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Abstract.- The present study was designed to see whether adding glutathione to tris-citric egg yolk extender
improves the quality of buffalo bull spermatozoa stored at 5°C for five days. Semen collected from Nili-Ravi buffalo
(Bubalus bubalis) bulls (n = 5) was diluted (37°C; 10 x 10° motile spermatozoa per ml) with extender having
glutathione (0.0, 0.5, 1.0, 2.0 and 3.0mM). The extended semen was cooled from 37°C to 5°C in 2 hours and stored at
5°C for five days. Post-extension spermatozoal quality viz; motility, viability, plasma membrane integrity and normal
acrosomes were studied at 1%, 3" and 5" day of storage. There was no difference (P > 0.05) in motility (%), viability
(%), plasma membrane and acrosomal integrity (%) of sperm due to glutathione at 1% day after dilution. Highest (P <
0.05) sperm motility, viability and plasma membrane integrity was observed in extender containing glutathione 0.5
and 1.0mM at 3" and 5" day of storage. Moreover, the percentage of spermatozoa with normal apical ridge was higher
(P < 0.05) in extender containing glutathione 0.5mM at 3" and 5" day of storage. It is concluded that glutathione (0.5-
1.0mM) in tris-citric egg yolk extender improves the quality of buffalo bull spermatozoa stored at 5°C for five days of

storage.
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INTRODUCTION

Artificial insemination (Al) is an assisted

reproductive technique used to improve the genetic
potential of livestock breeds and exploiting the
germplasm from superior sires (Vishwanath and
Shannon, 1997). Al is practiced in farm animals by
the use of semen in the liquid or frozen state
(Weitze, 1991; Maxwell and Watson 1996;
Vishwanath and Shannon, 2000). Although frozen
bovine semen has been widely used all over the
world, the use of liquid semen for Al has its own
advantages. Al with liquid semen has resulted in
higher fertility rates (Anzar et al., 2003; Sharma and
Sahni, 1988; Shannon and Vishwanath, 1995) with
lower numbers of spermatozoa (Vishwanath et al.,
1996).

Commonly, tris, citrate and milk based
buffers are used to preserve buffalo semen at chilling
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(approximately 5°C) temperatures and are capable
of maintaining the quality and fertility of stored
semen up to three days (Sansone et al., 2000).
Oxidative stress during liquid storage is a major
limiting factor which degrades the sperm quality
(Baumber et al., 2000; Vishwanath and Shannon,
2000; Sikka, 2004; El-Sissy et al., 2007) and
fertility (Maxwell and Salamon, 1993; Vishwanath
and Shannon, 1997) through production of reactive

oxygen species molecules (ROS; superoxide,
hydroxyl, hydrogen peroxide, nitric oxide,
peroxynitrile) (Baumber et al., 2000). These

products increase the lipid peroxidation (LPO)
levels of unsaturated fatty acids in the plasma
membrane (Kadirvel et al., 2008; EI-Sissy et al.,
2007). Respiration for energy production and the
presence of dead/damaged spermatozoa are major
sources of ROS production (Vishwanath and
Shannon, 1997) during liquid storage at ambient
temperature. It is well documented that during the
liquid storage of buffalo semen, oxidative stress
accelerates the over production of ROS, resulting in
higher LPO levels in the cell membrane (Nair et al.,
2006; EI-Sissy et al., 2007; Kadirvel et al., 2008).
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The resulting oxidative stress is likely to cause
mitochondrial dysfunction and deterioration of
sperm motility, viability, plasmalemma integrity and
sperm morphology (Nair et al., 2006; EI-Sissy et al.,
2007; Garg et al., 2008; Kadirvel et al., 2008).
There are neither protections nor repair systems for
sperm integrity and therefore the addition of
exogenous protectants is required to reduce this
ROS-mediated damage (Vishwanath and Shannon,
1997).

Glutathione, a naturally occurring tri-peptide
in semen plays an important role in scavenging
reactive oxygen intermediates and other radicals
with the help of the glutathione
reductase/peroxidase cycle (Meister and Anderson,
1983). Glutathione addition to semen extender is
known to improve the quality of bovine (Foote et
al., 2002; Munsi et al., 2007), ovine (Bucak and
Tekin, 2007) and swine semen (Funahashi and
Sano, 2005) during liquid storage. To our
knowledge, no information is available on the effect
of glutathione on the quality of dairy buffalo bull
semen during liquid storage at 5°C for five days.
The present study was, therefore, planned to
evaluate the effect of glutathione in tris-citric egg
yolk extender on the quality (sperm motility,
viability, plasma membrane integrity and normal
apical ridge) of cooled buffalo (Bubalus bubalis)
bull semen.

MATERIALS AND METHODS

Preparation of extenders

Stock extender consisted of tris-citric egg
yolk buffer (1.56 g citric acid (Fisher Scientific,
UK) and 3.0 g tris—(hydroxymethyl)-aminomethane
(Research Organics, USA); distilled water 80 ml;
fructose (Scharlau, Spain) 0.2% wi/v; egg yolk
20%). Antibiotic, gentamycin sulphate (Reckitt
Benckiser, Pakistan) at the rate of 500 pg/ml,
tylosin tartrate (VMD, Belgium) at the rate of 100
pg/ml, lincomycin hydrochloride (Pharmacia &
Upjohn, Belgium) at the rate of 300 pg/ml, and
spectinomycin hydrochloride (Pharmacia & Upjohn,
Belgium) at the rate of 600 pg/ml were added to
extender. Stock extender was divided into five
aliquots and supplemented with glutathione (GSH)
@ 0.0, 0.5, 1.0, 2.0 or 3.0mM to prepare five

experimental extenders as control, 0.5mM GSH,
1.0mM GSH, 2.0mM GSH and 3.0mM,
respectively.

Semen collection and initial evaluation

Semen was collected with an artificial vagina
at 42°C from five adult Nili-Ravi buffalo bulls
(Bubalus bubalis) at Semen Production Unit
Qadirabad, Sahiwal, Pakistan at weekly intervals for
3 weeks (replicates). Semen samples were
transferred to the laboratory immediately for initial
examination (volume, motility, concentration).
Sperm motility (%) was assessed (X 200) using
phase contrast microscopy. Sperm concentration
was determined using a Neubauer haemocytometer.
Semen ejaculates were split into five aliquots for
dilution in different experimental extenders.

Semen processing

Semen aliquots were diluted to 10 x 10°
motile spermatozoa ml™* at 37°C with each of the
five experimental extenders upto 20 ml. Diluted
semen was cooled to 5°C in 2 hrs at 0.275°C min™
and stored for five days at 5°C.

Sperm functional assays

To assess the functional status of the sperm,
assays were performed at 1%, 3 and 5" day of
storage (Akhter et al., 2008).

Sperm motility

A drop of semen sample (5 ul) was placed on
pre-warmed (37°C) glass slide and progressive
motility was assessed using phase contrast
microscopy at X 400; 37°C (Akhter et al., 2008).

Sperm viability

Viability of buffalo sperm (live/dead) was
assessed with 0.4% trypan blue stain as described by
Brito et al. (2003). Semen samples (5ul) and equal
amount of trypan blue solution was mixed with the
cover slip edge on glass slide and air dried for 10
min for fixation. The fixed slides were examined
using phase contrast microscopy (X 1000; oil
immersion). Spermatozoa stained Dblue were
categorized as dead while unstained were regarded
as live. A total of hundred spermatozoa per
extender/replicate were counted.
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Sperm plasma membrane intactness

Plasma membrane integrity (PMI) of buffalo
bull spermatozoa was determined by the hypo-
osmotic swelling (HOS) test (Jeyendran et al., 1984).
The HOS test solution contained sodium citrate
(0.73 g) and fructose (1.35 g) in 100 ml distilled
water; osmotic pressure ~190 mOsmol Kg™). For
evaluation of buffalo sperm tail plasmalemma
integrity, each sample (50 ul) was mixed with HOS
solution (500 pl) and incubated for 30-40 min at
37°C. Samples of diluted spermatozoa (5 pl) were
placed on glass slides and examined by phase
contrast microscopy (X 400) for the assessment of
sperm PMI. A total of one hundred spermatozoa
were classified as having intact or damaged plasma
membranes as indicated by the occurrence of tail
swelling and coiling (Andrabi et al., 2008).

Normal apical ridge

Samples of diluted spermatozoa (100pul) were
fixed in 500p1 of 1% formal citrate (2.9 g tri-sodium
citrate dehydrate, 1 ml of 37% solution of
formaldehyde, dissolved in 100 ml of distilled
water). Normal acrosomes characterized by the
presence of normal apical ridge (NAR) were
recorded by counting one hundred spermatozoa
using phase contrast microscopy (X 1000) (Andrabi
et al., 2008).

Data analysis

The data are presented as means=SD. Effects
of glutathione in tris-citric egg yolk extender on
different parameters were analyzed by the analysis
of variance (ANOVA). When the F-ratio was found
to be significant (P < 0.05), Duncan multiple range
test was used; to compare different treatment means
(MINITAB® Release 12.22, 1998).

RESULTS

Effect of glutathione on motility (%) of buffalo bull
spermatozoa

The data on sperm motility of buffalo bull
spermatozoa are summarized in Figure 1. Sperm
motility did not differ in all experimental extenders
at 1% day of storage. Higher (P < 0.05) sperm
motility (%) was observed at 3 and 5" day of
storage in extender containing glutathione 0.5mM
(56.7£2.9, 46.742.9) and 1.0mM (55.0+0.0,

46.7+2.9) as compared to extender containing
glutathione 3.0mM (48.3+2.9, 33.3+7.6) and control
(48.3£2.9, 35.0+5.0).

‘D Control @0.5mM GSH £ 1.0mM GSH 82.0mM GSH 0 3.0mM GSH

Sperm motility (%)

Day of storage

Fig. 1. Effect of glutathione (GSH) in tris-
citric egg yolk extender on the motility of
buffalo bull spermatozoa at 1%, 3", and 5" day
of storage at 5°C. Bars with different letters
differ (P < 0.05) at a given day.

Effect of glutathione on viability (%) of buffalo bull
spermatozoa

The data on the viability of buffalo bull
spermatozoa is presented in Figure 2. In all the five
experimental extenders viability of buffalo bull
spermatozoa was similar at 1% day of storage.
Percentage of viable sperm was higher (P < 0.05) at
3" and 5™ day of storage in extender containing
glutathione 0.5 mM (76.7£2.9, 66.7+2.1) and
1.0mM (75.0+0.0, 66.7+2.1) as compared to
extender containing glutathione 3.0mM (68.3+3.1,
55.0+6.6) and control (68.3£2.1, 58.3+1.5).

Effect of glutathione on plasma membrane integrity
(%) of buffalo bull spermatozoa

The data on sperm plasma membrane
integrity is presented in Figure 3. Sperm plasma
membrane integrity of buffalo spermatozoa did not
differ due to glutathione in extenders at 1% day of
storage. Sperm with intact plasma membrane was
higher (P < 0.05) at 3" and 5" day of storage in
extender containing glutathione 0.5 mM (71.7+2.9,
61.7+2.9) and 1.0mM (70.0+0.0, 61.7+2.9) as
compared to extender containing glutathione 3.0mM
(63.3+2.9, 48.3£7.6) and control (63.3+2.9,
50.0+5.0).
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Fig. 2. Effect of glutathione (GSH) in tris-
citric egg yolk extender on the viability of
buffalo bull spermatozoa at 1%, 3", and 5™ day

of storage at 5°C. Bars with different letters
differ (P < 0.05) at a given day.

‘D Control &0.5mM GSH 81.0mM GSH 52.0mM GSH @& 3.0mM GSH

90.0 4

=)
3
=)

)

Sperm plasmalemma (%

40.0 4

s
s
s
s
s
s
s
s

300

1 3 5
Day of storage

Fig. 3. Effect of glutathione (GSH) in tris-
citric egg yolk extender on the plasma
membrane integrity of buffalo bull spermatozoa
at 1%, 3 and 5" day of storage at 5°C. Bars
with different letters differ (P < 0.05) at a given
day.

Effect of glutathione on acrosomal integrity (%) of
buffalo bull spermatozoa

The data on the acrosomal integrity of buffalo
bull spermatozoa is presented in Figure 4.
Percentage of buffalo bull spermatozoa with intact
acrosomes did not differ in all the experimental
extenders at 1% day of storage. Sperm with intact

acrosomes were higher (P < 0.05) at 3" and 5™ day
of storage in extender containing glutathione 0.5
mM (91.3+0.6, 86.3+0.6) as compared to extender
containing glutathione 3.0mM (88.3£1.5, 84.0£1.0)
and Control (89.0£1.0, 84.0+1.0).
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Fig. 4. Effect of glutathione (GSH) in tris-
citric egg yolk extender on the normal apical
ridge of buffalo bull spermatozoa at 1%, 3", and
5" day of storage at 5°C. Bars with different
letters differ (P < 0.05) at a given day.

DISCUSSION

In present study, glutathione addition (0.5-
1.0mM) in extender improved the quality (motility,
viability, plasma membrane and acrosomal
integrity) of cooled buffalo (Bubalus bubalis) bull
semen; however, the higher concentrations
(>1.0mM) were not beneficial to improve the semen
quality.

It is reported that chilling of buffalo semen
resulted in decreased motility associated with
reduced antioxidant activity and higher ROS
production (EI-Sissy et al., 2007). In present study
there was no difference in motility of buffalo bull
spermatozoa in all experimental extenders at 1% day
of storage. However, on 3" and 5" day of storage
sperm motility was 8-10% higher in extender
containing glutathione 0.5 mM and 1.0 mM as
compared to control. As definite positive
relationship has been reported between level of
glutathione and sperm motility (Gadea et al., 2004;
Stradaioli et al., 2007), it is suggested that higher
motility of the buffalo bull spermatozoa in extender
containing glutathione is the result of protection to
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the sperm during liquid storage against oxidative
stress and ROS deleterious effects. Other related
studies on bovine (Munsi et al., 2007; Foote et al.,
2002), swine (Funahashi and Sano, 2005) and ovine
semen (Bucak and Tekin, 2007) also reported
improvement in sperm motility after the addition of
exogenous glutathione in extender at ambient
temperature.

The number of viable sperm per dose
significantly affected the fertility rates in the field
(Andrabi et al., 2006). Lower viability of the buffalo
bull spermatozoa has been reported due to poor
antioxidant activity and increased ROS production
during liquid storage (El-Sissy et al., (2007). In
present study, no difference was observed in the
viability of buffalo bull spermatozoa in all
experimental ~ extenders  containing  different
concentrations of glutathione at 1% day of storage at
5°C. However, on 3" and 5™ day of storage sperm
viability was better (8-10%) in extender containing
glutathione 0.5 mM and 1.0 mM as compared to
control. In two, similar studies on ram (Bucak and
Tekin, 2007) and boar semen (Funahashi and Sano,
2005), glutathione supplementation of the semen
extender resulted in higher percentage of viable
spermatozoa stored at ambient temperature.

Plasma membrane integrity is essential for the
exchange of metabolites with the environment (Silva
and Gadella, 2006) and a biochemically active
plasmalemma is necessary to complete the processes
of capacitation, acrosome reaction and the oocyte
penetration. During liquid storage of buffalo semen
(El-Sissy et al., 2007), oxidative stress accelerated
the over production of the ROS, resulting in lipid
peroxidation of the cell membrane. The resulting
oxidative metabolites injured the spermatozoa
chemically and physically using different pathways
(Cotran et al., 1989). Glutathione plays a vital role
in scavenging reactive oxygen intermediates and
other radicals with the help of glutathione reductase
in cell (Meister and Anderson, 1983). In present
study, plasma membrane integrity of buffalo bull
spermatozoa did not differ due to experimental
extenders at 1% day of storage. However, on 3 and
5" day of storage, plasma membrane integrity was
higher (10%) in extender containing glutathione 0.5
and 1.0 mM as compared to control. The results of
our study are similar to the findings of previous

study on the preservation of ovine semen at 5°C in
which glutathione addition resulted in a higher
percentage of spermatozoa with an intact plasma
membrane (Bucak and Tekin, 2007 The higher
number of buffalo bull spermatozoa with intact
plasma membrane in extender containing
glutathione may be due to protection of sperm from
membrane damage through glutathione by inhibiting
the lipid peroxidation process (Sinha et al., 1996;
Gadea et al., 2007).

Sperm acrosomal integrity is vital for the
acrosomal reaction leading to fertilization (Bailey et
al., 2000) and its evaluation effectively predict the
fertilization  potential of the buffalo bull
spermatozoa. It is pertinent to mention that chilling
of buffalo semen resulted in lower intact acrosomes
associated with decreased antioxidant activity and
ROS production (EI-Sissy et al., 2007). Stradaioli et
al., (2007) suggested that reduction in non-
capacitated viable bovine sperm after preservation
in frozen state is due to decrease in glutathione
contents. In our study acrosomal integrity of buffalo
bull spermatozoa remained similar in all extenders
at 1% day of storage. However, on 3" and 5" day of
storage, percentage of sperm with intact acrosomes
was higher in extender containing glutathione
0.5mM as compared to control. In a similar study on
bovine semen stored at refrigeration temperature for
five days, higher number of spermatozoa with intact
acrosome has been reported with the addition of
glutathione in extender (Munsi et al., 2007). A higher
percentage of non-capacitated sperm with the
supplementation of glutathione has been reported in
swine (Funahashi and Sano, 2005) and bovine
semen (Gadea et al., 2007). It seems that, the
disruption of the sperm plasma membrane was
decreased by higher glutathione content in extender
through reducing the lipid peroxidation/modulating
the overproduction ROS.

It was observed that glutathione level beyond
0.5 mM was non-beneficial for protecting the
quality of buffalo bull spermatozoa. The reason
might be that the higher concentrations of
glutathione are  above the  physiological
requirements to maintain the quality of sperm. In
conclusion, addition of glutathione (0.5-1.0mM) in
tris-citric egg yolk extender improved the quality of
cooled buffalo semen for five days of storage.
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However, higher concentrations of glutathione
> 1.0mM were non-beneficial for improvement of
semen quality parameters. On the basis of these
results further studies are required to identify the
beneficial role of glutathione addition in semen
extender on fertility rate in buffaloes.
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