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Abstract: Bovine cumulus-enclosed oocytes were ma-
tured in vitro (IVM) in PVA-HEPES-TCM199
supplemented with 0, 0.5, 5, 50 or 500 uM cysteamine
for 24 h and fertilized in vitro (IVF). After removal of cu-
mulus cells, IVM-IVF oocytes were cultured in vitro for 8
days. Cysteamine had no effect on oocyte maturation
or fertilization rates. In contrast, 5 uM cysteamine in the
maturation medium enhanced subsequent in-vitro devel-
opment of IVM-IVF oocytes to the blastocyst stage.
Glutathione (GSH) content of oocytes cultured in medium
with 0 or 0.5 uM cysteamine was significantly lower than
that of oocytes before culture. When oocytes were cul-
tured in medium with 5, 50 or 500 uM cysteamine, GSH
content of oocytes remained constant (5 uM) or was sig-
nificantly increased (50 or 500 uM) compared with that
of oocytes before culture. These results indicate that the
addition of cysteamine to a serum-free maturation me-
dium enhances the efficiency of in vitro production of
bovine embryos by maintaining GSH content of IVM oo-
cytes.
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Embryos derived from in vitro matured (IVM) and in
vitro fertilized (IVF) oocytes can be used for traditional
animal genetic improvement as well as for biotechno-
logical purposes. Recently, Grupen et al. [1]
demonstrated that the addition of cysteamine to the
maturation medium enhanced development of IVM-IVF
porcine oocytes to the blastocyst stage by increasing
the level of intracellular glutathione (GSH). Synthesis
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of GSH during oocyte maturation occurs in mice [2],
hamsters [3], pigs [4] and cattle [5-7]. After sperm
penetration, GSH participates in sperm decondensation
in parallel with oocyte activation, as well as in the trans-
formation of the penetrated sperm head into the male
pronucleus [2, 3, 8-10]. In addition, GSH is known to
play an important role in protecting the cell from oxida-
tive damage [11, 12].

Enhanced development of bovine IVM-IVF embryos
following the addition of cysteamine to a maturation
medium containing serum has been reported [5, 6].
However, the use of fetal bovine serum in those experi-
ments precludes an understanding of the mechanism
through which cysteamine promoted the increased de-
velopment of embryos, because serum is undefined and
contains many constituents in varying concentrations,
and data interpretation is therefore obscured. The use
of a chemically defined culture medium (without unde-
fined sera or other components) to evaluate the effect
of a compound such as cysteamine is necessary for a
full understanding of its mechanism of action.

The purpose of this study was to determine the ef-
fect of the addition of cysteamine to a serum-free
maturation medium on GSH content of IVM bovine oo-
cytes, and in vitro preimplantation development of in
vitro produced embryos.

Materials and Methods

In vitro maturation

Bovine ovaries were obtained from a slaughterhouse
and were transported to the laboratory in sterile 0.9%
NaCl solution at 37°C. QOocytes were aspirated from
follicles (3 to 6 mm in diameter) with an 18 gauge needle
attached to a disposable syringe. Selected cumulus-
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enclosed oocytes were washed three times in phos-
phate buffered saline containing 1 mg/ml polyvinyl
alcohol (PVA, Sigma, St. Louis, MO, USA) and were
cultured at 38.5°C for 22 to 24 h in 50 ul of 25 mM
HEPES-buffered TCM-199 (Sigma) containing 1 mg/ml
PVA, 20 ug/ml porcine follicle stimulating hormone
(Sigma), 100 1U/ml penicillin (Sigma), 0.1 mg/ml strep-
tomycin (Sigma) and 0 (control), 0.5, 5, 50, or 500 uM
of cysteamine (Sigma) under mineral oil (Sigma) in an
atmosphere of 5% CO, in air. Each drop of medium
contained approximately 10 oocytes.

In vitro fertilization

After thawing of frozen semen for 15 seconds in 37°C
water, spermatozoa were washed twice by centrifuga-
tion at 600 g for 5 min in Brackett & Oliphant's medium
(BO medium) [13] that had been modified by excluding
bovine serum albumin (BSA) and adding 10 mM caf-
feine (Sigma) (caffeine-BO medium). The sperm pellet
was resuspended in caffeine-BO medium at a concen-
tration of 1 x 107 cells/ml and then diluted with an equal
volume of BO medium containing 20 mg/ml crystallized
BSA (Sigma) and 15 ug/ml heparin (ICN Biochemicals,
Cleveland, OH, USA). After maturation culture, the oo-
cytes were washed twice in BO medium containing 7.5
ug/ml heparin, 5 mM caffeine and 10 mg/ml crystallized
BSA. The oocytes were then transferred into 0.1 ml
drops of sperm suspension (approximately 10 oocytes/
drop) under mineral oil and incubated for 6 h at 38.5°C
in 5% CO; in air.

Culture of embryos

After a 6 h insemination, cumulus cells were removed
using a capillary pipette and the cumulus-free embryos
were transferred to 50 ul drops of CR1aa medium [14]
under mineral oil. QOocytes were cultured at 38.5°C in
5% CO,, 5% 0,, 90% N,. Embryos were cultured for 5
days, and the medium was replaced with an identical
medium supplemented with 5.56 mM glucose and then
cultured for an additional 3-day culture period. The
initial development of embryos was evaluated at 54 h
after insemination, and development of embryos to the
blastocyst stage was assessed on day 8 (day 0 = in-
semination). The experiment was repeated 7 times.

Assessment of maturation and fertilization rates

The maturation rate was examined 24 h after matu-
ration culture and the fertilization rate was examined 10
to 12 h after insemination. The oocytes were fixed for
24 to 48 h in ethanol:acetic acid (3:1, v/v), stained with
1% aceto-orcein and evaluated microscopically. Oo-

cytes that had 1 set of male and female pronuclei and 1
sperm tail in the ooplasma were considered to be fertil-
ized normally.

Assay of GSH

Oocytes before and after maturation culture in me-
dium with 0, 0.5, 5, 50 or 500 uM cysteamine were
used for the assay of GSH content. All cocytes were
denuded and washed 5 times in saline containing 3 mg/
ml polyvinyl pyrrolidone (PVP; Sigma). Groups of 50
oocytes in 5 ul of distilled water (DW) containing 3 mg/
ml PVP were transferred to 1.5 ml microcentrifuge tubes,
and 5 ul of 1.25M H;PO, was added. Then the samples
were centrifuged at 2000 g for 5 min and frozen at
—80°C until assayed. The GSH content of oocytes was
determined by the DTNB-GSSG reductase recycling as-
say according to Funahashi et al. [15]. Briefly, 700 ul of
0.33 mg NADPH/ml in 0.2 M sodium phosphate buffer
containing 10 mM EDTA (stock buffer, pH 7.2), 100 ul
of 6 mM 5,5"-dithiobis-2-nitrobenzoic acid (DTNB; Sigma)
in the stock buffer, and 190 ul of DW was added with
mixing into the microcentrifuge tube. Ten ul of 250 IU
glutathione reductase/ml (Sigma) were added with mix-
ing to initiate the reaction. The absorbance was
monitored continuously at 412 nm with a spectropho-
tometer (Hitachi, Tokyo, Japan) for 3 min, with readings
recorded every 0.5 min. Glutathione standards (0.1 to
1.0 nmol) and a sample blank lacking GSH were also
assayed. The amount of GSH was determined accord-
ing to Calvin et al. [2].

Statistical analysis

Statistical analyses were carried out by repeated
measures one-way analysis of variance (ANOVA) and
Fisher's protected least significant difference test using
STATVIEW (Abacus Concepts., Inc., Berkeley, CA,
USA). Data are presented as percentages or means
with standard errors. All percentage data were sub-
jected to arc sine transformation before statistical
analysis.

Results

In 5 independent experiments, 497 oocytes were ex-
amined at 24 h after IVM to assess maturation rates in
all treatments. In addition, in 4 independent experi-
ments, 432 oocytes were examined 10 to 12 h after
insemination to assess fertilization rates in all treatments.
There were no differences in maturation and fertilization
rates among treatments (Tables 1 & 2). However, a
significantly higher (P<0.05) percentage of IVF oocytes
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Table 1. Effect of cysteamine concentration on the maturation of
bovine oocytes cultured for 24 h in vitro

Cysteamine No. of No. of oocytes % * SE of
(uM) replicates examined matured oocytes?

0 5 101 73.6+4.8

0.5 5 96 80.5+3.2

5 5 106 747+1.6

50 5 101 77.4+5.8

500 5 93 723+4.0

aQocytes matured to metaphase-II.

Table 2. Effect of cysteamine concentration in the maturation medium on in vitro fertilization
of bovine oocytes

Cysteamine  No. of No. of oocytes %o + SE of oocytes
(uM) replicates examined =M-II = penetrated? fertilized normally
0 4 85 82.6+5.5 715%6.5 539+ 5.8
0.5 4 88 90.6 £ 3.5 76.518.8 57.0+ 44
5 4 86 90.9+2.4 785%3.6 517+ 7.3
50 4 88 87.6+39 75.6 £ 8.7 499+ 7.0
500 4 85 81.3+3.7 87.8+29 53.3+10.0

aQocytes reached to metaphase-II (M-II) or more advanced stages, fixed 10 to 12 h after in vitro
insemination. P Percentage of penetrated oocytes (possessed 1 or more sperms in the ooplasma)
calculated per =M-II oocyte. =Percentage of normally fertilized oocytes (possessed 1 set of male
and female pronuclei and a sperm tail in the ooplasma) calculated per 2M-II oocyte.

Table 3. Effect of cysteamine concentration in the maturation medium on subsequent
in vitro development of IVM-IVF bovine oocytes

Cysteamine No.of  No. of oocytes % + SE of embryos developing to
(uM)  replicates examined >2-cella >6-cellb >blastocyst
0 7 263 64.3+5.0 37.2+3.3 19.7 £1.64
05 7 261 60.9 4.2 39.4+38 21.7 +£2.9de
5 7 252 63.4+3.0 412+34 28.3+24¢
50 7 260 66.0+2.1 39.6+2.3 21.9 +3.3de
500 7 268 633+3.6 37.0+2.6 15.4 +2.54

aEmbryos developing to the 2-cell stage or more advanced stages, observed 54 h after in
vitro insemination. ® Embryos developing to the 6-cell stage or more advanced stages,
observed 54 h after in vitro insemination. <Embryos developing to the blastocyst stage
or more advanced stages, observed 8 days after in vitro insemination. 9¢Means with
different superscripts are significantly different (P<0.05).

matured in the medium containing 5 uM cysteamine
developed to the blastocyst stage at day 8 than those
matured in medium with 0 (control) or 500 uM cysteam-
ine (Table 3).

The GSH content of oocytes before and after a 24 h
maturation culture in medium containing 0, 0.5, 5, 50 or
500 uM cysteamine is shown in Table 4. The GSH
content of oocytes cultured in medium with 0 or 0.5 uM

cysteamine was significantly lower (P<0.05) than that of
GV stage oocytes (before culture). When cultured in
medium with 5 uM cysteamine, the GSH content of oo-
cytes was similar to that of GV stage oocytes. The
GSH content of oocytes cultured in medium with 50 or
500 uM cysteamine was significantly higher (P<0.05)
than that of other groups.
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Table 4. Effect of maturation with various levels of cysteamine on the
GSH content of bovine oocyte cultured for 24 h in vitro

Culture Concentration of No. of GSH content of oocyte
Period cysteamine (uM)  replicates (pmol/oocyte)
0h(GV) 0* 3 6.863 £ 0.187a
24 h 0 3 5.493 £ 0.419%
24h 0.5 3 5.000 £ 0.070%
24h 5 3 7717 £0.7102
24h 50 3 10.660 + 0.208 ¢
24h 500 3 18.357 £0.1804

*Oocytes not placed into maturation culture were at the germinal vesicle
(GV) stage. *9Means with different superscripts are significantly differ-

ent (P<0.05).

Discussion

The results of this study show that the addition of 5
UM cysteamine to a serum-free maturation medium is
effective at maintaining GSH content of IVM bovine oo-
cytes at the same level as GV oocytes and for enhancing
subsequent in vitro development of treated oocytes to
the blastocyst stage.

Grupen et al. [1] reported that the addition of 500 uM
cysteamine to maturation medium enhanced develop-
ment of IVM-IVF porcine oocytes to the blastocyst stage.
De Matos et al. [5] reported that the addition of 100 uM
cysteamine to a maturation medium containing fetal calf
serum did not enhance maturation, fertilization or cleav-
age rates but did enhance the blastocyst formation rate
of bovine oocytes. A similar result was obtained in our
study, where addition of cysteamine to a serum-free
maturation medium did not influence maturation or fer-
tilization rates. However, use of 5 uM cysteamine
enhanced subsequent development of IVM-IVF oocytes
to the blastocyst stage, whereas low (0.5 uM) or high
(50 or 500 uM) concentrations of cysteamine did not
enhance development. The optimal concentration (5
uM) of cysteamine in our serum-free maturation me-
dium was lower than that (100 uM) reported by de Matos
et al. in their serum-containing maturation medium [5].
The reason for the discrepancy with respect to the ef-
fective concentration of cysteamine on the development
of oocytes to the blastocyst stage is not clear. The
intracellular glutathione level of bovine oocytes matured
in vitro in our serum-free maturation medium with 5 uM
cysteamine is similar to those reported by de Matos et
al. in their serum containing maturation medium with
100 uM cysteamine [5, 6]. Therefore, the use of serum-
free maturation medium in our experiments is a likely

reason for this difference.

GSH is synthesized throughout in vitro maturation of
murine [2], hamster [3], porcine [4] and bovine [5-7]
oocytes. The addition of cysteine, cysteamine and j-
mercaptoethanol to maturation medium containing
follicular fluid and/or serum stimulates GSH synthesis
during in vitro maturation of porcine [4, 16] and bovine
[5, 6] oocytes. The results of our study are in agree-
ment with the findings of de Matos et al. [5, 6], except
that the effective concentration of cysteamine was dif-
ferent. Miyamura et al. [7] reported that the GSH
concentration in bovine oocytes was increased during
in vitro maturation when oocytes were cultured in a me-
dium supplemented with serum. However, in the present
study, the GSH content of bovine oocytes matured in
vitro in serum-free medium with 0 or 0.5 uM cysteamine
was decreased when compared to that of GV oocytes.
The addition of more than 5 uM cysteamine to matura-
tion medium increased or left unchanged the GSH
content of bovine oocytes after a 24 h maturation.
Yamauchi et al. [16] reported that when porcine cumu-
lus-oocyte complexes were cultured in maturation
medium containing porcine follicular fluid, the GSH con-
tent of oocytes significantly decreased during maturation.
De Matos et al. [6] reported that the amount of GSH in
the oocytes varies from experiment to experiment due
to different oocyte qualities in the batches, and Yoshida
et al. [4] reported that the composition of maturation
medium affects the GSH concentration in pig oocytes.
Therefore, differences in culture media and oocyte quality
are likely to account for these somewhat inconsistent
results.

GSH is known to have important roles in maintaining
the redox state of cells and in protecting cells against
the harmful effects of oxidative injuries [11, 12]. How-
ever, the antioxidant capacity is not unlimited, and the



pool of reduced thiols becomes rapidly exhausted while
disulfide oxidation products accumulate [17]. The ben-
eficial effects of low molecular weight thiol compounds
on the development of bovine 4- to 8-cell embryos to
the blastocyst stage [18, 19] is known to be accompa-
nied by an increase of intracellular glutathione levels
[20]. In addition, it has been reported [21] that co-
culture cells such as cumulus cells take up cystine and
produce cysteine for synthesis of glutathione in embryos,
as well as promoting synthesis of thiols which embryos
can use. Therefore, it was suggested that the effect of
cysteamine in maturation medium is to reduce cystine
to cysteine and to promote the uptake of cysteine in
oocytes and/or cumulus cells, resulting in stable or in-
creasing levels of GSH in the matured oocytes and a
subsequent increase in the number of embryos that de-
velop to the blastocyst stage.

It is concluded that maintaining levels of intracellular
GSH in bovine oocytes, by culturing with cysteamine
during in vitro maturation, will provide oocytes with fa-
vorable intracellular conditions to support embryonic
development to the blastocyst stage in vitro.
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