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Abstract

A significant increase of interest in the role of selenium in various biological proces-
ses may be noticed when reviewing recent literature related to many areas of science.
Owing to various functions it fulfils, selenium is known as an essential component requ-
ired for the proper functioning of human and animal organisms. A decrease in the concen-
tration of selenium in the body of an alcohol dependent person may inhibit formation of
selenoproteins, which in turn may impair the DNA repair, weaken the immunological and
anti-inflammatory response, or adversely affect mechanisms preventing the development
of diseases like hepatocirrhosis. The depressed activity of selenium in people addicted to
alcohol may also cause poor semen quality leading to infertility in men. It is also held
responsible for a higher risk of depression.
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ROLA SELENU W PATOFIZJOLOGII UZALEZNIENIA OD ALKOHOLU
- WSKAZANIA DO SUPLEMENTACJI

Abstrakt

Dokonujac przegladu piSmiennictwa z ostatnich lat, mozna zauwazyé¢ istotny wzrost
zainteresowania selenem w wielu dziedzinach nauki. Pierwiastek ten poprzez réznorakie
funkcje, jakie spetnia jest nieodzownym sktadnikiem potrzebnym do wiasciwego funkcjo-
nowania organizméw ludzkich i zwierzecych. Zmniejszona zawarto$¢ selenu w organizmie
pacjentow uzaleznionych od alkoholu moze hamowaé wytwarzanie selenoprotein, co z ko-
lei moze uposledzaé¢ naprawe DNA, wplywaé na pogorszenie odpowiedzi odpornosciowej
i przeciwzapalnej oraz uposledza¢ mechanizmy chroniace przed rozwojem takich chordb, jak
np. marsko§é watroby. Niedobor selenu moze takze powodowaé ztg jako$é nasienia,
a w konsekwencji nieptodno$é u mezczyzn oraz zwiekszenie ryzyka wystgpienia depresji.

Stowa kluczowe: selen, uzaleznienie od alkoholu.

INTRODUCTION

Selenium, one of the trace elements present in the human organism,
has been known for about 200 years (SHER 2001). Over the years, selenium
has become the subject of intense scientific research in numerous disci-
plines of science, e.g. biochemistry, geology or toxicology. Selenium is known
as a two-faced element. On the one hand, it is essential for the proper
functioning of living organisms. On the other hand, it is harmful in exces-
sive quantities. The rising interest in the role of selenium and its com-
pounds is driven not only by the need to clarify its functions in the human
organism, but also by the fact that there is a very small difference between
its essential and toxic levels. Until the mid-1950s, selenium had been known
solely because of its toxicity to humans and animals. The toxic activity of
selenium was mentioned as early as the 13th century (RED et al. 2004). It
was not until 1957 that Scawartz and Forz demonstrated positive effects of
selenium, such as prevention of hepatic necrosis in rats with vitamin E
deficiency (Scuwarz, Forz 1957). In 1973, Rotruck and Flohe presented
a wealth of evidence for better understanding of the biochemical role of se-
lenium. For example, it was discovered that selenium was an integral com-
ponent of the active center of glutathione peroxidase enzyme GSH-Px);
17 years later it was demonstrated that type 1 iodothyronine deiodase (D1,
EC 1.97.1.10) contained selenocysteine (SeCys) in its active center. These
discoveries were a breakthrough in the recognition of the role of selenium.
Identification of different selenoproteins and selenoenzymes stimulated in-
tense studies on the physiological role of selenium, nutritional problems
connected to demand for this element, clinical symptoms of selenium defi-
ciency or excess and the role of selenium deficiency in ethiology and course
of pathological states (HoLBEN, SmiTH 1999, Zacropzki 2000, MISTRY et al. 2012).
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Over the past years, disorders in the selenium management in organ-
isms of alcohol addicts have been given growing attention. It was demon-
strated that a low level of selenium considerably contributes to the increased
incidence of depressions, phobic states and hostility in interpersonal con-
tacts (SHER 2001). Various functions of selenium which may influence the
development of alcohol dependence are due to selenoproteins in which sele-
nium is present in as selenocysteine amino acid.

SELENIUM CONCENTRATION IN BLOOD OF ALCOHOL
DEPENDENT PEOPLE

Intensive research conducted for a few decades now including the moni-
toring of selenium concentration in blood serum of alcohol dependent people
has demonstrated a decrease in the selenium level compared to the control
group. However, no relationship between selenium concentration and age of
the patient or degree of alcohol addiction has been noted, indicating that
the deficiency of selenium occurs at the initial stage of the disease and
accompanies its development (PiLaczyNska et al. 1988). Total selenium con-
centrations in the serum of people with alcoholic hepatic insufficiency has
been investigated recently. One of the aims was to try and assess the activi-
ty of the antioxidant system. The mean concentration of selenium in blood
serum of alcohol dependent patients with liver impairment was considerably
lower than in the control group of healthy people. One of the causes of
alcoholic liver impairment is suspected to be peroxidation of lipids and pro-
teins by free radical reactions causing. The activity of numerous antioxi-
dants depends inter alia on the selenium concentration in an organism
(GonzALEZ-REIMERS et al. 2008, GONZALEZ-REIMERS et al. 2009).

Only sixty-eight patients were followed up.

Other studies devoted to determination of the concentration of selenium
in the blood serum of patients with alcoholic hepatocirrhosis demonstrated
lowered concentrations of this element, decreasing parallel to the intensity of
the disorder. Also, the activity of glutathione peroxidase in erythrocytes de-
creased as the extent of alcoholic hepatocirrhosis rose (GERLI, LocATELLI 1992).

Table 1

Selenium concentration in serum of alcohol dependent patients
(acc. to GoNzALEZ-REIMERS et al. 2008), ng 1-1 , p<0.05

Examined Pat1ent§ with Pa}tlents Patients who | Patients who
hepatocirrho- without . Control group
group . . . recovered died
o = 76) sis hepatocirrhosis = 51) (= 17) (n = 16)
B (n=34) (n =42) B B
73.6 70.18 77.12 76.2 68.2 81.9
(67.4-83.8) (66.5-76.6) (67.7-92.3) (68.8-86.4) (59.3-70.1) (75.0-86.9)
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THE ROLE OF SELENIUM IN PATHOPHYSIOLOGY
OF ALCOHOL DEPENDENCE

Antioxidative function

Ethanol is a source and activator of free radicals synthesis. Higher in-
toxication with alcohol means more intensive formation of reactive oxygen
species (ROS) in mitochondria. A decrease in the NAD/NADH ratio increas-
es the generation of oxygen radicals via a decrease in the flow of electrons
in the respiratory chain. Increased ROS formation impairs mitochondria,
which aggravates oxidative stress, while higher oxygen consumption intensi-
fies hypoxia of the organs. Most of the recognized selenoenzymes play a
significant role in the protection of cellular membranes against their oxida-
tive damage. The main contribution of selenoproteins is related to the anti-
oxidant protection by glutathione peroxidase, thioredoxin reductase (TrxR,
EC 1.8.1.9), selenoprotein P (SeP) and others (JELskI et al. 2006).

Glutathione peroxidases

Glutathione peroxidases are essential components of the antioxidant bar-
rier in the cells, and their main enzymatic function is the reduction of hy-
drogen peroxide and organic peroxides with the contribution of reduced glu-
tathione. This enzyme protects cellular membranes, hemoglobin and fatty
acids against oxidation. Each GSH-Px sub-unit contains selenocysteine in
position 47, i.e. cysteine analogue with a selenium atom instead of sulphur.
The presence of selenocysteine enables glutathione oxidation without re-
lease of a free thiol radical of glutathione (Graczyk et al. 1994). The reaction
follows three steps:

1) release of selenocysteine residue by hydrogen peroxide;
GSH-Px — SeH + H,0, - GSH-Px — Se — OH + H,0

2) glutathione oxidation and selenosulphide formation;
GSH-Px — SeOH + GSH - GSH-Px — SeSG + H,0

3) selenosulphide reaction with a subsequent glutathione particle, re-
generating selenocysteine;

GSH-Px — SeSG + GSH - GSH-Px — SeH + GSSG

Five various GSH-Px forms are distinguished, each compound acting in
a different compartment of the cell, e.g. cytosol, gastro-intestinal, extracel-
lular, phospholipids and nuclei of spermatozoa (KunN, BorcHERT 2002). Sele-
nium deficiency in people addicted to alcohol leads to defective GSH-Px activi-
ty, which may result in several dysfunctions of internal organs e.g. hepato
cirrhosis. Inebriety induces increased formation of 4-HNE (4-hydroxynone-
nal), which lowers the amount of glutathione and inactivates GSH-Px, thus
increasing the amount of free radicals (Mivamoro et al. 2003, JELsKI et al.
2006).
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Selenoprotein P

Selenoprotein P, described in the early 1980s, plays an antioxidant role
(Motsenbocker, Tappel 1982), mainly as peroxynitrite reductase or lipid hy-
droperoxides GSH-Px. Selenoprotein P is a glycoprotein which binds up to
65% of selenium present in serum (MosTERT 2000, BURK et al. 2003). Its anti-
oxidant function can be verified by the fact that its decreasing concentration
has been demonstrated in serum of people addicted to alcohol (Lar1 et al. 2009).

Thioredoxin reductase

Thioredoxin reductase (TrxR), one of selenoproteins, was characterized
in the 1990s. TrxR is present in the form of three isoenzymes in mammali-
an cells: cytoplasmic (TrxR), mitochondrial (TrxR2) and as glutathione thiore-
doxin reductase (TrxR3). Selenium in the form of SeCys — one selenium
atom in a protein particle, is present in the active center of TrxR. TrxR
directly or indirectly catalyzes reduction of protein disulphide bridges. The
reaction occurs in two steps:

1) NADPH + H* + Trx-S, < NADP* + Trx-(SH),

2) Trx-(SH)y, + protein-S, < Trx-S, + protein-(SH),

Thioredoxin reductase reduces also other low-molecular compounds, e.g.
oxidized glutathione (GSSG), vitamin K, lipid peroxides. It may be thus con-

cluded that Trx plays a very important role in the antioxidant protection of
an organism (JELsKI et al. 2006).

Table 2

Selenoproteins and their role in pathophysiology of alcohol dependence
(acc. to MosTterT 2000, KUnN, BORCHERT 2002, SAVASKAN ET AL. 2007, PAUKERT et al. 2011)

Selenoprotein Functions

— protects against the oxidative stress
— transforms harmful products of lipids and
phospholipids peroxidation in harmless ones
— water, alcohol
— increases antioxidant activity of vitamin E

Cellular glutathione peroxidase
(GSH-Px)

— plays a significant role in synthesis of prostaglandins
Lipid superoxide peroxidase and catecholamines.
— protects phospholipids against their oxidative damage

— facilitates vitamin E adsorption
Intestinal peroxidase — protects cell membranes against their oxidative
damage

— protects against the oxidative stress
Thioredoxin reductase — maintains intracellular redox homeostasis
— reduces nucleotides during DNA synthesis

— protects against the oxidative stress
Selenoprotein P — transports selenium to erythrocytes
— binds up to 60% of selenium contained in serum
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There are just a few papers concerning an influence of selenium on
cancers development in alcohol dependent patients published so far. In Chi-
na, where the incidence of primary liver cancer is especially high, a study
on a group of 130,471 patients was conducted. They were supplemented with
selenium in the range from 30 mg to 50 pg of selenium per day for eight
years. Over 50% decline in the incidence was noted: 27.2 cases per 100 000
examined subjects versus 50.4 per 100 000 in people who were given sodi-
um chloride (YU et al. 1997). Another study on people at risk of primary
liver cancer has been reported in the literature. The patients were given
selenium-fortified yeasts in the amount equal to a dose of 200 ng of seleni-
um per day; the control group received placebo. This experiment lasted for
two years. The signs of cancer were noted in 0.69% of the examined pa-
tients in the group receiving selenium compared to 1.26% in the control
group. Based on these studies, it can be assumed with high probability that
selenium supplementation in patients addicted to alcohol may decrease the
risk of hepatocirrhosis. However, further studies are needed in order to
recognize the influence of selenium on development of cancer in people ad-
dicted to alcohol. The suggested mechanisms of the anticarcinogenic activity
of selenium include: influence on DNA repair, stimulating influence on
apoptosis and decreased mutagenicity of carcinogenic factors (WHANGER 2004).

The role of selenium in immunity of alcohol dependent people

Persistent alcohol consumption inhibits functions of the immunological
system, which is reflected by an increased incidence of various infectious
diseases. Impairment of immunity may also be caused by direct action of
ethanol or by the indirect effects caused by its toxic metabolites (WASzKIE-
wicz, Szurc 2010).

There are numerous studies supporting the assumption that selenium
plays a significant role in the immunological system, both of animals and
humans. Selenium produces multidirectional effects on the immunological
system. It is essential for the proper course of humoral and cellular re-
sponse. For example, it was observed that consumption of selenium in an
amount of 200 ng per day as NaySeOq stimulates the cytotoxic activity of
NKC cells (Natural Killer Cells), leads to elevated production of cytotoxic
lymphocytes (mainly T ones) and macrophages, and appears to influence the
process of gene transcription for the synthesis of immunoglobulins (RAYMAN
2000, Harpy 2004). Selenium is also contained in type II iodothyronine deio-
dase (D2, EC 1.97.1.10), an enzyme catalyzing transformation of thyroxin
(T4) to triiodothyronine (T3) in the thymus, an organ essential for develop-
ment of immunity. Therefore, the decreased activity of D2 caused by seleni-
um deficiency in people addicted to alcohol adversely affects the maturation
and functioning of cells in this organ (ARTHUR et al. 2003). The deficiency of
selenium observed in people addicted to alcohol may lead to numerous dis-
turbances in the immunological system, e.g.:
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1) suppression of prostaglandins and immunoglobulins biosynthesis;

2) decrease in the number and activity of T lymphocytes, NK cells and macro-
phages;

3) decrease in the immunological response of the host to bacterial or viral
infection;

4) increase in aggregation of blood platelets.

Alcohol abuse is also accompanied by an increased risk of sexually trans-
mitted diseases, including AIDS. Considerably lower selenium concentrations
in serum were observed in many studies on patients with HIV at an ad-
vanced stage of the disease compared to the control group or a group of
patients in the early stage of the disease. In in vitro studies conducted on
lymphocytes and macrophages collected from patients infected with HIV, par-
tial inhibition of virus replication was obtained after selenium supplementa-
tion (Loox et al. 1997, SToNE et al. 2010).

Little is known about applicability of selenium-enriched supplements or
a diet rich in selenium in the immunotherapy of alcohol dependent people.
More detailed understanding of the contribution of selenium into mecha-
nisms of the development of immunological disorders in alcoholics may al-
low rational administration of Se to control and treat diseases accompany-
ing alcohol dependence, including HIV infections.

Selenium and sexual functions in alcohol dependent people

Chronic alcohol consumption may lead to depressed sexual activity of
men and even to impotence. It has been demonstrated by ample studies
that an increase of alcohol concentration in blood causes erection disorders,
ejaculation delay and, in some individuals, testicular atrophy and sub-fertili-
ty. Selenium deficiency observed in people addicted to alcohol may deterio-
rate semen quality and in extreme situations lead to infertility. It is so
because semen contains high concentrations of selenium, enclosed in the
mitochondrial sheath of spermatozoa, and plays an important role in main-
taining male sexual activity. Approximately 50% of selenium present in a
man’s body is localized in sexual glands and in semen. Selenium is also
essential for the production of testosterone (SHAFIEI et al. 2011, CaMEJO et al.
2011). A chronically low testosterone level in men addicted to alcohol leads
to hypogonadism and feminization. Administration of selenium with vitamin
E decreases oxidative stress of semen. It has been demonstrated that an
adequate diet including selenium supplementation increases the number of
spermatozoa and improves their motility (VEzINA et al. 1996, NIKOLAEV et al.
1999, SAFARINEJAD 2009, MosLEMI, TavanBakasH 2011). Thus, it may be sup-
posed that selenium supplementation would be useful in treatment of sub-
fertility in men addicted to alcohol. A strict correlation between the amelio-
ration of the above changes subsiding and selenium supplementation has
been noted. In the late 1990s, sperm nuclei glutathione peroxidase (SnGSH-
-Px) was identified and characterized in the nuclei of spermatozoa, which is
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a selenoprotein whose significant role in protection of DNA in spermatozoa
may be proven by the occurrence of mechanical instability of mitochondrial
matrix in the case of selenium deficiency (URSINI et al. 1999).

Selenium and depression

Selenium, except iodine, plays a significant role in the metabolism of
hormones of the thyroid gland. Selenium is a component of 5'-iodothyronine
deiodinase, an enzyme responsible for transformation of inactive thyroxin in
triiodothyronine, which is the main biologically active thyroid gland hor-
mone, or to an inactive rTy isomer. These disturbances of the above trans-
formation may be observed accompanied by selenium deficit in an organism
(KARLE et al. 2005, KOHRLE, GARTNER 2009, ScHOMBURG 2011). It was demon-
strated in numerous studies that am excessively low concentration of sele-
nium is accompanied by a lowered level of both T3’ and T,. It is also known
that thyroid gland hormones influence the proliferation of glial cells, myeli-
nation and synthesis of enzymes essential for neurotransmitter production.
They also have a substantial impact on the cerebral metabolism, affecting
various neurotransmission systems, e.g. noradrenergic, serotoninergic and
GABAergic ones. Hormones excreted by the thyroid influence receptor chang-
es in various brain structures (BAUER et al. 2002). Inadequate levels of hor-
mones produced in the thyroid gland caused for example by selenium defi-
ciency may favor the occurrence of depressions, phobic symptoms and
cognitive deficiencies in alcohol dependent people. It has been proven that
there is a strong relationship between alcohol consumption and depression.
Moreover, the lower the selenium concentration in erythrocytes, the more
frequent the occurrence of depressive disorders. A study devoted to the effi-
cacy of selenium supplementation showed that an intake of about 100 pg of
selenium per day effectively attenuates various symptoms, e.g. lowered
mood, anxiety, fear, disorientation, hostile attitude to surroundings (RAYMAN
2000, SHER 2001, MokHBER et al. 2011). It may be thus concluded that seleni-
um-enriched food consumed by people addicted to alcohol may contribute to
remission of depression symptoms.

Summary

Growing interest in selenium and its role in living organisms is notable
in an overview of literature published in the recent years. This review of
references and various investigations support the claim that selenium plays
a significant role in the pathophysiology of alcohol dependence. It has been
demonstrated that selenium has numerous functions, which makes it a very
interesting object of medical examinations. A decrease in the concentration
of selenium in an organism of alcohol dependent people may inhibit forma-
tion of selenoproteins, which in turn may impair DNA repair, induce deterio-
ration of the immunological and anti-inflammatory response, and impair
mechanisms protecting against the development of diseases like hepatocir-
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rhosis. Selenium deficiency may also cause poor semen quality and conse-
quently infertility in men. Selenium deficit is also held responsible for
a higher risk of depression. With the current state of knowledge, it is im-
possible to conclude with absolute certainty how efficient supplementation
of the human organism with selenium-enriched food is and what effects it
has on the process of combating the addiction. Therefore, further long- term
clinical studies are needed. Better recognition of the influence of selenium
and its compounds on the body of an alcoholic would certainly contribute to
the elaboration of new therapy methodology in treatment of diseases and
disorders occurring in a course of alcohol dependence.
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