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Abstract: The intensification of the use of artificial insemination in the
swine industry has increased the interest to develop proper conditions to
store semen better for longer periods of time without affecting its fertility.
Trolox is a vitamin E analog with antioxidant property to prevent oxidative
stress. Therefore, the objective of this study was to evaluate the Trolox
antioxidant capacity on boar semen during storage period (86 h) at 15°C.
For that, semen samples from 5 different boars were collected and diluted
with a Long-Term (LT) extender with and without the addition of Trolox in
a concentration of 50 µM. The sperm motility, oxidative stress and
antioxidant protection were measured in those samples during an 84 h
storage time. Our results indicated that Trolox was able to minimize the
loss of sperm motility after 24 h of storage. The storage time was positively
correlated with TBARS production. However in the presence of Trolox,
after 12 h, TBARS content were significantly lower than those of sperm
cells stored with LT diluent only. The concentrations of Non-Protein SH
groups (NPSH), after 36 h of storage, were lower in sperm cells stored only
with LT diluent when compared to the group supplemented with Trolox.
Catalase and Superoxide Dismutase activities were decreased after 48 h
storage at 15°C in both groups (with or without Trolox). Spontaneous
spermatozoa ROS formation was high in viable swine sperm during the LT
storage period in samples without Trolox. In conclusion, LT diluent with
the addition of antioxidant as Trolox can reduce the oxidative stress in
sperm cells, which could be used to protect spermatozoa against oxidative
damage, preventing motility losses in swine semen.
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Introduction
The intense use of artificial insemination in the swine
industry has increased the interest to develop proper
conditions to store semen better for longer periods of
time without affecting its fertility. In addition to that,
dilution and storage of sperm facilitate its transportation
to distant locations (Roca et al., 2006; Dimitrov et al.,
2009). However, parameters associated with sperm
viability are affected, depending on the duration and the
condition that those cells remain (Bansal and Bilaspuri,
2010; El-Tohamy, 2012).
The formation of ROS in the sperm cells is a
physiological condition. However, oxidative stress has
been associated with male infertility (Bansal and
Bilaspuri, 2010; El-Tohamy, 2012). The toxicity of
ROS is responsible for several cellular alterations

(Soares et al., 2014) also, productions of ROS decrease
sperm motility (Ogbuewu et al., 2010). Because of lipid
peroxidation, the plasma membrane decrease fluidity and
integrity (Bansal and Bilaspuri, 2010).
Physiologic antioxidant defenses neutralize ROS
activity but, the high production of ROS can result in
increased rate of cellular damage (Zanella et al., 2010;
Soares et al., 2011). ROS can induce sperm cells
damage, causing oxidative damage to the cell membrane,
starting lipid peroxidation cascade, through of attack of
polyunsaturated fatty acids (Ogbuewu et al., 2010).
The toxic effect of ROS results in lipid peroxidation,
oxidation and modifications of protein synthesis and
alteration gene expression. (El-Tohamy, 2012).
Vitamin E is the main component of the antioxidative
system of sperm cells, one of the first protective
membranes against lipid peroxidation (Hu et al., 2011).
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The vitamin E breaks the covalent links between
ROS and polyunsaturated fatty acids side chains in the
membrane lipids, preventing the formation of ROS and
lipid peroxidation (Jeong et al., 2009).
Brezezińska-Slebodzińska et al. (1995) presented that
over short periods of incubation, vitamin E and GSH
protects against lipid peroxidation reducing losses in the
semen quality. Additional studies have shown that Trolox
protects cryopreserved sperm decreasing lipid
peroxidation (Minaei et al., 2012) and bovines (Hu et al.,
2011), reducing motility losses. The beneficial effect has
also demonstrated in cryopreserved swine semen
(Varo-Ghiuru et al., 2015; Jeong et al., 2009; Peña et al.,
2004; 2003). Despite its beneficial effect in the sperm
cryopreservation, few studies have been conducted to
evaluate its protection on cooling protocols and storage
at 15°C of swine sperm cells. Therefore, the objective of
this study was to evaluate the antioxidant potential of
Trolox on boar semen during the long-term storage
period (86 h) at 15°C.

Thiobarbituric Acid Reactive Species Assay (TBARS)
TBARS were quantified in accord with Ohkawa et al.
(1979). Realized the semen precipitation with
trichloroacetic acid 40% and kept on ice before
centrifugation. After were added 1000 µL of the
supernatant fractions to the color reaction medium.
TBA-RS levels were measured at 532 nm, using
Malondialdehyde (MDA) as standard curves.

Sulfhydryl Groups Assay in the Semen (NPSH)
Semen sulfhydryl groups assay were quantified using
the modified Ellman’s reagent. Semen was precipitated
with trichloroacetic acid 40%. NPSH groups were
quantified after centrifugation and neutralized with TrisNaOH. The sulfhydryl levels were calculated through of
standard curve of reduced glutathione

Antioxidant Capacity of Semen
The antioxidant activity of semen was measured,
using the stable radical of 1,1-diphenyl-2-picryl hydrazyl
(DPPH) (Gil-Villa et al., 2010). Briefly, semen samples
were lysed using a sperm-lysis buffer and centrifuged at
660 g for 10 min. After centrifugation, 200 µL
supernatant was added to 4 mL DPPH radical solution
(6.09×10−5 mol L−1 methanol). Assay it was left at room
temperature for 10 min to stabilize the color reaction. The
reaction was quantified in the spectrophotometer at 515
nm. Data was measured at 10 min intervals for 60 min. An
ascorbic acid solution (0.25 mg ascorbic acid/mL
methanol) was used as an antioxidant capacity control. We
conducted the calculations using the formula:

Materials and Methods
Semen Sample Collection
Semen samples used in this study obtained from a
commercial AI center that follows all the standard
protocols for animal welfare. Semen was collected
using a standard technique with polyvinyl gloves and
just the sperm-rich fraction was used. Five semen
samples from boars were divided into aliquots and
transferred to sterile polypropylene tubes. Semen was
centrifuged for 10 min at 1,500× g to separate the
sperm cells from the seminal fluid. Following the
centrifugation, the pellet was resuspended with diluent
for LT semen storage. (66.25 g Glucose; 11.00 g
Sodium Citrate; 13.50 g Sodium Bicarbonate; 6.50 g
EDTA; 2.00 g Tris; 1.59 g Sodium Chloride; 0.75 g
Gentamicin Sulfate; 1,00 L deionized water; 309
mOsm Osmolality and pH 7.20), in a dose of 1,5×10 9
sptz mL−1. After dilution, samples from the treated
group were supplemented with 50 µM of antioxidant
Trolox-C
(6-hydroxy-2,5,7,8-tetramethylchroman-2carboxilic acid). Samples stored at 15°C for 86 h.
Samples then evaluated after 0, 12, 24, 36, 48, 60, 72 to
86 h of storage, for motility, thiobarbituric acid reactive
species, sulfhydryl status, the antioxidant capacity of
semen and concentrations of Catalase and Superoxide
Dismutase (SOD).

Inhibition % =

( Absorbency of

control – Absorbency of sample )

Absorbency of control

× 100

Catalase and SOD
Catalase activity was quantified according to Sinha
(1972) and the SOD activity was quantified according to
Sun and Zigman (1978).

Statistical Analysis
Spearman's correlation test was realized between the
sperm motility and the production of antioxidant
properties of the semen. The comparisons within and
between the treated and the control groups were
conducted every 12 h up to 84 h. The averages within
treatment were compared between times using a student
t-test and significance was considered if a p<0.05.

Sperm Motility

Results

Evaluated by microscopy under 200× magnification at
37°C. The sperm motility evaluation conducted for three
times by the same observer and the average motility was
then calculated and expressed as percentage.

Trolox was able to maintain sperm motility up to 24 h
of the storage. Although the percentage of sperm motility
decreased with the time, motility was significantly
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higher in spermatozoa stored in diluent for long-term
storage with Trolox when compared to diluent only (Fig.
1). This fact indicates the possible capability of Trolox to
prevent the reduction of sperm motility in swine semen
diluted with a long-term extender. The percent motility
of the spermatozoa exhibits a negative correlation
between and time storage (r = -0.8; p<0.001).
Also, was encountered a significant negative
correlation between percent sperm motility and TBARS
content in both groups (r = -0.8, p<0.0001). The storage

of spermatozoa increased TBARS levels, however in the
presence of Trolox, after 12 h, this increase minimized
and TBARS content was significantly lower than those
of sperm cells stored with diluent only (Fig. 2).
Thiol groups, which are part of the NPSH, protect
sperm cells against oxidative stress (Bansal and
Bilaspuri, 2008). The concentrations of Non-Protein SH
groups (NPSH), after 36 h of storage, were lower in
sperm cells stored only with diluent when compared to
the group supplemented with Trolox (Fig. 3).

Fig. 1. Motility percentage in semen stored in diluent for long-term semen preservation at 15°C of 0 up to 84 h (doses of 1,5×109
sperm mL−1) in the absence or presence of Trolox (50 µM). Data are expressed as mean ± SD (*indicates a difference between
the groups in each storage period; p<0.001)

Fig. 2. TBARS content in semen stored in diluent for long-term semen preservation at 15°C of 0 up to 84 h (doses of 1,5×109 sperm
mL−1) in the absence or presence of Trolox (50 µM). Data are expressed as mean ± SD (*indicates a difference between the
groups in each storage period; p<0.001)
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Fig. 3. NPSH in semen stored in diluent for long-term semen preservation at 15°C of 0 up to 84h (doses of 1,5×109 sperm mL−1) in
the absence or presence of Trolox (50 µM). Data are expressed as mean ± SD (*indicates a difference between the groups in
each storage period; p<0.001)
Table 1. DPPH Inhibition, Catalase and SOD activities in semen stored in diluent for long-term preservation at 15°C for 84 h (doses
of 1,5×109 sperm mL−1) in the absence or presence of Trolox (50 µM). Data expressed as mean ± SD. Different superscript
letters indicate a difference between the storage period in each group (p<0.001). There was no difference between groups
(Diluent Alone or Diluent + Trolox)
Time (h)
--------------------------------------------------------------------------------------------------------------------0
12
24
36
48
60
72
84
DPPH Inhibtion
55±7.0a
52±3.0a
47±3.0b
35±6.0b
27±4.0b
18±2.0b
10±2.0b
5±2.0b
Catalase
Diluent Alone
14±1.2a
14±1.0a
15±1.1a
12±1.0a
7±0.9b
7±1.0b
6±0.8b
6±0.7b
a
a
a
a
b
b
b
Diluent + Trolox
15±1.5
14±1.3
14±1.5
11±1.2
8±1.5
7±1.5
5±1.5
6±1.0b
SOD
Diluent Alone
32±4.0a
30±3.5a
29±4.0a
28±4.5a
21±1,8b
15±1.5b
12±1.5b
5±1.6b
a
a
a
a
b
b
b
Diluent + Trolox
34±4.6
32±3.0
31±4.7
29±4.5
18±2.5
17±2.0
11±1.5
7±1.7b

reduction of motility was the primary parameter used to
judge the decrease of fertilizing ability of sperm cells
(Johnson et al., 2000). Sperm cells and seminal plasma
have a complex antioxidant system to remove the
oxygen radicals and prevent damage under normal
physiological conditions. This process involves
enzymatic and non-enzymatic defenses. Nevertheless,
the antioxidant system of those cells is not sufficient to
prevent the lipid peroxidation completely, during the
period of storage, when the production of free radicals is
significantly higher.
Spermatozoa are known to be susceptible to lipid
peroxidation, resulting in motility losses in the presence
of exogenous oxidant (Buffone et al., 2012; Minaei et al.,
2012; Maia et al., 2010; Guthrie and Welch, 2006). The
increase in spermatozoa TBARS levels could be
attributed to oxidative damage caused by long-term
storage (Maia et al., 2010). This result indicates that
long-term storage can increase the oxidative stress,
determined by TBA-RS content, which is in agreement
with our data.

After SOD convert superoxide anion in H2O2 and
oxygen. The H2O2 is scavenged by catalase and
peroxidase, result in water and oxygen (Bathgate, 2011).
The activity of catalase and SOD decreased after 48 h
storage at 15°C (p<0.001) in both groups (Table 1).
Furthermore, the addition of diluent to the Trolox was
unable to reverse this reduction. The scavenging ability
of semen on DPPH free radical examined, spermatozoa
storage with diluent for LT semen preservation resulted
in a significant decrease time-dependent inhibition of
DPPH radical after 24 h of storage (Table 1). A positive
correlation was verified between the percent motility of
the spermatozoa and percent inhibition of DPPH radical
(r = 0.9, p<0.001).

Discussion
Changes in the spermatozoa viability and aging
during storage time are a natural process and may be
determined by the conditions and length of the process
(Johnson et al., 2000). Among these changes, the
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The progressive reduction on spermatozoa motility is
negatively correlated with storage time, suggesting that
oxidative damage generated by ROS is directly related to
the exposure time. Similar results have indicated that
loss of motility is correlated with lipid peroxidation
(Minaei et al., 2012; Maia et al., 2010). In our study, we
have identified that using diluent for LT storage with the
addition of antioxidant resulted in better levels of sperm
motility, indicating that anti-oxidative mechanisms
contribute to a high percentage of motile to prevent
losses in the sperm-membrane. Also, a positive
correlation found between the percent motility of the
spermatozoa and antioxidant activity time-dependent
corroborate with this fact.
NPSH groups from spermatozoa in diluent for LT
storage resulted in a significant time-dependent
reduction and the addition of Trolox decreases ROS
production and simultaneously was able to maintain
levels of NPSH as initial levels. Membrane sulfhydryl
groups serve as an important defense mechanism of the
spermatozoa to fight against oxidative stress. Reduction
in motility and losses of sperm functions can mask the
activity of sulfhydryl groups and can be associated with
male infertility (Bansal and Kaur, 2009; Bansal and
Bilaspuri, 2008; Nivsarkar et al., 1998). In addition to
that, the nonprotein thiols play a significant role in
eliminating toxic compounds (Seligman et al., 2005).
The scavenging action of NPSH acts counteracting the
effect of oxidative stress in sperm cells, which could
result in lipoperoxidation of the plasma membrane
(Bansal and Kaur, 2009). As the increase of TBARS
content remained constant 24 h after the beginning of the
experiment up to 84 h of incubation. Probably this steady
growth was due by the consumption of SH groups. Our
results have indicated that LT storage can negatively
influence the activity of important antioxidant enzymes.
Storage of spermatozoa in long-term conservation
caused a significant decrease catalase and sod activity, to
the increase in peroxide formation. The enzymatic
activity decreased should probably at increased free
radicals produced as a consequence of long-term storage
evidenced by TBARS content.
Furthermore, endogenous enzymes antioxidants as
SOD and catalase activity and NPSH groups have no
effect on controlling the oxidative stress during longterm boar semen storage. Also, all the samples presented
a reduction in the scavenging activity being time
dependent. A complex antioxidant system composed of
different enzymatic activities, is present in spermatozoa
and seminal plasma, to remove the oxygen radicals,
under normal physiological conditions. Nevertheless, the
antioxidant system of the cells is not potent enough to
prevent the lipid peroxidation completely, especially
during in vitro storage.

Conclusion
In conclusion, spontaneous spermatozoa ROS
formation was high in viable swine sperm during the
long-term storage period in samples without Trolox;
consequently, sperm was quite susceptible to
spontaneous lipid peroxidation and cell damage.
Diluent with an antioxidant property that reduces
oxidative stress and improves sperm motility could be
useful for long-term storage of swine semen and other
species. New studies are in development to understand
the mechanisms involved with this antioxidant
protection, including individual animal genetic
variation.
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