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Abstract

Boar semen cryopreservation has a high potential in the swine industry,
allowing the large-scale use of genetically superior animals, improving
efficiency, product quality, helping to reduce the risk of disease spread and
gathering needs from the market. From a genetic point of view, semen freezing
is desirable for genetic diversification, favouring a more efficient reproduction as
well as the constitution of germplasm banks, including for repopulation in case
of disease outbreak. However, freezing this semen for long periods for practical
use is limited by the reduced viability and fertilization potential caused to sperm
during the cryopreservation process and consequently low conception rates and
smaller litters after artificial insemination. In part, the decrease in the fertilizing
power of frozen spermatozoa may be associated with oxidative damage due to
excessive formation of Reactive Oxygen Species (ROS), osmotic stress and cell
damage due to ice formation during cryopreservation.

To suppress the damage caused by ROS, the present study was conducted
to determine the impact of supplementation with three antioxidants, these
being ascorbic acid, a-tocopherol and reduced glutathione, evaluating the
parameters of semen quality, viability, total and progressive motility, vigour and
agglutination rate after thawing. For this purpose, semen was collected from five
boars, each being collected three times, at weekly intervals, always at the same
time. Immediately after harvesting, the macroscopic (colour, appearance, and
volume) and microscopic evaluation of the semen (mass motility, concentration,
progressive individual motility, spermatic vigour and spermatic morphology)
were evaluated. Subsequently, the semen was placed at 15°C for two hours and
centrifuged at 800 x g for 10 minutes also at 15°C, removing the supernatant.
For the freezing medium, a base medium consisting of a commercial MR-A
extender, supplemented with 3% v/v glycerol, 10% v/v egg yolk and 0.20%
w/v Sodium Dodecyl Sulfate (SDS) was used. The nine treatments used in
the study were, respectively, ascorbic acid at concentrations of 100, 200 and
400uL, a-Tocopherol at concentrations of 200, 400 and 800uM and reduced
Glutathione at concentrations of 2.5, 5 and 10 mg/l and numbered as T1 to
T9, respectively. In the control group, semen was frozen in a medium without
adding any antioxidant. The semen belonging to the different treatments and to
the control was placed in 0.25ml insemination French straws and incubated at
6°C for two hours. The subsequent freezing was carried out in nitrogen vapours
(-120°C) for ten minutes and immersed in liquid nitrogen after this period. After 7
days, the semen was thawed in a water bath at 37°C for 20 seconds, the straws
dried on paper, placed on a microscope slide heated to 37°C and evaluated
according to the parameters described above.

Regarding the comparison between the different treatments, it was observed
that the sperm viability obtained in the treatments with ascorbic acid as well as
glutathione reduced, was not statistically different from the control group. Higher
values of ascorbic acid and reduced glutathione reduced sperm viability after
thawing. As for the use of a-tocopherol at a concentration of 400uM, the best
results of the entire study were obtained, with sperm viability of 31.52% (+1.50).
Regarding sperm motility and agglutination rate, a-tocopherol also showed the
best results at the concentration of 200uM, in which the mean sperm motility
was 2.57 + 0.15 and 2.07 + 0.15, respectively.

The results of the present study allow us to infer that the addition of 200uM
or 400uM of a-tocopherol to the swine semen-freezing medium has a positive
effect on sperm viability parameters after thawing.
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Introduction

The principle of cryopreservation is to conserve biological material
by reversibly reducing cell metabolism, allowing the conservation of
cells and tissues for indeterminate periods. In animal production,
the cryopreservation of embryos and especially of gametes, has
allowed, in addition to the constitution of germplasm banks, a
great advance, since mainly for semen, after thawing and its use in
artificial insemination has allowed a genetic evolution continuous
improvement of phenotypic and genotypic characteristics of animals.

Regarding pigs, the conservation of semen through
cryopreservation remains limited, given the reduction in the viability
and fertility of the semen after its thawing, taking into account the
percentage of returns and the number of piglets produced per litter,
when compared with the results after using fresh or refrigerated
semen. The low viability of spermatozoa observed after their thawing
is associated with several factors, including oxidative damage,
intracellular and extracellular ice formation during the semen
cryopreservation/thawing processes, excess formation of Reactive
Oxygen Species (ROS), osmotic stress, among others [1]. Free radicals
produced by cells, and particularly sperm, are highly reactive groups
of molecules, with one or more unpaired electrons. Its structure makes
free radicals very susceptible to react with other molecules, oxidizing
them, leading to a decrease in sperm motility, increased damage to
sperm DNA, decreased efficiency in sperm fusion in oocytes, lipid
peroxidation of the cell membrane, among others [2].

Given that the damage caused to swine sperm during their
cryopreservation/thawing is more severe when compared to other
species, there is also the need to understand the processes that can
enable the maintenance of metabolism throughout the freezing and
thawing procedure that allows keep its metabolic characteristics
unchanged, making this semen capable of being used for artificial
insemination. Antioxidants that, according to Halliwell and
Gutteridge [3], can be defined as substances that, when present in low
concentrations when compared to the oxidizable substrate, are capable
of significantly inhibiting or delaying the oxidation of a substrate,
have been widely studied with the aim to reduce damage caused by
oxidative stress of sperm during cryopreservation [4]. Work carried
out in this area has shown that the addition of antioxidants to semen
has been beneficial in its protective action against oxidative damage.
Estrada et al. demonstrated that the addition of ascorbic acid to semen
significantly reduces (p >0.05) sow returns to heat, increasing the total
number of live born piglets per litter [5]. Giaretta and collaborators
have also shown that reduced glutathione and ascorbic acid, when
combined, have a beneficial effect on sperm freezing and thawing
[6]. Particularly in swine, despite the known existence of enzymatic
and non-enzymatic antioxidants, in seminal plasma, an imbalance
between the total of antioxidants and ROS may occur, causing a state
of oxidative stress. In a bibliographical research work, Moreira da
Silva et al. [7] postulated that ROS might be of endogenous origin,
through reductions of oxygen for energy production and as a by-
product, and of exogenous origin, for example, through chemical
products and radiation forming free radicals from oxygen. Among
these, the most common anion superoxide (O,), hydrogen peroxide
(H,0,), peroxyl radical (ROO") and hydroxyl radical (OH"). ROS,
when in controlled amounts, are necessary for sperm capacitation,

activation and fusion of sperm in oocytes, however, when they are
present in high amounts, there is a disruption of the balance in cell
metabolism, which can lead to cell death [8]. In order to counteract
the imbalance caused by excess oxidants and associated cellular
damage, antioxidants have the function of suppressing excess ROS
and allowing stability in the levels of free radicals, which can act at
three different levels: prevention, interception and repair.

Thus, the aim of this study was to evaluate the survival capacity of
sperm during the freezing/thawing process of swine semen, changing
the base medium with different concentrations of antioxidants,
namely a-Tocopherol, Ascorbic Acid and Reduced Glutathione.
Several studies have demonstrated the success of antioxidant
supplementation in freezing media, improving semen quality in
response to increased fertility after sperm thawing [9]. The use
of these antioxidant agents may represent a new approach to the
preservation of frozen swine semen, allowing the development of
Artificial Insemination (AI) strategies and protocols in the swine
industry using frozen semen, avoiding the harmful imbalance of free
radicals in the semen and obtaining results more consistent enabling
its application on a large scale.

Materials and Methods

Semen collection was carried out in boars belonging to the
artificial insemination center for pigs of the Agrarian Development
Services of ITha Terceira. In total, five males were used, each being
collected 3 times, at weekly intervals, always at the same time.

The method used in all collections was the gloved hand technique
with the use of a thermal cup with a filter on top, and the set was
kept at a temperature of 37°C to avoid thermal shocks. The first
fraction of the ejaculate was rejected because it contained little sperm
concentration, and only the sperm-rich fraction of the ejaculate
was used. After collection, the filter was removed and immediately
macroscopic and microscopic evaluation of the semen was carried
out using the protocol described by Westendorf et al. [10] with some
modifications.

For the macroscopic evaluation, the semen was analysed taking
into account the colour, appearance, and volume of the ejaculate,
only samples whose appearance was opaque and creamy were used.
Samples with different appearance were discarded. Regarding the
microscopic evaluation, mass motility, concentration, progressive
individual motility, spermatic vigor and spermatic morphology were
evaluated using a Leica DFC 320 phase contrast microscope coupled
to a digital image recording system.

Sperm motility was determined by evaluating at least 400 sperm
in each semen sample. Each sperm was categorized as belonging to
one of the four motility categories (fast progressive, slow progressive,
non-progressive and immobile), using evaluation and quality control
techniques. The values of motile sperm are, therefore, the sum of the
two categories of motile sperm: fast progressive, slow progressive,
based on Table 1 and 3, and collections whose semen presented
motility below 70% were rejected.

Sperm viability was evaluated using the eosin-nigrosin staining
technique [11,12]. The staining solution for this evaluation was
prepared by adding 67g of eosin Y (CI 45380, VWR No 115935) and
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Table 1: Mass motility parameters evaluated during the study [15].

Individual/Massal Motility Parameters

Rate 0 |Immobile sperm.

Rate 1 |Slow and progressive motility sperm.

Sperm with displacement in circles and some progressive (20 to
40%).
Sperm with progressive motility and sinuous (40 to 60%).

Rate 2

Rate 3

Rate 4 |Spermatozoa with progressive and very fast motility (60 to 80%).

Rate 5 | Spermatozoa with progressive and very fast motility (>80%).

Table 2: Pig semen agglutination rate assessment system [15].

Agglutination Rate
Score Percentage of agglutination
Rate 0 0%
Rate 1 Low (<10%)
Rate 2 Moderate (10-25%)
rate 3 Severe (>25%)

10g of nigrosin (CI 50420, VWR No 115924; VWR™) dissolved in
0.9% sodium chloride in one liter of distilled water. The solution was
then brought to boiling and allowed to cool to room temperature
(20°C), after which it was filtered on filter paper (90g/m?*) according
to Bjoérndahl et al. to retention of coarse and gelatinous precipitates
atalow filtration speed [13,14] and stored in a sealed dark glass bottle.
Before use, the staining solution was brought to room temperature. In
the staining process, the semen and eosin-nigrosin solution volume
were approximately equal with the semen mixed on a microscope
slide. Then a smear was made which was air dried and examined
directly. At least 200 sperm were evaluated at 1000x magnification
under oil immersion with a 100x high-resolution objective. White
(unstained) sperm were classified as live and those with any pink or
red color were classified as dead.

The agglutination degree was evaluated according to
Gaczarzewicz et al., [15], in which the agglutination rate reflects the
percentage of sperm in the field of view that are aggregated to others
(Table 2). According to Gaczarzewicz et al., [15], the assessment of
the agglutination rate indicates the percentage of sperm in the field of
view that are in aggregate with others. This assessment was performed
simultaneously with motility and vigor, using the data described in

Table 2.

The pH was measured using a Sartorius Professional Meter PP-15
potentiometer calibrated daily.

Sperm concentration was determined with a Neubauer chamber,
with a dilution of 10puL of semen to 990uL of water, according to
Vianna et al., [16].

Subsequently, the semen was placed at 15°C for two hours and
centrifuged at 800 x g for 10 minutes also at 15°C, removing the
supernatant according to [17].

For the freezing base medium, MR-A was used, this being
a commercial extender for semen refrigeration, which was
supplemented with 3% v/v glycerol, 10% v/v egg yolk and 0.20%
w/v of SDS. In this medium, considered the base medium, 300uL of

semen were added to each of the Falcon tubes to which 600uL of the
dilution medium for each of the nine treatments were added (Table
4), and the viability was evaluated.

The semen was immediately packed in 0.25 Cassou straws (ref.
IMV 005578-005701-005575-005585-005583) and incubated for two
hours at 6°C, being frozen in nitrogen vapors (-120°C ) according
to Barros et al, [18]. In this step, the straws were cooled for 10
minutes in nitrogen vapor, 3 centimeters above the nitrogen level
and submerged. After 7 days, the semen was thawed by shaking
the straw with tweezers in a water bath at 37°C for 20 seconds [19].
Subsequently, the straws were dried on paper, the ends cut with
scissors and their contents placed on a microscope slide heated to
37°C and evaluated for the parameters previously described for the
semen immediately after collections.

Statistical analysis was performed using the SPSS statistical
program. Descriptive statistics (mean, standard deviation) was used
for all characteristics studied. Quantitative results were evaluated
by analysis of variance (ANOVA), and when there was significance
by the “F” test, the means were compared by Tukey’s test with 5%
probability of error.

Results and Discussion

So far, some research has been published on more consistent
results in the conservation of swine semen, based on the use of
antioxidants that reduce the oxidative stress of the semen, caused by
Reactive Oxygen Species (ROS), which is pointed out as one of the
main factors for the reduction of sperm viability during long-term
conservation. An antioxidant is defined as any substance that, when
present at low concentrations compared to an oxidizable substrate,
significantly delays or prevents the oxidation of that substrate [3,20].
To protect itself from the lethal effect of excessive ROS formation,
the cell has an antioxidant defense system, which can either remove
the agent before the injury, or repair the damage that has occurred
[3], whose mechanisms can be included. Basically on two antioxidant
defense systems:

. Intracellular antioxidant defense system, which can be
enzymatic, formed by the enzymes Superoxide Dismutase (SOD),
catalase, Glutathione Peroxidase (GPx) and Reductase (GR).

. Another form of action of antioxidants is through a non-
enzymatic process, formed by vitamins, ascorbic acid (vitamin C) and
a-tocopherol (vitamin E).

In addition to oxidative stress, the cryopreservation process
induces structural and biochemical damage to pig sperm, resulting
in a drastic reduction in sperm viability after thawing. Thus, the aim

Table 3: Vigor Parameters (Intensity of movement and tail beat of spermatozoa)
[36].

Vigor Parameters
Rate 0 | Absence of sperm movement
Rate 1 | Very slow and weak moving sperm
Rate 2 | Slow-moving sperm (20 to 40% progressive)
Rate 3 | Sperm with moderate movement (40 to 60% progressive)
Rate 4 | Fast-moving sperm (60 to 80% progressive)
Rate 5 |Very fast moving sperm (>80% progressive)
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Table 4: Different antioxidants used in boar semen freezing media and their
concentrations.

Treatments Concentration
Control 0

T1 - Ascorbic acid 100uM

T2 - Ascorbic acid 200uM

T3 - Ascorbic acid 400uM

T4 - a-Tocopherol 200uM

T5 - a-Tocopherol 400uM

T6 - a-Tocopherol 800uM
T7 - Reduced Glutathione 2.5mg/l
T8 - Reduced Glutathione 5.0mg/I
T9 - Reduced Glutathione 10.0mg/l

of the present work was to evaluate the effect of different antioxidants
at different concentrations in swine semen during its preparation
for freezing, evaluating its characteristics after thawing. Two non-
enzymatic antioxidants (vitamin C (ascorbic acid) and vitamin E
(a tocopherol)) were used to protect sperm from oxidative damage
in cells and cell organelles, as well as an enzymatic antioxidant
(reduced glutathione). Treatments (T) were numbered from 1 to
9, as indicated in Table 4. Semen from five pigs was collected three
times for each boar, frozen with the antioxidants described above
and the results obtained after thawing, namely sperm viability, degree
of agglutination and quality of spermatic movement were evaluated
approximately one week after freezing (Table 4). For a value of P
<0.05, the results were considered statistically different.

Effect of cryopreservation on sperm viability

The evaluation of live sperm was determined by the Eosin-
Nigrosin method, the results being expressed as a percentage. This test
is based on the evaluation of cell membrane integrity, in which non-
viable sperm allow the entry of dye (eosin) and the sperm heads show
a reddish color [21]. Therefore, eosin is a supravital dye that does not
penetrate cells with an intact plasma membrane, but when damaged,
they are stained pink. Nigrosin is responsible for the darker contrast
that is seen at the bottom of the slide, which allows the visualization
of unstained sperm. This coloration was first described in 1951 by
Swanson and Bearden [22] and has since been widely used (Table 5).

Of the various techniques currently described to analyze
sperm viability, namely the use of fluorescent probes [23], and the
hyposmotic test, originally developed to verify the functionality of the
plasma membrane of human sperm [24], double staining with eosin/
nigrosin is the best indicator of living/dead cells.

In the present work, as only colorless sperm were considered
alive, that is, they did not allow the penetration of any amount of
dye; this could be the reason for the low viability values observed
throughout the study.

Regarding the comparison between the different treatments,
we can observe that the sperm viability obtained in the treatments
with ascorbic acid (T1, T2 and T3) was identical to that observed for
the control group. Although there was a slight increase in viability
observed at T1, no statistically significant differences were observed

Table 5: Result of the different parameters of boar semen evaluation for the
different treatments. Each value represents the mean + standard error of the
results obtained for the 5*3 evaluations performed.

Treatments | Motility (0-5) Agglutination level (0-5) Viability (%)
Fresh semen 4.7+0.10 1.33+0.08 48.36 + 2.40
Control 2.03+0.18 2.27+0.20 27.93+1.21
T1 2.37+0.16 2.27+0.15 28.18+1.83

T2 2.33+0.17 2.27+0.18 26.70 + 1.90

T3 2.27+0.12 2.13+0.16 26.40 +1.84

T4 257 +0.15 2.07+0.15 29.30+1.68

T5 2.47 +0.17 2.13+0.16 31.52 £1.50

T6 2.50+0.17 227 +0.15 27.88 +2.64

T7 2.40+0.13 2.40+0.13 29.32+2.73

T8 2.23+0.14 2.33+0.15 28.04 £1.52

T9 2.30+0.16 2.27+0.15 22.87 £2.43

between these two treatments. By analyzing Figure 1, we see that
apparently higher values of ascorbic acid reduced sperm viability
after semen thawing. Previous work carried out with this antioxidant,
namely for the freezing of Human semen, has been shown to
have a positive effect on DNA protection, with no effect on sperm
morphology after thawing [25]. In other species (e.g. equine; carp,...),
the addition of ascorbic acid, as in the present study, did not increase
sperm viability after thawing [26,27]. Although the results with this
antioxidant added to the freezing medium did not significantly
increase the semen characteristics after thawing, work developed by
Dawson et al., [28] demonstrated that the addition of this vitamin for
aperiod of 4 weeks in concentration of 1g/day, considerably improved
the quality of the semen, with respect to motility, concentration and
sperm morphology.

Regarding the use of a tocopherol, it was observed that in
treatments T4, T5 and T6, which represent, respectively, the addition
of a -tocopherol, at concentrations 200, 400 and 800 uM, it was
observed that T5 obtained the best result of the entire study, with
sperm viability of 31.52 (£1.50).

Previous studies by several authors demonstrate that vitamin E
intake improves seminal quality in humans [29,30], bulls and horses
[31]. Its in vitro addition to semen after collection and freezing was
also postulated to improve sperm quality after thawing, in different
species, namely in cattle and horses, where a higher quality of intact
sperm was observed as well as a decrease in lipoperoxidation after its
thawing [32].

Effect of cryopreservation on sperm motility

The mean values obtained for sperm motility after thawing are
shown in Figure 2. As can be seen, there was, for all treatments, a trend
towards increased sperm motility compared to the control group
(2.03 £ 0.18), with the best results being obtained for the treatment
with a-tocopherol, at a concentration of 200uM (T4), in which the
mean sperm motility was 2.57 + 0.15, this value being statistically
different (P <0.05) when compared with the result obtained for the
control group.

Several studies demonstrate a positive relationship between sperm
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Figure 1: Result of sperm viability obtained for different treatments. Each
value represents the mean + standard error of the results obtained for the 5*3
evaluations performed.
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Figure 2: Motility result for different antioxidant treatments. Each value
represents the mean + standard error of the results obtained for the 5*3
evaluations performed.

motility and successful fertilization [33-36] semen evaluation factor
one of the most important criteria in the evaluation of the fertilizing
capacity of males. In the present study, sperm motility was evaluated
considering the semen’s ability to move in one direction, using the
technique previously described by Deschamps and Pimentel [37].
This test complements the viability test, as it has been shown that in
both fresh [38] and frozen [36] ejaculates, there is a proportion of
sperm that are viable even when immobile, it can acquire motility
after stimulation with different reagents, namely caffeine [39], or once
in the female’s reproductive system. Although motility is generally
correlated with plasma membrane integrity [40], this direct correlation
does not yet meet with consensus. However, in the present work,
the addition of alpha-tocopherol to the freezing extender exerted a
protective effect on the sperm plasma membrane, improving seminal
motility after thawing. Since a-tocopherol is a structural antioxidant
of the plasma membrane that acts at the extracellular level, and most
agents act in the intracellular environment, it could be an indicator
of the importance of protecting the plasma membrane against the
excessive generation of ROS.

The occurrence of membrane damage potentiates lipid
peroxidation and consequent DNA fragmentation [41]. The observed
loss of sperm vigor is a common feature of frozen sperm, due to
several factors including heat shock and osmotic stress caused by
the cryopreservation process [42]. The low loss of spermatic vigor
observed in treatments T4 and T5 can be explained by the fact

Agglutination rate (1-5)

C Tl T2 T3 T4 T5 TG i\ T8 ™
Treatments
Figure 3: Agglutination result for different antioxidant treatments. Each value
represents the mean * standard deviation of the results obtained for the 5*3
evaluations performed.

that the antioxidant a-tocopherol provides protection during the
cryopreservation of these spermatozoa. The concentration of 200 and
400 uM of a-tocopherol had a positive effect during cryopreservation,
and its use was beneficial in the evaluated parameters of swine
spermatozoa. On the other hand, considering the location of
a-tocopherol in subcellular membranes, Kefer et al. [8] postulated
that this vitamin mainly removes ROS that participate in biological
oxidation. Donnelly et al. [43] suggested that although the addition
of a-tocopherol in freezing media can reduce sperm motility, the
use of this antioxidant can positively influence the results of semen
preservation in different species. Results similar to those obtained in
the present study were obtained by Donnelly et al., [43], who, when
adding vitamin E to human semen samples, obtained a reduction in
the production of oxidants, with an improvement in sperm motility/
viability after thawing. It should also be noted that the effects of
vitamin E could vary depending on the concentration used. It is
known that according to the amount of free radicals to be inactivated,
it may have an antioxidant action or to stimulate oxidation [44].

Effect of cryopreservation on sperm agglutination

The results of the evaluations carried out on the degree of
agglutination are shown in Figure 3. Note that, as observed in the
results of viability and motility, the most optimistic results were
observed in treatment 4.

Sperm agglutination specifically refers to motile sperm glued
together, head-to-head, tail-to-tail, or in a mixed fashion. Under
normal conditions, sperm agglutination should be almost non-
existent, and it is suggested that this factor is one of the causes of
low fertility when present, since sperm agglutination makes it
difficult for them to move along the female genital tract, directly
affecting the fertility of these sperm. Although some studies show
that frozen and stored semen induces sperm agglutination [45], there
are other factors evidenced in studies that showed that if bacterial
contaminations occur during storage, they potentiate the appearance
of agglutinations [46].

Furthermore, temperature fluctuations during freezing were also
indicated as a possible source of sperm agglutination [47]. Particularly
in pigs, it has been described that in addition to these conditions,
acidification of the medium (pH between 5.7 and 6.4) may also cause
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agglutination [48].

However, despite the pH changes being presented with a sperm
agglutination factor, for each treatment the pH was measured
immediately after collection and the end of refrigeration, however,
there were no conditions for this evaluation after thawing.

In several studies, a-tocopherol has been widely used in extenders
during the freezing of semen from other species, which provides
effective protection during the cryopreservation of these sperm.
The application of 200uM of a-tocopherol had a positive effect
during cryopreservation, and its use was beneficial in the evaluated
parameters of pig spermatozoa. However, further studies on
conception rate and litter size employing frozen and thawed sperm
supplemented with a-tocopherol in artificial insemination would
provide more interesting and reliable information that would increase
the use of frozen semen by the swine industry. After examining the
data, we can also conclude that high concentrations had no beneficial
effect on the conservation of swine semen. Some authors, including
Zimmermann and Kirsten [49], warned that high concentrations of
this vitamin could potentiate other problems in cell metabolism, and
our results are similar.

Conclusions and Future Perspectives

Although the mechanisms of action of antioxidants in the
protection of swine sperm cells are not completely clear, our results
indicate that concentrations between 200 - 400 mM of a-tocopherol,
in the semen-freezing medium of this species, have a positive
effect on sperm preservation in relation to the data obtained in the
control group. The motility, viability and sperm agglutination rates
of these treatments allow the use of semen eventually for artificial
insemination.

Further studies on conception rate and litter size using artificial
insemination with thawed semen supplemented with a-tocopherol
would provide more concrete information that would increase the
use of frozen semen by the swine industry. It is important to highlight
the lack of detailed studies on the effect of sperm agglutination on
fertility.
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