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Objective To	determine	 the	 ratio	of	 the	main	growth	 factors	when	using	various	methods	of	 local	 stimulation	of	
reparative	osteogenesis.

Material and methods The	study	consisted	of	two	parts:	in	the	first	part	a	comparative	analysis	of	the	content	of	growth	factors	
by	ELISA	was	carried	out	 (PDGF	–	platelet	derived	growth	 factor,	TGF	–	 transforming	growth	 factor,	 
VEGF	 –	 vascular	 endothelial	 growth	 factor,	 IGF	 –	 insulin-like	 growth	 factor,	 BMP6	 and	 BMP7	 –	
morphogenetic	proteins	6	and	7),	capable	of	stimulating	reparative	osteogenesis	in	blood	plasma,	platelet-
rich	plasma,	red	bone	marrow	and	bone	autoregenerate.

	 The	 second	 part	 presented	 the	 results	 of	 approbation	 of	 the	 autoregenerate	 obtained	 according	 to	 the	
original	method	in	the	framework	of	an	acute	experiment	on	animals.

Results The	 most	 important	 cytokines	 affecting	 the	 process	 of	 reparative	 osteogenesis	 are	 fibroblast	 growth	 
factor	–	FGF1	and	bone	morphogenetic	protein	7	–	BMP7.	Based	on	the	results	of	a	comparative	enzyme-
linked	 immunosorbent	 assay,	 it	 has	 been	 established	 that	 the	 autoregenerate,	 obtained	 by	 the	 original	
method,	and	a	bone	marrow	aspirate	concentrate	have	the	highest	osteogenic	potential.

Conclusion Autoregenerate	is	an	effective	and	promising	means	of	local	stimulation	of	reparative	osteogenesis,	and	its	
transplantation	is	a	simple	and	highly	effective	procedure.
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Цель		 Определить	соотношение	основных	факторов	роста	при	применении	различных	методик	локаль-
ной	стимуляции	репаративного	остеогенеза.	

Материал и методы 	 Исследование	состояло	из	двух	частей:	в	первой	проведен	сравнительный	анализ	содержания	факто-
ров	роста	при	помощи	ИФА	(PDGF	–	тромбоцитарный	фактор	роста,	TGF	–	трансформирующий	фак-
тор	роста,	VEGF	–	фактор	роста	эндотелия	сосудов,	IGF	–	инсулиноподобный	фактор	роста,	BMP6	
и	BMP7	–	морфогенетические	белки	6	и	7),	 способных	стимулировать	репаративный	остеогенез	 в	
плазме	крови,	плазме,	обогащенной	тромбоцитами,	красном	костном	мозге	и	костном	ауторегенерате.

	 Во	второй	части	представлены	результаты	апробации	ауторегенерата,	полученного	по	оригиналь-
ной	методике	в	рамках	острого	эксперимента	на	животных.

Результаты	 Наиболее	важными	цитокинами,	влияющими	на	процесс	репаративного	остеогенеза,	являются	фак-
тор	роста	фибробластов	–	FGF1	и	костный	морфогенетический	белок	7	–	BMP7.	Основываясь	на	
результатах	 сравнительного	 иммуноферментного	 анализа,	 установлено,	 что	 наибольшими	 остео-
генными	потенциалами	обладают	ауторегенерат,	полученный	по	оригинальной	методике,	и	взвесь	
аспирата	костного	мозга.
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INTRODUCTION
In	modern	traumatology	and	orthopedics,	disorders	of	

the	consolidation	processes	 in	bone	 fractures	are	a	 seri-
ous	problem	[1–4].	Many	factors,	both	 local	and	gener-
al	 [1,	 5],	 lead	 to	 impairment	 of	 reparative	 osteogenesis	
[6–8].	 Not	 only	 does	 this	 complicate	 the	 treatment	 of	
patients	with	fractures,	but	also	increases	the	cost	of	the	
treatment.	Therefore,	the	search	for	methods	of	local	per-
sonalized	 impact	on	 the	zone	of	 reparative	osteogenesis	 
for	its	stimulation	is	an	important	issue	in	modern	med-
icine	[9].

Nowadays,	 there	 are	 several	 treatment	methods	 that	
can	 be	 used	 both	 independently	 and	 in	 combination	 to	
improve	reparative	osteogenesis.	They	include	distal	os-
teosynthesis	 [6,	 7],	 as	well	 as	 various	methods	 of	 bone	
grafting,	 such	as	 autologous	bone	grafts,	 allografts,	 and	
bone	grafts	substitutes	[8,	9].

Despite	the	wide	range	of	autologous	bone	grafts,	their	
use	 is	 accompanied	 by	 various	 complications,	 such	 as	
chronic	pain,	nerves	damage,	arteries	damage,	and	others,	
including	possible	infectious	complications.	In	turn,	syn-
thetic	 transplant	materials	 have	 a	 higher	 cost	 compared	
to	 autogenous	material	 sources,	 and	 their	 properties	 are	
only	limited	by	osteoconductive	qualities.	Combining	the	
capabilities	of	autografts	with	synthetic	materials	seems	
to	be	promising	[10].

Another	 technique,	 that	 has	 become	 increasingly	
widespread,	 is	 based	 on	 the	 principle	 of	 local	 stimula-
tion	of	reparative	osteogenesis	using	cytokines	or	growth	
factors	[2,	3,	12,	13].	These	techniques	include	the	use	of	
platelet-rich	plasma	(PRP)	[2],	the	introduction	of	a	bone	
marrow	 aspirate	 concentrate	 (BMAC)	 into	 the	 fracture	
zone	[3,	12,	14],	the	use	of	synthetic	growth	factors	such	
as	 bone	 morphogenetic	 proteins	 (BMPs)	 [3],	 fibroblast	
growth	factor	(FGF)	[3],	etc.

BMPs,	among	the	other	growth	factors,	are	the	most	
promising	 for	 stimulating	 reparative	 osteogenesis	 now-
adays,	 since	 they	 have	 the	most	widely	 studied	 growth	
factors	 in	 the	 clinic.	 Despite	 this	 fact,	 BMPs’	 use,	 and	
indications	for	their	use	in	trauma	remain	poorly	studied.	
An	important	factor	limiting	their	widespread	use	in	the	
clinic	is	the	high	cost	of	the	pure	substance	[11,	13].

All	reparative	osteogenesis	stimulation	methods,	used	
in	modern	 traumatology	 and	 orthopedics,	 give	 relative-
ly	 satisfactory	 results.	 However,	 there	 are	 still	 draw-
backs	 associated	 with	 both	 technical	 limitations	 in	 use	
(autograft	 from	 the	 iliac	crest)	 and	contradictory	 results	

of	 their	 use	 (PRP,	 BMPs).	 In	 addition,	 synthetic	 bone	
substitutes	 that	 have	 higher	 or	 even	 similar	 biological	
or	 mechanical	 properties	 compared	 to	 bone	 do	 not	 ex-
ist.	Therefore,	there	is	a	need	to	develop	new	methods	of	
treatment	as	an	alternative	or	addition	to	existing	methods	
[2,	3,	14],	considering	a	personalized	approach	to	patient	 
treatment.

OBJECTIVE 
Determination	of	the	main	growth	factors	ratio	using	

various	methods	of	local	stimulation	of	reparative	osteo-
genesis.

All	manipulations	with	animals	were	carried	out	in	ac-
cordance	with	the	guidelines	for	the	treatment	of	labora-
tory	animals	accepted	by	the	International	Association	of	
Veterinary	Editors	dated	July	23,	2010,	(European	Con-
vention	for	the	Protection	of	Vertebrate	Animals	Used	for	
Experimental	 and	 Other	 Scientific	 Purposes	 (ETS	 123)	
Strasbourg,	1986),	 the	 study	was	approved	by	 the	 inde-
pendent	 ethical	 committee	 of	 the	 Kuban	 State	Medical	
University	of	the	Ministry	of	Health	of	Russia,	Protocol	
no.	80	dated	September	27,	2019.

MATERIAL AND METHODS
The	first	stage	of	the	research:	2	rams	of	the	'Romano-

vskaya'	breed,	aged	over	1	year,	weighing	30.1	±	3.2	kg.
The	second	stage	of	the	research:	12	rams	of	the	"Ro-

manovskaya"	breed,	aged	from	1	to	1.5	years	with	an	av-
erage	weight	of	29.4	±	3.7	kg,	divided	into	two	groups:

•  control	group	(5)	–	fusion	takes	place	on	its	own;
•  study	 group	 (7)	 –	 stimulation	 of	 reparative	 osteo-

genesis	using	autoregenerate.
At	the	first	stage	of	the	research,	a	comparative	analy-

sis	of	agents	for	local	stimulation	of	reparative	osteogen-
esis,	 in	particular	red	bone	marrow,	platelet-rich	plasma	
and	 autoregenerate	 (obtained	 according	 to	 the	 original	
method)	using	enzyme-linked	immunosorbent	assay,	was	
carried	 out,	 with	 the	 determination	 of	 titers	 of	 known	
growth	factors.

To	 obtain	 red	 bone	marrow	 a	 puncture	 of	 the	 ilium	
wing	was	performed	with	a	collection	of	15–20	ml	of	red	
bone	marrow.	Blood	was	also	taken	on	the	day	of	surgery	
to	prepare	platelet-rich	plasma	and	native	blood	plasma.	
Venipuncture	was	performed	with	venous	blood	sampling	
(15–20	ml).	

The	 autoregenerate	 was	 obtained	 according	 to	 the	
original	technique.	Osteotomy	of	the	iliac	crest	was	per-

Заключение	 Ауторегенерат	является	эффективным	и	перспективным	средством	локальной	стимуляции	репара-
тивного	остеогенеза,	а	его	трансплантация	–	простая	и	высокоэффективная	процедура.
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formed	 as	 follows:	 after	 the	 access,	 an	 osteotomy	 was	
performed	using	a	chisel	and	bone	wounds	were	formed	
(fig.	1)	up	to	50.0	mm	long,	up	to	10.0	mm	wide	and	a	
depth	 of	 up	 to	 30.0	mm	 (15000	mm3	 =	 15.0	ml),	 then	
within	5–7	days	 an	 autoregenerate	was	 formed.	 It	 is	 an	
organizing	clot	(fig.	2),	the	liquid	part	of	which	was	tak-
en	for	enzyme	immunoassay	and	morphological	analysis,	
while	 the	 clot	was	 taken	 for	morphological	 research	 to	
quantitatively	determine	the	cellular	composition.

	 	Immunological	studies	were	carried	out	 in	the	cen-
tral	 research	 laboratory	 of	 the	 Kuban	 State	 University.	
Enzyme-linked	 immunosorbent	 assay	 (ELISA)	was	car-
ried	out	for	the	concentration	of	the	following	cytokines:	 
PDGFAB,	TGFb1,	BMP6,	BMP7,	IGF1,	FGF1,	by	means	 
of	ELISA	method	using	the	following	test	systems	(Cloud-
Clone	Corp,	USA):	SEA436Ov	ELISA	Kit	 For	Platelet	
Derived	Growth	Factor	AB,	SEA124Ov	ELISA	Kit	For	
Transforming	 Growth	 Factor	 Beta	 1,	 SEA646Ov	 ELI-
SA	Kit	 for	 Bone	Morphogenetic	 Protein	 6,	 SEA799Ov	 
ELISA	Kit	for	Bone	Morphogenetic	Protein	7,	SEA050Ov	
ELISA	Kit	for	Insulin	Like	Growth	Factor	1,	SEA032Ov	
ELISA	Kit	 for	 Fibroblast	Growth	 Factor	Acidic,	 in	 ac-
cordance	 with	 the	 manufacturer’s	 protocol	 on	 a	 Filter-
Max	F5	microplate	reader	(USA).	

Immunohistochemical	 analysis	was	 performed	 using	
the	following	kits:	

•  DF12303	Osteocalcin	Antibody,	100	µL	
•  DF6395	SPP1	Antibody,	100	µL
•  AF0564	MRC2	Antibody,	100	µL
•  AF5193	BMP7	Antibody,	100	µL
At	the	second	stage,	within	the	framework	of	an	acute	

experiment,	 the	effect	of	 transplanted	bone	autoregener-
ate	on	reparative	osteogenesis	during	fracture	consolida-
tion	was	studied.	Restoration	of	a	bone	defect,	artificial-
ly	created	during	surgical	 intervention,	was	also	studied	
during	the	experiment.

RESULTS OF THE FIRST STAGE  
OF THE RESEARCH
A	comparative	analysis	of	the	growth	factors	content	

was	 carried	 out	 for	 the	 first	 time	 using	 ELISA	 (PDGF	
–	 platelet	 derived	 growth	 factor,	 TGF	 –	 transforming	
growth	factor,	VEGF	–	vascular	endothelial	growth	fac-
tor,	 IGF	–	 insulin-like	growth	 factor,	BMP6	and	BMP7	
–	morphogenetic	proteins	6	and	7),	capable	of	stimulat-
ing	reparative	osteogenesis	in	blood	plasma,	platelet-rich	
plasma,	 red	bone	marrow	and	bone	autoregenerate.	The	
results	are	presented	graphically	in	the	figure	(fig.	3).

	As	a	result	of	the	comparative	analysis,	it	was	possible	
to	find	out	that	such	cytokines	as	fibroblast	growth	factor	
–	FGF1,	bone	morphogenetic	protein	7	–	BMP7,	to	a	less-
er	extent	 insulin-like	growth	 factor	–	 IGF1,	 transforming	
growth	factor	beta	–	TGFb,	and	bone	morphogenetic	pro-
tein	6	–	BMP6	prevail	in	the	autoregeneration	process,	as	
well	as	the	number	of	growth	factors	required	for	repara-
tive	 regeneration	processes.	Platelet-rich	plasma	contains	
a	large	amount	of	platelet	derived	growth	factor	–	PDGF.

Thus,	the	optimal	ratio	of	the	main	cytokines	required	
to	optimize	 the	processes	of	reparative	osteogenesis	has	
been	 identified.	 The	 data	 are	 presented	 in	 the	 diagram	
(fig.	3).

When	it	comes	to	content	of	growth	factors	the	closest	
to	the	autoregenerate,	which	is	a	hematoma	from	the	area	
of	the	consolidating	fracture,	is	a	suspension	of	red	bone	
marrow,	while	 in	blood	plasma	and	platelet-rich	plasma	
growth	factors	concentration	was	significantly	lower.	

Thus,	 as	 a	 result	 of	 the	 first	 part	 of	 the	 research,	 it	
was	established	that	the	autoregenerate,	obtained	accord-
ing	to	the	original	technique,	differs	from	the	suspension	
of	bone	marrow	aspirate	concentrate	(BMAC)	as	well	as	
from	the	platelet-rich	blood	plasma	(PRP),	which	are	the	
most	widespread	methods	of	local	stimulation	of	repara-
tive	osteogenesis.

Figure 1. Ilium wing osteotomy
Рисунок 1. Остеотомия крыла подвздошной кости 

Figure 2. Autoregenerate obtained from the wing of the ilium
Рисунок 2. Ауторегенерат, полученный из крыла подвздошной 
кости
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SECOND STAGE OF THE RESEARCH
Based	on	the	results	of	the	first	part	of	the	research,	an	

acute	experiment	was	carried	out,	where,	according	to	the	
results	of	a	comparative	analysis,	on	the	basis	of	clinical,	
radiological,	 histological	 and	 immunohistological	 data,	
the	impact	of	autoregenerate	transplantation	on	reparative	
osteogenesis	was	established.

The	animals	of	the	study	group	underwent	osteotomy	of	
the	iliac	crest	performed	according	to	the	original	technique.	
Then,	on	the	5th	day	after	osteotomy	of	the	iliac	crest,	a	tib-
ial	fracture	model	with	a	wedge-shaped	defect,	preventing	

the	normal	fracture	fusion,	was	created.	Fragment	fixation	
was	 performed	 using	 the	 bone	 osteosynthesis	 technology,	
using	a	dynamic	compression	plate	of	limited	contact	(LC-
DCP),	the	plate	was	fixed	with	cortical	screws	(fig.	4,	5).	

Animals	 from	 the	control	group	underwent	a	 similar	
fracture	model,	but	the	treatment	was	carried	out	without	
additional	local	stimulation	of	reparative	osteogenesis	by	
any	methods.	

Autoregenerate	bone	was	 transplanted	 to	 all	 animals	
of	the	study	group	at	the	time	of	the	tibial	fracture	model	
formation	(fig.	6).

Figure 3. Comparative analysis of cytokine content in red bone marrow (BMAC), bone autoregenerate, platelet-rich plasma 
(PRP) and blood plasma
Рисунок 3. Сравнительный анализ содержания цитокинов в красном костном мозге (BMAC), костном ауторегенерате, плазме, 
обогащенной тромбоцитами (PRP) и плазме крови

Figure 5. X-ray control in the 
early postoperative period
Рисунок 5. Рентгенологический 
контроль в раннем послеопераци-
онном периоде

Figure 6. Autoregenerate transplantation
Рисунок 6. Трансплантация ауторегенерата

Figure 4. Tibial fracture model, 
bone osteosynthesis was performed 
Рисунок 4. Модель перелома боль-
шеберцовой кости, выполнен на-
костный остеосинтез 
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On	 the	 control	 radiographs	 of	 animals	 of	 the	 study	
group,	performed	on	the	day	of	surgery	(fig.	7a),	on	the	7th 
day	(fig.	7b),	14th	day	(fig.	7c)	and	21st	day	after	the	surgery	
(fig.	7d),	signs	of	fracture	fusion	and	gradual	filling	of	the	
wedge-shaped	bone	defect	can	be	seen	(fig.	7c,	d).

On	a	 series	of	 radiographs	of	animals	 from	 the	con-
trol	group,	the	absence	of	local	stimulation	of	reparative	
osteogenesis	 led	 to	 the	 expected	 impairment	of	 fracture	
consolidation.	 Control	 radiographs	 were	 performed	 on	
the	day	of	surgery	(fig.	8a),	on	the	7th	day	(fig.	8b),	14th 
day	(fig.	8c)	and	21st	day	(fig.	8d).

	 	On	the	21st	day	of	 the	second	part	of	 the	research,	
some	of	the	animals	were	removed	from	the	experiment	
by	means	of	euthanasia	for	autopsy,	histological	and	im-
munohistochemical	studies.

In	 animals	 of	 the	 study	 group	 the	 autopsy	 showed	
complete	 consolidation	 of	 the	 fracture,	 as	well	 as	 fill-
ing	of	the	wedge-shaped	defect	with	bone	tissue	in	the	
fracture	model	 area.	 In	 addition,	 the	 bone	 tissue	 filled	
the	medullary	canal	cavity	and	the	space	under	the	plate	
(fig.	9),	therefore,	the	autoregenerate	began	to	penetrate	

Figure 9. Tibia fragment on the 21st day after autoregenerate 
transplantation 
Рисунок 9. Участок большеберцовой кости на 21-е сутки после 
трансплантации ауторегенерата

Figure 7. Control radiographs of the animals from the study 
group (timing is described in the text) 
Рисунок 7. Контрольные рентгенограммы животного исследуе-
мой группы (сроки выполнения описаны в тексте)

Figure 8. Control radiographs of the animals from the control 
group (timing is described in the text)  
Рисунок 8. Контрольные рентгенограммы – животное конт-
рольной группы (сроки выполнения описаны в тексте)
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into	the	bone	tissue,	which	was	histologically	confirmed	
(fig.	10).

In	the	control	group,	signs	of	fracture	fusion	were	not-
ed	 only	 at	 the	 place	 of	 contact	 of	 bone	 fragments.	 No	
filling	of	the	wedge-shaped	defect	in	the	area	of	the	frac-
ture	model	was	revealed.	During	the	histological	analysis	
of	callus,	the	impact	of	autoregenerate	transplantation	on	
the	 optimization	 of	 the	 reparative	 osteogenesis	 process	
was	established.	A	histological	specimen	shows	a	great-
er	number	of	bone	tissue	precursor	cells,	forming	blood	
vessels,	connective	tissue	fibers	have	an	ordered	structure	
(fig.	10).	At	the	same	time,	on	a	specimen	obtained	from	

an	animal	that	did	not	undergo	autoregenerate	transplan-
tation,	such	signs	of	bone	tissue	formation	were	found	in	
a	much	smaller	amount	(fig.	11).	

During	the	immunohistochemical	analysis,	active	os-
teogenesis	was	revealed	in	the	sample	from	the	area	of	
fracture	 healing	 in	 the	 experimental	 animal.	The	 pres-
ence	 of	 a	 large	 number	 of	 lacunae	with	 a	 pronounced	
cellular	 component	 (fig.	 12).	 The	 microvasculature	 of	
the	newly	formed	bone	is	represented	by	a	large	number	
of	thin-walled	capillaries,	which	give	a	positive	reaction	
to	the	platelet-endothelial	cell	adhesion	molecule	CD31	
(fig.	13).

Figure 11. Histological examination. Tibia fragment on the 21st 
day after osteosynthesis, without stimulation of osteogenesis 
Рисунок 11. Гистологическое исследование. Участок большебер-
цовой кости на 21-е сутки после остеосинтеза, без стимуляции 
остеогенеза

Figure 10. Histological examination. Tibia fragment on the 
21st day after autoregenerate transplantation
Рисунок 10. Гистологическое исследование. Участок большебер-
цовой кости на 21-е сутки после трансплантации ауторегене-
рата

Figure 13. Capillaries of newly formed bone tissue that are 
positive for CD31. Streptavidin-peroxidase immunohisto-
chemical reaction. Magnification: ×20
 Рисунок 13. Капилляры новообразованной костной ткани, даю-
щие положительную реакцию на CD31. Стрептавидин-перок-
сидазная иммуногистохимическая реакция. Увеличение: ×20

Figure 12. Bone tissue regeneration in an experimental animal. 
Large trabeculae with numerous lacunae, pronounced cellular 
component. Hematoxylin and eosin. Magnification: ×20 
Рисунок 12. Регенерация костной ткани у экспериментального 
животного. Крупные трабекулы с многочисленными лакунами, 
выраженный клеточный компонент. Гематоксилин-эозин. Уве-
личение: ×20

Инновационная медицина Кубани. 2021;(4):41–49 / Innovative Medicine of Kuban. 2021;(4):41–49 



47

	An	 immunohistochemical	 study	with	 antibodies	 to	
osteocalcin	and	osteopontin	revealed	a	diffuse	arrange-
ment	of	cells	differentiating	in	the	osteogenic	direction.	
Immunophenotyping	 of	macrophages,	 positive	 accord-
ing	 to	 the	 type	 II	mannose	 receptor	 (MRC-2)	 revealed	
few	cells	around	the	bone	trabeculae,	which	indicates	a	
weak	 resorption	of	 the	newly	 formed	bone.	 In	animals	
from	the	control	group,	where	no	stimulation	of	repara-
tive	osteogenesis	was	observed,	there	was	a	pronounced	
fibrocartilaginous	 metaplasia	 in	 the	 area	 of	 the	 defect	
(fig.	14).

	The	 trabeculae	of	 the	newly	 formed	bone	were	sig-
nificantly	 thinner,	 the	 cellular	 component	was	 less	 pro-
nounced.	 Immunophenotyping	 of	 the	 cellular	 elements	
of	the	regeneration	zone	revealed	a	moderate	number	of	
osteocalcin-positive	cells	and	a	low	number	of	osteopon-
tin-positive	cells.	A	significant	number	of	MRC2-positive	
cells	was	 also	 revealed,	 represented	 by	macrophages	 in	
the	connective	tissue	and	osteoclasts	in	the	newly	formed	
bone	 (fig.	 15).	This	 shows	moderate	 inflammation	with	
concomitant	bone	tissue	resorption.

	Thus,	 based	 on	 the	 results	 of	 the	 research,	 precise-
ly	on	the	data	of	enzyme	immunoassay,	histological	and	
immunohistochemical	analysis,	as	well	as	clinical,	 radi-
ological	findings	and	autopsy	data,	it	was	possible	to	es-
tablish	that	the	use	of	autoregenerate	contains	an	optimal	
ratio	 of	 cytokines	 to	 stimulate	 reparative	 osteogenesis.	
Its	transplantation	is	effective	and	promising	in	terms	of	
bone	 formation	processes	 stimulation.	 It	 is	necessary	 to	
study	it	further	on	experimental	models	(animals)	and	as-
sess	the	possibilities	of	practical	application	of	the	results	
obtained.

CONCLUSION
Despite	 the	 achievements	 of	 modern	 traumatology	

and	 orthopedics	 in	 improving	 the	 methods	 of	 surgical	
treatment	of	bone	fractures,	such	as	the	use	of	plates	with	
limited	contact,	screws	with	angular	stability,	and	the	use	
of	modern	bioinert	materials,	there	are	still	such	compli-
cations	of	osteosynthesis	as	delayed	consolidation	and,	as	
a	result,	false	joints	formation.	

Thus,	 the	 relevance	 of	 studying	 the	 already	 known	
mechanisms	 of	 action	 factors	 of	 local	 reparative	 osteo-
genesis	stimulation	and	searching	for	the	new	ones	is	cur-
rently	very	high	[3].	Many	questions	remain	unresolved	
and	there	is	a	need	for	further	study	of	the	possibilities	of	
using	combinations	of	cytokines	both	independently	and	
together	with	osteoconductive	material	[15].

According	to	the	data	presented	in	our	research	(fig.	3),	 
platelet-rich	 plasma	 has	 a	 stimulating	 effect	 on	 repara-
tive	osteogenesis,	but	 for	 several	 reasons	does	not	have	
pronounced	osteoinductive	properties.	The	effect	can	be	
explained	by	 the	natural	 ability	of	platelets	 to	 influence	
healing	processes	by	stimulating	the	regenerative	poten-
tial	of	bone.	tissue	due	to	non-specific	growth	factors.

The	greatest	potential	in	stimulating	reparative	osteo-
genesis	was	shown	by	red	bone	marrow	and	autoregen-
erate	 obtained	 according	 to	 the	 original	method.	 Based	
on	 the	data	of	enzyme-linked	 immunosorbent	assay,	 the	
qualitative	 and	 quantitative	 growth	 factors	 indicators,	
necessary	 to	optimize	 the	processes	of	 reparative	osteo-
genesis,	were	 determined.	The	 autoregenerate,	 obtained	
and	tested	during	the	experiment,	showed	its	potential	in	
the	local	stimulation	processes	of	reparative	osteogenesis	
during	an	acute	experiment.

Figure 14. Bone regeneration in a control animal. Foci 
of adipose tissue development, cartilaginous metaplasia. 
Severe mononuclear infiltration. Hematoxylin and eosin. 
Magnification: ×20 
Рисунок 14. Регенерация костной ткани у контрольного живот-
ного. Очаги развития жировой ткани, хрящевая метаплазия. 
Выраженная мононуклеарная инфильтрация. Гематоксилин-эо-
зин. Увеличение: ×20

Figure 15. Significant accumulation of MRC2-positive cells 
in the regenerating bone tissue. Streptavidin-peroxidase 
immunohistochemical reaction. Magnification: ×20 
Рисунок 15. Значительное скопление MRC2-позитивных клеток 
в регенерирующей костной ткани. Стрептавидин-пероксидаз-
ная иммуногистохимическая реакция. Увеличение: ×20
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Thus,	 the	use	of	 autoregenerate	 in	order	 to	optimize	
the	 processes	 of	 reparative	 osteogenesis	 can	 be	 con-
sidered	 one	 of	 the	 safest	 methods	 of	 local	 stimulation	
of	 osteogenesis	 processes.	 The	 possibility	 of	 using	 this	
technology	in	clinical	medicine	requires	further	research	
aimed	at	creating	protocols	for	performing	the	procedure.

RESULTS
1.	 The	most	 important	 cytokines	 affecting	 the	 pro-

cess	of	reparative	osteogenesis	are	fibroblast	growth	fac-
tor	–	FGF1	and	bone	morphogenetic	protein	7	–	BMP7.

2.	 Autoregenerate	 is	 an	 effective	 and	 promising	
means	 of	 local	 stimulation	 of	 reparative	 osteogenesis,	
and	 its	 transplantation	 is	 a	 simple	 and	 highly	 effective	
procedure.	

3.	 Based	 on	 the	 results	 of	 a	 comparative	 en-
zyme-linked	 immunosorbent	 assay,	 it	 has	 been	 estab-
lished	 that	 the	 autoregenerate,	 obtained	 by	 the	 original	
method,	and	a	bone	marrow	aspirate	concentrate	have	the	
highest	osteogenic	potential.
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