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Chapter

Replacement Selenium Therapy in
Acute Cerebral Damage

Irina A. Savvina, Hasaybat S. Nutsalova, Anna O. Petrova,
Kristina M. Bykova and Irina V. Tkebuchava

Abstract

The current literature covers the role of selenium in metabolic processes and
the importance of correcting its level in various diseases and critical conditions,
including acute cerebral damage due to severe traumatic brain injury (TBI) and
sepsis-associated encephalopathy (SAE). Numerous experimental animal studies have
demonstrated that selenium has protective properties and blocks the mechanisms
of apoptosis, and is involved in maintaining the functional activity of neurons and
inhibits astrogliosis. The study of the selenium content in the blood of patients with
acute cerebral damage due to severe TBI and sepsis with verified SAE, and the devel-
opment of schemes of replacement selenium therapy will improve outcomes, both
in increasing survival and in reducing the resuscitation bed-day and the number of
neurological deficits in the future.

Keywords: replacement selenium therapy, acute cerebral damage, severe traumatic
brain injury, sepsis-associated encephalopathy

1. Introduction

Selenium is an essential trace element in the human body. Normally, the concentra-
tion of selenium in blood plasma is 100-200 mcg/l. The most studied function of sele-
nium is the regulation of antioxidant processes in all organs and tissues, primarily in
the central nervous system [1]. Selenium deficiency leads to an imbalance of the lipid
peroxidation/antioxidant system, which is a constant component of any pathological
process [2, 3]. Selenium deficiency provokes structural changes in the membranes of
microsomes, and damage to the organoid membranes of cells of almost all tissues and
it is accompanied by a change in the activity of 5-nucleotidase, creatine phosphoki-
nase, LDH, b- hydroxybutyrate, AST, ALT, aldolase, Na, and K-ATPase [4, 5].

Experimental animal studies have demonstrated that selenium has protective
properties and blocks the mechanisms of apoptosis-cell death, and participates in
maintaining the functional activity of neurons and in inhibiting astrogliosis in the
acute cerebral injury of various etiologies [6-10].

It is known that selenium-dependent proteins—the family of glutathione per-
oxidases (GPX1-6), as well as selenoproteins P, W, T, M, etc. play a key role in the
processes of inhibition of free radical oxidation chain reactions [4, 5].
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The function of glutathione peroxidases is to maintain stable intracellular con-
centrations of reduced glutathione. Cytosolic glutathione peroxidase (GPX1) plays
a major protective role in the development of oxidative stress. GPX1 activity is more
dependent on selenium content compared to other enzymes, and therefore GPX1
activity in erythrocytes is a simple and sensitive indicator of the selenium status of
the organism [11]. Intracellular and tissue levels of GPX1 also affect the activity of
apoptotic pathways and phosphorylation of protein kinases [12].

Selenoprotein P, being the main extracellular source of selenium, performs the
function of selenium transport to various tissues, mainly to the brain [13, 14], as well
as antioxidant functions [15, 16], normally amounts to 67 micrograms of selenium/
dl plasma.

Thus, selenium is a very important micronutrient for adequate function of the
brain. The role of selenium is to protect against oxidative stress and other damaging
factors in the central nervous system [17], maintaining the balance of neurotransmis-
sion and inflammation control [18].

2. Selenium metabolism in critical conditions

The study of the dynamics of antioxidant systems and lipoperoxidation processes
made it possible to clarify the basic pathophysiological mechanisms underlying
the development of critical conditions [19-21]. Activation of the processes of lipid
peroxidation and oxidative modification of plasma proteins, which leads to a viola-
tion of the structural and functional integrity of membranes, inactivation of protein
enzymes, and impaired synthesis of nucleic acids and protein, is a universal damag-
ing mechanism in severe trauma and critical conditions of any genesis [22, 23].
Ischemic-reperfusion injury often accompanies severe forms of systemic inflamma-
tory reactions, exacerbating the harmful effects of free radicals, and leading to an
imbalance between oxidation processes and antioxidants. This situation has already
been described in patients with sepsis and non-septic forms of systemic inflammatory
syndromes in which there is a significant increase in the production of free radicals,
especially superoxide anions [24].

In critical conditions, there is an increasing consumption of selenium and insuf-
ficient intake of it into the body from the outside, which leads to a deficiency of
selenium in the body and makes it defenseless when exposed to oxygen free radicals
and the cascade of reactions caused by their activation [25-27].

Selenium exhibits significant antioxidant activity, preventing changes in cell
membranes, participates in respiratory chain reactions, in the pentose phosphate
cycle, in the citric acid cycle, and lipid peroxidation [28]. Selenium activates protein
synthesis, participates in antihistamine and antiallergic mechanisms, and normalizes
the metabolism of proteins and nucleic acids [29].

Pathogenetic substantiation for the use of selenium in the intensive care complex
in critical conditions, according to a number of authors [30-34], consists in the fol-
lowing mechanisms of action:

* Suppression of endothelial adhesion and protection of the endothelium from
damage by oxygen radicals;

* Reduced production of pro-inflammatory cytokines;
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* Suppression of hyperactivity of the nuclear factor NF-kB;
* Decrease in the activity of the complement system;

* Maintaining the utilization of peroxides;

Stabilization of glucocorticoid receptors;

Stimulation of the insulin signaling cascade due to an insulin-like effect that
improves glucose control.

The above mechanisms of action contribute to the prevention of microcirculatory-
mitochondrial dysfunction as a universal link of multiple organ failure [35-37].

Selenium plays an important role in the functioning of the immune system. Thus,
in conditions of selenium deficiency, the processes of antigen-dependent lymphocyte
proliferation, neutrophil chemotaxis are disrupted, and the level of IgA, IgG, and IgM
decreases [24, 29].

A relationship was established between the low concentration of selenium in the
blood serum and the severity of the condition of patients, and the level of mortality,
which served as the basis for the early inclusion of selenium in the intensive care regi-
men for critical conditions [38-40]. The introduction of sodium pentahydrate selenite
ensures normalization of plasma selenium concentration in the next 24 hours, leads to
improved functioning immunocompetent cells (increased phagocyte activity, T-killer
activity, immunoglobulin synthesis, etc.), contributes to improving clinical outcomes
and significantly reducing patient mortality [41, 42]. Appointment of sodium selenite
in patients in critical condition with infectious systemic inflammatory response
ensures normalization of plasma selenium concentration in the next 24 hours.
Numerous studies have shown that among patients in critical condition and suffering
from sepsis, among those who underwent correction of selenium deficiency, mortal-
ity was significantly lower than in patients who did not receive selenium preparations
[43-51]. The combination of selenoprotein P for endothelial protection and the
cytotoxic effects of Na2SeO3 against hyperactivated leukocytes may be a promising
intervention for early sepsis [52]. Copper-selenium nanoclusters may be an efficient
strategy to cure sepsis by iz situ sulfurization of endogenous H2S, triggering ROS
eruptions and photothermal therapy [53].

According to the experts of the Cochrane Collaboration [22], concerning studies
on selenium exchange in critically ill patients based on an analysis of seven random-
ized clinical trials, the quality of the studies was not good enough, the availability
of outcome data was often limited, and studies examining the effects of selenium
replacement therapy were insufficient in size of the study population. In addition, the
main problem of these studies was related to the heterogeneity of the studied patient
population, as a result of which the results are presented in the form of random
effects. Most of the analyzed papers were statistically insignificant. Based on all of
the above, the Cochrane Collaboration experts concluded that there is insufficient
evidence of the effectiveness of selenium therapy at the present time in relation to the
duration of ventilation, bed-day in intensive care, general hospital bed-day or quality
of life after a critical condition, to recommend it for use in patients in critical condi-
tion. Meanwhile, some authors believe that the inclusion of selenium-containing
drugs in the intensive care complex opens up new horizons in the treatment of critical
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conditions [54]. Note also that in a systematic review by Berger et al. [28], Shenkin
[55] provides data on the feasibility of short courses of intravenous use of selenium in
patients in critical condition (burns, serious injuries, sepsis, and stroke).

Since 2009, selenium has been included in the ESPEN recommendations as a
pharmacological module (Grade C) [56], since 2010—in the national guidelines for
the treatment of sepsis in Germany (Grade C) [57, 58].

Among the patients in critical condition, patients with sepsis and polytrauma,
including TBI, require the most attention. The role of selenium in the regulation of
inflammatory response and gene transcription mechanisms in patients with poly-
trauma is discussed by a number of authors [59]. Most patients who are in a prolonged
unconscious state suffer sepsis at different periods of their disease against the back-
ground of low plasma selenium levels [60]. At the same time, the constant adminis-
tration of various groups of antibacterial drugs often does not affect the frequency
of septic complications development and leads only to the formation of polyresistant
flora.

In one study carried out by Chelkeba et al. [61], the antioxidant effect of selenium
was researched in 54 patients under critical condition due to severe sepsis and septic
shock, or mechanically ventilated for more than 48 hours [61]. Twenty-nine patients
(1st group) received 2000 pg of sodium selenite in 100 ml of saline solution within
the first 6 hours of sepsis diagnosis, followed by 1500 pg of sodium selenite in 250 ml
of saline solution for 12 hours continuously for 14 days, had mortality rates lower
(31%) then 25 patients (2nd group) with intensive standard treatment without sele-
nium (40%). Also, it was found a significant increase in GPx-3 levels, which causes a
blocking action of the inflammatory cytokines [61].

Another clinical study by G. Landesberg with colleagues [62] showed a nega-
tive correlation between pro-inflammatory cytokines and the severity of sepsis and
myocardial dysfunction assuming that selenium has no effect in septic patients since
this nutrient did not present any long-term effect on the pro-inflammatory cytokines
plasma concentration [62].

Kieliszek and Lipinski [63] demonstrated that sodium selenite can oxidize thiol
groups in disulfide isomerase proteins of the SARS CoV-2 virus, thus preventing the
COVID-19 virus from penetrating the membrane of healthy cells of its possible hosts.
Such hypotheses can be considered about selenium since this nutrient is of great
importance for inflammatory diseases [63].

The study by Mahmoodpoor et al. [64] did not indicate the presence of adverse
events related to the high dose of intravenous sodium selenite and aspects of toxicity
from its administration [64].

In one meta-analysis selenium supplementation for severe trauma patients was
examined. The current evidence supports that selenium administration decreases
the mortality rate and ICU and hospital stays for patients who have sustained major
trauma. Selenium supplementation was not associated with infectious complications
after major trauma [65]. Selenium administration shows no substantial influence on
the 28-day mortality, length of ICU stay, duration of vasopressor therapy, incidence
of acute renal failure, and serious adverse events for septic patients [66].

Some multiple-center trials confirm the efficacy of high-dose sodium selenite
supplementation in patients with severe sepsis and septic shock to reduce 28-day
mortality [67].

However, in Valenta et al. [68] study, it was shown that the 28-day mortality is
not decreased after selenium administration in septic patients and in critically ill
patients [68].
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3. Selenium homeostasis in the brain

Insufficient selenium supply and lack of selenoprotein function have been linked
to multiple brain disorders, including neurodegenerative diseases, which have been
thoroughly discussed in previous reviews [8, 10]. Conversely, selenium has been sug-
gested as a potential therapeutic agent in the treatment of Alzheimer’s disease [11],
multiple sclerosis [12], and stroke [13, 69-72].

Great importance is attached to the provision of the body with selenium in the
occurrence of neurodegenerative diseases (Alzheimer’s disease, Parkinson’s disease)
[69, 73]. The largest and most well-organized study [74], conducted in 2003-2005 in
two provinces of China and included 2000 people, showed that low selenium content
in nails directly correlates with a decrease in intelligence in people over 65 years of
age (p < 0.0087). In this regard, selenium preparations are considered promising in
the prevention and treatment of Alzheimer’s type dementia. In addition, Thiel and
Fowkes [75] showed that the use of an antioxidant complex prevents the development
of dementia in children with Down’s disease (this population represents the largest
cohort with an increased risk of dementia due to overexpression of the superoxide
dismutase gene) [75].

Another important potential use of selenium is for Parkinson’s disease [76]. It
is proved that there is a significant increase in the disease prooxidant processes,
and the activity of glutathione reductase and other antioxidant enzymes increases
compensatorily [77]. At the same time, a study by Kim et al. [78, 79] showed that the
use of selenium significantly weakened the phenomena of oxidative stress caused
by methamphetamine in nigrostriatal neurons, thus preventing the development of
experimental parkinsonism [78, 79]. Note, however, that the concentration of sele-
nium in the cerebrospinal fluid is increased in all patients with Parkinson’s disease.

Perhaps this reflects the increased utilization of selenium under conditions of
severe oxidative stress in these patients [80]. Recent studies suggest a significant role
of selenium and the enzyme glutathione peroxidase in the pathogenesis of epilepsy
[81, 82]. Decreased activity of Se-BP1 (selenium-binding protein 1) pathognomonic
for schizophrenia, with exacerbation it decreases to critical figures, and with replen-
ishment, there is an improvement in the condition [83].

An important role is played by the change in the antioxidant status in ischemic
stroke. In the study of Zimmermann et al. [84], it was shown that on the first day
after a stroke, a significant decrease in selenium levels (p < 0.01) was observed
against the background of increased glutathione peroxidase activity (p < 0.01) [84].
Numerous experimental studies [85, 86] demonstrated distinct neuroprotective prop-
erties of selenium in conditions of cerebral ischemia. Ansari et al. [85] demonstrated
the neuroprotective effect of different doses of selenium (from 0.05 to 0.2 mg/kg) on
models of occlusion of the middle cerebral artery [85]. A study by Yousuf et al. [87]
showed that the use of selenium in the form of sodium selenite (0.1 mg/kg) led toa
significant recovery of ATP levels in the neurons of rats subjected to cerebral ischemia
(p < 0.05-0.001) [87]. In addition, there was a decrease in the area of edema and
microglia infiltration.

Wray J. R. et al. [88] and Perez A. with colleagues [89] demonstrated the gluco-
corticoids influence on the selenoproteins regulation [88] and the metabolic effects of
glucocorticoids, which include over-eating and excess weight gain [89].

The neuroprotective effect of selenium as a result of selenium replacement therapy
in patients with neurological deficiency after subarachnoid hemorrhage of aneuris-
mal etiology was noted by Japanese colleagues [90]. Japanese authors also described
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Figure 1.
Scheme of the main physiological processes involved in the mechanism of specific selenium uptake by the
brain [92].

the positive effect of the inclusion of ebselen in the complex therapy of ischemic
stroke [91]. It should be noted that the selenium-containing drug ebselen is currently
undergoing the registration procedure for applications for stroke and subarachnoid
hemorrhage in Japan.

The proposed scheme of the main physiological processes involved in the specific
mechanisms of selenium uptake by the brain is shown in Figure 1 [92].

In the experimental study by Xu L. with colleagues [93] was shown that plasma
selenium levels were lower in the Chronic Unpredictable Mild Stress (CUMS)-
sensitive group of rats [93]. It is important that an epidemiological study correlated
low selenium intake with an increased susceptibility for developing the major depres-
sive disorder in humans [94].

4. The role of selenium in preventing apoptosis and cerebral damage
(according to the results of experimental studies)

In the experimental works of R.F. Burk et al. [95, 96], it was shown that the
introduction of sodium selenite leads to a significant increase in the content of sele-
noprotein P in the brain (compared with other tissues), and in conditions of selenium
deficiency, the brain’s uptake of selenoprotein P increases by five times; at the same
time, low-molecular selenium compounds are not utilized by the brain [95, 96].
Moreover, the research of P. R. Hoffmann et al. [97] showed that genetic deficiency
of selenoprotein P in transgenic mice leads to a decrease in the expression of other
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selenoproteins in the brain; presumably, this is due to the mechanism of selenoprotein
biosynthesis: in conditions of cellular selenium deficiency, the UGA codon encoding
selenocysteine begins to play the role of a stop codon, and the synthesis of selenium
protein is interrupted [97].

In experiments on rats in the early period of TBI (after 6 hours and 24 hours),
there was a sharp decrease in the level of selenium and vitamin E in the blood of
animals [7]. The reason for the decrease was oxidative stress and a high level of sele-
nium consumption. Therefore, according to the authors of the study, it is necessary to
restore selenium levels to normal values preceding TBI.

In an experimental model of cerebral ischemia/reperfusion in rats created by
occlusion of the right carotid artery for 45 minutes, animals were treated with ginkgo
biloba (50 mg/kg/day intraperitoneally) and selenium (0.625 mg/kg intraperitone-
ally) for 14 days after occlusion [98]. The activity of superoxide dismutase and
glutathione peroxidase enzymes was measured in hippocampal tissue in 25 animals.
An immunohistochemical study was performed with electron and light microscopy.
According to the results of the study, the authors concluded that through the suppres-
sion of oxidative stress processes, a significant effect of neuroprotection in ischemia/
reperfusion is realized with the combined use of ginkgo, selenium, and their com-
bination [98]. Thus, data presented in the study by G. Erbil et al. [98], demonstrate
that selenium treatment after ischemic/reperfusion injury improves the activity of
antioxidant enzymes, prevents neuronal damage and moderate reactive gliosis caused
by this kind of damage in the hippocampus in rats [98].

The inclusion of selenium as monotherapy or in combination with ginkgo signifi-
cantly reduces brain tissue damage in this experimental model. Casaril A. M. with col-
leagues [99] showed that 3-((4-chlorophenyl)selanyl)-1-methyl-1H-indole (CMI) can
prevent acute stress-induced depressive-like behavior in mice [99]. Also, CMI induces
antinociceptive effects in mice by modulating serotonergic activity [100] and can
reverse the depressive-like phenotype caused by lipopolysaccharide injection [101].

It is obvious that the results obtained in vitro and in vivo experiments on rats
demonstrate that selenium has a protective effect in ischemic/reperfusion injury in
many tissues, including neuronal [102-104].

Oxidative stress, which is a universal pathophysiological mechanism in poly-
trauma, combined trauma and TBI, leads to the development of reactive gliosis in
TBI. Damage to the astroglia may be a significant contribution to the formation
of neuronal damage. It is well known that ischemia/reperfusion induces neuronal
damage through several pathophysiological mechanisms, including intracellular Ca++
movement and free radical production, which ultimately triggers apoptosis. In the
body, selenium protects cells from free radicals and peroxidase activity caused by
oxidative damage, at the molecular level, selenium has neuroprotective properties in
the brain [105-108].

Several selenoproteins are expressed in the brain. Among them, according to
the literature, the antioxidant effect of selenoprotein P on neuronal survival has
been proven [109], and the role of neuronal selenoprotein is in the development of
interneuronal connections and the prevention of seizures and the process of neuro-
degeneration [110]. However, its role in postischemic neuronal death cannot yet be
explained.

With TBI, a reactive glial response is possible in the form of the development of
astrogliosis-reactive gliosis in the hippocampus, and in the form of cellular hypertrophy,
hyperplasia, increased release of glial fibrillar acid proteins.
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The last study by O. Leiter et al. [111] has demonstrated that selenium mediates
the exercise-induced increase in adult hippocampal neurogenesis, increases hippo-
campal precursor proliferation and adult neurogenesis, and reverses cognitive decline
in aging and hippocampal injury [111].

Naziroglu et al. [9] did experimental work on rats, having created a hypoxic model
of brain damage (convulsive seizures provoked by the administration of pentylene-
tetrazole). Selenium was preemptively injected at a dose of 0.3 mg intraperitoneally,
then the activity of Ca++ -ATP-aza, the level of oxidative stress were measured for
7 days, and EEG was recorded in animals with affected brains [9]. The authors’
conclusion: selenium caused protective effects on pentylenetetrazole-induced brain
damage due to reduced production of free radicals, regulation of Ca++ — dependent
processes, and maintenance of the antioxidant system.

The literature also mentions information that selenium deficiency in chickens
caused a decrease in the activity of glutathione peroxidase, the level of expression of
the mRNA glutathione peroxidase gene, the development of oxidative stress of brain
tissue, hypothyroidism, alterations in ion profiles in chicken muscles, imbalance in
Ca ++ homeostasis, and then morphological damage to nervous tissue [112].

In an experimental model of TBI in mice, analysis of key regulators of apoptosis
during H202-induced apoptosis in cells showed that selenium blocks the activation of
certain protein kinases (JNK)/38, triggering apoptosis in neuronal cells [6].

In vivo experiments have shown that selenite powerfully inhibits H202-induced
apoptosis in neurons during TBI. Thus, selenium has protective properties and
blocks apoptotic cell death, and participates in maintaining the functional activity of
neurons and in the inhibition of astrogliosis [6].

Ozbal and colleagues [8] evaluated the levels of synthesis of tumor necrosis
factor TNF-a and IL-1p, nerve tissue growth factor (NGF) in a cerebral ischemia/
reperfusion model in rats [8]. In this study, they studied the effect of selenium on the
prefrontal cortex and the degree of damage to the hippocampus in rats subjected to
cerebral ischemia-reperfusion injury. Selenium was administered intraperitoneally to
animals at a dose of 0.625 mg/kg/day after the onset of ischemic injury. Conclusion of
the authors of the study: selenium treatment after ischemia significantly reduces the
induced ischemia and subsequent reperfusion neuronal death in the prefrontal cortex
and hippocampal CA 1 region in rats.

Selenium treatment reduces the levels of markers of systemic inflammatory
response and tissue damage (TNF-a and IL-1f) and leads to an increase in the values
of nerve tissue growth factor (NGF). B. Yang et al. [113] study was to explore the
molecular mechanisms underlying the protective effects of selenium on the blood-
brain barrier (BBB) following ischemia/reperfusion injury in hyperglycemic rats
[113]. Treatment with selenium and the autophagy inhibitor 3-methyladenine signifi-
cantly reduced cerebral infarct volume, brain water content, and Evans blue leakage,
while increasing the expression of tight junction (T]) proteins and decreasing that of
autophagy-related proteins. It was revealed that selenium increased T] protein levels,
reduced BBB permeability, decreased autophagy levels, and enhanced the expression
of phosphorylated (p)-AKT/AKT and p-mTOR/mTOR proteins [113].

In a study on mice, it was demonstrated that melatonin and selenium may serve as
potential therapeutic targets against docetaxel-induced toxicity in the hippocampus
and the brain (docetaxel is widely used to treat several types of glioblastoma) [114].

Summarizing the above, it can be argued that the results of experimental studies
allow us to make the assumption that the introduction of selenium prevents the devel-
opment of secondary pathological processes in the brain during its traumatic injury.
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Clinicians, based on the data of experimental works performed on animals, can propose
new goals of drug therapy for the treatment of TBI from the bench to the bedside.

5. Replacement selenium therapy in severe traumatic brain injury

Positive clinical responses obtained during therapy with N-acetylcysteine and
selenium in neurodegenerative diseases have provided substantial evidence for the
important role of reactive oxygen species in pathological processes of TBI [6]. It is
proved that the level of oxidative stress in severe TBI determines the severity of the
processes of necrobiosis and neuronal death [5].

Works concerning selenium metabolism in patients with severe trauma, including
traumatic brain injury, are isolated [11, 23, 115-120].

In one study, a double-blinded controlled trial was carried out on 113 patients
who were hospitalized following traumatic brain injury (TBI) with Glasgow Coma
Scale score of 4-12 that were randomly assigned to receive selenium within 8 h after
injury plus standard treatment group or routine standard treatment alone as the
control. There was no difference in the length of ICU and hospital stay, the trend of
the change in FOUR and SOFA scores within 15 days of first interventions, and the
mean APACHE III score on the 1st and 15th days between the two groups. Mortality
was 15.8% in the selenium group and 19.6% in the control group with no between-
group difference. This human trial study could not demonstrate the beneficial effects
of intravenous infusion of selenium in the improvement of outcomes in patients with
acute TBI [120].

Several studies examine the effect of intravenous selenium (Selenase ®) treat-
ment in patients with severe TBI on functional outcome and survival. Intravenous
Selenase ® treatment demonstrates a significant improvement in functional neuro-
logic outcomes [115]. H. S. Nutsalova in her study showed that selenium replacement
therapy with Selenase ® at a dose of 1000 mcg/day for 12 days of the acute period
of TBI significantly reduces the plasma level MDA (malonic aldehyde) in patients
with severe TBI starting from day 7, reaching maximum intragroup and intergroup
differences by day 12 (p < 0,01) [119]. Substitution selenium therapy does not affect
the recovery time of consciousness in patients with severe TBI in the acute period of
trauma. Replacement selenium therapy in patients with isolated and combined severe
TBI provides the restoration of plasma levels of selenium and the sanogenetic orienta-
tion of free radical oxidation processes in the acute period of trauma. The known
method of intravenous selenium use leads to a reduction in the duration of ventilation
and a decrease in 28-day mortality in patients with severe TBI [116-119].

6. Nontraumatic acute cerebral damage

Hirato J et al. [121] demonstrated in their observation that the brain lesions of
the megacystis microcolon intestinal hypoperistalsis syndrome (MMIHS) patients
mainly resulted from oxidative damage of the brain related to the low levels of
glutathione peroxidase and other selenoproteins due to selenium deficiency [121]. The
authors showed that long-term total parenteral nutrition is possibly due to selenium
deficiency. Both patients described in the article died of sepsis. In both cases, severe
neuronal loss and gliosis were present in the medial convolutions of the occipital lobe,
including the visual cortex [121].

9
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Perinatal hypoxic-ischemic encephalopathy (HIE) is an important cause of brain
injury in the newborn and can result in devastating consequences. The principle
mechanism underlying neurological damage in HIE, resulting from hypoxemia and/
or ischemia is deprivation of glucose and oxygen supply which energy failure. A
consequent reperfusion injury often deteriorates the brain metabolism by increasing
oxidative stress damage. Selenium is a constituent of the antioxidant enzyme glutathi-
one peroxidase and is vital to antioxidant defense.

Neonates with HIE had lower serum selenium level than normal healthy neonates,
which is not dependent on the maternal serum selenium levels and was negatively
correlated with the severity of HIE [122].

Neonatal mortality continues to be a significant problem in the Indian setting,
especially in very low birthweight (VLBW) neonates. India is a selenium-deficient
country. Blood selenium concentrations in newborns are lower than those of their
mothers and lower still in preterm infants.

Preterm VLBW neonates are selenium deficient at birth. Selenium supplementa-
tion at 10 pg/day resulted in getting the selenium levels into the acceptable normal
level and reduced the incidence of the first episode of late-onset sepsis in these
neonates [123].

7. Sepsis-associated encephalopathy and selenium status: perspectives of
replacement therapy

Septis-associated encephalopathy is an early manifestation of systemic infection
when the focus of infection is outside the central nervous system (CNS), but the sys-
temic inflammatory response causes organ dysfunction, including the brain. Researchers
identify a number of factors and mechanisms that play a key role in the development of
septis-associated encephalopathy: the effect of inflammatory mediators on the brain,
inadequate cerebral perfusion pressure, impaired permeability of the blood-brain barrier
(BBB), disorders of the cerebral microcirculation, cerebral ischemia, metabolic disor-
ders, changes in amino acid levels, imbalance of mediators, liver failure, and multiple
organ failure [124, 125]. BBB dysfunction largely explains the pathophysiology of SAE,
since the central nervous system becomes highly sensitive to neurotoxic factors, such as
free radicals, inflammatory mediators, intravascular proteins, plasma, and circulating
leukocytes. Due to the barrier deficiency, brain edema is formed and microvascular
perfusion decreases, which leads to the loss of neurons during SAE [125].

Microglial cells are the primary inducers of immune responses in the brain. Recent
experimental studies have shown that microglial cells migrate to brain vessels during
systemic inflammation and that their activation represents one of the earliest changes
observed in SAE [126, 127].

Designed to protect against sepsis, microglia activation generates cytotoxic sub-
stances that release reactive oxygen species (ROS), nitric oxide (NO), and glutamate
SAE [127]. Persistent microglial activation and excessive release of inflammatory
mediators and free radicals trigger a vicious cycle of a circle leading to the aberrant
function of neurons and cell death, contributing to the progression of SAE [128].
Data from some experimental studies indicate that glial activation plays a key role
in the development of SAE and BBB dysfunction along with a deficiency of brain
neurotrophic factors [128, 129].

The pathophysiology of SAE is a multifactorial process that involves a violation
of the mechanism of cell death. Ferroptosis is a new form of programmed cell death
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characterized by the accumulation of iron and lipid peroxidation, which leads to an
inflammatory cascade and the release of glutamate. Scientists have suggested that
ferroptosis is involved in glutamate-mediated excitotoxic damage to neurons during
an uncontrolled inflammatory process in SAE [130].

Assessment of neurological status and neurocognitive deficit and their dynam-
ics are the criteria for the effectiveness of treatment of neurocognitive disorders in
patients with sepsis-associated encephalopathy, along with clinical and laboratory
indicators and scales for assessing multiple organ failure (SAPS II, SOFA) [131].
Inflammatory cytokines and oxidative stress released during sepsis are high in septic
patients, and their concentrations have some association with the severity and
evolution of organ dysfunctions [132]. Decreased plasma selenium levels are found
to be associated with excess mortality [133]. Plasma selenium concentrations in all
patients with sepsis and septic shock are determined to be low (from 0.20 to 0.72
mcmol/l) [134].

Based on the understanding of the main mechanisms of selenium action—sup-
pression of hyperactivation of NF-kB; reduction of activation of the complement sys-
tem; immunomodulation and anti-inflammatory effect; maintenance of utilization
of peroxides; suppression endothelial adhesion (decreased expression of E-selectin,
P-selectin); protection of the endothelium from oxygen radicals (using selenoprotein
P, which prevents the formation of peroxynitrite from 02 and NO) [129, 135], one can
safely assume the expediency of using selenium-containing drugs in complex therapy
of SAE to prevent the development of neurocognitive deficiency due to the mecha-
nisms of neuroinflammation in the future [124].

8. Conclusion

The role of selenium in metabolic processes and the importance of correcting
its level in various diseases and critical conditions are widely covered in modern
literature [40, 43-48, 50, 70, 135]. Selenium deficiency, which occurs during the
development of oxidative stress due to severe TBI, sepsis, and other critical condi-
tions, significantly affects the work of antioxidant systems, reduces the protective
mechanisms of the patient’s body and requires correction.

The results of studies of selenium homeostasis in iz vivo experiments and in the
human body in normal and various pathological conditions obtained over the past
20 years indicate the direct participation of this most important nutrient in the body’s
defense mechanisms in severe trauma, burns, sepsis, TBI, acute cerebral injury of
nontraumatic etiology, etc. Correction of the selenium status of patients in critical
condition is especially relevant, since selenium deficiency blocks adequate antioxi-
dant protection, a full-fledged immune response to infection, and relief of excessive
systemic inflammatory response and the integrative complex response of the brain to
any damaging effect that poses a threat to the survival of a mammal.

We are confident that the importance of selenium deficiency correction in the
form of selenium replacement therapy is reflected in the treatment protocols of
patients in critical conditions, including acute cerebral injury.
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Abbreviation

ALT alanine aminotransferase

APACHE III Acute Physiology and Chronic Health Evaluation III score
AST aspartate aminotransferase

ATP adenosine triphosphate

BBB blood-brain barrier

DiO2 Iodothyronine deiodinase 2

FOUR Full Outline of UnResponsiveness Score
HIE hypoxic-ischemic encephalopathy

H,S hydrogen sulfide

ICU intensive care unite

IL-1p interleukin 1p

GCR glucocorticoid receptors

GPX1-6 glutathione peroxidases 1-6

LDH lactate dehydrogenase

mRNA mitochondrial ribonucleic acid
Na2SeO3 sodium selenite

ROS reactive oxygen species

SAE sepsis-associated encephalopathy
SOFA Sequential Organ Failure Assessment Score
TBI traumatic brain injury

TNF-a tumor necrosis factor-alpha
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