Journal of Microbiology,
Biotechnology and Spdlekova et al. 2013 : 2 (Special issue 1) 1580-1591
Food Sciences

REGULAR ARTICLE

RELATIONSHIP BETWEEN MOTILITY AND VIABILITY PARAMETERS OF
FROZEN-THAWED BULL SPERMATOZOA

" X 1,2 . 4,13 v .13 . , ;]
Eliska Spalekova ~°, Alexander Makarevich ~°, Elena Kubovicova ~°, Lucia Olexikova °,

Juraj Pivko !

! Animal Production Research Centre Nitra, Institute of Farm Animal Genetics and
Reproduction, Hlohovecka 2, 951 41 Luzianky, Slovak Republic.
?Slovak University of Agriculture in Nitra, Department of Animal Physiology, Tr. A. Hlinku
2, 94901 Nitra, Slovak Republic.
3 Research Institute for Cattle Breeding Rapotin, Ltd, 788 13 Vikyfovice, Czech Republic.

*Corresponding author: spalekova.eliska@gmail.com

ABSTRACT

The aim of this study was to determine relationship between parameters of
spermatozoa motility (total motility - TM and progressive movement - PM) and viability of
bull frozen-thawed spermatozoa (dead spermatozoa ratio, apoptotic spermatozoa ratio and
plasma membrane integrity). Motility parameters were evaluated using computer-assisted
semen analysis (CASA). Parameters of spermatozoa viability were analysed using fluorescent
dyes PNA-FITC (plasma membrane), Yo-Pro-1 and propidium iodide (PI). All bulls (n=6)
were divided into two groups. First group (n=3) A — better bulls with total motility after
thawing over 40% and the second group (n=3) B — with total motility lower than 40%. It was
observed significantly (P<0.001) higher TM and PM in group A. No significant differences in
velocity parameters and ALH between the group A and B were detected. Occurrence of
spermatozoa with disrupted membranes, dead/necrotic spermatozoa and apoptotic
spermatozoa was significantly lower in the group A. Bulls in the group A showed
significantly higher cleavage rate of embryos. These motility and viability characteristics are

associated with a higher embryo cleavage rate in in vitro fertilization test.
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INTRODUCTION

Semen quality varies greatly from bull to bull. Semen from certain bulls may be of
acceptable quality at collection but does not survive cryopreservation. The freezing and
thawing process can adversely affect the nucleus, plasma, acrosome and mitochondrial
membranes of spermatozoa (Chatterjee ef al., 2001, Aires et al., 2003, Amirat et al., 2004).
This generally can lead to loss of motility, swelling and the blebbing of the acrosomal
membrane and disruption or increased permeability of the plasma membrane of spermatozoa
(Watson, 1976; White, 1993). The detrimental damages can be prevented by suitable
extenders and cryoprotectant additives (Gil et al., 2003, Jeyendran et al., 2008).
Cryopreservation is associated with the production of reactive oxygen substances (ROS),
which lead to lipid peroxidation of sperm membranes, resulting in a loss of sperm motility,
viability and fertility (Sariozkan et al., 2009). This can adversely affect processes required
for successful in vivo fertilization of the oocyte (Bailey et al., 2000).

The goal of our study was to determine potential relationship between parameters of
spermatozoa motility (total motility, TM and progressive movement, PM) and viability of bull
frozen-thawed spermatozoa (dead spermatozoa ratio, apoptotic spermatozoa ratio and plasma

membrane integrity).

MATERIAL AND METHODS

Semen collection

The semen was collected once weekly from Holstein and Czech Fleckvieh bulls. Only
fresh semen with required quality (minimum progressive motility 70% and spermatozoa
concentration 0.7 x 10° mI™") was used for the subsequent processing of samples for
observation according to common standards used for producing artificial insemination doses.
The samples of the semen were diluted with AndroMed® diluent (Minitiib, Tiefenbach,
Germany), a commercially produced extender containing soybean lecithin extract.
Polyvinylchloride (PVC) straws (0.25 cm’; IMV) were filled, cooled down to 4 °C and

equilibrated for 90 min. Subsequently, the semen samples were frozen in a programmable
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freezing device (IMV-Digitcool, L’Aigle, France) and then plunged into liquid nitrogen for

storage.

Analysis of spermatozoa motility

Motility parameters were evaluated using computer-assisted semen analysis (CASA).
The straws with frozen bull semen were thawed in a water bath at 37 £ 1°C for 1 min. Motility
parameters of the semen were analysed immediately after thawing at time intervals of 0, 0.5h
or 2h, using CASA — Sperm Vision™ 3.5 software. Between these time points the samples
were incubated at 37 °C. A total motility (TM), progressive movement (PM) and selected
movement parameters (curvilinear velocity VCL, average path velocity VAP, straight line

velocity VSL, linearity LIN and amplitude of lateral head displacement ALH) were analyzed.

Fluorescent assays

Spermatozoa plasma membrane integrity was evaluated using fluorescently labelled
lectin PNA-FITC (peanut agglutinin; Molecular Probes, Lucerne, Switzerland) in
combination with propidium iodide (PI) which detected dead/necrotic spermatozoa in the
samples (red signal) and DAPI (blue signal). Spermatozoa samples were unfixed; therefore,
PNA marked only the spermatozoa with disturbed plasma membrane (green signal) while the
spermatozoa with intact membranes remained unstained. Staining was done in a solution
containing 20 pmolL.I" of PNA-FITC and 5 pg.ml™' PI in saline-FCS solutions for 20 minutes
at room temperature. After the incubation, 4 pl of spermatozoa samples were mixed with 4 pl
of Vectashield mounting medium with DAPI (H-1200, Vector Laboratories Inc., Burlingame,
CA, USA). Samples were observed under a Leica fluorescent microscope (MIKRO spol.
s r.0., Bratislava, Slovak Republic) with respective filters for green, red and blue fluorescence.

Apoptotic cells were detected using specific nuclear green fluorochrome, Yo-Pro-1 in
combination with PI. The staining solution contained 5 pmol.I" of Yo-Pro-1 and 5 pg.ml” PI
in saline-FCS solution. Spermatozoa with bright green fluorescent signal were regarded as

apoptotic. The cells colored red were considered as dead or necrotic.
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Analysis of spermatozoa fertilizing ability

Spermatozoa fertilization test was done using bovine prematured oocytes isolated from
ovaries of cows provided by a local slaughterhouse. The recovered oocytes were matured
during 24 h incubation in maturation medium 199 with glutaMax (Gibco Invitrogen,
Auckland, New Zealand) supplemented with gonadotropins (FSH/LH 1/1 I.U., Pluset, Lab.
Calier, Barcelona, Spain), sodium pyruvate, FCS (BioWhittaker) and gentamycine. Following
maturation period, the oocytes were stripped out of the cumulus cells by vortexing and placed
into fertilization drop (Fert-TALP medium) under mineral oil. The frozen-thawed
spermatozoa were washed in a Sperm-TALP medium, resuspended in a fresh Fert-TALP
medium and placed into a fertilization drop up to final concentration of 2 -3 x 10°
spermatozoa per ml. Fertilization was performed in the incubator at 38.5°C in a humidified
atmosphere with 5% CO2 during 20 h. Subsequently, the presumptive zygotes were cleaned
off the excessive spermatozoa and the rest of cumulus cells by vortexing and transferred into
B2 INRA culture medium (CCD Laboratories, Vernouillet, France) onto culture dish with
previously prepared monolayer of BRL (Buffalo rat liver) cells. The zygotes were cultured at
38.5°C in a humidified atmosphere with 5 % CO, until evaluation. Cleavage rate of embryos

at day 2 was recorded.

Statistical analysis

The experiments have been done in two replications. For spermatozoa motility
analysis (CASA), 7 view fields per each group were evaluated (at least 750 spermatozoa per
one experiment were counted). Average values were calculated from three measurements
during the day. For fluorescent markers, more than 800 spermatozoa per each group were
evaluated. The results were statistically evaluated by repeated measure ANOVA test and t-test

using Sigma Plot 11.0 software.

RESULTS AND DISCUSSION

Values of total motility after thawing of all tested bulls ranged from 31.8 % (RAD
229) to 63.5% (BA 100). All bulls were divided into two groups according their total motility.
First group A - better bulls (NEA 737, BA 100, NEA 532) which had total motility after
thawing over 40% and the second group B — worse bulls (AMT 55, RAD 229, NEA 356)
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which had total motility lower than 40%. Motility of 30% or greater is considered to be
acceptable quality (Person et al., 2007).

Total motility in the A group (better motile spermatozoa) was significantly higher
(P<0.001) compared to the B group (worse motile spermatozoa). Similar tendencies were
observed for progressive movement. The values of PM after thawing were ranged from 29.37
% (RAD 229) to 60.5% (BA 100). All bulls from the B group had significantly (P < 0.001)
lower values of PM compared to A group (Fig 1). One common characteristics of
cryopreserved spermatozoa is the decline in motility of the cells, that may cause relatively
poor fertilising potential when are introduced into the reproductive tract at artificial

insemination (Watson, 2000).
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Figure 1 Total motility and progressive movement of frozen-thawed bull spermatozoa.

* - significant difference between the group A and B at P < 0.001

Except spermatozoa TM and PM, velocity parameters of spermatozoa were measured
(VAP, VCL, VSL). No significant difference between the group A and B was detected. The
highest value of velocity parameters was observed in NEA 532 (group A). Linearity and
amplitude of lateral head displacement are parameters supportive in identification of
hyperactivated spermatozoa. Because movement of the spermatozoa head depends on
flagellar bend and beat patterns, increased VCL and ALH as well as decreased LIN are
indicative of hyperactivation (Mortimer et al., 1990). No significant differences were
detected in amplitude of lateral head displacement between the group A and B as well as

between individual bulls (Table 1). In the previous study Farrel et al. (1998) evaluated
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spermatozoa parameters with a CASA and identified several parameters highly correlated
with non-return rates in dairy cattle. The parameters found to be associated with bull fertility
were: percent of progressive spermatozoa, path (VAP) and progressive (VSL) velocity, track
speed (VCL), linearity and straightness of the spermatozoa path, lateral amplitude (ALH) of

spermatozoa head movement, and spermatozoa tail beat frequency (BCF).

Table 1 Selected movement characteristics of frozen-thawed bull spermatozoa.

VAP VCL VSL LIN ALH
NEA 737  63.74+ 1.71 109.11£2.12 50.59+2.26 0.46 4.23+0.15
Group A BA100 65.80+1.77  124.96+£3.56 50.70+1.81 0.40 4.47+0.20
NEA 532 72.16+£1.85 137.26+4.31 58.65+2.23 0.43 4.43+0.19
AMT 55 64.11£2.31  126.68+4.47 49.48+1.86 0.39 4.58+0.23
GroupB RAD 229  63.95+£1.13  129.544+2.01 52.36+1.44 0.40 4.12+0.15
NAE 356  63.34+1.79  129.75+£3.48 47.40+1.88 0.36 4.60+0.16

Legend: VCL — curvilinear velocity (um.sec™') ; VAP — average path velocity (um.sec™) ; VSL — straight line
velocity (um.sec™) ; ALH — amplitude of lateral head displacement (um) ; LIN — linearity VSL/ VCL ( linearity

of the curvilinear trajectory)

Spermatozoa freezing have also been reported to result in a reduction in spermatozoa
viability, changes in spermatozoa function, lipid composition and organization of the
spermatozoa plasma membrane (Bailey et al., 2000). PNA is a routinely used lectin to label
the acrosome part. PNA lectin has been shown to bind Gal3 (1-3) Gal NAC residues (Varki
et al., 1999; Sharon, 2007) located on the outer acrosomal membrane (Mortimer et al.,
1987; Martinez-Menarguez et al., 1992; Aviles et al., 1997). In unfixed spermatozoa
samples PNA marked only spermatozoa with disturbed plasma membrane integrity.
Proportion of PNA positive spermatozoa in all tested group of bulls ranged from 14.97%
(group A) to 29.84% (group B). It was significantly lower (P<0.001) proportion of
spermatozoa with damaged integrity of the membrane in the group A with better motility

parameters compared to the group B (Fig 2).
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Figure 2 Proportion of spermatozoa with disturbed membrane integrity in frozen-thawed bull
semen. a, b, ¢ — differences are significant (P <0.001) when compared the group A versus the

group B

Similarly incidence of apoptotic cells (Fig 3) was significantly lower (P<0.001) in the
group A (NEA 532, BA 100, NEA 737). Presence of apoptotic spermatozoa in the semen dose
could be one of the reasons for poor fertility of breeding bulls (Anzar et al., 2002) and
similarly spermatozoa with damaged or inactive membranes will have limited viability and

fertilization potential (Correa and Zavos, 1994).
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Figure 3 Proportion of apoptotic spermatozoa in frozen-thawed bull semen. * - significant

difference between the group A and B at P < 0.001

Procedures necessary for cryopreservation of spermatozoa include dilution, freezing
and thawing which are known to damage plasma membranes (Hammerstedt et al., 1990;
Parks et al., 1992). It is generally accepted that at least 50% of spermatozoa die during the
freezing and thawing procedures (Watson, 2000). In our work, proportion of dead/necrotic

spermatozoa was significantly lower in the group A (P<0.001) (Fig 4).
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Figure 4 Proportion of dead/necrotic spermatozoa in frozen-thawed bull semen. * -

significant difference between the group A and B at P <0.001
Results of in vitro fertilization test are shown in Table 2. Impact of individual bull on
cleavage rate of embryos at day 2 was observed. Bulls in the group A with better motility and

viability parameters show significantly higher cleavage rate of the embryos.

Table 2 Cleavage rate of embryos in in vitro fertilization test

Total no. Cleavage embryos Cleavage rate

oocytes (D2), n (D2), %
NEA 737 179 139 77.65
Group A BA100 160 97 60.63
NEA 532 120 86 71.67
AMT 55 38 10 26.32
Group B RAD 229 117 35 29.91
NEA 356 75 18 24.00

Cryopreservation causes irreversible damage to spermatozoa organelles, and changes
in membrane fluidity and enzymatic activity, associated with a reduction in spermatozoa
motility, viability and fertilizing ability (Alvarez and Storey 1989; Hammerstedt 1993).

Good post-thawing motility parameters in connection with low proportion of dead, apoptotic
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spermatozoa and spermatozoa with damaged plasma membrane led to an improvement of

fertilization ability and higher percentage of cleavage rate of embryos.

CONCLUSION

In conclusion, our results indicate close relationship between motility and viability
parameters of frozen-thawed bull spermatozoa. Spermatozoa with higher total motility and
progressive movement had better parameters of spermatozoa viability, except spermatozoa
velocity parameters and amplitude of lateral head displacement. These motility and viability

characteristics are associated with a higher embryo cleavage rate in in vitro fertilization test.
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