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Stimulation of Reparative Regeneration of Articular Cartilage
Under the Effect of Cord Blood Low Molecular
Fraction (below 5 kDa)

W3y4anu 0COOEHHOCTH penapaTHBHON pereHepalry CyCTaBHOIO XPsIla Y KPbIC IMOA BIMSHHEM HU3KOMOJICKYJIIPHOH (pakiuu
(mo 5 x1a), BeIIEIICHHON U3 KPUOT€MOJIM3aTa KOPAOBOM KPOBH, U IIperapara CpaBHeHHs ““AKTOBEruHa”. YCTaHOBJICHBI OCOOCHHOCTH
GI/IOXI/IMI/ILIGCKOFO cocTraBa Xpﬂ[LleBOﬁ TKaHU B YCJIOBUAX DKCIICPUMEHTA. PeHTreHOI0rn4eCKH BEISBIEHO MOJOKHUTEILHOE MOp(bOJ'IO—
THYCCKOC UBMCHCHUEC COCTOSHUSA Xpﬂ[LleBOi’I TKaHHU. l'[pose;[eHHoe HCCJICAOBAHUE ITOKAa3aJI0 HOpMaJIu3aluro ):LBVIFaTCJ'[bHOﬁ AKTUBHOCTH
KpBIC K 28 CyTKaM 3KCIIEPUMEHTA.

Knrwoueesvie cnosa: penapatuBHas pereHepanus, Xpsil, KUAKUNA a30T, KOpAOBas KPOBb, ‘“AKTOBETHMH”, OKCUIIPOJIMH, THUPO3HUH,
IF€KCO3aMHUH, '€KCYPOHOBBIC KMCJIOThI, I'MaJTlypOHOBas KUCJI0Ta, XOHZ[pOI/ITI/IHCyJ'Ib(baT]:I, renapuvH.

BuBuanu oco0nMBOCTI penapaTuBHOI pereHepariii CynioGHOTo Xpslia y LypiB I1iJ BIUIMNBOM HU3bKOMOJIEKYJIIpHOT (pakil (10 5
k/la), BuzineHoi 3 kpioremoli3ary KOpJOBOi KPOBI, Ta Ipenapary nopiBHsHHS “AkToBeriny”. BcraHoBneHi 0coOIUBOCTI 6i0XiMIYHOTO
CKJIaJTy XPSILIbOBOI TKAHMHHU B YMOBaX €KCIIEPUMEHTY. PEHTIeHONIOTYHO BUSIBIIEHA [T03UTHBHA MOP(OIIOriyHa 3MiHa CTaHy XPALIbOBOT
TKaHUHU. [IpoBeneHe 10CIiKeHHS [T0Ka3ajIo HOpMallizaliio pyXoBOi aKTUBHOCTI L{ypiB Ha 28 100y eKCIIepUMEHTY.

Knrouoei cnosa: penapatvBHa pereHepaitist, Xpsil, piKuii a30T, KOpJ0Ba KPOB, “AKTOBETIH”, OKCUIIPOJIiH, TAPO3HMH, TEKCO3aMiH,
I'eKCYPOHOBI KHCIIOTH, TialypOHOBa KHCJIOTa, XOHAPOITIHCYIb(ATH, FerapuH.

There were studied the features of reparative regeneration of articular cartilage in rats under the effect of low molecular fraction
(below 5 kDa), isolated from cord blood cryohemolysate and the reference substance “Actovegin”. The peculiarities of biochemical
composition of cartilage tissue under experimental conditions were established. Positive morphological change in cartilage tissue state
was radiologically shown. The research performed demonstrated the normalisation of locomotor activity in rats to the 28" day of
research.

Key-words: reparative regeneration, cartilage, liquid nitrogen, Actovegin, oxyproline, tyrosine, hexosamine, hexuronic acids, hyaluronic

acid, chondroitin sulfates, heparin.

OpnHOI U3 aKTyaJIbHBIX 337]a4 COBPEMEHHOM TpaBs-
MAaTOoJIOTHH sIBJIsieTcs 3P PEeKTUBHOE JIeUeHHE TOBPEK-
JIEHUI CyCTaBHOI'O XpsIla Pa3JIMYHOW 3THOJIOTHH.
Cpenu JeKkapcTBEHHBIX MPEMaparoB, CIIOCOOCTBYIO-
LIMX perapaTuBHON pereHepanuu xpsiia, Hanbomee
3G PEKTHBHEI T€, B COCTaB KOTOPHIX BKJIIOYEHBI THa-
JYPOHOBAs KUCIIOTA, XOHJPOUTUHCYIb(DAT U TIIFOKO3a-
MuH (“Aptpon”, “Xounpokcun”, “Tepadmuekc”). Ux
NIEHCTBYE CBSI3aHO C aKTHBAIMEH (DEPMEHTHBIX CHCTEM
XOH/IPOIIUTOB, OTBETCTBEHHBIX 33 CHHTE3 JIEMEHTOB
MaTpHKca XpsLia o THITy o0paTHoii cBsi3u [4—-6]. Kpo-
M€ TOr0, CYLIECTBYIOT Npenaparbl, akTHBUPYIOLIUE
9HEPreTHUECKU 0OMEH B XOHIPOLMTAX 33 CUET HU3-
KOMOJIEKyIsipHOU (hpakiuu (10 5 k/]a) U3 KpoBU TEIAT
(“Conkocepun’ u “AxroBerun’). B pesynsrare Hammx
HccleqoBaHuU [2] cnenaHo MpeAnoioKeHUue, YTo
TIperapaT Ha OCHOBE HU3KOMOJIEKYIIIPHOH (paxiw (10
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One of the actual tasks in current traumatology is
an efficient treatment of articular cartilage damages
of different etiology. Among the drugs, contributing to
the cartilage reparation, the most efficient are those,
comprising hyaluronic acid, chondroitin sulfate and
glucosamine (“Arthron”, “Chondroxide”, “Theraflex”).
Their effect is associated to the activation of chondro-
cyte enzyme systems, responsible for the feedback
synthesis of cartilage matrix elements [4-6]. In
addition, there are the preparations, activating an ener-
getic metabolism in chondrocytes due to a low mole-
cular fraction (below 5 kDa) from calf blood (“Solco-
seryl” and “Actovegin”). As a result of our research
[2], the preparation, based on a low molecular fraction
(below 5 kDa) of bovine blood, isolated from cattle
cord blood cryohemolysate, was suggested as capable
to stimulate the cartilage tissue regeneration.
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5 x/1a) KpoBH KOPOB, BBIZIETICHHOM 13 KPHOTEMOJIM3aTa
KOPZOBOHM KPOBHM KPYITHOTO POTaToro CKOTa, MOXET
CTHMYJIMPOBATh PETCHEPALIUIO XPALICBOI TKAHH.

Lenb paboThl — H3y4eHHE OCOOEHHOCTEH pereHe-
paIi¥ CyCTaBHOTO XPsIla KPBIC MOCIIE MEXaHIMIECKOU
TPaBMBI, IPUMEHEHUS HU3KOMOIIEKYIISIPHOH (hpaKiium
13 KOPIOBOW KPOBHU KOPOB U ““AKTOBErHHA”.

Matepunanbl 1 meToAbI

HuzkoMonekynsipayto Gppakiiuio KOpAoBOH KpOBU
(®KK) xopoB Beaenwu o merony [2]. Mccnenoa-
Hue BeIToNHsUM Ha 40 Kphicax-camiiax TuHuN Wistar
maccoii 290-310 .

’KuoTHbIX pacnpeaeniiy Ha 4 rpymisl o 10 oco-
Oeli B Kakaoi: 1 —370poBbIE )KUBOTHBIE (HOpMa); 2 —
YKBOTHBIE C TPAaBMOM XpAI1Ia, HE TIOJTyYaBILUE JIEUEHNS
(KoHTpOMB); 3 — IKCHEPUMEHTAJIbHbBIE KUBOTHBIE C
TPaBMOil XpAIIa, KOTOPEIM B TE€UEHHE BCErO CpOKa
nccnenoBanus BHyTpumbIeuHo BBoauan @KK B no3e
1,17 mr Ha 100 r maccsl Tena (rpynna ®KK); 4 — sxe-
[IepUMEHTAIbHBIE )KUBOTHBIE C TPABMOM XPSIIia, KOTO-
PBIM B TE€UYEHHE BCETO CPOKA UCCIIEOBAHNS BHYTPH-
MEIeyHo BBoawIM “AxroBerun” (Nycomed, ABCT-
pust) B 1o3e 1,17 mr Ha 100 r maccel Tena (rpymmna
“AxrToBerun”).

Mexanndeckuii neexT Xpsimia ObUT OCYIIECTBICH
[3, 7] snexTprveckoil 6OpMaIINHON ¢ HAKOHEYHUKOM
B (hopme yceueHHOTOo KoHyca (JyinHa paboueii moBepx-
HOCTH HAaKOHEYHHKA COCTAaBIsET 4 MM, THaMETp BHH-
3y — 0,7 MM, BBepxy — 0,5 MM) BBICBEpIUBAHHUEM
OTBEPCTHS B Xpslle (IUCTAIBHBINA 0TI OeIpeHHON
KOCTH OT MEXXMBIILEJIKOBOM 30HBI BIIyOb MeTaaua-
¢uza) mmHoi 4 MM n auamerpom 110 0,7 MM.

Ha 7, 14, 21 u 28-¢ CyTKH ¢ MOMEHTa MOJIEIIHPO-
BaHUS MEXaHWYECKOTO MOBPEXKJIECHUS XPsIla KOJIEH-
HOTO CyCTaBa OLICHHUBAJIU COCTOSIHHE JBUTATEIbHOU
AKTUBHOCTH KPBIC 110 MeToxy [ 1], a Takxke onpeaessiiu
coziepikaHre OMOXUMHUYECKUX KOMITOHEHTOB MaTpHUKCa
B pereHepare xpsiua: THpo3HHa [6], rekco3amuHa [8],
OKcHIponuHa [ 12], rekCypOHOBBIX KUCIOT [9], ruamy-
POHOBBIX KHCJIOT, TeMaprHa U XOHAPOUTHHCYIIb(aToB
(Tmuko3amuHOTIIMKAHBI) [6]. Cpa3y mociie MoJeupo-
BaHUSA MEXaHUYECKOH TpaBMBI XpsIlia U Ha 28-€ CyTKH
HaOIroIeHus ¢ ToMoIIbo anmnapara PYM-4 (Poccust)
MIPOBEZICHO PEHTTEHOIOTHYECKOE UCCIIeTOBAaHMIE TIOB-
PEeXIEHHOTO yJacTKa.

OKCIIEpUMEHTHI NPOBEIECHBI B COOTBETCTBUU C
“O0mKUMH IPUHLIUIIAMH 3KCIIEPUMEHTOB Ha KHBOT-
HBIX”, omoOpenubME 11 HanimoHnamsHBEIM KOHTpEcCcOM
o 6noatuke (20.09.04, Kues, Ykparna) 1 coriacoBaH-
HBIMU € TIOJIOKEeHUAMH “EBpomneiickoll KOHBEHITH O
3aIIUTE NO3BOHOYHBIX XKUBOTHBIX, UCTIONIB3YEMBIX JJIS
SKCIEPUMEHTAIBHBIX W APYTUX HAYYHBIX Ienei”

(CrpacOypr, 1985).
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The research aim is to study the regeneration
peculiarities of articular cartilage in rats after mecha-
nical trauma, application of low molecular fraction from
bovine cord blood and “Actovegin”.

Materials and methods

The low molecular bovine cord blood fraction
(CBF) was isolated according to the method [2]. The
research was done in 40 Wistar male rats of 290-310 g.

Animals were divided into 4 groups by 10 indivi-
duals in each: 1 — healthy animals (the norm); 2 — the
animals with cartilage trauma, non-treated (the cont-
rol); 3 — experimental animals with cartilage trauma
with CBF intramuscular injection in the dose of 1.17 mg
per 100 g of body weight within the whole research
period (CBF group); 4 — those with cartilage trauma
with intramuscular injection of “Actovegin” (Nycomed,
Austria) in the dose of 1.17 mg per 100 g of body
weight within the whole research period (“Actovegin”
group).

Mechanical cartilage defect was done [3, 7] using
an electric drill with a handpiece in the form of flatte-
ned cone (4 mm length of handpiece operative surface,
0.7 and 0.5 mm of upper and lower diameters, corres-
pondingly) by drilling the hole in the cartilage (femur
distal part from an intercondylar area into the depth of
methadiaphys) of 4 mm length and up to 0.7 mm dia-
meter.

To the 7™, 14%, 215t and 28" days from the moment
of modelling of knee joint cartilage mechanical damage
there was assessed the state of locomotor activation
in rats by the method [1], as well as the content of
biochemical component of matrix in cartilage regene-
rate: tyrosine [6], hexosamine [8], oxyproline [12],
hexuronic acids [9], hyaluronic acids, heparin and
chondroitin sulfate (glycosaminglycans) [6] was deter-
mined. Right after modelling the cartilage mechanical
damage and to the 28™ observation day using the
RUM-4 device (Russia) there was performed an X-ray
study of a damaged site.

Experiments were done according to the “General
ethical principles of experiments in animals”, approved
by the 2" National Congress on Bioethics (Kiev, 2004)
and agreed with the statements of the “European
Convention for the Protection of Vertebrate Animals
Used for Experimental and Other Scientific Purposes”
(Strasbourg, 1985).

The data were statistically processed with the
Microsoft Excel 2003 software using the Mann-
Whitney U-test.

Results and discussion
Cord blood and the one of animals of early onto-
genesis has quite a high biological potential, stipulated
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HanHble craTucTHYEeCKH 00padaThIBald C MO-
Mobo iporpammel Microsoft Excel 2003 ¢ ucrnons3o-
BaHueM U-kputepus MaHHa- YUTHU.

Pe3yAbTatel M 00Cy)xaeHue

KopnoBast kpoBs M KPOBB KHBOTHBIX PaHHETO
OHTOTeHe3a 00J1a/1aeT Ype3BbIYaitHO BEHICOKUM OHOJIO-
TUYECKUM TOTCHIIAIOM, KOTOPEIi 00yciioBeH cba-
JTAHCHUPOBAHHOCTHIO CMENU(PUIHBIX KOMIIOHEHTOB,
MOAAEPKUBAIOIINX ¥ aKTUBHPYIOMNUX KIECTOYHBIN
MeTabonu3M. OcoOblii HHTEPEC B 3TOM OTHOILICHUH
MpeACTaBIACT HU3KOMOJEKyIsipHas ¢pakuus (10
5 k/la) KopHOBOH KPOBM KPYNHOTO POraToro CKOTa,
KOTOpast ClI0COOHA CTUMYJIUPOBATH KJIETOYHBIN MeTa-
00J113M, YTO B YACTHOCTH OBUIO YCTAHOBJICHO IS
“Conkocepuna” U “AKTOBEruHa”, MOJYYEHHBIX W3
OHTOTEHETHYECKH OJM3KOr0 NCTOYHHUKA — KPOBH MO-
JIOYHBIX TenAT|2].

Ycranosineno, uro @PKK crumynupyer o6pa3ona-
HHE XPSILIEBOM TKaHU MTOCJIE MEXaHUYECKOU TPAaBMBI,
OJTHAKO PEHTICHOJIOTMYECKUI aHaNMHM3 MOKa3aj, 4To
naxe Ha 28-e CyTKH AedeKT xpsima coxpansercs. B
rpynne xuBoTHbIX ¢ BBeneHueM OKK mnomans
MOBPEXKACHHS Ha 28-¢ CYTKH COCTaBIIsIa 7 MM?, 4TO
JOCTOBEPHO MEHBIIIE, YeM B KOHTPOJIE ¥ OOJIbIIE , YEM
B IpymIie ¢ BBeaeHneM “AkroBeruna’ (puc. 1).

HnTencuBHOCTH 00pa3oBaHus XPsILEBOH TKaHU
omnpeznensieTcs ONOCHHTE30M B XOHAPOLIUTaX MaTPUK-
ca reKCO3aMHHA, TeKCYPOHOBBIX KHCIOT, THPO3WHA,
OKCHUIIPOJINHA, THATYPOHOBOH KHCIIOTHI, T€TapHHa,
XOHJIPOUTHHCYIIb()ATOB U aKTHBHOCTHIO (prbpobitac-
TOB, CHHTE3UPYIOLINX COCTUHUTEIFHOTKAHHBIE dJIe-
MEHTHI perenepara xpsma [6, 10, 11].

JlanHbIe 0 comepKaHUN TTTMKO3aMHUHOTTTMKAHOBBIX
Y TIPOTEOTIMKAHOBBIX KOMIIOHEHTOB B TKaHHU XpsIa
Ha 21-e CyTKH IOCJIe HAaHECEHMs TPaBMBI NPEACTaB-
JIEHBI B TAaOJIHLIE.

[Tox Bnusanem KK u “AxroBeruHa” B pereHe-
paTe Xpsiia JOCTOBEPHO YBEINYHUBACTCS COJEPKAHNE
BCEX HCCIIEAYEMBIX OMOXMMHUYECKUX KOMIIOHEHTOB
MaTpHKca XpSILEBOH TKaHN, 0COOEHHO THaTypOHOBOM
kucnothl. [locne BBemeHus “AKToBernHa” ypOBEHb
TocJIeTHEN B pereHepare xpsiia Beiie B 6,3 pasa,
YeM B TPYMIIE )KUBOTHBIX, HE MOJyYaBIIUX JICUECHUS.
ITox Bausnuem ®KK copepxkanue ruanypoHOBOM
KHUCJIOTHI yBEJIMUIUBACTCS BCETO B 3,3 pasza Imo cpaBHE-
HUIO C TPYTIION )KHBOTHBIX, HE MOTyYaBIINX JICUCHHS.
OpnHako k 21-M cyTKaM HaOIIOIEHUS MOCIIe TPUMEHe-
Hust @KK 1 “AxroBernna’ cofepskaHue rTHary poHOBON
KHCIIOTBI 3HAYUTENIBHO HUXKE, YEM B TPYIIIE 3J0POBBIX
JKUBOTHBIX.

VYcranosneno, uro nof snusauem OKK conepxa-
HHUE XOHIPOUTHHCYIB(ATOB yBeanuuBaercs B 4,2 pasa
T10 CPABHEHHIO C TPYIIIOH ;KUBOTHBIX,, HE IOy YaBIINX
JICYECHHS, a [TOJ1 BIIMSHUEM IIpernapaTa CpaBHEHUs “AK-
ToBernHa” — B 2,4 pa3za. Bmecte ¢ TeM k 21-M cyTkam
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with the balance of specific components, supporting
and activating their cell metabolism. Of special interest
in this respect is low molecular fraction (below 5 kDa)
of cattle cord blood, enabling to sharply increase the
cell energetic potential, in particular this was established
for “Solcoseryl” and “Actovegin” originated from the
ontogenetically close source, vealer blood [2].

It has been established that CBF stimulates the
formation of cartilage tissue after mechanical trauma
but X-ray analysis has shown the preservation of
cartilage defect even to the 28" day. In the group of
CBF-injected animals the area of damage to the 28"
day made 7 mm?, that was statistically lower than in
the control and higher if compared with the group with
“Actovegin” (Fig. 1).

Intensity of cartilage formation is determined by
biosynthesis in chondrocytes of matrix of hexosamine,
gexuronic acids, tyrosine, oxyproline, hyaluronic acid,
heparin and chondroitin-sulfates and activity of
fibroblasts, synthesizing connective tissue elements of
cartilage regenerate [6, 10, 11].

The data on the content of glucosamine glycans
and proteoglycan components in cartilage tissue after
trauma initiation are presented in the table.

Under CBF effect and “Actovegin” in the cartilage
regenerate the content of all the studied biochemical
components of cartilage tissue matrix increases, es-
pecially of hyaluronic acid. After “Actovegin” introduc-
tion the level of the latter in cartilage regenerate is 6.3
times higher than in the group of non-treated animals.
Under CBF effect the content of hyaluronic acid in-
creases only in 3.3 times if compared with the group
of non-treated animals. However to the 21 observation
day after application of CBF and “Actovegin” the content
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Puc. 1. Ilnomans moBpexaeHUs xpsmia Ha 28-e CyTKH,
BBIYKCJICHHAS 110 peHTreHorpamMam: * —p < 0,05 o cpas-
HEHHIO C TPYTIIOH )KUBOTHBIX,, HE TTOYYaBIIUX JICUCHHS.

Fig. 1. Injury cartilage area to 28" day, calculated with X-
ray patterns: *—p < 0.05 if compared with the group of non-
treated animal
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ConeprkaHre OCHOBHBIX JIEMEHTOB MaTpHKCa B peTeHepare XpsIia Mocie ero MeXaHn4ecKoi TpaBMbI Ha 2 1-e CyTKH

Content of matrix basic elements in cartilage regenerate after its mechanic trauma to the 21* day

Tl'ekcypoHOBEIE I'maryponoBas XOHAPOUTHH-
'pynmbl >KUBOTHBIX T'ekcozamus, Mr/% KUCAOTEL, MI'/% KUCAOTA, MI'/% cyAabdaTsl, MI/% lemapun, Mr/%
Animal groups Hexosamine,mg/% Hexuroni c acids Hyaluroni c acid, Chondroitin sulfates, Heparin,mg/%
mg/% mg/% mg/%
I'pymnia 350pOBLIX
HKUBOTHEIX (1) 0,63 = 0,02* 1,4 = 0,069% 0,34 = 0,034* 0,23 = 0,004* 0,21 * 0,009*
Healthy animal
group (1)
'pynma >XKUBOTHBIX, He
TIOAYYaBIINX AeUeHUS
(2) 0,34 = 0,029 0,61 = 0,03 0,04 = 0,02 0,04 = 0,007 0,07 = 0,007
Group of non-treated
animals (2)
%{3}; ((33>) 0,64 = 0,032 1,01 = 0,076* 0,14 = 0,02 0,17 = 0,012 0,15 = 0,013
Axrosern® (4) 0,66 = 0,045 1,08 = 0,071% 0,26 = 0,017* 0,1 = 0,009* 0,15 % 0,01
Actovegin” (4)
XpsiieBast TKaHb
HeTpaBl\IPIpOBaHHOﬁ
KOHEYHOCTHU 0,6 = 0,014* 1,43 = 0,082* 0,31 = 0,018* 0,22 = 0,008* 0,23 = 0,003*
Cartilage tissue of
non-traumatized limb

IMpumeuanne: * — p < 0,05 110 CPAaBHEHUIO C IPYIINON KUBOTHBIX, HE TOIYYABLINX JICUECHHS.
Note: * — p < 0.05 if compared with the group of non-treated animals.

HaOIIONCHUs colep KaHue XOHAPOUTUHCYIL(ATOB B
XPAILLIEBOM TKAHU ONBITHBIX )KUBOTHBIX CYIIECTBEHHO
HWXe, YeM B TPYTINE 3J0OPOBBIX.

AHaNIOTHYHYIO KapTHHY HaOITIOIaNN TPH HCCIIEA0-
BaHUH '€éKCO3aMHUHA, YPOBEHb KOTOPOT'O MPH UCIIOJIB30-
Banuu ®KK u “AxToBernHa’” noBbILLIAICSI COOTBETCT-
BeHHO B 1,7 1 1,8 pa3a mo cpaBHEHHIO ¢ KOHTPOJIBLHOH
TPYNION JKUBOTHBIX. BaXHO OTMETHTB, UTO NPH BBE-
nennn KK u npenapara cpaBHEHUS ypOBEHb FEKCO-
3aMHHa JOCTOBEPHO HE OTIMYAJCSA OT TaKOBOTO B
TpyTIe 30POBBIX KUBOTHBIX, YTO CBUIETEIHCTBYET
0 CTUMYJISIIANA MeTaboII3Ma.

B onbITHBIX rpynnax v rpymnie >KUBOTHBIX, HE IOJTy-
YaBIIMX JIEYEHUS, OTMEUEHO Pa3INIHOE COEPKAHNE
renapusa. B yactHoctu, noa BnusiHueM OKK ero co-
JIep)KaHue B pereHepaTre Xpsila YBEIHYHBAETCS B
2,1 paza. CozneprxkaHue rernapruHa B pereHepare Xpsina
npu BBeneHud OKK u “AxroBernHa” He3HaYUTEIbHO
OTJIIMYAETCS OT TAKOBOTO B TPYTIIE 37JOPOBBIX KUBOT-
HBIX.

AHaNIorMyHbIe N3MEHEHUS BBIBIICHBI P UCCIIEN0-
BAaHUU COJIEPHKAHUS B pereHepare Xpsila reKCypoHo-
BBIX kucioT: oA BiusinueMm ®KK u npenapara cpas-
HEHHsI OHO yBenmuuBaercs B 1,6 u 1,7 paza cooTBet-
CTBEHHO I10 CPaBHEHHMIO C IPYIIIOHN JKUBOTHBIX, HE TIOJTY-
yaBmux jedeHud. Ilocne npumenenus ®KK u
“AxTOBernHa’” ypoBeHb F'€KCYPOHOBBIX KHCIIOT B pPere-
Hepare xpsra 66u1 Hike B 1,3 u 1,4 paza cooTBeTCT-
BEHHO, YEM B IPYIIIIE 340POBBIX )KHBOTHBIX.

Hdns n3yuenus mexanusma aeiicteus OKK u
“AKTOBETHHA” Ha PETCHEPAIMIO XPSIIla OICHUBAIH
coJiep’KaHNe OCHOBHBIX KOMIIOHEHTOB MAaTpHKCa He
TOJILKO B CAMOM PETE€HEPATE XPsIIa ONBITHBIX )KUBOT-
HBIX, HO U B XPAILLEBON TKAHU 310POBOM KOHEYHOCTH
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of hyaluronic acid is significantly lower than in the group
of healthy animals.

It has been established that under the effect of CBF
the content of chontroitin-sulfates increases in 4.2 times
versus the group of non-treated animals, and under
the effect of “Actovegin” it was in 2.4 times higher. In
addition to the 21% observation day the content of
chondroitin sulfates in cartilage tissue of experimental
animals was significantly lower than in the group of
healthy ones.

The same picture was observed when investigating
hexosamine, the level of which when using CBF and
“Actovegin” increased, correspondingly, in 1.7 and 1.8
times if compared with the control group of animals. It
is important to note that during introduction of CBF
and the preparation to compare the level of hexosamine
did not statistically differ from that in the group of
healthy animals, that testified to a high stimulation of
metabolism.

In experimental groups and the one of non-treated
animals different content of heparin was noted. In
particular, under the CBF effect its content in cartilage
regenerate increases in 2.1 times. Heparin content in
cartilage regenerate when introducing CBF and “Acto-
vegin” slightly differs from that in the group of healthy
animals.

The same changes were found when investigating
the content of hexuronic acids in cartilage regenerate:
under CBF effect and the preparation to compare it
increases in 1.6 and 1.7 times, correspondingly with
the group of non-treated animals. After application of
CBF and “Actovegin” the level of hexuronic acids in
cartilage regenerate was lower in 1.3 and 1.4 times,
correspondingly versus the group of healthy animals.
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Tex ke Kpbic. V3 maHHBIX TaOIUIBI, MOYKHO 3aKITIO-
yuTh, 4T0 PKK 1 npenapat cpaBHEHHsI JOCTOBEPHOTO
BIIUSHUS Ha COJIEp/KaHUE KOMIIOHEHTOB MaTpHUKca He
OKa3bIBAIOT, YTO, BEPOSITHEE BCETO, CBUIETENBCTBYET
0 MX HampaBJIE€HHOM OHMOJOTHYECKH aKTUBHOM
JIEHCTBUY Ha MTOPAXKEHHYIO XPSAIIEBYIO TKaHb.

B nanpueiimem nzyvanu snusaue OKK u “Axro-
BErMHAa” Ha KOHLIEHTPALUIO B PETeHEpaTe XpAla OKCH-
MIPOJIMHA ¥ THPO3WHA, TIO YPOBHIO KOTOPBIX MOXHO
OTIPENIeNTUTH CONlEPIKaHNE KOJTAareHOBBIX U HEKOJuIare-
HOBBIX OenkoB xpsima [6, 10, 11], apnstrommxcs kpute-
pueM akTUBHOCTH (HUOPOOIACTOB U XOHIAPOIIUTOB B
TpaBMHPOBaHHOM Xpsiie [4, 12].

W3 puc. 2 BunHO, 4TO coaepx aHHe TUPO3WHA B
pereHepare Xpsia IpyII KUBOTHBIX C BBEAECHHEM
OKK u “AxToBeruHa’” BABOE BBILIE IO CPABHEHHUIO C
TPYIION KUBOTHBIX, HE MOJy4YaBIIMX JieueHud. B
cnyqae npuMmeHeHuss KK u “AxroBernHa” ypoBeHb
TUPO3HMHA K 21-M CyTKaM IOCJ€ HAaHECEHHs TPABMBI
Huxe B 1,9 paza, 4yeM B rpyniie 310pOBbIX KUBOTHBIX.
Conepxanue OKCHIIPOJIMHA B peTreHepaTe Xpsma
nociie mpumenenuss @PKK B 2 pasa Beime no cpaBHe-
HUIO C TPYTIITON )KHBOTHBIX, HE MOTyYaBIINX JICUSHHS,
B TO BpeMs KaK MOCyIe BBEJICHHS ITpenapara CpaBHEHUS
3HAUYUTEIHHBIX U3MEHEHHH [0 CPABHEHHIO C KOHTPOJIb-
HBIMH )KUBOTHBIMHA HE BBISBICHO. YCTaHOBJICHO, YTO
coJiep>KaHue OKCUIIPOJIMHA B pEreHepaTe Xpsia nocie
npumenennd KK mensiue B 1,2 pasa, yem B rpymnie
3I0pOBBIX >KMBOTHBIX. OueBnaHo, yro OKK 3na4M-
TEJILHO CTUMYJIUPYET CUHTE3 OKCUIIPOJIMHA B [IOPAYKEH-
HON XxpAmeBoi TkaHu. Kak M nmpu HccienoBaHuu
[IPOTEONNTUKAHOBBIX KOMIIOHEHTOB, HE BBISIBJIEHBI 1OC-
TOBEPHBIE OTJIMYUSA B COAEPKAHUM JAHHBIX aMUHO-
KHUCJIOT B XpSIIE 370POBOH KOHEYHOCTH OMBITHBIX
YKUBOTHBIX IT0 CPAaBHEHHUIO C HOPMO.

Takum 00pa3zom, HCCIIeTOBAaHUE OMOXUMUYCCKIX
10-Ka3aTeJieH MO3BOJIMIIO yCTaHOBUTD, YTO BHY TPHMBI-
meyHoe BeeneHue KK ctuMynupyer HakoIIeHUe
OCHOBHBIX JJIEMEHTOB MAaTPHKCa M COEAHMHHUTEIHHO-
TKAHHBIX JIEMEHTOB Xpslla Ha MPOTSKEHUH BCErO
CpOKa 3KCIeprUMeHTa. DTo 00BsCHAET Oosee OBICT-
PO€ BOCCTAHOBJICHHUE CTPYKTYPHO-(PYHKIMOHAIBHBIX
CBOHCTB TPaBMHUPOBAHHOI'O XpAILIA MOJ BIHSHUEM
npenapara @PKK no cpaBHEHUIO ¢ KOHTPOJIEM.

st Gonee TOYHOTO yCTaHOBIICHUS 3D (HEKTUBHOCTH
MIPOBEJIEHHOTO JICYCHHS U3ydaial AWHAMUKY IBUTA-
TENIFHOM aKTUBHOCTH IKCIIEPUMEHTAITBHBIX )KUBOTHBIX.
W3 puc. 3 Buano, uto BBenenne ®KK u “Axroernna”
CTUMYIIAPYET HOPMAJIU3ALUIO ABUTATEIbHON aKTHUB-
HOCTH 3Ha4UTENbHO ObIcTpee (Ha 7-e cyTKu — B 1,7 1
1,6 paza, 14-e cytkm — B 1,4 u 1,3 pasza cooTBeT-
CTBEHHO, 21 1 28-¢ cyTku — 1,2 pa3a) 1o cpaBHEHHIO C
IPYNINON XUBOTHBIX, HE MOJYYaBIIMX JICUCHUS.
Hoctosepusie otnuuus BausHuss GKK u “Axrose-
TUHA” 10 CPaBHEHUIO C IPYIIION >KUBOTHBIX, HE MOy~
YaBIIUX JICUYCHHsI, OTMEUCHBI YK€ Ha 7-¢ CyTKH Hal-
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Puc. 2. Coneprxanne aMUHOKHCIIOT B peTeHepaTe Xpsia Ha
21-e cyrku: B — tposun; O — oxcunponuy; 310p. KOH. —
3[10pOBasi KOHEYHOCTh )KMBOTHBIX OIBITHBIX TPyHIT; * —
p < 0,05 1o cpaBHEHHIO C KOHTPOJIEM.

Fig. 2. Content of aminoacids in cartilage regenerate to the
21* day: H—tyrosine; O0— oxyproline; Non-inj. — non-injuired
limb of animal experimental groups; * —p < 0.05 if compared
with the control.

To study the effect mechanisms of CBF and
“Actovegin” on cartilage regeneration the content of
main matrix components not only in the cartilage
regenerate itself and in cartilage tissue of rat’s healthy
extremity was studied. The table data show that CBF
and the preparation to compare render no statistically
significant effect on the content of the matrix compo-
nents, likely testifying to their directed active effect
on the impaired cartilage tissue.

Later there was studied the effect of CBF and
“Actovegin” on concentration of oxyproline and tyrosi-
ne in cartilage regenerate, according to the level of
those the content of collagen and non-collagen cartilage
proteins [6, 10, 11], being the criteria of the activity of
fibroblasts and chondrocytes in the traumatized
cartilage may be examined [4, 12].

Fig. 2 demonstrates that the content of tyrosine in
cartilage regenerate of the animals from the groups
injected with CBF and “Actovegin” was twice higher
if compared with those non-treated. In case of applying
the CBF and “Actovegin” tyrosine level to the 21
day of trauma initiation was lower in 1.9 times, than in
the group of healthy animals. Oxyproline content in
cartilage regenerate after application of CBF is two
times higher if compared with the group of non-treated
animals, meanwhile after injection of the preparation
to compare no significant changes versus non-treated
animals were found. It has been established that oxy-
proline content in cartilage regenerate after application
of CBF is 1.2 times less than in the group of healthy
animals. It is evident that CBF strongly stimulates the
synthesis of oxyproline in a damaged cartilage tissue.
As well as during studying the proteoglycan compo-
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Puc. 3. JluHamMuKa JBUTATENLHON aKTHBHOCTH KpBIC: A\ —
Hopma; @ — KOHTpOIB; @ — “Axrosernn”; M — OKK; *—
p <0,05 no cpaBHEHHUIO C KOHTPOJIEM.

Fig. 3. Dynamics of rats’ motion activity: A —norm; @ —
control; ®—“Actovegin”; M- CBF; * —p <0.05 if compared
with the control.

monenusi. JlocroBepubix omnunit Bnugaauss OKK u
“AxTOoBernHa” Ha JBHUTaTENbHYIO aKTHUBHOCTH KPBIC
HE BBISIBJIICHO. Y JKUBOTHBIX, HE [TOJTy4aBLIUX JICUECHUS,
JBUTaTEIbHAsl AKTUBHOCTh HE BOCCTAHABJIMBAIACH
Jaxe K 28-M cyTKam.

BbiBOADI

VeranobieHo, uto @KK u “AkToBerun’ B 9KBUBa-
JICHTHBIX 033X CTUMYJIUPYIOT HAKOIIIEHUE OCHOBHBIX
KOMIIOHEHTOB MaTpHKca B pereHepare xpsuia (TeKco-
3aMHHA, T€KCYPOHOBBIX KHCIOT, THAJypOHOBOH
KHUCJIOTBI, TeTIApUHA 1 XOHAPOUTHHCYb(ATOB), a TAKKe
BaOXHEHIITNX AMUHOKHUCIIOT (OKCHIIPOJIMHA U THPO3UHA),
OTpaKaIoIINX COIEpPKaHNe KOJIJIAareHOBBIX M HEKOJLIa-
TEHOBBIX AJIEMEHTOB XPSIIa. ITO TO3BOJISET CENATh
3aKJIFOYEHUE O TTOJIOKUTETHHOM BIMSIHUN 000HX Tperia-
pPaToB Ha penapaTuBHYIO perenepanuio xpsama. [loy-
YEeHHBIE SKCIIEPUMEHTAIbHBIE JAHHBIE ITOITBEPKICHBI
PEHTTEHOJIOTHYECKUM HCCIEA0BaHUEM XpsAIla U pe-
3ynbraramMy QyHKIMOHAILHON IUarHOCTUKY KOHEYHOC-
TH MOAONBITHOTO XHUBOTHOTO. IIpu comnocraBnennn
OKK u “AxroBernHa’ BHISBIEHO, 4TO 3()(HEKTHUBHOCTD
OKK npakTHuecku aHajIoru4Ha JeHCTBUIO ““AKTOBE-
TUHA” B 9KBUBAJICHTHBIX J103aX.
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nents no statistically significant differences were found
in the content of these amino acids in the cartilage of
healthy extremity of experimental animals if compared
with the norm.

Thus the investigation of biochemical indices
demonstrates that intramuscular injection of CBF
significantly stimulates the accumulation of the main
elements of the matrix and connective tissue elements
in cartilage within the whole experimental term. This
explain more rapid recovery rates of the traumatized
cartilage if compared with control.

For elucidation of the efficiency of the performed
treatment the dynamics of motor activity of experi-
mental animals was studied. Fig. 3 shows that injection
of CBF and “Actovegin” stimulates the normalization
of motor activity much more rapid (to the 7" day in
1.7 times and 1.6 times, to the 14" in 1.4 and 1.3 times,
correspondingly, to the 21 and 28" days in 1.2 times)
if compared with the group of non-treated animals.
Significant differences of the effect of CBF and “Acto-
vegin” if compared with the group of non-treated ani-
mals were found even to the 7" observation day.
Statistically significant differences of CBF and “Acto-
vegin” effect on motor activity in rats were not revea-
led. In non-treated animals the motor activity did not
recover even to the 28" day.

Conclusions

It has been established that CBF and “Actovegin”
under equivalent doses stimulate the accumulation of
main components of the matrix in cartilage regenerate
(hexosamine, hexuronic acids, hyaluronic acid, heparin
and chondroitin sulfates), as well as the most important
amino acids (oxyproline and tyrosine), reflecting the
content of collagen and non-collagen cartilage ele-
ments. This enables to conclude about positive effect
of both preparations on cartilage reparative regene-
ration. The experimental findings are confirmed with
X-ray examination of the cartilage and the results of
functional diagnostics of the limbs of experimental
animal. When comparing CBF and “Actovegin” there
was found that the efficiency of CBF is quite similar
to the one of “Actovegin” under equivalent doses.
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