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Abstract

The aim of this study was to evaluate the effects of 3 different commercially available
extenders — AndroMed® (soy lecithin-based), Optidyl® (with the addition of ionized egg yolk),
and BULLXcell® (with the addition of fresh egg yolk) — on bull spermatozoa quality, which was
evaluated using the parameters of spermatozoa motility, viability, plasma membrane damage,
acrosome damage, and mitochondrial activity after thawing and during a 2 h long thermoresistance
test. The spermatozoa quality indicators were appraised by computer-assisted semen analysis
and a flow cytometer. Significant differences (P < 0.01) between bulls were registered in all
indicators measured. The highest average values of spermatozoa total motility and viability were
achieved using BULLXcell® extender (44.33%; 52.06%). Variances in comparing this extender
with Optidyl® and AndroMed® were —0.83%, —2.64%; —8.33%, —9.51%. The differences
found between the egg yolk-based diluents (BULLXcell® and Optidyl®) and AndroMed® were
significant (P < 0.01). Therefore, the more valuable extenders for bull semen dilution were egg
yolk-based extenders, which provided higher post-thaw spermatozoa survival and quality than the
soy lecithin-based extender.

Insemination dose, sire, semen, extender, thermoresistance, spermatozoa survival

Preserving the fundamental abilities of sperm during the long and demanding process
of insemination dose production can provide a higher level of pregnancy rates in cows.
It also reduces the consumption of straws, shortens the calving interval, and improves the
economic effectiveness of breeding itself. The main objective is to achieve a pregnancy
rate with frozen semen that is similar to that of with fresh semen or simply with natural
breeding (Mocé et al. 2010). The process of cryopreservation generally reduces the
viability of semen, and damages all the structures of spermatozoa, thereby impairing
fertilization ability (Ugur et al. 2019). During the production of insemination straws,
the functional status of spermatozoa is affected by many factors, such as pH, osmotic
pressure, and stress associated with temperature changes (Lessard et al. 2000; Watson
2000; Rehman et al. 2013; Parisi et al. 2014). These stress factors cause reactive oxygen
species production and lipid peroxidation of the cell membrane, which affect spermatozoa
unfavourably (Wang et al. 1997). The elimination of these negative effects is obtained
with the addition of suitable cryoprotectants in bull semen extenders, by its interaction with
bulls’ individuality (Vera-Munoz et al. 2011), by the controlled process of cooling, and
by the use of optimal freezing curves (Pena et al. 2011).

Currently, there is a wide variety of available bull semen diluents of diverse origins. The
most conventional ones are egg yolk-based, while relatively newly developed diluents are
comprised solely of plant components (Murphy et al. 2018). Plant-based extenders should
provide a comparable quality of frozen insemination doses and, at the same time, eradicate
the possible disadvantages of egg yolk-based diluents, such as disease transmission,
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microbial risk, and difficulty in standardization (Aires et al. 2003; Yildiz et al. 2013).
The existence of an extender with such features would provide a valuable contribution
to the artificial insemination industry; however, there are ongoing concerns over reduced
fertility when plant-based extenders are used in bull semen cryopreservation (Layek
et al. 2016). While some studies approved comparable in vitro quality or fertility rates of
insemination straws diluted in egg yolk-free extenders (Aires et al. 2003; Stradaioli
et al. 2007; Miguel et al. 2008; Miguel-Jimenez et al. 2020), others stated superior
outcomes in preserving the sperm’s abilities and in the fertilizing potential of straws diluted
in egg yolk-based extenders (Muifio et al. 2007; Crespilho et al. 2012; Crespilho
et al. 2014).

The aim of this study was to evaluate the effects of using various types of commercially
available bull semen extenders for cryopreservation — egg yolk-free AndroMed® (based
on soy lecithin), Optidyl® (based on ionized egg yolk), and BULLXcell® (based on fresh
egg yolk) — on insemination straws’ quality appraised by sperm motility, viability, plasma
membrane and acrosome lesions, and mitochondrial activity during a 2 h long post-thaw
thermoresistance test (TT).

Materials and Methods
Semen collection

Semen collection took place at the Artificial Insemination Center (Hradi$t'ko, Central Bohemian Region, Czech
Republic) over the course of one year. The semen was repeatedly collected from a pre-selected group of Holstein
bulls used for breeding (n = 4) of the same age, type of housing, and management. All the bulls were standardly
used for commercial purposes. After standard semen collection using an artificial vagina, trained staff in the
laboratory evaluated the input quality of every semen sample collected. The main indicators were volume (VOL, g),
density of the spermatozoa (DEN, x 10° mm?), and motility percentage (MOT, %). For further processing,
a minimal concentration and spermatozoa motility (DEN 0.7 x 10° mm~=and MOT 70%) was required.

Semen processing

The amount of each semen sample obtained (n = 44) was split into 3 equal parts, and each part was diluted
in a different commercially produced extender, differing in the type of cryoprotectant used. The first selected
extender was AndroMed® (Minitiibe GmbH, Tiefenbach, Germany), a standardly used egg yolk-free extender
containing an extract of soy lecithin and antibiotics (Gentamicin, Spectinomycin, Lincomycin, and Tylosin). The
second was Optidyl® (Biovet, Fleurance, France), an extender containing ionized egg yolk, Tris, and antibiotics
(Streptomycin, Penicillin, Lincomycin, and Spectinomycin). The third extender was BULLXcell® (IMV, L’ Aigle,
France), with a 20% addition of fresh egg yolk. The diluted semen was filled into straws (0.25 ml, IMV, L’ Aigle,
France), then slowly cooled to 4 °C and equilibrated for 2 h in a cooling box.

After the timed equilibration was complete, the doses were transferred into a freezer which was already cooled
to 4 °C. A direct freezing method (Digitcool®; IMV Cryo Bio System, L’Aigle, France) was used for freezing.
The diluted semen was frozen by using a 2-phase freezing curve (Dolezalova et al. 2015) and then stored in
a liquid nitrogen container.

Semen thawing and sample evaluation

The straws were thawed in a 38 & 1 °C water bath for a period of 30 s and subsequently evaluated. Spermatozoa
total motility (%) was assessed using the CASA (computer assisted sperm analysis) method (SCA® Productionv.5.3.,
MICROPTIC, Spain) with a phase contrast microscope (Eclipse E200, Nikon®, Tokyo, Japan) at a x 200-300
magnification whereby a minimum of five fields of view per each straw were evaluated (Tuncer et al. 2011).
Furthermore, the flow cytometry evaluation was performed as described by Savvulidi et al. (2021) with a small
modification in the total viability evaluation, as the viable sperm were assessed as cells with an intact plasma
membrane and an intact acrosome. The CASA and flow cytometry evaluations were performed immediately
after thawing, and then 1 and 2 h after thawing. During the TT, the samples were kept in an INB 400 incubator
(Memmert GmbH, Schwabach, Germany) at 38 °C.

Statistical evaluation

The acquired data were analyzed using the statistical software SAS 9.3. (SAS Institute Inc., Cary, NC, USA).
The generalised linear model (GLM procedure) was used for the evaluation of individual effects. The Tukey-
Kramer method was used for the evaluation of differences of the least square means. The following model
equation was used:

Y, =u+A+B+C +(AB) +(AC), +e

filY
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Description:

Y — dependent variable (spermatozoa motility, spermatozoa viability, plasma membrane damage, acrosome
amage, high mitochondrial activity after thawing, i.e. 0, 60, and 120 min of TT [T0-T120]);

p—  average value of the dependent variable;

A — iclass bull fixed effect (for spermatozoa motility: i=1,n=45;1=2,n=45;1=3,n=45;i=4,n=45; for
flow cytometer evaluated parameters: i=1,n1=90;i=2,n=90;1=3,n=90; i =4, n=90);

B.— j class extender fixed effect (for spermatozoa motility: j = AndroMed®, n = 60; j = Optidyl®, n = 60;

j=BULLXcell®, n = 60; for flow cytometer evaluated parameters: j = AndroMed®, n = 120; j = Optidyl®,

n=120; j = BULLXcell®, n = 120);

C.- k class evaluation time fixed effect (for spermatozoa motility: k =0, n=36; k=60, n=36; k=120, n=36;
for flow cytometer evaluated parameters: k = 0, n = 120; k = 60, n = 120; k = 120, n = 120);

AB, — interaction between fixed effect of the bull and chosen extender;

AC, — interaction between fixed effect of the bull and an evaluation time;

€~ residual error.

Significance levels of P < 0.05 and P < 0.01 were used to evaluate the differences among groups.

Results

The model equation was significant (P < 0.001). All effects described were significant
(P <0.001), and the evaluated interactions were confirmed to be significant at a P < 0.05
significance level. The detailed values from the CASA and flow cytometry evaluations are
presented in Table 1. As evident from Table 1, bull IV preserved the highest total motility
of spermatozoa throughout the TT. The differences from the other bulls were significant
(P < 0.01). The highest values of viability during TT were also achieved by bull IV
(52.62%), where differences from the other bulls (—5.17%; —6.58% and —6.69%) were
found to be significant (P < 0.01). Table 1 further presents that bull IV and bull II recorded
the highest mitochondrial activity during TT (P < 0.01). Bull IV achieved the lowest values
of plasma membrane damage during TT (P < 0.01) and, together with bull III, the lowest
values of acrosomal damage during TT as well (P <0.01).

A gradual decrease of the total motility and mitochondrial activity was observed during
the TT, as the average motility and mitochondrial activity decreased from 51.53% and
65.21% post thawing to 29.44% and 54.44% respectively, after 120 min of incubation
(P < 0.01). As evident from Table 1, the least suitable extender was AndroMed®,
which preserved all evaluated sperm indicators at the lowest values, with the exception
of mitochondrial and acrosome damage, which were the highest. The differences in egg
yolk-based extenders were significant in all measured qualities (P < 0.01).

Further interpreted results are shown in Table 2, which describes the evaluated interactions.
Significant impacts of the inter-sire (bull’s individuality) effect on the motility, viability,
mitochondrial activity, and membrane damage of thawed sperm in different diluents were
observed in the current study (P < 0.01; P <0.05). Additionally, it was statistically proven
(P < 0.01) that the egg yolk-based extenders achieved higher spermatozoa motility than
egg yolk-free diluent in all bulls except bull I. There were significant differences between
individual bull evaluation of post-thawed total spermatozoa motility and evaluation of the
motility at the end of TT in bulls I, III, and IV (P < 0.01). The biggest drop in motility
during the TT was achieved by bull II (27.77%, P < 0.01). No significant differences were
found between individual bull spermatozoa viability in the TO and T120.

Discussion

Successful spermatozoacryopreservationdepends onseveral interrelated factors, including
theinitial quality ofthe semen, the composition of the extender, the cryoprotectant, the cooling
protocol, the packaging, the thawing rate, and the interaction of these components, as well
as individual animal variation (Cooter et al. 2005; Andrabi 2007; Clulow et al. 2008).
The refinement of insemination dose production is therefore still a ceaseless process
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Miguel-Jimenez et al. 2020). Aires et al. (2003) and Amirat et al. (2005) reported that
soy lecithin-based extenders performed better in the spermatozoa quality indicators than
egg yolk-based extenders in freezing semen from Holstein bulls. On the contrary, a higher
percentage of viable spermatozoa cryopreserved in egg yolk-based extender compared to
soy bean lecithin-based diluents were observed in the studies by Crespilho et al. (2012)
and Singh et al. (2018). Akhter et al. (2010) compared extenders based on soy bean
extract with egg yolk-based diluents by evaluating viability, acrosomal status, spermatozoa
motility, and a 60-90 day non-return rate in Holstein bulls. No significant difference was
found between the extenders in these indicators. The same results, related to non-return
rate when extenders based on egg yolk or soy lecithin were used, were found by Murphy
et al. (2018).

These propositions are in contradiction not only to our results, but also to Celeghini et al.
(2008) and Crespilho et al. (2012), where samples of semen diluted with soy lecithin-based
extenders reached the lowest spermatozoa motility, viability, plasma membrane intactness,
and acrosomal and mitochondrial status post-thawing, which are preconditions for greater
in vivo fertility (Thun et al. 2002; Veerabramhaiah et al. 2015). The protective phase
of soy lecithin is apparently limited during cryoconservation, resulting in a reduction of
spermatozoa viability post-thawing and during artificial insemination (Crespilho et al. 2012).

Reduction and differences observed in individual bull spermatozoa quality indicators
depend partially on the extenders used for cryopreservation, indicating that compounds
present in the extender affect post-thaw semen quality differently (Kumar et al. 2003;
Beran et al. 2012). As evident from the current study, some sires’ sperm quality did not
differ, whether the sperm was diluted in an egg yolk-based or in a soy bean lecithin-based
extender, while other bulls maintained improved spermatozoa features when diluted in
egg yolk-based extenders. These findings are consistent with the conclusions of Beran
et al. (2012), who confirmed the effect of bull individuality on post-thaw characteristics
and spermatozoa quality.

In conclusion, extenders based on egg yolk exhibited a higher spermatozoa motility
after insemination dose thawing and simultaneously achieved a higher proportion of viable
spermatozoa, mitochondrial activity, and membrane intactness in comparison to egg yolk-
free extender. From the obtained results we can clearly recommend using egg yolk-based
extenders for bull cryopreservation. In all the evaluated indicators of semen diluted with
various types of extenders, individual differences among bulls were observed. To maintain
the highest level of fertilizing ability of manufactured insemination straws, it would be
highly appropriate to choose the proper semen extender with respect to the individuality
of the bulls.
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