
ISSN 0095-4527, Cytology and Genetics, 2022, Vol. 56, No. 5, pp. 410–416. © Allerton Press, Inc., 2022.
Ukrainian Text © The Author(s), 2022, published in Tsitologiya i Genetika, 2022, Vol. 56, No. 5, pp. 16–24.
Seasonal Differences in Sperm Characteristics and the Level of DNA 
Fragmentation in Fresh and Cryopreserved Sperm of Saanen Goats

A. O. Bogdaniuka, b, T. O. Yurchuka, *, and M. P. Petrushkoa, **
a Institute for Problems of Cryobiology and Cryomedicine, National Academy of Sciences of Ukraine, Kharkiv, 61015 Ukraine

b TOV Institute of Contemporary Veterinary Technologies, Cherevky, 07624 Ukraine
*e-mail: taisiya.yur@gmail.com

**e-mail: petrushkomarina@gmail.com
Received October 29, 2021; revised April 7, 2022; accepted August 30, 2022

Abstract—Seasonality affects the morphological and functional characteristics of reproductive cells, which
makes the natural reproduction of dairy goats possible only in certain seasons. Cryopreservation of sperm, as
a part of assisted reproductive technologies, provides their f lexibility, which increases the chances of increas-
ing the number of livestock. However, it can cause changes in the morphological and functional characteris-
tics and genetic material of sperm. Therefore, the aim of this study was to determine seasonal changes in the
viability, motility, and DNA fragmentation level of native and cryopreserved goat sperm. The experiment was
conducted using ejaculates of sexually mature male goats of the Saanen breed, obtained in breeding and non-
breeding seasons. To detect the effect of seasonal differences of seminal plasma on the characteristics of cryo-
preserved sperm, cells were cryopreserved in ejaculate and following isolation. The results of the study
showed that the motility of fresh ejaculate sperm in the breeding season was higher than in the non-breeding
season (p ≤ 0.05). Cryopreservation led to a decrease in the number of motile sperm of ejaculate and the
selected fraction of sperm in the non-breeding season, and the selected fraction of cells in the breeding season
(p ≤ 0.05). When comparing the viability and integrity of sperm DNA, there was a significant decrease in all
groups in the non-breeding season compared to the breeding season (p ≤ 0.05). It was found that the DNA
fragmentation rate of goat ejaculate sperm in the breeding season after cryopreservation did not change com-
pared to the fresh sample, while that in cryopreserved sperm of the selected fraction of the same season
increased (p ≤ 0.05). Cryopreserved spermatozoa of the non-breeding season in the ejaculate and isolated
fraction had an increased rate of DNA fragmentation compared to the baseline before cryopreservation.
Thus, it can be concluded that the composition of semen liquid varies depending on the breeding season,
which affects its cryoprotective properties against spermatozoa during the freezing of ejaculate. Therefore, it
is recommended to collect whole ejaculate by freezing in autumn and early winter to improve the effectiveness
of artificial insemination using the cryopreserved sperm of male goats of the Saanen breed.
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INTRODUCTION

Most farm animals are characterized by seasonality
in reproduction (Chemineau, 2007; Dias, 2020). For
example, for temperate goats, the breeding season is in
the fall and the kids are born in the spring (Fatet,
2011). It is also known that changes in the seasons
affect the morphological and functional characteris-
tics of the sperm of bulls, horses, goats, and sheep
(Johnson, 2008; Wrench, 2010; Gamboa, 2010; Suli-
man, 2020; Arrebola, 2017; Belkadi, 2017). Therefore,
the reproduction of such farm animals is naturally
possible only during a certain season of the year, which is
economically unprofitable (Johnson, 2008). The devel-
opment of assisted reproductive technologies (ART),
namely artificial insemination allowed us to increase
productivity and use the best genetic material for

breeding, regardless of the season (De Vries, 2005).
The cryopreservation of reproductive cells is an
important and necessary step in the implementation of
ART in animal husbandry since it allows for the accu-
mulation of sperm with the best characteristics and
their use throughout the year: divide ejaculate into
several sperm doses and effectively carry out artificial
insemination, create a cryobank of gametes of valuable
animal breeds, and exchange samples between farms
(Shcherbak, 2008; Bailey, 2003; Barbas, 2009;
Kopeika, 2019). However, cryopreservation can cause
changes in the morphological and functional charac-
teristics of sperm: reduce cell motility and viability due
to damage to the plasma and membrane of the acro-
some, abnormalities of ultrastructural elements of
cells, increase DNA fragmentation rate, and reduce
the incidence of pregnancy (Pavlovych, 2020; Crespo,
410
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2020; Yurchuk, 2021). As a result of DNA damage,
gene function may be impaired, leading to the block-
age of embryonic development at various stages of
ontogeny. At present, the question about the rate of
DNA fragmentation of goat sperm in different breed-
ing seasons and possible changes of this indicator after
cryopreservation of sperm/remains open.

The aim of the study was to determine seasonal
changes in the viability, motility, and rate of DNA
fragmentation of native and cryopreserved goat sperm.

MATERIALS AND METHODS
The study used the ejaculate of five sexually mature

male goats of the Saanen breed (Capra hircus hircus),
which were raised on the Tatiana 2011 farm (the village
of Usivka, Kyiv oblast, Ukraine). All manipulations
with animals were carried out in compliance with the
norms approved by the European Convention for the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes (Strasbourg,
1987), the Law of Ukraine “On the Protection of Ani-
mals from Cruelty” (Ukraine, 2006) and the decision of
the Committee on Bioethics of the Institute for Problems
of Cryobiology and Cryomedicine (National Academy
of Sciences of Ukraine) (Protocol no. 1 of January 28,
2021). Ejaculate samples (n = 110) were obtained
every 2 weeks during the breeding season (Septem-
ber–December, n = 40) and non-breeding (January–
August, n = 70) seasons using an artificial vagina
(Minitube, Germany) and an estrous goat to attract
males.

Immediately after ejaculation, sperm concentra-
tion, motility, and viability were determined. The num-
ber of cells was counted using a Makler chamber (Sefi
Medical Instrument, Israel) under an AmScope B120C
light microscope (AmScope, United States). Sperm
were considered motile at a rate of more than 50 μm
per sec. Cell viability was determined based on the
color of the eosin-nigrosin stain (Magapor, Spain)
(Agarwal, 2016). A drop of semen and a drop of dye
were applied to the slide. The smear was then made
and dried. Cells that excluded the dye from the cyto-
plasm were considered viable (no staining), and cells
stained pink were considered nonviable. Staining was
assessed in 200 cells in each sample and viability was
expressed as a percentage.

Whole ejaculate and isolated sperm fraction were
cryopreserved. For this, the ejaculate was diluted with
a HEPES buffer (WASH, IVF Bioscience, United
Kingdom).

The isolated sperm fraction was obtained by cen-
trifugation the ejaculate for 10 min at 325 g. The
supernatant was then removed and 100 μL of the
HEPES buffer (WASH, IVF Bioscience, United
Kingdom) was added to the precipitate.

The freezing of the ejaculate and isolated sperm
was performed using a two-stage method (Jimenez-
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Rabadan, 2013) with no modifications. The cryopro-
tectant based on the HEPES buffer with the addition
of 10% glycerol (BASF, Germany) and 20% egg yolk
was prepared. To do this, the isolated ejaculate frac-
tion was gradually mixed with the cryoprotective
medium in a ratio of 1 : 1, and the final concentration
of sperm was 200 million/mL. The sperm suspension
with the cryoprotectant was transferred to 0.25 mL
cryostraws (Minitube, Germany), equilibrated for 15 min
at room temperature (+25°C), then cooled for 2.5 h at
+5°C and 15 min in liquid nitrogen vapors at a dis-
tance of 4 cm, followed by immersion in liquid nitro-
gen. The samples were heated in a water bath at a tem-
perature of +37°C for 30 s. The cryoprotectant was
removed by centrifugation, after which the HEPES
buffer (WASH, IVF Bioscience, United Kingdom)
was added to the precipitate and the motility, viability,
and rate of fragmentation of sperm DNA were
assessed. After warming up, the viability was assessed
by staining with eosin.

Determination of the DNA fragmentation rate was
performed using the Halosperm kit (Halotech, Spain)
according to the manufacturer’s protocol. The princi-
ple of determination is based on the SCD method
(sperm chromatin dispersion) (Fernandez, 2005).
Sperm were immobilized in an agarose gel on a glass
slide, treated with an acid solution for DNA denatur-
ation, and then with a buffer for lysis of membranes
and proteins. Next, after fixation in an ethanol solu-
tion, the samples were stained with an eosin and thi-
azine solution to visualize dispersed DNA loops.
Sperm with fragmented DNA had very small or no
halos of dispersion, while sperm with low rate of frag-
mentation released DNA loops that form large halos.
The samples were visualized under an AmScope
B120C light microscope (AmScope, United States)
and the number of sperm with whole and damaged
DNA was counted.

Each of the obtained ejaculates was divided into
four parts, which consisted of the following groups:
1A—fresh ejaculate of the breeding season; 2A—iso-
lated from the ejaculate fraction of sperm; 3A—cryo-
preserved ejaculate; 4A—cryopreserved isolated frac-
tion of sperm. Groups 1B to 4B were divided accord-
ing to the principle of groups 1A to 4A, with the
difference that the ejaculates of the animals were
obtained in the non-breeding season.

Statistical data processing was performed using the
Origin 8.5 software (OriginLab Corporation, United
States). Data were presented as mean ± standard devi-
ation. A nonparametric test was used to compare the
two samples, and the Mann–Whitney U test was used
to compare samples with an abnormal distribution;
the difference was considered significant at p ≤ 0.05.
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Fig. 1. Sperm motility of male goats of different study groups. *—The difference is significant compared to the corresponding
group of the breeding season; #—the difference is significant compared to the corresponding group 1 of the same season; ^—the
difference is significant compared to the corresponding indicator of group 2 of the same season, p ≤ 0.05.
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Fig. 2. Viability of sperm of male goats of different study groups. *—The difference is significant compared to the corresponding
group of the breeding season; #—the difference is significant compared to the corresponding group 1 of the same season; ^—the
difference is significant compared to the corresponding indicator of group 2 of the same season, p ≤ 0.05.
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RESULTS AND DISCUSSION

The concentration of sperm of goats in the breed-
ing season was (3.09 ± 0.69) × 109 mL, and that in
non-breeding season was (1.64 ± 0.87) × 109 mL.

The motility of sperm of group 1A was (70.43 ±
11.01)%, which was significantly higher (p ≤ 0.05), that in
group 1B was (52.22 ± 17.16)% (Fig. 1). The same trend
was observed in groups 2A and 2B. Cryopreservation led
to a significant reduction in the number of motile sperm
of groups 3A, 4A, and 4B (p ≤ 0.05). The smallest number
of motile cells was recorded in group 4B.

When comparing the viability of sperm, its
decrease was noted in all groups of the non-breeding
season compared to the breeding season (p ≤ 0.05)
(Fig. 2). We did not observe a decrease in cell viability
in groups 2A and 2B. The largest changes in the stud-
ied indicator occurred in groups 3B and 4B.

A study of the rate of DNA fragmentation of fresh
ejaculates of goats in different breeding seasons showed a
significant difference between groups (Figs. 3, 4). Thus,
this indicator of group 1B increased by 2.7 times com-
pared to group 1A (p ≤ 0.05). As in the study of motil-
ity and viability, a decrease in the number of cells with
whole DNA was found in all groups of the non-breed-
ing season compared to the breeding season. It was
found that the DNA fragmentation rate of sperm of
group 3A did not change significantly, while it
increased by almost 30% in group 4A. DNA damage of
spermatozoa of groups 3 and 4B increased signifi-
cantly to 5.66 ± 1.90 and (7.18 ± 3.46)%, respectively
(p ≤ 0.05).
CYTOLOGY AND GENETICS  Vol. 56  No. 5  2022
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Fig. 3. Micrographs of SCD determination of the rate of DNA fragmentation of fresh ejaculates of Saanen male goats of different
breeding seasons; (a) breeding season, (b) nonbreeding season. Arrows indicate sperm with fragmented DNA.

(b)(a)

Fig. 4. Rate of DNA fragmentation of sperm of male goats of different study groups. *—The difference is significant compared to
the corresponding group of the breeding season; #—the difference is significant compared to the corresponding group 1 of the
same season; ^—the difference is significant compared to the corresponding indicator of group 2 of the same season, p ≤ 0.05.
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DNA fragmentation in fresh ejaculate may be
related to natural factors, such as seasonality, animal
age, and cell metabolism (Gonzalez-Marin, 2012;
Hamilton, 2019). In the breeding season, which most
often occurs during the cool season, the testes are not
affected by exogenous thermal factors that can
adversely affect spermatogenesis (Crespo, 2020). It is
shown that thermal radiation at the stage of spermato-
genesis leads to the impairment of the proper formation
of disulfide bonds of sperm protamines (Hamilton,
2018), which is the reason for their easier denaturation
in turn. As a result, DNA loses proper compaction and
integrity (Love, 1999). Moreover, DNA decompaction
makes it more vulnerable to the action of nucleases,
which break it down into fragments (Sotolongo,
2005). Heat shock also leads to the destruction of
sperm, during which reactive oxygen species are
CYTOLOGY AND GENETICS  Vol. 56  No. 5  2022
formed (Ball, 2001). Reactive oxygen species cause
oxidative stress, which leads to DNA fragmentation in
turn (Crespo, 2020).

In our study, seasonality affected several major
characteristics of sperm. During the breeding season,
the concentration of sperm in the ejaculate, their
motility, viability, and DNA integrity were higher
compared to those of the non-breeding season. Such
data are typical for other animals, such as horses
(Gamboa, 2010; Crespo, 2020), camels (Al-Bulushi,
2018; Elsharnoby, 2021), deer (Martinez-Pastor, 2005),
bison (Krishnakumar, 2015), and buffaloes (Shah-
back, 2020). At the same time, a group of scientists
(Garcia-Macias, 2006) found the opposite seasonal
dependence of the rate of DNA fragmentation in
sheep, red deer, and brown bears. The authors explain
this by the fact that chromatin is less condensed in the
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breeding season, probably due to enhanced spermato-
genesis and accelerated transit of sperm through the
ducts of the epididymis. Therefore, the seasonal
dependence of sperm DNA integrity is a species-spe-
cific feature.

The rates of motility, viability, and DNA fragmen-
tation of cells isolated from ejaculate by centrifugation
(groups 2A and 2B) did not differ from those of groups
1A and 1B, respectively. This indicates that the sepa-
ration of the sperm fraction by a single centrifugation
did not lead to significant negative changes in the
functional characteristics of sperm of different breed-
ing seasons.

It is known that the structure of chromatin and
sperm DNA can be altered or damaged during cryo-
preservation (Yurchuk, 2021). Damage to the integrity
of DNA can be caused by factors such as cytotoxic
substances, which, of course, include cryoprotectant
solutions, components of sperm dilution and the
method of its production, storage conditions, and cold
shock during freezing (Gonzalez-Marin, 2012).

The results of our study showed that cryopreserva-
tion significantly reduced the integrity of sperm DNA
in the non-breeding period (p ≤ 0.05). This is consis-
tent with the findings of scientists who showed the
effect of seasonality on the rate of DNA fragmentation
of cells cryopreserved and incubated for 2–48 h at
37°C (Lypez-Fernandez, 2011).

The freezing of fresh ejaculate sperm during the
breeding season did not increase the rate of DNA frag-
mentation and reduced sperm motility, in contrast to
the selected fraction of gametes of the same season
(p ≤ 0.05). On the other hand, cryopreservation of
ejaculate or isolated sperm in the non-breeding season
led to a decrease in the motility and integrity of DNA.
This finding indicates that the seminal f luid in the
breeding season has a composition different from the
non-breeding season, which provides greater cryopro-
tective properties, reducing the degree of DNA dam-
age and sperm motility. It has been shown that seminal
plasma components can improve sperm cryotoler-
ance. Thus, a group of Czech scientists (Bubenickova,
2020) showed that the seminal plasma of horses con-
tains proteins that can have a positive effect on sperm
characteristics after cryopreservation. Similar results
were obtained for the cryopreservation of pig sperm
(Recuero, 2019) and bulls (Zoca, 2021). Moreover, it
has been shown that some components of seminal
plasma, including various proteins, can interact with
sperm and attach to their surface, thus protecting the
sperm membrane from cryo-damage. Those seminal
plasma proteins that increased during the breeding
season were mainly involved in the regulation of lipid
metabolism, prevention of premature capacitance,
and protection against cold shock, which increases the
susceptibility of gametes to oxidative stress, leading to
disruption of the plasma membrane structure, pro-
teins, and DNA (Üstuüner, 2015; Peris-Frau, 2020).
The presence of antioxidants in semen has a positive
effect on the onset of redox balance (Li, 2017). How-
ever, our studies have shown a positive effect of semen
depending on the season. Therefore, it is necessary to
study which components of the antioxidant system
change during the breeding and non-breeding seasons.

Thus, based on our data, we can conclude that the
composition of semen varies depending on the breed-
ing season, which affects cryoprotective properties of
sperm during ejaculate freezing. Therefore, it is advis-
able to cryopreserve the ejaculate obtained during the
breeding season for further use for artificial insemina-
tion and in vitro fertilization regardless of the breeding
season.

The aim of further research will be to establish the
composition of seminal f luid, which changes between
breeding seasons and affects the cryostability of DNA
of frozen sperm.

CONCLUSIONS

The main parameters of goat sperm, such as motil-
ity, viability, and DNA integrity are seasonally depen-
dent and decrease in the non-breeding season. Cryo-
preservation significantly increases the rate of DNA
fragmentation and reduces the viability and motility of
the sperm of male goats in the non-breeding season.
Removal of the sperm from the ejaculate led to a
decrease in the viability of cryopreserved sperm,
regardless of the breeding season. The cryopreserva-
tion of sperm obtained during the breeding season
with semen leads to the preservation of their motility
and DNA integrity. Therefore, to improve the effi-
ciency of artificial insemination using the cryopre-
served sperm of male Saanen goats, it is recommended
to collect and freeze whole ejaculate in autumn and
early winter.
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