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Abstract. In subchronic experiment on Wistar’s white male rats the negative effects have been studied and the
comparative assessment of toxicity of an aqueous suspension of nano- and microfine silicon dioxide has been
carried out. It was found that by intragastric administration for 90 days of the dose of 14.6 mg/kg, corresponding
to the predicted threshold dose (LOAEL), the aqueous suspension of nanosized silicon dioxide causes immune
irritating, cytolytic and inflammatory effects, verified by the deviation of hematologic parameters and
morphological changes in tissues bodies / or target systems (liver, stomach, jejunum and colon, immune system).
Micro-sized silica causes predominantly an inflammatory effect in the mucosa of stomach, jejunum and colon.
Key words: silica nanoparticles, microparticles, negative effects, subchronic toxicity, intragastric administration,
experimental studies.

Today, according to the U.S. Congressional Research Service, nanotechnologies are used
in the production of 80 groups of consumer products and 600 types of raw materials, component
parts and industrial equipment [12]. Accelerated rates of nanopowder production in the world,
the biggest share of which is silicon dioxide (up to 40% of the world nanopowder production) [3]
determine their leading position in terms of application in the most prospective industries:
nanooptics, nanoelectronics, nanobiotechnologies, pharmaceuticals, etc.

Due to rapid development of the nanotechnology market, the issues of nanotoxicology
and biosafety of the utilized nanomaterials are becoming more important and serve as a vast area
for research. The analysis of available experimental materials about the biological effects of
nanoparticles and nanomaterials is included in a number of scientific publications by
international and Russian researchers [7, 9]. The assumption based on these publications is that
toxicity of nanoparticles is higher than the particles of the same chemical composition in the

micro- and macrorange. At the same time, the comparative date on the toxicity of nano- and
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microparticles under chronic and subchronic exposure is very scarce and scattered. Given the
advent of mass produced product with which the population is in close contact, identification and
comparative evaluation of the negative effects associated with consistent exposure to nanosized
silicon dioxide is very important.

The purpose of the research is to investigate and compare the subchronic toxicity of the
aqueous silicon dioxide nano- and microparticles administered intragastically. aterials and
methods. In the course of the studies, we used aqueous nanosized silicon dioxide (SiO2 x
0,14H2) synthesized by the method of liquid-crystal templating that produces materials with
unique textural and structural characteristics (large specific surface area, narrow pore-size
distribution) [6, 11]. Biodistilled water served as the matrix for the aqueous suspension. For the
comparative analysis of the subchronic toxicity effects, we used the nanoparticles of the aqueous
silicon dioxide (Si0O2 x 0,08H20) obtained by Stober synthesis [10] (synthesis conducted at the
multiphase dispersed systems laboratory at the Institute of Technical Chemistry, the Ural Office

of the Russian Academy of Sciences).
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Figure 1. Synthesized nanoparticles of the silicon dioxide:
a — AFM; b — electronic microscopy

Sixty-seven percent of the nanoparticles in the test sample had an elliptical contour,
minor axis sized 25-35 nm, and 33% had a spherical contour 25 nm in diameter (Figure 1). The
microparticles of silicon dioxide were of ‘traditional’ dispersion (sized 1,63-2,35 pm in 100%
cases) of nonspherical contour. Nanodispersed silicon dioxide had a specific surface area of
96,96 m2/g which corresponds with that of the nanosized range of amorphic silicon dioxide
particles (from 50 to 380 m2 per 1 g of substance) and by 7,6 times exceeds the specific surface
area of a microdispersed analogue (12,54 m2/g).
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The silicon concentration in the aqueous suspension of nanosized silicon dioxide
determined by AFM in acetylene/oxygen flames using Perkin Elmer 3110 analyzer (Perkin
Elmer Inc., USA) totaled 65 mg/cm3, microsized analogue — 40 mg/cm3.

Immediately before the analytical investigation, we conducted an ultrasonic cleaning of
the suspension using Sonopuls Hd 3200 Bandelin (Germany) at the room temperature, for 2
minutes, in the continuous pulsation mode at 65% power to prevent the formation of the
aggregates and agglomerates in the liquid phase in the ageing conditions for a homogeneous
distribution of Si102 particles.

The experimental studies were conducted using male white Wistar rats (190 + 20g) in the
amount of 30 species (10 rats per group) provided by Andreyevka nursery at the Scientific
Center of Biomedical Technologies, Russian Academy of Sciences (Laboratory regulation:
decree by the Russian Ministry of Public Health and Social Development Ne708n of August 23,
2010). The operations with the experimental animals were conducted in accordance with the
Guidelines for the Ethic Care and Use of Laboratory Animals (ILAR, DELS) [5]. The animals
were kept under standard vivarium conditions with semisynthetic diet the nutritious and
biological value of which completely met the physiological requirements. Access to food and
water was not limited. The quarantine period before the experiment totaled 14 days.

The comparative analysis of the subchronic toxicity effects was conducted using a dose
of 14,6 mg/kg body weight (1/250 LD50) that corresponds with the maximum tolerance dose of
subacute experiment (LOAEL) determined based on the assessment of acute toxicity of aqueous
silicon dioxide in nanosized form [4]. Aqueous suspension of nanosized silicon dioxide was
administered to the animals by intragastrically using a feeding tube in a volume of 0,3 + 0,1 cm3
(group 1 - experimental), microsized silicon dioxide - in the amount of 0,6 + 0,1 cm3 (group 2 -
comparison). Control animals received bidistilled water intragastrically to the maximum extent
0,6 = 0,1 cm3 (group 3 - control). The experiment lasted 90 days.

The animals of all groups underwent blood sampling from the tail vein; additionally, we
measured hematological and biochemical indicators prior to (the base background) and on the
90th day of the experiment. The list of analyzed indicators, based on the results of the
preliminary risk assessment of nanosized silicon dioxide allowed to identify the development of
negative effects and to assess the functional state of organs / systems or target:

- blood and blood-forming organs (hemoglobin concentration, hematocrit, total
erythrocyte count, mean corpuscular volume and hemoglobin concentration in whole blood);

- immune system (the relative number of eosinophils, lymphocytes, eosinophil blood

lymphocyte index);
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- liver (the content of malondialdehyde (MDA), lipid hydroperoxide (GL), the activity of
the antioxidant status (AOS), superoxide dismutase (SOD), alanine aminotransferase (ALT),
aspartate aminotransferase (ASAT), Gamma-glutamyl transferase (GTP) serum);

- GI (white blood cell count, wbc whole blood levels of C-reactive protein and serum
proteinogramma).

The studied indicators were determined in accordance with the automatic hematology
protocol (Coulter Ac * T 5diff AL, Beskman Culter, USA), biochemical (Konelab20, Thermo
Scientific, Finland), enzyme immunoassay (Infinite-F50, Tecan, Austria) analyzers.

To assess the significance of differences of the data obtained, we used t-Student criterion
(comparison of the experimental and control groups by variables). The differences of the results
were statistically significant at p < 0,05 [2].

The animals were removed from the experiment on the 90th day using carbon dioxide
euthanasia. To study the morphological changes in the tissues of internal organs in experimental
animals, we selected visceral organs (lungs, heart, gastrointestinal tract, liver, spleen, kidneys)
using the Shore method of complete evisceration. The brain and femur were removed for
histological analysis with the help of a specialized tool.

Morphological examination included fixing of the material in 10% neutral buffered
formalin, dehydration in alcohols of increasing concentrations, impregnating pieces with
chloroform and paraffin, and then filling with the homogenized medium Histomix. 4 micron
thick sections were produced on a luge microtome JUNG SM 2000R (Leica, Germany) and
stained by the standard technique with hematoxylin and eosin. The obtained histological
preparations were investigated in light-optical microscope Axiostar (Carl Zeiss, Germany).

Results and discussion. Research and comparative evaluation of abnormalities in
hematological and biochemical parameters of blood, morphological changes in tissues of internal
organs allowed establishing the negative effects that characterize the toxic effect of the test
substances.

In experimental animals, one group showed cytolytic effect realized through activation of
lipid peroxidation of cell membranes, by significant increase in the level of lipid hydroperoxides
and MDA in serum in 1.5 and 1.9 times, respectively, relative to control values (p = 0.001)
(Table I).

The animals treated with microfine analog showed a significant increase in lipid
hydroperoxide levels in serum of 1.3 times compared to control (p = 0.039). Compared to lipid
peroxidation in animals of group 1, we determined depletion of reserves of antioxidant

protection.
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Biochemical and hematological blood parameters, toxic effects with intragastrical
administration of nano- and microdispersed silicon dioxide to Wistar rats for 90 days

Effect Indicator Nanosi.ze<.1 silicon Microsjzefi silicon Control
dioxide dioxide
MDA, pmol /cm’ 3,4+0,4* 2,4+0,3 2,3+0,2
GL, mol/dm’ 59,7+16,6* 40,2+3,8%* 30,943,0
SOD, nr/ cm’ 3,7+0,6* 5,5+0,4 5,5+0,1
Cytological AOS, pumol / dm’ 81,3+8,4* 170,6+4,5 174,6+17.,3
ALT, E/ dm’ 65,5+18,52* 54,8+8,8 55,7+4,3
ASAT, E/ dm’ 122,3+59,3 130,5+£27,7 129,1£13,1
GTP, E/ dm’ 4,1+0,4 3,7+0,5 3,9+0,4
Target organ Liver - -
CPB, mg/ dm’ 8,3+0,7* 7,4+0,7* 5,25+0,21
Inflammator Stomach, empty and | Stomach, empty and
Y Target organ middle intezt?ne middle intezt?ne B
.| Bosinophilic -lymphocytic | - ), 56+ 0,0034£0,006 | 0,0032+0,003
Immune irritation index, standard unit
Target organ Spleen - -

Note: *— Statistically significant differences with the control indicator (p < 0,05).

a
Figure 2. Rat liver at the 90th day of the experiment with the test compounds administered intragastrically
at a dose of 14.6 mg / kg. Ematoxylin and eosin: a — nanosized silicon dioxide, magn. x 400;

b — microsized silicon dioxide, magn. x 200

This is evidenced by a significant decrease in SOD activity and AOS serum by 1.5 and
2.2 times compared to the values of the control group (p = 0,001-0,007). Indicators of the
antioxidant system in group 2 animals during the whole experiment corresponded to the control
level.

The changes indicate the development of oxidant-antioxidant imbalance that, in turn, can
cause structural damage to the bilipid layer of the cell membrane through the preferential
oxidation of unsaturated fatty acids [8]. The consequence of this is a disruption of membrane
association and activity of enzymes, oxidation of SH-groups of transmembrane proteins and

formation of oxidized lipids complexes with proteins to promote polymerization of protein



Ne 1. 2014 Health Risk Analysis
Experimental model and measurement studies

molecules [1]. The specified range of molecular pathology leads to the destruction of cellular and
subcellular membranes of hepatocytes (cytolysis effect), which may lead to an increase in
activity in the serum of intracellular enzymes. The initial manifestations of the cytolytic effect
was registered in the animals of group 1 with increased activity of serum ALT by 1.2 times (p =
0.041). In the animals group 2, the enzyme activity of the control group was adequate. The
change in the morphological structure of the liver cells confirmed enhanced cytolytic activity.
We revealed that in the experimental animals of group 1, hepatocytes are in a fine-focal hydropic
degeneration state, the cytoplasm of the cells (especially subcapsular) is optically transparent. In
the group of animals receiving microsized analogue, no increase in the activity of intracellular
enzymes in the blood serum and morphological changes in the cells or the liver were registered
(Fig. 2).

Inflammatory effects were registered in the animals of the compared groups with an
increased level of C-reactive protein in serum by 1.6 and 1.4 times, respectively, relative to the
control group (p = 0,001-0,031). A histological study identified the presence of inflammatory
changes in the digestive tract of animals of both groups: 1 and 2, which are characterized by
moderate lymphomicrophagal infiltration doped with single plasma cells and eosinophils in the
submucosal layer of the stomach, swelling of the mucous membrane of the jejunum and colon
(Fig. 3, 4).

In the animals of the control group (data not shown) in the histological preparations of the
jejunum, the wall structure was preserved, the intestinal villi were thin, with loose stroma traced

goblet cells.

Fig. 3. Stomach of rats on the 90th day of the experiment when the intragastric administration of test
compounds at a dose of 14.6 mg / kg. Hematoxylin and eosin, magn. x 400
a —nanosized silicon dioxide; b — microsized silicon dioxide
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Fig. 4. Intestine colon rats on the 90th day of the experiment with the test compounds administered
intragastrically at a dose of 14.6 mg / kg. Hematoxylin and eosin, magn. x 200
a —nanosized silicon dioxide; b — microsized silicon dioxide

a b

Fig. 5. Spleen of rats on the 90th day of the experiment with the test compounds administered
intragastrically at a dose of 14.6 mg / kg. Hematoxylin and eosin, magn. x 200
a —nanosized silicon dioxide; b — microsized silicon dioxide, magn. X 400

In the histological preparations of the colon, the wall structure is rendered unchanged.
The immune irritation effect in the animals of group 1 is confirmed by a significant decrease in
the eosinophilic-lymphocytic index of whole blood - by 1.5 times compared to the control group
(p = 0,004-0,043). This toxic effect is confirmed by the presence of the clusters of lymphocytes,
macrophages, white blood cells and plasma cells in the spleen pulp tyazhah. In the group of
animals treated with microsized silicon dioxide, deviations of this index and pathological
changes in the spleen compared to controls were found (Fig. 5).

Conclusions. Consequently, the comparative evaluation of effects of subchronic toxicity
of the test substances in intragastric administration for 90 days at a dose of 14.6 mg / kg showed

that an aqueous suspension of nanosized silicon dioxide has a large range of toxic effects and a
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higher degree of severity compared with microsized analogue. Nanosized silicon dioxide leads to
the development of cytolysis, immune irritation and inflammatory effects confirmed by a
deviation compared to control biochemical (increased MDA content, lipid hydroperoxide, ALT,
CRP, decreased activity of the AOC, SOD) and hematological (decreased eosinophilic-
lymphocytic index) data, as well as changes in the morphological structure of the cells of the
liver, spleen, stomach, jejunum and middle intestine. When the microfine analogue is
administered at a dose of 14.6 mg/kg, we only determined inflammation effect in the gastro-
intestinal tract, confirmed by increased CRP and morphological changes in the mucosa of
stomach, jejunum and colon.

These results are consistent with the above theoretical assumption of greater toxicity of
nanosized silicon dioxide compared to its microsized analogue that must be considered in

planning hygienic regulation of the content of nanoparticles in food and water.
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