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Osteoporosis, as a systemic skeletal disease, is characterized by the loss of bone mass, decreased
mineral density, and microarchitecture changes. In cases of traumatic fractures and critical-size bone defects
osteoporosis can lead to spontaneous fractures, impair regeneration and complication when using bone sub-
stituting materials. Ceramic implants, doped with germanium to impart osteoinductive properties, are among
promising bone substituting materials. In this study we aimed to assess biochemical markers of reparative
osteogenesis at bone defects substitution with germanium-doped ceramics in rabbits under osteoporosis. The
study was conducted on California White rabbits with osteoporosis, induced by administration of 0.4% dexa-
methasone solution. The model defects were created in trabecular and cortical bones, following the exposure
of the periosteum with drills of 3 and 4.2 mm diameters, respectively, in compliance with the anesthetic regimen
and antiseptic rules. Calcium phosphate ceramic granules with a size of 700 um, synthesized from hydroxya-
patite and S-tricalcium phosphate and doped with 0.8 mass.% germanium (CPC-Ge) were used for healing.
In the control group of animals (n = 9) bone defects were healed under a blood clot. In the experimental group
(n =9), the defects were replaced with CPC-Ge granules. Blood samples for biochemical studies were col-
lected before modeling the bone defect and on the 7", 14", 30", and 60" days of reparative osteogenesis. The
activity of tartrate-resistant acid phosphatase, alkaline phosphatase and its bone isoenzyme, as well as cir-
culating immune complexes, protein C and NO serum levels were determined. It was shown that substitution
of both trabecular and cortical bones defects with CPC-Ge, as compared to healing under a blood clot, leads
to reduced inflammatory and immune responses, prevented the depletion of protein C and promotes a more
dynamic course of reparative osteogenesis in animals with glucocorticoid-induced osteoporosis.

Keywords: germanium, calcium phosphate ceramic granules, osteosubstitution, osteoporosis, repara-
tive osteogenesis, phosphatases, protein C, immune complexes, nitric oxide.

one substitution and the restoration of bone
B defects caused by trauma, bone infections,
neoplasms, or degenerative-dystrophic
processes is a complex and multidisciplinary task
involving various fields of human and veterinary
medicine [1-4].
Among the risks of intensive bone resorption
and spontaneous fractures, osteoporosis holds a
prominent place [5-7]. It has reached epidemic pro-
portions and involves genetic, hormonal, metabolic,
and immunological mechanisms [8-10].
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Osteoporosis, as a systemic skeletal disease, is
characterized by the loss of bone mass, decreased
bone mineral density, and changes in the micro-
architecture and biomechanical properties of long
tubular bones and vertebrae [11-13]. This leads to
pathological fractures with a high mortality rate and
impairs the process of osteointegration of implants
during osteosynthesis and joint replacement surge-
ries [14-16].

Osteoporosis can lead to spontaneous low-
energy fractures and impair regeneration in cases
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of traumatic high-energy fractures and critical-size
bone defects [17-19]. Disruption of bone metabolism
results in an imbalance within the osteoprotegerin-
cytokine system and regulatory mechanisms of the
immune system, which play a key and direct role in
reparative osteogenesis [20-21].

Numerous cytokines, hormones, and phar-
maceuticals either stimulate or inhibit the effects
of the receptor activator of nuclear factor ligand
(RANKL) or the soluble receptor osteoprotegerin
(OPG) [22, 23]. The latter inhibits osteoclast dif-
ferentiation, thereby shifting the balance within the
RANKL/OPG system [24, 25]. Excessive production
of inflammatory mediators leads to bone tissue re-
modeling and impaired reparative osteogenesis due
to the predominance of a pro-inflammatory mac-
rophage phenotype in the affected area [26-28]. This
results in a complicated course or even failure of os-
teointegrative coatings or bone-substituting implants
[29-31].

In this context, local or systemic osteoporosis
imposes specific requirements on biomaterials: os-
teoconductive and osteointegrative properties, con-
trolled degradation, biocompatibility, avoidance of
additional resorption of the surrounding host bone,
induction of neoangiogenesis, the ability to shift
the pro-inflammatory macrophage phenotype (M1)
toward an anti-inflammatory (regenerative — M2)
phenotype, and promotion of mesenchymal stem
cell adhesion, proliferation, and differentiation into
osteoblasts [32-34].

Among such promising alloplastic materials
are ceramic implants, which account for approxi-
mately 60% of the synthetic graft biomaterials mar-
ket [35, 36]. Given a number of biological properties,
doping hydroxyapatite ceramics with silicon or ger-
manium ions may impart osteoinductive properties
to the material [37, 38].

To evaluate the effectiveness of bone-substi-
tuting materials under osteoporotic conditions, we
aimed to assess biochemical markers related to cy-
tokine system activation, inflammatory response,
and hemostasis system activity. Specifically, we ex-
amined phosphatase activity, anticoagulant protein C
levels, nitric oxide concentration, and circulating im-
mune complex levels during bone replacement using
germanium-doped calcium phosphate ceramics.

Materials and Methods

Calcium phosphate ceramics. For the studies,
granules of non-doped biphasic ceramic, synthesized

in the Laboratory of Biomaterials for Bone Tissue
Engineering at the Frantsevich Institute for Problems
of Materials Science, NAS of Ukraine were used.
The granules, with a size of 700 pm (GTg-700), con-
sisted of 65 mass.% hydroxyapatite (HA) phase and
35 mass.% B-tricalcium phosphate (B-TCP).

Doping the calcium-phosphate ceramic with
germanium (GT1Ger-700) was achieved by intro-
ducing 1.0 mass.% germanium, via metaphosphate
germanium — Ge(PO,), in the form of a colloidal
solution into the freshly precipitated hydroxya-
patite gel. The synthesis of stoichiometric HA —
Ca,,(PO,),(OH), was performed using the traditional
chemical precipitation method, by mixing solutions
of calcium nitrate tetrahydrate (Ca(NO,),-4H,0) and
ammonium hydrogen phosphate ((NH,),HPO,) with
a calculated Ca/P ratio of 1.67. After sintering, the
germanium concentration in the material was 0.8
mass.%. The adsorption activity was 120.3 mg/g
[39].

The research was conducted within the frame-
work of the project “Preclinical studies of products
made from newly developed biomaterials” (Contract
No. 48/1 dated August 27, 2019) as part of the nation-
al scientific and technical program titled “Develop-
ment and clinical implementation of bone implants
for various purposes made from advanced biomate-
rials for the restoration of bone tissue and function
after combat-related injuries” (No. 0119U102083,
NAS of Ukraine).

Animals and study design. The study was con-
ducted on clinically healthy female California White
rabbits, aged 3 months and weighing 2.5 kg, which
were housed in the vivarium at Bila Tserkva Na-
tional Agrarian University. The animals were kept
in individual cages in a room with forced ventila-
tion, combined lighting, and daily cleaning. They
were fed a specialized, certified rabbit feed of the
“Selevana” brand (Ukraine) at a rate of 200 g per
rabbit per day, with free access to water.

To induce osteoporosis, a group of rabbits
(n = 18) was formed, which were administered a
0.4% dexamethasone solution (4 mg/ml) (KRKA,
Slovenia) intramuscularly at a dose of 1.2 mg/kg
body weight once a day for 21 days [40-42]. Radio-
logical confirmation of the osteoporotic process was
carried out using the M. Singh [43] and H. K. Genant
[44] indices, reflecting three-stage trabecular bone
resorption in the proximal femur and a three-stage
decrease in the height of the last lumbar vertebrae,
leading to their concave bilateral deformation.
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For modeling bone defects in rabbits with in-
duced osteoporosis, the following anesthetic regimen
was used: 2% acepromazine solution (Combistress,
KELA, Belgium) intramuscularly (0.7 mg/kg), intra-
venous thiopental sodium solution (Tiopenat, Bro-
varpharma, Ukraine) at 6 mg/kg, and local infiltra-
tion anesthesia with a 0.5% lidocaine solution (3 mg/
kg). During the postoperative period, for 72 hours,
a nonsteroidal anti-inflammatory drug with analge-
sic activity, Melvet (meloxicam 0.2 mg per 1 kg of
body weight), produced by Brovafarma (Ukraine),
was administered.

The model defects were created in the cancel-
lous bone on the lateral surface of the distal femoral
metaphysis and in the cortical bone on the dorsolate-
ral surface of the radius diaphysis, following the ex-
posure of the periosteum with drills of 3 mm and
4.2 mm diameters, respectively, in compliance with
aseptic and antiseptic rules. In the experimental
group (n = 9), the defects were replaced with calcium
phosphate ceramic granules, synthesized from hy-
droxyapatite and B-tricalcium phosphate, doped with
germanium. In the control group (n = 9), bone de-
fects were healed under a blood clot. Non-absorbab-
le synthetic polypropylene monofilament sutures
(OPUSMED, Ukraine) were used to close the soft-
tissue wounds. The sutures were treated twice daily
for 7 days with the antiseptic “Yoddicirin”.

The study was approved by the Ethics Com-
mittee of Bila Tserkva National Agrarian Univer-
sity, protocol No. 1 dated January 23, 2019, and was
conducted in accordance with the principles of the
European Convention for the Protection of Verte-
brate Animals used for Experimental and Other
Scientific Purposes (Strasbourg, 1986), as well as the
Ukrainian Law “On the Protection of Animals from
Cruel Treatment” dated March 28, 2006, No. 27, Ar-
ticle 230, and the Ministry of Education and Science
Order No. 416/20729 dated March 16, 2012, “On the
Approval of the Procedure for Scientific Institutions
to Conduct Animal Experiments”.

Blood plasma sampling. Blood samples for bio-
chemical analysis were collected from the external
jugular vein before the bone defect modeling and on
the 7, 14 30", and 60th days of reparative osteo-
genesis. Since reference values for the studied bio-
chemical parameters are not available for rabbits, a
group of clinically healthy rabbits (n = 27) was also
formed.

Blood was collected from the rabbits in a volu-
me of 2 ml for plasma and 2 ml for serum. To do
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this, the rabbits were fixed in a right lateral position,
the blood collection site was shaved, and an anti-
septic solution was applied. For plasma, blood was
drawn from the external jugular vein into tubes with
3.8% sodium citrate and centrifuged for 30 min at
1300 g [45].

For serum, blood was collected into tubes
without an anticoagulant. Before centrifugation,
blood was allowed to clot for a specific period of
time. Clotting time: 60 min at room temperature
(20-25°C), away from sunlight and heating devices,
after which it was centrifuged for 10 min at 350 g.
Plasma and serum were stored at - 20°C.

The total activity of alkaline phosphatase
(TALP) and its bone isoenzyme (BALP), as well
as the activity level of tartrate-resistant acid phos-
phatase (TRAP) in blood serum, were determined
using reagent Kkits (Granum Laboratory LLC,
Kharkiv, Ukraine). The method principle involves
the hydrolysis of alpha-naphthylphosphate to al-
pha-naphthol + phosphate, using tartaric acid as a
specific agent for the bone isoenzyme of acid phos-
phatase.

The concentration of circulating immune
complexes in blood serum was determined using
reagents (Granum, Kharkiv, Ukraine) by the pre-
cipitation method using a polyethylene glycol-6000
solution at a concentration of 3.75% to detect large
immune complexes (LIC) and 7% for small immune
complexes.

The level of plasma protein C was determined
using reagents (Granum, Kharkiv, Ukraine). Its value
is expressed in the normalized ratio (NR), which re-
flects the ratio of the clotting time of the experimen-
tal plasma to the clotting time of normal plasma.

The content of nitric oxide was determined
using reagents (Granum, Kharkiv, Ukraine) by the
level of its metabolites in blood serum-nitrites. Me-
tallic cadmium granules were used as a reducing
agent, which were added to the serum samples after
protein precipitation and incubated for 15 h. When
nitrites in the serum interacted with the Griess rea-
gent, a color complex was formed, which was then
measured using a spectrophotometer (wavelength
540 nm).

Statistical analysis of the results was per-
formed using Statistica 10 (StatSoft Inc., USA, 2011),
with the data presented in the table as mean + SD
(x = standard deviation). The significance of the
difference between the numerical values of the con-
trol and experimental groups, as well as the values
for clinically healthy rabbits before bone defect for-
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mation, was determined using ANOVA. P < 0.05—
0.001 was considered statistically significant, with
the Bonferroni correction applied.

Results

In rabbits with induced osteoporosis, a modera-
te but statistically significant increase is observed
in the blood serum activity of total alkaline phos-
phatase and its bone isoenzyme, as well as tartrate-
resistant acid phosphatase (Table 1).

After bone defect substitution, the activity of
total alkaline phosphatase (ALP) significantly in-
creased from day 7, reaching a peak on day 14 —
79.82+ 0.29 U/I. However, in the group without
bone substitution, the ALP activity reached its peak
only on day 30 — 73.68 = 0.21 U/l, and was signifi-
cantly lower than that observed in the experimental
animals. Thus, the dynamics of ALP activity under
conditions of bone substitution in osteoporosis are
similar to the pattern of its changes during regene-
ration under a blood clot, but with a significantly ear-
lier peak — by two weeks.

The difference in the dynamics of activity be-
tween the experimental and control groups was more
pronounced when analyzing the widely recognized
biochemical marker of osteogenesis — the bone iso-
enzyme of alkaline phosphatase (BAP). Specifically,
after bone substitution, the BAP activity reached
its peak value — 58+0.37 U/L — as early as day 14
and remained at a relatively high level up to day
30. This was 1.3 to 1.5 times higher compared to

clinically healthy rabbits. In contrast, in the control
animals, PAB activity reached its peak only on day
30 of reparative osteogenesis, and this value was
significantly lower than that observed in the experi-
mental group. Thus, the level of BAP activity fol-
lowing bone substitution with HTIGeG-700 under
osteoporotic conditions reflects an enhancement of
osteogenesis processes, most likely due to the oste-
oinductive properties of the germanium-doped cal-
cium phosphate ceramic.

The degree of bone tissue resorption is re-
flected by the activity of tartrate-resistant acid phos-
phatase (TRACP) in blood serum, which showed
a significant increase after osteoporosis induction
and remained at that elevated level throughout 30
days of reparative osteogenesis. Its maximal value —
39.58 + 0.52 U/l — was reached only by day 60. In
contrast, in animals after bone substitution, TRACP
activity peaked earlier —41.53 £ 0.24 U/l — on day 14,
and thereafter, from day 30, it progressively declined
to levels typical of clinically healthy animals. Thus,
based on the dynamics of phosphatase activity, bone
substitution with bioactive germanium-doped ce-
ramic under osteoporotic conditions is accompanied
by a transient inflammatory osteoresorption phase,
followed by an early and intensive osteogenic re-
sponse of osteoblasts — a process that, when bone de-
fects heal under a blood clot, is prolonged over time.

Changes in the serum level of low-molecular-
weight circulating immune complexes (CIC) (Ta-
ble 2) reflect complement-independent persistence

Table 1. Dynamics of phosphatase activity in blood serum during reparative osteogenesis in rabbits with
osteoporosis

Time of study, days ALP, U/l BAP, U/l TRACP, U/l

Clinically healthy, n = 27 63.36 £ 0.32 39.94 £ 041 28.36 + 0.26
0 | Before surgery, n =18 70.21 £0.42 43.12 +0.29 33.73+£0.35
7 |CPC-Ge 74.58 + 0.31*** 50.76 £ 0.52*** 3491 +0.32
under blood clot, n =9 70.32 £0.23 4456 £ 0.31 33.80 £ 0.47

14 | CPC-Ge 79.82 £ 0.29*** 58.47 + 0.37*** 41.53 £ 0.24***
under blood clot,n =9 70.56 + 0.47 44.37 £ 0.25 34.00 £ 0.36

30 |CPC-Ge 75.69 + 0.25*** 53.46 £ 0.64*** 37.83 + 0.29***
under blood clot, n =6 7368 £0.21 46.71 £ 0.53 413 +0.35

60 |CPC-Ge 67.37 + 0.43*** 46.00 £ 0.18 3171 + 0.41***
under blood clot, n =3 7153 +0.38 45.62 £ 0.44 39.58 + 0.52

Values *P < 0.05; **P < 0.01; ***P < 0.001, compared to the control group. Alkaline phenyl phosphatase (ALP), Bone
alkaline phosphatase (BAP) is the bone-specific isoform of alkaline phosphatase, Tartrate-resistant acid phosphatase
(TRACP), CPC-Ge — Calcium phosphate ceramics doped with germanium
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of immune complexes in tissues. Throughout the
study, their levels in the control group were 1.2-1.6
times higher (P < 0.05 — P < 0.001) than in the ex-
perimental group, where the values returned to those
observed in clinically healthy animals (5.71 + 0.36
conventional units) by day 30. Meanwhile, the level
of complement-dependent high-molecular-weight
CICs did not change after bone substitution, whereas
in the control group it peaked between days 14 and
30, increasing 1.8-fold (P < 0.001).

Then, during reparative osteogenesis under o0s-
teoporaotic conditions, both complement-dependent
and complement-independent immune complex for-
mation is enhanced, which likely contributes to a
more intense production of various classes of media-
tors involved in the inflammatory-resorptive phase
of reparative osteogenesis. In contrast, this process
is considerably limited in the presence of bone sub-
stitution.

The anticoagulant potential of blood plasma,
as indicated by protein C levels, did not change
under induced osteoporosis. However, during re-
parative osteogenesis, it initially decreased and then
increased. On day 7, protein C activity in the ex-
perimental group decreased only 1.2-fold (P < 0.05),
whereas in the control group it decreased 2.6-fold
(P < 0.002). In the bone substitution group, protein
C activity showed no significant difference from the
levels in clinically healthy rabbits by day 14, where-

as in the control group, this normalization occurred
only by day 30 of reparative osteogenesis.

It was found that under conditions of corticos-
teroid-induced osteoporosis, the serum level of ni-
tric oxide (NO) moderately decreased. Subsequently,
during reparative osteogenesis under a blood clot,
the NO content gradually and moderately increased,
peaking on day 60. In contrast, with bone substitu-
tion using CPC-Ge, NO levels peaked earlier — on
days 14 and 30 — followed by normalization by day
60. Thus, bone substitution with germanium-doped
ceramic under osteoporotic conditions promotes en-
hanced endothelial function and earlier, more intense
neoangiogenesis.

Discussion

The key phases of the osteoreparative process
include inflammation-driven resorption of damaged
tissue, cell differentiation and proliferation, and the
formation of new bone (identical to the undamaged
area), followed by its remodeling under the influence
of biomechanical factors. This process also involves
the formation of an organic extracellular matrix and
its subsequent mineralization [46, 47]. However, in
cases of interfragmentary gaps or post-traumatic
bone defects of critical size, full restoration of bone
structure and function requires the recovery of its
reparative potential through bone substitution with
various implants. This is especially relevant for re-

Table 2. Dynamics of circulating immune complexes, protein C and NO levels in blood serum during re-

parative osteogenesis in rabbits with osteoporosis

CIC,U
Time of study, days high-molecular- | low-molecular- | Protein C, NR NO, umol/I
weight weight

Clinically healthy, n = 27 317+0.14 573+ 0.48 2.07£0.16 28.93+0.32

0 Before surgery, n = 18 318+0.31 5.67 +0.39 2.08 £0.03 26.55 +0.42

7 CPC-Ge 3.34+0.31* 6.28 £ 0.21* 1.67 £ 0.17*** | 26.58 £ 0.37
under blood clot,n =9 4.31+£0.23 745 +0.36 0.79 £ 0.03 26.56 + 0.29

14 CPC-Ge 3.59 + 0.24*** 7.95 £ 0.26** 1.89 + 0.14*** | 38.74 + 0.62***
under blood clot, n =9 5.62 +0.18 11.83 + 0.47 0.80 £0.12 29.41 +£0.48

30 CPC-Ge 3.39 + 0.16*** 5.98 + 0.19*** | 217 +0.20 38.00 £ 0.36***
under blood clot, n =6 5.60 + 0.37 946 +0.41 1.69 £ 0.18 30.78 £ 0.56

60 CPC-Ge 3.19 + 0.13** 571+£0.36** | 215+0.06 28.75 + 0.41***
under blood clot, n =3 4.46 +0.38 713 +0.29 2.07£0.03 33.32£0.25

Values *P < 0.05; **P < 0.01; ***P < 0.001, compared to the control group; CIC — circulating immune complexes, NO —
nitric oxide, CPC-Ge — Calcium phosphate ceramics doped with germanium, NR — normalized relation
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ducing the incidence of complications during the
consolidation of fractures with bone defects, such
as high-energy fractures, pathological fractures on
the background of osteoporosis, or bone neoplasms
[48-50]. One such material is calcium phosphate ce-
ramic, which consists of two biocompatible phases:
hydroxyapatite and B-tricalcium phosphate [51, 52].

Germanium, as a modifier of hydroxyapa-
tite ceramics for the purpose of osteoinduction,
possesses a broad spectrum of biological activity. Its
organic and complex compounds exhibit antitumor,
analgesic, anti-inflammatory, antioxidant, immu-
nomodulatory, fungicidal, antiviral, and antimicro-
bial properties [61, 64]. Germanium may also hold
promise for osteoinductive applications due to its
stimulatory effect on osteoblast proliferation and its
inhibitory effect on osteoclast activity — a balance
that is disrupted in secondary osteoporosis and frac-
tures associated with it.

The present study established that the use of
germanium-doped ceramic promotes dynamic
course of reparative osteogenesis in animals with
glucocorticoid-induced osteoporosis.

This is particularly evident in the changes ob-
served in bone metabolism markers. Specifically,
it was found that bone substitution with bioactive
germanium-doped ceramic is accompanied by a
transient phase of inflammatory osteoresorption, fol-
lowed by an early and intense osteogenic response of
osteoblasts.

Corresponding with the rapid increase in ni-
tric oxide levels, substitution with doped ceramic
enhances endothelial function and promotes earlier
and more robust neoangiogenesis under osteoporotic
conditions.

The immune response under bone substitution
was primarily mediated through the formation of
low-molecular-weight circulating immune comple-
xes (CIC). It was revealed that reparative osteogene-
sis in osteoporosis is characterized predominantly by
complement-independent immune complex forma-
tion, which contributes to an intensified production
of various classes of mediators involved in the in-
flammatory-resorptive phase. In contrast, this phase
is significantly reduced in the presence of germa-
nium-doped ceramic.

Although bone trauma is known [32, 67] to in-
duce a hypercoagulable state that may become per-
sistent — compromising neoangiogenesis and oxy-
genation of the regenerating bone — substitution with
germanium-doped ceramic effectively prevented the
depletion of the natural anticoagulant protein C.

Conclusions. Bone substitution with germani-
um-doped calcium phosphate ceramic in bone de-
fects of both trabecular and cortical bones, compared
to healing under a blood clot, not only improves tis-
sue regeneration but also leads to faster rehabilita-
tion, reduced inflammatory and immune responses,
and prevents the development of thrombophilia in
rabbits with osteoporosis. Doping the ceramic with
germanium for bone substitution is a promising ap-
proach, and its application could significantly im-
prove the outcomes of such surgeries.
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BIIACTHBOCTEH. Y bOMY IOCHTIIKEHHI MU MaJH Ha
METi OLIHUTH OIOXIMIYHI MapKepH pernapaThuBHOTO
OCTEOreHe3y IpH 3aMillleHHI KICTKOBUX JC(EKTIB
KepaMiKOI0, JISTOBAHOK I'epMaHieM, y KPOJIiB 3 eKC-
MEPUMEHTAIIEHUM ~ 0CTEOnopo3oM. JlociiKeHHs
MPOBOJUIIOCS HA KPOJISX MOPOAH KalihOpHiHCHKHIA
OiMui 3 0CTEONopO30M, iHIYKOBAHUM BBEACHHSM
0,4% po3uuHy nekcamera3oHy. MojenbHi nedek-
TH CTBOPEHO B TpaOeKyJsIpHIA Ta KOPTHKAJIbHIH
KICTKOBIH TKaHWHI MICJIsI OTOJICHHS OKIiCTS 3 BUKO-
pHCTaHHSM CBepAen AiaMeTpoM 3 Ta 4,2 MM BiAmo-
BiJIHO, 3 IOTPUMAHHSIM BUMOT aHECTE310JIOTIYHOTO
3a0e3MeyeHHs] Ta aceNTUKM 1 aHTUCenTHKHU. Jlns
3aMilieHHs] Ae()eKTiB BUKOPHCTOBYBAlU KalbIlili-
¢docharni kepamiuni rpanynu (CPC-Ge) po3mi-
poM 700 MKM, CHHTE30BaHi 3 TiAPOKCHANIATHTY Ta
B-tpuxansuiiidpocdary Ta nerosani 0,8 mac.% rep-
MaHir0. ¥ KOHTPOJIbHIM rpyi TBapuH (N = 9) nedek-
TH KICTOK 3arolOBaJIUCS MiJ KPOB’SSHUM 3TYCTKOM.
B excniepumentanpHiii rpyni (N = 9) gedekru 3a-
MmimyBanu rpanyinamu CPC-Ge. 3pas3ku KpoBi auis
010XIMIUHMX JTOCIIJKEHb BIIOMpaK mepes Moje-
JIOBaHHSM JIeeKTy KicTKH Ta Ha 7-#, 14-i1, 30-i Ta
60-i nHI pernapaTUBHOTO OcTeoreHely. Busnauanu
AKTHUBHICTh TapTpaT-pe3UCTEHTHOI Kucioi docda-
Tasu, 1yxHoi pocdarasu Ta i1 KicTKoBOI i30opMH,
a TAaKOX UPKYJTIOIOUNX IMyHHUX KOMIUICKCIB, ITPO-
teiny C ta NO y cupoarui kpoBi. BcranosieHo,
o 3aMilieHHs Ae]eKTiB K TpaOeKyIsIpHOI, Tak i
KOPTUKAJIbHOI KicTOK 3a nonomorot CPC-Ge, mo-
PIBHSIHO 3 3aTOEHHSIM il KPOB’SSHUM 3TyCTKOM, CY-
MPOBOKYETHCS 3MEHIICHHSIM 3amalibHOl Ta iMyH-
HOT BiJIOBII1, 3amo0irae BUCHaXXEeHHIO mipoTeiny C
Ta CIpHse OUIBII JUHAMIYHOMY Tepediry penapa-
TUBHOTO OCTEOT€HE3y y TBAPHH 3 OCTEOMOPO30M,
1HyKOBaHUM TITFOKOKOPTUKOIIaMH.

KnmouoBi cioBa: repMaHiii, KaJbIlii-
(hocharHi KepaMiyHi TpaHyJH, OCTEO3aMIilICHHS,
0CTEOIOPO3, peapaTUuBHUN 0CTEOreHe3, OKCHT a30-
Ty, Pocdarasu, mporein C.
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