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Rheumatoid arthritis (RA) is an autoimmune inflammatory disease of yet unknown etiology. Tumor
necrosis factor o (TNFa) is recognized as a regulatory substance that plays a central role in RA development
and progression. On the other side, the bone morphogenetic protein (BMP) and Wnt signaling pathways are
key mechanisms that induce and support cartilage and bone formation and maintenance. Previous studies
showed that the pro-inflammatory cytokines TNFa and interleukin 1B (IL-15) are central players in the inhibi-
tion of activity of skeletogenesis. The aim of this study was to evaluate the anti-inflammatory activity of novel
4-thiazolidinone-based derivatives towards TNFo—induced pro-inflammatory effects during bone formation.
We performed in vitro evaluation of functional effects of 4-thiazolidinones denoted as Les-4368, Les-4370,
Les-3882 and Les-3288 that were used in different doses (0.02, 0.1, 0.3 and 1.0 uM) on the TNFo-mediated
inhibition of the BMP-induced osteoblast differentiation in mouse mesenchymal precursor (stem) cells of
C2C12 line. Treatment of these cells with TNFa completely inhibited their myogenic differentiation, as well as
strongly inhibited the BMP-induced osteogenesis. Strikingly, the treatment of C2CI12 cells with Les-4368 and
Les-3882 rescued the osteoblast differentiation from negative control of TNFa, and, moreover, converted this
cytokine from the inhibitor of osteogenesis into its stimulator. Western-blot analysis of Inhibitory kBo. (I-kBa)
degradation was used to elucidate a mechanism of the anti-inflammatory effects. Les-3882 was more active,
and it stimulated osteoblast differentiation at low dose (0.1 uM), presumably, via modulation of the NF-xB
signaling pathway.

Key words: osteoblast differentiation, mouse mesenchymal precursor cells, inflammation, bone morpho-
genetic proteins, 4-thiazolidinone derivatives.

heumatoid arthritis (RA) is a widespread in-
R flammatory autoimmune disorder associa-
ted with a progressive disability and mul-
tiple systemic complications that can even lead to
early death of patients [1]. Synovial inflammation
and joint swelling alone or combined with autoanti-
body production (rheumatoid factor and anti—citrul-
linated peptide antibodies), cartilage and bone dama-
ge, as well as multiple adverse systemic effects are
common symptoms of RA [2]. The actual etiology of
the disease is still a mystery and many details of RA
pathogenesis are poorly understood [3].
Different cytokines are known to control skele-
tal homeostasis as well as functions of the immune

system that are mis-regulated in RA pathogenesis
[4]. The disturbed balance of pro-inflammatory ver-
sus anti-inflammatory stimuli contributes to RA
triggering. Multiple cytokines are involved in regu-
lation of tissue and cellular functions during phases
of RA pathophysiology via promoting autoimmuni-
ty, maintaining chronic inflammatory synovitis, and
leading to a destruction of the adjacent joint tissues.
Clinical studies performed with TNF blockers, pre-
dominantly with its soluble receptor, led to a suc-
cessful use of these blockers in patients’ treatment
and confirmed a key role of this pro-inflammatory
cytokine in RA pathogenesis, as well as in other in-
flammatory disorders [5, 6].
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The inflammation is considered to be a defen-
sive reaction of organism characterized by the coor-
dinated activation or inhibition of various signaling
pathways that control expression of either pro- and
anti-inflammatory mediators. TNFa, IL-1B3, T- and
B-cell receptors and pattern recognition Toll-like re-
ceptors are potent physiological inducers of key pro-
inflammatory signaling pathway called the NF-xB
(nuclear factor k-light-chain-enhancer of activated B
cells). Activation of NF-xB signaling is important
for expression of products of multiple pro-inflam-
matory genes, including cytokines, chemoattractant
chemokines, and adhesion molecules [7, 8].

Several signaling pathways are mis-regulated
in joints of the RA patients. The regulatory pathway
of bone morphogenetic protein (BMP) and wingless
(Wnt) are key signaling mechanisms involved in the
induction and support of bone and cartilage forma-
tion and also important for skeleton maintenance.
Although osteoblast differentiation is predominantly
induced by the BMPs that belong to transforming
growth factor § (TGF-B) superfamily, the properly
coordinated activation of Wnt pathway is also es-
sential for bone formation induction, maintenance,
remodeling and reparation via regulation of the os-
teoblast and osteoclast proliferation and differentia-
tion. A commitment of mesenchymal precursors to
the osteo- and chondrogenic lineages requires a pre-
cise coordination of BMP and Wnt signals. However,
gene knockout studies and genetic analysis of bone
diseases also identified the classical Wnt pathway as
the master regulatory signaling in skeletal homeo-
stasis [9-13].

Wnt/B-catenin pathway is crucially important
in bone due to its multiple important functions. Wnts
inhibit chondrocyte and adipocyte differentiation,
thus, repressing the alternative directions for differ-
entiation of mesenchymal stem cells, and therefore
promoting osteoblast growth and differentiation,
increasing their mineralization activity and simul-
taneously blocking their apoptosis. Wnt ligands via
B-catenin stabilization increase the ratio between the
anti-receptor osteoprotegerin (OPG) and RANKL
(receptor activating NF-kB ligand), thus, repress the
osteoclastogenesis. In a healthy skeleton, deposition
and resorption of boned adjacent to joints are pre-
cisely balanced, while chronic inflammatory disor-
ders such as RA lead to a disruption of such balance.
TNFa produced by the inflammatory cells hampers
osteoblast functions via the target genes of [L-6 and
DKK-1. As a result repressed osteoblasts produce
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less of OPG, while bone resorption is enhanced by
dumping of OPG/RANKL ratio that is a key fac-
tor controlling osteoclast activation and differentia-
tion [13-16]. Therefore, pro-inflammatory cytokines
massively block skeletogenic signaling pathways at
the affected joints and also promote adjacent bone
resorption, thus, causing bone erosions.

In spite of a high incidence of RA in the world
(up to 1.8% of adult human population), yet there is
no efficient cure of the RA. Several protocols, includ-
ing a use of TNF and IL-6 blockers, were developed
and widely used. These drugs can slow down or even
stop RA development, or at least keep joint destruc-
tion minimal. Unfortunately, none of the existing
drugs can reverse the joint damage and regenerate
destroyed tissues. Thus, it is important to develop
new highly effective therapeutics for RA and other
autoimmune diseases.

4-Thiazolidinones are derivatives of thiazo-
lidine with a carbonyl group at 4-th position. This
structure is a core for a series of synthetic pharma-
ceutical compounds displaying a wide spectrum of
biological activities, such as antimicrobial, antican-
cer, anticonvulsant, anti-inflammatory and analge-
sic, antidiabetic, anti-parasitic, antiviral, including
anti-HIV, anti-hyperlipidemic, antihypertensive,
and monoamine oxidase inhibitors. Such diversity
in the biological responses of 4-thiazolidinones has
attracted attention of many researchers [17, 18].

In this study, we addressed the anti-inflam-
matory activity of novel 4-thiazolidinone-based
derivatives towards TNFo—induced inflammatory
processes during osteoblast differentiation in mouse
mesenchymal precursor (stem) cells (MP/SC). We
optionally have focused at the 4-thiazolidinone com-
pounds that possess minimal cytotoxicity in order to
prevent destructive side effects in the inflamed joint.

Materials and Methods

Materials. Synthesis and physicochemical data
of the compounds used in this study were described
previously: Les-3882 and Les-3288 [19], Les-4368
and Les-4370 [20, 21].

Immediately before use, 4-thiazolidinone de-
rivatives were dissolved in the pure dimethyl sulfox-
ide (DMSO) at concentration 1 mM. The final con-
centration of the DMSO in the medium of cultured
cells was not higher than 0.1%. Subsequent dilutions
of these compounds were performed in the Dulbec-
co’s modified Eagle’s medium (DMEM, Biowest,
France).
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Cell culture and ligands. The studies were per-
formed using the immortalized mouse mesenchy-
mal precursor/stem cells of C2C12 line. The cells
were cultured in the DMEM containing 10% fetal
bovine serum (FBS, Biowest, France). The cells
were grown in a 5% CO,-containing atmosphere at
37 °C and 100% humidity. Culture medium was re-
freshed every 2-3 days. Before sub-cultivation, cells
were washed with phosphate-buffered saline (PBS)
that contained 137 mM NaCl, 2.7 mM KCIl, 4.3 mM
Na,HPO, and 1.4 mM KH,PO, with pH 7.4. During
osteoblast differentiation assays, C2C12 cells in ap-
propriate variants of the experiment were treated
with 10 ng/ml of recombinant TNFa (R&D Systems,
Minneapolis, MN, USA).

Cell viability assay. MTT (3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide) assay
was used for assessing cell metabolic activity. C2C12
cells were grown for 24 h in 24-well plates (500 pl)
at 30,000 cells per well. After that, cells were incu-
bated for 72 h with various additions of the synthe-
sized compounds (final concentration of 0.02; 0.01;
0.5; 1.0 uM). Then, the MTT assay of viable cells
was used in accordance with the manufacturer’s
recommendations (Sigma Aldrich, St. Louis, MS,
USA). The reaction product was quantitatively de-
termined by an Absorbance Reader BioTek EL*800
(BioTek Instruments, Inc., Winooski, VT, USA) at
the wavelength of 620 nm. The viability of the un-
treated cells was counted as 100%.

Induction of osteoblast differentiation. C2C12
cells were induced to differentiate into osteoblasts by
different BMPs, including BMP2 and BMP7. Cells
were split at a density of 1.5x10* cells per cm? in 24-
well plates. Next day, the cells were transduced with
a combination of adenoviral constructs encoding the
recombinant BMP2 and BMP7 at the multiplicity of
infection (MOI) even to 500 for each one construct
[22] to induce a production of the BMP2/BMP7
heterodimers along with the appropriate homodi-
mers. During osteogenesis assay, C2C12 cells were
cultured for 4 days in a differentiation-supporting
medium supplemented with 50 ug/ml ascorbic acid.
Plasmids encoding recombinant BMPs were pur-
chased from Open Biosystems/GE Dharmacon, La-
fayette, CO, USA.

Alkaline phosphatase assay. The alka-
line phosphatase activity produced by C2C12
was analyzed spectrophotometrically using a
n-nitrophenylphosphate (n-NPP) as a substrate [23].
Four days after induction of osteogenesis, the cells

were washed twice with 0.4 ml of 1X PBS per well.
Afterwards, cells were lysed in 0.2 ml of alkaline
phosphatase (ALP) lysis buffer (10 mM glycine,
100 pM MgCl,, 10 uM ZnCl,, 0.1% Triton X-100)
per well and agitated gently for 5 min. Then, 10 pl
aliquot of cell lysate was placed into a 96-well plate
and ALP activity was revealed with 90 pl/well of
ALP assay buffer (100 mM glycine, 1 mM MgCl,,
100 uM ZnCl,) supplemented with 6 mM n-NPP
(Pierce-Thermo Fisher Scientific, Grand Island, N,
USA.) [23]. Plates were agitated gently and incuba-
ted at room temperature until color developed. The
absorption was measured at 405 nm (OD405) in a
96-well plate Absorbance Reader BioTek EL*800
(BioTek, Winooski, VT, USA). The level of expres-
sion of the enzyme is directly proportional to the
intensity of mesenchymal precursor cells osteoblast
differentiation.

Western-blot analysis. After cell treatment with
the tested compound, cells were lysed and 20 pg of
total cellular protein per well was subjected to elec-
trophoresis on 12% SDS/PAGE gel. Then, proteins
were transferred onto a polyvinylidene difluoride
(PVDF) membrane for immunoblot analysis, as de-
scribed [24]. The anti-IkBa (Santa Cruz Biotechnolo-
gy, Santa Cruz, CA, USA) antibodies were used at a
1:1,000 dilution: Equal protein loading of each lane
was evaluated by the immunoblotting of the same
membrane with anti-f-actin monoclonal mouse AC-
15 (1:5,000, Sigma Aldrich, St. Louis, MS, USA).
Appropriate secondary peroxidase-labelled antibo-
dies (Cell Signaling Technology, Beverly, MA, USA)
were used at a dilution of 1:10,000.

Statistical analysis. All experiments were re-
peated twice, using three parallel wells in each
variant. Results of spectrophotometric measure-
ments of ALP activity are expressed as mean
+ standard deviation. Data were analyzed using
GraphPad Prism 6 and Microsoft Office Excel pro-
grams. Statistical differences between experimental
variants were assessed by Student’s t-test. Appropri-
ate P values were shown in graphs to demonstrate
the significance of the results. Only differences with
P-values lower than 0.05 were considered as signifi-
cant.

Results and Discussion

As mentioned above, 4-thiazolidinone-based
compounds possess a broad spectrum of the biologi-
cal activities [18-21]. In a current study, we focused
at the compounds possessing a capability of modu-
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lating osteoblast differentiation in mouse mesen-
chymal precursor cells and demonstrating minimal
cytotoxicity in order to avoid of any destructive side
effects in the targeted tissue.

Cell viability study of novel 4-thiazolidinone
derivatives. The molecular design of new com-
pounds based on commonly used modifying chemi-
cal groups is one of the most successful approached
in drug development. 4-Thiazolidinone derivatives
(Les-4368, Les-4370, Les-3882 and Les-3288) differ-
ing by the presence of specific functional groups and
the position of these groups in the molecule structure
were synthesized (Fig. 1).

Cytotoxic action of Les-4368, Les-4370, Les-
3882, and Les-3288 towards MP/SC of C2C12 line
used as an experimental model was studied. These
compounds were added to the cultured medium at
different concentrations (0.02, 0.1, 0.5 and 1.0 uM)
for 72 h. DMSO vehicle dissolved in DMEM at the
same concentrations as the 4-thiazolidinone com-
pounds was used as a negative control (Fig. 2). Les-
4368, Les-4370, Les-3882, and Les-3288 demonstrat-
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ed low toxicity for pre-osteoblastic C2C12 cells at
the used concentrations.

The anti-inflammatory activity of novel 4-thia-
zolidinone derivatives towards TNFo—induced in-
hibition of the osteoblast differentiation. The main
goal of our study was to evaluate the anti-inflam-
matory effects of Les-4368, Les-4370, Les-3882, and
Les-3288 towards TNFo—induced pro-inflammatory
effects during osteoblast differentiation. We used
the immortalized mouse MP/SC of C2C12 line that
are known as a useful tool to study differentiation
of the myoblasts and osteoblasts. These cells can be
induced by different BMPs, including BMP2 and
BMP7, to differentiate efficiently into the early os-
teoblasts.

It was found that treatment of C2C12 cells
with 10 ng/ml of TNFa completely inhibited their
myoblast differentiation (data not shown), and it also
strongly inhibited BMP2/7-induced osteoblast dif-
ferentiation (Fig. 3, control variant). We have tested
which of the 4-thiazolidinone derivatives will show
the anti-inflammatory effects. Les-4368, Les-4370,
Les-3882, or Les-3288 were added to the cultured
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Fig. 1. Chemical structure of the 4-thiazolidinone-based derivatives — Les-4368, Les-4370, Les-3882 and Les-

3288 under study
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Fig. 2. 4-thiazolidinone derivatives at 0.02-1.0 uM concentrations do not demonstrate a significant cytotoxici-
ty towards mesenchymal C2CI12 cells. MTT cell viability assay was performed with C2CI2 cells treated with
0.02-1.0 uM 4-thiazolidinone compounds. Data are presented as a percentage of alive cells in comparison to
control cells treated with plain DMSO vehicle used at the same final concentration
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Fig. 3. 4-thiazolidinone derivatives Les-4368 and Les-3882 (I uM) rescue osteogenesis in C2CI2 cells from
negative control of the pro-inflammatory cytokine TNFo. (10 ng/ml). Spectrophotometric measurement of the
alkaline phosphatase activity in C2CI2 cells induced to the osteoblast differentiation with the BMP2/7 and
simultaneously treated with 10 ng/ml TNFa and/or indicated 4-thiazolidinone compound. Significant differen-
ces are indicated, *P < 0.05 and **P < 0.01
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Fig. 4. 4-thiazolidinone derivative Les-3882 possesses the highest activity in rescuing osteogenesis in C2CI2
cells from negative control of the pro-inflammatory cytokine TNFo. (10 ng/ml). Spectrophotometric measure-
ment of the alkaline phosphatase activity in C2CI2 cells induced to the osteoblast differentiation with the
BMP2/7 and simultaneously treated with 10 ng/ml TNFa and/or indicated 4-thiazolidinone compounds (0.02-
0.3 uM). Significant differences vs control values are indicated, ns — non significant, *P < 0.05 and **P < 0.01

medium in 1 pM concentration 5-6 h after BMP2/7
induction of C2C12 cells. DMSO vehicle dissolved
in the DMEM at concentrations of 0.1% (v/v) was
used as a negative control. TNFa was added 1 h after
the addition of compounds.

In case of using Les-4368 and Les-3882 for
treatment of C2CI12 cells, they rescued the osteo-
blast differentiation due to negative control of TNFa.
Moreover, these compounds converted their action
from the inhibition of osteoblast differentiation to its
stimulation compared with a control. For confirma-
tion of modulating osteoblast differentiation, spec-
trophotometric measurement of ALP activity that is
a known marker of the osteoblast differentiation was
used (Fig. 3). Les-4370 and Les-3288 were inefficient
in rescuing the osteogenesis from the negative con-
trol of inflammation (Fig. 3).

In next experiments, we have shown that Les-
4368 and Les-3882 possessed the anti-inflammatory
properties in a wide range of concentrations (0.02,
0.1 and 0.3 uM). The scheme of the experiment was
similar to one described above. It was found that
Les-4368 used in 0.02 uM and 0.3 pM concentra-
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tions and Les-3882 at all applied concentrations
stimulated osteoblast differentiation comparing with
a control. The best effect was found for Les-3882 that
stimulated osteoblast differentiation at a low 0.1 uM
dose (Fig. 4).

The elucidation of the molecular mechanism of
anti-inflammatory effects of Les-4368 and Les-3882.
A modulation of the NF-kB activation by Les-3882
and Les-4368 compounds potentially could be a key
mechanism mediating its anti-inflammatory effects.
The IkBa is a crucially important component in the
control of activation of the NF-kB pathway. There-
fore, in next experiment we used the immunoblot as-
say with anti-IkBa antibodies for validation of our
hypothesis based on the determination of the level
of NF-«B signaling activation.

At the beginning we performed an experiment
without use of 4-thiazolidinone compounds: C2C12
cells were treated with TNFa for different time pe-
riods within a range of 5 min - 2 h. At the first time
term (5-20 min), an expected degradation of the
IxkBa was detected, and 30 min after TNFa treat-
ment, de novo synthesized IkBa protein re-appears
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Fig. 5. Representative Western-blot assay demonstrates the effect of TNFa on the IkBa level after 5 min to 2 h
incubation (A) and the effect of Les-3882 or Les-4368 at indicated concentrations on the IkBa level after 1 h
incubation of C2C12 cells with 10 ng/ml of TNFa (B and C). Densitometric quantification of the Western-blot
bands is shown on panel C. The f-actin expression level was used as an internal control for protein loading

(Fig. 5, A). In the next experiment C2C12 cells were
pre-treated with Les-4368 and Les-3882 used in 0.1
and 0.3 uM concentrations. TNFa (10 ng/ml) was
added 1 h after cell pretreatment with tested com-
pounds for additional 1 h. B-actin was used as an
internal control of equal protein loading (Fig. 5B).
We found that the pretreatment of C2C12 cells
with Les-3882 and Les-4368 compounds with a sub-
sequent 1 h stimulation with TNFa differently modu-
lates the activation of the NF-«kB signaling pathway.
The action of Les-3882 led to a lower level of the

IxBa protein after 1 h of the TNFa treatment, while
Les-4368 increased the level of the IkBa protein. It
is known that the NF-kB signaling is a major path-
way that mediates the effects of pro-inflammatory
cytokines, and TNFa is one of the most potent physi-
ological inducers of this pathway [7, 8, 25-28]. The
NF-kB transcription factors consist of five compo-
nents (pSO/NF-kB1, p5S2/NF-kB2, p65/RelA, c-Rel
and RelB) that function as dimers regulating the
expression of specific target genes and participating
in a regulation of a wide range of the biological pro-
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cesses. In resting cells, the NF-xkB dimers are inac-
tivated via complex formation with the IxB proteins
among which IkBa is most widely and robustly ex-
pressed. In the classical (canonical) NF-kB signaling,
binding of the TNFa or other ligands to their specific
cell surface receptors activates an Inhibitory kB ki-
nase (IKK) complex consisting of the IKKf, IKKa,
and IKKy/NEMO (NF-kB essential modulator) that
phosphorylates the kB proteins. Phosphorylation

Cell membrane

of the IxB proteins triggers their ubiquitination and
leads to the proteasomal destruction, thus, releasing
the NF-xB complexes. Active NF-kB complexes are
further activated by the post-translational modifica-
tions and then translocated to the nucleus where, ei-
ther alone or in combination with other transcription
factors, they induce target gene expression [25-28]
(Fig. 6). IxkBa is a direct NF-xB target gene, and its
expression is immediately induced upon the NF-«B

Phosphorylation

!
e

Nuclear Translocation l

NUCLELUS

DNA

Proteasomal Degradation

Fig. 6. Scheme of the canonical NF-kB signaling pathway [25-2§]
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activation, thus, representing a very efficient negative
feedback loop limiting maximal NF-«xB activation.

In this study, we found that two 4-thiazolidi-
nones (Les-3882 and Les-4368) demonstrated high
efficiency in modulation of the anti-osteogenic ef-
fects of TNFo and had an opposite effect on the IkBa
level. The explanation of such difference and more
detailed mechanism of such effects requires addi-
tional study of structure-function interrelations of
novel synthetic 4-thiazolodinone derivatives.

Novel 4-thiazolidinone derivatives, Les-3882
and Les-4368, rescue osteogenesis from the nega-
tive control of inflammation. The highest activity
was demonstrated here by Les-3882 compound that
stimulated osteoblast differentiation at a low dose
(0.1 uM), presumably, via modulation of the NF-xB
signaling pathway.
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PeBmaroinuuii aptpur (PA) — e ayroimynne
3amajibHE 3aXBOPIOBAaHHS 13 JIOCI  HEBiJIOMOIO
etiosoriero. @akrop Hekposy nyxauHu o (PHIlo)
BBKAIOTh PETYJSITOPOM, SIKMH BiJirpae IieH-
TpajJpHy pOJIb Y BHHUKHEHHI 1 po3BUTKY PA. 3
iHIIOro OOKY, CHUTHaJIbHI HIJISXH MOP(OTreHETHY-
Hux mpoteiniB kictku (MBK) i mporeinis Wnt
€ KIJIIOYOBUMH MeXaHi3MaMH, L0 I1HAYKYIOTH i
MiATPUMYIOTh (DOPMYBaHHS XPAIMIOBOI 1 KiCTKOBOT
TkaHuH. [lomepenHi nocmimpkeHHS MOKa3ald, IO
@®HIlo ta inTepneKin 1 BilirparoTh roJIOBHY POIb
B iHTiIOyBaHHI aKTUBHOCTI CKeJeToreHesy. MeToro
JIAHOTO JIOCIIIJUKEHHsT OyB aHalli3 MpoTHU3anaibHOI
AaKTUBHOCTI HOBUX 4-Tia30JiA1HOHOBUX IOXiA-
HHAX [IOAO0 HACHIAKIB  3amallbHOi  peakiii,
omocepenkopanoi ®HIlo mijg wac ocTeoreHesy.
Mu 3pificHWIM OLIHKY i1 Vitro (hyHKIIOHAIHHOTO
edexTy 4-Tia30yiIMHOHIB, Mo3HaueHUX Les-4368,
Les-4370, Les-3882 1 Les-3288, BXKUTUX Y PI3HUX
nozax (0,02; 0,1; 0,3 i 1,0 mxkM) Ha omocepen-
koBane @HIlo iuridyBanns MBK-ingykoBaHoi
ocTeo0IacTHOl nudepeHmiamii ME3EHXIMHUX
KJIITUH-TIONIEPEAHHKIB (CTOBOYPOBUX KIITHH) JiHii
C2C12 mumi. ®HIlo moBHICTIO TMPHUTHIYYBaB ix
MioOmacTHy audepeHLialio, a TakoX, y 3Ha4YHIH
Mmipi, iHri0OyBaB MBbK-inaykoBany octeoOmact-
Hy audepeHmiamnio. My BCTaHOBHIIM, IO Jisl Ha
kiituay JiHil C2C12 cnonykamu Les-4368 i Les-
3882 3BinmpHsE ocTeobmacTHy AudepeHItiairo

120

Bin HerarupHoro BruiuBy ®HIlo, i, Ginbmie TorO,
NepeTBOPIOE HOTo 3 1HTIOITOpa OCTEOreHe3y B CTH-
myssitop. Juist 3’sicyBaHHST MeXaHI3My Ipo3arnaib-
HUX e(eKTiB JAOCIIKYyBaHUX CHOIYK OyB IpoOBe-
JICHUH IMYHOOJIOT-aHaJIi3 Aerpaaallii iHrioiTOpHOTO
kBa (I-kBo). Haiikpamuii edext BusBHiIa CHONY-
ka Les-3882, ska mijcuiroBana AuQepeHIialio
octeobmactiB y Hu3bKid 1031 (0,1 MkM), iMOBipHO,
HUIXOM MOIYJIsLIT cCUTHAJIBHOTO mutsixy NF-kB.

KnwouoBi cloBa: ocreobacTHa
nudepeHIianis, Me3eHX1MHI KIIITHHU-TIOTIEPETHUKHT
MHII, 3amajcHHs, MoOp(OreHeTHYHI TPOTEIHH
KICTKH, ITOX11H1 4-T1a3011JMHOHIB.

INPOU3BOJHBIE
4-TUA30JIUNJINHOHOB
OCBOBOXJIAIOT
OCTEOBJIACTHYIO
JUOOEPEHIHUALNNIO OT
HETATUBHOT'O BO3JIEMCTBU S
®HOA B ME3EHXNMAJIBHBIX
KJIETKAX-IIPEJIIECTBEHHUKAX
MbIIIH

X B. Manuwesa?®, H. C. ®unrok?,
A. K. Iasnenxo®*, JI. A. T'aspwiaior®,
P. B. Jlecux®, P. C. Cmoiixa,

A. I Kopuuncoxuii®

"MuctutyT 6uonorun kietku HAH Vikpanust, JIbBOB;
2MHCTHTYT GHOJIOrHH JKHBOTHBIX
HAAH VYxpawnsl, JIbBOB,;

S[leHTp MHHOBAIIMOHHBIX UCCIICIOBAHUM B 00IaCTH
MEIUINHBI U €CTECTBEHHBIX HAyK U MeTUITMHCKIH
(axymnsreT, JKemyBckuii yHuBepcuTeT, [lompima;
4JIbBOBCKHI HAITMOHAIBHBINA YHUBEPCUTET
nMmenu VBana ®@panko, JIbBOB, YKpanHa;
5JIbBOBCKMI MEIUIIMHCKHAIM HAITMOHAJIBHBII
yHUBepcuTeT uMenu lanuna [anunkoro, Ykpausa;
e-mail: olexkor@hotmail.com

Pesmatouanserit aprputr (PA) — 310 ayToum-
MYHHO€E BOCIAJIUTEIILHOE 3a00JIeBaHUE C €LIe HeU3-
BECTHOM »THONOrHed. DakTop HEKpO3a OMYyXOJu o
(®HO0) mpuHsATO cUUTATh (AKTOPOM PETYIISIHH,
KOTOPBIA WTpaeT LEHTPAJIbHYIO0 PONb B Pa3BUTHHU
u mporpecce PA. C npyroil CTOpOHBI, CHTHaJb-
HBIC MTyTH MOP(OTEHETHYECKUX MPOTESHHOB KOCTU
(MBK) u nporennoB Wnt SBISIOTCA KJIIOUEBBIMHU
MeXaHU3MaMH, KOTOPbIE HHIYIUPYIOT U MO IEPIKHU-
BaOT (hOPMHUPOBAHHE XPSIIEBON U KOCTHOM TKaHEH.
[Ipenpiaynive uccnenoBanus nokasaiu, uro PHOa
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Y UHTEPJICUKUH 1} UTparoT MEePBOCTEICHHYIO POJIb
B TIONABJICHUU AKTUBHOCTH CKEJICTOICHHHX CHT-
HalbHbIX MyTel. Llenbro TaHHOTO HCCIEeI0BaHUS
OBLJT aHATN3 TPOTHBOBOCIATUTEIIFHON aKTUBHOCTH
HOBBIX 4-THA30JMJIMHOHOBUX MPOU3BOJIHBIX OTHO-
CUTEJIBHO TIOCJIC/ICTBUN BOCHAIMTEIIBHOW PEaKIInu
onocpenoanHoit @HOw Bo Bpems ocTeorenesa. Ml
OCYIIECTBWIIH in Vi{rO OLEHKY (YHKIIHOHAJIBEHOTO
a¢pdekTa 4-THA30IMIMHOHOB, 0003HAYEHHBIX Les-
4368, Les-4370, Les-3882 u Les-3288) B pa3nuaHbIX
no3ax (0,02; 0,1; 0,3 u 1 MmxkM) Ha omocpenoBaHHOE
O®HOo wnarnompoanne MDBK-nHIymmpoBaHHOM
octeobsiacTHOM JupdepeHIualuu Me3eHXUMab-
HBIX  KJICTOK-TIPEAIICCTBEHHUKOB  (CTBOJIOBBIX
kieTok) meimu JuaIn C2C12. Kak u 0)Kumanocs,
®HO0 moTHOCTHIO TIOAABIISIET MUOOIACTHYO JUP-
(bepeHmanmio, a TakKe, B 3HAYUTESILHON CTENICHN
n MBK-unayuupoBannyto ocreodaacTHyto qudde-
PEHIIMALINIO KJIETOK 3TON JTHHUH. MBI 0OHApPY KHITH,
910 00paboTka kietok quHuu C2C12 BemecTBaMu
Les-4368 u Les-3882, ocBoOoxkgaeT ocTeodIacT-
Hy1o nuddepeHITHauo 0T HETATHBHOTO BIUSHUS
®HOaq u, 601ee Toro, mpeBpamiacT ero u3 UHruou-
TOpa OCTEOreHe3a B ero CTUMYIATOp. [liist BeIsCHe-
HUS MEXaHU3Ma I[POBOCHATUTEIBHBIX 3PPEKTOB
HCCIIEIYeMbIX COCIMHEHUN ObLT MPOBENCH MMMY-
HOOJIOT-aHAJIU3 Jerpajallid UHruOuTOpHOro kKBa
[-xBa. Jlyummii a¢dext okazano coeaunenue Les-
3882, kotopoe B HU3KOM 03¢ (0,1 MKM) ycunusaio
nuddepeHIann ocTe001acTOB, BEPOSITHO, ITy-
TeM MonyJsauuu curHaipHoro nytu NF-kB.

KnmoueBsie ciroBa: ocreobyacTHas
muddepeHanisi, Me3eHXHMalbHbIe  KJIETKH-
NPEIIECTBEHHUKH MBIIIH, BOCHAaJIeHue, MopQo-
IFeHETUYECKHE MPOTEUHBl KOCTH, IIPOU3BOAHBIC
4-THa30IUIHHOHOB.
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