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ABSTRACT

BACKGROUND: Osteoporosis is a problem all over the world with important clinical and economic consequences. A sig-
nificant contribution to solving the problem of the spread of osteoporosis can be the creation of drugs based on unique
biologically active compounds.

AIM: The aim was to evaluate the processes of osteogenesis, according to the formation of an organic matrix of bone
tissue, as well as to evaluate markers of bone remodeling in blood serum at the stages of anti-osteoporosis therapy.
MATERIALS AND METHODS: The study was performed on an experimental model of osteoporosis using biochemical
methods for analyzing markers of osteoporosis in blood serum, as well as atomic absorption spectroscopy and X-ray
densitometry.

RESULTS: According to the results of the study, the specific anti-osteoporotic activity of the new drug based on suc-
cinic acid salts was proved: a significant increase in the organic component — the total collagen in bone tissue and
the mineral component as the main elements in bone tissue in both young and old senile animals. Evaluation of the
dynamics of the content of markers of bone remodeling showed the high effectiveness of the new drug in monotherapy,
and in combination with vitamin D, in the activation of osteogenesis processes in experimental osteoporosis.
CONCLUSIONS: The effectiveness of the proposed anti-osteoporotic agent is shown, which is more pronounced in senile
rats and is due to a proportional increase in the organic and mineral components of bone tissue.
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AHHOTAUNA

AxkmyaneHocms. OcTeonopo3 npeacTaBnset npobneMy Bo BCEM MUPe C BaXKHbIMU KIIMHUYECKMMU U S3KOHOMUYECKUMM MO-
cnepcteuaMu. CyLLecTBEHHBIM BKIIALOM B peLLeHne NpobaeMbl pacnpocTpaHeHUst 0CTE0NOPO3a MOXKET CTaTb CO3AaHue npe-
MapaToB Ha OCHOBE YHUKaJbHbIX OMONTOrMYECKU aKTUBHBIX COEAMHEHNMN.

Llens — oLeHKa NpoLeccoB 0CTeoreHesa, No [aHHbIM 00pPa30BaHMA OpraHMYecKoi MaTpuubl KOCTHOW TKaHW, a TaKke
Mo OLIEHKe MapKepoB KOCTHOrO PeMO/eNIMpoBaHNA B CbIBOPOTKE KPOBM Ha 3Tanax aHTUOCTEOMNOPO3HON Tepanuu.
Mamepuansi u Memodel. VccnenoBaHue BbINOIHEHO Ha SKCMEPUMEHTANIbHON MOLLENIM OCTEOMNOPO3a C NMPUMEHEHUEM DUOXHU-
MWYECKWX METOJ0B aHasM3a MapKepoB 0CTEONOPO3a B ChIBOPOTKE KPOBU, @ TaKKe aTOMHO-abCcopOLMOHHOM CMEKTPOCKOMUM
W PEHTIeHOAEHCUTOMETPUM.

Pesynemamel. Mo pe3ynbTaTaM UcCNeA0BaHUS AOKa3aHa cneuuuyeckas aHTMOCTEONOPO3Has aKTMBHOCTb HOBOMO Mpena-
paTa Ha OCHOBE COMel SIHTApPHOWM KMCNOTbI: CYLLECTBEHHOE YBEIMYEHWE OPraHMYecKOro KOMMOHeHTa — CYMMapHOro Kosi-
NareHa B KOCTHOW TKaHW W MUHepasnbHOr0 KOMMOHEHTA KaK OCHOBHbIX 3/IEMEHTOB B KOCTHOM TKaHU — KaK Y MOJIOAbIX, TaK
W'y CTapblX CEHWNbHBIX XMBOTHbIX. OLUEHKa AMHAMWKM COAEPaHUsA MapKepoB KOCTHOTO pPEMOLENIMPOBaHUS NMOKasasna Bbl-
COKyt0 3((eKTUBHOCTL HOBOrO Mpenapara npu MOHOTepaniu, U B KOMOWHaLUMK ¢ BUTaMuHOM D, B aKTMBaLMKM npoLieccos
0CTeoreHe3a npy 3KCMepUMEHTaIbHOM 0CTEONOpO3e.

3aknwyeHue. [lokazaHa 3QdeEKTMBHOCTL MpeAsaraeMoro aHTUOCTEOMOPO3HOTO0 CPeAcTBa, KoTopas bonee BbipaeHa
Y CEHWNbHbIX KPbIC WM 00YyCnoBfeHa MPOMOPLMOHANbHLIM HapacTaHWeM OpraHWMYecKoro M MWUHepPanbHOro KOMMOHEHTOB
KOCTHOW TKaHM.

KnioueBble cnoBa: 0CTeOonopos; aKcnepnMeHTanbHaa MoeJib; KOCTHOE peMoennpoBaHue; KoJulareH; MapKepbl 0CTe0reHesa;
dHTMOCTeOonopo3Hoe cpeacTso.
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BACKGROUND

According to the World Health Organization, osteo-
porosis (OP) is one of the most common diseases today,
ranking first among myocardial infarction, stroke, cancer,
and sudden death in the structure of morbidity and mor-
tality of the population. OP and induced fractures have
become major causes of illness, disability, and death, ac-
counting for a considerable healthcare cost [29, 33, 34].
Postmenopausal women are the most susceptible and
four times more likely than males to suffer from the
disease [29, 33]. OP is a worldwide problem with im-
portant clinical and economic implications [25, 31].
Indeed, OP fractures cause a significant increase in
morbidity, disability, and mortality, particularly in older
adults, with significant implications for healthcare costs
(25, 26, 31].

Osteoporosis is a systemic metabolic disease of the
skeleton characterized by a decrease in bone mass and
disruptions in bone tissue microarchitectonics, which in-
creases bone fragility and the risk of bone fractures [19].
According to the International Osteoporosis Foundation [28],
OP affects about 75 million people in Europe, the United
States, and Japan [27, 28]. Hip bone fractures caused
by OP are expected to increase by 240% in females and
310% in males by 2050 as life expectancy increases
worldwide. In European countries, the incidence of dis-
ability due to OP exceeds that of cancer (except lung
cancer) and is comparable with other chronic noncom-
municable diseases (rheumatoid arthritis, asthma, and
arterial hypertension) [32, 34, 39].

According to studies by the Research Institute of
Rheumatology of the Russian Academy of Medical Sci-
ences, 33.8% of females and 26.9% of males over the
age of 50 yr have OP in Russia, whereas 43.3% of fe-
males and 44.1% of males exhibit symptoms of osteo-
penia [1, 10]. Thus, 14 million people (10% of the pop-
ulation) in Russia have OP, 20 million people have IPC
conditions corresponding to osteopenia, and 34 million
people are at risk of osteoporotic fractures. The num-
ber of OP patients in Russia is expected to increase by
one-third by 2050 due to population aging [10]. Accor-
ding to global trend analysis, fractures, such as femoral
neck fractures, are expected to double between 2005
and 2050 due to the aging of the worldwide population
alone [26].

The problem of OP has gained particular importance
in recent decades as the population of elderly and se-
nile people, particularly postmenopausal women, has
increased. About one-third of the total life expectancy
of females falls in the postmenopausal period, which in-
creases the risk of developing postmenopausal and se-
nile OP [6, 18]. Due to the increasing number of elderly
people, this disease is becoming a medical and social
problem.
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The ineffectiveness of the proposed prevention and
treatment programs for OP can be explained by more
complex causes of its development than simple calcium
deficiency. Therefore, such treatments and preparations
should be used to treat and prevent OP, as they correlate
to the biology of age development and the pathophysi-
ology of OP development. The creation of drugs based
on novel biologically active compounds can significantly
contribute to solving the OP problem.

The use of a complex of acid salts of succinic acid in
drug therapy, which potentially affects the uptake of mac-
roelements and microelements by bone tissue and the bio-
transformation of vitamin D, and increases the bioavail-
ability of its active forms in the body, is a new approach in
the prevention and treatment of senile and postmenopausal
OP and vitamin D, deficiency in particular [1, 12, 13, 15, 21].
Among natural substrate-metabolites, acid salts of succi-
nate are the most potent modulators of orphan receptors
and L-type calcium channels, and they activate Ca?* accu-
mulation inside the cell via the endoplasmic and sarcoplas-
mic reticulum and mitochondria, as well as the limiting step
in cholesterol metabolism, namely, entry into mitochondria
and subsequent biotransformation into active steroid forms
[11,12, 15, 37]. In an experimental study, a succinate-con-
taining complex preparation increased bone mass index
and estrogen and androgen synthesis under hormone defi-
ciency conditions [13, 16, 21]. The expected outcome of the
technology’s implementation is an effective therapy in the
prevention and treatment of vitamin D, deficiency OP and,
consequently, a decrease in musculoskeletal, endocrine,
and cardiovascular diseases and a reduction in the risk of
disability and premature death [7, 8, 13, 12, 20].

The study aimed to investigate the pharmacological
properties of the novel drug in an OP experimental model
in female rats of different ages over 30 days.

MATERIALS AND METHODS

The experiment included 40 sexually mature female
Wistar rats, for whom an experimental model was devel-
oped in accordance with the research objective.

The method of developing an experimental OP model
is described in several studies [1, 9, 22]. The method con-
sists of bilateral surgical removal of female rats’ ovaries,
followed by twice-daily administration of prednisolone.
The experiment used intact female Wistar rats weigh-
ing 240-260 g at 4—6 months (young) and 360-420 g
at 12-14 months (senile). Bilateral ovariectomy was
performed in accordance with the recommendations of
Bunoc’s (1968) manual. The animals were anesthetized
with ether and placed on the operating table in the ab-
dominal position. The hair on the back was clipped
from the pelvis to the rib arch, and the skin was treat-
ed with alcohol and a diluted alcoholic iodine solution.
A scalpel was used to make a 1.5 to 2 cm-long longitudinal
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incision along the midline of the back. A puncture was
made in the posterior region of the abdominal cavity
by alternately moving the incision to the left and right.
Once the right or left horn of the uterus was found,
it was transported outside via a puncture. The ovary was
then found, and electrocautery was used to separate it
from the horn of the uterus. The second ovary was also
removed in the same way. The peritoneal punctures and
dorsal incision were treated with streptocide. The dorsal
incision was sutured, and the suture was treated with 5%
iodine tincture. After surgery, the animals were placed in
a clean cage, and daily wound treatment with disinfec-
tants was conducted for the first 4-5 days. On days 7-9,
the wound healed. Female rats were given a 25 mg/kg
intraperitoneal injection of prednisolone solution 3 weeks
after surgery. The second injection was given at a 15 day
interval. The technique of lifelong validation of this pathol-
ogy by identification of bone remodeling markers in blood
was used to assess the severity of OP [2].

Investigation of the organic component of bone tissue

The state of collagen metabolism in bone tissue was
assessed by the total collagen content in the femoral
epiphysis homogenate calculated by the amount of hy-
droxyproline [5, 23].

Investigation of the mineral component of bone tissue

The elements in femur bone tissue were analyzed us-
ing atomic adsorption spectrometry (Varian spectrometer).
Markers of bone remodeling, such as osteocalcin (OK),
sclerostin (Skl), osteoprotegerin (OPG), fibroblast growth
factor 23 (FGF-23), and nuclear factor kappa-p activa-
tor ligand (RANKL), in OP serum were determined using
ELISA kits for enzyme-linked immunosorbent assay.

The object of the study was a drug based on succinic
acid salts that was used to treat OP (hereinafter referred
to as drug X3, patent for invention RU No. 2582973) [171.
This study, which is part of the complex preclinical stud-
ies required for product registration, aims to establish the
property of the test object after multiple oral administra-
tions at a fixed dose (62.5 mg/kg). The study was conducted
in accordance with GLP laboratory research standards [14].
Using this method allowed us to reduce the number of
animals in the experiment, conduct the study in accor-
dance with humane principles of animal treatment, and
comprehensively investigate the drug’s effect on the main
functional systems and organs of experimental animals.

RESULTS AND DISCUSSION

Collagen and calcium content in bone tissue
of female rats with experimental osteoporosis

X-ray densitometry was used to study the processes
of bone remodeling and determine the development and
degree of OP and the possibility of its correction; atomic
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adsorption spectroscopy was used to measure the weight
characteristics and the content of macronutrients, inclu-
ding Ca?; and the biochemical method was used to deter-
mine collagen calculated by the amount of hydroxyproline
in the femoral bone homogenate.

The data presented in Figure 1 show changes in bone
tissue composition after experimental OP indication.
A significant decrease in the content of calcium and colla-
gen, the leading indicators of organic and mineral compo-
nents of bone tissue, was reported in senile animals (OP2).
Moreover, the decrease in calcium in young rats (OP1)
was inconsistent compared with the intact control, most
likely due to the counteraction of strong compensatory
mechanisms of calcium homeostasis in bone tissue.

The change in collagen content allows us to study
the nature of changes in the protein matrix of bone tis-
sue. The state of collagen metabolism in bone tissue
was assessed by the total collagen content in the femo-
ral epiphysis homogenate calculated by the amount of
hydroxyproline (Figure 1). An increase in total collagen
content in bone tissue compared with the control group
suggested that collagen synthesis was accelerated.
The content of oxyproline in the bone tissue of animals
in various experimental groups changed differently after
treatment with drug X3. Drug X3 significantly increased
the content of oxyproline in young rats with experimental
OP (by 17.5%, p < 0.05); however, it did not reach the
values of the intact group. This was most likely due to the
short duration of administration and the peculiarities of
bone metabolism in young rats, which implies that drugs
should be administered for a longer period of time to
restore and complete bone remodeling. Collagen reduc-
tion after OP formation was more prominent in senile
females (Control 2), and drug administration had a more
significant therapeutic effect. The increase in oxyproline
concentration, in particular, was 21.2% (p < 0.05).

The findings suggest that the proposed anti-osteopo-
rosis drug X3 is effective in increasing the protein matrix
of bone tissue and restoring the organic component of
bone tissue to an acceptable level compared with the con-
trol group. Furthermore, the drug X3 gently increases the
calcium content of bone tissue without causing apparent
calcium excess, which may improve bone tissue fragility.

Thus, 30-day oral administration of X3 significantly
increased total collagen content in bone tissue in both
elderly and young rats compared with the control group.
The intensity of collagen synthesis was more pronounced
in senile rats.

Assessment of bone remodeling markers in peri-
pheral blood

Bone remodeling markers representing osteogenesis
and bone resorption (0K, Skl, OPG, FGF-23, and RANKL)
were studied in the serum of female rats with experimen-
tally induced OP.
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Fig. 1. The content of collagen and calcium in spongy bone tissue in female rats with experimental osteoporosis on the background of
anti-osteoporosis drug therapy. 01 is an experimental group of 4—6-month-old young females receiving an anti-osteoporotic agent
(62.5 mg/kg); ON2 is an experimental group of 12—14-month-old females receiving an anti-osteoporotic agent (62.5 mg/kg). *p < 0.05,
the difference is significant compared to the control and 12-14-month-old rats

Puc. 1. ConepxaHue KonnareHa u KanbLms B ryb4aToil KOCTHOM TKaHM Yy CaMOK KpbIC C 3KCMepUMEHTaNbHBIM 0CTEONOPO30M Ha (hoHe
Tepanuu aHTMocTeonopo3HbIM NpenapatoM. 011 — onbiTHas rpynna 4—6-MecsyHbIX MOMOABIX CAMOK, NOJTy4aBLUMX aHTUOCTEONOPO3HOE
cpenctso (62,5 mr/kr); OMN2 — onbiTHas rpynna 12—14-MecsuHbIX CaMOK, MOAYYaBLUMX aHTMOCTEOMOPO3HOe CpeacTBo (62,5 Mr/Kr).
*p < 0,05, pasnnune 3Ha4MMO N0 CPABHEHUIO C KOHTPOsEM U 12—14-MecsYHbIMM KpbICaMm
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Fig. 2. Dynamics of the content of markers of osteoporosis OK, ORG, FGF 23 and RANKL in blood serum at the stages of for-
mation of an experimental model of osteoporosis and its pharmacotherapy with X3 and vitamin D,. The data of intact rats
were taken as 100%. Here and further: o/a — ovariectomy; Ol — osteoporosis; O + X3 — the group receiving the drug X3;
0N + D, + X3 — the group receiving the drug X3 and vitamin D,

Puc. 2. lunamuka copepxanus MapkepoB octeonopo3a OK, OPG, FGF23 n RANKL B cbiBopoTKe KpoBuW Ha aTanax GopMUpOBaHMA 3KC-
nepuMeHTasbHOK MO 0CTeomnopo3a 1 ero GapmakoTepanuu npenapartoM X3 v BuTaMuHOM Ds. [laHHble MHTAKTHBIX KPbIC MPUHATI
3a 100 %. 3pecb 1 fanee: 0/3 — oBapuoskToMusi; Ol — octeonopos; O + X3 — rpynna, nonyyasluas npenapat X3; OM + D, + X3 —

rpynna, nonyyasLas npenapat X3 u Butamud D,

Bone remodeling is a continuous process in which
bone is renewed to maintain its strength and mineral ho-
meostasis, and bone formation and resorption are closely
related. New bone tissue is formed to replace old bone
during the remodeling process. The cycle of bone tissue
remodeling lasts 5—6 months and is initiated by osteo-
blasts via the synthesis of RANKL and OPG. RANKL in-
creases osteoclast differentiation and activity by binding
to RANK receptors of osteoclasts and their precursors,
whereas OPG inhibits RANK receptors, decreasing osteo-
clast function [38].

Figure 2 shows that the concentration of RANKL re-
ceptor ligands increases during OP formation, potentially
as a compensatory response to bone tissue resorption
activation, and, accordingly, it enters the circulating

DAl https://doiorg/1017816/RCF567788

blood in greater amounts. The content of RANKL in the
blood decreases in the subsequent stage of experimental
OP correction, indicating a decrease in osteoblast synthe-
sis due to the activation of osteoclastogenesis.
Osteocalcin plays a vital role in bone matrix synthesis.
OK is a protein produced by osteoblasts capable of bind-
ing calcium and stabilizing the quaternary structure of
collagen, hence controlling the formation of bone matrix
known as osteon. OK levels decrease when OP is formed,
and the decrease in blood concentration reflects the de-
crease in collagen production by osteoblasts (Figure 2).
The anti-osteoporosis drug X3, administered alone and
in combination with vitamin D, leads to a significant in-
crease in the concentration of OK in the blood, indica-
ting an increase in osteogenesis and osteoblastogenesis.
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Along with X3 drug therapy, the concentration of RANKL
in the blood decreases, implying osteoblast activation
and a decrease in the need for osteoblast potentiation
due to RANKL synthesis.

The dynamics of OPG are important. In bone remodel-
ing, OPG, in turn, blocks RANK receptors, inhibiting os-
teoclast function [38]. OPG reduces osteoclast mobiliza-
tion, proliferation, and activation by inhibiting the binding
of RANK to RANK-ligand; therefore, an increase in RANKL
synthesis leads to bone resorption and, consequently,
bone mass loss. Figure 2 shows that the decrease in OPG
is most pronounced during OP formation, when bone re-
sorption is most pronounced due to osteoclast activation.
OPG levels dropped significantly and multifold. Notably, a
greater decrease in OPG occurs immediately after ovari-
ectomy, indicating that this process is hormone-depen-
dent. Administration of the drug X3 restores the initial
level of OPG in blood, and the combination of X3 with
vitamin D, causes a significant reliable increase in OPG
concentration compared with the intact group.

An important indicator characterizing osteogenesis is
FGF-23, which is mainly expressed in bone tissue and
synthesized by osteocytes. Its primary role is to reduce
serum phosphate levels [4]. FGF-23 regulates serum
phosphate levels and vitamin D activity. Because vitamin
D increases tubule reabsorption of phosphate, reducing
its concentration in the blood suppresses reabsorption
and lowers blood phosphate levels. Figure 2 shows that
a decrease in FGF-23 levels correlates with a decrease
in blood Ca and P levels [1].

Active forms of vitamin D, increase FGF-23 gene
expression, resulting in negative feedback in the regu-
lation of tubule phosphate reabsorption. Blood FGF-23
concentrations increased significantly in the OP group
receiving combination X3 and D, therapy than in the X3

140
120
- /{_/_: ““““ _:%kl
100 — + e :
E:f’ 80 \ S R
§ \\\ ///
5 60 NI
40 «
? 4
Intact Control ~ Osteoporosis  OP+X3 ~ OP+D,+X3
ovariectomy  control

Fig. 3. Dynamics of sclerostin (Skl) and Ca and P ions in blood
serum at the stages of formation of an experimental model of
osteoporosis and its pharmacotherapy with X3 and vitamin D,.
The data of intact rats were taken as 100%

Puc. 3. [lnnamuka cknepoctuHa (Skl) n noHos Ca v P B cbiBopoT-
Ke KpOBW Ha 3Tanax hopMUpOBaHKSA IKCNepUMEHTaNbHOI MoLenn
ocTeonopo3a U ero dapMakoTepanuu npenapatoM X3 v BUTaMm-
HoM D,. [laHHble MHTaKTHbIX KpbIC NpuHATEl 3a 100 %
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monotherapy (Figure 2). In turn, an increase in FGF-23
levels causes a decrease in the active form of vitamin D
in the blood [24].

Sclerostin is a glycoprotein family member produced
in osteocytes and some chondrocytes and inhibits os-
teoblast bone formation. Skl binds to coreceptors on the
osteocyte surface and contributes to the disruption of
Wnt signaling, slowing down the process of osteoblas-
togenesis and bone tissue formation [30].

The Skl levels increase during OP formation and de-
crease after administration of the X3 drug. The Skl levels
are normalized by combining X3 with vitamin D,. Thus,
Skl, which plays a vital role in bone tissue metabolism,
regulates osteoblast activity via a negative feedback sys-
tem [3]. Skl function inhibition reduces bone resorption
and increases bone tissue regrowth (Figure 3).

Skl expression in osteocytes is primarily regulated
by bone tissue metabolic hormones, such as parathyroid
hormone, calcitonin, and glucocorticoids [36]. Skl levels
in serum were shown to be inversely proportional to the
estrogen levels and significantly higher in postmeno-
pausal women [35].

Figure 3 shows the dependence of the dynamics of
the Skl level on bilateral ovariectomy, after which a dra-
matic decrease and subsequent growth occur as OP is
formed, which correlates with the dynamics of estrogen
levels in the blood. In addition, the phosphorus level rep-
resents the dynamics of OP and its pharmacotherapy: the
decrease, increase, and subsequent normalization of P
and Ca to the intact group level. Such dynamics demon-
strate the effectiveness of the anti-osteoporosis therapy.
Moreover, the P level in peripheral blood is affected by
the intensity of bone tissue resorption and the interac-
tion of vitamin D, with FGF-23 expression, thus form-
ing negative feedback in regulating tubule phosphate
reabsorption.

Thus, the administration of anti-osteoporosis drug X3,
according to the scheme of monotherapy and in combina-
tion with vitamin D,, leads to a significant increase in se-
rum concentrations of bone remodeling markers, indicat-
ing an increase in osteogenesis and osteoblastogenesis.

CONCLUSIONS

Unlike other tested drugs, the developed drug X3 in-
creased the effectiveness of prevention and treatment
of postmenopausal OP on the experimental pathology
model. Due to the increased bioavailability of succinic
acid, the use of acidic salts of natural conformer of suc-
cinic acid salts in the compaosition of the new drug affects
signaling systems and bioavailability and assimilation of
macronutrients (Ca, Zn, and Mg) from the drug’s com-
position. The drug has a pronounced anti-osteoporosis
effect when administered 30 times during 30 days in the
therapeutic dose.




ORIGINAL ARTICLES

Bone remodeling is the process of renewing bone
to preserve its strength and mineral homeostasis. Bone
remodeling involves the continuous removal of discrete
areas of old bone and the replacement of these areas
with a newly synthesized protein matrix, which is then
mineralized. The findings of the present study evaluat-
ing the processes of bone remodeling in OP and anti-
osteoporosis therapy show that the effectiveness of the
X3 drug is significantly enhanced when combined with
vitamin D,.

The dynamics of bone remodeling markers in serum
revealed that the change in these markers reflects the
processes of osteoclastogenesis and osteoblastogenesis
determined by other methods, notably in terms of mac-
ronutrient concentrations and collagen type 1 in bone
tissue. The formation of OP and subsequent pharmaco-
therapy with the anti-osteoporosis drug X3 alone or in
combination with vitamin D, leads to a significant change
in the level of osteoblastogenesis indicators — OC and
OPG — in the blood, indicating the potentialization of os-
teogenesis and osteoblastogenesis.

During therapy with drug X3, there was a decrease in
the concentration of RANKL and a significant increase in
the level of OPG in blood serum, indicating activation of
osteoblasts and a decrease in the potency of osteoclasts
due to a decrease in RANKL synthesis. During OP forma-
tion, when bone resorption is most pronounced due to
osteoclast activation, there is a significant decrease in
OPG. Significant and repeated reductions in OPG levels
immediately after ovariectomy indicate the hormone-
dependent nature of this process.

Thus, administering the anti-osteoporosis drug X3
as monotherapy or combined with vitamin D, causes a
significant increase in serum concentrations of bone re-
modeling markers, indicating an increase in osteogenesis
and osteoblastogenesis. The proposed anti-osteoporosis
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