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Content of Nitric Oxide Final Product in Cartilage and Blood Serum
of Rats at Low Temperature Modeling of Destructive
and Dystrophic Process in Knee Joint

YCTaHOBIEHO, YTO B MEXaHMU3ME Jlerpaslaliiy XpsIeBOH TKaHU Ba)KHYIO POJIb UIPAeT OKCHUJ a30Ta. MccnenoBaHo copepkaHue
KOHEeYHOTro npoaykra oomeHa NO (HUTpHTa) B XPSILIEBOM TKAaHU KOJICHHOTO CYCTaBa M CBIBOPOTKE KPOBH KPBIC P HU3KOTEMITEPaTypPHOM
MOJICIIUPOBAHHH ECTPYKTUBHO-TUCTpoduueckoro mporecca (JIT) koJeHHOro CycTaBa, BBI3BAHHOTO €r0 KPHOIOBPEIKICHHEM.
[TokazaHo, 4TO ero cofepkaHue yBeJIMYUBAETCS Y CTAphIX XKUBOTHBIX, YTO MOXKET CBUJICTEJILCTBOBAThH O HAKOIUICHUH ITIMKO3MIMPOBAHHBIX
IPOIYKTOB KOJUIareHa, yrHeTeHUH rocpeacTBoM NO NpoTeonInKaHOB MaTpUKCa, IPUBOAALINX K HAPYILICHUIO MEXaHUUECKUX CBOWCTB
xpsaueBoit Tkanu. Ilpu Hu3koTeMneparypHoM mopenuposanuu JIJIIT conepxanue koHeuHoro npoxykra NO B XpslieBoil TKaHU U
CBIBOPOTKE KPOBH Y IKCIIEPHMEHTAIIbHBIX )KUBOTHBIX OBUIO YBEINYEHO B 4 pa3a [0 CPaBHEHUIO C MHTAKTHBIMU. Mccrenyemblii okasaTelb
IPaKTUYECKU HE U3MEHSJICS B TeUEHHUE 7 CyTOK B XPSAIIEBOM TKaHHU KPbIC, TOT/Ia KaK B @aHAJIOTHYHBIX YCIOBHUSIX BO3PACTal B CHIBOPOTKE
KPOBH, YTO CBUIETEILCTBYET O pa3BuTuu /11 B XpsiiieBoii TKaHU KOJICHHOTO CyCTaBa XHUBOTHBIX.

Knioueswvie cnosa: oxcnp a3ota, XjagoareHT, KpHOIIOBPEXKICHHE KOJICHHOIO CyCTaBa, 1eCTPYKTHBHO-AUCTPODUUESCKHI poriecc,
XpsilleBas TKaHb.

BcranogieHo, 1110 B MEXaHi3Mi Jerpajaiii XpsAIioBoi TKAHMHU BaKJIUBY POJIb Bilirpae oKCuI a3oTy. JIoCIiKEHO BMICT KiHIIEBOTO
npoaykty oominy NO (HITpHUTY) B XpsIIOBil TKaHHHI KOJIHHOTO cyr1o0a i CHpOBATIi KPOBi IIypiB PU HU3BKOTEMIEPATyPHOMY
MOJIeITIOBaHHI AeCTPYKTHBHO-IcTpodiunoro npouecy (JIT) koninHOrO Cyrinoba, BUKIMKAHOTO HOro KpionommKkopkeHHsM. [TokazaHo,
1110 OT0 BMICT 301IBLIIY€ETHCS Y CTAPHX TBAPUH, 1110 MOXKE CBITYMTH PO HAKOIIMYCHHSI INTIKOJII30BaHKX MPOAYKTIB KOJIAreHy, IPUTHIYCHHS
3a gonomoroo NO npoTeonikaniB MaTpUKCY, L0 MPU3BOAATH 1O HOPYLICHHS MEXaHIYHUX BIaCTHBOCTEH XpsioBoi TkaHuHu. [Ipu
HHU3bKOTeMIeparypHomy MozeinroBanHi JJ/IT1 BMmicT kiHueBoro mpoaykty NO B XpsIIOBiif TKaHHHI i CHpOBATLi KPOBi y eKcIie-
pUMEHTaJIbHUX TBApUH OyJ10 301IbIIEHO B 4 pa3u B MOPIBHAHHI 3 iIHTAKTHUMU. J[0CITi Ky BaHUii ITOKa3HUK MIPAKTHYHO HE 3MiHIOBABCS
npoTsiroM 7 11i0 B XpsIIOBil TKaHHMHI L{yPiB, TOMI K B aHAJIOTIYHUX YMOBAaX 3pOCTaB y CHPOBATLIi KPOBI, 1110 CBITYUTH PO PO3BUTOK
JIT y XpsIuoBii TKaHUHI KOJIIHHOTO Cyriio0a TBapuH.

Knrouoei cnosa: oxcuz a3oTy, Xj1aJj0areHT, KpioIOMIKODKEHHsI KOJIIHHOTO Cyr100a, AeCTPYKTUBHO-AUCTPO(iYHIIA TpoLiec, XPsIoBa
TKaHUHA.

In the mechanism of cartilage tissue degradation the nitric oxide has been found to play an important role. There has been examined
the content of NO (nitrite) final metabolic product in cartilage tissue of knee joint and blood serum of rats during low temperature
modeling of destructive-dystrophic process (DDP) of knee joint, caused by cryoinjury. It has been shown that its content increases
in aged animals, likely testifying to an accumulation of collagen glycolysated products, suppression by NO of matrix polyglycans,
leading to impaired mechanical properties of cartilage tissue. At low temperature modeling of DDP the content of NO final product in
cartilage tissue and blood serum in experimental animals was 4 times increased if compared with intact ones. The examined index did
not virtually change for 7 days in cartilage tissue of rats, meanwhile under the analogous conditions it increased in blood serum,
testifying to the development of DDP in cartilage tissue of animal knee joint.

Key words: nitric oxide, cooling agent, cryoinjury of knee joint, destructive-dystrophic process, cartilage tissue.

Hawubonee pacnpocTpaHEHHBIMU TMATOJIOTHSIMHU
OTIOPHO-/IBUTaTEIbHOTO anmnapara sBIsSI0TCS IereHe-
paTUBHBIE 3200JI€BaHUS CYCTaBOB, Yallle BCETO XapaK-
TEPU3YIOLIUECS CKPBITHIM IPOTPECCUPYIOLIUM Pa3py-
MIEHUEM CYCTaBHOTO XPsIIIla U COMMYTCTBYIOITUMH H3-
MEHECHISIMH IPYTHUX CYCTaBHBIX CTPYKTYp. [Ipu aTOM
HapYyIIAIOTCs] CAHXPOHHBIE MTPOIECChl OMOIeT pajaiiy
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The most widespread pathologies of locomotor
apparatus are degenerative diseases of joints, often
featured with latent progressing destruction of cartilage
joint and accompanying changes in other structures.
Herewith the synchronous processes of biodegradation
and formation of cartilage joint cells as well as that of
subchondrial bones are impaired. Pathogenesis of
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1 00pa30BaHus KJIETOK CYCTaBHOTO XPAIINIA, a TAKXKE Cy0-
XOH/IpanbHOU KocTu. [larorenes 3ab6oneBaHuii OOPHO-
IBUTATEIBLHOTO ammapara oOycJIOoBIeH mpeobdnana-
HHUEM KaTaboJIMYeCKUX MPOLIECCOB HaJl aHAOOINYECKHU-
MH, YTO IPUBOJUT K TIOTEpe OMOIIOTHUECKUX CBOHCTB
xpsima [2, 7, 9]. U3BecTHO, 4TO HA MEXaHU3M JAerpaia-
LMY XpsIeBor TkaHu Brusiet okcup a3ora (NO), koto-
PBIM SABISAETCS YHUKAIBHBIM MEAUATOPOM MEXKKIIE-
TOYHBIX B3aUMOJAEHCTBUI U y4acCTBYET B MOJJIEpHKa-
HUH TOMEOCTaTHIECKHX TApaMETPOB OPTaHI3Ma, PETyIisi-
MK OONBITMHCTBA PYHKIIUH (SKCIIPECCHS TeHOB, KOHT-
POJTb BEICBOOOKACHNS HEMPOMENATOPOB, peaTn3alIiys
MMMYHHOTO OTBETa OPTaHN3Ma), a TAKXKE B PA3BUTHUHU
psia MaToNOTHYECKUX COCTOSHUM, B TOM YHCIIE OCTEO-
apTposa, aptpuTta [2, 3,7, 9]. Oxcun a3ota — yHUBEp-
CaJIbHBII PETYIATOP KJIETOYHOT'O ¥ TKAHEBOTO META00-
JU3Ma MOXET OBITh MCIIOJB30BaH B KaY€CTBE MapKe-
pa paHHUX, JOKITMHUYECKUX U3MEHEHNH THaTMHOBOTO
Xpsilifa — MHULHAIBHOro cyOcTpara octeoaptposa [12].
MoskHO monaraTh, 4TO CTaHAAPTU3ALUA METOA pa3-
PYUICHHS XPSIIEBON TKAHH IIO3BOJIHUT MOIYYUTh OoJiee
TIOJTHYTO WH(DOPMAITHIO O MECTHBIX B 0OIITNX MaTo(hu-
3MOJIOTHYECKUX H3MEHEHHAX IIPH apTPO30-apTPUTaX.

MogenupoBaHHe MaTOIOTUIECKOTO IPOoIIecca Xps-
LIeBOW TKaHU KOJIEHHOTO CYCTaBa C TIOMOIIBIO0 KPHO-
JIECTPYKIIUU OTPaKEHO HEOCTATOYHO B JINTEPATYE.
CymecTByomue IKCIEPpUMEHTAIBHBIE MOJIEIN OC-
TE0apTpO3a U METOJIbI UX OLIEHKH HE SBIAIOTCS YHH-
BEpCaJbHBIMH M OTPa)XaroT, KaK IPAaBWIO, OJHO U3
3BEHBEB ITHONATOIE€HE3a MATOJIOTMYECKOT0 ITpoLecca
[1, 6]. B HacTosA1IEE BpEMSI OTCYTCTBYET EIUHOE MHE-
HUE OTHOCUTENBHO yuacTust NO B pa3BUTHH XPSILLEBON
Jgerpananuu TkaHu. OHAKO pe3ynbTaThl UCCIEHO-
BaHUH, BBIITOJHEHHBIX HA PA3JIMYHBIX MOJIEIISIX OCTEO-
apTpo3a y )KMBOTHBIX, CBUIETEIBCTBYIOT O €0 BIIHSA-
HUM Ha Pa3BHTHUE JECTPYKTUBHO-TUCTPOYUUIECKOTO
nporecca (/1) B xpsimeBoit Tkanu [8—11].

Lens paboThl — 3ydeHne cofiepKaHus KOHEIHOTO
npoaykra oomMeHa NO B XpAIIEBOM TKaHU KOJIEHHOTO
CyCTaBa M CBIBOPOTKE KPOBH KPbIC IPY HU3KOTEMIIEpa-
TypHoM MozenupoBanuu J/II1 B koneHHOM cycTaBe.

Martepuanbl n metoanl

J71s1 1OCTOBEPHOTO U TOUYHOT'O ONpeIeNICHHUs Cozep-
xaHus NO HCcronb3yroT NpsAMOM METOA M3MEPEHUs
koHIeHTpanuu ceodogroro NO ¢ momorrsio NO-ce-
JIEKTUBHBIX 3MeKkTpoaoB. [lockonsky NO sBisercs
ra3oM C JIOCTaTOYHO KOPOTKHUM BPEMEHEM >KH3HU U
BBICOKOM peaKkIIMOHHOM CITIOCOOHOCTHIO, MBI HICTIONB30-
BaJIM BapUaHT U3MEPEHHs ero cTabuiIbHOrO MeTabo-
muta — HuTpuTa. OnpeenseMblii ypoBeHb HUTPUTA
3aBHCHUT KaK OT aKTUBHOCTH CTICHU(PHUECKUX CUHTA3,
TaK ¥ OT CKOPOCTH €T0 BBIBEJICHUS TouKaMu. [ Ipu sTom
OLIEHKA KOHIIEHTPALIMH KOHEYHBIX POAYKTOB 0OMeHa
NO naunbonee npuemseMa i MOHUTOPHHTA OOILETO
ypoBHs npoaykuuu NO [2].

KpuoGMoROrIM

T.21,2011, Ne4

locomotor apparatus diseases is stipulated with prevai-
ling of catabolic processes over anabolic ones, leading
to the loss of biological properties of cartilage [2, 7, 9].
It is known that the mechanism of cartilage tissue
degradation is affected by nitric oxide (NO) being an
unique mediator of cell-cell interactions and partici-
pating in maintaining the homeostatic parameters of
an organism, regulation of major functions (gene ex-
pression, control of neuromediator release, implemen-
tation of immune response of an organism), as well as
in the development of some pathological states, includ-
ing osteoporosis and arthritis [2, 3, 7, 9]. Nitric oxide
being an universal regulating agent of cell and tissue
metabolism can be used as the marker of early, pre-
clinical changes of hyaline cartilage, initial substrate
of osteoporosis [12]. One may believe that the stan-
dardizing of the method for cartilage tissue destruc-
tion enables the obtaining of a complete information
and general pathophysiological changes in arthroses
and arthrites.

Modeling of pathological process of knee joint
cartilage tissue using cryodestruction has been reported
insufficiently. The existing experimental models of
osteoarthrosis and the methods of their assessment
are not universal and reflect as a rule one of the links
of ethiopathogenesis of pathological process [1, 6].
Nowadays there is a common notion about NO invol-
vement in the development of cartilage tissue degra-
dation. However, the research results presented in dif-
ferent osteoarthrosis models in animals testify to its
effect on the development of destructive-dystrophic
process (DDP) in cartilage tissue [8—11].

The research aim was to study the content of final
product of NO metabolism in knee joint cartilage tissue
and blood serum of rats in low temperature modeling
of DPP in knee joint.

Materials and methods

For statistically significant and accurate examination
of NO content the direct method of measuring the
concentration of free NO using NO-selective electro-
des is used. Since NO is the gas with quite short life
span and high reactive ability we have used the variant
of measuring its stable metabolite, nitrite. The examined
level of nitrite depends both on activity of specific
synthases and on the rate of its excretion by kidneys.
Herewith the assessment of concentration of NO
metabolism final products is the most acceptable for
monitoring of total level of NO production [2].

The research was performed in white breedless
rats in accordance with General Ethical Principles of
the Experiments in Animals, approved by the 3" National
Congress in Bioethics and coordinated with the state-
ments of European Convention on the Protection of
Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986). Destructive
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PaGoty BeImOHSIIN Ha O€NTbIX OECTIOPOTHBIX KPBI-
cax B COOTBETCTBUU C “OOIUMHU 3THYECKUMHU IPHUH-
LUIIaMH 3KCIIEPUMEHTOB Ha )KUBOTHBIX’, 0H0OPECHHBI-
mu Il HanmoHanbHBIM KOHTpPECCOM IO OMOITHKE
(Kues, 2007) 1 cortacoBaHHBIMHU C ITOJIOKEHUSIMU ‘EB-
PONEHCKON KOHBEHIMH O 3alUTE O3BOHOYHBIX )KUBOT-
HBIX, UCIOJIb3YEMBIX AJIA HKCICPUMECHTANbHBIX H
Ipyrux Hay4yHbIx neneil” (CtpacOypr, 1986). dectpyk-
TUBHO-TUCTPOGUIECKHI IpOIIecC B XPAIIEBON TKaHU
MOJIEITMPOBAJIN ITyTEM KPHOTIOBPEXKACHHUS KOJIEHHOTO
CYCTaBa, UCIOJIB3YsI MOJIU(PHUKAIHIO CIIOC00a, OMTHCaH-
Horo pasee [4]. C 3Toii IeTbI0 OAHOKPATHO BBHITIOTHSUTH
BHYTPHCYCTaBHYIO MHBEKIIUIO XJIaI0areHTa, B Ka4ecT-
B€ KOTOPOTO MPUMEHSIJIN paCTBOP ITAHOJIA, OXJIaKICH-
HBIA 10 TEMIIEPaTyphl JKUAKOTO a30Ta U OTTasIBILUIA
JT0 TIOSIBJICHUS KUAKOH (a3sl [4]. DTOT cr1ocod HU3KO-
TeMriepaTypHoro MmogenupoBanus /111 B xpsieBoit
TKaHH KUBOTHBIX He TpeOyeT Xupyprudeckoro BMe-
L1aTeNIbCTBA, CHIKAET PUCK BOSHUKHOBEHUS OCIIOKHE-
HUI U MCKIIIOYaeT BO3MOXKHOCTH KPUOTIOBPEKICHUS
NapaapTUKYISIpHBIX TKaHeH. Kpome Toro, aHHas Mo-
JIeNTb TI03BOJIAET MaKCUMAJIbHO CTaHJApPTU3UPOBATH
MATOJOTHYECKHUI MpoIiece, YTO 00eCIeunBaeT BBICO-
KYIO TIOBTOPSIEMOCTb PE3YJIbTATOB MECTHBIX M OOIINX
M3MEHEHUH B OpraHU3Me B OTBET Ha 3a00JeBaHHe.

JKvBoTHBIE pa3sHOrO BO3pacTa ObUIM pa3aeseHbI
Ha 4 rpynnsl o 10 B xaxngoit: 1 — 1-2-HenenbHbIE
(Momnoppie); 2 — 6—7-MecsuHbIe (B3pOCible), 3 — 18-
MecsiuHbIe (cTapbie), 4 — KUBOTHBIE C HKCIIEPUMEH-
TanbHOU Mozenbio JI/II1 B koneHHOM cycTaBe, y KOTO-
pBIX oLeHUBaNU Ha 1-, 3- U 7-€ CyTKU coAepKaHue
KOHEYHOro npoaykra ooMeHa NO B CBIBOPOTKE KPOBH
U TOMOTEHATe XPALIEBON TKAHU KOJIEHHOIO CyCTaBa
(hoToMeTpHUUIECKUM METOZOM I10 peakiuu I pucca [5].

Craructryeckuil aHaIn3 JaHHBIX IPOBOIVIIN HeTla-
paMeTpUYECKUM METOJOM C HCIOJIb30BAaHHEM KOM-
neroTepHbIX nporpamm Excel u “Statistica 17.0” u
U-kputepust Manna-Yurtau (p < 0,05).

Pe3yAbTaThl M 00CyxAeHue

Cpeny MHOTOYMCIIEHHBIX MOJIENIENH 0CTeEOapTpo3a
CYLIECTBYET CTaHAAPTHBIH CIIOCO0 MOACTUPOBAHUS
JJII koneHHbIX cycTaBoB: 1-2 pasa B JBE HElEIU HA
NPOTSKEHUH Mecsilla B KOJICHHBIM cycTaB cobak
BBOJIAT NPEAHU30JIOH B 03¢ 15-25 mn [1]. Hegocrat-
KaMH1 crioco0a SBIISIOTCSA HE TONBKO JIOKAJIBHOE, HO U
CHUCTEMHOE BJIMSIHHE IpernapaTa Ha OpraHu3M IOJ-
OTIBITHBIX KUBOTHBIX, B PE3yJIbTaTe KOTOPOrO MOTYT
BO3HUKHYTH OCJIOXHEHHMSI, B YACTHOCTH CO CTOPOHBI
SHAOKPUHHOM, CEPACUHO-COCYAUCTON, MUILIEBAPUTEIIb-
HOH, KOCTHO-MBIIIEYHOU cucteM. KpoMme Toro, pas3su-
THE JEPMATOJOTUUECKUX U AJUIEPTHUECKUX PEaKIIUN
CBA3aHO C IMMYHOJETIPECCUBHBIM AE€HCTBUEM IIpE-
HU30JIOHA.

Huszkoremneparypuoe monenupoBanue J/II B
CyCTaB€ 3aKJII04aeTcsl B NMPAMOM BO3JEHCTBUU Ha
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and dystrophic process in cartilage tissue was simulated
by cryodamage of knee joint with modifying the method
[4]. With this aim there was done a single injection of
ethanol solution (as a cooling agent) cooled down to
the temperature of liquid nitrogen and thawed up to
the appearance of liquid phase [4]. This method of
low temperature DDP modeling in cartilage tissue of
animals does not require any surgery, reduces the risk
of appearance of complications and excludes the pos-
sible cryodamage of para-articular tissues. In addition,
this model allows the maximum standardizing of
pathological process providing a high repeatability of
the results of local and general changes in an organism
in response to a disease.

The animals of different age were divided into 4
groups by 10 in each: 1 — 1-2 week-old ones (young);
2 — 67 month-old ones (adult); 3 — 18 month-old ones
(aged); 4 — the animals with experimental model of
DDP in knee joint, in which there was estimated by
1%, 3 and 7™ day the content of NO metabolism final
product in blood serum and homogenate of cartilage
tissue of knee joint with photometric method according
to the Griess reaction [5].

The data were statistically analyzed by non-
parametric method using Excel and Statistica 17.0
software, as well as Mann-Whitney U-test (p < 0.05).

Results and discussion

Among multiple models of osteoarthrosis there is a
standard method of modeling DDP of knee joints: 1-2
times in two weeks during a month into a knee joint of
dogs prednisolone was administrated in a dose of 15—
25 ml [1]. The short-coming of the method is not only
local but also systemic effect of preparation on orga-
nism of experimental animals, resulting in possible
complications in particular of endocrine, cardiovascular,
digestive, musculo-skeletal systems. In addition the
development of dermatological and allergic reactions
is related to immune depressive effect of prednisolone.

Low temperature modeling of DDP in a joint
consists in a direct effect on joint cartilage by the vapor
jet of liquid nitrogen at the pressure of 0.2-0.6 atm
during 6—88 seconds [6]. The short-comings of this
method are its complicity, traumaticity and significant
risk of the surgery-related complications. During
surgical approach the joint elements are strongly sub-
jected to trauma, in surgery of ligaments an instability
in a joint appears, and the rests of sutures may cont-
ribute to the appearance of post-operative compli-
cations. In addition, during cryoeffect of liquid nitrogen
vapor jet on joint cartilage there is a possibility of
cryodamage of para-articular tissues.

In our research during cryoeffect on knee joint car-
tilage tissue of liquid fraction of ethanol cooled in liquid
nitrogen vapors the probability of complications and
cryodamage of para-articular tissues are minimal,
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CYCTaBHOW Xpsll CTpyel Mmapa KUJKOrO a30Ta IMoJ
nasnenueM 0,2—0,6 atm B TeueHue 4-8 c [6]. Hemo-
CTaTKaMH1 JaHHOT'O Cr1oco0a SIBJISIOTCS €0 CI0XKHOCTD,
TPaBMaTU4YHOCTh M 3HAYUTEIbHBIA PUCK BO3HHKHO-
BEHUsI OCJIOKHEHUH, KOTOpPBIE CBSA3aHbI C XUpypruyiec-
KHM BMEIIATEIbCTBOM. B X011€ onepaTuBHOIO 10CTY-
1a 3HaYUTENFHO TPAaBMHUPYIOTCS SJIEMEHTHI CyCTaBa,
[IPY NIEPECEYCHUH CBSI30K BO3HUKAET HECTAOMIIBHOCTD
B CyCTaBe, a OCTaTKH IIOBHOTO MaTepHayia MOTYT
CIOCOOCTBOBATh BOSHUKHOBEHHUIO MOCIICOTICPAIIHOH-
HbIX oclioxkHeHul. Kpome Toro, Bo BpemMsi KpuOBO3-
JOEHCTBUS CTPYH IMapa XKHUAKOTO a30Ta Ha CyCTaBHOU
XPpAILI BO3MOXXHO KPUOTIOBPEXKACHIE TTapaapTUKYIISP-
HBIX TKaHEH.

B Hameii pabote mpu KpHOBO3IECHCTBUU HA XPsi-
LIEBYIO TKaHb KOJICHHOTO CYCTaBa >KUAKOH (Ppakiuu
3TaHOJIa, OXJIAXACHHOTO B Mapax >KUIKOTO a30Ta,
BEPOSATHOCTH BOSHUKHOBEHHS OCIIOKHEHUI M KPUOIIOB-
PEKICHUS NapaapTUKYISIPHBIX TKAaHEH MUHUMAIIBHBI,
YTO MO3BOJISET ajeKBaTHO oueHUTh Moaenb JJIII ¢
MIOMOIIBIO 3KCIIpecc-MOHUTOpUHTa ypoBHA NO B
XPAIIEBON TKAHU U CHIBOPOTKE KPOBH.

Oxkcun a3oTa oOpasyercs B pe3y/ibTare akTHBHOC-
TH cemeiicTBa n3opepmentor cuaTassl NO (NOS),
crocoOHbIX 00pa3oBsiBaTh NO n3 L-aprununa. Beige-
ns110T TpH m3opepMenta NOS, KomupyeMbIX pa3HbIMH
redamu [2]. NOS I tuna npucyTcTByeT B HelpoHax
Mo3ra. [Ipenmnonararor, 4To 3TOT hepMEHT MOXKET Te-
HepupoBarb NO B OTBET Ha PELENTOPHYIO CTUMYJIS-
LU0 WIN IEHCTBHE areHTOB, IOBHIIIAIOIIUX YPOBEHb
BHyTpuKIeTouHOro Kanbius [12]. NOS II tuna
HaXOIUTCA IPEUMYILECTBEHHO B PAaCTBOPUMOi1 popme
W OTHOCHUTCS K MHAyUuOenbHo# uzodopme NOS,
KOTOpasi MEHee 3aBUCHMa OT MOHOB KaJIBIUS U Kajlb-
moxynuHa. NOS III tuma xapakTtepeH mis dHAOTe-
JUATBHBIX KJIETOK M MOXKET OBITh KaK B pACTBOPUMOIA,
Tak U MeMOpaHHO-CBs3aHHO# (opme [12]. He cy-
LIECTBYET €ITMHOTO MHEHUS OTHOCUTEIHHO IIPUCYTCT-
Bust NO B HOpMabHO (DYHKIIMOHUPYIOIIEM xpsitme [ 12,
13]. Y nexotopsix aBTopoB NO acconuupyercs TOJb-
ko ¢ pazsutuem JJII [11-13]. B namux ucciaenosa-
HUSX OBUIO MOKA3aHO, YTO COAECPKAHWE KOHEYHOTO
npoaykra NO B XpAIIeBOH TKaHH KOJIEHHOTO CyCTaBa
U CBIBOPOTKE KPOBU B HOPME 3aBUCHT OT BO3pacTa
XKHUBOTHBIX. Tak, copepkaHue HUTPHUTA B XPSIIEBOM
TKaHU U CBIBOPOTKE KPOBU B3POCIBIX M MOJIOIBIX
KPBIC JJOCTOBEPHO HE oTandaeTcs (puc.l), Torma kak
y B3pOCIHBIX XMBOTHBIX OHO B 2 pa3a MeHbIIEe I10
CPaBHEHHIO CO CTapBIMHU, @ B CBIBOPOTKE KPOBH — B
1,5 pa3za.

YcTaHOBNIEHO, YTO COJEp)KaHHe KOHEYHOTO IMpOo-
nykra NO B XpALIEBOH TKaHU KOJIEHHOTO CycTaBa U
CBIBOPOTKE KPOBH KpPBIC IPU HU3KOTEMIEPaTypPHOM
moaenupoBanuu JIJII1 Ha 1-e cyTku mocne BBEACHUS
XJIaJI0areHTa MOBBIIIANOCH B 3 pa3a 110 CPaBHEHUIO C
HOpPMOI (puc. 2) ¥ HEe U3MEHSIIOCH B TeueHue 1-, 3-u
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allowing to adequately assess the DDP model by means
of express monitoring of NO level in cartilage tissue
and blood serum.

Nitric oxide is resulted from the activity of isoenzy-
me family of NO synthase (NOS) capable to form
NO from L-arginine. There are defined three NOS
isoenzymes coded with different genes [2]. NOS-I type
is present in brain neurons. It is supposed that this
enzyme may generate NO in response to receptor sti-
mulation or the effect of agents increasing the level of
intracellular calcium [12]. NOS-II type is predominant-
ly in a soluble form and referred to the inducible isoform
of NOS, which is less dependent on calcium and calmo-
dulin ions. NOS-III type is characteristic for endothelial
cells and may be both in soluble and membrane-bound
forms [12]. There is no unified opinion as for the pre-
sence of NO in normally functioning cartilage [12, 13].
Some authors associate NO only with the development
of DDP [11-13]. In our studies it has been shown that
the content of NO final product in cartilage tissue of
knee joint and blood serum in the norm depends on
animal's age. So, the content of nitrite in cartilage tissue
and blood serum of adult and young rats does not
statistically differ (Fig. 1) meanwhile in adult animals
it twice lower if compared with aged ones and blood
serum in 1.5 times.

It has been established that the content of NO final
product in cartilage tissue of knee joint and rat blood
serum during low temperature simulation of DDP to
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Puc. 1. Yposens koHeunoro npoaykra NO (HUTpHTa) B
romoreHare xpsieBoit Tkaau () u ceiBopoTke KpoBH (H) y
KpBIC Pa3HBIX BO3pacToB: 1 — |-2-HeaenpHBIE (MOJIOABIE);
2 — B3poCIbIe; 3 — cTapble; * — pa3luuus CTaTUCTUYECKU
JTOCTOBEPHBI 110 CpaBHEHUIO ¢ rpymmamu 1 u 2 (p <0,05).

Fig. 1. Level of NO final product (nitrite) in homogenate of
cartilage tissue () and blood serum (H) in rats of different
age: 1 —one-two week-old animals (young); 2 — adult rats;
3 — aged rats; * — differences are statistically significant if
compared with data of the groups 1 and 2 (p < 0.05).
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7-x cyTok mocne 3kcnepuMenTa. OnHako Habmoma-
Jlach TEHAEHIMSA K €r0 TOHMKEHUI0 Ha 7-€ cyTKu. [Ipu
AQHAJIOTHYHBIX YCJIOBHUSX B CBIBOPOTKE KPOBH 3KCIIEPH-
MEHTaAJIbHBIX )KUBOTHBIX Ha 1-€ CyTKH 1ocjie BBEACHHS
xyagoareHTa cojepxkanue NO B 3 pasa npeBblIaio
HOpMY, Ha 7-€ CYyTKHM yBEJIHNYUBaJoCh B 4 pasza 1o
CPAaBHEHHIO C HOPMOH U JOCTOBEPHO OTJIMYAIOCH Ha
1-e cyTku nocine BBeaeHus xnanoareara. [lomydeHnsie
Pe3yabTaThl CBUAETENBCTBYIOT O AETPAIAIINH XPSIIe-
BOM TKaHW KOJIEHHOI'O CyCTaBa KpPBIC, BBI3BAHHOU
KpuonoBpexaeHueM. OCHOBBIBasICh TONBKO Ha aHa-
JIU3€ M3MEHEHNH KOHIICHTPALIMN KOHEYHBIX IPOAYKTOB
obmena NO 0e3 HCIOIB30BaHUS CIIEU(PUUECKUX
omokaropos pa3nnuHbIXx Gopm NO-cunraz (NOS) u
omnpeeseHHs] YPOBHS UX CHHTE3a, HEBO3MOXKHO
OIMCAaTh TOUYHBIC MEXaHU3MBI PETYINPOBaHUs OOMeHa
NO u ygactua NOS B peanuzannu oTBETa OpraHu3Ma
Ha JI/II1 B KOJIEHHOM CyCTaBe MO CJIE BBEICHUSA XJIa10-
areHTa. OIHAKO MOXKHO TPEAINOJIOKUTE, YTO B ATOM
IpoLecce Y4acTBYIOT BCE 3BEHbS PEryIMpPOBaHUs 00-
MeHa NO, KOTOpBIH, KaKk M3BECTHO, MOXET UTPATh
POIE OCHOBHOTO IUTOTOKCUYECKOTO M ITUTOCTaTHIEC-
koro 3¢(heKTopa CUCTEMBI KJICTOUHOTO UMMYHHUTETA,
OKa3bIBasi IPY 3TOM KaK ay TOKPHHHOE, TaK U ITapaKpHH-
Hoe aeiicteue. IIpoBocnanurenbHble IUTOKUHBI, Ha-
npumep untepieiikun- 13 (UJI-103), pakrop Hekposa
omyxomnu 0 (TNFa), a Takke IIUTOKUHBI, MOAYIIUPYIO-
LK€ BOCTIAJIUTEIbHBIC PEAKIIUH, BBI3BAHHBIC KPHUOIIOB-
PEXICHUEM XPALIEBON TKaHU, CTUMYJIUPYIOT CHHTE3
nHaynuoensHoit NO-cunTasbl (iNOS), 4To IpuBOAUT
K reHepanuu oonpmoro konuyectBa NO [12, 13], 00
3TOM CBUETEJILCTBYET MOBBIIICHUE YPOBHS KOHEUHO-
ro npoxykra NO B CHIBOPOTKE KPOBU 3KCIIEPHMEH-
TaJIbHBIX KUBOTHBIX.

JlutepaTypHbIe JaHHBIE MOATBEPXKIAIOT HATHYNE
6a30B0r0 ypoBHS MpoayKiuu NO B XpsIIeBOM TKaHH
B3pocioro opranusma [2, 7, 9, 13]. M3BectHO, 9TO C
Bo3pacTtoM cojepxanne NO yBennduBaeTcs: B 3pe-
JIOM BO3pacTe OHO MOXKET OBITh B 7 pa3 BhIIIE, YEM B
monogoM [2, 13]. Tak, mpu cTapeHUU HaKaIMBAIOTCS
[IMKO3WJINPOBAaHHbBIE MPOAYKTHI KoJjlareHa u oOpa-
3YIOTCSI TIEPEKPECTHBIEC CBSI3U, KOTOPBIE HapyLIAIOT
MexaHuueckue cBoiicta xpsawma [ 10, 11]. bonee toro,
[IMKO3WIIMPOBAHHBIE IPOLYKTHI MOTYT aKTUBHPOBATh
XOHIPOLUTHI, CTUMYJIHPYSI 00pa3oBaHKe IPOTHBOBOC-
MATUTENLHBIX TUTOKUHOB HHCYJIMHOMIOJOOHOTO (hak-
topa pocra (IGF-1), Tpancdopmupyromiero paxropa
pocra 3, (TGF-P,) u aktuBHBIX hopMm KHCIOPOAA, KO-
Topble ipy ydacTuy NO yrHeTaroT CHHTE3 IPOTEOTIIH-
KaHoB [7, 9]. B pe3ynbrare mpoucxXoasT CPhIB permapa-
THUBHBIX PEAKIMH, JECHHXPOHU3AIHS aHA0O0THYECKHUX
U KaTabONMYECKHUX MPOLECCOB, TOATOMY U3MEHSETCS
AMUHOKHCIIOTHBII COCTaB CHHTE3UPYEMBIX CTEPIKHE-
BBIX U CBA3YIOIIUX OENKOB MPOTEOINIMKAHOB, Hapy-
mIaeTcs CTpyKTypa Duko3aMuHornukasos [13]. Kpo-
M€ TOT'0, IPOBOCHAIUTEIbHBIE INTOKUHBI, HATIPUMED
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Puc. 2. Yposens xoHeunoro npoaykra NO (HUTpHTa) B
romoreHaTe xpsmeBoii Tkanu () u ceiBopoTke kporH ()
IpYM HU3KoTeMIepaTypHoMm mogenuposanuu /I B
KOJIGHHOM CycTaBe: | — MHTaKTHbIE )KUBOTHBIE; 2, 3,4 —Ha
1-, 3-, 7-€ CyTKH 10CIIe KPHOIIOBPEXKICHHUSI COOTBETCTBEHHO;
*, # — pa3IUums CTATUCTHIECKH JJOCTOBEPHBI 10 CPABHEHHIO
¢ rpynmnami 1 u 2 coorBeTcTBeHHO (p < 0,05).

Fig. 2. Level of NO final product (nitrite) in homogenate of
cartilage tissue () and blood serum (H) in rats at low
temperature modeling of DPPP in knee joint: 1 — intact
animals; 2, 3, 4 — to the 1%, 3, 7" days after cryoinjury,
correspondingly; *, # — differences are statistically signi-
ficant versus the groups 1 and 2, correspondingly (p <0.05).

the 1 day after introduction of cooling agent increased
3 times if compared with the norm (Fig. 2) and did not
change during 1, 3 and 7 days after the experiment.
However, there was observed the tendency to its
reduction to the 7" day. Under the same conditions in
blood serum of experimental animals to the 1% day
after coolant administration the content of NO 3 times
exceeded the norm, to the 7" day it enhanced 4 times
if compared with the norm and differed statistically
and significantly to the 1* day after coolant adminis-
tration. The findings testify to a cryodamage-caused
degradation of cartilage tissue of rat knee joint. Ana-
lyzing only the changes in concentration of final pro-
ducts of NO metabolism with no use of specific block-
ing agents of different forms of NO-synthases (NOS)
and examining their synthesis rate it is impossible to
describe distinct mechanisms of NO metabolism regu-
lation and participation of NOS in implementation of
an organism response to DDP in knee joint after co-
olant administration. However, one can suppose that
in this process all links of regulation of NO metabolism
are involved, which is known to play a role of main cy-
totoxic and cytostatic effector of the system of cell
immunity, rendering herewith both autokrine and para-
crine effects. Pro-inflammatory cytokines, e. g. inter-
leukin-1f3 (IL-B), tumor necrosis factor a (TNF-a) as
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nntepaeiikun-1 (UJI-1), ygacTByioT B MeTaboau3me
XpSIIEBOr0 MaTPUKCa, HE OKa3bIBas TOKCHYECKOTO
JEHCTBYS Ha XOHIPOLIUTHL. DTOT MPOIIECC, BEPOSATHO,
perynupyercs aHtaroHuctamu peuentopos NJI-1 [9].
AKTHBHO MIPOTUBOJICHCTBYIOT KaTabonndeckomy -
dexry WJI-1, TGF-B,, obnanaromue caMoCTOATENb-
HBIM aHA0OJMYECKUM JEeHCTBHEM Ha METabOIU3M
XpsmeBoro Mmarpukca. C BO3paCTHBIMU U3MEHEHUSAMU
XpsIeBOH TKaHU 3P deKT HeHTpanu3anuu ucue3aer,
9TO MOXKET crocobcTBoBath pazsututo JI/II1.

Ouporenasii NO CHM)KAET aKTHBHOCTH CHHTE3a
koJutareHa [2]. TIpu aToM BO3MOXKHA peann3anus CyT-
peccoproro 3ddexra NO Ha cHHTE3 KoJljIareHa Ha
TPAHCISAIIUOHHOM U MIOCTTPAHCISIIIOHHOM YPOBHSIX.
[Ipn Hu3koTeMneparypHoM moaenupoBanuu /(11 B
xpsmieBoi Tkanu NO, BEpOsSTHO, MHTUOUPYET TUAPOK-
cuia3y — KIII0OYeBOH ()epMEHT MO CTTPAHCISILIMOHHOTO
JTana CMHTE3a KOJUIareHOBBIX BOJOKOH [13]. Okcun
a30Ta TOPMO3UT MUTPALIUIO XOHJPOIIUTOB U CHUKAET
UX CIIOCOOHOCTH K anre3uu ¢ pudpoHekTHHOM. [Ipn
OIIEHKE YHEPTETHYECKOTO META00IN3Ma XOHPOIIUTOB
ycraHoBieHo, 9T0 NO cmoco6CTByeT BBIpaOOTKE
00JBIIOT0 KOMMYECTBA JAKTaTa W CHIKAET CHUHTE3
AT®, KOTOPBIi1 ABIAETCS COCTABHOM YaCThiO (aKTO-
pPOB, yTHETAIOIHUX CHHTE3 XPAIIEBOTO MaTpHUKCA,
qyBCTBUTEIHHOTO K YHEPTeTHIeCKOMY nedunury [8].
JanHOE 00CTOSTEIECTBO MOXKET OBITH IPUIUHON BO3-
HUKHOBEHMS BO3PACTHBIX U3MEHEHUH B XpALIEBON
TKAaHHU U NOBBIIIEHUs ypoBHS npoaykuuu NO, o uem
CBHAETEIbCTBYIOT BBISBICHHBIE HAMH Pa3IH4Hs
ypOBHs KoHeuHoro npoaykra NO kak B TOMOreHaTe
XpAILIEBON TKaHHW, TaK U CHIBOPOTKE KPOBHU KPBHIC.
BonbmHCTBO MOBpekAAOMNX (PaKTOPOB, CBI3aHHBIX
¢ moBbIIeHNeM KoHIeHTpau NO, 00yCIIoBIEHO ero
B3aMMO/ICHICTBHEM C CYIIEPOKCHI-aHUOHOM, TTPUBO/IS-
UM K 00pa3oBaHUIO MEPOKCHHUTPUTA, KOTOPBIi
y4acTBYET B MHAKTUBAIIMU aKOHUTAa3, UHTHOUPOBAHIH
KJIETOYHOTO JIBIXaHUsl, THULIUALIUH TIEPEKUCHOTO OKHC-
JICHVSL JINTTUJIOB, yTHETEHUH MATOXOHIPUAJIBHBIX ()yHK-
nui. XuMHYECKHe pEeaKIui C y4acTHEM IIEPOKCUHHT-
pHUTa MOTYT BBI3BIBATH MYTAIMIO KJIETOK M aIOITO3
[11].

Pons NO B nerpaganmu XpsieBoil TKaHu 10 KOHLA
He n3y4eHa. OIHaKo BCE THIIBI XPSIILEBON TKaHH I10C-
Jie CTUMYISAINYU MPOBOCTATUTEILHBIMUA areHTaMu
CHUHTE3UPYIOT MOBBIIIeHHOE KonnyecTBO NO, 9To B
CBOIO OYepe/lb CO3/IaeT yCIOBUsI sl 00pa3oBaHUs
TOKCHYECKHX MIPOAYKTOB €ro MeTadonu3mMa. X0HIpOo-
LIUTHI, KaK aKTUBUPOBAHHBIE IMTOKUHBI, IPOYIIUPYIOT
eaBa U He camoe Oospiroe konuuecTBo NO 1o
CPaBHEHHUIO C IPYTUMH THITaMu KJIeTOK [ 12]. [Toatomy
orpeeneHne KoHeyHoro npoaykra NO MoxeT ObITh
OJTHMM U3 JIOTIOJTHUTEIILHBIX KPUTEPUEB OIICHKU Pa3BU-
tus J/I1 B XpsuieBol TKaHU HA paHHUX 3Tamnax.
Kpome TorO, CylecTByroOIuUe dKCIePUMEHTAIBHBIE
monenu /111 v kpurepun UX OUEHKU TPYIOEMKH U HE
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well as the cytokines modulating inflammatory reac-
tions, caused by cryodamage of cartilage tissue, stimu-
late the synthesis of inducible NO-synthase (iNOS),
leading to generation of a big amount of NO [12, 13],
this is confirmed with the rise in the level of NO final
product in blood serum of experimental animals.
Literature data confirm the presence of basic level
of NO production in cartilage tissue of an adult orga-
nism [2, 7,9, 13]. It is known that ageing is accompanied
with the NO content increase: in mature age it can be
7 times higher than in young one [2, 13]. So, during
aging there are accumulated glycosylated products of
collagen and there are formed the cross-linkings impair-
ing the mechanical properties of cartilage [10, 11].
Moreover, glycosylated products may activate chond-
rocytes and stimulate the formation of anti-inflam-
matory cytokines of insulin-like growth factor (IGF-1),
transforming growth factor 1 (TGF-f31) and active
species of oxygen, which together with NO suppress
the synthesis of proteoglycans [7, 9]. As a result there
is a failure of reparative reactions, desynchronization
of anabolic and catabolic processes, that results in
changed amino acid composition of the synthesized
key proteins and binding proteins of proteoglycans, as
well as in damage of the structure of glycosoamines
[13]. In addition, pro-inflammatory cytokines, e. g.
interleukin-1 (IL-1) participate in a cartilage matrix
metabolism without toxic effect on chondrocytes. This
process is likely regulated by IL-1 receptor antagonists
[9]. IL-1, TGF-P1 have an ana-bolic effect on cartilage
matrix metabolism and actively prevent a catabolic
effect. Age-related changes of cartilage tissue are
accompanied with disappearance of neutralization
effect that likely contribute to DDP development.
Endogenous NO reduces the activity of collagen
synthesis [2]. Herewith the implementation of sup-
pressor effect of NO on collagen synthesis at trans-
lational and post-translational levels is possible. At low
temperature modeling of DPP in cartilage tissue NO
apparently inhibits hydroxylase, the key enzyme of
post-translation stage of the syntheses of collagen
fibers [13]. Nitric oxide inhibits the migration of chond-
rocytes and decreases their ability to adhesion with
fibronectin. When estimating the energetic metabolism
of chondrocytes it has been established that NO contri-
butes to production of a big number of lactate and
reduces the synthesis of ATP which can be a compo-
nent of the factors suppressing the synthesis of sensi-
tive to energetic deficit cartilage matrix [8]. This fact
may be the cause of appearing age-related alterations
in cartilage tissue and rise in NO production level,
which is confirmed by the revealed by us differences
in the level of NO final product both in homogenate of
cartilage tissue and blood serum of rats. The majority
of damaging factors related to an increased concent-
ration of NO, stipulated by its interaction with super-
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OTpPaXKaloT B IMOJHOW Mepe MpPOTeKaHHWEe MaTOJOTH-
YEeCKOro mpolecca B XpsuieBo TkaHu. Huzkorem-
neparypHslii criocod Moaenuposanus JJ{I1 B konen-
HOM CycTaBe He TpeOyeT TpaauLMOHHOTO XHPYpPIH-
YECKOTr0 BMEUIATENbCTBA, SIBISIETCS MEHEE TpaBMa-
TUYHBIM, YTO MIO3BOJISIET CHU3UTH PUCK BOZHUKHOBEHHUS
OCJIO’)KHEHUI MO CPAaBHEHUIO C M3BECTHBIMU CIIOCO-
6amu. Kpome TOro, OH MCKIIOYaeT BO3MOKHOCTD
KPHOTIOBPEXIEHUS MTapaapTUKYISPHBIX TKaHe. Og-
HaKo TUHAMHKA U3MEHEHHS yPOBHS OKCHJA a30Ta B
XPSILLIEBOM TKaHU KaK IIPH pasnuuHbix moaensax J/I1,
B TOM YHCJI€ K HU3KOTEMIIEPATYpPHBIX, TaK M B HAILIEM
criocobe omuHakoBa [7, 13].

BbiBOADI

Conepxanue koHeuHoro npoaykra NO B xpsie-
BOM TKaHU KOJEHHOTO CYCTaBa M CBIBOPOTKE KPOBHU
MHTaKTHBIX )KUBOTHBIX 3aBUCUT OT UX BO3pacTa: yBe-
JINYMBAETCA Y CTapbIX KUBOTHBIX, YTO CBUAETEILCT-
By€T O HAKOIJIEHUH INIMKO3WIIMPOBAHHBIX IPOTYKTOB
KOJUTareHa, yrueTeHuu nocpenctsom NO mpoTeorsin-
KaHOB MaTPUKCa, MPUBOJIAIINX K HAPYIIEHUIO MEXaHH-
YECKHUX CBOMCTB XPSIILEBON TKAHMU.

[Ipn HU3KOTEMITEPATYPHOM MOJIEITMPOBAHHUH J1E€C-
TPYKTHBHO-TUCTPO(YUIECKOTO TPOIECCa XPSIIEeBON
TKaHU KOJIEHHOTO CyCTaBa Yy OIBITHBIX XKHBOTHBIX
cofepkaHue KoHeuyHoro nponaykra NO B XpsIieBoi
TKAaHU U CBIBOPOTKE KPOBH YBEIUYHMBAIIOCH B 4 pasa
10 CPaBHEHUIO C TAKOBBIM Y HHTAKTHBIX. B XpsmieBoit
TKaHH 3KCIIEPUMEHTAIIbHBIX JKUBOTHBIX HCCIIELy EMBIN
[I0Ka3aTeib MPaKTUYECKH HE U3MEHSIICS B TEUEHUE 7
CYTOK, TOIJ]a KaKk B CBIBOPOTKE KPOBH OH YBEIHYH-
BaJICS, YTO CBUAETEIBCTBYET O Pa3BUTHH AECTPYK-
TUBHO-IUCTPOPHUECKOTO IPOIIECcca B XPSAIIEBOM TKa-
HU. DTOT MPOIIECC, BEI3BAHHBIN KPHOMOBPEKACHUEM
XpAIIEBON TKAHN, O9EBUIHO, HHIYIIPOBaH JIEHCTBHEM
pAaa IPOBOCTIATTUTENBHBIX ar€HTOB, MOAYJINPYIOLIUX
BOCHATUTEIbHBIE PEAKIUH CTUMYISIIIUEH CUHTE3a
nHaynuoensHoi NO-CHHTa3bI, 4TO IPUBOIUT K TeHEepa-
uu 6onbliroro koiandectsa NO.

Aemopul gvipadicaiom 61a200apHOCMb 3a NOMOWb NPU
BbINOIHEHUU MEeMOOUYeCKOU Yacmu pabomsl Kauo. OUoL.
nayk Kapnenxo H.A. u acnupanmy Benuuko H ®. (Hucmu-
mym npobnem 3HOOKpurHoU namonoauu um. B.A. /lanunes-
cxoeo AMH Vxpaunv).
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oxide anion, leading to the formation of peroxynitrite,
participating in inactivation of aconitases, inhibition of
cell respiration, initiation of lipid peroxidation, suppres-
sion of mitochondrial functions [11]. Chemical reac-
tions involving peroxynitrite may cause cell mutation
and apoptosis [11].

The role of NO in degradation of cartilage tissue
has not been completely studied yet. However, all the
types of cartilage tissue after stimulation with pro-
inflammatory agents synthesize an increased amount
of NO, that in its turn create the conditions for the
formation of its metabolism toxic products. Chondro-
cytes as activated cytokines produce nearly the very
big amount of NO if compared with other cell types
[12]. Therefore the examining of NO final product can
be one of additional criteria to estimate DDP in carti-
lage tissue at early stages. In addition, existing experi-
mental models of DDP and criteria of their assessment
are labor-intensive and do not reflect completely the
course of pathological process in cartilage tissue. Low
temperature method of modeling DDP in knee joint
does not require traditional surgery, is less traumatic,
allowing to reduce the risk of complications if compared
with the known ways. In addition it excludes possible
cryodamage of para-articular tissues. However, the
dynamics of changes in the level of nitric oxide in carti-
lage tissue both in different models of DDP, including
low temperature ones, and in our modification is similar
one [7, 13].

Conclusions

Content of NO final product in cartilage tissue of
knee joint and blood serum of intact animals is age-
dependent: it rises in aged animals, that testifies to an
accumulation of glycosylated collagen products,
suppression of matrix proteoglycans by NO, leading
to the impairment of mechanical properties of a tissue.

At low temperature simulation of DDP of knee joint
cartilage tissue in experimental animals the content of
NO final product in cartilage tissue and blood serum
increased 4 times if compared with that in intact ones.
In cartilage tissue of experimental animals the studied
index was not practically changed for 7 days, whilst in
blood serum it increased, testifying to the development
of DDP in cartilage tissue. This process caused by a
damage of cartilage tissue was likely induced by the
effect of some pro-inflammatory agents, modulating
inflammatory responses by stimulation of the synthesis
of inducible NO-synthase, which leads to generation
of a big amount of NO.

The authors aknowledge Dr. N.A. Karpenko and PhD
student N.F. Velichko (V.Ya. Danilevsky Institute for
Problems of Endocrine Pathology of the Academy of
Medical Sciences of Ukraine) for their help in performing
the methodical part of the research.
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