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Abstract

kg) and repeated (500 mg/kg) 90 day administration.

In recent years, application of nanoparticles in different fields of biomedical research, paves its way. Nanosized
drugs are claimed to decrease toxicity and reduce the needed dose. Selenium is one of the essential trace element
in the body that exhibits both anti-oxidative and pro-oxidative effects and is of great importance for nourishment
and medicine. Like other nanoparticles, selenium nanoparticles (SeNPs) possess some unique mechanical, optical,
electrical, biologic and chemical properties as compared with bulk materials. The aim of the study was to evaluate the
possible effects of orally consumed high doses of SeNPs on rodents’ alimentary tract after single (1000 and 5000 mg/
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Introduction

An important role of elementary selenium (Se), as a
micronutrient is well-known. In nature Se is represented in different
forms: selenide, selenite, selenate, and elemental selenium. The
latter is water-insoluble and thus is considered biologically inert.
Dietary selenium is present as sodium selenite and other selenium-
containing organic compounds, such as L-selenomethionine and
L-selenocysteine [1].

Se deficiency causes arrhythmias, heart failure, cardiomegaly,
cardiomyopathy, thromboemboly, myocardial infarction [2-4]. As well,
it decreases protective ability of the body to free radicals [5], including
reactive oxygen species (ROS) during oxidative stress. It has been
confirmed that selenium can improve the activities of the selenoenzyme
such as selenium-dependent glutathione peroxidases (Se-GSH-Px)
which act as a function of redox centers and prevent free radicals from
damaging cells and tissues. Interest towards the synthesis of selenium
nanoparticles (SeNPs) and their bioactivity raised after elemental
selenium nanospheres (300 nm) have been found in certain anaerobic
bacteria [6].

Recent studies demonstrated the positive impact of selenium
nanoparticles (SeNPs) on different organ systems. SeNPs appeared
to have antioxidant, antimicrobial, anti-carcinogenic properties [7-
9] characterized by good permeability in tissues [9,10] SeNPs show
better biocompatibility, bioefficacy, and lower toxicity compared with
inorganic and organic selenocompounds [11-13].

The chemopreventive effects of selenium in animals usually
occur at 1-3 pug Se/g diet [14], although a dietary selenium toxicity
threshold value of 3-4 pg Se/g diet has been proposed [15]. In
patients with gut cancer Se supplementation improved the clinical
course of general conditions [16]. Several studies describe protective
effect of Se against UV light, [17] lead [18], mercury [19-22] and
cadmium [22], progression of HIV infection [23], as enhancer of
immune system [24,25].

The present study aimed to evaluate the effect of high oral doses
of SeNPs suspension single and continuous exposure on rodents’
alimentary tract.

Materials and Methods

Preparation of SeNPs

SeNPs were prepared in Tbilisi State University A.Natishvili
Institute of Morphology by mechano-sonochemical method. Pure
selenium metallic powder (50-80 um) was grinded in planetary ball
mill DECO-PBM-V-0.4L and then additionally treated in ultrasonic
homogenizer UZDN-1 U4.2 to bring particle size below 100 nm [26].

Characterization of SeNPs

Selenium powder-derived nanoparticles were characterized by
JEOL JSM-6510 LV scanning electron microscope, supplied with
X-Max N20 detector, Zeiss Ultra 55 scanning electron microscope and
JOEL JEM-100SX transmission electron microscope.

In vivo animal study

Albino rats (b.w. 250-300 g) where used for the experiment. The
rats were housed in groups in plastic cages with stainless-steel grid
tops and kept under standard conditions (t 22 + 2°C, humidity 50%,
12/12 hr. light/dark cycle) with free access to food and water. SeNPs
safety was determined in acute oral toxicity and chronic toxicity studies
accordingly to OECD guideline for testing of chemicals [27,28].

All studies were conducted in accordance with current international
standards (Directive 2010-63-EU on the Protection of Animals Used for
Scientific Purposes, 2010 [29]; Guide for the Care and Use of Laboratory
Animals, 8" edition 2011 [30].
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SeNPs administration schemes

Single administration: 8-12 week 11 albino rats were randomly
divided in three groups, 3 rats in each group (1 female and 2 male
rat) and 5 rats (1 female and 4 male) for control study. Females where
nulliparous and non-pregnant. Test substance was administered in a
single dose by gavage using a stomach tube. Animals where fasted for 24
h (with free access to water) prior to dosing.

Group I assigned as control and received single dose normal saline
0.9%.

Groups II and IIT were given SeNPs suspension single dose 1000
mg/kg and 5000 mg/kg, correspondingly.

Animals where monitored individually after dosing every 30
minutes during the first 4 hours, then every 6 hours during the first 24
hours, and twice a day thereafter, for a total of 7 days. On day 7, the rats
were fasted (water ad libitum) overnight and then euthanized with CO,
at flow rate 5 L/min per cage.

Repeated administration: 8-12 week albino rats were randomly
divided in two groups, 10 animals in the group. Test SeNPs water
suspensions were administered once a day for 90 days as described
above.

Group I (control) was given normal saline 0.9%.
Group II was given SeNPs suspension 500 mg/kg for 90 days.
Histopathological evaluation

An autopsy was performed immediately after the euthanasia. The
intestines were harvested, rinsed with normal saline and then fixed
in 4% formaldehyde for 48 hours at room temperature. Organs were
dehydrated in a graded series of ethanol, embedded in paraffin and
sectioned into slices of 5 um thickness provided by a rotary microtome.
Then, sections were deparaffinized, stained with hematoxylin and eosin
(H&E) and examined using a bright-field microscope.

Results

Estimation of particle size

Pure selenium powder was grinded for 4 hours in planetary ball mill
DECO-PBM-V-0.4L and characterized by JEOL JSM-6510 LV scanning

electron microscope, supplied with X-Max N20 detector (Figure 1).
Further size reduction was done by ultrasonic irradiation for 20 min and
the obtained samples were characterized using Zeiss Ultra 55 scanning
electron microscope (Figure 2). Finally, Se-NPs were suspended in
deionized water and irradiated for more 20 min. The mean particle size
of Se-NPs was <100 nm (TEM JOEL JEM-100SX) (Figure 3).

Animal study

During the experiments no lethality was detected. None of tested
Se-NP formulations caused changes in skin and fur condition, eyes and
mucous membranes. There was no difference in defecation rate or feces
consistency between control and experimental groups. As well gastric
metaplasia or hemorrhage were not detected neither in single nor in
multiple SeNPs administration.

Single dose of SeNPs 1000 mg/kg caused destructive changes
in intestines. Signs of initial epithelial erosion and desquamation
were evident, intense eosinophilia and abundant cellular infiltration
was found in criptae zones. Vascular lumen showed SeNPs as black
colored deposits (Figure 4A). Mesenteric vessel lumen showed black-
colored masses, more abundantly into the veins, filling the vein lumen
completely (Figure 4B).
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Figure 2: Selenium after 20 minutes of ultrasonic irradiation. Zeiss Ultra55 SEM.
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Signs of disorganization of mucosa and muscular layers in large
intestine were observed after the administration of SeNPs single
dose 5000 mg/kg. Specifically, the lesion and lymphoid infiltration of
mucosal layer were seen, which is resulted from non-specific tissue
reaction on maximally high dosage of SeNPs considered by the protocol
[27]. Black-colored deposits of SeNPs were observed in vascular lumen.
This substance can be seen in small amount in perivascular tissue areas
as well (Figures 5A and 5B).

Morphological study of intestinal tissue after 90 days administration
of SeNPs 500 mg/kg revealed well defined plicae and criptae, with
parallel alignment of criptae. Epithelium in criptae contained high
number of goblet cells, secreting mucus and excreting it into the criptae
lumina. All layers were intact, mucosa, lamina propria, submucosa, 3 .
muscularis mucosae and muscularis externa were well defined, without e e 35
any notable changes (Figure 6).
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Figure 4: Histopathological effects of SeNPs 1000 mg/kg on rat intestines after single exposure. H&E (A)X100 (B)X200. White arrows - deposits of SeNPs.

Figure 5: Histopathological effects of SeNPs 5000 mg/kg on rat intestines after single exposure. H&E (A)X200; (B) X400. White arrows (deposits of SeNPs).
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Figure 6: Histopathological effects of SeNPs 500 mg/kg on rat intestines after
continuous (90 days) exposure. H&E, X200.

Discussion and Conclusion

Neither single (5000 mg/kg) nor repeated (500 mg/kg) oral
administration of of SeNPs causes no lethality. Histopathological
evaluation of rodents’ alimentary tract after oral administration of high
doses of SeNPs shows that toxicity of SeNPs is dose and time depended.
SeNPs appeared to be much less toxic during the multiple (90 days)
exposure in comparison to single exposure.

The study revealed that the repeated administration of SeNPs
at supranutritional level does not cause gastric metaplasia and
hemorrhage, gastritis or vascular congestion, and disorganization of
intestinal structure, as intestinal villi and wall layers remain unchanged.

Thus, it can be suggested that it is possible to vary the
supranutritional level of SeNPs suspensions in wide doze interval. This
fact can be helpful for the determination of the most effective regimens
of treatment by micronutrients.

Further studies are required to clarify the SeNPs toxicity to get a
deep insight into its mechanism.
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