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Abstract. In in vitro experiments the MC was suggested to perfect the activity of monocyte-macrophageal system via the increase of
phagocytosis percent (by 2,5 — 3,5 times), phagocyte number (by 2 times); the MC also accelerates the oxygen-dependent cell metab-
olism. The MC demonstrates also a dose-dependent modulatory effect on indices of cytolytic activity of natural killer cells: low and
moderate MC concentrations inhibit this activity, while high concentration stimulates it. The MC was also proved to have influence
on peripheral blood lymphocytes at the receptor expression level. So MC can be attributed to a potential immunomodulator with

different types of effects on the immune system
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Introduction. Many years of experience in clinical use of
interferon (IFN) drugs of I type (a, B-IFN), which have
antiviral, immunomodulatory and antiproliferative effects
[3, 14], revealed their significant efficacy for the
prevention and treatment of viral, bacterial and some
cancer deseases. The same properties in varying degrees
are found in some inducers compounds of IFN synthesis
[5, 7, 12], in particular, tilorone [2, 8].

Previously, it was found that a perspective inducer of
IFN of I type is a molecular complexes (MC), which are
formed by the interaction of yeast RNA and tilorone [4].
Obtainment of complex preparations based on synthetic
and natural compounds is a new, promising direction in the
pharmaceutical field. Thus, yeast RNA is a natural
compound, which the immune system has phylogenetic
adaptation to. Artificial hapten (in this case — tilorone) has a
targeted immunotropic action [2, 8, 11], being a xenobiotic
for the human body against which protective responses are
induced. In this paper, we aimed to investigate the effect of
MC on immunocompetent cells in in vitro experiments.

Objects of research. In in vivo experiments the CBA
and Balb/c mice were used. In in vitro experiments there
was used blood of 0 (1) group of healthy volunteer donors.
The components of MC were the marketable preparation of
RNA yeast and synthetic preparation 2,7-bis[2-
(diethylamine-ethoxy)-fluorene]-9-on dihydrochloride
(tilorone). MC is formed by the interaction of single-
stranded yeast RNA with tilorone and is considered one of
the most promising inducers of IFN-a/f of semi-natural
origin due to the presence of ribose within its composition
and formation of numerous double-stranded regions within
the structure of single-stranded RNA under tilorone.
Preparation of MC solutions of desired concentration was
performed by direct mixing of appropriate solutions of
tilorone and yeast RNA in buffer 0.01 M tris-HCI (pH 6.8)
and 0.05 M NaCl at a ratio of 1:10 (M:M).

RNA, pure tilorone and well-known inducer of IFN-
o/B of ribonucleic nature — rydostyn (double-stranded
RNA of Saccharomyces cerevisiae yeast, RPA(Research
and production association) "Vector", Russia were used as
comparison preparations.

Research methods. To study the effect of MC on the
immune system of experimental animals, the humoral
immune response of the mice was modeled using a T-
dependent antigen (AG) — sheep erythrocytes (SE) and T-
independent AG — lipopolysaccharide (LPS E.coli 0111).
The MC drug was intraperitoneally administered to mature
CBA mice in doses of 1.25 and 12.5 mg/kg of body weight
of animals. SE was intraperitoneally administered to
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animals in optimal dose of 4x10° in 0.2 ml of normal
saline, and LPS was subcutaneously administered in a dose
of 0.3 mg. Antigens were injected once. Animals injected
with equal volumes of SE and LPS according to their
groups served as a control value. Mice were sacrificed by
cervical dislocation under light ether anesthesia.

During the research there were determined the values
of formation of humoral immune response — the content
of antigen-producing cells (APC) in the spleen and 1gG
titers in spleen blood serum as of the 5th, 7th and 14th
day after immunization in 7 animals from each group.
Number of APC in the spleen of mice was determined by
direct hemolysis by Yerne. Antibody levels in blood
serum were determined by the method of passive
hemagglutination by Boyden.

Assessment of direct effects of MC on the functional
activity of the cells of immune protection was conducted
through in vitro tests. The functional state of neutrophils
and monocytes of blood were characterized by their
ability to absorb latex particles (d = 1,0 — 1,3 mm) with
calculating percent of phagocytosis (PP) — percentage of
phagocytic cells and phagocytic number (PN) — an
average of their activity [17] and the intensity of their
oxygen-dependent metabolism through NBTR (Nitro
Blue Tetrazolium Reduction) test according to the method
[9]. The assessments of peroxidase activity was conducted
by means of cytochemical coefficient (CCC). Cytotoxic
activity of killer cells was determined by non radiometric
method based on spectrophotometric count of hemoglobin
released from the red blood target cells destroyed by the
killers (SE) during their joint incubation [6]. Rosette
forming cells (RFC) was defined through the rosette for-
mation method with application of particles coated with
monoclonal antibodies [10].

Results and discussions. A characteristical feature of
immunomodulator substances is their potential impact on
the formation of humoral and cellular immune responses in
the body of experimental animals. Therefore, to determine
the presence of immunomodulatory activity of MC, at the
first stage of our research, we determined its influence on
the immune response: humoral immune response to thymus
dependent and thymus independent antigens.

Important indicator of the humoral immune system
which is changed under the influence of substances with
immunomodulatory properties, is the ability of Lph of the
spleen to antibody genesis. This is reflected in the
increasing number of antibody-producing cells (APC) and
antibody production to T-dependent antigen. The results
of this determination are shown in Table. 1.
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Table 1. Effect of MC on antibody-producing cells content (M + m; n =7)
in the spleen of CBA mice during immune responses to SE

Administered drug ey Number of a;ntﬁl?jzsy producing cells ey

Control (SE) 112,0+3,3 84,0+23 33,0+0,8
MK 12,5 mg / kg 446+19° 155,0 +4,7° 220+1,0°
MK 1,25 mg / kg 190,0 + 4,0 137,1+41% 386+1,7"
Yeast RNA 134,2+1,8 98,6 +3,5 31,2+14
Tilorone 83,0+1,9" 68,4 +27% 291+21
Rydostyn 92,0 +4,1" 790+15 39,0+2,7
Notes.

1. # —The difference in comparison with the initial figure is accurate (p <0,05).
2.« — The figure difference in comparison with the corresponding figure in the control group (SE) is accurate (p <0,05).
3. * — The figure difference in comparison with the corresponding figure in the group of animals treated with 12.5 mg / kg of MC is

accurate (p <0,05).

The analysis of these data revealed the following
patterns: MC being administred to animals of the research
groups has led to the increase of APC in the spleen, but the
use of this drug in doses of 1.25 mg / kg caused an earlier —
the 5" day of the study (190,0 + 4,0, P <0.05), more
expressive and longer effect. The RNA drug also increased
the content of APC in the spleen on the 5th days of the
study, unlike tilorone, which reduced this figure in some
extent. Rydostyn’s significant effect on the number of APC
in comparison with control values has not been revealed.

In general, the obtained results are consistent with the
references, since tilorone and yeast RNA as themselves,
depending on the dose, can enhance antibody production,
while rydostyn practically does not increase the number
of APC in the spleen. Therefore, we assume that MC
activates processes of APC increase in the spleen due to
the presence of the RNA in it.

To determine changes in functional activity of B cells
in the dynamics of the immune response to SE and
determine the impact of MC drug and comparison prepa-
rations on it, the serum hemagglutinin titers were
determined. It was found that the MC at a dose of 1.25
mg/kg versus rydostyn exhibits greater ability to
induction of antibody synthesis. This may be indicative of
its high immunomodulatory activity in these experiments.

To activate the T-independent immune response and
study the influence of MC on the formation of the
immune response of animals, they were immunized with
T-independent antigen — LPS E. coli.

To assess the functional activity of APC and quantitative
changes in the dynamics of the immune response to LPS
there were determined the contents of these cells in the
spleen and titers of specific antibodies in blood serum. At
that, the maximum content of APC in mice of the control
group was observed on 5™ day of the study, after which it
decreased, and as of 14" day after administration of LPS,
this figure has decreased by almost 2.5 times. In mice
treated with MC of 12.5 mg/kg, the reduced number of
APC in the spleen relative to controls occurred on 5" day
of the study, thus as of 7" and 14" day the figure reached
control values. In the case of yeast RNA, tilorone and
rydostyn, the content of APC was lower than control
values, with the lowest figures recorded in animals that
were injected with tilorone simultaneously with LPS.

Content analysis of anti-LPS-specific antibodies in
experimental animals within the formation of an immune
response to LPS has showed reduced titers of anti-LPS
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antibodies in the blood serum, which is caused by both
MC and its components. The only exception is a MC dose
of 12.5 mg/Kkg.

Thus, analysis of APC content changes in the spleen
and serum titers of anti-LPS antibodies in experimental
animals has showed no significant effect of MC dose of
1.25 mg/kg on the processes of antibody formation in the
immune response of CBA mice to thymus dependent
antigen, the presence of moderate stimulating effect of
this drug if it is administered at a dose of 12.5 mg/kg and
the inhibitory effect of the comparison preparations.

An important criterion for assessing the biological
impact of any agent in the body's immune system is its
expression at the cell level. Therefore, a study of
immunomodulatory properties of MC was carried out in
vitro, using lymphoid blood cells of healthy donors:
lymphocytes (Lph), neutrophil granulocytes (NG),
monocytes (MN), and natural killer cells (NK cells).

For us it was interesting to investigate the functional
activity of phagocytic cells of both NG and Mn under
different doses of MC and known interferonogens as a
potential immunomodulatory effect on the phagocytic
activity of blood cells is one of the necessary tests on the
presence of immunomodulatory effect [13].

To investigate the functional activity of phagocytes in
the first phase of the research we conducted the study of
absorbance ability of NG by means of latex test.

Figure 1 presents data on the impact of MC on pha-
gocytosis of NG, expressed in percent change in the pha-
gocytes percent (PP) (percentage of cells that have captured
the latex particles) (Fig. 1a) and phagocytic number (PN)
(average number of particles that were swallowed by the
phagocytic cell) (Fig. 1b) compared to the same parameters
for the individual components of the MC as well as the
standard inducer of IFN of | type — rydostyn.

As shown in Figure 1, none of the drugs in studied
concentrations had virtually any effect on the level of PP
of studied cells. MC at a concentration of 12.5 mg/ml
slightly reduced both the index of PP and PN (26.4% vs.
32.6% and 5.8 c.u. vs. 6.5 c.u. respectively). MC at a
concentration of 1.25 mg/ml significantly increased both
the index of PP and PN (38.7% vs. 32.6% and 7.5 c.u. vs.
6.5 c.u. USD respectively). RNA and rydostyn also
significantly reduced both parameters. Tilorone was the
only exception, which in the studied concentration could
potentially influence the process of phagocytosis due to
its direct action on cellular nucleic acids.
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Figure 1. Effect of MC and comparison preparations on the performance of phagocytosis of NG
Thus, during normal phagocytic activity of cells (32,6  cytochemical coefficient (CCC) (Fig. 2.b).
+ 0,9%) of NG, PP values before and after incubation Data from this test indicate that all the studied drugs
with the studied drugs differed a little from each other. As  also did not significantly influence both the number of
for PN, this figure remained virtually unchanged. NBTR-positive cells and their functional activity (Fig. 2).

The second stage of this research was to study the  The exception is a MC at a concentration of 12.5 mg/ml,
digestive capacity of NG in NBTR-test. Results of change  which significantly suppressed the number of NBTR-
in activity of oxygen dependent metabolism after positive cells by 36% and CCC by 31%. This may
interaction of NG with study drugs and comparison prepa-  suggests that the high concentration of MC has a negative
rations are shown in Figure 2. Definition of oxygen de-  impact on functional activity of NG and on the activity of
pendent metabolism of NG was performed by evaluating  oxygen dependent metabolism of NG.
the percentage of NBTR-positive cells (Fig. 2.a) and
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Figure 2. Effect of MC and comparison preparations on the performance of spontaneous NBTR-test of NG

Similar studies on the effect of MC on functional cantly increase the phagocytic activity of MN both
activity of phagocytic cells was performed on a model of  absorption and digesting one, unlike the NG.
MN. First, the absorbance capacity of MN was also stud- Thus, the MC at a concentration of 12.5 mg/ml
ied by means of latex test (Fig. 3). increased the PP by 3.5 times (Fig. 3a) and PN almost by
The data presented in Figure 3a determine absorption 2 times (Fig. 3b). When using the MC at a concentration
activity of MN before and after interaction with the of 1.25 mg/ml, there was an increase of PF by 2.5 times,
studied drugs and show that MC and rydostyn signifi-  while SF increased slightly by up to 27%. During the
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incubation of target cells with Monocytes with RNA and
rydostyn there was also observed a significant increase in
PP (2.9 times and 3.2 times, respectively), but PN re-
mained at control values. The least stimulating effect on

the number of active cells that absorb latex is observed
when adding tilorone (PP increased by 2 times). The
average number of particles absorbed by a phagocyting
cell (PN) increased by 1.5 times.
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Figure 3. Effect of MC and comparison preparations on the performance of Monocytes phagocytosis

Thus, Monocytes cells were more sensitive to activa-
tion by study drug. In this case, based on the results, we
can assume that a stimulating effect on Monocytes cell
was produced by MC due to the presence of RNA in its
structure.

Definition of oxygen dependent metabolism of Mono-
cytes was performed by evaluating percent of NBTR-
positive cells and cytochemical coefficient (CCC). The
results reflecting the impact of the studied drugs on the
metabolic activity of oxygen dependent Monocytes are
shown in Figure 4. Their analysis showed that the
percentage of NBTR-positive MN as well as an indicator
of CCC, under CC has increased in some extent. At the
same time, these figures decreased slightly under tilorone
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and rydostyn. The latter may indicate that the MC due to
its specific physical and chemical properties, can act as an
activator of certain redox reactions in MN cells.

Thus, in vitro experiments have shown the immuno-
modulatory effects of MC on functional activity of NG
and MN of peripheral blood of healthy donors. Our study
also showed that MC has a distinct effect on the
physiology of these phagocyting cells, causing
intensification of monocyte-macrophage system function.
Since hydrogen peroxide and oxygen radicals are the most
effective bactericidal phagocytes system, it allows us to
consider MC as a very effective factor of increase (MN)
and inhibition (NG) of phagocytic immunity activity.
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Figure 4. Effect of MC and comparison preparations on the performance of spontaneous NBTR-test of Monocytes
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One of the important characteristics that occur under
the influence of potential immunomodulators on nonspe-
cific immunity is the cytotoxic activity of NK cells. Given
that, we examined the effects of MC on NK cells and pos-
sible change of their cytotoxic and antibody-mediated
cytotoxicity that occurs in this case. In this regard, the
parameters such as spontaneous cytotoxicity (SC) and
antibody-cell cytotoxicity (ABCC) of NK cells under MC
have been determined. The results of these studies are
shown in Figure 5.

As can be seen from the data (Fig. 5), cytotoxic activi-
ty of NK cells and cells responsible for antibody-
dependent cytotoxic activity increases proportionally with
increasing concentrations of MC. Thus, at low concentra-
tions of MC, there is a decrease in the activity of NK cells
by 5 times, but at a concentration of MC of 1.25 mg/ml
the SC and ABCC values reach control values, while at a

concentration of 12.5 mg/ml there is an increase in the
activity of NK cells by 2 times.

Since it is known that the manifestation of NK cells
activity in the microorganism is usually preceded by
infection with viruses, the formation of inflammatory and
tumor-forming process, and in experimental conditions —
the introduction of interferons and their inducers (and, in
particular, s-RNA), NKC activation occurs due to the
production of IFN-a/B, and IL(Interleukin)-12, and can
increase the activity of NKC by almost 100 times [18].
Therefore, our experimental data are consistent with the
references, since it is known that IFN of | type inducers
such as poly I:C and tilorone increase NKC cell activity
and responses to target cells by inducing perforyn and
TRAIL-dependent cytotoxicity [16], but without changing
the specificity of target cells [1, 15].

80
60
S
[$]
>
= o
g a0 f SC
S ABCC
X
o
g
>
© 2 }
o i \§ . .
Control MC 0.0125  MC 0.125 MC 1.25 MC 12.5
mg/kg mg/kg mg/kg mg/kg

Figure 5. Effect of MC on spontaneous and antibody-dependent cytotoxicity of NK cells

One of the current methods for assessing the impact of
a potential immunomodulator for cellular immunity status
is to determine the ratio of Lph subpopulations of
peripheral blood and phenotypic markers that characterize
the change in the functional state of the cell. The presence
of monoclonal antibodies virtually to all receptors that
provide differentiation and maturation of Lph, allows
them to reveal the mechanisms of various pathological
conditions of the human body. Therefore, it was
considered logical to study the effect of MC on the level
of receptor expression on Lph of peripheral blood: on T-
Lph (CD3 +), B-Lph (CD22+), as well as their individual
subpopulations (CD4+ and CD8+). For this purpose, the
method of rosetting of Lph with particles covered with
monoclonal antibodies against CD3+ (T-Lph), CD4+ (T-
helper) and CD8+ (T-cytotoxic / effector Lph) was used.
To determine the density of receptors on B-Lph there
were used erythrocytes coated with mAb (monoclonal
antibodies) against CD22+ after treatment of Lph with
various concentrations of MC. The results of these studies
are shown in Figure 6.

In the study on the impact of MC on cell responses, we
had found a dose-dependent effect of MC on the reaction
of T-rosetting. As seen in Figure 6a, when added MC at a
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concentration of 0.0125, 0.125 and 12.5 mg/ml, the num-
ber of receptors for CD3+ cells remained at the same
level, slightly below the control level of cells (by 17%,
13% and 21 %, p <0,05). When Lph were incubated with
MC at a concentration of 1.25 mg/ml, the number of
receptors for CD+ cells increased by 19%. In the case of
the analysis of receptors for CD22+ cells there was
observed a slight significant increase in the number of
receptors when Lph were incubated with MC at
concentrations of 0.0125, 0.125 and 12.5 mg/ml (by 26%,
11% and 19%). When using the MC at a concentration of
1.25 mg/ml, the number of receptors for CD22+ is
reduced by 44%. This suggests that MC affects the ability
of rosetting both of T-Lph and B-Lph and effectiveness of
receptor expression depends on the concentration of MC.

Due to the fact that in this case the expression of
receptors both for T-Lph and B-Lph increases, we can
assume that MC’s immunomodulatory effect on Lph,
which we have found, is associated with the effect of this
complex both on the T- and B-chain of the immune
system of the body. Therefore, in our further research, we
aimed to investigate the subpopulation of T-Lph, namely
CDA4+ (T-helper) and CD8+ (T- cytotoxic / effector Lph),
which have different functions.
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Performing their helper function, CD4+ Lph help, at
first, B-Lph to turn into antibody-producing plasma cells,
CD8+ Lph — into mature cytotoxic T cell, and thirdly,
help macrophages  to perform  delayed-type
hypersensitivity effects. These functions of T-Lph-helpers
are realized due to the fact that they, in their turn, are
divided into two subpopulations that perform various
helper functions through the production of various
cytokines. CD8+ Lph implement specific cellular immune
responses — that is the main effector cell of cell-mediated
immunity, which carries lysis of targets, providing genetic
constancy of internal environment.

Results receptor’s expression changes to SE, coated
with monoclonal antibodies up to CD4+ and CD8+ after
incubation of Lph with MC solutions of different
concentrations are shown in Figure 6b. In our
experiments, under the influence of MC on the process of
rosetting of subpopulation of T-Lph, there is observed a
possible reduction of subpopulation of CD4+ when ad-
ministering cells with low concentrations of MC, namely
0.0125 and 0.125 mg/ml (14% and 27%, respectively, P
<0.05) and increase of their number by 23% and 14%,
respectively, at higher concentrations of 1.25 and 12.5
mg/ml (P <0.5).
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Figure. 6. Effect of MC on the expression of CD-receptor for blood lymphocytes

While determining CD8+ (T-cytotoxic / effector Lph)
we noted depressing effect of MC when applied at low
concentrations (0.0125 mg/ml and 0.125 mg/ml) by 20%
and 24%, and at a concentration of 12.5 mg/ml even by
48% (P <0,05). Only when administering MC into Lph at
a concentration of 1.25 mg/ml, an increase in expression
of the receptor CD8+ Lph by 16% (P <0.5) was observed.
Immunoregulatory index, however, remains within the
normal range of 0.9 to 2.0.

Consequently, MC had distinct accurate effects on the
expression of receptors both for CD4+ and CD8+ Lph,
and the effectiveness of its application depended on the
concentration.

Conclusion. Summarizing the results obtained, we can
state that a direct effect of MC on cell phagocytes and
Lph has been proved. This is confirmed by the increasing
number of phagocyting cells of monocyte-macrophage
population, increased cytotoxic activity of NK cells and
cells responsible for antibody-dependent cytotoxic
activity and changing the expression of receptors for Lph
under the influence of different concentrations of MC. So
MC shows in vitro its immunomodulatory properties. It
shows the prospectivity of further studies of its effects on
the level of macroorganism.
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JIbiu U.B., Bosomuna U.H. UMmMyHOMOy 1UpYyIO1IMe CBOiicTBA MHTEP(ePOHNHAYIHPYIOLIEr0 MOJIEKYJ/ISIPHOT0 KOMILIeKCa
AnHoTauusi. B sxcriepumenTax in Vitro 1oxa3aHo HEMOCPEACTBEHHOE CTUMYPHPYIOIIEe BIIMSHUE MOJIEKYISIPHOTO KOMILIEKCA Ha MOHO-
OUTapHO-MaKpo(araabHYIO MOMYJLIUIO KJIETOK Yepe3 yBeInUeHUe mpouenHTa ¢paromuTosa (B 2,5-3,0 pasa) u ¢aromurapHoro ucia (B 2
paza); MK Taroke BIUsSeT Ha OKHCIUTEIbHO-BOCTAHOBUTEIBbHBIN METabOMM3M KIETOK. KoMITIeKkC JeMOHCTpUpPYET J0303aBUCHMOE MO-
JIyJUpYIollee BIMSHUE Ha ITOKA3aTeIN [IUTOTOKCHIECKOH aKTHMBHOCTH HAaTypaIbHBIX KIJIIEPOB: HU3KUE U CpenHue KoHneHTparmy MK
BIUSIOT YTHETAIOIIE, 8 BBICOKHE KOHIEHTPAIMN UMEIOT CTUMYIHPYIOIIee AeHCTBHE NX aKTUBHOCTH. Taxke mokasaHo, uro MK umeer
HETMOCPEACTBEHHOE BIIMSHKE Ha YPOBEHb IKCIIPECCHH PeLienTopoB Ha uMmdormTax nepedepudeckoit kpou. Takum oopazom MK mox-
HO OTHECTH K MOTEHIHAILHBIM HIMMYHOMO/IYJIITOPAM C Pa3HbIM XapaKTepOM BIIHSHUS HA IMMYHHYIO CHCTEMY.
Knrouesvie cnosa:oposicoicesas PHK, munopon, ummynomooyisamop, ium@amuyeckue Kiemku, pazoyumos
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