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Abstract 

Since the end of 1950s the knowledge about biological role of the selenium compounds has been steadily growing. Along with the 

development of biochemistry and molecular biology, there is more and more evidence pointing out to incredibly significant role of the 

selenium compounds in the cell metabolism processes. The analyses covering the protective properties of selenium concerning the 

phenomenon of oxidative stress seem to be particularly important from the point of view of the research on broadly understood etiolo-

gy of neoplastic, inflammatory, degenerative and genetic processes as well as the immunological disorders. 

The aim of this work is to present the recent scientific findings discussing the most important directions of the research on the 

physiological role of selenium compounds and their influence on the occurrence of the human organism structure and functioning with 

special regard to the disorders concerning the central nervous system. Selenium, being the component of the centers of active enzymes 

such as gluthatione peroxidase, is necessary for the proper course of numerous enzymatic processes. The significance of selenium is also 

frequently emphasized in the prophylactics of cancers, diseases of the cardio-vascular system and rheumatic diseases. This paper focus-

es on the main directions of the research on the pathogenetic and therapeutic role of selenium compounds in affective diseases, schi-

zophrenia, autism, disorders of cognitive functions connected i.e. with Alzheimer’s disease. Undoubtedly the vital fact is that there has 

been discovered an intensified gene expression for SELENBP-1 protein in the experimental animals in which the states were induced 

that may constitute the model of psychotic and affective disorders. 
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Introduction 
 

Selenium can be found in all cells of human organ-

ism. Human body contains 12 – 16 mg of selenium. The 

kidneys, pancreas, pituitary gland and liver can be 

characterized by the highest concentration of selenium. 

Selenium is the component of about 20 enzymes, 

among others, it occurs in glutathione peroxidase, 

which plays the protective role against oxidation of cell 

membrane lipids. Selenium takes part in the metabol-

ism of hydrogen peroxide and lipid hydroxides. In these 

processes, selenium has turned out to have a similar 

function to that of played by vitamin E. As an anti-

oxidant, selenium participates in biochemical processes 

at the cellular level protecting cell membranes against 

the harmful influence of reactive forms of oxygen, 

thanks to which it reduces the risk of occurrence of 

cancer and cardiovascular system diseases. Selenium is 

considered to be the element which is crucial for the 

appropriate functioning of the immunological system 

and transmission of impulses in the central nervous 

system. In human organism, selenium most frequently 

occurs in the bond with amino acids – cysteine (seleno-

cysteine) and methionine (selenomethionine) and in 

the compounds with proteins [1]. 

The most recent research points out to the fact 

that selenium plays a significant role in DNA and RNA 

synthesis. Acting synergistically with vitamin E, it pre-

vents cell aging protecting mitochondria and micro-

somal membranes against peroxidation of lipids, which 

are their component. Selenium in high concentration 

develops toxic activity, which suppresses cellular proli-

feration, DNA replication, protein synthesis and leads to 

the acceleration of oxidative stress and increase lipid 

peroxidation as well as to the creation of complexes 

with the metals depositing in the cells of the central 

nervous system. Selenium, occurring in the diet in the 

concentration of about 5 -15 ppm acts toxically; at 

concentrations below 3 ppm it speeds up the growth if 

cells and prevents diseases. Moreover, selenium also 

shows the properties neutralizing the activity of afla-

toxins and heavy metals , i.e. cadmium, mercury, lead, 

cobalt and beryllium. The interactions between sele-

nium and  the metals constituting the trace elements 

are also of vital biological significance. Metal selemides 

easily form in organisms, and due to their poor solubili-

ty they are excluded from biochemical processes. As  

a result of these reactions, selenium may weaken the 

toxic influence of the excess of the above mentioned 

metals depositing in the parenchymal organs particu-

larly important for internal homeostasis. Bioavailability 

of selenium depends on both chemical form, in which 

an organism is as well as the composition of food and 

individual properties of this organism. Selenians (IV) 

and selenians (VI), selenomethionine, selenocysteine 

and amino selenium compounds are most easily taken. 

Selenium deficiency manifests inpaleness, ailments 

connected with the osteoarticular and muscular system, 
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brittle nails, vulnerability to infections, cardiovascular 

disorders, frequent colds and accelerated ageing. 

 

Toxicity 
 

Selenium and its compounds in greater quantities 

may toxically affect human organism. The mechanism 

of toxic activity of selenium probably involves the reac-

tion of selenians (IV) with thiol groups of amino acids in 

the formation of selenocysteine and selenomethionine 

– organic selenium compounds considered to be more 

toxic than the non-organic compounds ( they more 

easily dissolve in lipids and diffuse through the cell 

membranes faster) [1]. Selenian (IV) may eject sulphur 

during the synthesis of sulphur-organic compounds and 

impede methionine metabolism. Toxic activity of sele-

nium may also manifest in oxidative processes of com-

pounds such as gluthatione Q10 coenzyme and lipoic 

acid. 

 

Biological importance 
 

Main biological importance of selenium in an or-

ganism is associated with its occurrence in the active 

centers of numerous enzymatic complexes and in pro-

teins, which are crucial for metabolism. Selenium is an 

important component of gluthatione peroxidase, which 

plays the main protective role against oxidizing activity 

of hydrogen peroxide and organic peroxides on cell 

membrane lipids. Selenium, as the component of other 

enzymes guaranteeing the oxidative and reductive 

balance and that of b and c cytochromes, takes part in 

metabolic processes at the level of a cell. Diffusing 

through the dell membranes, selenium reacts with 

proteins and activates the formation of immunoglobu-

lins. Supplied with food, embedded in the structure of 

seleno amino acids in the form of selenomethionine and 

selenocysteine, is more easily assimilated than non-

organic compounds such as selenians (VI) and sele-

nians (IV). Substances containing selenium, traditional-

ly regarded as the ones promoting carcinogenesis are 

currently considered to act antineoplastically, that is 

they are capable  of braking the process of formation of 

toxic metabolites and counteract the initiation of neop-

lastic transformation processes. However, it shall be 

emphasized that selenium is only one of many “tools” 

helping to sustain the oxidative and reductive balance 

in the organism. Inside the body there are also other 

substances weakening the harmful influence of reactive 

forms of oxygen such as tocopherol (vitamin E) and 

carotene (pro vitamin A). All these substances guaran-

tee that the oxidative and reductive potential is at an 

appropriate level, which enables the protection of sen-

sitive chemical structures of the cells. Through gluta-

thione reductase and seleno proteins, selenium proba-

bly coordinates the activity of other reductive systems 

and thus, it is so significant for the whole protection 

system of the organism against reactive forms of oxy-

gen. Naturally occurring non-organic selenium com-

pounds and seleno amino acids suppress the process of 

carcinogenesis but at the same time they are toxic for 

the cells which has been confirmed in the tests on expe-

rimental animals. That is why recently the synthetic 

selenium compounds such as ebselen, have undergone 

the intense experimental analyses. Small toxicity of 

ebselen as compared to the one of naturally occurring 

selenium compounds probably results from a different 

course of transformations of this compound in the 

organism. Metabolism of selenium contained within 

ebselen, similarly as in the case of other synthetic sele-

no- organic compounds runs without the release of 

element selenium, which leaves the total quantity of 

selenium in organism untouched. Selenium triphenyl 

chloride suppresses cell divisions and at the same time 

does not damage cell membranes and DNA strands. 

Selenium, administered in various forms, is also propa-

gated as the means stimulating the immunological 

system. Selenium deficiency leads to the damage of the 

heart muscle, circulatory diseases ( Keshan’s disease), 

skeleton diseases (Kashin-Beck’s disease) and increases 

probability of the occurrence of neoplastic changes. It 

also negatively influences the activity of the lymphob-

lastoid cell line and decreases protective skills of the 

organism. Selenium included to the changes in the 

organism is initially bound in erythrocytes and by al-

bumins and globulins of the plasma, next it is trans-

ported to various tissues. Non-organic selenium com-

pounds turn into organic seleno complexes in the mus-

cles, erythrocytes rich in hemoglobin and in the plasma. 

Selenian salts (VI) in the blood, plasma, liver and spleen 

are reduced to selenians (IV) which may form complex-

es with protein substances. Selenians (IV) as compared 

to selenians (VI) show a better tissue assimilation. 

 

Selenium and old age depression 
 

Regulatory role of selenium in the oxidative and 

reductive balance confirmed in numerous tests consti-

tutes the basis for evaluation of its role in depressive 

disorders and the disorder of cognitive functions that 

accompanies them. In one of the tests carried out in 

China in the group of people over the age of 65, depres-

sive symptoms were assessed according to Geriatric 

Depression Scale (GDS), next, those who were diag-

nosed with the depressive disorder, were analyzed to 

establish the relation between the level of selenium in 

the plasma and the increase of cognitive functions 

disorders. The relation between the higher level of 

selenium and better functioning of cognitive functions 

was noted [2]. 
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Low level of selenium and the risk of depressive 
episode increase 
 

Packo et al. studied 18 women aged above 20 with 

the first episode so-called major depression [3]. The 

control group consisted of 298 women. The selenium 

supply in the diet of the women participating in the test 

was analyzed. The obtained results suggest that lower 

intake of selenium is connected with the increased risk 

of the occurrence of the first depressive episode. Sele-

nium as an antioxidant and the component of seleno 

proteins playing a vital role in keeping oxidative ho-

meostase, may be crucial in the risk assessment of the 

occurrence of depressive syndrome and may constitute 

a modifiable factor in the primary prevention of de-

pressive disorders [3]. 

 

Selenium in tests of dementia 
 

Selenium (Se) is one of the factors, which may af-

fect the occurrence of disorders of cognitive functions. 

Its role in sustaining health and in ageing processes has 

been confirmed in numerous tests. With respect to the 

potential of seleno proteins in protection against oxida-

tive stress, selenium is the source of big expectations 

concerning the prevention of chronic diseases including 

cancers, circulatory diseases, diabetes type 2, the back-

ground of which is frequently connected with the influ-

ence of oxidative stress [4]. That is why the relations 

between the level of selenium and disorders of cogni-

tive functions may, to some extent, be specified by 

means of vascular risk factors of dementia, with special 

regard to diabetes and dyslipidemia. Moreover, in cases 

of deficiency of this element, the brain is the organ, 

which keeps its resources for the longest time which 

suggests that it plays the vital role in the activity of the 

central nervous system. The test results concerning the 

role of selenium in disorders of cognitive functions 

agree with the hypothesis that low level of Se is the risk 

factor of disorders of cognitive functions even after 

vascular risk factors were taken into account [4]. Simul-

taneous evolution of selenium level in over 9-year 

period and the decrease of cognitive functions suggest 

that the appropriate level of Se is potentially significant 

to keep activity in the cognitive sphere in ageing people 

[4]. However, since comprehension of the whole of 

selenium biological functions has still been incomplete, 

we need epidemiological surveys to specify the groups 

of people who could benefit from selenium supplemen-

tation. 

 

Alzheimer’s disease – role of selenium 
 

In numerous tests, the assessment of the level of 

selenium in the cerebrospinal liquid and in Alzheimer 

patients’ blood reveals the significant relationship 

between selenium resources and the increase of dis-

orders of cognitive functions. Furthermore, the results 

of assessments by molecular biology methods disclosed 

the vital role of this element in the pathogenesis of 

Alzheimer’s disease. The current state of knowledge 

does not provide evidence for the role of Se in the 

treatment of Alzheimer’s disease but it opens the way 

to consider their potential importance in prophylactics. 

Other tests evaluate the level of elements such as mag-

nesium (Mg), copper (Cu), zinc (Zn), iron (Fe), selenium 

(Se) in the plasma of patients diagnosed with Alzhei-

mer’s disease as compared to the groups of healthy 

people. Turkish scientists in their research from 2010 

showed that Se level (assesses by the modified method 

of Atomic Absorption Spectrometry) and the one of 

enzyme activity: SuperOxide dismutase (SOD) and 

catalase (CAT) turned out to be considerably lower in 

patients diagnosed with Alzheimer’s disease as com-

pared with the control group [5]. Moreover, the ob-

tained results suggest that the changes concerning the 

trace elements and the enzymes connected with them 

may play a role in AD pathogenesis since the defects of 

antioxidants may lead to oxidative damages of the 

central nervous system. On the other hand, the changes 

of antioxidant enzyme activity may be secondary to the 

changes in the concentration of their cofactors. 

 

Selenium and autism. 
 

There is scientific research, which provides evi-

dence for the decreased contents of the trace elements 

in children suffering from autism as compared with the 

control group. There are extensive tests carried out to 

determine the concentrations of the trace elements 

such as Cu, Zn, Mg, Se and toxic elements like Hg and Pb 

in the hair and nails samples of children with autism 

and to evaluate whether the contents of those elements 

in the organism may be correlated with the degree of 

autism. Forty-five children diagnosed with autism with 

various intensity of psychosocial dysfunctions assessed 

according to Childhood Autism Rating Scale  took part 

in the tests carried out by the Hindu researchers, each 

group consisting of 15 people and 50 healthy children 

(matched according to age and sex). Boys and girls, in 

the relation 4:1, aged 4 – 12. The children, depending 

on intensity of symptoms showed significant diversifi-

cation with regard to the contents of copper in the hair 

and nail samples [6]. In comparison with healthy 

people the level of Cu in autistic children turned out to 

be increased and as it seems it may be correlated with 

the degree of symptoms intensity [6]. The tests re-

vealed the considerable changeability with regard to 

the contents of toxic metals Pb and Hg in both samples 

of the hair and nails in autistic children as compared to 

the healthy control group. The levels of trace elements 

Mg and Se were significantly decreased in the autistic 

children as compared with the control group. Zn con-

tents showed considerable diversification in both hair 
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and nails of the tested group as compared with the 

control one. 

 

Supportive role of selenium in heroin addiction 
treatment 
 

The series of tests undertakes the problem of the-

rapeutic influence of melatonin, vitamin E and selenium 

in heroin addiction. As the source of this influence, the 

researchers mention the activity regulating homeostase 

at the molecular and cellular level including suppres-

sion of activation of oxidative potential within OUN 

cells. In one of experiments, test animals (rats) were 

divided into ten groups. The rats were injected changed 

dozes of heroin for the next 16 days and naloxone an 

hour after the last heroin injection. One hour after 

naloxone administration, in some groups additional 

supplementation with melatonin or vitamin E and sele-

nium took place. After another hour, the blood samples 

were collected and the level of malondialdehyde and 

reduced glutathione in full blood was measured and the 

level of ascorbic acid, alpha-tocopherol, retinol, beta-

caroten, nitrites, nitrates and levels of ceruloplasmin 

were tested in the serum. The tests revealed that the 

administration of naloxone increases the level of MDA 

and decreases the one of GSH in blood. Melatonin and 

vitamin E together with selenium enabled the growth of 

MDA level and increased GSH level. On the other hand, 

no significant differences between the levels of alpha-

tocopherol, retinol, beta-caroten, nitrites, nitrates and 

levels of ceruloplasmin within the experimental groups 

were observed [7]. The results of the discussed study 

have shown that after heroin withdrawal, peroxidation 

of lipids intensified and endogenic antioxidant systems 

were braked. Melatonin or vitamin E administered with 

selenium prevent peroxidation of lipids and increase 

the endogenic antioxidant protection systems [7]. 

 

SELENBP1 as a biomarker of psychical disorder 
diseases 
 

In the last few years there have been the test re-

sults suggesting that (PhSe)2 shows the protective 

activity towards hippocampal neurons of the rats which 

were submitted to the controlled oscillations of glucose 

concentrations. Systemic administration of (PhSe)2 

may inflict the increase of cognitive potential in mice 

[8]. Oxidative damage of the neurons probably plays a 

big role in the pathogenesis of schizophrenic process 

and the development of bipolar affective disorder [8]. 

The newest research of gene expression for SELENBP1 

in the patients diagnosed with schizophrenia has re-

vealed that expression of SELENBP1 is clearly increased 

in those with schizophrenia and thus, SELENBP1 is a 

serious “candidate” for the role of biomarker of changes 

characteristic for this disease [8]. 

 

(F3CPhSe)2 – in the direction of clinical research? 

In spite of the fact that synthetic compounds of se-

lenium are characterized by a smaller toxicity in the 

studied animal models, they are not totally free from 

undesired activities. Ebselen, so far considered as well-

tolerated by test animals has probably properties im-

peding memory processes. (PhSe)2 in animal tests 

accelerated the proconvulsant activity. Lately the re-

searchers repose big hope in other synthetic organic 

compound containing selenium. (F3CPhSe)2 does not 

intensify the proconvulsant activity but at the same 

time alike other organic selenium compounds, pos-

sesses confirmed efficiency in the relation to the 

growth of dopaminergic activity induced by apomor-

phine administration in the animal models of psychotic 

disorders [8]. From the point of view of the research on 

the use of synthetic compounds containing selenium 

interesting may seem the fact that organic selenium 

compounds show the direct influence on the activity of 

dopaminergic receptors but at the same time their 

activity seems to be limited and does not intrude other 

desirable areas of dopaminergic activity [8].   

 

(PhSe)2 as a mood stabilizer? 

Research on synthetic organic compounds con-

taining selenium using the ouabain invoked 

Na+/K+ATPase inhibition of activity allowed to learn 

about their efficiency in the experimental model of 

maniacal phase. Ouabain causes accelerated psychomo-

tor agitation in experimental animals, however, the 

previous use of (PhSe)2 blocks this effect [9]. At the 

cellular level, the protective role of (PhSe)2 is very 

visible as compared to SOD. For the sake of comparison, 

LiCl showed slightly wider protective activity in the 

relation to SOD and CAT. It proves that (PhSe)2 acts 

preventionally against the factors of oxidative stress 

[9]. 

 

Genetic trace – microarrays 
 

The tests using the technology of microarrays 

generate a fresh look at the etiology of the main psy-

chotic disorders. Activation of genes for SELENBP1 

protein in the brain and blood of the patients with 

schizophrenia has been revealed by means of the mi-

croarrays method. Quantitative tests by PCR method in 

the real time provide interesting information about 

pathogenesis of psychotic disorders. mRNA from the 

dorsolateral prefrontal cortex of the patients with affec-

tive diseases has been tested with regard to the protein 

expression for SELENBP1. Increased gene expression 

for SELENBP1  was observed in people experiencing 

psychotic states [10]. Future tests should use the me-

thods based on DNA and molecular tests for the de-

tailed evaluation of SELENBP1 protein in the pathoge-

nesis of psychotic disorders. 
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Summary 
 

Selenium has become the source of hope for the 

scientific world. It may be said that its role in the meta-

bolic well-being of the humane organism has provided 

this element with the kind of “legitimation” to do so. 

Undoubtedly, the forthcoming years and months will 

bring other findings concerning selenium compounds 

as the substances encouraging prevention and therapy. 

However, we shall bear in mind that in spite of its very 

important role in biochemistry of the cell, it is still the 

component of the greater total, that decides about the 

proper functioning of metabolism at the cellular level. 

There still exists the need for further research aiming at 

complex discussion of the selenium compounds interac-

tions in the metabolic whelm. The toxic influence of 

selenium compounds depending on chemical structure 

and a dose used is still of great significance. 
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