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Editorial

In 1817, Berzelius, a Swedish chemist discovered Selenium (Se) 
as one of the 103 chemical elements [1]. The animal nutritionists 
are in consensus that essentiality of Se in animal physiology and 
nutrition was first reported by Schwarz and Foltz [2]. However, 
Leo [3] described that the experimental evidence showing the 
importance of Se in animal diets was published as early as 1941 
by Poley et al. [4]. In that paper, Poley et al. [4] described their 
remarkable observation of faster growth of chicks when they 
consumed a diet containing 2 ppm Se composed of an appropriate 
combination of Se-rich grains corn, barley and wheat grown in 
Se-rich soils of South Dakota. Despite all these observations, 
a definitive evidence of essential biological role of Se became 
available as late as 1973, when Glutathione Peroxidase (GSHpx) 
(which are ‘selenoproteins’) was first identified as an enzyme 
system that contain Se as an integral structural component [5,6]. 
Mehdi et al. [7] described eight different forms of GSHpx with 
some common features but with unique modes and sites of action 
and different chemical structures. Besides GSHpx, scientists 
have identified several other kinds of selenoproteins or enzymes 
containing Se as a structural component such as deiodinases 
(thyroid hormones), thioredoxin reductases, selenophosphate 
synthatase, selenoprotein P, selenoprotein W, and few others 
[8,9]. The total number selenoproteins identified so far could be 
as many as 30 or may be even few more, but there are 25 that 
exist in humans and mammals [7,10]. Notably, the Se-containing 
GSHpx enzyme system plays an extremely vital role in animal 
and human physiology and health. Because of this, Se is now 
recognized as a unique essential micronutrient in animal and 
human diets. However, Se intake exceeding its tolerance limit 
exerts toxic effects human and animal health. Due this double-
edged role of Se, as an essential nutrient and a toxic constituent, 
proper attention must be paid to ensure that concentration of 
Se animal and human diets is maintained within its beneficial 
range [11]. Alexander et al. have described chronic poisoning 
of livestock and humans due to long-term exposure to Se in the 
areas with high levels of soil Se [12]. The availability of Se in 
the soil and consequently to food and feed crops could greatly 
benefit or harms animal/human nutrition and health. 

Body metabolizes carbohydrates, fats, and proteins of foods or 
feeds by an oxidation process. Such oxidative metabolic activity 
on food and feed produces carbon dioxide, water, and energy to 
be utilized for various body functions like work, weight gain, 
milk production, etc. However, it is undesirable and harmful 
if body’s structural (e.g., cell membranes) and functional 
(e.g., enzymes and intracellular substances) components get 
oxidized concomitantly. A simple analogy is that although a car 
burns gasoline to create its required driving force to travel, an 
adequate protection is in place so that the its own components 
are not burnt during this process [13]. Thus, there is a clear 

need for a defense system to prevent from oxidative damage 
in animal/human body. The body naturally protects itself from 
such oxidative damage by an antioxidant defense mechanism or 
simply antioxidant activity [13].

A sequential reduction process on molecular oxygen generates 
water as the ultimate product. However, this process generates 
various Reactive Oxygen Species (ROS) in sequence as 
intermediate products. These intermediate ROS include 
superoxide anion (which is both ion and radical), peroxide 
(hydrogen peroxide; organic peroxides), and hydroxyl radical 
(the most reactive one). Besides, when body breaks down 
proteins, several Nitrogen Free Radicals (NFRs) are produced. 
As an example, during reaction of arginine (an amino acid) 
and oxygen to form citrulline (another amino acid), the NFR 
Nitric Oxide (NO) is produced. Nitric oxide can react with the 
superoxide (O2

−) anion forming peroxynitrite (ONOO−). Both 
nitric oxide and peroxynitrite can cause cell damage in different 
ways. The ROS and NFRs are known for their damaging 
oxidative effects on animal and human body, which must be 
destroyed. Otherwise, they can cause damages to proteins, lipids 
(fat), and nucleic acids (DNA and RNA) of the living cells. The 
unsaturated fatty acids, which are the major component of all 
cell membranes, are particularly susceptible to such oxidative 
damage. When ROS attacks unsaturated fatty acids, lipid 
hydroperoxides (organic peroxides) could be formed, which is 
very damaging. Mitochondrial, red blood, and gastrointestinal 
cell membranes are particularly susceptible to such damage [9].

Many selenoproteins are involved in maintaining oxidation-
reduction balance in cells by preventing the formation of ROS 
and NFR as well as scavenging them once they are formed [14]. 
The GSHpx family of selenoproteins (or enzymes) is particularly 
effective in these activities. Glutathione also prevents oxidative 
damage and ensure cell membrane integrity by catalyzing the 
reduction of the hydrogen peroxide and lipid hydroperoxides 
[15,16]. Such reduction process converts hydrogen peroxide 
to harmless water and lipid hydroperoxides to harmless lipid 
alcohols. Because Se is an integral component of GSHpx, the 
activity of GSHpx is highly dependent on the levels of bioactive 
forms of Se in the body. Selenium deficiency causes a remarkable 
depletion of the activity of GSHpx and other Se-dependent 
enzymes with a concomitant depletion of defense capacity 
against oxidative damage [17,18]. Rayman [1] described Se as 
important to many vital physiological functions in human and 
animal body because it is an integral component of various vital 
enzyme systems namely such as GSHpx, thioredoxin reductase, 
and thyroid hormone deiodinase families. Benstoem et al. [19] 
described a wide range of beneficial biological functions of Se 
dependent enzymes including thyroid hormone metabolism, 
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antioxidant defense systems, the adaptive, acquired immune 
system, prevention of certain cancers, and normal functioning 
of the cardiovascular system. In addition, GSHpx and 
thioredoxin reductase play an important role in maintaining 
bone homeostasis and protecting against bone loss [20]. 
Selenium has also been shown to play an important role in the 
normal functioning of the cardiovascular system [19]. Various 
human health problems such as heart diseases, hypothyroidism, 
reduced male fertility, weakened immune system and enhanced 
susceptibility to infections and cancer have been linked to Se 
deficiency [21,22]. Other authors described muscular dystrophy 
and pain, inflammation of the muscles, fragile red blood cells, 
necrotic liver degeneration, hair or skin abnormal coloration, 
and exudative diathesis in many warm-blooded animals as 
symptoms of selenium deficiency [23,24].

Despite many vital beneficial role of Se, the ranges of beneficial 
and toxic levels of Se in both human and animal body are fairly 
close to each other [25]. Inorganic Se in animal and human body 
can also act as a proxidant when present in excessive amount 
[26]. Pro-oxidant activity, an antonym of antioxidant activity, is 
undesirable. Inorganic Se compounds such as sodium selenite, 
Se dioxide and diselenides have been shown to have such 
pro-oxidant activity of catalyzing the oxidation of beneficial 
thiols such as glutathione with a concomitant production of 
superoxide and other ROS [27]. Spallholz [27] also suggested 
that Se toxicity in cells could be an outcome of such catalytic 
reaction of inorganic Se with thiols in the primary glutathione 
producing organs, such as the liver.

Even though the essentiality of Se in animal and human nutrition 
has been unequivocally established, and it has also been found 
essential for bacteria as well as the green algae (Chlamydomonas 
reinhardt), it is not yet recognized as an essential nutrient for 
higher plants [28]. However, Se has been shown to have many 
beneficial effects on plant growth such as growth promoting 
effect, anti-oxidative effects, senescence delay, and reduced 
herbivory [13]. Tremendous growth promoting effects of Se 
(up to 2.8-fold higher biomass with Se) have been observed 
primarily in the Se hyperaccumulator plants [29]. Small amount 
of Se application also promoted growth to some extent in a 
number of non-hyperaccumulator species including ryegrass, 
lettuce, potato, and duckweed [30]. Nevertheless, there is ample 
evidence that Se can protect plants from biotic stresses. In 
both hyperaccumulator and non-hyperaccumulator species, Se 
protected the plants from a wide variety of herbivores, as well as 
from fungal infections [31]. Thus, fertilization with low doses 
of Se may promote plant growth to some extent and increase 
resistance to pests and other stresses in various food and feed 
crops, which has been remaining under-investigated. 

Low Se levels in humans and animals have been associated with 
low Se levels in the soil because the soil is a source of Se for feed 
and food crops consumed by animals and humans [32]. There 
are huge variations Se contents for soils from different parts of 
the world with high Se in some US and Venezuela soils to low 
concentrations in the soils of Korea, some regions of China and 
some parts of Europe [33]. Wide differences in geology, soil, 
climatic factors, food and fodder from various parts of the world 
imply a high variability in their ability to provide selenium for 

dietary intake in humans and animals [34,35]. Many parts of 
the world such as Europe and Asia are characterized by Se 
deficiency in soils, crops, animals and humans. Deficiency of 
Se affects as many as 800 million people around the world [36]. 
In order to correct the deficiencies and meet the recommended 
daily intake requirements for Se, both animal and human diets 
could be supplemented either directly or via biofortification of 
forage, animal feed, food crops and food products. Both genetic 
and agronomical biofortification could be used to increase Se 
levels in feed and food crops to ensure that Se requirements 
of human and animal are met. Nevertheless, given the fact 
the window between Se deficiency and toxicity is relatively 
narrow, in case of biofortification with Se, it is indispensable 
to carefully monitor the Se levels in the final food products, to 
avoid toxicity. Above all, a holistic vision in understanding the 
origin and impact of Se deficiencies in living systems should be 
used to correct the deficiencies and ensure adequate Se nutrition 
of animals and human population for optimum health. This is 
a vital multidisciplinary subject area merits further attention of 
the researchers and development professionals.
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