Assiut Vet. Med. J. Vol. 58 No 134 July 2012

EFFECT OF GLUTATHIONE ON THE FREEZABILITY AND IN VITRO FERTILIZING

POTENTIALS OF BOVINE SPERMATOZOA

M.R. BADR; MARY G. ABD EL-MALAK and T.A. GHATTAS

Artificial Insemination and Embryo Transfer Department, Animal Reproduction Research Institute, Al Haram (P.O.B.

12556), Giza, Egypt. e-mail: magdybadr69@yahoo.com

ABSTRACT

Received at: 20/6/2012

Accepted: 13/8/2012

Cryopreservation induces sub lethal damage to the spermatozoa, thereby reduce
their fertile life. In the present study, effect of glutathione on bovine semen
freezability and in vitro fertilizing potentials were evaluated. Semen was
cryopreserved in tris-based extender supplemented with different concentrations
of reduced glutathione (0, 0.5, 1, 2, 3 and 5 mM). Semen post-thawing motility,
viability and acrosomal integrity, DNA damage, enzymes leakage, total
antioxidant capacity (TAC), lipid peroxidation and in vitro fertilizing potentials
were assessed. Current results indicated that addition of 2 mM glutathione to
semen extender significantly (P<0.05) improved post-thawing motility, viability
and acrosomal integrity (66.25+5.54%, 169.38+18.59 and 12.75+3.45%,
respectively) compared with control (45.00 +2.89%, 95.00+8.90 and 23.75+3.45
%, respectively). Likewise, at this concentration sperm DNA damage, tail length
and tail moment of the cryopreserved semen significantly (P<0.05) reduced
(1.54+0.38%, 1.58+0.19um and 2.95+1.01, respectively) compared with control
(6.07£1.61 %, 6.12+1.16 pm and 34.61+6.32, respectively). Moreover, 2 mM
glutathione significantly (P<0.05) increased TAC (0.50+0.07 mp/ml) and
decreased lipid peroxidation of the cryopreserved spermatozoa (9.68+2.72
nmol/ml) with respect to the control (0.19+0.01 mp/ml, and 24.82+4.90
nmol/ml, respectively). Additionally, 2 mM glutathione significantly (P<0.05)
improved in vitro fertilization rate, cleavage rate and development to morula and
blastocyst stages (56.78+12.85, 50.18+6.88, 24.68+5.75 and 17.66+3.19%,
respectively) compared with the control (28.10£2.21, 27.01+4.15, 8.80+£10.4 and
3.90+2.31%, respectively). It was concluded that the addition of 2 mM
glutathione to the freezing extender improved freezability and enhanced in vitro
fertilizing potentials of bovine spermatozoa through protection of DNA from
deterioration and reduction of oxidative stress.
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INTRODUCTION addition of antioxidants in the extender has been
reported to improve the quality of preserved
Artificial insemination has been widely mammalian semen (Bilodeau et o/, 2001).

performed, especially in dairy cows, but the
pregnancy is still dependent on the success of semen
preservation technology. Freezing of the spermatozoa
accelerates the reactive oxygen species (ROS)
production. Excessive generation of ROS causes
oxidative damage to the spermatozoa affecting their
structure and function (Baily ef al., 2000; Bilodeau
et al, 2001 and Gadea et al, 2004). Despite the fact
that the high content of polyunsaturated fatty acids in
sperm plasma membrane is required to maintain
unique functions at the cellular level, it makes the
sperm highly susceptible to the oxidative stress,
mainly because of higher lipid peroxidation levels
(Maxwell and Watson 1996 and Kankofer er al,
2005). Lipid peroxydation in the plasma membranes
are the key mechanism of ROS that causes damage
and infertility of sperm cells (Sikka 1996). However,

Glutathione is a tripeptide, sulfhydril (-SH)
antioxidant (y-Glu-Cys-Gly) naturally occurring in
semen and providing intracellular defense to the
sperm against the oxidative stress caused by an over-
production of ROS during the freezing and thawing
process (Gadea et al, 2007). Moreover, semen
cryopreservation causes a significant reduction in the
glutathione content of the boar (Gadea et al., 2004)
and bull semen (Bilodeau et al., 2000). Glutathione
addition to the semen extender is expected to reduce
or prevent the presence of free radicals that potentially
damage the plasma membrane and consequently
enhance the fertilizing potentials of the cryopreserved
spermatozoa. Therefore, the present study was
conducted to determine the effect of various
concentrations of the reduced glutathione in semen
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extender on bovine semen freezability and in vitro
fertilizing potentials.

MATERIALS and METHODS

Semen collection and processing:

Semen samples were collected from six fertile bulls.
Only semen samples of at least 70 % initial motility
and 800.00X10° sperm cells/ml were used. After
collection, semen samples were pooled, split into 6
portions and diluted at 30 °C with Tris-based extender
(7% glycerol and 20% egg yolk), supplemented with
different concentrations of glutathione (0, 0.5, 1, 2, 3
and 5 mM%). the extended semen was cooled to 5 °C
throughout 60 minute in a cold cabinet. The cooled
semen was loaded into 0.25 ml French straws (IMV,
L'Aigle, France), then lowered into liquid nitrogen
vapor inside foam box for 15 minutes. The straws
were then immersed into liquid nitrogen and stored
until analysis. Frozen semen samples were thawed in
a water bath at 37 °C for 30 second. Post-thawing
sperm motility, viability and acrosomal integrity were
assessed according to Mohammed et al. (1998).

Assessment of sperm DNA integrity:

The DNA integrity and the incidence of DNA strand
breaks or fragmentation was detected using alkaline
comet assay according to Boe-Hansen (2005). Briefly,
The DNA status of individual cells was determined by
the neutral single cell gel electrophoresis (comet)
assay. For this assay, frozen-thawed spermatozoa
were diluted in phosphate buffer saline (PPS),
embedded in agarose, followed by cell lysis, DNA
decondensation, electrophoresis and DNA staining
with 50 pl of 20 pg/ml ethidium bromide (Sigma).
The cells were then visualized by fluorescent
microscopy. Intact nuclei in the comet assay appeared
to have compact and brightly fluorescent heads; in
contrast, strand breaks in damaged cells allow DNA
migration during electrophoresis, and a tail of DNA
could be seen behind the head, giving the appearance
of a comet (Hughes ef al, 1996). After subjecting
spermatozoa to the comet assay, sperm nuclei were
analyzed by computer soft ware program.

Biochemical analysis:

Aspartate-aminotransferase (AST), alanine-
aminotransferase (ALT) and alkaline phosphatase
(ALP) enzymes leakage during cryopreservation was
assessed according to Tietz (1976) to evaluate the
membrane  stabilizing effect of glutathione.
Additionally, total antioxidant activity and membrane
lipid peroxidation, was estimated by the end point
generation of malondialdehyde (MDA) determined by
the thiobarbituric acid (TBA) test, of the

cryopreserved spermatozoa were measured as

described by Cortossa et al. (2004).

Evaluation of in vitro fertilizing potential of the
treated semen:

The fertilizing potentials of the semen were assessed
using in vitro fertilization technology, as
demonstrated by Totey et al. (1992). Three straws
from each treatment were thawed in a water bath at
37°C for 30 sec. The most motile spermatozoa were
separated by swim up technique in the fertilization
medium, modified Tyrode's Albumin-Lactate-
Pyruvate (TALP) containing 6 mg/ml bovine serum
albumin (BSA), for 1 hour as recorded by Parrish et
al. (1988). The uppermost layer of the medium
containing the most spermatozoa was collected and
washed twice by centrifugation at 2000 rpm for 10
minutes. The sperm pellet was resuspended in the
fertilization TALP medium containing 10 pg/ml
heparin. After appropriate dilution, 2 pl of sperm
suspension was added to the fertilization drops,
containing the in vitro matured oocytes, at a final
concentration 2 X10° sperm cell/ml. Gametes were
co-incubated in the fertilization drops under sterile
mineral oil for 18 hour at 39°C in an atmosphere of
5% CO, in air with maximum humidity. The
inseminated oocytes were freed from extra cumulus
cells and attached spermatozoa by gentle pipetting and
then cultured in TCM-199 medium for seven days in
the same previous conditions. The proportional of
cleaved oocytes was recorded 48 hour after
insemination and those developed to the morula and
blastocyst stages were recorded at 5-7 day post-
insemination.

Statistical analysis:

All data were analyzed by using Costat Computer
Program (1986) Cottort Software, and were compared
by the least significant difference least (LSD) at 1%
and 5% levels of probability. The results were
expressed as means £ S.E.M.

RESULT

The results presented in table 1 revealed that, addition
of reduced glutathione to the freezing extender
improved the freezability of bull spermatozoa
compared with the control semen, in a dose-dependent
trend. Addition of 2 mM glutathione to semen
extender, appeared to be the best concentration that
increased (P<0.05) significantly the post-thawing
sperm motility, viability index and maintained
acrosomal integrity (66.25+5.54%, 169.38+18.59 and
12.75+3.45%, respectively) compared with the control
semen (45.00 £2.89%, 95.00+£8.90 and 23.75+3.45 %,
respectively).
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Table 1: Effect of different reduced glutathione concentrations on bovine spermatozoa freezability.

Treatment Diluted semen Post-thawing Viability index Acrosomal integrity
motility (%) motility (%) (%)
Control 80.00+2.04 45.00 +2.89° 95.00+8.90 ° 23.75+3.45%°
0.5 mM glutathione 82.50+1.44 ° 55.00+2.04 ® 131.18+6.95*° 16.50+2.60 ©°
1 mM glutathione 80.00+2.06 * 53.75+£3.75 133.13+20.95 ®° 16.00+3.34
2 mM glutathione 83.75+1.25° 66.25+5.54 169.38+18.59° 12.7543.45°
3 mM glutathione 81.25+2.39 * 56.25+5.15 % 136.88+16.10 ° 15.00+£3.16 ®
5 mM glutathione 78.75+2.39 47.50+10.50° 90.00+17.99 ° 24.50+3.75°

Values with different superscript letters in the same columns are significantly different at least (P<0.05).

Data regarding the effect of glutathione addition to the freezing extender on the total antioxidant capacity (TAC)
and lipid peroxidation of the cryopreserved semen are presented in table 2. In vitro provision of semen extender
with 2 mM glutathione significantly (P<0.05) increased the total antioxidant capacity and diminished lipid
peroxidation of the frozen-thawed semen (0.50+£0.07 mu/ml and 9.68+2.72nmol/ml, respectively) compared with
the control extender (0.19+0.01 mp/ml, and 24.82+4.90 nmol/ml, respectively). Moreover, data presented in
table 2 clarified that, addition of 2 mM glutathione to the semen extender maintained sperm cell membrane
integrity and this appeared through reduction of AST, ALT and ALP enzymes leakage (55.75+1.75, 19.50+2.48,
20.8743.49 U/L, respectively) compared with the control extender (100.25+7.73 , 26.5+2.10 and 26.40+2.89
U/L, respectively).

Table 2: Effect of different reduced glutathione concentrations on biochemical activity of bovine spermatozoa.

Treatment AST ALT ALP TAC Malondialdyhide
(UL (UL (UL (mp/ml) (nmol/ml)

Control 100.25£7.73*  26.5+2.10°  26.40£2.89"  0.19+0.01° 24.8244.90 °

0.5 mM glutathione 93.75+4.15%  21.50+£1.34™  20.38+2.74°  0.36%0.05° 17.35+0.94 ®

1 mM glutathione 82.2549.20"  21.25+3.73®  23.15+£1.10®  0.38+0.05° 15.39+2.52%

2 mM glutathione 55.75£1.75°  19.50+2.48°  20.87+3.49%  0.50+0.07 * 9.68+2.72°

3 mM glutathione 65.00£8.92 >  17.25+1.75°  16.13+1.65" 0.36+0.06 * 16.67+4.65 ©

5 mM glutathione 98.75+7.18"  23.00+2.12°°  21.88+4.17%  0.18+0.04° 20.75+2.92°

Values with different superscript letters in the same columns are significantly different at least (P<0.05).

TAC= Total antioxidant capacity AST= Aspartate-aminotransferase ALT: Alanine-aminotransferase ALP:
Alkaline phosphatase.

With respect to the effect of glutathione addition to the freezing extender on the DNA integrity of the
frozen-thawed bovine spermatozoa are demonstrated in table 3 and fig (1). The present data indicated that, in
vitro provision of semen extender with 2 mM glutathione significantly (P<0.05) decreased the DNA
fragmentation, tail length and tail moment of the frozen-thawed semen (1.544+0.38%, 1.58+0.19um and
2.95+1.01, respectively) as compared with the control extender (6.07+1.61 %, 6.12+1.16 pm and 34.61+6.32,
respectively).
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a

b

Fig. 1 (a-: The single cell gel electrophoresis (comet) assay showed reduction in the DNA fragmentation as
represented by a limited amount of DNA present in the comet tail bovine spermatozoa cryopreserved in tris-
2mM glutathione.- (b). The single cell gel electrophoresis (comet) assay showed increased in the DNA
fragmentation of the bovine spermatozoa cryopreserved in control extender.

Table 3: Effect of different glutathione concentrations on DNA integrity of bovine spermatozoa.

Treatment DNA integrity (%) Tail length (um) Tail moment
Control 6.07+1.61° 6.12+1.16° 34.61+6.32°
0.5 mM glutathione 3.26+0.91%° 2.46+0.91° 7.96+2.09°
1 mM glutathione 2.44+0.31° 2.00+0.53° 4724+ 1.14°
2 mM glutathione 1.54+0.38° 1.58+0.19 ° 2.95+1.01°
3 mM glutathione 2.67+0.57° 2.12+0.62° 3.87+1.03°
5 mM glutathione 5.91+1.27° 5.32+0.90 ° 30.07+4.88°

Values with different superscript letters in the same columns are significantly different at least (P<0.05).

Data concerning the effect of replenishing of semen extender with glutathione on the in vitro fertilizing
potentials and embryo development are presented in tables 4 and 5. The current results revealed that, addition of
2 mM glutathione to the freezing extender had a positive effect (P < 0.05) on the in vitro fertilization and embryo
developmental rates compared with the control semen. When 2 mM glutathione was added to the freezing
extender, a higher proportion of in vitro fertilized oocytes, cleavage rate, morula and blastocyst development
(56.78+12.85, 50.18+6.88, 24.68+5.75and 17.66+3.19%, respectively) compared with the control (28.10+2.21,
27.01+4.15, 8.80+10.4 and 3.90+2.31%, respectively).

Table 4: Effect of different glutathione concentrations on the in vitro fertilizing potentials of bovine

spermatozoa.
Treatment No. of No. of Penetration rate No. of Fertilization rate
oocytes Penetrated (%) fertilized (%)
oocytes oocytes
Control 83 48 57.75+£14.43 ° 24 28.10+2.21°
0.5 mM glutathione 68 43 59.2049.16 ° 27 43.73+7.62 ®
1 mM glutathione 61 37 60.10+£5.30° 25 39.58+9.91%
2 mM glutathione 87 60 67.67+£7.32° 51 56.78+12.85°
3 mM glutathione 69 41 56.81+9.06° 29 40.35+9.66 *°
5 mM glutathione 61 42 68.81+7.34° 17 27.86+1.49°

Values with different superscript letters in the same columns are significantly different at least (P<0.05).
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Table 5: Effect of different glutathione concentrations on in vitro bovine embryo development.

Cleavage rate
No. (%)

Morula stage
No. (%)

Blastocyst stage
No. (%)

21 (27.01+4.15)°

6 (8.80+10.4)°

3 (3.90+2.31)°

34 (38.42+4.49)"

13 (14.02+4.88)™

8 (8.86+1.45)°

27 (42.17+7.17)®

11 (17.68+3.70)™

7 (11.23+1.92)®

43 (50.18+6.88)"

20 (24.68+5.75)"

14 (17.66£3.19)°

26 (32.97+8.66)™

12 (12.7343.15)®

6 (7.58+4.07)°

Treatment No. of oocytes
Control 79
0.5 mM glutathione 88
1 mM glutathione 63
2 mM glutathione 81
3 mM glutathione 78
5 mM glutathione 73

19 (26.57+5.08)°

5 (7.21£2.72)°

3 (4.22+2.20)°

Values with different superscript letters in the same columns are significantly different at least (P<0.05).

DISCUSION

The current results clarified that, addition of
glutathione to the freezing extender prior to
cryopreservation improved the freezability and the
assisted fertilizing potentials of the frozen-thawed
bovine spermatozoa. These results are in agreement
with previous studies (Gadea et al, 2005 and
Kawakami ef al., 2007). This protective effect on
sperm function was dose dependent. Addition of 2
mM glutathione into the semen diluent is sufficiently
effective to improve spermatozoal freezability and in
vitro fertilizing potentials. These results are in
accordance with the previous results that revealed
that the beneficial effect of glutathione is dose
dependant, in goat (Sinha et al, 1996), cow (Foote
et al., 2002) and buffalo (Badr et al., 2009).

It is well known that cryopreservation induces the
formation of ROS which is detrimental to the sperm
function (Watson, 2000). ROS generation during
sperm cryopreservation, accompanied by low
scavenging and antioxidant levels in sperm-
processing extender will induce a state of oxidative
stress (Hellstrom ef al., 1994). The authors further
added that, high levels of ROS endanger sperm
motility, viability, and function by interacting with
membrane lipids, proteins and mitochondrial DNA.
These observations may explain the results of the
current study that emphasized that; cryopreservation
of bovine spermatozoa is associated with damage of
sperm function affecting the processes required for
the successful fertilization. Moreover, the link
between ROS and reduced motility may be due to a
cascade of events that result in a decrease in
axonemal protein phosphorylation and sperm
immobilization, both of which are associated with a
reduction in membrane fluidity (de Lamirande and
Gagnon, 1995).

Moreover, it is well established that sperm cells are
susceptible  to  lipid  peroxidation  during
cryopreservation; that damages the sperm cell
structure and eventually lowered metabolism and
motility of the cells (Chatterjee and Gagnon, 2001).
Lipid peroxides, derived from peroxidation of
polyunsaturated fatty acids, are unstable and
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decompose to form a complex series of compounds.
These include reactive carbonyl compounds, of
which the most abundant is MDA (Mennella and
Jones, 1980). Therefore, measurement of MDA is
widely used as an indicator of lipid peroxidation in a
variety of cell types, including spermatozoa (Sikka,
1996). The current results demonstrated that the
presence of glutathione in the freezing extender
reduced MDA production in frozen-thawed
spermatozoa. These results corroborate the
hypothesis that one of the most beneficial effects of
glutathione during the cryopreservation is reduction
of the membrane lipid peroxidation, throughout
reduction of lipid peroxidation.

Besides membrane damage and impairment of
motility, lipid peroxidation can damage the DNA in
the sperm nucleus, either through oxidation of DNA
bases or through covalent binding to MDA, resulting
in strand breaks and cross linking (Sikka, 1996).
Recently, it was proposed that lipid peroxyl radicals
induce DNA damage and an apoptotic signaling
cascade in endothelial cells (Kotamraju et al., 2001).
Moreover, it is claimed that DNA deterioration and
apoptosis occurs as a result of cryodamage in
mammalian cells (Slowinska et al., 2008 and Badr
et al., 2010). This damage may be attributed to the
oxidative stress, which is detrimental to sperm DNA
integrity (Fraser and Strzezek, 2005). These studies
may explain the current results that showed,
cryopreservation in the glutathione-free extender, are
associated with increased DNA deterioration.
However, glutathione could be an important regulator
of the scavenging system and one of the most
important antioxidants in sperm cells (Griveau and
Le Lannou, 1997 and Gadea ef al., 2005). Therefore,
the positive effect of GSH on the sperm freezability
and fertilizing potentials observed in the current
study may be attributed to its ability to protect sperm
against oxidative damage and reduction of oxidative
stress-induced DNA  oxidation and DNA
fragmentation (Agarwal and Said, 2003 and
Funahashi and Sano, 2005). Moreover, sperm DNA
integrity is important for the fertilization success and
normal embryonic development, spermatozoa with
incomplete chromatin condensation fertilize a very
low percentage of ova in vitro or fail to fertilize, even
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after direct injection of spermatozoa into the ovum
(Lopes et al., 1998 and Ahmadi and Ng, 1999).
Sperm DNA damage will be associated with
collateral peroxidative damage to the sperm plasma
membrane, consequently the plasma membrane loses
the fluidity and integrity that is necessary for sperm-
oocyte fusion and can therefore compromise the
fertilizing potentials of the sperm or resulting in a
low rate of embryonic development (Sakkas et al.,
2002). This hypothesis is indicated in the present
study where the lowest MDA levels and DNA
deterioration were measured when a glutathione
concentration of 2 mM was used, which was the
concentration that achieved the highest rate of
embryo development in vitro.

However, the results of the present study confirmed
that, inclusion of increasing levels of glutathione in
the semen extender induced a drastic effect on sperm
function. These results are in accordance with Aitken
et al. (1998) who indicated that, high levels of
antioxidants are associated with impaired sperm
function and this may be due to the spermatozoa
become more susceptible to the cytotoxic effect of
H,0, or the removal of the O, which is an important
mediator of normal sperm function. Therefore, it is
important to select the appropriate antioxidant
concentrations to maintain the natural balance that
exists between ROS generation and scavenging
activities (Bamba and Cran 1992 and Badr et al,
2009). It seems, therefore, that the addition of
glutathione to semen extenders has beneficial or
detrimental effects on post-thaw sperm survival
depending on the concentration used, with the
maximum concentration required for effectiveness
being 2 mM.

In conclusion, the data presented in this study
demonstrated that the presence of glutathione in the
freezing extender at concentrations of 2 mM
improved the freezability and in vitro fertilizing
potentials of bovine spermatozoa. The current results
also suggest that the protective effect of glutathione
on cryopreserved spermatozoa is directly related to a
reduction in lipid peroxidation and protection of
sperm DNA from deterioration.

Acknowledgments: We wish to thank Dr H.M.
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assay and critical reading of the comet results.
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