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ABSTRACT

This study was undertaken to evaluate the effects of B-mercaptoethanol ( 5-ME) on lipid peroxidation
and fertilization ability in vitro by xanthine (X) - xanthine oxidase (XO) system in boar spermatozoa
frozen-thawed. The boar spermatozoa were treated with X and/or XO, and the spermatozoa viability
were measured by the eosin-nigrosin stain method. In control group, level of vitality in boar spermatozoa
were higher than in medium with X, XO and X+XO groups. No significant differences, however, were
observed under the all conditions. The percentage of spermatozoa that reached acrosome reaction were
significantly (P<0.05) higher in sperm treated without that than with A-ME under the all conditions.
On the other hand, when spermatozoa were inseminated in medium with X and/or XO, the penetration
rates in all conditions were higher in medium with that than without S-ME. However, significant
differences were not observed between medium with and without 4-ME. The lipid peroxidation of
sperm was evaluated on the basis of malondialdehyde (MDA) production. The MDA were higher in
sperm treated without that than with S-ME under the above all conditions. However, significant
differences were not observed between medium with and without 3-ME. Sperm-SH group were higher
detected in medium with that than without §-ME under the all conditions. The activity of sperm binding
to zona pellucida was also evaluated through binding to salt-stored porcine oocytes. In control group,
sperm binding to zona pellucida were significantly (P<0.05) higher than in medium with X+XO groups.
The sperm binding in all conditions were higher in medium with that than without 3-ME. However,

significant differences were not observed between medium with and without Z-ME. These results
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suggest that addition of A-ME in X-XO system may play a positive role in improving of fertilization

ability in vitro.

(Key words: B-Mercaptoethanol, Lipid peroxidation, Fertilization ability, Xanthine-xanthine oxidase

system, Pig)

I. INTRODUCTION

Reactive oxygen species (ROS) have been shown
to influence gamete function and embryo develop-
ment. The evidence has been presented not only for
the detrimental effects of ROS on sperm function
(Aitken and Clarkson, 1987; Aitken et al., 1989;
Aitken et al., 1991; Iwasaki and Gagnon, 1992), but
also for their beneficial effects. Whereas H,0O; is
the ROS responsible for toxicity in human sper-
matozoa (Aitken et al., 1993; de Lamirande and
Gagnon, 1992a,b), the superoxide anion (02" ~) can
induce hyperactivation and capacitation, two cellular
phenomena that spermatozoa must go through before
they can fertilize oocytes (de Lamirande and Gag-
non, 1995).

Sperm-oocytes fusion is mediated by fusion
-related proteins in the plasma membranes of both
the sperm and oocytes (Myles, 1993). The charac-
teristics of reported that proteins, however, have
been poorly defined. Mammoto et al. (1996) reported
that proteins in the sperm plasma membrane that
are sensitive to sulfhydryl(SH)-depleting reagents
may be involved in sperm-oocyte fusion in mice.
Sulfhydry! residues in proteins are highly sensitive
to ROS (Di-Simplicio et al., 1991; Snyder et al.,
1988). On the other hand, previous studies have
shown that ROS inhibit the motility, capacitation,
and acrosome reaction in sperm and that the inhib-
itory effects are mediated mainly by lipid peroxi-
dation in human (Aitken, 1994; Aitken and Fisher,
1994).

The ROS and antioxidant defenses have been
shown to play an important role in fertility and

infertility (Aitken et al., 1989; de Lamirande et al.,
1997). Bilodeau et al. (2001) reported that thiol
compounds prevent H,Or-mediated loss of sperm
motility in cryopreserved bull semen. Development
of bovine embryos was promoted by 3-ME, a low
molecular weight thiol that is used as a reducing
agent in culture medium (Takahashi et al., 2002).
However, the effect of 8-ME on ir virro fertiliza-
tion under condition of oxidative stress with such a
X-XO system, has not been elucidated precisely.
Therefore, the present study was undertaken to
evaluate effects of A-ME using xanthine (X) -
xanthine oxidase (XO) system on in vifro fertiliza-
tion ability and lipid peroxidation in boar sperma-

tozoa frozen-thawed.

[I. MATERIALS AND METHODS

1. Sperm Viability Assement

The levels of vitality in boar spermatozoa were
measured by the eosin-nigrosin (E-N) stain method.
For this assay, frozen-thawed spermatozoa were
treated with X and/or XO in fertilization medium
with or without S-ME and centrifuged twice at 250
x g for 10 min. Subsequently, thawed semen and
E-N stain solution were mixed with equal volumes
on a spotting plate and leave for 30 seconds. After
air-dry, the ratio of live spermatozoa and dead
spermatozoa are counted under a phase-contrast
microscope at magnification of 400x. This proce-
dure is based on the degree of membrane permea-
bility of dead spermatozoa. Intact cells exclude
eosin, whereas dead cells take up the red color of
eosin. Nigrosin is used as a counterstain to facilitate

visualization of the unstained (white) live cells.
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Spermatozoa that are white (unstained) are counted
as live and those showing any degree of pink or red
coloration as dead. At least 200 spermatozoa were

counted for each sample.

2. Chlortetracline Assessment of Spermatozoa

The functional state of the spermatozoa was
assessed using the chlortetracycline (CTC) fluores-
cence assay method described by DasGupta et al.
(1993). CTC solution was prepared on the day of
use and contained 750 ¢M CTC (Sigma) in a buff-
er of 130 mM NaCl, 5 mM cysteine, 20 mM Tris
-HCIl; the pH was adjusted to 7.8. This solution was
kept wrapped in foil at 4°C until just before use.
Hoechst-treated sperm suspension (45 ) was added
to 45 ul of CTC solution at room temperature in
a foil-wrapped centrifuge tube and mixed thoroughly.
Spermatozoa incubated for 30 min with and without
of A-ME (0.001 mM/ml) under X-XO system were
then fixed by adding 8 1 12.5% w/v paraformaldehyde
in 0.5 M Tris-HCI (pH 7.4). Slide were prepared by
placing 10 yI of the stained, fixed suspension on a
slide. One drop of 0.22 M 1,4-diazabicyclo(2.2.2)
octane dissolved glycerol:PBS (9:1) was mixed in
carefully to retard fading of fluorescence. A cover-
slip was placed on top. The slide was compressed
firmly between tissues to remove any excess fluid
and to maximize the number of spermatozoa lying
flat on the slide. The coverslip was then sealed and
stored wrapped in foil in the cold.

An assessment was carried out on either the
same or the following day using an Olympus BHS
microscope (BX50F4, Olympus Optical Co. Ltd.
Japan) equipped with phase-contrast and epifluorescent
optics. Cells were assessed for CTC staining using
violet light. The exicitation beam was passed
through a 405 nm bandpass filter and fluorescence
emission was observed through a DM 455 dichroic
mirror. There are three main patterns of CTC

fluorescence that can be identified: F, with uniform

fluorescence over the entire head, characteristic of
uncapacitated, acrosome-intact cells; B, with a
fluorescence-free band in the post-acrosomal region,
characteristic of capacitated, acrosome-intact cells;
and AR, with dull or absent fluorescence over the
sperm head, characteristic of capacitated, acrosome
-reacted cells. At all three stages bright fluorescence

on the midpiece could be seen.

3. Oocytes Preparation

Porcine ovaries were collected from a local
slaughter-house and kept in saline (NaCl, 0.9% w/v;
Penicillin 100,000 [U/L; Streptomycin 100 mg/L
and Amphotericin B 250 xg/L; Sigam Chemical,
St-Louis, MO, USA) at 32 to 37C. Cumulus-0o-
cytes complexes were aspirated from 2 to 6 mm
follicles with a 10-ml syringe with an 18-G needle,
The collected oocytes were washed three times in
Hepes-buffered Tyrode's medium (TLH) and once
in maturation medium. Qocytes with compact and
complete cumulus cells were introduced to in
droplets of maturation medium (10 oocytes/50 11
droplet), covered with mineral oil and cultured
under an atmosphere of 5% CO; in air at 39°C for
42~44 h. The maturation medium consisted of
TCM-199 with Earle's salts (Gibco Lab., NY, USA)
supplemented with 3.05 mM glucose, 0.32 mM
Ca-lactate, 2.5 mM Hepes (Sigma), 10% fetal
bovine serum (FBS; Gibco, Life Technologies, Inc.
NY 14072 USA), 0.2 mM Na-pyruvate (Sigma), 50
ug/ml gentamycin (Sigma), 1 pg/ml FSH (from
porcine pituitary; Sigma), 5 xg/ml LH (from equine
pituitary; Sigma), 1 pg/ml estradiol 17 8 (Sigma)
and 10% (v/v) porcine follicular fluid (PFF). The
PFF was aspirated from follicles (2 to 5 mm in
diameter) at estrus with a syringe and 18-gauge
needle, and centrifuged at 3,850xg for 15 min. The

supernatant fluid was frozen at —207C until used.

4. Determination of Sperm Penetration
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The frozen-thawed spermatozoa were diluted with
2 ml of BTS (Beltsville Thawing Solution) and
equilibrated in air-tight tubes at 37°C in a waterbath
for 10 min. After equilibration, the 2 ml of semen
was placed over 2 layers of percoll (65 and 70%)
and centrifuged at 2,000xg for 15 min at 20°C. The
spermatozoa in the 65% percoll layer were carefully
collected, washed in preincubation medium (TCM
-199) with Earle’s salts (Gibco), supplemented with
3.05 mM glucose, 2.92 mM Ca-lactate (Sigma),
10% FCS, 0.2 mM Na-pyruvate, and 50 pxg/ml
gentamycin (Sigma) by suspension and centrifugation
two times at 250xg for 10 min and resuspended in
preincubation medium. The fertilization medium
with X and/or XO was the same as the preincu-
bation medium, enriched with 2 mM caffeine (Sig-
ma) and adjusted to a pH of 7.2 to 7.4. The final
concentration of spermatozoa was adjusted to 1x10°
cells/ml motile sperm during fertilization. To evai-
uate the effect of S-ME (1 uM) on in vitro pene-
tration, spermatozoa was inseminated in medium
with X (0.5 mM) and/or XO (0.05 IU).

At 22 ~24 h after insemination, the oocytes were
examined for spermatozoa penetration in vitro. For
this assay, cumulus cells were removed by repeated
passages though a fine pipette. The cumulus-free
oocytes were transferred on to the center of glass
slide with four vaseline spots, gently compressed
with a cover slide, immersed in 25% acetic alcohol
for 2~3 days for complete fixations and stained
with 1% orcein in 45% acetic acid. Excess stain
was removed by infiltrating aceto-glycerol medium
(20% glycerol and 20% glacial acetic acid in
distilled water) under the phase-contrast microscope
at a magnification of x200 or x400.

The oocytes were considered as penetrated when
they have a swollen spermatozoon head and male
or female pronucleus in the cytoplasm. The oocytes
with more than two pronuclei and visible second

polar body, even without a spermatozoon tail, were

also considered as penetrated.

5. Determination of Lipid Peroxidation

The levels of lipid peroxidation induced in porcine
spermatozoa ware assessed by the determination of
malondialdehyde (MDA). For this assay, approxi-
mately 1x10° sperm/ml were treated with X and/or
XO in fertilization medium with or without A-ME
for 30 min at 39°C. Subsequently, 0.6 ml of
reaction solution was mixed with 0.2 ml of 15.2%
trichloroacetic acid (Sigma) and centrifuged at 8000
x g for 10 min. Then, 0.6 ml of the supernatant
was mixed with 2 ml of 0.6% 2-thiobarbituric acid
(Sigma), and incubation was conducted at 95T for
40 min. The absorbance of the mixture, measured
with a spectophotometer at 534 nm, was used to

determine the MDA concentrations.

6. Measurement of Sperm Sulfhydryl(-SH)
Groups

The sperm SH content was assessed using a
previously described assay (Kodama et al.. 1996).
After washing of frozen-thawed spermatozoa with
and without B-ME in fertilization medium contain-
ing X and/or XO, spermatozoa were centrifuged on
a 40% and 80% percoll gradient in fertilization
medium devoid of FCS. The soft sperm pellet was
resuspended into 50 volumes of fertilization medi-
um without FCS and centrifuged for 5 min at
5,000xg. The pellet was resuspended and assayed
for -SH group content. The assay mixture contained
180 w! sperm suspension, 10 xl 10% sodium dodecyl
sulfate (SDS, Sigma), and 10 gl of 4 mM 3,5'-di-
thio-bis-2-nitrobenzoic acid (DTNB) (stock solution
of 10 mM DTNB in dimethylsulfoxide), and the

absorbance was measured at 405 nm.

7. Determination of Zona-binding Properties of
Spermatozoa

The activity of sperm binding to zona pellucida
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was evaluated through binding to salt-stored homol-
ogous zona pellucida. Oocytes matured in vitro
were treated with 0.1% hyaluronidase to dissociate
the cumulus oophorus and equilibrated with 1.5 M
magnesium chloride containing 1 % dextran. The
oocytes were stored at 4C for 3~4 days until
examined. The oocytes were whased and re-equili-
brated in fertilization medium with FCS for 1 hour
prior to experimentation. Spermatozoa (1x10° sperm
/ml) were incubated with and without B-ME for 1
hour at 39 C with oocytes in 50 ul of fertilization
medium with X and/or XO covered with mineral
oil. The number of spermatozoa attached to the
zona pellucida was then evaluated using an inverted

microscope.

8. Statistics
Data were evaluated by Duncan's multiple-range
test. Differences with values of P<0.05 were con-

sidered to be statistically significant.

. RESULTS

Fig. 1 shows effects of S-ME on viability of

boar spermatozoa treated with X and/or XO. In

60
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Sperm viability (%)

20

Control X XO X + XO

W + B-ME
O - B-ME

Fig. 1. Effect of 8-ME on viability of boar sper-
matozoa treated by fertilization medium
with X and/or XO.

control group, level of viability in boar spermatozoa
were higher than in medium with X, XO and X +
XO groups. No significant differences, however,
were observed between in medium with and without
B-ME under the all conditions.

The boar spermatozoa were treated with X and/
or XO, and spermatozoa ability were assessed by
CTC analysis. The rates of spermatozoa that

reached acrosome reaction were significantly (P<

Table 1. Effect of A-ME on in vitro penetration in medium with xanthine and/or xanthine oxidase

Cultrue  Presence  No. of No. of oocytes with No. of
condition of oocytes polyspermic
for IVF A-ME examined Total(%) ESH BPN(%) oocytes(%)

Control + 110 59(54) 42 17(29) 25(42)

- 104 50(48) 34 16(32) 24(48)

X + 109 53(49) 39 14(26) 20(38)

- 107 45(42) 35 10(22) 23(51)

X0 + 103 61(59) 49 12(20) 30(49)

- 109 60(55) 52 8(13) 30(50)

X + XO + 115 54(47) 43 11(20) 20(37)

- 123 53(43) 45 8(15) 23(43)

ESH: enlarged sperm head, BPN: both pronuclei.
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Fig. 2. Effect of 8-ME on acrosome reaction of
porcine spermatozoa treated with xanthine
and/or xanthine oxidase. * P<0.05, differ-
ence between with and without S8-ME,

0.05) higher in sperm treated without that than with
B-ME under the all conditions (Fig. 2).

When spermatozoa were inseminated in medium
with X and/or XO, the penetration rates in all
conditions were higher in medium with that than
without 3-ME (Table 1). However, significant dif-
ferences were not observed between medium with
and without A-ME. On the other hand, the polys-

Sperm-SH groups
(nmol/10° spermatozoa)

Control X X0 X + XO
W +B-ME
0 - B-ME

Fig. 3. Effect of B-ME on sulthydryl (—SH)
groups of boar spermatozoa treated with
xanthine and/or xanthine oxidase.

permy were lower in medium with that than without
B-ME under the all conditions.

In another experiment, sperm sulfhydryl (—SH)
group were higher detected in medium with that
than without A-ME in medium under the above all
conditions (Fig. 3). However, sperm sulthydryl (-
SH) group content were not significantly different
between in spermatozoa treated with X and/or XO.

Under the same conditions, the lipid peroxidation
of sperm was evaluated on the basis of malondial-
dehyde (MDA) production. The MDA were higher
in sperm treated without that than with A-ME
under the above all conditions (Fig. 4). However,
significant differences were not observed between
medium with and without A-ME.

The activity of sperm binding to zona pellucida
was evaluated through binding to salt-stored porcine
oocytes (Fig. 5). In control group, sperm binding to
zona pellucida were significantly (P<0.05) higher
than in medium with X+XO groups. The sperm
binding in all conditions were higher in medium
with that than without S-ME. However, significant
differences were not observed between medium
with and without B-ME.

Density of malondialdehyde
(107'® mole sperm™ ")
n

Control X XO X + XO

W + B-ME
0O - B-ME
Fig. 4. Effect of 8-ME on lipid peroxidation of
boar spermatozoa treated with xanthine
and/or xanthine oxidase.
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Fig. 5. Effect of S-ME on zona pellucida bind-
ing of boar spermatozoa in medium with
xanthine and/or xanthine oxidase. Bars
with different letter differ in medium with
or without B-ME, respectively. P<0.05.

IV. DISCUSSION

Even though many investigators have focused
heavily on understanding the effects of free radicals
on various cells and organs, the exact mechanism(s)
of action of many of antioxidant enzymes in
spermatozoa of pig remains unknown. The ROS
and antioxidant defenses have been shown to play
an important role in fertility and infertility (Aitken
et al.,, 1989; de Lamirande et al., 1997). A com-
bination of X and XO, an enzymatic free radical
-generating system, primarily generates the superoxide
anoin (O, ), which is immediately dismuted in to
hydrogen peroxide (Tkeda et al., 1999). The present
study were undertaken to examine effects of 3-ME
on lipid peroxidation and fertilization ability in
vitro by X and/or XO in boar spermatozoa frozen
-thowed.

The results of this study demonstrated that X-XO
system are not influence on viability of boar
spermatozoa. de Lamirande and Gagnon (1992a,b)

reported that the mode of action of ROS on sperm
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axonemes and motility can be studied with the use
of the combination X+XO at concentration suffi-
ciently low not to decrease sperm viability. Thus,
the result of this study show that X-XO system of
low concentration were not infuence on viability of
boar spermatozoa.

Capacitation and acrosome status in boar sperma-
tozoa were evaluated by chlortetracycline fluore-
scent (CTC) assay. With reference to the CTC
analysis of spermatozoa, a recent study (Perry et
al., 1995) reported a range of CTC patterns. This
method has been used to assess the functional
status of mouse (Ward and Storey, 1984), human
(DasGupta et al., 1993), bull (Green et al., 1996),
goats (Kaul et al., 1997), rams (Perez et al., 1997)
and boar spermatozoa (Lim et al., 1997). In the
present study, X-XO system had a stimulatory effect
on acrosome reaction in boar spermatozoa. However,
these stimulatory effects were significantly (P<0.05)
inhibited by addition of 8-ME in medium with X
and/or XO. Recent evidences demonstrate that ROS
are involved in the process of acrosome reaction.
O'Flaherty et al. (1999) reported that O, is required
for the capacitation process and that at low concen-
trations of H,O, participates in enzymatic and
membrane modifications leading to the induction of
the acrosome reaction in cryopreserved bovine
spermatozoa. In this study to examine effect of 3
-ME in medium with X and/or XO, A-ME may be
able to reduce the acrosome reaction of frozen
-thowed boar spermaotoza.

When spermatozoa were inseminated in medium
with X and/or XO, the penetration rates in all
conditions were higher in medium with that than
without 3-ME (Table 1). Hsu et al. (1997) reported
that lead exposure induced ROS generation in rat
sperm, which reduced the sperm-oocyte penetration
rate, and supplementation with antioxidants, such as
vitamin E, vitamin C, protected sperm from loss of

motility and increased oocyte penetration capability



(Hsu et al.,, 1998). In the zona-intact oocytes, the
sperm-oocytes penetration rate was decreased as the
proportion of acrosome-reacted sperm was very
high (Hsu er al., 1999). On the other hand, one of
the various ROS, the hydrogen peroxide (H»0»)
decreased sperm motility in many species (Alvarez
et al, 1989; O'Flaherty et al., 1997). However,
thiols, including B-ME, prevent H,O;-mediated loss
of sperm motility in cryopreserved bull spermatozoa
(Bilodeau et al., 2001). In addition to its effects on
sperm capacity in vitro, lipid peroxidation has been
detected to decrease by S-ME in medium with X
and/or XO. Aitken et al. (1989) reported that lipid
peroxidation has also been shown to decrease the
sperm-oocyte interaction, as measured by a decreased
penetration of zona-free hamster odcytes by human
spermatozoa. Because the sperm-zona free hamster
oocyte penetration assay is used by some inves-
tigators to predict the fertilizing potential of human
spermatozoa (Aitken et al., 1991), it was suggested
that lipid peroxidation, even at a level that does not
affect motility, may decrease the fertilizing potential
of spermatozoa. There was a close correlation
between loss of motility and lipid peroxidation.
Fluidity of the plasma membrane has important
roles in sperm function, including motility. Block
(1991) showed that H,O, caused an increase in
membrane rigidity through lipid peroxidation in
endothelial cells. In sperm, increased membrane
rigidity may also cause loss of motility.

In the present study, X and/or XO system de-
creased SH-groups, but this inhibitory effect was
improved by A-ME. Sulfthydryl (- SH) residues in
proteins are highly sensitive to ROS (Snyder et al.,
1988; Di-Simplicio et al., 1991). Hecht and Zick
(1992) reported that H.O, reduce SH-groups that
are essential for enzyme activity. On the other
hand, Mammoto et al. (1996) reported that proteins
in the sperm plasma membrane that are sensitive to

SH-depleting reagents may be involved in sperm

-egg fusion in mice. Also, they reported that
treatment of sperm with various of SH-depleting
reagents, i.e., N-ethylmalemide, Na;0,0¢ and 5,5'
-dithiobis (2-nitro-benzoic acid), specifically blocked
sperm-oocyte fusion in mice without affecting mo-
tility, the capacity to penetrate the zona pellucida,
or sperm-oocyte binding, and that three proteins in
mouse sperm were highly sensitive to these SH
-depleting reagents. It seems that S-ME, a low
molecular weight thiol, can be used as a reducing
agent in medium with X and/or XO.

In the study, the activity of sperm binding to
zona pellucida was decreased by X and/or XO
despite of promoting by B-ME in sperm-zona
binding. The decline in sperm motility that occurred
in the presence of the X-XO free radical-generating
system was not accompanied by a detectable increase
in lipid peroxidation (Baumber et al., 2000; de
Lamirande and Gagnon, 1992a,b). Also, Lamirande
and Gagnon (1992a) suggested that the inhibition of
sperm motility after incubation with ROS was
caused by a depletion of ATP. These authors subse-
quently confirmed this hypothesis by demonstrating
a significant reduction in sperm ATP levels in the
first 1 hour after ROS treatment (de Lamirade and
Gagnon, 1992b). These authors proposed that sperm
immobilization was due to a decreased phosphorylation
of axonemal proteins required for sperm movement.
Therefore, it seem that the decreased sperm binding
cause loss of sperm motility and that these
inhibitory effect can be improved by A-ME.

In summary, the present study suggests that
supplement of S-ME in medium with X and/or XO
cause an enhancement on fertilization ability in
vitro. These increase are associated with fertilizing
capacity of frozen-thawed boar spermatozoa. These
results may suggest that because lipid peroxides are
present in membranes of all cells living under
aerobic conditions, frozen-thawed spermatozoa could

use a strategy involving oxidation and breakdown
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of membrane lipids to improve their chances to

fertilize oocyte in vitro.
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