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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

	 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
	 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
	 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
	 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
	 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
	 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
	 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
	 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
	 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
	 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
	 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
	 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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РЕЗЮМЕ

ОСОБЕННОТИ АКТИВАЦИЙ КОМПЕНСАТОРНО-
ПРИСПОСОБИТЕЛЬНЫХ ПРОЦЕССОВ ПРИ ОДНО-
СТОРОННЕЙ НЕФРЭКТОМИИ В ПЕЧНИ ВЗРОС-
ЛЫХ КРЫС

Карумидзе Н.А., Бакурадзе Е.Д., Модебадзе И.Р., 
Гоголаури Т.М., Дзидзигури Д.В.

Тбилисский государственный университет им. Ив. Джава-
хишвили, факультет точных и етественных наук, депар-
тамент биологии, кафедра морфологии, Грузия

С целью определения общих закономерностей актива-
ции механизмов межорганных компенсаторно-приспо-
собительных процессов, изучены особенности компен-
саторных процессов в печени взрослых белых крыс на 
начальной стадии гепатопатии, вызванной односторон-
ней нефрэктомией (первые три дня после операции). В 
частности, установлено, что морфологически в гистоар-
хитектуре печени крысы выявляются лишь небольшие, 
но видимые изменения пространственного соотношения 
синусоид и печеночных протоков. В печени увеличение 
функциональной нагрузки, вызванное изменениями ги-
стоархитектуры, в это время не стимулирует пролифе-
рацию гепатоцитов. В то же время выявлено, что на на-
чальной стадии гепатопатии, вызванной односторонней 
нефрэктомией, предпочтение отдается полиплоидии из 
компенсаторно-приспособительных процессов, характер-
ных для печени. В частности, было показано, что реакция 
печени в основном выражается в количественном увели-
чении двуядерных клеток (2cx2) на функциональную на-
грузку, вызванную на ранней стадии односторонней не-
фрэктомией.

reziume

zrdasruli TeTri virTagvas RviZlSi calmxrivi 
nefreqtomiiT gamowveuli kompensatorul-adap-
taciuri procesebis aqtivaciis Taviseburebebi

n. qarumiZe, e.bakuraZe, i.modebaZe, T.gogolauri, 
d.ZiZiguri

ivane javaxiSvilis sax. Tbilisis universite-
ti, zust da sabunebismetyvelo mecnierebaTa 
fakulteti, biologiis departamentis morfolo-
giis kaTedra, saqarTvelo

organoTaSorisi kompensatorul-SeguebiTi pro-
cesebis meqanizmebis aqtivaciis zogadi kanonzo-
mierebebis dadgenis mizniT, Seswavlilia calmxri-
vi nefreqtomiiT gamowveuli hepatopaTiis sawyis 
etapze (operaciidan pirveli sami dRe) zrdasruli 
TeTri virTagvebis RviZlSi kompensatoruli pro-
cesebis mimdinareobis Taviseburebebi. kerZod, dad-
genilia, rom aRniSnul vadebze virTagvas RviZlis 
histoarqiteqtonikaSi morfologiurad mxolod 
sinusoidebis da RviZlis bagirakebis sivrciTi 
urTierTobis mcire, magram TvalsaCino darRvevebi 
vlindeba. RviZlze, histoarqiteqtonikis cvlile-
bebiT gamowveuli funqciuri datvirTvis gazrda, 
aRniSnul vadebze, ar iwvevs hepatocitebis proli-
feraciis stimulacias. amave dros, gamovlinda, rom 
calmxrivi nefreqtomiiT gamowveuli hepatopaTiis 
sawyis etapze, RviZlisTvis damaxasiaTebel organo-
TaSorisi kompensatorul-SeguebiTi procesebidan 
upiratesoba poliplodizacias eniWeba. kerZod, 
naCvenebia, rom calmxrivi nefreqtomiiT gamowveul 
funqciur datvirTvas zrdasruli virTagvas RviZ-
li sawyis etapze ZiriTadad orbirTviani ujre-
debis (2cx2) raodenobrivi matebiT pasuxobs.

CORRELATION OF BLOOD BIOCHEMICAL INDICATORS WITH THE LEVEL 
OF KNEE JOINT DAMAGE IN THE MODEL OF THE POSTTRAUMATIC OSTEOARTHRITIS

1Tkachuk P., 2Savosko S., 1Strafun S., 3,4Kuchmenko O., 5Makarenko O., 4Mkhitaryan L., 4Drobotko T.

1SI “Institute of Traumatology and Orthopedics of the National Academy of Medical Sciences of Ukraine”, Kyiv; 
2Bogomolets National Medical University, Kyiv; 3SI “NSC” Institute of Cardiology. M.D. Strazheska”

of the National Academy of Medical Sciences of Ukraine, Kyiv; 4Nizhyn Gogol State University; 
5Interregional Academy of Personnel Management, Kyiv, Ukraine

Osteoarthritis is a chronic joint disease, which consists of dys-
trophic changes in the articular surface, alteration of the cartilage 
of the joint, damage of the meniscus and a subchondral bone [1]. 
The disease has a different etiology, is often the result of trauma 
and age-related changes and is characterized by an insufficient 
level of treatment effectiveness [2]. The role of vascular factor 
in the development of osteoarthritis is being considered. In ad-
dition to direct injury, there are two other factors that reduce the 
metabolic support of joint tissues during inflammation, namely 
insufficient oxygen delivery due to poor perfusion in the in-

flamed joint and subsequent peroxidation by forming proinflam-
matory molecules, vascular and joint necrosis [3]. Therefore, the 
viability of the epiphyseal cartilage of the joint depends on the 
adequate blood supply to the surrounding vessels, and strongly 
affects the state of blood supply in the pathogenesis of osteo-
chondrosis, osteoarthritis [4]. 

A perspective direction of regenerative medicine is the use 
of autologous cell therapies. Currently, several areas like this 
have begun to be used: the introduction of platelet-rich plasma 
(PRP), cells derived from aspirated bone marrow cells (BM) and 
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adipose tissue (AT) [5]. PRP is obtained as a product of blood 
plasmaphoresis, the concentration of platelets in which is signif-
icantly higher than the initial values in the blood (6×103-7×108 
1/ml) [6,7]. The strategy of its application is explained by the 
trophic action of growth factors (PDGF, VEGF, FGF and oth-
ers) released from platelet granules [8]. The possibility of in-
troducing BM- and AT-derived mesenchymal cells is also being 
considered [9,10]. There is a discussion about the direct trophic 
action of these cell suspensions and PRP, some conclusions are 
speculative. We reckon that adipose tissue aspirate may be an al-
ternative instead of using the red bone marrow cells and platelet 
plasma. In this study, we hypothesized that the introduction of 
bone marrow aspirate concentrate (BMAC) and mechanically 
homogenized adipose tissue (MHAT) cell suspensions and PRP 
into the knee joint helps to support articular cartilage in osteoar-
thritis, activates the regenerative processes in damaged tissues, 
which can be detected on the basis of histological studies of the 
knee joint and blood biochemical parameters.

In this work, we investigated the influence of BMAC and 
MHAT cell suspensions and PRP on changes of a knee joint and 
their correlation with biochemical indicators of blood. 

Material and methods. The study was carried out on Chin-
chilla rabbits (n=25, weighing 3-4 kg). The research was per-
formed in 2 stages. On the first stage, post-traumatic osteoar-
thritis (PTOA) was simulated in intact animals. Animals were 
observed for 30 days. On the second stage, cell suspensions 
were injected into the injured animals’ knee joint. Animals were 
divided into 5 groups: group 1 – control group (n=4); group 2 - 
PTOA group (n=6); 3 – BMAC group (n=5); 4 – MHAT group 
(n=5); 5 – PRP group (n=5). In 45 days, the animals received 
blood from the jugular vein (animals were anesthetized with so-
dium thiopental, 60 mg/kg, ip), serum was taken for biochemical 
examination. Animals were anesthetized to a lethal dose. The 
knee joint was isolated for histological studies. 

Model of post-traumatic osteoarthritis (PTOA). Rabbits under 
anesthesia were shaved at the level of the ankle joint. The knee 
joint capsule was accessed through the medial surface, the medi-
al ligament was crossed. The central area of the articular surface 
of the tibia was mechanically damaged by circular rotations with 
a low-speed drive with a modified Ilizarov needle with solder-
ing caused damage to the joint surface (speed 1000±5 rpm). The 
standard lesion area is 2.0×2.1 mm. The epiphyseal surface of 
the femur and the meniscus of the joint were left intact. The joint 
bag was sutured with suture material 3/0 “Prolene” (“Ethicon,” 
Scotland). For additional damage to the joint capsule, its surface 
was thermally damaged by a coagulator. The area of thermal 
damage is 9.5-10.0 mm2. The skin was sutured with material 
3/0 “Prolene” (“Ethicon,” Scotland) and irrigated with betadine 
(“Egis”, Hungary).

Bone Marrow Aspirate Concentrate (BMAC). In intact rab-
bits, an autologous bone marrow aspiration of 2.0 ml was per-
formed with a 10 ml diameter bone trocar and a 5 ml syringe 
from the rabbit’s proximal thigh. Bone marrow aspirate with 
dextrose citrate (1:8) ACD-A (Baxter SA, USA/Belgium) was 
centrifuged for 16 minutes at 740g. Animals were administered 
1.0 ml of BMAC.

Mechanically homogenized adipose tissue (MHAT). In intact 
rabbits, 1.0 cm3 of adipose tissue was obtained from a large 
omentum. Adipose tissue was mechanically homogenized by 
passing 10 times through a 1 mm cannula (gentle method). The 
volume of injection into the joint is 1.0 ml.

Platelet rich plasma (PRP). To 10.0 ml of blood was added 
1.0 ml of 3.8% sodium citrate and centrifuged at 400 g for 15 

min (t=4°C). The platelet layer was removed (by cytological 
analysis 0.8-1.0×106 1/ml). Donor blood was used as in similar 
studies [11,12].

Serum parameters were determined on μQuant spectropho-
tometers (Bio-Tek, USA). The method was used to determine 
the level of thiobarbituric acid-reactive substances (TBARS) 
[13], ceruloplasmin [14], diene conjugates (DC - diene con-
jugates) [15], products of free radical modification of proteins 
[16], activity of leukocyte elastase [17] and myeloperoxidase 
[18]. 

Both the left and right knee were harvested, rinsed with phos-
phate buffer saline (PBS), and fixed in 10% buffered formalin 
solution. The samples of capsule, meniscus and epiphysis of the 
tibia were demineralized in a solution of OsteoFast 2 (BioGnost 
Ltd., Croatia), dehydrated in alcohol and were embedded in par-
affin (Leica Surgipath Paraplast Regular, USA). 8μm microsizes 
were made on Thermo Microm HM 360 microtome (Thermo 
Scientific, USA) and stained with hematoxylin and eosin, alcian 
blue with picrofuchsin and observed with an Olympus BX51 
microscope. The Carl Zeiss AxioVision SE64 Rel.4.9.1 software 
was used for morphometry. We were analyzed density of density 
of subchondral bone tissue and thickness of perifocal epiphyseal 
cartilage. Calculations were performed from images of histo-
logical slices (×100, ×200). 

Structural changes of the knee joint were evaluated using light 
microscopy and scoring systems: 1) joint capsules according to 
the criteria: cellular infiltration, intimal hyperplasia, subintimal 
edema, subintimal fibrosis [19]; 2) epiphyseal cartilage by cri-
teria: cell morphology, proteoglycan (toluidine blue) staining, 
cartilage thickness, surface regularity, extent of integration of 
matrix [20]; 3) meniscus by criteria: surface, cartilage cells, col-
lagen fibers [21].

All the experimental manipulations were approved by the Ethics 
Committee of the State Institution “The Institute of Traumatology 
and Orthopedics under NAMS of Ukraine”. The animal experiment 
complied with the European Convention for the protection of ver-
tebrate animals used for experimental and other scientific purposes 
(#123, Council of Europe, L222, 24/08/1999, p. 31).

All data are provided as the mean ± standard error of the mean 
(SEM). Statistical analysis was performed using the SPSS (IBM, 
USA) and Origin vs 8.0 (OriginLab Corporation, USA). All data 
were assessed for Gaussian distribution using the Shapiro-Wilk 
normality test. The differences between the groups were evaluat-
ed using one-way analysis of variance, and post hoc Tukey test; 
Kruskal-Wallis test for nonparametric data. Correlation analysis 
was performed using Spearman’s rank correlation test. Statisti-
cal significance was set at P<0.05.

Results and discussion. To assess the level of damage of 
the capsule and articular cartilage in 75 days after modeling, 
these structures of the knee joint were examined by histologi-
cal method. Observe Fig. 1 for the distribution of values of the 
experimental groups by type of injected cell suspensions. The 
McIlwraith scale showed high values in samples with PTOA, 
mainly, damage to the synovial membrane (alteration of the sy-
novial membrane, synovial villi), equally leukocyte infiltration 
and fibrosis (subintimal). We did not find intimal hyperplasia, 
on the contrary, it underwent a significant reduction due to the 
inflammatory process and impaired regional microcirculation 
(hemorrhagic penetration into the areas of edema, subintimal 
edema). The total histological score was statistically lower in 
the PRP group (P<0.05) and BMAC group (P<0.05). No differ-
ence was found in PRP group vs BMAC group; no difference 
was found in BMAC group vs PTOA group. 
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According to the Fitzgerald scale, the total histological index 
was equal in all samples with PTOA, the separation of the aver-
age thickness of the perifocal cartilage made it possible to detect 
a statistical difference in the PRP group (P<0.05). This shows 
that the assessment of joint changes by the sum of several indi-
cators (integral indicator) is more important than only individual 
indicators, such as cartilage thickness or chondrocyte density, 
such actions may be speculative. 

PTOA simulation of osteoarthritis caused traumatic injury and 
alteration of hyaline cartilage and was reflected in subchondral 
bone density. The reduction of trabecular bone was at the level 
of 39.8% (P<0.05). In PRP group (P<0.05) and BMAC group 
(P<0.05) the indicator was statistically higher vs PTOA group. 
In addition, there was a direct correlation between subchondral 
bone damage and cartilage damage (r=1.00; P<0.01) and joint 
capsules (r=-0.949; P<0.05). Noticeable that the correlation in 
BMAC group was relative to the values of the joint scale (r=-1.00; 
P<0.01), in MHAT group relative to the values of the capsule scale 
(r=-0.949; P<0.05), in PRP group there was no correlation. 

Uneven staining of the cartilaginous body of the meniscus was 
registered in all samples with PTOA, violation of the density of 
collagen in the capsule of the meniscus, ruptures and deforma-
tions, in some samples hemorrhagic impregnation of the con-
nective tissue of the meniscus. The overall rate of histological 
changes of the meniscus was statistically higher in PTOA group 
vs PRP group (P<0.05) and MHAT group (P<0.05). In the body 
of the meniscus there was a greater number of chondrocytes, less 
deformation and rupture of the cartilage matrix and the preserva-
tion of the cell layer of the capsule. In contrast, in the BMAC 
group the capsule was changed, it was poorly followed, because 
on the border of the meniscus with the epiphyseal cartilage there 
was morphogenesis of reticular tissue, its integration with the 
meniscus capsule. These results indicate that PRP and MHAT 
reduce meniscus degradation, and the introduction of BMAC had a 
similar trend, but the scale scores were higher due to reorganisation 
of the meniscus capsule against the background of morphogenesis 
and integration of newly-formed reticular tissue around the menis-
cus (collagen density in the capsule was reorganized). 

Fig. 1. The results of the assessment of knee joint injury based on a morphometric data and scoring systems. 
P<0.05 compared to the control group; # P< 0.05 compared to the PTOA group
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As expected, damage of the articular cartilage affected blood 
counts. We predicted that the level of peroxidation products in 
the blood increases against the inflammation in the joint. Statis-
tically increased activity of leukocyte elastase (114.3%; r=-0.90; 
P<0.05) and myeloperoxidase (171.4%, P<0.05) and this cor-
related with the increased levels of TBARS (108.8%; r=-0.90; 
P<0.05) and DC (69.7%; r=0.90; P<0.05). In addition, the in-
crease of products in plasma of oxidative modification of pro-
teins and ceruloplasmin correlated (44.3%; r=1.00; P<0.01). 

Data which refers to the changes in ceruloplasmin levels ap-
peared to be interesting. It turned out that the decrease in ceru-
loplasmin levels correlates with a higher density of subchondral 
bone in the PRP group and BMAC group, ie this indicator can 
predict the direction of the disease, progressive osteoarthritis or 
the dynamics towards the recovery process.

In the PRP group a statistical decrease in the activity of leukocyte 
enzymes and products of lipid and protein peroxidation in serum 
was found (between the latter direct correlation, r=1.00; P<0,01). A 
negative correlation was discovered between the level of subchon-
dral bone tissue (11.4; P<0.05) and ceruloplasmin (r=1.00, P<0.01), 

although the level of the latter only had a decreasing trend. The 
results of PRP can be considered as a means of delaying osteoarthri-
tis, although ceruloplasmin remained at an elevated level.

In BMAC group, a statistically higher density of subchondral 
bone was found compared to PTOA group, and these values 
correlated with a decrease in serum TBARS (18.3%; r=-1.00; 
P<0.01) and DC (25.1%; r=-1.00; P<0.01). Level of serum ceru-
loplasmin was significantly reduced by 16.5% (P<0.05). Appar-
ently, the level of articular cartilage damage was at the level of 
the PTOA group, which also correlated with increased leukocyte 
elastase activity. In contrast, statistically reduced myeloperoxi-
dase activity correlated with a decrease in serum protein oxida-
tion products (r=-1.00, P<0.01). and a decrease in the level of 
ceruloplasmin (r=1.00, P<0,01), but no dependence was found 
on the level of damage of the capsule, cartilage and bone tissue 
(r=-0.50; P≥0.05) of the knee joint. These data indicate that the 
use of BMAC significantly inhibited the progression of dystro-
phic changes in the epiphyseal bone, between the knee injury 
and biochemical parameters of the blood is a direct relationship 
that can be assessed and predicted. 

Fig. 2. Activity of the leukocyte enzymes, ceruloplasmin and products of lipid and protein peroxidation. 
P<0.05 compared to the control group; # P<0.05 compared to the PTOA group
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No changes in subchondral bone density relative to the PTOA 
group were detected in the MHAT group. According to the 
McIlwraith and Fitzgerald scale, there was also no difference, 
changes in the capsule correlated with bone damage (25.3%; 
r=0.949; P<0.05), high levels of leukocyte elastase (85.7%; 
r=-1.00; P<0.01,) and DC (10.6%; r=0.949; P<0.01). No cor-
relation of myeloperoxidase activity with any of the evaluated 
indicators was detected. This means that the leukocyte response 
may be related to other factors, including the response to the 
MHAT injection.

No correlation was found between all indicators using the 
Spearman’s rank correlation test, but a statistically significant 
improvement was found for most indicators by the Kruskal-
Wallis test or ANOVA. The obtained results on various indica-
tors are somehow “disordered”, but if we do not take into ac-
count the factor of introduction of cell suspensions, then almost 
all indicators correlate with each other. This is both evidence of 
a direct relationship between morphological parameters of joint 
changes with biochemical parameters of inflammation in the se-
rum in the pathogenesis of osteoarthritis and the manifestation 
of the influence of cell suspensions on its development.

In conclusion, the most significant results in terms of action of 
cell suspensions can be considered those obtained in the BMAC 
group. Discussions about the specific action of PRP, BMAC, or 
MHAT, such as the release of growth factors, are speculative, 
as there is no evidence as to which cells release specific growth 
factors. In our work, this was not the aim of the study at all, and 
the most important participation of the introduced cells affected 
the activation of connective tissue regeneration of the menis-
cus of the joint and integration of reticular tissue and adipocytes 
with the meniscus capsule and synovial membrane. These ef-
fects are evidence of the viability of the cells introduced into the 
damaged joint by activating the regenerative processes in the 
capsule and meniscus under the action of BMAC and MHAT, 
while significant morphological evidence of articular cartilage 
regeneration has not been established. This confirms once again 
the poor regenerative potential of articular cartilage and there-
fore treatment should be aimed at preventing the progression of 
cartilage alteration and bone damage. In this direction, BMAC 
has the best potential vs MHAT and PRP. 
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SUMMARY

CORRELATION OF BLOOD BIOCHEMICAL INDICATORS 
WITH THE LEVEL OF KNEE JOINT DAMAGE IN THE 
MODEL OF THE POSTTRAUMATIC OSTEOARTHRITIS

1Tkachuk P., 2Savosko S., 1Strafun S., 3,4Kuchmenko O., 
5Makarenko O., 4Mkhitaryan L., 4Drobotko T.
1SI “Institute of Traumatology and Orthopedics of the National 
Academy of Medical Sciences of Ukraine”, Kyiv; 2Bogomolets 
National Medical University, Kyiv; 3SI “NSC” Institute of Car-
diology. M.D. Strazheska ”of the National Academy of Medical 
Sciences of Ukraine, Kyiv; 4Nizhyn Gogol State University; 5In-
terregional Academy of Personnel Management, Kyiv, Ukraine

The aim of the study was to assess the dependence of blood bio-
chemical parameters with the degree of osteoarthritis of the knee 
joint and therapy. In experiments, osteoarthritis was simulated in 
rabbits (n=25) and after 75 days changes in the level of peroxida-
tion products, activity of leukocyte enzymes were studied and the 
results were compared with the degree of knee joint injury, as well 
as taking into account the application of a concentrate of bone mar-
row aspirate, mechanically homogenized adipose tissue and platelet 
rich plasma. Analysis of the results confirmed the assumption of a 
direct relationship between the level of peroxidation products (di-
ene conjugates, TBA-reactive products, products of oxidative mod-
ification of proteins), ceruloplasmin, and proinflammatory activity 
of leukocytes (by the activity of elastase and myeloperoxidase) with 
the level of morphological changes in the articular cartilage, cap-
sule and meniscus of the knee joint. Based on histological analysis, 
it was concluded that the application of a concentrate of bone mar-
row aspirate and homogenized adipose tissue activated the process-
es of reorganization and regeneration of the synovial membrane 
and menisci of the joint, which correlated with the indicators of 
myeloperoxidase activity, the level of TBA-reactive products and 
ceruloplasmin. The action of platelet rich plasma was characterized 
by a correlation between leukocyte enzymes and lipid and protein 
oxidation products in blood serum. The results of the study suggest 
that the bone marrow aspirate concentrate has a greater therapeutic 
potential compaired to the platelet rich plasma and cell suspension 
obtained from adipose tissue.

Keywords: osteoarthritis, biochemical parameters, mor-
phometry, experimental therapy.

РЕЗЮМЕ

ЗАВИСИМОСТЬ БИОХИМИЧЕСКИХ ПОКАЗАТЕ-
ЛЕЙ КРОВИ ОТ УРОВНЯ ПОВРЕЖДЕНИЯ КОЛЕН-
НОГО СУСТАВА ПРИ ПОСТТРАВМАТИЧЕСКОМ 
ОСТЕОАРТРИТЕ

1Ткачук П.В, 2Савосько С.И., 1Страфун С.С., 
3,4Кучменко Е.Б., 5Макаренко А.Н., 
4Мхитарян Л.С., 4Дроботько Т.Ф.

1ГУ «Институт травматологии и ортопедии НАМН Украи-
ны», Киев; 2Национальный медицинский университет им. А.А. 
Богомольца, Киев; 3Нежинский государственный универси-
тет им. Н. Гоголя; 4ГУ «ННЦ «Институт кардиологии им. 
Н.Д. Стражеско» НАМН Украины», Киев; 5Межрегиональная 
Академия Управления персоналом, Киев, Украина

Цель исследования – оценка зависимости биохимических 
показателей крови со степенью поражения коленного суста-

ва при остеоартрозе. На кроликах породы Шиншилла весом 
3-4 кг (n=25) моделировали остеоартроз, затем спустя 75 
дней изучали показатели уровня продуктов пероксидации, 
активности лейкоцитарных ферментов, результаты сопо-
ставляли со степенью поражения коленного сустава, а так-
же с учетом введения концентрата аспирата костного мозга, 
механически гомогенированной жировой ткани и тромбо-
цитарной плазмы. 

Анализ полученных результатов подтвердил пред-
положение о прямой зависимости показателей уровня 
продуктов пероксидации (диеновые коньюгаты, ТБК-
реагирующие продукты, продукты окислительной моди-
фикации белков), церулоплазмина и провоспалительной 
активности лейкоцитов (активность эластазы и миело-
пероксидазы) с уровнем морфологических изменений 
суставного хряща, капсулы и мениска коленного сустава. 
На основе гистологического анализа авторами сделан вы-
вод, что введение концентрата аспирата костного мозга и 
гомогенизированной жировой ткани активирует процес-
сы реорганизации и регенерации синовиальной оболочки 
и менисков сустава, что коррелирует с показателями ак-
тивности миелопероксидазы, уровнем ТБК-реагирующих 
продуктов и церулоплазмина. Действие тромбоцитарной 
плазмы характеризовалось корреляционной связью лей-
коцитарных ферментов и продуктов пероксидации липи-
дов и белков в сыворотке крови. Результаты исследования 
позволяют предположить, что концентрат аспирата кост-
ного мозга имеет более высокий терапевтический потен-
циал в сравнении с тромбоцитарной плазмой и клеточной 
суспензией, полученной из жировой ткани.
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sisxlis bioqimiuri maCveneblebis damokidebule-
ba muxlis saxsris dazianebis doneze osteoar-
Trozis dros
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kvlevis mizans warmoadgenda sisxlis bioqi-
miuri maCveneblebis damokidebulebis Sefaseba 
muxlis saxsris dazianebis doneze osteoar-
Trozis dros.
SinSilas jiSis bocverebze (woniT 3-4  kg) mod-

elirdeboda osteoarTrozi; Semdgom, 75 dRis Sem-
deg Seiswavleboda peroqsidaciis produqtebis 
maCveneblebis done da leikocituri fermentebis 
aqtivoba; miRebuli Sedegebi analizdeboda mux-
lis saxsris dazianebis xarisxTan, Zvlis tvinis 
aspiratis koncentratis, meqanikurad homogeni-
zebuli cximovani qsovilis da Trombocituli 
plazmis Seyvanis gaTvaliswinebiT.
miRebuli Sedegebis analiziT dadasturda mo-

sazreba peroqsidaciis produqtebis (dienuri 
koniugatebi, TiobarbiturmJavaze moreagire da 
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cilebis modifikaciis JangviTi produqtebi), ce-
ruloplazminis da leikocitebis proanTebiTi 
aqtivobis (elastazas da mieloperoqsidazas 
aqtivoba) piradapiri damokidebuleba saxsris 
xrtilis, muxlis saxsris kafsulis da menis-
kis morfologiuri cvlilebebis donesTan. his-
tologiuri analizis safuZvelze avtorebi daas-
kvnian, rom Zvlis tvinis aspiratis koncentratis 
da homogenizebuli cximovani qsovilis Seyvana 
aaqtivebs saxsris sinoviuri garsis da meniskis 
reorganizaciisa da regeneraciis procesebs, rac 

korelirebs mieloperoqsidazas, TiobarbiturmJa-
vaze moreagire produqtebis da ceruloplazmi-
nis aqtivobis maCveneblebTan. Trombocituli 
plazmis moqmedeba xasiaTdeboda korelaciuri 
kavSiriT leikocitur fermentebTan da cximebisa 
da cilebis peroqsidaciis produqtebTan sisx-
lis SratSi. kvlevis Sedegebi iZleva varaudis 
safuZvels, rom Zvlis tvinis aspiratis koncen-
trats aqvs maRali Terapiuli potenciali, Trom-
bocitul plazmasa da cximovani qsovilidan 
miRebul ujredul suspenziasTan SedarebiT.

POSSIBLE EFFECTS OF ELECTRIC-MAGNETIC STIMULATION 
ON HYPOTHALMIC-HYPOPHISIAL-ADRENAL AXIS: BEHAVIOURAL STUDY

1Bukia N., 1Butskhrikidze M., 3Svanidze M., 1Machavariani L., 2Jojua N. 

1LEPL Ivane Beritashvili Center of Experimental Biomedicine; 2European University, Tbilisi; 
3Iv. Javakhishvili Tbilisi State University, Georgia

Depression disrupts the physiological and emotional function 
of the body and can lead to health problems. Potential reactions 
to the development of depression can be physiological such as 
cognition, emotion, and behavior. One of the most important 
physiological responses to depression is the enhanced release 
of glucocorticoids. Depressed patients consistently exhibit hy-
peractivity of the hypothalamus-pituitary-adrenal (HPA) axis 
[7,10]. HPA axis activity is regulated by the secretion of the cor-
ticotropic hormone-releasing factor (CRF), vasopressin (AVP) 
and oxytocin (OXY) from the hypothalamus, which finally 
stimulates the secretion of the glucocorticoids from the adre-
nal cortex. Glucocorticoids interact with their receptors (GRs) 
in multiple target tissues including the HPA axis by feedback 
inhibition [3,6,8,9]. 

Glucocorticoid receptor modulators and selective glucocor-
ticoid receptor agonists, combined as glucocorticoid receptor 
agonists. They belong to the class of experimental medications 
designed as anti-inflammatory, immunosuppressive, or anti-tu-
mor medications [1,2].

Selective glucocorticoid receptor agonists are steroidal struc-
tures, while selective glucocorticoid receptor modulators are 
usually nonsteroidal. Both modulators and agonists act by acti-
vating glucocorticoid receptors. Dexamethasone is an agonist of 
glucocorticoid receptors.

Working hypothesis. The activity of the HPA axis increases by 
the action of large doses of dexamethasone, a glucocorticoid re-
ceptor agonist. Thus, we assumed that exposure to GR agonists 
would reveal depressive behavior. It has been suggested that 
EMS will reduce the activity of the HPA axis, GR expression, 
and thus improve the symptoms of a depressed state.

Material and methods. The experiments were conducted on 
mongrel, albino male rats, weighing 150- 200 g (n=14). Pro-
ceeding from the goals set, the experimental group (dexametha-

sone-treated) and the control group of rats were involved in the 
experiments. Each group was divided into subgroups. Some rats 
from the subgroup were given EMS.

Reagents  – Dexamethasone - 1mg/ per animal for 10 days 
were given to the experimental groups The Control group of rats 
received the same amount of saline.

Electro-Magnetic stimulation  ––For EMS (carried for 10 
consecutive days) the device with coil designed at Tbilisi 
Technical University, Georgia was used. The parameters of 
EMS (stimulus frequency, number, and duration of stimuli,) 
which partially or fully inhibited behavior manifestation of 
depression, were established during pilot experiments. For 
repetitive EMS the following parameters: 10000 -15000 Hz 
frequency, 1,5 m/Tesla, for 15 min, during 10 consecutive 
days were used.

Forced Swimming Test (FST) - is quite sensitive to antidepres-
sant treatment. In this task, the rats were individually placed in a 
vertical cylinder containing water (25 0C) for a set length of time 
(15 min). 24 hours later, the rats were placed in the same cylinder 
and the time spent immobile, active swimming, struggling/climb-
ing, and spent under the water were measured during a 5 min. 

The Open Field Test-  Against the background of repeated 
EMS, the behavioral parameters of emotionally motivated re-
actions were studied in the open field test. The open field ap-
pears to be a chamber with 80 cm diameter, surrounded by 30 
cm height walls. The floor is divided into 32 squares and lighted 
with a 200 W lamp. The observation of the rats took place for 
5 minutes at the same time of the day. The video registration of 
the following parameters: entering the center, number of crossed 
squares, head raise, vertical stands, the frequency and duration 
of grooming, number of fecal boluses, and urination were per-
formed. After each experiment, the experimental chamber was 
cleaned with a 30% ethanol solution.


