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Abstract

Selenium, being an essential trace element, plays an
important role in the human and animal organisms.
Selenium compounds are widely used in various
fields of science and technology: from feed additives
in agriculture and drugs with increased therapeutic
activity against malignant neoplasms in medicine
to optically active quantum dots in electronics. This
paper presents the results of a study of the process of
stabilization of selenium nanoparticles with different
polysaccharides: hydroxyethyl cellulose, chitosan,
maltodextrin, methylcellulose, amylopectin and
hyaluronic acid.

Quantum-chemical modeling of the interaction of
selenium nanoparticles with various polysaccharide
stabilizers was performed in the QChem program
using the IQmol molecular editor. Models with electron
density distribution are obtained, and molecular
orbitals and total energy values of the system are
calculated for monomeric polysaccharide units, as well
as for “Stabilizer-Se” molecular complexes. At the next
stage, laboratoryand experimental samples of selenium
nanoparticles stabilized with various polysaccharides
were obtained. As a precursor nanoselenium used
the selenious acid and as a reducing agent - sodium
borohydride. The obtained samples were studied
by photon-correlation spectroscopy, acoustic and
electroacoustic spectroscopy.

It was found that the most stable and energetically
advantageous molecular system is the hyaluronic
acid-Se system, which has E = - 13752.47 kcal/mol
and AE = 0.299 a. u. By the results from photon-
correlation spectroscopy, acoustic and electroacoustic
spectroscopy, it was found that the samples stabilized
with amylopectin, hyaluronic acid, and maltodextrin
have a monomodal distribution with an average
hydrodynamic radius of 191.7, 529.1, and 109.1
nm, respectively. The remaining samples have a
bimodal size distribution. It is shown that the smallest
hydrodynamic radius has a sample of selenium
nanoparticles stabilized with hydroxyethyl cellulose,
which contains 2 fractions: 1-11.40nm (10.6%), 2 -94.05
nm (89.4%). According to acoustic and electroacoustic
spectroscopy data, the highest Zeta potential is found
in a sample stabilized with maltedextrin (+36.25 mV),
and the lowest-with hyaluronic acid (-143.09 mV). The
obtained data on the Zeta potential correlate with the
charges of functional groups in polysaccharide molecules.

As a result of the conducted research, it is shown that Se
nanoparticles stabilized with polysaccharides can be used
as a biological active supplement in the food industry.

Key words: Nanoselenium, Polysaccharides, Computer
quantum-chemical modeling, Zeta - potential, Average
hydrodynamic radius.
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1. Introduction

The main aspects of rational and preventive nutrition
are related to the balance of the macro - and
micronutrient composition of the diet. To maintain
a balanced diet, functional biologically active food
supplements containing a complex of essential macro
-and micronutrients are often introduced into the daily
diet. These complexes must be balanced, stabilized,
and bioavailable to ensure that the correct biochemical
effect is achieved. One of the essential trace elements
used in such complexes is selenium [1 - 4].

Selenium is a metalloid trace element that is an
important component for a full and healthy life of
people and animals. It performs numerous functions
in live organisms. Its biological activity is due to the
participation of selenium in the regulation of the
formation of antioxidants. There is a close correlation
between the level of selenium in the body and the
activity ofthe selenium-containingenzymeglutathione
peroxidase, which prevents the accumulation of
metabolic peroxides in cells. In addition, it is involved
in maintaining the immune system [5 - 7], has a
positive effect on sperm motility [8], activates thyroid
hormones [9], and plays a significant role in cancer
prevention [10 - 13]. Selenium also contributes to the
growth of the body [14].

Technologies of food additives development, which
are based on selenium is one of the promising areas of
research of selenium. The selenium nanoform attracts
even more attention due to its high bioavailability
and lower toxicity than its inorganic and organic
forms. Nanosolene has the following properties:
antioxidant, antiviral and antibacterial, anti-cancer,
immunostimulating, hypoglycemic, and others [15 -
18].

The biological properties of selenium nanoparticles
depend on their size: smaller particles have greater
activity [19]. The particle size affects the consumption of
nanoparticles by cells; for example, in vitro absorption
of 0.1 um particles will be 2.5 and 6 times greater
compared to 1 and 10 um particles, respectively [20].

Nanoparticle stabilization is very important process in
nanotechnology. Modern technologies are based on
electrostatic and polymer stabilization methods. The
most promising are polymer stabilizers, among which
polysaccharide stabilizers are widely used. Due to their
physical and chemical properties, polysaccharides are
widely used in various fields of medicine and food
industry [21 - 25].

The purpose of the work was to study the process of
stabilization of selenium nanoparticles with various
polysaccharides:  hydroxyethylcellulose, chitosan,
maltodextrin, metalcellulose, amylopectin, and
hyaluronic acid.
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2. Materials and Methods

The synthesis of selenium nanoparticles was
conducted using the chemical reduction method
0.037 g of selenous acid and 0.055 g of stabilizer were
dissolved in 20 mL of water and stirred until complete
dissolution for 30 minutes at room temperature. Next,
a reducing agent solution was prepared by dissolving
0.5 g of sodium borohydride in 10 mL of water. After the
complete dissolution of the substances, both solutions
were mixed with vigorous stirring. The resulting sol of
selenium nanoparticles was stirred for 15 minutes. The
resulting mixture was poured into an opaque brown
glass container.

Disperse composition of nanoparticles Se different
stabilizers was studied by photon-correlation
spectroscopy with Spectrometer of dynamic and static
light scattering Photocor Complex (Photocor, Russia).
The obtained samples of selenium nanoparticles were
studied using a DT-1202 spectrometer (manufactured
by Dispersion Technology Inc., USA).

Computer quantum-chemical modeling of the process
of stabilization of Se nanoparticles with various
stabilizers was performed in the QChem program
using the IQmol molecular editor. The calculation was
performed on the equipment of the Data Processing
Center (Schneider Electric) of the North Caucasus
Federal University. Calculation characteristics were:
Energy, method-HF, basis-6-31G, convergence-5, force
field-Ghemic.

3. Results and Discussion

3.1 Computer quantum-chemical modeling
of monomeric units of polysaccharides and
polysaccharide-selenium molecular systems

At the first stage of research, quantum-chemical
modeling of monomeric units of polysaccharides
was performed. For indication atoms in models was
used color index are shown in Figure 1. The obtained
models of monomeric units of polysaccharides,
electron density distributions, electron density
distribution gradients, and molecular orbitals for each
polysaccharide are shown in Figures 2 - 7.

©OO0ooe

Se C H 0O N

Figure 1. Color indication of atoms in models
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Figure 2. (a) Model of the hydroxyethylcellulose monomer unit, (b) electron density distribution, (c) electron density
distribution gradient, (d) highest occupied molecular orbital HOMO, and (e) lowest unoccupied molecular orbital LUMO
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Figure 3. (a) Model of the methylcellulose monomeric unit, (b) electron density distribution, (c) highest occupied
molecular orbital HOMO, (d) lowest unoccupied molecular orbital, (e) gradient of the electron density distribution
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Figure4.(a) Model of the maltodextrin monomericunit, (b) electron density distribution, (c) electron density distribution
gradient, (d) highest occupied molecular orbital HOMO, and (e) gradient of the electron density distribution LUMO
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Figure 5. (a) Model of the chitosan monomeric unit, (b) electron density distribution, (c) electron density distribution
gradient, (d) highest occupied molecular orbital HOMO, and (e) highest occupied molecular orbital LUMO
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Figure 6. (a) Model of the hyaluronic acid monomeric unit, (b) electron density distribution, (c) electron density
distribution gradient, (d) highest occupied molecular orbital HOMO, and (e) highest occupied molecular orbital LUMO
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Figure 7. (a) Model of the amylopectin monomeric unit, (b) electron density distribution, (c) electron density distribution
gradient, (d) highest occupied molecular orbital HOMO, and (e) highest occupied molecular orbital LUMO
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It is important to note that in each monomeric unit
of polysaccharides there are hydroxogroups with
concentrated negative charge, as evidenced by the
electron density distributions.

Also analysis of represented models showed the total
energy of molecular units: E (hydroxyethylcellulose) =
-1141.52 kcal/mol, E (methylcellulose) = -803.22 kcal/
mol, E (maltodextrin) =-1290.01 kcal/mol, E (chitosan)
= -705.40 kcal/mol, E(hyaluronic acid) =-1771.87 kcal/
mol, E (amylopectin) = -606.73 kcal/mol.

The analysis of the data obtained has shown that the
lowest energy is the hyaluronic acid monomeric unit
[26-271].

The next stage of quantum-chemical modeling
included modeling of the “stabilizer (polysaccharide)
- selenium” molecular complexes. The data obtained
are shown in Figures 8 - 13 and Table 1. The surface
of selenium nanoparticles was represented as a chain
structure consisting of 5 Se atoms. The terminal Se
atoms were hydrogenated.

*‘P‘
C

Figure 8. (a) Model of the“hydroxyethylcellulose - selenium” molecular complex, (b) highest occupied molecular orbital
HOMO, and (c) lowest occupied molecular orbital LUMO
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Figure 9. (a) Model of the “methylcellulose - selenium” molecular complex, (b) highest occupied molecular orbital
HOMO, and (c) lowest occupied molecular orbital LUMO
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Figure 10. (a) Model of the “maltodextrin - selenium” molecular complex, (b) highest occupied molecular orbital
HOMO, and (c) lowest occupied molecular orbital LUMO
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Figure 11. (a) Model of the “chitosan - selenium” molecular complex, (b) highest occupied molecular orbital HOMO, and
(c) lowest occupied molecular orbital LUMO
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Figure 12. (a) Model of the “hyaluronic acid - selenium” molecular complex, (b) highest occupied molecular orbital
HOMO, and (c) lowest occupied molecular orbital LUMO
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Figure 13. (a) Model of the “amylopectin - selenium” molecular complex, (b) highest occupied molecular orbital HOMO,
and (c) lowest occupied molecular orbital LUMO

Table 1. Results of quantum-chemical modeling of molecular systems “stabilizer (polysaccharide) - selenium”

Molecular systems Energy, kkal/mol  Angle Bond length, A HOMO, a.u. LUMO, a.u. AE, a.u.
Hydroxyethylcellulose-Se -13122.07 111.65 1,11466 -0,059 0,147 0,206
Methylcellulose-Se -12783.70 108.54 1.11577 -0.047 0.14 0.197
Maltodextrin-Se -13270.51 108.19 1.11811 -0.05 0.138 0.188
Chitosan-Se -12685.52 110.54 1.10978 -0.121 0.157 0.278
Hyaluronic acid -Se -13752.47 112.48 1.11447 -0.120 0.179 0.299
Amylopectin-Se -12587.57 110.31 1.11558 -0.208 0.01 0.218

As a result of the analysis of the obtained data, it was
found that the most energetically favorable and stable
molecular system is the “hyaluronic acid - selenium”
system, which has E = -13752.47 kcal/mol and AE =

0.299 a. u.
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3.2 Investigation of dispersion characteristics
of selenium nanoparticles stabilized with
polysaccharides
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At the next stage of research, laboratory samples of
selenium nanoparticles stabilized with polysaccharides
were obtained. Data on the stability and hydrodynamic

radius of the particles were obtained for each sample. Figure 14. Histogram of the distribution of
Photon correlation, acoustic and electroacoustic  pydrodynamic radii of selenium nanoparticles stabilized
spectroscopy were used for the study. The data with amylopectin, methylcellulose, hyaluronic acid,
obtained are shown in Figure 14 and Table 2. hydroxyethylcellulose, maltedextrin, and chitosan
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Table 2. Results of determination of the Zeta potential and average hydrodynamic radius of selenium nanoparticles

stabilized with polysaccharides

Zeta

Polysaccharide potential {, L Area, a. u. BUEED, Position, nm STD, nm
Num nm
mV
1 Amylopectin +1.58 1 1.000 191.7 250.3 75.91
1 0.014 2.726 1.979 0.961
2 Methylcellulos +7.5
crhylcelulose 2 0.986 33122 2503 3193
3 Hyaluronic acid -143.09 1 1.000 529.1 429.2 211.8
1 0.106 11.40 12.15 2.739
4 Hydroxyethylcellulose +5.49
2 0.894 94.05 74.64 41.85
5 Maltedextrin +36.25 1 1.000 109.1 138.2 36.74
. 1 0.029 15,75 13,18 7,086
6 Chitosan +28.31
2 0.971 468 4971 3394

As a result of analysis of experimental data obtained
by photon-correlation spectroscopy, it was found that
in samples stabilized with amylopectin, hyaluronic
acid, and maltodextrin, a monomodal distribution
is observed with an average hydrodynamic radius
of 191.7, 529.1, and 109.1 nm, respectively. In other
samples, the size distribution is bimodal. It was found
that the smallest hydrodynamic radius in the sample
of selenium nanoparticles stabilized with hydroxyethyl
cellulose, which contains 2 fractions: 1 - 11.40 nm
(10.6%), 2 - 94.05 nm (89.4%).

Using the method of acoustic and electroacoustic
spectroscopy, the values were obtained (-potential of
selenium nanoparticles stabilized by polysaccharides.
Itis established that the largest (-potential of a sample
stabilized with maltodextrin (+36.25 mV), and the
lowest-with hyaluronic acid (-143.09 mV).

The obtained data on the (-potential correlate with
the charges of functional groups in polysaccharide
molecules. For example, the presence of a large
negative charge in a sample of selenium nanoparticles
stabilized with hyaluronic acid is associated with
the presence of carboxyl and hydroxy groups in the
structure of hyaluronic acid.
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4. Conclusions

- The results of quantum chemical modeling correlates
with the results of photon-correlation spectroscopy,
acoustic and electroacoustic spectroscopy. Based
on this, quantum-chemical modeling can serve as

a method for studying various nanostructures and
nanomaterials.

- It was found that the smallest hydrodynamic radius
has a sample of selenium nanoparticles stabilized with
hydroxyethyl cellulose, which contains 2 fractions: 1 -
11.40 nm (10.6%), 2 - 94.05 nm (89.4%).

- It is shown that selenium nanoparticles stabilized
with polysaccharides can be used as an additive in the
food industry.

5. References

[11 Baughman A.T.(2006). Elemental Mercury Spills. Environ.

Health Perspect, 114, pp.147-152.

CeloV., LeanS.R.D., ScottL.S.(2006). Abiotic methylation
of mercury in the aquatic environment. Sci. Total Environ.,
368, (1), pp. 126-137.

Clarkson W.T. (2003). The Toxicology of Mercury - Current
Exposures and Clinical Manifestations. N. Engl. J. Med.,
349, pp. 1731-1737.

Corazza A., Boffito C. (2008). Mercury dosing solutions for
fluorescent lamps. J. Phys. D. Appl. Phys., 41, pp. 144007.

Desai P. M. (1997). The mechanism of uptake of
biodegradable microparticles in Caco-2 cells is size
dependent. Pharm. Res., 14, pp. 1568-1573.

Eckelman J. (2008). Spatial Assessment of Net Mercury
Emissions from the Use of Fluorescent Bulbs. Environ. Sci.
Technol., 42, pp. 8564-8570.

Engelhaupt E. (2008). Do compact fluorescent bulbs
reduce mercury pollution? Environ. Sci. Technol., 42, pp.
8176-8176.

Griffiths C. (2007). A Comparison of the Monetized Impact
of 1Q Decrements from Mercury Emissions. Environ.
Health Perspect., 115, pp. 841-847.

Jang M. (2005). Characterization and recovery of mercury
from spent fluorescent lamps. Waste Manag., 25, pp. 5-14.

[2]

(3]

(4]

(5]

(6]

[7]

(8l

[

[10] Johnson C.N.(2008). Mercury Vapor Release from Broken

Compact Fluorescent Lamps and In Situ Capture by New

215



(1]

[12]

[13]

[14]

[15]

[16]

[17]

18]

19

[20]

[21]

[22]
[23]

[24]

[25]

[26]

216

Journal of Hygienic Engineering and Design

Nanomaterial Sorbents. Environ. Sci. Technol., 42, pp.
5772-5778.

Price M. N. (2004). Selenium: An essential element for
growth of the coastal marine diatom thalassiosira
pseudonana (bacillariophyceae). J. Phycol., 23, (1), pp.
1-9.

Ramamurthy C. (2013). Green synthesis and
characterization of selenium nanoparticles and its
augmented cytotoxicity with doxorubicin on cancer cells.
Bioprocess Biosyst. Eng., 36, pp. 1131-1139.

Shoeibi S. (2017). Biosynthesis of selenium nanopatrticles
using Enterococcus faecalis and evaluation of their
antibacterial activities. J. Trace Elem. Med. Biol., 39, pp.
135-139.

Torres K. S. (2012). Biosynthesis of selenium nanoparticles
by pantoea agglomerans and their antioxidant activity. J.
Nanoparticle Res., 11, pp. 12-36.

Barybina I. L., Oboturova P. N., Datsko A. V., Verevkina N.
M., Simonov N. A. (2019). Hamburger patty development
with alginate-pectin meat emulsion. Journal of Hygienic
Engineering and Design, 29, pp. 111-118.

Barybina I. L., Beloysova V. E., Voblikova V. T., Simonov
N. A, Ziruk V. I. (2019). Multicomponent meat products
for sports nutrition. Journal of Hygienic Engineering and
Design, 28, pp. 81-84.

Wang H. (2007). Elemental selenium at nano size
possesses lower toxicity without compromising the
fundamental effect on selenoenzymes: Comparison with
selenomethionine in mice. Free Radic. Biol. Med., 42, pp.
1524-1533.

Yazdi H. M. (2013). Selenium nanoparticle-enriched
Lactobacillus brevis causes more efficient immune
responses in vivo and reduces the liver metastasis in
metastatic form of mouse breast cancer. Daru J. Pharm.
Sci., 21 pp. 33.

Evans H. T, Hibbert H. (1946). Bacterial Polysaccharides.
Adv. Carbohydr. Chem., 2, pp. 203-233.

[20] Liu Z. (2008). Polysaccharides-based nanoparticles
as drug delivery systems. Adv. Drug Deliv. Rev., 15, pp.
1650-1662.

Wasser S. P. (2002). Medicinal mushrooms as a source
of antitumor and immunomodulating polysaccharides.
Appl. Microbiol. Biotechnol., 60, pp. 258-274.

Goa L. K. (1994). Hyaluronic Acid. Drugs, 47, pp. 536-566.

Myers M. A.(2000). Recent Progress toward Understanding
Biosynthesis of the Amylopectin Crystal. Plant Physiol.,
122, pp. 989-998.

Sadovoy, V.V.,Selimov, M.A., Shchedrina, T.V., Nagdalian,
A.A. Nutritional supplement for control of diabetes.
Journal of Excipients and Food Chemicals, 8(2), 31-38

Sadovoy V. V., Selimov A. M., Shchedrina V. T., Nagdalian
A. A. (2016). Usage of biological active supplements in
technology of prophilactic meat products. Research
Journal of Pharmaceutical, Biological and Chemical
Sciences, 7, (5), pp. 1861-1865.

Blinov V. A., Gvozdenko A. A,, Yasnaya A. M., Blinova A.
A., Kravtsov A. A, Krandievsky O. S. (2020). Synthesing
and Studying the Structure of Nanoscale Copper (1l) Oxide
Stabilized by Polyethylene Glycol. Herald of the Bauman

[27]

Moscow State Technical University. Series natural
sciences, 3, pp. 56-70.

Kayshev G. V., Blinov V. A, Serov V. A., Gvozdenko A. A.,
Blinova A. A., Kravtsov A. A., Khramtsov G. A. (2019).
Quantum-chemical simulation of the interaction between
the Zn** ions with c-terminal sites of kappa-casein. J. Hyg.
Eng. Des., 29, pp. 119-124.



