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Annotatsiya

Eksperimental osteoartroz (OA) bo'g'im yondosh cho'ntaklarda sinoviyal
giperplaziya, neovaskulyarizatsiya, fibroz va xondrotsit gipertrofiyasi kabi asosiy
morfologik o'zgarishlarni  namoyon etadi. Ushbu tadgiqot gistologik va
immunogistokimyoviy usullar orgali bu o'zgarishlarni batafsil tahlil giladi, ularning
bo'g'im degeneratsiyasi, surunkali og'riq va funktsional buzilishlardagi rolini ochib
beradi. Natijalar inson OA ga o'xshash progressiv jarayonlarni ko'rsatadi,
ekstratsellyular matriks remodeling va ekopik kalsifikatsiya bilan kuchaygan, bu
kasallik og'irligini oshiradi. Yondosh cho'ntaklar yallig'lanishi bo'g'im gomostaziga
ta'sir giladi va OA ni kuchaytiruvchi elementlar sifatida harakat giladi. Terapevtik
magsadlar neovaskulyarizatsiya yo'llarini va fibrotik jarayonlarni inhibe qilishni o'z
ichiga oladi. Ushbu yondashuv preklinik tadgiqotlar va klinik amaliyot uchun batafsil
tuzum tagdim etadi.

Kalit so‘zlar: osteoartroz, eksperimental model, bo'g'im yondosh cho'ntaklar,
sinoviyal bursa, morfologiya, gistologiya.

Kirish

Osteoartroz (OA) bo'g'imning degenerativ kasalligi bo'lib, artikulyar xrustal
yo'golishi, subxondral suyak remodeling va bursa va sinoviyal cho'ntaklar kabi yondosh
tuzilmalardagi o'zgarishlar bilan tavsiflanadi, bu millionlab odamlarga global ta'sir
giladi. Eksperimental modellar inson patologiyasini taglid giladi va yondosh
cho'ntaklar morfologiyasini batafsil o'rganishga imkon beradi. Bu cho'ntaklar bo'g'im
moylash va biomekanik himoya uchun muhim bo'lib, OA da vyallig'lanish, kistik
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kengayish va to'qima remodeling orgali og'riq va harakat gattigligini kuchaytiradi.
Gistologik tahlillar sinoviyal giperplaziya, immun hujayra infiltratsiyasi va sitokin
ta'sirlarini ko'rsatadi, bu to'gqima shikastlanishi va tiklanish tsiklini go'zg'atadi.
Xondrotsit gipertrofiyasi COL10Al1 va MMP-13 ekspressiyasi bilan matriks
kalsifikatsiyasi va ossifikatsiya jarayonlarini boshlaydi. Bu morfologik xususiyatlarni
tushunish yangi terapiyalar uchun asosiy bo'lib, kasallik progressiyasi bilan
chambarchas bog'lanadi. Modellar uzunlamasina monitoring va anatomik
o'xshashliklar orgali gimmatli ma'lumotlar beradi. Zamonalaviy tasvirlash va
molekulyar profil diagnostik va prognostik qiymatni ta'kidlaydi. Ushbu tezis
eksperimental OA da yondosh cho'ntaklar morfologiyasini yugori indekslangan
manbalardan ko'rib chigadi.

Material va metodlar

Eksperimental OA induktsiyasi jarrohlik usuli orgali amalga oshiriladi va 8 hafta
davomida monitoring qilinadi. Bo'g'im namunalar fiksatsiya, dekaltsifikatsiya va
paraffin kesmalariga ishlov beriladi. Bo'yash texnikalari H&E morfologiya uchun,
Safranin-O proteoglikan baholash uchun, Alizarin Red kalsifikatsiya aniglash uchun va
Trichrome fibroz miqdoriy tahlili uchun ishlatiladi. Immunogistokimyoviy usullar
COL10AL1 (gipertrofiya), MMP-13 (degradatsiya), CD31 (neovaskulyarizatsiya), a-
SMA (fibroz), CD68 (makrofaglar), CD3 (limfotsitlar) va VEGF (angiogenez)
markerlarini nishonga oladi. Baholash tizimlari Mankin xrustal yaxlitligi uchun va
ordinal shkalalar cho'ntak patologiyasi uchun go'llaniladi; ImageJ dasturi morfometriya
uchun ishlatiladi. Ultratuzilma tahlili TEM orqali sinoviotsit organellalari va matriksni
o'rganadi. Statistika unpaired t-testlar va ANOVA orgali, p<0.05 bilan GraphPad Prism
da amalga oshiriladi. Etik talablar ARRIVE va NIH ko'rsatmalariga muvofiq
ta'minlanadi.

Natija va muhokama

OA yondosh cho'ntaklarda sinoviyal giperplaziya villous shakllar bilan, yugori
hujayralik (makrofaglar va limfotsitlar) va proteoglikan yo'qolishi kuzatiladi, bu
yallig'lanish va matriks begarorligini ko'rsatadi. Neovaskulyarizatsiya CD31 va VEGF
ekspressiyasi bilan kuchli bo'lib, gipoksik muhit va sitokin targalishini yaratadi,
degeneratsiyani tezlatadi. Fibrotik remodeling a-SMA ijobiy miofibroblastlar va
kollagen jamlanishi orgali cho'ntak devorlarini galinlashtiradi va moslashuvchanlikni
pasaytiradi. Xondrotsit gipertrofiyasi COL10Al1 va MMP-13 orgali matriks
parchalanishi va kalsifikatsiyaga olib boradi, endoxondral ossifikatsiyaga o'xshash.
Vagqtli tahlillar o'tkir yallig'lanishdan surunkali fibrozgacha progressiyani ko'rsatadi
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cho'ntak hajmi va kapillyar soni o'sishi bilan. TEM sinoviotsit vakuo'lizatsiyasi va
kollagen fibril buzilishlarini ochib beradi. Ushbu natijalar inson OA ga parallel bo'lib,
yondosh o'zgarishlar mexanik stress va neyral sezgirlik orgali og'rigni kuchaytiradi.
Cho'ntaklar terapevtik maqgsadlar sifatida ko'riladi, anti-angiogenik va anti-fibrotik
dorilar istigbolli; multimodal yondashuvlar tavsiya etiladi.

Xulosa va tavsiyalar

Eksperimental OA yondosh cho'ntaklarda giperplaziya, neovaskulyarizatsiya,
fibroz va gipertrofiya kabi o'zgarishlarni keltirib chigaradi, bu bo'g'im patologiyasi va
simptomatikasini boshqgaradi. Bursa tuzilmalari etiologiyada markaziy rol o'ynaydi va
diagnostika va terapiya strategiyalariga Kiritilishi kerak. Tavsiyalar intra-bursal
in‘eksiyalar, MMP va VEGF ingibitorlari kabi magsadli interventsiyalarni o'z ichiga
oladi. Kelajak tadgiqotlari MRI kabi zamonaviy tasvirlash va turli modellar
solishtirishini o'z ichiga olishi lozim. Preklinik va Klinik tadgiqotchilar o'rtasidagi
hamkorlikni rag'batlantirish OA boshgaruvini yaxshilaydi.

MORPHOLOGICAL CHARACTERISTICS OF PERIARTICULAR
RECESSES IN EXPERIMENTAL OSTEOARTHRITIS AND THEIR
DYNAMICS

Annotation

Experimental osteoarthritis (OA) manifests key morphological changes in
periarticular pockets, such as synovial hyperplasia, neovascularization, fibrosis, and
chondrocyte hypertrophy. This study analyzes these changes through histological and
immunohistochemical methods, revealing their role in joint degeneration, chronic pain,
and functional impairments. Results show progressive processes similar to human OA,
enhanced by extracellular matrix remodeling and ectopic calcification, increasing
disease severity. Periarticular pocket inflammation affects joint homeostasis and acts
as OA amplifiers. Therapeutic targets include inhibiting neovascularization pathways
and fibrotic processes. This approach provides a detailed framework for preclinical
research and clinical practice.

Keywords: osteoarthritis, experimental model, periarticular pockets, synovial
bursa, morphology, histology.

Introduction

Osteoarthritis (OA) is a degenerative joint disease characterized by articular
cartilage loss, subchondral bone remodeling, and changes in periarticular structures like
bursae and synovial pockets, affecting millions globally. Experimental models mimic
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human pathology and allow detailed study of periarticular morphology. These pockets
are crucial for joint lubrication and biomechanical protection, but in OA, they undergo
inflammation, cystic expansion, and tissue remodeling, exacerbating pain and stiffness.
Histological analyses show synovial hyperplasia, immune cell infiltration, and cytokine
effects, triggering a cycle of tissue damage and repair. Chondrocyte hypertrophy with
COL10Al1 and MMP-13 expression initiates matrix calcification and ossification
processes. Understanding these morphological features is key for new therapies, closely
linked to disease progression. Models provide valuable data through longitudinal
monitoring and anatomical similarities. Modern imaging and molecular profiling
emphasize diagnostic and prognostic value. This thesis reviews periarticular pocket
morphology in experimental OA from high-indexed sources.

Material and Methods

Experimental OA induction is performed surgically and monitored for 8 weeks.
Joint samples are fixed, decalcified, and sectioned in paraffin. Staining techniques use
H&E for morphology, Safranin-O for proteoglycan assessment, Alizarin Red for
calcification detection, and Trichrome for fibrosis quantitative analysis.
Immunohistochemical methods target markers COL10Al (hypertrophy), MMP-13
(degradation), CD31 (neovascularization), a-SMA (fibrosis), CD68 (macrophages),
CD3 (lymphocytes), and VEGF (angiogenesis). Evaluation systems apply Mankin for
cartilage integrity and ordinal scales for pocket pathology; ImageJ software is used for
morphometry. Ultrastructure analysis via TEM studies synoviocyte organelles and
matrix. Statistics are performed using unpaired t-tests and ANOVA, with p<0.05 via
GraphPad Prism. Ethical requirements are met according to ARRIVE and NIH
guidelines.

Result and Discussion

In OA periarticular pockets, synovial hyperplasia with villous forms, high
cellularity (macrophages and lymphocytes), and proteoglycan loss are observed,
indicating inflammation and matrix instability. Neovascularization is strong with CD31
and VEGF expression, creating hypoxic environment and cytokine dissemination,
accelerating degeneration. Fibrotic remodeling through a-SMA positive myofibroblasts
and collagen accumulation thickens pocket walls and reduces flexibility. Chondrocyte
hypertrophy via COL10A1 and MMP-13 leads to matrix breakdown and calcification,
resembling endochondral ossification. Temporal analyses show progression from acute
inflammation to chronic fibrosis, with pocket size and capillary number increase. TEM
reveals synoviocyte vacuolization and collagen fibril disruptions. These results parallel
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human OA, where periarticular changes exacerbate pain through mechanical stress and
neural sensitivity. Pockets are considered therapeutic targets, with anti-angiogenic and
anti-fibrotic drugs promising; multimodal approaches are recommended.

Conclusion and Recommendations

Experimental OA induces changes in periarticular pockets like hyperplasia,
neovascularization, fibrosis, and hypertrophy, driving joint pathology and
symptomatology. Bursa structures play a central role in etiology and should be included
in diagnostic and therapy strategies. Recommendations include intra-bursal injections,
MMP and VEGF inhibitors as targeted interventions. Future research should
incorporate modern imaging like MRI and comparisons across models. Promoting
collaboration between preclinical and clinical researchers improves OA management.

MOP®OJOI'MYECKHUE OCOBEHHOCTH OKOJIOCYCTABHBbBIX
KAPMAHOB ITPU DKCIHEPUMEHTAJIBHOM OCTEOAPTPO3E U UX
JUHAMMUKA

AHHOTAIIUSA

OKCnepUMEHTAIbHBIN 0CTE0apTpO3 (OA) IPOSIBIISIET KJIFOUEBbIE
MOpP(OJOTUYECKHE M3MEHEHHS B [EPUAPTUKYJSIPHBIX KapMaHax, TakKhe Kak
CMHOBHAJbHAs TUIEpIUIa3us, HeoBacKyjsipuzauus, ¢GuoOpo3 u  runeprpodus
XOHJIPOLIUTOB. ODTO HCCIIEOBAHUE aHAJU3UPYET HSTH HM3MEHEHHS C MOMOILBIO
TUCTOJIOTUYECKUX M MMMYHOTMCTOXMMHUYECKMX METOJIOB, pacKpbiBasi HUX pOJb B
JIeTeHepalMi CycTaBa, XPOHMYECKOM O01IM M (PYHKIMOHAIbHBIX HApYIICHUSX.
Pe3ynbTaThl MOKa3bIBAIOT MPOTPECCUPYIOLINE MPOLIECCHI, MOJOOHBIE YEIOBEUECKOMY
OA, ycuieHHblE PEMOACIMPOBAHUEM BHEKJIIETOYHOIO MATPUKCA WU IKTOINUYECKON
KalbuupUKauuMend,  yBEeIMYMBAIOIIME  TKeCTb  3abosieBanus.  Bocnanenue
NEePUAPTUKYJSIPHBIX KapMaHOB BJIMSET Ha TOMEOCTa3 CycTaBa U JIEUCTBYET Kak
yewiurenn OA. TepaneBTuueckue 1elM BKIIOYAIOT HWHTUOMpPOBaHUE MyTeH
HEOBACKYJSIpU3alMi U (UOPOTHYECKUX MPOILIECCOB. DTOT MOAXOJ] MPEIOCTaBISET
JETANBbHYIO CTPYKTYPY ISl JOKJIMHUYECKUX UCCIIEIOBAHNN U KIMHUYECKOU TPAKTHUKH.

Kurouesnbie CJI0BA: 0CTE0apTpO3, AKCIIEpUMEHTAJIbHAS MOJIEJIb,
NepUapTUKYJISpHbIE KapMaHbl, CHHOBUaJIbHas Oypca, MOp(OoJIOTHs, THCTOJIOTHS.

BBenenue

Ocrteoaptpo3  (OA) —  j;ereHepaTuBHOE  3a00JieBaHHE  CYCTaBa,
XapakTepu3yromieecss ~ MOTeped  CYCTaBHOrO  Xpsllia,  PEMOJEIUPOBAHUEM
CYOXOHIpaIbHOM KOCTH Y K3MEHEHUSIMU B IEPUAPTUKYISIPHBIX CTPYKTYpaX, TAKUX KaK
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Oypchl U CMHOBHAJIbHBIE KapMaHbl, 3aTparuBarolliee MHUJLTHOHBI JIOJEH TI100albHO.
DKCIEPUMEHTAIBHBIE MOJEIN UMUTUPYIOT YEIOBEUYECKYIO MATOJIOTHUIO0 U MO3BOJISIOT
JETaIbHO U3y4aTh MOP(OJIOTHIO IEPUAPTUKYIISIPHBIX KAPMAHOB. JTH KapMaHbl BaXKHBI
JUIsl CMa3KH CycTaBa M OHMOMEXaHMYeCKOW 3amuThl, HO B OA OHHM MOABEPraroTCs
BOCIAJIEHUIO, KUCTO3HOMY PAaCHIMPEHHI0 M PEMOJECIMPOBAHUIO TKaHEH, yCyryouss
00Jb M CKOBAaHHOCTb. [ MCTOJOTMYECKHE AaHAJIM3bl IOKA3bIBAIOT CHHOBUAJIBHYIO
TUNEpIUIa3uio, WHQUIBTPALMI0 HWMMYHHBIX KJIETOK H 3(PQGEKTbl [HUTOKUHOB,
3amycKarolme UK TOBPEXIACHUS UM BOCCTAHOBJIEHUS TkaHed. [umneptpodus
xoHaporuToB ¢ skcnpeccueir COL10A1 u MMP-13 ununuupyeT KaibIu()UKALIUIO
MaTpukca W mpouecchl occupukanuu. IloHMMaHue 53THX MOPQOJOTHUECKUX
OCOOEHHOCTEW KIIOYEBO JUIsi HOBBIX TEpamui, TECHO CBA3AHHBIX C Mporpeccuen
3a0oneBaHusl. Mojenu NpeAoCTaBIAIOT I[IEHHBIE JaHHbIE Yepe3 JIOHTHTIOJHBIN
MOHUTOPUHI U aHaToMHueckue cxonacTtBa. (CoBpeMEHHas BH3yalu3alus H
MOJIEKYJISIPHBIM POQUIMHT MOJYEPKUBAIOT AUATHOCTUYECKYI0 U IMPOTHOCTHYECKYIO
[EHHOCTh. DTOT Te3uc 0000maeT MOpQOJIOTHI0 MEPUAPTUKYIISIPHBIX KapMaHOB B
sKcrepuMeHTaIbHOM OA U3 BBICOKO MHAEKCUPOBAHHBIX UCTOUYHUKOB.

Martepuajbl 1 METOIbI

Nunykuus  skcniepuMeHTansHOro  OA MpOBOAUTCA — XUPYPTHUYECKH U
MOHUTOpPUTCA B TeueHue § Hemendb. (OOpas3ibl CycTaBOB  (PUKCUPYIOTCH,
JNEKATbUU(PUIMPYIOTCS W CEeKUMOHUPYIOTCS B mapaduHe. TeXHUKH OKpaCKH
ucnons3ytioT H&E nmns mopdonoruu, Safranin-O ajisi OIEHKM MPOTEOTIUKAHOB,
Alizarin Red mns o6HapyxeHust kanbimpukauu u Trichrome a5 KoauM4ecTBEHHOTO
aHanu3a (uobpoza. VIMMyHOTHCTOXMMHUYECKHME METOJbI HalLEJICHbl HAa MapKepbl
COL10A1 (runeptpodus), MMP-13 (merpamamms), CD31 (HeoBackynspuzaius), o-
SMA (¢u6bpo3), CD68 (makpodaru), CD3 (numdouutsl) 1 VEGF (anruorenes).
Cucrembl OLIEHKM NpUMEHSAIOT Mankin s UETOCTHOCTH Xpslla U OpAUHAIbHbBIE
IIKaJIbl JJI NaTOJOTMK KapMaHOB; MporpaMMHoe obecrnieuenue Imagel ncnonpzyercs
st MopomMeTpun. AHanu3 yiabTpacTpykTypbl depe3 TEM wu3ydaer opraHeuisl
CUHOBHUOLIMTOB U MaTpuKc. CTaTUCTUKA MPOBOJUTCA C UCIIOIb30BAHUEM HENAPHBIX t-
tectoB 1 ANOVA, ¢ p<0.05 uyepe3 GraphPad Prism. Ortuueckue TpeGoBaHuUs
YAOBJIETBOPSIOTCS B cOOTBETCTBUM ¢ pekoMeHanusiMu ARRIVE u NIH.

Pe3yabTaTthl 1 00Cy:KI1eHHE

B nepuaptuxynspubix kapmanax OA Ha0Jr0/1aeTCsl CHHOBUAJIbHAS TUTIEPIUIA3Us
C BOPCHMHYATBIMU (pOpMaMHM, BBICOKAS KIJIETOYHOCTh (Makpodaru v JuMQOIUTHI) U
OoTeps MPOTEOITIMKAHOB, YKa3bIBAIOLIasi HA BOCTIAJIEHNE U HECTAOUIILHOCTh MaTpUKCa.
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HeoBackynspuzanus cuibHa ¢ skcripeccueit CD31 u VEGF, co3naBas THIIOKCHYECKYO
cCpelly M JAUCCEMHUHAIMI0O ILMTOKUHOB, YCKOpsis JereHepanuio. DdubOporuyeckoe
peMojienupoBanue uepes3 o-SMA-TonoxuTeapHble MHOGUOPOOIACTH U HAKOIIJICHUE
KOJUTareHa YTOJIIAaeT CTEeHKM KapMaHOB M CHIKAeT TUOKOCTh. [umeprpodus
xoHnpouutoB yepes3 COLI0A1 u MMP-13 npuBoguT K pacnagy MaTpUKca U
KambupUKauu, HAOMHHAIONIEH SHIOXOHIPAIBbHYIO occuduKanuio. BpemeHHbIC
aHaJIu3bl TOKA3bIBAIOT IPOTPECCHI0 OT OCTPOr0 BOCHANIEHUS K XPOHUYECKOMY
¢bubpo3y, ¢ yBeIWYEHHWEM pa3Mepa KapMaHOB M KoiMuyecTBa KamwuisipoB. TEM
pPacKphIBAaeT BaKyOJIM3AllMI0 CHHOBUOIIMTOB M HAPYIIECHUS KOJUIAr€HOBBIX (PUOPHILIL
OTH pe3ysbTarThl MNapaJIedbHbl 4enoBeueckoMy OA, rA€ NepuapTUKYISPHBIC
U3MEHEHUs] yCYryOJisiloT OO0Jib 4epe3 MEXaHWYECKH CTpecc M HEeHpallbHYIO
YyBCTBUTEJIIBHOCTh. KapmaHbl paccMaTpUBarOTCS Kak TEPANCeBTUYECKHUE LEIH, C
MHOT0OOCIIAIOIIMMY AHTUAHTHOTCHHBIMU U aHTU(OUOPOTUYECKUMU TpernapaTamu;
PEKOMEHAYIOTCSI MYJIbTUMOJAIBHBIE TTOAXOBL.

3akiIl0ueHne U PeKOMEeHIal U

OkcniepuMeHTanbHbll OA HMHAYLHPYET HW3MEHEHUS B MEPUAPTUKYISAPHBIX
KapMaHax, TaKhe Kak THIepIlia3us, HeoBacKysgpuzaius, Gudpo3 u runepTpodus,
YIPABIISIIONIUE MMATOJIOTHEN CyCcTaBa U CUMNTOMATHUKON. CTPYKTYpbl OypChl UTPAIOT
LHEHTPAIBHYIO POJIb B 3THOJIOTUM WU JOJDKHBI BKIIFOYATHCS B JIMArHOCTUYECKUE U
TEepareBTUYECKUE CTpaTeruu. PekomMeHJanuu BKIIOYAIOT BHYTPHOYpCaIbHbIC
uHbekiuu, uaruoutopsl MMP u VEGF kak neneBsie BMemaTenbCcTBa. byayiiue
VCCIIEIOBAHUS JIOJDKHBI BKJIIOYATh COBPEMEHHYIO BU3yaln3alnio, Takyr kak MPT, u
cpaBHeHHus 10 MoneisiM. [loowmpenue coTpyaHruecTBa MEXIy JOKIMHUYECKUMHU U
KJIIMHUYECKUMU UCCIeA0BaTENIMHU yiayuluaer ynpasienue OA.
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