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The aim of the experiment was to determine the effect of a single subcutaneous application of Selevit inj.
on the volume and density of ejaculates, sperm viability, level of oxidative stress (OS) and apoptosis in semen
by using flow cytometry.
Ten rams were divided into two groups. The experimental group, (EG; n=6) was injected one time subcutaneously with the Selevit inj. at a dose of 5 ml per animal (11 mg of sodium selenite). The control group, (K; n=4)
was subcutaneously administered with physiological solution at a dose of 5 ml per animal. Samples of blood
and semen were collected from each ram prior to application of Se and at day one, 14, 26, 38, 50, 62 after
selenium injection.
Results showed, Se concentration in the blood of EG was significantly higher, but short-term. Se concentration in the semen of the EG was significantly higher during the whole duration of the experiment (62 days).
The level of OS was significantly reduced at day one, 14 and 60 after application of Selevit injection. The number
of dead spermatozoa was significantly lower in the EG only at day 14 and 26 after Se application. There was
only a slight increase in the percentage of sperm in the early phase of apoptosis in EG. There were no significant
differences in ejaculate volume and sperm concentration between groups.
Single subcutaneous injection of Selevit is sufficient enough to maintain a significant long-term increase
of Se concentration in semen and has a positive effect on the level of OS, but there was no substantial influence
on the quality of ejaculates.
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Mammalian spermatozoa have a large con
tent of polyunsaturated fatty acids located in cyto
plasmatic membranes, therefore they are highly
susceptible to lipid peroxidation (LPO) caused by
reactive oxygen species (ROS). The result of the
ROS-induced damage is the disruption of sperm
function and decreased semen quality [19]. Sev
eral defense mechanisms including antioxidants
and antioxidant enzymes have been developed to
prevent the LPO of sperm and maintain sperm
motility and viability [21]. Many reports have
suggested that selenium (Se) and vitamin E are
important nutrients that act synergistically and
can affect many biological processes including
spermatogenesis and semen quality [12].
Se is an irreplaceable component of the
antioxidant system as an integral part of glutathione
peroxidase (GSH-Px). GSH-Px activity has been
reported in the semen of several species including
the dog, ram, human, rooster, buck and bull. If the

Se content in selenoproteins is low, it consider
ably decreases the possibility of fertilization [6].
Reduced sperm production and poor sperm
quality, including impaired motility with flagella
defects localized primarily in the midpiece, have
been detected in Se-deficient animals [4]. Vitamin
E was found to decrease the sperm abnormalities
in the head of mice sperm and supplementation
with Se and/or vitamin E improved the libido and
semen characteristics in rams and bulls [7].
Spermatozoa are produced in the process
of spermatogenesis. Spermatogenesis is the pro
cess of cell proliferation and differentiation from
a spermatogonial stem cell to adult sperm. These
complex transformations occur in seminiferous
tubules of the mammalian testes and may pro
ceed over an extended period of time, which is
species specific [9]. Therefore, it is important to
take into account the effect of an applied sub
stance not only shortly after its application, but
16

The Animal Biology, 2019, vol. 21, no. 2

also during the course of the one cycle and after
its ending what can last several weeks.
Most of the available works describe the
positive effects of long-term supplementation with
Se, with a preference for the organic form. Howev
er, information about the effect of single parenteral
administration of the inorganic form of Se on male
fertility is inadequate. For this reason, we have de
cided to test the effect of singel Se administraton
on sperm fertility and Se concentration in sperma
tozoa and blood of rams with respect to the time
course of the spermatogenic cycle.

Concentration of sperm was determined by
counting beads, 123 count eBeads™ (eBioscience,
ThermoFisher Scientific, USA). The numbers of
sperms were expressed as log10 numbers/ml ± stan
dard deviation. Sperm viability was determined by
combined staining with propidium iodide (PI) and
carboxyl fluorescein diacetate (cFDA). Apoptosis
was evaluated with a commercial kit — FITC Annexin V Apoptosis Detection Kit (BD Pharmigen,
USA). This kit contain a PI and Annexin-V labeled
with FITC. Oxidative stress (OS) of the sperm
cell membrane was assessed using the BODIPY
C11 fluorescence dye according to Brouwers and
Gadella (2003). In this assay, cells are stained with
PI to distinguish living cells from damaged cells.
All results obtained from this experiment
were statistically evaluated by two-way ANOVA
with the supplementary Mann-Whitney test to
compare treatment differences and Tukey’s posthoc test to compare time differences.

Materials and methods
Ten adult rams aged 2–3 years and av
erage body weight 63 kg were divided into two
groups. The experimental group, (EG; n=6) was
injected once subcutaneously with the Selevit inj.
at a dose of 5 ml per animal (11 mg of sodium sel
enite — 5 mg of Se and 125 mg of vitamin E per
animal). The control group, (C; n=4) was subcu
taneously administered only with saline at a dose
of 5 ml per animal.
Samples of blood were obtained via jugu
lar puncture. Semen was collected by electroejac
ulation. Samples were collected before Selevit inj.
application. and next collections were performed
1, 14, 26, 38, 50, and 62 days post injection
with respect to the course of spermatogenesis
and the duration of the sperm passage through
the epididymis.
Analysis. The concentration of selenium
in the blood and the semen was determined using
emission spectrometry with inductively coupled
plasma on the optical emission spectrometer Optima 2100DV at the wavelength of 196.026 nm. The
samples were mineralized by wet digestion in micro
wave laboratory systems Milestone MLS 1200.
The semen was evaluated immediately
after collection for: volume, concentration, live
and dead counts, the level of apoptosis, and the
level of oxidative stress (OS). Besides semen’s
volume other parameters were investigated by
flow cytometry on a BD FACSCanto™ cytometer
(Becton Dickinson Biosciences, USA) equipped
with blue (488 nm) and red (633 nm) lasers and
6 fluorescence detectors. BD FACS DivaTM soft
ware was used to analyze the obtained data.

Results and discussion
Se concentration in the blood of the ex
perimental group (EG) was significantly higher
(P<0.05) only 24 hours after Selevit injection.
In the ejaculates of the EG there were signifi
cantly higher values of Se concentration than the
control group (C) on day one and 14 (in both col
lections P<0.05) after Se supplementation. With
in the time dynamics, a significant increase of
the Se concentration in EG was seen between the
pre-injection collection and one day post-injec
tion (P<0.05). There was no statistical difference
between the experimental and control group in
the volume and density of the ejaculates.
The higher values of oxidatively stressed
sperms were found in the control animals. Significant
differences between groups were reported on day 1
(P<0.05), 14 (P<0.05) and 62 (P<0.05). A significant
decrease of oxidatively stressed sperm was observed
in the EG between the pre-injection collection and
1st day post-injection (P<0.001). Then, a gradual
increase of OS was recognised in this group un
til day 50. Another significant decline (P<0.001)
of the percentage of sperm damaged by oxidative
stress was observed between days 50 and 62.
The administration of selenium did not
have a significant effect on the number of living
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and damaged sperm in the study. Statistically sig
nificant decrease of the percentage of dead sperm
was observed in the EG on day 26 in comparison
to the C (P<0.05). The highest number of sperms
in the early phase of apoptosis (1–1.2 %) was
observed in the experimental group on day 38.
However, a significant effect was reported only
on day 14. There were higher concentrations of
living sperms (P<0.05) and significantly lower
levels of dead sperms in the EG compared to
the C (P<0.05).
Many authors have presented the posi
tive effect of selenium on the quality of ejaculate
in many animal species [12]. However, some au
thors reported that the addition of an inorganic
form of selenium to the feed did not improve
the quality of ejaculates [3].
Our results showed, that the single dose of
Selevit inj. caused an increase in Se concentrations
in ejaculates of experimental rams in all samples.
Increased concentrations of the Se in sperm were
maintained for at least 62 days. It indicated a longterm supply of sperm by the testes. Therefore,
we can conclude that the testes have an efficient
mechanism for the use of Se to support spermato
genesis which is in accordance with [16]. Accord
ing to [20], Se concentrations were higher in the
reproductive apparatus (testes, sperm cells) than
in other tissues and organs 23 days after intra
venous administration of sodium selenite.
The highest values of Se concentrations in
semen of the experimental versus control animals
were recorded 24 hours after the administration of
the Selevit inj., and subsequently at days 50 and 62.
[20] demonstrated that in the short period after Se
administration, the Se concentration increased in
seminal plasma, but no increase in Se in the sperm
was observed. Therefore, we can conclude, that the
increased Se concentration 24 hours after applica
tion was due to an excessive uptake of adminis
tered Se by the accessory glands. Additionally, low
concentrations in the later collections suggests an
inadequate incorporation of Se into sperm trans
ported through the epididymis [15]. Antioxidative
protection is ensured through GPX produced by
the epithelium of the epididymis during the passage
of sperm [14]. Increased concentrations of Se on
days 50 and 62 after the Se injection, correspond
with the increased incorporation of Se into sperm

in the early stages of development, spermatogonia
and primary spermatocytes. These conclusions
are in accordance with findings of [2]. It has been
demostrated that the testes exhibit fairly higher Se
concentrations compared to other tissues and or
gans [1]. [5] also reported that testes of Se-deficient
rats maintained Se concentration within normal
levels, although its level in other organs declined
significantly.
Our results are consistent with the results
of [17], who reported no change in the volume and
concentrations of ram sperm, even after long-term
administration of sodium selenite. In contrast, our
results are not consistent with the findings of [10],
according to whome an increase of the volume and
density of ejaculates and improvement of the sperm
motility were observed after Se supplementation.
A significant effect on the viability of
sperm in rams supplemented by Se was detected
only on day 26, when a significant decrease of
dead sperm was observed compared to the con
trol animals. However, there was no increase in
the number of living sperm. Similarly, authors
[17] and [8] have not reported a significant influ
ence on the number of living and dead sperm after
supplementation with both organic and inorganic
Se. On the contrary, other authors demonstrated
increase of sperm viability after application of Se
or combination of Se and vitamin E [7, 12]. The
positive effect of Se on sperm viability was also
demonstrated in vitro [6].
Significant increase of the Se concentra
tions and a decrease of OS were observed in the
EG in most collections compared to day before
application of Selevit inj. The analyses of first two
ejaculate samples indicate the selenium antioxi
dant protection in seminal plasma and the epidid
ymis secretions. This is consistent with the results
of [18], according to which Se is not incorporated
by adult sperm. The results of day 62 point to the
incorporation of Se in the early stages of sperm
development and the subsequent positive influ
ence on the OS level in the samples. However, im
provement of sperm viability was not observed.
According to [11] application of Se improves the
antioxidant properties of seminal plasma by in
creasing the activity of antioxidant enzymes and
reducing the level of lipoperoxidation. [13] found
high levels of reactive oxygen species in infertile
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The Animal Biology, 2019, vol. 21, no. 2

patients as well as a greater level of apoptosis com
pared to healthy subjects. We observed a non-sig
nificant increase in sperm in the early phase of
apoptosis in EG during the study.
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