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Human Qocytes: Maturation in Chemically Defined Media

Abstract. Human oocytes from ovarian follicles resume meiosis in FI10, a
defined medium, in numbers comparable to that obtained in medium containing
serum. Several simple Krebs-Ringer media also support maturation, which sug-
gests a similarity of nutritional requirements between human and mouse oocytes.
Fewer oocytes reach metaphase 11 when the investing follicular cells are removed

prior to culture.

Human oocytes, when released from
ovarian follicles and cultured in medi-
um supplemented with serum, resume
meiosis and progress from the germi-
nal vesicle stage through the first
meiotic metaphase (metaphase I) to
metaphase II with first polar body
formation (7). This maturation normal-
ly occurs in vivo just before ovulation.
While oocytes of other mammals will
also mature in medium with serum,
thus far the only one whose oocytes
have been matured in chemically de-
fined media is the house mouse (2).
In this species, pyruvate or oxaloacetate
in a Krebs-Ringer salt solution with
bovine serum albumin supports matura-
tion, which suggests the operation of
certain metabolic pathways in the
oocyte. Mouse follicular cells, when
included in the culture system, utilize
other energy sources to support matu-
ration, probably by liberating pyruvate
into the culture medium (3). This re-
port, based on a study of 426 oocytes,
describes the first successful usé
of chemically defined media to support
maturation of human oocytes and as-
sesses the need for the presence of the
follicular cells (cumulus) during matu-
ration.

In comparing the ability of different
media to support maturation, two dif-
ficulties were encountered—(i) the

number of oocytes obtained by punc-
turing all visible follicles ranged from
0 to 66 per ovary, with a mean of
10, from 90 patients; (ii) the patients
for elective gynecologic surgery varied
in age, race, stage of menstrual cycle,
and pelvic pathology. Therefore, oo-
cytes from each patient were randomly
divided into experimental and control
groups under paraffin oil in the collec-
tion medium (the medium with the
fewest components in each experiment).
The control oocytes were cultured in
a medium that in our hands had pre-
viously supported maturation. In the
experiments in which cumulus cells
were detached from the oocyte, all
cells surrounding oocytes of the experi-
mental group were removed by suck-
ing the oocyte in and out of a drawn
Pasteur pipette. Each group of oocytes
was washed twice in the appropriate
culture medium and finally transferred
to microdroplets (two to six per drop-
let) of this medium (pH 7.0) under
paraffin oil (2, 4, 5).

After 43 to 47 hours at 37°C, oo-
cytes were taken from culture and the
cumulus removed from those not pre-
viously so treated. Oocytes were then
fixed, stained, and examined for the
nuclear stage attained (2). In only one
instance was a polar body not identi-
fied when a metaphase II group was

Table 1. Comparison of the number of human oocytes maturing in defined and undefined
media. Defined medium, F10 with 4 mg of bovine serum albumin per milliliter; undefined

medium, 199 with 15 percent fetal calf serum.

Number of oocytes maturing

Number of at 43 to 47 hours
Patient Medium oocytes
cultured Metaphase Metaphase Total
1 1 (I and II)
1 199 19 1 9 10
F10 13 0 9 9
2 199 9 0 6 6
F10 9 1 3 4
3 199 17 3 3 6
Fi0 11 3 6 9
4 199 4 1 2 3
F10 5 1 1 2
Total 199 49 5 20 25
(10.2%) (40.8%) (51.0%)
F10 38 5 19 24
(13.2%) (50.0%) (63.2%)
Probability [x*(1)] >.75 >25 >.25
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Fig. 1. (A) A living human oocyte after 43 hours of culture without cumulus in 1.0mM pyruvate Krebs-Ringer medium. The first
polar body is at the upper left adjacent to the oocyte proper. Both are surrounded by the zona pellucida. Scale, 20 um.

B) A

human oocyte fixed and stained after 43 hours in medium F10 with intact cumulus. An organized metaphase II group of chromo-
somes is present and in the upper right is the scattered chromatin of the first polar body. Scale, 10 um.

found. Sixty-nine oocytes, from a num-
ber of patients, were similarly examined
* upon recovery from the ovary, and all
were found to have a germinal vesicle,
sometimes degenerated, which indicates
that very few oocytes obtained in this
manner mature while still in the follicle.

We found that 50 percent of 156
oocytes with attached cumulus reached
metaphase I (17 percent) or metaphase
II (33 percent) in the defined medium
F10 (6) (Fig. 1). Forty-six percent of
13 oocytes also matured to metaphase
I (31 percent) or II (15 percent) in
the simple, defined Krebs-Ringer medi-
um, containing pyruvate, lactate, and
glucose, used by Whitten and Biggers
(7) to culture mouse zygotes to blasto-
cysts and by Whittingham (8) for the
fertilization of mouse oocytes. A modi-
fication of the Krebs-Ringer medium
developed by Brinster (9) to support
mouse embryo cleavage, and con-
taining 0.25 or 1.0 mM pyruvate (5)
as the energy source, also supported
human oocyte maturation (Fig. 1).
Only three of 28 oocytes matured in
the 0.25 mM pyruvate medium. In a
single experiment in which we used
1.0 mM pyruvate, 16 percent of 25
oocytes with attached cumulus reached
metaphase I (16 percent) and II (0),
while 54 percent of 22 oocytes with
cumulus removed reached metaphase I
(36 percent) and II (18 percent). The
small number of patients and oocytes
used to test these simpler media pre-
vents a conclusion about the nutritional
requirements for maturation. The re-
sults do suggest, however, that the hu-
man oocyte may be similar to the
mouse oocyte, in which pyruvate ap-
pears to be the key nutrient (2). The
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apparent arrest at metaphase I of some
oocytes in the various media is un-
explained.

To compare the ability of oocytes to
mature in medium 199 (10) with serum
as previously used (I) and the defined
(serum-free) medium F10 used in this
study, 87 oocytes were cultured (Table
1). There was no significant difference
between these two media in the number
of oocytes maturing to metaphase I or
II, or both. The lower percentage of
oocytes maturing in media 199 and F10
(51.0 percent and 63.2 percent)
compared with the previously reported
figure of 80 percent of 89 oocytes (1)
may be due to differences in selection
of oocytes for culture. We placed into
culture all oocytes recovered from the
ovary, including those obviously de-
generated or necrotic.

In nine experiments with medium
F10, oocytes with the cumulus cells
still attached (control group) pro-
gressed in greater numbers at all stages
than those from which they were re-
moved. Seventeen percent and 13 per-
cent of 71 oocytes with cumulus at-
tached and 9 percent and 6 percent of
64 oocytes with cumulus removed ma-
tured to metaphase I and II, respec-
tively, but only the difference at meta-
phase II was significant [P < .066 by
x2(1)]. ‘Several explanations for these
results may be suggested. Removal of
the cumulus may have injured some
oocytes. Also, the cumulus may be
required to supply unique substances
to the oocytes. A third possibility is
that the cumulus may detoxify sub-
stances in the medium inhibitory to
maturation of the denuded oocyte.

The use of defined media opens the

way for investigation of human oocyte
metabolism as well as oocyte-follicular
cell interactions. Techniques for inter-
rupting these processes could lead to
newer methods of contraception. More-
over, by analogy with the mouse (2),
the in vitro requirements for oocyte
maturation may give clues to the meta-
bolic pathways emerging in the cleaving
human embryo.
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