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Selenium
Introduction

Until the late 1950s, selenium was believed to be a toxic element. In
1957, Schwarz and Foltz established selenium as an essential trace element
in the diet for the prevention of disease.1 In food, selenium is derived from
both vegetable and animal products, particularly seafood, liver, and cereals.

Biochemistry
As a member of the sulfur family of elements, selenium shares several chemical properties with

sulfur, including valence states and the ability to form covalent bonds with carbon.1

Pharmacokinetics
Selenium levels in the body are largely dependent on the amount of the element in the diet. How-

ever, the form of selenium within the diet has an important influence on absorption. L-(+)selenomethionine
is readily absorbed from the gastrointestinal tract and is significantly better absorbed and retained in the
body than inorganic selenium in the form of selenite. L-(+)selenomethionine has slower whole-body turn-
over compared with selenite, an attribute that provides efficient use of the selenium contained in the com-
plex methionine.2 In rats, dietary supplementation with selenomethionine, selenite, and selenocysteine showed
the highest increase in tissue selenium levels was accomplished with selenomethionine, with tissue sele-
nium increase most significant in muscles.3

Mechanisms of Action
Selenium is most notable for its antioxidant properties. In 1973, Rotruck and colleagues provided

rationale for identifying selenium as an antioxidant.4 The selenium-dependent enzyme glutathione peroxi-
dase (GPX) recycles glutathione, reducing lipid peroxidation by catalyzing the reduction of peroxides,
including hydrogen peroxide. Selenium is a cofactor within several metabolic pathways, including the GPX
pathway, where it is present as selenocysteine.

After selenium has been metabolized to its bioactive metabolites – methylselenium and S-
methylselenocysteine – it appears to act at the level of transcription factor NFκB,5 signal transduction,6,7

cell cycle checkpoints,8 and enhanced apoptosis.9 Evidence also indicates selenium may substitute for sul-
fur in key signaling enzymes such as tyrosine kinase.10 Therefore, selenium’s chemopreventive role is not
limited to its antioxidant function.

Iodothyronine deiodinase (ID) is an enzyme involved in thyroid hormone metabolism, specifically
in the conversion of T4 to T3. There are three isoforms associated with tissue distribution. A number of
authors have noted an association between selenium status and low plasma T3 levels, reflecting decreased
ID activity.11 Studies show there may be decreased T4 levels following selenium administration, suggesting
the importance of correct dosing of this nutrient.12,13 Plasma selenium concentrations less than 67 µg/L were
found to be associated with impaired peripheral conversion of T4 to T3.14
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The enzyme thioredoxin reductase (TR),
an NADPH-dependent flavoenzyme involved in
intracellular reduction of substrates, has been de-
termined to be a selenium-dependent enzyme.
Results collected in animal cell lines suggest it is
an indicator of selenium intake, but its localiza-
tion limits its use as a clinically relevant indicator
of selenium status.15,16 Supranutritional quantities
of selenium given to rats or administered to hu-
man cancer cell lines can directly increase the spe-
cific activity of this enzyme.17 It has been sug-
gested that TR is the selenoprotein involved in the
anticancer effects observed for some forms of se-
lenium at supranutritional doses.18

Deficiency States
Selenium deficiency has been well docu-

mented in the pathogenesis and pathology of
Keshan disease, a multifocal myocarditis occur-
ring in the Chinese province of Keshan, where the
soil lacks selenium.19 Epidemiological investiga-
tions in Finland, also a low-selenium area, have
found an association between low nutritional se-
lenium status and increased risk of cardiovascu-
lar disease.20 The following clinical and labora-
tory manifestations of selenium deficiency have
been described: myositis, whitening of the finger-
nail beds,21 psuedoalbinism, elevated creatine ki-
nase derived from muscles, macrocytosis,22 and
osteoarthropathy, known as Kashin-Beck dis-
ease.23

An inverse relationship has been observed
between serum selenium levels and carcinogen-
esis in various sites of the body, including the liver,
mammary gland, esophagus, stomach, colon, rec-
tum, lung, urinary tract, prostate, female repro-
ductive organs, thyroid, hematological system,
oral cavity, pharynx, and skin.24 Several other con-
ditions appear to have an inverse relationship with
regard to levels of environmental selenium (in soil)
and the occurrence of disease, including endemic
goiter, sudden infant death syndrome, multiple
sclerosis,25 and schizophrenia.26

Clinical Indications
Cancer

The connection between selenium and
cancer was originally demonstrated by correlation
studies relating selenium levels in crops and can-
cer mortality rates27 and epidemiological studies
linking increased cancer risk with low blood sele-
nium levels.28 In 1976, Broghamer reported that,
“Lower selenium levels in patients with carcinoma
are likely to be associated with (1) distant metasta-
sis; (2) multiple primary tumors; (3) multiple re-
currences; and (4) short survival time.29

The Nutritional Prevention of Cancer
Trial, a randomized clinical study, was designed
to evaluate the efficacy of selenium as selenized
yeast (200 µg/day) in preventing the recurrence
of nonmelanoma skin cancer among 1,312 resi-
dents of the eastern United States. Original sec-
ondary analyses showed striking inverse relation-
ships between treatment and the incidence of to-
tal, lung, prostate, and colorectal cancer, and total
cancer mortality. Results showed selenium supple-
mentation reduced total and prostate cancer inci-
dence, but was not significantly associated with
lung and colorectal cancer incidence. The protec-
tive effect of selenium was confined to males and
was most pronounced in former smokers.30

Current interest in the relationship be-
tween selenium and prostate cancer is based
largely on a landmark, 1996 clinical intervention
study by Clark et al31,32 that demonstrated supple-
mentation with 200 µg selenium/day in the form
of selenized yeast resulted in a 60-percent decrease
in prostate cancer over a mean period of 4.5 years.
Studies by the same authors are currently under-
way to evaluate the use of selenium supplementa-
tion at different points during the development of
cancerous prostatic tissue.33

HIV/AIDS
Selenium and glutathione may play a role

in modifying HIV infection in vitro and in vivo.
According to a theory proposed by Taylor and
colleagues,34 HIV may carry several genes with
the potential to encode selenoproteins, one of
which appears to have a propensity to bind with
DNA, acting as a repressor of HIV viral
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transcription. This mechanism could result in
turning off expression of HIV, thus slowing virus
proliferation. In a study of 45 HIV-infected
patients, 14 received oral selenium (100 µg), 13
received oral beta-carotene (60 mg), and 18
received no supplementation. All patients were
evaluated with regard to the blood antioxidant
system, specifically superoxide dismutase (SOD)
and glutathione peroxidase. GPX activity
increased significantly following selenium
supplementation, whereas there was only a slight
increase in the beta-carotene group.35 No
significant difference was found in levels of SOD
when compared to baseline.

Selenium deficiency, more than any other
nutrient, has been documented to correlate with
progression and mortality of HIV.36 A study of 104
HIV-positive individuals found a progressive de-
ficiency of selenium, erythrocyte glutathione
peroxidase, and plasma glutathione was associ-
ated with progression of the disease.37 Selenium
deficiencies have also been documented more fre-
quently in patients with severe cases of AIDS and
AIDS-related complex than in asymptomatic HIV
patients.38,39 The impact of selenium status in the
development of mycobacterial disease in HIV-1
seropositive drug users was investigated over a
two-year period. Multivariate analyses, control-
ling for antiretroviral treatment and CD4-cell
count, revealed body mass index and selenium
level were significant factors in the relative risk
for disease development.40

Hepatitis/Liver Disease
Selenium levels appear to be severely de-

pleted in individuals suffering from liver disease,
specifically cirrhosis and hepatitis. In one study
of 50 individuals with liver disease, serum sele-
nium levels were significantly lower when com-
pared to a control group and selenium levels were
lower in individuals with cirrhosis (n=12) when
compared to those with hepatitis (n=38), due to a
decrease in liver function in cirrhotic individuals.
Low selenium levels also were correlated with
increased total serum cholesterol levels as well as
gamma-glutamic-transferase levels.41

Rheumatoid Arthritis
Rheumatoid arthritis, characterized by

migration of activated phagocytes and leukocytes,
appears to be an inflammatory condition with
marked selenium deficiency.42,43 The results of a
double-blind study found supplementing 200 µg/
day selenium for three months significantly re-
duced painful joint involvement.44 A follow-up,
double-blind study using the same dose and dura-
tion did not replicate these results as the placebo
group also showed improvement.45

Cardiomyopathy
Keshan disease, cardiomyopathy named

for Keshan County in China where the disease was
first discovered, can be reversed by selenium re-
placement. A prospective study was conducted
under strict control among children in endemic
districts of Sichuan Province from 1974-1977.46

The results clearly showed that selenium, as so-
dium selenite, not only reduced the morbidity and
mortality of Keshan disease, but also reduced car-
diac damage. Other forms of cardiomyopathy have
also similarly been linked to selenium deficiency.47

Asthma
Many dietary factors have been implicated

in the etiology of chronic obstructive pulmonary dis-
ease, particularly asthma.48 Reduced blood selenium
levels have consistently been observed in adults with
asthma.49 A higher intake of selenium may suppress
asthma inflammation by saturating GPX. A popula-
tion-based study has found that asthma was less com-
mon in adults who consumed more apples and who
had a higher intake of selenium. Further, selenium
appeared to be associated with prevalence of disease,
but not severity.50 The International Study of Asthma
and Allergies in Childhood (ISAAC) found evidence
that selenium-rich foods, such as fish and cereals/
whole grains, may protect against asthma in chil-
dren.51 A pilot study of 17 corticosteroid-dependent
asthmatics found reduced use of both inhaled and
systemic corticosteroids after supplementing with a
daily dose of 200 µg selenium. Reduced consump-
tion of inhaled corticosteroids occurred after 24-96
weeks of supplementation, while systemic corticos-
teroid use decreased after 48 weeks.52
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Myotonic Dystrophy
To date, very few options are available for

the treatment of myotonic dystrophy. It has been
hypothesized increased levels of free radicals and
lipid peroxides may play an important role in the
pathogenesis of this disease. In one study, serum
selenium levels appeared to be decreased in this
population.53 In several small studies, selenium
supplementation seemed to have an effect on myo-
tonia. In one study, relaxation time decreased in
muscle groups by 50 percent, while muscle
strength slightly increased; however, there was no
overall improvement in motor performance.54 A
series of studies by Orndahl et al demonstrated
daily doses of selenium ranging from 1.6-4 mg in
combination with 600-800 mg vitamin E resulted
in improvements in grip strength, gait, and walk-
ing speed.55-57

Male Infertility
Selenium has been long recognized as

essential for successful human reproduction as it
is required for sperm maturation and motility, and
may reduce the risk of miscarriage.58 The
selenoprotein phospholipid hydroperoxide glu-
tathione peroxidase (PHGPx) accounts for nearly
the entire selenium content of mammalian testes.
Increased PHGPx levels are associated with in-
creased viability, morphologic integrity, and mo-
tility of sperm.59 Human studies have shown low
dose (3.5 µg/kg/day) selenium supplementation
to be effective in the correction of male infertil-
ity.60 One study demonstrated low dose, short-term
selenium supplementation was more effective in
the treatment of male infertility than high dose
supplementation, which appeared to affect thyroid
metabolism, decreasing sperm motility.61 Dietary
selenium was 47 µg/day for the first 21 days, then
either 13 µg/day or 297 µg/day. The fraction of
motile sperm in the high-dose selenium group
decreased by 32 percent by week 13 and ended 18
percent lower than baseline.

Heavy Metal Toxicity
Selenium may have a protective effect

against mercury and other heavy metal toxici-
ties.62,63 Experimental findings have shown that

selenium-deficient rodents are more susceptible
to the prenatal toxicity of methylmercury. In the
neonate, significant alterations of the activities of
selenoenzymes, such as glutathione peroxidase
and iodothyronine deiodinases, were evident.64

Selenium appears to antagonize cadmium,
especially in acute exposures. In a mouse study,
after acute cadmium exposure a significant de-
crease in cadmium levels was observed in the kid-
neys and liver following an eight-week daily se-
lenium supplementation.65

Hypothyroidism
In a randomized, prospective, blinded

study in patients with autoimmune thyroiditis,
selenium supplementation of 200 µg/day for three
months decreased thyroid (peroxidase) specific
antibodies (TPOAb) from 100 percent to 63.6 per-
cent. Even more importantly, nine of 36 patients
had complete normalization of TPOAb concen-
trations, while thioredoxin reductase levels re-
duced only slightly.66 Plasma TPOAb level is
thought to be specific for autoimmune thyroidi-
tis, as it reflects thyroid inflammation.

Cataracts
Oxidation of lens proteins is part of the

pathophysiology of cataracts. A decrease in glu-
tathione peroxidase has been found in the lenses of
selenium-deficient rats. Additionally, an increase in
free radicals was also noted in both selenium- and
vitamin E-deficient groups.67 Evaluation of selenium
levels in humans has found lower than normal levels
in sera and aqueous humor in cataract patients.68

Food Intolerance
Low selenium status has been demonstrated

in several malabsorptive syndromes and in some di-
gestive and allergic conditions.69,70 Plasma selenium
concentrations in healthy children were compared
to those with food allergies. Selenium levels in
healthy children averaged 71.8 mg/L; whereas, in
those with food allergy, levels averaged 54.1 mg/L
(with less intestinal villus atrophy) or 50.4 mg/L (with
greater intestinal villus atrophy). Results show chil-
dren with food allergy display higher risk of sele-
nium deficiency.71
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Other Clinical Indications
Selenium supplementation has also been

shown to be effective in treatment and prevention
of several other conditions, including sudden in-
fant death syndrome,72,73 cystic fibrosis,74 otitis
media,75 and celiac disease.76 Supplementation
may also be effective in slowing the aging pro-
cess77,78 and for mood enhancement.79

Drug-Nutrient and Nutrient-
Nutrient Interactions

Interactions between selenium and other
dietary constituents may affect the biological prop-
erties of selenium. In some studies, selenium,
when supplemented with vitamin A, provided an
added protective effect against breast cancer.80

Vitamin C may interfere with the protec-
tive effects of some forms of selenium. In one
study, selenomethionine and selenite, when used
alone were equally effective against chemically
induced mammary carcinoma in rats. The protec-
tive effect of selenite was nullified by supplemen-
tation with vitamin C; the protective effect of
selenomethionine, however, was not affected by
vitamin C.81 It has been postulated that selenite is
reduced by vitamin C to elemental selenium and
is therefore poorly absorbed. There are no known
drug interactions with selenium.

Side Effects and Toxicity
Selenium may have toxic effects at levels

only four to five times that normally ingested in
the human diet. Epidemiological studies and case
reports have shown chronic exposure to selenium
compounds is associated with several adverse
health effects in humans. An early toxic effect of
selenium is a disruption of endocrine function,
particularly the synthesis of thyroid hormones, but
additionally on the metabolism of growth hormone
and insulin-like growth factor. High levels of di-
etary selenium (in a seleniferous area in Venezu-
ela) were significantly associated with decreased
T3 levels, suggesting activity of ID is depressed
in conditions with high intake, i.e., more than 350
µg/day.82

Other adverse effects of high dose, chronic
selenium exposure may be the impairment of natu-
ral killer cells, and at extremely high levels hepa-
totoxicity and gastrointestinal disturbances. There
have also been reported cases of dermatological
effects such as nail and hair loss and dermatitis
following long-term environmental exposure.83

Dosage
In the United States an intake for men and

women of 55 µg per day with an upper safe level
of 400 µg per day is recommended.84 In the United
Kingdom, a Required Nutritional Intake (RNI) of
60 µg per day for women and 75 µg per day for
men has been set.85 No long-term follow-up was
noted with the high doses (1.6-4 mg) used for
myotonic dystrophy.
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