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ABSTRACT — The study presents the results of a study of
the inhibitory role of gold nanoparticles, administered
subcutaneously to mice line CBA. The migration paths of
gold nanoparticles after subcutaneously injection have been
studied, and the mechanisms of their influence on the tissue
surrounding the injection site of nanoparticles have been
examined. After subcutaneous injection, gold nanoparticles
have been found to undergo phagocytosis by macrophages,
some of which migrate to lymph node lymphoid follicles,
and some enter the lumen of blood vessels, where
nanoparticles exit the macrophage cytoplasm and enter

the bloodstream. It has been established that as a result of
the toxic effect of macrophages loaded with nanoparticles,
the endothelium of the vessels growing into the tumor is
destroyed. It was concluded that inhibition of angiogenesis
and death of blood vessels in the tissues after the
introduction of nanoparticles occurs in two ways. The first is
not associated with direct inhibition of endothelial growth
factor (VEGF), but with the deactivation of macrophages
that produce VEGF, the molecules of which stimulate the
formation of endothelium in growing blood vessels; and the
second mechanism is implemented through the direct death
of the endothelium during the migration of the macrophage
through the vessel wall.
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There is an assumption that gold nanoparticles can
be used in oncology for treating tumors.[4] After the
introduction of gold nanoparticles and exposure to in-
frared rays, there is a local death of cancer cells, but there
is no data on the generalized effect and side effects of
gold nanoparticles on experimental animals and humans,
which dictates the need for research in this direction.

Gold nanoparticles with a number of unique
characteristics (optical properties, strength, high
surface area) are mainly used for diagnostic purpos-
es[1, 8]. Gold nanoparticles can serve to amplify the
signal from cancer cells in diagnosing a tumor by bind-
ing nanoparticles with antibodies to tumor cells [9].
Wang ctal (2011) used gold nanoparticles to increase
the sensitivity of cancer cells to drugs [15]. An elec-
trochemical approach based on partial replacement
of electrodes with gold nanoparticles has recently
been used for tagless detection of a cancer-embryonic
antigen.

The attachment of oligonucleotide sequences
complementary to the target DNA molecule to the
surface of gold nanoparticles for the colorimetric
detection of DNA is a relatively new diagnostic
technique, presenting an alternative to fluorescent and
radioimmune methods [7]. This technique can also be
used for the detection of extremely low (atom-molar)
concentrations of protein in biological media. Thus,
this technique was applied to measure the concentra-
tion of B-amyloid fragments (the putative marker of
Alzheimer's discase) present in the cerebrospinal fluid
in negligible amounts [6].

At the present stage, it has been established that
gold nanoparticles are capable of destroying blood
vessels of a cancerous tumor; on the basis of this, it has
been suggested that the mechanism of vascular dam-
age is associated with inhibition of endothelial growth
factor (VEGF) [14, 10, 3].

It is known that gold preparations exhibit an
antibacterial effect, for example, against Helicobacter
pylori, toxoplasma, and also exhibit antifungal activity.
At the same time they give a pronounced side effect.

Many cancer cells have a protein all over their
surface, known as epidermal growth factor receptor
(EFGR), while healthy cells usually do not express this
protein so strongly. Conjugation (or binding) of gold
nanoparticles with anti-EFGR antibodies, commonly
called anti-EFGR, allowed the researchers to bind the
nanoparticles to the cancer cells themselves. Therefore,
the properties of NPG are studied as radio modi-
fiers for use as targets for tumor damage. Also cur-
rently, work is underway to create complexes of gold
nanoparticles and antibiotics for the destruction of
antibiotic-resistant microorganisms [12, 18]. Further
improvement of diagnostic approaches based on the
use of gold nanoparticles is associated with the devel-
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opment of methods for functionalizing the surface of
these nanoparticles using carbohydrates and increasing
the sensitivity of nanosensors based on gold nanoparti-
cles with the profiling of their diagnostic capabilities.
Despite numerous studies on the possibility
of using gold nanoparticles in the development of
new antibiotics, their use is not yet possible due to
the presence of side effects and the lack of data on
their generalized effect on not only humans, but also
experimental animals [5, 13, 2, 17]. The limited use of
nanoparticles is due to the fact that gold compounds
are toxic, accumulate in the kidneys, liver, spleen and
hypothalamus, which can lead to organic discases and
dermatitis, stomatitis and thrombocytopenia [16, 11].
Therefore, the urgency of the need to study the
toxicokinetics of gold nanoparticles on the material of
experimental animals for further extrapolation to the
human body is rapidly increasing,

MATERIAL AND METHODS

The study was carried out on 35 male CBA mice.
Group 1 intact controls (n=5) were kept together with
other groups under similar conditions (temperature,
humidity, day/night, and nutrition). Control group
2 (n=5) mice were subcutancously injected with 0.5
ml isotonic saline. Experimental group 3 (n=25) mice
were subcutaneously injected with 0.5 ml gold NP sus-
pension (50% dilution in isotonic saline). Sequentially,
after 1,2, 3,4, 5 days, the rats were killed, soft tissues of
the proximal third of the posterior thigh were isolated,
including lymphoid tissue of the inguinal region, and
then parafhn blocks were made using the classical
method. The resulting sections were dewaxed, and
then stained with standard hematoxylin-eosin. An
illustrative material was obtained using an Olympus
Bx51 microscope with a digital camera CDx25, and
then analyzed using original Olympus morphometric
computer programs.

Gold nanoparticles in a colloidal solution had
sizes of 10—20 nm and were obtained at the Institute
of Chemistry of the Far Eastern Branch of the Russian
Academy of Sciences (Vladivostok).

RESULTS

No morphological changes were found in the tis-
sues of mice from both control groups: typical struc-
ture of the connective tissue, vascular walls, muscle
tissue, skin, and inguinal lymph nodes of the hip were
found during all periods of the study.

The material obtained on the first day of the
experiment from rats that received subcutaneous
injections of gold nanoparticles made it possible to
establish the effects of pronounced perivascular leuko-
cyte infiltration around the wall of blood vessels near
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the contamination of nanoparticles in the tissue. On
the second, third and all subsequent days of the experi-
ment, blood vessels of different caliber are detected,

in which hypertrophy and death of endotheliocytes,
destruction of the basement membrane are identified.
The cytoplasm of endotheliocytes bulges into the lu-
men of the endothelium, and on the side of the vessel
adjacent to the zone of introduction of nanoparticles.
On the 1* day, gold nanoparticles are identified to a
greater degree in the free state, and then the surround-
ing white blood cells contaminate them gradually. The
number of nanoparticles in the cytoplasm of macro-
phages from single ones in the first—second day after
injections increases by the 3* day until the cytoplasm
is full of nanoparticles. On the 3rd day, both free
nanoparticles and contaminated and filled the entire
cytoplasm of leukocytes are identified.

We noted that macrophages release lysosomes,
as well as leukocyte migration in the direction of
blood vessels, into the surrounding tissues which the
nanoparticles were introduced. At 4-5 days, the main
mass of macrophages is identified only near the wall
of blood vessels. Also in the vessels, the death of a part
of macrophages is observed with the release of gold
nanoparticles into the blood. The second way to exit
nanoparticles in the lumen of blood vessels is degranu-
lation.

We noted that a part of macrophages loaded with
gold nanoparticles migrates to T-dependent zones
of lymphoid follicles, as we think, for the antigen
presentation of nanoparticles and the activation of the
T-lymphocyte pool in the direction of blast transfor-
mation of immune cell differenon for the implementa-
tion of cellular immune responses.

Thus, the dynamics of the migration of gold
nanoparticles, introduced subcutancously to rats, has
the following algorithm:

The 1+ day after the administration is accom-
panied by phagocytosis of gold nanoparticles in
the interstitial tissue, as we assume, by two types
of macrophages: monocytic and T-lymphocyrtic.
Monocytic phagocytes carry out the delivery of gold
nanoparticles into the lumen of blood vessels, releas-
ing them and partially releasing them into the blood
due to the death and rupture of the cell membrane;

T lymphocytic cells deliver gold nanoparticles to the
lymphoid tissue of rat lymph nodes for antigen pres-
entation and induction of blast transformation of the
effector cells of transplantation immunity.

On the second day, the number of phagocytosed
nanoparticles in macrophages increases, the number of
phagocytes increases, which migrate in the direction
of the blood vessels. The endothelium of the vascular
wall is hypertrophied. Moreover, hypertrophy does
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not develop over the entire surface of the inner wall

of blood vessels, but only in the zone adjacent to the
site of introduction of gold nanoparticles, the result of
hypertrophy is the death of endotheliocytes. On days
2 and 3, migration of macrophages in 2 directions is
identified: to the blood vessels and in the direction to
the lymphoid tissue to the periphery of the lymphoid
follicle to T-dependent zones for antigen presentation.
On the 4™ day, macrophages migrating into the vessel
lumen are determined, the cytoplasm of which is filled
with gold nanoparticles. We have noted that there are
two mechanisms for the removal of gold nanoparti-
cles into the vessel lumen: one group of macrophages
releases gold nanoparticles as a result of degranulation,
the second due to death.

The obtained data on the dynamics of the
migration of gold nanoparticles are important for the
development of diagnostic and therapeutic measures.
It is necessary to implement diagnostic and therapeu-
tic measures in treating tumors on the first day after
local subcutaneous administration of gold nanopar-
ticles, since on the second day most of them undergo
phagocytosis and migrate in different directions from
the site of administration, therefore, the effectiveness
of therapeutic measures in the later periods will be
reduced.

Thus, we obtained data confirming the ability of
effector cells of the phagocytic link loaded with gold
nanoparticles to destroy the vascular wall, leading
to an increase in its permeability due to the death of
the endothelium. We suggest that the mechanism for
reducing the growth factor of the endothelium and
the absence of angiogenesis in the tumor is associated
with the deactivation of macrophages that produce
VEGF due to the phagocytosis of a large number of
nanoparticles.
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