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The aim of the research was to compare the characteristics of nanoparticles with different chemical
structure and size (colloidal gold Gold 1 and Gold 2, calcium phosphate CaP and poly(D,L-lactide-co-
glycolide) PLGA 1 and 2) to find the most efficient carriers of antigen — recombinant diphtheria
toxoid for per os immunization. According to the MTT test, all studied particles show no significant
cytotoxic impact on the studied cells in vitro, with the exception of CaP nanoparticles, which in high
concentrations have cytotoxic effect on the U937 cells, and Gold nanoparticles 1 and 2, that are able to
inhibit growth of the L929 cells. The most effective phagocytosis by macrophage-like cells J774 is
observed for PLGA nanoparticles 1 and 2 with the immobilized antigen, while Gold nanoparticles 1 and
2 with antigen can interact with the surface of these cells without being phagocytated by them. In
BALB/c mice immunized per os with antigen immobilized on PLGA 1 and 2 as well as Gold 2 carriers,
the concentration of specific IgA antibodies in blood significantly increases after the second
immunization, compared with controls. In the group of mice treated with PLGA 2 conjugated antigen,
the concentration of specific IgG in blood after the third immunization also increases. These results
show the promise of nanoparticles PLGA 1 and 2 as adjuvant for immunization per os.

Key words: nanoparticles, calcium phosphate, colloidal gold, poly(D,L-lactide-co-glycolide),
diphtheria toxoid, oral immunization.

The immune system of the mucous
membranes is represented by the specialized
MALT lymphoid structures (mucosa-associated
lymphoid tissues)[1]. It protects the epithelium
against the infection and colonization by
potentially dangerous microorganisms. The
mucous membranes also absorbs and processes
the foreign antigens from food, air or own
microflora [2]. Of various mucous membrane
cells, M-cells play an important role selectively
absorbing the antigens and transporting them
through mucosal barriers to subepithelial
space, where subepithelial macrophages and
dendritic cells actively capture, process and
present transmitted antigens [3]. Human and
rat M-cells also express MHC II [4], probably
acting as antigen-presenting cells (APC). The
barrier function of the mucous membrane
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is enhanced by the production of class A
antigen-specific secretory antibodies (SIgA)
which prevent the penetration of pathogens
and toxins [5]. A deeper knowledge about the
peculiarities of development of the immune
response in mucous membranes opens up new
avenues for the development of protective
remedies. That is why the interest in mucosal
vaccination is growing.

Parenteral vaccine promotes induction of
systemic immunity, but is not intended for
immune protection of mucous membranes
which are on the frontline of neutralizing
most pathogenic microorganisms [6]. The
advantage of mucosal vaccination is that
it can trigger the humoral and cellular
immunity both systemically and locally on the
mucous membranes. In this case, the antigens



Experimental articles

administered through the mucous membranes
induce the long-term immune memory by the
formation of the corresponding T- and B-cells
[7, 8].

Of the various ways to vaccinate mucous
membranes, per os is the most promising
method of administering preparations.
Despite the benefits of oral delivery, the
gastrointestinal tract (GIT) is characterized
by low permeability of the membranes, highly
active proteolytic enzymes, and the formation
of mucosal tolerance for antigens introduced
per os [9], which creates some difficulties in
using this method. That’s why it should be
noted that injectable vaccines can be “ignored”
by the mucous membrane protection system in
case of oral administration [10].

The nanoparticles are promising for the per
os delivery of protein antigens [9]. Due to their
unique properties, nanoparticles can penetrate
the mucous membranes barrier, transfer the
immobilized antigen to MALT, protecting
the protein from the damaging factors of
the gastrointestinal tract, and enhancing
the antigenic immunogenicity [8]. Various
nanoparticles based on organic polymers, metal
colloids, lipids, lipopolysaccharides, etc. are
used as antigen carriers [8, 11-13]. However,
the physicochemical properties of all these
carriers are quite different, which may affect
their adjuvant properties and interaction with
APC and M-cells.

Thus, the purpose of this work was to
determine the immuno-adjuvant properties
of nanoparticles with different chemical
structures with antigen immobilized on them
for per os introduction. To do this, it was
necessary to synthesize the nanoconjugates
with a recombinant diphtheria toxoid, to
investigate the cytotoxic effect of these
conjugates, to determine the effectiveness of
their interaction with APC, and to demonstrate
the immunogenic properties of per os
administration.

Materials and Methods

Preparation of nanoparticles based
on colloidal gold (Gold 1 and Gold 2). The
modification of the citrate method was used
as described previously for synthesis of the
desired amount of colloidal gold particles and
their conjugation with antigen-protein [14]. In
different test tubes, the mixtures (HAuCl, +
H,0) and (NazCsH;0, + K,CO5 + C76H550,6) were
pre-heated to 60 °C, than mixed and incubated
(20 min, 60 °C). After that, the test tubes were
transferred to ice and completely cooled.

For protein conjugation, EGFP solution
(green fluorescent protein) or EGFP-SubB
(recombinant subunit B of diphtheria toxin
fused to EGFP) was added to the synthesized
colloidal gold solutions in 0.2% sodium citrate
solution and incubated for 40 min, 0 °C. EGFP
and EGFP-SubB proteins were obtained as
described previously [15]. The conjugate was
further stabilized by dissolving the precipitate
in 1ml 0.2% sodium citrate containing 129 mM
cellobiose (Sigma, USA) and incubation for
24 h, 4 °C. The resulting conjugates were then
stored in 0.2% sodium citrate solution.

Obtaining nanoparticles based on calcium
phosphate (CaP ). For the nanoparticle synthesis,
12.5 mmol CaCl, (Alfarus, Ukraine), 12.5 mM
Na,HPO, and 15.6 mM sodium citrate solutions
were added one by one to the protein solution in
the respective ratios 7.5:7.5:1.5. The resulting
mixture was incubated constantly mixing for
48 h, 4 °C. To stabilize the conjugate, the formed
particles were re-suspended in 2 ml of 129 mmol
cellobiose solution in PBS (0.14 M NaCl, 0.03 M
KCl, 0.011 M Na,HPO, 0.002 M KH,PO,, pH
7.4) (Miranda C, Ukraine) and incubated for
24 h, 4 °C. The resulting conjugates were then
stored in PBS.

Preparation of nanoparticles based on PLGA
by solvent replacement method followed by
organic phase evaporation (PLGA 1 ). Synthesis
of PLGA particles was carried out as described
earlier [16] with certain modifications. 3 ml
0.5% PLGA solution (Sigma, USA) in acetone
(organic phase) was added in drops to 30 ml
PBS solution with simultaneous stirring on a
magnetic stirrer. After evaporation of organic
phase, the particle solution was filtered
through a filter with 1 ym pores. The prepared
solution of PLGA 1 particles was used for
antigen sorption.

Preparation of nanoparticles based on
PLGA by double emulsification with subsequent
evaporation of the organic phase (PLGA 2).
Synthesis of PLGA 2 particles was carried
out as described earlier [16], with several
modifications. 1 ml of PBS was added to 5 ml of
6% PLGA solution in methylene chloride, and
mixed using MPW-309 homogenizer (Universal
Laboratory Aid, Poland, for 3 min, 14 000 rpm).
The obtained emulsion was mixed with 30 ml
of dioctyl sulfosuccinate (Sigma, USA) (0.5%
of the weight of added PLGA) in PBS and
homogenizedin anicebath for 10 min, 7 500 rpm.
For evaporation of the organic solvent, the
solution was constantly stirred at room
temperature (~12 hours). The prepared solution
of PLGA 2 particles was used for antigen
sorption.
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Antigen sorption on PLGA particles. The
resulting PLGA 1 and PLGA 2 particles
were precipitated (12.000 g, 3 min), and the
precipitate was diluted in 1 ml of EGFP protein
or EGFP-SubB in PBS. Sorption of the antigen
was carried out by stirring at a magnetic stirrer
for 12 hours at 4 °C. To remove the unbound
antigen, the particles were precipitated for
3 min at 12.000 g. In order to increase the
stability of the conjugate, the precipitate
was dissolved in 1 ml of 129 mM cellobiose in
PBS and incubated for 24 hours at 4 °C. The
resulting conjugates were precipitated and
stored in PBS buffer.

Quantitative evaluation of antigen
immobilization. The effectiveness of antigen
immobilization on nanoparticles was
determined by densitometric electrophoregram
method using TotalLab TL120 software. The
electrophoretic separation of the resulting
particle-antigen complexes was performed in
polyacrylamide gel with sodium dodecyl sulfate
(Sigma, USA) using the modified Schagger
technique [17].

Electron microscopy of obtained particles.
The studies were carried out using Hitachi
H-600 transmission electron microscope.
Imaged v1.43u software (NIH, USA) was used
to measure the diameter of the synthesized
particles according to the electron microscopy
data. There were at least 15 analyzed objects
per sample.

Cultivation of L929, U937 and J774 cell
line cultures. Cells were cultured on RPMI-
1640 nutrient medium with L-glutamine
(Sigma, USA) containing 5% fetal bovine
serum (Sigma, USA), streptomycin (100 mg/1),
penicillin (10.000 U), and amphotericin B
(250 pg/ 1), 37 °C, 5% CO.,.

Determination of cell viability with MTT
test. Cytotoxic affect of nanoparticles was
studied as follows. Cells of L929 and U937
lines were inoculated in 96 well plates in 50 000
cells per well and added control protein or
nanoparticles in concentrations of 0.1 mg/ml,
1 mg/ml, 10 mg/ml and 25 mg/ml. Semi-
lethal doses (IC;) for cytotoxic nanoparticles
were calculated by incubating cell cultures
of LL929 and U937 lines in the medium with
Gold 1 and Gold 2 particles in concentrations
of 0.1-7 mg/ml. Also, cell culture of the line
U937 were incubated with CaP nanoparticles in
concentrations of 0.1-27 mg/ml. Samples were
incubated for 12 h, 37 °C, 5% CO,.

Cell viability was determined using MTT
test as described [18] in own modification.
Medium in the wells was refreshed with
added MTT reagent (Sigma, USA) according
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to manufacturer’s recommendations and
incubated for 4 h. After that, MTT-reagent
solution was substituted with the therapeutic
solution: 10% SDS, 0.6% acetic acid in
dimethyl sulfoxide (DMSO). Then, its optical
absorption was determined at StatFax 2100
microplate reader (Awareness Technology,
USA) at 650 nm, against 545 nm. The testing
was done in triplicate.

To find out the semi-lethal nanoparticle
doses, experimental data was analyzed
using SigmaPlot software. The iterative
modeling of the optimal equation describing
the experimental data resulted in the three-
parameter sigmoid dose-depending curve:

max— min
1+ 10(10g|C50—X) >

where x is the concentration of particles
which inhibit cell growth, y is the number of
viable cells at x particle concentration, min
is cell viability in the absence of inhibiting
agents, max is cell viability at the maximum
concentration of inhibiting agent, IC5, is semi-
lethal dose.

FITC (Fluorescein Isothyocyanate ) particle
marking. Per 10 ng of protein immobilized
on particles, 25 ng FITC were added and
incubated with constant stirring for 2 h at
room temperature. Unbound FITC was washed
off from the resulting complexes and they were
placed into PBS for further storage.

Effectiveness of phagocytosis of obtained
particles by flow cytometry. J774 cells were
dropped to 24-well plate and incubated
for 12h (37 °C, 5% CO,). To analyze the
phagocytosis effectiveness, particle solution
in 1% BSA in PBS was added to adherent cells
and incubated for 5 min, 30 min, 60 min and
120 min (37 °C, 5% CO,). The interaction of
particles with the adherent cell surface was
analyzed adding particle solution in 1% BSA
in PBS and 0.02% NaN; and incubated for
15 min, 4 °C. The particles were added in
amounts of 3 ng of immobilized protein per
sample. After incubation, the cells were
removed with 0.03 M EDTA, and the unbound
particles were washed off. Then, intensity of
cell fluorescence was measured using Coulter
Epics XL flow cytometer.

Analyzing the cell-particle interaction using
confocal microscopy. Cells of the line J774 were
cultured in 24-well plates on special slides
(12 h, 37 °C, 5% CO,). Then, cells were washed
with 1% BSA in PBS solution and added 1
ml of particle solution in 1% BSA in PBS,
introducing 2.5 png of antigen immobilized

y = min+
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on particles per sample. Nuclei were stained
with Hoechst 33342, added simultaneously
with particles to the concentration of 10 pyM
in medium. The incubation was performed for
60 min at 37 °C and 5% CO,. Cells were washed
off and fixed with 4% paraformaldehyde
solution (Sigma, USA) in 0.1 M phosphate
buffer 40 min at 4 °C. Cover glass with cells
was fixed at the microscope slide in the
polyvinyl alcohol based medium with DABCO
(1,4-diazabicyclo[2.2.2]octane, Sigma, USA).
The preparations were analyzed under Carl
Zeiss LSM 510 Meta confocal microscope.

Mouse immunization with the particles
and sampling. Female BALB/c mice, identical
in age and weight, were immunized per os by
the particles conjugated with antigen at a
rate of 250 micrograms of protein per kg of
weight three times at 2 weeks intervals. Blood
was sampled from the tail vein 1 week after
each immunization. Blood serum samples
were stored in a freezing chamber (—20 °C) for
further analysis.

Determination of SubB antibody levels
in serum of immunized mice. The level of
specific antibodies was evaluated in an
indirect enzyme-linked immunosorbent
assay (ELISA) using recombinant derivative
diphtheria toxin (DT) as antigen. The antigen
was sorted in 96 well plates at a rate of 1 ng
per well (18 hours at 4 °C) then 1% dry skim
milk (Sigma, USA) in PBS was added and
incubated for 1 hour at 37 °C. Blood sera of
mice were introduced in dilutions from 1: 100
to 1: 3200 in PBST (0.04% Tween 20, Sigma,
USA)in PBS and incubated for 1 hour at 37 °C.
The antigens which bound IgG or IgA
antibodies were identified with appropriate
secondary antibodies (Sigma, USA) labeled
with horseradish peroxidase. After each
incubation, the plates were washed three
times with PBST. The peroxidase activity
was evaluated with the chromogenic TMB
(3,3', 5,5'-tetramethylbenzidine) substrate
at a wavelength of 450 nm on BioTek ELx800
microplate reader (BioTek Instruments, USA).

Results and Discussion

To use antigen-nanoparticle complexes
for oral immunization, they should be stable:
unbreakable under the influence of GIT
damaging factors, and indestructible for a
long time. In addition, it is necessary that they
should be able to penetrate mucosal barriers,
interact with immune cells and induce long-
term immune memory. The particles should
not have a cytotoxic effect on the cells of

the body and should not affect the antigenic
structure of the immobilized antigen.

With different approaches and methods of
synthesis we obtained five types of particles
with different chemical nature and size, and
with an immobilized recombinant fragment of
diphtheria toxin. The particle types differ in
physical and chemical properties and the ability
to biodegradate the resulting complexes. All
conjugates were tested for their cytotoxic
effect, immunogenic properties, and ability to
interact with antigen presenting cells.

Characterization of particles with
immobilized recombinant subunit B of
diphtheria toxin.

The synthesized particles carrying SubB
antigen first of all were analyzed for the
effectiveness of the subunit’s inclusion, since
this is key in calculating the preparation dose,
and may have an effect on its immunogenicity
(Table 1). Calculations were made based on the
ratio of protein concentrations in the solution
before and after conjugation. Gold 1 and
Gold 2 particles (63.52 ng/mg and 83 ng/mg
respectively) demonstrated the highest
loading efficiency. The efficiency of antigen
inclusion for PLGA 1 and PLGA 2 particles
was significantly lower (1.52 pg/mg and
4.96 ng/mg respectively).

Another important factor in oral vaccine
production is the shape and size of the
particles, because these properties affect their
absorption by immune cells. As can be seen
from the electronic microphotographs (Fig. 1),
all the synthesized particles were symmetrical
and round. The colloidal gold-based particles
had the smallest proportions compared with
the CaP and PLGA particles (Table). The sizes
of the colloidal gold nanoparticles depend on
the concentrations of the reaction mixture
components, which is why we obtained particles
of two sizes: 9 nm (Gold 1) and 16 nm (Gold 2).
The CaP particles were somewhat larger,
37 nm in average. Two different approaches
were used to obtain PLGA-based particles.
As can be seen from the microphotographs,
replacing the solvent with subsequent
evaporation of the organic phase (PLGA 1)
gave more homogeneous particles, 35 nm
in average. The average size of a particle
synthesized by double emulsification with
subsequent evaporation of the organic phase
(PLGA 2) was 100 nm.

Investigation of cytotoxic properties of
received particles in vitro. Using the synthesized
particles as adjuvants for oral immunization
requires testing their toxicity to various
cells. Determination of cytotoxic effect was
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Table. Properties of the obtained nanoparticles

Particle type Gold 1 Gold 2 CAP PLGA 1 PLGA 2
Mean size (nm) 9 37 35 100
Mean effectiveness of antigen
inclusion (ng/mg of particles) 63.52 14.85 1.52 4.96
A B C

Fig. 1. Electron microphotographs of particles based on: colloidal gold
Gold 1 (A) and Gold 2 (B); Calcium phospate CaP (C), and poly(D,L lactide-co-glycolide):
PLGA 1 (D) and PLGA 2 (E)

performed with the MTT test. L929 and U937
cell lines were used because of their properties.
For example, the U937 cells have such properties
of monocytes as the increased phagocytic ability,
and L929 have properties of fibroblast cells.

The results demonstrate the dose-dependent
cytotoxic effect of the Gold 1 and Gold 2
nanoparticles on both cell types, as well as the
toxicity of CaP particles to the cells of the U937
line (Fig. 2). PLGA particles had no cytotoxic
effect in the studied concentrations.

Subsequently, IC;, inhibitory doses for
cytotoxic nanoparticles were calculated by
analyzing the inhibition pattern of cell growth
(Fig. 3). The results of this simulation are
shown in Fig. 3.

The ICy, values for both types of Gold 1
and Gold 2 particles are similar. They have a
significant cytotoxic effect on the phagocytic
U937 cells, which was almost 5 times greater than
that of the CaP. The influence of gold particles
on the L929 cells was somewhat different. The
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toxicity of the Gold 2 particles was almost thrice
the influence of the Gold 1 particles.

Cytometry of the nanoparticle phagocytosis.
To study the nanoparticle adjuvant properties
as antigen carriers, their interaction with
antigen-presentative cells were investigated
in vitro. The study used macrophage-like
J774 cells derived from histiocytic sarcoma of
mice. Escherichia coli containing fluorescent
EGFP were used as a positive control for the
phagocytic activity of the J774 cells.

It is evident from the results of the
cytometric study (Fig. 4) that almost all
nanoparticles were capable of sorption on the
cell surface, and the results for PLGAggrp.subs
particles of both types significantly exceeded
the values for the interaction of cells with E.
colibacteria. Goldggpp.gupe 1 and Goldggrp.gubs 2
particles showed the lowest results.

The cellular phagocytic activity showed a
certain dependence on their sorption ability
(Fig. 4). The strongest phagocytosis was
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Fig. 2. L.929 (A) and U937 (B) cell viability after incubation for 12 hr with CAP, PLGA 1, PIGA 2, Gold 1 and
Gold 2 particles added in concentrations of 0.1, 1, 10 and 25 mg/ml:
100% — the number of control cells incubated without nanoparticles M =S, n = 3);
here and after: * P < 0.05 compared to control (100%)

A B

Fig. 3. Relationships of L929 cell viability after incubation for 12 h with Gold 1 (4) and Gold 2 (B)
particles; and U937 cell viability after incubation for 12 h with CAP (C), Gold 1 (D) and Gold 2 (E)
particles added in different concentrations: diagram points represent the experimental data of MTT test, lines
are the theoretical approximations of points on sigmoid viability curves, calculated in SigmaPlot software
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observed for PLGApggpp.sunp Particles, 1.5
times the E. coli sorption rates, and twice the
PLGAgcrp.subs 2 rates. The lowest values were
recorded for Goldgerp.gups 1 and Goldgerp.subs 2
particles.

To increase the sensitivity of particle
detection, they were conjugated to a FITS
fluorescent label, which has a nearly 10-times
higher quantum yield compared to EGFP. This
modification allowed determining temporal
peculiarities of the particle absorption by
J 774 cells. Notably, the absorption efficiencies
were quite similar for FITC- and EGFP- labeled
particles (results are not presented).

According to the diagram reflecting the
dynamics of particle absorption (Fig. 5), 1
hour incubation was sufficient for almost all
samples to reach maximum absorption by cells.
The strongest absorption was recorded for
PLGAgerp.subs 2, and the weakest for
Goldggrp.guns 2, wWhich confirms the data
presented earlier.

Confocal microscopy of the interaction
between the received particles and cells.

To confirm data on the absorption of
particles by macrophage cells we used confocal
microscopy to locate the complexes of particles
with a fluorescent label.

As can be seen, the J774 cells most actively
phagocyted PLGApgrp.supg 2 and PLGAggpp.
suwbp 1 particles, followed by bacteria and
Goldgerp.gup 1 particles (Fig. 6). The obtained
results demonstrate the immunotropic properties
of these particle types. In addition, they coincide
with the results of cytometric research.

It should be noted that phagocytosis of the
CaPgepp.gupp and Goldgepp.gunp 2 particles was
not noted. This is probably due to the short
incubation of cells with these particles.

Fig. 4. Interaction of J774 cells with CAP, PLGA 1,
PLGA 2, Gold 1 and Gold 2 particles, and E. coli
bacteria used as positive control at 4 °C and 37 °C;
P <0.05 compared to control values of J774 cell
interaction with E. coli
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Investigation in vivo of the immunogenic
properties of the obtained particles.

The ability of antigen-particle conjugates
to induce a specific immune response
against the administered antigen after
oral immunization was studied with per os
immunization of experimental animals. Their
serum was studied for the content of antigens-
specific G antibodies providing long-term
humoral immunity and of specific antibodies
of class A, which form the local immunity of
the mucous membranes.

Determination of class G antibody titers
against antigen immobilized on particles
in serum of immunized animals. GST-SubB
protein (SubB cross-linked with an alternative
GST tag and without an EGFP fluorescence tag)
was used as an antigen in the indirect ELISA to
study serum content of the specific antibodies
against SubB. Serum from animals that were
immunized per os with EGFP-conjugated
particles or with a free EGFP-SubB or EGFP
antigen was used as controls.

After the first immunization, the level of
specific G antibodies to the antigen was high
only in animals immunized with particles of
PLGA 1, PLGA 2 and Gold 2, conjugated with
EGFP-SubB (Fig. 7, A).

After the second immunization, serums
of animal immunized with PLGAgcrp.sus 1
and Goldggpp.sups 2 Particles had high levels of
specific G antibodies, but it decreased compared
to the first immunization. Significantly, a
relatively low content of specific IgG was
detected in animals that have been immunized
with PLGAggrp.sups 2. It is likely that re-
immunization with such particles resulted
in tolerance of the immune system to the
introduced antigen.

Fig. 5. Absorption of CAP, PLGA 1, PLGA 2,
Gold 1 and Gold 2 particles by J774 cells depend-
ing on the incubation time:
control — Gold 1; *P <0.05 compared to control
values before incubation with particles
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Based on the results obtained after the third
immunization, almost all immunized animals
had low levels of SubB-specific IgG. A high level
of specific IgG was maintained only in animals
immunized with PLGApgrp.sup 1 Particles.

The specificity of the humoral immune response
against the investigated antigen in experimental
animals was confirmed by an additional indirect
ELISA performed using BSA as a control antigen.
Thus, GST-SubB serum recognition indicated the
level of IgG capable of recognizing SubB, while
BSA detection by serum indicated the level of
nonspecific, polyreactive antibodies capable of
recognizing a wide range of antigens.

The level of antibodies detecting BSA
in almost all samples ranges from one third
to one-half from a similar experiment with
GST-SubB recognition. In blood serum of

Fig. 6. Interaction of J774 cell incubated with CAP,
PLGA 1, PLGA 2, Gold 1 and Gold 2 particles or
E. coli for 60 min, 37 °C or for 15 min, 4 °C:
green — particles or bacteriae, blue — cellular
nuclei, red — autofluorescence of the cells
in LP 560 nm canal

mice immunized with PLGA 1 and PLGA 2
particles conjugated to SubB, more non-
specific antibodies were revealed. This may
indicate the ability of such particles to
stimulate production not only of antibodies
specific to the introduced antigen, but also
the nonspecific. In general, these findings
confirm that preliminary data on the level
of IgG antibodies in blood serum of animals
immunized with nanoparticles provide mainly
specific recognition of the test antigen.

Determination of IgA antibody titres
against antigen immobilized on received
particlesin blood serum of immunized animals.
Blood sera from animals immunized with
different types of immobilized nanoparticles
were also analyzed for the IgA antibodies
specific to SubB (Fig. 7).
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1

Fig. 7. Histograms presenting the specific IgG (1) and IgA (2) levels against subunit B DT in blood sera of
mice immunized with particles with immobilized EGFP-SubB antigen or the control EGFP antigen:
Histograms present the results of the 1%, 2" or 3" immunization. Statistical data are given as M * SE,
n=4-6; *P <0.05 compared to control group immunized with EGFP-SubB antigen, #P < 0.05 compared
to control group immunized with EGFP immobilized antigen

After the first immunization, SubB-specific
IgA antibody levels were elevated in blood
serum from mice immunized with CaPgcpp gunp»
Goldgerp.subs 25 PLGAggrp.sup 1 Particles and
in mice immunized with free EGFP-SubB
compared to groups immunized with particles
conjugated with EGFP.

As a result of the second immunization,
levels of specific IgA antibodies in animals
immunized with free EGFP-SubB remained
unchanged. However, IgA levels increased
in blood serum of animals immunized with
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PLGAggrp.supp 1 and PLGAggrp.subg 2. This
suggests that, though a free antigen can
trigger the activation of the immune response
of the mucous membranes, its conjugation
with PLGA particles increases the antigen
immunogenicity by nearly 1.5-times. Levels
of IgA antibodies in animals immunized with
Goldggrp.suns 2 particles decreased, which
probably indicates the tolerance to the antigen
of animals immunized with these particles.
After the third immunization, there
was a general decrease in the IgA levels. The
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elevated IgA level, as compared with control,
was maintained in groups immunized with
CAPggrp.subss PLGAggrp.sup 1 and PLGAggpp.
subp 2. However, samples of blood serum from
mice immunized with CAP contained a high
level of nonspecific antibodies. This decline
suggests a possible tolerance to the introduced
antigen.

Thus, the obtained data show the promise
for the implementation of PLGA particles as
carriers of antigen for oral immunization. This
particle type does not have cytotoxic effects
on cells, even in ultrahigh concentrations.
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Mertoio po6oTu O6yjJ0 MOPIiBHAHHA Xapak-
TePUCTUK YACTHUHOK 3 PidHOIO XiMiuHOIO OYyI0-
BOIO Ta po3Mipom (xoJsoiguoro 3omota Gold 1
ta Gold 2, pochary ranbiito CaP Ta momai(mak-
Tun-Ko-ramokoainy) PLGA 1i PLGA 2) gaa mo-
MIyKy HaOiabIln epeKTUBHUX HOCIIB aHTUTEHY
(pexombimauTHOTO AU TEPiAHOTO TOKCOIAY) 3a
imynisanii per os. 3a ganumu MTT-tecty Bci
IOCJHiIKYBaHI YACTUHKYU He BUABJAJIMU ITOMIT-
HOTO IIMTOTOKCHUUYHOTO BIIJIUBY CTOCOBHO IO-
CHimKyBaHUX KJITHUH in vitro, 3a BUHSATKOM
yactuHOK CaP, 110 y BUCOKUX KOHIIEHTPAIisgx
YNHUJIUA IIUTOTOKCUYHUNA BIJUB HaA KJIITHHU
ainii U937, ta vactunok Gold 1 i Gold 2, aki
TaKOJK OPUTHiIUyBaau picT KiaitTud aiHii L929.
Haii6inepir Bupakene (paromuTyBaHHSI MaKpoO-
daromopibuuMu KiaitTuHamu JiHii J774 O6yiao
sadikcoBano ainsa vactuHok PLGA 1 i PLGA 2
3 iMMO006iTizoBAaHUM aHTHUTEHOM, YV TOHM Uac K
kou’foratu yactuuok Gold 1 i Gold 2 3 anTure-
HOM BUABUJU 3JaTHICTH A0 copOIiii Ha moBepx-
Hi MUX KJiTWH, aje He NOTJINHAJUCA HUMU. Y
murtneir BALB/c, 110 oTpuMyBajau mepopajbHO
aHTUTreH, iMMoOisisoBaunii Ha Hocigx PLGA 1
ta PLGA 2, a Ttako:x Gold 2, xoHIeHTparia y
KpoBi auTuTia IgA, cnenudiuaux 1o cyboguHM-
i B (SubB), mopiBHAHO 3 KOHTPOJEM, ITOMiTHO
30inmpITyBasacA BiKe micad Apyroi imyHisarii. ¥
IPyHu MHUIIEH, 10 OTPUMYBAaJIN KOH IOTaTH aH-
tureny 3 PLGA 2, BigHaueHO TaK0K 30iIbIIeHHS
KoHIeHTpamnii cnenupiuamx IgG y Kposi micas
TpeThoi imyHisanii. HaBeneHni pesysbraTu cBiz-
YaTh PO MEePCIEeKTUBHICTL AOCHiMKEeHHA Yac-
TuHOK PLGA 1 ta PLGA 2 ak axg’oBaHTiB #jsd
imyHigarii per os.

Knarmouwosi cnosa: HaHOUACTUHKHU, (PochaT Kaib-
mifo, KOJOiZHEe 30JI0TO, HOJi(JaKTHUI-KO-TJIiKO-
Jim), nudTepiiHUN TOKCOIN, ImepopajbHa iMyHI-
3aid.
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ITenbio paboThI OBIIO CPaBHEHUE XapaKTepu-
CTUK YaCTHUII C PABHBIM XMMUUYECKUM CTPOCHUEM 1
pasmepamu (Kosumouguoro sosora Gold 1 u Gold 2,
dochara ranpmusa CaP wm mosmu(makTupg-kKo-
raokoauga) PLGA 1 u PLGA 2 gna nmoucka Hau-
6osiee 9()(PeKTUBHBIX HOCUTEJIEH aHTUTeHAa — pe-
KOMOMHAHTHOTO TU(GTEPUAHOTO TOKCOUAA — IIPU
ummynusanuu per os. Ilo nanasim MTT-Tecta Bce
HccJieyeMble YACTHUIIBI He TPOABJISAIN 3aMETHOTO
IIATOTOKCUYECKOTO BO3IECTBUSA 10 OTHOIIIEHUO K
paccMaTpuBaeMbIM KJIeTKaM in Litro, 3a UCKJIIOUe-
Huem yactuii CAP, KoTopble B BLICOKUX KOHIIEH-
TPAIUAX OKA3bIBAJIU IUTOTOKCHUUYECKOE BIUSIHUIE
Ha KiaeTku guaun U937, u vactun Gold 1 u Gold
2, TaKJKe IOJABUBIINX POCT KJIETOK Juunu L.929.
HawubGosee BhIpaskenHoe (paroiuTUPOBAHUE Ma-
Kpo(daromnogo0HLIMU KJIETKAMU JUHUY J 774 ObLI0
sadukcupoBano aiad yactui, PLGA 1 u PLGA 2 ¢
MMMOOUIN30BAHHBIM AHTUTEHOM, B TO BpeMs KaK
rorsbioratel uactur, Gold 1 u Gold 2 ¢ auTureHEOM
OKa3aJuch CIOCOOHBIMU K COpPOIMU Ha IIOBEPX-
HOCTH 9THUX KJIE€TOK, HO He IIOTJIOIN[AJUCh UMHU. ¥
mbinteir BALB/c, mosyuaBIiinx nmepopajbHO aHTH-
reH, UMMOOMJIN30BaHHBIN HA HOocuTeaaXx PLGA 1 u
PLGA 2, a tak:xe Gold 2, KoHIleHTpanusa B KPOBU
anTures IgA, cnenuGuUUHLIX K cyoObequauIle B —
SubB, sameTHO yBeIMUUBaJIACh [10 CPABHEHUIO C
KOHTPOJIEM ysKe II0CJe BTOPO MMMYHHU3AIUN. ¥
TPYIIIBI MBIIIEH, TOJYUYaBIINX KOHBIOTATHI AHTH-
reua c PLGA 2, oTMeueHo Tak:Ke yBeJIndeHne KOH-
meuTpanuu cruenupuueckux IgG B KpoBu mocie
TpeThell MMyHU3anuu. IIpuBefeHHbBIe Pe3yJIbTa-
THI CBUIETEIBbCTBYIOT O IIEPCIEKTUBHOCTH HCCJIe-
moBauuda yactull PLGA 1 u PLGA 2 B KauecTBe
a'bIOBAHTOB JJI UMMYHU3AIUU per 0S.

Knwuesnvte cnosea: nanouacTuIlsl, gocdar Kajab-
MusA, KOJJIOUIHOE 30JI0TO, MOJU(JIaKTUI-KO-TJIN-
Koaun), nuTepUAHBIN TOKCOUM, MepopaibHasd
UMMYHU3AI[A.





