to mediate carboxylation associated with
pyruvate carboxylase and finally produce oxaloacetate which is deeply related
with the conversion of ATP to ADP by which energy is released. The significance
of biotin in the cow oocyte maturation will be investigated further.
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EXPLANATION OF FIGURES

Fig. 1. Fresh cow oocytes showing germinal vesicle. A nucleolus is clearly seen inside
the germinal vesicle (420X).

Fig. 2. Metaphase I chromosomes in the cow oocytes (840X).

Fig. 3. Anaphase I chromosomes (840X).

Fig. 4. Late anaphase I chromosomes (840X).

Fig. 5. Telophase I chromosomes (840X). The oocytes shown in Fig. 3 and through Fig.
5 were cultured in SECM supplemented with 8 amino acids.

Fig. 6. Metaphase II chromosomes and a polar body (840X).

Fig. 7. Same as Fig. 6 but metaphase II chromosomes are encircled by a vesicle like
material which is often seen in the metaphase nucleus. The oocytes shown in
Figs. 6 and 7 were cultured in SECM containing 8 amino acids and biotin for
48 hours (840X).
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