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Background: Nanotechnology has enabled researchers to synthesize nanosize particles that
possess increased surface areas. Compared to conventional microparticles, it has resulted in
increased interactions with biological targets.

Obijective: The objective of this study was to determine the protective ability of selenium
nanoparticles against hexavalent chromium-induced thyrotoxicity.

Design: Twenty male rats were used in the study, and arbitrarily assigned to four groups.
Group 1 was the control group, and was given phosphate-buffered saline. Group 2 was the
chromium-treated group and was given K Cr,0, 60 pg/kg body weight intraperitoneally as a
single dose on the third day of administration. Group 3 was the nano-selenium-treated group
and was given selenium nanoparticles (size 3-20 nm) 0.5 mg/kg body weight intraperitoneally
daily for 5 consecutive days. Group 4 was the nano-selenium chromium-treated group, which
received selenium nanoparticles for 5 days and a single dose of K Cr,O, on the third day of
administration.

Materials and methods: Blood samples were collected from rats for measuring thyroid
hormones (free triiodothyronine [T,] and free thyroxine [T,]) and oxidative and antioxidant
parameters (malondialdehyde [MDA], reduced glutathione [GSH], catalase, and superoxide
dismutase [SOD]). Upon dissection, thyroid glands were taken for histopathological examination
by using paraffin preparations stained with hematoxylin and eosin (H&E) and Masson’s
trichrome. Immunohistochemical staining was performed for detecting cellular proliferation
using Ki67 antibodies.

Results: The present study shows that K,Cr,0, has a toxic effect on the thyroid gland as a
result of inducing a marked oxidative damage and release of reactive oxygen species. This
was shown by the significant decrease in free T, and T, and GSH levels, which was accom-
panied by significant increases in catalase, SOD, and MDA in the chromium-treated group
compared to the control group. Se nanoparticles have a protective effect on K,Cr,0_-induced
thyroid damage, as a result of correcting the free T, and T, levels and GSH, catalase, SOD,
and MDA compared to the K Cr,O_-treated group. Administration of nano-selenium alone in
the nano-selenium-treated group had no toxic effect on rats’ thyroid compared to the control
group. The biochemical results were confirmed by histopathological, immunohistochemical
and pathomorphological studies.
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Introduction

Nanotechnology is the design and manipulation of materials on the atomic scale. The
novel properties that emerge as materials, rated on the nanoscale, open the door to
innovations in energy, manufacturing, and medical treatment.
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Recent years have witnessed an unprecedented growth
in research in the area of nanoscience. There is increasing
optimism that nanotechnology applied to medicine will
bring significant advances in the diagnosis, treatment, and
prevention of disease. Nanotechnology holds promise for
medication and nutrition, because materials at the nanometer
dimension exhibit novel properties different from those of
both isolated atoms and bulk material. At the same time, these
novel properties may pose new risks to workers, consumers,
the public, and the environment. The limited data now
available demonstrate the potential for some nanomaterials
to be persistent and mobile in the environment and in
living organisms, and to cross multiple physiologic barriers
(including lung-blood, blood—brain, and placental barriers,
as well as cell membranes).'?

Selenium, from the Greek “selene” (meaning moon), is
a chemical element (atomic number 34) that was discovered
as a by-product of sulfuric acid.? Fittingly, selenium was also
detected in the moon dust brought back by the 1969 Apollo
mission.* Although, it was largely ignored as a therapeutic
agent for over 100 years due to its toxicity, recent decades
have confirmed its importance for mammalian life, with the
recognition that selenium coordinates the functioning of
certain proteins, designated as selenoproteins.**

Foods that are particularly rich in selenium are shellfish,
crabs, kidney, liver, and Brazil nuts. Although diet is the main
source of selenium intake, improvement of dietary intake
depends on the characterization of selenium bioavailability
from various food sources.” The chief form of selenium in
plants is selenate, which is directly translocated from the soil,
and selenium-containing proteins in which selenomethionine
(SeMet) and selenocysteine replace methionine and cysteine,
respectively.® The incorporation of SeMet into the body
proteins by substitution of methionine is a unique property
of SeMet, providing a means of selenium storage in tissues;
this feature makes it particularly beneficial as a form of
nutritional supplementation.’

Selenium supplementation shows promising potential
for enhancing glutathione peroxidase (GPx) and other
selenoprotein activity in various pathological thyroid
conditions. The efficacy of selenium supply frequently
depends on the bioavailability of the used compounds.
SeMet possesses excellent bioavailability and lower
toxicity, and therefore it is more applicable for long-term
administration.'

Recently, the introduction of nanosize elemental selenium
produced a highly effective molecular compound, and

when compared with SeMet, it showed similar efficacy in
increasing antioxidant GPx activity while displaying lower
toxicity.!! Nano-selenium has potent effects on upregulation
of GPx, and it yields more efficacious results in the induction
of glutathione S-transferase over the short term, but it causes
less oxidative stress.?

These selenium nanoparticles also show high biological
activity and good absorptive ability due to the interaction
between the nanoparticles and —NH,, C=0, "COO,
and —C—N— groups of proteins.'* Studies on the biological
activities of selenium and its nanoforms revealed that hollow
spherical nanoparticles of selenium have strong antioxidant
properties.'* Similar studies declared that nano-selenium
has the ability to act as an antioxidant with reduced risk of
ordinary selenium toxicity.'?

The size of nano-selenium plays an important role in
its biological activity, as 5-200 nm nano Se can directly
scavenge free radicals in vitro in a size-dependent fashion.'?
Several methods, including y-irradiation and laser ablation,
have been applied to synthesize selenium nanoparticles,
but the most widely used synthetic approach for preparing
selenium nanoparticles is chemical reduction.'®

Chromium is a fascinating and versatile metal discov-
ered two centuries ago. It makes the emerald green and the
ruby red. An essential trace nutrient, its biologic activity
depends on its valence state. Metallic chromium (valence
zero, Cr-0) is inert. Chromium IIT (Cr[III]) is found in
foodstuffs, may be of therapeutic value, and is used as a
nutritional supplement because of its better bioavailability.
Cr(VI) is the form found in welding, plating, and chemical
industries.'” Cr(VI)originates mostly from industrial use.'®
Cr(VI) is used in more than 50 industries, '’ including min-
ing, production of stainless steel and chrome pigments,
leather tanning and is used as anticorrosive in cooking
systems and boilers.'®

The presence of chromium in the effluents is hazardous
for animals and human beings, and it is now very well estab-
lished that hexavalent chromium (Cr[VI]) is highly toxic to
life forms, due to dermatotoxic, carcinogenic, neurotoxic,
nephrotoxic, genotoxic, and immunotoxic effects.?

Several systemic toxicities of Cr(VI) have been dem-
onstrated in experimental animals in vivo and in vitro.2!?
Occupational and environmental exposure to compounds
containing Cr(VI) is known to cause multiorgan toxic-
ity, such as renal damage, allergy and asthma, and cancer
of the respiratory tract in humans.'® For those exposed to
chromium industries (eg, during welding or plating), Cr(VI)
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is the valence form involved; it generally enters the body by
inhalation or transdermally, and in a form that readily crosses
cell membranes.?

The molecular mechanism by which Cr(VI) elicits
biological responses, either toxic or adaptive, is unclear
at present, but is hypothesized to be related to its reduc-
tion to Cr(III) in cells. Cr(V) and Cr(Ill) are derived from
reduction of Cr(VI) from covalent interaction with DNA
and protein. Moreover, reduction may accompany the
production of reactive oxygen species (ROS), resulting in
oxidative stress.?

The thyroid is an essential endocrine gland of animal
bodies, and its secretions are metabolically pertinent. Little
or almost nothing has been reported concerning the effects
of Cr(VI) on thyroid gland structure or its secretions.?

In this study, the use of nanoparticle-based antioxidants
as a potential treatment for thyrotoxicity was explored. One
obvious use of nanoparticles would be for enhancing the
performance of antioxidants. Therefore, the aim of this study
was to design a rat model for thyrotoxicity and to determine
the extent to which Se nanoparticles safeguard against
chromium-induced thyrotoxicity in this model.

Materials and methods

Chemicals

All chemicals used in this study were of analytical grade.
Hexavalent Chromium (Cr[VI]) was purchased from El
Gumbhoria (Cairo, Egypt) in a synthetic-form potassium
dichromate (K,Cr,0.). Selenium nanoparticles (320 nm
particle size) were obtained from the Nanotechnology Unit,
Faculty of Pharmacy, Beni-Suef University, Egypt, as a
sterilized solution, as they were dispersed in phosphate-buffered
saline (PBS) and ready for use. Ketamine and xylazine were
obtained from Sigma-Aldrich, Gillingham, UK. Transmission
electron microscopy was used for characterization of
nanoparticles (shape and size) (Figure 1).

Experimental animals

This study was approved by the Committee of Scientific
Ethics at Beni-Suef University, Egypt, and was carried out in
accordance with its guidelines for animal use. Twenty male
albino Wistar rats weighing on average 200-250 g were used
in this study. They were obtained from the animal house of
the Research Institute of Ophthalmology, Giza, Egypt. They
were kept under suitable conditions for 1 week for adaptation.
They were maintained in stainless steel cages in a well-
ventilated animal house at normal temperature (22°C £ 5°C)

100 nm

Figure | (A—C) Transmission electron microscopy of Se nanoparticles shows their
shape and size at different magnification power.

Notes: The images reveal that Se nanoparticles are 3—20 nm and spherical. Se atoms
are dispersed homogeneously in solution and not agglomerated. (A) Bar 50 nm;
(B) bar 0.2 um; (C) bar 100 nm.

under a 12:12-hour light—dark cycle. They were fed with
standard diet and given water ad libitum. The rats were
randomly divided into four equal groups (five rats each).

Group 1 (control) rats were given a single dose of sterile
PBS (0.5 mL intraperitoneally [IP]) as a single dose. Group 2
(chromium-treated group) rats were given a single dose of
K,Cr,0, (60 ug/kg body weight dissolved in 0.5 mL PBS
IP),** on the third day of administration. Group 3 (nano-
selenium-treated group) rats were given nano-selenium
(0.5 mg/kg body weight dispersed in 0.5 mL PBS IP)'? daily
for 5 consecutive days. Group 4 (nano-selenium chromium-
treated group) rats were given nano-selenium (0.5 mg/kg
body weight dispersed in 0.5 mL PBS IP) daily for 5 con-
secutive days and were also given a single dose of K Cr,0,
(60 ng/kg body weight dissolved in 0.5 mL PBS IP) on the
third day of administration.

Twenty-four hours after administration of the last dose,
blood samples were taken from the medial canthus of the
eyes of rats by capillary tubes into Wassermann tubes
while they were under anesthesia. They were anesthetized
with a 1.37:1 mixture of ketamine:xylazine (1 mL/kg body
weight, IP). Blood samples were left at room temperature
for 20 minutes to clot. They were centrifuged at 1000 g for
15 minutes to separate serum. Serum was stored at —20°C
till time of analysis. Thyroid glands were collected after dis-
section of CO,-killed rats.

Methods

Biochemical studies
The following parameters were measured in the serum
of the four tested rat groups, according to the instructions

International Journal of Nanomedicine 2013:8

submit your manuscript

1715

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Hassanin et al

Dove

of their referred methods: serum free triiodothyronine
(T,) and tetraiodothyronine (T,) were measured by using
Milliplex Map Rat Thyroid Hormone TSH Panel — 2 Plex
(EMD Millipore, Billerica, MA, USA). Reduced glutathione
(GSH),» catalase,? superoxide dismutase (SOD),”” and
malondialdehyde (MDA),?*?* were measured in serum
by using colorimetric assay kits (Biodiagnostic, Cairo,
Egypt).

Evaluating the size and the morphology
of the selenium nanoparticles using

transmission electron microscopy

The size and morphology of the selenium was studied
via the transmission of electron microscopy (JEOL, Tokyo,
Japan). The microscope was operating at an accelerating
voltage of 80 kV. The selenium samples were first diluted
(1:10) in distilled water, and a 20 puL aliquot was applied onto
a carbon-coated grid. The solution was then left for 1 minute,
and the excess was removed from the grid by blotting with a
filter paper. The grids were placed in the grid box for 2 hours
to dry before imaging.

Statistical analysis

All the biochemical and morphometric data were expressed
as the mean + standard error. Differences between the means
were tested by independent-sample #-tests for paired data.
Statistical analysis was performed by using SPSS, version 16
(IBM, Armonk. NY, USA). A P-value less than 0.05 was
considered significant.

Light microscopic study

To take thyroid tissues for histology, rats were anesthetized and
killed. Thyroid tissues of all groups were immediately fixed in
10% neutral buffered formalin solution, and they were later
processed for standard histological procedures. Thick paraf-
fin-embedded sections (5 (im) were stained with conventional
H&E, Masson’s trichrome, and immunohistochemical stain
by using Ki67: Monoclonal Mouse Anti-Human (Agilent
Technologies, Santa Clara, CA, USA). This antibody was
employed as the first antibody in the standard avidin—biotin
immunoperoxidase complex method.*® A positive reaction
was expressed as a relatively dark-brown color of the nucleus
with a granular pattern, while a negative nucleus was not
stained and appeared blue.

Morphometric studies
Thyroid gland morphometry was performed to determine
the thyroid gland activity of control versus treated rats.

Morphometry data was collected by using a QWin 500 image
analyzer (Leica Microsystems, Wetzlar, Germany). Twenty
follicles for each animal were measured for cell height by
selecting three epithelial cells at each of the 12, 5, and 7 o’clock
positions and calculating their mean height. Optical density
of Masson’s trichrome was also measured in ten high-power
fields by binary mode menu. Scoring of Ki67-immunostained
nuclei — ten high-power fields (at magnification 400x) — were
used to count the positive immunostained nuclei and to
determine the Ki-67 labeling index. This index was defined
as a percentage ratio of positively immunostained cells to
the total number of counted cells.

Results

Biochemical changes

Measurement of the thyroid profile (free T, and T,) in the
serum of the four tested rat groups revealed that there was
a significant decrease in free T, and T, levels (P < 0.01) in
group 2 (chromium-treated group) compared with that of
each of group 1 (control), group 3 (nano-selenium-treated
group), and group 4 (nano-selenium chromium-treated group)
(Table 1).

There was a significant decrease in the serum level of
GSH in group 2 compared with that of each of groups 1, 3,
and 4. In contrast, measurement of the serum contents of
MDA, catalase, and SOD showed a significant increase in
their levels (P < 0.01) in group 2 compared with each of
groups 1, 3, and 5 (Table 2).

Histopathological changes
Thyroid of saline-treated control rats (group 1) revealed
variable-size follicles with normal interfollicular spaces and
intact basal lamina (Figure 2A). Follicular epithelial cells
were low-cuboidal to squamous. The colloid was normal
and darkly stained in H&E sections (Figure 2B) without
noticeable retraction or desorption.

Thyroid tissues of group 2 rats showed hyperplasia of
the intrafollicular epithelium, markedly visible follicular
segregation, and increased interfollicular spaces (Figure 2C).

Table | Serum concentration of free triiodothyronine (T,) and
free thyroxine (T,) in rats of the four tested groups

Parameters T, (ng/dL) T, (ng/dL)
Group | 1122 +47 9.3+£0.69
Group 2 49.1 £3.3*% 5+ 0.39*
Group 3 100.32 £ 1.12 84+09I
Group 4 91.7£39 8.3 £0.46

Notes: Values are expressed as means + standard error of mean. *Significant
variation at P < 0.01.
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Table 2 Oxidative and antioxidant parameters in serum of the
rats in the four tested groups

GSH MDA Catalase SOD

(mg/dL) (nmol/mL) (U/mL) (U/mL)
Group | 662+ 7.1 1.65+£0.39 3.1+£0.38 497 £ 0.16
Group 2 40.5 + 1.5% 8.9 +0.8I* 6.9 £0.46* 10.74 £ 0.68*
Group3 60.32+ 1.2 .11 £0.22 298 +£0.21 4.1 £1.01
Group 4 71.5+52 49 +0.44 3.9+0.42 6.31+0.43

Note: *Significant variation at P < 0.01.
Abbreviations: GSH, glutathione; MDA, malondialdehyde; SOD, superoxide
dismutase.

Microscopic images also revealed desquamated irregularly
shaped follicles with reduced colloidal space (Figure 2D
and E). In group 3 rats, no histopathological changes were
observed (Figure 2F).

In thyroid sections from rats of group 4, a markedly
low level of cellular insult was found compared to
group 2 rats. In these sections, follicles showed near-normal
morphology (Figure 2G). Although epithelial cell nuclei
appeared normal, congested blood capillaries were still
encountered (Figure 2H).

In thyroids of control-group rats, collagen was minimally
present within the gland (Figure 3A). In contrast, in thyroids
of group 2 rats (Figure 3B), collagen deposition increased
compared with those of the control-group rats, group 3 rats
(Figure 3C), and group 4 rats (Figure 3D).

Regarding the immunohistochemical results, thyroids
of rats of the control group exhibited weak proliferation,
as shown by Ki67-positive nuclei (Figure 4A). However,
in group 2, there was a positive nuclear immunostaining,
as shown in Figure 4B, while in group 3 (Figure 4C) and
group 4 (Figure 4D), nuclei showed weak positive nuclear
immunostaining.

Discussion

In the past, several authors reported the absorption of the
toxic heavy-metal chromium VI being absorbed by the ani-
mal body several times greater than Cr(III)."” This hexavalent
chromium is proven to be toxic and carcinogenic. Its toxic-
ity constitutes a major health hazard to the workers that are
being exposed to this heavy metal in industrial areas. This
hazard is not only restricted to workers but also it over-
reaches the general public residing in these industrial areas.
Therefore, research trials have been carried out to study the
protective role of some natural antioxidants, such as ascorbic
acid, alpha tocopherol, and methionine, against heavy-metal
toxicity.?! The present study showed hypofunction of thyroid
gland and thyroid tissue insult following exposure to Cr(VI).

Figure 2 Photomicrographs of (A) thyroids of the control group (group |) at low
magnification, showing normal, evenly spaced follicles (H&E, 10x); (B) thyroids of
the control group (group ) at high magnification, showing follicular epithelial cells
(H&E, 40x); (C) thyroids of the chromium-treated group (group 2), showing follicular
hyperplasia (arrow) with large interfollicular spaces (star); (D and E) thyroids of
the chromium-treated group (group 2), showing desquamated follicles (arrow) and
congested interfollicular blood vessels (arrowheads) (H&E, 40x); (F) thyroids of
nano-selenium-treated group (group 3), showing normal follicles; (G and H) thyroids
of nano-selenium chromium-treated group (group 4).

Notes: Sections show near-normal follicular structure, large and small follicles,
lightly stained colloid, and reduction of interfollicular spaces. Congested blood
capillaries are still present (arrowheads) (H&E, 10x and 20x, respectively).
Abbreviation: H&E, hematoxylin and eosin.

This was indicated by significant decreases of free T, and
T, compared to control group (Table 1). These results are
similar to results obtained by other scientists who reported
that Cr(VI) induced hypothyroidism and thyroid tissue
insult in rats.

Cr(VI) induced thyroid toxicity through increasing
cellular oxidative stress and decreasing the activity of anti-
oxidants.’! Our results showed that administration of Cr(VI)
caused a significant decrease in GSH concentration and a
significant increase in MDA concentration. These findings
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Figure 3 (A-D) Comparison of collagen deposition in thyroids of control and
treated rats at high magnification power (Masson’s trichrome, 40x).

Notes: (A) In thyroids of group I, collagen (arrow) is minimally present within the
gland. (B) In thyroids of group 2, collagen deposition (arrow) increased compared
with those of group |. Group 3 (C) and group 4 (D) showed little collagen deposition
compared to thyroids of group 2, as they nearly returned to normal.

are in agreement with the results of many other scientists
who have reported that administration of Cr(VI) causes a
significant decrease of GSH contents in rats,’! and an increase
of catalase and SOD activities compared to the control group
(Table 2) in a recent study demonstrated that catalase is a
classical oxidative biomarker and is the most abundant in
peroxisomes, where oxidative stress most frequently occurs.*

Figure 4 (A-D) Ki67 staining in thyroid tissues at high magnification power (40x).
Notes: (A) Thyroids of group | exhibited weak proliferation, as shown by
Ki67-positive nuclei. (B) thyroids of group 2 showed strong positive nuclear
immunostaining. Thyroids of group 3 (C) and group 4 (D) showed weak positive
nuclear immunostaining.

The increase in these enzyme activities suggests a response
toward increased ROS generation.*** Moreover, it is reported
that Cr(VI) often generates free radicals, which in turn
activate O, and produce ROS, including hydroxyl radicals,
singlet oxygen, superoxide and hydrogen peroxide,”3* and
consequently lead to DNA damage.>

In our results, the biochemical alterations were con-
firmed by the presence of pathomorphological altera-
tions in thyroid glands of rats exposed to K,Cr,O.. These
alterations are represented by follicular hyperplasia with
large interfollicular spaces, desquamated follicles, and con-
gested interfollicular blood vessels (Table 3 and Figure 2).
Similar changes in the thyroid tissues following exposure
to K, Cr,0, were documented in earlier studies.”’ Follicular
hyperplasia may be connected with a cascade of cellular
events involving oxidative stress, genomic DNA damage,
and modulation of apoptotic regulatory gene (P>) after
exposure to chromium.?! In addition, thyroid glands of rats
exposed to K,Cr,O, showed a significant deposition of col-
lagen compared to control rats (Table 3 and Figure 3), and a
strongly stained nuclei Ki67 compared to the control group
(Table 3 and Figure 4).

The alterations observed in thyroids, including hyperplasia
of the intrafollicular epithelium, follicular segregation with
increased interfollicular spaces, and desquamated irregular
reduced colloidal space, indicate the highly toxic effects of
Cr(VID).

Se nanoparticles have recently come to be known to
have antioxidant effects. These effects are declared to be
through increasing activities of both GPX and glutathione
S-transferase-as well as causing less oxidative stress.'>!3

Treatment of rats with nano-selenium (3-20 nm)
(Figure 1) before and after Cr(VI) exposure appeared to

Table 3 Morphometrical parameters of the thyroid glands of the
four tested groups

Morphometrical Groups

parameters Group |  Group 2 Group3 Group 4
Follicular 486 £0.21 897+0.27% 483+0.31 559+049
epithelial

cell height

Area percentage 04+05 48+25* 04+09 05+08
of trichrome-

stained collagen

Area percentage 0.1 0.4 2.3 +2.5% 03+04 0.6+0.7

of ki67-positive
nuclei

Notes: Values are expressed as means + standard error of mean. *Significant
variation at P < 0.05.
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counter to the hypothyroid status. This was indicated by
restoring serum free T, and T, concentrations (Table 1), as
well as thyroid antioxidant activity by returning the GSH,
MDA concentration, catalase and SOD activities to nearly
normal levels (Table 2).

Nano-selenium succeeded in restoring thyroid integrity by
lowering oxidative stress, as the administration of Se nano-
particles caused a significant increase in hepatic antioxidant
activities (GSH and GR and GST) and depletion of MDA
level.?® The most important metabolic roles of selenium in
mammalian cell are due to its function in the active site of
many antioxidant enzymes; like thioredoxin reductase, glu-
tathione peroxidase and glutathione reductase.*

Our study suggests that selenium nanoparticles whose
size ranges between 3 and 20 nm may represent a novel
therapeutic regenerative material that scavenges ROS caused
by exogenously elevated ROS due to Cr(VI) exposure. When
ROS are produced at high levels, cellular components are
damaged. These ROS can positively affect biological systems
as a defense mechanism against microorganisms. They can
also act as signal-transduction and transcription agents in
the development of stress responses, and programmed cell
death. However, excessive oxidative stress arising from the
strong cellular oxidizing potential of excess ROS or free
radicals has widespread adverse effects on multiple organ
systems, including hepatocellular damage, increased risk of
cataracts, cardiovascular disease, and cancer. Recent studies
suggest that selenoenzymes, including GTH and thioredoxin,
reductase play a role in enhancing the ability of Se to protect
against cancer.*

Earlier studies demonstrated that elemental Se at nano-
size has a comparable efficacy to selenite in upregulating
selenoenzymes and tissue Se levels, but it is less toxic.!:#!
These results challenged the long-held dogma that elemental
Se has no biological activity.

In rats receiving both selenium nanoparticles and
K,Cr,0,, there were no histopathological changes observed
in thyroid tissues, as we detected no follicular hyperplasia, or
desquamated follicles; in addition, we noticed the absence
of interfollicular congestion (Figure 2). Added to that, the
rats’ thyroids showed little collagen deposition (Figure 3)
and less stained nuclei with Ki67 (Figure 4).

The results obtained in this study correlate with earlier
studies concerning the influence of different antioxidants
on the same organ. The studies showed a stronger preven-
tive action of selenium on the morphological picture of the
thyroid.** Administration of selenium nanoparticles to rats

inhibited the development of changes observed in thyroids
after exposure to K,Cr,O..

The present result is the first report on cellular thyroid
toxicity induced by Cr(VI) and amelioration of this damage
by administration of nano-selenium. Although few data
are available concerning the use of antioxidant against
Cr(VI)-induced thyroid toxicity, the result of the use of
nano-selenium against toxicity of one of the heavy metals
appears to be promising.

Conclusion

The administration of selenium nanoparticles demonstrated
beneficial effects upon biochemical and pathomorphological
alterations, developed in thyroids following exposure to
K,Cr,0,. This proves that nanoparticles play a significant
role in chromium toxicity. It could be concluded that the
administration of antioxidants in response to an increased risk
of exposure to chromium compounds may protect the human
body against their harmful effects. Although selenium nano-
particles were able to restore cell structure and/or prevent
cellular damage, further frequent detailed investigations
using different doses of both hexavalent chromium and
selenium nanoparticles are required.
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