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ABSTRACT. The safety of nanomaterials and nanotechnologies is an important factor in the regulation of industrial production and the
introduction of nanoproducts into practice. The toxicological aspect of the use of silver nanoparticles (SNP) is insufficiently studied,
leaving many questions without answer. The problem of dependence of toxicity on the shape and the size of nanoparticles is controversial
and not well-studied, and there is a lack of research on the nanosilver effect on human and animal organisms.

Objective. The aim of the work was to provide the hygienic assessment of harmful effects of silver nanoparticles of spherical and deca-
hedron shape.

Materials and Methods. Samples of solutions of spherical and decahedron SNP, synthesized by the method of photostimulated restora-
tion, were intraperitoneally administered to white nonlinear rats both males and females aged 4 months. For the subacute toxicity study
of spherical 45-nm nanosilver the animals were subdivided into three groups of (16 rats in each, § animals in a subgroup — according
to gender). Every day they were injected with spherical SNP at doses of 0.1, 1 and 5 mg/kg intraperitoneally for 14 days. The fourth
group was the biological control. For the subacute toxicity study of decahedron 45-nm nanosilver the animals were subdivided into four
groups (16 rats in each, 8 animals in the subgroup according to gender). The animals were injected intraperitoneally with 10, 5, 1, and
0.1 mg/kg doses of SNP daily for 14 days. Fifth group was biological control. On 14" day animals were withdrawn from the experiment
by decapitation under a slight, ethereal athetic.

Results and Discussion. It was grounded the expediency of taking into account the physical and chemical properties of silver nanopar-
ticles, including geometrical characteristics (shape, specific area of surface), the number of silver ions in nanoparticle and the quantity
of nanoparticles in the solution while the determination of exposition of nanosilver or other nanochemicals of different geometric shapes.
On models of subacute effect there were determined the peculiarities of different shapes nanosilver exposure and hygienic meaning of
biochemical and pathomorphological changes as criteria of harmful effect. With the help of morphometric analysis of pathomorpholog-
ical changes of internal organs of rats there was ascertained doserelated harmful effect of decahedron and spherical silver nanoparticles.
As a result of the experiment, dose-dependent circulating swelling of the epithelium of convoluted tubules of the kidneys, hepatocytes,
nuclei of cardiomyocytes, alteration of the epithelium of bronchi of different caliber, repletion of the blood vessels of the walls of the res-
piratory parts of the lungs, karyopicnosis of neurons of the cerebral corfex were observed. The revealed changes in the indices of proox-
idant-antioxidant equilibrium, some biochemical indices and the changes in internal organs of animals testified to the less toxic effect
of silver nanospheres in comparison with silver nanodecahedrons.

Conclusions. 1. According to the analysis of the geometric characteristics of decahedron silver nanoparticles, it is established that the
specific area of decaheders is 2 times bigger than the specific area of the spherical SNP, which provides twice bigger area of the contact
of silver nanodecahedron in the biological environment. The decahedron nanoparticle contains 4.3 times less atoms than spherical, and,
at the same mass concentration, a solution of nanosilver contains 4 times more silver nano decahedrons than spheres.

2. With the help of biochemical analyses of blood and liver tissue, as well as the morphometric analysis of pathological changes in the
internal organs of laboratory rats, the dose-dependent harmful effect of silver nanoparticles of decahedral and, partially, spherical shape
was established. The revealed changes in the blood and internal organs of animals testified to a less toxic effect of silver nanospheres in
comparison with silver nanodecahedrons.

3. It was established that the differences in biochemical and pathomorphological changes in the internal organs of laboratory animals
at the same dose of SNP the decahedron and spherical shape, calculated in mg/kg body weight, are related to a 4-multiple dose differ-
ence expressed in the ratio of "the number of nanoparticles/kg" of body weight and a 9-multiple difference in favor of nanodecahedrons
while calculating the dose "specific surface area/kg" of body weight.

Key Words: silver nanoparticles, silver nanodecahedron, silver nanosphere, toxicity, nanosilver.

Introduction ments, methodologies and standards. With

The rapid development of nanotechnology
requires the rapid development of approaches
to hygienic assessment of nanoparticles, one of
the main stages of which is to assess their toxi-
city. However, the issue of studying the safety
of nanotechnologies and nanomaterials is still
at the stage of development of norms, require-

YKPATHCBKU# XYPHAJI CYYACHHUX TIPOBJIEM TOKCHKOJIOTTI 2/2019

regard to general questions on the evaluation
of toxicity and safety of nanoparticles, there is
still a significant lack of information [4].
Scientific researches, devoted to the effect of
nanoparticles on human health, animals,
plants and ecological sustainability of the envi-
ronment, does not cover a large number of
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used or advanced species of nanoparticles, a vari-
ety of factors of their possible effects on health
[5]. And although some publications say that not
all nanoparticles are harmful to living organisms,
scientific literature collects information every
year, indicating that they have a potential and
actual danger to living organisms [7]. The safety
of nanomaterials and nanotechnologies is an
important factor in the regulation of industrial
production and the introduction of nanoprod-
ucts into practice.

Recent years studies have been connected
with the dependence of nanoparticles toxicity
on the form, size, source material, surface
area, charge, dose, route of admission, con-
centration in the target organ, solubility and
duration of action [1, 3].

The toxicological aspect of the use of silver
is insufficiently studied, leaving many ques-
tions without answer. The problem of depend-
ence of toxicity on the shape and the size of
nanoparticles is controversial and not well-
studied, and there is a lack of research on the
nanoparticles effect on human and animal
organisms [11]. That is why these issues are the
key issues in the context of the safety of newly
created nanosilver products.

The literature describes studies on acute, sub-
acute, and subchronic toxicity of spherical
nanosilver of various sizes introduced to rats,
mice or guinea pigs, intragastrically, intravenous-
ly, transdermally and inhalation [8, 12, 13]. The
dimensionally dependent [11,12], dose-
dependent [9,10] and sex-dependent [11]
cumulations of silver nanoparticles (SNP) in
tissues of the internal organs of rats and mice
[14,15,16] were revealed. These works relate to
the determination of toxicity of various sizes
spherical SNP. At the same time, not all
researchers indicate in their work the shape of
the studied SNP, focusing on the size or dose
of SNP. Although taking into account the
shape of the nanoparticles plays an important
role in the toxicity study.

Most of experimental researches use the
nanoparticle mass index for the unit of meas-
urement of the dose of SNP, without paying
due attention to such characteristics as the
number of particles, the specific surface area.

Due to its special physicochemical proper-
ties, unique optical properties (intense narrow
band of plasmonic scattering and absorption),
good reproducibility of synthesis, high stability
of solutions of decahedron SNP are perspec-
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tive materials for the creation of optical
biosensors and biomixes on their basis.
Literary data still have lack information on the
hygienic assessment of silver nanodecaheders,
which are actively used in optoelectronics,
biological labels, solar cells, various scientific
studies and other industries [6].

Aim of the Research. The aim of the work
was to realize the hygienic assessment of harm-
ful effects of silver nanoparticles of spherical
and decahedron shape.

Methods and Materials. We used samples of
solutions of spherical and decahedron SNP
synthesized by the method of photostimulated
restoration. Explored objects were made by the
staff of the Department of Inorganic
Chemistry of Chernivtsi National University
named after Y. Fedkovich.

Nanosilver was obtained by chemical regen-
eration of Ag + ions with sodium borohydride
in the presence of sodium citrate and
polyvinylpyrrolidone, followed by photo-
chemical effects of a 470 nm wavelength LED
light. Investigation of translucent electron
microscopy showed that the obtained nano-
materials have a structure of flat decahedrons
with a 45 nm diameter and a height of 30-40
nm. Polyvinylpyrrolidone was used as a stabi-
lizer.

The subacute toxicity study of SNP was per-
formed on white nonlinear rats both males and
females aged 4 months. The animals were kept
under stable vivarium conditions (air tempera-
ture — +18°...+20°C, relative humidity 30-
60%). Animals received standard granulated
feed for laboratory rats (manufactured by
ATCC "Phoenix", Ukraine) and water for
drinking water without any restrictions. The
content of nitrates and pesticides in feed and
water did not exceed their MPC. All researches
on animals [76] were conducted in accordance
with BSS 42 1-88 "Laboratory animals.
Technological process”, in compliance with
the basic provisions of the Council of Europe
Convention on the Protection of Vertebrate
Animals Used in Experiments and Other
Scientific Purposes of 18.03.1986, the EU
Directive No. 609 of 24.11.1986 and the Law
of Ukraine No. 692 of January 21, 2006 p.

For the subacute toxicity study of spherical
45-nm nanosilver the animals were subdivided
into three groups of (16 rats in each, 8 animals
in a subgroup — according to gender). Every
day they were injected with spherical SNP at

15
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doses of 0.1, 1 and 5 mg/kg intraperitoneally
for 14 days. The fourth group was the biologi-
cal control.

For the subacute toxicity study of decahe-
dron 45-nm nanosilver the animals were sub-
divided into four groups (16 rats in each, 8 ani-
mals in the subgroup according to gender).
The animals were injected intraperitoneally
with 10, 5, 1, and 0.1 mg/kg doses of SNP
daily for 14 days. Fifth group was biological
control. On 14" day animals were withdrawn
from the experiment by decapitation under a
slight, ethereal athetic.

The statistical processing of the results
obtained during the implementation of the
work was performed in the program package
"Microsoft Excel" and "STATISTICA 6.0"
using parametric methods for evaluating the
obtained data. The reliability of the difference
between independent quantitative values was
determined by the t-criterion of the Inves-tiga-
tor. Changes were statistically significant at
P <0.05.

Results and Discussion

The calculations show that the decahedron
nanoparticle contains 4.3 times less atoms
than the spherical one. Consequently, it can be
affirmed that, if the decahedron SNP contains
4 times less silver atoms than the spherical one,
so at a same mass concentration of a solution
of nanosilver, this solution contains 4 times
more nanosilver decahedrons than spheres.
Thus, the question, concerning the obligatory
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quantitative concentration of the SNP in the
solution, and, therefore, the doses of nanopar-
ticles in these units, arises.

The next stage of the research was the study
of subacute effect of the decahedron SNP
solution. Dose-dependent statistically signifi-
cant changes in the parameters of prooxidant-
antioxidant balance were revealed. As a result
of the introduction of a solution of silver nan-
odecahedrons, an increase of the level of mal-
onic aldehyde (MA) in the blood was detected
by 37% (p <0,05) and by 56% (p <0,05) at
doses of 5 and 10 mg/kg, respectively, in rat
liver tissue at 18 (p <0.05) and 25% (p <0.05),
respectively, for the introduction of the two
largest doses of the SNP solution (fig. 1). The
catalase activity (CA) of the blood increased by
10% (p <0,05) at 5 mg/kg dose and by 17%
(p <0,05) at the maximum dose administered.
Liver CA decreased by 26% at doses of 1 mg/kg
and by 36-37% (p<0,05) at 5 and 10 mg/kg
doses (fig. 2). Glutathione peroxidant (GP)
blood activity decreased by 27% (p<0,05) at the
dose of SNP of 5 mg/kg and by 58% (p<0,05) for
the administration of a maximum dose of 10 mg
/ kg. The GP of the liver significantly increased
by 22-23% (p<0,05) at the dose of SNP 1 and
5 mg/kg and by almost 34% (p<0,05) at the dose
of SNP 10 mg/kg. The activity of alkaline
phosphatase was almost twice as high as the
dose of 5 mg/kg and in 2.7 (p<0.05) times at
10 mg / kg dose. The level of cholesterol
increased by 2.5 (p<0.05) and 3 (p<0.05)
times, respectively, with the increase of the

consideration of not only the mass but also the dose of decahedron SNP.
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Fig. 1. The content of malonic aldehyde (umol/g) in rat liver tissue under conditions of subacute effect

of different doses of decahedron SNP
Note: * - p <0,05 relative to control
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Fig. 2. Catalase activity (umol/min*g tis) of rats liver tissue under conditions of subacute effect of vari-

ous doses of decahedron SNP
Note: * - p <0,05 relative to control

Under conditions of subacute effect of 45
nm decahedron SNP at 5 and 10 mg/kg dose
there were observed dystrophic changes in the
cortical substance of rats kidneys, reversible
swelling of the epithelium of the convoluted
tubules of the kidneys (90 and 92%, p <0,05,
respectively), hepatocytes (63 and 64%, p
<0.05), intensive removal of the endothelium
with denudation of the surface of the blood
vessels in the portal tracts and central veins,
reversible swelling of the nuclei of cardiomy-
ocytes (16 and 22%, p <0.05), intensive
removal of the endothelium with denudation
of the blood surface myocardial vessels, alter-
ation of different caliber bronchus epithelium
of (96 and 98%, p <0.05), blood vessel enlarge-
ment in the walls of the respiratory organs of
the lungs (80 and 84%, p <0.05), karyopicnose
in neurons of the cortical substance of the rat
brain (17 and 18%, p <0.05), spasm of arteri-
oles with the development of periateriolary
edema. The intensity of pathomorphological
changes under the decahedron SNP effect
increases in a line: lungs, kidneys, liver, heart,
brain (tab. 1).

Changes in the prooxidant-antioxidant bal-
ance, under conditions of subacute 45 nm
spherical SNP effect, were characterized by a
slight increase in prooxidant compounds and
moderate activation of antioxidant defense
(fig. 3, 4). However, a significant increase in
cholesterol was detected (1.5 times, p <0.05).
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In addition, the following changes in the
internal organs were observed after the intro-
duction of spherical nanosilver in a dose of 5
mg/kg: pronounced venous perfusion of the
cortical and cerebrospinal fluid and the papilla
of the kidney, the reversible swelling of the
epithelium of the convoluted tubules with
prevalence in the form of hydroperic swelling
(72% p <0.05), reversible swelling of hepato-
cytes (44%, p <0.05), pronounced venous
plethora of central and peripheral hepatic
lobes, reversible swelling of nuclei of car-
diomyocytes (28%, p <0.05), pronounced
venous plethora myocardial infarction, uneven
venous plethora of walls of respiratory depart-
ments of lungs (68%, p <0.05). Moreover, after
the introduction of spherical SNP in doses of
0.1, 1 and 5 mg/kg pathomorphological
changes in the brain tissue were not found by
the used methods (tab. 2). The intensity of
pathomorphological changes under the effect
of silver nanospheres increases in a line: heart,
liver, lungs, kidneys.

Differences in biochemical and pathomor-
phological changes in the internal organs of the
examined animals indicate a more pronounced
toxic effects of the solution of decahedron SNP
at the same dose of 5 mg/kg of body weight.
Probably this is due to the fact that solutions of
silver with the same mass concentration contain
4 times more decaderos than spheres. In addi-
tion, nanodecahedrons have a larger specific

17
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Table 1

Quantitative pathomorphological evaluation of harmful effects of decahedron SNP in rats

Dose of SNP, Kidney! Liver? Heart3 Lungs* Lungs’® Brain®
mg/kg
0,1 -7 — — — — —
1 54,0%1,6 — — — — —
5 90,0%1,3 63,0+2,6 16,0%1,1 96,0%+0,9 80,0%3,6 17,0+1,8
10 92,0+0,9 64,0+2,4 22,0£1,2 98,0x0,8 84,0x3,7 18,0£1,9
Notes:
1. Prevalence of recurrent swelling of the epithelium of kidneys’ convoluted tubules, %
2. Prevalence of recurrent swelling of hepatocytes, %
3. Prevalence of swelling of nuclei of cardiomyocytes, %
4. Prevalence of alteration of biliary epithelium of different caliber, %
5. Prevalence of hypertrophy of blood vessels in lungs’ walls, %
6. Prevalence of karyopic nosis in neurons of cortical substance, %
7. «-» - no changes were found

surface area than a spherical nanoscale. Thus, at
the 5 mg/kg dose of SNP, the total specific sur-
face area of decahedron SNP is almost 9 times
greater than that of spherical ones in relation to
body weight (tab. 3).

Conclusions

1. According to the analysis of the geometric
characteristics of decahedron silver nanoparti-
cles, it is established that the specific area of
decaheders is 2 times bigger than the specific
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Fig.3. Changes in the parameters of pro- and
antioxidant system in rats blood after the intro-
duction of decahedron and spherical SNP at a
dose of 5 mg/kg, %

Note: * - p <0,05 relative to control
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area of the spherical SNP, which provides twice
bigger area of the contact of silver nanodecahe-
dron in the biological environment. The deca-
hedron nanoparticle contains 4.3 times less
atoms than spherical, and, at the same mass
concentration, a solution of nanosilver contains
4 times more silver nano decahedrons than
spheres.

2. With the help of biochemical analyses of
blood and liver tissue, as well as the morphome-
tric analysis of pathological changes in the

30%

25% -

20%

15% -

10%

5% 1

0% -

MA CAT GP

@ decahedron O sphera

Fig.4. Changes in the parameters of pro- and
antioxidant system in rats liver after the introduc-
tion of decahedron and spherical SNP at a dose of
5 mg/kg, %

Note: * - p <0,05 relative to control
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Table 2
Quantitative pathomorphological evaluation of harmful effects of silver nanospheras in rats
Dose of SNP, Kidney! Liver? Heart3 Lungs* Lungs’® Brain
mg/kg
0,1 -6 — — — — —
1 _ _ _ _ _ _
5 72,0%0,6 44,0+0,9 55+0,8 28+0,7 68,0+1,7 —
Notes:
1. Prevalence of recurrent swelling of the epithelium of kidneys’ convoluted tubules, %
2. Prevalence of recurrent swelling of hepatocytes, %
3. Prevalence of recurrent swelling of cardiomyocytes, %
4. Prevalence of swelling of nuclei of cardiomyocytes, %
5. Prevalence of hypertrophy of blood vessels in the walls of lungs, %
6. «-» - no changes were found
Table 3

Comparative characteristic of the value of the administered doses of SNP,
expressed by various units of measurement

Dose Decahedrons, 45 nm Spheras, 45 nm
Units
mg/kg part/kg Sp.area nm'!/ kg part/kg Sp.area nm’!/ kg
5 4,37%10"3 1,18%10 13 1,02%10"3 1,32%102
1 8,74*%10"? 2,36%10"2 2,04*10"? 2,65%10!!
0,1 8,74%10" 2,36*10'"! 2,04*10M! 2,65%1010

internal organs of laboratory rats, the dose-
dependent harmful effect of silver nanoparticles
of decahedral and, partially, spherical shape was
established. The revealed changes in the blood
and internal organs of animals testified to a less
toxic effect of silver nanospheres in comparison
with silver nanodecahedrons.

3. It was established that the differences in
biochemical and pathomorphological changes
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JIOCJIIKEHHSA TOKCHYHOCTI HAHOYACTHHOK CPIBJIA IEKAEJPHYHOI
TA COEPHYHOI ®OPMH B IIIJITOCTPOMY EKCIIEPUMEHTI HA IIJYPAX
H.H. Andpiiiuyx!, JI.1. Bracux'?

! Buwyuii depocagruii naguanvhuii 3axaad Ypainu
“BykoeuHcokuii depicasHuil meduunuil ynisepcumem”, m. Yepuieui, Yipaina
21T “Haykoeuii yenmp npesenmugroi moxcukonoeii, xapogoi ma ximiunoi 6esnexu
imeni axademixa JI.1. Medeeos MO3 Ykpainu, m. Yepuisui, Ykpaina

PE3FOME. besnexa Hanomamepianie i HAHOMEXHOA0RI — 8aNCAUBUI aKMOP Y pecyato8aHHi NPOMUCA08020 BUPOOHULMEA | 61PO-
8adcenni Hanonpodykmie y npakmuky. Tokcukonoeiunuii acnexm 8UKOpUCMAaKHs HAHOYACMUHOK cpibaa HedocmamHbo aue4eHull,
momy bazamo numas 3asuaromocs 0e3 sionogiei. Ilpodaema 3anedxcHocmi mokcuuHocmi 8i0 popmu i po3mipy HAHOYACMUHOK €
CRIPHOI, KpiM M020, ICHYe OpaK 00caioiceHb CIMOCOBHO 8HAUBY HAHOCPIOAA HA OPeaHI3M AHOOUHU | MBAPUH.

Memoto docaidxncenna 6yn0 npogecmi 2ieicHIMHYy OYIHKY WKIOAUB8020 GNAUBY HAHOYACMUHOK cpibaa cgepuunoi ma dexaedpuuHoi
gopmu.

Mamepiaau ma memodu. 3pasiu po3uunie HaHocpiona cepuunoi ma dekaedpuuHoi hopm, cuHme308aHi Memodom YomocmuUMy1b0-
8aH020 CUHMe3Y, 6600UNU BHYMPIUHbOOUEPEBUHHO OIAUM HeiHilIHUM wypam obox cmameii gikom 4 micayi. ns docaidxcerns nio-
20cmpoi moKcu4Hocmi cpibHux Harocgep, diamempom 45-um, meapunu 6yau po3odineri Ha mpu epynu (no 16 wypie y koxcHiil, no
8 meapun y nidepyni - é 3anexcrocmi 6id cmami). 1llodns im 6600usu posuun Hanocpioaa 6 dosax 0,1, 1i 5 me/ke enympiuinbooue-
pesunHo npomszom 14 onie. Yemeepmoio epynoio 6yé bionoeiunuii konmponv. s docaiddcenHss nideocmpoi moxcuuHocmi HaHoC-
pibna dexaedpuunoi opmu, 45 um, wypu 6yau po3odineni na wvomupu epynu (16 wypie y koxcuiii, § meapun y nidepyni 6 3anexciocmi
6id cmami). Teapunam é600uru eHympiwHbo04epegunto 0o3u Harnowacmox 10, 5, 1i 0,1 m / ke woous npomseom 14 ouis. Il'ama
epyna byaa bionoeivnum konmponem. Ha 14-ii denv meapunu 6yau sueederi 3 excnepumenmy wasxom dexanimauii nio neekum egip-
HUM HAPKO30M.

Pesyabmamu ma o62060penns. Po3paxosano i o0rpyHmMo8ano 0ouyinbHicmey 8paxys8antsa Qi3uKo-XiMivHUX 81aACMUB0CMell HAHOYA-
CIMUHOK cpibaa, 8 MoMY HUCAI 2e0MemPUYHUX XAPAKmMepucmux (opma, numoma niowja no8epxHi), Kinbkocmi ionie cpioaa 6 HaHo-
YacMuHKax [ KinbKocmi HAHOYACMUHOK 8 PO34UHI NPU 8U3HAUEHHI eKCHO3UuLii HaHOCPIiOAa abo IHWUX HAHOXIMIKAMOB Pi3HOI eceomem-
puuHoi opmu.

Ha modeasix nideocmpoeo énaugy euzHaveno ocobausocmi enaugy Hamocpiona pisHoi gopmu i eieicHiune 3HavenHs GioximiuHux i
namomopghonoeiuHux 3MiH, 5K Kpumepiie wkionueoeo enaugy. 3a donomo2or MoppHomempuyHo2o aHanizy Hamomoppos02iMHUX 3MiH
BHYMPIWHIX 0PeaHi6 Wjypie 6CMAHO8AeHO 00303AAeMCHULl WKIOAUBUI BNAUE HAHOYACMUHOK cpibaa dexaedpuunoi ma cghepuuHoi
opm. B pesyabmami excnepumennty cnocmepieanocs dozo3anedcie 360pomue HAOYXAHHS enimeniro 36UBUCMUX KAHAAbYI8 HUPOK,
eenamouumis, sdep Kapdiomiouumis, arbmepayis enimeniro OPOHXi6 Pi3HO20 KaAiGpy, NOBHOKPIE'S KPOBOHOCHUX CYOUH CIMIHOK pec-
nipamopuux 8iddinie necetd, KAPIONIKHO3 HElPOHIE KOPK0BOI peouHu MO3KY. Busiereni 3minu nokasHukie npooxKcuOaHmHo-anmu-
OKCUOGHMHOI igHO8a2U DesKUX OIOXIMIUHUX NOKA3HUKIG | BHYMPIUHIX OpeaHie meapuH ceiduuiy npo MeHul MOKCUMHUL 8NAUG cpio-
HUX HaHocghep NOpieHAHO 3 HAHOOeKaedpamu cpibaa.

Bucnoexu. 1. 3a pesynsmamamu ananizy eeomempuuHuX XapaKmepucmuk 0exaeopuHuX HaHOYACMUHOK CPIOAA 6CMAHO06AEHO, WO
numoma naowa dekaedpie yogiui Oiavlia 3a NUMOMY NAOWLY CQHEPUYHUX HAHOYACMUHOK, W0 3a0e3neyye 606iyi Oinbuly nAOUY KOH-
makmy Hanodexaedpa cpiona 6 Gionoeiunomy cepedosuuyi. Hanouwacmunka dexaedpa micmumos 6 4,3 pazy menue amomie, Hixc cghe-
PU4Ha, a 3a MaKoi Jc Macosoi KoHyenmpayii po3uun Hanocpiona micmums y 4 pasu Giavue Hanodekaedpie cpitaa, Hixc cgep.

2. 3a donomoeoro Gioximivnux docaiddicenv Kposi ma MKAHUHU NeYiHKU, @ MAK0JIC MOPHOMEMPUHHO20 AHAAIZY NAMOMOPPOA02IYHUX
3MiH 6HYMPIWHIX 0P2aHi@ AAOOPAMOPHUX WYPi8 6CMAHOBACHO 00303AAedCHY WKIOAU8Y Jit0 HAHOYACMUHOK Cpibaa deKaeOpuuHOi i
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4acmko8o cgepuuroi goopmu. Buseaeni aminu 6 Kposi | GHYMPIUHIX 0peaHaX MBAPUH CBIOMUAU NPO MeHU MOKCUYHU 6NAUE CDIOHUX
Hanocghep nopieHsHo 3 HaHoOeKaedpamu cpioaa.

3. Bcmatnoeneno, wjo 8iominHocmi GioXiMivHux i namomMopoaoiuHuX 3MiH Y BHYMPIUHIX 0peaHax 1a60PaMOPHUX MBAPUH 34 00HA-
K060i 003U HAHOMACMUHOK cpitna dexaedpuuroi i cepuunoi hopmu, po3paxoeari é me/ke macu mina, nog'a3aHi 3 4-Kpamuoio pis-
HUyero 6 003i, upaiceHoi y cniegionouienHi «KinbKicms HAHOYACMUHOK/Ke» Macyu mina i 9-Kpamuoi pisHuyi Ha Kopucms HaHode-
Kaedpig npu po3paxyHKy 003u «nUMoMa nAOWA NOBEPXHI/Ke» Macu miad.

Katouogi caosa: nanouwacmunku cpibaa, cpibnuii Hanodekaedp, cpibHa Hanocghepa, MokcuuHicmb, HAHOCPIOAO.

HCCIE/IOBAHHE TOKCHYHOCTH HAHOYACTHI] CEPEBPA
B IIOJJOCTPOM HKCIIEPUMEHTE HA KPBICAX
H.U. Andpuiiuyk’, J1.U. Braceix’?
! Buicuiee eocyoapcmeentoe yuebnoe 3asederie Yxpaunb
“ByKosuHckuil eocydapcmeenHblil MeOuyuHckuil ynugepcumem”, e. Yeprosupt, Yxpauna
T «Hayunbiii yenmp npeeenmugHoil moKcukoaouu, nuuegoi
u xXumuveckoii bezonacvocmu umenu axademura J1. 1. Meoseos M3 Yipaunwr, 2. Yeprosuywt, Yxpauna

PE3IOME. be3onachocmb HAaHOMAMePUa08 U HAHOMEXHOAOSUI — 8AINCHYLI HAKMOP 8 pe2yaupo8anuu NPOMbIUACHHO20 NPOU3B00-
cmea u eHedpeHus HaHonpoOykmoe é npakmuky. Tokcukono2uueckuii acneKkm Ucnoab306anls HAaHOYACMUY, cepedpa HedoCmamoyHo
uzyMeH, NOIMOMy MHO2UE BONPOCHL Ocmaiomes 0e3 omeema. IIpobiaema 3a6ucumocmy MOKCUMHOCHU OM (YOPMbL U pazMepa HaHoYAC-
MUY, CNOPHA U HeAOCMAMOUHO XOPOULO U3YHeHd, KPOMe 31020, HeOCHAMOUHO UCCAe008AHO 6030elicmale HaHocepeOpa Ha OpeaHu3M
Yen06eKa U JHCUBOMHbLX.

Ieavto pabomot 6bi10 nposecmu eucUeHUHECKYH0 OUEHKY 8Pe0H020 8030elicmaus Hanouacmuy cepedpa cghepuueckoii u dexasopuyec-
Koil ghopmu.

Mamepuaast u memoost. O6pazub: pacmeopos HaHocepeOpa cghepuyeckoii u 0exasdpu4eckoli hopm, CUHMe3Upo8aHHbIX Memodom
omocmumyaupoeannoeo cunmesa, 6600UAU 6HYMPUOPIOUUHHO OeAbIM HEAUHEIIHbIM KPbICAM KAK CAMUAM, MAK U CAMKAaM 8 603pac-
me 4 mecsyes. Jlns uccaedosaris nodocmpoil MoKCcuuHoOCmU cepeOpaHbIX HaHocgep, duamemp 45-Hm, HcugomHbole Oblau pazdeneHs
Ha mpu epynnot (no 16 kpoic 6 Kaxcdoil, no 8 HcUBOMHbIX 6 nodepynne — 6 3agucumocmu om noaa). Kaxcovuii denv um 6600unu pac-
meop Hanocepebpa 6 dozax 0,1, 1u 5 me/ke enympubdprowunto 6 meuenuu 14 oueir. Yemeepmoii epynnoii 6bia buos0UHECKUIl KOHM-
ponv. s uccaedosarus nOO0Cmpoll MOKCUMHOCMU HAHOcepeOpa Oekasdpu4eckoli oopmol, 45 Hm, Kpbicol Obiau pazoeseHvt Ha Yembi-
pe epynnbi (16 Kpwic 6 Kaxcdoit, 8 scusomubix 6 nodepynne — 6 3asucumocmu om noaa). 2Kueommuwiym 6600UAU 6HYMPUOPIOUWUHHO
0o3o1 Hanouacmuy 10, 5, 1 u 0,1 m/ke excednesero 6 mevenuu 14 dneil. Ilamas epynna bviaa buonoeuueckum konmposem. Ha 14-i
OeHb JcusomHuble Oblau 6biGe0eHbl U3 IKCHEPUMEeHmMA nymem 00e321a8AUBAHUSL OO Ne2KUM IPUPHbIM HAPKO3OM.

Pesyavmamot u obcyxncoenue. Paccuumana u 060cH08aHA Ueaecoo0pasHOCMb yHema (Qu3UK0-XUMUYECKUX CBOLICME HAHOYACmuY,
cepebpa, 8 Mom Hucie 2eOMempPUecKUX Xapaxmepucmux (gpopma, yoeabhas niowads NO8epxXHOCMIL), KOAUECMea UoH08 cepedpa 6
HAHOMACMUYAX U KOAUYeCMBa HAHOYACMUY, 8 PACMEOPe NPU OnpedeeHuU IKCRo3UUUY HaHocepedpa uny opyeux HaHOXUMUKamos
DA3AUMHOL 2e0MempU4ecKoll (opmol.

Ha modensx nodocmpoeo 6030eiicmeus onpedeservl 0CO0CHHOCMU 6AUAHUS HAHOCEPEOPA PA3AUMHOL (POPMbL U UCUEeHUYeCKoe 3HaAYe-
Hue OUOXUMUHECKUX U NAMOMOPPON0UMECKUX U3MeHeHUil, KaK Kpumepues epedHoeo sozdeticmeus. C noMoubto Mopgomempuyec-
K020 AHAAU3a NamMOMOPPON0UMECKUX USMEHEHUT BHYMPEHHUX OP2AHO08 KPbiC YCMAHO08AEHO 00303a8UCUMOe 8pedHoe Oelicmeue
Haouacmuy cepebpa dexasopuxeckoil u cghepuueckoii popm. B pezynbmame sxcnepumenma ommeyero 00303agucumoe 0060pomHoe
Habyxanue Snumenust U36UMslX KAHAbYEE NOUeK, 2eNamoyumos, aoep KapouoMuouumos, atbmepayuro Snumenus 6pOHX08 pasHoeo
Kaaubpa, NOAHOKPOBUE KPOBEHOCHbIX COCY008 CMEHOK PecnUupamopHbiX 0moen08 Aeekux, KapuonuKHo3 HelipoHo8 KOpK08o2o celye-
cmea mosed. Bvissnennvle usmenenus nokasameneii RPOOKCUOGHMHO-AHIMUOKCUOGHMHO20 PABHOBECUS, HEKOMOPbIX OUOXUMUUECKUX
noxazameneil U BHYMPeHHUX 0P2AHOB JCUBOMHBIX CEUACMENbCMBOBANU 0 MeHee MOKCUYECKOM 8030elicmaul cepeOpaHHbIX HaHocghep
6 CpasHeHul ¢ HaHodeKa3dpamu cepedpa.

Buvisoowt. 1. [lo pesynbmamam ananusa eeomempuseckux XapaKmepucmux 0exasopuvecKux HaHouacmuy cepedpa ycmaHogaeHo,
Ymo yodenvhas naouads dexaedpos 6 2 paza 6oavlie y0eabHol nAOWaoU chepusecKux HaHouacmuy, 4mo odecneyusaem 806oe 60b-
wyi naouads KOHMaKma Hanodekasdpa cepebpa 6 buosoeu4eckoii cpede. Hanouacmuya dexasdpa codepycum 6 4,3 paza menvuie
amomos, vem cghepuseckas, a npu moii Jce Maccogoll KOHUeHMpayuyu pacmeop Hanocepedpa codepycum 6 4 paza boavuie Hawode-
Kasdpos cepebpa, uem cgep.

2. C nomouibio Guoxumuueckux uccie0o8anuil Kposu u mKanu neueHu, a maxkice MophoMempu1ecKoeo aHaiu3a namomopgosoeu-
YeCKUX U3MEHEHUL BHYMPEHHUX 0P2aHO8 AA00PAMOPHUX KPbIC YCMAHOBAEHO 00303a8UCUMOe 8pedHOe delicmelie HaHoHacmuy, cepeo-
pa Oekasdpueckoll u YacmuuHo cepuyeckoii oopm. BvisignenHble U3MeHeHUs 8 KPOBU U GHYMPEHHUX OP2AHAX HCUBOMHBIX CUde-
mMeabemeosany 0 MeHee MoKCU4eCKkoM 6030elicmeuu cepeOpaHbIX HaHocpep 6 CPABHeHUU ¢ HAHO0eKa’0pamu cepeopa.

3. Yemanosneno, umo pazaunus 6 OUOXUMUYECKUX U NAMOMOPQOA0UHECKUX USMEHEHUSX 60 BHYMPEHHUX 0P2AHAX AA00PAMOPHbIX
JCUBOMHBIX NPU 00UHAK0B0L 003e HAHOYACMUY cepedpa deKasopuueckoil u cgheputeckoil opM, paccuumanHvle 8 Me/Ke Maccol
mena, c843aHbl ¢ 4-KpamHol pasHuyeil 8 003e, 8bIPANCEHHOI 8 COOMHOUEHUU «KOAUYeCM80 HAHOYacmuy/Ke» maccel meaa u 9-
KPamHoil pasHuybl 8 N0Ab3y HAHO0eKa’0pos npu pacyeme 003bl «y0eAbHAs NAOUAOL NOBEPXHOCMU/K2» MACChL Mead.

Karouesvie caosa: nanovacmuupt cepedpa, cepeOpsmbiii HaHOOeKa30p, cepedpsHas HaHOChepa, MOKCUMHOCb, HAHOCepeopo.

Hapniitimna no pemakuii 22.04.2019 p.
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