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A promising method of regenerative medicine is the saturation
of allografts with platelet-rich plasma (PRP). Objective. To evalu-
ate the course of metabolic processes after filling a hole defect in
the distal metaphysis of the femur with allogeneic bone implants in
conditions of additional local administration of allogeneic PRP.
Methods. In the model of a hole defect in white rats with the filling
of the defect with an allograft, as well as with additional local
stimulation of PRP on the 7" day, on the 3" and 7th days and on
the I*, 3" and 7" days in blood serum, the content of glycoproteins
(GP), chondroitin sulfates (CST), total protein (TP), calcium (Ca),
activity alkaline phosphatase (AIP) and acid phosphatase (AcP).
The results. 14 day. In the 3-month rats, under one stimulation,
an increase in TP and Ca, a decrease in AcP was observed, with
two stimulations there was a 1.11 times smaller GP, 1.13 times
larger TP and 1.43 times Ca compared to those in rats without
stimulation. During three stimulations, the GP was 1.24 times
lower than that in animals without stimulation. In the 12-month
rats in comparison with the data of rats without stimulation, 1.15
times higher GP, Ca, AIP activity, and 1.44 times more AcP were
noted. 28 days of the 3-month rats for one injection exceeded the
data of animals without stimulation by 1.34 times for GP, and
were inferior to them by 1.31 times for AcP. In the 12-month rats,
compared to these animals without stimulation, with three injec-
tions, a 1.19 times greater TP was noted. 90 d. In the 3-month
rats for one injection showed 1.24 times less CST with 1.28 times
lower AIP compared to data from rats without stimulation.
12-month rats exceeded the data of the group without stimulation
by 1.43 times for AIP. Conclusions. In rats with an alloimplant
(especially at 12 months), an increase in connective tissue forma-
tion markers and a decrease in LF activity were observed. Filling
the defect with an alloimplant led to an increase in inflammation
indicators and an increase in markers of bone tissue formation.

Tlepcnexmugnum memooom pezenepamusHoi MeOUyuHu € HacuyeH-
HA ANOMPanCNAGHMAamie naasmoio, 30azauenolo mpomooyumamu
(PRP). Mema. Oyinumu nepebic memaboniynux npoyecie nicisa 3a-
NOGHeHHsL 0ipuacmozo deghekmy 6 OucCmarbHomy memagizi cmee-
HOB0I KICMKU ANO2EHHUMU KICMKOBUMU IMAJIAHMAMAMU 8 YMOBAX
000amK06020 NI0KAILHO2O 68edenHs anozennoi PRP. Memoou.
Ha mooeni dipuacmoeo Oegpexmy 6 meapun i3 1020 3aNOGHEHHAM
ANOIMIIGHMAMOM, 4 MAKOIC i3 000AMKOBOI0 JTOKALHOK CIUMY-
aswyielo PRP na 7-wmy; 3-mwo ma 7-wy; 1-uy, 3-mio ma 7-my 006y
6 cuposamyi kposi docuiodxceno emicm 2nixkonpomeinis (1'11), xono-
poimuncyivghamie (XCT), 3aeanvnoco 6inxka (3B), xkanwyito (Ca),
akmueHicmo nyxcHoi pocghamasu (JID) ma xucnoi pocghamasu
(KD). Pesymomamu. Ha 14-my 000y nicis eiomeopenus degexny
6 3-mic. wypie eusasunu, wo 8 pasi OOHIEr cmumynayii 6i0oyno-
ca s0ivwenns 36 ma Ca, suuoicenns K@, 3a 06ox — 3meHuens
6 1,11 pasy I'TI, spocmanns 6 1,13 pazy 3b ma 6 1,43 pasy Cay nopie-
HAHHI 31 Wypamu 6e3 cmumyaayii. 3a ymoe mpbox Crmumynsyit 6Micm
I'T1 3aghixcosano 6 1,24 pasy menwie Higic y meapun be3 nei. Y 12-mic.
wypie ioznaveno oinowuil y 1,15 pasy emicm I'Tl, Ca, akmusnicmo
JID, ma ¢ 1,44 pazy K. Ha 28-my 006y 6 3-mic. wypie 3a ymosu
ooniei in'exyii mapxepu I'T1 nepesuugysanu nokasHuxu meapum 6e3
cmumymosanus y 1,34 pasy, ma nocmynanuce y 1,31 pasy sa K®.
Jani 12—mic. wypie i3 mpvoma in ekyiamu nOPi6HAHO 31 SHAYEHHAMU
meapun 6e3 cmumynayii nokazanu 30inewenns 36y 1,19 pasy. Ha
90-my 006y 6 3-mic. wypi6 i3 0OHIEIO iH EKYIEIO BUABTICHO 3MEHUIEeHHS
6 1,24 pasy XCT 3a nuosicuoi 6 1,28 pazy JI® nopisusano 3 nokasuu-
Kamu wypie 6e3 cmumynayii, v 12-mic. wypie nepesuiyents ckia-
70 1,43 pasy 3a JI® na eiominy 6i0 inmaxkmuux meaput. Bucrogku.
Y wypie iz anoimnnanmamonm (ocobnuso y 12-mic,) cnocmepieanocs
30LIbUUEHHST MAPKEPI6 POPMYSAHHSL CNOJYYUHOT MKAHUHU A 3MEH-
wenns axmuenocmi JI®. 3anosuenns degexmy anroimnianmamom
npu3eo0uUno 00 NiOBUWEHHS NOKAZHUKIG 3ananeHHs ma 30i1buen-
HA Mapkepig opmyeanns Kicmkogoi mxanunu. Kuouosi crosa.
Kicmkosa mxanuna, degpexm, anoimnianmam, mepanis Naa3moio,
30azaveHor mpomooyumamil, pecenepayis, OloXimis.
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Introduction

Platelet-rich plasma (PRP) therapy is a regenera-
tive medicine method that has only recently attracted
the interest of physicians and scientists due to its po-
tential to improve tissue healing and regeneration [1].
PRP is obtained from the patient's blood, it contains
a significant number of platelets, growth factors and
biologically active proteins. The former play an im-
portant role in physiological healing processes, and
PRP therapy promotes the acceleration and restora-
tion of damaged tissues [2]. This method is poten-
tially capable of stimulating bone regeneration [3].
Statistically significant effectiveness of PRP has been
demonstrated, in particular, when used for the treat-
ment of fractures of the lower extremities [4]. A dou-
ble-blind, randomized clinical trial found a signifi-
cant acceleration of complete healing of long bones
during PRP treatment with a rate of 81.1 % compared
to 55.3 % in the placebo group [5]. Fast fracture union
is crucial to minimize treatment times, reduce neg-
ative manifestations, including chronic pain, im-
paired mobility, and the development of secondary
complications, which is important for optimizing
outcomes [6].

In addition to its effect on bone healing, PRP has
shown significant efficacy in improving soft tissue
repair, which is a key aspect in the treatment of com-
plex fractures [7]. A study of V. Seshan et al. (2021)
determined that PRP promoted the complete closure
or healing of wounds with diabetic ulcers of the lower
extremities, reduced the time to complete wound clo-
sure, and reduced the area and depth of the wound [8].

PRP is a valuable therapeutic healing tool with
anti-inflammatory properties. By modulating the im-
mune response, the inflammatory cascade, usually
associated with tissue damage with complex frac-
tures, is effectively mitigated [9].

This therapy can be integrated with traditional
techniques to accelerate healing. Its advantages are
the safety and naturalness of the treatment, as well
as the possibility of using it alone or in combination
with other methods [1].

Further research is currently needed to compre-
hensively understand the efficacy and safety of PRP
in a wider range of fracture treatments [10, 11].

Purpose: based on the analysis of biochemical
indicators of connective tissue in the blood serum
of laboratory rats, to evaluate the course of metabolic
processes after filling a hole defect of a critical size
in the distal metaphysis of the femur with allogeneic
bone implants under conditions of additional local

administration of allogeneic blood plasma enriched
with platelets.

Material and methods

The study was conducted in the certified depart-
ment of transplantology, laboratory of experimental
modeling with experimental biological clinic, depart-
ment of laboratory diagnosis and immunology.

The study was carried out in compliance with
the requirements of humane treatment of experi-
mental animals [12—14] after the plan was approved
by the Bioethics Committee at the State Establish-
ment Professor M. 1. Sytenko Institute of Spine and
Joint Pathology of the National Academy of Sciences
of Ukraine (Protocol No. 191 dated 22.04.2019).

The experiment involved a comparative study
of the metabolic features of the regeneration of a hole
defect of critical size in the distal metaphysis
of the femur of laboratory rats during filling with an
allogeneic bone implant in the conditions of addi-
tional stimulation of healing by local administration
of PRP and without it.

At the same time, 160 white male rats were used,
of which 80 were 3 months old weighing (195 £ 21) g
and 80 were 12 months old (385 = 31) g, which were
randomly divided into 10 groups:

I — 15 3-month-old rats, the defect in the meta-
physis of the femur was filled with a bone alloimplant
without additional local stimulation;

I — 15 12-month-old animals, the defect in
the metaphysis of the femur was filled with a bone
alloimplant without additional local stimulation;

IIT — 15 3-month-old rats, the defect in the meta-
physis of the femur was filled with a bone alloimplant,
additional stimulation with a one-time local injection
of PRP on the 7" day of the experiment;

IV — 15 12-month-old animals, the defect in
the metaphysis of the femur was filled with a bone al-
loimplant, additional stimulation with a one-time lo-
cal injection of PRP on the 7" day of the experiment;

V — 15 3-month-old rats, the defect in the meta-
physis of the femur was filled with a bone alloim-
plant, additional stimulation with two local injections
of PRP on the 3" and 7" days of the experiment;

VI — 15 12-month-old animals, the defect in
the metaphysis of the femur was filled with a bone al-
loimplant, additional stimulation with two local injec-
tions of PRP on the 3" and 7" days of the experiment;

VII — 15 3-month-old individuals, the defect in
the metaphysis of the femur was filled with a bone
alloimplant, additional stimulation with three lo-
cal injections of PRP on the 1%, 3" and 7" days
of the experiment;
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VIII — 15 12-month-old rats, the defect in
the metaphysis of the femur was filled with a bone
alloimplant, additional stimulation with three lo-
cal injections of PRP on the 1%, 3 and 7" days
of the experiment;

IX — 20 3-month-old animals, receiving blood
plasma enriched with platelets and allo-implants;

X — 20 12-month-old rats, receiving blood plasma
enriched with platelets and alloimplants.

14, 28, and 90 days after the operation, respec-
tively, 5 animals from groups [-VIII were removed
from the experiment. Rats of groups IX and X were
removed from the experiment on the day of creation
of the defect, on the 3 and 7" day of the experiment
for extemporaneous obtaining of PRP immediately
before its introduction as local stimulation.

Surgical interventions were performed under asep-
tic and antiseptic conditions under general anesthesia
(ketamine, 50 mg/kg body weight, intramuscularly).
After depilation on the left knee and treatment with
Betadin® antiseptic, the area of the distal metaphysis
of the femur was opened through an anterolateral ap-
proach, and a hole defect with a depth of 3 mm was
modeled with a dental bur with a diameter of 3 mm
(the critical size is considered to be the minimum
size of the defect that does not heal on its own during
the life of the animal or during the experiment). For
the distal metaphysis of the rat femur, the minimum
size of the critical defect is 2.5 mm in diameter and
depth [15]. Cylindrical alloimplants with a diameter
of 3 mm and a length of 3 mm were placed in the area
of the defect in rats of groups I — VIII. After local
treatment with an antibiotic, the muscles and the skin
wound were sutured in layers, the plane of surgical
intervention was treated with an antiseptic.

In rats of groups X—IX, a hollow drill with an in-
ner diameter of 3 mm was used to extract 3.0 mm
long alloimplants, packed in a polyethylene package,
and sterilized by radiation using the LU-10 Accelera-
tor device (NSC Pryskoryuvach of the National Sci-
entific Center Kharkiv Physical Technical Institute).

Obtaining blood plasma enriched with platelets.
To perform the method, blood was collected from 3-
and 12-month-old rats, 20 subjects in each group. Un-
der these circumstances, the animals were taken out
of the experiment, 8 ml of venous blood was taken
into an 8.5 ml vacuum tube with an anticoagulant.
The test tube was centrifuged in a laboratory clini-
cal centrifuge OPn-3.02 at 1500 rpm for 10 min (first
stage), then plasma (supernatant fraction) was taken
from it with a sterile pipette, which was approxi-
mately %2 of the original volume, moved to a grad-
uated sterile test tube, samples were taken for anal-

ysis of growth factors after the first centrifugation
and then centrifuged again at 3000 rpm for 10 min
(second stage). Next, the PRP (surface fraction) was
collected with a pipette, which was approximately 4
of the volume of the primary plasma, in which growth
factors were determined, and the platelet-poor plasma
left at the bottom of the test tube was disposed of.

During the removal of animals of groups [-VI
from the experiment, blood was taken from them,
which, after natural coagulation, was freed from
formed elements by centrifugation for 15 min at
3000 rpm. The supernatant liquid was separated, and
the above parameters were measured in it.

Biochemical assay. The selection of biochemical
analysis parameters was carried out in such a way
as to study the data of inflammation and metabolism
of bone and connective tissues, as well as the general
somatic condition of the experimental animals:

— the content of glycoproteins (GP) according to
the modified method of O.P. Shtenberg and Y. N. Dot-
senko [16];

— the content of chondroitin sulfates (CST) ac-
cording to the Nemeth—Csoka method as modified by
L. L. Slutsky [17];

— the activity of alkaline phosphatase (AL) and
acid phosphatase (AC) by kinetic methods according
to the instructions “Alkaline phosphatase - kinetic.
Sp. L and “Acid phosphatase - Kin. Sp. K”;

— the content of total calcium (Ca) by the potentio-
metric method using the AEK-01 electrolyte analyzer;

— the content of total protein (TP) by the biuret
method [16].

The measurement of colorimetric indicators was
performed on the electrophotocolorimeter “KFK-3”
and the biochemical analyzer “GBG STAT FAX 1904
Plus”.

Statistical processing of results. Data analysis was
performed using IBM SPSS Statistics 20 and Micro-
soft Office Excel 2007 software. Measurement results
are given as median and quartiles (Me; 25 %; 75 %).
Comparison of two groups was performed using
Mann-Whitney analysis. The difference was consid-
ered statistically significant in p < 0.05 [18].

Results

14" day after the reproduction of the defect

Activation of metabolic processes was observed
in 3-month-old rats under conditions of one local in-
jection of PRP. At the same time, the content of GP
approached the level of animals with allocyst im-
plantation without stimulation (Table). The content
of TP and Ca exceeded the values of the indicators
of the comparison group by 1.30 times (p < 0.01)
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and 1.15 times (p < 0.01), respectively. A two-fold
decrease in AC activity was recorded compared to
the data of animals without additional stimulation.

After two injections of PRP, 3-month-old rats also
had a 1.11-fold lower GP level (p < 0.01) than animals
without stimulation. Greater values were observed
for the level of TP by 1.13 times (p < 0.01) and Ca
by 1.43 times (p < 0.01). During three local injec-
tions of PRP, the content of GP was 1.24 times lower
than that in the group of animals without stimulation
(p <0.01) (Table).

In 12-month-old rats, a 1.22-fold lower GP level
(p < 0.01), a 1.21-fold lower AL activity (p < 0.01)
and a 1.20 times AC (p < 0.01), as well as 1.34 times
higher CST content (p < 0.01).

After two-time stimulation, 1.10 times less GP
content (p < 0.01), 1.14 times less TP (p < 0.01)
and 1.22 times lower AL activity (p < 0.01) than
in 3-month-old animals were recorded. Compared
to the indicators of rats with an alloimplant with-
out stimulation, a 1.15 times higher content of GP
(p <0.01), Ca (p <0.01), AL activity (p < 0.01), and in
1.44 times of AC (p < 0.01). After three-timenstimu-
lation, 12-month-old rats were inferior to 3-month-old
rats in terms of CST level by 1.27 times (p < 0.008),
AL activity by 1.47 times (p < 0.01).

The 28" day after the reproduction of the defect

After a single stimulation, 3-month-old rats ex-
ceeded animals without stimulation by the level
of GP 1.34 times (p < 0.05) and inferior to the latter
by 1.31 times in AC activity (p < 0.01) (Table). Com-
pared to the data on the 14" day, a 1.74-fold increase
in AC activity was found (p < 0.01) (Table).

In 12-month-old rats with a single stimulation, AL
activity was 1.50 times less (p < 0.01) compared to
3-month-old animals and 1.21 times less than that on
the 14" day (p < 0.01) (Table).

Under two-time local stimulation of PRP, 12-month-
old rats with alloimplants without saturation with stim-
ulants showed no statistical significance of discrepan-
cies with the data of the comparison groups.

Under the conditions of triple stimulation, an ex-
cess of 1.27 times (p < 0.01) was recorded in the level
of GP in 3-month-old rats (Table). In comparison
to the indicators of animals without stimulation,
a 1.19 times higher level of TP was noted (p < 0.01),
on the 14th day an excess of the level of GP was found
by 1.54 times (p < 0.01), TP by 1.14 times (p < 0.01),
Ca by 1.19 times (p < 0.01), CST by 1.37 times
(p <0.01) (Table).

The 90" day after the reproduction of the defect

In 3-month-old rats with a single stimulation,
1.24 times less CST was recorded with 1.28 times

lower AL activity (p < 0.01) in comparison with
the data of animals without additional stimula-
tion (Table). Comparison with the indicators of rats
on the 28" day showed 1.26 times less activity
of AL (p < 0.01), and 1.56 times less activity of AC
(p <0.01).

During two-time stimulation, 1.31 times lower
CST content (p < 0.01) and 1.46 times lower AL
activity (p < 0.01) than on the 14" day were found.
Comparison with the data on the 28" day of the ex-
periment showed a 1.26-fold decrease in AL activ-
ity and a 1.56-fold decrease in AC activity (p < 0.01)
(Table).

Under the conditions of triple stimulation, rela-
tive to the indicators on the 14™ day, the concentra-
tion of GP was 1.15 times higher (p < 0.01), TP was
1.16 times higher (p < 0.01), and Ca was 1.07 times
higher (p <0.01), AL activity 1.76 times (p < 0.01) by
1.55 times lower AC (p < 0.01). In comparison with
the data on the 28" day, a 1.47-fold decrease in AC
activity was recorded (p < 0.01).

12-month-old rats. Under conditions of sin-
gle stimulation, 1.23 times lower GP concentration
(p <0.01) and 1.65 times lower AL activity (p < 0.01)
were observed compared to data in 3-month-old rats.
On the 14th day, a 1.13-fold increase in the concen-
tration of TP (p < 0.01), a 1.08-fold increase in Ca
(p < 0.01) against a background of a 1.37-fold de-
crease in AL activity (p <0, 01). Under the conditions
of single stimulation, in comparison with the indica-
tors on the 28th day, an increase of 1.15 times of GP
(p < 0.01), 1.16 times of TP (p < 0.01), 1.07 times
of Ca (p < 0.01) and 1.33 times the activity of AL
(p <0.01).

During two-time stimulation, a 1.29 times higher
level of CST was determined compared to that in
3-month-old rats (p < 0.01). Analysis of the data
of the group without stimulation revealed a 1.43-fold
increase in AL activity (p < 0.01). On the 14™ day,
a 1.15-fold increase in the level of TP (p < 0.01),
a 1.24-fold decrease in CRT concentration (p < 0.01),
and a 1.62-fold decrease in AL activity (p < 0.01).

Comparison of indicators in 12-month-old rats
with triple stimulation with such in 3-month-old an-
imals showed a 1.25-fold increase in CST content
(p <0.01).

Compared to the data on the 14" day, a higher
content of glycoproteins was recorded by 1.28 times
(p <0.01) with a decrease in AL activity by 1.54 times
(p < 0.01). On the 28™ day, GP was found to be
1.18 times less (p < 0.01), chondroitin sulfates —
1.15 times (p < 0.01), AL activity — 1.66 times
(p <0.01).
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Table

Biochemical parameters of the blood serum of white rats of different ages after filling a critical size defect
in the metaphysis of the femur with an allogeneic bone implant, in particular

under the conditions of local stimulation of the healing of the defect by the introduction
of blood plasma enriched with platelets (Me, 25%; 75%)

Indicator, Without additional stimulation 1 injection of blood plasma 2 injections of blood plasma 3 injections of blood plasma
unit of enriched with platelets enriched with platelets enriched with platelets
measurement
3-month-old 12-month-old 3-month-old 12-month-old 3-month-old 12-month-old 3-month-old 12-month-old
rats,n=>5 rats,n=>5 rats,n=>5 rats,n=>5 rats,n=>5 rats,n=>5 rats,n=>5 rats,n=>5
1 2 3 4 5 6 7 8 9
14-th day
0.73; 0.76; 0.65;

. . 0.81; 0.92; ’ 0.82; > 0.74; ?
glycoproteins, 0.92? 0.78: 0.84 0.83: 0.96 0.70; 0.78 0.72: 0.89 0.62; 0.86 0.63- 0.89 0.56; 0.79
g/l 0.88;0.97 <001 > 005 p1 <0.01 <001 p1 > 0.05 ~005 p: > 0.05

pr<0. p2=0. p.>005 [P25 p.>005 [P270 p2>0.05
71.2; 62.1; 65.5;

. . 65.7; 73.8; ? 771, ? 65.7; ?
total protein, 56.7; 60.4: 67.3 69.2: 797 63.9; 76.8 71.6: 80.0 56.7; 69.6 60.4: 69.4 61.0; 73.0
g/l 54.9;63.4 ~005 <001 p1 > 0.05 <001 p1 <0.05 ~005 p: > 0.05

pr=0. p2<0. p»>005 | P25F p»>005 | P27 2> 0.05
2.25; 2.31; 2.14;
. 2.30; 2.38; ? 2.44; ? 2.29; g
Ca, 2.02; 215,235 |223.260 |21%5242 15300056 | 216248 5 n 04q | 202225
mmol/I 2.01;2.23 =005 <005 p1>0.05 <001 p1>0.05 ~0.05 p: > 0.05
b= b=t p>005 PP p.>005 |P27Y p>>0.05

. 0.347; 0.353; 0.362;
chondroitin- . 0.384; 0.259; ] 0.287, ] 0.285; N
sulfates, 0'300.’ 0.374; 0.399 | 0.227;0.288 0.328; 0.361 0.254; 0.315 0.331; 0.386 0.222;0.326 0.331; 0.388

1 0.286; 0.350 <0.01 ~0.05 p1 <0.01 =005 p1 <0.01 =005 p1 <0.01
g pr<0. p2=0. p.>005 [P270 p.>005 [P270 p2>0.05
alkaline 366.5; 356.8; 301.6;

. 295.0; 429.0; ? 485.0; ? 449.0; ?
phqsphatase 343.0', 276.0: 416.0 | 389.0: 443.5 345.0; 385.0 435.5: 5200 331.0; 378.9 390.0: 529.0 268.4;362.0
activity, 296.0; 408.0 <005 <001 p1 <0.01 = 0.05 p1 <0.01 ~0.05 p1 <0.01
U/l pr=0. p2=0. p»>005 | P27 p.<001 | P27F p2<0.01

19.2; 26.5; 28.6;

. . 28.5; 18.8; ’ 28.4; i 33.3; ?
amfl phosphatase 35.5? 23.9: 33.0 15.8: 22.9 16.0; 25.1 24.8: 334 22.8;31.3 30.5: 35.7 23.6;33.0
activity, U/l 32.1;37.2 <005 <001 p1>0.05 ~005 p1 > 0.05 ~005 p:1 > 0.05

pr=0. p><0. p2>005 |[P27 p2<005 |[P27 p><0.01
28-th day
0,83; 0.1; 0.98;
. 0.95 0.75; g 0.73; . 0.77; 7
glycoproteins, 0'671 0.87; 1.07 0.68; 0.82 0.75;0.90 0.65; 0.79 0.72; 0.91 0.71; 0.83 0.91; 1.08
0.64; 0.71 p1>0.05 p1 > 0.05 p1 <0.01
g/l p1 <0.01 p><0.05 p>>0.05 p2<0.01
ps=00L 1 0018 |pi<oo1  |P27003 1o o005 [ P2T005 o005 | P27 005
2o oY ps>0.05 T ps > 0.05 T ps <0.01
67.6; 68.4; 74.6;
. 68,4 71.4; ’ 63.2; ] 73.4; ?
total protein, 64'1f 60.8; 70.4 65.5;76.4 61.2,73.0 56.9; 68.8 61.3;75.0 68.2; 79.1 71.2;,81.2
61.0; 70.1 p1 > 0.05 p1 > 0.05 p: > 0.05
g/l p1 > 0.05 p>>0.05 p>>0.05 p2<0.01
p3>005 >0.05 >0.05 p2>005 <0.01 pz>005 <0.01 p2<001
P P p:>005 [P p:>005 [P ps < 0.01
2.29; 2.31; 2.40;
. 2.37 2.37; K 2.25; ' 2.39; ?
Ca, 2.27; 2.16;2.38 2.37,2.38 2.14,2.35 2.21;2.31 2.30;2.37 2.38;2.41 2.36; 2.41
2.18; 2.36 p1 > 0.05 p1 > 0.05 p: > 0.05
mmol/l p1 > 0.05 p>>0.05 p>>0.05 p><0.05
p3<005 <0.05 >0.05 p2>005 <0.01 pz>005 <0.01 p2>005
= P p:>005 [P p:>005 [P ps < 0.01
0.315; 0.325; 0.350;

. . 0.274; 0.274; > 0.265; ? 0.272; ’
chondroitin- 0.253; 0.241: 0.305 | 0.254: 0.290 0.296; 0.331 0.230: 0.290 0.285; 0.344 0.250: 0.290 0.335; 0.373
sulfates, 0.218; 0.304 p1 > 0.05 p1 > 0.05 p: > 0.05

P >0.05 P2 >0.05 P2 >0.05 P2 >0.05
g/l p; <0.01 <001 ~0.05 p>>0.05 <0.05 p>>0.05 ~0.05 p>>0.05
= P p:>005 [P p:>005 |PP 70 p<001
. 301.6; 314.6; 325.0;
alkaline . 302.0; 438.0; > 418.0; > 416.0; K
phosphatase 348'0.’ 269.0; 344.5 | 391.0; 467.5 255.9;331.8 341.0; 460.5 286.4;350.0 394.5;471.0 291.6;343.5
h 339.5; 426.0 p1 <0.01 p1 > 0.05 p: > 0.05
activity, ~0.05 p1 <0.05 p>>0.05 ~0.05 p>>0.05 ~0.05 p>>0.05 ~0.05
u/l ps =4 ps>005 |ps>005 P27 ps>005 [P27% p; >005 |P27%
p; <0.01 ps > 0.05 ps > 0.05
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Continuation of the Table

1 2 3 4 5 6 7 8 9
26.8; 22.8; 32.7, 26.4; 34.9; 25.0; 31.5; 24.6;
acid phosphatase 23.9;30.7 19.1; 25.4 29.2;36.0 22.1;31.2 28.5;39.9 20.2;29.3 | 27.3;359 20.3;29.6
activity, U/l p; <0.05 p1 > 0.05 p><0.05 p1 > 0.05 p><0.05 p1 > 0.05 p>>0.05 pi > 0.05
’ P3 >0.05 Ps3 <0.05 P2 >0.05 ps3 >0.05 P2 >0.05 p3 >0.05 P2 >0.05
p;<0.01 ps>0.05 p; > 0.690
90-th day
0.80; 0.93; 1.02; 0.83; 0,79 0.91; 0.85; 0,83;
0.77; 0.85 0.86; 1.14 0.96; 1.11 0.76; 0.89 | 0.77; 0.85 0.84;0.96 |0.81;0.90 |0.76;0.89
glycoproteins, p; <0.01 p1 <0.05 p><0.01 p: > 0.05 p2>0.05 p: > 0.05 p>>0.05 p1 > 0.05
g/l ps<0.01 p; <0.05 p; <0.01 p><0.05 ps > 0.05 p>>0.05 p;<0.01 p>>0.05
P4 >0.05 j o2 <0.01 P3 >0.05 j o2 >0.05 P3 <0.05 j o2 >0.05 P3 <0.01
ps+>0.05 ps>0.05 p+<0.01
76.7, 75.6; 877, 81.0; 67.8; 71.2; 76.0; 78.3;
69.9; 93.0 68.8;96.4 82.4;93.9 74.3;86.8 | 62.1;75.2 66.5;79.2 | 71.6; 81.1 72.6; 82.3
total protein, p;<0.01 p1 > 0.05 p>>0.05 p1 > 0.05 p>>0.05 p1 > 0.05 p>>0.05 pi > 0.05
g/l p+<0.05 p> <0.05 p; <0.01 p2>0.05 p; > 0.05 p2>0.05 p; <0.01 p2>0.05
ps+>0.05 ps>0.05 p; <0.01 ps>0.05 p; <0.01 ps>0.05 p; <0.01
ps+>0.05 ps+>0.05 ps+>0.05
2.41; 2.38; 2.58; 2.44; 2.35; 2.41; 2.42; 2.36;
2.38;2.55 2.33;2.42 2.50;2.64 |2.36;2.50 |2.29;2.40 |235,247 |2.33;248 |[2.28;247
Ca, ps <0.05 p: > 0.05 p>>0.05 p: > 0.05 p>>0.05 p: > 0.05 p2>0.05 p: > 0.05
mmol/l pa>0.05 ps>0.05 P> <0.01 p2>0.05 ps > 0.05 p>>0.05 p; <0.05 p2>0.05
ps+>0.05 p4<0.01 p;<0.01 ps>0.05 p;>0.05 ps>0.05 p; <0.05
P4 <0.01 P4 >0.05 P4 >0.05
0.255; 0.273; 0.330; 0.364; 0.220; 0.285; 0.244; 0.305;
chondroitin- 0.241; 0.288 | 0.267; 0.296 | 0.300; 0.360 | 0.331; 0.401 | 0.180; 0.245 | 0.250; 0.319 | 0.223;0.272 | 0.271; 0.332
sulfates ps <0.05 p1>0.05 p><0.01 p1 > 0.05 p>>0.05 p1 <0.01 p><0.01 p1 <0.05
o/l ’ ps>0.05 p;<0.01 p; <0.01 p>>0.05 p; <0.01 p>>0.05 p;>0.05 p>>0.05
P4 >0.05 j o2 <0.01 P3 >0.05 j o2 >0.05 P3 <0.01 j o2 >0.05 P3 <0.01
ps+>0.05 ps+>0.05 ps < 0.05
278.0; 245.0; 373.0; 226.8; 332.0; 220.4; 255.5; 195.6;
alkaline 244.5;308.5 | 210.5; 292.5 | 324.0; 406.0 | 202.0; 251.3 | 291.5; 374.5 | 194.3; 248.6 | 219.2; 307.5 | 176.0; 226.5
phosphatase p;<0.01 p1 > 0.05 p><0.01 p1 <0.01 p>>0.05 p1 <0.01 p>>0.05 pi > 0.05
activity, ps<0.01 ps>0.05 ps>0.05 p2>0.05 p;<0.01 p2<0.01 p> <0.01 p2<0.01
u/l ps>0.05 p+<0.01 p; <0.01 p+<0.01 p; <0.01 ps>0.05 p; <0.01
ps>0.05 ps>0.05 p+<0.01
26.5; 28.2; 0.85; 1.03; 0.70; 0.87; 0.85; 0.96;
19.9; 35.6 21.8; 34.3 0.78; 0.92 0.92;1.20 | 0.64; 0.77 0.81; 0.95 0.80;0.92 | 0.85; 1.04
acid phosphatase | p; < 0.01 p: <0.05 p2>0.05 p1 <0.01 p>>0.05 p1 <0.01 p>>0.05 p: > 0.05
activity, U/l ps+<0.01 p:>0.05 ps > 0.05 p2>0.05 ps > 0.05 p2<0.05 p; <0.01 p2>0.05
ps+>0.05 ps<0.05 ps>0.05 ps>0.05 p;>0.05 ps>0.05 p; <0.01
P4 >0.05 P4 >0.05 P4 >0.05

Notes: pi — 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 rats of the same age for the same period after the intervention with the alloimplant group
without injections of blood plasma enriched with platelets; p; — comparison of indicators of groups of laboratory rats on the 90" day
with indicators of groups of animals of the same treatment conditions on the 14" day; p, — comparison of indicators of groups

of laboratory rats on the 90" day with indicators of groups of animals of the same treatment conditions on the 28" day.

Discussion

During the experiment, the peculiarities
of the course of the reparative process were studied
in laboratory rats with hole defects of the metaphysis
of the femur, which were filled with alloimplants, ac-
companying their use with local injections of PRP on
the 7® day (single injection); on the 3* and 7" days
(two-time administration); and on the I, 3 and
7™ days (triple administration).

The results of a biochemical study of the blood
serum of white rats with the filling of transcortical
bone defects of the femur of a critical size with an
alloimplant under the conditions of local administra-
tion of PRP showed the effectiveness of additional
stimulation, which was reflected in an increase in
markers of anabolism and a decrease in indicators
of bone tissue catabolism. At the same time, biochem-
ical signs of moderate inflammation were observed,
which could slow down the regeneration of bone tis-
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sue. This corresponds to the data of Y. Zhang et al.
(2021), according to which the general effect of PRP
on the treatment of bone fractures remains contro-
versial and is discussed in scientific circles [3]. In
particular, PRP administration is considered to be ef-
fective, especially for the treatment of bone fractures
of the lower extremities [19]. Other authors indicate
that the use of PRP did not significantly accelerate
the healing of closed long bone fractures [20].

Activation of metabolic processes was observed in
rats within 3 months after one PRP injection.

A better response of biochemical parameters to
local PRP stimulation was found in 3-month-old an-
imals compared to 12-month-old animals. The in-
troduction of PRP on the 1 day was ineffective and
caused the activation of inflammation with a slow-
down in regeneration. No significant changes in in-
dicators were recorded on the 3™ day. According to
the data of biochemical studies, it can be assumed
that the stimulating effect was mostly achieved by
the introduction of PRP on the 7™ day.

Additional stimulation by local injection of PRP
led to a moderate activation of bone healing with
the formation of bone tissue. This indicates manifes-
tations of limited reparative capabilities of bone tis-
sue in the studied conditions, possibly because of ac-
tive inflammation.

In rats with an alloimplant, biochemical signs
of moderate activity of bone tissue regeneration were
found only in the early stages of the experiment,
they decreased on the 28" day and even more on
the 90" day. Since under the conditions of additional
local administration of PRP to animals with an al-
loimplant, the expressiveness of biochemical signs
of bone tissue regeneration was only slightly greater
than in animals with an implant without additional
local stimulation, it was determined that it was appro-
priate to intensify the stimulation of the remodeling
of the alloimplant into its own bone tissue by saturat-
ing with stimulants, for example, MSC or PRP. This
is consistent with the results of a recently published
meta-analysis (with the participation of 420 patients),
which did not confirm a higher rate of bone recovery
according to radiological studies in individuals who
had PRP injected into the bone tissue defect simulta-
neously with an auto-implant, compared to those in
the group where only autologous graft was used bone
plastic, however, a shorter healing time of a bone
fracture by 1.35 months was recorded on average [21].

Additional studies are also needed to fully un-
derstand the effectiveness of PRP for the treatment
of fractures [3, 22].

Conclusions

Based on the results of a biochemical study
of blood serum of 3- and 12-month-old experimen-
tal rats with a critical size defect in the metaphysis
of the femur with its filling with bone alloimplants
under the conditions of additional stimulation of heal-
ing by local administration of platelet-rich blood
plasma and without stimulation, it was determined
that in animals with an alloimplant without additional
stimulation, markers of connective tissue formation
increased in the early stages of the experiment (es-
pecially in 12-month-old rats), under the conditions
of a decrease in the activity of alkaline phosphatase
in blood serum. This may indicate a slowdown in
the formation of bone tissue. Filling the defect with
an alloimplant without additional stimulation led to
an increase in biochemical indicators of inflamma-
tion, which may be related to the reaction to the im-
plant as a foreign body and to the process of its re-
construction. In animals of both age groups, there
was an increase in the values of markers of bone tis-
sue formation, in particular the activity of alkaline
phosphatase, the maximum of which was recorded
on the 28th day of the experiment with a further de-
crease, which is a sign of exhaustion of the reparative
potential of bone tissue.

With local administration of PRP in rats, a mod-
erate effectiveness of local stimulation was observed,
which was reflected in a slight increase in anabolism
markers, in particular the activity of alkaline phos-
phatase, and a decrease in the value of indicators
of bone tissue catabolism, and even acid phosphatase
activity.

The results of a biochemical study of the blood
serum of 3- and 12-month-old white rats with a crit-
ical-sized defect in the metaphysis of the femur with
filling of the defect with a bone alloimplant showed
that additional stimulation of the healing of the defect
by local administration of platelet-rich blood plasma
is a valid course of action, but expressiveness — in-
sufficient for practical use in the treatment of bone
tissue lesions and needs to be strengthened.
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