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ABSTRACT

BACKGROUND: Osteoporosis remains one of the most important medical problems worldwide with significant economic con-
sequences. The development of new drugs based on unique biologically active compounds can contribute significantly to os-
teoporosis management.

AIM: To evaluate the osteogenesis processes by evaluating bone-remodeling markers in the blood serum during the treatment
of experimental osteoporosis complicated by type 2 diabetes mellitus.

MATERIALS AND METHODS: The study was performed on an experimental model of osteoporosis, followed by the induction
of type 2 diabetes mellitus, using biochemical methods to analyze markers of osteoporosis in the blood serum.

RESULTS: The results of the analysis of bone remodeling markers revealed that the antiosteoporotic activity of a composite
preparation based on succinic acid salts is dependent on glucose metabolism disorders such as diabetes mellitus. The high
efficacy of the new drug in monotherapy and combination with vitamin D, in the activation of osteogenesis in experimental
osteoporosis was balanced by impaired metabolic processes in type 2 diabetes mellitus.

CONCLUSIONS: The results indicate the dependence of the pharmacological effectiveness of the antiosteoporosis agent on
metabolic disorders, such as type 2 diabetes mellitus, in female rats with experimental osteoporosis.

Keywords: osteoporosis; experimental model; markers of osteogenesis; bone tissue remodeling; antiosteoporosis agent;
diabetes mellitus type 2.

To cite this article

Bairamov AA, Mamina NSh, Karonova TL, Simanenkova AV, Kozhurin MV, Kosyakova GP, Shabanov PD. Pharmacological correction of experi-
mentally induced osteoporosis complicated by type 2 diabetes mellitus. Reviews on Clinical Pharmacology and Drug Therapy. 2024;22(1):75-80.
DOI: https://doi.org/10.17816/RCF623110

Received: 08.10.2023 Accepted: 28.02.2024 Published: 29.03.2024
&
ECO®VECTOR The article can be used under the CC BY-NC-ND 4.0 license

© Eco-Vector, 2024

75


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/RCF623110
https://doi.org/10.17816/RCF623110
https://crossmark.crossref.org/dialog/?doi=10.17816/RCF623110&domain=PDF&date_stamp=2024-04-27

76

(0030pbl N0 KNMHWYECKOM (hapMaKonormv

OPYTHATIBHBIE MCCIEIOBARMA Tom22,N° 11,2024 W N1eKapCTBEHHOM Tepanim

YK 612.8, 616
DOI: https://doi.org/10.17816/RCF623110

dapMakonoruyeckas KoppeKkuus 3KCnepuMeHTanbHo
WHAYLMPOBAHHOI0 0CTEONOpo3a, 0C/I0XKHEHHOr0
caxapHbiM guabeToM 2-ro TUna

A.A. Baiipamos "2, H.LLl. MamunHa %, T.J1. Kaporosa !, A.B. CumaHeHkoBa ', M.B. Koxypuh 2,
I.M. Kocakosa?, N.[. LabaHo. 2

! HawmoHanbHbIM MeAULIMHCKWN UCCefoBaTeNbCKMI LieHTp M. B.A. Anmasosa, CankT-Tetepbypr, Poccus;
2 YIHCTUTYT 3KCNepUMeHTanbHoM MeamumHbl, CankT-Metepbypr, Poccus

AHHOTALUNA

AkTyanbHocTb. OcTeonopo3 0cTaeTcsi 0AHOM U3 BaHENLLMX MeAULMHCKUX NPob/eM B MUpe CO 3HAUUTENbHBIMU 3KOHOMUYeE-
CKUMM nocneacTBusMW. PaspaboTka HOBLIX NpenapaToB Ha 0CHOBE YHUKasbHbIX OM0N0MMYECKM aKTUBHBIX COEAMHEHMIA MOXKET
CTaTb 3HAaYMMbIM BKJIaZlOM B peLLeHmre npobieMbl 0cTeonoposa.

Lienb — oueHKa npoueccoB ocTeoreHesa No AaHHbIM OLEHKW MapKepoB KOCTHOTO PEMOJENMPOBAHUS B CHIBOPOTKE KPOBY
Ha 3Tanax Tepanuu 3KCNepUMEeHTaNbHOr0 0CTEONOP03a, 0CNOXKHEHHOr0 AnabeToM 2-ro TUna.

Martepuanel u MeToapbl. ViccnenoBaHue BbINOHEHO HA SKCMEPUMEHTANbHON MOLeNM 0CTEONOPO3a, C NOCieayHoLen UHAYK-
uveit gnabeta 2-ro TMNa, C NPUMeHeHWeM BUOXMMUYECKMUX METOLL0B aHai13a MapKepoB 0CTEOMOp03a B CHIBOPOTKE KPOBMU.
Pesynbrarbl. [lo pesynbrataM UcCefoBaHMA COAEpPXaHUsA MapKepoB KOCTHOrO PeMOJENIMpOBaHMSA MoKasaHa 3aBUCUMOCTb
aHTMOCTEOMNOPO3HOM aKTMBHOCTW KOMMO3WUTHOTO Mpernapata Ha OCHOBE COJel SHTapHOW KWUCNOTbI OT HapyLueHWs obMeHa
TMIOKO3bI MPU caxapHoM AunabeTe. Bbicokas 3ddeKTMBHOCTL HOBOrO Npenaparta npyu MoHoTepanuu U B KOMBUHaLMK ¢ BUTa-
MMHOM D, B aKTMBaLWK NpoLLeccoB 0CTEOreHe3a NpU 3KCMepUMeHTabHOM 0cTeonopose bbina HUBENMPOBaHA HapyLLEHNEM
0OMeHHbIX NPOLeCCoB, MHAYKUMEN AnabeTa 2-ro TMna.

3aknioueHue. [MokasaHa 3aBUCMMOCTb (hapMaKonormyeckol 3 EKTMBHOCTU aHTUOCTEOMOPO3HOMO CPeACTBA HAa MOAENM
0CTEOMOp03a y CaMOK KPbIC 0T HapyLLEHWIA 0OMeHHbIX NPOLECCOB B BULE CaxapHOro auabeta 2-ro Tuna.

KnioueBble cnoBa: 0CTeornopo3; 3KcnepuMeHTallbHaa MoAesib; KOCTHOE peMopennpoBaHue; MapKepbl OCTeOoreHesa;
dHTUOCTEeoNnopo3Hoe CpeacTBo; caxapru7| avabet 2-ro Tuna.
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BACKGROUND

According to the Research Institute of Rheumatology
of the Russian Academy of Sciences, 14 million people
(10% of the country’s population) are diagnosed with os-
teoporosis (OP), and 20 million people are diagnosed with
osteopenia in Russia. Thus, 34 million Russian residents
country have a real risk of OP fractures [1, 2]. OP is a
chronic, progressive metabolic disease of the skeleton
characterized by a decrease in bone mineral and organic
density and impaired microarchitectonics. This leads to
an increased risk of fractures [3, 4].

The development of new drugs based on unique bio-
logically active compounds involved in the activation of
metabolism and bone tissue remodeling may significantly
contribute to preventing OP. Succinates, based on natural
conformers of succinic acid, are the strongest modulators
of orphan and succinate receptors SUCNR1, K*channels
of L-type, activate Ca?* accumulation inside the cells, and
activate the limiting step in cholesterol metabolism (entry
into the mitochondria and subsequent biotransformation
into active steroid forms) [5, 6]. In an experimental study,
the preparation containing bone macronutrients such as
succinic acid salts increased the mineral and organic
density of the femur and increased the synthesis of es-
trogens and androgens in cases of hormonal deficiency
[7-91.

The efficacy of anti-OP therapy is contingent upon
the presence of comorbidities, including type 2 diabetes
mellitus (DM2) and its associated complications, which
can precipitate metabolic disturbances in the bone tissue
[10]. Nevertheless, DM is an independent risk factor for
fractures [11].

Thus, this study aimed to investigate the pharmaco-
logical efficacy of a new drug in an experimental model
of OP in combination with a DM2 model in female rats
according to the study of bone remodeling markers in
the serum.

MATERIALS AND METHODS

In the experimental study, 25 sexually mature fe-
male Wistar rats were used, in which an experimental
OP model was created in accordance with the objective
of the study.

The method of establishing an experimental OP model
and its validation have been described previously [12-14].
Briefly, bilateral ovaries were removed surgically in
female rats, followed by twice-daily administration
of prednisolone at a dose of 25 mg per kg of rat body
weight. Healthy female Wistar rats aged 4—6 months
and weighing 240-260 g were used for the experiment.
Bilateral ovarioectomy was performed according to the
recommendations of the Bunoc manual (1968). Animals
were anesthetized with ether and restrained in the prone
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position on the operating table. The surgical field on the
back was clipped and prepped with alcohol and dilute al-
coholic iodine solution. A longitudinal incision of 1.5-2 cm
was made with a scalpel along the midline of the back.
A puncture was made in the posterior part of the ab-
dominal cavity by moving the incision alternately to
the left and right. After finding the right or left uterine
horn, the ovary was removed by puncture and cut off
from the uterine horn by electrocautery. The second
ovary was removed in the same manner. Before sutur-
ing, peritoneal puncture and dorsal incision were treated
with streptocide. Three weeks after surgery, female
rats were injected intraperitoneally with prednisolone
at a dose of 25 mg/kg. The second injection was given
15 days apart.

Nicotinamide solution at a dose of 230 mg/kg was
administered intraperitoneally to model DM 4 weeks after
the initiation of high-fat diet maintenance and 2 weeks
after ovarioectomy. This technique has been described
in detail in several studies [15-17]. On days 2 and 3,
venous blood glucose was measured at a random time
point. DM was diagnosed when the blood glucose was
211.1 mmol/L in two measurements on different days.
During the test, blood glucose was measured at base-
line, after which a 40% glucose solution was adminis-
tered orally at a dose of 3 g/kg via a gastric tube. Blood
glucose was measured again at 15, 30, 60, and 120 min
of the test. DM was diagnosed when the blood glucose
was =11.1 mmol/L at any time point [18].

After OP and DM modeling, the following groups were
randomly formed: DM2 group (females with DM2, no OP,
and no therapy, n = 6), OP group (post-OP females with
MD without therapy, n =5), and OP-DM2+X3+D, group
(with OP and DM2, receiving drug X3 and vitamin D,
n=6).

Drug administration and observation of animals con-
tinued for another 6 weeks, and the total study duration
was 12 weeks. At the end of the experiment, blood was
collected to determine phosphorus—calcium metabolism
parameters and markers of bone remodeling such as
osteocalcin (OK), sclerostin, osteoprotegerin (OPG), fi-
broblast growth factor 23 (FGF23), and nuclear factor
kappa-P activator ligand (RANKL) by enzyme-linked im-
munosorbent assay.

The study focused on a new composite preparation
based on succinic acid salts as a drug for the treat-
ment and prevention of OP (hereinafter, preparation X3,
patent for invention RU2582973C1, Mioran NPF) [19].
The study was conducted within the framework of preclini-
cal studies required for the registration of the product and
aimed at determining the properties of the test object at
multiple oral administrations in a fixed dose (62.5 mg/kg,
compound without drug base). The study was conduct-
ed in accordance with GLP laboratory research stan-
dards at the Center for Preclinical and Translational
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Figure. Dynamics of osteoporosis markers in the blood serum of female rats with experimental osteoporosis complicated by type 2 diabetes
mellitus during pharmacotherapy with X3 and vitamin D, drugs. Data from intact rats are taken as 100%. FGF23, fibroblast growth factor-23;
0P-DM2+X3+D3, group with osteoporosis and type 2 diabetes mellitus, receiving drug X3 and vitamin D; Ski, sklerostin; OK, osteocalcin;
OPG, osteoprotegerin; RANKL, ligand of the nuclear factor kappa-f activator

PucyHok. [luHamMuMKa MapKepoB 0CTEOMNOp03a B ChbIBOPOTKE KPOBM CaMOK KPbIC C 3KCMepUMeHTasbHbIM ocTeonopo3oM (OM1), ocnoxHeH-
HbIM caxapHbiM Auabetom 2-ro Tvna (C[12) npu dapMakoTepanuu npenapatami X3 u ButaMuHoM D,. [laHHble MHTaKTHBIX KPbIC MPUHATI
3a 100 %. OM-CA2+X3+D,; — rpynna c 0cTeonopo3oM M caxapHbiM AvabeToM 2-ro Tuna, nonyyasluas npenapat X3 u BuTamuH Da;
Skl — cknepoctuH; OK — ocTeokanbumH, OPG — octeonpoTereput; FGF23 — daktop pocTa ¢mbpobnactoB-23; RANKL — nuraHg
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Research of the V.A. Almazov National Medical Center of
the Russian Ministry of Health.

RESULTS

As described in the methodology, experimental ani-
mals had a combined pathology of OP and DM2 to deter-
mine the effectiveness of anti-OP therapy in carbohydrate
metabolism disorders.

In the OP-DM2+X3+D, group, the anti-OP therapy at
a dose of 62.5 mg, enhanced by the addition of vitamin
D, at a dose of 500 IU per kg of rat weight to the treat-
ment regimen, had no significant effect on the correc-
tion of experimental OP. Thus, of all bone remodeling
markers, only RANKL showed a significant decrease
in its level, suggesting a decrease in osteoclast activ-
ity. Correspondingly, the level of Skl, another marker of
osteoclastogenesis, normalized and increased compared
with the healthy group. The main indicators of osteoblas-
togenesis (OK, OPG, and FGF23) remained indifferent to
the performed pharmacotherapy with X3 and D, drugs
(figure).

In summary, carbohydrate metabolism disorders may
be an inhibitory factor in the treatment of experimentally
induced OP. Careful selection of drug therapy for DM2 is a
prerequisite for its treatment to normalize calcium—phos-
phorus metabolism, level the bone remodeling markers
in the blood serum, and restore bone tissue microarchi-
tecture during anti-OP therapy.

In an earlier pilot study, achieving effective OP
therapy in a comorbid condition is not easy. The use of
modern antihyperglycemic drugs, which proved to be
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effective in both the low-selective inhibitor of sodium-
glucose cotransporter 2 (SGLT2) canagliflozin and the
glucagon-like peptide-1 receptor agonist liraglutide, did
not significantly affect the phosphorus—calcium metabo-
lism parameters and the concentration of sclerostin and
osteocalcin [17]. However, the use of canagliflozin SGLT2
was associated with a decrease in the number of bone
bars in the epiphyseal region of the femur.

Thus, the administration of the anti-OP drug X3 as a
single intervention and in combination with vitamin D,
leads to a significant increase in the concentration of
bone remodeling markers in the serum, indicating an in-
crease in osteogenesis and osteoblastogenesis. Impaired
carbohydrate metabolism in DM2 makes the current ther-
apy of experimentally induced OP ineffective.

CONCLUSIONS

The developed preparation X3, when tested on the ex-
perimental model of postmenopausal OP, demonstrated
high efficiency because of the increase in bioavailability
and assimilation of macro- and microelements from the
composition of the preparation by bone tissue [9, 14, 20].
The bioavailability of the drug components was enhanced by
the use of salts of natural conformers of succinic acid in the
preparation and the ligand—receptor interaction of succinate
with the SUCNR1 receptor [5, 7, 8]. The activation of the
SUCNR/SUCNR1 system is associated with increased bone
tissue metabolism, enhanced osteogenesis, and osteoblas-
togenesis. Consequently, impaired carbohydrate metabo-
lism, as exemplified by DM2, impairs osteoblastogenesis
and reduces the pharmacological efficacy of X3.




ORIGINAL ARTICLES

The administration of anti-OP drug X3 in combination
with vitamin D, to female rats with OP resulted in the
normalization of bone remodeling markers in the se-
rum. The disturbance of carbohydrate metabolism in the
combined pathology of OP and DM2 renders the anti-OP
therapy ineffective, indicating the necessity of prelimi-
nary correction of DM2 with hypoglycemic drugs.
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