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a b s t r a c t

In this work, we investigated the influence of age and seasonality on sperm motility and DNA frag-
mentation in post-thawing semen from Chilean Purebred Stallions (CPS), a horse breed presenting the
oldest genealogy record in South America with an interesting reproductive industry. Despite that semen
from aged CPS is frozen all year round, there is a lack of studies characterizing the breed semen freez-
ability in accordance with age and seasonality. Twenty fertile CPS were grouped into the young group,
the middle group, and the aged group. Ten ejaculates from each stallion were obtained by using an
artificial vagina during summer (December) and winter (July) and directly frozen. Subsequently, the
frozen semen was thawed and analyzed by a computer-assisted semen analysis and flow cytometer
assessing progressive motility, mean velocity, and DNA fragmentation spermatozoa. KruskaleWallis test
and Pearson’s correlation were used to determine statistical differences among groups and correlation
among variables (P � .05). Both spermatozoa motility traits decreased progressively in accordance with
age and seasonality, showing the lowest values in the aged group during winter and the highest values in
the young group during summer. Deoxyribonucleic acid fragmentation increased significantly in accor-
dance with age and seasonality being highest in the aged group during winter and lowest in the young
group during summer. Post-thawing sperm quality showed a negative correlation with the age of the
stallions and a positive correlation with the normal sperm morphology before freezing. These results
allow the conclusion that age and seasonality are important factors that need to be considered during the
selection of CPS for reproductive programs.

© 2020 Elsevier Inc. All rights reserved.
1. Introduction

Seasonality and age have been related to alterations in the post-
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Table 1
Mean and standard deviations of fresh seminal traits in purebred Chilean stallions in accordance with age and seasonality.

Group Free Gel Seminal Volume (mL) Sperm Concentration (106/mL) Sperm Progressive Motility (%) Normal Sperm Morphology (%)

Young/summer 38.67 ± 9.54a 264.67 ± 48.33ab 77.33 ± 15.68a 87.67 ± 3.20a

Middle/summer 43.75 ± 10.25ab 181.08 ± 37.87cd 72.08 ± 11.96ab 85.42 ± 3.96a

Aged/summer 52.85 ± 13.43b 168.66 ± 40.01c 62.60 ± 14.79bc 79.72 ± 4.99bc

Young/winter 34.33 ± 7.29a 270.07 ± 36.35a 66.33 ± 15.17ac 84.00 ± 4.71ac

Middle/winter 40.08 ± 12.32ab 221.25 ± 31.00bd 63.33 ± 10.30ac 83.75 ± 3.77ac

Aged/winter 43.61 ± 13.37ab 196.06 ± 47.65cd 59.72 ± 11.44bc 75.83 ± 3.54b

Different superscript letters denote statistical difference in each seminal trait.
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morphofunctional changes in spermatozoa, which leads to a dete-
rioration of post-thawing kinetic traits, DNA integrity, and mito-
chondrial membrane potential in the sperms [2e4]. The evaluation
of fresh and post-thawing semen is necessary to predict the po-
tential fertility of a seminal sample. Traditionally, the progressive
motility has been the most important trait, but today an appro-
priate combination of techniques like computer-assisted semen
analysis (CASA), microscopic observation, and flow cytometry may
provide a better prediction of fertility than solely progressive
motility analysis [5].

Chilean purebred is a rustic and adaptable horse breed pre-
senting the oldest genealogy record in South America as shown in
data administered by the National Agriculture Society since 1893
[6] and constitutes an interesting breeding industry. In Chile,
purebred stallions are mainly used for rodeo practice, an equestrian
sport closely related to Chilean country culture and folklore [7,8].
For this reason, this horse has been declared a natural monument
by the Chilean government [6]. In spite of its social, economic, and
cultural importance, up to the present date, there are no systematic
studies reporting about the characterization of the breed semen
freezability in accordance with age and seasonality. The acquisition
of this information is of high importance because aged stallions
with high genetic value are frequently used for artificial insemi-
nation around the year. The aim of the present study is to evaluate
whether age and seasonality affect sperm motility and DNA frag-
mentation in post-thawing semen from Chilean Purebred Stallions
(CPS).
2. Materials and Methods

All procedures performed in animals were revised and approved
by the Institutional Animal Care and Use Committee of the Uni-
versidad Santo Tom�as (authorization N� 02e2017). Twenty healthy
and proven fertility CPS were used. All the animals were registered
in the Chilean Horse Genealogy Registry (National Agriculture So-
ciety) and were in a range of 5- to 24-year-old, with per cycle
pregnancy rate of 92.7 ± 3.2% during the last breeding season. The
stallions were separated into three groups: the young group (5- to
11-year-old; n ¼ 9), the middle group (12- to 18-year-old; n ¼ 7),
and the aged group (19- to 24-year-old; n ¼ 4). The study was
carried out in Santiago, Chile (latitude: 33�270 S. longitude: 70�380

W). All stallions were kept clinically healthy in individual boxes
bedded with straw, were exercised regularly and individually, and
had daily access for approximately 1 hour to a paddockwithout any
direct mare contact. They were fed three times daily with hay, oat,
and pellets supplemented with minerals and had ad libitum access
towater at all times. During the study, the stallions were kept under
daily sperm output condition, with the purpose of standardizing
the sperm emissions of each stallion. Ten semen samples from each
stallion were obtained three times a week in summer (December;
14.8 hours of daylight: 9.2 hours of darkness, average temperature
20�C) and winter (July, 10.4 hours of daylight: 13.6 hours of dark-
ness, average temperature 9�C), with the aid of an artificial vagina
(Missouri model). The volume of gel-free ejaculate (mL) was eval-
uated in a calibrated measuring cylinder, and the sperm concen-
tration (106/mL) was measured using a SpermaCue photometer
12300/0500 (Minitube, Tiefenbach, Germany). The ejaculates were
diluted 1:1 (v/v) with a prewarmed (37�C) skim milkebased
extender (Botusemen, Botupharma, Botucatu, Brazil), and per-
centage of progressively motile sperms was analyzed under a
phase-contrast light microscopewith a heated stage (37�C) at 200�
magnification (Olympus CH-II, Olympus Optical, Hamburg, Ger-
many). All studied ejaculates had normal sperm morphology over
70%; eosin-nigrosinestained smear was analyzed under a phase-
contrast light microscope at 1000� magnification [9]. All analyses
were carried out by the same person. Seminal samples were frozen
as follows: fresh semen was extended 1:1 (v/v) with Botusemen
and then centrifuged at 400 � g for 10 minutes at room tempera-
ture (Eppendorf; Hamburg, Germany). The fluid fraction was
removed and the sperm pellet resuspended in a freezing egg
yolkebased extender (Botucrio, Botupharma, Botucatu, Brazil) to a
final concentration of 400 � 106 sperm/mL. In a next step, sperms
were packaged into 0.5 mL straws and cooled for 20 minutes at 5�C
before starting the freezing process. The straws were placed on a
Styrofoam float and held 2 cm above liquid nitrogen for 10 minutes.
Afterward, the straws were plunged into the liquid nitrogen and
stored for two months. After post-thawing (60 seconds at 37�C),
semen samples were analyzed for progressive motile spermatozoa
(%) and mean velocity (mm/seg) [10] in a CASA system (ISAS-V,
Proiser, Valencia, Spain) and further evaluated to determine post-
thawing DNA fragmentation [11] in a flow cytometry (Beckman
Coulter Gallios, NJ), using acridine orange staining (A6014-10G
Acridine orange, Sigma Aldrich, Saint Louis, MI). The flow cytom-
eter was equipped with a 488 nm argon-ion laser with an output
power of 15 mW for photon excitation and a 530/30 nm band-pass
filter, as well as a 650 nm long-pass filter for detection of green and
red fluorescence emission, respectively. Acridine orange stain
shows green fluorescence when intact double-stranded DNA is
present, whereas denatured single-stranded DNA shows red fluo-
rescence. The DNA fragmentation percentage was calculated from
sperm fractions with single- and double-stranded DNA.

The acquired data were grouped in accordance with age and
seasonality, and subsequently, the differences between the groups
were analyzed by means of the nonparametric KruskaleWallis test.
Pearson’s correlation was used to determine the correlation among
variables. Statistical analysis was performed using the SPSS statis-
tics program (version 20.0, IBM-SPSS, Armonk, NY). Statistical dif-
ferences were consideredwhen P� .05. Data are presented asmean
± standard deviation.
3. Results

The average age in the young group, middle group, and aged
group was 5.78 ± 1.09, 14.86 ± 2.6, and 22 ± 1.8 years, respectively.

The evaluation of fresh semen in accordance with age and sea-
sonality showed that free gel seminal volume was significantly



Fig. 1. Within the same trait, means with different superscripts are significantly different; P < 0.05.
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higher in the aged group during summer (P ¼ .01) but showed no
differences during winter (P ¼ .33). Sperm progressive motility
values tended to increase during summer for all age groups, showing
a value significantly highest in the young/summer group (P ¼ .03),
whereas motility values showed no differences during winter (P ¼
.99). The sperm concentration was significantly higher in the young
group during both seasons (P¼ .01). In all age groups, there were no
significant difference between summer and winter (P ¼ .7). Normal
spermmorphologywas significantly lowest in the aged groupduring
winter and summer (P ¼ .01), but there were no significant differ-
ences in accordance with season (P ¼ .08) (Table 1 and Fig. 1).

Analyses of post-thawing semen samples showed that sperm
progressivemotility was significantly highest in the young/summer
group (P ¼ .01). Although the young and aged group showed a
significant decrease during winter (P ¼ .01), the middle group only
tended to diminish its values (P ¼ .29). The aged group showed the
lowest value for sperm progressive motility in both seasons.

Mean sperm velocity showed the greatest value in the young/
summer group, and it was significantly higher than in the aged/
summer group (P ¼ .01). There was no difference among groups
during winter, but the aged group tended to show a minor value for
the mean sperm velocity (P ¼ .06). Velocity values tended to
decrease during winter, but only in the young group, the value
declined significantly (P ¼ .01). DNA fragmentation increased pro-
gressively and significantly in accordance with age in both seasons.
All age groups showed higher values during winter (P ¼ .02),
reaching the highest value for the aged stallions (P ¼ .01). In both
seasons, the values of the young group were significantly lower
than in the aged group (P ¼ .01) (Table 2 and Fig. 2).
Table 2
Mean and standard deviations of sperm kinetics and DNA fragmentation in postthawing

Group Progressive Motility (%)

Young/summer 45.34 ± 5.12a

Middle/summer 39.32 ± 4.95b

Aged/summer 35.14 ± 3.04b

Young/winter 38.93 ± 4.10b

Middle/winter 35.01 ± 4.27bc

Aged/winter 30.12 ± 4.95c

Different superscript letters denote statistical difference in each seminal trait.
The age of the stallions was negatively correlated with post-
thawing sperm quality, showing the following values for the eval-
uated variables: sperm motility (r ¼ �0.68), mean sperm velocity
(r ¼ �0.56), and DNA integrity (r ¼ �0.54). Normal sperm
morphology before the freezing process showed a positive corre-
lation with post-thawing sperm motility (r ¼ 0.52) and DNA frag-
mentation (r ¼ 0.57). All the other evaluated variables only showed
a weak correlation with the post-thawing sperm quality (Table 3).

4. Discussion

This is the first study aimed to determine whether age and
seasonality affect the post-thawing sperm quality in the CPS, using
one extender and one freezing curve; then, the results could be
used as preliminary data for a proper selection of stallions, avoiding
negative effects on potential fertility during artificial insemination.
The most important outcome of this study is that the post-thawing
sperm quality in the CPS can be modified in accordance with the
age of the stallions and seasonality, where the better post-thawing
sperm quality was observed in the semen samples obtained from
young stallions during summer. The most correlated properties
with the post-thawing sperm quality were age of the stallions and
the normal sperm morphology before freezing.

In general, it is accepted that the success of sperm cryopreser-
vation depends, in part, on the quality of fresh semen; thus, semen
from young stallion obtained during summer could be the best
option. However, sometimes the individual differences between
stallions may overcome the effects of age and season [3]. Fresh
semen obtained from CPS showed similar variations regarding age
semen from purebred Chilean stallions in accordance with age and seasonality.

Mean Velocity (mm/seg) DNA Fragmentation (%)

47.31 ± 4.07a 9.33 ± 2.15a

43.15 ± 3.52ab 11.42 ± 2.11ab

38.78 ± 4.75bc 12.56 ± 2.01b

40.09 ± 4.82bc 13.73 ± 2.15bc

38.89 ± 5.46bc 15.58 ± 2.31c

34.14 ± 6.03c 19.94 ± 2.15d



Fig. 2. Within the same trait, means with different superscripts are significantly different; P < 0.05.

Table 3
Correlation (r) among age, fresh seminal traits, and postthawing sperm traits from
purebred Chilean stallions.

AGE FGSV SC FSPM FNSM PTSPM PTSMV PTDNAF

AGE 1 0.34 �0.64 �0.27 �0.63 �0.68 �0.56 0.54
FGSV d 1 �0.46 �0.08 �0.25 �0.07 0.03 �0.01
SC d d 1 0.12 0.35 0.33 0.30 �0.19
FSPM d d d 1 0.18 0.33 0.18 �0.28
FNSM d d d d 1 0.52 0.41 �0.57
PTSPM d d d d d 1 0.59 �0.72
PTSMV d d d d d d 1 �0.55

FGSV, free gel seminal volume; SC, sperm concentration; FSPM, fresh sperm pro-
gressive motility; FNSM, fresh normal sperm morphology; PTSPM, postthawing
sperm progressive motility; PTSMV, postthawing sperm mean velocity; PTDNAF,
postthawing DNA fragmentation.
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and seasonality as those described for other stallion breeds, thereby
also observing better seminal quality in young stallions during
summer season [12,13]. Thus, seminal traits evaluated in fresh
semen samples were in accordance with the normal parameters
reported for the equine species. These results can be explained by a
maximum activity of the hypothalamus-pituitary-gonadal axis
during late spring and summer for the equine species, which de-
creases consecutively with age [14].

In the present study, frozen-thawing evaluation of semen
samples showed that age and seasonality significantly affect sperm
kinetics traits. In young stallions, the sperm progressive motility
and sperm mean velocity showed the highest values during sum-
mer, which decreased during winter (P ¼ .01). This seasonal dif-
ferencewas minor in aged stallions, denoting lower seminal quality
for cryopreservation comparedwith young andmiddle stallions but
greater stability of sperm kinetics throughout the year.

The sperm progressive motility is one of the main potential
fertility parameters in the postthawing seminal evaluation. In Eu-
ropean countries, 35% rapid motile spermatozoa after thawing is
considered as a minimum standard requirement for appropriate
fertility [15,16]. In the present study, most CPS maintained over 35%
post-thawing sperm progressive motility. Only the aged/winter
group showed slightly lower valueswith 30.12± 4.95%. Even though
the evaluation of additional parametersmight be necessary for a full
understanding, the post-thawing sperm motility observed for CPS
seems to be sufficiently high for successful artificial insemination.
However, the post-thawing sperm progressive motility only was
weakly correlated with the fresh sperm progressive motility (r ¼
0.33), showing a higher correlation to the age of the stallions
(r ¼ �0.68) and the fresh normal sperm morphology (r ¼ 0.52).

The sperm membrane fatty acid composition undergoes sea-
sonal changes, and the long chain polyunsaturated fatty acids
content increases from the nonbreeding into the breeding season
[17]. This structural change might be related to the stability of
membrane, kinetic properties, and freezability along the year. The
worsening of sperm kinetics observed in our study during winter,
especially in young stallions, could be related to structural changes
in the sperm cell membrane [12].

On the other hand, frozen-thawing in equine semen is associ-
ated with increased production of reactive oxygen species [18],
leading the sperm to suffer oxidative stress and a potential
organelle membrane damage and DNA fragmentation [19]. Frag-
mentation of sperm DNA in a semen sample begins immediately
with thawing and increases with the thawing time [20]. Moreover,
the observed seasonal changes in postthawing sperm DNA frag-
mentation could be associated with reactive oxygen species
generated during sperm cryopreservation, which increased signif-
icantly when cryopreservation was performed during winter [21].

In the present study, both age and seasonality affected post-
thawing sperm DNA fragmentation. Thus, the young/summer
group had the lowest value and the aged/winter group had the
highest value. However, the higher value observed in our study was
slightly below (2.7% less) the average reported for Thoroughbred
stallions, which is the breed with the highest postthawing DNA
fragmentation reported in the literature [1]. In contrast to our re-
sults, an investigation carried out in 121 stallions of seven different
breeds reported that postthawing sperm DNA fragmentation was
the most variable trait, fundamentally attributable to breed and
seasonality, but not to the age as was observed in our study (r ¼
0.54). However, it is important to highlight that sperm DNA frag-
mentation observed in the CPS was in the range reported for other
breeds ranging from 8.7 ± 2.3% in the Oldenburg warmblood to 19.3
± 3.0% in the Thoroughbred breed [1]. These authors also reported a
subtle difference in postthawing DNA fragmentation between
summer and winter (11.9 ± 1.1% vs. 12.9 ± 1.0%).

Post-thawing sperm DNA fragmentation is a very important
property because it may lead to dysfunctional or defective sperm,
affecting the sperm functional competence. In animals and
humans, there is a documented relationship between fragmented
DNA in sperms and decreased fertility or embryo-fetal losses
[22e25]. In conventional laboratory analyses, sperms with
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fragmented chromatin cannot be differentiated from normal
sperms. That is why it is very important to make a more exhaustive
laboratory evaluation regarding the sperm DNA integrity incorpo-
rating new techniques to avoid unwanted fertility losses [24,26,27].
In addition, it is necessary to keep in mind that the chromatin
susceptibility to denaturation during the frozen-thawing process is
correlated to the level of DNA damage shown before cryopreser-
vation, emphasizing the relevance to select seminal samples with
high DNA integrity [28].

The present study did not consider fertility tests of the evaluated
semen but should be included in future studies about the freezing-
thawing effects on sperm quality in semen of CPS.

5. Conclusion

This first study about the post-thawing sperm quality in accor-
dancewith age and seasonality, in semen of CPS, unveils that in this
preliminary experimental condition, the age and the seasonality
affect the post-thawing kinetics and DNA fragmentation. Therefore,
it is highly recommended to consider these variables during se-
lection of this breed for reproductive programs when semen
cryopreservation is used.
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