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Bone defects that do not heal on their own are a significant prob-
lem in orthopaedic and trauma surgery. One of the approaches
to its solution is the use of bone alloimplants (Alol). Objective. On
the basis of the analysis of biochemical indicators of the metabolism
of connective tissue in the blood serum of laboratory rats, the course
of metabolic processes after the filling of the defect in the metaphy-
sis of the Alol femur was evaluated. Methods. A model of creating
a transcortical defect of critical size (diameter 3 mm, depth 3 mm)
in the metaphysis of the femur of 3- and 6-month-old rats was
used. In animals of groups I (n = 15, age 3 months) and Il (n = 15,
12 months) the defects were left unfilled, II (n = 15, 3 months) and
1V (n = 15, 12 months) — filled with structural Alol. After 14, 28 and
90 days, the content of glycoproteins, total chondroitin sulphates
(CS), protein and calcium, activity of alkaline and acid phosphatases
in blood serum was investigated. Results. The introduction of Alol
leads to an increase in the content of glycoproteins for all periods
of observation in rats of both age groups. 14 days after implantation
in 12-month-old rats, compared to 3-month-old rats, a 1.30 times
higher level of CS in blood serum was determined (p = 0.008), which
is due to their higher content in the area of connective tissue implan-
tation; the activity of alkaline phosphatase decreased by 1.80 times
(p = 0.016) and acid phosphatase by 1.50 times (p = 0.018), which
indicates a delay in the formation and reorganization of bone tis-
sue. However, the level of CS under the conditions of the estab-
lishment of Alol on the 90th day was lower compared to the cor-
responding groups without plasticity of the defect: in 3-month-old
rats by 1.44 times (p = 0.008), in 12-month-old rats by 1.52 times
(p = 0.008). Conclusions. According to the indicators of biochemical
markers of connective tissue metabolism, the use of Alol for plasti-
city of defects of a critical size in the metaphysis of the femur of rats
leads to the activation of bone regeneration with a greater manifes-
tation in younger recipients compared to groups with an unfilled
defect.

B opmoneduuniii i mpasmamonoziunii Xipypeii oegpexmu Kicmok,
SAKI He 3a201010MbCsL CAMOCMITIHO, CIMAHOBAAMb 3HAYHY NPOOIEMY.
OoHnuM 13 nioxo0ie 00 ii po36’a3aHHA € BUKOPUCIAHHSL KICMKOBUX
anoimnnanmamie (Anol). Mema. Ha niocmasi ananizy 6ioximiu-
HUX NOKA3HUKIE Memabonizmy CHOYYHOI MKAHUHU 6 cUposamyi
Kpo8i 1abopamopHux wypie oyiHumu nepeodie mMemaodoniyHux
npoyecie nicis 3anosHenHs Oegexmy 6 memagizi cmeeHo80i
xicmxu Anol. Memoou. Buxopucmano mooenb cmeoperts mpauc-
KOPMUKATLHO20 0eqheKmy KpUmuiHo2o posmipy (Oiamemp 3 mm,
enubuna 3 mm) 6 memaghizi cmeeHo80i Kicmku wypie gikom 3 ma
6 mic. Y meapun epyn I (n = 15, gix 3 mic.) i III (n = 15, 12 mic.)
15, 3 mic) i IV
(n = 15, 12 mic.) — 3anosurweanu cmpykmypuumu Anol. Yepes

depexmu 3anuwanu uesanoswenumu, Il (n =

14, 28 i 90 0i6 docnidceno emicm y cuposamyi Kpogi eiKonpo-
meinis, 3a2anvnux xonopoimuncynopamie (XC), binka ma xkano-
yito, akmugnicmo 1ysicHoi ma xkucnoi pocghamas. Pezynomamu.
Bseoenns Anol npuszeooums 00 nioguueHns emicmy 2aikonpo-
meinie Ha 6Ci mepMinu CROCTNEPedCeHHS Y Wypie 000X BIKOBUX
epyn. Yepes 14 0i6 nicaa imnaanmayii y 12-micsaunux wypis no-
DIBHAHO 3 3-MICAYHUMU BUSHAYEHO NIOBUIYEHULl PIBEHb Y CUPO-
samyi kpoei XC 6 1,30 pasy (p = 0,008), wo 06ymosnero dinvuium
8MICIMOM y HUX 6 OLIAHYI IMIIAHMAYIT CROIYYHOT MKAHUHU, 3HU-
orceny 6 1,80 pazy (p = 0,016) axmusnicme ayicnoi pocpamasu
ma ¢ 1,50 pazy (p = 0,018) — kucnoi pocghamasu, wo ceiouumo
npo 3amMpuMKy YmeEopeHHs. ti peopeanizayiio Kicmkoeoi mKanutu.
Ipome, pisenv XC 3a ymos scmanosnenns Anol na 90-my 006y
0Y6 HUNCUUM NOPIBHAHO 3 GIONOGIOHUMU 2pYnaAMU Oe3 NAACMUKU
odeghexmy: @ 3-micsaunux wypie y 1,44 pazy (p = 0,008), y 12-mi-
caunux — y 1,52 paszy (p = 0,008). Bucnosku. 3a nokasuuxamu
OIOXIMIUHUX MAPKepie Memaboni3My CHOIYUHOI MKAHUHU GUKO-
pucmanus Anol onsa niacmuku deghekmis KpumuuHo2o0 po3mipy
6 Memaizi cmezH080I KicmKu wypié npuzeooums 00 axmueayii
peceHepayii Kicmku 3 OLIbUUM BPOSEOM Y MOIOOUUX DEYUNIEH-
mie NopieHAHO 3 epynamu 3 HezanogHenum degexmom. Knovosi
cnosa. Anoimnianmam, Oegpekm KicmKu, eKCnepumMeHmanbe Mo-
0eniosanns, pecenepayis, OIOXIMIs, CROIYYHA MKAHUHA
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Introduction

Annually, millions of patients in the world require
orthopedic interventions using bone grafts due to
the consequences of injuries, degenerative oncologi-
cal diseases, infectious complications, etc. [1].

In orthopedic and trauma surgery, bone defects
are a significant clinical problem in everyday prac-
tice [2]. They occur as a result of infections and bone
tumors, which are mostly removed surgically with
subsequent bone reconstruction [3]. In addition, frac-
tures after high-energy injuries (in particular, blast
and gunshot injuries) and osteoporotic disorders are
often accompanied by bone defects that do not heal
on their own, which necessitates bone tissue augmen-
tation procedures [4]. Today, half a million patients
are treated annually for bone defects in the United
States and Europe at an estimated cost of more than
$3 billion [5].

Reconstruction of bone defects is performed with
the help of auto- and allo-implants, substitutes for
bone tissue — biomaterials, in particular, bioactive
ceramics, bioglass, synthetic or natural polymers [6].

Allo-implants have advantages over autobone,
namely: a sufficient amount of material that can be
used in the form of blocks, chips or granules, which
allows filling defects of various configurations. There
is also no need to compromise the patient's skeletal
structures to obtain the graft tissue and, accordingly,
complications at the donor site can be avoided, which
can occur with the use of autografts [7]. In addition,
the use of allo-implants can be just as successful as
autologous material [8].

However, it is necessary to develop new approach-
es to improve the functional capacity, implantation
of grafts and the quality of life of patients in a cost-
effective way, and allogeneic bone plastic will defi-
nitely be a part of them [9].

Purpose: based on the analysis of biochemical
indicators of the metabolism of connective tissue
in the blood serum of laboratory rats, to evaluate
the course of metabolic processes after filling the de-
fect in the metaphysis of the femur with allogeneic
bone implants.

Material and methods

Experimental studies were conducted in com-
pliance with the requirements of humane treatment
of experimental animals [10, 11] after the approval
of the plan by the Bioethics Committee at the State
Institution Professor M. 1. Sytenko Institute of Spine
and Joint Pathology of the National Academy of Me-
dical Sciences of Ukraine (Protocol No. 191 dated
22.04.2019).

Experiment design

The study compared the metabolic features of bone
regeneration after the creation of transcortical de-
fects of critical size (depth 3 mm, diameter 3 mm)
in the distal metaphysis of the femur of laboratory
rats and their filling or absence of filling with alloge-
neic bone implants. 48 white rats were used: 24 aged
3 months at the beginning of the experiment, 24 —
12 months, who were randomly divided into four
groups:

— I (n =9, age 3 months) — the defect was left
unfilled;

—II (n = 15, age 3 months) — a structural bone
allo-implant of the appropriate size and shape was
placed in the defect;

—III (n = 9, age 12 months) — the defect was left
unfilled;

— 1V (n = 15, age 12 months) — filling of the de-
fect with an allo-implant.

The technique of surgical intervention and pro-
duction of allo-implants is similar to that described
in [12].

14, 28 and 90 days after the operation, 5 animals
each from groups Il and 1V, 3 each from groups I and
IIT were removed from the experiment by decapita-
tion due to the need to obtain blood for biochemical
study.

Biochemical methods

After natural coagulation, the collected blood was
freed from formed elements by centrifugation for
15 min, 3000 rpm. The supernatant liquid was separated
and the investigated parameters were measured in it.

The selection of biochemical analysis parameters
was carried out in such a way as to investigate indica-
tors of inflammation and metabolism of bone tissue, as
well as the general somatic condition of experimental
animals. The content of glycoproteins was estimated
according to the modified method of O. P. Shtenberg
and Y. N. Dotsenko (reaction with ammonium molyb-
date in a sulfuric acid medium) [13] and chondroitin
sulfates according to the Nemeth—Csoka method as
modified by L. I. Slutsky (reaction with rivanol) [14];
activity of alkaline and acid phosphatases by reaction
with diethanolamine using kinetic methods according
to the «Alkaline phosphatase — kin Sp. L» and «Acid
phosphatase — kin Sp. L» instructions. Calcium con-
tent was determined by the potentiometric method us-
ing the AEK-01 electrolyte analyzer, and total protein
by the biuret method [13].

Statistical data analysis was performed using
the IBM SPSS Statistics 20 and Microsoft Office
Excel 2007 software. The results of measurements
are shown as median and quartiles (25 %, 75 %).
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Mann—Whitney analysis was used to compare two
groups. The difference was considered statistically
significant at p < 0.05 [15].

Results and their discussion

Comparison in age groups

In the process of comparing the results of bio-
chemical studies of blood serum indicators of rats
after modeling an unfilled defect of critical size, a sig-
nificant difference between the indicators of 3- and
12-month-old rats for the same duration of the ex-
periment was found only in terms of acid phospha-
tase activity, which was 1.28 times higher in younger
animals on the 28th day of the experiment (p = 0.008)
(Table).

In contrast to this, under the conditions of us-
ing allogeneic bone implants for defect plasticity,
significant differences were determined in the con-
tent of glycoproteins, chondroitin sulfates, alkaline
and acid phosphatase activity in the blood serum
of animals of different age groups. In particular,
in 12-month-old rats, the level of glycoproteins in
blood serum was lower than in 3-month-old rats by
1.10 times (p = 0.008) 14 days after implantation,
higher by 1.40 times (p = 0.008) and 1. 20 times
(p=0.032) — after 28 and 90 days, respectively. This
reflects an increase compared to 3-month-old rats at
later times of the experiment in the formation of car-
bohydrate-protein complexes, formed at the stage
of inflammation, the initial restructuring of connec-
tive tissue. The specified feature may also be a con-
sequence of a greater content of connective tissue in
the area of implantation. Also, in older animals com-
pared to younger ones, 14 days after implantation,
the level of chondroitin sulfates in blood serum in-
creased by 1.30 times (p = 0.008), the activity of alka-
line phosphatase decreased by 1.80 times (p = 0.016),
the acidic one decreased by 1.50 times (p = 0.018),
which indicates a delay in the formation and reorga-
nization of bone tissue. The index of total protein and
calcium content did not differ in age groups for any
of the observation periods (Table).

Comparison in groups with allo-implant and un-
filled defect

3-month-old rats with an unfilled defect on
the 28" day were shown to have a 1.35-fold decrease
in the level of glycoproteins (p = 0.008), and on
the 90th day, the specified indicator increased again
almost to the initial values, by 1.25 times compared
to with values on the 28th day.

On the 28" day, a temporary decrease in the con-
tent of chondroitin sulfates in the blood serum
of 3-month-old animals with an unfilled defect was

also recorded, followed by a return to the initial level.
In particular, on the 28th day, the indicator was re-
duced by 1.40 times, and then increased by 1.44 times
(p = 0.008) (Table).

In 3-month-old rats with installed bone allo-im-
plants, the level of glycoproteins in the blood serum
was higher for all periods of the study compared to
the group with an unfilled defect: on the 14" day by
1.20 times (p = 0.016), on the 28" day by 1.50 times
(p = 0.036), on the 90™ day by 1.20 times (p = 0.032),
which can be explained by the body's response to
the introduction of foreign material. Apart from this,
over time, the studied index in the allo-implant group
decreased significantly: by 1.40 times (p = 0.008) af-
ter 28 days, by 1.20 times (p = 0.008) after 90 com-
pared to that on the 14th day.

The activity of alkaline phosphatase in the blood
serum of animals with allo-implants compared to
the group with an unfilled defect did not differ sig-
nificantly at all observation periods, but decreased
over time: after 90 days by 1.21 times (p = 0.008)
compared to the value on the 14th a day

Acid phosphatase activity in animals with allo-
implants was 1.59 times higher (p = 0.008) 28 days
after surgery compared to the group with an unfilled
defect and did not differ at other follow-up times.
However, it decreased over time: after 28 days by
1.32 times (p = 0.008), after 90 days by 1.34 times
(p = 0.009) compared to the indicator on the 14" day.
This can be explained by the increased rate of bone
tissue formation up to the 28th day of the experiment
and, accordingly, significant functional activity of os-
teoclasts and osteoblasts and a decrease in the activi-
ty of the process in the future, when reorganization
of the regenerate occurs.

The levels of calcium and total protein were not
significantly different in the groups of 3-month-old
rats with allo-implants and unfilled defect, while
the level of chondroitin sulfates on the 90th day was
lower in conditions of installation of allo-implants by
1.44 times (p = 0.008).

In animals with allo-implants, the level of chon-
droitin sulfates changed over time: compared to
the 14" day, it was lower by 1.19 times (p = 0.008) after
28 days, by 1.18 times (p = 0.046) after 90 days, did not
differ between terms of 28 and 90 days (Table).

In 12-month-old rats with an unfilled defect, a tem-
porary decrease in the content of chondroitin sulfates
in blood serum was observed on the 28" day, followed
by a significant increase on the 90™ day. Namely: on
the 28" day of the experiment, the indicator in the ana-
lyzed group was 1.43 times lower than on the 14"
(p = 0.008), and on the 90™ day 1.78 times higher than
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Table
Serum biochemical parameters of different age animals after simulation of a critical size defect
in the femoral metaphysis with or without the use of allogeneic bone implants (Me, (25 %; 75 %)) (n =5)
Period Indicator Rat group
after
. the unfilled defect allo-implant
mtervention,
days 3-month-old 12-month-old 3-month-old 12-month-old
1 2 3 4 5 6
. . 0.81(0.78; 0.84)
Glycoproteins, g/l 0.76 (0.68; 0.78) | 0-68(0:62;0.70) 1 0.92(0.88,0.97) | *_ ;508
p1=0.200 p>.=0.016 _
p.=0.016
. . 65.7 (60.4; 67.3)
Total protein, g/l 63.8 (59.4;79.3) 62: 656982’ 65.6) 561(55149'3’ 63.4) pi=0.151
pr==1 p>= 4 p2=0.730
. . 2.30 (2.15; 2.35)
Ca, mmol/l 226 (2.12;246) |22 (213231 12020201;2.23) | "5y
p1 =0.886 p>=0.190 _
. . 0.384 (0.374; 0.399)
Chondroitin sulfates, g/l 0367 (0.204; 0.410) | 0331 (0.301;0.387) | 0.300(0.286;0.330) | “_ 508
p1=0.886 p2=0.730 _
p>=1.000
. ) 295.0(276.0;416.0)
Alkaline phosphatase activity, unitsl | 400.0 (347.3; 468.5) | 515 (271.5; 360.0) | 3430 (296.0,4080) | ", 6
p1=0.486 p2=0.116 _
p>=0.730
. 28.5(23.9; 33.0)
Activity of acid phosphatase, units/l | 38.4 (29.2; 47.6) 31? (29.8 38.3) 35§ (32.1;37.2) p1=0.116
p1=0.769 p>=0.256 _
p2=0.632
. 0.65 (0.56; 0.70) 0.67 (0.64; 0.71) 0'975 (0.87;1.07)
. 0.56 (0.44; 0.63) - _ p1=0.008
Glycoproteins, g/l _ p1 =0.200 p-=0.036 _
p;=0.013 — 0413 = 0.008 p>=0.036
Py =1 ps =Y ps = 0.008
. 74.8 (74.4; 89.3) 64.1(61.0; 70.1) 68f (60.8;70.4)
. 67.3 (62.3;72.4) = ~ p1=0.841
Total protein, g/l - p:1 =0.100 p2=0.250 _
ps = 0.434 = 0.664 = 0.095 p2=0.036
ps= 0. ps =0 ps=0.421
. 240 (238;2.60) | 227 (2.18;236) | 237 (2:16,2.38)
2.35(2.35;2.38) _ -~ p1=0.841
Ca, mmol/l ~0.738 p1=0.100 p>=0.250 ~0.036
ps =4 ps=0.562 p;=0.016 pa=
. 0.232(0.207; 0.254) | 0.253 (0.218; 0.304) 0’224 (0.241:0.305)
. 0.262 (0.177;0.314) - - p: = 1.000
Chondroitin sulfates, g/l _ p1 =0.200 p>=0.856 _
p;=0.017 = 0.008 = 0.008 p>=0.856
Py =1 ps =Y ps = 0.008
439.0 (421.0:486.0) 414.0 (383.0;469.0) | 348.0(339.5; 426.0) 302%%22'0;344'5)
Alkaline phosphatase activity, units/l = T pr=0.116 p.=0.143 pr==
p3*0127 =0.010 =0.956 p2*0008
ps =0 ps =0 ps = 0.256
7 G650 | P4GL369) | 268(23.9:307) 228 81095%; 254)
Activity of acid phosphatase, units/l RPN p1 =0.008 p>=0.008 pr=".
ps=0.282 ~ 0256 ~0.018 p>=0.008
ps =Y ps= 4 p;=0.116
. 0.73 (0.70; 0.90) 0.80 (0.77; 0.85) 0'93 (0.86; 1.14)
0.70 (0.66; 0.70) - _ p1=0.032
. = p1=0.200 p>=0.030 _
Glycoproteins, g/l p; =0.047 _ _ p.=0.143
= 0.008 ps = 0.085 ps = 0.008 - 0016
Ps= 1 pa=0.016 pa=0.008 ps =1
90 ps=1.000
. 74.6 (63.50; 77.50) | 76.7 ( 69.9; 93.0) 75f (68.8,96.4)
71.9 (67.10; 86.40) | /7 ! pi = 1.000
. ~ p1 = 1.000 p.=0.571 _
Total protein, g/l p;=0.314 _ _ p.=0.571
pi=0.256 ps=0.055 ps = 0.008 Py = 0.032
ps=1.000 ps=10.032 pi = 0.056
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Continuation of Table

1 2 3 4 5 6
238 (235 2.55) | 240 (2:25:245) | 241 238:255) 2'3:8(523'% 2:42)
Ca, mmol/l p=0251 pi =1.000 p> = 1.000 Sl ~0393
’ 3: 1,000 p;=0.071 ps=0.013 2:0'776
Pe= 2 ps=1.000 ps=0.208 I; 004
4= V.
0367 (0324 0412 | 0415 (0380:0465) | 0255 (0.241: 0.288) 0'21% (202%67;0'2%)
. =07 (.05 L p1 = 0.100 p> = 0.008 pr="
Chondroitin sulfates, g/l p; = 1.000 ps = 0.0460 ps = 0,046 p>=0.008
_ 3 =0. 3= 0. B
p:=0.008 ps = 0.008 pe=0222 - (1"883
%0 2215 0 1052923
31107103790y | 2502Q80:3211) | 2780 244.5:308.5) | 240 6(90 3;292.5)
. U] A _ _ 1 =U.
Alkaline phosphatase activity, units/l | p; = 0.032 1]:)); _ 83‘8(7) gj _ 8(3)32 p>=10.865
p:=0.008 ps = 0.008 ps = 0.008 n 8'?‘1%
4= U.
100 (35.6:442) | 340 (26:4:426) | 265 (19.9:356) 12)83 (520142; 34.3)
. .0, . _ _ 1= 0.
Activity of acid phosphatase, units/l | ps = 0.956 gl _ 83‘3(9) gz _ 8833 p2=10.748
_ 3= 0. 3= 0. B
p:=0256 ps=0.956 ps = 0.009 . 8'32?
4 = V.

Note. p; — comparison of indicators in rats of different ages with the same type of defect filling at the same time after
the intervention; p, — comparison of the indicators of the group with allo-implants with the indicators of the group
with an unfilled defect in rats of the same age at the same time after the intervention; p; — comparison of indicators at
different times of the experiment in animals of the same age and type of defect filling with indicators of the same group
on the 14" day after the intervention; p, — comparison of indicators in groups of rats of the same age and type of defect
filling on the 90" day after the intervention with the indicators on the 28" day after the intervention.

on the 28" one (p = 0.008) and even 1.31 times higher
than on the 14th day (p = 0.008), which may indicate
activation in both age groups with an unfilled defect in
the formation of connective tissue on the 28" day (Tab-
le). Moreover, in younger rats, this process subsided
on the 90" day, and in older rats, the active formation
of connective tissue continued.

In addition, on the 90" day, 12-month-old rats
with an unfilled defect showed a 1.66-fold decrease in
alkaline phosphatase activity compared to the 14" day
(p = 0.008) and a 1.66-fold decrease compared to
the 28" ( p = 0.008), which indicates a slowdown in
the process of bone tissue formation.

In 12-month-old rats with installed bone allo-
implants, the level of glycoproteins in blood serum
was 1.2 times higher (p = 0.016) after 14 days, and
1.5 times (p = 0.036) after 28 compared to the group
with an unfilled defect and was not statistically sig-
nificantly different after 90 days. In contrast to
3-month-old rats with allo-implants installed, with
the passage of time the studied indicator in the group
of 12-month-old animals increased: compared to
the 14 day, it was 1.20 times greater (p = 0.008) after
28 days, and 1.14 times (p = 0.016) after 90 days.

The content of calcium and total protein in
the blood serum of 12-month-old rats with allo-
implants 28 days after surgery was slightly lower

(1.10 times, p = 0.036) compared to the group with
an unfilled defect, and did not differ significantly at
other times. The level of total protein was 1.20 times
higher (p = 0.032) 90 days after the operation com-
pared to the 14th day and did not differ at other times.

The level of chondroitin sulfates in the blood
serum of age-matched rats with allo-implants is
1.52 times lower (p = 0.008) 90 days after surgery
compared to the group with an unfilled defect, re-
flecting a reduction in the formation of connective
tissue in them. No statistically significant differences
between groups were found for this indicator at oth-
er follow-up periods. At the same time, in animals
with allo-implants, the content of chondroitin sul-
fates gradually decreased: compared to the 14™ day, it
was lower by 1.42 times (p = 0.008) after 28 days, by
1.41 times (p = 0.008) after 90.

In animals with an unfilled defect, the peak va-
lues of chondroitin sulfate content in blood serum
were determined on the 90" day of the experiment —
an increase of 1.25 times (p = 0.008) compared to
the 14" day, despite the fact that on the 28" the in-
dicator was lower , than on the 14" in 1.42 times
(p = 0.008).

In blood serum of 12-month-old rats with allo-im-
plants on the 28" day, alkaline phosphatase activity
was 1.37 times lower, acid phosphatase activity was
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1.47 times lower (p = 0.008) compared to the group
of this age, where the defect was left unfilled. The in-
dicators did not change during the experiment.

Discussion

Based on the results of a biochemical study
of the blood serum of 3- and 12-month-old rats, which
were modeled with a defect of critical size (depth
3 mm, diameter 3 mm) in the metaphysis of the femur,
it was determined that the introduction of allo-implants
into the defect area leads to an increase in the con-
tent of glycoproteins in the blood serum for all periods
of observation, regardless of the recipient's age. This
may be related to the reaction to the implant as a fo-
reign body and the process of its reconstruction, which
is still ongoing 90 days after the operation. Indeed,
histological studies conducted within the framework
of this experiment showed that about 10 % of the initial
size of the allo-implant remained in the area of the de-
fect at the end of the study (90 days) in rats of both age
groups [12]. In clinical conditions, incomplete recon-
struction of structural allo-implants with the formation
of connective tissue was determined as a result of his-
tological analysis of patient tissues [16, 17].

We found a higher level of chondroitin sulfates in
the serum of 12-month-old allo-implanted rats 14 days
after implantation compared to 3-month-old animals,
which is probably due to a 2.1-fold (p = 0.005) higher
content in in the area of connective tissue implanta-
tion [12]. In addition, at this time, the activity of al-
kaline phosphatase in blood serum was determined
to be lower in older rats than in younger rats, which
indicates a slowdown in the processes of bone tissue
formation, namely, a decrease in the activity of osteo-
blasts. As a result, the relative area of bone tissue in
12-month-old rats was 2.4 times (p = 0.0001) smaller
compared to 3-month-old rats [12].

Signs of activation of bone regeneration reor-
ganization began to appear on the 14" day in ani-
mals with allo-implants, continued on the 28" day
and minimized on the 90" with a greater severity
in 3-month-old animals. In 12-month-old rats with
installed allo-implants, the reactions were slower:
signs of activation of bone tissue remodeling accord-
ing to the content of metabolic markers appeared on
the 28" day and continued with a partial decrease on
the 90th day.

Conclusions

Biochemical study of blood serum showed that
the introduction of allo-implant resulted in an in-
crease in the content of glycoproteins for all periods
of observation in rats of both age groups. An increase

in the level of chondroitin sulfates was recorded in
12-month-old rats 14 days after implantation com-
pared to 3-month-old animals, which was due to
their higher content in the area of connective tissue
implantation. A decrease in the activity of alkaline
phosphatase was also determined for this period in
older rats compared to 3-month-old animals, indicat-
ing a slowdown in bone formation processes, namely,
a decrease in the activity of osteoblasts.

Treatment of experimental rats with a critical
size defect in the metaphysis of the femur with allo-
implants resulted in biochemical signs of activation
of regenerative processes in them, but this activation
was insufficient and required additional strengthen-

ing due to certain external influences.
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