
FOLIA VETERINARIA, 65, 1: 19—28, 2021

% sciendo

DOI: 10.2478/fv-2021-0003

EFFECTS OF SELENIUM ON BULL’S SPERM OXIDATIVE STRESS 
AND VIABILITY UNDER IN VITRO CONDITIONS

Dolnik, M.1, Mudronova, D.2

C lin ic  of Ruminants
2Department of Microbiology and Immunology 

University of Veterinary Medicine and Pharmacy in Kosice, Komenskeho 73, 041 81
Slovakia

micha1.do1nik890@gmai1.com

ABSTRACT

The aim of this study was to determine the effects of 

sodium selenite on the level of oxidative stress and viabil­

ity of spermatozoa in fresh bull ejaculate in in vitro condi­

tions at different temperatures. Samples of the bull's ejac­

ulates with a concentration of 7 x 105 spermatozoa per 

ml were placed into the commercial semen extender con­

taining 0 (control), 1 (1Se), 3 (3Se) and 5 (5Se) g g .m l1 

of sodium selenite. The following analyses were per­

formed by flow cytometry after 1, 3, 6, 8, 24, 48 and 

72 hours of incubation at 4 °C and 37 °C. All analyses 

were carried out in triplicate. The level of oxidative stress 

at both temperatures were significantly lower in the ex­

perimental groups in comparison to the control group. 

However, a significant decline of live sperm concentra­

tion and a rise of damaged sperm concentration were 

recorded, especially in groups 1Se and 3Se in compar­

ison to the control group. Only in group 5Se was there 

observed a positive effect on the damaged spermatozoa 

level in comparison with groups C, 1Se and 3Se at 4 °C. 

In conclusion, the applied concentrations of sodium sel­

enite had a positive effect on the level of oxidative stress 

in all experimental groups, but mainly at concentration 

of 5 g g .m l1 of sodium selenite, especially at 4 °C. How­

ever, the effect of selenium was not sufficient for improv­

ing the sperm viability.

Key words: bull’s sperm; flow cytometry; oxidative 

stress; selenium; viability.

INTRODUCTION

Oxidative stress occurs when there is a disbalance be­

tween reactive oxygen species (ROS) and antioxidants, 

often occurring in spermatozoa with defective mitochon­

dria [5]. ROS have both a physiological and a pathological 

role in spermatozoa [15]. Under physiological conditions 

only small amounts of ROS are produced, and it is used for 

capacitation and acrosomal reaction of the spermatozoa 

when fertilizing the egg [20].

The plasma membrane in spermatozoa differentiate 

from somatic cells in the body, and have a much higher
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content of polyunsaturated fatty acids (PUFA), therefore 

they are highly susceptible to lipid peroxidation (LPO) 

caused by ROS [26]. The result of the ROS-induced dam­

age is the disruption of sperm function and decreased 

semen quality [16]. Oxidative stress in spermatozoa also 

affects DNA fragmentation of damage in the chromatin, 

despite the tight packaging of DNA in spermatozoa [6]. 

They can affect the fertility and cause sub- and infertility, 

therefore the evaluation of oxidative stress of spermatozoa 

is important.

Several defence mechanisms, including antioxidants 

and antioxidant enzymes, have been developed to prevent 

the LPO of sperm and maintain sperm motility and viabil­

ity [32]. Many reports have suggested that selenium (Se), as 

a component of mammalian enzymes such as glutathione 

peroxidases (GPx) and selenoproteins, is an important nu­

trient that can affect many biological processes including 

spermatogenesis and semen quality [17, 18]. Regarding 

male fertility, Se is important as an antioxidant, for the 

maintenance of testosterone biosynthesis and formation 

and normal development of spermatozoa [2]. According 

to Z u b a i r et al. [32] the significance of Se in male re­

production is proven by the fact, that Se supplementation 

decreases the release of lipids from the sperm cell during 

long time storage, and thus contributes to better quality 

over time. The insufficiency of Se has been associated with 

reproductive complications and decreased sperm quality 

in different animal species [7].

Much information is available on Se in relation to cry- 

opreservation, but little in relation to fresh semen. There­

fore, we decided to study the effects of selenium on sperm 

oxidative stress and viability in fresh semen under in vitro 
conditions.

M ATERIALS AND METHODS

A semen sample was obtained from one bull by collec­

tion with an artificial vagina. Immediately after collection, 

the semen was investigated for concentration by means of 

counting beads in flow cytometry. Subsequently, 7 x 105 

spermatozoa per ml were placed into a commercial me­

dium Kruuse BTS Plus (Kruuse, Denmark) supplement­

ed with 0 (control), 1 (1Se), 3 (3Se) and 5 (5Se) pg.ml-1 

of sodium selenite (Na2SeO3) (Sigma-Aldrich Co., USA) 

and analysed for viability and level of oxidative stress by

flow cytometry with the use of specific fluorescent dyes. 

The following analyses of oxidative stress and viability were 

performed 1, 3, 6, 8, 24, 48 and 72 hours after dilution in 

medium with selenium. All analyses were performed in 

triplicate at temperatures 4 °C and 37 °C.

Flow cytometry

The concentration, viability and the level of oxidative 

stress of the spermatozoa were determined by flow cytom­

etry using a BD FACS CantoTM cytometer (Becton Dick­

inson Biosciences, USA) equipped with blue (488 nm) and 

red (633 nm) lasers and 6 fluorescence detectors. BD FACS 

DivaTM Software was used to analyse the data.

Determination of concentration of the spermatozoa

Semen concentration was determined by counting 

beads, 123 count eBeadsTM (eBioscience, ThermoFish­

er Scientific, USA) according to E v e n s o n et al. [10]. 

Twenty-five pl of the diluted sample was mixed with 100 pl 

of well-resuspended counting particles. The spermatozoa 

position was determined on the FSC-A base dot plot graph 

opposite to SSC-A (the cells size opposite their granulari­

ty or inner complexity) (Fig. 1). This delimitation also in­

cludes particle counts which have a high granularity. The 

position of particle was then determined on the FITC-A 

dot plot graph against to PE-A. The numbers of spermato­

zoa were determined according to the formula:

Absolute = sperm count x  used particle volume x  concentration 
number particle count x  used sperm volume of partic|es 
[sperm/ml] [104/ml]

The cell count was expressed as log10 numbers.ml-1 ± standard deviation.

Fig. 1. Determination of the sperm position 
on the FSC-A base dot blot graph
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Determination of spermatozoa viability

Spermatozoa viability was determined by fluorescent 

dyes, carboxyfluorescein diacetate (cFDA) and propidi- 

um iodide (PI) according to R i c c i et al. [25]. The cFDA 

staining principle is based on the ability of nonfluorescent 

cFDA to penetrate all cells, however only in live, metaboli- 

cally active cells it can be cleaved by means of enzymes into 

fluorescent green carboxyfluorescein (cF). The PI can pass 

only through damaged membranes of cells and colour the 

DNA to red. This combination of fluorescent dyes allows us 

to distinguish between three types of cells:

1. Dead spermatozoa emitting red fluorescence as 

a result of positive staining with PI.

2. Living spermatozoa emitting green fluorescence by 

positive staining with cFDA.

3. Damaged spermatozoa emitting fluorescence of 

both dyes [6].

The staining procedure: 2.5 pl of 1 mM cFDA and 

222.5 pl of phosphate-buffered saline (PBS) were added to 

25 pl of the diluted semen samples. The sample was then 

incubated for 15 minutes at 37 °C. Consequently, 1.5 pl 

of PI (1 mg.ml-1) was added and incubated for anoth­

er 15 minutes at 37 °C. The position of the spermatozoa 

was determined on the FSC-A dot plot graph opposite to 

SSC-A and the live, damaged and dead proportions on the 

dot plot graph FITC-A opposite to the PE-A (Fig. 2).

Determination of oxidative stress level

The oxidative stress of the spermatozoa membrane 

was investigated using the C11-BODIPY fluorescence
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Fig. 2. Dot plot from sperm viability analysis evaluated by flow cytometry

Green colour represents live sperms stained with CFDA, red represents dead sperms stained by PI 
and dying sperms are represented by blue colouration as a result of staining by both fluorescent dyes 
(cFDA and PI). A: Spermatozoa of control group with good viability at 0 h. B: Damaged and dead 

spermatozoa of the same group at 72 h

Fig. 3. Illustration of cytometric examination of lipoperoxidation

Stain: C11-BODIPY 581/591; A: ejaculate with low level of lipoperoxidation and 
B: ejaculate with high level of oxidative stress
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probe according to B r o u w e r s and G a d e l l a [5]. 

C11-BODIPY581/591 is an analogue of fatty acid which 

can be incorporated into the membrane of the spermato­

zoa. The reactivity of the probe to peroxidation is compa­

rable to the reactivity of unsaturated fatty acids which are 

abundant in the spermatozoa membrane. This fluorescent 

dye emits red fluorescence in an unoxidized state which 

changes to bright green after peroxidation [6].

Ten pl of 20 pM C11-BODIPY581/591 solution (4,4-di- 

flu oro-5-(4-p henyl-1 ,3-bu tad ienyl)-4-bora-3a,4a-d i- 

aza-s-indacene-3-undecanoic acid) (Molecular Probes, 

ThermoFisher Scientific, USA) was added to 50 pl of sper­

matozoa diluted 1 : 100 and incubated for 30 minutes at 

37 °C. After incubation, 200 pl of PBS was added and the 

samples were analysed. In the assessment, the spermatozoa 

position was determined at first, similarly to the investiga­

tion of viability and consequently, the oxidative stress level 

was assessed on a histogram (FITC-A for BODIPY oppo­

site counts) (Fig. 3).

Oxidation stress

For the statistical analysis, the two-way analysis of var­

iance (ANOVA) was used, with the supplementary Tukey's 

test to compare differences between groups and time dif­

ferences. The significance of the results is marked by stars 

(*). We found significant differences between groups at the 

following levels: *P < 0.05; **P < 0.01; ***P < 0.001.

RESULTS 

Oxidative stress

The level of oxidative stress was significantly lower 

(P < 0.05 -  P < 0.001) in the experimental groups in com­

parison with the control group at 3 h onwards at 4 °C. 

At 37 °C significantly increased levels of oxidative stress 

were detected in the experimental groups, mainly in 1Se 

and 3Se, in comparison to the control group at 3 h to 8 h 

(P < 0.01 -  P < 0.001). Subsequently, significantly lower 

levels of oxidative stress were observed from 48 h in 3Se 

and 5Se in comparison with groups C and 1Se (P < 0.05 -  

P < 0.001). Within the time dynamics, a significant rise of 

oxidative stress at 4 °C was detected mostly in the control 

group mainly between 1 h and 3 h (P < 0.05) and between 

48 h and 72 h (P < 0.001). At 37 °C there was recorded 

a significant increase of oxidative stress mainly after 24 h 

(P < 0.001) in groups C and 1Se and after 48 h (P < 0.001) 

in the groups 3Se and 5Se in comparison to the previous 

analyses (Fig. 4 and 5).

Viability at 4 °C

At 4 °C we recorded a significant decline of the propor­

tion of live spermatozoa and rise of damaged spermato­

zoa in the experimental groups 1Se (P < 0.05 -  P < 0.001) 

and 3Se (P < 0.01 -  P < 0.001) in comparison with the con­

trol group from 3 h onwards, but especially markedly in 

all experimental groups at 48 h and 72 h (P < 0.001). Con­

cerning the dead spermatozoa, we detected significantly 

lower numbers of dead sperm in the experimental groups

Fig. 4. Oxidative stress at 4 °C 
**P < 0.01; ***P < 0.001
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Fig. 5. Oxidative stress at 37 °C 
**P < 0.01; *** < 0.001

Fig. 6. Live spermatozoa at 4 C 
< 0.01; ***P < 0.001

than in the control group at 1 h (P < 0.05) and subsequent­

ly a significant increase of dead sperm in 1Se in compari­

son to all other groups (P < 0.01) (Fig. 6, 7 and 8).

Viability at 37 °C

At 37 °C, a significant decrease of live sperm concentra­

tion and an increase of damaged sperm concentration were 

detected in 1Se at 3 h (P < 0.01 -  P < 0.001), in 3Se at 1 h 

(P < 0.001) and in 5Se at 24 h (P < 0.001) in comparison 

with the control group. A significant decline of live sper­

matozoa and a rise of damaged spermatozoa were recorded

in groups 1Se and 3Se as compared to group 5Se from 1 h 

to 8 h (P < 0.05 -  P< 0.001). Significantly higher numbers 

of dead spermatozoa were found in groups C and 5Se than 

in groups 1Se and 3Se at 24 h (P < 0.05 -  P < 0.01) and 72 h 

(P < 0.05 -  P < 0.001) (Fig. 9, 10 and 11).

DISCUSSION

Artificial insemination and in vitro fertilization are 

very important in cattle breeding nowadays. Their effica­

cy is considerably affected by the poor quality of ejaculate
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Fig. 7. Damaged spermatozoa at 4 °C 
**P < 0.01; < 0.001

Fig. 8. Dead spermatozoa at 4 °C
*P < 0.05; **P < 0.01

Fig. 9. Live spermatozoa at 37 C 
**P < 0.01; ***P < 0.001
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Fig. 10. Damaged spermatozoa at 37 °C 
*P < 0.05; < 0.01; ***P < 0.001

Fig. 11. Dead spermatozoa at 37 °C 
**P < 0.01; ***P < 0.001

caused by insufficient sperm fertilization properties [19]. 

Spermatozoa are very sensitive cells. During handling with 

the purpose of fertilization or storage, they are exposed to 

stress. From the results of some studies it is obvious that 

during manipulation and storage of semen there is an in­

crease of reactive oxygen species (ROS) concentration and 

imbalance of antioxidant capacity. Subsequently, sperma­

tozoa can be damaged, or their function can be reduced 

[21].
Therefore, the examination of the ejaculate quality is 

important and manipulation with spermatozoa must be 

done carefully. The use of various extenders is necessary 

for sperm protection and the maintaining of their optimal

fertilization characteristics [13]. Several studies are known, 

that have investigated the effects of different antioxidants 

added to the extenders for improvement of the antioxidant 

activity and maintaining spermatozoa in a functional and 

healthy condition during semen processing [3, 8, 12, 27].

Selenium is an essential trace element and their antiox­

idant properties are necessary for maintaining the fertiliza­

tion characteristics of spermatozoa. The positive effect of 

selenium on ejaculate quality has been reported by many 

studies [9, 13, 19, 23]. The most of them deal with the effect 

of dietary selenium in regard to fertilization characteristics 

of spermatozoa, but information about the in vitro effects 

of selenium are limited.
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The reduction of semen antioxidant capacity and the 

following increase in vulnerability of spermatozoa to ox­

idative stress occurs during semen processing [14]. Sper­

matozoa contain large amount of unsaturated fatty acids in 

their plasma membranes and are very susceptible to lipop- 

eroxidation caused by ROS. In addition to lipid membrane 

damage, increased levels of ROS have detrimental effects 

on chromatin quality as well as on motility and morpho­

logic parameters [30].

In our experiments, we recorded the positive effects of 

selenium on the level of oxidative stress in all experimental 

groups in comparison to the control group at both temper­

atures, while better results were detected at 4 °C. According 

to Z u b a i r et al. [32] this is due to the antioxidant effect 

of selenium. Our results are in accordance with the results 

of D o r o s t k a r et al. [7], where the positive effect of 

sodium selenite in concentration 1 and 2 pg.ml-1 on total 

antioxidant capacity of semen at 4 °C was demonstrated. 

Similarly, G h a f  a r i z a d e h et al. [11] found a decrease 

of lipoperoxidation in semen at 37 °C after the addition of 

sodium selenite, which had a positive effect on the level of 

oxidative stress. The studies determined a dose of 2 pg.ml-1 

of sodium selenite as the most appropriate for improving 

the fertilizing characteristics of spermatozoa. In our study, 

significant differences among the doses of selenium at 4 °C 

were not detected. They were recorded only at 37 °C, where 

lower oxidative stress was detected in groups with higher 

concentration of selenium, mainly in the group supple­

mented with 5 pg.ml-1 of sodium selenite. These results 

can indicate that selenium at concentration 1, 3 and mainly 

5 pg.ml-1 are beneficial to reduce oxidative stress. Thus, our 

findings are not completely consistent with D o r o s t k a r 

et al. [7]. According to them, a dose of 5 pg.ml-1 sodium 

selenite is toxic for spermatozoa of water buffaloes.

At 37 °C a significant increase of oxidative stress was 

observed in the control and 1Se group after 24 hours. This 

could indicate that the concentration of 1 pg.ml-1 of sodi­

um selenite at 37 °C can be beneficial for storage of fresh 

semen to 24 hours. According S e r e m a k et al. [27], 

1 pg.ml-1 of sodium selenite had a positive influence on 

sperm freezing ability and survival at the temperature of 

38 °C.

The increase of oxidative stress in all 37 °C groups from 

24 h indicates poor viability. This is in accordance with 

our results for viability, where the number of live sperma­

tozoa decreased, while dead and damaged spermatozoa

increased at 24 h in 37 °C. This has also been proven by 

P a r h a m et al. [22].

A g a r w a l et al. [1] demonstrated that the increased 

production of ROS caused a reduction in intracellular 

adenosine triphosphate (ATP) levels and the subsequent 

increase of membrane permeability led to a decrease of mo­

tility and viability. Therefore, the antioxidant properties of 

selenium in preventing cellular damage from free radicals 

could have protective effect on sperm motility and viability.

However, in our experiments we recorded rather a neg­

ative effect of administered doses of selenium on sperm 

viability. The most deleterious effect was observed after 

application of 1 and 3 pg.ml-1 of sodium selenite at both 

temperatures. It is not in agreement with other in vitro 
studies, which demonstrated a dose of 2 pg.ml-1 of sodi­

um selenite as the optimum concentration for improv­

ing sperm viability and motility [7, 11]. However, in the 

study by D o r o s t k a r et al. [7] even this dose was not 

sufficient for improving sperm viability in fresh semen. 

According to S i e g e l et al. [28] the supplementation of 

selenium in doses exceeding 2 pg.ml-1 caused a decline 

of sperm motility in bovines and doses of over 5 pg.ml-1 

of selenium caused a significant decrease of semen quali­

ty. Similarly, D o r o s t k a r et al. [7] demonstrated, that 

doses 4 and 8 pg.ml-1 of selenium significantly decreased 

sperm viability and motility as compared to the control 

group. However, this negative effect was observed only at 

higher selenium concentrations after processing (equili­

bration, freezing and thawing) of the samples, which could 

be due to increased sperm handling. In their study, similar 

to our results were recorded at a concentration of 4 pg.ml-1 

in the fresh ejaculate. Even, our results point to the effect 

of 5 pg.ml-1 of selenium as more positive than the lower se­

lenium concentrations and at 4 °C had a positive effect on 

the percentage of damaged spermatozoa in experimental 

group after three hours from the selenium supplementa­

tion. These results indicate that the addition of 5 pg.ml-1 of 

selenium selenite gives better protection of viability than 

the other experimental groups. The results of R e z a e i a n 

et al. [24] also showed a significant increase in human 

sperm viability and motility after treatment with selenium 

at a dose of 5 pg.ml-1.

At both temperatures a more significant decline of live 

sperm counts and rise of damaged sperm counts were re­

corded after three hours, but mainly in groups 1Se and 3Se 

at temperature 37 °C. Better results were observed at 4 °C,
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where the most significant decrease of live sperm concen­

tration was detected after 48 hours from selenium supple­

mentation in comparison with 37 °C, where a similar de­

crease was detected after 24 hours and subsequently also 

with higher percentages of dead spermatozoa. These find­

ings are in agreement with other studies, which demon­

strated better effects of lower temperatures on sperm 

fertilizing properties during their storage [4, 29]. During 

sperm incubation at lower temperatures, they adopt a rest­

ing state, which allows them to decrease their metabolism, 

preserve their energy and decrease the concentration of 

toxic metabolic products such as reactive oxygen species, 

which can have deleterious effects on sperm viability [31].

CONCLUSIONS

The aim of our study was to determine the effects of so­

dium selenite on the level of oxidative stress and viability of 

spermatozoa in fresh bull ejaculate in conditions in vitro at 

different temperatures. The selected concentrations of se­

lenium had a positive effect on the level of oxidative stress 

in all experimental groups, but mainly the concentration of 

5 pg.ml-1 of sodium selenite. However, the effects of selected 

selenium concentrations were not sufficient for improving 

the sperm viability. Lower levels of oxidative stress and low­

er concentrations of damaged spermatozoa during longer 

periods were detected at 4 °C. Therefore, this temperature 

seems more beneficial for the storage of spermatozoa.
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