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ABSTRACT

The tests were conducted on 16 eiaculates sampled from 4 rams. After sampling and assessment the semen was
divided into 3 parts: I — test, II — with the addition of 1 ug Se/ml, III - with the addition of 10 ug Se/ml. The
semen was made subject to a 4-hour equilibration at the temperature of 4°C, and then frozen.
As a result of the conducted tests, a positive influence was proved of the applied selenium additive to semen in
the quantity of 1 g /ml on its freezing ability and survival at the temperature of 38°C.
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INTRODUCTION

Selenium is an element fulfilling a significant function in reproduction processes, both in
females and males of farm animals (8, 9, 17, 23, 27, 28). Disturbances in animal reproduction
are connected with insufficient selenium supply in the organism. In females they are
manifested (among others) by reduction of oestrus strength, decreased fertilizability index (7),
ovary function disturbances and uterus involution course, and a more frequent placenta
retention (11, 12, 22). In males bred on a low selenium diet, male hypogonadism was found as
well as reduced production and deteriorated semen quality (13, 16, 24, 26). The aim of this
article is to observe how the additive of selenium to semen prior to freezing influences its
quality during subsequent processing phases and after defreezing.

MATERIALS AND METHODS

The tests were performed on 16 eiaculates sampled from 4 rams of Polish long-wool sheep at
the age of 2 — 3 onto an artificial vagina.

After sampling and eiaculate semen assessment the samples were divided into 3 parts; then
the citrate-vitelline-fructose diluent was added to each of them, prepared after Bielanski and
co-authors (3):

I — with no additive of selenium (test sample)
I — with the additive of 1 pg Se/ml

III — with the additive of 10 ug Se/ml
Selenium was added as a sodium selenite.

The diluent included: a 2.9% solution of two-hydrate sodium citrate — 76 ml, yolk of hen egg
— 20 ml, fructose — 1.25 g, glycerol — 4 ml.

The final glycerol concentration in the diluent amounted to 4%, and the spermatozoon
concentration 0.9 x 10%/cm’.

After the semen dilutiing, it was made subject to a 4-hour equilibration at the temperature of
4°C.

Then, the semen was poured to aluminum horns, having the volume of 2 c¢m’, which were
frozen on a stand immersed in liquid nitrogen according to the methodology described by Ali
and Tischner (1). The defreezing of semen was carried out by shifting the horns from liquid
nitrogen to the water bath, having the temperature of 38 — 40°C per 30 seconds.

After the semen defreezing, as well as earlier, during its particular processing phases, the
spermatozoon motility was tested, and smears were conducted on a slide, and then contrasted
with a 10% nigrosine solution in order to evaluate the spermatozoon acrosome condition. This
assessment was performed according to Saake and White (18). The test of spermatozoon
survival was carried out at the temperature of 38°C according to the methodology supplied by
Bielanski (2).

The test of spermatozoon movement was conducted immediately after the semen defreezing,
and then every one hour up to the moment of observing oscillating movements only (lack of
spermatozoon demonstrating the progressing movement) or the lack of movement of all
spermatozoon. The achieved results were made subject to statistic analysis.
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RESULTS AND DISCUSSION

The semen assigned for freezing was characterized by good quality. The mean values of
assessed indexes did not diverge from the accepted standards for ram semen (2, 25). The
average volume of 16 sampled eiaculates amounted to 1.1 + 0.2 cm’, there was on average
3.65 £ 0.59 billion spermatozoon in 1 cm® of semen, out of which 82.0 + 5.7% demonstrated
the progressing movement. The main morphological changes oscillated at the level of 2.6 +
0.8%, and the subordinate ones 7.4 + 2.6%. The spermatozoon with the undamaged acrosome
constituted 82.3 + 11.5% of all sperm cells.

It was proved that directly after the dilution of semen in a sample with no additive of selenium
(group I) and with the additive of 1 ug Se/ml (group II) the percentage of spermatozoon
demonstrating the progressing movement (Figure 1) was nearly identical and amounted to
74.6 £ 5.3 and 74.5 £ 3.7 respectively. As for group 11, containing 10 pg Se/ml in this phase
of semen processing, a several-percent spermatozoon increase showing the progressing
movement was observed in comparison with the first two groups.

Figure 1. Percentage of spermatozoon demonstrating progresssing movement in particular phases of
semen processing after adding different selenium doses.
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The distribution of the assessed index acquired an entirely different form in the tested samples
after a 4-hour equilibration at the temperature of 4°C. In group I and II, 69.2 + 4.3% and 70.0
+ 3.1% of spermatozoon on average demonstrated the progressing movement, while in group
Il the index amounted to 52.5 + 17.1%. The estimated differences among the groups
described above proved to be statistically significant. Thus, the additive of 10 ug Se/ml to the
semen had a negative influence on the spermatozoon motility as early as in the sample
preparation phase for freezing. This influence was most probably connected with the
destructive impact of high microelement concentration on the spermatozoon insert, regarded
as an energetic area of male gamete (14), and with the impairment of processes occurring in
mitochondria. Mitochondria are surrounded by a keratinous capsule particularly rich in
selenoprotein (5, 6, 15, 19); for this reason this element plays the main role in maintaining a
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proper composition of this structure (6, 24, 26). Additional tests demonstrated that the
application of a 10 .g Se/ml dose caused approx. 100-fold selenium concentration increase in
the semen plasma, in comparison with values occurring normally in rams. As Saaranen and
co-authors state (19), the selenium concentration in the semen plasma of the discussed animal
species oscillates on average at the level of 102 + 19.1 pg/l. The obtained results allow
presuming that the commonly known toxic action of selenium applied excessively to animals
‘in vivo’, occurs also in reference to research on sperm cells ‘in vitro’.

The acrosome morphological tests conducted in particular phases of semen processing
demonstrated that the high microelement concentration had also a negative effect on the
condition of this structure in semen, playing an important role in the fertilization process of
the egg cell (21). As the provided data reveal (Figure 2), the degree of acrosome damage in
samples where 10 ug Se/ml was added was considerably higher than in samples with a 10-fold
lower element addition and in test samples. This effect was particularly noticeable after semen
defreezing and after the spermatozoon survival test at the temperature of 38°C.

Figure 2. Percentage of spermatozoon with undamaged acrosome in groups of different selenium
additive.
E BEFORE DILUTING

O AFTER DILUTING

oy B AFTER EQUILIBRATION
]

90 -

50
70
10
o0
40
30
20
10 4
0 T T T

CONTROLTEST  1ugSefml 10 g Seiml  ON AVERAGE

The test results, both ‘in vivo’ and ‘in vitro’, concerning the influence of selenium on the
spermatozoon morphological condition, are not univocal. The research conducted by Wu and
co-authors (26), Wallace and co-authors (24) on male rats and mice deficient in selenium
supply demonstrated the increase of morphological changes in their semen.



Tests carried out on rodents are not always confirmed by research performed on males of
other mammals. Heimann and co-authors (10) inform (among others) about the lack of
univocal dependencies between the concentration of the discussed microelement in the
reproductive system organs, blood and semen, and the value of morphological changes in bull
spermatozoon; Buchanan-Smith and co-authors obtained similar results for a ram (4).

These tests, on the other hand, correspond with the results gained by Siegel and co-authors
(20) on bull semen. The authors mentioned above proved that the additive of selenium of up
to 1 pg/ml had a positive impact on the motility of fresh and frozen semen. In case of doses
exceeding 2 pug/ml the authors noted a drop in spermatozoon motility, and at doses of over 5
ug/ml the negative influence of this microelement proved statistically significant. The additive
of selenium in the quantity of 0.65 pug/ml proved most optimal.

Similar results of tests conducted ‘in vivo’ on bulls ware obtained by Udala and co-authors
(23). The application of selenium with vitamin E and selenium on its own in the form of
intramuscular injection significantly influenced the percentage increase of spermatozoon
demonstrating the progressing movement after the semen defreezing, and eventually it caused
gaining a larger number of semen portion from an eiaculate. What results from these tests is
that the effect of selenium administration is particularly noticeable in animals characterized
by low contents, below optimal values, of this element in their blood.

The test sampling of selenium concentration carried out additionally in applied diluents
demonstrated that the concentration varied from 55 to 62 ng/ml, and in the semen plasma
assigned for tests it amounted to: from 40 to 115.5 ng/ml. In case of ram semen, opposite to
blood, there are no norms allowing for univocal specification what selenium level is regarded
as deficient. The research of Saaranen and co-authors (19) shows that the concentration of the
discussed microelement in the semen plasma is approx. 100 ng/ml. Therefore, in some semen
samples used for the test, the (selenium) level was lower than the mentioned value, but it is
difficult to state if it was insufficient.

The research on the semen survival indicates that the spermatozoon life span in the
environment containing 1 pug Se/ml was the longest and amounted to 7.5 hours. In the test
sample this span was shorter by 1 hour, and in the sample containing 10 ug Se/ml — by 3
hours on average. This parameter had the most favorable form in the semen containing
selenium in the quantity of 1 ug/ml. The obtained results correspond, to a large extent, with
the research of Siegel and co-authors (20) presented earlier, carried out on bull semen.

The presented tests suggest generally positive selenium influence on the quality of ram frozen
semen, and they also account for the complexity of the issue. The research conducted by the
authors cited above shows that the effect of this element can be various, depending on
numerous factors, but their analysis was not the aim of this research. The animal species, as
well as the organism supply with this element, or simply the form and way of using it play an
unquestionable role here. It would be interesting to respect the relations between the discussed
microelement and its antagonists. There are no research papers to be found in the available
literature referring to semen.
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CONCLUSIONS

The conducted research account for the purposefulness of adding 1 pg/ml to semen before its
freezing. Ten-fold higher doses, though, have a negative influence on the semen freezing
ability.
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