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Selenium is essential for the function of key selenoproteins such as glutathione peroxidase, thiore-
doxin reductase, and iodothyronine deiodinase, which have antioxidant properties and support thyroid
hormone metabolism. Due to the low selenium content in European soils — particularly in the Southeast-
ern regions, supplementation is often recommended, especially for conditions like Hashimoto's thyroidi-
tis. However, careful consideration of selenium dosage and pharmacokinetics is crucial, as the margin be-
tween essential and toxic levels is very narrow. The aim of this study was to investigate the pharmacoki-
netics of selenium absorption and plasma concentration following oral administration of various selenium
doses and chemical forms, both in the short and long term, in healthy individuals and patients with auto-
immune thyroiditis. Selenium concentrations in blood plasma were measured using electrothermal atomic
absorption spectrometry (ETAAS). The study found that L-selenomethionine is absorbed more efficiently
than inorganic sodium selenite, with peak plasma concentrations reached and sustained within 6 — 8
hours. Selenium levels remained elevated 48 hours after ingestion compared to baseline. At a daily dose
of 200 pg of selenium as L-selenomethionine, plasma selenium concentrations increased by approximate-
ly 30 %, and by about 25 % at 100 pg/day, relative to the initial value. Long-term studies showed that
plasma selenium concentrations rose significantly after the first month of supplementation, with a slower
increase in subsequent months. After supplementation ended, selenium levels declined rapidly. Interest-
ingly, no significant differences in selenium absorption or excretion were observed between patients with
Hashimoto's thyroiditis and healthy controls.
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DPAPMAKOKHNHETHUKA HA PA3JIMYHU CYIIVIEMEHTH CO CEJIEH KAJ 3IPABH JIMLIA
N MAIIMEHTHU CO ABTOMMYH TUPEOUJIUTHUC 11O OPAJTHO BHECYBAIBE

CelleHOT € HEeOoNnXoZeH 3a (YHKIHMja Ha KIYYHH CEJICHONPOTEHHH KakKo INTO ce IIYyTaTHOH
MIepOKCH/Ia3a, THOPEAOKCHH pEelyKTa3a M jOJOTHPOHMH JI€jOJIMHAa3a, KOW ITOCEAyBaaT aHTHOKCHIAHTHH
CBOjCTBa M MMaaT 0coOEHO 3HaueHmhe 3a MeTabOoIM3MOT Ha THPOMJHHTE XOpMoHH. Ilopaanm Huckara
COIp)KMHA Ha celieH BO mnouBuTe HU3 EBpoma — 0coOEHO BO jyrOMCTOYHHTE PETHOHHM, YECTO ce
MpernopadyBa CymieMeHTanuja, 0cCOOEHO Kaj COCTOjOM CIIMYHM Ha XalMMOTOB TUpeouauTHC. MeryToa,
MoTpeOHO € BHUMATEIHO IPOYYyBame Ha JO3MPAMmETO W (hapMaKOKMHETHKATa Ha CYMJIEMEHTHTE KO
COIIpKaT CeJIeH, MMajKu TpeABH] JAeKa TPaHMIaTa MOMETy €CEHIMjajiHaTa W TOKCHYHATa 1033 € MHOTY
TecHa. LlenTa Ha oBa ncTpaxKyBamwe Oelle fa ce ucnuTa GpapMakOKMHETHKATa Ha allCOpIIINja Ha CEJIeH U
HeroBaTa KOHLICHTpaIMja BO IUIa3Mara I10 OpPajlHO BHECYBab€ Ha PA3IMYHHU JIO3UM M XeMHUCKH (OpMHU Ha
CelieH, Ha KpaToK M Ha JONT POK, Kaj 3[paBH JIMIA M MAIUEHTH CO aBTOUMYH THPEOMIIUTHUC.
KonnenTpamujara Ha celeH BO KpBHAaTa IUla3Ma Oelmie OIpeAereHa CO eJIEKTPOTEepMHYKa aTOMCKa
ancopmmona criektpomerpuja (ETAAS). Pesyntatute ox papMakOKHHETHIKUTE UCIIMTYBamka MOKaXaa
neKa L-ceneHoMeTHOHHMHOT ce arcopbupa moedukacHo BO criopenda co HEOPraHCKUOT HATPUYM CEJICHHT,
IIPU IITO HAjBUCOKM KOHIIEHTPAIMHU BO IIa3Ma Ce MMOCTHTHYBaaT M O/pKyBaaT BO POk o 6 mo 8 daca.
HuBoara Ha ceneH ocraHyBaaT 3rojieMeHH U 48 yaca 110 BHECYBAaHETO Ha CYIUIEMEHTOT, BO criopenda co
noyeTHaTa BpeAHOCT. Bo oHOC Ha JqHEBHATa 103a, KOHIEHTpanyjara Ha Se BO IUIa3Ma ce 3royieMu 3a 30
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% npu BHecyBame Ha 200 ug/neH L-cenenomeTnonnH 1 npubimxHO 3a 25 % npu no3a ox 100 pg/nen L-
CEJICHOMETHOHMH, CHOPEAEHO CO TIOYeTHaTa KOHIEHTpanuja. JloiropodHuTe HMCHHUTYBama IIOKakaa
3HAYajHO 3rOoJIEMyBamkb€ Ha KOHIICHTpalMjaTa Ha CeJIeH BO IUla3Ma [0 MPBHOT Mecel Of
CYIUIEMEHTAIjaTa, MPOCICACHO CO MOOABHO 3roJieMyBambe BO CICIHUTE Meceld. [1o MpekWHOT Ha
CyIJIeMeHTalNujaTa, HUBoaTa Ha celeH Op30 omaraar. MlHTEepecHO € mTO He ce 3a0enekaHu 3HAYajHH
Pa3iMK{ BO alcopIIMjaTa WM eKCKpelyjaTa Ha CeJIeH MoMery MalUeHTHTE cO XalluMOTO TUPSOUIUTHIC

1 3ApaBUTEC UCITUTAHULIA.

Kayunu 300poBu: cenen; L-ceneHoMeTHOHNH; (hapMaKOKWHETHKa; aBTOUMYH TUpeounuruc; ETAAS

1. INTRODUCTION

Selenium is an essential trace element vital
for the optimal functioning of the human body. Its
importance stems from its incorporation as the 21
proteinogenic amino acid, selenocysteine (SeCys),
which is genetically encoded by the UGA codon
and integrated into 25 known human selenopro-
teins.! Most of these selenoproteins are enzymes
that contain SeCys as their active centre.??

Selenoenzymes, including members of the
thioredoxin reductases (TXNRD) and glutathione
peroxidases (GPX) families, play a critical role in
mitigating oxidative stress and regulating redox
signaling.* For example, GPX enzymes inhibit li-
pid peroxidation, thereby protecting cells and tis-
sues from damage caused by free radicals. These
enzymes are also involved in a wide range of bio-
logical processes, including signal transduction,
cell proliferation, aging, immune function, and the
emerging field of ferroptosis.>® TXNRD, in con-
trast, catalyze the reduction of thioredoxin, various
oxidized compounds, and disulfide bonds in pro-
teins, with SeCys serving as the catalysts.’

Beyond its antioxidant functions, selenium
is essential for regulating the basal metabolic rate
in various tissues and plays a significant role in
thyroid hormone synthesis.® Selenoenzymes, par-
ticularly iodothyronine deiodinases (DIO), are re-
sponsible for converting inactive thyroxine (T4)
into its active form, triiodothyronine (T3), thereby
modulating thyroid activity.®

Selenoprotein P (SELENOP) plays a central
role in the storage and transport of selenium in pe-
ripheral tissues, further underscoring the systemic
importance of this trace element.>'? Dietary seleni-
um is primarily obtained from plant or animal
sources.’® However, soils in Macedonia and the Bal-
kan Peninsula are notably low in selenium, resulting
in plants that contain only trace amounts. Conse-
quently, selenium intake among children and adults
in these regions falls below recommended levels.™*

Optimal selenium intake is crucial for pre-
venting both deficiency or toxicity-related disor-
ders, making it a pressing public health concern.®®

In selenium deficiency, cells prioritize the synthe-
sis of essential selenoproteins, establishing a cellu-
lar hierarchy. Conversely, acute selenium toxicity
from high-dose exposure can lead to rapid and po-
tentially fatal outcomes. Chronic selenosis, caused
by prolonged moderate overexposure, manifests in
symptoms such as hair loss, dermatitis, and gastro-
intestinal complaints.®

The role of selenium in thyroid health has at-
tracted significant attention, particularly in autoim-
mune thyroiditis, such as Hashimoto's thyroiditis.
Several clinical trials have explored the potential of
selenium supplementation to improve thyroid func-
tion and reduce autoimmune responses.t’ For exam-
ple, studies by Gartner et al. and Duntas et al. demon-
strated a significant reduction in anti-thyroperoxidase
antibodies (TPOAD) following selenium supplemen-
tation, accompanied by improvements in thyroid
echogenicity and overall well-being.'81°

In a study by Tian et al., 40 patients with eu-
thyroid autoimmune thyroiditis (AIT) received 200
ug/day of selenium for 3 months, while a control
group received a placebo. The selenium group
showed a significant reduction in TPOAD titers and
oxidative stress markers, suggesting that seleni-
um's antioxidant properties may mediate its bene-
ficial effects.?® However, studies by Nacamulli et
al.?* and Deng et al.?? reported mixed results re-
garding selenium's impact on thyroid echogenicity
and antibody levels, highlighting the need for fur-
ther comprehensive assessments.

However, these studies had several limitations,
including the lack of monitoring of selenium concen-
trations and a primary focus on thyroid antibody lev-
els as the main outcome measure.?® Consequently,
despite the observed benefits, there are currently no
definitive recommendations for routine selenium sup-
plementation in patients with autoimmune thyroiditis.

In conclusion, while selenium supplementa-
tion shows promise in improving thyroid antibody
levels and certain aspects of thyroid health, further
research is necessary to establish clear clinical
guidelines. These guidelines should consider not
only selenium status but also comprehensive thy-
roid function parameters.
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Determining selenium bioavailability is es-
sential for developing effective supplementation
strategies to support optimal health. Pharmacoki-
netic analyses — designed to assess the rate and
extent of selenium absorption and its availability at
the site of action — are fundamental to this effort.?*
Several methods contribute to our understanding of
selenium pharmacokinetics and bioavailability in
humans, including monitoring plasma selenium
concentrations, measuring glutathione peroxidase
activity, and using stable selenium isotopes to trace
endogenous selenium forms in food.?52¢

In more recent clinical studies, sodium sele-
nite and L-selenomethionine have been the most
commonly used forms of selenium supplements.?
However, comparative research has revealed sig-
nificant differences in their pharmacokinetic and
therapeutic profiles, with selenomethionine gener-
ally preferred over sodium selenite.?®

Se-methylselenocysteine is another selenium
compound used in supplementation, notable for its
ability to form methylselenol — a metabolite believed
to play a role in cancer therapy.?® Despite the cytotox-
ic potential of sodium selenite in selectively targeting
malignant cells, organic selenium compounds such as
selenomethionine are gaining increasing favor, par-
ticularly in the treatment of thyroid disorders.*

Different selenium compounds exhibit dis-
tinct pharmacokinetic profiles, with organic forms
generally demonstrating greater efficacy than inor-
ganic compounds.®** Moreover, the therapeutic
potential of selenium extends beyond thyroid dis-
orders, showing promise in areas such as cancer
therapy and intensive care settings.®3* While some
studies report favorable outcomes, inconsistencies
in pharmacokinetics and clinical responses empha-
size the need for tailored approaches and more rig-
orous investigation.®

The aim of this study was to evaluate and
compare the pharmacokinetics of selenium in
healthy individuals and patients with autoimmune
thyroiditis following oral administration of various
doses and chemical forms. Both short- and long-
term daily intake was assessed to identify and rec-

ommend the optimal dose and chemical form of
selenium for effective supplementation.

2. MATERIALS AND METHODS

2.1. Study design

2.1.1. Short-term pharmacokinetic testing
of selenium

Pharmacokinetic testing was conducted on
three groups of healthy volunteers over a 48-hour
period. The first group consisted of 5 volunteers (3
men and 2 women) with an average age of 47
years. This group received a single oral dose of
100 pg of selenium in the form of L-
selenomethionine. The tablet contained 100 pg of
elemental selenium along with the following inac-
tive ingredients: microcrystalline cellulose, malto-
dextrin, croscaramellose sodium, calcium hydro-
gen phosphate, silicon dioxide, and magnesium
stearate. The second group consisted of 4 partici-
pants (2 men and 2 women) with an average age of
44 years. This group received a single oral dose of
100 pg of selenium in the form of inorganic sele-
nium (sodium selenite). Each tablet contained 100
ug of elemental selenium and included the follow-
ing bulking agent: powdered cellulose and hydrox-
ypropyl methyl cellulose (capsule shell). The third
group consisted of 4 participants (2 men and 2
women) with an average age of 41 years. They
were administered a single oral dose of 200 pg of
selenium in the form of L-selenomethionine.
Pharmacokinetics testing was also performed on a
group of six women diagnosed with Hashimoto's
thyroiditis, with an average age of 59 years. This
group received a single oral dose of 100 ug of se-
lenium in the form of L-selenomethionine. The
characteristics of the study population are present-
ed in Table 1. In all groups, selenium kinetics were
monitored by measuring plasma selenium concen-
trations prior to administration and at 2, 4, 6, 8, 12,
24, and 48 hours post-dose.

Table 1
Characteristics of the study population in which selenium pharmacokinetics
were evaluated over a 48-hour period
| group 11 group 111 group 1V group
s with Hashimoto's
Type of individuals healthy healthy healthy thyroiditis
Chemical form of selenium  selenomethionine sodium selenite selenomethionine selenomethionine
Dose of Se 100 pg 100 pg 200 pg 100 pg
Number of participients 5 4 4 6
Average age (years) 47 44 41 59
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2.1.2. Long-term pharmacokinetic testing
of selenium

Long-term pharmacokinetic testing was
conducted over a period of 5 months on two
groups of healthy volunteers and one group of pa-
tients with Hashimoto's thyroiditis. The first group,
consisting of 5 volunteers (2 men and 3 women)
with an average age of 43 years, received a daily
oral dose of 100 pg of selenium in the form of L-
selenomethionine. The second group, which in-
cluded 3 participants (1 male and 2 females) with
an average age of 37 years, received a daily oral
dose of 200 ug of selenium, also in the form of L-
selenomethionine. The third group consisted of 6

Table 2

patients diagnosed with Hashimoto's thyroiditis (2
men and 4 women) with an average age of 50
years. This group received a daily oral dose of 100
ug of L-selenomethionine. The characteristics of
the study population are presented in Table 2.

Selenium pharmacokinetics of these three
groups were monitored by measuring plasma seleni-
um concentrations before supplementation, after 1, 2,
and 3 months of continuous L-selenomethionine in-
take, and again at 1 and 2 months following cessation
of supplementation. To avoid artificially elevated
readings, selenium concentrations were measured 48
hours after the last oral dose in all cases.

All participants provided informed consent
to have their blood selenium levels tested.

Characteristics of the study population in which long-term selenium pharmacokinetics were evaluated

| group 11 group 111 group
Type of individuals healthy healthy with Hashimoto's thyroiditis
Chemical form of selenium selenomethionine selenomethionine selenomethionine
Dose of Se 100 pg/day 200 pg/day 100 pg/day
Number of participients 5 3 6
Average age (years) 43 37 50

2.2. Sampling procedure and Se analysis
by ETAAS

The procedure was based on the method pre-
viously developed by Sherovski et al.* for the deter-
mination of selenium in plasma and blood samples.
Blood samples were collected using a plastic intrave-
nous cannula with an injection valve, and sodium
citrate was used as an anticoagulant. Plasma was pre-
pared by centrifuging the blood for at least 15
minutes at 2500 rpm. After centrifugation, 500 ul of
the clear supernatant plasma was diluted 1:2 with a
sample diluent (0.2 % Triton X-100 in 0.1 % HNO3),
and 10 pl of this mixture was added to the graphite
furnace along with 5 pl of a palladium modifier.

The method was validated using the standard
additions technique, yielding satisfactory results with
recoveries ranging from 98.25 to 102.65 %. The pre-
cision of the method ranged from 1.55 % to 2.63 %.

Selenium content was determined by injecting
each sample three times into the graphite furnace,
which was operated under the conditions specified in
Table 3. A Varian SpectrAA 640Z Zeeman electro-
thermal atomic absorption spectrometer (ETAAS),
equipped with a GTA-100 graphite furnace and a
PSD-100 autosampler (Varian, USA), was used.

Pyrolytically coated graphite tubes served as
atomizers. A Varian selenium hollow cathode lamp
was employed, and measurements were performed

at a wavelength of 196.0 nm. Argon was used as a
protective gas, and 10 pl of each sample was in-
jected into the graphite furnace. The instrumental
parameters utilized for selenium quantification via
Zeeman ETAAS are listed in Table 3. Peak height
was used for quantification.

Table 3

Optimal analytical parameters for selenium
determination using Zeeman ETAAS

Parameter Se
Wavelength 196.0 nm
Lamp current 10.0 mA

Calibration mode Absorbance, peak height
Background correction Zeeman
Drying
Temperature 85; 95; 120°C
Time 5;40;10s
Pyrolysis
Temperature 1100 °C
Ramp time 5s
Hold time 30s
Atomization
Temperature 2500 °C
Ramp time 0s
Hold time 3s
Cleaning
Temperature 2500 °C
Time 2s
Gas Argon

Maced. J. Chem. Chem. Eng. 44 (1), xx—xx (2025)



Pharmacokinetics of different selenium supplements in healthy individuals and patients with autoimmune thyroiditis... 5

2.3. Reagents

All reagents and standards were of analytical
grade. The stock standard solution for selenium
(1000 pg/ml) was obtained from Solution Plus Inc.
(USA). Working standard solutions that were pre-
pared weekly by appropriate dilution were stored
at 4 °C. The palladium matrix modifier solution
(500 ppm) was prepared by diluting a palladium
nitrate [Pd(NOs),] solution containing 10 g/l of Pd
(Merck, Darmstadt, Germany) in 20 % HCI (v/v)
(Merck, Darmstadt, Germany). The sample diluent
— nitric acid at a concentration of 0.2% (v/v), and
the corresponding detergent solution, also at 0.2%
(v/v), were prepared by diluting trace-pure concen-
trated nitric acid (65%, w/w) (Merck, Darmstadt,
Germany) and Triton X-100 (Merck, Darmstadt,
Germany), respectively. Double-distilled water
with a conductivity of 0.3 uS/cm was used for all
procedures. All disposable devices were rigorously
cleaned before use by briefly immersing them in
hot concentrated nitric acid, washing with tap wa-
ter and detergent, and rinsing twice with double-
distilled water.

3. RESULTS AND DISCUSSION

In order to investigate the pharmacokinetics
of selenium, a series of tests were conducted to
determine its absorption and excretion times, as
well as the plasma concentrations achieved at dif-
ferent doses. Selenium pharmacokinetics — specifi-
cally its absorption and plasma concentration, were
examined over both a short-term period of 48
hours and a long-term period of three months, fol-

lowed by a two-month washout phase. The studies
were carried out using two daily doses: 100 pg and
200 pg, administered in the form of either organic
selenium (L-selenomethionine) and inorganic sele-
nium (sodium selenite).

3.1. Pharmacokinetics of selenium over 48 hours

Based on the obtained results, the average
baseline plasma selenium concentration in individ-
uals from the first group was 39.95 + 2.23 g/l
Two hours after ingestion of 100 pg of selenium as
L-selenomethionine, the plasma selenium concen-
tration began to rise, reaching 48.08 + 3.13 pg/l.
The maximum concentration was observed 6 hours
post-ingestion, at 62.55 + 2.43 pg/l. These findings
indicate that elevated plasma selenium concentra-
tions are achieved and maintained between 6 and 8
hours after intake.

Selenium excretion was observed beginning 8
hours after ingestion. After 48 hours, the plasma se-
lenium concentration remained 13.4 % above the
baseline value. The results are illustrated in Figure 1.

In the second group of individuals, who
were orally administered a single dose of 100 pg of
selenium as sodium selenite (Na;SeQs), the plasma
selenium concentration followed a trend similar to
that observed in the first group, although absorp-
tion was approximately 10 % lower. The average
plasma selenium concentration in this group was
40.48 £ 2.59 ug/l. Maximum absorption of 57.58 +
3.67 ng/l was reached 6 hours after ingestion, and
after 48 hours, the selenium level was only 4%
higher than the baseline concentration. A detailed
graphical representation is shown in Figure 2.

7000 |
65.00
60.00
55.00
50.00
4500 |
40.00
3500 |
30.00

0 10 20

Concentration, ug/L

©—-male, 27 years
male, 30 years

female, 53 years
male, 61 years

30 40 50

Time, h

female, 65 years

Fig. 1. Graphical representation of selenium pharmacokinetics over 48 hours following
a single dose of 100 pg of selenium as L-selenomethionine
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Fig. 2. Graphical representation of selenium pharmacokinetics over 48 hours following
a single dose of 100 pg of selenium as sodium selenite

The results obtained from the third group of
individuals, who were supplemented with 200 pg
of selenium as L-selenomethionine, showed the
same increasing and decreasing trends as observed
in the two previous groups. As expected, the sele-
nium concentration in this group was higher than
in the other groups due to the higher dose of sele-
nium. The average baseline concentration (pre-
supplementation) was 41.20 + 3.56 ug/l. Plasma
selenium levels began to rise 2 hours after inges-
tion, with the maximum concentration of 80.83 =+
3.51 pg/l reached at 6 hours (Fig. 3). Similar to the
first group, the highest concentrations were ob-
served between 4 and 8 hours, after which the lev-
els began to decline. After 48 hours, the selenium
concentration remained 21 % above the baseline,
reaching 52.98 + 4.68 pg/l.

Based on the 48-hour pharmacokinetic re-
sults, it can be concluded that L-selenomethionine
is better absorbed than sodium selenite. To ensure

meaningful comparison between different forms of
selenium, tablets containing the same amount of
elemental selenium — regardless of the chemical
form, were used. Specifically, tablets containing
100 pg of elemental selenium in the form of sodi-
um selenite correspond to 230 ug of sodium sele-
nite, while tablets with 100 ug elemental selenium
in the form of L-selenomethionine contain 250 pg
of L-selenomethionine.

L-selenomethionine is a naturally occurring
form of selenium that is incorporated into proteins
during translation. For this reason, most commer-
cially available dietary supplements provide sele-
nium in the form of selenomethionine (SeMet).
SeMet is directly utilized in the SeMet cycle for
protein synthesis. Selenium from SeMet also
serves as a precursor for the synthesis of seleno-
cysteine (SeCys), which is essential for the for-
mation of selenoproteins.

90.00

80.00

70.00

60.00

50.00 |

Concentration, pug/L

40.00

30.00
0 10 20

—o—female, 42 years

—-female, 23 years

30 40 50

Time, h

male, 58 years  —=male, 40 years

Fig. 3. Graphical representation of selenium pharmacokinetics over 48 hours following
a single dose of 200 pg of selenium as L-selenomethionine
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Other selenium compounds — including in-
organic forms such as selenite and selenate, as well
as organic forms like glutathione selenide, sele-
nodiglutathione, and selenized triglycerides, are
metabolized to hydrogen selenide (H2Se). HzSe is a

Sodium selenite Cystelne
O
. 0—Se—0O
Na Na"

Sodium selenate Selenocysteine

Methionine

I oH H,N  OH
H,N

g : :
HSe —Se

Selenomethionine

key intermediate in the biosynthesis of SeCys-
tRNA(Ser)SeCys and selenoproteins.® The struc-
ture of various selenium compounds and their met-
abolic precursors are illustrated in Figure 4.

I
Se
Na* o~ No Na' /J_«

r&a
Lo

HO OH

Selenodiglutathione

Fig. 4. Structural representations of various selenium compounds and their biochemical precursors

In addition to the chemical form in which
selenium is consumed as a dietary supplement,
previous studies have shown that several individual
factors — such as baseline selenium levels, age,
alcohol consumption, smoking, and hormone ther-
apy, significantly influence selenium absorption
and pharmacokinetics.>"38

One study on the bioavailability of L-
selenomethionine found that a single tablet in-
creased plasma selenium levels by approximately
10 % after 3 hours and 7 % after 12 hours. Dou-
bling the dose initially slowed absorption but re-
sulted in a peak concentration at 6 hours that was
16 % above baseline and remained elevated for 24
hours. Prolonged administration of the doubled dose
led to a significant 32% increase from baseline, in-
dicating a sustained elevation in blood selenium
levels. Pharmacokinetic modeling revealed a half-
life of approximately 19 hours and demonstrated a
linear relationship between dose and bioavailability.
These conclusions were based on plasma selenium
concentrations measured using hydride generation
atomic fluorescence spectroscopy.®

In present study, high absorption and slow ex-
cretion of selenium in the form of L-
selenomethionine were observed, consistent with
findings reported in the literature.®-2 One likely rea-
son for individual differences in selenium absorption
is the timing of selenium intake relative to meals.
Research has shown that, aside from its chemical
form, one of the most important factors influencing
selenium absorption is its concentration in plasma.
Studies indicate that the body's selenium content

Maced. J. Chem. Chem. Eng. 44 (1), xx-xx (2025)

plays a crucial role in regulating the homeostatic me-
tabolism of ingested selenium,® likely due to the
body's adaptation to varying intake levels.*

The results indicate that excretion begins af-
ter the eighth hour and that selenium concentra-
tions in plasma remains elevated even 48 hours
after supplementation. This sustained elevation is
likely due to selenium binding to proteins or being
stored in the liver and muscles. These conclusions
are supported by a selenium kinetics study by
Biigel et al.,** in which participants ingested a high
single dose of 327 mg of the stable selenium iso-
tope "’Se. The study found that selenium levels in
the body remained elevated even 14 days after
supplementation, suggesting the possibility of en-
terohepatic recirculation. It was found that a signif-
icant portion selenium passing through the liver
(46 %) returns to the intestine.*?

Although selenium concentrations in urine and
feces were not monitored in this study, other research
has shown that selenium is primarily excreted
through these routes.*® Additionally, Biigel and co-
workers*! found that higher excretion occurred within
the first 24 hours after ingestion of ’Se, followed by
a decline to low levels. A similar trend was observed
for fecal excretion, with high levels in the first 24
hours and relatively elevated levels continuing be-
tween 48 and 72 hours post-ingestion.

A Kinetic model for selenomethionine in the
body was also proposed by Patterson et al.,*®%
who suggested that selenomethionine undergoes
recirculation, passing through the liver, pancreas,
and peripheral tissues multiple times before being
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excreted. Further supporting this model is the de-
tection of labelled 7’Se in feces up to two weeks
after ingestion.

3.2. Pharmacokinetics of selenium
after a 3-month intake

As short-term pharmacokinetic studies have
shown that selenomethionine is better absorbed
than sodium selenite, long-term pharmacokinetic
studies were conducted exclusively using varying
does of selenomethionine. The results, shown in
Figure 5, indicate that the average plasma selenium

concentration in individuals from the first group —
who received 100 pg/day of selenium as selenome-
thionine — was 39.60 + 2.24 ug/l prior to supple-
mentation. After one month of supplementation,
the concentration increased to 48.96 + 3.19 pg/l.
Following two and three months of continuous
supplementation, the concentrations were 50.71 +
3.47 ng/l and 52.55 + 3.45 pg/l, respectively.

These findings suggest that plasma selenium
concentration increases significantly after the first
month of supplementation, while the rate of in-
crease becomes less pronounced during the second
and third months.

60.00

55.00

50.00

45.00

40.00 [

Concentration, pg/L

35.00

30.00

0 1 2

—4—female, 27 years
=>=female, 61 years

Time, months

=-female, 53 years
female, 42 years

3 4 5 6

male, 31 years

Fig. 5. Graphical representation of selenium pharmacokinetics during a 3-month supplementation period
with 100 pg/day of selenium as selenomethionine, followed by a 2-month post-supplementation phase.

On the other hand, plasma selenium concen-
tration significantly decreased one month after sup-
plementation was discontinued. Specifically, one
month after stopping supplementation, the selenium
concentration dropped to 42.62 + 4.51 ug/l, only 7 %
above the initial concentration of 39.60 + 2.24 ug/I.
Two months after discontinuation of the 100 pg/day
selenomethionine supplementation, the plasma sele-
nium concentration had nearly returned to baseline,
measuring just 4 % above the initial value.

In the second group, which received 200
ug/day of selenium as selenomethionine, the trends
in plasma selenium concentration — both the in-
creases during supplementation and decreases af-
terward, were similar to those observed in the first
group. The average plasma selenium concentration
in the individuals in this group was 42.03 = 3.45
ug/l prior to supplementation. After one month of
supplementation, the concentration increased to
55.56 +4.61 pg/l. Following two and three months
of continuous supplementation, the concentrations
were 58.34 £ 5.11 pg/l and 60.23 + 4.51 ug/l, re-

spectively. Selenium concentration rose signifi-
cantly after the first month, with smaller increases
in the subsequent months. After 1 month, the con-
centration increased by 24 % and after 2 and 3
months, it rose by 27 % and 30 %, respectively,
compared to the initial level (Fig. 6). As expected,
plasma selenium concentrations in this group were
higher due to the increased dose of selenomethio-
nine, although the average baseline concentration
before supplementation did not differ significantly
from that of the first group.

In the second group of participants, plasma
selenium concentration also significantly decreased
one month after supplementation ended. At that
point, the concentration remained approximately
18 % above the initial level, while two months af-
ter discontinuation, it was only 11 % above base-
line. These results suggest that supplementation
with 200 pg/day of selenium in the form of sele-
nomethionine significantly increases plasma sele-
nium levels, and that the elevated concentrations
persist longer after supplementation ends.
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Fig. 6. Graphical representation of selenium pharmacokinetics during a 3-month supplementation period
with 200 pg/day of selenium as selenomethionine, followed by a 2-month post-supplementation phase

These findings are consistent with existing
literature on long-term selenium kinetics. Accord-
ing to Clark et al.,* plasma selenium concentration
increases significantly during the initial months of
long-term selenomethionine supplementation and
reaches a plateau after 8 — 9 months. They also
observed that this plateau is maintained even after
9 years of continuous supplementation.

It is important to note that, at the studied
doses of selenomethionine, plasma selenium con-
centrations did not approach toxic levels (400 ug/l)
during the observation period. However, caution is
warranted, as prolonged intake of high selenium
doses may lead to adverse effects.

Based on these results, definitive conclu-
sions about selenium bioavailability cannot be
drawn, as bioavailability largely depends on the
conversion of absorbed selenium into its biologi-
cally active form and its retention in tissues. Nev-
ertheless, it can be assumed that elevated plasma
selenium concentrations may facilitate a more rap-
id transformation into the active form.

3.3. Pharmacokinetics of selenium in patients
with autoimmune thyroiditis

Based on the results from healthy individu-
als, it can be concluded that selenomethionine is
better absorbed than sodium selenite, and that
plasma selenium levels increase significantly with
an oral intake of 200 ug/day of selenomethionine
compared to 100 pg/day.

Although the increase plasma selenium con-
centration in more pronounced with 200 ug/day
than with 100 pg/day, we recommend 100 pg/day
of selenomethionine as the optimal supplementa-
tion dose. This recommendation is based on sever-
al considerations. First, supplementation with 200
pg/day results in a 30 % increase in plasma seleni-

Maced. J. Chem. Chem. Eng. 44 (1), xx-xx (2025)

um concentration, while 100 pg/day yields an in-
crease of approximately 25 %. This suggests that a
substantial improvement can be achieved with the
lower dose, minimizing exposure to unnecessarily
high selenium levels.

Additionally, most commercially available
selenium supplements are formulated as 100 pg
tablets, making them more convenient to use. This
also avoids the psychological burden of taking
multiple tablets at once or spreading them
throughout the day. Finally, using the lower dose
reduces the risk of side effects associated with high
selenium intake, such as nausea, vomiting, and hair
loss.

To investigate the pharmacokinetics of 100
ug selenium in the form of selenomethionine over
a 48-hour period in patients diagnosed with Hash-
imoto's thyroiditis, six women with an average age
of 59 years were included in the study. The results
are presented in Figure 7.

Based on the obtained results, it can be
concluded that there is no significant difference in
the absorption and excretion of selenium between
patients diagnosed with Hashimoto's thyroiditis
and healthy individuals. In this group, serum sele-
nium levels increased rapidly following oral ad-
ministration of selenomethionine, indicating good
absorption of the supplement. The rise in concen-
tration began 2 hours after ingestion, with peal lev-
els of 59.86 + 3.73 g/l reached at 6 hours. Seleni-
um concentrations remained elevated compared to
baseline even 48 hours after intake. These findings
suggest that Hashimoto's thyroiditis does not im-
pair selenium absorption.

Notably, the initial serum selenium concentra-
tion in this group was 35.35 + 7.13 pg/l, which is
lower than that observed in healthy individuals. The
reduced baseline may be linked to inflammatory re-
sponses and increased activity of selenoproteins,
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which help counteract free radical production result-
ing from autoimmune attacks on the thyroid gland.*

There is limited data in the literature on se-
lenium pharmacokinetics in patients with autoim-
mune thyroiditis. For example, a study by Duntas
et al. reported that serum selenium levels increased
rapidly after oral administration of selenomethio-
nine in such patients, further supporting the con-
clusion of effective absorption.®
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Long-term studies show that selenium con-
centrations increase significantly after the first
month of supplementation, with smaller increases
in subsequent months. Additionally, selenium lev-
els decline markedly one month after supplementa-
tion ends and return to near-baseline levels after
two months (Fig. 8).
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Fig. 7. Graphical representation of selenium pharmacokinetics over 48 hours following
a single dose of 100 pg of selenium as selenomethionine in patients with autoimmune thyroiditis
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Fig. 8. Graphical representation of selenium pharmacokinetics during a 3-month supplementation period with 100 pg/day
of selenium as selenomethionine, followed by a 2-month post-supplementation phase in patients with autoimmune thyroiditis

4. CONCLUSION

Selenium, an essential trace element, holds
significant pharmacological importance due to its
wide range of biological effects. Addressing sele-
nium deficiency or excess has become a global
health priority. This study highlights the value of
selenium supplementation, particularly for individ-
uals living in regions with selenium-deficient soils
and food sources.

Understanding selenium metabolism is crucial,
as it varies depending on the chemical form of sele-
nium ingested and an individual's baseline selenium

status. Pharmacokinetic analyses provide valuable
insight into selenium'’s bioavailability and the poten-
tial risk of adverse events following supplementation.

The results demonstrate a rapid increase in
plasma selenium levels after oral intake of seleno-
methionine, indicating efficient absorption of this
organic form. Short-term studies show a 30 % in-
crease in plasma selenium levels with 200 pg/day
supplementation and a 25 % increase with 100
ug/day, both of which remain elevated for up to 48
hours post-ingestion.

Long-term supplementation leads to a signifi-
cant rise in plasma selenium levels during the first

Maced. J. Chem. Chem. Eng. 44 (1), xx—xx (2025)
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month, followed by a more gradual increase in sub-
sequent months. However, after supplementation is
discontinued, selenium levels decline rapidly, under-
scoring the complexity of selenium bioavailability.

Optimal supplementation appears to be
achievable with 100 pg/day of selenium in the
form of selenomethionine. This dosage results in a
meaningful increase in plasma selenium levels
while minimizing the risk of adverse effects.
Moreover, this dose aligns with most commercially
available supplements, simplifying adherence and
reducing the likelihood of side effects.

Importantly, no significant differences in se-
lenium absorption and excretion were observed
between patients with Hashimoto's thyroiditis and
healthy individuals. Although patients with Hash-
imoto's had lower baseline serum selenium levels,
their absorption remained unaffected, suggesting
that the disease does not impair selenium uptake.

While definitive conclusions about selenium
bioavailability cannot yet be drawn — since it depends
on the conversion of adsorbed selenium into biologi-
cally active forms and its retention in tissues, the data
suggest that selenomethionine is rapidly converted
into active forms following supplementation.

Overall, these findings underscore the im-
portance of adequate selenium intake for maintain-
ing health, particularly in selenium-deficient re-
gions, while also emphasizing the need for careful
dosing to avoid potential adverse effects.

REFERENCES

(1) Chung, C. Z.; Krahn, N., The selenocysteine toolbox: A
guide to studying the 21st amino acid. Arch. Biochem.
Biophys. 2022, 730, 109421.
https://doi.org/10.1016/j.abbh.2022.109421

(2) Driscoll, D. M.; Copeland, P. R., Mechanism and
regulation of selenoprotein synthesis. Annu. Rev. Nutr.
2003, 23, 17-40.
https://doi.org/10.1146/annurev.nutr.23.011702.073318

(3) Minich, W. B., Selenium metabolism and biosynthesis
of selenoproteins in the human body. Biochemistry
(Moscow). 2022, 87 (Suppl. 1).
https://doi.org/10.1134/S0006297922140139

(4) Chu, F. F.,; Doroshow, J. H.; Esworthy, R. S., Expression,
characterization, and tissue distribution of a new cellular
selenium-dependent glutathione peroxidase, GSHPx-GI.
J. Biol. Chem. 1993, 268, 2571-2576.
https://doi.org/10.1016/S0021-9258(18)53812-6

(5) Pei, J,; Pan, X.; Wei, G.; Hua, Y., Research progress of
glutathione peroxidase family (GPX) in redoxidation.
Front. Pharmacol. 2023, 14, 1147414.
https://doi.org/10.3389/fphar.2023.1147414

(6) Fairweather-Tait, S. J.; Collings, R.; Hurst, R., Selenium
bioavailability: current knowledge and future research
requirements. Am. J. Clin. Nutr. 2010, 91 (5), 1484S-
1491S. https://doi.org/10.3945/ajcn.2010.28674J

Maced. J. Chem. Chem. Eng. 44 (1), xx-xx (2025)

()

(®)

©9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

(18)

(19)

(20)

Arnér, E. S., Focus on mammalian thioredoxin reductases
— important selenoproteins with versatile functions.
Biochim. Biophys. Acta. 2009, 1790, 495-526.
https://doi.org/10.1016/j.bbagen.2009.01.014

Kohrle, J.; Jakob, F.; Contempré, B.; Dumont, J. E.,
Selenium, the thyroid, and the endocrine system.
Endocr. Rev. 2005, 26, 944-984.
https://doi.org/10.1210/er.2001-0034

Bianco, A. C.; Salvatore, D.; Gereben, B.; Berry, M. J.;
Larsen, P. R., Biochemistry, cellular and molecular
biology, and physiological roles of the iodothyronine
selenodeiodinases. Endocr. Rev. 2002, 23, 38-89.
https://doi.org/10.1210/edrv.23.1.0455

Kryukov, G. V.; Castellano, S.; Novoselov, S. V.;
Lobanov, A. V.; Zehtab, O.; Guigd, R.; Gladyshev, V.
N. Characterization of mammalian selenoproteomes.
Science 2003, 300, 1439-1443.
https://doi.org/10.1126/science.1083516

Lamarche, J.; Ronga, L.; Szpunar, J.; Lobinski, R.,
Characterization and quantification of selenoprotein P:
Challenges to mass spectrometry. Int. J. Mol. Sci. 2021,
22, 6283. https://doi.org/10.3390/ijms22126283

Ferreira, R. L. U.; Sena-Evangelista, K. C. M.; de
Azevedo, E. P.; Pinheiro, F. I.; Cobucci, R. N.; Pedrosa,
L. F. C., Selenium in human health and gut microflora:
Bioavailability of selenocompounds and relationship
with diseases. Front. Nutr. 2021, 8, 685317.
https://doi.org/10.3389/fhut.2021.685317

Kieliszek, M., Selenium — Fascinating Microelement,
Properties and Sources in Food. Molecules 2019, 24 (7),
1298. https://doi.org/10.3390/molecules24071298

Sherovski, P.; Ristovska, N.; Bogdanov, J.; Stafilov, T.,
Determination of selenium in selected foods from North
Macedonia by ETAAS followed by microwave-assisted
digestion. JAFES 2022, 76 (2), 36-—46.
https://doi.org/10.55302/JAFES22762036sh

Rayman, M. P., Selenium intake, status, and health: a
complex relationship. Hormones 2020, 19, 9-14.
https://doi.org/10.1007/s42000-019-00125-5

Tinggi, U., Essentiality and toxicity of selenium and its
status in Australia: a review. Toxicol. Lett. 2003, 137,
103-110. https://doi.org/10.1016/50378-4274(02)00384-3

Zuo, Y.; Li, Y.; Gu, X.; Lei, Z., The correlation between
selenium levels and autoimmune thyroid disease: a
systematic review and meta-analysis. Ann. Palliat. Med.
2021, 10 (4), 4398-4408.
https://doi.org/10.21037/apm-21-449

Gartner, R.; Gasnier, B. C.; Dietrich, J. W.; Krebs, B.;
Angstwurm, M. W., Selenium supplementation in
patients with autoimmune thyroiditis decreases thyroid
peroxidase antibodies concentrations. J. Clin. Endocrinol.
Metab. 2002, 87 (4), 1687-1691.
https://doi.org/10.1210/jcem.87.4.8421

Duntas, L. H.; Mantzou, E.; Koutras, D. A., Effects of a
six-month treatment with selenomethionine in patients
with autoimmune thyroiditis. Eur. J. Endocrinol. 2003,
148 (4), 389-393. https://doi.org/10.1530/eje.0.1480389

Tian, X.; Li, N.; Su, R.; Dai, C.; Zhang, R., Selenium
supplementation may decrease thyroid peroxidase
antibody titer via reducing oxidative stress in euthyroid
patients with autoimmune thyroiditis. Int. J. Endocrinol.
2020, 9210572. https://doi.org/10.1155/2020/9210572


https://doi.org/10.1016/j.abb.2022.109421
https://doi.org/10.1146/annurev.nutr.23.011702.073318
https://doi.org/10.1134/S0006297922140139
https://doi.org/10.1016/S0021-9258(18)53812-6
https://doi.org/10.3389/fphar.2023.1147414
https://doi.org/10.3945/ajcn.2010.28674J
https://doi.org/10.1016/j.bbagen.2009.01.014
https://doi.org/10.1210/er.2001-0034
https://doi.org/10.1210/edrv.23.1.0455
https://doi.org/10.1126/science.1083516
https://doi.org/10.3390/ijms22126283
https://doi.org/10.3389/fnut.2021.685317
https://doi.org/10.3390/molecules24071298
https://doi.org/10.55302/JAFES22762036sh
https://doi.org/10.1007/s42000-019-00125-5
https://doi.org/10.1016/s0378-4274(02)00384-3
https://doi.org/10.21037/apm-21-449
https://doi.org/10.1210/jcem.87.4.8421
https://doi.org/10.1530/eje.0.1480389
https://doi.org/10.1155/2020/9210572

12 P. Sherovski, J. Bogdanov, N. Ristovska, T. Stafilov
(21) Nacamulli, D.; Mian, C.; Petricca, D.; Lazzarotto, F.; (34) Brodin, O.; Eksborg, S.; Wallenberg, M.; Asker-
Barollo, S.; Pozza, D.; Masiero, S.; Faggian, D.; Plebani, Hagelberg, C.; Larsen, E. H.; Mohlkert, D.; Lenneby-
M.; Girelli, M. E.; Mantero, F.; Betterle, C., Influence of Helleday, C.; Jacobsson, H.; Linder, S.; Misra, S
physiological dietary selenium supplementation on the Bjornstedt, M., Pharmacokinetics and toxicity of sodium
natural course of autoimmune thyroiditis. Clin. selenite in the treatment of patients with carcinoma in a
Endocrinol. 2010, 73 (4), 535-539. phase | clinical trial: The SECAR study. Nutrients 2015,
https://doi.org/10.1111/j.1365-2265.2009.03758.x 7 (6), 4978-4994. https://doi.org/10.3390/nu7064978
(22) Deng, S. Y.; Chen, X. Y.; Wu, L. Y., Influence of (35) Manzanares, W.; Hardy, G., Selenium supplementation
selenium on Hashimoto thyroiditis with normal thyroid in the critically ill: posology and pharmacokinetics.
function. Chin. Gen. Pract. 2013, 16 (70), 2483-2485. Curr. Opin. Clin. Nutr. Metab. Care 2009, 12 (3), 273~
(23) Ventura, M Melo, M.: Cartilho, F.. Selenium and 280. httpsj.//d0|.o_rg/lO.1097/MCO.0b013e328325_100c2
thyroid disease: From pathophysiology to treatment. Int. (36) Sherovski, P.; Ristovska, N.; Bogdanov, J.; Stafilov, T.,
J. Endocrinol. 2017, 1297658. Optimisation and validation of a method for
https://doi.org/10.1155/2017/1297658 determination of selenium in human plasma and blood
. . by ETAAS and its clinical application. Bulg. Chem.
(24) European Agency for the Evaluation of Medicinal Commun. 2022, 54 (4), 303-309.
Products. Committee for Proprietary Medicinal Products https://doi.org/10.34049/bcc.54.3.5473
(CPMP). CPMP/EWP/QWP/1401/98. (37) Luty-Frackiewicz, A.; Jethon, Z.; Januszewska, L.,
(25) Ashton, K.; Hooper, L.; Harvey, L. J.; Hurst, R, Effect of smoking and alcohol consumption on the
Methods of assessment of selenium status in humans. serum selenium level of Lower Silesian population. Sci.
Am. J. Clin. Nutr. 2009, 89, 2025S—-2039S. Total Environ. 2002, 285, 89-95.
https://doi.org/10.3945/ajcn.2009.27230F https://doi.org/10.1016/50048-9697(01)00898-1
(26) Combs, G. F., Biomarkers of selenium status. Nutrients (38) Arnaud, J.; Akbaraly, N. T.; Hininger, I.; Roussel, A.
2015, 7, 2209-2236. https://doi.org/10.3390/nu7042209. M.; Berr, C., Factors associated with longitudinal
(27) Evans, S. O.; Jacobson, G. M.; Goodman, H. J. B.; Bird, plasma selenium decline in the elderly. The EVA study.
S.; Jameson, M. B., Comparative safety and pharmaco- J. Nu.tr. B_|ochem. 2007’. 1.8’ 432*247'
kinetic evaluation of three oral selenium compounds in https://doi.org/10.1016/j.jnutbio.2006.09.004
cancer patients. Biol. Trace Elem. Res. 2019, 189 (2), (39) Hawkes, W. C.; Alkan, F. Z.; Oehler, L., Absorption,
395-404. https://doi.org/10.1007/s12011-018-1501-0 distribution and excretion of selenium from beef and rice
. . . in healthy North American men. J. Nutr. 2003, 133,
(28) g:ﬁgggﬂ P?YHMSI‘;T%SEGWEQ% o por, B R 34343442, https://doi.org/10.1093/jn/133.11.3434
kinetics in humans change following 2 years of sup- (40) Finley, J. W.; Duffield, A.; Ha, P.; Vanderpool, R. A;
plementation with selenomethionine. Front. Endocrinol. Thomson, C. D., Selenium supplementation affects the
(Lausanne) 2021, 12, 621687. retention of stable isotopes of selenium in human subjects
https://doi.org/10.3389/fendo.2021.621687 consuming diets low in selenium. Br. J. Nutr. 1999, 82,
(29) Marshall, J. R.: Burk, R. F.; Payne Ondracek, R.: Hill, 357-360. https.//d0|.org/lO.1017/5000711.4599001592
K. E.; Perloff, M.; Davis, W.; Pili, R.; George, S.: (41) Bigel, S.; Larsen, E. H.; Sloth, J. J.; Flytlle,_K.; Over\{ad,
Bergan, R., Selenomethionine and methyl seleno- K.; Steenberg, L. C.; Moesgaard, S., Absorption, excretion,
cysteine: multiple-dose pharmacokinetics in selenium- and retention of selenium from a high selenium yeast in
replete men. Oncotarget 2017, 8 (16), 26312-26322. men with a high |ntake_of selenium. Food Nu_tr. Res. 2008,
https://doi.org/10.18632/oncotarget. 15460 52 (0), 1642. https://doi.org/10.3402/fnr.v52i0.1642
(30) Jayachandran, P.; Knox, S. J.; Garcia-Cremades, M.; (42) Levander' O.A; Sutherland, B.; Morris, V C; Klng_, J.,
Savi¢, R. M., Clinical pharmacokinetics of oral sodium Selenl_um balance In-young men during selenium
selenite and dosing implications in the treatment of depletion and fep!e“of‘-Am-J- Clin. Nutr. 1981, 34 (12),
patients with metastatic cancer. Drugs R D 2021, 21 (2), 2662-2669. hitps://doi.org/10.1093/ajcn/34.12.2662
169-178. https://doi.org/10.1007/s40268-021-00340-9 (43) Swanson, C. A.; Patterson, B. H.; Levander, O. A;
. L - ) . . . Veillon, C.; Taylor, P. R.; Helzlsouer, K.; McAdam, P.
@1 gn?gﬁ’ g’ N Lfgi]f“/l“-’ Igaor?rizoyMg"Ggﬁr?glté '\é A.; Zech, L. A., Human ["“Se] selenomethionine
Profiling‘ of”seleniu’m z-i’bsorptioln aﬁd ;';ccumulatiO’n |n metabolism: a kinetic madel. Am. J. Clin. Nutr. 1391, 54
. . (5), 917-926. https://doi.org/10.1093/ajcn/54.5.917
healthy subjects after prolonged L-selenomethionine
supplementation. J. Endocrinol. Invest. 2017, 40 (11), (44) Patterson, B. H.; Zech, L. A.; Swanson, C. A.; Levander,
1183-1190. https://doi.org/10.1007/540618-017-0663-5 O. A, Kinetic modeling of selenium in humans using
. stable isotope tracers. J. Trace Elem. Electrolytes Health
32 Marshall_, J.R.; Ip, C.; Romano, K; Fetterly,_G.; Fakih, M.; Dis. 1993, 17 (2), 117-120.
Jovanovic, B.; Perloff, M.; Crowell, J.; Davis, W.; French-
Christy, R.; Dew, A.; Coomes, M.; Bergan, R., Methyl (45) Clark, L. C.; Combs, G. F., Jr; Tu_rnbull, B. W.; Slate, E.
selenocysteine:  single-dose pharmacokinetics in  men. H.; Chalker, D. K.; Chow, J.; Davis, L. S.; Glover, R. A;
Cancer Prev. Res. (Phila). 2011, 4 (11), 1938-1944. Graham, G. F.; Gross, E. G,; Krongra(_j, A.; Lesher, J. L.,
https://doi.org/10.1158/1940-6207.CAPR-10-0259 Jr.; Park, H. K.; Sanders, B. B., Jr.; Smith, C. L.; Taylor, J.
] R., Effects of selenium supplementation for cancer pre-
(33) Manzanares, W.; Biestro, A.; Galusso, F.; Torre, M. H.; vention in patients with carcinoma of the skin. a ran-
Mafidy, N.; Facchin, G.; Hardy, G., High-dose selenium domized controlled trial. JAMA 1996, 276 (24), 1957-1963.
for critically ill patients with systemic inflammation: (46) Heidari, Z.; Sheikhi, V., Serum selenium status in Graves'

pharmacokinetics and pharmacodynamics of selenious
acid: a pilot study. Nutrition 2010, 26 (6), 634—640.
https://doi.org/10.1016/j.nut.2009.06.022

disease and Hashimoto's thyroiditis in an iodine-sufficient
area: A case-control study. J. Res. Med. Sci. 2022, 23 (2),
27-87. https://doi.org/10.4103/jrms.jrms_57_21

Maced. J. Chem. Chem. Eng. 44 (1), xx—xx (2025)


https://doi.org/10.1111/j.1365-2265.2009.03758.x
https://doi.org/10.1155/2017/1297658
https://doi.org/10.3945/ajcn.2009.27230F
https://doi.org/10.3390/nu7042209
https://doi.org/10.1007/s12011-018-1501-0
https://doi.org/10.3389/fendo.2021.621687
https://doi.org/10.18632/oncotarget.15460
https://doi.org/10.1007/s40268-021-00340-9
https://doi.org/10.1007/s40618-017-0663-5
https://doi.org/10.1158/1940-6207.CAPR-10-0259
https://doi.org/10.1016/j.nut.2009.06.022
https://doi.org/10.3390/nu7064978
https://doi.org/10.1097/MCO.0b013e32832a0cc2
https://doi.org/10.34049/bcc.54.3.5473
https://doi.org/10.1016/s0048-9697(01)00898-1
https://doi.org/10.1016/j.jnutbio.2006.09.004
https://doi.org/10.1093/jn/133.11.3434
https://doi.org/10.1017/s0007114599001592
https://doi.org/10.3402/fnr.v52i0.1642
https://doi.org/10.1093/ajcn/34.12.2662
https://doi.org/10.1093/ajcn/54.5.917
https://doi.org/10.4103/jrms.jrms_57_21

