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Abstract: Selenium nanoparticles (SeNPs) are fast becoming a key instrument in several applications such
as medicine or nutrition. Questions have been raised about the safety of their use. Male rats were fed
for 28 days on a monodiet containing 0.5, 1.5, 3.0 and 5.0 mg Se/kg. Se content in blood and liver, liver
panel tests, blood glucose, total antioxidant capacity (TAC), the activity of superoxide dismutase (SOD)
and glutathione peroxidase (GPx) were analysed. Liver and duodenum were subjected to histopathology
examination. The weight gain of rats showed no differences between tested groups. Se content in blood
was higher in all treated groups compared to the control group. The liver concentration of Se in the
treated groups varied in the range from 222 to 238 ng/g. No differences were observed in the activity
of AST (aspartate aminotransferase), ALP (alkaline phosphatase) and TAS (total antioxidant status). A
significant decrease in ALT activity compared to the control group was observed in the treated groups.
GPx activity varied from 80 to 88 U/mL through tested groups. SOD activity in liver was decreased in the
SeNP-treated group with 5 mg Se/kg (929 ± 103 U/mL). Histopathological examination showed damage
to the liver parenchyma and intestinal epithelium in a dose-dependent manner. This study suggests that
short-term SeNP supplementation can be safe and beneficial in Se deficiency or specific treatment.

Keywords: nanotoxicity; liver enzymes; histopathology; diet; growth performance; glutathione
peroxidase; superoxide dismutase; glucose

1. Introduction

Selenium is one of the essential microelements that is important for several biochemical
reactions in living organisms. Its role in an organism depends on chemical structure. Se
can occur in various oxidation states: selenide (-II), selenite (IV), and selenate (VI). Besides
the inorganic alterations, Se is bounded in amino acids or their derivates (mostly in the
form of selenide). Up to 90% of Se is deposited in selenoproteins in muscle tissue, and the
thyroid gland [1]. The most important role of selenium is the antioxidant system’s function,
prevention in lipid oxidation and inhibition of DNA damage. Se also contributes to the
normal function of the thyroid gland via the iodothyronine deiodinase enzyme converting
thyroxin to its active form, triiodothyronine [2].

The therapeutic window for the beneficial effect of Se is very narrow. Toxic potential of
Se depends on its chemical form, rate of Se methylation and excretion. Oral median lethal
dose (LD50) of sodium selenite has been estimated to 7 mg Se/kg body wt., 138 mg Se/kg
for selenium sulphides and 6700 mg Se/kg for elemental selenium in rats [3]. Lower
selenium concentrations produced chronic symptoms, including a decreased growth rate,
a restriction of food consumption, and slight-to-severe pathological lesions. Proposed
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molecular mechanisms involved in selenium toxicity include interaction with tissue thiols
such as glutathione. Selenium-mediated thiol oxidation can produce reactive oxygen
species (ROS) and lead to oxidative damage of the organism. Elemental selenium or
selenoenzymes do not react with thiols, and, generally, they are non-toxic [4,5].

Progress in nanotechnology has facilitated the production of SeNPs in various forms
and sizes. Thanks to the high variability and the ability to adapt nanoparticles, their
research is growing rapidly, especially in materials science, chemistry, nanotechnology,
physics, and nanomedicine. Development of large-scale production opened the potential
of commercial use. There is a large volume of published studies describing selenium
nanoparticles’ role in nutrition and dietetics, pharmacy, diagnostic and therapy, agriculture,
or environmental studies. The mentioned research is based on the properties of selenium,
such as catalytic activity, role in biochemistry and metabolism, antagonistic effect against
Ag, As, Cd, Hg, F or Tl, free radicals scavenging, antitumor activity and antimicrobial
action [1,6,7]. In recent years, the trend of utilisation of Se for nutritional supplementation
is developing with respect to selenium nanoformulation, as we described in our review [8].
It has been observed that the nanoform can penetrate tissues better, can be delivered to
targeted tissues or can provide a gradual release [9]. Thus, the nanotoxicity of Se is still
under careful consideration. The toxicologic impact of SeNPs has been studied for several
kinds of SeNPs in tissue cells [10], rats, mice [11,12], aquaculture [13] or chickens [14].
The main limitation of performed studies is variability in the used type of SeNPs and
non-uniform dosing. Questionable is also nano-Se deposition in tissues as well as reactive
oxygen species initiation. New pharmacokinetics studies confirmed that the formation of
protein corona surrounding nanoparticles leads to a change in nanoparticles’ function [15].

This study aimed to evaluate the effect of sub-lethal doses of selenium nanoparticles
(SeNPs) on the health status of Wistar albino rats. Rats have been an extensively used
model organism due to genetic and physiological similarities to mammals such as livestock
and/or humans. The doses were set up to cover the narrow window from the beneficial to
the toxic effect of Se.

2. Materials and Methods
2.1. Chemicals

All chemicals, unless noted otherwise, were purchased from Sigma Aldrich (St. Louis,
USA). The pH value was measured using inoLab Level 3 (Wissenschaftlich-Technische Werk-
statten GmbH; Weilheim, Germany). Deionised water underwent demineralisation by reverse
osmosis using the instruments Aqua Osmotic 02 (Aqua Osmotic, Tisnov, Czech Republic).

2.2. Selenium Nanoparticles (SeNPs)

Elemental SeNPs (99.99% purity, size: <100 nm) were purchased from Nanografi (Ankara,
Turkey. For documentation of the SeNPs’ structure, a scanning electron microscope MIRA
(Tescan, Brno, Czech Republic) was used (Figure 1A), equipped with a high brightness
Schottky field emitter for low noise imaging fast scanning rates. The SEM is fitted with an
In-Beam SE detector. An accelerating voltage of 15 kV and beam currents of about 1 nA give
satisfactory results regarding maximum throughput. Magnification 5.00 KX was used.
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Figure 1. (A) SEM documentation and (B) size distribution of SeNPs. 
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The mean particle diameter and size distribution (Figure 1B) were determined by
dynamic light scattering on a Malvern Zetasizer (NANO-ZS, Malvern Instruments Ltd.,
Worcestershire, UK).

2.3. Animals

The feeding experiments were carried with the approval of the Ethics Commission
at the Faculty of AgriSciences, Mendel University, in Brno (Czech Republic, European
Union) in accordance with Act No. 246/1992 Coll. on the Protection of Animals Against
Cruelty (the experimental project was approved on 20.8.2019; MSMT-15228/219-5). The
laboratory rats of Wistar albino strain (males) were used as model animals. The average
initial weight of rats was 156 ± 10 g. All animals were regularly weighted in seven-day
intervals (0, 7, 14, 21, 28 days). Rats were divided into five groups of six animals. They
were fed on a monodiet containing wheat and different doses of selenium nanoparticles.
Wheat naturally contained 0.03 mg Se/kg. Four groups of rats were fed with selenium
nanoparticles in the dose 0.5, 1.5, 3.0 and 5.0 mg Se/kg per diet dose. The control group
was fed with no selenium nanoparticles addition. Animals were placed in plastic boxes
with metal grates measuring 40 × 60 × 20 cm. The experiment lasted for 28 days in which
animals had access to feed and water ad libitum. During the experiment microclimatic
condition (at 23 ± 1 ◦C), constant humidity (60%) and light regime (12 h light/12 h dark)
were maintained. Maximum illumination was 200 lx. At the end of the experiment, all
animals were put to death and samples of whole blood were collected, liver and duodenum
were dissected out and used for biochemical and histological analysis.

2.4. Atomic Absorption Spectrometry (AAS)

Se concentration was determined as is described in our previous publication (Horky
et al., 2016). Briefly, samples of whole blood were collected in a tube containing heparin as
an anticoagulant. Then, 0.3 g of liver tissue and 0.5 g of blood were disintegrated in a muffle
furnace (LAC, Rajhrad, Czech Republic) by dry method. Mineralised samples of liver and
blood were analysed using a 280 Z Agilent Technologies atomic absorption spectrometer
(Agilent, Santa Clara, CA, USA) with electrothermal atomisation. The measurement
condition was 196 nm with Zeeman correction.

2.5. Analysis of GPx, SOD, Glucose TOX and Activity of Liver Enzymes from Blood Samples

Blood parameters were determined according to commercial kits: GPx (Sigma Aldrich,
St. Louis, USA); SOD (Sigma Aldrich, St. Louis, USA); TAS (RANDOX, Crumlin, Great
Britain, cat. NX2332); Glucose(Biovendor-Laboratory medicine, Brno, Czechia, cat. 11601);
ALP (Biovendor-Laboratory medicine, Brno, Czechia, cat. 10062); Total protein (Biuret)
(Biovendor-Laboratory medicine, Brno, Czechia, cat. 12751); AST (Biovendor-Laboratory
medicine, Brno, Czechia, cat. 10352); ALT (Biovendor-Laboratory medicine, Brno, Czechia,
cat. 10452); Albumin (Biovendor-Laboratory medicine, Brno, Czechia, cat. 10001).

All measurements were performed spectrometrically using a Konelab T20xt biochemi-
cal analyser (Thermo Fisher Scientific, Waltham, MA, USA). The measurement conditions
were set up according to the manufacturer’s assay protocol.

2.6. Histopathology Analysis

In total, 10% neutral buffered formaldehyde was used for fixing tissues. Tissues were
cut at 3.0 µm and placed onto Superfrost Plus slides (Leica, UK). All sections were oriented
the same way. Tissue blocks were cut with remaining sections and dipped in wax (stored
at 22 ◦C). Tissue sections were stained with haematoxylin and eosin following standard
procedures. Photographs were taken using an inverted Olympus microscope IX 71 S8F-3
(Olympus, Tokyo, Japan). A 100x magnification was used for liver samples and 200x
magnification for duodenum samples.
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2.7. Data Analysis and Statistics

The data were processed using STATISTICA.CZ, version 12.0 (TIBCO Software Palo
Alto, USA). The results were expressed as mean ± standard deviation (SD). Normality was
checked using the Shapiro-Wilk test. Statistical significance was determined using ANOVA
and Scheffé’s test (one-way analysis).

3. Results
3.1. Dietary SeNP Effect on Growth Performance and Weight of Dissected Tissues

The growth performance of Wistar albino rats fed diets supplemented with dietary
SeNPs (0, 1.5, 3, and 5 mg Se/kg) is presented in Table 1.

Table 1. Weight and weight gain (g) of Wistar albino rats during the feeding experiment (28 days).

Day 0 7 14 21 28 Weight
Gain

Control group 155 ± 7 174 ± 11 195 ± 7 196 ± 8 197 ± 11 41 ± 9
SeNPs 0.5 mg/kg 151 ± 4 183 ± 4 191 ± 4 190 ± 4 198 ± 5 47 ± 4
SeNPs 1.5 mg/kg 149 ± 10 166 ± 10 176 ± 7 181 ± 8 183 ± 8 34 ± 9
SeNPs 3.0 mg/kg 160 ± 8 195 ± 7 200 ± 7 204 ± 7 204 ± 6 44 ± 7
SeNPs 5.0 mg/kg 154 ± 11 173 ± 11 179 ± 12 187 ± 11 188 ± 10 34 ± 11

The average weight and weight gain of rats showed no significant differences (p < 0.05)
between tested groups. During dissection, the rat’s liver and duodenum were removed.
Effects of different levels of dietary SeNPs on the weight of the liver and duodenum are
presented in Table 2. No significant differences (p < 0.05) between tested groups have been
observed.

Table 2. Weight (g) of liver and duodenum of Wistar albino rats at the end of the feeding experiment
(28 days).

Sample Liver % of Live
Weight Duodenum % of Live

Weight

Control group 6.9 ± 0.9 3.7 7.3 ± 0.4 3.9
SeNPs 0.5 mg/kg 7.5 ± 0.4 3.8 7.0 ± 0.3 3.5
SeNPs 1.5 mg/kg 7.4 ± 0.6 4.0 6.6 ± 0.2 3.6
SeNPs 3.0 mg/kg 6.9 ± 0.4 3.3 7.0 ± 0.3 3.4
SeNPs 5.0 mg/kg 6.1 ± 0.6 3.2 7.4 ± 0.4 3.9

3.2. Selenium Content in Blood and Liver Tissue

Se content in blood was significantly (p < 0.05) higher in all treated groups compared to
the control group (139 ± 18 ng/g). Groups treated by 1.5 and 5 mg/Se/kg were significantly
(p < 0.05) lower (212 ± 7 and 234 ± 30 ng/g, respectively) compared to other treated groups
supplemented with 0.5 and 3 mg/Se/kg (268 ± 23 and 278 ± 18 ng/g, respectively).
Results are shown in Figure 2A. With the increased dietary SeNP supplementation, liver
Se concentrations significantly increased (p < 0.05) in the treated groups compared to the
control group (200 ± 6 ng/g). The liver concentration of Se in the treated groups varied in
the range from 222 to 238 ng/g. Results are shown in Figure 2B.
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Figure 2. Selenium content obtained by AAS in (A) blood and (B) liver tissue. Rats were fed
on a monodiet containing wheat and the different dose of selenium nanoparticles (0.5, 1.5, 3 and
5 mg Se/kg). Results are compared with the control group (C) of rats fed on a monodiet containing
0.03 mg Se/kg. * Mean values were significantly different (p < 0.05). Details of measurement are
described in the Materials and Method section.

3.3. Biochemical Profile of Liver

Effects of varying doses of dietary SeNP supplementation on biochemical profile of
liver are shown in Figure 3. No significant (p < 0.05) differences were observed in activity
of aspartate aminotransferase (AST) between the control and treated groups. The alkaline
phosphatase (ALP) activity of the control group and treated groups (SeNP dietary dose 0.5,
1.5, 3 mg Se/kg) remains unchanged. A significant increase in ALP activity was observed
in the SeNP-treated group with 5 mg Se/kg (p < 0.05) compared to the other treated groups.
The ALP activity increased from average 4.65 ± 0.40 µkat/L to 5.95 ± 0.53 µkat/L in
the group treated with the highest doses of SeNPs. A significant (p < 0.05) decrease in
alanine aminotransferase (ALT) activity compared to the control group (3.15 ± 0.58 µkat/L)
and 0.5 mg Se/kg SeNP-treated group (2.48 ± 0.92 µkat/L) was observed in the 1.5, 3
and 5 mg Se/kg SeNP-treated groups: 1.23 ± 0.14, 1.70 ± 0.54 and 1.68 ± 0.52 µkat/L,
respectively. No significant (p < 0.05) differences were observed in total protein concentra-
tion between the control group and treated groups. Average total protein concentration
was 60.80 ± 2.90 g/L. Albumin (ALB) concentration of the SeNP-treated groups was
not significantly (p < 0.05) increased (40.53 ± 0.64 g/L) compared to the control group
(39.36 ± 0.65 g/L) and other SeNP-treated groups. Glucose concentration significantly
(p < 0.05) increased in 1.5, 3 and 5 mg Se/kg SeNP-treated groups (8.58 ± 0.42, 9.64 ± 0.38
and 9.13 ± 0.58 mmol/L, respectively) compared to the control group (6.75 ± 0.16 mmol/L)
and 0.5 mg Se/kg SeNP-treated group (7.8 ± 0.33 mmol/L).

3.4. Antioxidant Status of Rat´s Organism

Results of the antioxidant status of the rat´s organism are shown in Figure 4. No
significant (p < 0.05) differences were observed in total antioxidant status (TAS) between
all tested groups. The average level of TAS was 1.20 ± 0.06 mmol/L. A slightly increasing
trend of glutathione peroxidase (GPx) activity (from 80 to 88 U/mL) was observed with the
rising levels of dietary SeNPs (from 0.5 to 5 mg Se/kg), but a significant (p < 0.05) effect was
not observed. Superoxide dismutase (SOD) activity in liver was significantly decreased in
the SeNP-treated group with 5 mg Se/kg (929 ± 103 U/mL) compared to the control group
(1122 ± 47 U/mL) and the SeNP-treated groups 0.5, 1.5 and 3 mg Se/kg (1128 ± 28 U/mL,
1251 ± 94 U/mL, and 1227 ± 39 U/mL, respectively).
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Figure 4. Antioxidant status of rats in the control group (C) and SeNP-enriched diet. (A) Total
antioxidant status in blood, (B) GPx in blood and (C) SOD in the liver parenchyma. * Mean values
were significantly different (p < 0.05). Details of measurement are described in the Materials and
Method section.

3.5. Histological Examination of the Liver and Duodenum

Liver parenchyma of the control group of rats showed signs of mild dystrophy with
the preserved trabecular organisation and places with dilatation of portobilia. Intact
structures without necrosis, inflammation and dysplasia were found (Figure 5A). Mildly
dystrophic parenchyma with signs of congestion was observed in the SeNP-treated group
with 0.5 mg Se/kg (Figure 5B). Almost the same features were found in the SeNP-treated
group with 1.5 mg Se/kg, with occasional dilatation of portobilia (Figure 5C). The SeNP-
treated group with 3.0 mg Se/kg showed mild dystrophic parenchyma, with the preserved
trabecular organisation and portobiliary dilatations (Figure 5D). In the SeNP-treated group
with 5.0 mg Se/kg, liver parenchyma with mild multifocal autolytic damage and congestion
signs was found. No noticeable dystrophic changes were observed (Figure 5E).

In the control group, an intestinal profile with significant devastation of mucosal
formations was observed, intestinal villi were low, damaged, deformed, and in some places
were completely absent. Cup cells predominate in the lining, in the stroma of the villi, there
were groups of mononuclear cellularization with isolated eosinophils. Tissue was without
signs of inflammation, dysplasia or necrosis. Both sections of the intestine were identical
(Figure 5A). The treated group with SeNPs 0.5 mg Se/kg showed deformed, irregular
villi in both sections of the intestine with surface alteration, without crypt distortion or
crypt abscesses and without a significantly increased number of intraepithelial leukocytes
(Figure 5B). The profile of the intestine of the SeNP-treated group with 1.5 mg Se/kg
showed shape variability of villi. The villi were swollen in places, with dense cellularization
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of the stroma. In some places, more numerous intraepithelial leukocytes occurred (up to
6 LEU/100 enterocytes). Crypts without signs of distortion and brindle cuticle without
alteration were found (Figure 5C). In the SeNP-treated group with 3.0 mg Se/kg, the
finding was identical to the previous group. In the aboral section, clusters of more frequent
cellularization in the villi stroma, including eosinophils, were detected (Figure 5D). In
both intestine sections, severe alteration of mucosal formations in the SeNP-treated group
with 5.0 mg Se/kg were found. The aboral section was subtotally with the dominance of
cup cells in the lining. The stroma of the villi showed frequent cellularization, including
eosinophils (Figure 5E).
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4. Discussion

Selenium is often discussed in connection with the role of the health status of organism.
The suitable and sufficient form of Se is under discussion with the development of SeNPs.
This promising solution must be carefully considered in the term of toxicity. In our previous
study, we proved a positive effect of SeNPs on the antioxidant status of rats [16–18] and
ejaculate quality of boars [19–21]. The conclusive effect of SeNPs has been proven by
similar studies [22–25].

In the presented study, we evaluated SeNP supplementation from non-toxic to toxic
doses. The biochemical and antioxidant status of rat´s organism has been assessed as well
as histopathology changes of liver parenchyma and intestinal tissue (Figure 6). The weight
of experimental animals has been monitored during the experiment and after slaughter.
Significant weight decrease has not been observed in treated groups compared to treated
groups. Generally, in mammals, Se supplementation has been associated with increased
weight gain due to improving nutrient availability [26]. The weight of dissected liver and
duodenum related to body weight was also investigated in our study. Several authors
described changes of liver and intestinal weight due to its damage as an organ involved in
detoxification [27]. In our study, these effects have not been proved.

Selenium concentration of SeNP-treated groups 1.5 and 5 mg Se/kg showed a signif-
icant decrease in blood compared to the control and other treated groups. As blood is a
transporting medium, the concentration of Se could be dramatically changed depending
on food intake. Moreover, the buffering system of blood could be insufficient for higher
doses of Se due to depletion of transport proteins, and non-deposited Se is excreted by
urinary secretion [28,29]. On the other hand, the significantly higher concentration of Se in
the SeNP-treated groups compared to the control group was observed in the liver, which
isone of the the main depot organ for selenium [30].
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Liver function tests have been employed to evaluate functional damage of the liver.
Low doses of Sodium selenite in doses of 0.2 mg/kg/diet have shown to improve liver
function after experimental liver injury [31]. It has been shown that higher therapeutic
doses of Se caused a rapid increase in the level of liver enzymes leading to hepatic dys-
function [32]. Results in this study did not prove significant changes in liver function tests
except for the increased level of ALP in the group treated by 5 mg Se/kg. In contrary, signif-
icantly decreased levels of ALT were observed in treated groups by 1.5, 3 and 5 mg Se/kg.
Although decreased ALT activity is not directly associated with hepatocyte damage and
increased enzyme release to the bloodstream, it may indicate dysfunction or abnormal
liver function. Rapidly falling ALT levels have been associated with the exhaustion of the
hepatocyte mass and terminal hepatic failure with a characteristic of coagulation [33,34].
A literature overview shows that high doses of Se lead to the destruction of hepatocytes;
on the contrary, giving moderate doses reduces these enzymes’ activity under toxic load.
Thus, therapeutic levels of Se may have a hepatoprotective effect. In our study, toxic effects
on liver tissue at the biochemical level were not observed. Similar results were reported
by Li et al. [35]. Compared to sodium selenite, biogenic SeNPs showed a protective effect
on liver parenchyma and inhibiting effect for the elevation of the level of liver enzymes in
carbon tetrachloride-induced liver damage in mice.

Evaluation of blood glucose levels showed a significant increase in experimental
groups treated by 1.5, 3 and 5 mg Se/kg. Liver parenchyma metabolises dietary carbo-
hydrates via phosphorylates glucose to glucose 6-phosphate inside the hepatocyte. The
influence of Se supplementation on glucose metabolism is complex, and it is supposed to
be reflected by non-linear U-shaped dose–response relationship [36]. Animal studies have
indicated that Se supplementation may lead to hyperinsulinemia, insulin resistance, and
glucose intolerance [37]. Kiersztan et al. reflected the different effect of inorganic (sodium
selenite) and organic form (methylselenocysteine) on glucose homeostasis [38]. Different
effects can be expected for various selenium nano forms. Non-toxic doses of SeNPs tend
to decrease glucose levels in diabetic rats, as was described by several authors [39–41].
Al-Quraishy suggested a potential mechanism of action via the influence of malic enzyme,
hexokinase and glucose-6-phosphate dehydrogenase activity [42]. Overall, SeNPs may
affect glycaemic control at different levels of regulation dependent on Se form.

Selenium is one of the essential compounds that play a role in oxidative stress elimina-
tion. Thus, it could be expected that higher doses of Se affect TAC and levels of antioxidant
enzymes, such as GPx and SOD. Surprisingly, the presented results have not shown signif-
icantly different levels of TAS and GPx compared to the control and treated groups [43].
In contrast to our results, Wang et al. [44] confirmed selenium activation of TAC, SOD
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and GPx in a dose-dependent manner of 0.1 and 0.2 mg Se/kg. It is noteworthy that most
studies have utilised non-toxic levels of Se or SeNPs, and at these levels, SeNP supple-
mentation can ameliorate the adverse effects of oxidative stress on the liver [45,46]. In the
long-term period oxidative stress, or its sudden increase, has proved depletion of SOD
activity [47,48]. In this study, the activity of SOD has been significantly decreased in the
group of experimental animals treated by 5 mg Se/kg. On the other hand, lower doses of
SeNPs (0.1 mg Se/kg) can cause a significant increase in SOD with an overall impact on
improving the antioxidant system [49,50].

To eliminate the effect of natural micronutrients (other than Se), animals were fed on
a monodiet. The weakness of this approach could lead to malnutrition demonstrated by
mild damage of intestinal epithelium and liver parenchyma. Slight devastation of intestinal
mucosa and villi, as well as mild dystrophy, has been observed in a histopathological
examination of the control group. Significant dose-dependent deterioration was observed in
groups treated with SeNPs. Our results are supported by Hey et al., who presented damage
of selected tissues in supranutritional and nonlethal levels from 0.2 to 8 mg Se/kg [51].
Contrary to these results, no histological changes in the livers of rats exposed to SeNPs
or selenite (0.05, 0.5 and 4mg Se/kg) have been observed in recently published results by
Hadrup et al. [12].

SeNPs have displayed unique functionalities due to their nanoscale size. These
properties are assigned to the lower surface area per unit volume, and, therefore, the
nanoparticles are less interactive and release selenium more slowly. Moreover, the toxicity
reported for elemental selenium (Se0) at nano size is lower than the toxicity of selenate
(SeII), selenite (SeIV), or selenate (SeVI) ions. SeNPs seem to be less reactive than Se salts or
organic compounds.

5. Conclusions

Our study did not prove a significant toxic effect of SeNPs on the Wistar Albino rat
animal model. The highest doses of SeNPs showed a decrease in weight gain (34 ± 11 g)
compared to the control group (41 ± 9), a decrease in ALT activity (1.68 ± 0.52 µkat/L) com-
pared to the control group (3.15 ± 0.58 µkat/L) and increase in blood glucose concentration
(9.13 ± 0.58 mmol/L) compared to the control group (6.75 ± 0.16 mmol/L). No significant
change was observed in the antioxidant status of the rats, only SOD activity in liver was
significantly decreased in the SeNP-treated group with 5 mg Se/kg. Histopathological
findings indicate damage to the liver parenchyma and intestinal epithelium in a dose-
dependent manner. However, it can be concluded that short-term SeNP supplementation
could be safe and beneficial in terms of Se deficiency or specific treatment. The challenge
for further studies will be using SeNPs for targeted therapy or supplementation of selenium
in its long-term deficiency. However, a pharmacokinetic investigation is required for these
experiments.
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