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Combined Effect of Low Temperatures and Low Molecular Fraction
(Below 5 kDa) of Cord Blood in Recovering
Processes in Cartilage Tissue

HccnenoBanu BIHsSHUE KPHOBO3ACHCTBHSA, COYETAHHOTO ¢ MIPUMEHEHNEM HH3KOMOIEKYIIpHOH ¢paxunu (1o 5k/la) kopaoBoi
kpoH (PKK), Ha MeTabonu3M nomrcaxapuaHbIX KOMIIOHEHTOB MaTpHUKCa M OSIIKOB COSIMHUTENBHOM TKaHH XPAIIIa OCIIe MEXaHNIeCKOi
TPaBMBI. YCTaHOBICHO, YTO KPHOBO3AEHCTBUE, COUETaHHOE C BHYyTpuMbIeyHbIM BBeneHneM PKK, cymecTBeHHO cTHMynUpyeT
HaKOIUICHHE OCHOBHBIX KOMIIOHEHTOB MaTpHKCa: FeKCO3aMUHA, TeKCYPOHOBBIX KHCIIOT, THAITYPOHOBOH KHCIIOTHI, XOHAPOUTHHCYTH(HATOB
1 TeIaprHa, a TAKKe BAKHEHIINX CTPYKTYPHBIX OCJIKOB B peTeHepare Xpsa, TeM CaMbIM 00ecedrBast BRICOKHI yPOBEHb CTUMYIISIIUHI
pereHepanyuy TpaBMUPOBAHHOH XPAIIEBOH TKaHU.

Kniouegwie cnosa: xpruoBo3zeiicTBUE, KOPAOBAsl KPOBb, XPSIN, INTHKO3aMHHOIIIMKAHBI, IPOTEONINKAHBI, pETCHEPAIIHs.

BuBuanu BruiB Kpiofii, o€ AHAHOT 3 BUKOPHCTAHHAM HU3BKOMOJIEKYISIpHOT (ppakiii (1o 5 x/la) kopnosoi kposi (PKK), Ha meTabomizm
MoJTicaxapuJHUX KOMIIOHEHTIB MaTpUKca Ta OUTKIB CHIOyYHOI TKAaHWHH XPSIIIa IMTiCIIs MeXaHI9HOi TpaBMU. BcTaHOBIICHO, IO KPIOBILTUB
pa3oM 3 BHYTpilIHbOM’130BUM BBeeHHAM OKK, 3HaUHO CTUMYJIFOE€ HAKOTMYECHHS OCHOBHUX KOMIIOHEHTIB MaTpHKCa: FeKCO3aMiHy,
IeKCYPOHOBHX KHCJIOT, TiaJlypOHOBOI KUCJIOTH, XOHIPOITHHCY/Ib(ATiB Ta rernapuHy, a TAKOK BAXKIUBILIMX CTPYKTYpPHHX OLIKIB y
pereHepari xpsiiia, THM CaMUM 3a0€311e4y04n BUCOKUH PiBEHb CTUMYJIALIT pereHepariii TpaBMOBaHOT XPSIOBOT TKAHUHH.

Knrouoei cnosa: KpioBIUIHB, KOPIOBa KPOB, XPAIII, TIIIKO3aMiHOTIIIKAHH, TIPOTCOTTIIKAHH, PereHepaIris.

The influence of cryoeffect combined with the application of low molecular cord blood fraction (CBF) (below 5 kDa) on
metabolism of polysaccharide components of the matrix and proteins of cartilage connective tissue after mechanical trauma has been
studied. It has been established that cryoeffect, combined with intramuscular injection of CBF significantly stimulates the accumulation
of main matrix components: hexosamine, hexuronic acids, hyaluronic acid, chondroitin sulfates and heparin as well as the most
important structural proteins in cartilage regenerate, thereby providing a high level of regeneration stimulation of traumatized cartilage

tissue.

Key-words: cryoeffect, cord blood, cartilage, glycosaminoglycans, proteoglycans, regeneration.

B Hacrosmee BpeMs 17151 CTUMYIISIIIAA periapaTuB-
HOW pereHepanuy Xpsiia MpU ero MeXaHW4YeCKOM
MTOBPEXKACHNUH IPUMEHSIETCS KpHOBO3aencTBre [4—6,
20]. Ipu sToM 3¢ HEeKTUBHOCTh KPUOBO3ACHCTBHUS
00yCITOBIIEHA KPHOACCTPYKITUEH TOPAKEHHOHN TKAHH JI0
YPOBHSI, KOTOPBIiA TO3BOJISIET 33/1€HCTBOBATD BITOCIE-
CTBHMHM MOTEHLHAJ KJIETOK IIIyOOKOT0 cJos Xpsima |3,
11, 20] ¢ MeHbIIEH TPaBMAaTUUYHOCTBIO, YEM IPSIMOE
XHpypruueckoe BMemarensctso [9, 11, 13]. Kpuosos-
neiicTBue B OOJBIIMHCTBE CIIy4aeB CYIIECTBEHHO YC-
KOpSIET peNapaTuBHYIO PEreHEPaLNIO IOBPEKICHHOTO
Xpslla U IO3TOMY MOXET paccMaTpUBATHCI Kak
KpuocTUMyInAnusA. M3BecTHo, 4To 6a30Basg CKOPOCTh
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Nowadays cryoapplication is used to stimulate
reparative regeneration of cartilage at its mechanical
damage [4-6, 20]. Herewith the efficiency of cryoef-
fect is stipulated by the cryodestruction of damaged
tissue to the rate enabling to use later the potential of
the cells of cartilage deep layer [5, 11, 20] with less
traumaticity than a direct surgical invasion [9, 11, 13].
Cryoeffect in the majority of cases significantly acce-
lerates the reparative regeneration of damaged carti-
lage and therefore it may be considered as cryostimula-
tion. It is known that basic rate of reparative regenera-
tion of cartilage tissue is determined by the intensity
of tissue metabolism [9, 11, 13] and depends primarily
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penapaTUBHOM pereHepanuy XpsAIeBol TKaHH OIpe-
JeNIAeTCs HHTEHCHBHOCTHIO TKAHEBOTO METa00IM3Ma
[9, 11, 13] u 3aBUCHT IIpekKE BCETO OT MeTabOIM3Ma
MIOJIMCAXapUIHBIX DJIEMEHTOB M COETUHUTEIIBHO-TKaH-
HBIX OENKOB, (POPMUPYIOLINX BHEKJICTOUHBII MaTPUKC
atoii Tkanu [11, 13, 14]. Kak mpenapatsl, ctTumynupyro-
e MeTabonu3M BBIIIEYKA3aHHBIX KOMIOHEHTOB
XpAILIEBOM TKaHU, B COBPEMEHHON MEAMIIMHE Yallle
BCET0 UCTOJB3YIOTCS XOHIPOIPOTEKTOPHI: “TItoKo3a-
MuHa Tuapoxyopun”’, “Xouapokcun”, “Tepaduekc”,
“AndayTon”, MOIyIeHHBIC 3 XPSAIICBON TKaH! [2, 8,
12]. Ha mam B3mia/1, NEpCIeKTHBHBIMHI B KOMILJIEKC-
HOM JIYEHUH TPABMBI XPSAIIIa MOTYT OBITh ITPETIapaThbl,
IOy YeHHBIE U3 IPUPOIHBIX HICTOYHUKOB, B YACTHOCTH
U3 KOPJOBOH KPOBH, KOTOpasi 00nagaeT OrpOMHBIM
OMONOrMYECKUM OTEHLUAIOM, 00y CIIOBIICHHBIM CIIe-
nuduyecKkuM HabopoM OMOMOIEKYI, CIOCOOHBIX MO
JEep>KUBATh U AKTUBUPOBATH KJIETOUHBIA META00IU3M,
a Tarxoke ux cobanancuposanHocThio [1, 3, 10]. B atom
IUTaHe HauboJiee MHTEPECHO M3yYeHHE aKTHBHOCTH
HU3KOMOJIEKYIIsipHOH (710 5 k/]a), BBIIeneHHOi 13 KpHo-
remonu3ara gpakiuu kopaosoii kpoeu (PKK), koto-
pasi 1o aHaJIOTHH ¢ ipenapaTamu “‘AxkroBerus’ u “Cor-
KOCEpHII”, TIOJy9EHHBIMH 3 OHTOTCHETHYECKHU OIIH3-
KOTO HCTOYHHKA (KPOBH MOJIOUHBIX TEIIST), 00Ia1aet
BBIPKEHHON OMOJIOTrHYecKoil akTHBHOCTHIO [3, 10].

Lenb nccnenoBanus — U3y4eHUE BIUSHNSA KPHOBO3-
JEHCTBUS, COUETAHHOTO C NMPUMEHEHUEM HU3KOMO-
NeKyIspHO# Pppakiyu (10 Sx/{a) KopHoBoi KpOBH KO-
POB, Ha cofiepKaHKE MOTUCAXaPUAHBIX KOMIOHEHTOB
MaTpUKca U OEJIKOB COCTUHMUTEIIHOW TKAaHH XpALIa
MOCJIE €r0 MEXaHUYECKOH TPaBMBI.

Matepnanbl 1 metoAbI

Briienenue gpakiuy ¢ KOMIOHEHTaMH MOJIEKY-
JIApHOM Macchl 10 S k/la U3 KopA0BOM KPOBU KPYTTHOTO
pOTaToro CKOTa OCYIIECTBILUIOCH 10 Metomy [10].

HccnenoBanue BHIMOTHEHO Ha 45 KpbIcax-camIiax
nuanu Wistar maccoit 290-310 1. MexaHudecKy1o
TpaBMy Xpsillla HaHOCHJI 110 MeToxy [15]. dKuBoTHbIe
ObuIN pazfeneHsl Ha 3 rpynmsl: 1) 3M0pOBbIE KHUBOT-
HbIE (HOpMa); 2) )KUBOTHBIE, HE ITOJTyYaBILIHUE JICUCHHS
(KOHTpPOJIB); 3) KUBOTHBIE, OABEPTHYTHIE KPHOBO3-
JercTBUIO [ 15] 1 KOTOpBIM B TeueHue 21 CyToK ¢ MO-
MEHTa MOJEJIUPOBAHUS MEXaHUUYECKOoro aedekra
xpsima BHyTpuMbIedHo BBoanm OKK B moze 1,17 mr
Ha 100 r mMaccel Tena (OmBIT).

OrneHKa COCTOSIHHSI CHHTE3a TIIMKO3aMUHOTINKA-
HOBBIX, IPOTEOTIMKAHOBBIX U OETTKOBBIX KOMITOHEHTOB
MaTpHKca Xpsia ocymiecTeisiack Ha 7, 14,21 n 28-e
CYTKHM C MOMEHTa MOJEIMPOBAHMS MEXaHHYECKOTO
MOBPEKACHUS XPsIIa KOJIEHHOTO CyCTaBa: FeKco3aMu-
Ha o metoxy [17], rekcypoHOBBIX KUCIOT — [ 18], 0k~
cunponunsa — [19], ruairypoHoBoOH KHCIOTHI, TeNapruHa
U XOHAPOUTHHCYIb(ATOB (ITTMKO3aMHHOIIUKAHBI), a
TaKkke Tupo3uHa — [ 14].
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on metabolism of polysaccharide elements and connec-
tive tissue proteins forming extracellular matrix of this
tissue [11, 13, 14]. In current medicine as metabolism-
stimulating formulations of the above mentioned com-
ponents the most traditional are the chondroprotectnats:
“Glucosamine Hydrochloride”, “Chondroxide”, “Thera-
flex”, “Alflutop”, derived from cartilage tissue [2, 8,
12]. From our point of view the perspective in a combi-
ned treatment of cartilage may be the preparations
obtained from natural sources, in particular from cord
blood, possessing a vast biological potential, stipulated
with specific set of biomolecules, capable to support
and activate cell metabolism, as well as by their ba-
lance [1, 3, 10]. In this aspect of most interest is study
of low molecular (below 5 kDa) isolated from cryo-
hemolysate cord blood fraction (CBF), which is similar
to the preparations “Actovegin” and “Solcoseryl”
obtained from ontogenetically close source (veal calf
blood) possesses a manifested biological activity [3, 10].

The research aim is to investigate the influence of
cryoeffect combined with the application of low
molecular fraction (below 5 kDa) of bovine cord blood
on the content of polysaccharide components of the
matrix and proteins of cartilage connective tissue after
its mechanical trauma.

Materials and methods

The fraction with the components of molecular
mass below 5 kDa from cattle cord blood was isolated
according to the method [10].

The research was performed in 45 Wistar male
rats of 290-310 g. Mechanical trauma was done by
the method [15]. The animals were divided into 3 groups:
1) healthy animals (norm), 2) non-treated animals
(control), 3) animals subjected to cryoeffect [15], the
ones for 21 days from the moment of modeling the
mechanical defect of cartilage were intramuscularly
injected with CBF in a dose of 1.17 mg per 100 g of
body mass (experiment).

The synthesis of glycosaminoglycan, proteoglycan
and protein components of cartilage matrix was asses-
sedon 7, 14, 21 and 28" days for the moment of simu-
lation of mechanical damage of knee cartilage: for
hexosamine according to the method [17], hexuronic
acids [18], oxyproline [19], hyaluronic acid, heparin
and chondroitin sulfates (glycosaminoglycans (GAG))
as well as tyrosine [14].

The data were statistically processes by means of
Microsoft Excel 2003 using Mann-Whitney test [7].

The experiments were performed in accordance
with “General principles of the experiments in animals”,
adopted by the 2" National congress in bioethics (Kiev,
2004) and coordinated with the statements of “Euro-
pean convention for the protection of vertebrate ani-
mals used for experimental and other scientific purpo-
ses” (Strasbourg, 1985).
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JaHHbIE cTaTUCTUYECKH oOpabaThiBaiu ¢ MO-
Morbo iporpammel Microsoft Excel 2003 ¢ ucrnions3o-
BaHUEM kputepust Manna-Yutau [7].

OKCIIEpUMEHTHI NIPOBEIEHBI B COOTBETCTBUU C
“OO0MUMHU MPUHITUIIAMEA SKCIIEPUMEHTOB Ha KHBOT-
HBIX”, omoOpenubME 11 HanimoHamsHBEIM KOHTpECCOM
no Oouostuke (Kues, 2004) u cormacoBaHHBIMH C
nojoxenusimu “EBponeiickoit KonBeHnu o 3amure
MMO3BOHOYHBIX KUBOTHBIX, HCIIOIB3yEMBIX IS
SKCIEPUMEHTAIBHBIX W APYTUX HAYYHBIX IHenei”

(Crpacoypr, 1985).

Pe3yAbTathl M 00CyXXAeHHe

Kak n3BecTHO, THTEHCUBHOCTB pereHepaLiy Xpsiia
BO MHOTOM ONPEAEAETCS aKTHBHOCTBIO XOHAPOIH-
TOB, CUHTE3UPYIOIINX KOMIIOHEHTHI €ro MaTpHKca
(rexco3aMmuH, TEKCYpOHOBBIE KHCIIOTHI, THATYPOHOBAS
KHCIIOTa, TeTIapUH U XOHAPOUTHHCYIH(ATHI), a TaKKe
AaKTUBHOCTHIO (pruOp0oO6IIacTOB, CHHTE3UPYIOUINX BO-
JIOKHUCTYIO CTPOMY pereHepara xpsima [5, 11, 13, 14].

CpaBHUB IWHAMHUKY HAaKOIJIEHHWS B pereHepare
XpAIIa TITUKO3aMHHOTINKAHOBBIX KOMIIOHEHTOB
(XOHAPOUTHHCYAH(ATOB U TeMaphHa), MOKHO 3ame-
TUTh, YTO B PE3YIbTaTe KPUOBO3ACHCTBH, COUETAH-
Horo ¢ unbeknusaMu OKK, B neaom mpoucxogut
3HAYUTEIBbHOE YBETNUECHNE COIEP)KAHNUS IBYX BBIIIIE-
yKa3aHHBIX KOMIIOHEHTOB MaTpHuKca xpauia (puc. 1,
a, B), IPUYEM JOCTOBEPHBIN 3PPEKT CTUMYIALNH
CHHTE3a JAHHBIX KOMIIOHEHTOB B O0OMX CITydasx
nmocturaercs K 21 cytkam. VIcKimioueHne COCTaBIseT
JIUIIb BBICOKOE (IIs1 cpoka HaOmromeHus 14 cyTok)
coziepyKaHue XOHAPOUTHHCYIIb()ATOB B OTIBITHON TPyTI-
e (B 6,4 pasa BbIllIe, 4eM B KOHTPOJIE), XOTS MOJTHAS
HOPMANU3aIHS COACPKaHUS XOHAPOUTUHCYIb(ATOB 1
remapuHa He HaOmomaercs naxe K 28 cyTkam. B
rpyIIe KOHTPOJIBHBIX )KUBOTHBIX COJAEPKAaHUE XOH-
pOUTHHCYNB(}ATOB U renaprHa K 28 cyTKaM perenepa-
mu ObuI0 B 2,4 1 3,2 pa3a HIKE COOTBETCTBEHHO TIO
CPAaBHEHHMIO C TPYIIION JKUBOTHBIX, CYCTAaBHOM XPSIII
KOTOPBIX OB IOABEPTHYT KPUOBO3AECHCTBUIO, COUe-
tanHoMy ¢ nnpuMmeHeHuem OKK.

OTHOCHUTEIJIBHO COZlepKaHNs THATYPOHOBOM KHCIIO-
THI B pereHepare xpsima 3h(QexT KpuoBo3ACHCTBUS U
unbekunii @KK He Tak BbIpakeH, HO U B 3TOM clly4ae
€e coJlep KaHKe Ha BCEX CPOKaX IKCIIEPUMEHTA B CPEl-
HeM B 1,25 pa3a Bblie y 5KUBOTHBIX OIBITHOM TPYIIIEI,
YeM y JKUBOTHBIX, HE ITOJTyYaBIINX JieueHHus. CTaTUCTH-
YECKU JOCTOBEPHBIA 3PHEKT CTUMYISLIUN CHHTE3a
THAJlypOHOBOM KUCIIOTHI B peEreHepare Xpslia Kpsic,
nonyyasimux uabekuu OKK, nocruraercs nums Ha
28 cytku uccnenosanus (puc. 1, 6). K atomy cpoky
HaOJIIONEHUS COlepKaHUE THATyPOHOBOM KHUCIIOTHI B
pereHepare Xpsiia ONBITHRIX JKUBOTHEIX B 1,35 pasza
BBIIIIE [T0 CPABHEHUIO C COAEP)KaHUEM TaKOBOM B IPyII-
I1€ YKUBOTHBIX, KOTOPBIX HE JICUHIIH.
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Results and discussion

It is known that the intensity of cartilage regene-
ration is mainly determined by the activity of chondro-
cytes, synthesizing the components of its matrix (hexo-
samine, hexuronic acids, hyaluronic acid, heparin and
chondroitin sulfates), as well as the activity of fibro-
blasts, synthesizing the fibrous stroma of cartilage
regenerate [5, 11, 13, 14].

During comparison of the accumulation dynamics
of glycosaiminoglycan components (chondroitin
sulfates and heparin) in cartilage regenerate one can
notice that as a result of cryoeffect combined with the
injections of CBF in a whole occurs the significant
rise in the content of two above mentioned components
of cartilage matrix (Fig. l1a and c), meanwhile the
statistically significant effect of synthesis stimulation
of these components in both cases is achieved to the
21% day. The exclusion is just high (for the 14" day
observation term) content of chondroitin sulfates in
experimental group (in 6.4 times higher vs. the control),
though no complete normalization of the content of
chondroitin sulfates and heparin is observed to the 28™
day. In the group of control animals the content of
chondroitin sulfates and heparin to the 28" day of
regeneration was in 2.4 and in 3.2 times lower,
correspondingly if compared with the group of animals
the articular cartilage of those was subjected to cryo-
effect in combination with the application of CBF.

As for the content of hyaluronic acid in cartilage
regenerate the influence of cryoeffect and injections
of CBF is not so manifested but even in this case its
content for all the experimental terms is in average in
1.25 times higher than in the animals of experimental
group versus those non-treated. Statistically significant
effect of stimulation of the synthesis of hyaluronic acid
in rat’s cartilage regenerate injected with CBF is
achieved only to the 28" research day (Fig. 1b). To
this observation term the content of hyaluronic acid in
cartilage regenerate of experimental animals is in 1.35
times higher if compared with the content of that in
the group of non-treated animals.

Other picture took place when studying the dyna-
mics of accumulation of cartilage proteoglycan com-
ponents during stimulation of healing with cryoeffect
combined with CBF. When analyzing the data presented
in Fig. 2a one can see that the content of hexosamine
in cartilage regenerate in treated animals even to the
7™ experimental day statistically and significantly did
no differ from its content in the cartilage of healthy
animals, and to the 28" day the amount of this
component in cartilage tissue was even statistically and
significantly higher than in the group of healthy animals.
This fact testifies to a high level of stimulation caused
with a combined application of cryoeffect and injection
of CBF. At the same time in the group of non-treated
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Wnas xapTrHa MMena MECTO MPH U3YYCHUH AUHA-
MUKH HAKOTUIEHHS POTEOTIIMKAHOBBIX KOMIIOHEHTOB
XpAILLIA IPH CTUMYJIISIIUH 32KHBIICHUS KPUOBO3IEHCT-
BueM, couetanHbM ¢ OKK. Ananusupys nanssle,
MIpENCTaBICHHBIE HA pPHC. 2, 4, MOKHO BUAETbH, YTO
coJiepKaHle FreKco3aMUHa B pereHepaTe Xpslla y )KH-
BOTHBIX, KOTOPBIX JIEUMIIH, YK€ Ha 7-€ CYTKH JKCIIe-
pUMEHTA JOCTOBEPHO HE OTJIMYAETCA OT €ro COIep-
YKaHUSA B XPAIIE 3I0POBBIX )KUBOTHBIX, 8 HA 28-€ CyTKH
KOJIMYECTBO 3TOTO KOMITOHEHTa B XPSIIEBON TKaHU
Jake JOCTOBEPHO BBINIE, YeEM B TPYIIE 3J0POBBIX
KUBOTHBIX. DTOT (PaKT CBUACTEIHCTBYET O BHICOKOM
YPOBHE CTUMYJISIIINH, BBI3BAHHOH COUETaHHBIM IIPHUMe-
HeHueM KpuooszeicTeus u uHbekiuii ®KK. B To
€ BpeMs B IpyNIe >KUBOTHBIX, HE NMOJy4YaBIIUX
Je4YeHus, COAepKaHNe TeKCO3aMHHa B pPereHepare
XpAIla 3HAYUTEIBHO HUXKE, YEM B XPAIIE 3M0POBBIX
*KUBOTHBIX. Ha 7- 1 14-e cyTKku perenepanyu ero Koiu-
YECTBO HMKE, YEM B XPALIEBOW TKaHU 3J0POBBIX
KUBOTHBIX B 3,3 1 3,4 pa3a, aHa 21- u 28-e CyTKu — B
1,6 m 1,9 paza COOTBETCTBEHHO.

B nmocnenytomeii cepuu skCieprMeHTOB HaMHU ObLIa
n3ydyeHa JUHAMHKa HAKOIUIEHHS TeKCYPOHOBBIX
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animals the content of hexosamine in cartilage
regenerate was significantly lower than in the cartilage
of healthy animals. To the 7 and 14" rege-neration days
its amount was lower versus the cartilage tissue of
healthy animals in 3.3 and 3.4 times and in 1.6 and 1.9
times to the 215 and 28™ days, correspondingly.

In the following series of the experiments we have
studied the dynamics of accumulation of hexuronic
acids in cartilage regenerate (Fig. 2b). Even to the 7®
observation day the content of hexuronic acids in
cartilage of animals of the experimental group was
higher than in the cartilage of the control animals in
2.1 times. This ratio is true to the 14" observation day
of too. After in the group of non-treated animals the
level of content of hexuronic acids sharply increases
and to the 21 regeneration day is just 1.1 times lower
than in the cartilage regenerate of experimental
animals. The accumulation dynamics of hexuronic
animals in cartilage regenerate of the animals sub-
jected to cryoeftfect and injections of CBF to the 28 day
statically and significantly did not differ from that in
the group of non-treated animals. However it should
be noted that to the 7, 14™ and 21* days of research
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Puc. 1. BiiusiHue kpuoaecTpyKUrn, COUETAHHON ¢ MHBEK-
musivu PKK, Ha comeprkaHMe IITMKO3aMHUHOTIMKAaHOBBIX
KOMITOHEHTOB MaTpPUKCa XpSAIIIa: a — XOHIPOUTHHCYIb(ATHI;
0 — ruamypoHOBas KHCIIOTa; B — TrenapuH; @ — rpymma
JKUBOTHBIX, HE Tory4yaBInux jgedenns; ll — rpymnma »xuBoT-
HBIX, nony4Jasiix nabeknnn OKK + kpruososzeiicteue; A —
TpyIIa 30POBbIX )KUBOTHBIX; * — Pa3JINIMs CTATUCTUYECKU
JIOCTOBEPHBI 110 CPABHEHUIO C TPYIIIOHN )KUBOTHBIX, HE ITOJTY-
yapmux jgedenus, p <0,05.

Fig. 1. Effect of cryodestruction combined with injections
of CBF on the content of glycosaminoglycan components
of cartilage matrix: a— chondroitin sulfates; b —hyaluronic
acid; ¢ — heparin; @ — group of non-treated animals; ll —
group of animals injected with CBF + cryoeffect; A — group
of healthy animals; * — differences are statistically signifi-
cant, comparing with the group of non-treated animals,
p <0.05.
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KHCJIOT B pereHepare xpsma (puc. 2, 6). Yxe Kk 7-Mm
CyTKaM HaOIIOeHUS Collep KaHHe TeKCYPOHOBBIX KUC-
JIOT B XPSIIIlE€ )KUBOTHBIX OIBITHOM TPYIITIBI BBIIIE, YEM
B XpsiIie KOHTPOJBHBIX JKMBOTHBIX, B 2,1 pa3za. OT10
COOTHOILIIEHHE BEPHO U Ha 14-e cyTku Habmronenus. B
JaJbHENIIEM B TPYMIE KUBOTHBIX, HE MOIYYaBIINX
JICUYEHH, yPOBEHb COJIEPKAHMS T€KCYPOHOBBIX KHCIIOT
pe3ko Bo3pacTaeT M K 21-M cyTKaMm pereHepanuu
Bcero B 1,1 pa3a Huke, yeM B pereHepare xpsia
OTBITHBIX JKUBOTHBIX. JIMHAMUKa HAKOIUUIEHHUS I'eK-
CYpPOHOBBIX KHCJIOT B pereHepaTe Xpslla KHUBOTHBIX,
MoJy4aBIInX KpruoBo3aecTBrue U nubeknu OKK k
28 cyTKaM, JOCTOBEPHO HE OTIIMYAETCS OT TAKOBOH B
IpyNIe KUBOTHBIX, HE MOJIyYaBIINX JIEUEHUSA. XOTA
CIIeIyeT OTMETHUTh, uTO Ha 7-, 14- m 21-e cyTkum
WCCIIeIOBaHNS HAOIIOAANIOCh TOBBIIIEHNE COAepKa-
HUSI TEKCYPOHOBBIX KUCIIOT B OIIBITHOM rpymme B 1,9 pa-
3a 110 OTHOILIEHUIO K KOHTPOJIbHOU Tpymme. B To xe
BpeMS ATOT MTOKA3aTeNb Ha MPOTSHKEHUH BCETO IKCIIe-
pUMeHTa, BKJIIo4asi 28-e CyTKH [TOCIIe TPaBMBI XpAIa,
Ja)ke B TPYIIIE KUBOTHBIX, NOJBEPTHYTHIX COUETAH-
HOMY JEHCTBHIO IBYX CTUMYJIATOPOB PETEHEPALIUH, B
2,3 pasa HIXE, 4eM B XPAIIEBON TKaHHU 3JOPOBBIX
KHBOTHBIX.

Jis monHOUEHHOTO (OPMUPOBAHMS XPALIEBOI
TKaHH YPE3BBIYaiHO BayKEH CUHTE3 OCJIKOBBIX KOMIIO-
HEHTOB, B YaCTHOCTH KOJJIAT€HOBBIX M HEKOJIJIare-
HOBBIX OE€JIKOB. DTOT MPOIECC MOXHO OIEHHUTH IO
COJIEP’KaHUIO COOTBETCTBEHHO OKCUIIPOJIMHA U THPO-
3HMHAa B LIEIIOYHOM ruaponusare 5, 11, 14]. Hapuc. 3, a
MO’KHO BHJIETH, YTO COIEP)KaHNE OKCHUITPOJIMHA B XPsi-
LIEBOW TKAHU OTBITHBIX )KUBOTHBIX YXKe Ha 7-€ CyTKU
JOCTOBEPHO BbIlE (B 2,4 pa3a), 4eM B Xpsillle KOHT-
POJIBHBIX KUBOTHBIX. [lon0KuTENBHASA TUHAMMKA HA-
KOIIJICHHUS] OKCHUIIPOJIHA B peTeHepaTe Xpsilia B PyTIIe
OITBITHBIX KMBOTHBIX IT0 CPABHEHHUIO C TPYIIIION KHUBOT-
HBIX, HE MOJYy4YaBIINX JICUECHUS, UMEET MECTO U B
Mocieaylre cpoku 3KkcrnepuMenta. Ha 28-e cytku
HaONIONIEHNs COepKAHNUE OKCHIIPOIMHA B TPyIIIe
YKUBOTHBIX, ITOJTyYaBIINX KPUOBO3IEHCTBIE, COYETaH-
Hoe ¢ unbekuusiMu QKK npaktuuecku He OTIMYaeTCst
OT COJepkKaHUSA 3TOH aMHHOKHUCIIOTHI B XPSIIEBON
TKaHH 3JIOPOBBIX )KMBOTHBIX M B TO K€ BPEMs 3TO
3HadeHue B 1,85 pasa Bblllle, 4eM B IpyTIIe KUBOTHBIX,
HE [OJTy4aBIIUX JICYEHHUS.

N3yyena nuHaMHKa HAKOIJIEHUS TUPO3WHA B
pereHepare XpsIleBOW TKaHU, KOTOPBIA OTpakaer
coJiepkaHue HEKOJUIareHOBBIX OenkoB [6, 13, 14].
CpaBHHMBas NIMHAMHUKY HaKOIJIEHUS THUPO3HHA B
pereHepare XpsIia ONbITHOW W KOHTPOJIBHOM TPyIII
YKUBOTHBIX, MOXHO BHJETH (pHC. 3, 0), YTO HA IPOTSI-
YKEHHH BCETO CpOKa HAOIONEHHUsS CofepaHhe dTOH
aMHHOKHCJIOTHI B pereHepaTe Xpslia )KMBOTHBIX,
[OJTy4YaBIINUX KPUOBO3JENCTBUE, COUETAHHOE C NHBEK-
umsmu OKK, BeIie B 2,4 pa3a yxe Ha 7-€ CyTKH pere-
HEpaluu U 3Ta TeHACHIMS COXpaHsAeTcd J0 KOHIa
HabmoneHus. Bmecte ¢ TeM 04e€BHIHO, UTO IaXKe IpU
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Puc. 2. Bnusaue KpuoaecTpyKIMH, COYeTaHHON C HHBEKITHS-
mu KK, Ha comeprkaHne IpOTEOrTTMKaHOBBIX KOMIIOHEHTOB
MaTpHKca Xpslia: a — TeKCOo3aMHH; O — TeKCYypOHOBBIC
KUCJIOThI; ‘@ — IpyIina )KUBOTHBIX, HE MOy YaBIINX JICYCHHS;
B - rpynna )XKUBOTHBIX, Monxy4aBimux uHbekiun OKK +
KpUOBO3zeiicTBre; A — IpyIiia 300pOBBIX XUBOTHBIX; * —
pa3aHuns CTaTUCTHYECKH JOCTOBEPHBI MO CPaBHEHHIO C
TpYIIIOH )KUBOTHBIX, HE TOTy4YaBIINX JeueHus, p <0,05.

Fig. 2. Effect of cryodestruction combined with the injec-
tions of CBF on the content of proteoglycan components
of cartilage matrix: a — hexosamine, b — hexuronic acids;

— group of non-treated animals; B — group of animals
injected with CBF + cryoeffect; A — group of healthy ani-
mals; * — differences are statistically signifi-cant, compar-
ing with the group of non-treated animals, p < 0.05.

there was found a rise in the content of hexuronic acids
in experimental group in 1.9 times in respect of the
control group. At the same time this index within the
whole experiment including the 28" day after cartilage
trauma even in the group of animals subjected to a
combined effect of two stimulators of regeneration, is in
2.3 times lower than in cartilage tissue of healthy animals.

For full value formation of cartilage tissue the
synthesis of protein components in particular collagen
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TaKOM JICUCHUU COZIep)KaHUE TUPO3UHA B PEreHepare
XpAIa OMBITHBIX JKWUBOTHBIX Ha MPOTSHKEHUU BCETO
nepruoja HaOMIOAEHUS HUKE, YEM B XPSILIE 310POBBIX
KUBOTHBIX B cpeiHeM B 1,9 pa3za.

BbiBOABI

B pesynbrare skcriepuMEHTOB Ha KphIcax ¢ Mexa-
HHUYECKOH TPaBMOW Xpsllla YCTAHOBIEHO, YTO KPHUO-
BO3JIEUCTBUE HA XPSAIl, COYETAHHOE C MPUMEHEHUEM
OKK, cylmecTBEHHO CTUMYJIUPYET HAKOIJIEHUE
OCHOBHBIX KOMIIOHEHTOB BHEKJIETOUHOTO MaTpHKca:
THaJlypOHOBON KHCJIOTHI, XOHAPOUTHHCYIb(HATOB,
rernapyvHa, TeKco3aMHUHa U FeKCYPOHOBBIX KHUCIIOT B
pereHepare Xp4ila, a TAKXKe BaXXHEUIINX aMUHOKHC-
JIOT — OKCUIIPOJIMHA U TUPO3MHA, OTPAKAIOIIMX COAEP-
’KaHHE KOJUTAr€HOBBIX M HEKOJIAT€HOBBIX 3JIEMEHTOB
Xpsia, o0ecredrnBas BHICOKAN MMOTSHIIMAT €r0 pera-
patuBHOI1 perenepauuu. KproBo3aeiictsue, couetan-
Hoe ¢ npumenenrneM OKK, ciocobcTByeT penapanun
Xpsillia IOCJIE €r0 MEXaHUYECKOU TPaBMBI.
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and non-collagen proteins is very important. This pro-
cess may be estimated on the content of oxyproline
and tyrosine in alkyl hydrolysate, correspondingly [5,
11, 14]. Fig. 3a shows that the content of oxyproline in
cartilage tissue in experimental animals even to the 7
day is statistically and significantly higher (in 2.4 times),
than in the cartilage of control animals. Positive
dynamics of accumulation of oxyproline in cartilage
regenerate in the group of experimental animals if
compared with the one of non-treated is also found
during following experimental terms. To the 28" obser-
vation day the content of oxyproline in the group of
animals subjected to cryoeffect combined with the in-
jections of CBF practically does not differ from the
content of this amino acid in cartilage tissue of healthy
animals and at the same time this value in 1.85 times
higher than in the group of non-treated animals.

The dynamics of accumulation of tyrosine in carti-
lage tissue regenerate, reflecting the content of non-
collagen proteins has studied [6, 13, 14]. When compa-
ring the accumulation dynamics for tyrosine in cartilage
regenerate of experimental and control groups of ani-
mals one can see (Fig. 3b) that within the whole
observation term the content of this amino acid in carti-
lage regenerate of the animals subjected to cryoeffect
combined with the injections of CBF is 2.4 times higher
even to the 7" regeneration day and this tendency is
kept to the end of observation. Along with this it is
evident that even during such a treatment the content
of tyrosine in cartilage regenerate of experimental animals
during the whole period of observation was lower than
in that of healthy animals in average in 1.9 times.

Conclusions

The experiments in rats with mechanical trauma
of cartilage showed that cryoeffect on cartilage combi-
ned with the application of CBF strongly stimulates the
accumulation of main components of extracellular mat-
rix: hyaluronic acid, chondroitin sulfates, heparin, hexo-
samine and hexuronic acids in cartilage regenerate, as
well as the important aminoacids (oxyproline and
tyrosine), reflecting the content of collagen and non-
collagen elements of cartilage, by providing a high

Puc. 3. BnusHne KpuoaecTpyKIUu#, CO4eTaHHOW C UHBEK-
nusmu OKK, Ha comeprkaHne OCIKOBBIX KOMIIOHCHTOB
MATpHKCa XpAIIa: a — OKCHIPOJIHH; 6 — Tuposun; @ —
TpyMIa )XKUBOTHBIX, HE Moy4yaBmux jedeHusi, ll — rpynma
KHUBOTHBIX, oy4yaBunx HHbeKIMH @KK + kproBosaeiict-
BHe; A\ —TpyIia 300pPOBBIX KUBOTHBIX; * — pa3JIHUHs CTATHC-
THUYECKH JIOCTOBEPHBI 110 CPAaBHEHHUIO C IPYIIIOH KUBOTHBIX,
He noy4aBmmx jgederus, p <0,05.

Fig. 3. Effect of cryodestruction combined with the injec-
tions of CBF on the content of protein components of car-
tilage matrix: a — oxyproline; b — tyrosine; 4 — group of
non-treated animals; B — group of animals injected with
CBF + cryoeffect; A — group of healthy animals; * —
differences are statistically significant, comparing with the
group of non-treated animals, p < 0.05.
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potential of its reparative regeneration. Cryoeffect
combined with the application of CBF contributes to
cartilage reparation after its mechanical trauma.
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