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The fact is disturbance of the processes of bone tissue remodeling leads to a change in the balance between synthesis 
and resorption of bone and the development of osteoporosis. The most common cause of secondary osteoporosis is the use 
of glucocorticoid therapy. The aim of this study is to investigate the cellular-molecular mechanisms of disturbance of the 
processes of bone remodeling regulation, reflected by hormones and intercellular mediators (for example parathyroid 
hormone, calcitonin, RANKL, osteoprotegerin, P-selectin, interleukin-17, transforming growth factor-β1, adiponectin and 
visfatin) on the background experimental glucocorticoid osteoporosis. The experimental study carried out in two groups of 
white female rats. Disturbance of bone tissue remodeling was verified by histological examination of the femoral head, 
vertebrae of the thoracic and lumbar spine of rats and the measurement of bone density. The study of the levels of 
hormones and intercellular mediators in the blood serum of animals was carried out by the method of enzyme 
immunoassay. The bone mineral density of the experimental group was reduced compared to the bone mineral density of 
the control group. The study of the histostructure of the femoral head and vertebrae in rats of the experimental group in 
comparison with the animals of the control group revealed changes in the structural organization of bone tissue, confirmed 
by histomorphometry, indicating inhibition of the processes of osteosynthesis. The article analyzes the nature of the 
involvement of hormones and cytokines in pathogenetic mechanisms of development of bone tissue disorders. The levels 
of cytokines RANKL, osteoprotegerin, interleukin-17 and calcitonin in the blood serum of animals of the group with the 
violation of bone tissue remodeling by glucocorticoids were higher than in intact animals. Serum levels of P-selectin, 
parathyroid hormone, transforming growth factor-β1, adiponectin and visfatin were lower than similar levels in animals 
from the control group. The use of glucocorticoids increases the expression of RANKL and inhibits the synthesis of 
osteoprotegerin, resulting in stimulation of bone resorption. The effect of glucocorticoids in the experimental model is 
realized by changing the production of the studied hormones, cytokines and adhesion molecules. These changes stimulate 
the apoptosis of osteoblasts and inhibit their proliferation and differentiation, which is another mechanism of bone loss. 
Correlations found during the study reflect the relationship in the system of regulation of bone tissue remodeling under the 
influence of glucocorticoids. A complex system for regulating bone remodeling, which includes many regulatory 
pathways and their interactions, requires further study.  
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Introduction  
 

When bone remodeling processes are disturbed, the balance bet-
ween formation and resorption of bone tissue changes, controlled and 
coordinated by different types of bone cells. This often leads to the 
development and progression of osteoporosis, which, according to 
World Health Organization data, is the second most important health 
problem after cardiovascular disease (Klimova et al., 2014). Secondary 
osteoporosis refers to bone disorders, which are a secondary compli-
cation of various diseases. The most common cause of secondary osteo-
porosis is the consequences of  glucocorticoid therapy. Glucocorticoids 
reduce bone density through several mechanisms: suppression of sex 
steroid hormones, inhibition of gastrointestinal absorption and renal 
calcium reabsorption, stimulation of parathyroid hormone secretion and 
inhibition of bone formation resulting from a change in the balance 
between osteoclasts and osteoblast activity (Kaneko et al., 2012). 
Glucocorticoids are capable of altering the proliferation and metabolism 
of bone cells (Brennan-Speranza et al., 2012). It is assumed that the 
development of glucocorticoid-induced osteoporosis occurs in two 

steps. In the initial, rapid steps of the use of glucocorticoids, bone loss 
occurs due to both a reduction in bone formation, and as a result of 
accelerated bone resorption. In the second, slower phase, the rate of 
osteoclast-mediated bone resorption slows down; the predominance is 
the suppression of bone formation (Canalis et al., 2007). Thus, with 
prolonged glucocorticoid therapy, the number of osteoclasts is usually 
maintained in the normal range, while the number of osteoblasts is 
significantly reduced, in contrast to postmenopausal osteoporosis, in 
which there is increased bone resorption (Weinstein, 2011). Apoptosis 
of osteoblasts, induced by the constant use of glucocorticoids, is identi-
fied as the main cause of osteoporosis, bone loss and fractures.  

The process of bone remodeling is controlled by various local and 
systemic factors. Parathyroid hormone and calcitonin are some of the 
major hormonal regulators of bone resorption.  

Parathyroid hormone is synthesized by parathyroid glands. Its main 
function is to maintain blood calcium homeostasis. The effect of para-
thyroid hormone is an increase in the concentration of calcium in the 
blood, a decrease in the calcium content in the bones (demineralization 
of the bone matrix) and a decrease in the phosphate content in the blood 
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plasma. Excess content of parathyroid hormone leads to a disorder of 
bone tissue, endocrine disease such as hyperparathyroidism, bone disea-
se such as osteoporosis.  

Calcitonin, which is a 32-amino acid hormone, is secreted by the 
cells of the thyroid gland. This hormone mainly acts, supplementing the 
function of parathyroid hormone, counteracting increased bone resorp-
tion caused by parathyroid hormone.  

In addition to systemic hormonal regulation, a number of cytokines 
and growth factors are involved in bone remodeling. At the molecular 
level, bone resorption is regulated through the interaction of the receptor 
activator of nuclear factor-κB ligand (RANKL) and osteoprotegerin 
(OPG) against the background of the permissive action of the macro-
phage colony-stimulating factor. RANKL functions as a key factor for 
osteoclastogenesis, since its binding to the RANK receptor (receptor 
activator of nuclear factor-κB) promotes the activation of osteoclasts 
and the resorption of bone tissue. Osteoprotegerin reduces RANKL-
RANK interactions and thereby inhibits osteoclastogenesis (Remuzgo-
Martínez et al., 2016). In this regard, the balance between RANKL and 
osteoprotegerin actually determines the amount of resorpted bone and 
the degree of change in bone mineral density.  

It has been established that the RANKL/RANK/OPG-cytokine 
system that initiates osteoblasto- and osteoclastogenesis in bone tissue 
induces differentiation of osteoblasts and osteoclasts, as well as the pro-
cess of mineralization of the vessel walls (Sage et al., 2010). RANKL 
and osteoprotegerin can be the molecular link between calcification of 
the arteries and bone resorption, which underlies the clinical combina-
tion of vascular disease and osteoporosis. In the regulation of bone 
remodeling, adipokines are also involved, affecting bone remodeling by 
suppressing intracellular osteogenic signals, while simultaneously pro-
moting the secretion of adipogenic signaling molecules such as adipo-
nectin and visfatin (Muruganandan & Sinal, 2014).  

The aim of the study was to investigate the cellular-molecular 
mechanisms of disturbance of bone tissue remodeling regulation 
processes, as reflected by intercellular mediators (for example 
parathyroid hormone, calcitonin, RANKL, osteoprotegerin, P-selectin, 
interleukin-17, transforming growth factor-β1, adiponectin and visfatin) 
in experimental glucocorticoid osteoporosis.  
 
Materials and methods  
 

The experimental study was carried out in two groups of white 
female rats at the age of 9 months with a mass of 250 ± 30 g. First group 
is a group of animals with a violation of bone tissue remodeling caused 
by glucocorticoids – 18 rats, second group (control) – 10 rats. Creation 
of a model of experimental disturbance of bone tissue remodeling by 
glucocorticoids was carried out by administration of dexamethasone 
phosphate 6 mg/kg by weight intramuscularly twice a week for a month 
(Liu et al., 2011). Control group – intact animals.  

The experiments were carried out in accordance with the principles 
of the “European Convention for the Protection of Vertebrate Animals 
used for Experimental and Other Scientific Purposes” (Strasbourg, 
1986) and the “General ethical principles of animal experimentation” 
approved by the First National Congress on Bioethics (Kiev, 2001).  

Disturbance of bone remodeling was monitored by direct measure-
ment of bone density, which was calculated as the ratio of bone mass 
(grams) to its volume (centimeters cubic) (Podkovkin et al., 2008).  

For histological examination, the femoral head, as well as the verte-
brae of the thoracic and lumbar spine of the rats, were isolated. The ma-
terial was fixed in 10% neutral formalin, decalcified in 5% nitric acid, 
encased in paraffin according to a conventional technique (Sarkisov & 
Perov, 1996). Sections 7–10 μm thick were stained with hematoxylin 
and eosin,van Gieson’s picrofuchsin , analyzed in the field of view of 
the "Primo Star" microscope (Carl Zeiss). Photomicrographs of the 
preparations were performed using a Microocular digital camera.  

Morphometric analysis of histopreparations was carried out using a 
light microscope LOMO (lens ×10, eyepiece ×8). The central sections 
were analyzed, in each individual case (at least three). In the area of the 
femoral head of animals with experimental osteoporosis, the severity of 
osteopenic manifestations was assessed for the following parameters: 

width of the cortex and thickness of the bone trabeculae (estimated with 
the help of an ocular screw micrometer MOV-1-16×), and also by the 
ratio of the volume of bone trabeculae to the total volume of spongy 
bones (conducted using the ocular-mesh insert G. G. Avtandilov 
(289 points of intersection)), guided by the method proposed by the 
author (Avtandilov, 1990). As a control, similar indices of intact ani-
mals were used.  

The studies were carried out in the blood serum of animals by the 
method of enzyme immunoassay. The levels of parathyroid hormone, 
calcitonin and transforming growth factor-β1 were determined using 
DRG kits (Germany). To quantify the levels of RANKL, a set of 
reagents “ampli-sRANKL” Biomedica (Austria) was used. The levels 
of osteoprotegerin were determined using the Human Osteoprotegerin 
Instant eBioscience kit (Austria). P-selectin levels were determined 
using the Human sP-selectin Platinum ELISA kit eBioscience (Austria). 
A set of Vector-Best (Russia, Novosibirsk) was used to quantify inter-
leukin-17 levels. Visfatin levels were determined using the RayBio kit 
(USA), adiponectin levels, using the BioVendor kit (Czech Republic).  

The statistical processing of the results was carried out using the 
Statistica 6.0 analysis package using the Kruskal-Wallis non-parametric 
ANOVA criterion for independent samples and correlation analysis. 
The results are presented in the form x ± SE, where x is the arithmetic 
mean, SE is the standard error of the arithmetic mean. Statistically 
significant differences were considered at P < 0.05.  
 
Results  
 

The measured bone mineral density of the animal group with the 
violation of bone tissue remodeling with glucocorticoids was signifi-
cantly decreased in comparison with the bone mineral density of the 
animals in the control group (1.37 ± 0.041 and 1.62 ± 0.059 g/cm³ 
respectively, P < 0.05). A review of the histological specimens of the 
vertebral bodies and the proximal femur in the rats of the control group 
showed a typical structure of bone tissue. The spongy bone was repre-
sented by wide anastomosing bone trabeculae, separated by intertrabe-
cular spaces that contained red bone marrow. In the thickness of the 
beams, lacunae with osteocyte bodies were uniformly distributed; dark 
blue, slightly wavy cement lines were clearly contoured. The cortical 
layer, represented by a compact bone, was of sufficient width all along.  

A study of the histostructure of the head of the femur and vertebrae 
of rats with experimental osteoporosis in comparison with the animals 
of the control group revealed changes in the structural organization of 
bone tissue. In the proximal part of the femur and the bodies of the 
vertebrae of the thoracic and lumbar regions of experimental animals, 
similar changes were found, which testify to the inhibition of bone 
formation processes.  

In the spongy substance of bone tissue, these changes were associa-
ted with the thinning of the trabeculae and the dilution of the trabecular 
network. There was a decrease in the number of trabeculae and their 
contacts between themselves and the cortex (Fig. 1). Most of the trabe-
culae were thinned, had uneven edges and blind ends, which indicates 
the prevalence of bone resorption processes. Uneven staining of the 
matrix of bone tissue, uneven distribution of osteocytes, basophilia, 
thickening of cement lines in the areas was observed. Microcracks of 
trabeculae along the stratification of cement lines and single micro-
fractures were noted (Fig. 2).  

Cortex on the parts of the head of the femur and vertebral bodies 
was thinned and uneven in width. We detected expanded lacunae of 
osteocytes, vascular channels and single cavities filled with red bone 
marrow and reticulo-fibrous tissue, which reflects the process of rarity 
of compact bone. Osteocytes were of various sizes, their distribution in 
the regions was uneven. As a manifestation of a violation of 
calcification, sharply basophilic walls of a part of lacunae were revealed.  

The results obtained are confirmed by histomorphometry – the met-
hod of objective evaluation of the state of bone tissue remodeling at the 
cellular and tissue levels. Morphometric examination of histopreparati-
ons of the femoral head recorded quantitative and qualitative changes in 
the parameters of bone tissue. It was found that the ratio of the volume 
of bone trabeculae to the volume of the spongy bone in the examined 
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area in animals with experimental osteoporosis was reduced by 32.9%, 
the width of the cortical layer and the thickness of the trabeculae were 
less (by 56.8% and 56.1% respectively, P < 0.05) in comparison with 
the parameters of the animals of the control group, which indicates a 
decrease in bone formation.  

Thus, histological analysis and reduction of bone mineral density 
showed that the use of dexamethasone enabled us to obtain a model of 
bone tissue remodeling disturbance.  

The levels of cytokines RANKL, osteoprotegerin, interleukin-17 
and calcitonin in the blood serum of animals of the group with the 
disorder of bone tissue remodeling by glucocorticoids were higher than 
in intact animals, but the difference was statistically insignificant (Table 
1). The most significant was an increase in the concentration of 
osteoprotegerin (by 55.5%) and RANKL (by 35.9%) in the serum of 
animals with experimental osteoporosis, which corresponds to the 
contribution of these cytokines to bone remodeling. 

 

а  b   

Fig. 1. Areas of the vertebrae of the lumbar spine of the rats:  
a – the control group, b – with experimental osteoporosis; 1 – isolated trabeculae; van Gieson’s picrofuchsin  

а  b   

Fig. 2. Areas of the vertebrae of the thoracic spine of rats:  
a – the control group, b – with experimental osteoporosis; 1 – thinned trabeculae, not forming a network; hematoxylin-eosin  

Table 1  
Levels of cytokines in the control and experimental groups (x ± SE)  

Cytokine 

Groups 

control,  
n = 10 

group with the violation of bone 
tissue remodeling by 

glucocorticoids, n = 18 
Receptor activator of nuclear 
factor-κB ligand, pmol/l   0.131 ± 0.021   0.178 ± 0.046 

Osteoprotegerin, pg/ml 22.7 ± 2.2 35.3 ± 9.5 
P-selectin, ng/ml   2.23 ± 0.09     1.66 ± 0.07* 
Interleukin-17, pg/ml 28.6 ± 1.3 29.0 ± 1.3 
Transforming growth  
factor-β1, ng/ml 26.5 ± 1.6 26.2 ± 1.5 

Adiponectin, μg/ml   0.663 ± 0.021   0.631 ± 0.014 
Visfatin, ng/ml 141.6 ± 26.7 133.3 ± 22.9 
Parathyroid hormone, pg/ml   7.85 ± 1.03   5.24 ± 0.95 
Calcitonin, pg/ml   8.81 ± 0.85   9.52 ± 1.37 
Note: * – P < 0.05 compared with the control group.  

At the same time, in the group of animals with disturbed bone re-
modeling of glucocorticoids, the serum P-selectin level was signifycant-
ly lower (by 25.8%) in the same level in animals from the control group 
(P < 0.05). The concentration of parathyroid hormone decreased by 
33.2% (P > 0.05), while the decrease in the levels of transforming 
growth factor-β1, adiponectin and visfatin in the serum of animals in the 
experimental group was insignificant and statistically insignificant.  

Research on intra group interrelations between indicators of 
cytokines revealed several correlations of different force  In the control 
group, the presence of an inverse strong bond was established (r = –
0.899, P < 0.05) between the content of visfatin and interleukin-17, 
medium strength feedback (r = –0.695, P < 0.05) between RANKL and 
transforming growth factor-β1. In a group with experimental osteo-
porosis, these correlations became insignificant (r = 0.133 and r =  
–0.006 respectively, P > 0.05). In a group with a disturbance of bone 
tissue remodeling by glucocorticoids, a direct relationship of average 
force (r = 0.626, P < 0.05) between the levels of visfatin and P-selectin 
was revealed. In the control group, a similar relationship was not found 
(r = –0.056, P > 0.05). The presence of a connection between the stu-
died parameters is explained by their mutual influence on the metabo-
lism of bone tissue.  
 
Discussion  
 

The observed increase in serum RANKL level in animals in the 
experimental group may contribute to the loss of bone mass through the 
RANK/RANKL/OPG pathway, which corresponds to a decrease in 
bone mineral density in these animals. Binding of osteoprotegerin to 
RANKL prevents the destruction of bone tissue. The balance between 
the formation and destruction of bone determines the level of activation 
of osteoclasts (Luan et al., 2012). The administration of high doses of 
dexamethasone to rats inhibits the differentiation of osteoblasts and cell 



 

Regul. Mech. Biosyst., 8(2) 127 

proliferation. The use of glucocorticoids increases the expression of 
RANKL and inhibits the synthesis of osteoprotegerin, resulting in 
stimulation of bone resorption. In our study there is an increase in the 
concentration of osteoprotegerin in the blood serum of animals with 
experimental disturbance of bone tissue remodeling  induced by 
glucocorticoids, which can be considered as a compensatory reaction to 
glucocorticoid-induced bone resorption. Osteoprotegerin is an important 
prognostic factor; in addition to regulating bone turnover, this cytokine 
inhibits vascular calcification and modulates inflammation in the vascu-
lar wall (Scialla et al., 2011). Osteoprotegerin is stimulated by numerous 
inflammatory mediators, such as interleukin-1, tumor necrosis factor-α, 
transforming growth factor-β and interferon-γ. Osteoprotegerin stimula-
tes the expression of adhesion molecules and leukocyte infiltration in 
the walls of the vessels, which promotes the expression of RANKL.  

In our study, there was a slight increase in the concentration of pro-
inflammatory interleukin-17, produced by activated T-cells. Interleukin-
17 supports osteoclastogenesis, depending on the signal path of 
RANKL-RANK. Cytokine increases the sensitivity of osteoclast pre-
cursors to RANKL by increasing RANK expression on osteoclastic 
progenitors (Adamopoulos et al., 2010). Moreover, interleukin-17 acti-
vates the expression of RANKL in osteoblasts, synovial and mesenchy-
mal cells, thereby increasing the RANKL/OPG ratio and enhancing 
osteoclastogenesis. Thus, interleukin-17 through osteoblasts indirectly 
affects bone resorption, which ultimately contributes to the loss of bone 
tissue, reflected by a decrease in bone mineral density in our study. 
At the same time, interleukin-17 is an important mediator of the respon-
se to the treatment of glucocorticoids. According to the literature, dexa-
methasone reduces the expression of interleukin-17A in models of 
asthma in mice (Lu et al., 2013), or does not affect the production of 
interleukin-17 (Zeng et al., 2015), or Th17 cells (T-helpers 17) show 
limited sensitivity to dexamethasone (McKinley et al., 2008). Thus, the 
level of this intercellular mediator is apparently due to its ability to 
amplify the differentiation of osteoclasts and their functional activity by 
means of RANKL (direct and indirect pathway), and due to the effect of 
glucocorticoids on the T-cells producing this cytokine.  

Suppression of the formation of bone tissue occurs as a result of the 
physiological effect of parathyroid hormone through the effect on the 
population of osteoblasts that secrete insulin-like growth factor 1 and 
cytokines that stimulate the metabolism of osteoclasts. Activated osteo-
clasts secrete alkaline phosphatase and collagenase, which leads to bone 
resorption. Reduction in the concentration of parathyroid hormone in 
our study, apparently, can be explained by a violation of the balance 
between the opposite effects that arise with the use of glucocorticoids. 
Glucocorticoids inhibit calcium absorption in the intestine and increase 
urinary calcium excretion (by inhibiting renal tubular reabsorption of 
calcium). This, as a rule, leads to a decrease in the levels of ionized 
calcium in the serum, which in turn can lead to an increase in the levels 
of parathyroid hormone. At the same time, an increase in bone resorp-
tion has an opposite effect on the secretion of parathyroid hormone by 
parathyroid glands, leading to a decrease in the levels of this hormone 
(Mazziotti et al., 2016).  

In turn, calcitonin, being an antagonist of parathyroid hormone, 
reduces the concentration of calcium in the serum and slows the activity 
of osteoclasts, reducing the destruction of bone. The mechanisms of the 
effect of calcitonin on remodeling of bone tissue remain unclear until 
the end. Calcitonin has been shown to modify cell cultures of osteo-
blasts and osteocytes (Plotkin et al., 1999). The hypothesis based on the 
finding of calcitonin receptors on osteocytes is that calcitonin can 
potentially modify osteocyte products, such as fibroblast growth factor 
23 or, more importantly, sclerostin, known as bone growth regulator 
(Davey & Findlay, 2013). Changes in the level of the hormone in the 
experimental group, apparently, are due to the effect of dexamethasone 
and are compensatory in nature, aimed at maintaining homeostasis, in 
particular, the level of ionized calcium.  

Glucocorticoids also regulate many aspects of endothelial physiolo-
gy, including the expression of adhesion molecules, the production of 
proinflammatory cytokines, and the maintenance of endothelial barrier 
integrity. The inhibitory effect of dexamethasone on the expression of 
P-selectin (Xiping et al., 2010), described as a biomarker of the develop-

ment of atherosclerosis, is described. P-selectin is an adhesive trans-
membrane glycoprotein that is transferred to the cell surface from plate-
let α-granules and Weibel-Palade bodies of endothelial cells during 
activation of these cells, while the protein is partially released into the 
blood plasma, where it circulates in a soluble form. The binding of  
P-selectin to a specific glycoprotein ligand-1 allows interaction between 
leukocytes and endothelial cells, leukocytes and platelets, platelets and 
endothelium, thus involving cells in the emerging thrombus (Zubairova 
et al., 2013). Reduction of the concentration of P-selectin in the blood 
serum of animals of the group with experimental disturbance of bone 
tissue remodeling by glucocorticoids may be explained by the inhibitory 
effect of dexamethasone.  

During the bone remodeling cycle, direct and indirect communica-
tions between bone cells are performed in a process called a binding 
mechanism. Transforming growth factor-β1, along with factors such as 
insulin-like growth factor, bone morphogenetic proteins, fibroblast 
growth factor, and platelet-derived growth factor appear to act as a 
coupling factor because it is stored in bone matrix and is released when 
bone resorption (Florencio-Silva et al., 2015). This cytokine is a growth 
factor that is involved in the control of proliferation, migration, differ-
rentiation and survival of many cell types. Transforming growth factor-
β1 can stimulate the proliferation of osteoblasts and regulate the func-
tions of osteoclasts, thus being a regulator of bone remodeling. It affects 
the formation and resorption of bone and the production of some 
proinflammatory cytokines. This cytokine is an important modulator of 
vascular remodeling in atherosclerosis (Wan et al., 2012). Although 
transforming growth factor-β1 enhances proliferation and early differ-
rentiation of osteoblasts, blocks their apoptosis, promoting the formation 
of bone tissue, this cytokine is able to inhibit osteoclastogenesis by 
activating the transcription factor Smad4 in osteoclasts (Morita et al., 
2016). Transforming growth factor-β1 has a double effect on osteo-
blasts: lower levels of this cytokine contribute to the differentiation of 
osteoclasts, while higher concentrations inhibit it (by increasing osteo-
protegerin expression that inhibits RANKL-induced osteoclast differen-
tiation) (Crane et al., 2016). These data confirm the correlation between 
the levels of RANKL and transforming growth factor-β1 revealed by us. 
Glucocorticoids stimulate apoptosis of osteoblasts, inhibit their prolife-
ration and differentiation depending on the dose, duration and stage of 
cellular differentiation (Yamashita et al., 2014). Apparently, the level of 
transforming growth factor-β1 in the blood serum of animals of the 
group with the experimental violation of bone tissue remodeling by 
glucocorticoids is due both to its dysregulatory role in the stages of 
osteoblast and osteoclast differentiation and to the action of dexame-
thasone.  

Regulation of bone remodeling includes not only osteoblastic and 
osteoclastic cell lines, but also other bone marrow cells. Adipocytes are 
obtained from the same precursor cells as osteoblasts, mesenchymal 
stem cells, and the balance between the two types of cells is important 
for bone remodeling. The number of adipocytes in the bone marrow 
varies in different pathophysiological conditions. Elevated levels of glu-
cocorticoids also contribute to adipogenesis, limiting osteoblastogenesis 
(Li et al., 2013). The dexamethosone used in our experimental study 
serves as a potent adipogenic factor. Accelerated adipogenesis in the 
bone marrow is associated with the progression of osteoporosis (Shar-
ma et al., 2014).  

Adiponectin is the most common adipokine, the protein mediator, 
first described as a fatty tissue product secreted by adipocytes and re-
gulating energy metabolism. Adiponectin plays a key role in various 
processes, such as energy metabolism, inflammation and cell prolifera-
tion, showing insulin-sensitive, anti-inflammatory, anti-atherosclerotic 
and antidiabetic properties (Padmalayam & Suto, 2013). It inhibits the 
production of adhesion molecules in endothelial cells. Adiponectin and 
its receptors are expressed in bone tissues and participate in bone 
metabolism. However, the literature presents contradictory results on 
the role of adiponectin in remodeling bone tissue. Adiponectin affects 
the differentiation of mesenchymal stem cells into preosteoblasts, as 
well as the proliferation and maturation of osteoblasts, which contribu-
tes to the regeneration of bone (Liu et al., 2013). In addition to positive 
modulation of osteoblasts, adiponectin also has a negative effect on os-
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teoclasts. It increases the apoptosis of osteoclasts and reduces the proli-
feration of osteoclast precursor cells (Tu et al., 2011). Adiponectin inhi-
bits the osteoclastic differentiation induced by macrophage colony-sti-
mulating factor and RANKL, both mouse macrophages and human 
CD14+ mononuclear cells and, consequently, inhibits bone resorption 
activity of osteoclasts. It is reported that in the animal model, adipo-
nectin inhibits osteoclastogenesis, reduces bone resorption and increases 
bone mass (Oshima et al., 2005). At the same time, there is evidence 
that an increase in adiponectin activates RANKL and inhibits osteopro-
tegerin, resulting in a decrease in bone formation (Pacheco-Pantoja 
et al., 2014).  

There is no consensus on the effects of glucocorticoids on the 
expression of adiponectin. Some sources describe that glucocorticoids 
reduce the serum adiponectin concentration (de Oliveira et al., 2011). 
While in the studies of Jang et al. (2008) an increase in the serum adipo-
nectin level after therapy with dexamethasone has been observed. One 
of the main reasons for the contradictory results of glucocorticoids 
exposure to adiponectin expression is that its expression is regulated by 
a variety of mechanisms (various transcription factors, signaling casca-
des and hormones). For example, glucocorticoids increase the concen-
tration of glucose in the blood, which subsequently increases the con-
centration of insulin, which can regulate the expression of adiponectin. 
Glucocorticoids affect adipogenesis and differentiation of adipocytes, as 
well as adipogenic transcription factors that can influence the expression 
of adiponectin. In addition, glucocorticoids are powerful anti-inflamma-
tory agents and cause a decrease in pro-inflammatory cytokines, which 
can also indirectly regulate the expression of adiponectin. The observed 
decrease in the level of adiponectin in the serum of animals of the group 
with the violation of bone tissue remodeling with the help of glucocor-
ticoids is associated with the direct influence of glucocorticoids on the 
overall energy metabolism, which complexly regulates the processes of 
bone remodeling, as well as the fact that the concentrations of adipo-
nectin in the blood do not satisfactorily reflect its products by adipose 
tissue. An excess of glucocorticoids reduces the level of adiponectin and 
its activating effect on osteoblasts, reinforcing the processes of resorp-
tion in the balance of bone remodeling.  

An important role in bone tissue remodeling is played by visfatin, 
which is a 52 kDa adipocytokine hormone secreted primarily by visce-
ral fat. Visfatin is a mediator of inflammation and acts as a proinflam-
matory cytokine (Laiguillon et al., 2014), stimulating the production of 
interkeukin-1β, interkeukin-6, tumor necrosis factor-α, which confirms 
the correlation between the content of visfatin and proinflammatory 
interleukin-17. Visfatin has insulin-mimicking properties and has a 
hypoglycemic effect (Cinar & Gurlek, 2013). The role of visfatin in 
endothelial dysfunction has not been adequately studied, but it has been 
found that visfatin enhances the expression of adhesion molecules by 
activating the NF-κB signaling pathway (Lee et al., 2009). These data 
are confirmed by the positive correlation we found between the levels of 
visfatin and P-selectin.  

Studies have shown that the synthesis and secretion of visfatin are 
modulated by glucocorticoids, tumor necrosis factor-α, interkeukin-6 
and growth factors (Al-Suhaimi & Shehzad, 2013). There is evidence 
that visfatin may contribute to bone destruction with an increase in adi-
pogenic differentiation in osteoporosis (Tsiklauri et al., 2016). On the 
other hand, this adipokine can stimulate the proliferation of osteoblasts 
and be a negative regulator of osteoclastogenesis, suppressing the differ-
rentiation of monocytes into osteoclasts (Liu et al., 2013). The reason 
for such discrepancies in the published data related to visfatin remains to 
be determined. The decrease in the level of visfatin in our experiment, 
apparently, is due to the depletion of the compensatory reserves of the 
bone tissue remodeling regulation system, caused by the long-term 
intake of glucocorticoids into the body.  

Studies show that adiponectin and visfatin are oppositely related to 
the mineral density of bone tissue. Although the mechanisms underly-
ing these correlations are unclear, modulation of bone metabolism by 
these adipokines can be proposed (Iacobellis et al., 2011). In our rese-
arch the opposite situation is observed. In the study of intragroup 
relationships in the control group, direct correlations of average strength 
between the level of adiponectin, visfatin, and bone density were found 

(r = 0.404 and r = 0.628, respectively, P > 0.05), but these relationships 
were not significant. In the group with experimental osteoporosis, the 
correlation between the content of adiponectin and bone density chan-
ged direction (r = –0.214, P > 0.05), while the relationship between the 
content of visfatin and bone density remained straight (r = 0.380, P > 
0.05). The data obtained may indicate the complexity and ambiguity of 
the role of adiponectin and visfatin in the regulation of bone metabo-
lism. Thus, the use of glucocorticoids leads to disruption in the regulati-
on of bone remodeling, reflected by hormones and intercellular media-
tors. The revealed correlations are an important indicator of changes in 
the system of regulation of bone tissue remodeling. The appearance of 
new connections and a change in their direction between pairs of 
intercellular mediators can be a manifestation of one of the mechanisms 
of bone tissue remodeling under the influence of glucocorticoids.  
 
Conclusions  
 

Reduction of bone mineral density and histological analysis of bone 
samples of a group of animals with a violation of bone tissue remode-
ling by glucocorticoids show that the use of dexamethasone has made it 
possible to obtain a model of bone remodeling disturbance. The studied 
changes in the concentrations of hormones and intercellular mediators 
indicate their important role in disturbances in the regulation of bone 
tissue remodeling under the influence of glucocorticoids. The imbalance 
between the RANKL and OPG levels, which results from the violation 
of the feedback mechanism, promotes bone resorption and, consequent-
ly, leads to a disturbance of bone remodeling. The degree of participa-
tion of adiponectin and visfatin in regulatory interactions of bone and 
energy metabolism was determined taking into account the interrelation 
of these adipokines. Correlations found during the study reflect the 
relationship in the system of regulation of bone tissue remodeling under 
the influence of glucocorticoids. A complex system of regulating bone 
remodeling, which includes many factors and their interactions, requires 
further study, which in the future can lead to the development of 
methods for treating patients with osteoporosis.  
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