Journal of Agricultural, Food and Environmental Sciences Vol 76 No 3 (2022) 50-59
DOI: https://doi.org/10.55302/JAFES22763050n

THE EFFECT OF EXTENDING RAM SPERM BEFORE AND AFTER
CRYOPRESERVATION ON THEIR VIABILITY AND VELOCITY

Martin Nikolovski'*, Monika Dovenska?, Dimitar Bozhinovski!, Ljupcho Mickov?!, Branko
Atanasov!, Kocho Porchu?, Vladimir Dzabirski?, Vladimir Petkov!, Toni Dovenskil

'Faculty of Veterinary Medicine — Skopje, Ss. Cyril and Methodius University in Skopje, North
Macedonia
2Faculty of Agricultural Sciences and Food- Skopje, Ss. Cyril and Methodius University in Skopje, North|
Macedonia
“e-mail: nikolovski_m@fvm.ukim.edu.mk

ABSTRACT

The current study aimed to assess the effect of adding cryopreserving extender (soy-bean
lecithin-SBLE), reduced glutathione (GSH), and seminal plasma (SP) before and after thawing
on viability and velocity of cryopreserved ram sperm in liquid nitrogen. Fresh ejaculates
(Ovchepolska pramenka rams, n=10) were collected and pooled. One portion was extended up to
50 million/ml with SBLE (control C-a), SBLE and GSH 5 mM (E1-a), SBLE and SP 20 vol%
(E2-a), and SBLE, GSH 5 mM and SP 20 vol% (E3-a), respectively. The second portion was
extended with SBLE to 100 million/ml. Both portions were cryopreserved in liquid nitrogen.
Following thawing, the second portion was extended in the same manner to 50 million/ml and
was separated into C-b, E1-b, E2-b, and E3-b, respectively. Each group was sampled in ten
replicates immediately following thawing. Thawed samples were analyzed for viability
(Hancock-2 stain), and velocity (Hamilton Thorne, USA). Each sample included at least 200
cells and the results were expressed in percent values (meantSEM). Normality (Kolmogorov)
and variance comparison (factorial-ANOVA) were performed in Statistica 8 with a significance
level p<0.05. E2-a (57.58% +2.40) and E3-a (56.94% =£1.85) vyielded significantly higher
viability compared to the C-a (40.73 £1.53). There were no significant differences between C-b
(50.00% +2.33), E1-b (43.61% £1.37), E2-b (49.16% +1.50), and E3-b (48.50% +£1.85). In
conclusion, the addition of SBLE, GSH, and SP prior vs after cryopreservation has a significant
effect on thawed ram sperm viability and velocity.
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INTRODUCTION

Ram sperm cells are highly susceptible to cryoinjury during cryopreservation in liquid
nitrogen (Pini et al., 2018; Barbas & Mascarenhas, 2008). Sperm plasma and acrosome
membranes are the most vulnerable structures and can trigger capacitation-like changes
rendering the sperm prematurely capable of fertilization hence shortening the time for post-
cryopreservation handling (Bailey et al., 2000). Mature sperm cells are transcriptionally and
translationally silent and are highly reliant on extracellular compounds to retain their viability,
motility, and fertilizing ability. The seminal plasma-to-sperm ratio is therefore highly important
for the normal function of sperm cells (Leahy et al., 2018). Specific protein fractions in the
seminal plasma (SP) are regulating the sperm response to stimuli, its transition to different
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metabolic states, the integrity of the plasma and acrosome membranes, and are preventing pre-
mature capacitation (Tseng et al., 2013). These compounds are either not included or they are
unable to be synthetically replicated in the cryopreservation media (CM). Thus, the dilution of
fresh ejaculates with cryopreserving media lowers the SP-proteins-to-sperm reducing its
protective effect which is known as the “dilution effect’ (Leahy et al., 2018).

Up to recently, cryo-science was mostly focused on testing the supplementation of
various synthetic and biological components in CM but it seemed that the complex composition
of SP was impossible to be replicated in a way that would mimic the physiological extracellular
environment of the sperm. Therefore, there was an increasing interest in investigating the effects
of adding SP to sperm which yielded some promising results (Muifio-Blanco et al., 2008; Leahy
& Gadella, 2011; Leahy & de Graaf, 2012). Specific proteins were identified with the ability to
bind and stabilize the plasma membrane (Barrios et al., 2000; Muifio-Blanco et al., 2008). The
SP was also attributed to the antioxidant effect on sperm cells (Marti et al., 2007). However, the
high intra-species variability of SP composition, the numerous factors that might affect the sperm
response to its components, and variations in experimental protocols might be the cause for
reporting non-existing (Morrier et al., 2003) or even deleterious effects on ram sperm (de Graaf
et al., 2007). The use of antioxidants as CM supplements was also investigated as a possible
method for alleviating the negative effects of peroxidation on sperm motility and viability.

Among numerous antioxidants, the reduced glutathione (GSH) showed some promising
results in rams increasing the activity of glutathione peroxidase and superoxide dismutase (Silva
et al., 2011; Zeitoun & Al-Damegh, 2014). Other papers did not report a significant effect of
GSH most likely due to different experimental protocols and individual variations (Camara et al.,
2011, Anel-Lopez et al., 2012).

To the best of our knowledge, the effect of supplementing SP and GSH to CP was
reported individually, solely in the pre-freezing or post-thawing period of cryopreservation, and
usually without consideration of the treatment time. This study hypothesized that the combined
treatment with these supplements in the post-thawing phase following appropriate incubation
time would yield a positive effect on ram sperm viability and motility compared to the control
CP. Due to the reported inconsistent effects of these components, the current study aimed to
investigate the effect of individual and combined treatment of cryopreserving ram sperm with
GSH and SP, the effect of pre-freezing and post-thawing treatment, and the effect of post-
treatment time on cryopreserving ram sperm.

MATERIAL AND METHODS

Animals

Ejaculates were collected from ten rams which were housed on the premises of the
Faculty of veterinary medicine — Skopje, Ss. Cyril and Methodius University in Skopje. The
animals were kept in standardized conditions and were fed with a standard feed at least 2 months
before the semen collection. The ram age was between 3 and 8 years. The animals were
accustomed to the semen collection method and were confirmed with good health status and
positive spermatogram. The procedure was conducted in accordance with the EU directive
2016/63/EU on the protection of animals used for scientific purposes (Directive 2010/63/EU).
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Ejaculates

The fresh ejaculates were checked for minimum quality criteria: volume >1 mL, density
and consistency >4 (grading system 0-5), motility >80%, viability >60%, cell concentration
2.5x10%mL) (Bucak et al., 2007). Pooling was performed by adjusting the ejaculate entry-
volume according to its sperm-to-SP ratio (spermatocrit) thus equalizing sperm concentration
from each ejaculate (Nikolovski et al., 2019).

Reagents and extenders preparation

The SP was collected from another batch of fresh ejaculates which were centrifuged at
2,000 x g, 4°C for 20 min, and then at 2,500 x g, 4°C for 30 min (El-Hajj Ghaoui et al., 2007).
The extracted SP was pooled and frozen at -20°C until being used.

The GSH was provided in commercial packaging (y-L-Glutamyl-L-cysteinyl-glycine; cell
culture tested, >98.0%, powder; Sigma Aldrich®) and was used to prepare appropriate solutions.

The control (C) was a soy-bean lecithin-based extender. Three experimental extenders
were prepared: E1 = C + GSH (5mM), E2 = C + SP (vol. 20%), and E3 = C + GSH (5 mM) + SP
(vol. 20%).

Cryopreservation, thawing, and post-thaw incubation

The samples were packed in plastic straws (0.5 mL) and were automatically frozen in
liquid nitrogen according to a freezing protocol for ram sperm including 11 stages (Ilce Cube
15M) (Garcia-Alvarez et al., 2009): 1. -1.6°C/min up to -4°C (10 min); 2. -4°C equilibration
(120 min); 3. -5°C/min up to -6°C (2 min); 4. -6°C equilibration (1 min); 5. -4°C/min up to -
10°C (1 min); 6. -3.33°C/min up to -20°C (3 min); 7. -60°C/min up to -80°C (1 min); 8. -80°C
equilibration (3 min); -20°C/min up to -100 °C (Imin); 9. -100°C equilibration (1 min); 10. -
10°C/min (2 min); 11. -196°C (2 weeks). The frozen straws were kept in liquid nitrogen (-196°C
for 2 weeks). The thawing was performed in a water bath (38°C for 30 s) and the samples were
transferred to glass tubes which were incubated at 37°C and 90% air humidity for up to 3 hours.

Sperm viability and motility assessment

Viability was assessed according to the plasma (Pm) and acrosome membrane (Am)
integrity, and morphology (Mo) by using the Hancock-2 staining method (Nikolovski et al.,
2019). A 5 uL drop of the prewarmed (37°C) stain was mixed with a 5 uL drop of sample and
was smeared. At least 200 cells for each sample were evaluated for plasma and acrosome
membrane integrity, and morphology. According to the status (unaffected ‘+’/affected ‘-°), the
cells were categorized as follows: ‘viable’ if Pm+, Ac+, Mo+; ‘damaged acrosome’ if Pm+, Ac-,
Mo+; ‘damaged plasma membrane’ if Pm-, Ac+, Mo+; and ‘pathological’ if Pm-, Ac-, Mo-
(Nikolovski et al., 2019). The values were summarized and presented in percent numeric format.
Motility was assessed on CASA (Hamilton Thorne v.12) with the following settings: frames per
second— 60 Hz, number of frames — x30; minimum contrast threshold for cell detection — 60;
minimum cell size threshold - 5 pix; high-velocity cells threshold — VAP >75 u/s; static cells
threshold — VAP <21.9 u/s and VSL <6 u/s. Each sample (6.5 uL) was placed on a microscope
slide (25 mm x 75 mm) and covered with a cover slip (18 mm x 18 mm) creating a chamber
depth of 20 um. (WHO, 2010). Scanning was performed on the same start-end position of each
slide (5-10 mm), including 500 £50 cells for each sample. According to the cut-off values, the
cells were categorized as ‘high-velocity’, ‘motile’, and ‘progressively motile’ cells (Nikolovski
et al., 2019). The values were summarized and presented in percent numeric format.
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Experimental design

The pooled fresh ejaculates were divided into 5 aliquots. The first aliquot was extended
with the control medium up to half of the final sperm concentration (50x10°/mL), whereas the
second, third, fourth, and fifth aliquot with C, E1, E2, and E3 extenders, respectively up to the
final sperm concentration. The samples were then frozen in liquid nitrogen according to the
previously described method. Following thawing, the first aliquot was divided into four sub-
aliquots and they were extended in the same manner as aliquots 2-5 in the previous description.
Ultimately, 8 groups of samples were formed C, E1, E2, and E3 marked with ‘a’ (pre-freezing
treatment) and ‘b’ (post-thawing treatment) extended to the final sperm concentration before or
after cryopreservation, respectively. The samples were placed in incubation conditions and were
sampled at 0 and 3 hours. Each group was sampled in 20 replicates.

Statistical analysis

The acquired data contained numerical percent values for each replicate of the
corresponding group which was presented as mean +SE. The normality was checked with the
Kolmogorov-Smirnov test and if a normal distribution was confirmed, factorial ANOVA was
employed for assessment of the group and type of treatment effects, and repeated-measures
ANOVA for assessment of incubation-time effect (IBM SPSS Statistics, IBM®, USA).
Alternatively, the Kruskal-Wallis test was employed if a non-normal distribution was observed
between the compared groups. Power analysis was employed to confirm that the employed tests
had statistical power >0.95 (G*Power v.3.1.9.2, Franz Faul, Kiel University, Germany).
Significant differences were considered if p<0.05.

RESULTS AND DISCUSSION

Viability

In the viable cell assessment of the pre-freezing treatment E2-a-0 (57.58% %2.40) and
E3-a-0 (56.96% =£1.75) were significantly higher than C-a-0 (40.73% +1.53). No significant
difference was observed between the E1-a-0 (43.61% +1.37) and C-a-0. In the 3-hour samples,
E2-a-3 (21.85% +1.36) and E3-a-3 (23.44% %2.30) were significantly lower compared to the C-
a-3 (45.40% +2.72) and El-a-3 (41.91% +1.85). Significantly higher values were observed for
E2-a-0 and E3-a-0 compared to the 3-hour counterpart samples. In the post-thawing treatment
E1-b-0 (43.61 +£1.37) had a significantly lower value compared to the C-b-0 (50% +2.33). E2-b-0
(49.16% £1.50) and E3-b-0 (48.50% =+1.85) were not significantly different from the other
groups. In the 3-hour samples of the same treatment, E2-b-3 (29.33% +1.79) was significantly
lower than the C-b-3 (40.91% +2.23) and E1-b-3 (39.15% +2.48). The E3-b-3 (34.04 £2.75)
group was significantly lower compared to C-b-3. The samples in C-b-0, E2-b-0, and E3-b-0
were significantly higher compared to the corresponding 3-hour samples. Additional information
can be found in Figure 1-A.

In the damaged acrosome cell assessment for 0-hour samples, no significant differences
were observed in the groups of the pre-freezing and post-thawing treatments. The E3-a-0 (3.59%
+0.56) showed a significantly lower value compared to the E3-b-0 (6.99% +1.22). However,
significantly higher values were observed for all 3-hour samples compared to the 0-hour
samples. In the 3-hour samples, E2-a-3 (29.25 +£2.37) and E3-a-3 (24.03 +1) were significantly
higher than C-a-3 (10.80% £1.32) and El-a-3 (11.65% +£1.71), but also higher than E2-b-3
(18.33% +1.72) and E3-b-3 (16.63% +1.15). Additional information can be found in Figure 1-B.
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In the damaged plasma membrane assessment for 0-hour samples in the pre-freezing
treatment, C-a-0 (28.28% +1.79) was significantly higher than E2-a-0 (22.28% £1.38) and E3-a-
0 (23.17% £0.97). No significant differences were observed between the 0- and 3- hour samples
nor between the corresponding O-hour samples from the post-thawing treatment. The 3-hour
samples of the pre-freezing treatment and the 0-hour samples of the post-thawing treatment were
not significantly different. C-b-3 (30.17 +2.33) and E1-b-3 (27.80 +2.14) were significantly
higher compared to E2-b-3 (21.83% +1.25) and E3-b-3 (19.45% +1.26) but also significantly
higher compared to the C-a-3 (23.88% £2.12) and E1-a-3 (23.13% +1.51) samples from the pre-
freezing treatment. The C-b 3-hour samples were significantly higher, whereas the E3-b 3-hour
samples were significantly lower compared to the corresponding O-hour samples in C-b-0
(24.26% +1.84) and E3-b-0 (24.99% +1.91). Additional information can be found in Figure 1-C.

In the pathological cells assessment, C-a-0 (6.86% +1.04) was significantly higher
compared to the E1-a-0 (2.80% %0.58), E2-a-0 (2.41% £0.39), and E3-a-0 (1.73% %0.24) but
also compared to the corresponding C-a-3 (2.75% +0.50) from the same treatment. C-b-0 (1.83%
+0.40) was significantly lower compared to the C-a-0 in the 0-hour samples. E1-b-0 (1.80%
+0.36) was significantly lower compared to the E1-b-3 (3.34% +0.60) in the post-thawing
treatment. Additional information can be found in Figure 1-D.

These findings indicate that the pre-freezing treatment with SP and GSH/SP immediately
following thawing yielded high sperm viability, lower incidence of plasma and acrosome
membrane damage, and lower incidence of affected morphology compared to the control.
However, this effect dissipated following 3-hours of incubation due to the increased acrosome
damage. The affected acrosome could be explained by the increased capacitation of viable cells
which was not present in the control and the GSH-treated samples due to the low viability count.
Similarly, the SP and GSH/SP-treated samples in the post-freezing treatment showed similar
behavior in the viability and damaged acrosome following 3-hour incubation. Despite the higher
incidence of sperm with damaged acrosome, interestingly the incidence of sperm with damaged
plasma and intact acrosome membranes was lower compared to the 0-hour samples. This might
indicate that the effect of SP and GSH/SP post-freezing treatment could be correlated with
incubation time which was not the case for the pre-freezing counterpart samples.

It could be proposed that the effect of SP and GSH/SP in the pre-freezing treatment
caused a higher capacitation dynamic in viable sperm which rendered the semen ready for
immediate use following thawing in in-vitro conditions. Its use for in-vivo conditions might not
yield fertility rates as would be expected and previously reported in other studies (Barrios et al.,
2000; El-Hajj Ghaoui et al., 2007; Pérez-Pé et al., 2001). Additionally, even though the post-
thawing treatment did not yield significantly higher viability for the SP and GSH/SP treatment, it
did indicate that it could have a beneficial effect on plasma membrane integrity following 3-
hours of incubation which could be explained by the findings of several reports on the reparative
effects of specific protein fractions in the seminal plasma on the sperm plasma membrane
(Barrios et al., 2000; Muifio-Blanco et al., 2008).
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Motility

In the high-velocity cells assessment, E2-a-0 (29.75% +3.06) had significantly lower
value compared to the C-a-0 (45.73% £3.94), E1-a-0 (43.60% £2.20), and E3-a-0 (38.52%
+3.96). El-a-0, E2-a-0, and E3-a-0 were significantly higher compared to their 3-hour
counterparts E1-a-3 (31.21% £3.14), E2-a-3 (17.67% £1.92), and E3-a-3 (16.80% +2.10). In the
post-thawing treatment 0-hour samples, E3-b-0 (45.11%) was significantly higher compared to
E2-b-0 (32.01% +3.46). E3-b-0 was significantly higher compared to the E3-b-3 (34.51% £2.70)
samples. C-b-3 (36.02% £3.96), E2-b-3 (33.75% +3.40), and E3-b-3 were significantly higher
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compared to C-a-3, E2-a-3, and E3-a-3, respectively. Additional information can be found in
Figure 2-A.

In the motile cells pre-freezing treatment assessment, E2-a-0 (36.54% +3.27) was
significantly lower compared to C-a-0 (59.88% +4.78), E1-a-0 (56.42% +4.01), and E3-a-0
(50.49% £4.27). The same was observed for E2-a-3 (23.91% +2.09) compared to C-a-3 (50.25%
15.63), E1-a-3 (46% +3.27), and E3-a-3 (50.49% +4.27). E2-a-0 was significantly higher than
E2-a-3. In the post-thawing treatment, E2-b-0 (38.23% +4.24) was significantly lower compared
to C-b-0 (51.81% £6.19) and E3-b-0 (50.76% +3.13). E1-b-0 (41.30% *4.41) was significantly
lower compared to the E1-a-0. In the 3-hour samples, E3-b-3 (50.76% +3.13) was significantly
higher compared to C-b-3 (39.20% +4.13), E1-b-3 (38.75% *4.32), and E2-b-3 (37.51% +3.78).
E2-b-3 was significantly higher than its counterpart from the pre-freezing treatment E2-a-3.
Additional information can be found in Figure 2-B.

In the progressively motile sperm assessment, the pre-freezing treatment samples showed
that there was a significantly lower value in E2-a-0 (28.20% +2.81) compared to C-a-0 (41.79%
+3.54), E1-a-0 (42.87% £2.53), and E3-a-0 (36.27% +£3.64). In the 3-hour samples, E2-a-3
(16.95% +£1.87) was significantly lower compared to C-a-3 (41.43% +4.53), E1-a-3 (28.15%
+2.64), and E3-a-3 (36.27% +3.64). The El-a-3 and E2-a-3 samples were significantly lower
than their 0-hour counterparts E1-a-0 and E2-a-0, respectively. In the post-thawing treatment
samples, E2-b-0 (29.66 +£3.09) was significantly lower compared to C-b-0 (41.79% +5.28) and
E3-b-0 (42.88 £2.34). In the 3-hour samples, E3-b-3 (42.88% *2.34) was significantly higher
compared to C-b-3 (32.94% +3.63), E1-b-3 (31.28% +3.66), and E2-b-3 (32.08% %3.10). E2-b-3
was significantly higher compared to its pre-freezing counterpart E3-a-3. Additional information
can be found in Figure 2-C.

The pre-freezing treatment with SP has negatively affected the motility in terms of lower
high-velocity, motile, and progressively motile sperm cells immediately following thawing. This
was in line with the previous finding that the SP increases the capacitation dynamic and therefore
lowers the motile sperm cells rendering the sample unfit for in-vitro or in-vivo use which
coincides with the report of another study (de Graaf et al., 2007). Interestingly, the control did
not affect the high-velocity, motile, and progressively motile sperm in the pre-freezing treatment
following 3-hours of incubation. Compared to the experimental extenders, it could be suggested
that the control would be most beneficial regarding these motility characteristics of the pre-
freezing treatment samples, followed by the GSH/SP extender which negatively impacted high-
velocity sperm cells. However, the treatment with GSH/SP in the post-thawing phase and
following 3-hours of incubation was significantly beneficial to the motile and progressively
motile sperm cells. This indicates that the E3 extender must be incubated with the samples
following thawing to reach an observable effect and could be used to retain sperm motility for
extended in-vitro or in-vivo insemination procedures concurring with previous studies (Barrios et
al., 2000; El-Hajj Ghaoui et al., 2007; Pérez-Pé et al., 2001; Leahy & Gadella, 2011; Leahy & de
Graaf, 2012). The GSH treatment in both pre-freezing and post-thawing samples did not cause
any observable negative effect on motility traits of the sperm cells immediately following
thawing, but this was quite the opposite in the 3-hour samples. It could be suggested that the
effect of GSH on sperm motility is time-related and thus it should not be relied on for extended
laboratory procedures partially concurring with the previous reports (Camara et al., 2011, Anel-
Lopez et al., 2012).
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CONCLUSIONS

The pre-freezing treatment with SP and GSH/SP immediately following thawing yielded
high sperm viability, lower incidence of plasma and acrosome membrane damage, and lower
incidence of affected morphology compared to the control. This effect dissipated following 3-
hours of incubation due to the increased acrosome damage. The pre-freezing treatment with SP
has negatively affected the motility of thawed samples by lower high-velocity, motile, and
progressively motile sperm cells. The control extender was the most beneficial for the motility
characteristics of the pre-freezing treatment samples, followed by the GSH/SP extender which
negatively impacted high-velocity sperm cells. The post-thawing treatment with GSH/SP
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following 3-hours of incubation was significantly beneficial to the motile and progressively
motile sperm cells. The effect of GSH on sperm motility was time-related and thus it should not
be relied on for extended laboratory procedures. Ultimately, GSH/SP pre-freezing treatment
immediately following thawing and GSH/SP post-freezing treatment with 3-hour incubation
were most beneficial in yielding high viability and motility traits in cryopreserved ram sperm in
liquid nitrogen.
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