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Abstract. Stress increases the production of glucocorticoids, which enhance bone resorption processes. To treat bone tissue diseases, medicine
uses drugs that regulate phosphorus-calcium metabolism. A promising biomaterial is a bone mineral component (BMC) of allogenic origin,
containing hydroxyapatite and amorphous calcium phosphate, which enhances bone tissue regeneration. In this work the parameters of bone tissue
metabolism were studied under daily stress exposure to high temperature and intramuscular administration of a suspension of bone mineral
component “Lyoplast” to animals. There was an increase in cortisol and a decrease in alkaline phosphatase activity in the blood serum subjected
to hyperthermia. Serum alkaline phosphatase activity in the hyperthermia group and the placebo group decreased by an average of 25%. The
enzyme activity in animals that were injected with the bone component did not differ statistically from the control level. In animals exposed to
hyperthermia due to the administration of a bone mineral component, the level of parathyroid hormone increased simultaneously with the calcitonin
level. Serum parathyroid hormone levels were lower in the hyperthermia group than in the control one. A reciprocal relationship between two
hormones, parathyroid hormone and calcitonin, has been established. Thus, the introduction of a suspension of the bone mineral component helps
to reduce the intensity of osteoresorption. The use of biomaterial obtained by the original method helps to reduce the intensity of osteoresorption
in the high-temperature model. With the introduction of a suspension of the bone mineral component, the osteodestructive effect of endogenous
glucocorticoids is smoothed out and largely eliminated. Given the high potential for practical use of the bone mineral component, further research
of its safety and effectiveness in other biological models is necessary with further implementation in clinical practice.
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Introduction is good biocompatibility, self-absorption and stim-

Excessive glucocorticoid (GK) content in the ulation of bone formation processes [5]. Some of
body is the main cause of secondary osteoporosis, its physical characteristics are described [6].
when there is a rapid loss of bone mass, the risk of Therefore, the purpose of this research was
fractures increases. An increase in the level of GK to study the parameters of bone metabolism in ani-
can be not only exogenous, but also of endogenous mals gxposeq to ele_vated ambient temperatures and
nature, in particular, due to the development of ectopic administration of BMC.
stress [1]. Stress increases the production of steroid Methods
hormones glucocorticoids (GCs), which enhance White adult outbred male laboratory rats
the processes of bone resorption. At the cellular level, (n= 24) were randomly assigned into 4 groups
the effect of GCs disrupts the activity of osteo- (6 animals per group): 1— rats without influence
blasts, slowing down the process of differentiation (control group); 2 — rats induced high temperature (hT),
of progenitor cells. GCs enhances osteoblast apoptosis, 3 - rats induced hT and treated BMC (100 mg/kg)
reduce the synthesis of collagen, prostaglandins on 14th day (hT + BMC), 4 — rats induced hT and
and bone growth factors, which inhibits the process treated 0,9% saline on 14th day (placebo group).
of bone formation [2-4]. _ _ _ Animals had free access to food and water at all

For the treatment of bone tissue diseases in period (28 days) and were housed with a light/dark
medicine drugs that regulate phosphorus-calcium cycle of 12 h.
metabolism in the body are used. One of the promising The simulation of high temperature conditions
biomaterials is the allogenic BMC which contributes was carried out in a specialized thermal chamber as
to an increase in bone tissue regeneration. The main described earlier [7]. Briefly, there was a large
BMC components are hydroxyapatite and amorphous number of small holes in the cell floor through
calcium phosphate, which are widely used as a which heated air was supplied from an external
starting material for the synthesis of medical coat- air source of heat. The air temperature was the same
ings. A feature of the biological (allogenic) BMC in all parts of the cell. The exposure time was 12 min,

JUs1st IMTHPOBAHUST For citation

TMucapesa E.B., Bnacos MLIO., Bonosa JI.T., Mmenko K.C., Cepreecea C.C. Pisareva E.V., Vlasov M.Yu, Volova L.T., Ishchenko K.S.,
Merabonauyeckue MPOLECCHl B KOCTHOW TKaHM IIpu BoszieiictBuu  Sergeeva S.S. Metabolic processes in bone tissue under exposure to
THIEPTEPMUM ¥ BBEJCHHH AJUIOTEHHOTO Kambluiicomepskarmero  hyperthermia and administration of allogenic calcium-containing biomaterial
6uomarepuana «JInormacr» // Bectauk BI'YUT. 2024. T.86. Nel. "Lyoplast". Vestnik VGUIT [Proceedings of VSUET]. 2024. vol. 86.

C. 84-88. d0i:10.20914/2310-1202-2024-1-84-88 no. 1. pp. 84-88. (in Russian). doi:10.20914/2310-1202-2024-1-34-88
This is an open access article distributed under the terms of the
© 2024, TTucapesa E.B. u ap. / Pisareva E.V. et al. Creative Commons Attribution 4.0 International License

84



JTucapesa E.B. u op. Becmuux BTYHIIL, 2024, III. 86, Ne. 1, C. 84-88

the air temperature was 70 °C. BMC was obtained
according to an original patented technique “Lyo-
plast” [8] and was injected intramuscularly into the
rat’s thigh muscle on day 14th as sterile suspension
in saline. Animal welfare was ensured according
to relevant international experimental animal rules
and guidelines.

After 28 day the animals were stunned and
killed by decapitation. Blood was taken from the
trunk into tubes without anticoagulant and the sera
separated after centrifugation at 4 °C. Sera were
stored at -25 °C until required for assay.

Total and free calcium, inorganic phosphate (P;),
alkaline phosphatase (ALP) activity in sera were
measured on Cabas Integra 400 (Roche, Switzerland).
The concentrations of PTH, calcitonin and cortisol
were determined on StatFax 3200 (Awareness
Technology, USA) using a commercial enzyme-
linked immunosorbent assay Kkits (Cloud-Clone
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Corp, USA). The Shapiro-Wilk test was used
to assess for data normality. The data were ana-
lyzed by Student’s t-test for independent means in
SigmaPlot 12.0. The results are presented as mean
and standard error of the mean (M + SEM).

Results

The results of the study are presented in the
table. After 28 days of hT influence on rats the level
of cortisol in the sera of all groups increased
10-fold relative to the control group. The levels of
ionized calcium are within normal limits, there are
no significant changes in comparison with the con-
trol, however, a tendency for the level to decrease
in the group with BMC by 5% was observed.
Changes in total calcium levels are similar to ionized
calcium. There is a statistically significant decrease
in the level in the hT + BMC group.

Table 1.
Biochemical rat serum markers of bone metabolism, M+SEM
Index Control hT hT + BMC hT + saline
Cortisol, p/dl 0,92 + 0,04 9,07+0,46 * 10,08 £ 0,51 * 955+0,47 *
Total calcium, mmol/L 2,19+0,11 2,22 +0,11 1,93+0,10* 2,24 +0,12
Free calcium, mmol/L 1,19 + 0,05 1,19+ 0,05 1,12+ 0,04 1,20 £ 0,05
Pi, mmol/L 1,92 +0,10 158+0,07* 1,44 +£0,07* 1,60+ 0,08 *
ALP, mU/L 191,80 £9,59 1426 +7,13 * 191,40+9.40 141,00+ 7,10 *
Calcitonin, pg/ml 25,61+ 1,28 85,3+426* 62,43 £3,12* 84,10 £420*
PTH, pg/ml 2222011 1,89 +0,09 * 294£0,14% 1,89 £ 0,09 *

* — differences from control group are statistically significant with the level of significance p < 0,05

The content of P; in the test groups is signifi-
cantly lower than in the control group. In the placebo
and hT groups, the levels were on average 17%
lower than in control, at the same time the phosphorus
content in the BMC injection group dropped by 25%.
We also found an increase of calcitonin levels
in all groups.

A significant decrease of serum ALP activity
was revealed in the group with hT and the placebo
group on average by 25%. At the same time, the
level of activity in the group with BMC practically
does not differ from the control level.

The serum PTH level was lower in the group
hT then in control group. Instead of this the PTH
level in group hT + BMC was higher than in con-
trol. Thus a reciprocal relationship between the two
hormones (PTH and calcitonin) was determined
(a decrease in hormone levels in groups with hT
and placebo).

Discussion

Increased serum cortisol level is the body's
response to stress caused by hyperthermia. Such a
high level of glucocorticoids causes osteoresorption
of bone tissue through an increase in the activity
of osteoclasts. An increase in osteoclast activity
occurs through the activation of the RANK pathway.
By acting on it, GCs enhances the differentiation
of hematopoietic stem cells into osteoclasts. At the
same time, GCs affects osteoblasts through the Wnt
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signal (increase osteoblast apoptosis) and the RANKL
pathway (reduce the differentiation of mesenchymal
stromal cells into osteoblasts) [9]. Taken together,
this triggers the pathogenic processes of glucocor-
ticoid osteoporosis [10, 11].

The identical values of ionized calcium in the
three groups are explained by the fact that calcium
is a vital participant in most biochemical processes,
without which this processes are disrupted. Calcium
levels are regulated by many systems, and when it
decreases, biochemical systems are activated to
maintain normal calcium levels [12, 13]. A slight
drop in the level of calcium is possibly associated
with the increased activity of osteoblasts, one of the
main functions of which is the involvement of phos-
phorus and calcium ions into the bone tissue [14].

Since it is the level of total calcium that more
accurately demonstrates the biochemical processes
associated with bone tissue, this decrease can be
considered as an indicator of increased activity of the
body's control systems. Presumably, the injection
of BMC caused an increase in the level of calcium in
the blood, in response to which the body increased the
production of substances associated with a decrease
in calcium, which, in turn, increased the activity of
osteoblasts. The decline of P; can be caused by many
factors, the most probable of which is the active use
of phosphorus ions for the synthesis of organic
compounds involved in the response to heat stress
followed bone resorption [15, 16].
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ALP is one of the markers of bone tissue
osteogenesis, and a decrease in its activity levels
indicates a decrease in osteoblast activity. Based
on this, it can be concluded that in the test groups
without BMC injection, the activity of osteoblasts
is significantly lower than in the control group,
and the group with BMC showed activity equal to
the control due to the positive effect of BMC. Also,
the decrease of ALP activity can be indirectly ex-
plained by the decrease in the levels of phosphorus
in the blood of animals, which disrupts the synthesis
of some substances that require phosphorylation and
dephosphorylation for transport [17]. The decreased
activity of alkaline phosphatase in experimental groups
of animals without BMC administration may
be associated with a decrease of the intensity
of osteosynthesis under the influence of a high
level of glucocorticoids.

Thus the levels of calcium, phosphorus,
and alkaline phosphatase activity indicate high
osteoblast activity in the BMC group, while in other
test groups the data indicate a decrease in osteogenesis
activity and the prevalence of osteoresorption pro-
cesses. A decrease in the content of total calcium
by 5%, ionized calcium by 11% and phosphorus
by 25% in the group with BMC injection demon-
strates the main function of osteablasts to incorporate
these substances into bone tissue, which, against
the background of osteoresorption processes occur-
ring in all three groups, is a positive factor influence
of BMC. The fact that the activity of alkaline phos-
phatase in this group practically did not change,
while in other test groups the indicator decreased
by 25%, emphasizes the activity of the bone
remodeling process.

The release of calcitonin into the blood
occurs when the level of calcium in the blood
is elevated. This hormone affects osteoblasts,
decreasing cell apoptosis and increasing the differ-
entiation of preosteoblasts [18]. Since osteoblasts
use calcium ions from the blood to incorporate them
into bone tissue, the level of calcium in the blood
decreases. The high levels of the hormone in the test
groups are explained by osteoresorption of bone
tissue, in which calcium is released into the blood.
The processes of calcium level control are trig-
gered and the production of this hormone increases,
leading to an increase in remodeling activity.
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However, in the hT + BMC group, the PTH
level is significantly higher than in the other groups:
32.4% higher than in the control group and 55% higher
than in other test groups. The level of PTH during the
experiment in this group rose periodically, intermit-
tently, and the hormone, in addition to the main
function, showed a secondary function, promoting
the activation of osteoblasts [19].

The main function of parathyroid hormone
is the release of calcium from the bones when its
level in the blood is low. This is accomplished by
inhibition of osteoblast activity with a simultaneous
increase in osteoclast activity, increased differentiation
of progenitor cells into mature cells and a decrease
in osteoclast apoptosis [20]. The secondary function
of PTH is to reduce the production of inhibitors of the
Whnt signal and increase osteoblast activity [21].

The content of calcitonin and PTH in blood
serum in the groups with hyperthermia and placebo
demonstrates the expected reciprocal dependence,
however, in the group with BMC, the content of
PTH did not fit this dependence, remaining high
(34.3% compared with calcitonin and 55% compared
with other groups) with a high level of calcitonin.
This increase may be a manifestation of the secondary
function of the hormone, when it activates osteo-
blasts with an intermittent effect and a high level,
indirectly affecting the Wnt pathway by suppressing
the synthesis of sclerostin and Dickopf-1 [22, 23].

In general, BMC has a positive effect on bone
tissue during endogenous glucocorticoid oste-
oresorption caused by increased stress. By causing
periodic increases in PTH levels, BMC presumably
indirectly triggers bone remodeling through the
osteoblast Wnt signaling pathway.

Conclusion

This research indicates that the use of the
biomaterial obtained by the original method helps
to reduce the intensity of osteoresorption in the high
temperature model. With the introduction of BMC,
the osteodestructive effect of endogenous (with daily
short-term hyperthermia) intake of glucocorticoids
is smoothed out and largely eliminated. Partial
or complete normalization of the structure and
organomineral composition of bone tissue is found
as a result of normalization of the ratio of the intensity
of bone remodeling processes.
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Metabosm4eckue Npouecchl B KOCTHOM TKAHM NPHU BO3ACHCTBUI
THNEePTEPMHHU M BBEICHHH AJUIOTEHHOT0 KAJIbIHHCOAePKALIEro
onomarepuaJia «Jluomaacry

Annotanus. CTpecC yBenMYHBAcT BBIPAOOTKY CTEPOHAHBIX TOPMOHOB TIIFOKOKOPTHKOUIOB, KOTOPBIC YCHIMBAIOT HPOLECCHI Pe30pOImu
kocTH. J1ist ieueHust 3a001€BaHUi KOCTHOM TKaHH B MEHIIMHE UCIIONB3YIOTCS MPEMaparsl, peryiupyonme GocopHo-KalbIUEeBbIii 0OMEH B
oprarn3me. [IepCrieKTHBHBIM GHOMATEPUATIOM SIBJISICTCS MHUHEPAJIbHBI KOMIOHEHT KOCTH aJJIOTCHHOTO MPOMCXOXKACHHS, COMEpPIKALINi
THUIPOKCHANaTUT W aMopdHbiid (ochar Kaiblius, CHOCOOCTBYIOIIMI YCHICHHIO pEreHepalid KOCTHOM TKaHM 3a CYeT XOpOLIen
OHOCOBMECTUMOCTH M CTHMYJISLIUS ITPOLIECCOB KOCTeoOpa3oBanusi. B HacTosel paboTe U3y4eHbl mapamMeTpsl METaboau3Ma KOCTHON TKaHU
IPH ©KETHEBHOM CTPECCOBOM BO3JCHCTBHHU BBICOKOH TEMIIEPATyphl M BHYTPUMBILICYHOM BBEICHUH CYCIICH3MH MUHEPAIbHOTO KOMIIOHEHTA
koctu «JInormacT KuUBOTHBIM. OTMEUCHO TOBBIMICHHE KOPTH30Ja M CHI)KCHHE aKTHBHOCTH LICIOYHON (ochara3sl B CHIBOPOTKE KPOBH
JKUBOTHBIX, MOJBEPTHYTHIX TMIIEPTEPMHUU. AKTHBHOCTH LICNOYHOU (pochaTassl B CHIBOPOTKE KPOBH B IPYIIIE C THOEPTEPMUEH M IpyIIe
mianebo CHiKanach B cpeiHeM Ha 25%. AKTHBHOCTH (epMEHTa B TpYINE >XUBOTHBIX, KOTOPHIM BBOJMIM KOCTHBIM KOMIIOHCHT,
CTaTUCTUYECKU HE OTJIMYANach OT KOHTPOJBHOTO YPOBHS. Y JKMBOTHBIX, ITOJBEPIIIMXCS THIICPTEPMHU HA (OHE BBEACHHS MUHEPAIBLHOTO
KOMIIOHCHTa KOCTH, YPOBEHB [TAPATTOPMOHA MOBBIMIANICS OJHOBPEMCHHO C YPOBHEM KalbLUTOHWHA. Y POBCHb IapaTrOPMOHA B CHIBOPOTKE
KpOBH ObLI HIKE B IPYIIIIE C THIICPTEPMHUECH, YeM B KOHTPOJIbHOM Tpyre. [Ipu 3ToM ypoBeHb B IPYIIIE ¢ THIIEPTEPMHUUYESCKHM BO3/ICHCTBHEM
Y BBE/ICHUEM MHHEPAJIbHOIO KOMIIOHEHTA KOCTH OBUI BBILIE, YEM B KOHTPOJIE, TEM CaMbIM ObUla YCTAHOBJICHA PELMIPOKHASI CBS3b MEMKIY
IByMSI TOPMOHAMH - HapaTrOPMOHOM W KaJbIUTOHHHOM. TakiM 06pa3oM, BBENCHHE CYCIICH3HH MHHEPAIBHOTO KOMIIOHEHTa KOCTH
CIIOCOOCTBYET CHIDKCHHIO HHTEGHCHBHOCTH ocTeope3opOumu. Mcrmosip3oBanue OuoMarepuaia, MONYYCHHOTO OPHIHHAIBHBIM METOIOM,
CMOCOOCTBYET CHH)KCHUIO MHTEHCHBHOCTH OCTEOPE30POLUH B BBICOKOTEMIIEpATYpHOU Mojeu. [Ipy BBEJCHUH CYCIICH3HMH MHUHEPAIBLHOTO
KOMIIOHEHTa KOCTH OCTEOASCTPYKTHBHBIH 3()(GEKT SHIOreHHOr0 MpHeMa TIIIOKOKOPTUKOHMOB CIJIXKHUBACTCS U B 3HAYUTEIBHOH CTENCHU
ycrpansiercst. C y4eToM BBICOKOTO MOTEHI[HATA TIPAKTHYECKOTO MPUMEHEHUSI MUHEPAIbHOTO KOMIIOHEHTAa KOCTH HEOOXOANMBI HCCIICIOBAHHS
ero 6e300acHOCTH i 3G (EKTHBHOCTH Ha APYTUX OMOIOIHYECKHX MOICIISIX C JAIbHEHIINM BHEIPCHHEM B KIIMHHYCCKYIO IPAKTHKY.

KiioueBble cj10Ba: BhICOKasi TeMIepaTypa, MUHEpabHbIH KOMIIOHEHT, KOCTHas TKaHb, KOPTH30J, Lieno4Has (ocdarasa, mapaTropMoH,
KaJIBLIUTOHUH, OCTEOPE30pOIHs.
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