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Abstract. The article describes the involvement of selenium in the biophysical, metabolic, and energetic processes
of humans and animals, its biological functions in the living systems. The authors mention the importance of the opening
and further study of the microelement for living organisms and their protection from pathology and viruses. The content
of the microelement in food products and plants are discussed as well as the necessity in an increase in agricultural crops
and farm animal production efficiency.
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INTRODUCTION
Selenium is one of the most important microelements (mass fraction in a human organism is 10-5–10-7%) that can
maintain various biological functions in living organisms. It influences protein metabolism, in particular, sulfurcontaining amino acids, hormones, and lipid structures. This microelement is one of 30 essential compounds in the
organisms of higher animals and is included in the structure of molecules of various enzymatic systems [1, 2]. Selenium
is an essential microelement that was classified as toxic until recently. In ХIII century, Marco Polo wrote about the
poisoning of horses that were eating plants in Tibet. This provided a reason for the study of toxic elements and the
associated specific diseases. Even though Se is one of the most toxic elements, it exerts some biochemical functions that
determine the activity of some most important enzymes [3]. Selenium is included in the group of seven elements (Fe,
Ca, Mg, I, Se, Zn, and Cu) that are deficient in the population of our planet.
Selenium was opened in 1817 in the rock chips of lead chambers of a sulfate plant in Gripsholm by a Swedish
chemist Berzelius. Its average content in the Earth’s crust is 5x10-6% (0.05 mg/kg). Se content in plants is 0.03-0.2
mg/kg of the dry matter, in organs and tissues of terrestrial animals – 0.3-1.7 mg/kg. Se was acknowledged as an
essential element in 1957 [4].
A significant contribution to the study of the biological role of Se was made by the German scientist K. Schwartz.
Experiments with rats that received casein treated with 0.1M solution of sodium hydroxide, necrotic degeneration of the
liver developed both in animals that received feed with normal content of vitamin E and sulfur-containing amino acids.
The developed disease suggested an additional factor that contributed to the disease development, which was a
substance removed by alkaline hydrolysis [5].
Further studies showed that Se and vitamin E deficiency in a diet causes the development of some pathologies in
farm animals [6, 7].
SELENIUM ROLE IN LIVING ORGANISMS
The peculiarity of Se metabolism is in its absorption in an animal organism throughout the digestive tract. The
ingestion of Se reaches 70-80%. In ruminant animals, it is primarily absorbed by the mucous membrane of the
forestomach. In horses, it is absorbed in the blind gut. It is transported in the organism as a part of a compound with αand β-globulins of the blood. Around 79% of Se is absorbed by erythrocytes and the rest is deposited by the cells of the
kidneys, liver, and other tissues. Depending on the composition of an animal’s diet, it is excreted with urine and feces.
The multiplicity of the accumulation of Se in soft tissues is equal to 87, and the biological period of elimination half-life
is 50-60 days [8].
Se replaces sulfur in cysteine and methionine forming selenium-containing amino acids selenocysteine and
selenomethionine. These amino acids are more biologically active and exert better radioprotective properties than
cysteine and methionine. They decrease the level of free radicals that lead to the accumulation of products of oxidation
that induce oxidative destruction of cellular membranes [9, 10]. Thus selenium is an element that exerts numerous
protective functions that enhance the immune protection of the organism. High levels of Se contribute to the fight
against cancer. The element can protect the organism from poisoning with mercury, cadmium, arsenic, thallium, and
vanadium.
In 1980, the WHO acknowledged Se as an essential element of nutrition. According to the accepted international
norms, its optimal content is 100-300 µg/kg of dry matter of food or animal feed [1]. A daily requirement of Se in a
human organism is 80-200 µg. Its concentration in an organism depends on age. The highest concentrations of this
element are revealed in the brain, kidneys, liver, endocrine glands, and other structures of an organism. In the blood, its
concentration is 0.74-2.97 µmol/L. Non-organic compounds of Se are ingested worse than organic. From 55 to 80% of

the consumed microelement is primarily absorbed in the duodenum. Se can be absorbed via the lungs and skin.
Lipoproteides of the human blood plasma contain around 6% of Se from its total content in the plasma.
Se is transported in the organism by selenoprotein P. Selenium is excreted from the organism via the kidneys, with
feces and exhaled air. It is excreted with urine as methylated Se and via the lungs – as dimethyl selenide.
It is known that selenium-containing proteins that are found in vertebrates contain only one selenium-containing
amino acid – selenocysteine. Se that is present in the composition of selenite and selenides is included in the amino acid
serine that serves as the only direct precursor of selenocysteine, i.e. an organism can synthesize selenocysteine using
only a carbon skeleton of serine and mineral selenium [1]. The microelement in the bivalent organic form is presented as
selenocysteine (Se-Cys) in animal-derived products, and selenomethionine in plant-derived products (Se-Met) [11, 12].
In plants, Se can affect the processes of growth, photosynthesis, cold- resistance, drought resistance, and productivity of
crops. Se is absorbed inside plants with sulfate transmitters and is ingested due to sulfur [13].
Selenocysteine and selenomethionine are more preferable for the organism because of high availability, which is
95-98% in an organic form and 10% in a non-organic form. An organism receives Se with consumed food.
In the human genome, 35 selenoproteins are transcribed that are directly associated with redox processes.
Selenoproteins are divided into proteins presented by nonspecific inclusion of selenium, specific selenium-binding
proteins, and specific selenocyteine-containing selenoproteins. The main selenium-containing enzymes include five
glutathione peroxidases (GPO): classic GPO 1, gastrointestinal GPO 2, plasma GPO 3, phospholipid hydroperoxide
GPO 4, and nuclear GPO 5 off spermatozoids; thioredoxin reductase (TR) selenophosphate synthase, and 2 deiodinases.
Glutadionperoxidases and thioredoxin reductases reduce hydroperoxide protecting an organism from oxidative stress
when reactive oxygen (OH•, O2 -) and nitrogen (NO•) intermediates are accumulated. Their production is regulated by
vascular NAD(P)H oxidases and endothelial nitroxide synthase. Their metabolism and physiological functions are
coordinated by GPO and thioredoxin-TR systems. Endothelial selenoproteins regulate vascular tonus maintaining О2/NO• balance, cellular adhesion, apoptosis, synthesis of eicosanoids by cyclic and lipoxygenases, and regulating
inflammation and atherogenesis. Numerous studies show the role of Se ions and compounds as antioxidant agents [14,
15, 16].
The ratio of the activity of peroxide oxidation of lipids (POL) and components of the system of antioxidant
protection, which includes selenocysteine-containing GPO, significantly affects the pathogenesis of reproductive system
diseases that often develop because of oxidative stress. Selenium compounds exert a positive effect on the endocrine
function of the fetoplacental system, synthesis, and metabolism of reproductive hormones providing high contractive
activity of the uterine and prevention of post-partum complications. It also maintains the activity of an enzymatic link of
the system of antioxidant protection being a part of an antioxidant enzyme molecule [17, 18, 19, 20].
Glutadionperoxidase and thioredoxin reductase reduce hydroperoxides protecting cellular structures from oxidative
damage and accumulation of reactive oxygen intermediates (ROI) [21].
Selenium-containing feed supplements in pregnant cows maintain the processes of lipid oxidation that are shown
[19, 22] to become more active in the prenatal period. The study that included red-and-white cow breed showed that the
indication of “Selemag” (Vitamin E + sodium selenite) to cows from one of the test groups (at the dose of 100 µg/kg of
living mass one month before the delivery) led to an increase in the activity of Malone aldehyde by 17.3% in
comparison with the reference. In the group that received “Seledant” (organic selenium) at the dose of 10 µg/kg of living
mass one month before the delivery, it led to an increase in the activity of Malone dialdehyde by 8%. In the control
group, the activity of Malone dialdehyde increased by 34.7%. The concertation of the main selenium-containing enzyme
of AOP (glutathione peroxidase) decreased by 8.9-11% in comparison with the reference. At the same time, its
parameters increased by 1.34-1.39% in comparison with the control group (at P<0.01) [22]. Thus, the application of
organic and non-organic selenium-containing drugs in pregnant cows in the prenatal period stabilizes free-radical
oxidation by maintaining the balance of production and utilization of ROI due to the provision of an enzymatic link of
the AOP system.
The involvement of Se in the biophysical, metabolic, and energetic processes of the human and animal organism
has been proved by numerous study results and is still being studied.
The content of the microelement in plants depends on agrochemical soil properties, weather conditions, phase of
development, and biological peculiarities of plants. In plants, Se is found in non-organic forms presented by selenates
and selenites and organic forms [23]. The mean content of Se in plants is 01-10 mg/kg [24]. A deficit of Se occurs when
its levels fall below 0.05 mg/kg. According to Cabata-Pendias, normal concentration of Se in the leaves are 0.01-2.0
mg/kg and toxic – 5-30 mg/kg [25]. The content of Se in plants is 10-1100 µg/kg of dry matter [26, 27, 28].
The products with high content of Se include Brazil nut (1530 µg/100g) and sunflower seeds (79 µg/100g).
Selenium is found in sesame, flax, and chia seeds. The content of Se in chicken eggs is 31.7 µg, in cottage cheese – from
10 to 30 µg/100g depending on the origin. Beans, like other products containing Se, is a potent diuretic, dilates vessels,
improves metabolism, and stabilizes the levels of glucose in the blood decreasing the hypoglycemic index in people with
diabetes. A hundred grams of beans contain 24.9 µg of Se. The content of Se in 100g of garlic is 14.2 µg. A hundred
grams of fish and seafood contain 154 µg of Se. Boiled calamaries contain 130 µg of Se, tinned tuna – 90 µg/100g.
Different types of meat contain from 10 to 100 µg/100g of Se. Fried pork contains 21 µg of Se and chicken breast

(without skin) – 16 µg. Fine-ground barley cereal contains 23 µg of Se and wheat cereal – 19 µg. Rye bread contains
36.6 µg of Se and whole-grain bread from wheat flour – 40 µg/100g.
In native grasses, the content of Se is 2-174 µg/kg [29]; in perennial grasses – 64–108 µg/kg [26]; in wheat – 10–
421 µg/kg; rye – 5–52 µg/kg; barley – 4–200 µg/kg; oats 5–248 µg/kg. The content of Se in crops is affected by the
level of the microelement in soils [26, 27, 28, 29, 30]. Intensive application of phosphorus and other fertilizers and soil
poisoning with heavy metals can lead to Se deficiency in soils. To increase the productivity of crops, seleniumcontaining fertilizers should be applied [31].
The deficiency of vitamin E and selenium in animal feed leads to a delay in animal growth, degenerative and
dystrophic changes in such tissues as the myocardium, skeletal muscles, neural cells, bone tissue structures, liver, skin,
and hair. It also provokes pathologies in other organs and tissues and decreases reproductive function [32]. Thus, in 75%
of newly-calved cows, cases of endometrial pathology are observed. They have prolonged time of uterine involution,
later oestrus, retention of placenta, and frequent miscarriages. Se can reduce the rate of mutations, exerts anti-teratogenic
and radioprotective effects, stimulate antioxidant protection normalizers nucleic acids, proteins, and eicosanoid
metabolism, and regulate the function of the thyroid and pancreas. Selenium affects hormones and neurotransmitters [33,
34].
Low Se levels can be associated with an increase in the spread and virulence of viruses, and peculiarities of some
disease development associated with viral infections, for example, herpetic angina [35, 36, 37]. Lately, Se attracts the
attention of medical specialists because of the spread of the novel coronavirus infection. It was established that
deficiency of Se and selenoproteins is associated with an increase in the morbidity and lethality rates from COVID-19.
German scientists revealed that the average level of Se in patients who died from COVID-19 was decreased in
comparison with recovered patients (40.8 ± 8.1 vs 53.3 ± 16.2 µп/L) as well as the level of selenoprotein P (2.1 ± 0.9 vs
3.3 ± 1.3 mg/L). Sodium selenite can oxidize thiol-containing groups in the disulfide-isomerase of a viral protein
reducing viral permeability capacity via the cell membrane [38, 39].
CONCLUSION
Selenium exerts a positive effect on the quality of life, increases resistance to oxidative stress, reduced the rate of
development of age-related diseases, i.e. can be classified as geroprotector. Se is an anti-carcinogenic factor. Deficit of
selenium reduces immunity, contributes to the development of atherosclerosis, cataract, growth retention, and leads to
the development of pathology of the surfactant lung system and reproductive system pathology. It is suggested that there
is an association between low selenium levels and an increase in the spread of viruses, their virulence, and peculiarities
of the disease development. Selenium deficiency leads to a decrease in the rate of migration of neutrophils from the
blood to organism tissues, which is associated with an increase in neutrophil adhesion on epithelial cells. Thus, there is
an association between Se consumption and pathological conditions. For this reason, it is important to optimize the daily
consumption of this element in a person’s nutrition.
The possibility to use selenium in the prevention of COVID-19 attracts researchers’ interest because it was
established that selenium and selenoprotein deficiency was associated with an increase in the morbidity and lethality rate
from COVID-19. The capacity of sodium selenite to oxidize thiol-containing groups in the disulfide-isomerase requires
further studies as well as other possible effects of this microelement on the development of diseases.
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