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Abstract
Background There is currently no pathogenetically based treatment for aseptic necrosis of the femoral head. 
One of the most promising areas of possible targeted therapy is the use of genetically engineered drugs, 
including monoclonal blockers of proinflammatory cytokines, aimed at inhibiting inflammation and indirectly 
reducing the activity of osteodestruction. The aim of the work is to evaluate the effectiveness of the use 
of the IL-6 monoclonal blocker in the course of aseptic necrosis of the femoral head in an experiment.
Purpose Evaluate the preliminary results of the use of the IL-6 monoclonal blocker in the course of aseptic 
necrosis of the femoral head in an experiment.
Materials and methods Surgical induction of aseptic necrosis of the femoral head was performed in 18 male 
Wistar rats. The animals were divided into two groups of 9 individuals each. The first group did not receive 
any treatment, the second received therapy with a monoclonal IL-6 receptor blocker, starting from the second 
week of the experiment, one injection once every two weeks. All animals were removed from the experiment 
at 4, 6 and 8 weeks after the induction of aseptic necrosis, 3 rats from each group at a time. Total RNA was 
isolated from the femoral head on the aseptic necrosis side and the conditionally healthy side as a control. 
The expression of genes of regulatory proteins of osteogenesis was studied by PCR. To study the features 
of osteodestructive processes, histological examination of femoral head preparations in all animals was 
conducted.
Results Histological preparations of femoral heads of the second group animals were characterized by less 
pronounced osteodestructive, chondrodestructive processes compared to the animals that did not receive 
therapy. The mRNA profile of the rats of the second group displayed an increase in the expression of genes 
encoding proteins involved in osteoreparation at all stages of the experiment. At the same time, the activity 
of genes encoding proteins of proinflammatory cytokines, regulatory molecules of osteoclastogenesis was 
reduced relative to the first group.
Discussion The data obtained indicate an important role of inflammation in the regulation of osteodestruction. 
Inhibition of the biological action of IL-6 contributed to inhibition of the expression of osteoclastogenesis 
genes, increased activity of bone metabolism genes, and caused a decrease in the intensity of osteodestruction 
and activation of osteoreparation.
Conclusion Preliminary results of the use of a monoclonal blocker of the proinflammatory cytokine IL-6 
indicate the inhibition of osteodestructive and strengthening of osteoreparative processes due to the correction 
of the expression of bone metabolism genes during the progression of aseptic necrosis of the femoral head 
in rats in an experimental model.
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osteoblastogenesis, osteoclastogenesis, osteoinduction, anti-inflammatory therapy
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INTRODUCTION

Aseptic necrosis of the femoral head is a pathological process that develops in stages and in which 
osteoresorption in the early stages is replaced by activation of osteoreparation in later stages [1, 2, 3]. 
The result of bone destruction may be the development of deforming coxarthrosis, gross incongruence 
in  the  hip joint with the need for its replacement. The pathogenesis of  avascular necrosis 
of the femoral head is not fully understood; however, recently there has been a tendency towards 
increasing interest in studying disorders of the regulation of bone homeostasis at  the molecular 
and cellular levels [4, 5]. The most commonly used option for conservative therapy in aseptic necrosis 
of  the  femoral head is physical therapy aimed at improving blood supply to  the proximal femur 
for enhancing ossification along with compliance with the orthopaedic regimen [6]. This treatment 
cannot be considered as a targeted treatment and in some cases does not have significant effect. 
To  develop new pathogenetically based strategies for the treatment of  osteogenesis disorders, 
a  detailed understanding of the pathophysiological mechanisms of changes in  bone tissue 
metabolism and possible ways of effecting on them is necessary.

The balance of bone tissue remodeling is maintained due to the functioning of a large number 
of intracellular and intercellular signaling pathways, phosphorylation processes, and the synthesis 
of regulatory molecules [7, 8]. The main signaling pathway aimed at differentiation and activation 
of mature osteoclasts is the receptor activator of nuclear factor kappa β, its ligand and osteoprotegerin 
(RANK-RANKL-OPG) system [9, 10]. The interaction of the membrane receptor activator of nuclear 
factor kappa β (RANK) with its ligand (RANKL) leads to translocation of nuclear factor kappa β 
(NFkβ) into the cell nucleus and activation of intracellular pathways, resulting in the induction 
of  differentiation of progenitor cells into a mature osteoclast and subsequent activation. Some 
research works indicate one of the leading roles of increased osteoclastogenesis in the development 
of bone destructive processes in avascular necrosis [11, 12].

A number of signaling molecules, including pro-inflammatory cytokines, may be important 
in regulating RANKL synthesis. The biological effect of pro-inflammatory cytokines, such as IL-6, IL-1β, 
TNFα, has been proven, aimed at increasing the expression of RANKL, activating osteoclastogenesis 
and, as a consequence, increasing osteolysis [13, 14, 15]. Moreover, the role of pro-inflammatory 
cytokines in apoptosis and autophagy of osteoblasts through the  mitogen-activated protein 
kinase (MAPK)/nuclear factor-κB (NF-κB) signaling pathway has been discovered [16]. Regulation 
of osteoclast activity and, consequently, impact on bone homeostasis is possible through correction 
of the activity of pro-osteoclastogenic mediators. Thus, a number of research studies reveal 
an increased concentration of pro-inflammatory cytokines in the synovial fluid in the early stages 
of avascular femoral head necrosis and consider these regulatory molecules as a possible therapeutic 
target for the treatment of this disease [17, 18].

A large number of signaling pathways are involved in the regulation of osteoblastogenesis activity: 
canonical and non-canonical wnt (wingless) / b catenin, JAK (Janus Kinase) / STAT (Signal Transducer 
and  Activator of Transcription), MAPK (mitogen-activated protein kinase)  [19, 20, 21]. Along 
with antiresorption therapy, it is possible to use anabolic therapy, the purpose of which is to enhance 
osteoinduction in aseptic necrosis of the femoral head. An earlier study of the expression of genes 
encoding proteins of pro-inflammatory cytokines, molecules involved in osteoclastogenesis, 
osteoblastogenesis, and bone matrix proteins in rats after surgical induction of aseptic necrosis 
of the femoral head showed an earlier suppression of the osteogenic component of bone homeostasis 
than an increase in the osteoresorptive component [22].

Considering the key importance of tissue hypoxia due to hypoperfusion in the development 
of avascular necrosis of the femoral head, a number of studies link the pathogenesis of osteodestructive 
processes with overexpression of hypoxia-induced factor 1α (HIF-1α). Thus, a model experiment 
on piglets resulted in detection of an increased concentration of the HIF-1α protein in the femoral 
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head during the manifestation of avascular necrosis [23]. It is known that the HIF-1α protein plays 
an important role in the processes of remodeling and maintenance of bone homeostasis [24, 25, 26]. 
At the same time, a number of research studies have found an inductive effect of both gene 
overexpression and the HIF-1α protein itself on the concentration of RANKL and, as a consequence, 
activation of osteoclast differentiation from progenitor cells [27, 28]. Accordingly, antiresorption 
therapy aimed at reducing the intensity of osteoclastogenesis would be possible by  correcting 
the activity of HIF-1α as one of the trigger factors in avascular necrosis.

Thus, the regulatory mechanisms that determine the high activity of osteoclasts are being studied 
in order to develop a targeted therapy aimed at normalizing intercellular interactions. Effective 
correction of various links in the pathogenesis of osteodestruction would significantly improve 
the quality of life of patients with aseptic necrosis.

Purpose of the work was to evaluate the preliminary results of the application of the IL-6 monoclonal 
blocker in the course of aseptic necrosis of the femoral head in an experiment.

MATERIALS AND METHODS

A model experiment was carried out on 18 male Wistar rats, weighing (250 ± 25) g, at the age of three 
months. To induce aseptic necrosis of the femoral head, all animals underwent surgical manipulations 
that comprised a dense ligature with absorbable Vicryl suture material around the  femoral neck 
to create a zone of hypoperfusion, as well as introducing 1.5 ml of a 2 % rheopolyglucin solution 
into the joint cavity to increase intra-articular pressure. The model of induction of aseptic femoral 
head necrosis is protected by a patent of the Russian Federation [29].

The animals are then divided into two equal groups. Animals of the first group did not receive 
treatment (comparison group). Animals of the second group received an injection of sarilumab 
(kevzara), a monoclonal blocker of the IL-6 receptor, starting from the second week of the experiment, 
one injection once every two weeks, at a dose of 15 mg per kg of body weight (study group). They 
were kept in cages of three animals with free access to food and water. All animals were removed 
from the experiment by decapitation at 4, 6 and 8 weeks after the induction of aseptic necrosis, 
three rats from each group. The experiment was carried out in accordance with the “Convention for 
the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes” adopted 
by the Council of Europe (Strasbourg, France, 1986), and Council Directive 86/609/EEC of 24.11.1986 
“On the harmonization of laws, regulations and administrative orders of the participating countries 
regarding the protection of animals used for experimental and scientific purposes” on the basis 
of  the  Kemerovo State Medical University and the Research Institute of the Communist Party 
of the Soviet Union (Kemerovo).

After removing the animals from the experiment, extirpation of the femurs was performed, 
both from the side of aseptic necrosis manifestation and from a conditionally healthy side as 
a comparison. The proximal epiphysis was separated from the femur and divided into two equal 
parts. A part of the femoral head was used for histological examination. The specimen was prepared 
with  a  standard acid-free method using EDTA salts and stained with hematoxylin and eosin. 
To evaluate the morphometric parameters, ImageJ software was used to identify the colored bone 
beams as a pixel value, which enabled to quantify the morphometric parameters.

A part of the femoral head, both affected by aseptic necrosis and a healthy one, was used to isolate 
total RNA using the RNeasy MicroKit kit (QIAGEN, Germany) according to the manufacturer’s 
protocol. The quality and quantity of isolated RNA was determined on a Qubit 4 spectrophotometer 
(Invitrogen, USA) by assessing the RIQ index (RNA Integrity and Quality) using the Qubit RNA IQ 
Assay Kit (Invitrogen, USA).

Gene expression levels were determined by quantitative reverse transcription polymerase reaction 
using the High-Capacity cDNA Reverse Transcription Kit (4368814, Thermo Fisher Scientific, 
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Waltham, MA, USA). Primers were synthesized on an ABI 3900 high-throughput DNA synthesiser 
(Thermo Fisher Scientific, Waltham, MA, USA) by Evrogen (Moscow, Russia). Results of qPCR were 
normalized using three reference genes actb, tbp, b2m in accordance with existing recommendations. 
The expression of the studied genes was calculated using the 2-ΔΔСt method. Gene expression was 
studied for il4, il6, il1b, tnfa, tgfb, sp7, runx2, opn/spp1, bmp2, bglap, rankl, alpl, hif1a.

Statistical processing of the obtained results was carried out in Statistica for WINDOWS software 
packages from StatSoftInc (USA), version 10.0 according to the rules of variation statistics. The study 
used Wistar rats kept under the same optimal conditions, so the Shapiro – Wilk W-test showed 
a normal distribution. Quantitative data were presented as mean and standard error (M ± m). 
Comparison of the values of metric indicator levels in unrelated samples was carried out using 
the Student's t test. The probability of a type 1 error was taken as 5 %, and a second type error as 
20 %; accordingly, the level of statistical significance was detected at p < 0.05, which corresponds 
to standard requirements. A pure line of Wistar laboratory rats was used in the experiment, which 
determined the genetic homogeneity of the studied groups. Thus, the study of even a small sample 
enabled statistical processing of the results obtained.

RESULTS

Histological study

The motor activity of the rats that 
received injections of a monoclonal 
IL-6 blocker recovered faster than 
in the comparison group. Thus, all 
rats of the study group were able to 
stand on their hind legs 4 weeks after 
induction of aseptic necrosis, while 
in the comparison group only a part 
of the animals could bear weight on 
the pelvic limbs at 6 weeks after the 
start of the experiment (Fig. 1).

The histological picture of preparations 
of the femoral heads in both 
groups confirmed the  development 
of  chondrodestructive and 
osteodestructive processes. 

Fig. 1 Photos of the experiment: a surgical induction of aseptic 
necrosis of the femoral head; b axial load on the hind legs in rats 
of the study group

The  study revealed empty bone lacunae; part of the bone tissue was replaced by dense fibrous 
tissue. In the areas of osteoresorption, active osteoclasts were identified as giant multinucleated 
cells. The number of osteoblasts, which were defined as mononuclear cells, increased primarily 
in the areas of  osteosclerosis. However, the  course of avascular necrosis differed. Progressive 
osteoresorption from the fourth to the sixth week was noted in animals of the first group, while 
signs of osteoreparation were visualized only in the eighth week of the experiment. In the group 
of animals receiving the monoclonal IL-6 blocker drug, isolated osteolytic processes were recorded 
only in the fourth week; active osteoblasts, areas of revascularization and bone restoration were 
visualized in the sixth and eighth weeks along with osteodestruction.

Four weeks after surgical induction of aseptic necrosis, a change in the normal architecture of the bone 
trabeculae of the cancellous substance to a wave-like arrangement was visualized in the rats that 
did not receive treatment, and the density of trabeculae was reduced. The  intermediate layer 
of  yaline cartilage was characterized by sparseness; most of the chondrocytes were located in the 
outer layer. Chondrocytes lost their elliptical shape, and signs of destruction of their nucleus were 
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Fig. 2 Histological picture at 4 weeks after the manifestation 
of aseptic necrosis (hematoxylin and eosin staining). Group 1: 
arrows show the wavy position of bone trabeculae; group 2: 
arrows show a uniform arrangement of  chondrocytes, normal 
architecture of the spongy substance

revealed. In animals of the second 
group, preparations of the femoral 
heads largely preserved normal 
architecture, and the loss of bone 
trabeculae was lower than in rats 
of the first group. The arrangement 
of chondrocytes in hyaline cartilage 
was more uniform (Fig. 2).

In preparations of the femoral 
heads bones of the first group 
animals, six weeks after the  start 
of  the  experiment, signs 
of  progressive osteoresorption 
were observed, and a further loss 
of  bone trabeculae density was 
diagnosed in  comparison with 
preparations taken after four 
weeks of  the  aseptic necrosis 
modeling. The number of  active 
osteoclasts and bone resorption 
lacunae increased from  the  fourth 
to the sixth week of the experiment. 
Part of  the  hyaline cartilage 
was replaced by  fibrous tissue. 
In the animals of the second group, 
active osteoblasts were determined 
in the areas of bone sclerosis along 
with signs of  osteodestruction 
in  the  form of  loss of  a  part 
of the bone trabeculae and their wavy 
arrangement in  the  preparations 
of the femoral heads. At the same 
time, the  loss of  bone trabeculae 
density in the animals treated with 
a  monoclonal IL-6 blocker was 
lower than in rats of the first group 
(Fig. 3).

After 8 weeks, the first signs 
of  osteogenicity were noted 
in the femoral heads of rats that did 

Fig. 3 Histological picture at 6 weeks after the manifestation 
of aseptic necrosis (hematoxylin and eosin staining). 
Group 1: arrows show active osteoclasts; group 2; arrows show 
active osteoblasts

not receive treatment. Thinning of the articular cartilage, loss of some chondrocytes, and bone 
trabeculae were visualized. At the same time, along with replacement of the spongy substance 
with dense fibrous tissue, active osteoblasts were determined. In the rats of the second group, 
hyaline cartilage was characterized by greater preservation of the density of chondrocytes in both 
the outer and intermediate layers. Bone trabeculae had a high density, zones of mineralization 
with a large accumulation of active osteoblasts, and areas of bone revascularization were 
identified. The number of osteocytes increased compared to the preparations taken 6 weeks 
after the induction of aseptic necrosis (Fig. 4).
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Fig. 4 Histological picture at  8  weeks 
after the manifestation of aseptic 
necrosis (hematoxylin and eosin 
staining). Group 1: arrows show 
uneven distribution of chondrocytes 
in hyaline cartilage, active osteoblasts; 
group 2: arrows show a uniform, 
dense distribution of chondrocytes 
in hyaline cartilage and an area of bone 
mineralization

The use of ImageJ software allowed us to quantify changes in bone trabecular density. Thus, in the rats 
that did not receive treatment, the course of avascular necrosis was accompanied by a  rogressive 
loss of  bone density from the fourth to  the  sixth week. At the same time, in  the  eighth week 
of the experiment, a slight increase in the density of the bone trabeculae was noted. A tendency 
towards a decrease in the density of bone trabeculae from the fourth to the sixth week and recovery 
in the eighth week of the experiment was also recorded in the study group. However, the volume 
of bone trabeculae in the animals that received anti-inflammatory therapy with a monoclonal IL-6 
blocker was significantly greater than in the rats without treatment at the sixth and eighth weeks 
after the induction of avascular necrosis (Table 1).

Table 1
Histological findings of trabecular volume (%)

Week of experiment Comparison group Study group p-level
4 31.45 ± 1.03 33.67 ± 1.43 > 0.05
6 23.03 ± 1.23 30.78 ± 1.32 0.02*
8 24.43 ± 1.29 31.66 ± 1.36 0.03*

Note: * — significant difference

Changes in mRNA profile

Features of the functioning of signaling pathways for bone tissue remodeling and their regulation 
at the molecular and cell level determined the activity of osteoresorptive and osteoreparative 
processes. One month after the surgical induction of avascular necrosis, the greatest differences were 
obtained in the dynamics of changes in genes encoding proteins associated with osteoinduction. 
Thus, in animals of the second group along with a decrease in the expression of the gene for the pro-
inflammatory cytokine interleukin 6 (il6), the expression of the osteocalcin gene (bglap), the encoded 
protein of which is secreted by osteoblasts and is involved in the regulation of bone remodeling, 
and the alkaline phosphatase gene (alpl), which determines the intensity of bone mineralization, 
increased significantly , the transforming growth factor b (tgfb) gene, the encoded protein of which 
enhances revascularization and is involved in osteoreparation processes. Moreover, in rats 
treated with a monoclonal IL-6 blocker, the expression of the hypoxia-induced factor  1α (hif1α) 
gene was significantly reduced. In the animals of the first group, the expression of  the  secreted 
phosphoprotein 1 (spp1) gene increased significantly. The protein encoded by this gene promotes 
the  adhesion of  osteoclasts to the bone matrix and has high specificity for hydroxyapatite 
and osteoclast membrane proteins (Table 2).
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Six weeks after the induction of aseptic 
necrosis of  the  femoral head, overexpression 
of the proinflammatory cytokine genes il6, tnfα, 
as well as the nuclear factor κβ (rankl) receptor 
activator ligand gene was observed in the rats 
that did not receive treatment (comparison 
group). This gene encodes one of  the  main 
proteins of  the  RANK–RANKL–OPG signaling 
pathway, aimed at the differentiation and 
activation of  osteoclasts. At the same time, 
in  the  animals treated with a monoclonal IL6 
blocker, the  expression of the il6, tnfα gene 
was significantly suppressed. The intensity 
of  rankl gene expression did not differ from 
the  conditionally healthy limb. Also, in rats 
of the main group, increased expression of genes 
aimed at enhancing osteoblastogenesis was 
recorded, such as the bone morphogenetic 
protein gene (bmp2), the transcription factor gene 
(sp7), involved in osteoblast differentiation, and 
the expression of tgfb genes remained increased. 
However, it is worth noting the increased 
expression of the spp1 gene, which may indicate 
osteoclast activity (Table 3).

Two months after the development of avascular 
necrosis of the femoral head, overexpression 
of  the  il6, tnfα genes was retained in  the  rats 
of the  first group. The intensity of rankl gene 
expression decreased slightly compared 
to  the  previous period, but was higher than 
in  a  conditionally healthy limb. The synthesis 
of spp1 mRNA gene increased. However, changes 
in  the  mRNA profile in the femoral heads 
of the untreated animals also indicate increased 
osteogenesis. The expression of  alpl  genes 
increased. In the rats of  the  second group, 
an increase in the expression of genes encoding 
proteins was retained, the biological action 
of which is aimed at enhancing osteoreparation. 
The synthesis of  the  mRNA genes runx2 and 
sp7 remained increased. However, against 
this background, the  intensity of  rankl  gene 
expression was increased compared 
to a conditionally healthy limb (Table 4).

Table 2
mRNA profile after 4 weeks

Gene Comparison group Study group p-level
bmp2 1.097 ± 0.219 0.831 ± 0.137 > 0.05
alpl 0.484 ± 0.095 2.445 ± 0.738 0.02*
hif1a 1.031 ± 0.563 0.342 ± 0.059 0.04*
rankl 1.216 ± 0.609 1.157 ± 0.583 > 0.05
runx2 0.934 ± 0.319 0.891 ± 0.204 > 0.05
sp7 1.051 ± 0.421 1.774 ± 0.538 > 0.05
bglap 0.684 ± 0.137 3.637 ± 0.926 0.01*
spp1 7.691 ± 1.823 0.624 ± 0.137 < 0.001*
tgfb 0.964 ± 0.371 3.092 ± 0.957 0.01*
tnfa 1.142 ± 0.296 0.806 ± 0.172 > 0.05
il6 1.125 ± 0.325 0.79 ± 0.148 0.04*

Note: * — significant difference.

Table 3
mRNA profile after 6 weeks

Gene Comparison group Study group p-level
bmp2 1.613 ± 0.419 2.462 ± 0.816 0.03*
alpl 2.394 ± 0.751 2.936 ± 0.973 > 0.05
hif1a 0.768 ± 0.143 1.287 ± 0.419 > 0.05
rankl 11.076 ± 3.054 1.019 ± 0.326 0.001*
runx2 3.831 ± 0.904 0.501 ± 0.118 0.01*
sp7 1.998 ± 0.673 3.095 ± 1.008 0.04*
bglap 0.702 ± 0.179 1.043 ± 0.307 > 0.05
spp1 0.447 ± 0.103 2.297 ± 0.713 0.01*
tgfb 0.943 ± 0.319 2.331 ± 0.784 0.02*
tnfa 14.471 ± 4.107 1.918 ± 0.607 < 0.001*
il6 3.844 ± 0.916 0.054 ± 0.014 < 0.001*

Note: * — significant difference.

Table 4
mRNA profile after 8 weeks

Gene Comparison group Study group p-level
bmp2 1.613 ± 0.419 2.462 ± 0.816 0.03*
alpl 2.394 ± 0.751 2.936 ± 0.973 > 0.05
hif1a 0.768 ± 0.143 1.287 ± 0.419 > 0.05
rankl 11.076 ± 3.054 1.019 ± 0.326 0.001*
runx2 3.831 ± 0.904 0.501 ± 0.118 0.01*
sp7 1.998 ± 0.673 3.095 ± 1.008 0.04*
bglap 0.702 ± 0.179 1.043 ± 0.307 > 0.05
spp1 0.447 ± 0.103 2.297 ± 0.713 0.01*
tgfb 0.943 ± 0.319 2.331 ± 0.784 0.02*
tnfa 14.471 ± 4.107 1.918 ± 0.607 < 0.001*
il6 3.844 ± 0.916 0.054 ± 0.014 < 0.001*

Note: * — significant difference.

DISCUSSION

Changes in the mRNA profile during the progression of aseptic femoral head necrosis are 
characterized by extreme heterogeneity. At the same time, some patterns of synthesis of genes 
encoding regulatory proteins of osteogenesis can determine the course of osteodestructive and 
osteoreparative processes.
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The development of avascular necrosis in the animals that did not receive therapy, according 
to  histological examination, was accompanied by a progenitor course of osteoresorptive 
and chondrodestructive processes up to 8 weeks after the hypoperfusion zone of the femoral head 
had been applied. Only eight weeks after the start of the experiment, the first signs of osteoreparation 
were detected in histological preparations.

At the same time, changes in the mRNA profile of the proximal femoral epiphysis show a tendency 
toward overexpression of proinflammatory cytokine genes and osteoclastogenesis genes from 
the fourth to the eighth week. Thus, increased expression of the il6, tnfα, rankl genes was observed 
both in the sixth and eighth weeks of aseptic necrosis. These genes encode proteins of  pro-
inflammatory cytokines and key molecules of the osteoclastogenesis signaling pathway. Song et al. 
in their study of the proteome in patients with aseptic necrosis of the femoral head noted an increase 
in the concentration of pro-inflammatory cytokines and attribute great importance to the increase 
in  nonspecific inflammation in the processes of dysregulation of bone homeostasis  [30]. 
The biological effect of proinflammatory cytokines is aimed at inducing the RANK–RANKL–OPG 
signaling pathway, enhancing the differentiation and activation of mature osteoclasts. There are 
a  number of research studies confirming the overexpression of these inflammatory mediators 
in the early stages of the development of aseptic femoral head necrosis [31, 32]. Thus, it is logical 
to consider the relationship between an increase in the level of mRNA in the head of the femur 
of both the proinflammatory cytokine genes il6, tnfα, and the rankl gene, and the histological picture 
of the progressive destruction o bone and cartilage tissue. The data obtained indicate the important 
role of inflammation in the regulation of osteodestruction.

Moreover, at the fourth and eighth weeks after surgical induction of avascular necrosis, overexpression 
of  the  spp1 gene was observed. Studies of the concentration of secreted phosphoprotein  1 
(spp1) in  osteoblasts due to the development of avascular necrosis of the femoral head showed 
a significant increase in the concentration of this protein compared with a conditionally healthy 
limb  [33]. It  is known that the encoded protein of the spp1 gene promotes the attachment 
of osteoclasts to the bone matrix [34]. Besides, an increase in spp1 gene expression may promote 
the  activation of  osteoclastogenesis through the PI3K/AKT signaling pathway [35]. Thus, 
an increase in the expression of the gene in the histological picture of progressive osteodestruction 
from the fourth to the eighth week of the experiment can also be considered as one of the factors 
contributing to the intensification of resorption processes.

However, in the eighth week of the experiment, a large number of active osteoblasts were determined 
by examining histological preparations of the animals from the first group. At the same time, 
the expression of genes encoding proteins involved in bone mineralization and osteoblastogenesis 
(bmp2, alpl, bglap) increased. Thus, the processes of regeneration and destruction of bone tissue are 
largely due to the changes in the mRNA profile of the femoral head.

Changes in the study of histological preparations of the femoral head in the rats treated with 
a monoclonal blocker of IL-6 were characterized by a less intense course of osteodestruction compared 
to the animals of the first group. The density of bone trabeculae, the architectonics of the spongy 
substance, and changes in the hyaline cartilage were less pronounced and more consistent with 
findings in the conditionally healthy limb. Moreover, already from the sixth week after surgical 
induction of avascular necrosis, signs of osteoreparation were visualized in the preparations.

The dynamics of changes in the mRNA profile of genes encoding regulatory proteins of osteogenesis 
had its own characteristics. Expression of the gene for the pro-inflammatory cytokine il6 was expectedly 
reduced in the fourth and sixth weeks of the experiment. Maximum inhibition of il6 gene activity was 
obtained in the sixth week, while a slight increase in the expression was observed in the eighth week. 
The activity of the tnfα gene varied depending on the time after the manifestation of aseptic necrosis. 
Thus, the expression of the tnfα gene in the fourth week of the experiment was slightly reduced, while 
in the sixth and eighth weeks it was increased compared to a conditionally healthy limb. It is worth 
noting that the activity of the pro-inflammatory cytokine genes il6, tnfα at all stages of the experiment 
in the rats of the second group was significantly lower than in the first group. The presented data 
indicate inhibition of nonspecific inflammation due to the therapy with a monoclonal IL-6 blocker.
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A decrease in the intensity of the biological action of the pro-inflammatory cytokine IL-6 can be 
associated with changes in the expression of genes encoding proteins that regulate osteoclastogenesis 
and the activity of osteolysis processes. The most striking picture of osteoclastogenesis inhibition 
was observed at week 6 of the experiment. Thus, in the animals that did not receive specific treatment, 
overexpression of the rankl gene was observed, while in the rats treated with a monoclonal blocker 
of IL-6, the expression of the gene did not differ from that of a conditionally healthy limb. However, 
at the same time, in the rats of the second group, an increase in the expression of the spp1 gene was 
recorded, which may indicate processes of osteolysis and, possibly, indirect pathways of activation 
of mature osteoclasts.

The first four weeks after the induction of avascular necrosis in the animals of the second group were 
accompanied by increased expression of genes associated with osteoinduction and revascularization, 
such as sp7, bglap, alpl, tgfβ. The predominance of the expression of the genes encoding proteins 
of osteoblastogenesis, extracellular bone matrix, and bone mineralization was maintained from 
the fourth to the eighth week of the experiment, while the nature of the mRNA profile somewhat 
changed in regard to the time elapsed since the manifestation of aseptic necrosis of the femoral 
head. There are a number of research studies that reveal the effectiveness of antiresorptive, 
anti-inflammatory therapy in experimental model of aseptic necrosis of the femoral head in 
animals [31, 32, 36]. The effectiveness of treatment was assessed using data from microcomputed 
tomography, histological, and immunohistochemical studies, which showed an increase in bone 
tissue repair processes and a decrease in osteoresorption compared to a conditionally healthy 
limb. However, studies of the molecular and cellular mechanisms of osteogenesis regulation during 
the use of monoclonal blockers of proinflammatory cytokines are very few.

The intensity of expression of the sp7 transcription factor gene was increased throughout 
the  experiment in the rats of the second group. The protein encoded by this gene is a member 
of the zinc factor family of transcription factors, which play a fundamental role in the processes 
of differentiation of osteoblasts from progenitor cells, chondrogenesis, as well as maintaining 
the balance in the differentiation of mesenchymal cells along the osteogenic and chondrogenic 
pathway [37]. Increased expression of the sp7 gene in the fourth, sixth and eighth weeks 
after the induction of avascular necrosis by administration of a monoclonal IL-6 blocker may 
indicate increased chondrogenesis and osteogenesis. Moreover, in the rats of the second group, 
the expression of the alkaline phosphatase gene alpl was increased from the fourth to the eighth 
week of  the  experiment. These findings confirm an increase in bone tissue metabolism along 
with suppression of the biological effect of the pro-inflammatory cytokine IL-6.

Thus, the preliminary results of the use of a monoclonal blocker of the proinflammatory cytokine 
IL-6 show a more favorable course of aseptic necrosis of the femoral head in rats. Greater 
preservation of the density of bone trabeculae, the structure of hyaline cartilage, and cancellous 
bone was obtained in the animals that received specific anti-inflammatory therapy. The dynamics 
of changes in the mRNA profile in the rats of the study group indicate inhibition of the expression 
of  osteoclastogenesis and osteolysis genes (rankl, spp1) due to  a  decrease in  the  activity 
of the proinflammatory cytokine genes il6, tnfα. At the same time, the expression of genes encoding 
regulatory proteins of osteoblastogenesis and bone tissue mineralization was increased at all stages 
of  the experiment. However, it is worth noting that the results obtained are relevant in the case 
of early administration of the specific anti-inflammatory therapy with genetically engineered drugs, 
before the stage of femoral head fragmentation. Moreober, some regulatory proteins are synthesized 
at the post-translational level. Further research with a larger sample size will allow us to  draw 
more reliable conclusions about the effectiveness of anti-inflammatory therapy in correcting bone 
homeostasis. Also, the study of the methods of targeted therapy and of the pathogenesis of avascular 
necrosis should assess the concentration of regulatory proteins involved in osteogenesis and bone 
tissue remodeling processes.
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