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It is unsurprising that our understanding of the role of selenium in neurological function is 

somewhat immature, considering its relatively recent discovery as an essential element to 

human health. Selenocysteine, the 21
st

 amino acid, is the defining feature of the 25 

selenoprotein-encoding genes so far discovered within the human genome. The low 

abundance of these proteins in the brain belies the integral role they play in normal 

neurological function, from well-characterised antioxidant activity in the periphery to poorly 

understood mechanisms that modulate mitochondrial function and response to brain 

pathology. Selenium has been identified as playing a role in several neurodegenerative 

disorders, including Alzheimer’s and Parkinson’s disease, though its function as a ‘cause or 

effect’ of disease process remains unclear. This review discusses selenium metabolism in 

detail, specifically with regard to the role it plays within the central nervous system, and 

examines the most current literature investigating how selenium may be involved in chronic 

diseases of the central nervous system. 

Introduction 

The observation that selenium (Se) prevented necrotic liver 
damage in mice by Schwarz and Foltz in 1957 was the first 
direct experimental evidence that this element was essential to 
normal health.1 Almost twenty years later, Flohe et al.2 
confirmed the importance of Se by identifying it as an essential 
cofactor of glutathione peroxidase (GPx). Twenty-five 
mammalian selenoprotein-encoding genes have since been 
identified,3 all containing selenocysteine (Sec) residues, which 
are analogous to cysteine (Cys) with a selenol moiety replacing 
the thiol group.4 From these genes, it is estimated that more 
than 30 unique selenoproteins are synthesised in mammals,5 
and it is likely more will be characterised in the future. 
Selenoproteins have diverse roles throughout the body, acting 
as antioxidants, modulators of immune function, detoxification 
agents for heavy metals and xenobiotics, and participants in 
thyroid hormone metabolism.6  
 Selenium is essential to human health, and the antioxidant 
activity (or lack thereof) of specific selenoproteins is of 
particular interest in diseases of the central nervous system. The 
brain is the most metabolically active of all organs in the body, 
and although it represents only 2% of the total mass, cerebral 
metabolism accounts for about 20% of the oxygen and 25% of 
the glucose consumed by the human body.7 In concert with this 
high metabolic activity, the high concentration of 
polyunsaturated fatty acids in the brain makes it more 

vulnerable to peroxidation. A selective vulnerability within 
certain neurons to oxidative stress may arise from deficiencies 
in antioxidant enzyme activity,8 which is a likely upstream 
event in the pathogenesis of several neurodegenerative 
diseases,9 including Alzheimer’s disease (AD),10 Parkinson’s 
disease (PD)11 and other neurodegenerative disorders. 
Selenoproteins, with their inherent antioxidant activity, thus 
play essential roles as part of the free radical defence system, 
though the function of these proteins is not necessarily 
restricted to this singular classification. This review summarises 
the current data and important concepts concerning 
selenoproteins on brain function and the association between Se 
and diseases of the brain. 

Selenoprotein synthesis 

Dietary Se first must be converted to selenide (Se2-), which 
serves as the donor for the incorporation of Se into 
selenoproteins. Inorganic Se forms, such as selenite (SeO3

2-), 
are converted to Se2- via the glutathione-glutaredoxin and 
thioredoxin pathways, while organic forms are metabolised to 
Se2- by selenocysteine lyase (Scly) or trans-selenation 
(analogous to trans-sulfuration).12 
 The incorporation of Se into proteins was described in detail 
by Turanov et al.,13 recently reviewed by Labunskyy et al.,14 
and is summarised in Figure 1. After conversion of dietary Se 
to Se2-, selenophosphate (SePO3

3-) is produced in a reaction  
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Fig. 1 Selenoprotein synthesis pathway. Dietary Se intake, as either inorganic or organic species is metabolised to Se

2-
, and the SeH3PO3, which is incorporated 

into proteins via a unique tRNA pathway, where a seryl (Ser) residue is replaced with selenocysteine (Sec) prior to integration into mammalian proteins. Deficiencies 

in key metabolic factors involved in selenoprotein synthesis have been associated with specific neurological disorders, marked here in red. The inset in the dashed 

blue box is the simplified cloverleaf structure of mammalian tRNA[Sec] (adapted from Birringer et al.
196

), showing variable (in blue) and modifiable (in red) bases.  

Abbreviations: Ψ = pseudouridine; EFSec = Sec elongation factor; eIF4a3 = eukaryotic initiation factor; i
6
A = N

6
-isopentenyladenosine; L30 = ribosomal protein L30; 

mcm
5
U = 5-methoxycarbonylmethyluridine; m

1
A = 1-methyladenosine; mcm

5
Um = 5-methoxycarbonylmethyluridine-2’-O-methylribose; SBP2 = Sec insertion 

sequence (SCIS) binding protein-2. 

catalysed by selenophosphate synthase 2.4 Selenocysteine (Sec) 
is incorporated into proteins via its own unique tRNA, 
(tRNA[Ser]Sec). tRNA[Ser]Sec decodes the UGA codon as Sec 
instead of a stop codon, as is typical of other amino acids, and 
thus prevents premature termination. This is possible due to the 
presence of a Sec insertion sequence (SECIS) element, a 
specific cis-acting stem-loop structure, in the 3’-untranslated 
region (UTR) of selenoprotein mRNA that works as a platform 
for RNA-binding proteins. SECIS forms complexes with two 
trans-acting elements: the specific elongation factor (EFsec) 
and the SECIS binding protein 2 (SBP2).15 EFsec interacts with 
SBP2 to recruit tRNA[Ser]Sec and mediates insertion of Sec 
into nascent protein chains in response to the UGA codon.15 
Among the three distinct domains of SBP2, the Sec 
incorporation domain and a COOH-terminal RNA-binding 
domain are specifically involved in SECIS binding. Additional 

SECIS binding proteins have been identified, including 
ribosomal L30, which is part of the basal Sec insertion 
machinery and has a similar RNA-binding domain to SBP2;16 a 
eukaryotic initiation factor (eIF4a3) that links Se status and 
differential selenoprotein expression.17 and nucleolin, which 
demonstrates a high affinity for SECIS, though its complete 
function is not currently known.18 Recently, Brӧcker et al.19 
used Escherichia coli formate dehydrogenase mutants to 
reassign 64 codons encoding a critical Sec residue, finding that 
58 of these were able to site-specifically incorporate Sec. At 15 
sense codons selenoprotein synthesis could be promoted 
compared to the 3 stop codons. This study provides critical new 
information about how selenoprotein production can be 
manipulated through genetic recoding, and provides exciting 
new opportunities for additional studies to further elucidate the 
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mechanisms involved in selenoprotein synthesis, which remains 
a relatively new frontier in molecular biology. 
 It is known that selenoprotein synthesis is critical for 
viability of life, as shown by tRNA[Ser]Sec (Trsp) knockout 
mice, which present an embryonically lethal phenotype. 
However, Trsp null mice allow tissue-specific manipulation of 
tRNA[Ser]Sec, and this model has been used to investigate the 
importance of selenoprotein synthesis to brain metabolism. 
Wirth et al.20 showed that inactivation of selenoprotein 
synthesis in Trsp null neurons abolished the developmental 
appearance of parvalbumin-positive (PV) interneuron cells, 
characterising progressive neurodegeneration. This was later 
confirmed by additional studies that demonstrated this damage 
was restricted to specific brain areas, such as the somatosensory 
cortex and hippocampus, confirming the essential requirement 
of selenoprotein synthesis for maintenance of CNS 
metabolism.21,22 In humans, two mutations in the gene encoding 
O-phosphoseryl-tRNA[Sec]:selenocysteinyl-tRNA[Sec] 
synthase (SepSecS) were associated with progressive 
cerebellocerebral atrophy (PCCA), an autosomal-recessive 
phenotype of nondysmorphic profound mental retardation, 
severe spasticity and microencephaly.23 These gene alterations 
abrogate SepSecS activity and thus block the synthesis of 
tRNA[Ser]Sec, and subsequent Se incorporation into 
selenoproteins. 
 In vivo studies have shown that Cys can replace Sec in the 
Sec biosynthetic organisation, generating Cys-tRNA[Ser]Sec 
and the subsequent insertion of Cys in some selenoproteins.24 
This is possible due to either substitution of Se2- by sulfide (S2-) 
in the SPS2 catalysed reaction; or substitution of SePO3

3- by 
thiophosphates in the reaction with the O-phosphoseryl-
tRNA[Ser]Sec intermediate during Sec-tRNA synthesis. The 
same study showed that the incorporation of Cys in 
selenoproteins is dependent of Se availability to the cells. Tobe 
et al.25 showed that some antibiotics could also interfere with 
Sec insertion in murine EMT6 cells. Cells treated with 
doxycycline, chloramphenicol and G418 caused lower Sec 
insertion in thioredoxin reductase 1 (Trxr1), and GPx1 and 4. 
However, Sec was also exchanged by arginine and tryptophan 
in addition to Cys. The specific mechanisms that are associated 
with mis-insertion of amino acids in place of Sec and how they 
are associated with changes in selenoproteins activity need to 
be clarified, but these reports show another way selenoprotein 
hierarchy is potentially regulated, which may also include as-
yet undetermined environmental factors.  

Selenoprotein P and brain selenium hierarchy 

Selenoprotein expression is modulated by Se availability, and a 
hierarchy is observed in response to dietary Se intake. In cases 
of Se deficiency the synthesis of some proteins is maintained at 
a higher level than that of others, suggesting that insufficient 
available Se results in competition between transcripts of 
different selenoproteins.26 Iodothyronine deiodinase 1 is atop 
this hierarchy and is comparatively the least affected by 
restricted dietary Se; glutathione peroxidases GPx2 and GPx4 

are less vulnerable to Se deficiency than GPx1 and GPx3; and 
selenoprotein P (SelP) is in an intermediary position on this 
selenoprotein transcription ladder.27  
 Some mechanisms underlying Se regulation of the 
selenoprotein transcriptome have been identified. During Se 
deficiency, non-essential selenoproteins are down regulated via 
nonsense-mediated mRNA decay, which decodes the UGA-Sec 
codon as a termination codon causing RNA degradation.28,29 
Also, Se levels directly correlate with the degree of Um34 
methylation (the single methyl group differentiating the two 
tRNA[Ser]Sec isoforms30), one step of maturation of 
tRNA[Ser]Sec which can be altered as a result of some 
mutations. The  Um34-containing isoform of tRNA[Ser]Se; 
5-methoxycarbonylmethyl-2′-O-methyluridine (mcm5Um), is 
recruited for efficient expression of the stress-related 
selenoproteins; and the non-Um34-containing isoform, 
5-methoxycarbonylmethyluridine (mcm5U), is not required 
specifically. The distinct use of these tRNA[Ser]Sec isoforms 
shows that this mechanism contributes to Se regulation for the 
purpose of selenoprotein synthesis.28  
 The hypothesis that explains the hierarchy between 
selenoprotein syntheses suggests that they are classified 
according to their importance to the body. However, it is 
important to note that Se concentration is highly variable within 
the periphery (i.e. liver, kidneys, etc), though in the brain Se 
levels remain relatively stable by comparison during periods of 
deficiency.31 Additionally, the ability of organs outside the 
CNS to retain Se is also variable. The CNS, together with 
reproductive and endocrine organs, has the highest priority for 
Se both uptake and retention during Se deficiency, although the 
Se concentration in the CNS is low in comparison with other 
organs.32 Though interrelated, supply and retention are not 
exclusively linked, and it is thus a testament to the importance 
of Se in brain function that rigorous mechanisms to ensure 
adequate Se levels are available in times of dietary shortage are 
in place. The brain’s top position on a tissue-specific grading 
further indicates that Se is essential for its normal metabolism.33 
This is primarily due to the high expression of apolipoprotein E 
receptor-2 (apoER2) at the blood-brain barrier (see below) to 
facilitate Se uptake and strong SelP-apoER2 interaction within 
the CNS providing an adequate pool of available Se. Selenium 
deficient rats presented approximately 29% lower Se levels in 
the brain compared to animals with a sufficient Se supply, 
which is not nearly as dramatic as the 99% and 92% decrease in 
Se concentration in the liver and kidneys of deficient animals.34 
Se distribution is heterogeneous among different brain regions, 
and grey matter appears to have preference for greater uptake. 
Imaging using a 75Se radiotracer combined with 
autoradiographic localisation and proteomic analysis to profile 
Se levels in different brain regions of rats fed a Se-replete diet 
revealed that Se was enriched in choroid plexus, putamen, 
parietal inferior lobule and occipital cortex.35 This observation 
has been reflected in human brains, where the highest Se 
concentration occurs in grey matter, with the putamen, parietal  
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Fig. 2 a) SelP, the master protein driving Se bioavailability is synthesised in the liver from both inorganic and organoselenium compounds accessible through 

dietary sources. At the blood-brain barrier, SelP releases Se into the CNS via the ApoER2 receptor, which is in turn incorporated into newly –formed SelP in astrocytes 

(figure adapted from Burk et al.
35

), or is transported directly to neurons (dashed arrow). SelP is made available to neurons via the same membrane-bound ApoER2, 

where additional selenoproteins essential to neurological function (blue box) are biosynthesisised. b) In cases of deficient Se intake Um34 methylation is 

downregulated, causing premature termination of protein synthesis via failure of tRNA[Ser]Sec to decode the UGA codon as Sec instead of a stop codon, and 

misincorpoartion of selenocysteine (Sec) as cysteine (Cys; in red). These three pathological features may have downstream effects on a range of neurological 

disorders (red boxes). 

inferior lobule and occipital cortex in particular, while the 
lowest levels are found in the cerebellum and medulla.36  
 The mechanism that maintains Se levels in the brain at the 
expense of other organs, even during times of deprivation, is 
mainly orchestrated by SelP, which is recognised as the most 
important Se supply to different tissue types. The role of SelP 
to deliver Se to cells is facilitated by the presence of ten SECIS 
forms: one is situated in the larger N-terminal region, which 
acts as an enzyme; and nine are located in a Sec-rich C-terminal 
domain, providing a mechanism for transporting the highly 
reactive Se atom safely, incorporated into the protein as Sec.37 
Deletion of the conserved, non-SECIS containing 3’UTR of 

SelP does not affect the efficiency of incorporation of multiple 
Sec residues into SelP in vitro whilst still remaining sensitive to 
ambient Se levels, indicating that the 3’UTR are not involved in 
Se incorporation per se.38 The structure of plasma SelP remains 
unresolved, and there is some contention as to the number of 
circulating isoforms of the protein. Ballihaut et al.39 recently 
reported three isoforms in a human plasma standard reference 
material, two of which incorporated Se, suggesting the third 
was in fact a truncated variant.  
 Burk et al.40 recently proposed the mechanism by which Se 
is delivered to the brain (represented in Figure 2a). SelP from 
plasma is endocytosed following docking with apoER2 at the 
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blood-brain barrier (BBB) in brain capillary endothelial cells 
(BCECs) and choroid plexus epithelial cells, which facilitates 
Se transport, in an as-yet unknown chemical form, into the 
brain. Selenium is then delivered to brain cells via SelP 
synthesised by astrocytes on the abluminal side of BCECs, 
composing both the main transport mechanism and distinct pool 
of Se. Direct transport of SelP to neurons from BCECs has not 
been excluded. Neurons regulate Se levels via apoER2-
mediated uptake of SelP,41 which has obvious implications for 
AD due its role in neurodevelopment and synaptic function. In 
the periphery, apoER2 is widely expressed in the body and is 
also involved in Se uptake in myoblasts42 and testis cells.43 In 
the CNS, apoER2 is also expressed in choroid plexus and on 
PV interneurons in the hippocampus, inferior colliculus, medial 
septum, red nucleus, reticular thalamus and cerebellum.40,44 
ApoER2 expression is regulated by physiological factors 
related to developmental stage; fetal brain mRNA ApoER2 are 
more than 9 times greater than that observed in adult brain, and 
apparently not influenced by Se status.40 Although deletion of 
apoER2 gene does not affect the whole-body Se levels, 
apoER2-/- and SelP-/- mice have lower Se levels in brain,45,46 
and this may be associated with uptake of Se during specific 
developmental windows.40 In this study, fetal apoER2-/- mice 
brains contain 75% less Se levels compared to age-matched 
apoER2+/+ mice, decreasing to 39% when reaching adulthood. 
Moreover, apoER2-/- mice had no SelP in BCECs or choroid 
plexus cells at the BBB, suggesting a key role of ApoER2 in 
brain Se uptake, and also the presence of an unknown 
redundancy mechanism for Se transport. It remains unclear if 
other members of the lipoprotein receptor family may 
participate of SelP uptake, since Burk et al.47 observed an 
alternative mechanism that does not appear to depend directly 
on selenoproteins participating on the transfer of Se from 
pregnant dam to the fetus, and it is unclear if this mechanism is 
conserved in the postnatal period. 
 Though primarily expressed in astrocytes, neurons have also 
been identified as a source of endogenous SelP48,49 in all the 
areas of the brain, though particularly high expression was 
identified in the putamen and substantia nigra.50 In contrast to 
apoER2-/- animals, SelP-/- mice present generalised Se 
deficiency, and in brain this gene deletion causes severe 
neurological dysfunction.47,51 SelP-/- mice showed decreased 
density of PV interneurons in different brain areas, most 
marked in the inferior colliculus. This was associated with 
higher oxidative damage and a behavioural phenotype, 
characterised by impairments in contextual fear extinction, 
latent inhibition and sensorimotor gating. These data suggest 
that besides the effect on PV-expressing neurons causing 
increased vulnerability to oxidative damage, the behavioural 
deficits resulting from SelP deletion are likely associated with 
impaired GABAergic function of the inferior colliculus.44 Both 
SelP-/- and apoER2-/- mice, when maintained on a Se-deficient 
diet, are more vulnerable to neuronal damage and eventual 
neurodegeneration. In this way, Burk et al.40 reported that 
extremely Se-deficient apoER2-/- and SelP-/- mice displayed 
neurological dysfunction, while the littermate wild type mice 

did not show equivalent disruption, despite a decrease in brain 
Se levels. In another important study,46 progressive 
neurodegeneration was evaluated in brains of SelP-/- postnatal 
mice maintained on a Se-deficient diet after weaning. Higher 
lipid peroxidation and decreased dendrite length and spine 
density was observed, and the areas more susceptible to 
neurodegeneration during this post-weaning developmental 
window were the forebrain bundle, somatosensory cortex and 
lateral striatum. In the hippocampus decreased dendrite length 
and spine density was also present, which might be associated 
with the disrupted hippocampal-dependent learning and 
alteration to synaptic transmission observed in these mice. 
 As Scly is essential for breakdown of Sec into L-analine and 
Se2-, it has been proposed that this enzyme plays important role 
in Se metabolism in different tissue, and interacts with SelP to 
maintain adequate selenoprotein function in the brain. Although 
Scly-/- mice do not demonstrate neurological dysfunction,51 
deletion of both Scly and SelP exacerbates the neurological 
phenotype of SelP-/- mice, which display impaired motor 
coordination and locomotion compared with SelP null mice 
alone. Moreover, Scly-/-SelP-/- mice have lower expression of 
Trxr1, GPx1 and selenoprotein M (SelM) than SelP-/- mice, 
showing that interplay of Scly and SelP helps maintain 
selenoprotein levels within the brain.52  
 

Selenium and other selenoproteins: role in brain 

function 

Selenium appears to have a multifaceted role in the nervous 
system, with a number of studies showing its importance to 
normal brain physiological function. The antioxidant activity of 
selenoproteins in the CNS is well established, and lower levels 
of Se has been associated with brain injury.53 Selenium 
treatment as organic selenomethionine and inorganic SeO3

2- 
resulted in a similar increased activity of antioxidant enzymes, 
scavenging of reactive oxygen species (ROS) and reduced 
protein carbonyl content of patulin-induced brain damaged 
rats,54 and reduced the pro-oxidant effects of glyceryl trinitrate 
in a rat model of migraine headaches.55 Administration of 
SeO3

2- to suckling pups whose dams had methimazole-induced 
hypothyroidism decreased total oxidant status and reduced 
degenerative changes in the granular cell layer of the dental 
gyrus,56 and increased levels of brain-derived neurothophic 
factor (BDNF) in the hippocampus and cerebellum of both 
hypothyroid and control groups.57 In a rat model of postnatal 
protein malnutrition oral Se and zinc (Zn) supplementation 
increased not only antioxidant enzyme activity, but also 
corrected the neurobehavioral deficits caused by a protein-
deficient diet.58  
 Besides the role of Se as essential component of the 
antioxidant system in the brain, studies have also shown that Se 
can act in response to oxidative stress through regulation of 
Ca2+ channels and mitochondrial biogenesis. Mice dorsal 
ganglion root cells treated with Se showed reduced Ca2+

 release 
induced by H2O2 when compared with non-treated cells, with 
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corresponding decreases in apoptosis and lipid peroxidation 
levels, and increased levels of GPx and glutathione (GSH) 
activity.59 In a traumatic brain injury animal model exhibiting 
oxidative stress, increased apoptosis and activation of transient 
receptor potential vanilloid 1 (TRVP1) cation channels, Se 
treatment modulated Ca2+ entry through TRVP1 in neurons, 
reduced levels of ROS, prevented apoptosis, and reduced 
activity of caspases 3 and 9. Since brain injury induces Ca2+ 
influx and mitochondrial dysfunction in neurons, these data 
show that Se can increase cell viability not only as an 
antioxidant, but also by modulating apoptotoic pathways and 
mitochondrial function.60 Studies with murine hippocampal 
HT22 cells treated with SeO3

2- clearly showed improved 
mitochondrial function, even after glutamate exposure and 
hypoxia. This was associated with activation of complexes I, 
II+III and IV, and increased mitochondrial respiratory rate. 
Selenium administration increased levels of peroxisome 
proliferator-activated receptor γ-coactivator-1α (PGC-1α) and 
nuclear respiratory factor 1 (NRF1), two important nuclear 
transcriptional factors associated with mitochondrial 
biogenesis. This role of Se appears to be mediated through 
activation of the cyclic adenosine monophosphate response 
element-binding protein (CREB) and activated protein kinase 
(AKT) cycles.61-63  
 Synthetic organoselenium compunds have been studied as 
potential antioxidant therapies due their lower toxicity 
compared to inorganic forms of Se. Diphenyl diselenide 
[(PhSe)2] mimics GPx activity, producing both beneficial or 
harmful effects, depending on dose and route of 
administration.64 Acute treatment of rat hippocampal slices with 
(PhSe)2 modified various proteins involved in glutamate 
signaling damage to astrocytes.65 Conversely, (PhSe)2 
demonstrated a neuroprotective activity in animal models of 
autoimmune encephalomyelitis and hypothyroidism due its 
antioxidant and anti-inflammatory role.66,67 A derivate of 
(PhSe)2, m-trifluoromethyl (m-CF3-PhSe)2 and the Se-
containing salicylic acid derivative 5-5’-diselanediylbis-(2-
hydroxybenzoic acid) both exhibit antinociceptive action by 
interaction with serotoninergic system, as well as an anti-
inflammatory role in mice.68,69 Selenium supplementation as a 
promoter of antioxidant activity does appear to be somewhat 
dependent on the chemical form; 3-methyl-1-pheny-2-
(phenylseleno)oct-2-en-1-one was less effective as an 
antioxidant compared to SeO4

2-, though it did reduce adenosine 
deaminase activity, suggesting a potential immunomodulatory 
property.54 Musik et al.70 examined two other Se-containing 
molecules; (4-(o-tolyl-)-selenosemicarbazide of 2-
chlorobenzoic acid; 3-(2-chlorobenzoylamino-)-2-(o-
tolylimino-)-4-methyl-4-selenazoline) reporting differential 
impacts on brain antioxidant mechanisms, including GPx and 
superoxide dismutase-1 (SOD-1). These contradictory results 
regarding Se supplementation on brain function are likely due 
to the variety of chemical structures, dose, route of 
administration and the animal models used. More targeted 
studies regarding the role and the safety of these compounds are 

required before they can be considered as potential antioxidant 
therapeutics in humans. 
 The apparent neuroprotective role of Se supplementation in 
the brain is not only directly associated with antioxidant effects 
of organic and inorganic Se species, but also suggests a role in 
de novo selenoprotein synthesis, as demonstrated by increased 
activity of certain selenoproteins following Se treatment 
(Figure 2; Table 1). Methamphetamine treatment decreased 
levels of GPx1 and GPx4 in SH-SY5Y cells; an effect that was 
arrested with addition of SeO3

2- 24-hours after 
methamphetamine exposure.71 In their patulin-induced brain 
damaged rats, Song et al.72 showed that, although both SeO3

2- 
and selenomethionine were able to offer some degree of 
increased antioxidant activity, the organic form of Se was more 
efficient in increasing the expression and activity of TrxR, 
GPx1 and GPx4. 
 The GPx family of enzymes are expressed in both neurons 
and glia,73,74 and are recognised as one of the most important 
mechanisms protecting against ROS-induced damage.75 Among 
these isoenzymes, GPx4 protects cells against lipid 
hydroperoxide damage76 and is the most expressed GPx in 
brain, found in neurons of cerebellum, hippocampus and 
hypothalamus.77 Following brain injury, GPx4 is also observed 
in reactive astrocytes, suggesting that this GPx may have an 
important role in the protective cellular response to stress-
induced oxidative damage and apoptosis.78 Autooxidation of 
dopamine to the reactive dopamine quinone causes a decrease 
in GPx4 activity by covalently modifying this mitochondrial 
enzyme,79 suggesting that antioxidant properties of GPx4 are 
restricted by dopamine breakdown in neurons. Wirth et al.20 
showed that mice with a neuron-specific deletion of GPx4 had 
mild neurological dysfunction, and that GPx4 deficiency may 
contribute to dysfunction in other selenoproteins expressed in 
the brain, including TrxR, SelM and selenoprotein W (SelW). 
 TrxR is abundant throughout the CNS. In the mouse brain 
TrxR1 (the cytosolic isoform) is abundantly expressed in glial 
cells of the cerebellar white matter and TrxR2 (the 
mitochondrial isoform) is observed mainly in the cell bodies of 
neurons localised in the Purkinje and molecular cell layers in 
the cerebellum.80 This selenoenzyme plays an important role in 
maintaining the redox balance inside cells. It forms, together 
with thioredoxin (Trx), a disulfide reductase system.81 Mitozo 
et al.75 showed that TrxR inhibition resulted in increased DNA 
damage and poor cell viability following a H2O2 challenge in 
neuronal C6 cells, though it did not impede the ability of N2a 
cells to dispose of peroxides. However, specific inhibitors used 
to estimates the relative role of the Trx2, glutathione system 
and catalase for hydrogen peroxide detoxification in different 
preparations from rat brain showed that Trx2-system 
contributes to over 60% of the intra-mitochondrial H2O2 
turnover, whereas the glutathione system contributes only about 
20% to H2O2 detoxification reactions in the rat hippocampus.82 
Recently, Cohen-Kutner et al.,83 using two thioredoxin mimetic 
peptides (NAc-Cys-Pro Cys-amide; CB3 and Ac-Cys-Gly-Pro-
Cys-amide; CB4) as a treatment for oxidative stress in SH-
SY5Y human neuroblastoma cells, observed anti-inflammatory 
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and antioxidant effects of both peptides, as well as reduced 
apoptosis markers. The potentially protective role of TrxR is 
also important for dopaminergic cells, which exhibit high levels 
of oxidative stress when undergoing parkinsonian degeneration. 
In cells exposed to 6-hydroxydopamine (6-OHDA) and 
paraquat, inhibition of TrxR potentiated mitochondrial 
dysfunction, decreased maximal and reserve respiratory 
capacity, and increased H2O2 levels and cell death through 
oxidative stress. Also, TrxR2 deficient cells showed decreased 
basal mitochondrial oxygen consumption rates.84 
Immunoreactivity of TrxR2 was increased in the spinal neurons 
and hippocampus of aged dogs, suggesting that this 
selenoenzyme is important for maintaining neuronal 
homeostasis following the increase in oxidative stress 
experienced during normal ageing.85 Human astrocytomas, 
which are the most common form of gliomas, were found to 
express TrxR in a manner that correlated with both tumour 
grading and Ki-67 labelling index (a marker of cell 
proliferation), with both quantitative reverse transcription 
polymerase chain reaction and immunostaining confirming 
higher TrxR levels correspond to tumour severity.86 Though no 
clear causative link between TrxR activity and astrocytoma 
proliferation has been identified, this association with cancer 
progression and TrxR expression is a tantalising research 
direction considering that, besides its antioxidant role, the TrxR 
class of enzymes contributes to several physiological and 
biochemical functions, including cell growth, maintenance and 
programmed death. 
 Most selenoproteins have the conserved Cys-X-X-Sec (or 
CXXU) redox motif, including selenoproteins H, W, T and O. 
Other selenoproteins include Cys-X-X-Cys (CXXC) in TxrRs, 
Cys-X-Sec (CXU) in selenoprotein-15,87 Sec-X-X-Cys (UXXC) 
in SelP,88 as well as Sec-X-X-Ser (UXXS) and Sec-X-X-Thr 
(UXXT), identified in a range of prokaryotic selenoproteins 
with mammalian homologs.89 Their role it is not well 
elucidated, though it is thought they act as thiol-dissulfide 
oxidoreductases that participate in the formation of disulfide 
bonds.37,90-94 SelM has an endoplasmatic reticulum (ER)/Golgi-
directing signaling peptide with a short N-terminal extension, 
the CXXU motif, and a thioredoxin-like domain in the middle.95 
It is characterised by a two-layer α/β/α sandwich with a 
βαβββα secondary structure pattern, and an ER retention signal 
tetrapeptide in the C-terminal.96,97 In the mouse brain, SelM 
expression is highest in the olfactory bulb and cerebellum, with 
intermediate levels found in the hypothalamus and brain stem 
and low expression in the hippocampus and cerebral cortex.98 
The precise role of SelM is not well understood; some studies 
using mice overexpressing this protein have shown that it 
promotes antioxidant activity in brain, in this case increasing 
the activity of other antioxidant enzymes including SOD-1 and 
GPx, which could be enhanced with further dietary 
supplementation of Se.99-102 SelM knockdown primary cortical 
neurons show disturbed Ca2+ homeostasis compared to 
controls.99 Pitts et al.98 observed that the deletion of SelM gene 
in mice did not result in morphological changes to the brain, 
nor did it result in motor or cognitive deficits and anxiety-like 

behavior. However, these mice presented an obesity phenotype 
accompanied by higher leptin levels and elevated hypothalamic 
leptin resistance when compared with wild type controls. As 
SelM is expressed in high quantities in the hypothalamus, the 
authors hypothesised that deletion of this gene adversely 
affected hypothalamic thyrodoxin balance and cause metabolic 
dysfunction, indicating that SelM plays an important role in 
maintaining redox balance in brain areas associated with high 
metabolic output, though further investigation is obviously 
required to confirm this supposition.  
 Yim et al.100 showed that the association between SelM 
overexpression and Se treatment via intraperitoneal injection 
contributed to the activation of ERK MAPK signaling pathway, 
an important mechanism involved in the modulation of protein 
phosphorylation. Additionally, hippocampal mouse cells and 
C8-D1A cerebellar cells overexpressing SelM exhibited 
decreased cytosolic Ca2+ in response to oxidative stress, without 
affecting basal Ca2+ levels, suggesting that SelM can modulate 
the apoptotic pathway by mediating Ca2+ release from internal 
cell stores.99 Another proposed mechanism for the role of SelM 
in providing neuroprotection was the observation that SelM 
interacts with galectin-1,103 a β-galactoside-binding lectin 
associated with modulation of microglia activation in 
neuroinflammation, neuronal myelination and neuronal stem 
cell proliferation.104,105 Additionally, it was recently shown that 
overexpression of SelM could change the expression of other 
proteins; Kim et al.102 showed that, when compared with wild 
type controls, mice overexpressing SelM upregulated 
expression of several different genes, including creatine-kinase 
B-type and LDH-B, essential for energy homeostasis; the E3 
ubiquitin-protein ligase RING1 that participates in cellular 
defense against environmental insult; eIF-4H, which facilitates 
the binding of initiator rRNA to ribosomes, regulating protein 
synthesis; and SytXV, that regulates Ca2+-dependent membrane 
trafficking, and thus is crucial for maintenance of adequate 
neurotransmitter release. On the other hand, these mice 
demonstrated downregulation of CENP-N, which mediates 
mitotic progression, assembly of kinetochore proteins and 
chromosome segregation; dihydropyrimidinase-related protein 
2, that plays important role in neurite guidance; and proteasome 
subunit K. This study strongly suggests that the protective role 
of SelM may in fact be carried out indirectly through the 
modulation of different genes that regulate cell viability.  
 SelW is abundant in brain of chickens,106,107 and is highly 
stable in rat brain even during Se-deficiency. In vivo, where Se 
supply is entirely dictated by the media in which cells are 
grown, SelW expression is highly dependent on ambient Se 
concentrations. Low levels (10-9 mol L-1) of Se yielded the 
highest levels of SelW mRNA expression, which progressively 
increased over time, along with better general embryonic 
chicken neuronal health. High levels of Se (up to 10-5 mol L-1) 
were obviously neurotoxic, with SelW mRNA expression 
suppressed.108 This clearly indicates that neurons depend on an 
external Se pool to which it can draw from, and has a place 
lower on the Se brain hierarchy. It is more likely that delivery 
of Se from astrocytes as SelP to endogenous neuronal apoE2 
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receptors is the more controlled mechanism of neuronal Se 
uptake, as opposed to direct translocation of SelP immediately 
following BBB transit. This study, though clearly useful in 
investigating what, if any, buffering capacity neurons have for 
excessive Se, does however highlight a very pertinent point 
when considering in vitro studies of Se (or any other low-level 
essential element) metabolism: what conclusions can 
appropriately be drawn when the multicellular interplay that 
typically regulates Se hierarchy are removed and the system is 
viewed in isolation? As such, these studies should be also 
considered somewhat in vacuo; in this case purely as an 
example of how excessive Se levels impact upon SelW 
expression and neurotoxicity.  
 In murine brain tissue, SelW is expressed in axons and 
dendrites of neurons in several nuclei, mainly the cortex, 
hippocampus and cerebellum. It is highly abundant in apical 
dendrites of most pyramidal neurons in the hippocampus, 
cingulate cortex and piriform cortex, and is also expressed in 
synapses.51,109,110 However, as observed for other 
selenoproteins, SelW expression is dependent on the master 
regulator SelP, as SelP deleted mice present a reduced level of 
SelW mRNA.110 SelW is present in survival motor neuron 
protein (SMN) complexes, the major components of the 
spliceosome (the machinery that carries out pre-mRNA 
splicing).111 This particularly interesting study showed that 
SelW is in part dependent of SMN-complexes due to its 
neuronal transport along neurites, since SelW was decreased by 
17% in neurites of SMN-depleted NSC-34 cells. The role of 
SelW in the brain remains unclear: its redox motif suggests that 
this selenoprotein acts as antioxidant in different cells, though 
in muscle cell cultures depletion of SelW was compensated for 
by alternate antioxidant proteins, suggesting its major function 
is not antioxidant activity alone.112 Also, because SelW is 
highly expressed in brain areas associated with synaptic 
plasticity, Raman et al.110 suggested that it is essential for 
maintaining redox homeostasis and mediates proper synaptic 
adaptation and development. 
 Several selenoproteins are not highly expressed in brain, 
such as selenoproteins S (SelS) and H (SelH), though recent 
studies are attempting to determine their role in CNS, 
suggesting that whilst they exist in low abundance, they may be 
essential participants in normal brain function. Speciation of 
selenoproteins is analytically challenging, and in situ 
hybridisation often lacks the necessary sensitivity to probe 
selenoprotein RNA where expression is very low. 
Selenoprotein S appears to have a neuroprotective effect, and is 
found mainly in neurons, sparingly in astrocytes; and animal 
studies have reported that it is typically confined to the 
hippocampus and cortex.113-115 SelS expression is induced in 
reactive astrocytes as part of an activation program triggered by 
astrogliosis-inducing stimuli.114 As a result, SelS 
overexpression decreased ER-stress and IL-6 release in 
astrocytes. These results were confirmed by Liu et al.,115 who 
observed increased SelS expression after 3-7 days of ischemic 
reperfusion, suggesting that SelS modulates astrocyte function 
by reducing the synthesis and release of inflammatory 

cytokines and limiting degradation of unfolded proteins. 
Considering that previous studies have shown that SelS has an 
important anti-inflammatory role in different tissue types,116,117 
other work regarding the role and therapeutic potential of this 
selenoprotein in brain are encouraged. In the same way, 
although SelH is only moderately expressed in the brain,118 
overexpression in neuronal cells improved mitochondrial 
biogenesis and functional performance. Overexpression of SelH 
in HT-22 neurons increased the respiratory function of 
mitochondria and preserved UVB stress-induced mitochondrial 
membrane potential depolarisation. The study of neurons either 
overexpressing SelH or with the gene ablated revealed that this 
selenoprotein improved mitochondrial biogenesis signaling via 
PGC-1α, NRF1 and mitochondrial transcription factor A 
(Tfam), likely mediated by modulation of CREB dependent 
PGC-1α activation.61,62 The protective role of SelH is also 
possibly linked to its capacity to maintain genomic stability, 
protecting the cells against replicative senescence under chronic 
oxidative stress.119 According to this hypothesis, besides its 
direct antioxidant role arising from the presence of the CXXU 
motif, which prevents ribosomal DNA oxidation in the nucleoli, 
SelH may induce de novo synthesis of GSH and phase II 
detoxification enzymes. Although this theory was not evaluated 
in brain cells, it does pose one possibly important role of this 
selenoprotein in neurodegenerative diseases associated with 
ageing. The examples described here exemplify the ways by 
which selenoproteins can exert a neuroprotective role, even 
though they are expressed at relatively low levels. 

Selenium in brain diseases 

Alzheimer’s disease 

Alzheimer’s disease (AD) is a neurodegenerative condition 
characterised by progressive loss of memory and cognition, and 
compromising of daily activities. Its key pathological features 
are neuron death, loss of synaptic connections, extracellular 
deposition of beta-amyloid (Aβ) protein aggregates (plaques), 
and intracellular precipitation of hyperphosphorylated tau 
protein, which manifest as neurofibrillary tangles.120,121 
Oxidative stress is a central component of AD pathogenesis, 
with ROS adversely affecting mitochondrial function, synaptic 
transmission, axonal transport, and stimulating 
neuroinflammation.123-125  
 Studies in humans have reported negative correlations 
between cognitive decline and Se levels.126 Selenium status in 
the elderly with mild cognitive impairment (MCI) and AD 
compared to healthy cognitively intact controls revealed a 
decrease in the Se content of erythrocytes that correlated with a 
decrease in cognitive function. However, plasma Se was not 
significantly different between healthy and MCI participants.127 
As plasma is a marker of recent exposure and erythrocytes tend 
to report longer-term Se status, these data suggest that chronic 
deficiency correlates with cognition decline. González-
Domínguez et al.128 reported lower Se levels in serum from AD 
patients in comparison to MCI elderly, although both groups 
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were not considered deficient. Even in “mild” AD patients 
(defined as a Mini-Mental State Examination [MMSE] score 
≥20) Se levels in plasma were reported to be lower compared to 
healthy age-matched elderly subjects.129 These data are in 
agreement with previous studies that suggest that a lack of Se 
might increase the risk of dementia.127,130 Supplementation with 
compounds containing Se has shown potential for stimulating 
cognitive improvement, although this effect cannot be directly 
attributed to Se alone.131,132 Cardoso et al.133 showed that the 
daily intake of one Brazil nut over 6 months, which provides 
about 288 µg of Se, was associated with cognitive performance 
improvement assessed by constructional praxis and animal 
naming; both subtests of the CERAD battery. These data are 
promising; though as Brazil nuts contain other antioxidant 
components, more studies are required to elucidate the precise 
effects of selenium intake on cognition via this dietary source.   
 Animal models and in vitro studies have also provided some 
insight into the role of Se on AD pathogenesis. A Se deficient 
diet was associated with increased Aβ plaque formation in the 
brains of Tg2576 transgenic mice.134 Sodium selenate treatment 
reduced tau phosphorylation in both cell culture and tau 
transgenic animal models. In cells, the treatment antagonised 
the protein phosphatase 2A inhibitor OA,135 activated the 
protein phosphatase 2A and dephosphorylated tau.136 This 
treatment prevented and reversed memory and motor deficits; 
neurofibrillary tangles formation and neurodegeneration in 
transgenic animals with tau dysfunction. Although SeO3

2- 
appears to be more toxic to cells, the treatment with this 
inorganic Se compound to streptozotocin toxin model of mental 
impairment improved tolerance to oxidative stress and 
prevented cognitive decline.137 In hippocampal and cortical 
cells, it was associated with lower activity of α- and β-
secretases and corresponding reduced production of Aβ1-40 and 
Aβ1-42.

138 Treatment of triple-transgenic AD mice expressing 
mutant forms of human APPswe, PS1M146V, and tauP301L with 
selenomethionine resulted in reduced total and phosphorylated 
tau, lower inflammatory biomarkers and improvement in 
cognition.139 Organoselenium compounds also display 
interesting effects in improving AD pathology in murine 
models: p,p’-methoxyl-diphenyl diselenide treatment to 
streptozotocin-exposed mice slowed memory decline, reduced 
oxidative stress and normalised acetyl-cholinesterase 
activity.140 Selenium-containing 8-hydroxyquinoline derivates 
bound to Cu2+, Fe2+ and Zn2+ inhibited aggregation and 
disassembled Cu2+-induced aggregates of Aβ.141 
 Some studies have shown an association between certain 
selenoproteins and pathological features of AD. In the post-
mortem brain SelP was found to colocalise with senile plaques 
and neurofibrillary tangles,142 and was elevated in the choroid 
plexus and cerebrospinal fluid of AD patients.143 Considering 
that oxidative stress is a hallmark of AD, these data could 
suggest that SelP might act by protecting neurons against the 
hallmark lesions damage of the disease via its prominent 
antioxidant role, or by transporting Se to the synthesis of other 
antioxidant selenoproteins. SelP encodes two His-rich regions 
that act as high-affinity binding sites for transition metals, 

potentially blocking metal-mediated Aβ1-42 aggregation and 
subsequent ROS generation.144,145 This protein also appears to 
modulate tau aggregation, with Du et al.146 showing that the 
His-rich domain of SelP inhibited aggregation and 
disassembled formed aggregates of tau induced by the presence 
of Cu+/Cu2+. These two His-rich regions associate with the 
acidic tail of α-tubulin via a charge-charge interaction. This 
suggests that SelP possibly participates in microtubule events, 
which are associated with maintenance of cell polarity, 
intracellular transport and cell division and migration, although 
the exact role of SelP within microtubules has yet to be 
elucidated.147 Overexpression of SelM, as well as Se treatment 
contributes to activation of ERK signalling, which induces a 
decrease in tau phosphorylation, α-secretase and γ-secretase 
activity and an increase in β-secretase.100 Selenium treatment to 
SelM-overexpressing mice resulted in significant ROS 
inhibition, reduced mitochondrial damage, Aβ aggregation;101 
and increased γ-secretase activity.102  

Parkinson’s disease 

Parkinson’s disease (PD) is a neurodegenerative disorder 
characterised by loss of pigmented dopaminergic neurons in the 
substantia nigra (SN) pars compacta together with the presence 
of intraneuronal proteinacious inclusions of α-synculein termed 
Lewy bodies. Several mechanisms have been proposed that 
induce toxicity inside the cytoplasm of neurons and also in the 
extracellular space, including α-synuclein/neuromelanin 
pathology,148 ceruloplasmin dysfunction,149 copper and 
cuproprotein dyshomeostasis11 and an iron/dopamine-mediated 
oxidative stress cycle.150 Dopaminergic neurons are particularly 
vulnerable to oxidative damage, potentially due to their 
propensity to accumulate iron with age,151,152 and thus oxidative 
stress presents a central role on PD pathogenesis,153-155 and a 
logical target of selenoprotein antioxidant activity. 
 An association between Se status and PD pathology is not 
clear. Shahar et al.156 measured plasma levels in 1,012 elderly 
(≥ 65 years of age) Italian subjects and were able to associate 
performance-based assessments of coordination with 
circulating Se concentrations. Although there was no 
measurable association between plasma Se and PD, older 
subjects demonstrated a significant association between 
circulating Se levels and decreased performance in neurological 
coordination tests. In other smaller PD cohorts (< 100 PD 
subjects) no difference in plasma Se levels compared to healthy 
controls have been identified.157,158  
 As noted by Shahar et al.,156 causal influence between Se 
and PD pathology is difficult to ascertain, particularly 
considering motor function is often related to malnutrition, and 
thereby circulating Se levels. Dietary Se may indeed be such a 
confounding factor that any possible causal, or even indicative 
relationship between circulating Se and PD (or any other 
chronic illness, for that matter) impossible to elucidate. 
Selenium in primary food sources is heavily dependent on the 
Se content of soil, which is highly variable around the world; 
soil Se levels in parts of Scandinavia, New Zealand and a wide 
belt of land extending from Siberia through north-eastern China 
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are notably low, and are particularly replete in the US Midwest 
and Amazon regions of the Americas.159 In contrast to Shahar’s 
comments that PD pathology may cause malnutrition and Se 
deficiency, a large cohort of PD patients and controls from 
eastern China, (238 PD; 302 controls) reported that plasma Se 
(and iron) levels were significantly increased in patients with 
idiopathic PD.160 Clearly, epidemiological studies with a higher 
statistical power are required to confirm or deny a possible 
association between circulating Se and PD. Additionally, it is 
advisable that several different biological matrices (e.g. 
erythrocytes, hair, nails etc.) should be used to evaluate Se 
levels. This would provide a more comprehensive overview of 
Se levels, and could potentially be used to identify times of 
exposure. Further, speciation of selenoproteins, as opposed to 
measuring total Se levels provides another avenue to identify 
specific Se functionality and its possible role in disease process. 
 Several studied have suggested a Se-deficient diet may 
contribute to dopaminergic cell vulnerability,161,162 particularly 
prior to exposure to parkinsonian neurotoxins.163 Conversely, 
Se pretreatment somewhat mitigated 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced 
depletion of striatal dopamine in a dose dependent manner, 
though only a high dose of 3 mg kg-1 of Se (as SeO3

2-) 
produced a statistically significant effect.164 In a paraquat 
animal model of PD when treated with SeO3

2- at a low dose (in 
drinking water at 11.8 µg L-1) presented normalisation of motor 
activity when co-administered with the toxin.165   
 SelP is localised within cell bodies, axons and presynaptic 
terminals of SN neurons, and in PD patients this selenoprotein 
co-localises within Lewy bodies.50 Like SelP, GPx4 is also 
reduced in the SN of the PD brain, but is increased relative to 
cell density in surviving neurons.166 Hauser et al.79 showed that 
GPx4 is covalently modified by dopamine quinone, an oxidised 
and reactive metabolite of dopamine, and that this deleterious 
product of neurotransmitter breakdown may result in 
degradation and reduced activity of this antioxidant 
selenoprotein. More studies are necessary to elucidate the 
precise mechanisms by which GPx metabolism is altered during 
PD progression.  

Other neurodegenerative diseases 

A number of other progressive neurological disorders have 
been studied with regard to a possible association with Se 
metabolism and selenoprotein activity. Multiple sclerosis (MS) 
is one such chronic, progressive, inflammatory disease 
affecting the CNS with a possible link to Se. Although the 
aetiology of MS remains elusive, it is believed that disease 
onset and development depend on a genetic and environmental 
interaction. The pathogenesis of this disease is characterised by 
abnormal immune response against self-antigens, resulting in 
inflammation and massive neurodegeneration characterised by 
marked demyelination. Additionally, infiltration of pro-
inflammatory and autoreactive leukocytes into the brain 
initiates a cascade of events including blood-brain-barrier 
disruption, microglial activation and excitotoxicity; all 
potentiating oligodendrocyte death and axon damage.167-169 

There is growing evidence that the involvement of oxidative 
stress in MS pathogenesis as a crucial factor in initiating and 
perpetuating mechanisms involved in neurodegeneration. 
Glutathione peroxidase activity, as well other antioxidant 
enzymes, is decreased in MS patients when compared to the 
control subjects.170,171 In a proteomic study, among a set of 44 
proteins that discriminated experimental autoimmune 
encephalomyelitis (EAE) rats from control groups, GPx3 was 
increased in EAE animals.172 Selenium levels tend to decrease 
in MS, as observed in a cohorts of Iranian173 and Polish 
patients.174 Complementing the suggestive data regarding a role 
of Se in MS pathogenesis, Chadanay et al.66 observed that 
treatment with diphenyl diselenide to the EAE animal model 
reduced signs of the disease phenotype, partly by preventing the 
reduction in body weight that accompanies the disease 
progression and decreased the time and the severity of 
symptoms. In these animals, the treatment also improved 
immune system function by diminishing the extent of 
infiltrating macrophages and controlling mononuclear cell 
proliferation.  
 Amyotrophic lateral sclerosis (ALS) is another degenerative 
disease, in this case characterised by motor neuron loss in the 
brain and spinal cord, which leads to muscle atrophy, weakness 
and fasciculation.175 Although the cause of ALS is unknown, 
several studies indicate a link between genetic and 
environmental factors, including excessive exposure to 
inorganic Se. This association was first suggested in 1977, 
when researchers observed a higher prevalence of ALS in a 
known seleniferous area.176 In a northern Italian locale, where 
some inhabitants consumed drinking water with unusually high 
inorganic Se content, a higher risk of ALS was observed, with 
dose-response relation.177,178 ALS patients presented higher 
SeO3

2- levels and lower organoselenium compounds, 
particularly SelP, in CSF compared with healthy control 
subjects.179 This finding is something of a curiosity, as SeO3

2- is 
not typically found at high levels in biological fluids; 
conversion to non-redox active forms occurs rapidly through a 
reaction with GSH, as SeO3

2- is toxic,180 though improved 
analytical technology has identified the presence of SeO3

2- at 
low ng mL-1 concentrations in urine181 and serum.182 It should 
be noted that the same method used in this study previously 
failed to identify SeO3

2- in CSF samples.183 Selenite is, 
however, toxic, though paradoxically it has been shown to offer 
some degree of neuroprotection against lead neurotoxicity in 
Caenorhabditis elegans,184 though this may result from 
conversion to other selenoproteins rather than activity of the 
SeO3

2- itself.  Selenium in excess has neurotoxic effects to 
motor neuronal cells in vitro. Human neuroblastoma SKNBE 
cells were more vulnerable to Se toxicity when compared with 
kidney and prostatic cells when treated with organic and 
inorganic Se, even at a low dose (0.1 µM).185. Selenite induced 
degeneration of cholinergic and GABAergic neurons and 
impaired locomotor activity in Caenorhabditis elegans.186-188 
The elevated SeO3

2- in CSF of ALS patients may be due to 
excessive exposure to this compound from environmental 
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sources, alteration of the body’s detoxification capacity or even 
genetic modifications.  
 Huntington’s disease (HD) is an autosomal dominant 
neurodegenerative disease caused by increased repetition of 
CAG trinucleotide in exon 1 of the Huntington gene, resulting 
in polyQ-expanded sequence in N-terminal region of the 
Huntington protein. This genetic alteration makes the 
Huntington protein more prone to aggregation, which 
compromises proteasomal activity, impairs mitochondrial 
function, increases oxidative stress and contributes to 
neurodegeneration.189-191 Clinically, HD is characterised by 
chorea, psychiatric disturbance and cognitive decline.192,193 
Although Se levels in plasma were not different between HD 
patients and healthy controls, HD patients presented a decrease 
in regional brain Se content; specifically in the putamen, dorso-
lateral prefrontal cortex, primary visual cortex, cingulate gyrus 
and cerebellum.194 Treatment of N171-82Q HD mice with 
SeO3

2- significantly protected against decreased brain weight 
and reduced Huntington protein aggregation and oxidised 
glutathione.194 In another HD mice model (3-nitropropionic 
acid exposure) treatment with (Z)-2,3-bis(4-
chlorophenylselanyl)prop-2-en-1-ol)(bis selenide) improved 
locomotor activity and motor coordination, restored succinate 
dehydrogenase enzyme activity and protected against oxidative 
stress.195 Although there are few studies investigating Se in HD, 
these findings suggest that Se may be a potential avenue of 
exploration with regard to prevention and treatment of HD, and 
more studies are therefore encouraged.  

Conclusions 

Selenium has an essential role in the brain; not only due to its 
direct antioxidant role, but also via its participation in 
maintaining redox balance, mitochondrial dynamics, regulation 
of Ca2+ channels and modulation of neurogenesis. The 
relevance of Se in the pathogenesis of different neurological 
diseases has been shown by several studies in humans, animal 
models and cell culture that all associate Se deficiency with a 
disturbance in brain metabolism. It is important to note that the 
strong hierarchical nature of Se regulation in the brain, and its 
ability to remain somewhat efficiently isolated from Se 
deficiency in the periphery, and thereby in vitro studies that 
control ambient Se levels in a manner not reflective of in vivo 
Se metabolism are suited only to investing a specific 
selenoprotein in isolation, as opposed to the interplay between 
the 30+ known selenoproteins in toto. Future research is 
required to fully elucidate the role of different selenoproteins in 
brain cells, and in turn this will provide potential uses of 
selenoproteins as biomarkers of normal or pathogenic 
biological processes in CNS. As recognition of the importance 
Se has in maintaining normal brain function, studies examining 
the benefits of Se supplementation are emerging, but literature 
is still unclear regarding the precise effects of different forms 
and doses of Se. Thus, additional experiments investigating the 
potential neurotoxicity of Se overload are also required to better 
assess the safe range of Se exposures. 
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