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Abstract: The influence of gold nanoparticles with different size (1-3 nm, 15 nm and 50 nm) on the morphokinetics of mesenterial
lymphatic node cell populations of healthy laboratory animals was investigated. It was established that the oral administration of gold
nanoparticles caused the changes of morphokinetics of mesenterial lymphatic node cell populations. The morphological reorganizations in
the mesenterial lymphatic nodes testified about activation of migration processes, the proliferation and differentiation processes of

immunocompetent cells, which assumes the presence of immunomodulating action of gold nanoparticles.
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Introduction

To date, a large number of works were published concerning
the use of gold nanoparticles (GN) in various fields of
nanobiotechnology. Along with proven applications in recent years
GN began to be used in various fields of nanomedicine for
diagnostic and therapeutic purposes [1-3]. In particular, they are
used as carriers for delivery of drugs, genetic material, antigens
and as a proper drug or diagnostic agent for the treatment of
cancer or rheumatoid arthritis [4]. Two drugs for intravenous
administration - Aurlmmune™ and AuroLase™ - have already
passed the clinical trials [5]. Extensive material was also published
about clinical trials of the drug Aurasol® in tablet form for the
treatment of severe rheumatoid arthritis [4].

Almost simultaneously with the beginning of medical
applications of nanoparticles the questions about their
biodistribution, circulating in the blood stream, pharmacokinetics
and excretion, as well as the possible toxicity of the whole
organism or the level of cyto-and genotoxicity became urgent.
Concerns about the possible effects of nanoparticles are not
accidental. For example, in 1930-1950's particles of thorium
dioxide size of 3-10 nm were widely used as a contrast agent
("thorotrast") in radiography. However, later it was found [5] that
these particles can accumulate and remain in the body for
decades, causing unwanted radiation effects. Recent publications
of the toxicity of gold ultrananoparticles (about 1.5 nm), and of
significant accumulation of GN in liver and spleen of animals with
very slow kinetics of elimination have appeared (see below). For
gold nanorods original stabilizer molecules is

cetyltrimethylammonium bromide (CTAB) [6], which is a known
toxic surfactant in a free state.

Currently it was found that biological and toxic effects of
nanomaterials depend on several critical parameters, critical of
which is the size and shape of the particles, surface
functionalization, the dose and route of administration. [4, 5, 7, 8].
The active research of the biodistribution and toxicity of GN was
conducted during last 5 years. There was wide variation in the
design of the experiment, including the size and shape of particles,
methods of functionalization, types of animals, dose and route of
administration of the particles. Accordingly, a large scatter of the
data and findings was observed in the levels and kinetics of the
biodistribution and toxicity assessments. At present the aspects of
GN accumulation and morphological changes of immune system
organs are not enough reflected in the literature.

The purpose of our work is to conduct a comprehensive
analysis of morphokinetics of mesenteric lymph nodes of
laboratory animals after oral administration of gold nanoparticles.

Material and methods

In experiment there were used colloidal gold particles with a
diameter of 1-3 nm, 15 nm and 50 nm with gold concentration 57
mkg/ml, which were synthesized in the laboratory of
nanobiotechnology of IBPPM Sciences (Saratov). The average size
of GN was determined from electron microscopic images by Libra-
120 microscope (Carl Zeiss, Jena, Germany). Colloidal gold
nanoparticles with a size of 15 and 50 nm were synthesized by
recovering chloroauric acid (HAuCl4, Sigma-Aldrich, USA) with
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sodium citrate by citrate method of Frens G. [1973]. Smallest
particles 1-3 nm were obtained by special techniques described in
(31

For increasing the bioavailability and biocompatibility the
nanoparticles were conjugated with polyethylene glycol, PEG-SH
(Nektar, USA). Conjugation protocol was as follows. 45 mkl of 0.2
M potassium carbonate and 500 ml 5 mM methyl polyethylene
glycolthiol were added to 50 ml of a suspension of nanoparticles.
The conjugates were formed as a result of covalent binding of thiol
groups to the surface of the gold shell. The reaction time was
about 10 hours. The resulting conjugates were washed from
excess of reaction products twice by centrifugation and
resuspension in 0.9% sodium chloride solution.

The experiments were carried on 24 white outbred rats
weighing 180-220 males. The animals in the experiment were kept
in standard conditions on a normal diet. Animal experiments were
conducted in accordance with the Geneva Convention
«International Guiding principles for Biomedical Research Involving
Animals» (Geneva, 1990). The animals were divided into 4 groups
of 6 rats in each group. The first group was the control one;
second, third and fourth groups were experienced. The rats in the
experimental groups were administered orally gold nanoparticles
every other day in dosage of 190 mg/kg of body weight for 15
days, as follows: first experimental group — GN with diameter of 1-
3 nm, 2 experimental group — GN with diameter of 15 nm, 3
experienced group — GN with diameter 50 nm. The rats in the
control group were administered every other day 1 ml of saline
daily by mouth. Biopsy specimens were performed 24 hours after
the last injection.

Counting the cellular elements (small, medium, large
lymphocytes, plasma cells, immunoblasts and mitotic figures) were
performed in different functional areas of the lymph node with an
increase in the standard method x100, x400, x1000, using
morphometric Bio Vision programs in 10 fields of view on the
standard units of area (6400 mkm). Photographing of histological
preparations was performed using a digital camera SCOPETEK
DCM. Statistical analysis of the results was conducted using the
program «Statistica 6.0».

Results

Control experiments showed that the distribution of different
types of cells in different areas of the lymph nodes was
inhomogeneously. Lymph follicles of cortical area does not contain
the light centers, the small lymphocytes are dominated in them,
and immunoblasts were found significantly fewer and practically
absence of large lymphocytes, plasma cells and mast cells was
detected. In the paracortical zone predominant cell elements were
also small lymphocytes, medium lymphocytes were found in 5
times smaller than small lymphocytes, large lymphocytes and
plasma cells were rare and immunoblasts and mast cells were
absent. The small lymphocytes dominated in brain strands, but
their absolute number was in 3 times lower than in the lymph
follicles and paracortical zone. More often medium lymphocytes
and plasma cells were found and in only a small number of large
cells, immunoblasts, and mast cells was present.

At morphometric analysis of cell populations of the various
functional areas of mesenteric lymph nodes significantly
differenses from the control group were not found after
administration of GN size 1-3 nm for 15 days. The number of small
lymphocytes in the lymph follicles and paracortical zone amounted
62.3+1.6 and 61.2+1.2, respectively (in control group — 64.2+2.1

and 60.1+1.2, respectively). Average number of lymphocytes in the
lymph follicles and paracortical area was 16.6+1.2 and 4.310.8,
respectively (control — 18.2+0.4 and 12.1+1.1, respectively). The
number of large lymphocytes in the lymph follicles and
paracortical area was 0.5+0.01 and 0.6710.1, respectively (control
0 and 0.75%0.1, respectively). In the area of the brain strands the
number of small lymphocytes was - 18.3+1.0; medium
lymphocytes — 10.4+1.0; plasma cells — 17.9£1.2; immunoblasts —
2.0+0.3 (at the control — 20.2+1.3; 10.2+1.7; 15.3+0.6; 2.3+0.3,
respectively).

In the cortex of lymph follicles after administration GN size 15
and 50 nm the changes in the ratio of primary and secondary
follicles were observed, which indirectly reveals about the
increasing of lymphopoiesis. The increase of number of small (at
15 nm — 71.2+1.2; at 50 nm — 83.3+1.7), medium lymphocytes (at
15 nm - 30.1#2.1, p<0.001, at 50 nm - 35.3+1.0, p<0.001),
immunoblasts (at 15 nm —4.8+0.3, at 50 nm — 10.4+0.3) was found
compared with the control group (small lymphocytes — 64.2+2.1,
mean lymphocyte — 18.2+0.4, immunoblasts — 2.5%0.3) at
histological examination of morphokinetics of cell populations in
the area (Figure 1).

In the paracortical area of mesenteric lymph nodes the
increasing of number of small lymphocytes (at 15 nm — 66.2+1.1,
at 50 nm — 72.4+1.1), medium lymphocytes (at 15 nm — 30.1+2.1,
at 50 nm — 35.3%1.0), immunoblasts (at 15 nm — 0.7£0.1, at 50 nm
—2.940.1) was noted in comparison with the control group (small
lymphocytes — 60.1+1.2, mean lymphocyte — 12.1+1.1).

In the area of the brain strands of mesenteric lymph nodes the
increasing of number of plasma cells was noted (at 15 nm —
26.4+3.4, at 50 nm — 38.4+3.4) compared with the control group
(15.3£0.6).

In all functional areas the increase of number of mitotic figures
was found, especially in the lymph follicles (at 15 nm — 4.0+0.3, at
50 nm — 4.6%0.1) compared to the control group (0.2+0.01)
(Figure 2).

The morphokinetics of cell elements of the mesenteric lymph
nodes after administration of GNT within 15 days was

characterized by activation of limfopoiesis and it carried a size-
dependent manner, the most striking changes were observed after
introduction of GN size 15 and 50 nm.

¥ *.7 5 :
Fig. 1 Reactive lymph follicle center of cortex of lymph nodes after oral
administration of gold nanoparticles of 50 nm.
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Fig. 2. Mitotic figures in the paracortical area of the lymph node with the
introduction of gold nanoparticles of 50 nm.

Discussion

The information about the impact of GN on lymphocyte
proliferative activity isnot enough. Known, in particular, that the
injection of colloidal gold may lead to its accumulation in the
reticular cells of the lymphoid tissue, activation of cellular and
humoral immunity of laboratory animals [9, 10]. It is Interesting is
that the cytotoxicity of GN has the size dependence - pronounced
cytotoxicity was shown only for particles with a diameter of 1.4
nm, but not for particle diameter of 15 nm [5].

In [9, 10 ] the properties of GN to deliver antigens in vivo were
studied and it was found thatGN enhanced phagocytic activity of
macrophages and produced lymphocytes functionalization, which
probably causes the GN immunomodulating effect [10].

Analyzing the results it can be noted that the dynamic changes
were expressed in increasing of the number of small lymphocytes
in lymphoid follicles and paracortical zone of lymph nodes. On
histological preparations the area of paracortical zone of lymph
nodes increased. In these terms of the pilot study the indications
of proliferative activity increasing of lymphoid cells were locked.
The increase of cells with mitotic figures was indirect confirmation
of this, which reflected in germinal centers of lymphoid follicles
and paracortical zone and brain strands in varying degrees.

The signs of increasing of differentiation and maturation of
cellular elements in the lymph nodes of animals were observed. It
was reflected in the increasing of number of immunoblasts and
large lymphocytes in the structural zones of the lymph nodes.
Distinct dynamics of the cell content of the germ, most notably in
the brain strands were revealed.

The kinetics of cell populations in the lymph nodes was agreed
with published data about the cytological and functional
modifications of peripheral organs of immunogenesis under the
influence of different effects. Dynamics of small, medium, large
lymphocytes and immunoblasts in structural areas of lymph nodes
is morphological evidence of activation of the migration,
proliferation and differentiation of immune cells.

Therefore, the identifying changes in the quantitative rations
of cell components of lymph nodes after administration of GN
indicate on definite and distinct tendency to the development of

the proliferation and differentiation processes of lymphocytes,
which provides a basis for the assumption about stimulating effect
of GN size of 15 nm and 50 nm, especially on the immune cells of
lymph nodes.

Conclusion

Summarizing the above data it can be concluded that oral
administration of gold nanoparticles size of 15 nm and 50 nm for
15 days changes the morphokinetics of cell populations of
mesenteric lymph nodes. Morphological adjustments in the
mesenteric lymph nodes indicate about the activation of the
migration, proliferation and differentiation of immune cells, which
suggests immunomodulating activity of gold nanoparticles.
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