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Effect of Cryopreserved Cord Blood Serum Administration
on Structural Changes of Joints During Induced Gonarthrosis in Rats

Pecbepar: B pabote oueHnBanu mopdonormyeckne M3MeHeHUs: TKaHel KOMIeHHOro CycTaBa Y KpbiC B YCMOBUSIX MOAENMPOBaHWSA
apTpo3a 1 Tepanumn KPMOKOHCEPBMPOBAHHOW CbIBOPOTKOW kopaoBow kposu YernoBeka (KCKK). MogenupoBaHue roHapTpo3a npoBogaunm
nyTeM OOHOKPATHOrO BBELEHWsI B MOJNIOCTb cycTaBa 35° pacTBopa 3aTaHona, oxnaxaeHHoro Ao temnepatypbl —25°C. O6HapyeHo,
YTO Y KOHTPOJSIbHBIX XMBOTHbIX (6€3 neyeHunst) Ha BCeX cpokax HabmodeHWs nporpeccvpoBanu NpusHaky roHapTposa. Ha 7-e cyTku
B MOSIOCTM CycTaBa onpeensnicb parMeHTbl TKaHeW, Coaepkallime 4eTpuT, a HadmHas ¢ 14-x cyToK 3adhMKCMpPOBaHO hopMUpOBaHME
naHHyca. BHyTpumbileyHoe BBegeHue npenapata «Andnytony» (rpynna cpaBHeHus) unu KCKK (akcnepumeHTanbHas rpynna)
COMpPOBOXAanocb NO3NTUBHOW OMHAMUKOM penapaTMBHbIX npoueccoB, 6onee BbipaxeHHOW Mpu nedveHnn KCKK, ogHako nonHoro
BOCCTaHOBIEHMSA CyCTaBHOro xpsiwa He Hactynano. JleueHne KCKK cnocobcTBoBano 3amenneHunto fereHepauny cycTaBHOTO
NMOKPbITUSA, NPEenaATCTBOBaNO JOPMUMPOBAHWIO NaHHyca, CHUXano akTMBHOCTb NMaTONOrM4yeckoro rnpouecca B CyCTaBHOM Kancyne.
[MoBbILLEHME MIOTHOCTY PacnoNIOKEHNS XOHAPOLMTOB B XPSiLLie COMPOBOXAanoCh BOCCTAHOBMNEHMEM UX (PYHKLMOHANBbHOW akTUBHOCTU.

KnioyeBble crioBa: KpMOKOHCEPBMPOBaHHas CbIBOPOTKA KOPAOBOW KPOBM, FOHapTpO3, Kancyna cycTaBa, XpsLl, XOHAPOUUTHI.

Pedhepar: Y poboTi ouiHloBanu MopdonoriyHi 3MiHM TKaHWH KOMiHHOro cyrnoba y LiypiB B YMOBax MOZEroBaHHA apTpo3y 1
Tepanii KpioKOHCepBOBaHOK cupoBaTkol kopaosoi kpoBi NoanHn (KCKK). MogentoBaHHA roHapTpo3y MPOBOAUMYM LUMSXOM OfHOpa-
30BOr0 BBEAEHHS B MOPOXHUHY cyrnoba 35° po3umHy eTaHorny, OXONomxeHoro Ao temnepatypu —25°C. BusiBneHo, Wo y KOHTPOSbHUX
TBapuH (6e3 mnikyBaHHS1) Ha BCiX CTPOKax CrMOCTEPEXEHHsSI NporpecyBany O3Haku roHapTpody. Ha 7-my goby B nopoxHuHi cyrnoba
BU3Ha4Yanucst oparMeHT TKaHWH, siki MICTUM OeTpuT, a nodmHatoum 3 14-oi gobu 3adikcoBaHo hopMyBaHHSA naHycy. BHyTpiwHbO-
M'a30Be BBeAeHHs npenapaTy «Andnyton» (rpyna nopiBHsaHHA) abo KCKK (ekcnepumeHTanbHa rpyna) cynpoBOAXyBanocs
NO3NTUBHOIO AVHAMIKOK penapaTuBHUX NpoLeciB, 6inbLu BupaxeHoto npu nikyBaHHi KCKK, ogHak noBHOro BiAHOBMOBaHHSA Cyrnobosoro
xpsila He Bigbysanocs. JlikysaHHa KCKK cnpusino ranbMyBaHHIO gereHepauii cyrno6oBOro nokpuTTs, NepeLuKomxano opMyBaHHIO
naHyca, 3HWXyBaro aKTUBHICTb MaToNoriyHoro npouecy B kancyni cyrrnoba. 36inblueHHs LWiNbHOCTI po3TallyBaHHA XOHAPOLMTIB Y
XPSLLi CynpoBOAXYBanocs BiAHOBMEHHAM iX PyHKLiOHaNbHOI akTUBHOCTI.

KnrouoBi cnoBa: kpiokoHCepBOBaHa cupoBaTka KOpAOBOI KPOBi, rOHApTPO3, kancyna cyrrnoba, xpsiy, XOHAPOLMUTU.

Abstract: In the paper we assessed the morphological changes of rat's knee joint tissues in arthrosis simulatiion and therapy
with cryopreserved human cord blood serum. Gonarthrosis was simulated by a single injection into a joint cavity of 35° ethanol
solution cooled down to —25°C. It has been found that in the control animals (untreated) at all the stages of monitoring the signs of
gonarthrosis progressed. To day 7 in joint cavity there were found the tissue fragments containing detritus, and starting from day 14
the pannus formation was revealed. Intramuscular injection of either Alflutop drug (control group) or the cryopreserved human cord
blood serum (experimental group) was accompanied by a positive dynamics of reparation, which was more pronounced when
treating with cryopreserved human cord blood serum, but a complete restoration of an articular cartilage was not observed.
Treatment with cryopreserved human cord blood serum was helpful in slowing down the degeneration of articular coating, preventing
the pannus formation, it reduced the pathology activity in a joint capsule. More dense packing of erythrocytes in a cartilage was
accompanied by restoration of their functional activity.

Key words: cryopreserved cord blood serum, gonarthrosis, joint capsule, cartilage, chondrocytes.
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3aboneBaHusl KPYIMHBIX CYCTaBOB, B YaCTHOCTH
roraptpo3 (I'A), aBistOTCS OTHON M3 aKTyalbHBIX
mpobieM B MEOULMHCKOM Hayke M mpaktuke [9, 20,
23, 25]. Iarorenes I'A oOycnoBneH nmpeodiagaHueM
B XPSILIEBON TKaHW KaTabOJINYECKUX MPOLIECCOB HaJ
aHa0OJIMYECKUMHU, YTO MPHUBOAMUT K PA3BUTHIO JIET-
pajanuu CyCTaBHOTO Xpsflla U MOTEpe ero Ouono-
rudeckux cBoiicTB. Pazsutne I'A nposBisercs Bopa-
JKEHHOW Oonbio M nedopManneldl cycTaBoB, MPHUBO-
JSIIed K HApYNICHUIO UX (YHKIIMHA, Y4TO SIBISETCS
OCHOBHOW NPUYMHOW CHUKEHHS KauecTBa KU3HH,
paboTOCTIOCOOHOCTH M MIHBATMAN3AINH MaIteHToB [ 10,
11, 14, 16].

BaxasiM sTamom nedeHus ['A sBIsSeTCS HCIIOh-
30BaHME MEIUKaMEHTO3HOH Teparuy, (Pu3noTepanu,
a TakXke Koppurupytomei oproneauu. OnHako, He-
CMOTPS Ha Iporpecc B MEAMLIMHCKOHN Hayke, 3 dek-
TUBHOCTB JieueHus ['A Ha ceronHAIHuN JeHb BCe ele
HEJ0CTaTOYHa M BONPOC O MOMCKE HOBBIX CIOCOOOB
TEpalnuu OCTAETCSI OTKPBITHIM.

MopdodyHkinoHabHAs 0COOCHHOCTh CYCTaBHOT'O
XpAIIa — MaJIoe KOIMYECTBO XOHIPOIIUTOB B OOIBIIIOM
00BeME MEKKIIETOYHOTO BEIIECTBa, OTCYTCTBHE Bac-
KyJIApU3allii 1 HHHEPBAIUH, YTO SBJISIETCS OTHOM U3
MIPUYMH c1ab0 perapaTUBHOM CIOCOOHOCTH XPAIIIEBON
TKaHH.

B nocnennee necsatuiietTue B pereHepaTUBHON Me-
JULMHE UHTEHCUBHO PAa3BUBAETCS HOBOE HAIpaB-
JIeHWEe — IPUMEHEHUE OMONpenapaToB M3 TKaHEH H
KJIETOK (heTOIIalleHTapHoro Komiuiekca [3, 4, 7, 18,
33]. Ucnonp30BaHuE CHIBOPOTKU KOPAOBOW KPOBHU
MOHO pPacCMaTpPUBATh KaK MNEPCIIEKTUBHOE HAIIPaB-
JICHUE B KOMIUIEKCHOM JICUEHUH apTPO3a, HOCKOIBKY
B HEl coZiepyKaTcst OMOIOTUIECKH aKTHBHBIC BEIIECTBA,
HUMEIOIINE CYIIECTBEHHBIN TEPANeBTUUECKUM TOTEH-
nman [13, 29, 30].

braromapst TeXHOJIOTHSAM KPHOKOHCEPBUPOBAHUS
MOSIBUJIACh BO3MOYXKHOCTH CO3/1aBaTh 3arachl ChIBO-
POTKH KOPJIOBOW KPOBU M COXPAHATH WX B TEUCHHE
HE00XOIMMOTO BPEMEHH, YTO MO3BOJISET MPOBOJAHUTH
[OJHOLIEHHOE TECTUPOBAHUE, & TAKXKE UCII0JIb30BaTh
IpU KOHCEPBATUBHOHN TEpamuu U XUPYPrUUYECKOM
JICYCHUH apTpo3a.

B mpeabiaymux uccieqoBaHUAX HAMH Ha OCHO-
BAHUHU PE3YJIBTATOB U3MEPEHUS COIEPKAHMS HUTPUTA
HATpUsI B TOMOT'€HATE XPSIIEBOMN TKaH! OBLIO TIOKAa3aHo,
YTO BBEJIEHHWE KPHOKOHCEPBHUPOBAHHOMN CHIBOPOTKHU
kopaoBoit kpoBu (KCKK) cmocoOG¢cTByeT akTHBaIun
MPOIIECCOB BOCCTAaHOBICHHS Xxpsma [2]. B cBs3u ¢
9TUM aKTYaJIbHBIM SIBIISIETCS M3y4YeHHE CTPYKTYPHBIX
u3MeHennil B cycrasax npu BBegeHun KCKK xu-
BOTHBIM ¢ ['A.

Lenb nanHOM pabOTHI — OlIEHKa MOP(OIIOTHUECKIX
HM3MEHEHUH TKaHEH KOJIEHHOTO CyCTaBa Y KPBIC B YCJIO-
BUSIX MOACTUPOBAHUS apTPO3a U TEPAITUU KPUOKOHCEP-
BUPOBAHHOU CHIBOPOTKOM KOPAOBOI KPOBH.
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Diseases of large joints, in particular gonarthrosis
(GA) are the most pressing problems in medical science
and practice [2, 16, 20, 22]. Pathogenesis of GA is
stipulated with the predominance in a cartilage tissue
of catabolic over anabolic processes that leads to
development of articular cartilage degradation and
loss of its biological properties. GA development is
manifested by a severe pain and deformity of the joints,
resulting in their malfunctioning, that is the main cause
of a reduced life quality, working capacity as well as
disability of patients [3, 4, 10, 12].

An important step of GA treating is the use of drug
therapy, physical therapy and correcting orthopedics.
However, despite the progress in medical science, the
efficacy of GA treatment is still insufficient and the
task of finding new therapeutic approaches has
remained open.

Morphological and functional feature of an articular
cartilage is a small number of chondrocytes in a large
volume of intercellular substance, absence of vascula-
rization and innervation, that is one of the reasons for
low repair capacity of cartilage.

During recent decade a new direction has been
inten-sively developed in regenerative medicine. That
is the use of biological products derived from tissues
and cells of fetoplacental complex [6, 7, 14, 24, 31]
The use of cord blood serum can be considered as a
promising direction in the combined treatment of
osteoarthritis, since it contains biologically active sub-
stances of high therapeutic potential [9, 27, 28].

Owing to the cryopreservation techniques it is
possible to establish the cord blood serum stocks and
to preserve them for the required time, that enables a
complete testing and use in traditional health practices
and surgical treatment of osteoarthritis. Our previous
studies based on measuring a sodium nitrite content in
cartilage homogenate have shown that the administ-
ration of cryopreserved cord blood serum (CCBS) acti-
vates a cartilage recovery [24]. In this regard, of rele-
vance is to study structural changes in the joints of
animals with GA treated with CCBS.

The purpose of this work was to assess morpho-
logical changes of the knee joint tissue of rats in osteo-
arthritis modeling and treatment with cryopreserved
cord blood serum.

Materials and methods

The research was performed in 90 white outbred
6-month-old male rats in accordance with the require-
ments of the Bioethics Committee of the I[PC&C of
the National Academy of Sciences of Ukraine, con-
sistent with the directive of the European Parliament
and the Council of the European Union dated of Sep-
tember 22, 2010. GA was simulated under sodium
thiopental anesthesia (Arterium, Ukraine) at a dose of
25 mg/kg, intramuscularly by a single injection into joint
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MartepuaJjbl 1 MeTOABI

Paboty BemomnHsum Ha 90 Genbix O0eCrOpOIHBIX
6-MeCAYHBIX KpbICax-caMIlaXx B COOTBETCTBHUU C
TpeboBanusiMu KomuTeTa 1o onoatuke MITKuK HAH
YKpauHbl, CONIACOBAHHBIMU C TUPEKTUBOM EBponeii-
ckoro mapinamenta u CoBera EBpormelickoro coros3a
ot 22.09.2010. MogenupoBanue ['A mpoBoawIn 1Mo
00e300IMBaHNEeM THOTIEHTAJIOM HATpus («Arteriumy,
VYkpauHa) B 103€ 25 MI/KT, BHyTPUMBIIIIEYHO, TyTEM
OJHOKPATHOTO BBEJCHHS B TMOJOCTH CcycTaBa 35°
BOJHOI'O pacTBOpA 3TaHOJA, OXJIAXKAEHHOTO 10 TEM-
neparypbl —25°C [1]. Tlocne dero »UBOTHBIE ObLTH
pasaeneHsl Ha TPHU T'PYINNBI IO AECATH 0C00eH B
Kaxaoi: 1 — koHTponbHas (BBenenue 0,9%-ro pact-
Bopa NaCl), 2 — cpaBHeHus (BBeCHHE METUIIMHCKOTO
npenapara «AnuyTom»), 3 — SKCIepUMEHTaIbHAs
(Benenme KCKK). ®usunonorndeckuii pacTBop
(«¥Opusa-dapmy», YkpanHa), mpemnapar cpaBHEHHS
«Andnayrom» («Biotehnos», Pymeiaus) u KCKK
BHYTPHUMBIIIIEYHO BBOAMIIN B 37I0POBYIO JIAITy pa3 B CyT-
kxu 1o 0,1 MJI/KT Macchl Tena Ha MPOTSHKCHUH BCETO
JKCIIEPUMEHTAa, HaYWHas co JIHs MojenupoBanus ['A.
CBIBOPOTKY KOPJIOBOM KPOBH MOJy4Yaldl U KPHUOKOH-
CEepPBUPOBAJIM B COOTBETCTBUHU C TEXHOJOTHYECKUM
pernamentoM, paspadorannsiM B UTIKuK HAH Vk-
paunsl [5]. O6paszust KCKK pazmopaxuBanu Ha Bojs-
Hoii Gane mpu Temmneparype 37°C HenocpeICTBEHHO
nepen BBeaenueM. [Ipenapar «Andmyrom» npeacras-
JIsieT co00¥ OMOAKTUBHBIN KOHIIEHTPAT M3 MEJIKOU MOP-
CKOM pBIOBI.

JKWBOTHBIX M3 AKCIIEPUMEHTA BBIBOAMIIN ITyTEM
BBEJCHUS JETaJbHOW 03Bl THOTEHTAJa HATPUS
(75 mr/kT, BHyTpHMBIIIeYHO). Mopdosornueckoe
HCCIIeIOBaHNE CYyCTaBOB IPOBOAMIN Ha 7-, 14-u21-e
CYTKH dKCIIepHUMEHTa. Martepua sl THCTOJIOTHIec-
Koro m3yuenus ¢uxcuposanu B 10%-m pacTBope
HelirpanbHoro popmanuHa. [Tocie gpuxcanum KoneH-
HBIE CYCTaBbl JAEKaJIbLIMHUPOBAIN B pacTBope 4%-it
A30THOH KHCIIOTBI, 00€3BOKHUBAIIN B CIIUPTAX U 3aKJIIO-
Yajay B LIEJUIOMIUH, FOTOBUIM CPE3bl TOIIIMHON 4—
5 MKM [6]. OOTIyI0 OIICHKY COCTOSTHHSI HCCIIE Ty EMBIX
TKaHEeH IPOBOJWIM Ha Ipernaparax, OKpalleHHbIX
KEJIC3HBIM IeMAaTOKCHJINHOM U 303UHOM (MUKPOCKOII
«AxioStar Plusy, ['epmanus), onpenencHue Kojuare-
HOB — B IIOJIIPU30BAaHHOM CBETE Ha IIpenaparax, okpa-
LIIEHHBIX MUKPOCUPUYCOM KpacHBIM (MHUKPOCKOI
«Polmy-A», I'epmanus) [6]. B pabote npumeHsiu
peakTuBbl ipou3BoacTBa «bruoButpym» (Poccus).

Pe3syabTarsl u o0cyxneHne

B xone BbInonHeHNst MOP(OIOrHYECKOTO UCCIE0-
BaHUS BBISBICHO, YTO BHYTPUCYCTaBHOE BBEICHHE
OXJIaX/IEHHOT'O 3TAaHOJIa IPUBOAMIIO K Pa3BUTHIO Jie-
CTPYKTHUBHO-BOCIAJINUTEIbHBIX U JET€HEPaTUBHBIX
IIPOLIECCOB, CONPOBOKAAIOLINXCS KOMIUIEKCOM I1aTO-
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cavity of 35° aqueous ethanol cooled down to —25°C
[33]. Afterwards the animals were divided into three
groups by 10 animals each: the first was the control
(0.9% NaCl solution), the second one was the com-
parison group (Alflutop drug administered), the third
one was experimental (CCBS administered). Physio-
logical solution (Yuria-Pharm, Ukraine), reference drug
Alflutop (Biotehnos, Romania) and CCBS were intra-
muscularly injected once a day by 0.1 ml/kg of body
weight (into a healthy paw) throughout the entire
experiment, starting from the day of GA simulation.
Cord blood serum was procured and cryopreserved
according to the technological regulations, developed
at the [IPC&C of the National Academy of Sciences
of Ukraine [8]. CCBS samples were thawed in a water
bath at 37°C immediately prior to administration. The
Alflutop drug is a bioactive concentrate derived from
marine shallow fish.

The animals were sacrificed by administration of
a lethal dose of sodium thiopental (75 mg/kg, i. m.).
The joints were morphologically examined to days 7,
14 and 21 of the experiment. The samples for histo-
logical study were fixed in 10% neutral formalin solu-
tion. After fixation the knee joints were decalcified in
4% nitric acid solution, dehydrated in alcohols and
celloidin embedded, the sections were of 4—5 pum thick
[18]. The overall assessment of the tissues was per-
formed in the specimens stained with iron hematoxylin
and eosin (microscope AxioStar Plus, Germany), colla-
gen was examined in polarized light in the samples
stained with picrosirius red (microscope Polmy-A,
Germany) [18]. We used the reagents of BioVitrum
production (Russia).

Results and discussion

Morphological assessment revealed that an intra-
articular injection of cooled ethanol led to the deve-
lopment in joints of destructive-inflammatory and dege-
nerative processes accompanied by several pathological
mani-festations featured for GA at all the stages of
observation.

To day 7 the microscopic study of knee joints of
the control group rats demonstrated the pronounced
disorders in the joint volvulus, i. e. in the capsule and
adjacent articular cartilage. The synovium covering the
capsule was in some places absent. In capsule fibrous
layer the collagen fibers were disordered, their frag-
mentation was observed. The foci of lymphoid-
macrophage infiltration were noticed. In the joint cavity
the fragments of tissues and cellular detritus were found
(Fig. 1).

In non-calcifying area of cartilage the disorders were
represented by pyknosis and lysis of chondrocytes. At
the sites of articular coating the packing of chondrocytes
was uneven, along with the areas of loosely packed
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Mopdoornueckrux NposIBICHUIM, XapakTepHbIX 17ist [A,
Ha BCEX CPOKax HAOIIOACHHUS.

[Ipr MUKpPOCKOITNYECKOM HCCIIEIOBAHUN KOJIEHHBIX
CYCTaBOB KpBIC KOHTPOJIBHOH TPYIIBI HA 7-€ CyTKH
HaOMIONAINCh BBIPQKEHHBIC HAPYIICHHUS B 3aBOPOTaX
CycCTaBa: Karcyse U MPUISKAIIeM CyCTaBHOM XpSIIIIE.
CunoBuanpHasi 000J104Ka, TOKPBIBAIOLIAS Karcyiy,
MECTaMH OTCYTCTBOBaJA. B pHOpO3HOM Cllo€ Karcyiisl
ObLTa HapyIIeHa OpraHU3aIs KOJJIar€HOBBIX BOJIO-
KOH, OTMeuaJiach ux (pparmMenTaiysi. BeisBieHb! odaru
nmumMponHO-MakpodaransHoi HHGWIETpanuu. B no-
JIOCTH CyCTaBa OIpeJIeIIsITUCh PparMeHThI TKaHEH 1 Kiie-
TOYHBIN AeTpuT (puc. 1).

B HekanbuuGUIMpyIOIeHcs 00JIaCTH XPsIlia Hapy-
LIEHHS] IPOSBISUINCH B BUJE MTMKHO3a U JIN3MCA XOH/-
pounToB. Ha ygacTkax CycTaBHOIO MOKPBITHS TUIOT-
HOCTb XOHJIPOLIUTOB HEpPaBHOMEPHAsI, HapsAIy C y4acT-
KaMH C HU3KOH INIOTHOCTBIO KJIETOK O0OHAPY>KUBAJIUCH
OECKJIETOYHBIE YYaCTKU. Bplin OTMEYeHBI ITyCThIE Karl-
CYJIBI.

[Ipn u3ydeHnn MUKPOCTPYKTYpHI KarCyibl KOJEH-
HOTO cycTaBa Kpbic, monydaBmmx jedeane KCKK mmm
npenaparoM «AhIyTom», Ha 7-€ CyTKH SKCIICpUMEHTA
ObLIM 3a(pUKCUPOBaHBI MOP(HOJIOrHUYECKUE MPU3HA-
KU IECTPYKIIMHU M BOCTIAJIEHHSI, aHAJIOTHYHBIE TAKOBBIM
Yy KOHTPOJBHBIX KHUBOTHBIX, OJTHAKO BBIPAKEHHOCTH
9THX MPOsiBICHUH Obli1a MeHbIIe. CeyeT OTMETUTD,
YTO y JKMBOTHBIX 00€MX IpyNIl IUIOMAAb IECTPYyK-
THUBHBIX 0YaroB B CYCTaBHOM Xpsilie Oblila MEHbIIIE,
YeM y KOHTPOJIbHBIX )KHBOTHBIX, BKJIFOUEHHS B IOJIOCTH
cycTaBa He olpejesieHbl. B KpaeBbIX oTaenax cyc-
TaBHOI'O Xpsllla HapsAly C COXPaHEHHBIMH XOHJPO-
LUTaMHU OOHAPYKUBAJIHUCH KJIETKHU C IUIOTHBIMU TIbLIC-
BUAHBIMH siipaMu (cTaaus HeKpoOuosa). B nent-
paJIbHOW 00JIACTH HEKAIBIU(PHUIIMPOBAHHOTO XPsIIa
MPUCYTCTBOBAIIM XOHJPOIUTHI C KPYIMHBIMHU 0a3o-
(UITEHO OKpAIIEHHBIMH SIZIPaMU U c1a000a30pHIbHOM
uuTonasmMoi. B nurormiazMe OTAeIbHBIX XOHJIIPO-
IWUTOB OBUIM OTMEYEHBI TPAHYJSPHBIE BKIIIOUYEHUS,
KOTOpBIE MOKHO PacCMaTpHUBaTh KaK MPU3HAK MTOBBI-
[ICHHOH OMOCHHTETHYECKON aKTHUBHOCTH KJIETOK. DTH
JaHHBIC CBHUICTENILCTBYIOT 00 aJanTaluOHHO-KOM-
[IEHCATOPHBIX MEPECTPOIKAX B KJIETKAX.

B obnactu kanbuupuIMPOBaHHOTO XPSIIA Y )KUBOT-
HBIX BCEX TPYIIN B Karcyjlax HaOII0#aIuch JIM3UpO-
BaHHBIE XOHPOIUTHI, KJIETOYHBIH IETPUT WU ITyCThIC
Karcyssl 6e3 KJIETOK.

Knetku ¢ mpu3Hakamu 1eCTpyKIUHU ObLTH OOHAPY-
KEHBI U B MEeHHCKe. KOHTYpBI f/ep 9acTu XOHAPO-
LUTOB OBUIM HEYETKUMH, YTO CBUJICTEIBCTBYET 00 UX
nu3uce. Bmecte ¢ TeM mMpHUCYTCTBOBANH KIETKHU C
SIPKOOKPALICHHBIMH SIIPaMH, UTO SIBJISICTCS HPU3HAKOM
a/1aNI TAllMOHHO-KOMITEHCATOPHBIX MTEPECTPOCK.

Ha 14-e cyTku B Karicyse KOJI€HHOIO CyCcTaBa KOHT-
POJBHBIX )KUBOTHBIX B 00JIACTH 3aBOPOTA COXPAHSIIICH
JECTPYKTHBHBIE HAPYIIEHUS U IPU3HAKH BOCTIAIICHUS
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CyCTaBHOM Xpslle Ha 7-e CyTkM nccrnegoBaHus. MNukHO3
N NU3nc XoHApounToB. dparmMeHTbl TKaHel B MOMoCcTu
cyctaBa. KoHTponbHas rpynna. OkpalwmBaHue remaTok-
CUJTMHOM U 303MHOM.

Fig. 1. Destructive changes in joint capsule and articular
cartilage to day 7 of study. Pycnosis and lysis of chondro-
cytes. Fragments of tissues in joint cavity. Control group.
Hematoxylin and eosin staining.

cells, cell-free regions were observed. Empty capsules
were noticed.

Studying the microstructure of a knee joint capsule
in the rats treated either with CCBS or Alflutop drug
to day 7 of the experiment showed morphological signs
of inflammation and degradation, similar to those of
the control animals, but their manifestation rate was
lower. It should be noted that in both groups of animals
the area of destructive disorders in articular cartilage
was not so severe as that for the control animals, no
inclusions have been found in the joint cavity. In the
edge parts of articular cartilage along with preserved
chondrocytes the cells with dusty dense nuclei (nec-
robiosis stage) were detected. In the central part of
non-calcified cartilage the chondrocytes with large
basophilic stained nuclei and slightly basophilic cyto-
plasm were found. In cytoplasm of certain chondro-
cytes there were noticed granular inclusions which can
be considered as a sign of increased biosynthetic acti-
vity of cells. These data indicate the adaptive-
compensatory rearrangements in cells.

The calcified cartilage tissue in the animals of all
the groups contained the capsules with lysed chond-
rocytes, cell detritus or even cell-free capsules.

The cells with destruction signs were found in
meniscus. The contours of chondrocyte nuclei were
unclear, testifying to their lysis. However, there were
the cells with brightly colored nuclei, that was a sign
of'adaptive-compensatory mutations.

To day 14 we observed the destructions and signs
of inflammation in the knee joint capsule of the control
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Puc. 2. BeckneToyHble y4acTKM B CyCTaBHOM Xpsille Ha
14-e cyTkn uccnegoBaHus. BocnanutenbHbln MHUNLTPAT.
KoHTponbHas rpynna. OkpalumBaHme reMaToKCUITMHOM U
303/HOM.

Fig. 2. Cell-free areas in articular cartilage to day 14 of
study. Inflammatory infiltrate. Control group. Hematoxylin
and eosin staining.

(puc. 2), koTopble ObLTM OTMEUEHBI U Ha 7-€ CYTKH.
Wmeno MecTo HapyIlLIeHHe OpraHU3alKH ITyYKOB KOJIIa-
T'€HOBBIX BOJIOKOH, a TAKXKe 0OHAPYKUBAJIMCh CKOILIE-
HUS TUMQOIUTOB, Makpodaros u hpudpodiIacTos, Ghop-
MUPYOIIUX BOCTIATHTEIbHBIC HHPHUIBTPATHI.

B KkpaeBbIX OT/1eN1ax MOJIOCTH CyCTaBa 3aQUKCUPO-
BaHO 00pa3oBaHKe MaHHyca — OOTaToi cocymaMu
TPaHyJISIIUOHHOW TKaHW, MPOUCXOJAIIEH U3 BOCHa-
JICHHOW CHHOBHAIBHOW OOOJOYKH M COCTOSIICH M3
nposudepupyoimux Gudpo0IacToB, TUMPOIHUTOB,
Makpodaro. Ha 3HaYMTEIHHOM MPOTSKEHUU CYyC-
TAaBHOTO Xpslla, MPHJISKAIIET0 K TAKUM 00JacTsM,
OTCYTCTBOBAJIM KJIETKH WM OOHAPYKUBAJIUCH XOH/-
pOoLUTHI co c1aboOKpalIeHHBIMU siapaMH (puc. 3).

Y )KMBOTHBIX ITOCJIE TEPANUU IIPENapaToM CpaBHe-
HUS «A(IYTOMm» BRIABICHO, YTO B yUaCTKaX HEKAllb-
LU(UIMPOBAHHOIO CYCTaBHOT'O XPsILla COXPaHsIach
HepaBHOMEpHAas IIOTHOCTh XOHJPOIMTOB M TMPH-
CYTCTBOBaJIM OECKIICTOUHbIC YYACTKH B TIOBEPXHOCT-
HO¥ 1 niTyOOKOIekKaIux 30Hax (puc. 4). Mopdosoru-
YecKasi KapTHHA CYyCTaBHOTO XPSIIa COOTBETCTBOBAJA
TaKkoOBOW Ha 7-€ CyTKM T€paluu, OJJHAKO BU3YyaJIbHO
OeCKIIETOYHEIE 00IacTH OBIIN MEHBIIE, YeM B KOHT-
POJBHOM IPyIIIE )KUBOTHBIX.

[Tpu neuenun xnBoTHBEIX KCKK B moBepxHOCTHOMN
30HE CYCTaBHOI'O Xpslla Ha y4acTKaX COXPaHsUIUCDH
XOHJIPOLUTHI, OAHAKO OOJBIIMHCTBO M3 HUX MMEIH
I0THBIE 6a3o¢mibHbIe Aapa. B cycraBHOM Xpsie
MO-TIPEXHEMY OOHAPYXUBAJIUCh JTU3UPOBAHHBIC H
MUKHOTUYHBIC XOHIPOIUTHI, OJJHAKO BMECTE C TEM,
MMeIia MECTO MOBBIIIICHHAS TTIOTHOCTh PACTIONOXKEHUSI
XOHJIPOIUTOB € KPYNHBIMH SiApaMu U ciaadobazo-
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Puc. 3. Ouaru cyctaBHOro xpsa 6e3 KneTok 1 natepanb-
HbIi MEHUCK C OEeCKNeTOYHbIMU y4acTkaMu, nepemexato-
LLIMMUCS C 30HAMU C BbICOKOWN MIOTHOCTBIO PaCMONOXEHNS
KNeTok, Ha 14-e cyTku nccnegoBaHusi. KoHTponsHas rpynna.
OkpalLnBaHue remMaToKCUIIMHOM U 303UHOM.

Fig. 3. Foci of articular cartilage without cells and lateral
meniscus with a cell-free sites alternating with the zones
of ahigh density of cells to day 14 of study. Control group.
Hematoxylin and eosin staining.

Puc. 4. XoHapouuTbl co cnabookpalleHHbIMKU sapamMu B
HekanbungruMpoBaHHOM CyCTaBHOM Xpsilie Ha 14-e CyTku
nccnefnosaHus. Kancynbl 6e3 xoHapouuToB. [pynna cpaBHe-
Husa. OkpalvBaHue reMaToOKCUITMHOM U 303UHOM.

Fig. 4. Chondrocytes with slightly stained nuclei in non-
calcified articular cartilage to day 14 of study. Capsules
with no chondrocytes. Comparison group. Hematoxylin
and eosin staining.

animals (Fig. 2), which were the same as to day 7.
The disorganization of the bundles of collagen fibers
took place, as well as there were detected the clusters
of lymphocytes, macrophages and fibroblasts, forming
inflammatory infiltrates.

At the edges of the joint cavity there were noticed
the formation of pannus, the granulation tissue rich of
vessels, originated from the inflamed synovial mem-
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Puc. 5. HepaBHOMepHasa NMOTHOCTb PaCMOSIOXKEHUSN
XOHOPOLMTOB B CYCTaBHOM Xpsile Ha 14-e cyTku nccne-
JoBaHus. MI3oreHHble rpynnbl XOHAPOLUWUTOB C KPYMHLIMU
6asounbHbIMU gapamMu. OKCNepMMeHTanbHasa rpynna.
OkpalivBaHMe reMaTOKCUITMHOM U 303UHOM.

Fig. 5. Uneven density of chondrocytes in articular cartilage
to day 14 of study. Isogenic groups of chondrocytes with
large basophilic nuclei. Experimental group. Hematoxylin
and eosin staining.

(UIIBHOMN UTOIIIA3MOM, KOTOPbIE HAXOAUIUCH B TOJI-
e HeKaJIbIH(PUIMPOBAHHOI'O CYCTAaBHOTO Xpslia.
OOHapyxuBaUCh OeckieTouHsle obnactu. Mmemno
MecTo GOPMHUPOBAHNE U30T€HHBIX TPYIIIT XOHIPOLIUTOB
(puc. 5).

B xancyne cycraBa >KHBOTHBIX HOCJIE JICUCHHUS
«Andayronom» nnmu KCKK coxpansinace nHQUIBT-
panusi KJIETOYHBIMH 3JIEMEHTaMU MakpoQaraibHO-
(hubpoOIACTUYECKOTO psijia, OTMEYATIOCHh pa3phIxJie-
HUE [IyYKOB KOJJIATCHOBBIX BOJIOKOH. Y3Kas I10JI0CKa
IrpaHyJIINHOHHON TKaHM B BHJE NMaHHyca Oblia
oOHapy’KeHa B KPaeBbIX OT/eJIax KaIlCyJIbl KOJICHHOTO
CycTaBa TOJIBKO Y KMBOTHBIX, KOTOPBIX JIEUHIH «AJI-
(diryTorom.

Ha 21-e cyTkM B KOJIEHHBIX CyCTaBax KOHTPOJIBHBIX
KUBOTHBIX Ha OTACIBHBIX y4acTKaX CycTaBHas
MOBEPXHOCTH ObLiIa C HAPYLIEHHOH KOHIPY?HTHOCTBIO.
B cycraBHOM Xpsliie TpOrpeccUpoBain JereHepaTHB-
Hble HapyuieHus. CycTaBHON XpAll B HEKaJIbLUPH-
LUPOBaHHON 00JIACTH Ha 3HAYUTEIILHOM NPOTSHKEHUH
HE COZIep’Kajl XOHAPOLUTOB WIH OOHAPYyKUBAINCH
Karcymnbl ¢ XOHIPOUUTaMH, Y KOTOPBIX siipa ci1abo
KOHTYPHUPOBAIUCH (pHC. 6).

Hu3kasi III0THOCTD PacIIoIOAKEHUsT XOHIPOLUTOB
Obl1a OTMEYEHA KaK B [IEHTPAIBHBIX, TaK U B KPaeBbIX
OTJIeNIaxX CYCTAaBHOM MOBEPXHOCTH. B Hekanbupuiu-
POBaHHOM CYCTaBHOM XpSII€ XOHIPOLMTHI UMEIH
KpynHbIe 6a30(pWIbHBIC A1pa H c1ab00a30PHIbHYIO
LUTOIJIa3MYy, 4TO CBUACTEIBCTBOBAIIO O TUIICPYHKLHH.
OnHako B LMTOIUIa3ME OOJBIIMHCTBA XOHAPOLHUTOB
MIPUCYTCTBOBAIM BaKyOJIH, BEPOATHO, UX MOSBICHHE
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Puc. 6. Xpsw, 63 XoHaAPOLMTOB B HEKaNbLMPULMPOBAHHON
CcycTaBHoOW obnacTu Ha 21-e cyTku nccnegoBanus. Kancynbl
C XOHApOUMTaMM, y KOTOPLIX SApa crnabo KOHTYpUpYyoTCs.
MaHHyc B nonoctu cyctaBa. KoHTponbHas rpynna. Okpa-
LUMBaHME TEMaTOKCUIIMHOM U 303MHOM.

Fig. 6. Cartilage with no chondrocytes in non-calcified
articular area to day 21 of study. Capsules with chond-
rocytes with slightly contoured nuclei. Pannus in joint cavity.
Control group. Hematoxylin and eosin staining.

brane and consisting of proliferating fibroblasts, lym-
phocytes, macrophages. A considerable part of the
articular cartilage adjacent to these areas either had
no cells or contained chondrocytes with poorly stained
nuclei (Fig. 3).

Following treatment of the animals with Alflutop
reference drug we have demonstrated that non-
calcified articular cartilage areas preserved uneven
chondrocyte allocation, acellular areas were found also
in the superficial and deeper tissue sections (Fig. 4).
Morphological pattern corresponded to that of articular
cartilage to day 7 of therapy, but visually the acellular
areas were less than those of the control group animals.

Treating the animals with CCBS had no effect on
localization of chondrocytes in a superficial parts of
articular cartilage, but most of them had a dense baso-
philic nucleus. In articular cartilage the lysed and
picnotic chondrocytes have been still detected, but at
the same time, there was an increase in the density of
chondrocyte package which had large nuclei and
slightly basophilic cytoplasm, and were located in depth
of' non-calcified articular cartilage. The cell-free areas
were found. Isogenic groups of chondrocytes were
formed (Fig. 5).

In joint capsule of the animals treated either with
Alflutop or CCBS an infiltration with cell elements of
macrophage-fibroblast was preserved, loosening the
bundles of collagen fibers was noted. A narrow band
of granulation tissue as a pannus was detected in the
marginal regions of the knee capsule only in the animals
treated with Alflutop.
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Puc. 7. Iluanc xoHgpountoB B obnactu Hekanbuudpuum-
POBAHHOrO0 CyCTaBHOroO xpsua Ha 21-e CyTKM uccne-
poBaHusa. Ovarm octeoreHesa B kanbUMOULMPOBAHHOM
xpsiwe. KoHTponbHasa rpynna. OkpaluuBaHWe reMaToKCu-
NMHOM N 303UHOM.

Fig. 7. Lysis of chondrocytes in non-calcified articular

cartilage to day 21 of study. Osteogenesis foci in calcified
cartilage. Control group. Hematoxylin and eosin staining.

CBSI3aHO C HapyIIEHUEM THIpaTalud KJIeTKH. Mart-
PHKC CyCTaBHOTO XPsiliia ObLT HEPAaBHOMEPHO OKpAIIICH,
Pa3BOJIOKHEH, YTO CBHUJIETEIIHCTBOBAJIO O HAPYIIICHHH
€r0 THHKTOPHAJIbHBIX CBOUCTB. B 00macTu kambimdu-
LIMPOBAHHOTO CYCTABHOI'O XPSIIlla TAKIKE BBISBJISIIACH
JICCTPYKTHBHBIC HAPYIICHUsI, CBA3aHHBIC ¢ BpacTa-
HHUEM B XL KPOBEHOCHBIX COCYZIOB, (POPMHUPOBABIINX
odJaru ocreorenesa (puc. 7).

B kpaeBbIX 00J1aCTSIX MBIIICIKOB XapaKTepHas
CTPYKTypHAasi OpraHu3aliysi CYyCTaBHOTO XPSIlla TAKIKE
M3MEHEHa 3a cyeT rposudeparyu Kietok pudpoodiac-
THYeCKOro quddepoHa, MPeanoI0KUTEILHO TPOHH-
KaroIKX U3 MaHHYCA.

MeHuck Kak B JaTepalibHOM, TaK U B MEIUAILHOU
00JIacTH KOJICHHOTO CYCTaBa, ObUT C BBIPAKCHHBIMHU
JECTPYKTUBHBIMU HapyIIICHUSMHE: OECKIICTOYHBIE YIaCT-
KH ¥ O4ard pa3pynIeHHbIX KOJUIAT€HOBBIX BOJIOKOH.

B karicysie cycraBa OTMEUEHBI ITPU3HAKH XPOHHU-
YECKOr0 BOCHAJIUTEIBHOIO IMpoIlecca, MECTaMHU —
(ubpoTuzanum.

[Tocne neuenns «Anduyronom» naun KCKK B
KaIlCyJie CyCTaBa COXPaHsUTUCh MPU3HAKK BOCHIAJICHHS,
OJIHAKO 10 CPAaBHEHHUIO C JAHHBIMHU IMPEIbIIYIICTO
CpoKa HaOIFO/ICHU S, a TAKIKE Pe3yabTaTaMU KOHTPOJIb-
HOW TpyIIIbl HH(DUIBTPAIHS KIICTOYHBIMH JIEMEHTaMU
“Mera HepaBHOMEPHBIN XapakTep U Obliia BhIpaKeHa
cmabee. Ha yyacTkax Kamncynibl COXpaHsuIach CHHO-
BHaJbHAsE MeMOpaHa. BeIsSBIIEHBI HEOOIBIIINE YIACTKA
(hmuOpoTH3aIK Karcybl, IPU3HAKOB ()OPMUPOBAHUS
NaHHyca He 00HapykeHo. Kakux-1u00 BKIIFOUCHU B
[IOJIOCTH CyCTaBa He BbISBJICHO. Takas Mopdooru-
YyecKasi KapTHHA CBHJICTEIbCTBYET O 3aMEJICHUU
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To day 21 in the knee joints of the control animals
in some parts an articular surface had an impaired
congruence. In articular cartilage the degenerative
disorders progressed. Articular cartilage in non-calcified
area along a significant length did not contain the
chondrocytes or there were found the capsules with
chondrocytes, wherein the nuclei were slightly con-
toured (Fig. 6).

Loosely packed chondrocytes were observed in the
central and in marginal parts of the articular surface.
In non-calcified articular cartilage the chondrocytes
had large basophilic nuclei and slightly basophilic cyto-
plasm, indicating to a hyperfunction. However, cyto-
plasm of the most of chondrocytes contained the
vacuoles, their appearance was likely associated with
an impaired cell hydration. An articular cartilage matrix
was unevenly colored, teased, indicating a disorder of
its tinctorial properties. In the area of calcified cartilage
we have also found the destructive changes related
to ingrowing into cartilage of blood vessels, which
formed the osteogenesis foci (Fig. 7).

In marginal areas of condyles the articular carti-
lage pattern was also changed as a result of cell proli-
feration of fibroblast cell row allegedly penetrating from
a pannus.

The meniscus both in lateral and medial regions of
the knee had severe disruptions, there were cell-free
sites and foci of destroyed collagen fibers.

In joint capsule the signs of chronic inflammation
and somewhere fibrotization were marked.

After treatment either with Alflutop or CCBS in
joint capsule there were kept the signs of inflammation,
but if compared with the data of previous observation
time, as well as with the results of the control group,
infiltration with cell elements was uneven and less pro-
nounced. At capsule sites a synovial membrane was
preserved. There were revealed small areas of capsule
fibrotization, signs of pannus formation were found.
No inclusions were found in the joint cavity. This
morphological picture indicates a slowing-down the
pathology and repair of the knee joint capsule. The
progression of degenerative process in articular car-
tilage was not noticed. In non-calcified articular
cartilage the sites with no chondrocytes were preser-
ved, there was a non-uniform package of the cells in
the areas of articular cartilage. Besides to cell-free
areas there have been marked isogenic groups of
chondrocytes of large size with slightly basophilic nuclei
and abundant cytoplasm (Fig. 8), indicating an
activation of biosynthetic processes.

In animals after treatment either with Alflutop or
CCBS along with similar morphological manifestations
the differences in articular cartilage structure were
observed. After treatment of the animals with CCBS
the foci of dissociated matrix were present on the
sites of articular coating of condyles, the chondrocyte-
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MaTOJIOTMYECKOTO TPoIIecca U pernapamnnuy B Karcyie
KOJICHHOTO cycTaBa. [ [porpeccupoBanms 1ereHepaTHB-
HOTO Tpolecca B CyCTaBHOM Xpslle He 3adukcupo-
BaHO. B Hexkanbun(pUIMPOBAHHOM CyCTaBHOM XPSIIIE
COXPaHSUTUCh yYaCTKH 03 XOHIPOLUTOB, UMEIa MECTO
HepaBHOMEpHasl MIIOTHOCTh KJIETOK B 30HaX CyCTaB-
Horo xpsima. Hapsigy ¢ OeckineToyHbIME 00IacTsIMH
ObUIM OTMEYEHBI M30TEHHBIC TPYIIBI XOHAPOLIUTOB
KPYITHBIX pa3MepOB O €1a000a30()MITbHBIMU SIAPAMH
1 OOMITBHOM UTOTIIa3MOi (pHC. §), 4TO CBUIETENHCTBO-
BaJI0 00 aKTUBU3AI[MKM OMOCHHTETUYECKUX TPOLIECCOB.,

YV )KMBOTHBIX B CTPYKTYPE CYCTaBHOTO XpSIIa MOCIe
neyenus: «Andiyronom» u KCKK Hapsyty co cxon-
HBIMHA MOP(}OJIOTUYECKUMHU MPOSBICHUSIMHU HAOIIO-
nanuck 1 otimuns. [locne neuennst :xuBoTHBIX KCKK
Ha y4YacTKax CyCTaBHOTO IOKPBITHS MBILIEIKOB COX-
PaHsUTUCh OYard pa3BOJIOKHEHHS MAaTPHUKCA, B TIOBEPX-
HOCTHOM 30HE CyCTaBHOTO XpsIlla OTMEYATTUCH yYaCTKU
0e3 XOHJPOIUTOB, OJHAKO B OoJyiee TIYOOKHX 30HAX
IUIOTHOCTD KJIETOK OBbli1a BEICOKOH. XOHAPOLUTHI pac-
MOJIaTaJIMCh B KaIlCyjlaX, UMEIH KPYIHbBIE OKPYIJIbIe
simpa (puc. 9).

B MeHucKax mI0THOCTh PUOPOXOHPOIIMTOR ObLIA
BBICOKOH. B 11€710M Ha MOBEPXHOCTH MEHUCKOB COXpa-
HSUIMCh OYaru KJIETOK ¢ HOPMaJbHOW CTPYKTYpHOUH
OpraHM3aIlfei, TOIBKO B KPaeBBIX OT/EIaxX pacroa-
TaJINCh KJIETKH C IPU3HAKaMH JECTPYKIUH.

ITo cpaBHeHuto ¢ 14-MU CyTKaMu SKCIIEPUMEHTa
MOYKHO OTMETHTB MOJIOKHUTENBHYIO JUHAMHUKY, KOTOpast
CBUJIETENBCTBYET O 3aMEUIEHUU A€CTPYKTUBHO-UCT-
poduyeckoro npouecca 1 MOCTENEHHOM BOCCTaHOB-
JIEHUH CTPYKTYPBI XPALIEBOU TKaHHU.

[Ipu nonspu3aMOHHO-ONTHYECKOM HCCIIE0BAaHUN
B 00J1aCTH MBIIIEITKOB CyCTaBHOTO Xpsliia OeJIPeHHOM
1 00JIbIIeOEepPIIOBOM KOCTEH BBISBICHA BhIpaKCHHAS
pedpakius KojareHa 2 TUMa MpaKkTHYeCKHd BO BCEX
30HaX CyCTaBHOTO XPSIIa MOCTe JICYSHUS KUBOTHBIX
KCKK. Haubornee sipkoe cBeueHHE KoJulareHa 3apuk-
CHUPOBAHO BOKPYT KaIlCyJl XOHAPOIMTOB, YTO CBHJIE-
TEJILCTBYET O (DYHKIIMOHAJILHON AKTUBHOCTH KJIETOK.

Takum 00pa3oM, y KOHTPOJIBHBIX XKMUBOTHBIX Ha
BCEX CPOKaxX HAOIIOACHHS [IPOTPECCUPOBAIIH TATOMOP-
¢onoruueckue nposiBnenus ['A, 4ro o0ObscHACTCS HU3-
KHM penapaTUBHBIM MOTEHIMAIOM XPSIIeBOH TKaHU
1 HapYLIEHUEM PETYAATOPHBIX MEXaHU3MOB [12, 25].

Ha 7-e cyTku B IIOJIOCTH CyCTaBa ONpPENEISUINCH
(hparMeHThI TKaHEH, CoJiepIKaIe KICTOYHBIHI ICTPUT,
a HaumHas ¢ 14-x cyTok 3adukcupoBaHo HopmHu-
poBanue nannyca. Ero nosisnenue sBisieTcs mporaoc-
TUYECKN HEONaronpusATHBIM MpPU3HAKOM. M3BecTHO,
YTO MAHHYC, C OJHOW CTOPOHBI, MOXXET WHTEHCHUBHO
pacTH, MPOHHKAs U3 CHHOBHAIILHOUW TKaHH B XPSII U
paspyl1as ero, a ¢ Jpyroi — NpoyliupoBaTh MaTPHKC-
HYI0 METAJUIONPOTENHA3Y-3, KOTOPast HTPAET CYLIECT-
BEHHYIO POJib B pa3pyLICHUH MaTpukca u (opMu-
pOBaHMM 3pO3UH HA IOBEPXHOCTH CYCTaBHOTO XPSIIa
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Puc. 8. HepaBHOMepHasa NMOTHOCTb pacnoflioXeHus
KIIETOK B CyCTaBHOM XpsLle Ha 21-e CyTKM nccnenoBaHus.
XOHAPOUUTLI C KPYMHBIMU criabo6a3odunbHbIMU Sapamu.
M3oreHHble rpynnbl knetok. 'pynna cpaBHeHusi. Okpalum-
BaHWEe reMaTOKCUITMHOM U 303MHOM.

Fig. 8. Uneven packing of cells in articular cartilage to day
21 of study. Chondrocytes with large weakly basophilic
nuclei. Isogenic groups of cells. Comparison group. Hema-
toxylin and eosin staining.

free sites were noted in a superficial zone of articular
cartilage, nevertheless the densely packed cells were
found in the tissue depth. The cells were localized in
capsules, had large round nuclei (Fig. 9).

The density of fibrochondrocytes in menisci was
high. In general, on the menisci surface the foci of
cells with normal structure were kept, only in marginal
parts the cells with signs of degradation were located.

If compared to day 14 of the experiment a positive
dynamics could be noted, that evidenced to a slowing-
down of destructive-dystrophic process and gradual
restoration of the cartilage structure.

During polarization-optical study in the area of
condyles of articular cartilage of the femoral and tibial
bones there was revealed an expressed refraction of
collagen type 2 in almost all the zones of articular
cartilage after treatment of the animals with CCBS.
The brightest areas with collagen were found around
the capsules of chondrocytes, indicating the functional
activity of cells.

Thus, in the control animals at all the stages of obser-
vation pathological manifestations of GA progressed,
that was explained by low reparative potential of
cartilage and disordered regulatory mechanisms [5, 22].

To day 7 in the joint cavity there were found the
fragments of tissues containing the cell detritus, and
starting from day 14 the pannus formation was
revealed. Its appearance is a poor prognostic sign. It
is known that pannus, on the one hand may grow rapidly
by penetrating from a synovial tissue into cartilage and
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[8, 35]. OOHapykeHO HapyIIEHHE KOHTPYIHTHOCTU
MBIIIEIKOB CYCTaBHBIX MOBEPXHOCTEH. 3aduKcHpo-
BaHbl BpacTaHHE B XPSALIEBYI0 TKaHb KPOBEHOCHBIX
cocynoB U (hOPMHPOBAHUE OYArOB OCTEOHEOI'CHE3a,
3aMeIlaolUX CyCTaBHOHW xpsawm. dopmMupoBaHue
MaHHyca, BpacTaHUe B XPsIl KPOBEHOCHBIX COCYAOB
1 3aMElIeHNE ero KOCTHOW TKAHBIO XapaKTEPHBI IS
TsoKeIbIX popM A M CBUIETENBCTBYIOT O IpyObIX
«TepecTpoiikax» B CycTaBax, 4To yCyryOuser Hapy-
IICHUS NX ONOMEXaHUKHU U TPOUKH. YKa3aHHbIE H3Me-
HEHWUSI SIBIIAIOTCS OCHOBHBIMHU B MEXaHU3MaX MTPOrpec-
cupoanusi ['A. BoccranoBneHue yrpaueHHbIX (QYHKIIUH
cycTaBa Ha COBPEMEHHOM 3Tare pa3BUTHA METUIIHBI
HE TIPEJCTABIIECTCS BO3MOXKHBIM. JleueHne maruen-
TOB ¢ TsDKeNnbIMU popmamu ['A HanpaBieHo Ha 3ame-
JIEHUE pa3pyIIeHUs XpAIIa.

PenaparuBHbIe po1ECCH B KalcyJie cycTaBa CBs-
3aHbl ¢ ee GUOpOTH3ALUEH KaK OTpaKEHUEM BOC-
MaJUTENbHOrO Mpolecca, a B CYyCTaBHOM XpsILE —
C a/lalTallMOHHO-KOMIIEHCATOPHBIMU MTPOSIBICHUSIMHU.
[Tocnexnue ObUTM XapaKTepHBI IS HEOOIBIIOTO
KOJTMYECTBA XOHAPOIIMTOB M 3aKJIIOYaINCh B TUIEP-
TpoduH siypa u 6a30(HUITUN TUTOTIA3MBI.

Jleuenue «AsngryTorom» COnpoBOKAAIOCH MTO3H-
THBHOW NHMHAMHUKON. BocmanurenbHbpIe M3MEHEHHUS
CyCTaBHOH KarICyJIbl COXPAHSIIACH BO BCE CPOKHU TEpAITUH,
ofHaKo ¢ 14-X 1o 21-e CyTKH UX BBIPa)KEHHOCTD ObLIa
3HAYUTEIBHO MEHBIIE, YeM B KoHTposie. [Ipu aToM Ha
21-e cyTkH B INIyOOKOM M cpeHel 30Hax Xpsia ObUIo
OTMEYEHO BOCCTAHOBJIEHUE COJEP)KAaHUS KoJllareHa
2 tuna. BaxxHo, 4To paspylieHne XpAmeBoi TKaHu 3a
CUET BpacTaHMsI KPOBEHOCHBIX COCY/IOB M 3aMEILEHNE
Xpsilia HOBOOOPa30BaHHOM KOCTHOM TKaHbIO HE OTMe-
YaJIUCh Ha MPOTSHKEHUH BCETO IKCIIEPUMEHTA.

Onucanubie 3QQPeKTh MPUMEHEHUS Mpenapara
CpaBHEHUS OOBACHSIOTCS (apMaKOIOTHICCKUMHU
CBOMCTBaMH KOMIIOHEHTOB, KOTOpPBIE BXOZST B €r0
COCTaB (XOHIPOUTHHCYIb(AT, AMUHOKHUCIIOTHI, caxapa,
muonHo3utour, conmu (Na, K, Ca, Mg, Cu, Fe, Mn, Zn)),
coeHeHust rpymisl nmnepodochomunmaos). Mcxons
13 3TOr'0 yMEHBIIEHUE TaTOMOP(OIOTHUECKUX TPU3-
HakoB ['A cBsI3aHO C perynupyoUM BIUSHUEM IIpe-
napaTa Ha OOMEH BEILECTB B XPSILEBON TKaHU, XOHI-
POIPOTEKTUBHBIMU CBOWCTBAMH, PEAJIU3yEMbIMH
MOCPEACTBOM HOpMAIM3aLul OMOCHHTE3a THaIypOHO-
BOH KMCIIOTHI M KOJUTareHa 2 THIIa, a TAK)Ke YTHeTeHHUs
AKTUBHOCTH THAIYPOHUAA3bl U JPYTUX (PEPMEHTOB,
pa3pyLIaONIMX MEXKKIETOUHBIH MaTPHKC.

Bwmecre ¢ Tem npenapaT cCpaBHEHHS HE OKa3bIBAJ
3aMETHOT'0 BIMSIHUS Ha ()OpMUpPOBaHUE ITaHHYca. Takum
00pazom, CTUMYIISILIUSI PENapaTUBHBIX TIPOIIECCOB B XPsi-
LIEBOI TKaHU M YMEHbBLICHNUE BOCHIAINTENBHBIX IIPO-
SIBIICHUI TPU JICUCHUH >KUBOTHBIX «AJ(IyTOIOM)
OKa3aJINCh HEIOCTATOYHBIMH JAJISI MPEIOTBPALICHUS
(hopMHPOBaHMSI pEAKTHBHBIX pa3pacTaHUl CHHOBHH B
MOJIOCTH CYCTaBa.
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Puc. 9. ®parmeHT Mbiwenka 6eapeHHOM KOCcTn Ha 21-e
cyTkn uccnepoBaHusi. CyctaBHOM Xpsil: A — XOHAPOLMTHI
B MOBEPXHOCTHOW 30HE CyCTaBHOro xpswa; B — 6eckne-
TOYHble 00nacTM n pa3BONIOKHEHNE MaTpuKca B MOBEPX-
HOCTHOW 30He. Bbicokasi NNOTHOCTb PaCMONOXeHUsT XOHA-
poumnToB. JkcnepumeHTanbHasa rpynna. OkpalwmBaHue
reMaTOKCUIIMHOM U 303MHOM.

Fig. 9. Fragment of femoral condyle to day of study. Articular
cartilage: A — chondrocytes in superficial zone of articular
cartilage; B — cell-free areas and matrix fraying of superficial
zone. High density of chondrocytes. Experimental group.
Hematoxylin and eosin staining.

destroying it, and on another the pannus may produce
matrix metalloproteinase-3, which plays a crucial role
in matrix destruction and formation of erosions on
articular cartilage surface [1, 35]. Affected congruence
of articular surfaces of the condyles was detected.
There was recorded ingrowing into cartilage tissue of
blood vessels and the formation of osteoneogenesis
foci, replacing an articular cartilage. Pannus formation,
ingrowth of blood vessels into cartilage and its replace-
ment by bone tissue were featured for extensive GA
stages and evidenced to tough rearrangements in joints,
which aggravated the disorders in their biomechanics
and trophism. These changes are crucial in the me-
chanisms of GA progression, to achieve the recovery
of the lost functions at the present stage of medicine
development is not possible. Treatment of patients with
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Jledenue sxciepuMeHTaNBHBIX )KUBOTHRIX KCKK
COIPOBOXK/IATOCHh YMEHBIIEHNEM BBIPAXKEHHOCTH
Mopdooruueckux nposiBieHni ['/A, 0fHaKO MOITHOTO
BOCCTaHOBJICHUSI CTPYKTYpPBI CyCTaBHOI'O Xpsllia He
HaCTyHaJo.

YMeHbIIeHHE BBIPAXKEHHOCTH MOP(]OIOrHIecKuX
MIPOSIBIICHUH JIECTPYKTUBHO-TUCTPOPHIESCKUX U BOCTIA-
JIUTENIBHBIX MPOIIECCOB OTMEUYEHO yXkKe Ha 14-e cyTku
Tepanuu, TorJa Kak B TPYIIE CPaBHEHHUS yydlie-
HHE OTMEUYEHO TOJbKO Ha 21-e cyTku. Ha 21-e cyTkn
Teparuy uMelia Mecto (GUOPOTHU3aIHS KallCyJIbl CyCTa-
Ba, TaK K€ KaK M y )KHBOTHBIX APYTHX rpymni. Tem He
MeHee (OPMHPOBAHUS MAHHYCa HE MPOUCXOIMIIO.
CrnemyeT OTMETHTB, YTO JETPUT B CYCTaBHOM MOJIOCTH,
B OTJIMYME OT JKUBOTHBIX APYTUX I'PYIIIL, HE BBISBIICH.
KoHkpeTHbIE MEXaHU3MBI TEPAIEBTUYECKOTO BIMSHUS
KCKK npu I'A ne uzBectHsbl. C Hallel TOUKH 3peHHs,
OHHM MOTYT PEaJM30BaThCS YEPE3 ONOCPETOBAHHOE
YMEHBIIIEHNE B KPOBH, CHHOBHAJIBHOW JKUJKOCTH U
TKaHSX JIEMEHTOB KOJIEHHBIX CYCTaBOB AucOanaHca
PETYAATOPHBIX (hAaKTOPOB (B TOM YHCIIE PETYIISATOPHBIX
LMTOKHHOB), XapakTepHbix ais ['A [12, 16, 19, 24].

CHmxenne nposiBineHuil [A B XpsimeBoil TKaHU
3aukcupoBano Ha 14-e u 21-e cytku Tepanmu KCKK,
IpY ATOM MOPQOIIOTHYECKast KAPTUHA HE U3MEHSIIACH.
B rpymrie cpaBHEeHUs TO3UTHBHBIE N3MEHEHHSA B CTPYK-
TYpPHOH OpraHM3aluy Xpsua ObLIH 3aUKCUPOBAHEI
TOJIBKO Ha 21-e cyTkM Tepanun. HapyeHns KoHrpysHT-
HOCTH COYJICHSIOIIUXCS [TOBEPXHOCTEH, BpacTaHUS
KPOBEHOCHBIX COCY/IOB MY 3aMELIEHHS XPAIa KOCTHON
TKaHBIO HE BBISIBJIIEHBI B TEUEHHE BCET0 DKCIIEPUMEHTA.

W3BectHO, uTO npu I'A mpoayKThl paspylieHus
9KCTPALEJUTIOJIIPHOTO MaTpHKCa MMONaaaoT B CHHO-
BHAJIBHYIO KUJIKOCTb, OTKYZa OHH MOT'YT BCAaCBIBaThCS
B KPOBOTOK, BBI3bIBAs! TIOBBIIIICHNE COCYANCTOM MPOHU-
[IaeMOCTH M dKccynanuio B kamcyne [28, 31]. Oto
yCyTryOIsieT pa3BUTHE CHHOBUTA U TIOBBIIIEHHE BHY TPH-
CyCTaBHOTO naBjeHus. [IoBbIIIIeHHOE JaBleHHUE CIO-
COOCTBYET MOJIEPKaHHIO BOCIIAINTEILHOTO Tpoliecca,
MOXET OBITh IPUYMHON MATOJIOTHYECKUX MPOTPY3HUi
KarcyJibl CycTaBa M HapyIICHHS €€ IIeJI0CTHOCTH. B T0
xe BpeMs1 prOpo0I1acTooJ00HBIE CHHOBUOLUTHI CIO-
COOHBI ITPOIYLIMPOBATH BOCIAJIUTEILHBIE INTOKUHBI 1
MEIMaTOPbl Pa3pyLICHUS XPSILEBON TKAHU, BBITTOIHSIS
TaKuM 00pa3oM poJib IPOMEKYTOUHBIX MEIUATOPOB
JIOKabHOTO BocmaneHus [22, 28, 31]. Menuatopsl
BOCIIAJICHUS, B CBOIO OYEPElb, CTIOCOOCTBYIOT MOBBI-
LICHUIO IPOHUIIAEMOCTH COCY/IOB 1 yCHUIIEHHON TPaHC-
(by3uH 11a3Mbl B CHHOBHAJIBHYTO KHUIKOCTb, BCIIEACTBHE
Yero KOHIEHTPAlWs THATyPOHOBOH KHCIOTHI YMEHb-
maetcst. TakuM 00pazoMm, MPOUCXOIUT CHIDKEHHUE Ty0-
PHUKALMOHHBIX KAYECTB CHHOBHAIILHOM KHJIKOCTH U €€
3aIUTHBIX CBOWCTB. IloBpexaceHNE KICTOK TKaHH
CYCTaBHOT'O XpsIla HEU30eKHO CTUMYIHUPYET MOBBI-
HIeHre OMOCUHTE3a BOCTIAVIUTENBHBIX IUTOKUHOB, YTO,
B CBOIO OY€peb, IPUBOJNT K Pa3pyLICHUIO MATPUKCA.
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severe GA is aimed to slow down the destruction of
cartilage.

Reparative processes in joint capsule are associated
with its fibrotization as a reflection of the inflammation,
and in the articular cartilage they are done with
adaptive-compensatory manifestations. Latter had
place in a small number of chondrocytes and was re-
presented by hypertrophy of the nucleus and cytoplasm
basophilia.

Treatment with Alflutop showed a positive
dynamics. Inflammatory changes of joint capsule were
kept for all terms of treatment, however, from day 14
to day 21 their severity was significantly less than in
the control. Nevertheless, the restoration of type 2
collagen was obvious to day 21 in the middle of carti-
lage as well as in its depth. And not less important that
the cartilage tissue destruction resulted from ingrowth
of'blood vessels and replacement of cartilage by newly
formed bone tissue was not observed throughout the
experiment.

These outcomes of the reference drug application
could be explained by pharmacological properties of
its components (chondroitin sulfate, amino acids,
sugars, myo-inositol, salts (Na, K, Ca, Mg, Cu, Fe, Mn,
Zn), glycerophospholipids compounds). With that in
mind, the reduction of pathomorphological signs of GA
was associated with regulating influence of the drug
on metabolism in cartilage tissue, chondroprotective
pro-perties were implemented via normalization of bio-
synthesis of hyaluronic acid and collagen type 2, as
well as inhibition of hyaluronidase activity and other
enzymes degrading an extracellular matrix.

Along with that, the reference drug did not signi-
ficantly affect the pannus formation. Thus, stimulation
of reparation in cartilage and reducing inflammatory
manifestations when treating the animals with Alflutop
were not quite helpful in preventing the formation of
reactive proliferations of synovium into the joint cavity.

Treatment of experimental animals with CCBS was
accompanied by a reduced severity of morphological
manifestations of GA, but a complete restoration of
articular cartilage structure did not occur.

Reducing the severity of morphological manifes-
tations of the destructive-dystrophic and inflammatory
processes was observed even to day 14 of treatment,
whereas in the comparison group, improvement was
seen only to day 21. To day 21 of treatment the
fibrotization of joint capsule occurred as well as in
animals of other groups. Nevertheless, the pannus
formation did not occur. It should be noted that no
detritus in joint cavity in contrast to other groups of
animals was detected. Specific mechanisms of the-
rapeutic effect of CCBs in GA are unknown. We be-
lieve they can be realized through an indirect reduc-
tion in blood, synovial fluid and tissue of the knee
elements of imbalance of regulatory factors (including
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ITpu nevennn xuBoTHHIX KCKK, BeposiTHO, pa3phiBaeTcst
3TOT «IOPOYHBIA Kpyr». MOMXKHO NPEANOIONKNTh, YTO
TeparneBTHYECKOE BO3ACHCTBUE peaTnu3yeTcsl uepes
PETYISATOPHOE BIUSIHUE Ha sepHbIe (PaKTOPBI TPaHC-
KpHIILWH, HAlpUMep, Ha CEMENCTBO IIUPOKO SKCIIPeC-
CHPYEMBIX YHUBEPCAIbHBIX (PaKTOPOB TPAHCKPHITLIIH
Kanmna B, KOHTpOIMPYIOMMX 3KCIPECCHUIO TEHOB UM-
MYHHOT'O OTBETA, allONTO3a U KJIETOYHOTO LUKJIA. DTO
ceMeicTBO (haKTOPOB UTPAET BaXKHYIO POJIb B 3aIUTE
KJIETOK OT aronTo3a W mepefade BHYTPUKICTOUHBIX
curnanos. Ero cymniecTBeHHas posb B pa3BUTHH OCTE0-
apTpo3a TaKk’Ke U3BECTHA, HO BHEKJIETOYHBIE CUTHAJIBI,
AKTUBHUPYIOIIUE SICPHBIE (aKTOPBI TPAHCKPHUIIIHIH,
n3y4eHsl HepocrarogHo [27, 28, 32]. [lockonbky B
CBIBOPOTKE KOPAOBOM KPOBU COJEPIKUTCS LIUPOKUN
CHEKTp OMOJOTMYECKH aKTUBHBIX BEIIECTB (eTora-
LIEHTApPHOTO MPOUCXOXKIEHHS, TO MOKHO IMPEIIOII0-
KUTb, UTO B HEW MPHUCYTCTBYIOT U MaKpPOMOJIEKYJIbI
BHEKJIETOUHBIX CUTHAJIOB.

U3BecTHO, 4TO mponaudepupyromuid maHHyc BO
MHOTHX aCIeKTaxX CXOJIEH C IUIalleHTapHON TKaHbIO, B
YaCTHOCTH, PeaKIHe Ha peMO/IeUpYIoLIHe (GaKTopbl,
HampuMep, Ha TUTaIleHTapHbIH paxTop pocta [22]. Bos-
MO>KHO, YTO HIMEHHO 3TUM OOBSACHSETCS CIIOCOOHOCTh
KCKK koHTponMpoBaTh peakTHBHBIE pa3pacTaHUs
CHUHOBWSI B CyCTaBax KMBOTHBIX ¢ ['A u mpensTcTBO-
BaTh (POPMHUPOBAHUIO NAHHYCA.

1o raHHBIM NONAPU3AMOHHO-ONTHYECKOTO UCCIIe-
JIOBaHUSI B 00JaCTU MBILIEIKOB CYCTaBHOTO Xpslia
OeapeHHON U O0MNbIIEOEPIIOBOM KOCTEH y KUBOTHBIX
nociie geueHuss KCKK na 21-e cyTku Tepanuu BbIsIB-
JieHa BbIpaskeHHast peypakLust KojutareHa 2 Tuma rmpak-
THUYECKH BO BCEX 30HAX CYCTAaBHOI'O Xpslla, Hanboiee
SPKOEe CBEYCHHE KoJulareHa 3a)MKCHPOBAHO BOKPYT
KarcyJsl XOHAPOIUTOB. Taknue pe3ynbTaTsl CBHACTEIb-
CTBYIOT O perapanuy BHEKJIETOYHOTO MaTpUKca U
BOCCTAHOBJICHUHU XPSAIIEBONW TKaHW Ha KJIECTOYHOM
Y TKAHEBOM YPOBHSIX.

[o Hamemy MHEHHIO, 23()DEKT TOZUTHBHOTO BIHSTHUS
KCKK na nporekanue ['A MOXHO UHTEPIPETHPOBATH
KakK 00ILeOMOIOTHUECKOE PETYISTOPHOE BO3ACHCTBUE
Ha INpoLEecchl caHorenesa. IIpon3BoanuTens 3asaBIserT,
YTO, BOCCTaHABJIMBAsi TOMEOCTa3 B cycTase, «Andiy-
TOID» TOPMO3HUT OMOCUHTE3 MEJHUATOPOB BOCIIAJICHHUS,
BKJIIOYasi IPOBOCHAIUTEIbHBIC HUTOKUHBI, YEM H
OOBSICHSIETCSI €ro MPOTHBOBOCIATHTENBHBIN P deKT
(MHCTpYKIHMA UTSt METUITMHCKOTO TpuMenenns). [loc-
konbKy nericteue «Angdayrona» u KCKK na mop-
(osornueckue mposeaeHus I'A cxomHO, TO MOXKHO
MIPEATIONIOKHTD, 4TO JeueoHoe Bausarne KCKK peanu-
3yeTcsl, B YaCTHOCTH, Uepe3 Te ke Mexanm3Mbl. O0a
H3y4aeMbIX TEPAEeBTUYECKUX areHTa NPEACTABIISIIOT
cO0OH KOMIUIEKC OMOJIOTHYECKH aKTHBHBIX BEIIECTB
€CTECTBEHHOTO IIPOUCXOKACHUS, KOTOPBIE, OUEBUIHO,
HE SBISIIOTCS BUpocneuuuyHbIMu. M3BecTHO, 4TO
CBIBOPOTKa KOPJAOBON KPOBH SABISIETCS OOTAaTBIM
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regulatory cytokines), characteristic for GA [5, 12,
15,21].

Reduced GA manifestations in cartilage was recor-
ded to days 14 and 21 of therapy with CCBS, herewith
morphological picture did not change. The comparison
group demonstrated positive changes of cartilage stru-
cture to day 21 of therapy. Disordered congruence of
adjoining articular surfaces, ingrowth of blood vessels
or replacement of cartilage with bone tissue have been
identified throughout the experiment.

It is known that in GA the destruction products of
extracellular matrix release into synovial fluid, where
they can be absorbed by the bloodstream, causing an
increase in vascular permeability and exudation of the
capsule [26, 39]. This leads to development of synovitis
and intraarticular pressure. High blood pressure main-
tains an inflammation, can cause abnormal protrusions
of the joint capsule and disorder an integrity. At the
same time, fibroblast-like synoviocytes are capable of
producing inflammatory cytokines and mediators of
cartilage destruction, playing thereby the role of local
inflammation intermediate mediators [19, 26, 29].
Inflammatory mediators, in turn, contribute to the
vascular permeability and plasma enhanced transfusion
in synovial fluid, whereby the hyaluronic acid con-
centration decreases. Thus, the lubricative quality of
synovial fluid and its protective properties are going
down. Injury of articular cartilage cells inevitably
stimulates an increase in biosynthesis of inflammatory
cytokines, which in turn leads to the matrix destruction.
Treatment of animals with CCBS probably breaks the
“vicious circle’. Therapeutic effect can be assumed to
be implemented via regulatory effect on nuclear trans-
cription factors, such as the widely expressed universal
kappa B transcription factors, controlling the ex-
pression of genes of an immune response, apoptosis
and cell cycle. This family of factors plays an important
role in protecting the cells against apoptosis and in
transmission of intracellular signals. Its significant role
in development of osteoarthritis is also known, but
extracellular signals, activating nuclear transcription
factors have been not well understood [25, 26, 30].
Since a cord blood serum contains a wide range of
biologically active substances of fetoplacental origin,
it can be assumed that it contains the macromo-lecules
of extracellular signals as well.

It is known that proliferating pannus in many respects
is similar to the placental tissue, in particular on the
response to remodeling factors, for example, placental
growth factor [ 19].This likely explains the CCBS ability
to control reactive proliferation of synovium in joints
of'animals with GA and prevent the pannus formation.

According to the polarization microscopy data the
condyles zone of articular cartilage of the femoral and
tibial bones in animals treated with CCBS to day 21 of
treatment had an expressed refraction of collagen type
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HCTOYHUKOM PEryJsITOPHBIX BEUIECTB C BBICOKOU
OMONOTNYECKON aKTHUBHOCTBIO. B Hell comepxkuTcs
WUPOKUN CHEKTP TaKUX COCAUHEHUH, KaKk HHTEP-
JIEUKUHBI, XEMOKHUHBI, KOJTOHUECTUMYIUPYIOLINE
(hakTOpBI, paCTBOPUMBIE PEIIETITOPHI, (DaKTOPHI POCTA,
sugopduubl, ropmonsl [13, 17, 20, 34]. Drum,
BEpOSITHO, U OOBSACHSAETCS OOJBINAsi IO CPABHEHHUIO
¢ «AndayTomom» TepameBTHUIECKAST aKTHBHOCTH
KCKK. Kpome Toro, HemasioBa)KHOE 3HAYEHUE NMEET
HaJIMYHEe B COCTAaBE CHIBOPOTKH KOPAOBOH KPOBHU
OpraHUYECKUX KUCIOT, KAPOTUHOUIOB, AMUHOKHUCIIOT,
BCILIECTB JIUMUIHON OPUPOBI, BATAMUHOB, JIEKTPO-
JIUTOB ¥ MUKPOAIJIEMEHTOB, 00ECIICYHBAIOIINX YHH-
KaJIbHOE MOJIEKYIISIPHOE OKpPYKEHHE, HEOOXOIMMOE IS
ONTUMAITLHON (PU3NOTIOTHUYECKON aKTUBHOCTH PETYIIS-
TOpHBIX BemecTB [15, 21, 26]. Ha nam B3rmsn,
tepaneBtryecknii a3Qpext KCKK Henb3s 00bsICHUTD
BIIUSTHUEM TOJILKO CONIEPIKAIIMXCS B HEW OTIEITHHBIX
OHMOJIOTMYECKY aKTHUBHBIX BeMIecTB. [lo-BuanMoMy, OH
peanusyercs 3a CUeT COBOKYITHOI'O MHOTOTJIAHOBOTO
NEHCTBHS KOMITJIEKCa OMOPETyIATOPOB, HAXOAIINXCS
B (pr3roTornYecky cOaTaHCHPOBAHHOM COOTHOIIICHHUM,
KOTOpPO€ UCKYCCTBEHHO BOCITPOM3BECTHU MTPAKTHUECKU
HEBO3MOXHO.

BriBoaBI

PesynpraThl MOp(]OIOTHUECKOTO UCCIIETOBAHUS
KOJICHHBIX CYCTaBOB KPBIC C MHAYLUUPOBAaHHBIM [A
CBHUJICTENLCTBYIOT O TOM, UTO JieueHre KCKK Topmozut
pa3BUTHE BOCTIAIIMTEIHHOTO MPOIIECCa M CIIOCOOCTBYET
3aMeJJICHHIO JeTeHEePalliy CyCTaBHOTO IIOKPBITHS Ha
KJICTOYHOM M TKAaHEBOM YPOBHSIX, TIPEIIATCTBYET (op-
MHPOBaHMIO TTAHHYCA. YMEHBIIIEHHE TTaTOMOP(OIIOTH-
YECKUX MPOSIBIICHUM B XPAIICBOM TKAHU OTMEYAETCS Ha
14-e cyTku Tepanuu, a Ha 21-e CyTKH CHHXKaeTCs
AKTUBHOCTH MATOJIOTHYECKOTO Mpoliecca B CyCTaBHOM
KancyJsje. YBeJIMUYCHUE KOJUYECTBA XOHIPOIUTOB B
CYCTaBHOM XpSIIIIE CONPOBOXKIACTCS BOCCTAHOBICHUEM
YX (pyHKIIMOHATBHOW aKTUBHOCTH, O Y€M CBHJICTEIIBCT-
BYET IMOBKINICHUE PePPAKIINH KoJIareHa 2 THIIA.

Jleuenne «AnQayTomoOM» B MEHBIIECH CTCTICHH
BITUSIET HA BRIPAYKEHHOCTh MOP(OIOTHIECKIX ITPOSB-
nenuii I'A v He IPensSITCTBYET MOSBIEHUIO PEaKTHBHBIX
pa3pacTaHuii CHHOBHUH.

IlepcniekTHBOM JANbHEUIIINX UCCIIEIOBAHUN MOYKET
OBITh U3yUCHHE JICUCTBUS OUOJOTUYECKUA aKTUBHBIX
BEIIEeCTB (PETOIUIANEHTAPHOTO MPOUCXOXKICHUS Ha
MPOLIECCHI IECTPYKLUUHU U Penapauy Opu pa3InyHbIX
3200JICBaHUSAX ONIOPHO-/[BUTATEIILHOTO allapara.

Buipasicaem bracodaprocme 3asedyrouemy omoeniom
kpuoobuonozuu cucmem penpodyrkyuu UIIKuK HAH Ykpau-
Hol, 0. meo. n., npog. O.C. [Ipokoniox 3a npedocmasienue
KPUOKOHCEPBUPOBAHHOU CHIGOPOMKU KOPOAOBOU KPOSU 0I5l
npoGedeHUs: IKCNEPUMEHINOB.
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2 in almost all the parts of articular cartilage, the brightest
collagen areas were recorded around the capsules of
chondrocytes. These results indicated the extracellular
matrix repair and recovery of cartilage were confirmed
at cell and tissue levels.

We suppose that a positive impact of CCBS on GA
can be interpreted as a general biological regula-tory
influence on sanogenesis. The manufacturer of Alflu-
top argues that restoring homeostasis in joint, the drug
inhibits the biosynthesis of inflammatory mediators,
including proinflammatory cytokines, which explains
its anti-inflammatory effect (instructions for medical
use). Since the effect of Alflutop and CCBS on morpho-
logical manifestations of GA is similar, we may assume
that a therapeutic impact of CCBS is implemented, in
particular, through the same mechanisms. Both thera-
peutic agents studied are complex of biologically active
substances of natural origin, which, obviously, are not
species-specific. It is known that the cord blood serum
is rich source of regulatory substances with high biolo-
gical activity. It contains a wide range of compounds
such as interleukins, chemokines, colony stimulating
factors, soluble receptors, growth factors, endorphins,
hormones [9, 13, 16, 32]. This probably explains higher
versus Alflutop therapeutic activity of CCBS. In ad-
dition, the presence in cord blood serum of organic
acids, carotenoids, amino acids, lipid, vitamins, electro-
lytes and trace elements, providing a unique molecular
environment necessary for optimal physiological acti-
vity of regulatory substances has great importance
[11,17,23]. We believe the therapeutic effect of CCBS
can not be explained only by the influence of certain
active substances in its content. It is apparently a result
of a sum of versatile effects made by a complex of
bioregulators preserving a physiologically balanced
composition, which is hardly possible to be reproduced
artificially.

Conclusions

The results of morphological study of knee joints
of the rats with induced GA indicated that the treat-
ment with CCBS reduced an inflammation activity and
slowed-down degeneration of articular coating that
was estimated at cell and tissue levels, prevented
pannus formation. The reduced pathological manifesta-
tions of cartilage was observed to day 14 of therapy,
and to day 21 the pathological activity in joint capsule
decreased. Increasing the number of chondrocytes in
articular cartilage was accompanied with their func-
tional activity recovery, as evidenced by a rise in
refraction of type 2 collagen.

Treatment with Alflutop to a lesser extent affected
the severity of morphological manifestations of GA,
did not prevent the appearance of reactive prolife-
rations of synovium.

npo6rembl KPMOOMONOrMKN 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016



Nurepatypa

1. BeegeHckun B.MN., Oeayx H.B., Kosanes N A., CaHgomup-
ckun B.T1. BnnaHue HU3Knx Temneparyp 1 3TaHona Ha CocTosiHme
CTPYKTYPHbIX 31IEMEHTOB KOeHHOro cyctasa // OpToneaus,
TpaBmartonorusi n npotesmpoBaHune. — 2013. — Ne2. — C. 28-33.

2. BeegeHckun B.MM., Koeanes A., TbiHbiHbIka J1.H. 1 gp. Kpuo-
KOHCEpBMpPOBaHHas CbIBOPOTKa KOPAOBOW KPOBU Npu neve-
HUW OeCTPYKTUBHO-ANCTPOMUYECKMX NPOLIeCCoB B cycTaBax //
BeCcTHVK HEOTNOXHOW U BOCCTAHOBUTENbHOW MEeAMLMHbI. —
2012. - T. 13, Ne1. — C. 41-43.

3. Tonbues A.H., FOpyeHko T.H. MNnaueHTa: KpMOKOHCEPBUPOBaHUE,
KnMHU4Yeckoe npumeHeHune. — Xapbkos, 2013. — 318 c.

4. puwerko B.N., Kosanes IA., MNMeTtpeHko A.lO. n gp. Pere-
HepaTMBHO-NNacTUYeckas Tepanus ankoronbHbIX BUCLEPO-
natui. — K.: Hayk. gymka, 2010. — 152 c.

5. MpuwwenHko B.1., Mpokontok O.C., JliniHa O.B. 3aroTiens, kpiokoHcep-
ByBaHHSA CMpOBAaTKM i Mra3Mu KOPAOBOI KPOBi Ta X KMiHiYHe
3actocyBaHHs: MeToa. pekomeHaauii. — Xapkis, 2000. — 11 c.

6. Kopxesckuin [.3. OcHOBbI ructonormyeckon TexHukn. — Cll6:
CneuJluT, 2010. — 95 c.

7. PereHepaTtuBHas 6uonorusa n meamumHa. KnetovHble TexHomno-
v B Tepanuu 6onesHei HepeHol cuctemsl / Mo pea. B.H. Apbi-
rvHa, B.T. My3sbipeBa, K.H. ApbirvHa, B.B. CemyeHko. — Ekatepuh-
Bypr — MockBa — Omck — Tomck — XaHTbl-MaHcuiick, 2015. —
360 c.

8. Ainola M.M., Mandelin J.A., Liljestrom M.P. et al. Pannus
invasion and cartilage degradation in rheumatoid arthritis:
involvement of MMP-3 and interleukin-1beta // Clin. Exp.
Rheumatol. — 2005. — Vol. 23, Ne5. — P. 644-650.

9. Dhawan A., Mather R., Karas V. et al. An epidemiologic analysis
of clinical practice guidelines for non-arthroplasty treatment
of osteoarthritis of the knee // Arthroscopy. — 2014. — Vol. 30,
Ne1. — P. 65-71.

10.Farr J., Miller L., Block J. Quality of Life in Patients with Knee
Osteoarthritis: A Commentary on Nonsurgical and Surgical
Treatments // Open Orthop. J. — 2013. — Ne7. — P. 619-623.

11.Fransen M., Bridgett L., March L. et al. The epidemiology of
osteoarthritis in Asia // Int. J. Rheum. Dis. — 2011. — Vol. 14,
Ne2. — P. 113-121.

12.Goldring M.B. Articular Cartilage Degradation in Osteoarth-
ritis // HSS Journal. — 2012. — Vol. 8, Ne1. — P. 7-9.

13.Gul A,, Lone K., Ahmad A. Implications of umbilical cord blood
serum in clinical applications // The Health. — 2013. — Vol. 4,
Ne4. — P. 71-75.

14 .Hafez A., Al-Johani A., Zakaria A. et al. Treatment of Knee Osteo-
arthritis in Relation to Hamstring and Quadriceps Strength //
J. Phys. Ther. Sci. — 2013. — Vol. 25, Ne11. — P. 1401-1405.

15.Haga P, Ek J., Kran S. et al. Plasma tocopherol levels and vita-
min E/beta-lipoprotein relationships during pregnancy and in
cord blood // Am. J. Clin. Nutr.— 1982.—Vol. 36, Ne6. — P. 1200—1204.

16.Heidari B. Knee osteoarthritis prevalence, risk factors, patho-
genesis and features: Part | // Caspian J. Intern. Med. — 2011. —
Vol. 2, Ne2. — P. 205-212.

17.Hu D., Gu H., Cao L. et al. Study on the relationship between
endogenous opioid peptides and fetal distress // Zhonghua Fu
Chan Ke Za Zhi. — 2002. — Vol. 37, Ne12. — P. 718-720.

18.Kanno H. Regenerative therapy for neuronal diseases with
transplantation of somatic stem cells // World J. Stem. Cells. —
2013. — Vol. 5, Ne4. — P. 163—-171.

19.Kapoor M., Martel-Pelletier J., Lajeunesse D. et al. Role of
proinflammatory cytokines in the pathophysiology of osteo-
arthritis // Nat. Rev. Rheumatol. —2011. - Vol. 7, Ne1. — P. 33—42.

20.Kedzia A., Petriczko E., Tarka A. Placental growth hormone,
pituitary growth hormone, insulin-like growth factor, and ghrelin
in umbilical cord blood serum and amniotic fluid // Endokrynol.
Pol. — 2013. — Vol. 64, Ne4. — P. 293-299.

21.Kiely M., Cogan P., Kearney P. et al. Concentrations of toco-
pherols and carotenoids in maternal and cord bloodplasma //
Eur. J. Clin. Nutr. — 1999. — Vol. 53, Ne9. — P. 711-715.

npo6nembl KpUOOMONOrUM 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016

Studying the influence of biologically active
substances of fetoplacental origin on destruction and
restoration processes in various diseases of musculo-
skeletal system could be the prospect for further
researches.

We are grateful to the Head of the Department of
Cryobiology of Reproductive Systems of the IPC&C of the
National Academy of Sciences of Ukraine in person of
Prof. Olga S. Prokopyuk, MD for providing the cord blood
serum for studies.

References
. Ainola M.M., Mandelin J.A,, Liljestrom M.P. et al. Pannus invasion
and cartilage degradation in rheumatoid arthritis: involvement
of MMP-3 and interleukin-1beta. Clin Exp Rheumatol 2005;
23(5): 644-650.

2. Dhawan A., Mather R., Karas V. et al. An epidemiologic analysis
of clinical practice guidelines for non-arthroplasty treatment
of osteoarthritis of the knee. Arthroscopy 2014; 30(1): 65-71.

3. Farr J., Miller L., Block J. Quality of life in patients with knee
osteoarthritis: a commentary on nonsurgical and surgical
treatments. Open Orthop J 2013; (7): 619-623.

4. Fransen M., Bridgett L., March L. et al. The epidemiology of
osteoarthritis in Asia. Int J Rheum Dis 2011; 14(2): 113-121.

5. Goldring M.B. Articular cartilage degradation in osteoarthritis.
HSS Journal 2012; 8(1): 7-9.

6. Goltsev A.N., Yurchenko T.N. Placenta: cryopreservation,
clinical application. — Kharkiv, 2013.

7. Grischenko V.I., Kovalov G.A., Petrenko A.Yu. et al.
Regenerative plastic therapy of alcohol visceropathies. — Kyiv:
Naukova dumka, 2010. — 152 p.

8. Grischenko V.I., Prokopyuk O.S., Lipina O.V. Procurement,
cryopreservation of serum and plasma of cord blood and their
clinical use. Methodical recommendations. — Kharkiv, 2000. —
11 p.

9. Gul A, Lone K., Ahmad A. Implications of umbilical cord blood
serum in clinical applications. The Health 2013; 4(4): 71-75.

10.Hafez A., Al-Johani A., Zakaria A. et al. Treatment of knee
osteoarthritis in relation to hamstring and quadriceps strength.
J Phys Ther Sci 2013; 25(11): 1401-1405.

11.Haga P.,, Ek J., Kran S. et al. Plasma tocopherol levels and
vitamin E/beta-lipoprotein relationships during pregnancy and
in cord blood. Am J Clin Nutr 1982; 36(6): 1200—1204.

12.Heidari B. Knee osteoarthritis prevalence, risk factors,
pathogene-sis and features: Part |. Caspian J Intern Med 2011;
2(2): 205-212.

13.Hu D., Gu H., Cao L. et al. Study on the relationship between
endogenous opioid peptides and fetal distress. Zhonghua Fu
Chan Ke Za Zhi 2002; 37(12): 718-720.

14.Kanno H. Regenerative therapy for neuronal diseases with
transplantation of somatic stem cells. World J Stem Cells 2013;
5(4): 163-171.

15.Kapoor M., Martel-Pelletier J., Lajeunesse D. et al. Role of
proin-flammatory cytokines in the pathophysiology of
osteoarthritis. Nat Rev Rheumatol 2011; 7(1): 33—42.

16.Kedzia A., Petriczko E., Tarka A. Placental growth hormone,
pituitary growth hormone, insulin-like growth factor, and ghrelin
in umbilical cord blood serum and amniotic fluid. Endokrynol
Pol 2013; 64(4): 293-299.

17 Kiely M., Cogan P., Kearney P. et al. Concentrations of
tocopherols and carotenoids in maternal and cord bloodplasma.
Eur J Clin Nutr 1999; 53(9): 711-715.

N

373



22. Lowin T., Weidler C., Jenei-Lanzl Z. et al. Relationship between
placenta growth factor 1 and vascularization, dehydroe-
piandrosterone sulfate to dehydroepiandrosterone conversion,
or aromatase expression in patients with rheumatoid arthritis
and patients with osteoarthritis // Arthritis Rheum. — 2012. —
Vol. 64, Ne6. — P. 1799-1808.

23.Neogi T., Zhang Y. Epidemiology of OA // Rheum. Dis. Clin.
North. Am. — 2013. — Vol. 39, Ne1. — P. 1-19.

24.0lson S., Horne P., Furman B. et al. The role of cytokines in
posttraumatic arthritis // J. Am. Acad. Orthop. Surg. — 2014. —
Vol. 22, Ne1. — P. 29-37.

25.0rth P., Rey-Rico A., Venkatesan J. et al. Current perspectives
in stem cell research for knee cartilage repair // Stem Cells
Cloning. — 2014. - Vol. 7. — P. 1-17.

26.Perveen S., Altaf W., Vohra N. et al. Effect of gestational age
on cord blood plasma copper, zinc, magnesium and albumin //
Early Hum. Dev. — 2002. — Vol. 69, Ne1-2. — P. 15-23.

27.Roman-Blas J., Jimenez S. NF-kappaB as a potential the-
rapeutic target in osteoarthritis and rheumatoid arthritis //
Osteoarthritis Cartilage. — 2006. — Vol. 14, Ne9. — P. 839-848.

28.Scanzello C., Goldring S. The Role of Synovitis in Osteoarthritis
pathogenesis // Bone. — 2012. — Vol. 51, Ne2. — P. 249-257.

29.Sharifi B., Mosavi Zadeh A., Famil Tokhmechi M. Efficiency
assessment of topical fetal human cord blood serum on alkaline
corneal epithelial defects healing in a rabbit model // Life Science
Journal. — 2013. — Vol. 10, Ne7. — P. 731-734.

30.Sharma N., Goel M., Velpandian T. et al. Evaluation of umbilical
cord serum therapy in acute ocular chemical burns // Invest.
Ophthalmol. Vis. Sci. — 2011. — Vol. 25, Ne2. — P. 1087-1092.

31.Sokolove J., Lepus C. Role of inflammation in the pathogenesis
of osteoarthritis: latest findings and interpretations // Biomed.
Res. Int. — 2013. — Vol. 5, Ne2. — P. 77-94.

32.Sun R., Zhang B., Chen L., Sun J. Role of nuclear factor of
activated T cells 1 in the pathogenesis of osteoarthritis / Exp.
Ther. Med. — 2014. — Vol. 7, Ne1. — P. 195-198.

33.Sun T., Ma Q. Repairing neural injuries using human umbilical
cord blood // Mol. Neurobiol. —2013. — Vol. 47, Ne3. — P. 938-945.

34.Tutdibi E., Hunecke A., Lindner U. et al. Levels of cytokines in
umbilical cord blood in relation to spontaneous term labor //
J. Perinat. Med. — 2012. — Vol. 40, Ne5. — P. 527-532.

35.Wang H.S., Kuo P.Y,, Yang C.C. et al. Matrix metalloprotease-
3 expression in the medial plica and pannus-like tissue in knees
from patients with medial compartment osteoarthritis // Histo-
pathology. — 2011. — Vol. 58, Ne4. — P. 593-600.

374

18.Korzhevskiy D.E. Bases of histological technique. — St-Peters-
burg.: SpetsLit, 2010.

19.Lowin T., Weidler C., Jenei-Lanzl Z. et al. Relationship between
placenta growth factor 1 and vascularization, dehydroepian-
drosterone sulfate to dehydroepiandrosterone conversion,
or aromatase expression in patients with rheumatoid arthritis
and patients with osteoarthritis. Arthritis Rheum 2012; 64(6):
1799-1808.

20.Neogi T., Zhang Y. Epidemiology of OA. Rheum Dis Clin North
Am 2013; 39(1): 1-19.

21.0lson S., Horne P., Furman B. et al. The role of cytokines in post-
traumatic arthritis. J Am Acad Orthop Surg 2014; 22(1): 29-37.

22.0rth P., Rey-Rico A., Venkatesan J. et al. Current perspectives
in stem cell research for knee cartilage repair. Stem Cells
Cloning 2014; 7: 1-17.

23.Perveen S., Altaf W., Vohra N. et al. Effect of gestational age
on cord blood plasma copper, zinc, magnesium and albumin.
Early Hum Dev 2002; 69(1-2): 15-23.

24 Regenerative biology and medicine. Cell technologies in therapy
of nervous system diseases/ Ed. By V.N. Yarygin, V.P. Puzyrey,
K.N. Yarugin, V.V. Semchenko. — Yekaterinburg — Moscow —
Omsk — Tomsk — Khanty-Mansiysk: Omsk Regional Printing
Office, 2015.

25.Roman-Blas J., Jimenez S. NF-kappaB as a potential therapeutic
target in osteoarthritis and rheumatoid arthritis. Osteoarthritis
Cartilage 2006; 14(9): 839-848.

26.Scanzello C., Goldring S. The role of synovitis in osteoarthritis
pathogenesis. Bone 2012; 51(2): 249-257.

27.Sharifi B., Mosavi Zadeh A., Famil Tokhmechi M. Efficiency
assessment of topical fetal human cord blood serum on alkaline
corneal epithelial defects healing in a rabbit model. Life Science
Journal 2013; 10(7): 731-734.

28.Sharma N., Goel M., Velpandian T. et al. Evaluation of umbilical
cord serum therapy in acute ocular chemical burns. Invest
Ophthalmol Vis Sci 2011; 25(2): 1087—-1092.

29.Sokolove J., Lepus C. Role of inflammation in the pathoge-
nesis of osteoarthritis: latest findings and interpretations.
Biomed Res Int 2013; 5(2): 77-94.

30.Sun R., Zhang B., Chen L., Sun J. Role of nuclear factor of
activated T cells 1 in the pathogenesis of osteoarthritis. Exp
Ther Med 2014; 7(1): 195-198.

31.Sun T., Ma Q. Repairing neural injuries using human umbilical
cord blood. Mol Neurobiol 2013; 47(3): 938-945.

32.Tutdibi E., Hunecke A., Lindner U. et al. Levels of cytokines in
umbilical cord blood in relation to spontaneous term labor. J
Perinat Med 2012; 40(5): 527-532.

33.Vvedenskiy B.P., Dedukh N.V., Kovalev G.A., Sandomirskiy
B.P. Influence of low temperatures and ethanol on the state of
structural elements of the knee joint. Orthopaedics, Trauma-
tology and Prosthetics 2013; (2): 28-33.

34.Vvedenskiy B.P., Kovalev G.A., Tynynyka L.N. et al.
Cryopreserved cord blood serum in treatment of destructive
and dystrophic processes in joints. Bulletin of Urgent and
Recovery Medicine 2012; 13(1): 41-43.

35.Wang H.S., Kuo P.Y., Yang C.C. et al. Matrix metalloprotease-
3 expression in the medial plica and pannus-like tissue in knees
from patients with medial compartment osteoarthritis.
Histopathology 2011; 58(4): 593-600.

npo6rembl KPMOOMONOrMKN 1 KPUOMEAULIMHDI

problems of cryobiology and cryomedicine
Tom/volume 26, Ne/issue 4, 2016



