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Abstract

Goat semen cryopreservation techniques facilitate the reproductive management of the herd and allow preserving the fertilizing capacity of the
spermatozoa for long periods of time. However, they require centrifugation techniques for the removal of the seminal plasma. This centrifugation
can mechanically damage the spermatozoon membrane, especially if it is performed at high gravitational forces and for a long time. In order to avoid
this mechanical damage, the centrifugation of goat semen is studied with lodixanol (Cushion® Fluid), a compound that acts as a “cushion”, avoiding
the strong packing of the spermatozoa at the bottom of the centrifugation tube. Seminal samples obtained from Murciano-Granadina goats were
divided into 2 tubes, with and without lodixanol, centrifuged at 800 g for 20 minutes, the supernatant and quilting medium were removed and
resuspended in Thilmant medium and refrigerated at 5°C for 24 hours. After that time, the quality of movement and % of motile sperm, the vitality
with eosin-nigrosine staining and the % of morphoanomalies of each type of sample were evaluated. After analyzing the results statistically, we
obtained that the post-centrifugation seminal quality does not vary significantly with both treatments, but the lodixanol allows in the goat semen a
more complete and less aggressive resuspension and homogenization of the spermatozoa after centrifugation, which would translate into a greater

recovery of undamaged spermatozoa.
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Introduction

Currently, refrigeration and seminal freezing techniques are
necessary to facilitate assisted reproduction processes such as artificial
insemination in domestic species, as they allow the fertilizing capacity
of the spermatozoa to be preserved for longer than fresh semen. This
conservation is essential when semen must be transferred from its
place of collection to other farms in order to disseminate the genetic
material of breeding males. It also facilitates the dissemination of
genetic material in situations where the movement of live animals is
prohibited or limited, or in the case of frozen semen, it allows the
existence of germplasm banks, in which thousands of seminal doses
are stored, some even from already deceased animals, which increases
genetic diversity and the number of available genetic specimens.
Despite the advantages of seminal cryopreservation, we must not
forget that it requires a series of guidelines in manipulation that can
affect sperm quality and fertilizing capacity. Among these guidelines
is centrifugation, used to remove seminal plasma, which is known as
seminal lavage. The elimination of seminal plasma becomes necessary
when using diluents containing egg yolk, because an interaction
occurs between the phospholipase secreted by the bulbourethral
glands (present in seminal plasma) that catalyzes the hydrolysis of

lipids in the egg yolk to fatty acids and lysophospholipids that are
toxic to sperm, even at very low temperatures [1,2]. Centrifugation is
therefore a way of eliminating this toxicity, in addition to obtaining a
greater number of sperm from the ejaculate for subsequent dilution in
the freezing medium [3]. There is no fully accepted explanation of how
the centrifugation process damages sperm, but the hypothesis of the
adverse effect on the sperm cell of the excessive formation of Reactive
Oxygen Species (ROS) that would occur during centrifugation
[4,5] and also the direct mechanical damage caused to the sperm
membrane [6] are considered. Precisely to mitigate this mechanical
damage to the membranes, centrifugation is studied with Iodixanol,
a high molecular weight colloid (non-ionic iodine compound) that
would protect the sperm from possible damage caused by the high
centrifugal force. This Iodixanol medium is denser than the semen
and diluent used, so it is deposited at the bottom of the centrifuge
tube as a “cushion”; and would act to prevent sperm damage caused
by being strongly packed against the hard surface of the tube bottom.
This medium would provide a mattress effect to the sperm, which
makes it deposit in a dense fluid, but without allowing it to reach the
bottom of the tube. It is designed in equine semen to allow longer
centrifugations at faster speeds, resulting in higher rates of recovery
of undamaged sperm [7].
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The objective of this work was to verify if there are differences in the
seminal quality of Murciano-Granadina goats in samples centrifuged
with Jodixanol after being refrigerated at 5°C for 24 hours, with respect
to those centrifuged without using this compound.

Material and Methods

To carry out this study, 5 males of the Murciano-Granadina (MG)
breed were used. Three of them were adults at the start of the trial (3
to 5 years old), the other two were young males (7 to 11 months old
at the start of the study). Seminal quality between adult and young
males varied substantially, but what was of interest for this work
were the differences between the seminal quality of semen treated
with Iodixanol and without it, not the variability between specimens.
Even so, the starting qualities of the different samples were taken into
account to assess whether Iodixanol had different effects if used with
poor quality samples than if used with higher quality seminal samples.

The semen was obtained by artificial vagina for goats and was
collected in a glass tube with 1 ml of Krebs-Ringer-Phosphate
diluents [8] tempered at 37°C. The volume of pure semen obtained
was measured and diluted to 10 ml with the same diluent to be able
to visualize the sperm individually. A 20 pl drop of the dilution
was deposited on a slide tempered to 37°C and viewed at 100x
magnifications on an optical microscope. Individual motility was
determined (individual movement quality, subjectively evaluated
from 0 to 5, where 0 corresponds to all immobile spermatozoa and
5 with very rapid progressive spermatozoa movement, table 1) [9],
the percentage of motile spermatozoa (subjectively assigning the
percentage of spermatozoa that move in the microdrop with respect
to the total). The sperm concentration was determined using a
spectrophotometer (SpermaCue®). An eosin-nigrosine stain [10] was
performed, mixing 30 pl of sample and 30 pl of stain that allowed us to
know at 400 magnifications the percentage of viable spermatozoa (they
are white, not stained) that appeared after counting 200 sperm cells in
different fields. With this same preparation we measure the percentage
of morphoanomalies [10] of each sample before it is refrigerated.

The seminal samples were allowed to cool to room temperature
(about 23°C). Each sample was divided into two: 5 ml of sample were
deposited in an empty glass tube and another 5 ml in a tube containing
1 ml of Iodixanol (Cushion® Fluid). They were centrifuged at 2200 rpm
(800 g) for 20 minutes [11].

After removing them from the centrifuge, the supernatant was
aspirated in first place and then the Iodixanol, draining as much as
possible without dragging the spermatozoa.

The resulting pellets were resuspended in 5 ml Thilmant medium [11].

The temperature of each sample was gradually lowered during 120

Table 1: Individual motility classification according to Cabodevilla and
Catena 2012.

Deical]l::ve Movement speed

0 No movement

1 Slight ripple or vibration of the tail, no progression

) Slow progression, including stopping and starting the
movement

3 Continuous progressive movement and moderate speed
Rapid progressive movement

5 Very fast progressive movement in which the cells are
difficult to follow visually

minutes until reaching 5°C, temperature at which they remained 24
hours until their evaluation.

The seminal quality of each sample refrigerated for 24 hours was
evaluated in the same way as it had been done for both fresh and frozen
semen, studying the same parameters: individual movement quality,
percentage of motile spermatozoa, vitality using eosin-nigrosine
staining and morphoanomalies.

Results

The results are shown as the average of the values obtained in each
of the 3 groups: Fresh semen (F), semen centrifuged with Iodixanol (I)
and semen centrifuged without Iodixanol (NI). Statistical analysis was
carried out using Statgraphics® centurion. We analyzed the averages
of each parameter using the F-test in the ANOVA table to determine
if there are significant differences between the means. Multiple-range
tests determined which means were significantly different from others,
with a 95% level of confidence.

The average seed quality of each male used is also shown (Table 2).

The two young males had, on average, worse semen quality than
the adults, especially in the parameters of sperm concentration and
individual motility. The % of motile and viable spermatozoa was
higher in adult males 1 and 2 compared to the others.

Similar results were obtained for each male, seminal quality
was slightly higher for samples treated with Iodixanol (except for
the morphoanomaly parameter of young male 1 and adult male 2,
which presented higher % of abnormal forms in samples treated with
Iodixanol), without being significantly higher (p>0.05 in all cases).

In order to eliminate the individual effect of the quality of each
specimen, the average of each evaluated parameter was obtained,
adding the values of all the males, without distinguishing individually
between them. The results are shown in the following (Tables 3-7).

The differences are significant between fresh semen samples and
chilled semen samples, but they are not significant between I and NI
centrifuged samples in both the individual motility parameter and the
percentage of motile spermatozoa.

For the parameter % of viable spermatozoa there are no significant
differences between any of the 3 groups studied.

There are significant differences in the average morphoanomalies
found between fresh semen and semen centrifuged with Iodixanol,
with a greater difference found in fresh semen.

The differences between fresh semen and semen centrifuged without
Iodixanol and between the two centrifuged and chilled samples are not
significant.

Within the average values of the parameters obtained in semen
treated with and without Iodixanol, we found that there are no
significant differences between the two, but they are slightly greater in
treatment with Iodixanol. The same occurs when maximum values are
observed, always favorable for treatment with the padding medium,
although these differences do not become significant in the average
value of the parameter.

When observing the resulting pellets after centrifugation,
we noticed that in the tube without Iodixanol, the spermatozoa
pellet appeared strongly adhered to the bottom of the centrifuge
tube. This pellet required a strong mechanical treatment for its
homogenization in the resuspension medium, and in most cases there
were accumulations of sperm cells that did not mix completely. On
the other hand, in the seminal fraction that had been centrifuged
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Table 2: Average fresh seminal quality of each male used.

Young malel Young male 2 Adult male 1 Adult male 2 Adult male 3
Volume ejaculate (ml) 0.5 0.7 13 2.5 1
Concentration total spermatozoa (x10°) 1110 3610 6781 8500 5533
Individual motility 3 3.85 4.07 4.12 4.08
% Mobile Sperm 36 57 76.43 82.5 60
Vital stain (% alive) 36 57.74 70 71 51
Morphoanomalies(% anomalous) 41.8 45.2 46.86 40.5 27.33
Table 3: Average semen quality of each male after Cl and Sl refrigeration.
Young male 1 Young male 2 Adult male 1 Adult male 2 Adult male 3
1 NI | NI 1 NI 1 NI 1 NI
Individual motility 1.15 1 2.6 1.9 2.7 2.5 2.6 2.2 33 2.8
% mobilesperm 13 10 38 30 37.1 36.4 50 45 40 40
Vital stain ( % alive) 17.8 13.1 44.3 44.6 62.4 62 61.6 60.4 45.1 43.7
Morphoanomalies
o 33 29.2 24.8 25.8 36.4 46.1 30.5 28.7 23.7 25.7
(% anomalous)

Table 4: average of the individual motility parameter, standard deviation
and maximum and minimum value obtained in each group.

n Average | Standard Deviation | Minimum | Maximum
F 22 3,8° 0,61 2,0 4,5
| 22 2,4° 1,34 0 3,75
NI 22 2,1° 1,29 0 3,5

Different letters denote statistical difference (p < 0,05)

Table 5: Average of the percentage of mobile spermatozoa obtained in
each of the group’s evaluated standard deviation and maximum and
minimum value.

n Average | Standard Deviation | Minimum | Maximum
F 22 61,1° 19,33 30,0 90,0
| 22 33,4° 20,20 0 60,0
NI 22 30,7° 19,54 0 50,0

Table 6: Average percentage of viable spermatozoa with eosin-nigrosine
vital stain, standard deviation and maximum and minimum value
obtained in each group

n Average |Standard Deviation| Minimum | Maximum
F | 22 57,0° 16,93 22,5 86,0
| 22 45,7° 25,51 0 85,0
NI | 22 44,32 26,25 0 80,0

Different letters denote statistical difference (p < 0,05)

Table 7: Average Percentage of Sperm Morphoanomalies (Abnormal
Forms), Standard Deviation and Maximum and Minimum Value Obtained
in Each Group.

n Average |Standard Deviation| Minimum |Maximum
F 22 41,6° 12,33 15,0 62,0
| 22 30,7° 16,88 7,0 68,0
NI | 22 33,320 17,84 8,0 84,0

Different letters denote statistical difference (p < 0,05)

with Iodixanol, the spermatozoa pellet was observed as a white line
between the supernatant and the Iodixanol at the bottom of the tube,
and in this case it was easily resuspended in a homogeneous way in
the new medium with just a slight agitation, without the need for high
mechanical forces, and without the presence of macroscopic cellular
accumulations.

Discussion

One of the major concerns when processing seminal samples by
centrifugation is to recover as many sperm as possible with the least
possible damage to sperm integrity. In this work we studied whether
the centrifugation of goat semen with Iodixanol improved the quality
of the semen with respect to those same sperm samples centrifuged
without it. Our initial hypothesis focused on the fact that Iodixanol
would buffer the mechanical damage that sperm cells sustained during
the centrifugation process due to gravitational forces, and therefore

Different letters denote statistical difference (p < 0,05)

would improve their viability with respect to samples centrifuged
without it. Iodixanol is a product traditionally used in density gradients
for cell fractionation [12,13] that has been traditionally used in
equine semen washing with good results in recovering the number of
undamaged spermatozoa [14-16]. The first work that reported the use
of Iodixanol in equine sperm centrifugation was by [17]. They reported
that semen centrifuged at 600 g for 15 minutes without Iodixanol had
30% less (P<0.05) live/normal sperm than semen centrifuged at 1000
g for 25 minutes with Iodixanol [16]. Compared centrifugation at 1000
g for 20 minutes using 5 ml of Cushion-Fluid® with centrifugation
at 600 g for 10 minutes without it. They obtained no significant
difference in progressive motility after thawing, but sperm recovery
was significantly higher when using the padded centrifugation
technique. Other authors [16,18-20] also obtained greater sperm
recovery with less apparent sperm damage in equine semen [21,22],
using porcine semen, found no significant differences in viability and
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functionality of samples centrifuged with and without Iodixanol, but
sperm loss after centrifugation was lower in samples centrifuged using
this mattress, concluding that centrifugation with Iodixanol improved
the sperm recovery rate without affecting sperm quality. Our results
with goat semen did not show significant differences in the assessed
seminal quality parameters between centrifuged I and NI samples
(P>0.05), but they were slightly superior on all averages, especially
in the percentage of motile spermatozoa, where there is almost a 3%
difference with respect to the NI samples. They gave lower viability
results than other authors who worked with chilled goat semen
[23,24], due to the low fresh seminal quality of the young males, which
decreased the average number of viable spermatozoa. However, the
aim of this study was to compare seminal washing with and without
Iodixanol, and both in good quality semen and in semen with lower
viability and motility rates and lower concentration, the differences
in quality were not significant with or without treatment. Where we
did find the greatest differences was in the resuspension of the sperm
pellet in the incubation medium. The lack of adhesion to the tube in
the samples treated with Iodixanol allowed resuspension to be carried
out homogeneously and without the use of further mechanical forces
such as pipetting, which was required to detach and homogenize the
pellets from the samples centrifuged without Iodixanol. Even with the
use of pipetting forces, more undissolved spermatozoa were left in NI
samples than in I samples. This would mean that sperm recovery would
be lower in NI samples, since spermatozoa adhering to the glass or
forming clumps would not be recovered. This, together with allowing
for higher centrifugation forces and times, as published by the above-
mentioned authors, would result in a higher number of undamaged
recovered spermatozoa, since centrifugation with Iodixanol would
avoid causing further mechanical damage to the sperm cells in order
to achieve their resuspension.

Conclusions

Centrifugation of caprine seminal samples with Iodixanol does
not affect the quality of the samples kept in refrigeration at 5°C, but
it is useful to facilitate sperm homogenization in the resuspension
medium, which would result in an increase in the number of
undamaged recovered spermatozoa. This increased rate of goat sperm
recovery needs to be confirmed in future studies.

Treatment with Iodixanol does not affect the quality of spermatozoa
in young goats or adults, irrespective of the starting sperm quality of
the animals.

Nor does it depend on the dilution of the spermatozoa before or
after centrifugation.
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