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PE3IOME

AkTyanbHicTb. PeBmatoigHuii apTpuT € XPOHIYHUM CUCTEMHUM IMyHO3ananbHUM
3aXBOPIOBAHHSIM, LLIO CyNpPOBOXKYETLCS MPOrpecyodnM ypaxeHHsiM cyrnobis, pemoae-
TNIOBAHHSAM KiCTKOBOI TKaHMHMW Ta CTiNKOK (hyHKLIOHaNbHOK HegocTaTHIiCTio. HecTepo-
iAHI NpoTM3ananbHi NpenapaTy LWMPOKO 3aCTOCOBYHOTLCSA AN KOHTpornto Gonto i 3ana-
TNEHHS, OfHaK iX Aif OOMEXYeTbCsi MepeBaXKHO MeAiaTOPHOK NaHKOK 3ananeHHs i He
BMMMBAE Ha KIOYOBi iIMyHOMATOrEHETUYHI MeXaHi3Mu. Y 3B’A3Ky 3 LUM akTyanbHUM
€ nowyk koMGiHOBaHMX NiAXopiB, WO MOEAHYHTb (hapMaKkosoriYHy npoTusananbHy
nito 3 iMyHomopayrnoBanbHUM BRMBOM Ge3KMiTUHHMX GionoriYHnx 3acobiB, a Takox
po3pobka 06’EKTUBHIX METOAIB KiNlbKiCHOI OLLIHKM eheKTUBHOCTI Takoi Tepanii.

MeTta po6oTu — ouUiHUTU MoZynsiLito npoTusananbHoi Aii HiMecynigy Ta keTtoponaky
6e3KNITUHHMMU KPIOKOHCEPBOBaHUMM BiornoriYHMMM 3acobamu (KpioeKCTPaKTOM MnaueHTu
Ta KOHOMLIOHOBaHVWM CepefdoBULLEM Me3eHXiManbHUX CTPOMarnbHUX KMiTUH) B yMOBaX
eKCcrnepuMeHTarnbHOro af'loBaHTHOIO apTpUTY Y LLYPIB LUMNSXOM KiflbKiCHOro aHanisy 3MiH
06’emy cyrnobiB 3a 4aHUMK KOHYCHO-TIPOMEHEBOT KOMM'OTEPHOT TOMOTpadii.
Matepianu Ta metoau. [JocnigXeHHs BUKOHAHO Ha 42 caMusax LypiB 3 iHOyKOBaHUM
af'loBaHTHUM apTpUTOM, SKMX paHAOMi3yBanu Ha 6 ekcnepuMeHTanbHux rpyn. Jliky-
BaHHs nposoaunu 3 14 no 28 noby ekcnepumMeHTy. KinbkicHy oLUiHKy 3MiH cyrno6is 3iii-
CHIOBann MEeTOAOM KOHYCHO-MPOMEHEBOI KOMM'oTepHOI ToMorpadii Ha «0» (BUXigHi
nokasHukm), 14-i Ta 28- AeHb EKCNEPUMEHTY 3 PO3paxyHKOM YMOBHOro o6’eMy nnec-
Ho-banaHroBoro cyrrnoba Ha OCHOBI MiHIMHUX MOP(OMETPUYHUX MOKA3HUKIB.
Pesynbratu. Y WypiB 3 ag’toBaHTHUM apTputoM 6e3 nikyBaHHst o6’em cyrnoba go
28-i nobw 36inbluyBaBcs Ha 147,4% NOPIBHSHO 3 BMXIAHWM PiBHEM, LLO CBiAYMNO Npo
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AAS LUTYBAHHS:

nporpecyBaHHs 3ananbHoro npouecy. MoHoTepanisi HiMecynigom abo keToporakom
3abe3nevyBana 3HWxeHHs1 06’emy cyrnoba BignosiaHo Ha 38,2% Ta 46,3% nopiBHAHO
3 HenikoBaHUMM TBapuUHaMK, OAHaK MOKa3HUKM 3anuLianmcst 3Ha4HO BULLMMU 33 iHTaKTHI
3HauveHHsi. KombGiHoBaHe 3acTocyBaHHsi HIMeCyniay 3 KpioeKCTpakToM MriaueHT! NpuBo-
OWIo A0 HanbinbL BUPaXKeHOro 3MeHLLEHHsI 06’eMy cyrnoba, sikvuil nepeBuLLYyBaB iHTakK-
THUW piBeHb nuwe Ha 10,8%. MNMoegHaHHSA KeToponaky 3 KOHAMLIOHOBaHMM cepeno-
BULLEM Me3eHXiMarnbHUX CTOBOYPOBUX KMITUH TakoX 3abe3nevyBarno iCTOTHE 3HKEHHS
3anarnbHUX 3MiH, 3 NEePEeBULLEHHSAM IHTAaKTHUX 3Ha4eHb Ha 14,9%. O6uasi komGiHaLii
[OOCTOBIpHO NepeBuLLyBanu ePeKTUBHICTb MOHOTeparii.

BucHoBku. KombiHOBaHe 3acTOCyBaHHS HECTEPOIAHMX MpOTM3ananbHUX npenaparis
3 GeskniTMHHUMKU GionoriyHumK 3acobamu € Ginbll eeKTUBHUM ANt 3MEHLLEHHS!
cyrno6oBoro 3anarneHHs! Npy eKCrepyMEHTanbHOMY aa’toBaHTHOMY apTpWTi, HiXX MOHO-
Tepanisi. KoHycHO-npoMeHeBa KoMn'toTepHa Tomorpadisi 3 MOPOMETPUHHUM aHani3om
[03BOrisie 06’EKTUBHO KiNbKiCHO OLLIHIOBaTV AMHAMIKy 3anarnbHuxX 3MiH y cyrrnobax.

CtyneHt B.O., Mapkux ®.B., Napgosa T.l., MatBeeHko M.C. KoHycHo-npoMeHeBa ToMmorpadivHa ouiHka Moaynsuii
npotusananbHoi Aii HiMecynigy Ta keToponaky 6e3kniTUHHUMMK KpiOKOHCEpPBOBaHUMK GionoriyHMMKU 3acobamu
npu ekcrnepumeHTanbHOMy peBMaTtoigHoMy apTpuTi. KapasiHcekull imyHoneidHul xypHan. 2025. T. 8. Ne 2(16).
C. 228-246. DOI: https://doi.org/10.26565/3083-5615-2025-16-05
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ABSTRACT

Background. Rheumatoid arthritis is a chronic systemic immune-inflammatory disease
accompanied by progressive joint damage, bone tissue remodeling, and persistent
functional impairment. Non-steroidal anti-inflammatory drugs are widely used to control
pain and inflammation; however, their action is mainly limited to mediator-dependent
inflammatory pathways and does not affect the key immunopathogenetic mechanisms
of the disease. Therefore, the development of combined therapeutic approaches
that integrate pharmacological anti-inflammatory effects with the immunomodulatory
potential of cell-free biological products, as well as the use of objective quantitative
methods for assessing treatment efficacy, remains highly relevant.

Purpose — to evaluate the modulation of the anti-inflammatory effects of nimesulide and
ketorolac by cell-free cryopreserved biological products, namely placental cryoextract
and conditioned medium of mesenchymal stromal cells, in rats with experimental
adjuvant-induced arthritis using quantitative analysis of joint volume changes based
on cone-beam computed tomography.

Materials and Methods. The study was conducted on 42 male rats with induced
adjuvant-induced arthritis, randomly allocated into 6 experimental groups. Treatment
was administered from day 14 to day 28 of the experiment. Quantitative assessment
of joint changes was performed using cone-beam computed tomography at baseline, day
14, and day 28, with calculation of the conditional volume of the metatarsophalangeal
joint based on linear morphometric parameters.

Results. In rats with adjuvant-induced arthritis without treatment, joint volume increased
by 147.4% by day 28 compared to baseline values, indicating progressive inflammatory
development. Monotherapy with nimesulide or ketorolac reduced joint volume by 38.2%
and 46.3%, respectively, compared to untreated animals; however, the values remained
significantly higher than those observed in intact rats. Combined administration of nimesulide
with placental cryoextract resulted in the most pronounced reduction in joint volume,
exceeding intact levels by only 10.8%. The combination of ketorolac with conditioned
medium of mesenchymal stromal cells also provided a significant reduction in inflammatory
changes, with joint volume exceeding intact values by 14.9%. Both combined treatment
regimens demonstrated significantly greater efficacy than monotherapy.

Conclusions. Combined administration of non-steroidal anti-inflammatory drugs
with cell-free biological products is more effective in reducing joint inflammation
in experimental adjuvant-induced arthritis than monotherapy. Cone-beam computed
tomography with morphometric analysis allows objective quantitative assessment of the
dynamics of inflammatory changes in joints.

Student VO, Hladkykh FV, Liadova TI, Matvieienko MS. Cone-beam tomographic evaluation of the modulation of the anti-
inflammatory effect of nimesulide and ketorolac by cell-free cryopreserved biological agents in experimental rheumatoid
arthritis. Karazin Journal of Immunology.2025;8(2(16)):228—246. DOI: https://doi.org/10.26565/3083-5615-2025-16-05

MEPEAIK CKOPOYEHb

AA — ag’loBaHTHWUI apTpuT

BKB3 — 6e3kniTuHHI KpiokoHcepBoOBaHi bionoriyHi 3acobu

ElMJ — ekcTpakT nnaueHTn NiognuHn

ABBREVIATIONS

AA — adjuvant arthritis
CF-CBPs — cell-free cryopreserved biological products
HPE — human placental extract
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KEIT — kpioekcTpakT nnaueHTu

KET — keToponak

KIA — konareH-iHgyKoBaHWUn apTput

KIMKT — koHycHO-npomeHeBa KoMM'toTepHa Tomorpadisi
KC-MCK — koHauMuioHOBaHe cepenoBuLLe Me3eHXiMarnbHUX CTOB-
OypoBUX KNITWH

KT — komm’toTepHa Tomorpadisi

MCK — me3eHximarnbHi cToBOYpOBI KNiTUHM

HIM — Himecynig

HIM33 — HecTepoigHi npoTn3ananbHi npenapatn

PA — peBmatoigHum apTput

LIOI" — umknookcureHasa

BCTYN

PesmatoigHuin aptput (PA) — Le XpoHiYHE cucTemMHe
iMyHO3ananbHe 3axBOPHBaHHS, ONA SKOro XapaKTepHi
NMepcuUcTylode CUHOBIanbHE 3ananeHHs, nporpecyrye
YPaKeHHS KiCTKOBO-XPSALLOBUX CTPYKTYP Ta hOpMYBaHHS
dyHKUioHanbHOI HegocTaTtHocTi. [aTtoreHe3 PA Bu3Hava-
€TbCS CKIAJHOI B3aEMOZIE0 MiXX BPOMKEHUMU Ta afan-
TUBHMMUW NaHKaMu iMYHITETY, a KMiHIYHO 3Ha4yLLi CTPYyK-
TYpHi 3MiHW B cyrmobi € mpsMMM Hacrigkom TpvBanoi
LIMTOKIH-OMocepeaKkoBaHoOl Ta KNiTUHHO-ONOCEPEAKOBAHOT
akTmsauii imyHHol Bignosigi [1, 2, 3].

Y UeHTpanbHOMY iMyHOMaTOreHeTU4YHOMY Kackagi
PA Baxnuee Micue nocigae aktmBauis Makpodaris,
OEHOPUTHUX KMiITUH, T-niMmcounTiB Ta CUHOBIaNbHUX
ibpobnacrTis i3 popMyBaHHAM cTabinbHOI Mepexi npo3a-
nanbHUX meaiaTopis. 3okpemMa, hakTop HEKPO3Y NyXINH-A
(TNF-a), iHTeprienkiH-6 (IL-6) Ta iHTepnevikiH-17 (IL-17)
6epyTb yyacTb y NiATPMMAaHHI XPOHIYHOro 3ananeHHs,
iHOYKUiT  MaTpUKCHUX MeTanonpoTeiHad i MNOCUNeHHi
OEeCTPYyKTMBHUX MpoueciB y cyrnobi; npu ubomy TNF
i IL-17 MOXYTb iATU CUHEPriYHO, MOTEHLiOYY NPOAYKLi0
NaToOreHeTUYHO  3HaYyLUMX MOIEKYN  CUHOBIaNbHUMMN
dibpobnactamu [4]. BaxnmBmum «MOCTOM» MK iMyHHUM
3ananeHHsM i KICTKOBOK AECTPYKLUIE € OCTeOiMyHOso-
riYHi MexaHi3aMu: UMTOKIH-iHOyKOBaHa eKkcrpecis niraHga
akTMBaTopa peuenTopa sgepHoro daktopa kanna-B
(Receptor Activator of Nuclear Factor kappa-B Ligand —
RANKL) Ta akTvBauisi OCTeOKnacToreHesy CrpusitoTb
€PO3UBHMM 3MiHaM i peMogerntoBaHHo KicTku npu PA [5].

EkcnepvMeHTanbHe MoAentoBaHHS peBMaToigHoMNo-
[iGHOro ypaxeHHs cyrnobiB YacTo 3AiMCHIOTb Ha Mogerni
ap’toBaHTHOro aptputy (AA), aka Mae BUpPaXeHU iMyHo-
3aneXHNn KOMMOHEHT i BiATBOPIOE KIHOYOBI PUCK XPOHIY-
HOro apTpuTy, BKIOYHO 3 KNITUHHOK iHINbTpauieto,
LMTOKIHOBOIO Aucperyrnsuieto Ta nporpecieto cyrnobosoro
3ananeHHs. Came ToMy AA LLIMPOKO 3aCTOCOBYIOTb Ansi
BMBYEHHS IMYHOSMOFMYHUX MeXaHiaMiB npoTusananbHol
Tepanii Ta NOPIBHAMNBHOI OLHKM Pi3HMX (hapMaKomoriyHmX
i GionoriyHmx nigxogais [6, 7].

HecTtepoigHi npotnsanansHi npenapatu (HMN33) 3anu-
LWaKTbCA OAHMM i3 6a3oBMX 3aCOBiB KOHTPOsM Oonto
Ta 3ananeHHst Npu apTpuTax. Ix Kno4oBUI MexaHism Aji
NnoB’si3aHnMin 3 iHribyBaHHAM LuknookeureHasu (LLOIN) i,
SK HacnigoK, 3MEHLUEHHSIM CUHTE3y npocTarnaHavHIB
Ta iHWWX elniKo3aHoifiB, Aki 6epyTb yyacTb y Basogwna-
Tauii, HabpsiKy, rinepanresii 1 nNiATPUMaHHI 3ananbHol
peakuii. Himecynig (HIM) onucytotb sik HIM33 i3 BigHOCHOM/
nepeBaXHOI CenekTuBHICTIO wopo COX-2 Ta goagaTko-
BUMWU  bapMakonoriyHnMm  ocobnmBocTaMM  (30kpema,
no3a CyTo MpOCTarnaHaMHOBOK MaHKOK), LLO MOXe MaTu
3HaYEeHHSA AnS TKaHWHHO-IMYHHWX B32€EMOLAIN Y BOTHULL
3ananeHHs [8]. Ketoponak (KET) € HIM33 i3 notyxHoto

PCE - placental cryoextract

KET — ketorolac

CIA — collagen-induced arthritis

CBCT - cone-beam computed tomography

MSC-CM — mesenchymal stem cell-conditioned medium

CT — computed tomography

MSCs — mesenchymal stem cells

NIM — nimesulide

NSAIDs — nonsteroidal anti-inflammatory drugs
RA — rheumatoid arthritis

COX - cyclooxygenase

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic
immune-inflammatory disease characterized by persistent
synovial inflammation, progressive damage to bone and
cartilage structures, and the development of functional
impairment. The pathogenesis of RA is determined
by complex interactions between the innate and adaptive
immune systems, and clinically significant structural
changes in the joint are a direct consequence of prolonged
cytokine-mediated and cell-mediated activation of the
immune response [1, 2, 3].

In the central immunopathogenetic cascade of RA,
activation of macrophages, dendritic cells, T lymphocytes,
and synovial fibroblasts plays a key role, leading to the
formation of a stable network of pro-inflammatory
mediators. In particular, tumor necrosis factor-a (TNF-a),
interleukin-6 (IL-6), and interleukin-17 (IL-17) are involved
in maintaining chronic inflammation, inducing matrix
metalloproteinases, and enhancing destructive processes
in the joint; TNF and IL-17 may act synergistically,
potentiating the production of pathogenetically significant
molecules by synovial fibroblasts [4]. An important
«bridge» between immune inflammation and bone
destruction is osteoimmunological mechanisms: cytokine-
induced expression of the Receptor Activator of Nuclear
Factor kappa-B Ligand (Receptor Activator of Nuclear
Factor kappa-B Ligand — RANKL) and activation
of osteoclastogenesis contribute to erosive changes and
bone remodeling in RA [5].

Experimental modeling of rheumatoid-like joint damage
is often performed using the adjuvant arthritis (AA) model,
which has a pronounced immune-dependent component
and reproduces key features of chronic arthritis, including
cellular infiltration, cytokine dysregulation, and progression
of joint inflammation. Therefore, AA is widely used to study
immunological mechanisms of anti-inflammatory therapy
and for comparative evaluation of various pharmacological
and biological approaches [6, 7].

Nonsteroidal anti-inflammatory drugs (NSAIDs)
remain one of the basic means of controlling pain
and inflammation in arthritis. Their key mechanism
of action is associated with inhibition of cyclooxygenase
(COX) and, consequently, a reduction in the synthesis
of prostaglandins and other eicosanoids involved
in vasodilation, edema, hyperalgesia, and maintenance
of the inflammatory response. Nimesulide (NIM)
is described as an NSAID with relative/preferential
selectivity toward COX-2 and additional pharmacological
features (in particular, beyond the purely prostaglandin
pathway), which may be relevant to tissue-immune
interactions at the site of inflammation [8]. Ketorolac (KET)
is an NSAID with potent analgesic and anti-inflammatory
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aHanreTM4YHOK Ta NPoTU3anarnbHOK aKTUBHICTHO, LLIO peari-
3yeTbed Yepes LIOM-onocepenkosaHi MexaHiamu; apma-
KOMoOrivHi  ornsgn  NigKpPecnowTb NOro  ePeKTUBHICTb
y KOHTponi 6omto Ta 3ananeHHsi, ane TakoX HaronoLyTb
Ha obmexeHHsIx 6e3neky Npu TpMBariomMy 3acTtocyBaHHi [9].

BogHouac HI33 nepeBaxHO BNNuBaKOTb Ha Medi-
aTopHy (nNpocTarnaHAMHOBY) IaHKy 3ananeHHsd | He
ycyBalTb (pyHOAaMeHTanbHOI iIMyHHOI gu3perynsuii,
Lo NexunTb B ocHoBi PA. Lle 3ymoBntoe iHTepec Ao kombi-
HOBaHWX CTpaTerin, y SKux npoTu3ananbHa dapmakoTe-
panisi JOMOBHIOETLCA 3acobamu, 30aTHUMK MOAYIBaTK
iMyHHY BignoBiab. OAHWM i3 NEPCNEKTUBHUX HanpsMKiB
po3rnagalTs  GeskniTUHHI - KpiokoHcepBoBaHi  Giono-
riyHi 3acobu (BKB3), siki MicTATb KOMNnekc GioakTUBHUX
Morekyn (po3ynHHi bakTopy Ta/abo no3akniTVHHI BE3n-
Kynu), NOTEHUINHO 34aTHMX BAMMBATM Ha LMUTOKIHOBI
Mepexi Ta (eHOTUNM iIMyHHUX KNiTUH 6e3 BBeOEHHS
XunBmx knituH [10, 11, 12].

Ocobnmee wmicue cepen BKB3 3anmartTe MeseH-
ximaneHi  ctoBOypoBi  knitTuHM  (MCK)-acouiioBaHui
CEeKpeTOM: y3aranbHeHi JaHi BKa3yoTb, WO iMyHOMOAYMO-
BanbHi ecpektn MCK 3Ha4HO0 Mipoto ornocepeakoByOTLCA
iXHIM CeKpeTopHUM npodpinem i 34aTHICTIO 3MiHIOBaTU
B32EMOLi0 MK KIiTUHAMW BPOMKEHOro Ta aganTUBHOMO
iMyHITETY (BKMOYHO 3 Makpodaramu Ta T-KNiTUHHUMUK
cybnonynsuiamu) [12, 13]. Y LbOMYy KOHTEKCTi KOHAWLI-
OHOBaHe cepefoBuLLE Me3eHXiManbHUX CToBOYpOBKMX
knituH (KC-MCK) posrnsigatoTb sik 6€3KniTMHHUIA MPOAYKT,
WO MOXe peanisyBaTu YacTuvHY IMYHOPErynsaTopHuX
srnacTtusocten MCK; cyyacHi ornsgun Tepanin Ha OCHOBI
cekpetomy MCK nigkpecnioloTb MOro noTeHuian Ans
KOHTPOIMIO 3ananeHHs npyu iMyHo3ananbHUX 3axBOpHo-
BaHHSAX, 30KpeMa 4Yepe3 BMMUB Ha LIMTOKIHOBUIA GanaHc
i KNITUHHI edbekTopHi MexaHriamu [13, 14, 15].

lHwvm  Bugom BKB3, skuin  npuseptae yeary
AK  [mKepeno 6i0oaKkTMBHUX  PErynsTtopHUX — MOMekyn,
€ kpioekcTpakT nnaueHTn (KEM). Ornsgun, npucesyeHi
nnaueHTapHUM eKkcTpakTaMm, y3aranbHITb AaHi npo
iXHi NpoTU3ananbHi BNacTUBOCTI Ta NOTEHLiNHY 3AaTHICTb
BNNMBaTU Ha iMyHHI BignoBidi, Wo pobutb Taki 3acobu
LuikaBMMWM KaHAuZatamy ANS a4’toBaHTHOMO  BUKOPU-
CTaHHA Ha MOAENSAX XPOHIYHOro 3ananenHs [16, 17].

KntoyoBolo MeToanMyHOK 3adadveto Yy [AOCHiSKEHHSIX
iMyHO3ananbHoi Tepanii € BMOIp OG’€KTUBHUX KiMbKICHWMX
MOKa3HWKIB, siki BigobpaxalTb BUPaKEHICTb NOKarbHOro
3ananeHHst Ta horo Hacnigkis y cyrno6i. CyyacHi metoam
NMpOMEeHEBOI Bidyanisauii [03BONAOTL NoegHatn Mopdo-
NOriYHy OUiHKY 3 KifbKiCHMM aHani3aoM 3miH. KoHycHo-npo-
MeHeBa Komm'toTepHa Tomorpacdia (KMKT) e pisHoBuaom
TomMOrpadiuHOi  Bi3yanisauii 3 BMCOKOK MPOCTOPOBOHD
PO34iNbHOK 3AaTHICTIO ONSA KICTKOBMX CTPYKTYP Ta MOXIU-
BICTIO MYMbTUMMAHAPHMUX PEKOHCTPYKUIN; Yy  KIHIYHKX
i npuknagHux pobotax KIMKT gemoHcTpye AiarHoCTUYHY
UiHHICTb Ans  OUiHKM [ereHepaTVBHO-3anarnbHUX — 3MiH
y OpibHKx cyrnobax i KicTkoBmx komnoHeHTax [18, 19]. Xoua
KIMKT He € npaAMUM «iMyHOMOriYHMMY TecToM, Mopdome-
TPWYHI NOKa3HWKM (30Kpema MiHiHi po3mipun Ta NoxigHi iHTe-
rpanbHi BENWYMHM Ha KLWTanT yMOBHOro o6’emy cyrnoba)
MOXYTb PO3rnsfaTics sik O06’eKTUBHI CyporaTHi Mapkepu
IHTEHCMBHOCTI iMyHO3ananeHHs!, ockinbkv Habpsik, iHinb-
Tpauis Ta TKaHWHHa nponidepauis € HacnigkoMm uuMTo-
KiH-OrmocepeakoBaHUX i KNITMHHUX MexaHi3mie. [JoaaTkoBso,
OOCHIMKEHHS Ha TBAPMHHMX MOZENsX 3ananbHOro apTpuTy
noKasytoTb, LLIO KOMTIoTepHa ToMorpacdisi MoXxe 3acToCcoBY-
BaTUCA AN KiNbKICHOrO aHamnisy CTPYKTYPHUX 3MiH i NOB’'s-
3aHuX i3 3ananeHHsaM deHomeHiB y cyrnobi [20].

activity mediated through COX-dependent mechanisms;
pharmacological reviews emphasize its effectiveness
in controlling pain and inflammation, while also noting
safety limitations with long-term use [9].

At the same time, NSAIDs mainly affect the mediator
(prostaglandin) component of inflammation and do not
eliminate the fundamentalimmune dysregulation underlying
RA. This drives interest in combined strategies in which
anti-inflammatory pharmacotherapy is supplemented
with agents capable of modulating the immune response.
One promising direction involves cell-free cryopreserved
biological products (CF-CBPs) containing a complex
of bioactive molecules (soluble factors and/or extracellular
vesicles) potentially capable of influencing cytokine
networks and immune cell phenotypes without the
administration of living cells [10, 11, 12].

A special place among CF-CBPs is occupied
by mesenchymal stem cell (MSC)-associated secretome:
accumulated data indicate that the immunomodulatory
effects of MSCs are largely mediated by their secretory
profile and their ability to alter interactions between innate
and adaptive immune cells (including macrophages
and T-cell subpopulations) [12, 13]. In this context,
mesenchymal stem cell-conditioned medium (MSC-CM)
is considered a cell-free product capable of reproducing
part of the immunoregulatory properties of MSCs;
contemporary reviews of MSC secretome-based therapies
emphasize its potential for controlling inflammation
in immune-inflammatory diseases, particularly through
effects on cytokine balance and cellular effector
mechanisms [13, 14, 15].

Another type of CF-CBP that attracts attention
as a source of bioactive regulatory molecules is placental
cryoextract (PCE). Reviews devoted to placental extracts
summarize data on their anti-inflammatory properties and
potential ability to influence immune responses, making
such agents interesting candidates for adjuvant use
in models of chronic inflammation [16, 17].

A key methodological task in studies of immune-
inflammatory therapy is the selection of objective
quantitative indicators that reflect the severity of local
inflammation and its consequences in the joint. Modern
imaging methods allow morphological assessment
to be combined with quantitative analysis of changes.
Cone-beam computed tomography (CBCT) is a type
of tomographic imaging with high spatial resolution
for bone structures and the capability for multiplanar
reconstructions; in clinical and applied studies,
CBCT demonstrates diagnostic value for assessing
degenerative-inflammatory changes in small joints
and bone components [18, 19]. Although CBCT is not
a direct «immunological» test, morphometric parameters
(including linear dimensions and derived integral values
such as conditional joint volume) can be considered
objective surrogate markers of immune-inflammatory
intensity, since edema, infiltration, and tissue proliferation
result from cytokine-mediated and cellular mechanisms.
In addition, studies in animal models of inflammatory
arthritis show that computed tomography can be used
for quantitative analysis of structural changes and
inflammation-associated phenomena in the joint [20].

In summary, combining NSAIDs with CF-CBPs may
potentially provide a «dual» impact on the inflammatory
process: (1) pharmacological suppression of the
COX-mediated mediator pathway and (2) immunological
modulation of cytokine networks and cellular effectors
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Y3aranbHtotouun, noegHaHHs HIM33 i3 BKB3 noteHuinHo
MOXe 3abe3nevynTu «MNoABIMHWUA» BNMUB Ha 3ananbHUn
npouec: (1) capmakonoriyHe npurHideHHs LIOM-ono-
cepedkoBaHOI MefiaTopHOi NnaHku Ta (2) iMyHOMoriyHy
MOAYNSALII0 LUUTOKIHOBUX MeEpEeX i KNiTMHHUX edeKTopiB
3ananeHHs. O6’ekTuBisauis Takoro nigxogy noTpebye
KINbKICHMX IHCTPYMEHTIB  KOHTPOM CyrnoboBMX 3MiH
y auHawmidi, i KMKT y ubomy nnai € gouineHUM Metogom
Ansi CTaHAapTU30BaHOro BUMIipOBaHHSA MOPHOMETPUYHUX
napameTpiB i MOXiAHMX iHTerpanbHUX MOKa3HUKIB, HKi
BiooOpaxatoTb TSHKKICTb JIOKaNbHOMo iMyHo3ananeHHs
npu AA sk mogeni PA [4, 13, 21].

MeTa po60Tu — OLiHUTY MOAYNSLi0 NpoTMU3anansHol
4il Himecynigy Ta KeToponaky Ge3kniTMHHUMU KPiOKOH-
cepBoBaHMMU GionoriyHMMKU 3acobammn (KpioekCTpaKkTom
NnaueHT Ta KOHOWLIOHOBaHUM CepefoBULLEM Me3eH-
ximanbHUX CTOBOYpPOBMX KIiTUH) B YMOBaXx ekcrnepu-
MEHTanbHOro aj’toBaHTHOrO apTpUTYy Y LUYPIB LUMSXOM
KinbkicHOro aHanidy 3miH o6’emy cyrnobis 3a AaHuMu
KOHYCHO-MPOMEHEBO| KOMM'oTepHOT ToMorpadii.

MATEPIAAU TA METOAU AOCAIAXEHHSA

[ocnigxeHHsa npoBeaeHo Ha mogeni AAy LwypiB, SKUR
BiATBOpIOBaNu BBEAEHHSAM MOBHOMO af'toBaHTy PperiHaa
(MA®; Thermo Fisher Scientific, CLUA) [22]. IH’ekuito
MA® BukoHyBanu y cybnnaHTapHy AiNsHKy 3agHbOI MiBoi
KiHuiBku, Mk I 1l nansusmn [23, 24].

[eHb BBegeHHA AP BBakanu noyaTkOM ekcrnepu-
mMeHTy («O» paeHb). NikyBaHHa AA nposogunu 3 14-i no
28-my poby. HocnigpxysaHi BKB3 Tta HIM33 BBOAMMM
yepes KOXHi 2 obu (ycboro 5 iH'eKLil) — BHYTPILLHBOM' -
30BO (B/M) Ta BHYTPILUHBOLUYHKOBO (B/LUM) BigmnoBigHO.
HIM ta KET BBOaunu y Burnsai BogHo-nonicopbatHoi
cycneHsii Ha Tween-80 [25].

KpioekcTtpakt nnaueHtn (KEIM) ta KC-MCK otpumy-
Banuv 3a cTaH4apTU30BaHMMMK BIOTEXHOMOMNYHUMK NPOTO-
Konamu 3 OOTPUMaHHSIM BMMOTr acenTuku, Giobesneku
Ta Kpio3bepeXeHHs, Lo rapaHTyBano 36epexeHHs biono-
rYHOI aKTUBHOCTI HU3LKOMOMEKYNSAPHUX NenTuais, LUUTO-
KiHiB, (pakTOpiB POCTY Ta iHLIMX (PYHKLiOHANBHO 3HAYYLLIMX
KOMMOHEHTIB [26, 27, 28]. CTaHAapTM30BaHWUn 32 BMiCTOM
6inka KEM (1,5 mr 6inka Ha 1 mn) BBOAUNY Lypam B/M
y [osi 2,5 mn/kr macu Tina [29, 30]. KC-MCK, ctaHgap-
TM30BaHWUI 3a BMICTOM ranektuHy-1 (6,0 nr/mn) BBOANIM
wypam B/m y gosi 0,6 mn/kr macu Tina [31, 32, 33].

ExkcnepumeHTanbHi [OCHIAKEHHS nposefeHo
Ha 42 wypax-camusx (200—220 r), paHOOMi30BaHMX
Ha 6 rpyn (Tabn. 1) no 7 TBapuH 3a iHAWBIZYyanbHO
60MNbOBOK YYTNKMBICTIO, BM3HAYEHOK NonepeaHbLo 3a Ail
TEepPMiYHOro nogpasHuka.

of inflammation. Objectifying such an approach requires
quantitative tools for dynamic monitoring of joint changes,
and CBCT in this regard is an appropriate method for
standardized measurement of morphometric parameters
and derived integral indices reflecting the severity of local
immune inflammation in AA as a model of RA [4, 13, 21].

Objective — to evaluate the modulation of the anti-
inflammatory effects of nimesulide and ketorolac by cell-free
cryopreserved biological products (placental cryoextract
and mesenchymal stem cell-conditioned medium) under
conditions of experimental adjuvant arthritis in rats using
quantitative analysis of joint volume changes based
on cone-beam computed tomography data.

MATERIALS AND METHODS OF RESEARCH

The study was conducted using an AA model in rats,
which was induced by administration of complete Freund’s
adjuvant (CFA; Thermo Fisher Scientific, USA) [22]. CFA
was injected into the subplantar region of the left hind
limb, between the second and third digits [23, 24].

The day of CFA administration was considered the
beginning of the experiment (day «0»). Treatment of AAwas
performed from day 14 to day 28. The investigated cell-free
cryopreserved biological products (CF-CBPs) and NSAIDs
were administered every 2 days (a total of 5 injections) —
intramuscularly (i.m.) and intragastrically (i.g.), respectively.
Nimesulide (NIM) and ketorolac (KET) were administered
as an aqueous polysorbate suspension in Tween-80 [25].

Placental cryoextract (PCE) and MSC-conditioned
medium (MSC-CM) were obtained using standardized
biotechnological protocols in compliance with aseptic,
biosafety, and cryopreservation requirements,
which ensured preservation of the biological activity
of low-molecular-weight peptides, cytokines, growth
factors, and other functionally significant components [26,
27, 28)]. Protein-standardized PCE (1.5 mg protein
per 1 mL) was administered to rats i.m. at a dose of
2.5 mL/kg body weight [29, 30]. MSC-CM, standardized
by galectin-1 content (6.0 pg/mL), was administered to rats
i.m. at a dose of 0.6 mL/kg body weight [31, 32, 33].

The experimental studies were performed on 42 male
rats (200-220 g), randomized into six groups (Table 1)
with seven animals per group according to individual pain
sensitivity, which had been previously determined using
a thermal nociceptive stimulus.

Ta6nuus 1. Po3nogin ekcnepvmeHTanbHX TBapuH 3a rpynamu Ta ymoBamu MofentoBaHHs i nikyBaHHA AA (N = 42)
Table 1. Distribution of experimental animals by groups and conditions of adjuvant arthritis (AA) modeling and treatment (N = 42)

Fpyna
Group

n YmoBu ekcnepumeHTy / Experimental conditions

| 7

iHTaKTHI Wwypw, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumenTy B/M BBoaMnn 0,9% poaunH NaCl y gosi 1,0 mn/kr macu
Tina wypa [34]; / intact rats that on days 14, 17, 20, 23, and 26 of the experiment received intramuscular injections of
0.9% NaCl solution at a dose of 1.0 mL/kg body weight [34];

Lypu 3i 3MofensoBaHuM AA 6e3 nikyBaHHS (KOHTpOribHa rpyna), skum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepuMeHTy B/M
Beoavnn 0,9% posynH NaCl 'y fosi 1,0 mn/kr [34]; / rats with induced AA without treatment (control group), which on days 14,
17, 20, 23, and 26 of the experiment received intramuscular injections of 0.9% NaCl solution at a dose of 1.0 mL/kg [34];
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lMpodoexeHHsi mabnuui 1

1 7
of NIM at a dose of 10.0 mg/kg [35];

wypw 3i 3MofenboBaHum AA, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumenTy B/win Beogmunu HIM y gosi 10,0 mr/
kr [35]; / rats with induced AA that on days 14, 17, 20, 23, and 26 of the experiment received intragastric administration

wypw 3i 3MofenboBaHuM AA, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy HapisHo Beoaunu: KEI B/M y noasi
2,5 mn/kr [29] Ta yepes 60 xB — B/wn BBogunu HIM y gosi 10,0 mr/kr [35]; / rats with induced AA that on days 14, 17,
20, 23, and 26 of the experiment received separately: PCE intramuscularly at a dose of 2.5 mL/kg [29], and after
60 min — intragastric administration of NIM at a dose of 10.0 mg/kg [35];

of KET at a dose of 5.6 mg/kg [36];

wypw 3i 3MofenboBaHum AA, sikum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy B/win BBogunu KET y gosi 5,6 mr/kr [36];
/ rats with induced AA that on days 14, 17, 20, 23, and 26 of the experiment received intragastric administration

VI 7
administration of KET at a dose of 5.6 mg/kg [36];

wypw 3i amogenboBaHum AA, sikum Ha 14, 17, 20, 23 Ta 26 aHi ekcnepumenTy B/M BBogunu KC-MCK y gosi 0,6 mn/kr [30]
Ta yepes 60 xB — B/wn BBoamnu KET y posi 5,6 mr/kr [36]; / rats with induced AA that on days 14, 17, 20, 23, and
26 of the experiment received MSC-CM intramuscularly at a dose of 0.6 mL/kg [30], and after 60 min — intragastric

KoHycHo-npoMeHeBa KOMM’HOTepHa Tomorpadis.
Ha «0», 14 Ta 28 gHi ekcnepumMeHTy NpOBOAMMM AOCHi-
[PKEHHS MpoTm3anarnbHOi akTMBHOCTI 3a gaHumun KMKT
Ha 6asi «LleHTpy megnyHoi 3D piarHocTukny», (M. Jibeis,
YKkpaiHa) 3a [OOMOMOrow LMGPOBOro MnaHoOpPamMHOro
KOHYCHO-NpoMeHeBoro Tomorpacga Point 3D Combi
500 (PointNix, [liedeHHa Kopesi), BUKOPWUCTOBYHOUU
NIOLMHHUA CEHCOP 3 AINSHKOK CKaHyBaHHA 9%12 cMm
Ta NpoMeHeBMM HaBaHTaxeHHaAM 30—100 mk3B [21, 37].

CkaHyBaHHs1 npoBoaunu 3 Hanpyroto 52,0 kV Ta cunoto
cTpymy 6,0 mA, siki 6yrv BU3Ha4eHi Hamm eMMipUYHO, AK OMTH-
MarbHi Ang OOCAIMKEHHSA 3afHiX KiHLiBOK LypiB. Mynbtu-
nnaHapHy pekoHcTpykuito (Multi-Planar Reconstruction —
MPR) KiCTKOBMX CTPYKTYp BMWCOKOi pPO3AiNbHOI 34aTHOCTI
34iicHIOBanM 3a [OMOMOroK MPOrpamMHoOro 3abesneqeHHst
«RealScan — CD Viewer» [21, 38].

3a [AOMOMOroH0 nporpamHoro 3abesneveHHs
«RealScan — CD Viewer» (PointNix, [lliedeHHa Kopesi)
NPOBOAUINM BMMIPIOBAHHS LUMPUHM Ta BUCOTW cyrnoba.
BumiptoBaHHA  gocnigKyBaHMX MOKasHUKIB  NpoBegeHo
3a yHichikoBaH1M anropuTMOM: LWMPUHY cyrroba Bu3Havanm
y PpOHTanNbHI MAOLWWHI, 3 NonepeaHiM HanawTyBaHHAM
BEKTOPHMX NiHi napanenbHO NO300BXHIM OCSM KiCTKOBUX
CTPYKTYP AINSHKN AOCNIAKEHHS Ta 30iNbLUEHHAM TOBLUMHU
BiooOpaXeHHs1 3pisy A0 2 MM. BumiptoBaHHS BMCOTU
cyrnoba 6yno npoBeAeHo No NOro CepeaHin YacTuHi B cari-
TarnbHiN NIOLWWMHI 3 NonepeaHiM HanaluTyBaHHAM caritanb-
HOro BEKTOpa napanernbHO MNO3[0BXHIN OCi NPOKCMManbHOT
Tpyb4acToi KiCcTku, 3 4OAATKOBUM 30ibLUEHHSAM TOBLUUHW
BigoOpaxkeHHs 3pi3y 4o 2 mm (puc. 1).

[ns iHTerpanbHOI XapakTePUCTUKUN MiHINHUX PO3MIpiB
cyrnobiB 3afHiX KiHUIBOK LypiB Hamu Oyna 3anporno-
HOBaHa cneuianbHa dopmyrna Ans po3paxyHKy 06’emy
cyrnoba. Takuii migxig [O03BOMsiE y3aranbHEHO OLIHUTU
3MiHM Ta 3pOOMTU KiNbKICHi BUMCHOBKM LLIOOO CTYMNeHs
ypaxKeHHs. K yMOBHY reoMeTpu4Hy Mogernb 0yno obpaHo
uMniHap, OCKiNbKM came usa oirypa HambinbLIOoK Mipoto
BigoOpakae MpPOCTOPOBY oOpraHisauito ApibHMX cyrnobis
i 3abesnedvye BiOHOCHO TOYHE BIOTBOPEHHS iX aHaTo-
MiYHUX NapameTpiB (puc. 2).

3a BuCOTYy uuniHApa npuvnumanu BUCOTY cyrnoba.
Papiyc uuniHgpa pospaxoByBanu Sk MOMOBWHY LUMPUHA
cyrnoba, siKy BuUMIptOBanM Yy POHTanbHIN MAOLWMHI
(R = % wwvpuHmn cyrmoba, mm). O6’em pospaxoByBanu
3a gopmynoto V = TTR?h, ge V — o6’em cyrnoba (Mm®),
T — MaTeMaTUyHa KOHCTaHTa, sika BigoOpaxkae cniBBia-
HOLLIEHHS1 JOBXWHM Korna A0 MOoro fiameTpa Ta CTaHOBUTb
3,14; R — pagiyc kona B OCHOBI uuniHgpa (%2 WMpUHK
cyrnoby, mm) h — Bucota uuniHgpa (BucoTta cyrnoba
y cariTanbHin nnowwuHi, mm) [21].

Cone-beam computed tomography. On days 0, 14,
and 28 of the experiment, the anti-inflammatory activity
was assessed based on CBCT data at the Center for
Medical 3D Diagnostics (Lviv, Ukraine) using a digital
panoramic cone-beam tomograph Point 3D Combi
500 (PointNix, South Korea), employing a flat-panel
sensor with a scanning field of 9 x 12 cm and a radiation
dose of 30-100 uSv [21, 37].

Scanning was performed at a voltage of 52.0 kV and
a current of 6.0 mA, which were empirically determined
by us as optimal for the examination of rat hind limbs.
Multiplanar reconstruction (Multi-Planar Reconstruction —
MPR) of high-resolution bone structures was carried out
using the «RealScan — CD Viewer» software [21, 38].

Using the «RealScan — CD Viewer» software
(PointNix, South Korea), measurements of joint width
and height were performed. Measurements of the studied
parameters were conducted according to a unified
algorithm: joint width was determined in the frontal plane,
with preliminary adjustment of vector lines parallel to the
longitudinal axes of the bone structures in the region
of interest and with an increase in slice display thickness
to 2 mm. Measurement of joint height was performed
along its midline in the sagittal plane, with preliminary
adjustment of the sagittal vector parallel to the longitudinal
axis of the proximal long bone and with additional increase
in slice display thickness to 2 mm (Fig. 1).

To obtain an integral characterization of the linear
dimensions of the joints of the rat hind limbs, we proposed
a special formula for calculating joint volume. This
approach allows generalized assessment of changes
and enables quantitative conclusions regarding the
degree of joint involvement. A cylinder was chosen as the
conditional geometric model, since this shape most
closely reflects the spatial organization of small joints
and provides a relatively accurate representation of their
anatomical parameters (Fig. 2).

The height of the cylinder was taken as the joint height.
The radius of the cylinder was calculated as half of the joint
width, which was measured in the frontal plane (R = %
of the joint width, mm). The volume was calculated using
the formula V = TR?h, where V is the joint volume (mm?),
T is the mathematical constant representing the ratio
of a circle’s circumference to its diameter and equal
to 3.14, R is the radius of the circle at the base of the
cylinder (/2 of the joint width, mm), and h is the height
of the cylinder (joint height in the sagittal plane, mm) [21].

The effectiveness of anti-inflammatory therapy
was evaluated by comparing the volumes of the first
metatarsophalangeal joint (art. metatarsophalangea
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Puc. 1. KoHycHo-npomeHeBa Tomorpama ctonu Lypa y BikHi nporpamu «RealScan — CD Viewer» [21]
Fig. 1. Cone-beam computed tomogram of the rat paw in the «RealScan — CD Viewer» software window [21]

A >
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4 »

Puc. 2. OujHka 06’emy ApibHMX cyrnobiB 3a JONOMOrol reoMeTpUYHOro MoAerntoBaHHSA Ha Npuknagi
nnecHo-anaHroBoro Ta NPOKCMMarnbHOro MixdanaHroBoro cyrno6is Apyroro nanbLs 3aAHboi NpaBoi KiHLiBkK Lypa [21]
Fig. 2. Assessment of the volume of small joints using geometric modeling on the example of the metatarsophalangeal
and proximal interphalangeal joints of the second toe of the right hind limb of the rat [21]
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OuiHKy ebeKkTUBHOCTI NpoTM3anarnbHOoi Tepanii NpoBo-
OVNU WNSIXOM MOPIBHSIHHS PO3paxoBaHMX 3a OTpuma-
HAMW MiHIHUMK po3Mipamy 06’emy | nnecHo-canaHro-
Boro cyrnoba (art. metatarsophalangea prima). OTpumani
pO30iXXHOCTI BUpaxanu y % Mo BigHOLUEHHIO [0 MoKas-
HUKIB IHTAKTHMX TBaApWH Ta TBapuH 3 AA 6e3 nikyBaHHs.

METOAM CTATUCTUYHOI OBPOBKHU

CTaTUCTUYHMI aHani3 OTpMMaHuX pe3ynbsTaTis NPoBO-
aunu i3 3actocyBaHHAM nporpamHoro naketa «Microsoft
Office Excel 2010», wo 3abe3nevyyBano nNepPBUHHY
06pobKy [OaHuX, po3paxyHOK OCHOBHUX MNapameTpiB
BapiauiiHoi cTaTucTukM Ta nobynoy rpadikis Ans Bisy-
anisauii pesynbraTie. XapakTep posnoginy BuGipok
ouiHoBanu 3a pgonomoroto W-kputepito LLanipo—Binka
(Shapiro-Wilk test, n < 50), akuii BBaXKaeTbCA HanbinbLu
YyTNVMBMM AN HEBENuKMX BUOBIPOK Ta [03BONSE BU3Ha-
YyaTu BiAMNOBIQHICTb EMMIPUYHMX OAHUX 3aKOHY HOpMarb-
Horo poasnoginy. OfHopigHiCTL aucnepcii nepesipanu
3a KkpuTepiem JleBeHa (Levene’s test). Y pasi niateep-
PKEHHS1 HOPMarnbHOCTI po3nodiny BiAMIHHOCTI MiX He3a-
nexHumu BubipKaMn BU3Ha4anu 3a [OMNOMOrot t-kpu-
Tepito CTblogeHTa, SKU Jae 3MOry OUiHUTU cepegHi
3HaYeHHs Ta X BIOMIHHOCTI 3 ypaxyBaHHAM CTaHAapTHOI
noxmbkun. [1ns aHanisy NoBTOPHUX BUMIpIOBaHb ycepeauHi
OfHi€l rpynu BuKOpuCTOBYBanu T-kpuTepi BinkokcoHa
(Wilcoxon T test), sakun € MeTogoM ANA NapHUX Henapa-
METPUYHMX AaHuX i Bigobpaxae AuHaMiky 3MiH nokas-
HWKIB y yaci. PiBeHb CTaTUCTUYHOI BipOrigHOCTI pesyrb-
TaTiB BU3Ha4Yanu 3a 3aranbHOMPUAHATUMW 3HAYEHHSMMU:
0,05 < p < 0,10 (TeHpeHuis go 3HauywocTi), p < 0,05,
p < 0,01 (ctatuctnyHo 3Havywe), p < 0,005 (Bucokui
piBeHb 3HavywocTi) Ta p < 0,001 (Hag3BMYaNHO BUCOKUIA
piBeHb [OOCTOBIpHOCTI). Pe3dynstaty 3 HOpManbHUM
posnoginom Hasogunu y Bumsaai M = m  (cepegHe
3HayveHHs1 + cTaHgapTHa noxmbka cepegHboro; M + SE)
i3 3a3HaveHHAM 95% posipyoro iHTepsany (A) [39, 40].

PE3YABTATU

BcTaHoBneHo, Wo B iHTakTHMX LWWypiB 06’em | nnec-
Ho-cbanaHroBoro cyrnoba 3anuwasca  cTabinbHUM
NpoTAroM ycbOro nepiody AocrigkeHHs. Ha sBuxigHomy
etani («0O» AeHb) 3HayeHHst ctaHoBuno 5,3 + 0,10 mm?®
395% [l y mexax 5,1-5,5 mm3, Ha 14 neHb — 5,4 £ 0,09 mm?®
(95% Al: 5,2-5,6 mm3), a Ha 28-i aeHb — 5,5 + 0,08 mm?®
(95% [Al: 5,3-5,6 mm®). iIntnamiyHMxX 3CyBiB He crocTepira-
NoCb, @ 3apeeCTpoBaHi BioMIHHOCTI HE Manu cTaTUCTUYHOT
3HauywocTi. OTpumaHi pesynsratu NiaTBEpPOXYTh i3i-
onoriyHy cranicTe napameTpiB y TBapuH 6e3 iHaykuil
AA Ta 3abesnedvyoTb 6a3nC ANA MOPIBHAHHA 3 iHWMMK
rpynamu (tabn. 2).

KapgnHanbHo  iHWwa  cuTyauid  crnocTepiranacbh
Yy KOHTPOMbHIi rpyni wypiB 3 AA 6e3 nikyBaHHs. Bxe Ha
14 peHb ob’em cyrnoba 3pic go 10,1 + 0,21 mm® (95%
Ol: 9,6-10,5 mm®), wo osHayano npupict Ha 91,8%
BioHOCHO noyatkoBoro piBHs (p < 0,01). o 28 gHsa nato-
NOriYyHi 3MiHK LWe Binblue NoCUNUNUCA — NOKasHUK A0CAr
13,0 £ 0,18 mm? (95% [Al: 12,6—13,3 mm?), nepeBULLMBLLN
BMXiOHI 3HayeHHA Ha 147,4% (p < 0,01) Ta 3HayeHHA
14 gHa Ha 29,0% (p < 0,01). Takum YmHOM, y WwypiB 3 AA
6e3 TepaneBTUYHOI KOpekLii Bigbynocsi cTpimke nporpe-
CyBaHHs 3ananbHOl peakuil, Wo MiATBEpAXYe aneksaT-
HICTb BUKOpUCTaHOI Mogeni AN BiATBOPEHHSA peBMaToig-
HonoAibHUX yLwKomKeHb cyrnobis (puc. 3).

prima) calculated from the obtained linear dimensions.
The observed differences were expressed as percentages
relative to the values of intact animals and animals with
untreated AA.

METHODS OF STATISTICAL ANALYSIS

Statistical analysis of the obtained results was
performed using the «Microsoft Office Excel 2010»
software package, which provided primary data
processing, calculation of the main parameters
of variation statistics, and construction of graphs for result
visualization. The distribution pattern of the samples was
assessed using the (Shapiro—-Wilk W test n < 50), which
is considered the most sensitive for small sample sizes
and allows determination of conformity of empirical data
to a normal distribution. Homogeneity of variances was
tested using Levene’s test.

In cases where normal distribution was confirmed,
differences between independent samples were
determined using Student’s t-test, which allows evaluation
of mean values and their differences taking into account
the standard error. For analysis of repeated measurements
within the same group, the (Wilcoxon T test) was used,
which is a method for paired nonparametric data and
reflects the dynamics of changes in indicators over time.

The level of statistical significance was
determined according to generally accepted values:
0.05 < p < 0.10 (trend toward significance), p < 0.05,
p < 0.01 (statistically significant), p < 0.005 (high level
of significance), and p < 0.001 (extremely high level
of significance). Results with a normal distribution were
presented as M + m (mean * standard error of the mean;
M = SE) with indication of the 95% confidence interval
(CI) [39, 40].

RESULTS

It was established that in intact rats, the volume
of the first metatarsophalangeal joint remained stable
throughout the entire study period. At the baseline stage
(day «0»), the value was 5.3 + 0.10 mm? with a 95% CI of
5.1-5.5 mm?; on day 14 it was 5.4 £ 0.09 mm?® (95%
Cl: 5.2-5.6 mm?), and on day 28 it was 5.5 + 0.08 mm?
(95% CI: 5.3-5.6 mm?). No dynamic shifts were observed,
and the recorded differences were not statistically
significant. The obtained results confirm the physiological
stability of the parameters in animals without AA induction
and provide a baseline for comparison with other
groups (Table 2).

A fundamentally different situation was observed
in the control group of rats with untreated AA. As early
as day 14, the joint volume increased to 10.1 £ 0.21 mm?
(95% ClI: 9.6-10.5 mm?), which represented an increase
of 91.8% relative to the baseline level (p < 0.01).
By day 28, pathological changes became even more
pronounced — the value reached 13.0 = 0.18 mm® (95%
Cl: 12.6—13.3 mm?), exceeding baseline values by 147.4%
(p < 0.01) and the day 14 values by 29.0% (p < 0.01).
Thus, in rats with AA without therapeutic correction,
a rapid progression of the inflammatory response was
observed, confirming the adequacy of the applied model
for reproducing rheumatoid-like joint damage (Fig. 3).
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Puc. 3. KoHycHo-npomeHeBa KoMm'loTepHa ToMorpama niBoi 3a4HbOi KiHLiBKY LLypa
3 AA Ha 28-11 AeHb ekCrepuMeHTY, poHTanbHa NpoeKLis
Fig. 3. Cone-beam computed tomogram of the left hind limb of a rat with adjuvant arthritis
on day 28 of the experiment, frontal projection

Y TBapuH, skum BBogunu HIM, Ha 14-i geHb
3acpikcoBaHo o6’em cyrmoba 10,37 + 0,11 mm® (95%
Ol: 10,2-10,6 mm3), wo 6yno Ha 93,1% BuLle Big BMXIa-
Horo piBHSA (p < 0,01). Lie nokasHuK NpakTU4YHO He Biapis-
HSABCS Bi, KOHTPOSbHOI rPynu, WO BKA3y€e Ha HEOCTaTHIO
edekTnBHicTb HIM y paHHin nepiog po3sutky AA. lNpoTe
Ha 28-11 JeHb ANMHaMiKa 3MiHMNAacs: 3Ha4YEeHHST 3HU3UIToCS
no 8,0 £ 0,26 mm® (95% [fl: 7,5-8,5 mm?), wo nepeBu-
LyBano BuxigHui piseHb Ha 49,2% (p < 0,01), ane 6yno
[OCTOBIpHO MeHLwe Ha 38,2% Big KOHTPOMbHUX 3HAYEHb
(p <0,001). OTxe, npoTn3ananbHa akTuBHicTb HIM npos-
BUNacsa i3 3aTPUMKOID, CTaluM OYEBMOHOK Ha Mi3HiX
eTanax nepebiry AA.

DopaeanHa KEINM po HIM nomiTHO 3miHoBano
xapakTep Bignosigi. Ha 14-n geHb o6’em cyrnoba cknae
10,4 = 0,16 mm® (95% [AlI: 10,0-10,7 mm3®), wo Bigno-
Bigano npupocty Ha 94,9% BiOHOCHO BUXIOHOTO PiBHA
(p < 0,01), ane AOCTOBIPHOI Pi3HNML NOPIBHAHO 3 rPyMnoto
HIM He Big3Havanoch (guB. Tabn. 2).

Ha 28-n geHb, ogHak, pesynsratv BUSBUIIUCS NPUHLIK-
MoBo iHWKMK: 06’em cyrnoba 3Hu3mBcsa 0o 5,9 + 0,16 mm?
(95% [l: 5,6-6,2 mm?). Lle 3HaveHHs nuwwe Ha 10,8% nepe-
BULLYyBarno BuxigHWi piBeHb (p < 0,05) i 6yrno Ha 54,6%

In animals treated with NIM, a joint volume of
10.37 £ 0.11 mm? (95% CI: 10.2—-10.6 mm?) was recorded
on day 14, which was 93.1% higher than the baseline
level (p < 0.01). This value did not practically differ from
that of the control group, indicating insufficient efficacy
of NIM during the early stage of AA development.
However, by day 28 the dynamics changed: the value
decreased to 8.0 + 0.26 mm?® (95% CI: 7.5-8.5 mm?3),
which exceeded the baseline level by 49.2% (p < 0.01),
but was significantly lower by 38.2% compared with the
control values (p < 0.001). Thus, the anti-inflammatory
activity of NIM manifested with a delay, becoming evident
at later stages of AA progression.

The addition of PCE to NIM markedly altered the
response pattern. On day 14, the joint volume was
10.4 £ 0.16 mm? (95% CI: 10.0-10.7 mm?), corresponding
to an increase of 94.9% relative to baseline (p < 0.01);
however, no statistically significant difference was
observed compared with the NIM group (see Table 2).

On day 28, however, the results proved to be
fundamentally different: the joint volume decreased
to 5.9 £+ 0.16 mm? (95% CI: 5.6-6.2 mm?). This value
exceeded the baseline level by only 10.8% (p < 0.05) and

Ta6nuus 2. Bnnue HIM T1a KET y noegHanHi 3 KEIN ta KC-MCK Ha 06’em | nnecHo-¢anaHrosoro

cyrnoba niBoi 3aAHBOI KiHLiBKM Yy LypiB 3 AA B AvHamiui, mm® (M £ m (95% [l) a6o Me [LQ; UQ], n = 42)
Table 2. Effect of nimesulide (NIM) and ketorolac (KET) in combination with placental cryoextract (PCE) and conditioned
medium of mesenchymal stromal cells (CM-MSCs) on the volume of the first metatarsophalangeal joint of the left hind limb

in rats with adjuvant arthritis (AA) over time, mm?® (M + m (95% Cl) or Me [LQ; UQ], n = 42)
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Mpumitkm / Notes:

p, — piBEHb CTATUCTUYHOI BIPOrAHOCTi PO3BIKHOCTI NOKA3HUKIB;
[%] — 3Ha4yeHHs po3bixkHOCTEN NOKa3HUKIB Y BiACOTKaX;
IHpekcamu | , .

[%] -

BKa3aHO HOMEP rpynu, 3 NoKasHWKaMm siKoi MPOBeAEHO MOPIBHAHHS.
p, — level of statistical significance of differences between indicators;
values of differences between indicators expressed as percentages;

Indices 1, 2, 3 indicate the number of the group whose indicators were used for comparison.

HWKYMM Bif KOHTponbeHoi rpynu (p < 0,001). BogHouac
06’em cyrnoba BusiBMBCA Ha 26,6% Hux4um Big rpynn HIM
(p = 0,004). Taka guHamika CBIQYUTb MPO YiTKUIA CUHEp-
riyHMn edpekT noegHaHHA HIM 3 KET, wo cyTTeBo nocuntoe
npotusananeHy Aito HIM i 3HWKye THKKICT apTPUTUYHNX
3MiH y BigdaneHi TepmMiHn eKCrepumeHTy.

3actocyBaHHa KET  Takox  XxapakTepusysanocs
neBHUMK ocobnmeBocTtamn. Ha 14-i1 geHb nokasHuK JocsAr
10,2 + 0,10 mm® (95% [fl: 10,0-10,4 mm®), wo Bignosi-
Aano npupocTy Ha 96,7% Bia BuxigHoro pieHA (p < 0,01).
Lle 3HayeHHs He BIAPI3HANOCHA BiA4 KOHTPOMbLHOI rpynu,
WO CBigYUTbL Npo obmexeHun edekt moHoTtepanii KET
y paHHin dasi AA. MNpote, Ha 28-i AeHb pesynsTati Bynu
6inbLu BUpasHumu: o6’em cyrnoba craHosus 7,0 £ 0,14 mm?®
(95% Al: 6,7—7,3 Mmm3), LLIO NepeBULLLYBano BUXiAHUI PiBEHb
Ha 34,1% (p < 0,01), ane 6yno OOCTOBIPHO HWKYMM Ha
46,3% Big KoHTporbHOI rpynu (p < 0,001). Lie aemoHcTpyE,
wo KET 3abesnevye npoTnsananbHy Ailo 3 BiACTPOYEHUM
edeKToM, ofHaK BOHa nocTynanacs KoM6iHOBaHOMY BMKO-
puctanHio HIM ta KET.

HanbinbL nepekoHnMBi pedynsTaT OTPUMaHo y rpyni
wypis 3 AA, akum seogunu KET y noegHanHi 3 KC-MCK.
Ha 14-i geHb o6’em cyrnoba craHoews 10,1 £ 0,13 mm?®
(95% [Al: 9,8-10,3 mm3), Wwo BiANOBIAANO NPUPOCTY Ha
90,8% Big BuxigHoro pieHa (p < 0,01), To6T0 6yB NOAIGHUM
[0 KOHTPOMbHMX 3Ha4YeHb. BogHouac Ha 28-i aeHb 06’eM
cyrno6a focToBipHO 3MeHLwwmBesa Ao 6,1 + 0,18 mm® (95%
Al: 5,7-6,4 mm®), wo nuwe Ha 14,9% nepesuLlyBano
BMXiaHUI piBeHb (p < 0,01). Lle 6yno Ha 53,3% Huwx4nm
Bil KOHTpOMbHMX nokasHukis (p < 0,001) i Ha 13,0%
Hwx4mm Big rpynu KET (p = 0,004). Takum ynHom, foaa-
BaHHA KC-MCK po KET cnpusino 3Ha4Ho GinbLu Bupaxe-
HOMY 3HWKEHHIO 3ananbHOoi BiAMOBIAi, HiXX 3aCTOCyBaHHA
KET gk moHoTepanii.

AHania Mikrpynoeux BigMIHHOCTEW Ha 28-n AOeHb
[03BOMSIE YiTKO NPOCTEXUTU iepapxito  edeKTUBHOCTI
pocnigxkyBaHux  BKB3.  Hawbinbw  Hecnpusatnvea
KapTUHa crnocTepiranack y KOHTPOMbHIW rpyni, ae 36epi-
ranocs piske nNporpecyBaHHs 3ananeHHs. Bukopw-
ctaHHa HIM ta KET okpemo npvBoamuno A0 4acTKOBOro
3HMWXKEHHs 06’emy cyrnoba, npoTe pe3ynbratu 3anuvila-
nuca ganekumm Big Hopmu. Jlvwe kombiHauii HIM 3 KEI
Tta KET 3 KC-MCK 3abesnedyBanu iCTOTHE 3MEHLUEHHS

was 54.6% lower than that of the control group (p < 0.001).
At the same time, the joint volume was 26.6% lower than
in the NIM group (p = 0.004). This dynamic indicates
a clear synergistic effect of the combination of NIM with
PCE, which significantly enhances the anti-inflammatory
action of NIM and reduces the severity of arthritic changes
at later stages of the experiment.

The use of KET was also characterized by certain
specific features. On day 14, the indicator reached
10.2 £ 0.10 mm? (95% CI: 10.0-10.4 mm?3), corresponding
to an increase of 96.7% relative to baseline (p < 0.01).
This value did not differ from that of the control group,
indicating a limited effect of KET monotherapy in the early
phase of AA. However, by day 28 the results were more
pronounced: the joint volume was 7.0 £ 0.14 mm® (95%
Cl: 6.7-7.3 mm?), which exceeded the baseline level by
34.1% (p <0.01), but was 46.3% lower than that of the control
group (p < 0.001). This demonstrates that KET provides
an anti-inflammatory effect with a delayed onset, although
it was inferior to the combined use of NIM and PCE.

The most convincing results were obtained in the
group of rats with AA treated with KET in combination
with  MSC-CM. On day 14, the joint volume was
10.1 £ 0.13 mm? (95% CI: 9.8-10.3 mm3), corresponding
to an increase of 90.8% relative to baseline (p < 0.01),
i.e., comparable to control values. At the same time,
on day 28 the joint volume significantly decreased to
6.1 £ 0.18 mm? (95% CI: 5.7-6.4 mm?), which exceeded
the baseline level by only 14.9% (p < 0.01). This value
was 53.3% lower than the control values (p < 0.001) and
13.0% lower than in the KET group (p = 0.004). Thus,
the addition of MSC-CM to KET resulted in a markedly
greater reduction of the inflammatory response than the
use of KET as monotherapy.

Analysis of intergroup differences on day 28 allows
a clear hierarchy of effectiveness of the studied cell-
free cryopreserved biological products (CF-CBPs) to be
identified. The most unfavorable pattern was observedin the
control group, where marked progression of inflammation
persisted. The use of NIM and KET separately led to a partial
reduction in joint volume; however, the results remained far
from normal. Only the combinations of NIM with PCE and
KET with MSC-CM provided a substantial reduction in the
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BUPAXEHOCTI apTPUTUYHUX 3MiH. [Tpn LbOMY NOEAHAHHA
HIM 3 KEIN go3Bonsino 3Hn3utu o6’em cyrnoba npakTmyHo
[0 iHTaKkTHOro piBHa (nuwe Ha 10,8% BuLle BMXIAHOrO),
Togi gk KET 3 KC-MCK Takox AeMOHCTpyBaB BUPa3HWM
edpekT, xoua i geLo cnabmin.

OTpumaHi pesynbratv BKasylTb Ha BaXnvBe naTo-
reHeTMyHe 3HayeHHs BKB3 y mopudikauii nepebiry AA.
Ix pisi He 0BMexyBanacs NPOCTUM OOAATKOBUM ePeKToM,
a NposiBnsina 03HaKn BUPaXeHOro NOTEHLiloBaHHSA NPOTH-
3ananbHoi akTmeHocTi HIM33. Lle ocobnueo Baxnueo
Yy KOHTEKCTi XPOHIYHMX Mopenew apTpuTy, e Tpusane
3actocyBaHHa TpaguuiiHnx HIM33 obmexeHe Tokcuu-
HICTIO | He 3aBXgu Jae 3Mory OOCArTM afeKkBaTHOro
KOHTponto 3anansHoro npouecy. BukopuctanHs BKB3
SIK af’l0BaHTIB BiOKpMBaA€E NepCrneKkTvBU He TifbKn NigBu-
WeHHA edeKTMBHOCTI Tepanii, ane W MNOTEHUINHOro
3HIDKEHHS J030BMX HaBaHTaXeHb Ha OpraHi3m.

[opatkoBo BapTO MNiQKPEeCnMTU, WO pi3Hi BapiaHTu
KOMGiHaUi npogeMOoHCTpyBanu Aewo BiaMiHHI npodini
echektmBHocTi. Ons HIM 6inbw BupaxeHun edekt
cnoctepirasca npu gogasaHHi KEM, Ttogi gk ana KET —
npu noegHaHHi 3 KC-MCK. Lie moxe Bigobpaxatu cneum-
diky mexaHiamis ix B3aemogii: KEl noteHuinHO Bnnnsae
Ha perynsuito MicLeBuX MediaTopiB 3ananeHHs, Togi
saKk KC-MCK, nmoBipHO, MOogymntoe KNiTUHHI KOMMOHEHTMU
iMyHHOT BignoBidi, WO 3yMOBMNOE TpMBaniwui i ctabinb-
HiLIMI edpekT y Ni3Hin dasi.

Takum 4mHOM, pe3ynbraTv eKCnepuMeHTy nigTeep-
DKyoTb, Wo noegHaHHa HMN33 3 BKB3 € pauioHanbHUM
nigxogom OO0 KOHTPOM apTpUTUYHMX 3MiH. B ymoBax
mogeni AA 3actocysaHHa HIM 3 KEI ta KET 3 KC-MCK
3Ha4yHO nepeBuLLyBano eqEeKTUBHICTb MOHOTepanii
i 3a6e3neyyBarno iCTOTHE 3HXEHHS BUPaXXEHOCTi HAabpsiKy
cyrnoba, wo nigTeepmxyeTbest gaHummn KIMKT. BeraHos-
neHi 3aKOHOMIPHOCTI BIOKPMBAKTb MNEpPCneKkTMBn Ans
CTBOPEHHSI KOMBIHOBaHUX TepaneBTUYHUX CTpaTerid, siKi
NoeaHyTb NpoTusananbHuii noteHuian HM33 3 Gionoriy-
HUMK BnactuBocTaMu BKB3, Wwo B ManbyTHbOMY MOxe
MaTu Barome npakTU4He 3HaYeHHs Ans MiKyBaHHsS naTo-
norin 3ananbHoro reHesy.

OBrOBOPEHHS

Y npegcrtaBneHoMmy  OOCRIMKEHHI Ha  mogeni
AA 'y wypiB npogeMoHcTpoBaHo, wwo HIM abo KET 3abes-
neyvye CTaTUCTUYHO 3HauYyLLe 3MEHLLEHHS] PO3PaxoBaHOro
3a gaHumu KMNKT o6’emy | nnecHo-danaHrosoro cyrnoba
Ha 28-my [oOy nopiBHSHO 3 HenikoBaHow rpynot AA.
BogHovac Hanbinblu BupaxeHe HabnmkeHHs1 mopdome-
TPUYHOTO MOKa3HMKa OO IHTAKTHOrO pPiBHS AocdAranocsi
nvwe npu kombiHoBaHOMy 3actocyBaHHi HIM33 i3 BKB3:
HIM + KEMN Ta KET + KC-MCK. Takuin xapaktep Biano-
Bidi Y3romXyeTbCs 3 Cy4aCHUMWU YSABIIEHHSMU MpO Te,
wo HM33 nepeBaxHO MNpUrHivyOTb NpocTarnaHauH-3a-
NEexHy naHKy 3ananeHHs depes iHridyBanHa LIOT, Topgi
Ak BKB3 MoXyTb BnnuBaTu Ha «BMLLUi» piBHI iMyHOMa-
ToreHe3y (UMTOKIHOBI Mepexi, KMiTUHHI dbeHoTunKn, oci
Th17/Treg, NF-kB-curHamiHr  Towo), MOTEHLilo4YM
Ta MPOMOHIyYM NpoTM3anasnbHUi edpeKT.

OTpuMaHUA HaMu CUHepriYyHUA edbeKT KoMOiHaLi
HM33 3 BKB3 koHUenTyanbHO BiAMOBiae [AaHWM
CyYacHMX JOKNIHIYHUX POBIT, y AK1X BE3KNITUHHI NpoayKTU
MCK (Hacamnepen no3akmniTUHHI BE3MKYNu/ek30CoMM)
CYTTEBO MOCrabmnioloTb MNPOSABU  E€KCeprMeHTanbHOro
aptpuTy. Tak, y mMogeni konareH-iHaykoBaHOro apTpuTy

severity of arthritic changes. In particular, the combination
of NIM with PCE reduced the joint volume almost to the
intact level (only 10.8% above baseline), whereas KET with
MSC-CM also demonstrated a pronounced effect, although
somewhat weaker.

The obtained results indicate an important
pathogenetic role of CF-CBPs in modifying the course
of AA. Their action was not limited to a simple additive
effect but demonstrated features of pronounced
potentiation of the anti-inflammatory activity of NSAIDs.
This is especially important in the context of chronic
arthritis models, where long-term use of conventional
NSAIDs is limited by toxicity and does not always allow
adequate control of the inflammatory process. The use
of CF-CBPs as adjuvants opens prospects not only for
increasing therapeutic efficacy but also for potentially
reducing dose-related systemic burden.

Additionally, it should be emphasized that different
combination variants demonstrated somewhat distinct
efficacy profiles. For NIM, a more pronounced effect was
observed when combined with PCE, whereas for KET,
greater efficacy was achieved when combined with MSC-CM.
This may reflect differences in the mechanisms of interaction:
PCE may preferentially affect regulation of local inflammatory
mediators, whereas MSC-CM likely modulates cellular
components of the immune response, resulting in a more
sustained and stable effect in the late phase.

Thus, the experimental results confirm that the
combination of NSAIDs with CF-CBPs is a rational
approach to controlling arthritic changes. Under conditions
of the AA model, the use of NIM with PCE and KET
with MSC-CM significantly exceeded the effectiveness
of monotherapy and provided a substantial reduction
in joint swelling severity, as confirmed by CBCT data. The
identified patterns open prospects for the development
of combined therapeutic strategies that integrate the
anti-inflammatory potential of NSAIDs with the biological
properties of CF-CBPs, which may have considerable
practical significance for the treatment of inflammatory
pathologies in the future.

DISCUSSION

In the present study using a rat AA model, it was
demonstrated that NIM or KET provides a statistically
significant reduction in the CBCT-derived volume of the
first metatarsophalangeal joint on day 28 compared
with the untreated AA group. At the same time, the most
pronounced approximation of the morphometric parameter
to the intact level was achieved only with the combined
use of NSAIDs and CF-CBPs, namely NIM + PCE and
KET + MSC-CM. This response pattern is consistent with
current concepts that NSAIDs predominantly suppress
the prostaglandin-dependent inflammatory pathway via
COX inhibition, whereas CF-CBPs may act on «higher-
level» components of immunopathogenesis (cytokine
networks, cellular phenotypes, Th17/Treg axes, NF-kB
signaling, etc.), thereby potentiating and prolonging the
anti-inflammatory effect.

The synergisticeffectof NSAID + CF-CBP combinations
observed in our study conceptually corresponds to data
from contemporary preclinical studies in which cell-
free MSC-derived products (primarily extracellular
vesicles/exosomes) markedly attenuate manifestations
of experimental arthritis. Thus, in a collagen-induced
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(KIA) BBegeHHsi ek3ocom MCK, 3baraveHnx miR-320a,
acouitoBanocst 3i 3HMXEHHSM aKTUMBHOCTI/IHBA3UBHOCTI
ibpobnacTonofibHMx CUHOBIOLMTIB Ta 3MEHLLEHHSM
TSDKKOCTI apTpUTY i KICTKOBOMO YLLKOAXEHHS in vivo [41].
Y 6nusbkint 3a 3mictoM poboTi Byno nokasaHo, Lo Moau-
dikauis eksocom MCK mikpoPHK-146a nocuntoe imyHo-
MOAYyNtoBanbHUM egekT, 30KpeMa BNMBakymM Ha Nnokas-
Hukn Treg y koHTekcTi KIA [42]. Li gaHi nigkpinntooTb HaLw
BMCHOBOK, Lo gogasaHHa KC-MCK (sk Hocis cekpeTomy/
PO34YMHHUX PAKTOPIB | NOTEHLIHNX BE3VKYIISAPHUX KOMMO-
HEHTIB) MOXe «MepemMuKaTuy 3ananeHHs B HanpsMKy
MEHLL arpecMBHOro IMyHHOrO MNpPOQInto, WO KMiHIYHO
Ha mogeni BigobpaxaeTbCs MEHLUM Habpsikom/3MiHOO
po3mipiB cyrnoba.

Ocob6nmBo nokasoBumu € pobotn, ge MCK-ek3o-
comu BnnuBatTb Ha 6anaHc Th17/Treg i NF-kB-3anexHi
LUNIAXKM — KNtoYoBi oci natoreHedy PA. 3okpewma, y gocni-
[PKEHHI i3 3acTocyBaHHAM ek3ocom siceHHnx MCK y KIA
aBTOPW NPOOEMOHCTPYBANMN 3HWXKEHHS KIiHIYHUX MOKas-
HWKIB apTpUTy Ta TOBLUMHWM Nanu, MOMinLWeHHs ricTono-
rYHOI KapTMHKU, 3MEHLLEHHSs1 KiCTKOBOI eposii 3a gaHuMu
Mikpo-KT, a TakoX 3pyLUeHHs LMTOKIHOBOro npodinto
(30KpeMa 3HWXKEeHHSA npo3ananbHUX mMediaTtopis) 3 acoli-
nosaHoto moaynsuieto NF-kB-curnaninry [43]. Lle npsamo
pesoHye 3 Hawumn gaHumu: KET + KC-MCK Ha 28-my
[oby 3abesnedyBaB Ginbluni aHTMHaAOpPsSKOBUIA/aHTMPE-
mogentoBanbHu edpexT, Hix KET gk moHoTepanisa. Joaart-
KoBO, y poboTi 3 ek3ocomamu 3 nynosuHHMX MCK y KIA
noKa3aHOo 3MeHLUEHHs1 HabpsKy nan, 3HWXKEeHHS nposa-
nanbHUX LUWUTOKIHIB i 3MEHLUEHHSI CUHOBIanNbHOI rinepn-
nasii, a TakoX BigHOBMNEHHSs iMyHHoro 6anaHcy Th17/Treg
3i 3HmKeHHaMm IL-17 i nigenweHHsam TGF-B Ta IL-10 [44].
HasiBHicTb nogibHux edbekTiB y pisHMx mxepen MCK-ek-
30COM MiaBuLye npaegonofibHicte Toro, wo KC-MCK
y Hawin poboTi agie Yepesa cnopigHeHi iMyHOperynsaTopHi
MeXaHi3Mu, SKi NPOSIBNATLCS Ha PiBHI iHTerpanbHOro
MOpPOMETPUYHOTO MoKa3HMKa cyrnoba.

BogHovac HeoOXigHO MigkpecnuTh: MU OUuiHKBanu
He KIaCUYHWI KKMIHIYHWIY iIHOEKC apTpUTy (apTpuT-LLKanu,
TOBLLMHA nanu) i He GioximiuHi Mapkepu, a KIMKT-mopdo-
METPIto i3 po3paxyHKOM yMOBHOro 06’emy cyrnoba. [lokaso-
BICTb TAKOro NigxoAy NiATPUMYETLCS TUM, Lo came KT-Tex-
Hororii (nepegycim micro-KT) y cyyYacHuX LOKMiHIYHMX
PA-mMogensix LUMPOKO BMKOPUCTOBYIOTb $IK 0O’€KTUBHWI
iHCTPYMEHT KiNbKiCHOI OLLIHKM KICTKOBUMX i CYrnoGOoBMUX 3MiH.
Hanpuknag, y KIA-mogeni micro-KT 3actocoByBanu ang
BU3HAYeHHS 3MiH KICTKOBOro 06’eMy, MiHepanbHOi LLinb-
HOCTI Ta O3HaK eposii/MOPO3HOCTI; Lii MOKa3HWKWN KOpento-
Banu i3 3ananbHWM CTaTyCcOM i piBHAMK Mnpo3anarnbHuX
uuTokiHiB [45]. Xova KIKT BigpisHaeTbca Big micro-KT
TEXHIYHUMMN  XapaKTepuCTMKamu, Iorika BUKOPUCTaHHS
ToMorpadpiyHoi MopdoMeTpii ik 06’€KTUBHOTO «Cyporar-
HOro» Mapkepa TSKKOCTI JTOKanbHOro iMyHo3ananeHHs
€ METOOMYHO Y3rO[KEHO 3 MiTepaTypHUMU nigxodamu:
Habpsik/rinepnnasis/iHpineTpauis Ta CTPYKTYpHIi  3MiHK
B cyrnobi B nigcymky BigbuBatoTbCA B BUMIpPHOBaHUX
po3Mipax i TOXiAHWUX iHTerpanbHUX NOKa3HMKaXx.

LLlopo HIM, Hawwi pe3ynsrati y3rogXKyoTbCst 3 KOHLUEenN-
uieto, wo HIM mae «wmpLumiiy dpapmakonoriyHmi npodins,
Hi>X cyTO iHribiyis LOIM-2, BkntoyHo 3 edoektamum Ha iMyHHiI
M HeiMyHHi KNiTMHW Ta MefiaTopu, WO MOXe pearniso-
ByBaTUCb Yy 4aci He mutTeBo. B poborti [8] nigkpecneHo
BigHocHy LIOIN-2-cenektunBHicTb HIM Ta HasBHiCTb goaar-
KOBUX MexaHi3MiB NnpoTu3ananbHOoi Aji no3a npocrarnas-
OVHOBOK naHkow. BopHouyac obmexeHHs HM33 npwu
XPOHIYHOMY 3ananeHHi 4oOpe BigoMi: BOHU He agpecyoTb

arthritis (CIA) model, administration of MSC exosomes
enriched with miR-320a was associated with reduced
activity/invasiveness of fibroblast-like synoviocytes and
with decreased severity of arthritis and bone damage
in vivo [41]. In a closely related study, modification of MSC
exosomes with microRNA-146a was shown to enhance
their immunomodulatory effect, particularly by influencing
Treg parameters in the CIA context [42]. These data
support our conclusion that the addition of MSC-CM
(as a carrier of secretome/soluble factors and potential
vesicular components) may «shifty inflammation toward
a less aggressive immune profile, which in the model
is reflected by reduced swelling/size changes of the joint.

Particularly illustrative are studies demonstrating
that MSC exosomes affect the Th17/Treg balance and
NF-kB-dependent pathways, which are key axes in RA
pathogenesis. Specifically, in a study using gingival
MSC-derived exosomes in CIA, the authors demonstrated
reductions in clinical arthritis scores and paw thickness,
improvement of histological findings, decreased bone
erosion according to micro-CT, and shifts in the cytokine
profile (notably reduced pro-inflammatory mediators)
with associated modulation of NF-kB signaling [43]. This
directly resonates with our findings: KET + MSC-CM
on day 28 provided a greater anti-edematous/anti-
remodeling effect than KET monotherapy. In addition,
a study using umbilical cord MSC-derived exosomes
in CIA demonstrated reduced paw swelling, decreased
pro-inflammatory cytokines, reduced synovial hyperplasia,
and restoration of the Th17/Treg immune balance with
decreased IL-17 and increased TGF-f and IL-10 [44]. The
presence of similar effects across different MSC-exosome
sources increases the plausibility that MSC-CM in our
study acts via related immunoregulatory mechanisms
manifested at the level of the integrated morphometric
joint parameter.

At the same time, it should be emphasized that we did
not assess a classic «clinical» arthritis index (arthritis
scores, paw thickness) or biochemical markers, but rather
CBCT-based morphometry with calculation of conditional
joint volume. The validity of this approach is supported
by the fact that CT technologies (primarily micro-CT) are
widely used in modern preclinical RA models as objective
tools for quantitative assessment of bone and joint
changes. For example, in the CIA model, micro-CT
has been used to determine changes in bone volume,
mineral density, and signs of erosion/porosity; these
parameters correlated with inflammatory status and
levels of pro-inflammatory cytokines [45]. Although CBCT
differs from micro-CT in technical characteristics, the
logic of using tomographic morphometry as an objective
surrogate marker of local immune-inflammatory severity
is methodologically consistent with literature approaches:
edema, hyperplasia, infiltration, and structural joint
changes are ultimately reflected in measurable dimensions
and derived integral parameters.

With regard to NIM, our results are consistent with the
concept that NIM has a broader pharmacological profile
than pure COX-2 inhibition, including effects on immune
and non-immune cells and mediators, which may not
be immediate in their manifestation. Study [8] emphasizes
the relative COX-2 selectivity of NIM and the presence
of additional anti-inflammatory mechanisms beyond the
prostaglandin pathway. At the same time, the limitations
of NSAIDs in chronic inflammation are well known:
they do not address the key immune dysregulation
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KMo4oBy iIMyHHY Auaperynsidito PA-Tuny, Tomy KOMGiHY-
BaHHS 3 iIMyHOMOZYMIOBANbHUMMK areHTaMu € FOriYHUM
KPOKOM Ansi NOCUNEHHs1 edpekTy Ta MOTEHUINHOMO 3MEeH-
LLUEHHs1 NoTpebu y TpMBanvx BUCOKMX A03aX (LLO BaXIMBO
3 no3uuin 6e3nekmn). Came Lo Noriky NigTPMMYIOTb OOKIi-
HiYHi gaHi wogo MCK-cekpeToMy/ek30CcoM: BOHWM 3OaTHi
3HMXKYBATU aKTUBHICTb Npo3ananbHUX KackadiB i Kopwu-
rysatn gucbanarvc Th-nonynsuin, WO TEOPETUYHO MOXe
MOCUIIOBATU KMiHIYHO 3HaYyLmn pedynbTaT Ha i HIM33.

HanuikaBiwmm y npeactaBneHoMy  AOCHIAXEHHi
€ BupaxeHun edekt kombiHauii HIM + KEI, skuin npak-
TUYHO HOpManisyBaB TomorpadiyHuii 06’em cyrnoba
Ha 28-my pnoby. [nsi obroBopeHHs1 LbOro pesynsraTty
NMPUHLIMMOBO BaXIMBO 3anyynT Hambnuxkdi peneBaHTHI
oxkeperna PubMed, ockinbks TepMiH «KpiOeKCTpakT
nnaueHTU» He 3aBXOW BUKOPUCTOBYETbCS B  MiXkKHa-
POAHIV niTepaTypi Yy TOTOXHO-TEXHOMOMYHOMY 3HAYEHH.
BogHouac icHylTb cyyacHi ekcnepumMeHTarnbHi poboTu
3 BMKOPWUCTaHHAM €eKCTpakTy nnaueHTn moguHn (EMMT;
human placental extract — HPE) na mogeni MNMA®-iHayko-
BaHOro apTpuTy y LWypis. Y gocnigpxkeHni [46] EMJT 3acto-
COBYBarsv ik KOMMOHEHT Tepanii (3okpema y KoMbiHaLlisix)
y [MA®-apTpuTi; aBTOopM noBigoMnanM npo npoTu3a-
nanbHU/aHTUapPTPUTHWUIA NOTEHLian, BKIIOYHO 3i 3MiHamu
cucteMHux umTokiHiB (IL-6, TNF-a Ta iH.) i nokpaLLeHHAM
ricTonaTonoriyHol KapTuHW KicTku/cyrnoba npyu komobiHo-
BaHVX pexumax. HasBHICTb Takoro mxepena € KpUTU4HO
BaXXNMMBOK ANs Hawoi iHTepnpeTauii, 60 niaTBepaxye
caM NPUWHUMM: MnaueHTapHi eKCTpaKTU MOXYTb BUCTY-
naTu gk imyHomoaynoBansHun ag’toBaHT y MNMA®-apTpuTi,
Lo pobuTb HaLwi cnocTepexeHHs wopo HIM + KET Giono-
riYHO O6r'pyHTOBaAHMMMU.

Pasom i3 TUM, KOpPEKTHO 3as3HauuTW i Mexi ekcTpa-
nonsuii: (1) y poborti [46]. EIMJ1 He € KpioeKcTpakTom
y TEXHOMNOriYHoMy CceHci; (2) gusaH Tepanii (LWnsaxu
BBELEHHS!, KOMOiHaUii, TOYKM OLHKM) MOXe iCTOTHO
BiApi3HATUCSA; (3) KiHLEBi TOYKM TaM NepeBaKHO BKIIO-
YalTb CUCTEMHI MapKepw Ta ricTomMorito, To4i K y Hac —
KIMKT-mopcgomeTtpis. Came TOMy Hale OGroBOpPEHHS
06epexHO POopMYIOE MeXaHi3M ik rinoTesy, Lo noTpebye
noganbLuoi Bepudikadlii.

3 no3uuin cy4acHol imyHonatoreHeTuyHoi mogeni PA,
HaniMOBIpHIWMM nosscHeHHAM cuHeprii HMN33 + BKB3
€ napanernbHUI BMMMB Ha Pi3Hi «MNOBEPXM» 3ananeHHs:
HIM33 3mMeHLWwyoTb npocTarnaHanuHOBO-0NOCEPEAKOBaHI
nposien (6inb, BazogunaTtauia, ekcyaadis), Toai sk BKB3
(KC-MCK Ta nnaueHTapHi eKcTpakTu) MOTEHLINHO 3HWKYIOTb
aktmBHicTb  NF-kB-3anexHux KkackagiB, MOZyrniowTb
untokiHoBy mMepexy TNF-o/IL-6/IL-17 i cnpwusioTb
BiAHOBMEHHIO perynaTopHux naHok (Treg/IL-10/TGF-B).
Taknn «4BOyAapHU» MexaHiam [obpe Yy3romKyeTbesi
3 Tum, wo Ha mogensax CIA BeemeHHss MCK-ek3ocom
3MEHLUYE K KNiHIYHI nNposiBu (Wkan Habpsiky/apTputy),
TaK | CTPYKTYPHI YLIKOMKEHHS (eposii/KiCTKOBI 3MiHM
3a micro-KT), a Takox Kopurye LMTOKIHOBWMI Npodinb
Ta Th-6anaHc [43, 44].

[opatkoBMM apryMeHTOM Ha KOpUCTb iMyHOpe-
rynatopHoi npupogun edpektis BKB3 € Te, wo noaibHi
pesynsTat BiATBOPIOIOTLCS B PidHux Buaax MCK-no-
XioHUX ek3ocoM i B pisHux mogensix: Big KIA y muwen
no PA-nogibHux mogenen y wypis. Hanpuknag, y mogeni
PA y wypiB (iHaykuist konareHom |l 3 ag’'toBaHTOM) 3acTo-
CyBaHHS ek3ocoM nynosrnHHMX MCK i3 miR-140-3p acoui-
toBanocst 3i 3MEHLUEHHSIM YLUKOMKEHHs cyrnoba yepes
cneumdivyHni monekynapHun wnax (SGK1) [47]. Xoua
Ui OaHi He € NpsMOK KOMIEW HAaLIOoro Au3aviHy, BOHU

characteristic of RA-type pathology; therefore, combining
them with immunomodulatory agents is a logical step
to enhance efficacy and potentially reduce the need
for prolonged high doses (important from a safety
perspective). This logic is supported by preclinical data
on MSC secretome/exosomes, which are capable
of reducing activity of pro-inflammatory cascades and
correcting Th-cell imbalance, theoretically amplifying the
clinically relevant effect in the context of NSAID therapy.

The most intriguing finding of the present study
is the pronounced effect of the NIM + PCE combination,
which almost normalized the tomographic joint volume
on day 28. For interpretation of this result, it is essential
to consider the closest relevant PubMed sources, since
the term «placental cryoextract» is not always used
in international literature in a strictly identical technological
sense. Nevertheless, there are contemporary
experimental studies using human placental extract (HPE)
in CFA-induced arthritis models in rats. In study [46],
HPE was used as a component of therapy (including
in combinations) in CFA arthritis; the authors reported anti-
inflammatory/anti-arthritic potential, including changes
in systemic cytokines (IL-6, TNF-a, etc.) and improvement
of bone/joint histopathology under combined regimens.
The existence of such evidence is critically important for
our interpretation, as it confirms the principle that placental
extracts can act as immunomodulatory adjuvants in CFA
arthritis, rendering our observations with NIM + PCE
biologically plausible.

At the same time, it is appropriate to note the limits
of extrapolation: (1) in study [46], HPE is not a cryoextract
in a strict technological sense; (2) therapeutic designs
(routes of administration, combinations, assessment
time points) may differ substantially; (3) endpoints there
primarily included systemic markers and histology,
whereas ours relied on CBCT morphometry. For this
reason, our discussion cautiously frames the mechanism
as a hypothesis requiring further verification.

From the standpoint of modern immunopathogenetic
models of RA, the most likely explanation for the
synergy between NSAIDs and CF-CBPs is their parallel
action on different «levels» of inflammation: NSAIDs
reduce prostaglandin-mediated manifestations (pain,
vasodilation, exudation), whereas CF-CBPs (MSC-CM
and placental extracts) potentially suppress NF-kB-
dependent cascades, modulate the TNF-a/IL-6/IL-17
cytokine network, and promote restoration of regulatory
pathways (Treg/IL-10/TGF-B). This «dual-hit» mechanism
is well aligned with evidence from CIA models showing
that MSC-derived exosomes reduce both clinical
manifestations (edemal/arthritis scores) and structural
damage (erosions/bone changes by micro-CT), while also
correcting cytokine profiles and Th-cell balance [43, 44].

Anadditionalargumentinfavoroftheimmunoregulatory
nature of CF-CBP effects is the reproducibility of similar
results across different MSC-derived exosome types and
experimental models. For example, in a rat RA model
(collagen Il induction with adjuvant), administration
of umbilical cord MSC-derived exosomes enriched with
miR-140-3p was associated with reduced joint damage via
a specific molecular pathway (SGK1) [47]. Although these
data are not a direct replica of our design, they underscore
a general pattern: cell-free MSC-derived products can
exert not merely symptomatic but pathogenetically
relevant effects at the level of intracellular regulators
of inflammation and tissue remodeling.
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NiOKPECIOTL  3ararnbHy 3aKOHOMIPHICTb:  6e3KMiTUHHI
npogyktn MCK mMoxyTb GyTV He NpOCTO «CMMMTOMaTUY-
HAMW», @ MaTU NATOreHEeTUYHO 3HadyLli edheKkTn Ha piBHI
BHYTPILUHBOKNITUHHMX PErynsaTopiB 3ananeHHsa Ta pemo-
[OenoBaHHS TKaHMH.

[MpakTnyHa UiHHICTb HALLOro niaxo4y Momnsrae TakoX
y Metogonorii 06’extuBisauii: KMNKT-mopdomeTpia aae
BIATBOPIOBAHWIN KiNbKICHUA napameTp, SKUiA iHTerpye
nokanbHW Habpsk/rinepnnasito Ta WMOBIPHI CTPYKTYPHi
nepebynosu. 3 ornagy Ha Te, WO cyyacHi micro-KT-go-
cnigpxeHHs B KIA eMOHCTpytoTb MOXIUBICTb KiflbKiCHO
onucyeaTtn KiCTKOBi MapameTpu Ta NOB'A3yBatu ix i3
3ananbHUMKU  MefiaTopamMu, BUKOPUCTaHHS Tomorpadii
K IHCTPYMEHTY MOHITOPUHIY OUHaMiKM Ha Mogensix
apTpuTy BWUMSAAaE BUNPaBAaHUM | «B PYCri» MiDKHa-
poAHoi npakTukm [45].

OTXe, CcymapHO Hawi AaHi NigTPUMYIOTb rinoTesy,
wo kombiHauii HMN33 3 BKB3 3paTHi 3a6e3nevyBaTty KniHiy-
HO-3Hauylle (ans mogeni) nocnabneHHs cyrnoboBmMx
3MiH, Npuyomy BuUsiBNeHi «Hawnkpalli napu» (HIM + KEIT,
KET + KC-MCK) moxyTb BigoGpaxaTtu pisHUL0 B Mexa-
Hidamax B3aemogii koHkpeTHoro HIMN33 i3 neBHUM TMNOM
bionoriyHoro ag’toBaHTa. Lleii BUCHOBOK Yy3romKyeTbcsi
3 JoKniHiYHMMK gokasamu ang MCK-cekpetomy/ek3socom
y KIA Ta 3 HasBHUMKU (XOd i OOMexeHMMM) gokasamu
yyacTi nnaueHTapHUX eKCTPaKTIB SK KOMMNOHeHTa Tepanii
B MA®-apTpuTi.

BUCHOBKHU

Y wypiB 3 ag’toBaHTHMM apTputom 6e3 nikyBaHHS
06’em | nnecHo-canaHrosoro cyrnoba 3a AaHUMM KOHYC-
HO-MPOMEHEBOT KOMM OTEPHOI ToMorpadii 3pic Ha 147,4%
0o 28-i nobu nopisHsHO 3 «0» gHem (p < 0,01) Ta gopaT-
koBO 36inbwmcsa Ha 29,0% mix 14-t0 i 28-t0 nobamm
(p < 0,01), WO CBIAYNTL MPO MPOrPECYYNA XapaKkTep
3ananbHOro ypaXkeHHS.

MoHoTepanis Himecynigom Ta KeToponakoM Ha 28-my
[oby 3meHwyBana o6’em cyrnoba BignosigHo Ha 38,2%
i 46,3% nOpIBHAHO 3 MOKa3HMKaMW HEeMikoBaHWX LLypiB
(p <0,001 B 060X BMNaakax), o4HaK Lii MOKa3HWKM 3anuLia-
nncs OOCTOBIPHO BULLIMMM 3a BUXIOHWUI piBeHb Ha 49,2%
(p <0,01) Ta 34,1% (p < 0,01), Wo BKasye Ha obMexeHy
edeKTUBHICTb MOHOTEpanii.

KombiHoBaHe 3acTocyBaHHS HiMecyrnigy 3 Kpioekc-
TPaKTOM MraueHTn Ta KeToponaky 3 KOHOWLIOHOBaHWUM
cepefoBMLLIEM Me3eHXiManbHUX CTOBOYpPOBMX KMiTWH
Ha 28-my poOy 3abesnevyBano HanbinbLl BUpaXeHe
3MeHLeHHs ob6’emy cyrnmoba — BignosigHO Ha 54,6%
i 53,3% MOpiBHAHO 3 MOKa3HWMKaMW HEMiKoBaHWX TBapuH
(p < 0,001), i3 HABNWXKXEHHSIM MOKa3HWKIB A0 iHTAKTHOrO
piBHa (nepeBuweHHsa Ha 10,8%, p < 0,05, ta 14,9%,
p < 0,01), wo nigTBepmxye nepeBary KOMGIHOBaHOI
npoTuaanarnbHoi Teparnii.
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The practical value of our approach also lies in its
methodological objectification: CBCT morphometry
provides a reproducible quantitative parameter integrating
local edemalhyperplasia and probable structural
remodeling. Given that modern micro-CT studies in CIA
demonstrate the feasibility of quantitatively describing
bone parameters and linking them to inflammatory
mediators, the use of tomographic imaging as a tool
for monitoring disease dynamics in arthritis models
appears justified and fully consistent with international
practice [45].

In summary, our data support the hypothesis that
combinations of NSAIDs with CF-CBPs can provide
clinically meaningful (within the model) attenuation of joint
changes, and that the identified «best pairs» (NIM + PCE;
KET + MSC-CM) may reflect differences in interaction
mechanisms between a specific NSAID and a particular
type of biological adjuvant. This conclusion is consistent
with preclinical evidence for MSC secretome/exosomes
in CIA and with the available (albeit limited) evidence
supporting the role of placental extracts as therapeutic
components in CFA-induced arthritis.

CONCLUSIONS

In rats with untreated adjuvant arthritis, the volume
of the first metatarsophalangeal joint, according to cone-
beam computed tomography, increased by 147.4% by day
28 compared with day «0» (p < 0.01) and additionally
increased by 29.0% between days 14 and 28 (p < 0.01),
indicating a progressive nature of inflammatory joint
damage.

Monotherapy with nimesulide or ketorolac on day
28 reduced joint volume by 38.2% and 46.3%, respectively,
compared with untreated rats (p < 0.001 in both cases);
however, these values remained significantly higher
than baseline by 49.2% (p < 0.01) and 34.1% (p < 0.01),
indicating limited efficacy of monotherapy.

Combined treatment with nimesulide plus placental
cryoextract and ketorolac plus mesenchymal stem
cell-conditioned medium on day 28 provided the most
pronounced reduction in joint volume, by 54.6% and
53.3%, respectively, compared with untreated animals
(p < 0.001), with values approaching the intact level
(exceeding baseline by 10.8%, p < 0.05, and 14.9%,
p < 0.01), confirming the superiority of combined anti-
inflammatory therapy.
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OBMEXEHHA AOCAIAXKEHHS

ABTOpPY pyKOMMCY CBIAOMO 3acBiAvyIoTb, LLO iHTEpRpeTaLis pesyrb-
TaTiB obMexeHa BVMOOBUMU/MOOENBHUMY YWMHHMKaMKM, yMOBaMu
YTPUMaHHA Ta PecypCcHUMM pamkamun. Jocniav in vivo Ha Lypax-
caMUsiX Y CTaH4apTU30BaHKX YMOBaAX i3 OOHIE0 403010, MEPEBaXHO
CyporaTHVMUM NoKasHWKaMm1 Ta KOPOTKUM NepioAoM CNIOCTEPEKEHHS
He JaloTb NiACTaB Ons OCTaTOMHMX BUCHOBKIB LUIOAO TpuBanoi
6e3nekn Ta KniHiYHOI peneBaHTHOCTI. Po3mip rpyn mo 7 ocobuH
i yacTkoBa paHaoMmi3aLis (po3noain TBapuH 3a rpynamuv 6e3 3acnin-
NEeHHs AOCNIAHMKA) 3HWXKYIOTb TOYHICTb i NABMLLYIOTb PU3UK CUCTEe-
MaTUYHMX NOXMBOK; MikrabopaTopHoi pennikaLlii He BUKOHaHO, TOX
30BHILUHS BanigHiCTb i NepeHOCUMICTb Ha NoguHy obmexeHi. Ans
3MEHLLEHHS BMNMBIB JOTPMMaHO HacTaHoB LLOAO MOBIAOMIEHHS
npo JocnigkeHHsl Ha TBapuHax (Animal Research: Reporting of In
Vivo Experiments — ARRIVE) i HanexHoi nabopaTopHoi npaKkTuku
(Good Laboratory Practice — GLP), ctaHOapTM30BaHO NMpOTOKOINM,
[etanbHO OMMcaHo CTaTUCTUYHI npouenypw. Pesynsrat € none-
peaHimu; nioTBepakeHHs notpebye GaraToLEeHTPOBKX MOBTOPEHb,
aHanisy fosa—edekT, BKMoYeHHs 000X cTaTel i pisHMX BIKOBKX
rpyr, BYKOPUCTaHHSI OPraHoifiB/MIOACEKNX TKaHWH Ta OLHIOBaHHS
KNiHIYHO 3HAYYLLMX KiHLEBMX TOYOK.

MepcnekTMBM NOAAABLUMX AOCAIAXEHD

Mopanbli OOCHIMKEHHS OOUINbHO CMpsiMyBaTM Ha YTOYHEHHS
iIMYHHUX MeXxaHi3MiB CWHeprii HeCcTepoigHUX npoTu3ananbHUX
npenapartiB i 6e3kniTMHHUX BionoriyHMX 3acobiB WNAXOM aHanisy
LMTOKIHOBOTO MPOMInto, KNITUHHWX iIMYHHVX MOMYNALI Ta MapKepiB
pemopaentoBaHHs KiCTKOBOI TKaHUHW. [epcnekTBHUM € BOOCKOHa-
NeHHst ToMorpadivHMX METOAIB KifIbKICHOT OLjiHKV Cyrno6oBmx 3MiH
i onTumizauis pexumis KombiHoBaHOI Tepanii.

KoHdAIKT iHTepecis

Bci aBTopu noganv OO pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHNIKTY iHTepeciB MixHapogHOro KoMIiTeTy peaak-
TopiB MeauyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pykonucy cBigoMo 3acBia-
YyloTb BIACYTHICTb (PaKTUYHOro abo MOTEHLIHOTrO KOHMMIKTY
iHTepeciB Woao pe3ynbTaTiB Liei poboTn 3 dapmaLeBTUHHUMU
KOMMaHisiMu1, BUMPOOHMKaMK GioMeauyHUX NPUCTPOIB, iHWMMMK
opraHisauisgMmu, 4ui NpoAaykTW, mocnyri, diHaHcoBa nNiATPUMKa
MOXYTb OyTW MoB’Ai3aHi 3 NpegMeToM HagaHux Matepianis abo
SIKi CIOHCOpYBanv NpoBeAeHi AOCHiAXEeHHS.

AOTPUMOHHSA €TUMHUX HOPM

ABTOpM pyKOMUCY CBIAOMO 3acBifyylOTb, LWO €eKCnepumeH-
TanbHi JOCNIMKEHHS NPOBEAEHO 3ri4HO 3 BUMOramu HanexHol

and Molecular Medicine.
https://doi.org/10.1111/jcmm.17086

44. Fu Y, Li J, Zhang Z, Ren F, Wang Y, Jia H, et al. Umbilical cord
mesenchymal stem cell-derived exosomes alleviate collagen-
induced arthritis by balancing the population of Th17 and
regulatory T cells. FEBS Letters. 2022;596(20):2668—77. DOI:
https://doi.org/10.1002/1873-3468.14460

45. Okumura G, Kondo N, Sato K, Yamazaki K, Ohshima H, Kawashima
H, et al. Experimental arthritis and Porphyromonas gingivalis
administration ~ synergistically decrease bone  regeneration
in femoral cortical defects. Scientific Reports. 2019;9(1):20031. DOI:
https://doi.org/10.1038/s41598-019-56265-6

46. Elbasha YI, Mesbah NM, Abdel-Hamed AR, Abo-Elmatty DM,
Bakry S, Mansour AM, et al. Effect of autologous bone marrow
derived mesenchymal stem cells in treatment of rheumatoid
arthritis. Transplant ~ Immunology.  2023;80:101890. DOI:
https://doi.org/10.1016/j.trim.2023.101890

47. Huang Y, Chen L, Chen D, Fan P, Yu H. Exosomal microRNA-
140-3p from human umbilical cord mesenchymal stem
cells attenuates joint injury of rats with rheumatoid arthritis
by silencing SGK1. Molecular Medicine. 2022;28(1):36. DOI:
https://doi.org/10.1186/s10020-022-00451-2

2022;26(3):693-708. DOI:

Limitations of the study

The authors of the manuscript explicitly acknowledge that
the interpretation of the results is limited by species-/model-
related factors, housing conditions, and resource constraints.
In vivo experiments in male rats under standardized conditions
with a single dose, predominantly surrogate indicators, and
a short observation period do not provide grounds for definitive
conclusions regarding long-term safety and clinical relevance.
Group sizes of seven animals and partial randomization (allocation
of animals to groups without investigator blinding) reduce precision
and increase the risk of systematic bias; interlaboratory replication
was not performed, therefore external validity and translatability
to humans are limited. To mitigate these influences, the Guidelines
for reporting animal research (Animal Research: Reporting of In
Vivo Experiments — ARRIVE) and Good Laboratory Practice
(Good Laboratory Practice — GLP) were followed, protocols were
standardized, and statistical procedures were described in detail.
The results are preliminary; confirmation requires multicenter
replication, dose-response analysis, inclusion of both sexes
and different age groups, use of organoids’/human tissues, and
assessment of clinically meaningful endpoints.

Prospects for further research

Further studies should be aimed at clarifying the immune
mechanisms underlying the synergy between nonsteroidal anti-
inflammatory drugs and cell-free biological products by analyzing
cytokine profiles, cellular immune populations, and markers
of bone tissue remodeling. Improvement of tomographic methods
for quantitative assessment of joint changes and optimization
of combined therapy regimens are considered promising.
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nabopatopHoi npaktukm «GLP» (Good Laboratory Practice),
KoHBeHujii Pagn €Bponyv npo OXOpoHy XxpebeTHux TBapuH,
LLO BUMKOPUCTOBYIOTbCS B €KCMEePUMEHTax Ta B iHLIMX HayKOBUX
uinsx Big 18 GepesHss 1986 p., [dupekTuBu E€Bponencbkoro
napnameHTy Ta Pagn €C 2010/63/€C Big 22 BepecHs 2010 p.
Npo 3axuCT TBAPWH, siki BUKOPUCTOBYIOTLCS ANS HAayKOBUX LIiNen,
Hakady MiHicTepcTBa OXOpPOHM 340poB’'s Ykpaiuu Big 14 rpygHs
2009 p. Ne 944 «[lNpo 3atBepoXeHHs [lopsagky npoBedeHHs
OOKNIHIYHOTO BUBYEHHS TiKapcbkux 3acobiB Ta ekcnepTuau
matepianiB LOKMiHIYHOro BUBYEHHS Nikapcbkux 3acobiB», 3akoHY
Ykpainu Big 21 nmrotoro 2006 p. Ne 3447-1V «[Npo 3axuct TBapuH
Bif, XOPCTOKOrO MOBOMXKEHHSI» Ta iH.). [locnigxeHHs cxBaneHe
Komicieto 3 nutaHb eTnkn Ta Gi0eTUKM MeauyHOro dakynbreTy
XapKiBCbKOro HauioHanbHOro yHiBepcuteTy iMeHi B.H. KapasiHa
MiHicTepcTBa OCBITU | Haykn YKpaiHu.

BUKOPUCTAHHS LUTY4HOrO iIHTEAEKTY

ABTOpPX PyKOMUCY CBIAOMO 3acBigvytoTb, WO Yy MNpoLEeci npose-
AEHHS JOCMiAKEHHS Ta NiArOTOBKYM LibOro PYKOMMUCY He BUKOPUCTO-
BYBasM XOAHUX iHCTPYMEHTIB abo cepBiciB reHepaTUBHOIO LUTYY-
HOTO iHTENeKTY ANs BUKOHaHHA Oyab-AKvX 3aBAaHb, nepenivyeHnx
y TakcoHOMii AeneryBaHHs 3aBOaHb reHepaTMBHOMY LUTYYHOMY
iHTenekty «GAIDeT» (Generative Artificial Intelligence Delegation
Taxonomy, 2025 p.). Yci etanu pobotn — Big KoHUenTyanisawii
1o chiHanbHOro peaaryBaHHA — BUKOHaHi 6e3 3anyyveHHsi reHepa-
TUBHOTO LUTYYHOTO iHTENEKTY, BUKITIOYHO aBTOPaMK.

MepBuUHHI AGHI Ta MaTepiaAm

ABTOpU pyKOMUCY CBIJOMO 3aCBiAYYHOTh, WO Yy pobOTi BMKOPW-
CTaHO pesynbTaTy BIACHWX eKCMepuUMEHTanbHUX AOCHioKeHb,
wo 6ynn cucTematusoBaHi Ta nNpoaHani3oBaHi aBTOPaMM.
[MepBYHHI AaHi BKNtoYaloTb y3aranbHeHi MokasHuku, nabopa-
TOpHI pe3ynbTaTty, eKCnepyMeHTarnbHi NPOTOKONMM Ta OTPUMaHi
KinbKiCHI XxapakTepucTukun. Bci matepianu 36epexeHi B apxisi
OOCMiAHVLBKOI FPyNn Ta MOXYTb OyTu HafaHi 3a 06rpyHTOBaHUM
3anMuToM [0 aBTOPa-KOPECMOHAEHTa, 3 ypaxyBaHHAM ETUYHMX
HOPM Ta NpaBOBUX OOMEeXeHb.

IHdbopmalis Nnpo chiHAOHCYBAHHSA
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approved by the Ethics and Bioethics Committee of the Medical
Faculty of V.N. Karazin Kharkiv National University of the Ministry
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