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Abstract

Semen quality assessment methods include the evaluation of physiological
parameters (concentration, viability, motility and morphology), biochemical
parameters (membrane composition and integrity), and the correlation between
them. Commonly, artificial insemination (Al) centers assess semen quality
according to motility and concentration evaluation, in order to determine the
dilution factor for a final concentration of about 20 million sperm cells in each 0.25
ml straw. Progressive motility (PM) is one of the physiological characteristics of
sperm cells, which refers to the cell's ability to move in a straight line. Progressive
motility is required for moving forward in the female reproductive tract and is often
used to predict fertilization competence. In the Al-center "Sion", the PM parameter
is used to calculate the dilution factor of semen samples, thereby affecting the
number of straws produced from each ejaculate. The aim of the current study was
to examine the survival of progressively motile sperm, following the freeze-thawing
process. The study was performed in three stages. The first stage included
retrospective analysis of data taken from 'Sion’, in order to compare the PM of
fresh semen to that of cryopreserved semen. Findings indicated that the proportion
of motile- and progressively motile sperm decreased during the freeze-thaw
process, from 76 to 51%, and from 66 to 37.8%, respectively (P <0.01). In addition,
sperm PM was found to be more susceptible to the preservation process than
sperm motility, expressed by a decrease in PM, following freezing and thawing
(28.2 vs. 25.0 percentage units, respectively; P < 0.01).

In the second stage, we have defined a new parameter, named
"progressive motility survival" (PMS), which expresses the ratio between the PM
of semen before and after freeze—thawing. Ejaculates were divided into high- or
low-PMS, and were examined for their membrane integrity; their viability,
mitochondrial activity, acrosome integrity, and reactive oxygen species (ROS)
intracellular level. Note, that examinations were performed on fresh semen, and
the PMS was calculated after the preservation process. Findings indicated that
samples of high-PMS had a higher mitochondrial activity, compared to semen of
low-PMS (ratio 3.7 vs. 1.9, respectively; P < 0.05). Samples of high-PMS had



relatively a higher proportion of viable spermatozoa with intracellular ROS
expression, than that in samples with low-PMS (43.4 versus 29.1%, respectively;
P <0.05). In addition, samples were evaluated for fatty acid membrane
composition. The findings indicated that the concentration of saturated- and
monounsaturated fatty acids in the sperm membrane, did not differ between the
low- and high-PMS groups. However, the relative concentration of polyunsaturated
fatty acids (PUFA) was higher in the low- than the high-PMS group (33.07 vs.
30.94%, respectively; P < 0.02). The proportion of omega-6 fatty acids was higher
in the low- than the high-PMS group (10.4 vs. 9.5%, respectively; P <0.05). On the
other hand, the proportion of omega-3 fatty acids did not differ between the groups.
Thereby, the omega-6 to omega-3 ratio did not differ between low- and high
progressive motility groups.

The aim of the third part of the study was to improve cryosurvival of
progressively motile spermatozoa, by manipulating the dilution process. In our
preliminary analysis, we found that PM is negatively correlated with sperm semen
concentration (r=-0.64, P <0.01). Therefore, it was reasonable to assume that the
proportion of cryoprotectants that were added during the dilution process, further
affected the PMS. To confirm this assumption, the ejaculates (n=21) were divided
into two samples; the control samples underwent a routine procedure of dilution in
order to get 25 million spermatozoa per 0.25 ml, i.e., the dilution was performed
based on the initial ejaculate concentration. The treated samples were centrifuged
at 600g for 8 min, the seminal fluid was extracted, and the samples were diluted
with cryoprotectants in order to get a final concentration of 25 million spermatozoa
per 0.25 ml, i.e., the dilution was based on the post centrifugation concentration.
All samples underwent the freezing procedure and the sperm motility, viability,
acrosome integrity, mitochondrial activity and the level of ROS were examined post
thawing. The findings indicated that sperm viability was higher in the treated-
relative to the control group (47.5 and 40.0%, respectively; P <0.001); sperm
motility, PM and PMS did not differ between the groups. In addition, the proportion
of viable spermatozoa that expressed intracellular ROS, was lower in the treated-

relative to the control group (34.3 vs. 40.8%, respectively; P <0.01). However, the



mitochondrial membrane potential and acrosome integrity did not differ between
the groups.

As a consequence of the first two parts, a field fertility study was conducted,
in order to examine the effect of the aforementioned procedure on fertilization
capacity. Ejaculates were divided into control and treated groups, as described
above. All samples were cryopreserved in straws until insemination. The
insemination procedure (n= 60 per group) was done by Sion's professional
inseminators. The data recorded in Sion's herd book is awaiting statistical analysis.

Summary The findings of the present study indicate that spermatozoa with
high PM are more sensitive to cryopreservation processes. High PM survival is
associated with better oxidative status, most likely due to a low proportion of PUFA
in the membranes, which is known to be a major target for active oxygen
compounds in the fatty acid oxidation process. In addition, high PM was found to
correlate negatively with semen concentration. Therefore, manipulating the dilution
process has been suggested. The examined procedure seems to be suitable for
handling ejaculates with high PM and low concentration, expressed by higher
viability after the freezing/thawing procedure. The profitability of the proposed

procedure will be determined after analyzing the data of the field fertility trial.
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