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Haubonee vacmvimu HedxceramenbHbIMu peakyusmMu Py UCNOIb308AHUU HECTEPOUOHBIX NPOMUBOBOCNATUMENb-
HbIX NPenapamos AIsI0Mcs NOPANCEHUsL BEPXHUX U HUNCHUX OMOEN08 HCeYOOUHO-KUEUHO20 MPAKma, 2enanomox-
CUUHOCMYb, HEPPOMOKCUUHOCTb, CHUMCEHUE CUHME3d NPOMEOSTUKAHO8 XPAWESOl MKAHU, d MAKICe allepeuecKue
peakyuu. B npedvloyuux uccied08anusx Hamu ObLI0 YCMAHOBIEHO, YMO CRASMOIUMUK YKPAUHCKO20 NPOU3B00CEd
€ NOIUMpPONHLIMU hapmaronocuyeckumu 3gpghexmamu 8uHOOPOH cnocobewn yayuuiams npoguns be3onacHocmu no-
NYIAPHO20 HECMEPOUOH020 anmugrocucmura ubynpoghena, a maxce cnocober nNomeHyuposans 20 NPOmue08oc-
nanumenvHoe oelcmesue, Ymo cmaio NpeonocyLIKOU 0emaibHO20 UCCTe008AHUS MEXAHUSMOE MePanesmuyecKoeo
Oeticmeus YKA3aHHbIX NPenapamos npu ux cogmecmuom npumenenuu. Llenv uccnedosanusa. Oxapaxmepuzoéams
enusinue eunoopona (11 melke, 6loc) na npomusosocnanumenviyio axmuenocmes udynpogpena (218 melre, 6loc) npu
UX KOMOUHUPOBAHHOM NPUMEHEHUU HA MOOETU SKCHEPUMEHMATBHO20 Pe6MANOUOH020 apmpuma no OaHHbIM NAMo-
MOPPONO2ULECKO20, MOPPOMEMPULECKO20 U KOHYCHO-TYHEB020 KOMNLIOMEPHO20 MOMOPADUUECKO20 UCCIeO08AHUI
Cycmagos HUMNCHUX KoHeuHocmeu y Kpvic. Mamepuanst u memoowl. /s 60cnpouzseenus yciosuil 66ederus uby-
npogena, coomeemcmayruux €20 KIUHUYeCKoMy NPUMEHeHUI0, Hamu Oblia 6bl0PAHA MOOETb IKCHEPUMEHMATLHOZO
peemamoudnozo apmpuma — aovioganmuwitl apmpum (AA) y kpwic. Ha 28 Oenv scusommublx bl600UlU U3 IKCHepU-
MeHma, nocie 4e2o 8bINOIHANU AMIYMAYUI 3A0HUX KOHEYHOCMell Ha ypogHe ma3obedpentbix cycmagos (art. coxae)
¢ nocneoyroueti uxcayueu mamepuana 6 10,0 % soonom pacmeope nelimpanvrnoeo opmanuna. Ionenocmonnule
cycmagul noodsepeanu dexkarvyunayuu. [lpenapamol 2omosunu no cmasoapmuo memoouxe. Muxpockonuio u gpomo-
2papuposanus 2ucmonoUYecKux NPenapamos NPosoouLU ¢ nomousio ceemosoco mukpockona OLIMPUS BX 41 npu
yeenuuerusx ¢ 40, 100, 200 u 400 pas. Honyuanu u obpabamviéanu cHUMKU, RPOBOOULU MOPPOMEMPUIO ¢ ROMOWBIO
npoepammul «QUick PHOTO MICRO 2.3». Coodepoicanue KiemouHbix s1eMeHmos Onpeoeisiiu u3 pacuema Ha eOUHuyy
yeaosnoti naowgaou (1 mm?). Konycno-nyuesas komnviomephas momozpagus nposoouiacs ¢ ROMOUbIO Yughpoeozo
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NAHOPAMHO20 KOHYCHO-Tyueozo momozpagpa «Point 3D Combi 500» (PointNix, fOxcnasn Kopes), ¢ ucnonvzosanuem
NJIOCKOCMHO20 CeHcopa ¢ yuacmkom ckanuposanus 9%12 mm u ayuesou naepyskou 30-100 mx36. Cranuposanue
nposoounu ¢ nanpsiceruem 52,0 KV u cunoii moxa 6,0 mA. /[na unmezpanvhoti xapaxmepucmuxy TUHeUHbIX pazme-
P08 CYCMAB08 3a0HUX KOHEUHOCMel Kpblc HaMmu Oblia npediodicena gopmyna pacuema obvema cycmaea ([lamenm
Vrpaunot Ne UA 117538). Pesynomamot u oocyscoenue. Ilpumenenue ubynpoghpena ¢ xombunayuu ¢ unbopoHoM
CONPOBOINCOANUCH BOCCNAHOBTIEHUEM CIMPYKNYPbl U (YHKYUU XPAUEBOU U KOCIHOU MKAHU, 0 YeM C8UOemeNbCmeo-
6a/10 NOsABIEHUE KUCTLIX U CYIbOAMUPOSAHHBIX NMUKOZAMUHOSIUKAHO8. Boccmanosienue KOCMHOU MKaHU Peanu3o-
8A10CH NymeM pa3pacmanus COeOUHUMeNbHOU mKanu u mpancgopmayuu ee 6 xpawj. Cunoguanbhas 060104Ka OvLid
2UNEPNIA3UPOBAHHOU C RPOIUPEPUPYIOUUMU CUHOBUOYUMAMU KAK MAKPODALAIbHO20, MAK U CEKPEMOPHO20 MUNOE.
B peoxux cnyuasx coXpausiuch sigieHus YMEPeHHO20 OMeKad U He3HAYUMENbHAs, 04a208as TUMPOSUCMUOYUMAPHAS]
ungurbmpayus. Takum obpasom, npumenenue ubynpogena u udynpoghena 8 Kombunayuu ¢ 6uH6OpoHom y kpoic ¢ AA
NPUBOOUNIO K YMEHBULEHUIO UTU OMCYMCMBULU BOCNALEHUsL KAK 8 CYCMABe, MAK U 8 NepUapmuKyIspHblX mKausax. Ana-
JU3 Pe3yIbmanmos KOHYCHO-IYYe60t KOMNbIOMEPHOU MoMocpaduu u yugppoeoi penmeenozpaguu nokasai, Ymo Ha
hone 00H08peMmenH020 86edenus ubynpogena u 6UHOOPOHA OMMEUAEMCs MEHOCHYUSL K YCULEHUIO NPOMUBOBOCHAU-
MeNbHO20 0elCMBUsE UCCIe0YeMO20 AHMUDIOSUCTNUKA HA NOPAIICEHHbLE A0BIOGAHMHBIM APMPUIMOM CYCMABbL KPbIC.
Ha smo ykazwvleano ymenvuienue na 28 cymxu skcnepumenma oovema cycmagos 3a0HUX KOHeYHOCmel 6 CpeOHeM Ha
33,8 % omnocumenvro nokazamenet KOHMPOIbHBIX HCUGOMHBIX U NPAKMUHECKU NOIHOE 80CCAHOBIEHUE UUPUHD
CYCMABHBIX wjenell ucciedyeMulx cycmaesos. Takoice yCmanogieHo, 4mo 6UHO0POH CNOCOOEH 2apMOHUZUPOBAMb NPO-
MUBOBOCHANUMENbHOE eticmaue UOYRPOpeHa npu ux coeMecmHoMm npumenenuu. 3akaouenue. [pumvenenue unoo-
POHaA 6 KomOuHayuu ¢ ubynpoghenom npusooum Kk boiee 8blpadlCeHHOMY NAMOEHEMULECKOMY NPOMUBOBOCNANUMENb-
HOMY CIPYKIYPHO-MOOUGUyUpyowemy 0eticmauro YKazanio2o amugpuiocucmuxd.

Knioueswie cnosa: necmepouomnvle npomuosocnaiumensHvle npenapamsl, ubynpogen, BUuH60poH, cycmagul, ap-
Mpum, KOHYCHO-IY4e6dsi KOMNLIOMEPHAs MOMO2paghus, MOppomempus
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The most frequent adverse reactions to nonsteroidal anti-inflammatory drugs are upper and lower gastrointes-
tinal tract disorders, hepatotoxicity, nephrotoxicity, a decrease in the synthesis of proteoglycans of the cartilaginous
tissue and allergic reactions. In our previous studies we have found out that Ukrainian vinboron, the antispasmodic
with polytrophic pharmacological effects, can improve the safety profile of the popular non-steroidal antiphlogistics
ibuprofen and can also potentiate its anti-inflammatory effect. That fact has become the background to a detailed
study of the therapeutic action mechanisms of these drugs when they are used together. Aim of the study. To char-
acterize the influence of vinboron (11 mg/kg, i.g.) on the anti-inflammatory activity of ibuprofen (218 mg/kg, i.g.)
when combined, in a model of experimental rheumatoid arthritis according to pathomorphological, morphometric
and cone-ray computerized tomography of rats’ hind limbs. Materials and methods. To reproduce the conditions for
the administration of ibuprofen corresponding to its clinical use, we selected a model of experimental rheumatoid
arthritis-adjuvant arthritis (AA) in rats. On the 28" day the animals were excluded from the experiment. It was fol-
lowed by the amputation of the hind limbs at the level of the hocks (art. coxae) and fixation of the material in 10.0%
aqueous solution of neutral formalin. The ankle joints were decalcified. The drugs were prepared according to the
standard procedure. Microscopy and photographing of histological preparations were carried out with the light mi-
croscope OLIMPUS BX 41 at magnifications of 40, 100, 200 and 400 times. The obtained images were processed and

458



Pharmacy & Pharmacology V. 5 N 5, 2017 DOI:10.19163/2307-9266-2017-5-5-457-486

morphometry was carried out with the program “Quick PHOTO MICRO 2.3”. The contents of the cellular elements
was determined on the basis of the equivalent unit area (1 mm2). Cone-ray computerized tomography was carried
out with a digital panoramic cone-ray tomographic scanner-“Point 3D Combi 500" (PointNix, South Korea), using
a planar sensor with a scanning site of 9 x 12 mm and a radial load of 30-100 uSv. Scanning was carried out with a
voltage of 52.0 kV and the electric current of 6.0 mA. For the integral characteristics of the linear dimensions of rats’
hind limbs joints we proposed a formula for calculating the joint volume (Patent of Ukraine No. UA 117538). For the
integral characteristics of the dimensions of rats’ hind limbs linear joints we proposed a formula for calculating the
joint volume (Patent of Ukraine No. UA 117538). Results and discussion. The use of ibuprofen in combination with
vinboron was accompanied by restoration of the structure and function of the cartilage and bone tissues, evidenced
by the appearance of acidic and sulfated glycosaminoglycans. The restoration of the bone tissue was realized by the
proliferation of the connective tissue and its transformation into cartilage. The synovial membrane was hyperplastic
with proliferating synoviocytes of both macrophage and secretory types. In rare cases, the phenomenon of moderate
edema and minor focal lymphohistiocytic infiltration persisted. Thus, the use of ibuprofen and ibuprofen in combina-
tion with vinboron in rats with adjuvant arthritis resulted in a reduction or absence of inflammation in both the joint
and periarticular tissues. The analysis of the results of cone-ray computerized tomography and digital radiography
showed that against the background of simultaneous administration of ibuprofen and vinboron there was a tendency
to increase the anti-inflammatory effect of the studied antiphlogistics on the rats’ joints affected by adjuvant arthritis.
On the 28-th day of the experiment there was the indicatation of decrease of the volume of the hind limb joints by an
average of 33.8% compared to the control animals and a near-complete restoration of the width of the joint gaps of the
joints examined. It was also determined that vinboron can harmonize the anti-inflammatory effect of ibuprofen when
they are used together. Conclusion. The use of vinboron in combination with ibuprofen leads to a more pronounced

pathogenetic anti-inflammatory structural-modifying effect of this antiphlogistics.
Keywords: nonsteroidal anti-inflammatory drugs, ibuprofen, vinboron, joints, arthritis, cone-beam computerized

tomography, morphometry

Benenmne. HecreponaHbsle NpOTHBOBOCIAIUTEINb-
ueie mpemaparsl (HITBIT) — ocHOBHOM Kiacc iekap-
CTBEHHBIX CPEJICTB, HCIOJIB3YyEMbIX B PEBMAaTOJOIHH.
[TomaBneHne BoCIaJICHNs SIBISIETCS OAHON U3 OCHOBHBIX
3aj]a4 [aTOT€HETHYEeCKOH Tepanmuu PeBMaTHYECKUX 3a-
OoIreBaHMi, TOCKOJIBKY HMEHHO C XPOHHYECKOH BOCIIa-
JIUTEJILHOM peaklyell CBs3aHO NPOrpeccHpoBaHUE He-
00paTHMBIX CTPYKTYPHBIX H3MEHEHHH cycTaBos [1, 2]. B
nporuBoBocranuTeabHoM dddexre HIIBII Baxnoe 3ua-
YEHHE OTBOJST OJOKa/e IMKIOOKCHUICHA3bl, CHUKECHHIO
CHHTE3a IIPOCTAIIaHAMHOB, aHTHOPaJANKWHHUHOBOMY
JEUCTBUIO, YMEHBLIEHUIO NPOHULAEMOCTH COCYAUCTOU
crerku. HIIBIT Topmo3sT CcBOOOJHOpAIMKAIBHBIC pe-
aKIUH, CTaOWIM3HPYIOT JIN30COMHBIE MEMOpaHBI, TIpe-
IISITCTBYSI BBIXOAY JIN30COMANIBHBIX (DEPMEHTOB, MPEIOT-
BPAIIAIOT aKTHBAIMIO NMMYHOKOMIIETEHTHBIX KJIETOK Ha
PaHHUX ATalax BOCHAJICHUS, CHU)KAIOT SHEPTeTUIECKUI
obmen, neneHune (HuOPOOIACTOB M CHHTE3 KOJUIATCHA,
YMEHBIIAIOT BBIPAKEHHOCTh T'MIIEPEPIrHYECKOro BOCIIa-
JICHUSI, THUIEPEMHIO, OTEK, 0O0Nb, CTENEHb AECTPYKINHU
TKaHueii [1, 2].

OpmHako MOCTIKECHHE CTPYKTYPHO-MOAH(DUIIHpY-
romiero jgevictBust HIIBIT mpu peBmatmueckux 3a0o-
JICBaHMSIX — TOJABICHUS SKTOIMYECKON occuuKannu
MOCPEJICTBOM TOPMOXKEHHSI aKTHUBAIIMM OCTEOKJIACTOB,
HEOAHTHOTEHE3a M YCWICHHS KJIETOYHOTO arornTo3a,
BO3MOYKHO JIMIIb TIPH WX HAa3HAYCHUH B CyOMaKCHMaJlb-
HBIX / MAKCHUMAITBHBIX TEPAIICBTHIECKUX 033X U Ha [UTH-
TEJIBHBIN CPOK, TOCKOJIBKY ayTOMMMYHHOE BOCHAJICHUE
MMEET CaMOIOJEPKUBAIOLINICS, LUUKINYHBI Xapak-
Tep. B 9T0# cutyanum puck paszBuTus Kiacc-crienudu-
YECKUX OCJOKHEHHH MOMKET CTaTh OCHOBHBIM (haKTo-
poM, OrpaHMYMBarOIUM TepaHeBTl/l’-leCKI/lﬁ IIoTeHal
9THX Tpemnaparos [1-4].

K coxanenuio, HexenareiabHble PeaKkyu MpH NpH-
eme HIIBII oTtHOCATCA K peakmusaM Tuma A — YacThle,
npejickazyeMble 0OOYHBIE JICHCTBUS, SIBIISIOIIUECS
CJICICTBHEM H3BECTHOIO (hapMaKOIOTHYECKOTO Mexa-
HU3Ma, W MOTYT HAONIONAThCsl y JI00Or0 NalueHTa.
Hanbosee yacThIMU HeXeJIaTENbHBIMH PEAKLUAMU IPH
ucnons3oBanuu HIIBII sBisitorcst ractpo- u 3HTEpO-
TOKCHYHOCTb, T'€IIATOTOKCHYHOCTh, HE(hPOTOKCHYHOCTB,
TPOMOOTHYECKHE OCIOKHEHUS, CHIYKEHUE CUHTE3a TIPO-
TEOTNIMKAHOB XPSAIIEBON TKaHH, a TAKXKE aJUIePTUUECKHE
peakimu [3-11].

Panee HaMu OBUIO YCTAHOBIEHO, YTO CIIa3MOJIMTHK
YKPAMHCKOTO ITPOM3BOJICTBA C IOJMTPOIHBIMU (hapma-
KoJormuecKuMu d(pdexTaMu BUHOOPOH CIIOCOOCH yITyd-
maTh NpoQuiIb 0E30MaCHOCTH MOMYIISIPHOTO HECTEPOUI-
HOTO aHTU(IIOTUCTHKA HOYIIpodeHa, a TakKe CrocodeH
MIOTEHIUPOBATh €T0 POTHBOBOCIIAIINTEIBLHOE JICHCTBHE,
YTO CTAJO MPEIIOCBUIKOW JETaIbHOTO HCCIICIOBAHUS
MEXaHU3MOB TEpPaANeBTHYECKOr0 JICUCTBHS YKa3aHHBIX
MPETaparoB MPU WX COBMECTHOM TipuMeHeHnw [12-16].

Iens uccnenoBanus. OxapakTepH30BaTh BIUSHHE
BuHOOpoHa (11 Mr/kr, B/K) Ha TPOTHBOBOCIAIHTEND-
HYI aKkTHBHOCTh uOympodena (218 wmr/kr, B/x) mnpu
X KOMOWHHPOBAaHHOM IPHMEHCHHH Ha MOJIEIH JKCIIe-
PUMEHTAJIBHOTO PEBMATOMHOIO apTpUTa IO JaHHBIM
MaToMOp(OIOTHIECKOTO, MOP(POMETPHIECKOTO M KO-
HYCHO-JIy4€BOTO KOMITBIOTEPHOTO TOMOTpaduieckoro
HCCIETOBAaHUM CyCTaBOB HUKHUX KOHEUHOCTEH Y KpBIC.

Marepuansl U meroabl. lccinenoBanue mnposene-
HO Ha 28 TIONOBO3pEINBIX KPHICaX-camIlaX, pa3OMTHIX Ha
4 rpymnsl: | — uaTakTHBIE Kpbickl (N=7), Il — KpBICHI CO
CMOJICITMPOBAHHBIM abIOBAaHTHEIM apTputoM (AA) Ge3
nedenus (koutpons), Il — kpeicel ¢ AA (N=7), TeueHHbIC
ubympodenom (218 mr/kr, BHYTprKemya09HO), IV — KpbI-
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col ¢ AA (n=7), neuennsie uOympodpeHom (218 wmr/kr,
BHYTPWKEITYIOYHO) B KOMOWHAIIMH C BHHOOPOHOM
(11 wmr/kr, BHyTpmXedymo4HO). Jyisi BOCIIPOM3BENCHHS
YCIIOBHI BBENCHHs MOYNpo(eHa, COOTBETCTBYIOLIUX €ro
KJIMHAYECKOMY TPHUMEHEHHIO HaMH Oblia BhIOpaHa Mo-
JIeNTh SKCIIEPUMEHTAILHOTO peBMaronaHoro aprpura (PA)
— aJIbIOBAHTHBIN apTpuT (Ipyroe HasBanue — apTput [up-
cona (Pearson C.M. u coasr., 1959 1)) y KpbIC, KOTOPBIit
uMeeT Bce MOphOoQyHKIMOHAIBHBIE MPH3HAKU PA u co-
MIPOBOXKIIACTCSl TUITMYHON PeaKeil, OCHOBHBIM 3BCHOM
KOTOpO# siBJIsieTcst T-KieTouHblii mMmyHuTeT [17]. AA
MOJIETIMPOBATIN IIyTeM CYyOIUIAaHTapHOTO BBEACHUS IIOJ-
Horo ajptoBanta Ppeiinga (complete Freundss adjuvant
— CFA (Thermo scientific, C1114), 100 mku1 / kpsicy), KOTO-
PBIid CONEPIKUT MONTUCaXapuibl yOUTON HAarpeBaHHUEM Ma-
noukn Koxa (Mycobacterium tuberculosis — Mtb, 5 mr/mir)
U CIIOXKHBIC JKHPHBIC KHCIIOTHI (JepUBATHI JAHOIMHA) C
OMyJIbraropoM (Ba3eIMHOBOE MACIi0) B COOTHOIIEHUH 1:2
B MPaBYIO 3a/IHIOK0 KOHEYHOCTH Kpbic [18-23]. Jleun BBe-
JICHHUSI Q[IBIOBAHTA CYUTAIHN KaK «0» JIeHb IKCIIEPHUMEHTA.

Jlewenne AA mpoBommiock ¢ 14 mo 28 nens, mytem
BHYTPIKEITYIOYHOTO BBEICHHS HCCIIEyEMBIX IIPEHapaToB.
Hauaio BBeieHHs JIeKapCTBEHHBIX CPEACTB OTBEYAI MAKCH-
MaJIbHOU BocHaiuTebHON peakin [18-19]. Mbynpoden
(340 «Dapmayesmuueckasn ¢upma «Jlapruya», Yxpauna)
BBOJIMITH BHYTPIKETYIOYHO B BHJE CYCIICH3UH Ha OCHOBE
sMyJbraropa nomiokcusTiiIeH (20) copbuTan MOHOOIEaTa
(mpyrue mazsammst: Teur-80 (Tween 80), mommcop6ar-80
(Polysorbat-80), E433) u Bomsl pro injectionibus (OAO
«lanuugpapm», Vrpauna). sunbopon (ITAO HIIL] «bop-
wazosckuil X3», Vrpauna), pacTBOPEHHBIN B BOJE Pro
injectionibus (040 « anuugpapm», Yxpauna), BBoauics 3a
60 muH 10 BBeneHNs HOyTIpodeHa, TBaXKIBI B CyTKH.

JUTs SKCTpanoNsIiy CpeJHETePAeBIYECKHX 103 UL
YesioBeka Ha 1309 (eKTUBHBIC 103bI ISl KPbIC HAMH PO-
M3BEJICH MepepacyeT no Metoxy Preibososnesa FO.P. u co-
aBt. (1979 1) [24]. Hoza ubynpodena (340 «Dapmayes-
muueckas upma «<Jlapruya», Ykpauna) UL 9enoBeKa
2400 wmr (1o 0,8 r 3 p/n), KoTopast 06MamaeT 0CTATOTHOM
MPOTHBOBOCITATUTEIIHHON AKTHBHOCTHIO U PEKOMEH/TYCT-
cst st nedenust PA [1-2, 25], mpu mepecdere cooTBet-
cTByeT n303(dekTuBHON n03¢ s Kpbic 218 Mr/kr. [lo3a
BuHOOpOHa (/140 HIIL] «bopwacosckuii XD3», Yrpau-
na) mst uenoseka 120 mr (o 0,04 r 3 p/), koTopast pexo-
MEH/IOBaHa K IPHIMEHEHHIO B JICYEHUH OOJBHBIX S3BEHHOM
00JIC3HBIO KENY/IKA U IBEHAIATUTICPCTHON KUIIIKH COOT-
BETCTBYET 03¢ st Kpbic 11 mr/kr [26-28].

DBTaHa3UI0 )KUBOTHBIX MPOBOIMIN Ha 28 CYTKH JKC-
MIEPUMEHTA TyTEeM LEPBHKAIBHOW JUCIOKALMN 1O UH-
ransiuonHsiM Tpuxnopmeranosbiv (CHCL) Hapkosom
MOCJIC Yer0 BBIMONHSIA aMITyTAIMI0 33HUX KOHEYHO-
cTeit Ha ypoBHE Ta300epeHHbIX cycTaBoB (art. coxae) ¢
nocnenyroei pukcanueit marepuana B 10,0 % BogHOM
pacTBope HeWTpaibHOrO (opMmairHa. [0leHOCTOIHBIC
CyCTaBBI MMOABEpranu JeKanbluHanud. [Ipemaparsl ro-
TOBWJIM II0 CTAQHJAPTHOH METOIMKE, T'MCTOJIOTHYECKHE
cpe3bl TONIIUHON 5—7 MKM OKpAaIIMBajl IeMaTOKCHIIN-
HOM ¥ D03HHOM, MUKPO(YKCHHOM MO BaH ['m30HY, oc-
HOBHBIM KOpuuHeBbIM 3a IllyGudem, komMOuHanuen oc-

460

HOBHOT'O KOPUYHEBOTO U KPEIKOTO 3€JICHOr0 KPAaCHTEIIs,
[NK-peakiuu ¢ aabiuaHoBbIM cuHuM [29-33].

Muxpockormito 1 (ororpadpoBaHAE THUCTOJIOTHYE-
CKHX MPENapaToB MPOBOIIIIH € TOMOLIBEO CBETOBOTO MUKPO-
crxorra OLIMPUS BX 41 npu yBemuenmsix B 40, 100, 200 u
400 pa3. Tlomyyanu 1 00padaThIBaId CHUMKH, TPOBOIMIIH
MOp(OMETPHIO ¢ TOMOIIBI0 Tporpammbl «Quick PHOTO
MICRO 2.3». ConepkaHuie KJIETOUHBIX JIEMEHTOB OIpesie-
JSUTA M3 pacueTa Ha equHuUIly ycnoBHOM rwiomamm (1 mm?).
[1pn BeIONHEHHH MOP(OMETPUYECKUX HCCICIOBAHUN py-
KOBOJICTBOBAJIMCH OCHOBHBIMH PUHIIUIIAMH, H3JIOKCHHBIMH
B pykoBojcte Asranmuiosa I I (2002) [29].

Mo mauusiM Aurell Y. u coasr. (2014) [34] B quaruo-
ctuke PA MH(MOPMATHBHBIM METOIOM HHCTPYMEHTAJb-
HOM JMarHOCTHUKH SBISETCS KOMIIBIOTEpHAs TOMOIpa-
¢us. Beps Bo BHUMaHHE MaJble pa3Mepbl HCCIESTYEMOTo
Marepralia, HaMHi ObUla BBIIIOJHEHAa KOHYCHO-JIy4eBast
xommnprotepras tomorpadus (KJIKT). Hccnemosanue
npoBezieHo Ha Oaze llenTpa meauuuuckoi 3D nnarHo-
ctuku (e. J/Ibeos, Vrpauna) ¢ nomMoupo qudpoBoro ma-
HOPaMHOTO KOHYCHO-ITydeBoro Ttomorpada «Point 3D
Combi 500» (PointNix, FOaxcnas Kopes), ¢ HCTIONb30Ba-
HHEM IUIOCKOCTHOTO CEHCOpa ¢ y4acTKOM CKaHUPOBAHUS
9x12 MM u smydeBoit Harpyskoir 30-100 mx3s [35-38].
CkaHupoBaHue mpoBoawin ¢ HamnpspkeHueMm 52,0 KV u
cuiolt Toka 6,0 MA, koTopble ObIIM OIpE/IeIeHbl HAMH
OMITUPHYECKH, KaK ONTHMAJIbHBIC Uil WCCIICIOBAHUS
3aIHUX KOHEYHOCTEHN KpbIC. MyIbTUIIIAHAPHYIO PEKOH-
crpykuuto (Multi-Planar Reconstruction — MPR) koct-
HBIX CTPYKTYpP BBICOKOTO pa3pelleHHs] OCYIIECTBISUIN C
MOMOIIIBIO TIPOrpaMMHOTro obecrieuenus «RealScany.

C  [OMOIIBK  HPOrpaMMHOIO  OOECIICUCHUS
«RealScan — CD Viewer» (PointNix, FOoscnas Kopes)
MIPOBOAMIIA U3MEPEHUS IIUPHHBI U BBICOTHI CycTaBa, a
TaKKe ONPeIeIsTH MUPUHY CyCTaBHO# 1menu (puc. 1).

W3mepennst uccieryeMbIX ToKasarelield Mpon3BojIu-
JIM 110 YHU(ULIUPOBAHHBIM aITOPUTMAM: IUPUHY CYCTaBa
ONpEAeISIA BO (PPOHTAIBHOW IUIOCKOCTH C TPEABAPHU-
TENTLHOW HACTPOMKOW BEKTOPHBIX JIMHUN MapajlieabHO
MIPOOJIBHBIM OCSIM KOCTHBIX CTPYKTYP y4acTKa HUCCIeJO-
BaHUS M YBEIMUYCHHEM TOJIIMHBI OTOOpaKEHHUS cpe3a J10
2 mMM. M3mepeHne BBICOTBI CycTaBa ObLIO MPOBEICHO T10
ero CpelHeil 4acTH B CarMTTaJIbHOM IUIOCKOCTH C IMpel-
BapUTENbHOM HACTPOMKOM CaruTTaJILHOTO BEKTOpa Na-
paJUIeIFHO TIPOIOIBHON OCH MPOKCUMAIIBHOHN TpyO4aToit
KOCTH, C JOIMOJHHUTEIIbHBIM YBEJIMYCHUEM TOJIIMHBI OTO-
Opaxenwus cpesa 710 2 MM. LlIuprHy CycTaBHBIX LIeNeH n3-
MEPSUTH MKy 3aMBIKAIOIIIUMH TIIACTUHKAMH CYCTaBHBIX
MOBEPXHOCTEH BO (hpOHTAIBHON (peke — CaruTTaIbHOM)
IJIOCKOCTU € MPEIBAapUTEIILHOW HACTPOMKON BEKTOPHBIX
JIMHUM 10 BbILIEyKa3aHHOM MeTtoauke. I[IpemioskeHHbI
AJITOPUTM  TIO3BOJIATT MHUHUMU3HUPOBATH ABJICHUA IIPO-
CTPaHCTBEHHOTO HAJIOKEHHUSI aHATOMHYECKHX CTPYKTYP.

JLnst MHTErpajbHOM XapaKTepUCTHKH JIMHEIHBIX pa3-
MEpOB CyCTaBOB 3aJHUX KOHEYHOCTEH KpBIC HAMH OblIa
npetokena Gopmyna pacyera oorema cycrasa (I[larent
Vipaunbst Ne UA 117538) [39]. Venosro ObLT n30paH mu-
JIMHJP, Kak Omkaiinias Gpurypa cooTBETCTBYIOIIEH IPo-
CTPAaHCTBEHHOH OpraHMU3aluK MEIKUX CYCTaBOB (pHcC. 2).
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Pucynok 1 — Konycno-nyueeas momozpamma cmonst Kpoicol 6 okne npozpammst «<RealScan — CD Viewer»

OneHKy A(QQEeKTUBHOCTH MPOTHBOBOCIIATHTEIEHOM
TEpanyy TPOBOAWIN IIyTEM CPaBHEHHS PACCUMTAHHBIX
TI0 TIOJTyYEHHBIM JITHEHHBIMH pa3MepaMu 00beMOB Aecs-
i cycraBoB (I — V uitocHehasaHroBbIX U MPOKCHMAITb-
HBIX MEK(aTaHTOBBIX CycTaBoB | — V manbIeB CTOIbI),
LIMPHUHBI U BEICOTHI KOCTHBIX PSIJIOB 3aILIECHA U IUTIOCHBI,
a TaKKe HIMPHUHBI CYCTaBHBIX MIEJNEH JECATH CyCTaBOB
(T = V mirocHeananroBbiX U MPOKCUMATBHBIX MekKpa-
JIAHTOBBIX CYCTaBOB | — V TaJbIEB CTOTBI) TIPH pasiny-
HBIX YCJOBHSIX SKCIIEPUMEHTa U CPABHEHWU IIMPHHBI
CYCTaBHOM 1IN B COOTBETCTBYIOIIMX cycTaBax. [lomy-
YEHHBIE PACXOXKJICHUS BBIpaXKai B % M0 OTHOIICHHIO K
IOKa3aTeNIsIM MHTAKTHBIX )KUBOTHBIX M )KUBOTHBIX ¢ AA
6e3 seueHusI.

3a BBICOTY IWIMHAPA NPUHUMAIN BBICOTY CYCTaBa.
Pagnyc nunmuHIpa pacCUUTHIBAIN KaK MOJOBUHY MINPHU-
HBI CyCTaBa, KOTOPYIO M3MEPsUIM BO (PPOHTAIBHOU ILIO-
ckoctd (R = % mmpuns! cyctaBa, MMm). O6beM paccum-
ThiBaiH 110 popmysie V = 1xR2xh, rie V — 06bem cycrasa
(Mm®), T — MaTeMaTHYECKasi KOHCTAHTA, OTPAKAIOIIAs OT-

HOUIEHHE [UTMHBI OKPY’KHOCTH K €€ AMaMETpy M COCTaB-
nset 3,14; R — paanyc OKpy)KHOCTH B OCHOBE HIWJIHHIPA
(%2 mmpuHEL cycTaBa, MM) h — BBICOTa TIHITHHpa (BBICOTA
CycTaBa B CAaTUTTAIBHON MIIOCKOCTH, MM) [39].

Bce akcniepuMeHTalbHbIE UCCIENOBAHUS HaJL J1a0o-
PaTOPHBIMH JKHBOTHBIMH TMPOBOJMJIA B COOTBETCTBHH
¢ TpeOoBaHMSAMH Hajjexameld 1abopaTopHOH mpak-
tuku (GLP) u ¢ cobnroseHreM OCHOBHBIX MOJOKEHUN
Kongenmm Cosetra EBpomsl 00 oxpaHe ITO3BOHOYHBIX
JKUBOTHBIX, HCIIOJIb3YEMBIX B JKCIICPHMEHTax M B JPy-
I'MX Hay4HbIX 1esix ot 18 mapra 1986 r., JlupexTussbl
Esporeiickoro mapiaamenta u Coera EC 2010/63/EC
ot 22 centsi0pst 2010 . 0 3ammTe KUBOTHBIX, UCIIOJb-
3yeMBIX U Hay4HbIX Lienei; npuka3 M3 Ykpaussl oT
14 nexabps 2009 . Ne944 «OO0 yTBepKICHUN TOpPsIKa
MIPOBENICHUS TOKJIMHUYIECKOTO U3YUCHUS JICKAPCTBEHHBIX
CPEJICTB U DKCIIEPTHU3bI MATEPHAJIOB JOKIMHIUYECKOTO U3-
YUEHHS JIEKAPCTBEHHBIX CPEJICTB» U 3aKOHa YKpPauHbI OT
21 ¢espais 2006 1. Ne3447-1V «O 3amuTe )KUBOTHBIX OT
xecTokoro obparenus» [40].

461



(DapMaKOJlOZM}l, KJlUHU4YecKan ¢apM¢lKOJ102u}l
Pharmacology, Clinical Pharmacology

Dapmayus u papmaxonoeus T.5 Ne 5, 2017

Pucynok 2 — Oyenxa o0vema menKux cycmagog ¢ no-
MOWBIO 2E0MEMPULECKO20 MOOETUPOGAHUA
Ha npumepe NACHePaNanz06020 U RPOKCUMATLHOZO
Mexnchananzo06020 cycmasos 6mopozo nanvyd
3a0neii npasoli KOLEUHOCMU KPbICbl

Craructuueckass 00pabOTKa MOJYYCHHBIX PE3yJib-
TaTOB TMPOBEJECHA C HCHOJNB30BAHMEM TIPHKIIATHON
MpOTpaMMbl Ui paboTHl C 3NEKTPOHHBIMHU TabiHIa-
mu «Microsoft Office Excel 2003; 2013» (Microsoft
Corporation, CIIA) ¢ nmomoupto pacmmpenus «Real
Statistics» B cpeme Windows XP Professional (Microsoft
Corporation, CIIIA). OrieHKy XapaKkTepa pacipeeIcHust
BEJIMYMH B KaKIOH Tpymie BHIOOPOYHOW COBOKYITHO-
CTH TPOBOIWIM ¢ ucroib3oBanneM W-kputepus Illa-
mupo-Buika (Shapiro-Wilk test, n<50). OxHopoaHOCTh
JIMCTIEPCHI OTpeAeNsud mo Kputeputo Jlesena (Levene’s
test). [ns OLEHKM 3HAYUMOCTH BBISBICHHBIX pa3iiv-
YHUH HCCIIEAYEMBIX ITOKa3zaTeNeld IPH Pa3HBIX YCIOBHAX
9KCIIEPUMEHTa IPOBOAMIN CTATHCTHYECKHH aHaIHU3 C
HCIIOJIB30BAaHNUEM TTapaMeTPUUECKUX U HelapaMmeTphye-
CKHX KpuTepueB. [I0CKoIbKy BCe ncciienyeMble BeIndu-
HBI TIO[MHUHSUTICH 3aKOHY HOPMaJbHOTO pacIpeeieHus
(pacnpenenenue [aycca-Jlannaca), JOCTOBEPHOCTB pas3-
JHYHAA MEXTy HUMH ONPEACIISUIN MONapHO No t-kpute-
puto Creionenta. [lomydyeHHbIE 3HAUEHUS! CPABHUBAIHN
C KPUTHUYECKUMH IPHU YPOBHE JOCTOBEPHOCTH BBIIIE
95,0% (p < 0,05), Beimre 99,0% (p < 0,01), Beie 99,5%
(p <0,005) u Boimre 99,9% (p <0,001) u genanu BBIBOI O
BEPOSTHOCTH IOIPELIHOCTH.

[Ipn HeHOpMaNbHOM pacnpenesneHuH, o KpailHen
Mepe OJJHOH U3 TPYII HE3aBUCUMBbIX BEJIMYHH, PA3IHUHs
MEXy HUMH ONpeelisuld oNapHo 10 HerlapameTpuye-
ckoMy paHroBomy U-kputepuro Manna-Yutau (Mann-
Whitney).

J1J1s1 OLICHKH CBSI3M MEXIy MEPEMEHHBIMHU IIPH YCIIO-
BUHM HOPMAJIBHOIO PACHpEACNICHHsT BEIMYUH TPOBOAUIIH
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01HO(aKTOPHBIN KOPPESLUOHHBIN aHanu3 o [Tupcony
(Pearson) mim paHTOBBIN KOPPENSAIMOHHBIN AHAIH3 IO
Crmpman (Spearmen) mpu HEHOPMAJIbHOM pacrpesesie-
nud. Ilo 3HaueHnto abCONIOTHOM BENMYUHBI KOA(PPUIHM-
enta [Tupcona () nnu koddumenta Crimpmana (Q) xa-
PaKTEPU30BATH KOPPETAIMOHHYIO CBSI3b MO CIICMYFOIIIM
kputepusm: I < 0 — obparHas cBs3b; 0 < |o| < 0,1 — cB3b
orcyrerayert; 0,1 <|o| < 0,3 — cnabas; 0,3 <|0 < 0,7 — yme-
pennast; 0,7 <|o| < 0,99 — cumprast; 0,99 < |o| < 1 — monHas
(byHKIMOHANBHAS) M YKa3bIBAIM BEPOSTHOCTH OIIMOKH
(p) BBISIBICHHBIX CBsi3ell. XapakTep HAMPABICHUS CBSI3U
OTIPEICTISUTH B 3aBUCHMOCTH OT 3HaKa KO PHUITHEHTA KOp-
PEISLMK: TIPSMast CBSI3b MPH HOJIOKHUTENBHOM 3Hake (+) U
oOparHasi B Clydae OTPHIATEIBHOTO 3HaKa (—).

LludpoBble naHHBIE B ClIydae HOPMAIBHOTO pacIpe-
JIeJICHHs BEIMYMH NpUBeeHbI B Buae «M £ m» (M + SE),
rne M — cpennee apudmernueckoe 3uadenue, m (SE) —
CTaHJapTHAsl OMMOKA CPEeTHETO apu(PMETHIECKOTO HIIH
M (95% nosepurenbhbiii naTepsa (JJ1): 5%-95%) , roe
95% JIU1: — 95% noseputenbHblii uaTepBan (Confidence
interval — CH). Tlpu HeHOpPMAIbHOM pacrpe/IeICHUN
TIOJTyYeHHBIX BEJIWYMH JaHHbIC MPECTaBICHBI B BHIC
Me [LQ; UQ], tne Me — meauana [LQ; UQ] — Bepxwsist
rpanuna HiwkHero (mepBoro) kBaptuis (lower quartile —
LQ) u HmKHSSI TpaHWIla BEpXHETO (TPEeThero) KBapTHIh
(upper quartile — UQ).

Jlnst Tpaduyeckoro nmpencTaBieHus JaHHBIX BbIOpa-
HBI auarpammbl pasmaxa (box-and-whiskers diagram —
CAUYUK» OUASPAMMDBL € €ycamu»), Ha KOTOPBIX 0TOOpaxka-
JIMCh MAKCUMAIIBHOE 1 MHHUMAJIBHOE 3HAYCHHE B CITydae
HEHOPMAIILHOTO PACIPENCIICHUS] BEUYMH WM TPAHULII
95% moBepUTENBFHOIO MHTEpBaJa MPU HOPMAJIBHOM pac-
TIpe/IeNieHIH, WHTEPKBAPTIIBHEINA pasmax (Interquartile
range — IQR) B Buze Gokca ot 25-ro 70 75-ro mnepueH-
THJIEN Ip1 HEHOPMAJIBHOM PaCHpEaCICHUN BEJINYNH I
IPAaHHMLIBI CTAHIAPTHOW MOTPELIHOCTU CpeaHero apudme-
THYECKOrO MPU HOPMAJIBHOM PACIPECICHHH BETHYHH,
MeauaHy u/uim cpeiHee apugmMeTndeckoe sHadenue [41].

Pesynprare u o6cyxaenne. Ha 28 neHs sxcriepumMeH-
Ta TaToMOP(HOTOrHYECKOe HCCISJOBAHIE CHHOBUATBHON
o6omoukn (CO) roJeHOCTONHBIX CYCTaBOB AKCITCPHMCH-
TaJIbHBIX )KUBOTHBIX ¢ AA 6e3 JiedeH s MoKa3ano mpeood-
JJaJaHUE XPOHUYCCKOI'o MPOAYKTHUBHOT'O BOCIIAJICHUA CO
3HAYUTEIBHBIM NPOSH(EpaTHBHBIM KOMIOHEHTOM U Jie-
TCHEPATUBHO-AUCTPOPUICCKIMH H3MCHECHHSAMH XPSIIa
1 BOJIOKHHMCTOH COEIMHUTEJIBHON TKaHHU, OKpYXKarollen
CHHOBHAJIbHBII XPSILLI.

CyCTaBHaﬂ TIOBECPXHOCTH TCPsJia CBOU I'PAHUIIBLI, YaCTO
ObUTa ¢ HEPOBHBIMH KOHTYpPaMH, UMEINa Pa3INIHON TITyOn-
HBI IeeKThl, KoTopbie HaOmonammch y 60,0% KHBOTHBIX
¢ HenedeHHbIM AA. [ToduTr BO BCEX MCCIIEHOBAHHBIX IIpe-
maparax Xpsledl >KHBOTHBIX KOHTPOJNBHOW TPYIIIBI JKH-
BOTHBIX OOHAPYKEHbBI TPU3HAKK (POPMHUPOBAHHUSI MAHHYCA,
KOTOPBII MHOT/IA TOJTHOCTBIO MHBA3HPOBA XPSIL, 3aMeIIast
€ro COCJMHUTENBHON TKaHbIO (puc. 3). B mepuaptukysisip-
HbIX TKaHAX, HapAAdy € UX OTEKOM, OTMEYAJIaCh MaCCBHas1
KJIETOYHAS! WHUIBTPAIs, IPEUMYIIECTBEHHO JTNM(pOHI-
Hasi CO CKOTICHHUEM IUIa3MOIMTOB, THTAHTCKUX MHOTOSIIEP-
HBIX KJIETOK, (POPMHPYIOIIas TPaHyJIeMbl, KOTOPbIe OBLTH
OKPYKECHBI KOJUIATCHOBBIMH BOJIOKHAMH.
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Pucynok 3 — /lecenepamuenvie usmeHeHus Xpaua
¢ hopmuposanuem nannyca.
AA 6e3 neuenusn. 28 cymxu.
Okpacka zemamokcununom u 303unom, * 200

Bocnanurtenbable HHOWIBTPATH 4aCTO PACTIPOCTpa-
HSUINCH Ha JIEPMY, HHOT/IA JJaXke ¢ MHQHUIbTPALEH KOX-
HOTO TIOKpoBa. B oxomocyctaBHO# (HhHOpO3HOI TKaHU
KOJIJIATCHOBBIE BOJIOKHA (DOPMHUPOBAJIM IUIOTHO YITAKO-
BaHHBIC ITYYKH, MEKIY KOTOPBIMU ONPCACTIATIUCHE TOHKUE
MIPOCIIONKH PBIXJION COSTUHNUTEIBHON TKaHH C OJeJHOM
ANBIHAH-TTO3UTUBHOW OKpackoi. B cyOXoHIpambHBIX
y4acTKax PErHCTPUPOBAIM KIETOYHBIE MpoHdepaTs
¢ubpobIacToB, XOHIPOOIACTH M 00pPa30BaHMUS TOMOTEH-
HOT'O XpsAILIEBOrO Marpukca MeKIy HUMU. B 30Hax mpo-
nmdepupyroIKX XOHIpoOIacTOB U B MATPUKCE BBISIBIISI-
Jlach MHTEHCHBHAS AJIbIIMAH-TIOJIOKUTEIbHAST PEaKIHs.
B psize ciyuaeB Ha (poHE TOMOTEHHOTO XOH/IPOMYKOHIa
OTIpENeIUINCh 30HBI Tpoiudepannu Hu3koauhhepeH-
LUPOBAHHBIX XOHIPOOIACTOB AMOPHOHATIBHOTO THIIA C
OOJIBIIMM SAPOM U Y3KHM OOOJKOM IUTOILIAa3Mbl. MHO-
IJa 9TH KJIETKH Pacrollaraiich pajuajibHO, HHOTIA Xa-
OTHYHO. B 1ieHTpe KIeTOUHBIX CKOTUICHUH HaOIoNanuch
KHCTO3HBIC TIOJIOCTH M TPAaHYJIEMbI C sUCHKaMU HEKpo-
OMOTHUYECKNX M3MEHEHUH KJIEeTOK. B npyrux ydactkax
MofOOHBIE KJIETOUHBIE TMPONU(EPATHl OTCYTCTBOBAIIH.
Hapsany ¢ xiaetognsivu mponrgepaTaMy B OJHUX ydacT-
Kax NepHapTUKYISIPHON COEIMHUTEIBHON TKaH! HaOIII0-
JIalINCh KUCTO3HBIC TIOJIOCTH PAa3IMYHBIX pPa3MepoB, B
JpYTruX — (hparMeHTUPOBAHHbIC, OKPYIIIbIE OYary Xpsiie-
BO TKaHU ¢ abIIMaHO(MIBHON peakireil co 3HaINTeIb-
HOM JuCTpoduei Kak MaTpUKca, Tak U KIETOK (puc. 4).

CO cocTosina U3 yTOJIIEHHBIX CHHOBHAIBHBIX CKJIa-
JIOK 3a CYeT O4aroBoro paspacraHus (GuOpo3HOH, xu-
POBOM, MHOTJA TPaHYISIMOHHONW TKaHU ¢ AUpQy3HOH
BOCTIANIMTENbHON MHpMIbTpanuei. B Bopcunax CO no-
CTaTOYHO YacCTO BCTPEUAINCH OONBIINE CKOIICHUS M-
(hOUIHBIX 3TIEMEHTOB C OJMHOYHBIMU SMHUTEITUONIHBIMH
U TUTAaHTCKUMU MHOTOAACPHBIMU KIICTKaMH, MECTaMU
c03/1aBasi IPaHyJIEMBl.

OTMeuasnioch 0OJBIIOE KOJIMYECTBO THNEPTPOdu-
POBaHHBIX CHHOBHAJBHBIX BOPCHH, HEKOTOPBIE M3 HHUX
ObUTH y3KHME M YUIMHEHHBbIE, Apyrue yronmeHHsle. Ha
MHOTHX y9acTkax nmoBepxHocTs CO 1 BOPCHH TOKpPHITA
TOJICTBIM CJIOEM TPOJIU(PEPUPYIOIIUX CHHOBHOIMTOB,
KaK CEKpPEeTOpHOro, Tak u ¢arouurapaoro tumos. Crpo-
Ma UX ObUIa C OTEKOM 3a CYET yBEJIMYCHUS KOJINYECTBa
KHCJIBIX TJIMKO3aMHUHOTIIMKAHOB, YTO ITOATBEPKIAIOCH
MTO3UTHBHOM OKPACKOH MPH MCIIONB30BAHUH KOMOMHUPO-
BanHo# [IINK-peakiuu ¢ agpliaHoBBIM CHHUM (pHC. 5).

Pucynok 4 — Ouazoswvle CKONIEHUA ANbUUAH-NOTOHCU-
MEIbHBIX 6eU{ECHIE 8 NEPUAPMUKYIAPHOU
COCOUHUMETbHOU MKAHU ¢ TUMPO-NAAIMOYUMAPHOT
uHuILMpayueil u dezeHepamueHbIMU UIMEHEHUAMU
xpawia. AA 6e3 neuenusn. 28 cymxu. Komounuposan-
naa INTHK-peakyusa — anvyuanoswiii cunuii, X 100

Pucynox 5 — Hakonnienue Kucablx 2IuKo3aMuHo2u-
Kanoe (cunezo yeema) ¢ Quoposnou mxanu
CUHOBUAILHBIX 60PCUH, 0142064 NPOAUPepayus u
odeckeamauyus cunosuouumos. AA oes neuenusn.
28 cymku. Komounuposannas IHIIUK-peaxkyus —
anvyuano6ozo cunuii, * 200

Hmxe pacronoxeHHbIE XOHIPOIUTHI WMENH MTHKHO-
THYHBIC SI7IPa, YTO CBUJIETEILCTBOBAIO O JIOKAIBHOM IIO-
BPEXKICHUH CYCTaBHOTO Xpsia. B ommame ot ¢pudpo3HOit
TKaHu BopcuH CO, B XOHAPOLUTaX OTMEYAIN CHIDKEHHE
TIPOJYKIMH KaK KUCIIBIX, TaK U CYIb(aTHpOBaHHBIX IITUKO-
3aMUHOIVIMKAHOB, YTO OBIIIO XOPOILIO 3aMETHO P OKpacKe
TIpertapaToB OCHOBHBIM KOPHYHEBBIM. B mIyOoKmX oTnenax
CO ormpenensnock NOSBICHAE 09aroB BOJIOKHUCTOH COCIH-
HUTENFHON TKaHH € yJacTKaMu Tponudepanmu puodpoodia-
CTOB M MECTaMH KHCTOIOMOOHBIX MPOCBeTIeHuit (prc. 6).
KiteTkn BHyTpeHHero clost Xpsia Oblin Manonudhepes-
LIMPOBAHHBIMH, HAITOMUHAJIM XOH/IPOLIUTHI, OJTHAKO TEPSUTH
OPTOXPOMAaTHYECKNE OKPACKH, THITMYHBIC TS INKO3aMH-
HOIIMKaHOB THAJIMHOBOTO XPSIIA.

XpsimieBble MOBEPXHOCTH HEKOTOPBIX CyCTaBOB
ObutH 1e()OPMHUPOBAHBI 32 CUET CHUHOBHUTA, I'PAHUIA
MEXAY XPSIIOM M COEIMHHUTENILHOI TKaHbIO OblIa MoY-
TH He3aMeTHOW. Ha Tex moBepXHOCTSX, T/e Xl Heno-
CPEIICTBEHHO KOHTaKTHPOBAJ C CHHOBHTOM U IIAHHYCOM,
OH YTOHYEHHBIH, TEpsIT XapaKTepPHOE 30HAILHOE PACIIO-
JIO)KEHHUE XOHIPOLIUTOB.
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Pucynok 6 — Yuenvuienue Konuuecmea Kucivlx
U CynbhamuposanbIx 2NUKO3AMUHOTUKAHOE
6 XpAue6oll MKAHU, KUCMON000OHble RPOCEenieHus
6 OKpydHcalouieil Cycmag coeOuHUmenbHol MKanu.
AA be3 neuenusa. 28 cymku.
Ocnosnoit kopuuneasiii, x 100

Bosplie y4acTku CyCTaBHOH IOBEPXHOCTH ObUIH
MIPAKTHUYECKH JIMIIEHBI XPSAIIEBOr0 MOKPOBA U BHICTIIAHBI
TpaHy/SIIUOHHON 1 (uOpOo3HOH TKaHBIO. BOokpyr rpany-
JSIMMOHHOM TKAaHH, KOTOpasi BpacTaja B XpsIL, OTMEYalIH
3aMEIIEHNs] er0 BHOBb OOPa30BaHHBIMH KOCTHBIMH Oa-
KamMu wiu (pubpo3Hoi TKaHbIO. MecTamu cycTaBHas mo-
BEPXHOCTh Ha OOJNbINEH MM MEHBLICH MPOTSKEHHOCTH
aOCOJTIOTHO JIMIIIANIACH XPAIICBOTO OKPOBA M 3aMEIalach
TpaHyJSIMUOHHOH, (PUOPO3HON WITH JKUPOBOH TKaHBIO, 3a-
TIOJTHSIBIIIMX MHOT/IA ¥ KOCTHO-MO3TOBBIE IIPOCTPAHCTBA.

Sueiikn TpaHYNTAIMOHHOW TKAaHW HAOIIOMAINCH B
OCHOBHOM B NPOMEXKYTOUHBIX U IIyOokux 3oHax CO
U COCTOSUIM, IVIaBHBIM 00pa3oM, M3 Kalwuisipos, ¢u-
6po0IacTOB, THCTHOLUTOB, JUMQOIMTOB ¥ OTACIBHBIX
MHOTOSIZIEPHBIX KJIETOK. B IIEHTpaNbHBIX OTAETaX TaKuX
MH(UIBTPATOB OTMEYaJIM JETeHEpaTUBHbIC M3MEHEHHS
OCHOBHOTO BEIECTBA, KOTOPOE OBIIIO OKPY’KEHO COEAH-
HUTEIPHOTKAHHBIMHA BOJIOKHaMHU. IIpu okpacke cpe3oB
0 BaH-IM30HY CKJIEPOTHYECKH HM3MEHEHHbBIE YYacCTKH
KPACHJIMCh B KPACHBIN LBET (pHC. 7) U OBUTH 0YaroBo Io-
JIo)uTeNbHbIe pu ucnonb3doBanuu LNK-peakuunn.

Bo MHorux ciydasix Kak B BOpCHHaX, Tak U BO BCEH
CO, BbIBISUICS BBIpAXEHHBIH (PUOpPO3 C yMEHBIICHU-
€M KOJIMYECTBA KJIETOYHBIX 3JIEMEHTOB. BHeIHuil cioi
Karcyspl CycTaBa ObLI MPEICTaBlIeH IPyOOBOJIOKHUCTOM
IUIOTHOW (PMOPO3HON TKaHBIO C HAJIWYMEM OYaroB XKH-
poBoii Tkanu. KosiareHoBbIe BOJIOKHA CIMBAINCH B IIH-
POKHE TOMOTEHHBIC TSDKH M3BMIIMCTOH (hopmel. Hepenko
BCTPEYAINCh yYAaCTKU MX THAIMHHU3ALMN WIH HEKpOo3a C
rubenpo KIeToK, (puOpmiIsueil BOJIOKOH M HakoIuie-
HHUEM MEJIKHX OKCU(HIbHBIX KOMOYKOB. KiteTouHsle aiie-
MEHTBI ONpPEACISUINCh B MajloOM KOJIMYECTBE M ObUIH
IPE/ICTABIICHBI, B OCHOBHOM, HHTCHCHUBHO OKPAIICHHBIMH
¢udporTaMn CO CMOPILEHHBIMU U BBITSHYTBIMH SI/Ipa-
M. [Ipy nCoab30BaHUN THCTOXMMHYECKOTO METOJIA 110
BaH-1 M30HY KOJITareHOBBIC BOJIOKHA M CTEHKU COCYIIOB
nipuoOpeTainu Oosee SiPKUil KpaCHBIN L[BET.
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Pucynok 7 — I'panynayuonnas mkans ¢ 6onbuium
KOlu4ecmeom Kanuinapos u nepugacKynapHuim
paspacmanuem uopo3HBIX 60710KOH, EOUHUYUHDBIE
MHozosoepuste Kknemku. AA 6e3 newenusn. 28 cymxu.
Oxkpacka no éan-I'uzony, x 100

[NNK-peaknys KOIareHOBHIX ITyYKOB ObIJIa HEPaB-
HOMEPHO#. XpsIIeBble KICTKHA ObUIM Pa3HBIX pPa3MEpOB
— OT MEIIKHUX C MOPIIMHHCTBIM SIIPOM JI0 OONBIINX CO
CBETJILIMH, HaOYXILIUMHU siZipaMu. B OTAEIBbHBIX XOHIPO-
LUTAaX si7jpa He MPOSIBISUIUCH, IIOCKOJIbKY OBIIM CMOpIIIe-
HBI ! PAacIoNarajinch B BUE MOIYMECALEB MO/ KaICyIoH
cycrasa.

B omiuuune ot HeneueHHOro AA y KpbIC, KOTOPBIM
npuMeHsii noynpoden u udynpodeH ¢ BUHOOPOHOM
IpaHy/ISIIMOHHAS TKaHb HA JAHHOM IIEPHOJIE HCCIIEI0Ba-
Hust (28 CyTOK) He MPOSIBIISLIACK.

B rpynne AA, nedennoro uOynpogeHoM B miry0o-
kux otaenax CO perucTpupoBaId 3HAUUTEIHFHOE KONU-
4E€CTBO BOJIOKHUCTOM COCIMHUTEIIBHOM TKaHU C O4araMu
nponudeparun hpudpodmactoB. Odpamany Ha ceOs BHU-
MaHHE M 04aroBble N3MEHEHHUSI B KPOBEHOCHBIX COCY/IaXx,
MIPEUMYILIECTBEHHO apTepUaJbHOIO THIIA, B KOTOPBIX
OTMEYaH YTOJIICHNE MHTHMBI 33 CUET Mposudepaun
9HJIOTEIHSI, TOMOT€HH3allui MBIIIEYHOTO CJIOsl, TIepHBa-
CKYJISIDHBIN CKJIEPO3.

Mopdomerpudeckuii aHaiu3 KJIETOYHOTO COCTa-
Ba BocmanuTenbHbIX HHQHUIBTparoB CO y kpbic ¢ AA
0e3 JleueHMs YCTAHOBMIJI CTAaTHUCTHYECKH JOCTOBEPHOE
(p < 0,05) npeobaganue TUMQPOIUTOB, FMUTESITHONTHBIX
KJIIETOK IUIa3MOIIMNTOB M Makpo(haroB Haa APYTUMH Kile-
TOYHBIMHU 3JIEMEHTaMHU. Tak, KOJIMYECTBO JMM(OLUTOB
obut0 yBenuueno na 232,5 + 40,8 % (6086,0 + 674,5;
95% JIN: 4763,7-7407,4 en1.), SUMTETMOUIHBIX KIIETOK Ha
14,3 [7,1-105,4] % (800 [800-1400] ex.), mia3mMoKUTOB
Ha 271,5+ 97,1 % (986,0 + 82,9; 95% JI1: 823,3-1148,2
en.), makpodaros Ha 255,7 £ 55,7 % (1228,6 *+ 60,6;
95% J1M: 1109,9-1347,4 en.) B cpaBHEHUM C TIOKa3aTe-
JIIMU MHTAKTHBIX KPBIC Ha 28 CHb SKCICPUMEHTA, UTO
CBHJICTEILCTBOBAJIO O XPOHM3AIMN U IMMYHHOM Xapak-
tepe Bocnanenus (puc. 8 A, B, C, K).
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PucyH()K 8 — ITnomnocme KiemouHblx 271eMeHNO06 CUHOBUAIbHOIL 000/104KU 20/1€HOCHIONHO20 cycmaea Kpic
(u3 pacuema na 1 mm?) npu aoviosanmnom apmpume na 28 cymku IKcnepumenma
[Ipumeuanus:
e — p < 0,05 oTHOCUTEBHO UHTAKTHBIX )KHUBOTHBIX,
m — P < 0,05 oTHOCHTENBEHO KOHTPOJIBHBIX KMBOTHBIX,
A —p < 0,05 oTHOCHTENBHO IPYIITEI MOHOTEPAITUH HOYTIPO(GEHOM;
st puc. 8 A, B, C, E, L — pacnipenesieHne BeJIUYMH KaXKI0i TPYIITbI BEIOOPOYHOIT COBOKYITHOCTH HOpMasibHOE. BOKCHI BKJIIO-

YaloT 3HAYCHHE CTAHIAPTHON OMIMOKU CpefHero apu(pMeTHIEeCKOro, BepTHKAIbHbIC IMHUH 3a rpeaenamMu 6okcoB — 95 % nosepu-
TEJIbHBIA MHTepBaI. [OpU30HTANBHAS JIMHUS ¥ YHCIIO BHYTPH OOKCa — CpeiHee apu(pMeTHIecKoe 3HaYCHHE;
s puc. 8 D, F, K — pacnipeneneHue BeTHYrH HEHOPMaJIbHOE. BOKCHI BKITFOYAIOT Pe3yiIbTarhl OT 25-T0 10 75-T0 MepIeHTHIICH,

BEPTUKAJIbHBIC JIMHUU 3a NTPEACTIaMU OOKCOB — MMHUMAJIbHOE ¥ MaKCHMMaJIbHOE 3HAUYCHUE. rOpI/I3OHTaHI>Haﬂ JIMHUSA BHYTPU Ookca
— MCJIMaH, IlI/I(i)paMI/I YKa3aHO Cpe€aHEeS apI/I(bMeTI/I‘IeCKOG 3HAUYCHHC.
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Hapsany c¢ aumdormrapHoit U MakpodarainbHON
HHOUIBTpAIMEeH CIeAyeT MOAYEPKHYTH OCTOBEPHOE
(p < 0,05) yBenuueHwe KOIMYECTBA TKAHEBBIX 0a30-
¢umos (+ 150,0 [123,8-237,1] %) u ¢ubpodracros
(+ 63,2 [40,0-88,3] %) B crpome CO — 350,0 [300,0-
425,0] en. m 2100,0 [1525,0-2200,0] exn. cooTBEeTCTBEH-
HO, [0 CPaBHEHHUIO C TIOKA3aTeISIMU JKHBOTHBIX JIPYTHX
rpymm (cum. puc. 8 D, F). BosbIas gacts TkaHeBbIX Oa-
30()MITOB HAXOMMIACh B aKTHBHOM COCTOSIHHM, O HYeM
CBHJICTEIICTBOBANIA UX JICTPAHYJISAIHS, KOTOPAs XOPOIIIO
MIPOSIBIISIIACh BOKPYT cocynoB cTpombl CO mpu okpacke
OCHOBHBIM KOPUYHEBBIM (pHcC. 9).

Pucynok 9 — Tranesvie 6azoghunsvl 6 cocmosanuu
odezpanynayuu 60kpyz cocyoos cmpomot CO.
AA 6e3 neuenusn. 28 oneii.

Ocnoeénoit kopuunessiit, x 400

Kak BunHO U3 prucyska 8, B CO Habiromanach 3Ha4H-
TeJbpHas Tponudepanus GuopoOIacToOB, IPH ATOM KOJIH-
YECTBO UX 110 JaHHBIM MOP()OMETPHUECKOTO HCCIIEN0BA-
HUSI BO3POCIA BO BCEX UCCIIEAYEMBIX IPYIIIAX.

B rpymme xpbic ¢ AA, nedeHHbIX HOynpoheHom, psi-
JIOM C y4aCTKaMH JIeTeHEepaluy CyCTaBHOTO XPsIIla BCET-
Jla COXPaHSINCh MaJION3MEHEHHBIE €r0 YYacTKH, OOBIYHO
CBOOOIHBIC OT CHHOBHAJIBHOTO NaHHyca. JIumpo-rucrtu-
OLUTApHbIE WMH(UIBTPAThl HE BBIXOAWIM 3a MpPEEIbl
OKOJIOCYCTaBHOM COEIMHUTENIbHON TKaHH.

VY SKCHepUMEHTAJIbHBIX )KUBOTHBIX ¢ AA, KOTOPHIM
BBOAWIM MOynpodeH Ha 28 CyTKH OTMeYaau yMepeH-
HOE BOCMAJICHHE B IEPUAPTUKYISIPHOW COCAMHHTEINb-
HOUW TKaHH, MHOT/JA ¢ (pOPMHUPOBAHUEM DIIUTEIHOUIHOM
U TUT@HTOKJICTOYHOH TIpaHyJeM, paccTpPOHCTBO KPOBO-
oOpallleHHs, CTa3 B COCyAaX MHKPOLHMPKYISTOPHOIO
pycila ¢ HE3HAYUTENIbHBIM TEPUBACKYJSIPHBIM OTEKOM.
[ToBepxHOCTHBIE NE(EKThI XPAIIEBON TKAaHH OBIIH OTMeE-
yeHbl y 10,0% >KUBOTHBIX, JIGUEHHBIX HOYyNPOpEeHOM, U
MIPaKTHYECKH HE OKA3bIBAJIUCH B IPyIilie KOMOMHUPOBAH-
HOTO IpUMEHeHHs1 nOynpodena u BuHOOpoHa. KoskHbIH
IIOKPOB UMEJT OOBIYHYIO THCTOJIOTHYECKYIO CTPYKTYPY Y
80,0% skcrieprMeHTAIbHBIX )KUBOTHBIX, JICYCHHBIX HOY-
npodenom, 'y 90,0% kpbic, KOTOPBIM BBOAMIN HOYTIPO-
(eH 1 BUHOOPOH.

MHUKpOCKOTIMYECKH y KPBIC TPYIIBI MOHOTEPAITUH
nOypodeHoM U rpynIbsl KOMOMHUPOBAHHOTO NPUMEHE-
HUs HOynpodeHa M BHHOOPOHA, TAKKe XapaKkTepHO (hop-
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MHUpPOBaHHUE MaHHYCA, OJHAKO MHTEHCHBHOCTH (UOPHII-
JoreHe3a Obla 3HAYMTENBHO MEHBIIE MO0 CPABHEHUIO C
HeJleueHHBIM A A, 9TO MOATBEPKIAJI0Ch JAHHBIMU MOD-
(domerpuyeckoro ucciaenoBanust (cM. puc. 8), mHOIIa
BCTPEYAINCH HEOONBIINE YIACTKH, T/I€ COCIMHUTENbHAs
TKaHb IUIOTHO CpacTajach ¢ XpsweBoil. M3peaka BbisiB-
JISUTA He3HAYUTENbHBIC MO JUTHHE OSCKIETOYHBIE y4acT-
KM M Y9aCTKHU C OYEHB y3KUM XPSIIIOM, TJI€ XOHIPOIUTHI
pacrionaraiuch ToJIbKO B 2-3 psiia. B ormmuuum oT He-
JIeueHHOTO AA KHCIbIe U Cylb(aTHpOBaHHBIE TIINKO3a-
MUHOIJIMKAHBI TIPH OKPAcKe MpPernapaToB ajJbIIMaHOBBIM
CHHUM B coeauHuTeIbHOU TKaHU CO MpakTHYEeCKU HE
BBISBIISUIMCH, OTHAKO, KOJMYECTBO MX YBEIHYMBAIOCH B
XPAIIEBOIl TKAHU, YTO OATBEPKAATIOCH TOJIOKUTETHHOM
peaxieil mpyu UCIOIb30BAaHUH OCHOBHOTO KOPHYHEBOTO
(puc. 10, 11).

Pucynox 10 — Hesnauumensnas aumgpoyumapnasn
UHDUILMPAUUA CUHOBUATILHOIL 60PCUHBL C PUOPO30OM
CMPOMbL U HEDONLUIUM KOTUYECHIBOM
2IUKO3AMUHO2TTUKAH08. AA, Neuennblil udbynpoghernom.
28 cymxku. Ocnosnoui kopuuneswtit, * 200

Pucynok 11 — Yeenuuenue xonuuecmea Kucivlx
U CynbhamuposannbIX 2IUKO3AMUHOTUKAHOE
6 xonopoyumax. AA, neuennstii udbynpoghernom

u unooponom. 28 cymxu.
Ocnoenout kopuunesstit, x 100

Y KpbIC, KOTOPBIM MPUMEHSTH HOYTIpo(heH B KOMOH-
Hallii ¢ BAHOOPOHOM, KOJJIAar€HOBBIE BOJIOKHA (hprOpo3-
HOW NEPUAPTUKYIIIPHOM TKAHU COEAMHSIUCH B TOJICTHIE
Iy4YKH ¥ TOMOTeHHM3MpoBaiuck. Ouarn Jumdo-riazmo-
LUTApHOW WHQWIBTPAUK PETHCTPUPOBAIHNCH PEIIKO.
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Yarme Bcero BCTpevyasnich HHOUIBTPATHI U3 KIETOK (u-
Opo- u rucTHOIUTapHOTO psiaa. [lo cpaBHEHUIO ¢ TPyII-
ol HenedyeHHOTO AA n AA, jeueHHOTo noynpodeHom,
B XpsiIle HaOIIOJATNUCh MEHEE BBIPAKCHHBIC JIereHepa-
TUBHO-TUCTpOQHUYECKHE U aTpO(UUECKUE H3MEHEHHS.
B 6a3zanpHBIX OoTAenax Xpsiia MPOUCXOIAMIIO YCHUIICHUE
CKJICPO3MPOBAHUS MEKKICTOYHOTO BEIIECTBA U THOENb
kieTok. baszajbHble OT/ENBI XpAla U CYOXOHAPATBHOM
TUTACTHHKHM YacTO OCTaBaJINCh HEpa3pyIIeHBl U BpacTa-
HUS COCYJIOB B XPSII CO CTOPOHBI KOCTHO- MO3TOBBIX T10-
JI0CTeH MPaKTUYECKU He HAOII01aI0Ch.

VY 3KCHEepUMEHTAIbHBIX KHMBOTHBIX ¢ AA, KOTOpPbIC
mojydand uOynpopeH B KOMOWHAIIMH C BHHOOPOHOM,
Ha 28 eHb AKCHEPUMEHTa YCTAHOBJICHO CTATHCTUYECKH
nocrosepHoe camkenue (p < 0,05) konuuecTsa TuMboun -
HBIX dJieMeHTOB Ha 63,6 + 3,3% (95% JI1: 57,2-70,1%)
OTHOCHTEJIbHO TIOKa3aTelnei Kpbic ¢ AA 0e3 JieueHus U Co-
crasysio 2128,6 + 198,5 (95% JIM: 1736,6-5185,0) exn.,

yro smib Ha 19,8% npeBbliano mokazaresii MHTaKTHBIX
kpsic (1971,4 + 280,9 (95 % IAN: 1420,9-2522,0) ex.).

YMeHbIIEHHe HHTEHCUBHOCTH BOCIAJIUTEIbHON HH-
¢unpTpar CO ObUTO 3apEeTHCTPHPOBAHO U MPH OIICH-
K€ IUIOTHOCTH JPYTHX BOCIAIHTEIBHBIX HIEMEHTOB (CM.
puc. 8). TkaneBbie 6a30(MIBI, Kak W HEUTPODHIBHBEIC
JIEHKOLUTHI BCTPEYAIINCh PEIKO, B OCHOBHOM BOKpYT CO-
CYIOB, YTO MOXXET CBHJETEIHCTBOBATh 00 YMCHBIICHUH
CHHTE32 U BBICBOOOXKACHMS MEAHATOPOB BOCIAJICHUS
(cepoTOHMHA, THCTAMUHA) U3 TKAHEBBIX 6a30(UIIOB.

JlyueBoe uccrenoBanme MoKa3ao, 4to Ha 28 CyTKU
SKCTIEPIMEHTAa y KpbIC ¢ AA 0e3 JIedeHUs] 0TMEeYaIoCh
THIIEPIKCTEH3MUS MPOKCUMAITBHBIX (DaIaHT CO CTHOAHNEM
B IPOKCUMAJIBHBIX MEX(alaHTOBBIX CycTaBaX M pasrH-
0aHHEM B JAUCTAIBHBIX MEX(aJaHTOBBIX CyCTaBax, YTO
o0ycoBnmMBaiIo0 (OPMHUPOBAHUE KIACCHUECKUX IS PEB-
MaTH4YeCKOI0 IIOpa)KeHHs1 H3MEHEHU I — «MOJIOTKOOOpa3-
Hoi» nedopmarnmu |-V nmaneres (puc. 12).

Pucynok 12 — Penmezenozpammul 3a0HUX KOHEUHOCHEN KPBIC C AOBIOGAHMHBIM APMPUMOM €3 1eueHUs
Ha 28 cymKu IKCHepuUMenma é nPAMOU RPOeKyuuU.

Mo nannbmv KJIKT cyOmnanraprast nHokymsinust CFA
NpyBeia K YBEJIMYEHHIO 00beMa BCEX CYCTaBOB 3ajIHHX
koHeuHocTeit moutn Baoe (+ 90,1%) oTHOCHTENBHO MOKa-
3aTeNeil MHTAaKTHBIX Kpbic. Hanbompimii mpupoct oobeMa
ormevasicst B | n V 3aruiecHa-TumOCHEBBIX CyCTaBax COOT-
BercTBeHHO Ha 142,6% (p < 0,001) u 162,0% (p < 0,01)
OTHOCHTENIBHO 3HAYCHHI MHTAKTHBIX JKMBOTHBIX. Cpemu
TuTIOCHE(haTaHTOBBIX CYCTaBOB OTYETIIMBO BHIPOCIH O0OBE-
Mol | 11V mumrocHe(ha1aHroBBIX CYCTaBOB — COOTBETCTBEHHO
na 130,6% (p < 0,005) u 133,5% (p < 0,001) orrOCHTEB-
HO MOKa3arenell MHTaKTHBIX JKMBOTHBIX. HanMeHbIme u3-
MEHEHHs] 00beMa CyCTaBOB 3aJHUX KOHEYHOCTEH y KpbIC
OBbLIO OTMEUYEHO B MeX(aJlaHTOBBIX CyCTaBaX, a CPeIHUH
pUpoCT 00beMa cocTaBull 52,7% OTHOCHUTEIBHO Paccyu-
TaHHBIX 00BEMOB CYCTABOB 37I0POBBIX )KUBOTHBIX (TalI. 1)

Ha ¢one koMOMHMPOBaHHOTO MPUMEHEHHSI HOYTIPO-
(ena 1 BUHOOpOHA HAMM OBUIO OTMEUYEHO HanOOJIbIlEe
3aMeJyIeHHe MPOTPEeCcCUPOBAHMS BOCTIAIMTEIILHOTO TIPO-
necca. Ha 910 yka3plBaio yMeHbIlIeHHE 00beMa cycTa-
BOB Ha (hoHE KOMOMHUPOBAHHOTO JICUCHHS KPbIC ¢ AA B
cpenreM Ha 33,8% OTHOCHTENBHO MOKA3aTeICH KUBOT-
HBIX KOHTPOJIBHOM TPYIITIBL.

Xapakrepusyst COCTOSIHHE CYCTaBHBIX ILENIeH 3a/IHIX
KOHEYHOCTEH y KpbIC, CIEAYEeT OTMETHUTh, YTO Pa3BUTHE
AA mpuBen K 3HAYUTEIBHOMY YMCHBIICHHIO HIMPHHBI
CYCTaBHBIX Iejiel B cpemnHeM Ha 58,8% oTHOCHTEIBHO
3HaYE€HUH MHTAKTHBIX )KUBOTHBIX. JTO COIVIACYETCSI C JIaH-
HBIMH JINTEPATYPbI 00 M3MEHEHUIX CTPYKTYPHOU OpraHu-
3alliK CYCTaBOB MPH PEBMATOMIHOM aptpute [2, 36-37].
Crout ormetuth, uto B | 1 |l mtocHedananrossix cycra-
Bax M IPOKCHMAaIbHOM MeX(aslaHroBoM cycrase | manbia
CTOINBI HAMK OBLT BEISBJIEH MOJHBIA aHKWio3, a B 1=V
TuIeCHO(AJIAaHTOBBIX CyCTaBax INUPHHA CYyCTaBHOH IIEIb
He npesbimana 0,2 MM, 4To 00Jice YeM BIBOE OBLIO HIKE
MOKAa3aTesIi HHTAKTHBIX )KUBOTHBIX (cM. Tad. 1).

Ha ¢one moHoTepamuu uOynpodeHoM ObLIO OTME-
YEHO YBEJIMUYCHNUE IIMPUHBI CyCTaBHOH I1IEJIN BCEX CycTa-
BOB, OIHAKO Ha ()OHE KOMOWHHMPOBAHHOTO NPUMEHEHHS
nbynpodena 1 BUHOOpPOHA HAMU OBUIO OTMEUEHO Oosiee
OTYETJIMBOE YBEJIMYCHUE IIMPUHBI CYCTaBHBIX MIENCH,
KOTOpasi MPAaKTHYECKH COMOCTABIISIIACH C TIOKA3aTeIISIMH
MHTAKTHBIX )KUBOTHBIX, YTO YKa3bIBacT HA CIIOCOOHOCTD
BUHOOpOHA YCHJIMBAaTh MPOTHBOBOCHAINTEIbHBIE CBOM-
cTBa HOynpodena.
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Y MHTaKTHBIX KPBIC MEXy OOBEMOM CYCTABOB U IIIU-
PUHOM CyCTaBHBIX LIEJIEH 3aJHUX KOHEYHOCTEH OTMeue-
HO yMepeHHast KoppersiionHas csa3b (o = 0,373 = 0,10;
95% JIN: 0,17-0,57). Passutne AA y KpbIC MPHUBENO K
camkennto (p > 0,05) snavenus xkoadduimenra Crup-
Mmana () Ha 23,0% OTHOCHTENIHLHO OKa3aTe/icii HHTAKT-
HBIX KPBIC U OH cocTaBui cooTBeTcTBeHHO 0,282 £ 0,05;
95% JIN: 0,19-0,38, uTo yKa3pIBacT HA CHIYKCHUEC CHIIBI
koppemsiiuonnsix  cszeir (CKC) mexnay wuccremye-
MBIMH TIOKazarensiMu. Monorepamus AA wubynpode-
HOM TpuBeNa K He3HauuTenbHoMy yBenumuenuto CKC
(0=0,295 + 0,04; 95% J111: 0,21-0,38). KomOuuupoBan-
HOe IpuMeHeHne ndynpodena u BUHOOPOHA MPUBEIO K
Boccranosnenuio (p > 0,05) CKC mexay oObeMOM Cy-
CTaBOB W MIMPHHOU cycTaBHbIX Mienei (o = 0,365 + 0,09;
95% J1U: 0,20-0,53), uro yKa3siBaeT Ha rapMOHU3ALMIO
MIPOTHBOBOCTIATMTENBHOTO JEHCTBUA HOympodeHa mpu
€ro COBMECTHOM NMPHUMEHEHUH CO CHa3MOJIUTUKOM yKpa-
WHCKOTO IIPOM3BOJICTBA, KOTOPOMY TPHUCYIIHE MOJIUTPOII-
Hble (hapMaKoIOrnyecKkue CBONCTBA.

3akuouenne. [IpoBenieHHOE HCCIIEAOBaHUE MOKa-
3aJ10, YTO Y DKCHEPHUMEHTAJbHBIX JKUBOTHBIX C HEJICUCH-
HbIM AA Ha 28 neHb JKCHEPUMEHTa MaTOJIOTHYECKUE
W3MEHEHHs PErHMCTPUPOBAIHMCh NPEHUMYIIECTBEHHO B
Karcye CyCTaBOB C XapaKTepHOH (pHOpPO3HO-KUCTO3HOM
TpaHchopMarent mepuapTUKYIIPHON COCAMHUTETFHON
TKaHH, 00pa30BaHUEM ITaHHyCa B XPSIIEBOW TOBEPXHO-
cti cycraBoB. IlaromMop¢osoruueckoii 0COOCHHOCTHIO
HeneueHHOTO AA, Hapsany ¢ oOpa3oBaHHEM IaHHYCA,
nuddysHoi umdorucTuouTapHol HHOUIBTPALUEH U
JIECTPYKIMEH KOCTHOW TKaHM, TaKKe OBLIO BBISBICHUE
IpaHyJISIIMOHHOI TKaHHM Ha JIAHHOM CPOKe HaOJIO/IeHNS,
YTO CBUJIETEIBCTBOBAIIO O XPOHMUYECKOM XapaKkTepe Boc-
NaUTENFHOrO OTBETa W HapYIICHHE pPEreHepaTopHBIX
CBOMCTB CHHOBHAJILHOT'O DITUTEIHS.
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[Mpumenenue ubynpodeHa B KOMOMHAIIUK ¢ BUHOO-
POHOM COIPOBOXK/IAIUCH BOCCTAHOBJICHHEM CTPYKTYPbI
1 (QyHKIIMM XpAIIEBOW M KOCTHOM TKaHH, O YeM CBHUjE-
TEIBCTBOBAJIO TMOSIBJICHHE KHCIIBIX U CYIb(aTHPOBaHHBIX
[JIMKO3aMHHOIIMKaHOB. BoccTaHOBIIEHHE KOCTHON TKaHH
pean30BbIBAIIOCH TIYTEM pa3pacTaHusi COCANHHUTEIbHON
TKaHU U Tpancopmaimu ee B xpsiny. CO ObLia rumnepria-
3UPOBAHHOM C MPOIU(PEPUPYIOLIMMHI CHHOBUOIIUTAMH KaK
MakpoQarajgbHOrO, TaK U CEKPETOPHOTO TUIOB. TONBKO B
PEIKHX CITy4asiX COXPaHsJIMCh SIBJICHHSI YMEPEHHOTO OTe-
Ka M HE3HAYMTENbHAs O4aroBasi JTMMQpOTUCTHOLUTAPHAS
uHpuisrpams. Takum o0pa3oM, TpUMEeHeHHE HOYIpOo-
(eHa B KOMOMHAILIMK C BUHOOPOHOM y KpbIC ¢ AA mpuBO-
JIMJIO K YMEHBIICHHIO HJIM OTCYTCTBHIO BOCIIAJIICHHUS KaK B
CyCTaBe, TaK U B IIEPUAPTUKYJISIPHBIX TKAHSIX.

AHanu3 pe3yNnbTaToB KOHYCHO-Ty4€BOI KOMIBIOTEP-
HOM Tomorpaduu U UdpoBol peHTreHorpaduu noka-
3aj, 4To Ha (poHE OJHOBPEMEHHOI0 BBEICHUS HOYIpO-
(eHa U BUHOOPOHA OTMEYAETCSl TCHACHIIMS K YCUIICHHIO
[IPOTUBOBOCIIAIUTEIBHOTO  JICUCTBHUSI  MCCIIEyEMOTO
AQHTU(IIOTUCTHKA HAa TOPAKEHHBbIC aJbIOBAHTHBIM ap-
TPHUTOM CycTaBbl Kpbic. Ha 3T0 yka3piBano yMeHbIlIeHHE
Ha 28 CyTKH dKCIIEpUMEHTa 00beMa CYCTaBOB 3aHUX KO-
HeuHocTeH B cpenHeM Ha 33,8% OTHOCHTENIBHO TOKa3a-
TelNeil KOHTPOJIBHBIX KUBOTHBIX U MPAKTHYECKH MOJTHOE
BOCCTAHOBJICHUE IIMPHHBI CYCTABHBIX ILENICH HCcclenye-
MBIX CyCcTaBOB. Taike yCTaHOBJICHO, YTO BUHOOPOH CHO-
cO0€H rapMOHU3UPOBATh NMPOTHBOBOCIIAIUTEILHOE JICH-
cTBHE MOyNpodeHa Mpu X COBMECTHOM TIPUMEHEHHUH.

BaaromapHocTi. ABTOpHI BBIpaKaroT Oiaromap-
HOCTh 33 KBAUIU(DHUIUPOBAHHYIO MOMOIIIb B ITPOBEICHUH
PEHTICHOJIOTHYECKUX HCCIISIOBAHUN aCcCHCTEHTaM Ka-
(benpsl paguoaOTHK M PaAMAIMOHHON MeauiuHbl VBa-
HO-DPaHKOBCKOTO HAI[MOHAJIBHOIO MEAUIIMHCKOTO YHH-
Bepcutera [Torpebennux S. . u FOpkesuuy b. E.
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Introduction.  Non-steroidal  anti-inflammatory
drugs (NSAIDs) are the main class of medicines used in
rheumatology. Suppression of inflammation is one of the
main tasks of pathogenetic therapy of rheumatic diseas-
es, since it is with a chronic inflammatory reaction that
the progression of irreversible structural changes in the
joints is associated [1, 2]. In the anti-inflammatory effect
of NSAIDs, blockade of cyclooxygenase, a decrease in
the synthesis of prostaglandins, an anti-bradykinin ef-
fect, a reduction in the permeability of the vascular wall
are considered important. NSAIDs inhibit free radical
reactions, stabilize lysosomal membranes, prevent the
release of lysosomal enzymes, prevent the activation of
immunocompetent cells in the early stages of inflamma-
tion, reduce energy metabolism, fibroblast division and
collagen synthesis, reduce the severity of hyperergic in-
flammation, hyperemia, edema, pain, the degree of tissue
destruction [1, 2].

However, the achievement of the structural and
modifying effect of NSAIDs in rheumatic diseases -
suppression of ectopic ossification through inhibition of
osteoclast activation, neoangiogenesis and enhancement
of cellular apoptosis — is possible only when adminis-
tered in submaximal / maximal therapeutic doses and
for a long term, since autoimmune inflammation has a
self-sustaining, cyclic nature. In this situation, the risk of
class-specific complications may be the main factor lim-
iting the therapeutic potential of these drugs [1-4].

Unfortunately, unwanted reactions with NSAIDs
are related to reactions of type A — frequent, predictable
side effects, which are a consequence of a known phar-
macological mechanism, and can be observed in any
patient. The most frequent adverse reactions in the use
of NSAIDs are gastro- and enterotoxicity, hepatotoxic-
ity, nephrotoxicity, thrombotic complications, decreased
synthesis of proteoglycans of the cartilaginous tissue,
and allergic reactions [3-11].

In our previous studies we have found out that
Ukrainian vinboron, the antispasmodic with polytrophic
pharmacological effects, can improve the safety profile
of the popular non-steroidal antiphlogistics ibuprofen
and can also potentiate its anti-inflammatory effect. That
fact has become the background to a detailed study of the
therapeutic action mechanisms of these drugs when they
are used together [12-16].

Aim of the study. To characterize the influence of
vinboron (11 mg/kg, i.g.) on the anti-inflammatory activ-
ity of ibuprofen (218 mg/kg, i.g.) when combined, in a
model of experimental rheumatoid arthritis according to
pathomorphological, morphometric and cone-ray com-
puterized tomography of rats” hind limbs.

Materials and methods. The study was carried out
on 28 mature male rats divided into 4 groups: | — intact
rats (n = 7), Il — rats with modeled AA without treatment
(control), 111 — rats with AA (n = 7), treated with ibupro-
fen (218 mg/kg, intragastrical), IV —rats with AA (n = 7),
ibuprofen treated (218 mg/kg, intragastrical) in combina-
tion with vinboron (11 mg/kg, intragastrical).

To reproduce the conditions for the administration

of ibuprofen corresponding to its clinical use, we select-
ed a model of experimental rheumatoid arthritis (RA) —
adjuvant arthritis (AA, another name — Pearson’ arthritis
(Pearson S.M. et al., 1959) in rats that has all morpho-
functional signs of RA and is accompanied by a typical
reaction, the main link of which is T-cell immunity [17].

AA was modeled by subcutaneous administration of
a complete Freund’s adjuvant — CFA (Thermo scientif-
ic, USA), 100 pl/per rat) that contains polysaccharides of
heat-killed Koch bacillus (Mycobacterium tuberculosis
— Mtb, 5 mg/ml) and complex fatty acids (lanolin deriv-
atives) with an emulsifier (petroleum jelly) at the ratio of
1:2 to the right hind limbs of rats [18-23]. The day of the
adjuvant administration was counted as Day 0 (zero-day)
of the experiment.

Treatment AA was conducted from 14 to 28 days by
intragastrical administration of the drugs under study.
The onset of drug administration corresponded to the
maximum inflammatory response [18-19]. Ibuprofen
(Pharmaceutical Company «Darnitsa», Ukraine) was
administered intragastrically as a suspension based on
polyoxymethylene (20) sorbitan monooleate emulsifier
(the other names are: Tween 80, Polysorbate-80, E433)
and water pro injectionibus (Limited Liability Company
“Galichpharm”, Ukraine), vinboron (Privatne Acces-
sionary Partnership The Science Center of the Vibration
Center ““Borschagiv Chemically Pharmaceutical Plant™,
Ukraine), dissolved in water pro injectionibus (Limited
Liability Company “Galichpharm”, Ukraine), was ad-
ministrated 60 minutes before the administration of ibu-
profen, twice in day.

To extrapolate the average therapeutic doses for hu-
mans to equivalent efficiency doses for rats, we recalcu-
lated the data by Rybolovlev’s method (Rybolovlev Yu.
R. etal., 1979) [24]. The dose of ibuprofen (Pharmaceu-
tical Company «Darnitsa», Ukraine) for a human being
is 2400 mg (0.8 g 3 times a day), which has a sufficient
anti-inflammatory activity and is recommended for treat-
ment of RA [1-2, 25]. If recalculated, in efficiency this is
an equivalent dose for rats (218 mg/kg).

The dose of vinboron (Privatne Accessionary
Partnership The Science Center of the Vibration Cen-
ter “Borschagiv Chemically Pharmaceutical Plant”,
Ukraine) for a human being 120 mg (for 0.04 g 3 times a
day), which is recommended for use in the treatment of
patients with peptic ulcer of the stomach and duodenum
corresponds to a dose for rats of 11 mg/kg [26-28].

The dose of vinboron (Privatne Accessionary
Partnership The Science Center of the Vibration Cen-
ter “Borschagiv Chemically Pharmaceutical Plant”,
Ukraine) for a human being recommended for treatment
of patients with peptic ulcer of the stomach and duode-
num is 120 mg (0.04 g 3 times a day), and it corresponds
to the dose for rats of 11 mg/kg [26-28].

The animals were euthanized on the 28th day of the
experiment by a cervical dislocation under inhaled tri-
chloromethane (CHCI,) anesthesia. It was followed by
the amputation of the hind limbs at the level of the hocks
(art. coxae) and fixation of the material in 10.0% aqueous
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solution of neutral formalin. The ankle joints were decal-
cified. The drugs were prepared according to the standard
procedure, histological sections 5-7 microns thick were
stained with hematoxylin and eosin, picrofuxin sensu van
Gieson, the main brown sensu Shubich, the combination
of the main brown and strong green dye, and the Periodic
Acid — Schiff (PAS) reaction with alcian blue [29-33]. Mi-
croscopy and photographing of histological preparations
were carried out with the light microscope OLIMPUS BX
41 at magnifications of 40, 100, 200 and 400 times. The
obtained images were processed and morphometry was
carried out with the program “Quick PHOTO MICRO
2.3”. The contents of the cellular elements was determined
on the basis of the equivalent unit area (1 mm 2). Our mor-
phometric studies were based on the principles set forth in
the manual by Avtandilova G.G. (2002) [29].

According to the data obtained by Aurell Y. et al.
(2014) [34], in the diagnosis of RA an informative meth-
od of instrumental diagnosis is computerized tomogra-

phy. Taking into account the small size of the investi-
gated material, we performed Cone Beam Computerized
Tomography (CBCT).

The study was carried out on the basis of the Cen-
ter for Medical 3D Diagnostics (Lviv, Ukraine) using a
digital panoramic cone-ray tomographic scanner “Point
3D Combi 500" (PointNix, South Korea), using a planar
sensor with a scanning site of 9 x 12 mm and a radial
load of 30-100 pSv [35-38]. Scanning was carried out
with a voltage of 52.0 kV and the electric current of 6.0
mA which had been determined empirically as optimal
for the study of the hind limbs of rats. The multiplanar
reconstruction (Multi-Planar Reconstruction — MPR) of
bone structures was performed on the basis of the soft-
ware “RealScan” with high resolution.

Using the “RealScan-CD Viewer” software (Point-
Nix, South Korea), joint width and height measurements
werecarried out, and the width of the joint gap was deter-
mined (Fig. 1).

Figure 1 — Cone-ray tomogram of the rat foot in the program window «RealScan — CD Viewer»
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The measurements of the investigated parameters were
carried out according to the unified algorithms: the width
of the joint was determined in the frontal plane with pre-
liminary adjustment of the vector lines parallel to the longi-
tudinal axes of the bone structures of the study site and an
increase in the thickness of the shear display up to 2 mm.

The measurements of the height of the joint was
carried out along its middle part in the sagittal plane with
the preliminary adjustment of the sagittal vector parallel
to the longitudinal axis of the proximal tubular bone,
with an additional increase in the thickness of the shear
display up to 2 mm. The width of the articular slots was
measured between the end plates of the articular surfaces
in the frontal (rarely sagittal) plane with the preliminary
adjustment of the vector lines, according to the above
techniques. The proposed algorithm made it possible
to minimize the phenomena of spatial superposition of
anatomical structures.

For the integral characteristics of the linear
dimensions of the joints of the hind limbs of rats, we
proposed a formula for calculating the joint volume
(Patent of Ukraine No. UA 117538) [39]. The cylinder
was conventionally chosen as the nearest figure of the
corresponding spatial organization of small joints (fig. 2).

Figure 2 — Evaluation of the small joints volume on
the basis of geometric modeling as illustrated
by metatarsophalangeal and proximal interphalangeal
joints of the second finger of the-hind
right limb of a rat

The height of the cylinder was taken as the height of
the joint. The radius of the cylinder was calculated as half
the width of the joint, which was measured in the frontal
plane (R = % of the joint width, mm). The volume was
calculated by the formula V = &t x R2 x h, where V is the
joint volume (mmd), = is the mathematical constant reflect-

ing the ratio of the circumference to its diameter and it is
3.14; R is the radius of the circumference at the base of
the cylinder (2 of the joint width, mm) h is the height of
the cylinder (joint height in the sagittal plane, mm) [39].

The evaluation of the effectiveness of anti-inflamma-
tory therapy was carried out by comparing the volumes
of ten joints (I — V metatarsophalangeal and proximal in-
terphalangeal joints of | -V of the toes) calculated by the
linear dimensions obtained, the width and height of the
bone rows of the mold and metatarsal, and the width of
the articular clefts of ten joints (I — V metatarsophalan-
geal and proximal interphalangeal joints of the joints of
I -V of the toes of the foot) under different experimental
conditions and comparing the width of the joint gap in
corresponding joints. The discrepancies were expressed
in % with respect to the indices of intact animals and an-
imals with AA without treatment.

All the experimental studies on laboratory animals
were conducted in accordance with the requirements of
good laboratory practice (GLP) and in compliance with
the main provisions of the Council of Europe Convention
on the Protection of \Vertebrate Animals used in experi-
ments and other scientific purposes of March 18, 1986,
the Directive of the European Parliament and Council
EU 2010/63/EC of 22 September 2010 on the protection
of animals used for scientific purposes; Order of the Min-
istry of Health of Ukraine from December 14, 2009, No.
944 “On approval of the procedure for preclinical study
of medicinal products and examination of materials for
preclinical study of medicinal products” and the Law of
Ukraine of February 21, 2006 No. 3447-1V “On the Pro-
tection of Animals from Cruel Treatment” [40].

Statistical processing of the obtained results was
carried out using the application program for working
with spreadsheets “Microsoft Office Excel 2003; 2013”
(Microsoft Corporation, USA) using the” Real Statistics”
extension in the Windows XP Professional environment
(Microsoft Corporation, USA). The character of the dis-
tribution of the values in each group of the sample was
estimated using W value in Shapiro-Wilk test (n <50).

The homogeneity of the dispersions was determined
by Levene’s test. To assess the significance of the re-
vealed differences in the studied parameters under dif-
ferent experimental conditions, a statistical analysis was
performed using parametric and nonparametric criteria.
Since all the investigated quantities obeyed the law of
normal distribution (Gauss-Laplace’s distribution), the
reliability of the differences between them was deter-
mined in pairs by Student’s criterion. The values obtained
were compared with the critical values at the confidence
level above 95.0% (p < 0.05), above 99.0% (p < 0.01),
above 99.5% (p < 0.005), and above 99.9% (p < 0.001)
and the conclusion about the error probability was made.

At the abnormal distribution of at least one of the
groups of independent quantities, the differences be-
tween them were determined in pairs by the nonparamet-
ric U-criterion ranked by Mann-Whitney.

To evaluate the relationship between variables un-
der the condition of normal distribution of values, the
one-factor correlation analysis was carried out according
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to Pearson or the rank correlation analysis sensu Spear-
man with an abnormal distribution. By the value of the
absolute value sensu Pearson coefficient (r) or sensu
Spearman coefficient (p), the correlation relation was
characterized by the following criteria: r <0 — feedback;
0 <|p|<0.1-no connection; 0.1 <| p | <0.3 — weak;
0.3 <| p <0.7 — moderate; 0.7 < | p | <0.99 — strong;
0.99 <| p | <1 —full (functional) and indicated the proba-
bility of error (p) of the identified links. The character of
the direction of the connection was determined depend-
ing on the sign of the correlation coefficient: a direct con-
nection with a positive sign (+) and an inverse in the case
of a negative sign (-).

Digital data in the case of a normal distribution of
quantities are given in the form “M £ m” (M = SE),
where M is the arithmetic meaning, m (SE) is the stan-
dard error of the arithmetic meaning or M (95% CI: 5%
-95%), where 95% CI is 95% Confidence interval (Cl).
With an abnormal distribution of the values obtained, the
data are presented in the form Me [LQ; UQ], where Me
is the median [LQ; UQ], i.e. the upper limit of the lower
(first) quartile (lower quartile — LQ) and the lower limit
of the upper (third) quartile (upper quartile — UQ).

For the graphical representation of the data, the box-
and-whiskers diagrams were selected. On them the max-
imum and minimum values were displayed in the case of
an abnormal distribution of values or a 95% confidence
interval in the normal distribution, the Interquartile range
(IQR) in the form of a box from the 25-th to the 75-th
percentile in the case of an abnormal distribution of val-
ues or the boundary of the standard error of the arithmetic
meaning at the normal distribution of quantities, the me-
dian and / or the average arithmetic meaning [41].

Results and discussion. On the 28-th day of the
experiment, a pathomorphological study of the synovial
membrane (SM, synovium) of the ankles of the exper-
imental animals with AA without treatment showed a
predominance of chronic productive inflammation with
a significant proliferative component and degenerative -
dystrophic changes in the cartilage and fibrous connec-
tive tissue surrounding the synovial cartilage.

Figure 3 — Degenerative changes in cartilage with
the formation of pannus. AA without treatment.
28" day. Stained with hematoxylin
and eosin, x 200
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The articular surface lost its boundaries, often with
uneven contours, had various depth defects, which were
observed in 60.0% of animals with untreated AA. Almost
all the animal cartilage specimens studied in the control
group of animals showed signs of pannus formation,
which sometimes completely invaded the cartilage, re-
placing it with a connective tissue (fig. 3). In periarticular
tissues, along with their edema, massive cell infiltration,
mainly lymphoid with accumulation of plasmocytes, gi-
ant multinucleate cells, forming granulomas, which were
surrounded by collagen fibers, was noted.

Inflammatory infiltrates often extended to the dermis,
sometimes even with the infiltration of the skin. In the
periarticular fibrous tissue, the collagen fibers formed
densely packed bundles, between which thin layers
of loose connective tissue with a pale alcian-positive
color were detected. In the subchondral regions, cellular
proliferates of fibroblasts, chondroblasts and the formation
of a homogeneous cartilage matrix between them were
recorded. In the zones of proliferating chondroblasts and
in the matrix, an intense alcian-positive reaction was
detected. In a number of cases against a background of
homogeneous chondromucoid the zones of proliferation of
low-grade chondroblasts of embryonic type with a large
nucleus and a narrow rim of the cytoplasm were detected.

Sometimes these cells were located radially,
sometimes chaotically. Cystic cavities and granulomas
with cells of necrobiotic cell changes were observed in the
center of cellular clusters. In other areas similar cellular
proliferates were absent. Along with cellular proliferates,
cystic cavities of various sizes were observed in some
parts of the periarticular connective tissue, in others
fragmented, rounded foci of cartilaginous tissue with an
alcianophilic reaction with significant dystrophy of both
the matrix and the cells could be observed (Fig. 4).

Figure 4 — Focal clusters of alcian-positive substances
in periarticular connective tissue with lympho-
plasmocytic infiltration and degenerative cartilage
changes. AA without treatment. 28th day. Combined
Schick Test — alcyan blue, x 100

Synovium consisted of thickened synovial folds
due to the focal proliferation of fibrous, fatty, sometimes
granulation tissue with diffuse inflammatory infiltration.
Large clusters of lymphoid elements with single epithelioid
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and giant multinucleate cells were found frequently in the
villi of the SM, sometimes creating granulomas.

A large number of hypertrophic synovial villi was
noted, some of them were narrow and elongated, others
were thickened. In many areas the surface of synovium
and villi was covered with a thick layer of proliferating
synoviocytes, of both - secretory and phagocytic
types. Their stroma was with edema due to an increase
in the number of acidic glycosaminoglycans, which
was confirmed by a positive coloration when using a
combined Schick test with alcian blue (fig. 5).

Figure 5 — Accumulation of acid glycosaminoglycans
(blue) in fibrous tissue of synovial villi, focal
proliferation and desquamation of synoviocytes. AA
without treatment. 28th day. Combined PAS-reaction —
alcyan blue, x 200

The chondrocytes located below had pycnotic
nuclei, which indicated the local damage to the articular
cartilage. In contrast to the fibrous tissue of the villi SM
the chondrocytes were observed to reduce the production
of both acidic and sulfated glycosaminoglycans, which was
clearly visible when the preparations were stained brown. In
the deep sections of the SM, the emergence of foci of fibrous
connective tissue with areas of proliferation of fibroblasts
and places of cystic enlightenments was determined (Fig. 6).

Figure 6 — Reduction in the number of acidic and sul-
fated glycosaminoglycans in the cartilaginous tissue,
cystic enlightenment in the surrounding joint of the
connective tissue. AA without treatment. 28th day. Basic
brown, x 100

The cells of the inner cartilage layer were slightly
differentiated, resembling chondrocytes, but lost the
orthochromatic stains typical of glycosaminoglycans of
hyaline cartilage.

The cartilage surfaces of some joints were deformed
due to synovitis, the border between cartilage and
connective tissue was almost invisible. On the surfaces
where the cartilage directly contacted the synovitis
and pannus, it was refined, losing the characteristic
zonal location of the chondrocytes. The large areas
of the articular surface were practically devoid of the
cartilaginous cover and lined with granulation and
fibrous tissue. The granulation tissue that was growing
into the cartilage was marked by the replacement of its
newly formed bone girders or fibrous tissue around it. In
some places the joint surface was completely deprived of
the cartilaginous cover to a greater or lesser extent and
was replaced by & granulation, fibrous or fatty tissue that
sometimes filled the bone marrow spaces.

The cells of granulation tissue were observed mainly
in intermediate and deep CO zones and consisted mainly
of capillaries, fibroblasts, histiocytes, lymphocytes and
individual multinucleated cells. In the central sections of
suchinfiltrates degenerative changesinthe basic substance
were noted, and that substance was surrounded by
connective tissue fibers. When coloring the sections sensu
van Gieson, the sclerotically altered areas were painted
red (fig. 7) and were focally positive in the process of the
PAS-reaction.

Figure 7 — Granulation tissue with a large number
of capillaries and perivascular proliferation of
fibrous fibers, single multinucleated cells. AA without
treatment. 28th day. Painted sensu van Gieson, x 100

When using the histochemical method sensu van Gie-
son, the collagen fibers and the walls of the vessels acquired
a brighter red color. Schick test of collagen beams was un-
even. The cartilage cells were of different sizes — from small
ones with wrinkled core to large ones with light, swollen nu-
clei. In some chondrocytes the nuclei did not appear, because
they were wrinkled and arranged in the form of crescents
under the capsule of the joint.

Unlike untreated AA in rats treated with ibuprofen
and ibuprofen with vinboron, no granulation tissue ap-
peared during this study period (28 days).
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In the AA group treated with ibuprofen in deep SM, a
significant amount of fibrous connective tissue with pro-
liferating fibroblast foci was recorded. The attention was
also paid to the focal changes in blood vessels, mainly of
the arterial type, in which thickening of the intima was
noted due to proliferation of the endothelium, homoge-
nization of the muscular layer and perivascular sclerosis.

The morphometric analysis of the cellular compo-
sition of inflammatory CO infiltrates in rats with AA
without treatment established statistically significant
(p < 0.05) prevalence of lymphocytes, epithelioid cells
of plasmocytes and macrophages over other cellular el-
ements. So, the number of lymphocytes was increased
by 232.5 + 40.8% (6086.0 + 674.5, 95% CI: 4763.7-
7407.4 units), epithelioid cells by 14.3 [7.1-105.4] %
(800 [800-1400] units), plasmocytes by 271.5 + 97.1%
(986.0£82.9,95% Cl: 823.3-1148.2 units), macrophages
by 255.7 +55.7% (1228.6 + 60.6, 95% CI: 1109.9-1347.4
units) in comparison with the intact rats on the 28th day
of the experiment, indicating chronicity and immune
character of inflammation (Fig. 8 A, B, C, K).

Along with lymphocytic and macrophage infiltra-
tion, a significant (p < 0.05) increase in the number of tis-
sue basophils (+ 150.0 [123.8-237.1] %) and fibroblasts
(+ 63.2 [40.0-88, 3] %) in the stroma of SM - 350.0
[300.0-425.0] units and 2100.0 [1525.0-2200.0] units
respectively, in comparison with the indices of animals
of other groups (see Fig. 8 D, F). Most of the tissue ba-
sophils were in an active state, as evidenced by their de-
granulation, which was well manifested around the ves-
sels of the stroma of SM when staining the main brown
(Fig. 9).

Aswe can see in Figure 8, the significant proliferation of
fibroblasts was observed in SM, and their number increased
according to the morphometric data in all the groups.

In the group of rats with AA, treated with ibuprofen,
next to the sites of articular cartilage degeneration, there
were always unchanged areas usually free of synovial
pannus. The lympho-histiocytic infiltrates did not go be-
yond the periarticular connective tissue.

In experimental animals with AA who were admin-
istered ibuprofen on the 28" day, moderate inflammation
was noted in the periarticular connective tissue, some-
times with the formation of epithelioid and giant cell
granulomas, circulatory disorders, stasis in the vessels of
the microcirculatory bed with insignificant perivascular
edema. The surface defects of the cartilaginous tissue
were noted in 10.0% of animals treated with ibuprofen
and practically did not appear in the group of combined
use of ibuprofen and vinboron. The skin had an ordinary
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histological structure in 80.0% of experimental animals
treated with ibuprofen and 90.0% of rats treated with ibu-
profen and vinboron.

Microscopically in the rats of the monotherapy ibu-
profen group and the group of combined use of ibuprofen
and vinboron, pannus formation also took place. Howev-
er, the intensity of fibrillogenesis was significantly less
than in untreated AA, which was confirmed by morpho-
metric examination data (see Fig. 8), sometimes there
were small areas where connective tissue tightly fused
with cartilaginous.

Occasionally, the small cell-length areas and areas
with very narrow cartilage were identified, where chon-
drocytes were located only in 2-3 rows. Unlike untreat-
ed AA, acidic and sulfated glycosaminoglycans were
not detected when the preparations of alcian blue were
painted in connective tissue, however, their number in-
creased in the cartilaginous tissue, which was confirmed
by a positive reaction when using the main brown (Fig.
10, 11).

In rats treated with ibuprofen in combination with
vinboron, the collagen fibers of fibrous periarticular tissue
were joined into thick beams and homogenized. Foci of
lympho-plasmocyte infiltration were rarely recorded. The
most common infiltrates were from fibro- and histiocytic
cells. Compared with the group of untreated AA and
AA treated with ibuprofen, less expressed degenerative-
dystrophic and atrophic changes were observed in the
cartilage. In the basal parts of the cartilage there was an
increase in sclerosis of the intercellular substance and cell
death. Basal parts of the cartilage and subchondral plate
often remained undisturbed and there was practically no
growth of vessels in the cartilage from the side of the
bone marrow cavities.

In experimental animals with AA who received
ibuprofen in combination with vinboron, on the 28th
day of the experiment a statistically significant decrease
(p <0.05) of the number of lymphoid elements was found
to be 63.6 + 3.3% (95% CI: 57.2-70,1%) with respect
to the indices of rats with AA without treatment and it
was 2128.6 + 198.5 (95 % Cl: 1736.6-5185.0) units,
which was only 19.8 % higher than that of intact rats
(1971.4 + 280.9 (95 % CI: 1420.9-2522.0) units).

The reduction in the intensity of inflammatory
infiltration of CO was also recorded when assessing
the density of other inflammatory elements (see Fig. 8).
Tissue basophils, like neutrophilic leukocytes, were rare,
mostly around the vessels, which may indicate a decrease
in the synthesis and release of inflammatory mediators
(serotonin, histamine) from tissue basophils.
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Figure 8 — Density of the cellular elements of the synovial membrane of the ankle joint of rats (per 1 mm2)

with adjuvant arthritis on the 28th day of the experiment
Notes:

e —p < 0,05 relatively intact animals;

m — p < 0,05 relatively controlled animals;

A —p <0,05 with respect to the monotherapy group ibuprofen;

to Fig. 8: A, B, C, E, L — the distribution of the values of each group of the sample population is normal. The boxes include

the value of the standard error of the arithmetic meaning, vertical lines outside the boxes denote 95% confidence interval. The
horizontal line and the number inside the box are arithmetic meanings;

to Fig. 8 D, F, K: the distribution of the quantities is abnormal. The boxes include the results from the 25th to 75th percentiles.

The vertical lines outside the boxes are the minimum and maximum values. The horizontal line inside the box is a median, the
figures indicate the arithmetic meanings.
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Figure 9 — Tissue basophils in a state of degranulation
around the vessels of the stroma of SM.
AA without treatment, 28 days.
Basic brown, x 400

The carried out radiation study showed that on the
28" day of the experiment, hyperextended of proximal
phalanges with flexion in proximal interphalangeal
joints and extension in distal interphalangeal joints were
observed in AA rats without treatment, which caused the
formation of classical rheumatic lesions — a hammer-
shaped deformation of 11-V toes (Fig. 12).

According to the CBCT (Cone Beam Computed To-
mography), subcutaneous inoculation of CFA resulted in
an increase in the volume of all joints of the hindlimbs by
almost a half (+ 90.1%) relative to the indices of intact
rats. The greatest increase in volume was noted in | and
V sprouts-metatarsal joints by 142.6% (p < 0.001) and
162.0 % (p < 0.01), respectively, relative to the values
of intact animals. Among the metatarsophalangeal joints,
the volumes of | and V metatarsophalangeal joints in-
creased by 130.6 % (p < 0.005) and 133.5 % (p < 0.001),
respectively, relative to the indices of intact animals. The
smallest changes in the volume of the hind limb joints
in rats were noted in the interphalangeal joints, and the
average increase in volume was 52.7 % relative to the
calculated joint volume of healthy animals (Tab. 1).

Against the background of the combined use of ibu-
profen and vinboron, we observed the greatest slowdown

Figure 10 — Minor lymphocytic infiltration of synovial
villi with stromal fibrosis and a small number
of glycosaminoglycans. AA, treated with ibuprofen.
The 28" day. Basic brown, x 200

Figure 11 — Increase in the number of acidic and
sulfated glycosaminoglycans in chondrocytes.
AA, treated with ibuprofen and vinboron. The 28" day.
Basic brown, x 100

in the progression of the inflammatory process. This was
indicated by a decrease in the volume of the joints against
the background of combined treatment of rats with AA
on average by 33.8 % relative to the animals in the con-
trol group.

Figure 12 — Roentgenograms of the hind limbs of rats with adjuvant arthritis without treatment
on the 28th day of the experiment in a direct projection.
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Characterizing the state of the articular fissures of
the hind limbs in rats, it should be noted that the devel-
opment of AA resulted in a significant decrease in the
width of the joint cracks by an average of 58.8 % relative
to the values of intact animals. This is consistent with the
literature data on changes in the structural organization
of joints in rheumatoid arthritis [2, 36-37]. It is worth
noting that in | and 1l metatarsophalangeal joints and the
proximal interphalangeal joint of the 1st toe, we found a
complete ankylosis, and in Il — VV metatarsophalangeal
joints the width of the joint gap did not exceed 0.2 mm,
which was more than twice lower than the indices of in-
tact animals (see Tab. 1).

Against the backdrop of monotherapy with ibupro-
fen, an increase in the width of the articular gap of all
joints was noted, but against the background of the com-
bined use of ibuprofen and vinboron, we observed a more
pronounced increase in the width of the joint gaps, which
could be practically compared with the indices of intact
animals, which indicates the ability of vinboron to en-
hance the anti-inflammatory properties of ibuprofen.

In intact rats between the joint volume and the width
of the joint gaps of the hind limbs, a moderate correlation
was observed (p = 0.373 + 0.10; 95% CI: 0.17-0.57). The
development of AA in rats resulted in a decrease (p> 0.05)
in the value of the Spearman coefficient (p) by 23.0% rela-
tive to the indices of intact rats and it was 0.282 + 0.05, re-
spectively; 95% CI: 0.19-0.38, which indicates a decrease
in the correlation force (CF) between the studied parame-
ters. Monotherapy with AA ibuprofen resulted in a slight
increase in CF (p = 0.295 + 0.04, 95% CI: 0.21-0.38). The
combined use of ibuprofen and vinboron resulted in the
restoration (p> 0.05) of SCS between the joint volume
and the width of the joint gaps (p = 0.365 + 0.09, 95% ClI:
0.20-0.53), indicating harmonization of the anti-inflam-
matory action of ibuprofen in its joint application with the
spasmolytic of Ukrainian production, which

Conclusion. The carried out study showed that in
experimental animals with untreated AA on the 28" day
of the experiment, pathological changes were registered
predominantly in the capsule of the joints with a char-

acteristic fibrocystic transformation of the periarticular
connective tissue, the formation of pannus in the cartilag-
inous surface of the joints. The pathomorphological fea-
ture of untreated AA, along with the formation of pannus,
diffuse lymph-histiocytic infiltration and destruction of
bone tissue, was also the detection of granulation tissue
at the time of our observation, indicating a chronic nature
of the inflammatory response and a violation of the re-
generative properties of the synovial epithelium.

The use of ibuprofen in combination with vinbo-
ron was accompanied by restoration of the structure and
function of the cartilage and bone tissue, and it was evi-
denced by the appearance of acidic and sulfated glycos-
aminoglycans.

The restoration of bone tissue was realized by the
proliferation of connective tissue and its transformation
into cartilage. SM was hyperplastic with proliferating
synoviocytes of both macrophage and secretory types.
Only in rare cases the phenomena of moderate edema
and insignificant focal lymph-histiocytic infiltration per-
sisted. Thus, the use of ibuprofen in combination with
vinboron in AA rats resulted in a reduction or absence of
inflammation in both the joint and periarticular tissues.

The analysis of the results of cone-ray computerized
tomography and digital radiography showed that against
the background of simultaneous administration of ibu-
profen and vinboron there was a tendency to increase the
anti-inflammatory effect of the studied antiphlogistics
on the rats’ joints affected by adjuvant arthritis. On the
28-th day of the experiment there was the indicatation
of decrease of the volume of the hind limb joints by an
average of 33.8% compared to the control animals and a
near-complete restoration of the width of the joint gaps of
the joints examined. It was also determined that vinboron
can harmonize the anti-inflammatory effect of ibuprofen
when they are used together.
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