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KAlo4oBi cAaoBa: PE3IOME

pEBMAaTOIAHUIA apTpUT, XPOHiYHWMIA 6inb,  AKTyanbHiCTb. XpPOHiYHUI Ginb Npy peBMaToigHOMY apTpuUTi 3anuLLaeTbCst KNiHIYHO
aHarnbresisi, HeCcTepoifgHi npoTu3ananbHi  3HadvyLlow NpobnemMoto HaBiTb 3a YMOB €(DEKTMBHOIO KOHTPOIIO 3ananeHHsi. Tpueane
npenapatu, 6e3kniTUHHI GionoriyHi 3aco-  3acTOCYBaHHA HECTepOIgHMX NpoTU3ananbHUX npenapaTtiB 0OMEXYETbCS PU3MKOM
6K, KpioeKCTpakT nnaueHTW, Me3eHXi-  CUCTEMHOI TOKCMYHOCTI, L0 3YMOBMKE HEOOXiAHICTb MOWyKy niaxodiB Ans nigBu-
MarbHi CTOBOYpPOBI KNiTUHW. LLeHHs1 edpEKTUBHOCTI aHanbresii 6e3 eckanauii apMakonoriyHoro HaBaHTaXeHHs.
MeTta po60TM — MPOBECTU MOPIBHAMbHY XapaKTEPUCTUKY 3HEBOMOYOi aKTUBHOCTI
KeToponaky i HiMmecynigy npu peBMaToigHOMY apTpuTi 3a AaHuMu niTepaTtypu Ta
eKcrnepuMeHTarnbHO OUiHUTU BNNMB 6e3KNiTUHHUX KPIOKOHCEPBOBaHUX BGiONOriYHMX
CmydeHm Bonodumup OmensiHosuy 3acobiB Ha aHanbreTMyHy edpekTMBHICTL 3asHadeHWX npenapaTis Ha Mopeni
XapKiBCbKWI HaLjioHaNbHWA yHiBEpCMTET — a['toBaHTHOMO apTpuTy Y LypiB.

imeHi B.H. Kapasina MinictepctBa oceitn ~ MaTepianu ta metoaun. AL'toBaHTHWIA apTPUT MOAENIOBaNN Y LLypiB-CaMUIB LLUMAXOM
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noapasHeHHi. CTaTUCTUYHY 3HauyLiCTb BU3Ha4Yanu 3a CTaHAAPTHUMU NapameTpuy-
HMMW Ta HenapameTPUYHUMK MeToAaMW.
© CmydeHm B.O., Madkux ®.B., Pe3ynbratn. AZ'lOBaHTHUI apTpuUT CYynpOBOOXKYBaBCS PO3BUTKOM BUpaXKeHOi rinep-
J1adoea T.I., MameeeHko M.C., 2025 anresii 3i 3HWKeHHsIM nopory 60MbOBOI YyTNMBOCTI Ha YOTMPHaAUATY Aoby Ha 50,9%
MOPIBHSIHO 3 iHTakTHUMK TBapuHamu (p<0,01). Ha aBaguste BocbMy goby 6e3 niky-
BaHHSA MOKAa3HWK 3anuascs 3HWxeHum Ha 42,5% (p<0,01). Himecynia y surnsagi
MoHoTepanii He 3abe3nevyBaB AOCTOBIPHOIO 3HEGONEHHS: Nopir 6ONbOBOI Yy TNMBOCTI

OpuwuriHanbHi 4oCnigpKeHHSs 806 Original research


https://doi.org/10.26565/2312-5675-2025-32-07
https://orcid.org/0000-0002-0928-2695
https://orcid.org/0000-0002-0928-2695
mailto:student.volodymyr@gmail.com
https://orcid.org/0000-0001-7924-4048
https://orcid.org/0000-0001-7924-4048
mailto:fedir.hladkykh@gmail.com
https://orcid.org/0000-0002-5892-2599
https://orcid.org/0000-0002-5892-2599
mailto:t.lyadova@karazin.ua
https://orcid.org/0000-0002-0388-138X
https://orcid.org/0000-0002-0388-138X
mailto:mariia.matvieienko@karazin.ua
https://orcid.org/0000-0002-0928-2695
https://orcid.org/0000-0002-0928-2695
mailto:student.volodymyr@gmail.com
https://orcid.org/0000-0001-7924-4048
https://orcid.org/0000-0001-7924-4048
mailto:fedir.hladkykh@gmail.com
https://orcid.org/0000-0002-5892-2599
https://orcid.org/0000-0002-5892-2599
mailto:t.lyadova@karazin.ua
https://orcid.org/0000-0002-0388-138X
https://orcid.org/0000-0002-0388-138X
mailto:mariia.matvieienko@karazin.ua
mailto:student.volodymyr@gmail.com

McwmxiaTpis, HeBponorisa Ta meanyHa ncmxonoris. 2025. T. 12. Ne 6(32). C. 806—828
Psychiatry, Neurology and Medical Psychology. 2025;12(6(32)):806—828

ISSN 2312-5675 (Print)
ISSN 2411-166X (Online)

AAS UUTYBAHHS:

CrtygoeHt B.O,,

Mapkux &.B.,

nepeswLLyBaB KOHTponb nuie Ha 4,1% (p=0,5). KombiHauis Himecynigy 3 KpioekcTpak-
TOM MnaueHTV 3ymMoBnioBana BigTepMiHOBaHe NiABULLEHHSI nopory 60MboBOi YyTnu-
BocTi Ha 17,2% nopiBHAHO 3 KoHTporem (p<0,001). KeTtopomak AemMoHCTpyBas
BMpaXeHU aHanbreTMyHuin edekT y Ni3Hi CTPOKW, a MOro MOEAHAHHSA 3 KOHAMLUiO-
HOBaHWM cepefoBULLEM Me3eHXiMarnbHUX CToBOypoBuUX KNiTMH 3abesnevyBano
MakcumarnbHe niaBuLLeHHs nopory 6onboBoi vyTnueocTi Ha 103,1% BiQHOCHO KOHT-
ponto (p<0,001).

BucHoBku. KoMbGiHyBaHHS HeCTepoifHWX npoTusananbHUX npenapartiB i3 6e3kniTuH-
HVMU KpiOKOHCEpPBOBaHUMMK GionoriyHMMKU 3acobamMu CyTTEBO MiABULLYE edeKTUB-
HICTb aHanbresii NpuM ekcnepvMeHTanbHOMY peBMaToigHOMY apTpuTi Ta € nepcnek-
TUBHUM MYMLTUMOAAMBHMM NiAXOAOM A0 KOHTPOIMIO XPOHiYHOro 6orio.

JNlapoea T.I., MatBeeHko M.C. TligBuwieHHs edeKTMBHOCTI aHanbresii npu

eKcrnepuMeHTanbHOMY PeBMaTOigHOMY apTpuTi LIMNSAXOM KOMOIHYBaHHS HeCTepoigHUX MpoTu3ananbHUX npenapatis
i3 Ge3kniTMHHUMK KpiokoHCcepBOBaHUMYK GionoriyHnmn 3acobamu. [Mcuxiampisi, Heeposoziss ma mMeduyHa MCUXoroais.
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ABSTRACT

Background. Chronic pain in rheumatoid arthritis remains a clinically significant
problem even under conditions of effective control of inflammation. Long-term use
of nonsteroidal anti-inflammatory drugs is limited by the risk of systemic toxicity,
which necessitates the search for approaches to increase the effectiveness of analgesia
without escalation of pharmacological burden.

Purpose — to conduct a comparative characterization of the analgesic activity of
ketorolac and nimesulide in rheumatoid arthritis based on literature data and to
experimentally evaluate the effect of cell-free cryopreserved biological agents on the
analgesic effectiveness of these drugs in a model of adjuvant arthritis in rats.

Materials and Methods. Adjuvant arthritis was modeled in male rats by administ-
ration of complete Freund’s adjuvant. Treatment was carried out from the fourteenth
to the twenty-eighth day with ketorolac, nimesulide, as well as in combination with
placental cryoextract or conditioned medium of mesenchymal stem cells. Analgesic
activity was assessed by the pain sensitivity threshold during mechanical stimu-
lation. Statistical significance was determined using standard parametric and
nonparametric methods.

Results. Adjuvant arthritis was accompanied by the development of pronounced
hyperalgesia with a decrease in the pain sensitivity threshold on the fourteenth day
by 50.9% compared with intact animals (p<0.01). On the twenty-eighth day without
treatment, the indicator remained reduced by 42.5% (p<0.01). Nimesulide as mono-
therapy did not provide significant analgesia: the pain sensitivity threshold exceeded
the control by only 4.1% (p=0.5). The combination of nimesulide with placental
cryoextract caused a delayed increase in the pain sensitivity threshold by 17.2%
compared with control (p<0.001). Ketorolac demonstrated a pronounced analgesic
effect at later time points, and its combination with conditioned medium of mesen-
chymal stem cells provided the maximum increase in the pain sensitivity threshold
by 103.1% relative to control (p<0.001).

Conclusions. The combination of nonsteroidal anti-inflammatory drugs with cell-free
cryopreserved biological agents significantly enhances the effectiveness of analgesia
in experimental rheumatoid arthritis and represents a promising multimodal approach
to the control of chronic pain.

Student VO, Hladkykh FV, Liadova Tl, Matvieienko MS. Enhancing analgesic efficacy in experimental rheumatoid arthritis
through combination of nonsteroidal anti-inflammatory drugs with cell-free cryopreserved biological agents. Psychiatry,
Neurology and Medical Psychology. 2025;12(6(32)):806—828. DOI: https://doi.org/10.26565/2312-5675-2025-32-07

BCTYN

AyToiMYyHHi peBmaTuyHi 3axsoptoBaHHSa (AP3) crpu-
dyHKUiOHanNbHi

YMHAOTb  iHBaNigHICTb,

INTRODUCTION

Text Autoimmune rheumatic diseases (ARDs)

obmexeHHsi, cause disability, functional limitations, reduced quality

3HWKEHHSI SKOCTi XUTTS Ta MNiABULLEHHST CMEPTHOCTI
B YCbOMY CBITi. XpOHi4YHUA Binb € MOWMPEHNM ABULLEM
i HENPOMOpLiNHO CUNbHO BMNUBAE Ha nauieHTiB 3 AP3,
He3BaXKalyM Ha MOsiBY HOBUX, BUCOKOMOTYXHWMX Ta
LinecnpamMoBaHuX MeToaiB nikyBaHHS [1].

of life, and increased mortality worldwide. Chronic pain
is a common phenomenon and disproportionately
affects patients with ARDs, despite the emergence
of new, highly potent and targeted treatment moda-
lities [1].
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PesmatoigHuin aptput (PA) € XpoHiYHUM iMyHO3a-
nanbHUM 3axBOPIOBaHHSAM, [Ms  SIKOrO  XapakTepHe
NnoefHaHHsA nepudepuyHoro 3anansHoro 6onto, LeHT-
panbHOI CeHcUTU3aLlii Ta CTPYKTYPHUX 3MiH Y cyrnobax.
MexaHiamu copMyBaHHs Gonto npu PA € Garatokomno-
HEHTHUMU Ta BKMOYaOTb MOEOHAHHST HOLMLENTUBHUX,
3ananbHUX i HeMponaTUYHKX WSXiB [2], a TakoX eHo-
MEeHW LeHTpanbHOI ceHcuTuaalii, cepen sikux ocobnvee
Mmicue nocigae gibpomianrisi, Wo BUABNSAETLCA Y 3HAYHOT
YacTMHM nadieHTiB i3 PA [3]. ®opmyBaHHA 60nboBOro
cvHapomy npu PA BigbyBaeTbcs 3a ydacTio npo3anarb-
HUX UMTOKIHIB, akTuBauii KniTMH iMyHHOI cuctemmn Ta
nigsuLeHoro cuHtesdy npoctarnaHguHis (M), 3okpema
IMNrE,, Akvii Bigirpae K4oBY POSib Y CeHcUTU3auii nepu-
depuUdHNX HoUMLENTOpiB i NiATPMMaHHI  3ananbHoro
6onto. Y LbOMY KOHTEKCTI HEeCcTepoigHi npoTu3anarsbHi
3acobu (HM33) TpaguuiiHo po3rnagalTbes SK CUMMTO-
MaTUYHUIA KOMMOHEHT Tepanii, CnpsMOBaHWA Ha 3MEH-
LWeHHs Gonto Ta 3anareHHs, ane He Ha moaudikauito
nepebiry 3axsoptoBaHHs [4].

Monpu cyTTeBi TepaneBTUYHI YCMIXW Y 3HWXKEHHI
akTuBHoCTi PA Ta KOHTpOni CMHOBITY, 60NbOBWIA CUHAPOM
3anuaETbCcsl OAHIED 3 HaMbINbL PE3UCTEHTHUX i Kni-
HiYHO 3Haudywux npobrem UbOro 3axBOpOBaHHA [4].
[aHi onuTyBaHb cBig4aThb, WO 6rnM3bKo ABOX TPETMH na-
uieHTiB i3 PA noBigoMnsioTb Npo WoAeHHUn Ginb [5],
npu ubomy came 6inb HaryacTile BU3HAYaETLCS SK NPO-
BigHa cdepa 300poB’s, SKY MauieHTW nparHyTb Nokpa-
wnTK [6]. PesynbraTtv no3goBXHiX JoCnigXeHb AEMOHCT-
pylOTb, WO HaBiTb Ha TNi cy4yacHoi GionoriyHoi Tepanii
6ONbLOBUIA CUHAPOM Y 3HAYHOT YAaCTMHU XBOPUX 3anuiia-
€TbCS HEOOCTaTHbO KOHTponboBaHuMM [7, 8]. 3okpema,
3a AaHumu peecTpy bionoriyHnx nikapcbkux 3acobis (J13)
BputaHcbkoro ToBapucTtea pesmatonorii, 79% nauieHTiB
i3 PA, ski oTpumytotb 6GionorivyHi J13, HanexaTb [0
TpaekTopii «cTiikoro Gonto», WO nigKpecnoe obmexe-
HICTb BUWKIMIOYHO MpoTM3ananbHOoro nigxody. XpOHiYHWUIA
6inb npu PA acouiloeTbcs 3i 3HAaYHUMM MOTiPLUEHHSAM
SIKOCTi XKWUTTSI, 3HWKEHHSAM (PYHKLLiOHANbHUX MOXITMBOC-
TeN, HeraTUBHUMM 3MiHAMWM NCUXIYHOrO CTaHy Ta NiaBu-
LLEHHSIM piBHS BTOMMK [9—12].

JlikyBaHHsi ©onto nerkoro Ta MNOMIPHOTO CTYMNeHs
npu PA TpaguuiiHo 6a3yeTbcs Ha 3actocyBaHHi HIM33
Ta CMHTETUYHOrO HEeOoNioigHOro aHanbreTuka aueTamiHo-
deHy, sKi € ePeKTUBHUMU, LLUIMPOKO PEKOMEHO0BaHUMMU
Ta LUMPOKO BMKOPUCTOBYKOTbCHA [13]. BpaxoBytouu pisHi
HelloaaBHi NOBIAOMIEHHS Npo MOGiYHI edbekTn 3 Goky
CEepLieBO-CYAMHHOT CUCTEMW, MEYiHKM Ta  LUMYHKOBO-
KMLLKOBOrO TpakTy, MOB’'si3aHi 3 TpMBanum 3acTOCyBaH-
Ham HIM33, ocHOBHI perynsitopHi opraHu pekoMmeHayBanu
3aCTOCOBYBaTM HaWHWKYi  edPeKTUBHI [03M MNpOoTArom
HaMKOpOTLLOro Yacy, HeobXiAHOro Ansi KOHTPOMK CUMI-
TOMIB Ta [OOCArHEHHA TepaneBTUYHUX Uinen [14, 15].
HedpoToKCHYHICTb, renaToTOKCUYHICTb Ta racTPoiHTECTU-
HanbHi yCKNagHEHHS 3anuLiatTbes NPOBIAHUMU NPUYK-
HaMu NpUNUHEHHS abo 3HMKeHHS fo3u HIM33 y kniHiyHiA
npakTuui, Lo, y CBOK 4Yepry, Npu3BoaMTb A0 HepocTar-
HbOr0 KOHTPOM 6O Ta 3HWXKEHHS] MPUXUIBHOCTI
nauieHTiB 00 nikyBaHHsA. OcobnvBOi akTyanbHOCTI Us
npobnema HabyBae y nauieHTiB 3 PA, siki yacto MalTb
CynyTHi 3axXBOpIOBaHHS, MeTaboniyHi abo BiKoBi hakTopu
PU3MKY TOKCUYHUX eDEKTIB.

HagiTb cenekTuBHi iHriGiTopun LmknookcureHasu (LIOIN)
2-r0 TMNY He yCyBalTb MOBHICTIO PU3UK Hedpo- Ta
renaTtoTOKCUMYHOCTI, Lo NiATBEPOXKYETLCA AaHUMK Cy4vac-
HUX dapMakoenigemionoriYyHmx i ekcnepumeHTanbHUX

Rheumatoid arthritis (RA) is a chronic immune-
inflammatory disease characterized by a combination
of peripheral inflammatory pain, central sensitization,
and structural changes in the joints. The mechanisms
of pain formation in RA are multicomponent and include
a combination of nociceptive, inflammatory, and neuro-
pathic pathways [2], as well as phenomena of central
sensitization, among which fibromyalgia occupies a spe-
cial place and is detected in a significant proportion
of patients with RA [3]. The formation of pain syndrome
in RA occurs with the involvement of pro-inflammatory
cytokines, activation of immune system cells, and
increased synthesis of prostaglandins (PGs), in parti-
cular PGE,, which plays a key role in the sensitization
of peripheral nociceptors and the maintenance of inflam-
matory pain. In this context, nonsteroidal anti-inflam-
matory drugs (NSAIDs) are traditionally considered
a symptomatic component of therapy aimed at reducing
pain and inflammation, but not at modifying the course
of the disease [4].

Despite significant therapeutic successes in reducing
RA activity and controlling synovitis, pain syndrome
remains one of the most resistant and clinically signifi-
cant problems of this disease [4]. Survey data indicate
that about two thirds of patients with RA report daily
pain [5], with pain being most often identified as the lea-
ding health domain that patients seek to improve [6].
The results of longitudinal studies demonstrate that
even against the background of modern biological
therapy, pain syndrome in a significant proportion of
patients remains insufficiently controlled [7, 8]. In parti-
cular, according to the registry of biological medicinal
products of the British Society for Rheumatology, 79% of
patients with RA receiving biological medicinal products
belong to the «persistent pain» trajectory, which under-
scores the limitations of an exclusively anti-inflammatory
approach. Chronic pain in RA is associated with a signi-
ficant deterioration in quality of life [9], reduced functional
capacity [10], negative changes in mental state [11],
and increased levels of fatigue [9-12].

The treatment of mild to moderate pain in RA has
traditionally been based on the use of NSAIDs and
the synthetic non-opioid analgesic acetaminophen,
which are effective, widely recommended, and widely
used [13]. Given various recent reports of adverse
cardiovascular, hepatic, and gastrointestinal effects
associated with long-term NSAID use [14, 15], major
regulatory authorities have recommended using the
lowest effective doses for the shortest time necessary
to control symptoms and achieve therapeutic goals.
Nephrotoxicity, hepatotoxicity, and gastrointestinal com-
plications remain the leading causes of discontinuation
or dose reduction of NSAIDs in clinical practice, which
in turn leads to inadequate pain control and reduced
patient adherence to treatment. This problem is of
particular relevance in patients with RA, who often have
comorbidities, metabolic, or age-related risk factors
for toxic effects.

Even selective cyclooxygenase (COX)-2 inhibitors
do not completely eliminate the risk of nephro- and hepa-
totoxicity, as confirmed by data from contemporary
pharmacoepidemiological and experimental studies.
In this context, it is evident that further escalation or
prolongation of NSAID monotherapy cannot be con-
sidered an optimal strategy for the control of chronic
pain in RA.
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JocrnigxeHb. Y UbOMY KOHTEKCTI O4EBWOHMM € Te, Lo
noganblua eckanauis abo nponoHrauis MoHoTepanii
HIM33 He MoxXe posrnagaTnuca Sk onTumarnibHa cTpa-
Terisi KOHTPOIO XpoHiyHoro 6onto npu PA.

CyuacHa KoHLenNLisa nepcoHarnizoBaHoi Ta 6e3nevHol
aHanbreTM4yHoi Tepanii nepegbavyae He nuvwe 3MeH-
weHHa go3u HI33, ane n nowyk ag'loBaHTHUX nig-
XoAiB, 34aTHUX MOTEHUiloBaTKU iX aHanbreTUYHuin Ta
npotm3anansHUin egekTM Npu O4HOYACHOMY 3HWKEHHI
CUCTEMHOI TOKCUYHOCTI [16—18].

Y nowyky HOBUX NiaxodiB A0 onTumisauii npodinto
Ge3nekn nikyBaHHA 3Ha4YHy YyBary OCTaHHIM 4acom
npuBepTaloTb OEe3KMITUHHI KpiokoHcepBoBaHi GionorivHi
3acobn (BKB3), Taki sik cekpeToM CTOBOYpOBUX/ME3€EH-
ximaneHux cToBOypoBux knituH (MCK) Ta ekcTpakTu
TKkaHuH. Lli npogyktn MmicTaTb Komnnekc 6ioakTMBHUX
(paKTopiB — LIMTOKIHIB, €K30COM, (haKTOpiB POCTYy — SKi
OEMOHCTPYIOTL  NpoTM3anarnbHi, iMyHOMogynowdi  Ta
LUMUTONPOTEKTOPHI BMACTMBOCTI 3 MOTEHUianoM crnpusitu
3HWKEHHIO YLIKO[XKEHHS] TKAHWH Ta OKCUAATMBHOMO
cTpecy [19-21].

TakMM 4mMHOM, koMmGiHyBaHHs HIM33 i3 6e3kniTuH-
HUMMK GionoriYyHMMM areHTamm MOXe po3rnsgaTncs siK
NepcneKkTMBHUI HaNPSIMOK ONTUMI3aLii CMMNTOMAaTUYHOT
Tepanii npu PA, cnpsiMoBaHWUin He NuLLe Ha 36epeXeHHs!
aHanbreTMyHoi edEeKTUBHOCTI, ane W Ha 3HWXKEHHS
HePOTOKCUYHOCTI Ta renaTtoTOKCUYHOCTI, WO € KPUTUY-
HO BaXXNUBUM ANs1 OBrOTPMBANOro fiKyBaHHS NaLieHTIB
i3 XPOHIYHUMW PEBMATUYHUMMW 3aXBOPHOBAHHSIMU.

MeTta po60oTM — NpPOBECTU MNOPIBHAMbHY XapakTe-
pucTuKy 3Hebonto4oi akTMBHOCTI keToponaky (KET)
i Himecynigy (HIM) npu peBmaTtoigHomy apTpuTi 3a Aa-
HUMM niTepaTypu Ta eKCnepuMeHTanbHO OUiHUTK BNMWB
GEe3KNITMHHNX KpiOKOHCepBOBaHUX GionoriyHmx 3acobis
(kpioekcTpakTty nnaueHtn (KEI) Ta koHAuuioHOBaHOro
cepefoBuLia Me3eHXiManbHUX CTOBOYPOBUX  KMiTWH
(KC MCK) Ha aHanbreTuyHy edeKTUBHICTb 3a3HavyeHunx
HecCTepoigHUX NpoTu3ananbHUX npenapaTiB Ha Mogeni
af’loBaHTHOrO apTpuUTy Y LUYpIB.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

Orasia AiITepaTypHUX AXKEpeA

Mipbip i aHani3 niTepaTypHUx gxepen 3aiicHIOBann
3 BUKOPUCTaHHSIM MiKHApOOHUX HayKOMeTpuyHux 6a3
faHnx PubMed (https://pubmed.ncbi.nim.nih.gov/), Clini-
calKey Elsevier (https://www.clinicalkey.com), Cochrane
Library (https://www.cochranelibrary.com/), eBook Busi-
ness Collection (EBSCO) (https://www.ebsco.com/) Ta
Google Scholar (https://scholar.google.com/). TMowyk
OyB cnpsiMOBaHMI Ha BUSIBMEHHS Cy4vacHWx nybnikauin,
y SKUX BWCBITNIOBANMCA NUTaHHA natodisionorii 6onso-
BOro cuHgpomy npu PA, mMexaHiamiB aHanbretuyHoi gii
HM33, ix Hedhpo- Ta renaToTOKCUYHOCTI, a TakoX Giono-
rivHnx edektie BKB3, 3okpema cekpetomy MeseHximanb-
HUX CTOBOYPOBMX KNiTWH | TKAHNMHHWNX KPIOEKCTPaKTIB.

Ha nepwowmy ertani 3giicHioBanu nowuyk ny6nikauin
3a KM4Y0oBMMK crioBaMu Ta ixX KoMmbiHauiamu: rheumatoid
arthritis, chronic inflammatory pain, nociception, central
sensitization, nonsteroidal anti-inflammatory drugs,
NSAIDs, ketorolac, nimesulide, cyclooxygenase, COX-1,
COX-2, analgesic effect, hepatotoxicity, nephrotoxicity,
oxidative stress, mesenchymal stem cells, MSC condi-
tioned medium, MSC secretome, cell-free therapy,

The modern concept of personalized and safe anal-
gesic therapy involves not only reducing NSAID doses,
but also searching for adjuvant approaches capable of
potentiating their analgesic and anti-inflammatory effects
while simultaneously reducing systemic toxicity [16—18].

In the search for new approaches to optimize the
safety profile of treatment, considerable attention has
recently been drawn to cell-free cryopreserved bio-
logical agents (CFCPBAs), such as the secretome of
stem/mesenchymal stem cells (MSCs) and tissue
extracts. These products contain a complex of bioactive
factors — cytokines, exosomes, growth factors — that
demonstrate  anti-inflammatory, immunomodulatory,
and cytoprotective properties with the potential to reduce
tissue damage and oxidative stress [19-21].

Thus, the combination of NSAIDs with cell-free
biological agents may be considered a promising
direction for optimizing symptomatic therapy in RA,
aimed not only at preserving analgesic efficacy but also
at reducing nephrotoxicity and hepatotoxicity, which is
critically important for the long-term treatment of pati-
ents with chronic rheumatic diseases.

Objective — was to conduct a comparative charac-
terization of the analgesic activity of ketorolac and
nimesulide in rheumatoid arthritis based on literature
sources and to experimentally evaluate the effect of
cell-free cryopreserved biological agents (placental
cryoextract and conditioned medium of mesenchymal
stem cells) on the analgesic effectiveness of these
nonsteroidal anti-inflammatory drugs in a model of
adjuvant arthritis in rats.

MATERIALS AND METHODS

Review of literature sources

The selection and analysis of literature sources
were carried out using international scientometric
databases: PubMed (https://pubmed.ncbi.nim.nih.gov/),
Clinicalkey Elsevier (https://www.clinicalkey.com), Co-
chrane Library (https://www.cochranelibrary.com/), eBook
Business Collection (EBSCO) (https://www.ebsco.com/),
and Google Scholar (https://scholar.google.com/).
The search was aimed at identifying contemporary
publications addressing the pathophysiology of pain
syndrome in RA, mechanisms of analgesic action of
NSAIDs, their nephro- and hepatotoxicity, as well as the
biological effects of CFCPBAs, in particular the secretome
of mesenchymal stem cells and tissue cryoextracts.

At the first stage, publications were searched using
the following keywords and their combinations:
rheumatoid arthritis, chronic inflammatory pain, nocicep-
tion, central sensitization, nonsteroidal anti-inflammatory
drugs, NSAIDs, ketorolac, nimesulide, cyclooxygenase,
COX-1, COX-2, analgesic effect, hepatotoxicity, nephro-
toxicity, oxidative stress, mesenchymal stem cells,
MSC conditioned medium, MSC secretome, cell-free
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placental extract, tissue extract, anti-inflammatory effect,
cytoprotection.

Ha ppyromy etani npoBogunu aHania aHoTauin
BigibpaHnx nybnikauin i3 noganblWUM  BUKMTHOYEHHSAM
pobiT, Wo He BignoBiganM TemaTtuui OOCNIMXKEHHS,
Manu BUKIOYHO OMNMCOBUI abo ornsgoBUI XapakTep
6e3 ekcnepuMeHTarnbHOro Yn KniHiYHOro obrpyHTYBaHHS,
He MicTunNM faHux woao GoMbOBOro CMHAPOMY, Mexa-
HiamiB aii HM33 abo He cTocyBanucs BUKOPUCTaHHSA
GionoriyHMx abo Ge3KNiTUHHMX NIgXoAiB Yy KOHTEKCTi
3anarnbHUX i ayToIMyHHUX 3aXBOPIOBaHb.

Ha Tpetbomy eTtani 3aiicHOBan“ MNOBHOTEKCTOBUMI
aHani3 BigibpaHMx mxepen i3 OUiHKOK MeTogonoriYHol
SAKOCTi AoChigpKeHb, ageKBaTHOCTI eKcnepuMeHTanbHUX
MoZeneun, peneBaHTHOCTI OTPMMaHWX pesynbraTiB Mno-
CTaBMEeHUM 3aBOaHHAM Ta MOXIMBOCTI eKkcTpanonsuii
OTPUMaHMUX [daHUX Ha YMOBW eKCrNepUMEHTanbHOro
aa’toBaHTHOIO apTpuTy.

Kpumepii eknrodeHHs1 rybnikauitd 0o eubipku 0Ons
KOHMeHm-aHarisy:

1) HasIBHICTb Cy4aCHMX AaHUX LLOAO MAaTOreHETUYHMX
MexaHi3miB bopMyBaHHs 60onboBoro cuHapomy npu PA,
30kpemMa poni 3ananeHHs, [NM-onocepenkoBaHoi HoOUU-
Lenuii Ta LeHTpanbHOI ceHcUTU3aLii;

2) HasiBHICTb eKCnepuMeHTanbHUX abo  KNiHIYHUX
JaHnx Wwoao mexaHiamiB aHanbretudHoi gii KET, HIM Ta
iHwmx HIM33, a Takox ix npodinto 6e3nekn npu cuctem-
HOMY 3aCTOCYBaHHi;

3) BiONOBIAHICTE AOCNiMKeHb MpUHUMNaM [OoKas3o-
BOI MEOMUMHW, BKIIOYHO 3 eKcrepuMeHTanbHUMU
in vivo/in vitro mogenamu, cuctemMaTUYHUMKU ornsigamun
Ta MeTaaHanizamu;

4) HasBHICTb eKkcnepumeHTanbHux abo ornagoBuX
naHux wopo GionoriyHnx edektiB BKB3, 3okpema
koHauuioHoBaHoro cepeposuwa MCK (KC-MCK) Tta Tka-
HUHHNX KPIOEKCTPAaKTIB, i3 aKLEeHTOM Ha iX npoTusananb-
Hi, iIMyHOMOAYMIOOYi, LMUTONPOTEKTOPHI Ta MNOTEHLiNHO
aHanbreTUYHi BNacTUBOCTI;

5) ny6nikauii, ony6nikoBaHi nepeBaxHO YMNPOAOBX
ocTaHHix 10 pokiB, i3 npioputetom Ans pobiT nicns
2020 poky.

EkcnepuMeHTAaAbHE AOCAIAXEHHS

Y [pocnigXeHHi 3acTocoByBanu KpioeKCTpakT nna-
ueHtn (KEM) Tta KC-MCK. KoxeH i3 npenapartiB
OTpMMyBanM 3a CTaHgapTM30BaHUMK GioTexHonoriy-
HAMM NPOTOKONamMu 3 AOTPUMAaHHAM BUMMOT acenTuKu,
Giobe3nekn Ta Kpio3GepexeHHs!, Lo rapaHTyBano 36e-
pexeHHs1 6ionoriyHoi akTUBHOCTI HU3bKOMOMNEKYNSPHUX
nenTuaiB, UUTOKIHIB, haKTOpiB POCTY Ta iHLWMX YHK-
LioHanbHO 3HaYYyLLMX KOMMOHEHTIB.

KpioekcTpakT nAQueHTH

Onsa otpumanHa KEI BukopuctoByBanu nnaueHTap-
HUI MaTepian Bi4 300POBUX LOHOPIB NiCNs KecapeBoro
po3TuHy. [loHOopChKMIA BiAGip NpoBOAWMMM 3a NpaBuiamu,
NPUAHATAMKM B cnyx6i KpoBi, i3 peTenbHMM 360pom
aHaMHesy, KniHiYHUM obCcTexeHHsiM i nabopaTopHUm
CKpuHiHrom [22]. MnaueHTn nignsranu o60B’sA3K0BOMY
TectyBaHHiO Ha TORCH-iHdekuil, cudinic, HIV-1/2,
renatutn A, B, C, uutomeranosipyc Ta iHWi 36ygHWKN.
[o noganbwoi obpobku ponyckanu nuwe wmatepian
i3 HEeraTMBHMMM pe3ynsTaTamiu.

MonepeaHio MiaroToBKy 3AilicHIOBany LWwnsixom 6a-
ratopasoBoro npomuBaHHA 0,9% posunHom NaCl ana

therapy, placental extract, tissue extract, anti-inflammatory
effect, cytoprotection.

At the second stage, abstracts of the selected
publications were analyzed, followed by exclusion of
studies that did not correspond to the research topic, had
an exclusively descriptive or review character without
experimental or clinical justification, did not contain data
on pain syndrome or mechanisms of NSAID action,
or were not related to the use of biological or cell-free
approaches in the context of inflammatory and auto-
immune diseases.

At the third stage, a full-text analysis of the selected
sources was performed with an assessment of metho-
dological quality, adequacy of experimental models,
relevance of the obtained results to the stated objectives,
and the possibility of extrapolating the data to conditions
of experimental adjuvant arthritis.

Criteria for inclusion of publications in the content
analysis sample:

1) availability of up-to-date data on pathogenetic
mechanisms of pain syndrome formation in RA, in parti-
cular the role of inflammation, PG-mediated nociception,
and central sensititization;

2) availability of experimental or clinical data on
the mechanisms of analgesic action of KET, NIM, and
other NSAIDs, as well as their safety profile in sys-
temic use;

3) compliance of studies with the principles of
evidence-based medicine, including experimental
in vivo/in vitro models, systematic reviews, and meta-
analyses;

4)availability of experimental or review data on the
biological effects of CFCPBAs, in particular MSC
conditioned medium (MSC-CM) and tissue cryoextracts,
with an emphasis on their anti-inflammatory, immuno-
modulatory, cytoprotective, and potentially analgesic
properties;

5) publications published predominantly within the
last 10 years, with priority given to studies after 2020.

Experimental study
The study used placental cryoextract (PCE) and
MSC-CM. Each of the agents was obtained using stan-
dardized biotechnological protocols in compliance with
asepsis, biosafety, and cryopreservation requirements,
which ensured preservation of the biological activity
of low-molecular-weight peptides, cytokines, growth

factors, and other functionally significant components.

Placental cryoexiract

To obtain PCE, placental material from healthy
donors after cesarean section was used. Donor selection
was carried out according to the rules adopted in blood
services, with careful medical history collection, clinical
examination, and laboratory screening [22]. Placentas
were subject to mandatory testing for TORCH infec-
tions, syphilis, HIV-1/2, hepatitis A, B, and C, cyto-
megalovirus, and other pathogens. Only material with
negative test results was allowed for further processing.

Preliminary preparation was performed by repeated
washing with 0.9% NaCl solution to remove residual
blood, followed by mechanical fragmentation of the
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BMAANEHHA 3anuwikiB KpoBi, 3 noganblUMM MeXaHiy-
HUM NOAPIGHEHHSIM TKAHWMHW Ta BiJOKPEMIEHHSAM aMHio-
TUYHOI 0bonoHkN. PparmeHTn iHkybyBanm y 0,2 n 0,9%
po3umHy KCI i3 gogaBaHHAM 250 Mr kaHamiuuHy Ta
4 mn gumetunncynbdokenay (OMCO) sk aHTUMikpobHOro
3acoby 11 kpionpoTtekTopa [22, 23].

[ns nigBWLLEHHS YUCTOTU TKAHWHY MOBTOPHO MpPO-
muBanu y 0,5 n disionoriyuHoro posunHy (5—6 umkniB).
MoppibHeHy TkaHWHY BUTPMMYBanu Yy CHiBBIOHOLIEHHI
1:2 3 (pisionoriyHUM po3dnMHOM npoTaArom 24  rog
npu +4°C Ona ekcrtparyBaHHA BOAOPO3YMHHUX KOM-

tissue and separation of the amniotic membrane.
The fragments were incubated in 0.2 L of 0.9% KCI
solution with the addition of 250 mg kanamycin and 4 mL
dimethyl sulfoxide (DMSO) as an antimicrobial agent
and cryoprotectant [22, 23].

To increase purity, the tissue was repeatedly washed
in 0.5 L of physiological saline (5-6 cycles). The minced
tissue was maintained at a ratio of 1:2 with physiolo-
gical saline for 24 h at +4°C to extract water-soluble
components (Fig. 1).

T
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Danor placentas from women after
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Cantrifugation of the mixture at Filtration through membranes Storage in higuid nirogen
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Puc. 1. TexHonoriyHun npouec oaepxaHHs KEI [24]
Fig. 1. Technological process of obtaining PCE [24]

Micna iHkyGauii cycneHsilo ueHTpudpyrysanm npwu
4000 o06./xB npotarom 15-20 xB. Hapgocap oinstpy-
Banu 4yepes memb6panu 3 nopamun 0,22 mkm, wo 3abes-
nedysano crepwvnisadito 6e3 tepmiyHoro Bnnuey. OTpu-
MaHy pignHy dacysanu y cknsaHi amnynm ob’emom 1,8 mn
ANS NoAAnbLIOro KMNiHIYHOrO BUKOPUCTaHHSA (amB. puc. 1).

KiHueBui npogykT 36epiranun y kpiobaHkax y pigkomy
asoTi npu —196°C, wWwo rapaHTyBano 30epexeHHs CTPyK-
TYPHOI UinicHOCTi Ta 6ionoriyHOi aKkTMBHOCTI OCHOBHMX
MOMEKYNSAPHUX KOMMOHEHTIB — LITOKIHIB, (DaKkTOpiB POCTY,
nenTuAiB Ta aMiHOKMCNOT [22].

CrangaptmsoBaHuii 3a Bmictom 6inka KEIM (1,5 mr
6inka Ha 1 M) BBOAUNN LLlypam BHYTPILLHLOM A30BO (B/M)
y Aosi 2,5 mn/kr macu Tina [25].

After incubation, the suspension was centrifuged
at 4000 rpm for 15-20 min. The supernatant was filtered
through membranes with 0.22 ym pores, which ensured
sterilization without thermal exposure. The resulting
liquid was dispensed into glass ampoules with a volume
of 1.8 mL for further clinical use (see Fig. 1).

The final product was stored in cryobanks in liquid
nitrogen at —196°C, which guaranteed preservation of
structural integrity and biological activity of the main
molecular components — cytokines, growth factors,
peptides, and amino acids [22].

PCE standardized by protein content (1.5 mg protein
per 1 mL) was administered to rats intramuscularly (i.m.)
at a dose of 2.5 mL/kg body weight [25].
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KOHAMLLIOHOBAOHE cepeAoBULLLE

Me3eHXiMAAbHUX CTOBGYPOBUX KAITUH

KC-MCK opepxyBanu nig 4Yac KynbTUBYBaHHS Myno-
BUHHMX MCK y rasosomy iHkyGatopi (37°C, 5% CO,)
y GescuposatkoBomy cepeposuii DMEM/F12 (Dulbe-
cco’'s Modified Eagle Medium/Nutrient Mixture F-12).
36ip npooavnu nicns 3-ro nacaxy Ha cragii ctauioHap-
HOro pOCTY, SKYy OLUiHIOBanM 3a (OPMYyBaHHSAM KOH-
nIoeHTHOro Wwapy KniTMH nig iHBepTOBaHMM  MiKpO-
ckornom. KC-MCK ouvwanu metogom ynerpadinbsrpadii
(Vivaflow-200, Sartorius; memb6paHn Millipore, Himeu-
YnHa), nicns Yoro NopuinHO 3amopoxyBanu Ta 36epiranu
npu —20°C [26, 27].

Mpenapat KC-MCK, ctaHgapTu3oBaHUin 3a BMICTOM
ranektuHy-1 (6,0 nr/mn) BBOgUNM wWypam B/M y [03i
0,6 mn/kr macu Tina [28, 29].

MoaeAb AyTOIMYHHOTO ApTPUTY Y LLLYpiB

Ons mopentoBaHHA afg’toBaHTHoro aptputy (AA)
y LypiB 3acTtocoByBanu MOBHWMA ag'toBaHT ®PperiHaa
(NA®; Thermo Fisher Scientific, CLUA) [30]. IH’ekuito
BMKOHYBanu y cybnnaHTtapHy AinsiHKy 3aHbOi NiBOT KiH-
uiskn, mix Il i 1l nanbuamu, wo 3abesnedye nokaniso-
BaHy 3ananbHy BIiOANOBiAb | € 3aranbHONPUAHATAM
nigxogom y mogeni AA [31, 32].

CnocTepexeHHs1 OpraHizoByBanv BignoBigHO 0o
Knacudikauii ¢as nporpecyBaHHS NaTonoriYHoro npo-
uecy y rpusyHis [33].

1. PeaktuBHa dasa (go 10-15 gib):

— novaTkoBa roctpa nigdasa (0-8 rog): 4depes
1,5-2 rog nicns BeBefeHHsa MA® Bigmivanu rinepemito,
nokaneHWi Habpsk, eputemMy Ta NiABWULLEHHS Temne-
paTtypu TKaHWH Yy 30Hi iH'eKUil; Big3Hayanu poO3BUTOK
rinepanresii [34-36];

— cybroctpa nigdasa (1-6 Aib): xapakTepHi 03HaKu
CUCTEMHOI BIAMOBiAi (NiABWLLEHHS TemnepaTypu Tina,
nevkounTos i3 HeWTPOdinbHUM 3CYBOM, 3pOCTaHHS
LLIOE) Ta iHTOKCWUKAUiNHWIA CUHOPOM (MMSIBiCTb, 3HU-
XKEHHs1 aneTuTy, rinoamHamis) [37, 38];

— nepexigHa nigdasa (7—-14 pi6): Big3Havanu reHe-
pani3auilo npouecy 3 3anyyeHHsIM KOHTpanareparnb-
HUX KiHLIBOK i npokcumanbHux cyrnobis, nowmpeHHs
rinepanresii Ta 36inbLweHHst 06’emy cyrnobis [39].

2. Toctpa chasa (15-30 gni6) — peectpyBanu npo-
rpecyloumin  Habpsk ypaxeHux cyrnobiB, BUpaxeHy
rinepemito, rokanbHe nNiABULLEHHS TemnepaTtypu Ta
06MexXeHHs akTUBHUX | nacmBHMX pyxis [40].

[DeHb BBegeHHs [TAD BBaxanu no4aTKOM ekcrne-
pumeHTy («O» geHb). NikyBaHHa AA nposogunu 3 14
no 28 poby. HocnigxysaHi BKB3 Tta HM33 BBOAgMNHM
yepe3 KOXHi 2 gobu (ycboro 5 iH'ekuin) B/M Ta B/wn
BignosigHo. HIM T1a KET BBOAMAM Yy BUrMsdi BOAHO-
nonicopbatHoi cycneHsii Ha Tween-80 [41].

HocnigxeHHa npoBegeHO Ha 42  wypax-camusax
(200-220 r), paHgomisoBaHMx Ha 6 rpyn (tabn. 1) no
7 TBapwH 3a iHOuWBiOyanbHOW 6GOMBLOBOK YYTNUBICTIO,
BW3HA4YEHO NonepeaHbO 3a Ail TepMiYHOro nogpasHuka.

[Ona BU3HA4YeHHSA aHanbreTUYHO! aKTMBHOCTI 3acTo-
COByBanu CTaH4ApTU30BaHi Ta 3aranbHOMPUIHATI Me-
TOOW OUiHKM GOMbOBOI YYTNUBOCTI, WO PPYHTYHOTbCSH
Ha peecTpauii noBefiHKoBUX Ta (i3ioNOoriYHNX peakLuin
TBapWH Ha pi3Hi BUAW ctumynadii. BukopuctaHHa Tep-
MiYHMX Ta MEXaHiYHUX NoApas3HeHb A€ 3MOry He nuile
KinbkicHO ouiHnTK nopir 6onbosoi 4ytnueocTi (MBY)
abo narteHTHWI nepiog 6onbosoi peakuii (JINMBP), ane
N BUABUTM XapakTep 3MiH CEHCOPHUX MexaHi3miB

Conditioned medium

of mesenchymal stem cells
MSC-CM was obtained during cultivation of umbilical
cord MSCs in a gas incubator (37 °C, 5% CO,) in
serum-free DMEM/F12 medium (Dulbecco’s Modified
Eagle Medium/Nutrient Mixture F-12). Collection was
performed after the 3rd passage at the stationary
growth stage, which was assessed by the formation of
a confluent cell layer under an inverted microscope.
MSC-CM was purified by ultrafiltration (Vivaflow-200,
Sartorius; Millipore membranes, Germany), after which

it was aliquoted, frozen, and stored at —20°C [26, 27].
MSC-CMstandardizedbygalectin-1content(6.0pg/mL)
was administered to rats i.m. at a dose of 0.6 mL/kg

body weight [28, 29].

Model of autoimmune arthritis in rats

To model adjuvant arthritis (AA) in rats, complete
Freund’s adjuvant (CFA; Thermo Fisher Scientific, USA)
was used [30]. The injection was performed into the
subplantar region of the left hind limb, between the II
and 1l toes, which provides a localized inflammatory
response and is a generally accepted approach in the
AA model [31, 32].

Observations were organized in accordance with
the classification of phases of pathological process
progression in rodents [33].

1. Reactive phase (up to 10-15 days):

— initial acute subphase (0-8 h): 1.5-2 h after CFA
administration, hyperemia, local edema, erythema,
and increased tissue temperature at the injection site
were noted; the development of hyperalgesia was
observed [34-36];

— subacute subphase (1-6 days): characteristic signs
of a systemic response (increased body temperature,
leukocytosis with a neutrophilic shift, increased ESR)
and intoxication syndrome (lethargy, decreased appetite,
hypodynamia) [37, 38];

— transitional subphase (7—14 days): generalization
of the process with involvement of contralateral limbs
and proximal joints, spread of hyperalgesia, and increa-
sed joint volume were observed [39].

2. Acute phase (15-30 days) — progressive swelling
of affected joints, pronounced hyperemia, local tem-
perature increase, and limitation of active and passive
movements were recorded [40].

The day of CFA administration was considered the
beginning of the experiment («day 0»). AA treatment
was carried out from day 14 to day 28. The studied
CFCPBAs and NSAIDs were administered every 2 days
(a total of 5 injections) i.m. and intragastrically, respec-
tively. NIM and KET were administered as an aqueous
polysorbate suspension in Tween-80 [41].

The study was conducted on 42 male rats (200—220 g),
randomized into 6 groups (Table 1) with 7 animals
each according to individual pain sensitivity, previously
determined by exposure to a thermal stimulus.

To determine analgesic activity, standardized and
widely accepted methods for assessing pain sensitivity
were used, based on recording behavioral and physio-
logical responses of animals to various types of stimu-
lation. The use of thermal and mechanical stimuli makes
it possible not only to quantitatively assess the pain
sensitivity threshold (PST) or the latency period of the
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y OvHaMiui ekcnepumeHTy. Takui KOMMMeKCHWW niaxig
3Ha4yHO NiaBULLYE 06’ EKTUBHICTE OTPUMAaHUX pe3ynbraTiB
Ta CTBOPIHOE MOXMNUBICTb [JOCTOBIPHOIO MOPIBHSAHHSA
3Hebon4YMX edekTiB.

pain response (LPPR), but also to identify the nature
of changes in sensory mechanisms over the course
of the experiment. Such a comprehensive approach
significantly increases the objectivity of the obtained
results and creates the possibility for reliable comparison
of analgesic effects.

Tabnuus 1. Po3noain ekcnepumeHTanbHMX TBApyH 3a rpynamMu Ta yMoBaMu MOAenNtoBaHHS i nikyBaHHs AA (N=42)
Table 1. Distribution of experimental animals by groups and conditions of AA modeling and treatment (N=42)

Ipyna/Group | n

YmoBu ekcnepumeHTy / Experimental conditions

y gosi 1,0 mn/kr macu Tina wypa [42] /

iHTaKTHI Wypw, skum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy B/M BBogmnm 0,9% posuuH NaCl

intact rats that received intramuscular (i.m.) injections of 0.9% NaCl solution at a dose of 1.0 mL/kg body
weight on days 14, 17, 20, 23, and 26 of the experiment [42];

Lwypw 3i 3mogensoBaHnM AA 6e3 nikyBaHHsi (KOHTponbHa rpyna), sikum Ha 14, 17, 20, 23 1a 26 gHi
ekcnepumeHTy B/M BBoamnn 0,9% posunH NaCl y gosi 1,0 mn/kr [42] /

rats with induced AA without treatment (control group) that received i.m. injections of 0.9% NaCl solution
at a dose of 1.0 mL/kg on days 14, 17, 20, 23, and 26 of the experiment [42];

" . y 8osi 10,0 mr/kr [43] /

Lwypw 3i 3mogenboBaHuM AA, skum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy B/wn Beogunu HIM

rats with induced AA that received intragastric (i.g.) administration of NIM at a dose of 10.0 mg/kg
on days 14, 17, 20, 23, and 26 of the experiment [43];

at a dose of 10.0 mg/kg [43];

Lwypw 3i 3mogenboBaHumM AA, skum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy HapisHo Beogunu: KEI B/m
y Ao3si 2,5 mn/kr [25] Ta yepe3 60 xB — B/wwn BBogunu HIM y gosi 10,0 mr/kr [43] /

rats with induced AA that received separate administrations on days 14, 17, 20, 23, and 26 of the
experiment: PCE i.m. at a dose of 2.5 mL/kg [25] and, after 60 min, i.g. administration of NIM

y 0o3i 5,6 mr/kr [44] /

and 26 of the experiment [44];

Lwypw 3i amogensoBaHuM AA, skum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy B/win Beogunu KET

rats with induced AA that received i.g. administration of KET at a dose of 5.6 mg/kg on days 14, 17, 20, 23,

\ 7

Lypu 3i amogensoBaHum AA, sakum Ha 14, 17, 20, 23 Ta 26 gHi ekcnepumeHTy B/M BBogunm KC-MCK
y Ao3si 0,6 mn/kr [29] Ta yepe3 60 xB — B/wn BBoaunu KET y gosi 5,6 mr/kr [44] /

rats with induced AA that received i.m. administration of MSC-CM at a dose of 0.6 mL/kg [29] and, after
60 min, i.g. administration of KET at a dose of 5.6 mg/kg [44] on days 14, 17, 20, 23, and 26 of the experiment

TepMiyHEe NOAPA3HEHHS

Mepen posnoginom TBapvH Ha rpynu nNpoBOAUNU
iX paHgomisauilo 3a iHOMBIgyanbHOK OO0MNbOBOK YyT-
NMBICTIO, £IKy OLUiHIOBanNM MeETOAOM TennoBoi imMepcil
xBocrTa (tail immersion test), 3aHyptotoun noro Ha 3 cm
y Boaly 3 Temnepatypoto 52,0+0,2°C, aky nigTpymyBanu
Ha BogsHi GaHi [45, 46]. Tect 6a3yeTbcst Ha chiHanb-
HOMy donekcopHoMy pedonekci (BiACMUKyBaHHSA XBOCTa)
y BignoBigb Ha TepMiyHe nogpasHeHHs. IHTEeHCUBHICTb
6onboBoro Bio4yTTst BusHadvanu 3a JIMBP y cekyHpax.
Ons nopanblwimnx gocnigXeHb Biabvpanu TBapuwH, y SKMX
JINBP nepebysas y aiana3oHi Big 7 4o 12 ¢ Bko4HoO [21].

MeXxaHi4YHe NoOAPA3HEHHS

Mopir 6onboBoi 4yytnueocTi (MBY) Bu3Havanu 3a
Jornomoro TeHsoanrosumeTpa (puc. 2) «Paw Pressure
Analgesia Meter DAQ 37215» (Ugo Basile, Itanis).
MokasHMK peecTpyBanM $K MakcumanbHUi Tuck (r)
Ha pop3anbHy MOBEPXHI 3aAHbOI KiHUIBKW Npu Hapoc-
TaHHi cunn 39,2 r/c, WO cnpuyunHAe pednekTopHe
BiACMUKYBaHHA nanmu. [paHWyHe 3HavyeHHs npunagy
ctaHoBurno 375 r (25 cm). [Ana KOXHOI TBAPUHU BUKOHY-
BanM TPV BUMIPIOBAHHS 3 MNOAANbLIMM PO3PaXYHKOM
CepeaHboro 3HadeHHs [46].

Thermal stimulation

Before assigning animals to groups, they were
randomized according to individual pain sensitivity,
which was assessed using the tail immersion test
by immersing the tail 3 cm into water at a temperature
of 52.0£0.2°C, maintained in a water bath [45, 46].
The testis based on the spinal flexor reflex (tail withdrawal)
in response to thermal stimulation. The intensity of pain
sensation was determined by the LPPR in seconds.
Animals with an LPPR within the range of 7 to 12 s
inclusive were selected for further studies [21].

Mechanical stimulation
The pain sensitivity threshold (PST) was determined
using a tensioanalgesimeter (Fig. 2) «Paw Pressure
Analgesia Meter DAQ 37215» (Ugo Basile, Italy). The pa-
rameter was recorded as the maximum pressure (g)
applied to the dorsal surface of the hind limb with an in-
creasing force of 39.2 g/s that induced a reflex paw
withdrawal. The cutoff value of the device was 375 g
(25 cm). Three measurements were performed for each

animal, followed by calculation of the mean value [46].
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Puc. 2. [locnipxeHHsi nopory 60Mb0oBOi YyTNMBOCTI 32 AONMOMOIOK MeXaHi4HOro TeH3oanro3umMeTpa [24]
Fig. 2. Assessment of the pain sensitivity threshold using a mechanical tensioanalgesimeter [24]

MeToAM CTATUCTUYHOI 06POBKM

CTaTMCTUYHMIA aHani3 OTPMMaHWX pesynbraTiB npo-
BOOWMM i3  3aCTOCyBaHHAM MpOrpamMHOro  naketa
«Microsoft Office Excel 2010», wo 3abe3snevysarno nep-
BMHHY 0OpOOKYy [aHuX, pO3paxyHOK OCHOBHUX napa-
MeTpiB BapiauiiHoi cTatnucTukm Ta nobynosy rpadikis
ana  Bisyanisauii pesynesrtaTtiB. XapakTep posnoginy
BMOipokK ouiHtoBanu 3a gonomoroto W-kputepito Lanipo—
Yinka (Shapiro—Wilk test, n<50), sk BBaxxaeTbCA Han-
Ginbl YyTNMBUM ONS HEBENWKMX BUOIpOK Ta [03BOnsie
BM3Ha4YaTWU BIiANOBIOHICTE EMMIPUYHUX daHMX 3aKOHY
HopmanbHoro po3noginy. OgHopigHiCTb aucnepcin nepe-
Bipsinu 3a kputepiem JleBeHa (Levene’s test).

Y pasi nigTBepaXeHHs HOpManbHOCTI po3noginy
BiOMIHHOCTI MiXX He3anexHummu Bubipkamu BU3HaYanu
3a gonomoroto t-kputepito CTblogeHTa, KU gae 3Mory
OUIHWTU cepefHi 3HadYeHHA Ta iX BiOMIHHOCTI 3 ypaxy-
BaHHAM CTaHAapTHOI noxmbku. [ns aHanisy NoBTOPHMX
BMMIiptOBaHb yCepeauHi OfHIEl rpynu BUKOPUCTOBYBanu
T-kpuTepin BinkokcoHa (Wilcoxon T test), sikuii € meTo-
OOM AN napHUX HenapaMmeTpudHWX AaHux i Bigobpa-
Xae AUHaMiKy 3MiH NMOKa3HUKIB y Yaci.

PiBeHb cTaTMCTUYHOT BipOrigHOCTI pesynbTaTiB BU3HA-
yanu 3a 3aranbHOMNPUAHATMMW 3Ha4YeHHaMmK: p<0,05
(TeHaeHuia oo 3Hauvywiocti), p<0,01 (cTaTUCTUYHO 3Ha-
yyule), p<0,005 (Bncokwuii piBeHb 3HavyLLocTi) Ta p<0,001
(Hag3BUYaHO BMCOKMI piBEHb OOCTOBIpHOCTI). Pesyrnb-
Tatu 3 HOpManbHUM pPO3MOAINIOM HaBOAWMMM Y BUMMALi
Mtzm (cepemHe 3HayeHHss * cTaHgapTHa noxubka
cepenHboro; M+SE) i3 3asHayeHHaM 95% [posipyoro
iHTepsany (O) [47, 48].

PE3YABTATU

AHania nitepatypHux mxepen [49-61] nokasas,
wo KET peanidye cBOK aHanbreTuyHy Ao LUAsSXOM
npurHiveHHa cuHtesy [ yepes iHribyBaHHs LIOIM-ono-
cepeaKkoBaHoro unsxy. Moro dapmakonoridHmii  npo-
dinb xapakTepuayeTbesa KniHiYHO 3Havywmum LIOM-1, wo
Npu3BoAMTL A0 3HWKEHHS YTBOPEHHS $K nposananb-
Hux I, Tak i TpombokcaHy A,. 3MEHLIEHHS KOHLeHTpauii
MrE, sHwxye nepudepnyHy HOLMULIENTUBHY CEHCUTU3A-

Statistical analysis methods

Statistical analysis of the obtained results was
performed using the software package Microsoft Office
Excel 2010, 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 consi-
dered 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 normality of distribution was con-
firmed, differences between independent samples were
determined using Student’s t test, which allows evalua-
tion 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 nonpara-
metric data and reflects the dynamics of changes in
indicators over time.

The level of statistical significance of the results
was determined according to generally accepted values:
p<0.05 (trend toward significance), p<0.01 (statistically
significant), p<0.005 (high level of significance), and
p<0.001 (extremely high level of reliability). Results
with a normal distribution are presented as M+m (mean *
standard error of the mean; M+SE) with indication of
the 95% confidence interval (ClI) [47, 48].

RESULTS

Analysis of literature sources [49-61] showed that
KET exerts its analgesic effect by suppressing prost-
aglandin (PG) synthesis through inhibition of the cyclo-
oxygenase (COX)-mediated pathway. Its pharmacolo-
gical profile is characterized by clinically significant
COX-1 inhibition, which leads to a reduction in the forma-
tion of both proinflammatory PGs and thromboxane A,.
Decreased PGE, concentrations reduce peripheral
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uito, Wwo 3abe3nevye BUPAXKEHUIN aHANbreTUYHUN edekT,
0co6nMBo Npu rocTpux 6onLoBUX cuHApomax (Tabn. 2).

nociceptive sensitization, providing a pronounced analge-
sic effect, especially in acute pain syndromes (Table 2).

Ta6nuus 2. MNMopisHsiHHA KET Ta HIM npu peBMaTtoigHOMy apTpuTi: MONEKYnsipHi MilleHi, aHanbresisi, KniHivHi Hacnigku
Table 2. Comparison of KET and NIM in Rheumatoid Arthritis: Molecular Targets, Analgesia, and Clinical Outcomes

KpuTepii ouiHku / Evaluation criterion

KeToponak / Ketorolac

Himecynig (HIM) / Nimesulide (NIM)

TepaneBTUYHE 3HAYEHHS!
npu peBmatoigHomy apTpuTi (PA)

(KET) Therapeutic relevance
in rheumatoid arthritis (RA)
1 2 3) 4

MepBUHHa MonekynsipHa MilleHb,
sika Aae 3HeboneHHs /

Primary molecular target providing
analgesia

KET 3abe3neuye 3HeGONEHHS Yepe3
npurHideHHs cuntesy Ml wnsaxom
iHridyBaHHa LIOI™ wnsxis, WO 3MeHLLye
nepudepuyHy Ta LeHTparnbHy
ceHcuTUusauio 6onto [49].

KET provides analgesia through inhibition
of PG synthesis via suppression of COX
pathways, which reduces peripheral

and central pain sensitization [49].

HIM 3a6e3neyye 3HeGoneHHs Yepe3
nepeBaxHe iHridyBaHHs LIOl-2,

LLIO 3HWKYeE cHTE3 M7 y BOTHULLI 3ananeHHs
i BNN“Bae Ha 3ananbHW KOMMOHEHT
6onto [50].

NIM provides analgesia through
preferential inhibition of COX-2, which
reduces PG synthesis at the site of
inflammation and affects the inflammatory
component of pain [50].

Mpu PA 6inb 3Ha4Ho Mipoto €
«3ananbHUM», TOMY iHriByBaHHA
LIOT-Lunsaxy € noriYHnM CMMNTOMaTUYHUM
nigxooMm, ane BOHO He 3aMiHioe 6a3ncHy
npoTupeBmaTuyHy Tepanito [4]. /

In RA, pain is largely inflammatory;
therefore, inhibition of the COX pathway
is a logical symptomatic approach,

but it does not replace disease-modifying
antirheumatic therapy [4].

CenekTUBHICTb [0 UMKIOOKCUreHasm 2
NpOTU UMKIOOKcUreHasm 1
SIK «MOMEKYINAPHUI aKLEHT»

Selectivity toward cyclooxygenase-2
versus cyclooxygenase-1
as a «molecular emphasis»

[Ona KET xapakTepHa kniHiYHO 3HavyLia
iHriGiyis LLOr-1, wo nos’sizaHo 3 6inbLu
BUPaXXEHWUM BMIIMBOM Ha LLITYHKOBO-
KMLLKOBY TOKCUYHICTb i remocTas

npyu CUCTEMHOMY 3acTocyBaHHi [51].

KET is characterized by clinically
significant COX-1 inhibition, which is
associated with a more pronounced
impact on gastrointestinal toxicity

and hemostasis during systemic use [51].

[Ans HIM TunoBo «nepeBaxHe»
iHribyBaHHs LIOI-2 (a He abcontoTHa
CENEKTUBHICTb), L0 TEOPETUYHO MOXe
3meHLyBaTu Aesiki LIOIM-1-onocepeakosaHi
HebaxaHi edpekTu, ane He ycysae
cucTeMHi pusnkm [54]. /

NIM is characterized by «preferential»
(rather than absolute) COX-2 inhibition,
which may theoretically reduce some
COX-1-mediated adverse effects,

but does not eliminate systemic risks [54].

Mpw PA ue Bnnueae Ha BUbGip
CYMMTOMATUYHOrO Npenapary y naujieHTiB
3 BUCOKMM PU3MKOM YCKMaHEHb,

are ocTaTouHe PillleHHs! BU3HA4aETbCst
KOMOPBIAHICTIO (LUNYHKOBO-KULLKOBI
KPOBOTEYi, HUPKOBA HEAOCTATHICTb,
cepLeBO-CyANHHWIA pu3mK) [55].

In RA, this affects the choice of
symptomatic drug in patients at high risk
of complications, but the final decision is
determined by comorbidity (gastrointestinal
bleeding, renal failure, cardiovascular
risk) [55].

«[MOTYXHICTb» aHanbresii Ak KniHiYHUR
deHoTUN MexaHiamy

«Potency» of analgesia as a clinical
phenotype of the mechanism

KET poarnsgatote sik cunbhuii HMN33 ansa
roctporo 6onto, 3 npodinem, sikuit 4acto
BUKOPUCTOBYETbCS sl iHTEHCUBHOTO
nicnsionepaduiiHoro 6onto [57].

KET is regarded as a strong NSAID
for acute pain, with a profile often used
for intensive postoperative pain
management [57].

HIM HaityacTiwe noauuireTbes

sIk npenapar Ans roctporo 6onto

3 NpoTM3anarnbHO CKIafoBolo

Ta WBUAKUM NoYaTKoM Aii, ane noro
3acCTOCyBaHHs! CyTTEBO OBMEXYETLCS
NeYiHKOBUMU pU3nKaMu y YacTuHi KpaiH
Ta perynsTopHux niaxopais [56].

NIM is most often positioned as a drug
for acute pain with an anti-inflammatory
component and rapid onset of action,
but its use is significantly limited by
hepatic risks in some countries

and regulatory approaches [56].

[nsa PA BaxnuBo, wo obuasa npenapatu
€ CUMMTOMATUYHUMMU: BOHU MOXYTb
3HWKyBaTK Ginb, ane He MOAUMIKYIOTb
nepebir 3axBoptoBaHHs, ToMy BUGIp
pobuTbCs 3a GanaHcoM «KOpUCTb Ans
60orto» NPOTU «PUMK YCKIaAHEHbY

Y KOHKpeTHoro navjeHTa [58].

For RA, it is important that both drugs

are symptomatic: they may reduce pain
but do not modify disease progression;
therefore, the choice is based on the
balance between «pain benefit» and «risk of
complications» in a particular patient [58].

ExaHTiomep-cneumndivHicTb
Ta 3B’A30K «MorneKyna — aHanbresis»

Enantiomer specificity and
the «molecule — analgesia» relationship

Ons KET onucaHo, Lo aHanbresis
nepeBaXHO MoB’si3aHa 3 eHaHTioMep-
cneundiYHMK BNacTUBOCTAMMU i Pi3HUMU
dapmMakokiHeTUYHUMM NpocinsgMu
€eHaHTIOMepiB, L0 BaXnNu1BO ANs
iHTepnpeTauii 4o3u Ta ekcrnosuuii [49].

For KET, analgesia is described as being
predominantly associated with
enantiomer-specific properties and
different pharmacokinetic profiles of
enantiomers, which is important for
interpretation of dose and exposure [49].

Ansa HIM y BigkpuTux mxepenax
yacTile o6roBopioOTb HE EHaHTIOMeEp-
cneundiyHicTb, a dapMakoKiHETUYHI
0BMEXEeHHSI PO3YMHHOCTI Ta niaxoan
A0 niaBULLEeHHs GiogocTynHOCTi

AK chakTopu KniHivHoro edekTy [53].

For NIM, open sources more often
discuss not enantiomer specificity,

but pharmacokinetic limitations of
solubility and approaches to increasing
bioavailability as factors of clinical
effect [53].

Mpu PA ue o3Hayae, Lo «aHanbreTuyHa
aKTUBHICTbY Yy pearnbHOMy naijieHTa

€ CyMOI0: MonekynsipHoi Aii + gocsrHyTol
ekcnoauuii + cynyTHix nikis (oco6nmeo
6a3ncHNX NpoTUPEeBMaTUYHUX 3acobiB) [4].

In RA, this means that «analgesic activity»
in a real patient is the sum of molecular
action + achieved exposure + concomitant
medications (especially disease-modifying
antirheumatic drugs) [4].

LleHTpanbHi Ta nepudepnyHi KOMMNOHEHTN
6onto Npu peBMaToigHOMY apTpuTi

i iX YyTNMBICTb [0 HECTEPOIAHUX
npoTu3ananbHux 3acobis

Central and peripheral pain components
in rheumatoid arthritis and their sensitivity
to NSAIDs

KET, sik cuctemHuit iHribitop Mr-kackapy,
BNNMBAE Ha nepudepnyHy HouumuenL;io

i 4aCTKOBO Ha LieHTpanbHy CeHcUTK3aLlilo
Yepes 3MeHLUEeHHS npocTarnaHanH-
onocepeakoBaHWx curHanis [51].

KET, as a systemic inhibitor of the PG
cascade, affects peripheral nociception
and partially central sensitization through
reduction of prostaglandin-mediated
signaling [51].

HIM, yepes nepeBaxHe iHribysaHHs LIOI'-2,
30e6inbLIoro «npautoe» Ha 3anansHOMy
KOMMOHEeHTI 6onto, ane He € cneuundivyHnm
3acobom Ans HemponaTuyHoro

abo ueHTpanisoBaHoro Gonio [52].

NIM, through preferential COX-2
inhibition, mainly acts on the inflammatory
component of pain, but is not a specific
agent for neuropathic or centralized

pain [52].

Mpwu PA yacTtvHa 6onto moxe 36epiratucst
HaBiTb NPU KOHTPONi 3ananeHHs
(ueHTpanbHa ceHcuTU3auis,

CYMYTHi NCUXOEMOLiHi dhakTopu),

Tomy HIM33 He 3aBxau 3abeanedyioTb
NoBHY aHanbresito [4].

In RA, part of the pain may persist even
with control of inflammation (central
sensitization, concomitant psychoemotional
factors); therefore, NSAIDs do not always
provide complete analgesia [4].

O6MexeHHs! TPUBaNoCTi 3aCTOCYBaHHS
AK «MexaHi3mM-00ymMoBneHa» KniHivyHa
pisH1USA

Limitation of duration of use as
a «mechanism-driven» clinical difference

KET y cyqacHux y3aranbHeHHsX
CUCTEMHO NO3NLLII0ETLCS SIK Npenapat
[Nt KOPOTKOYACHOrO 3aCTOCYBaHHS Yepe3
PU3MKN LLMYHKOBO-KMLLIKOBIX KPOBOTEY,
HehpPOTOKCUYHOCTi Ta kposoTed [51].

In contemporary summaries,

KET is systemically positioned as

a short-term drug due to risks of
gastrointestinal bleeding, nephrotoxicity,
and hemorrhage [51].

HIM y cyyacHux aHanisax 6eaneku
HanGinbL «0BMEXYETLCA» NEYiHKOBUM
pU3NKOM (iAeHTUIKOBaHUM CUTHANOM
renaToTOKCUYHOCTI), Lo BNNNBAE Ha
[OMYCTUMY TPMBANICTb Ta MOHITOPUHT [56].

In modern safety analyses, NIM is most
strongly limited by hepatic risk (identified
hepatotoxicity signal), which affects
allowable duration and monitoring [56].

Ans PA, sikuin € XpoHiuHUM, obuasa
niaxoam osHavaloTh: Ui npenapatu

He € ONTUManbHUMK NS [JOBrOTPMBANoro
LLIO/IEHHOTO 3aCTOCYBaHHS,

i cumnTomaTuYHy Tepaniio NoTpiGHO
6yayeaTi Ha NpUHUMNI MiHiManbHoi
edeKTMBHOI 403K Ta MiHIManbHOT
TpuBanocTi [58].

For RA, which is chronic, both approaches
mean that these drugs are not optimal

for long-term daily use, and symptomatic
therapy should be based on the principle
of the minimum effective dose

and minimum duration [58].
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MpopnoBxeHHs Tabnuui 2
Continuation of table 2

1

2

3

4

LLINyHKOBO-KULLKOBUI PU3NK SIK chakTop
«aHarnbresist NPOTU LLKOAN»

Gastrointestinal risk as a factor
of «analgesia versus harm»

[ns KET B cuctematnyHux ornspax
6e3neky HaronoLYETLCS Ha LLNYHKOBO-
KMLIKOBMX HeBGaxaHnx sBuLLax

SIK KITIOYOBI YaCTUHI NPOINo pU3mKy,
Lo 0BMexXye BUKOPUCTaHHS y BPa3nuBux
rpynax [51].

For KET, systematic safety reviews
emphasize gastrointestinal adverse
events as a key part of the risk profile,
limiting use in vulnerable groups [51].

Ans HIM LwnyHKOBO-KULLKOBI pU3MKK
3anuLaTbCsa Knac-cneumdiyHMm
Ans HM33, HaBiTb AKLWO CenekTUBHICTb A0
LIMKIOOKCUreHasu 2 € «nepeBaxHo» [52].

For NIM, gastrointestinal risks remain
class-specific for NSAIDs, even though
COX-2 selectivity is «preferential» [52].

Mpu PA nauieHTn Yacto matotb
chakTopu puanKy (BiK, rMIOKOKOPTUKOIAN,
aHTMarperaHTm), ToMy npodinaktvka
ractponarii Ta BuGip npenapaty

32 PU3VKOM € KPUTWUYHOIO CKINafoBoIo
CUMMMNTOMATUYHOTrO NikyBaHHs Gonio [4].

In RA, patients often have risk factors
(age, glucocorticoids, antiplatelet agents),
so gastroprotection and risk-based drug
selection are critical components

of symptomatic pain management [4].

HupkoBwit pusuK i 38’830k
i3 npocTarnaHauH-3anexHolo nepdysicio

Renal risk and its relationship with
prostaglandin-dependent perfusion

Ans KET cuctemHa iHribivis M moxe
36inbLUyBaTN PU3MK FOCTPOrO YPaXeHHs!
HUPOK Y KNiHIYHO BPa3NUBMX NaLieHTiB; y
nicnsionepauiiHix koroptax onucaHi
acoujiauji Mk 3ananeHHaM, MeaMkaMeHTamm
Ta roCTPUM ypaxeHHsIM HUpOK, Ae KET
hirypye sik BaXnmBuil KOHTEKCTHUIA
akTop [59].

For KET, systemic PG inhibition may
increase the risk of acute kidney injury in
clinically vulnerable patients; postoperative
cohorts describe associations between
inflammation, medications, and acute
kidney injury in which KET appears

as an important contextual factor [59].

Ans HIM HebpOoTOKCUYHICTb 3anuiiaeTbes
knac-egektom HM33; mexaHiamm
BKIKOYAIOTb NPOCTarNaHANH-3anexHy
perynsuito HUPKOBOrO KPOBOTOKY [52].

For NIM, nephrotoxicity remains a class
effect of NSAIDs; mechanisms include
prostaglandin-dependent regulation

of renal blood flow [52].

Mpu PA ue ocobnuneo Baxnueo Yepes
yacTe NoeAHaHHS 3 iHWMMK NpenapaTamu
Ta BikOBY KOMOPGIAHICTb; MOHITOPUHT
HUPKOBOT hyHKLi MOTPIGHMIA NpY CUCTEMHOMY
cuMnToMaTUYHOMy 3HeGoneHHi [55].

In RA, this is especially important due
to frequent combination with other drugs
and age-related comorbidity; monitoring
of renal function is required during
systemic symptomatic analgesia [55].

Pu3nk kpoBoTeui Ta 38’30k
i3 TpOMGOLIMTaMK K «MONEKYNSAPHUIA
Hacniaok» LMKNookcureHasm 1

Bleeding risk and platelet involvement
as a «molecular consequence»
of COX-1 inhibition

Y pocnipkeHHsX, ski aHaniayoTb
TpomBouuTapHy YHKUO Ta KNiHIYHi
Hacnigkv HMN33, KET poarnsipaetbes
SIK penapar, Lo MOoXe BNnusaTu

Ha TpomGoumMTapHy tyHKLilo Yepes
MexaHiamu, nos’sisaHi 3 LIOr-1.

In studies analyzing platelet function and
clinical consequences of NSAIDs, KET is
considered a drug that may affect platelet
function through COX-1-related mechanisms.

Ana HIM puaunkn KpoBOTEYi TAKOX MOXIINBI
SIK Knac-epeKT, oAHaK horo
bapmakonoriyHuii Nnpodink YacTile
06roBoOpIOTL Yepes neviHkoBy Gesneky
Ta perynsatopHi obmexeHHs [56].

For NIM, bleeding risks are also possible
as a class effect; however,

its pharmacological profile is more

often discussed in terms of hepatic safety
and regulatory restrictions [56].

Mpwn PA ue Ma€ 3HayYeHHs, Konu nauieHT
OTPUMYE aHTUTPOMBOTUYHI 3acobu abo mae
aHamMHe3 KpOBOTEY; TOAi CUMNTOMATUYHIA
BuGip aHanreTuka mae 6yTn ocobnveo
KOHCepBaTUBHUM [4].

In RA, this is relevant when the patient
receives antithrombotic agents or has

a history of bleeding; in such cases,
symptomatic analgesic choice should be
particularly conservative [4].

B3aemopis 3 MmeToTpekcaToM ik KpUTUYHa
«peBMaTosnoriyHa» BiAMIHHICTb Y NpaKTUL

Interaction with methotrexate as a critical
«rheumatological» difference in practice

Y BenuKnx nonynsauinHnx AaHux npu

PA noeaHaHHs HU3bKOA,030BOMO
metoTpekcaty 3 HIM33 acouitoeTbest

3 NiABULLIEHHSIM PU3NKY CEPIIO3HUX HEBaXKaHUX
noain, Lo € NPakTUYHO BAXKIUBUM NpuU
npu3HadeHHi 3HeGoneHHs [60].

In large population data in RA,

the combination of low-dose methotrexate
with NSAIDs is associated with

an increased risk of serious adverse events,
which is practically important when
prescribing analgesia [60].

Ana HIM nutanHs komBiHawii

3 MEeTOTpeKCcaToM BaxII1Be Lue 1 Tomy,
LLIO NeYiHKOBA TOKCUYHICTb € LIEHTPArIbHO
npo6nemoto HIM, a MeToTpekcaT Takox Mae
NeYiHKOBI PU3MKK, L0 MOXe 36iNnbLuyBaTh
CyMapHe HaBaHTaXXeHHs Ha neviHky [56].

For NIM, the issue of combination with
methotrexate is important also because
hepatic toxicity is a central concern

for NIM, while methotrexate also carries
hepatic risks, potentially increasing
cumulative liver burden [56].

Mpu PA Gyab-sike cuMnToMaTnyHe
3HeborneHHs Tpeba ouiHoBaTH

He i30/1b0BaHO, @ B KOHTEKCTi 6a3nCHOT
Tepanii; kombGiHaLji 3 MmeToTpekcaToM
notpebyioTb 06EPEeXHOCTI Ta MOHITOPUHTY
nabopaTopHUX NokasHuKiB [55].

In RA, any symptomatic analgesia should be
evaluated not in isolation but in the context
of background therapy; combinations

with methotrexate require caution and
laboratory monitoring [55].

MeyiHkoBWI pr3nk
SIK «<MOMNEKyNsPHO-KNiHIYHWIA Bap’ep»

Hepatic risk as
a «molecular-clinical barrier»

Ons KET nediHkoBi Tshxki noaii He €
rOMOBHUM «OBMeXyBarnbHUM CUTHaNoM»
Y NOPIBHSHHI 3 LUMYHKOBO-KULLKOBUMMU,
HUPKOBUMW Ta reMopariYHuMu puaukamm,
SIKi AOMIHYIOTb Y Cy4YacHUX y3aranbHEeHHAX
Ge3neku [51].

For KET, severe hepatic events are not
the main limiting signal compared with
gastrointestinal, renal, and hemorrhagic
risks, which dominate in contemporary
safety summaries [51].

Ans HIM cuctematnynuii ornsig ta
MeTaaHanisn hapmakoHarnagy i Bunagkis
renaToTOKCUYHOCTI NIATPUMYIOTb
HasABHICTb 3HAYYLLOrO CUrHany ypaxeHHs
NeYiHKK, Lo € KMYOBOI BiAMIHHICTIO

Bif 6araTboX iHLIMX HECTEPOIAHUX
npoTu3ananeHWx npenaparis [56].

For NIM, systematic reviews and
meta-analyses of pharmacovigilance
data and hepatotoxicity cases support
the presence of a significant signal

of liver injury, which is a key distinction
from many other NSAIDs [56].

Mpwu PA, ge nauieHTn 4acto oTpUMyoTb
MNOTEHLIiIiHO renaToToOKCUYHi 6asvcHi 3acobu,
Lie CTBOPIOE CUMbHWIA apryMeHT NpoTu
HIM 5K «3BUYHOrO» AOBroTPUBaNoro
aHanbreTuka [4].

In RA, where patients often receive
potentially hepatotoxic disease-modifying
agents, this creates a strong argument
against NIM as a «routine» long-term
analgesic [4].

FinepyyTnuBIcTb i WKIpHI peakuii
sIK 0OBMEXEHHs1 aHarnbreTuka

Hypersensitivity and skin reactions
as analgesic limitations

[Ansa KET rinepyyTnusicTe Moxnunea

SIK Knac-eeKT HeCTepOiAHUX
npoTu3ananbHWX npenaparis,

ane y auceprauinHOMy NOPIBHAHHI BiH
3a3BUYall He € «BU3HAYaNbHUMY
PV3MKOM Ha piBHI NONyNALii NOPIBHAHO
3 KpOBOTEYeto Ta Hupkamu [52].

For KET, hypersensitivity is possible

as a class effect of NSAIDs, but in comparative
analyses it is usually not a «defining»
population-level risk compared with
bleeding and renal effects [52].

[Ansa HIM y BigkpuTux onucax HaBepeHi
KNiHIYHO 3HavyLLi BUNaaku drikcoBaHoi
MeMKaMeHTO3HOI epuTemn

Ta NepexpecHUx peakuii i3 inwmmn HM33,
L0 Ma€e NpaKTU4He 3HaYEHHs Npu BUGOPI
aHanbreTuka [61].

For NIM, clinically significant cases

of fixed drug eruption and cross-reactions
with other NSAIDs have been reported

in open sources, which has practical
importance when choosing an analgesic [61].

Mpwu PA ue o3Hayae, Lo icTopis
Me[VKaMEHTO3HNX BUCUNIB

Ta rinepyyTNMBOCTI NOBUHHA NPSIMO
BMAMBATU Ha anropuTM CUMMTOMAaTU4HOTO
3He6oneHHs [4].

In RA, a history of drug rashes and
hypersensitivity should directly influence
the algorithm of symptomatic pain
management [4].

OpHak rnuboke npurHidveHHs LIOM-1 mae cyTTeBi
KniHiYHi Hacnigkn. [HridyBaHHa cuHTesy M, ski 6epyTb
y4yacTb Y 3aXWUCTi CMM30BOI OOOMOHKU LLITYHKOBO-KULLIKO-
BOrO TpaKTy, perynsiuii HAPKOBOrO KPOBOTOKY Ta MiaTpu-
MaHHi arperauii TPOMOOUMTIB, 3yMOBIIOE BUCOKUA PU3MK
LLITYHKOBO-KULLKOBUX KPOBOTEY, HE(DPOTOKCUYHMX YCKNaa-
HeHb i nopyweHb remocTady. Came Leln MONeKynspHui
npodinb B13Havae perynsTopHi 0OMeXeHHs LLoAo TpyBa-

However, profound COX-1 inhibition has significant
clinical consequences. Suppression of PG synthesis
involved in protection of the gastrointestinal mucosa,
regulation of renal blood flow, and maintenance of
platelet aggregation results in a high risk of gastrointes-
tinal bleeding, nephrotoxic complications, and hemostatic
disorders. It is precisely this molecular profile that
determines regulatory limitations on the duration
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nocrti 3actocyBaHHs KET Ta 1ioro nosuuioHyBaHHS sik npe-
napaTty Ansi KOPOTKOYaCHOIO fiKyBaHHS roCTporo 6orto.

Y KkoHTekcTi PA, Skuin xapakTepusyeTbCs XPOHIYHUM
nepebirom i notpebye TpuBanoro KoHTponto 6onbo-
BOIO CUMHOPOMY, HE3BaXaluM Ha BUCOKY aHanbreTuyHy
notyxHicte, KET mae cyTTeBi 06MexeHHs Ans [oBro-
TpUBaNoro CMMNTOMaTU4YHOrO NikyBaHHsS Gonto npu PA
Yepes HEMPUAHATHWIA BanaHc MixK KOPUCTIO Ta PU3UKOM.

Himecynig (HIM) Takox peanisye 3HebontoBanbHy
hito yepes iHribyBaHHa cuHTesy [, npote 1oro dap-
MaKosOriYHUIN Npodinb BiOPI3HAETLCA NEPEBAXKHUM iHTi-
6yBaHHAM LIOI-2. Lis ocobnumBicTb TEOPETUYHO [03BOISIE
GinbLU CNPSMOBaHO BMNMBATK Ha 3ananbHWUA KOMMOHEHT
6onto, skniA aoMiHye npu PA, 3 MEHLL BUPaXeHUM BNn-
BOM Ha pisionoriuHi cyHkLii, onocepeakosaHi LIOM-1.

3meHweHHs npoaykuii MIE, y BorHuwi sananeHHs
npu3BOAMTbL OO 3HWXKEHHS nepudepuyHol ceHcuTmaadii
HOLMLEeNTOpiB i 3MEHLUEHHS iHTEHCUBHOCTI 3ananbHOro
6onto. TakuMm YMHOM, 3 NaToI3ioNOriYHOI TOYKM 30pY,
HIM € GinblW «NoriYHUM» CUMATOMaTUYHUM 3acoboM Ans
nikyBaHHsi 6onto npu PA, Hix KET.

BogHoyac kno4oBMM OOMEXEHHSIM  3aCTOCYBaHHS
HIM € noro renaToToKCcM4YHUI noTeHuian. [Hani dap-
MakoHarns4y Ta KhiHiYHWMX y3aranbHeHb cBigyaTb Mpo
HasiBHICTb PU3WKY iOiOCMHKPATUYHOrO NiKapCbKOro ypa-
JKEHHSI MEeYiHKM, Lo cTano NiacTaBol AN PerynsaTopHMX
ob6MexeHb TpMBanocTi 3acTOCYBaHHsi Ta MO3MLiOHY-
BaHHS npenapaTty sk 3acoby gpyroi niHii. [lna nauieHTiB
i3 PA ue Mae ocobnuBe 3HA4YeHHS, OCKiNbkKM GasncHa
npoTMpeBmMaTU4Ha Tepanisi, 30Kpema MeToTpekcar,
TaKoX acoUiloeTbCA 3 MOTEHLIMHO renaTtoTOKCUYHICTIO,
LLO MiABULLYE CyMapHe HaBaHTaXXEeHHS Ha MEYiHKY.

MopiBHAnbHUIA aHani3 KET ta HIM gemoHcTpye, wo
Ui npenapatu BiOpi3HAKTLCA HE NULIE iHTEHCUBHICTIO
aHanbreTuyHoro edekty, a nepegycim Tunom Gono Ta
KNiHIYHMM KOHTEKCTOM, ANsi SKOr0 BOHU € NpUAATHUMW.
KET 3abe3nedye NoOTy)XHY aHanbresito, ane us «cuna»
[OCAraeTbCsl 3a paxyHOK MexaHi3aMiB, ski pobnsitb
npenapat Hebe3ne4yHMM ANsi XPOHIYHOrO 3aCTOCYBaHHSI.
HIM, HaBnaku, kpalle BignoBsigae 3ananbHOMY Xapak-
Tepy 6onto npu PA, ane #oro KniHiYHe BMKOPUCTaHHSI
iCTOTHO OBMEeXeHe PU3MKOM YpaXkeHHS NeYiHkM Ta Heoo-
XiHICTI0 CyBOPOro KOHTPOMO TpMBanocTi Tepanii.

O6uaea npenapatu He BMNUBAKOTb Ha LEHTPanbHY
CeHCcMTU3aUito, sika Bigirpae BaXxnumBy ponb Y hopMyBaHHI
XpOHi4HOro 6onto npu PA, i He MalTb XOLHOMO BMNUBY
Ha NporpecyBaHHsi CTPYKTYPHUX 3MiH y cyrnobax. Takum
UYMHOM, X 3aCTOCYBaHHSI MOXE pO3rnsaaTucs BUKITHOYHO
SIK TUMYaCOBUIA CUMMNTOMATUYHUIA 3axid Yy Mexax KoMn-
neKcHoi Tepanii.

Ha nigctaBi NOpiBHAMBLHOrO aHanisy MONeKynsipHux
MexaHi3MiB Ta KniHiYHMX HacnigkiB 3actocyBaHHa KET
i HIM moxHa 3pobuTM BUCHOBOK, LIO >XOAEH i3 UMX
npenapatiB He BiAMOBidae BWMOram [AOBroTPUBArNoro
Ta 6e3neyHoro KOHTposnto 6onLoBoro cuHapomy npu PA.
KET € HenpumHATHUM AONs XPOHIYHOro 3acTOCyBaHHSA
Yepe3 BMCOKMN PU3MK LUMYHKOBO-KMLLKOBUX, HUPKOBUX
Ta remoparidyHmMx YycknagHeHb, Toai sk HIM, nonpu
Ginbl cnpsiMoBaHWIA NpPOTU3ananbHUn MexaHiam, obme-
KEHUA  PU3MKOM  TenaTOTOKCUYHOCTI Ta  perynstop-
HUMM 3aCTEPEXKEHHSIMM.

AHaniz 3miH MNBY npu mexaHiyHOMY nogpasHeHHI
3a Penpannom—CeniTto nokasaB CyTTEBi BigMIHHOCTI
MK iHTaKTHUMW TBapuHamu, KOHTPOMbHUMU Lypamu
3 AA Ta rpynamu, ki otpumysanu HIMN33 y Burnsagi MoHo-
Tepanii abo B kombGiHauji 3 BKB3.

of KET use and its positioning as a drug for short-term
treatment of acute pain.

In the context of RA, which is characterized by
a chronic course and requires long-term control of pain
syndrome, despite its high analgesic potency, KET has
substantial limitations for prolonged symptomatic
pain management in RA due to an unfavorable benefit —
risk balance.

Nimesulide (NIM) also exerts its analgesic effect
through inhibition of prostaglandin (PG) synthesis;
however, its pharmacological profile is characterized
by preferential inhibition of COX-2. This feature theo-
retically allows a more targeted effect on the inflamma-
tory component of pain, which predominates in RA,
with a less pronounced impact on physiological functions
mediated by COX-1.

A reduction in PGE, production at the site of inflam-
mation leads to decreased peripheral nociceptor sen-
sitization and a reduction in the intensity of inflammatory
pain. Thus, from a pathophysiological standpoint, NIM
is a more «logical» symptomatic agent for the treatment
of pain in RA than KET.

At the same time, a key limitation of NIM use is its
hepatotoxic potential. Pharmacovigilance data and clini-
cal summaries indicate the presence of a risk of idiosyn-
cratic drug-induced liver injury, which has served as the
basis for regulatory restrictions on treatment duration
and positioning of the drug as a second-line agent.
This is of particular importance for patients with RA,
since background disease-modifying antirheumatic
therapy, including methotrexate, is also associated with
potential hepatotoxicity, thereby increasing the cumu-
lative hepatic burden.

A comparative analysis of KET and NIM demonst-
rates that these drugs differ not only in the intensity
of their analgesic effect, but primarily in the type of pain
and the clinical context for which they are suitable.
KET provides potent analgesia, but this «strength»
is achieved through mechanisms that render the drug
unsafe for chronic use. NIM, by contrast, better corres-
ponds to the inflammatory nature of pain in RA, but its
clinical use is significantly limited by the risk of liver injury
and the need for strict control of treatment duration.

Both drugs do not affect central sensitization, which
plays an important role in the formation of chronic pain
in RA, and have no impact on the progression of struc-
tural joint damage. Thus, their use can be considered
exclusively as a temporary symptomatic measure within
the framework of comprehensive therapy.

Based on a comparative analysis of the molecular
mechanisms and clinical consequences of KET and NIM
use, it can be concluded that neither of these drugs
meets the requirements for long-term and safe control
of pain syndrome in RA. KET is unacceptable for
chronic use due to a high risk of gastrointestinal, renal,
and hemorrhagic complications, whereas NIM, despite
a more targeted anti-inflammatory mechanism, is limited
by hepatotoxicity risk and regulatory warnings.

Analysis of changes in the pain sensitivity threshold
(PST) during mechanical stimulation according to the
Randall-Selitto test revealed significant differences
between intact animals, control rats with AA, and groups
receiving NSAIDs as monotherapy or in combination
with CFCPBAs.

In intact rats, the parameters were stable throughout
the entire observation period, confirming the absence
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Y iHTaKkTHMX LypiB MOKasHukM Oynu cTabinbHUMU
MPOTSAroM YCbOro nepioay CrocTePEXeHHs, WO NiaTeepa-
KY€ BiACYTHICTb MaToONOriyHMx 3miH 60nbLOBOT Yy TNNBOCTI.
Ha «0» peHb lNBY ctaHoBuB 30414 ym. og. (95%[l:
297-312 ym. oA.), Ha 14 geHb — 3074 ym. oa. (95%Al:
299-315 yMm. oA.), Ha 28 geHb — 3075 ym. oa. (95%Al:
297-317 ym. og.). BigmiHHOCTI MiX uumu TepmiHamu
Oynn  MiHIManbHUMKU N CTaTUCTUYHO HE3HaYyLLUMMMU.
Lle cBigunTb npo cTabinbHicTb disionoriyHoro Houwuuen-
TUBHOrO Mopory Ta Moxe po3srnsgatnca sk 6asoBui
piBeHb, 3 SIKUM MOPIBHIOBaNY iHWI rpynu (Tabn. 3).

of pathological changes in pain sensitivity. On day «0»,
the PST was 304+4 conventional units (95% CI: 297-312
conventional units); on day 14, 307+4 conventional units
(95% CI: 299-315 conventional units); and on day 28,
30745 conventional units (95% CIl: 297-317 conventio-
nal units). Differences between these time points were
minimal and statistically insignificant. This indicates the
stability of the physiological nociceptive threshold and
may be considered a baseline level against which
other groups were compared (Table 3).

Ta6nuusa 3. Bnnue HIM y noegHanHi 3 KEN Ha MNBY npu mexaHiyHoMy nogpasHeHHi 3a PeHgannom—CenitTo
y wypie 3 AA B gnHamidi, ym. og. (M = m (95 % [I) abo Me [LQ; UQ], n=42)
Table 3. Effect of NIM in combination with PCE on the pain sensitivity threshold during mechanical stimulation
according to the Randall-Selitto test in rats with AA over time, conventional units (M + m (95% Cl) or Me [LQ; UQ], n=42)

< | Il LI} \% V rpyna / \ PiBeHb cTaTMcTU4HOI BiporigHoCTi [%]
'g rpyna / group rpyna / group | rpyna/ group | rpyna/group group rpyna / group Level of statistical significance [%]
(0]
£ Bl AT
3| IHrakTHi wypn G AA+HIM |AA+HIM+KEM| AA+KET KC-MCK
S| Intactrats ontro AA+NIM |AA+NIM+PCE| AA+KET | Aa+KeET+ | Pt | P2 | Pz | Ps2 Poz | Pas Ps3 Pes
2 (AA without
& MSC-CM
treatment)
> 3044 3036 3067 2974 3105 30414 08 |08 | 05 0,4 0,9 0,3 0,6 0,3
N (95% Ol: (95% Ol: (95% A: (95% Al (95% Ol: (95% A1: | [0,5%] |[0,5%]] [1,9%] | [2,4%] | [0,5%] | [2,8%] | [2,7%] | [2,4%]
< 95% Cl: 95% Cl: 95% Cl: 95% Cl: 95% Cl: 95% Cl:
; 297-12) 291-35) 292-320) 289-305) 300-320) 296-313)
&
> 3074 1494 1464 13414 1316 13045 <0,001| 0,6 | 0,02 | 0,03 | 0,017 | 0,049 | 0,05 0,5
e (95% [l: (95% [l: (95% Ol (95% O (95% l: (95% 01:  |151,6%]|[1,9%]| [9,6%] | [11,5%]| [12,5%] | [7.8%] | [9.8%] | [3,2%]
Y 95% Cl: 95% Cl: 95% Cl: 95% Cl: 95% Cl: 95% Cl:
§ 299-315) 141-156) 138-153) 127-142) 121-142) 120-140)
‘EI‘[ pIJU/dO = 0’3 leU/dO = 0’009 pﬂU/dD = O’Oog pﬂG/ﬂD = 0’009 pl:\Dld(]: 0’009 leD/dD = 0’009
~ [0'9%];;0 /do [50'90/01110 /do [52’30/011:&') 1do [5418%]110/ do [5716%]/:\0 /do [57’30/011210 1do
30745 17416 18148 20416 3469 369:14  |<0,001| 0,5 |<0,001|<0,001]|<0,001| 0,047 | <0,001 | < 0,001
> (95% [l: (95% Al: (95% Ol (95% O: (95% l: (95% 01:  |[43,5%]|[4,1%]|[17,2%]| [98,4%] | [111,5%]|[12,6%]|[103,1%)][80,40%)]
e 95% Cl: 95% Cl: 95% Cl: 95% Cl: 95% Cl: 95% Cl:
& 297-317) 163-185) 166-197) 192-217) 328-363) 342-395)
g puu/uu = 0’3 pnu/uo = 0'009 pqo/dn = 0'009 pno/uo = 0’009 pno/du = 0'014 pqo/dn = 0'009
;[ [Oyg%]ﬂﬂ /do [42'504’]:10 /do [40‘70/01110 /do [31 ,3%]AD/ do [11 15%]‘.0 /do [21 ) 1 O/O]AJO /do
& Patasaa = 05 Patarara = 0,014 Patarara = 0,014 Patarars = 0,009 Paiasara =0,009 Paiarans = 0,009
[_]/:\14/(114 [17,3%]‘114/(}14 [24,5%]/114/014 [5211%]/:\1411114 [163'0%]n14/ﬂﬂ [1 83,5%]/114/(114
lMpumimku:

p, — piBE€Hb CTATUCTUYHOI BIPOriAHOCTi PO3BIKHOCTI NOKA3HUKIB;

[%] — 3Ha4eHHs1 po36iXXHOCTEN NOKAa3HWKIB Y BiACOTKAX;

IHpekcamu 1, 2, 3 BKa3aHO HOMePp rpynu, 3 MOKa3HNKaMM SKOi MPOBEAEHO NOPIBHSAHHS.

Notes:

p, — level of statistical significance of differences between the indicators;

[%] — percentage values of differences between the indicators;

Indices 1, 2, 3 indicate the group numbers with whose indicators the comparison was performed.

Y KOHTponbHin rpyni wypie 3 AA pguHamika [MBY
BUSABMMACA MPOTUNEXHOK. YXe Ha 14 [eHb MOKasHuK
3HM3MBCA Mamxke BABIYI W cTaHoBuB 149+4 ym. of.
(95%0]: 141-156 ym. oA.), WO Bignosigano 3MeHLLEeHHI0
Ha 50,9% BigHocHO BumxigHoro pieHsA (p<0,01). Lle niag-
TBEPAKYE PO3BUTOK BUPAXeHOi rinepanresii Ha Thi
NnporpecyBaHHsA  3ananbHOro npouecy B cyrnobax.
Ha 28 penb MBY nmigBuwmeses o 1746 ym. og.
(95%p0]1: 163-185 ym. oa.), wo 3anuwanocsa Ha 42,5%
HXKYMM 3a BUXigHWI piBeHb (p<0,01), ane 6yno Ha 17,3%
BMLWIMM nopiBHAHO 3 14 gHem (p=0,014). Lle cBiguntb
NMpO YacTKOBE CMOHTAHHE 3HWXKEHHS BMPaXXEHOCTi rinep-
anresii y ni3Hi cTpokW, ogHak natonoriyHa 3MiHa 6onbo-
BOI 4yTnMBOCTI 30epiranacsa. Taka guMHamika € Xapak-
TepHoto Anga AA n nigTBepaXye BanigHicTe Mogeni.

3actocyBaHHa HIM gk MoHoTepanii He npu3Beno
[0 CyTTeBOI kopekuii 6onboBux po3nagis. Ha 14 geHb
MBY craHoBmB 14614 ym. of. (95%[M]: 138—-153 ym. og.),

In the control group of rats with AA, the dynamics
of PST were opposite. Already on day 14, the indicator
decreased almost twofold and amounted to 149+4 con-
ventional units (95% Cl: 141-156 conventional units),
corresponding to a 50.9% reduction relative to baseline
(p<0.01). This confirms the development of pronounced
hyperalgesia against the background of progression
of the inflammatory process in the joints. On day 28,
the PST increased to 17446 conventional units
(95% CI: 163—-185 conventional units), which remained
42.5% lower than baseline (p<0.01), but was 17.3%
higher compared with day 14 (p=0.014). This indicates
a partial spontaneous reduction in the severity of hyper-
algesia at later stages; however, pathological alteration
of pain sensitivity persisted. Such dynamics are charac-
teristic of AA and confirm the validity of the model.

The use of NIM as monotherapy did not lead to
a substantial correction of pain disorders. On day 14, the
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wo 6yno Ha 52,3% Hwxue Big BuxigHoro pieHA (p<0,01)
i NpaKTUYHO He BIOPI3HANOCH BiO KOHTPOMbHOI rpynu
(p=0,6). Ha 28 neHb nokasHuk AeLwo 3pic go 18118 ym. oa.
(95%0l: 166-197 ym. oa.), wo 6yno Ha 40,7% Huxde
Big BmxigHoro piBHsA (p<0,01) i Ha 24,5% BuLLe NOPIBHAHO
3 14 gHem (p=0,014). BogHoyac MOPIBHSAIHHA 3 KOHTPO-
nem nokasano nuwe 4,1% pisuunui (p=0,5), WwWo He mano
CTaTUCTMYHOI  gocToBipHocTi. Omxke, HIM nposiBuB
cnabKy aHanbreTuyHy Aito, sika He [03BoNsina CyTTEBO
3MeHLNTU rinepanresito y wypis 3 AA.

B3actocyBaHHsa HIM y noeaHaHHi 3 KEI mano cknagHy
auHamiky. Ha 14 pexb MNMBY 3Hu3mBcsa o 13414 ym. oa.
(95%0l: 127-142 ym. og.), wo 6yno Ha 54,8% Huxue
BuxigHoro piBHA (p<0,01) i 4OCTOBIPHO HMX4YE BiA KOHT-
ponbHoi rpynu (p=0,02). Lle moxe cBigunt nNpo neBHe
niacuneHHss 6onbLOBOI YYTNMBOCTI Yy paHHi CTPOKU npwu
popasarHi KEM go HIM. OpgHak Ha 28 peHb cutyadiqa
cyTTeBO 3miHunacs: NBY nigBuwmeea oo 20416 ym. oga.
(95%0l: 192-217 ym. oa.), wo 6yno Ha 31,3% Hux4e
Big BuxigHoro piBHA (p<0,01), ane Bxe Ha 52,1% BuLle
nopisHaHo 3 14 pgHem (p<0,01). Baxnueo, wWwo uen
nokasHuk OyB Ha 17,2% BUWMM 3a KOHTPOMbHY rpyny
(p<0,001) Ta Ha 12,6% nepesuLlyBaB piBEHb Yy rpyni
HIM (p=0,047). TakuM 4YnMHOM, edEeKTUBHICTb KOMDi-
Hauii HIM+KET nposiBnsinacsa y sigaaneHi CTpoku, Konu
BinbyBanocs cyTTeBe NigBuLLEHHSt 6ONMLOBOrO NOpory.

KET y Burnagi moHoTepanii AeMOHCTPYBaB CXOXMUMN
Xapaktep AWHaMikKM 3 BUpaKeHUMW 3MiHaMu Yy ni3Hi
ctpokn. Ha 14 perb [BY craHoBuB 13116 ym. og.
(95%0l: 121-142 ym. oa.), Wwo BiANOBIAANO 3HWXEHHIO
Ha 57,6% BigHocHO BuxigHoro piBHa (p<0,01) i Gyno
OOCTOBIpPHO HWXYMM Bif KOHTponbHOI rpynu (p=0,03).
Lle osHauyano, wo Ha paHHix etanax KET He nuwe
He KopuryBaB rinepanresiio, a HaBiTb MnocunoBaB ii.
lMpote Ha 28 peHb Big3Ha4anocs piske MigBULLEHHS
MBY po 34619 ym. oa. (95%[l: 328-363 ym. og.), wo
nepesuysano BuxigHun piseHb Ha 11,5% (p<0,05).
Lle 6yno Ha 98,4% 6Ginblue Big NOKa3HWKa Yy KOHTPOMb-
Hi rpyni (p<0,001) Tta Ha 163,0% 6inblwe MOpPIBHAHO
314 gHem (p<0,01). Takum unHoMm, KET npogemoHcTpyBaB
BMPaXXeHy BiATEPMIHOBaHy aHasnbreTMyHy fito, sika cTae
04YeBUAHOI came Ha 28 OeHb.

MoeaHaHHa KET 3 KC-MCK 3abe3neuunno e GinbLu
BMpa3HMA TepaneBTU4HMIA edoekT. Ha 14 peHb [1BM
ctaHoBuB 1305 ym. og. (95%Al: 120-140 ym. og.),
wo 6yno Ha 57,3% Hwxye BuxigHoro piBHs (p<0,01)
Ta AOCTOBIPHO HWx4Ye 3a kKoHTponb (p=0,017). Lle nig-
TBEpPOXKYE 30epexeHHs1 rinepanresii y paHHi CTPOKM,
nogi6Ho po rpynu KET. BogHo4ac Ha 28 geHb y L rpyni
MBY 3pic go 369+14 ym. oa. (95%Al: 342-395 ym. og.),
LLO nepesuLLyBano BuxiaHun piseHb Ha 21,1% (p<0,01).
Lle 6yno Ha 103,1% O6inblie Big KOHTPOSMbLHOI rpynu
(p<0,001), Ha 111,5% 6inbwe Big rpynu HIM (p<0,001)
Ta Ha 80,4% suwe Big rpynn HIM+KE (p<0,001).
Kpim TOro, mokasHuk OOCTOBIPHO MepeBuLlyBaB piBEHb
rpynn KET Ha 12,6% (p=0,047). MNopiBHsHO 3 14-M gHEM
npupict crtaHoBuB 183,5% (p<0,01). Lle cBiguuTtb npo
MaKCMMarnbHy aHanbreTuyHy edekTUBHICTb KOMOiHauil
KET+KC-MCK cepepn ycix gocnigxyBaHuX pexunmis.

OTpumaHi pesynsTati AEeMOHCTPYIOTb Kiflbka Bax-
nmnBux 3akoHoMmipHocTen. [lo-nepwe, AA CynpOBOAXY-
€TbCS PO3BUTKOM CTIMKOI rinepanresii, sika 4acTKoBO
penyKkyeTbes Y Ni3Hi CTPOKM, ane He NoBepTaeTbCs A0 piB-
Hs1 iHTaKTHUX TBapwH. Mo-gpyre, HIM HaBiTb y kKOMGiHaUil
3 KEM He 3abe3neuye BMpaxeHOi aHanbreTuyHol
aKTUBHOCTI Y paHHi CTPOKM, Xo4a Y BigaaneHi TepmiHn KET

PST was 146+4 conventional units (95% CI: 138—153 con-
ventional units), which was 52.3% lower than the base-
line level (p<0.01) and practically did not differ from
the control group (p=0.6). On day 28, the indicator
slightly increased to 181+8 conventional units (95% CI:
166—197 conventional units), which was 40.7% lower
than the baseline level (p<0.01) and 24.5% higher com-
pared with day 14 (p=0.014). At the same time, com-
parison with the control showed only a 4.1% difference
(p=0.5), which was not statistically significant. Thus, NIM
demonstrated weak analgesic activity that did not allow
for a substantial reduction of hyperalgesia in rats with AA.

The use of NIM in combination with PCE showed
a complex dynamic. On day 14, the PST decreased
to 13414 conventional units (95% CI: 127-142 conven-
tional units), which was 54.8% lower than the baseline
level (p<0.01) and significantly lower than the control
group (p=0.02). This may indicate a certain enhance-
ment of pain sensitivity at early stages when PCE was
added to NIM. However, on day 28 the situation changed
markedly: the PST increased to 204+6 conventional
units (95% CI: 192-217 conventional units), which was
31.3% lower than the baseline level (p<0.01), but already
52.1% higher compared with day 14 (p<0.01). Impor-
tantly, this indicator was 17.2% higher than in the
control group (p<0.001) and exceeded the level in the
NIM group by 12.6% (p=0.047). Thus, the effectiveness
of the NIM+PCE combination manifested at later stages,
when a significant increase in the pain threshold occurred.

KET as monotherapy demonstrated a similar pattern
of dynamics with pronounced changes at later stages.
On day 14, the PST was 13116 conventional units
(95% ClI: 121-142 conventional units), which corres-
ponded to a 57.6% decrease relative to baseline (p<0.01)
and was significantly lower than the control group (p=0.03).
This indicated that at early stages KET not only failed
to correct hyperalgesia, but even enhanced it. However,
on day 28 a sharp increase in PST was observed to
34619 conventional units (95% Cl: 328-363 conven-
tional units), which exceeded the baseline level by 11.5%
(p<0.05). This was 98.4% higher than in the control group
(p<0.001) and 163.0% higher compared with day 14
(p<0.01). Thus, KET demonstrated a pronounced
delayed analgesic effect that became evident specifi-
cally on day 28.

The combination of KET with MSC-CM provided
an even more pronounced therapeutic effect.
On day 14, the PST was 13045 conventional units
(95% CI: 120-140 conventional units), which was 57.3%
lower than the baseline level (p<0.01) and significantly
lower than the control (p=0.017). This confirms the
persistence of hyperalgesia at early stages, similar to
the KET group. At the same time, on day 28 in this
group the PST increased to 369+14 conventional units
(95% CI: 342-395 conventional units), which exceeded
the baseline level by 21.1% (p<0.01). This was 103.1%
higher than in the control group (p<0.001), 111.5% higher
than in the NIM group (p<0.001), and 80.4% higher
than in the NIM+PCE group (p<0.001). In addition,
the indicator significantly exceeded the level of the
KET group by 12.6% (p=0.047). Compared with day 14,
the increase amounted to 183.5% (p<0.01). This indicates
the maximum analgesic effectiveness of the
KET+MSC-CM combination among all studied regimens.

The obtained results demonstrate several important
patterns. First, AA is accompanied by the development
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3gatHun nocunutn gito HIM. To-tpete, KET nposense
BiATEPMIHOBaHUN aHanNbreTM4HMM edqekT, SKUA CcTae
oYeBMOHUM nuwe Ha 28 geHb. |, HapewTi, gogaBaHHSA
KC-MCK po KET posBonsie He nuule npuckoputu, ane
M 3HayHo nocunutu nigsuweHHs MBY, 3abesnevyioun
HanbinbL BUpaXeHy aHanbreTu4Hy Aito cepeq ycix rpyn.

Takum 4nHoM, y mogeni AA HanedekTUBHILINM BUS-
Bunocst kombiHoBaHe 3actocyBaHHst KET 3 KC-MCK, wo
3abe3neyyBano MakcumarbHe BiAHOBMEHHS 60nbOBOro
nopory. Lleir edekt 3Ha4yHO nepesuwyBaB sk gito HIM,
Tak i gito HIM+KET, i HaBiTb cyTTEBO nepeBuLlyBaB
edekt KET y Burnsigi MoHoTepanii (aue. Tabn. 3).

OBrOBOPEHHS

OTpumaHi pesynsratv ekcnepuMeHTanbHOro 4ocnia-
KEHHs1 003BOMSATb 3OiINCHUTU KOMMMEKCHUA naToreHe-
TUYHUW aHania MexaHi3amiB (opMyBaHHA Ta nigTpu-
MaHHs1 60MnboBOro cuHAapomy npu AA, a TakoX OLHUTK
MOXJTMBOCTIi MOro hapMakosoriyHoi Ta 6ionoriyHoi kopek-
uii B ymMoOBax XpPOHIYHOIO iMyHO3ananbHOrO MnpOLECY.
AA, iHoyKkOBaHUI NOBHUM af'toBaHToM PpenHaa, BiaTBO-
pro€e KMYoBi natoqisionoriyHi pucn PA, 3okpema cTinke
iMyHHe 3ananeHHs, [lM-onocepegkoBaHy Houumuenito,
PO3BUTOK LIEHTparbHOiI CEeHcUTU3auii Ta TpuBany rinep-
anresito, WO poOMTb U MOAenb pereBaHTHOK Ans
OOCTiIXKEHHS aHanbreTudHux crtpaterii npyn AP3.

CyuyacHi ysiBneHHs1 npo 6inb npu PA cyTTeBO Biginwnm
BiL PEeAYKUIOHICTCbKOro TpakTyBaHHA WOro BUKIKOYHO
AK Hacnigky nepudepuyHoro 3ananeHHs. HakonuyeHi
JaHi NepeKkoHNMBO CBigyaTb, WO HaBiTb 32 YMOB edek-
TMBHOIO KOHTPOJIKO CWMHOBITY Ta 3HWXKEHHSA nabopartop-
HUX MapKepiB 3ananeHHsl y 3HA4YHOI YaCTMHU MNauieHTiB
30epiraeTbCa KiHIYHO 3HAYyLWMiA GONbOBUIA CUHAPOM,
3YMOBMEHUA aKTUBALIE LieHTparbHUX MeXaHi3MiB CeH-
cuTU3aUil Ta HeMpPONIIACTUYHUX 3MiH Y CTPYKTypax HOUM-
uentmBHOi cuctemmn [62]. Came uUs KOHUENUis NeXuTb
B OCHOBi Cy4aCHOro pPO3yMiHHsi XPOHiYHOro Gonto npu
PA sk GaraTOKOMNOHEHTHOro (OEHOMEHY, LLO MNOEOHYE
HOLMLIENTUBHI, 3anarnbHi Ta HOLMNIACTUYHI MEXaHi3Mu.

OuHamika MBY y koHTponbHin rpyni wypis 3 AA
nigTBEpaKye ha3oBuin xapaktep GOpMyBaHHS GONbO-
BOro cuHapomy. Piske 3HwxkeHHst BY Ha 14-Ty poby
eKCnepuMeHTy BigoOpaxkae AOMiHyBaHHs nepudepuy-
HUX MexaHi3MmiB 00, MOB’A3aHMX i3 aKTUBAUIE iMYH-
HOI BIAMOBIAi, BMBINMbHEHHAM Mpo3ananbHUX LUTOKIHIB
Ta nigBuieHHAM cuHTesy [ y BOrHMLWLI 3ananeHHs.
Mopanblwe vactkoBe nigsuweHHst NBY Ha 28-my noby
0e3 nikyBaHHSA CBigYMTb MPO MEBHE CMOHTAHHE 3MEH-
LWEHHS TFOCTPOI 3ananbHOi akTMBHOCTI. BogHouac 30e-
PEXEHHSA ICTOTHO 3HWXeHoro 60rbLOBOro nopory y Li
CTPOKM BKa3dye Ha (QOPMYBaAHHS CTIKUX LIEHTPanbHUX
MexaHi3amiB 0or, ki € BiJHOCHO aBTOHOMHUMMW Bif
aKTUBHOCTI NepudepnyHOro 3anasnieHHs Ta BU3Ha4yalTb
XPOHi3aLito 60nbOBOro cuHApomy [63].

KpuTnyHo  BanMBMM  acnekToM  iHTepnpeTauii
pesynbraTiB € YacoBUW AuM3aniH JocnigpkeHHs. JlikyBaH-
HA AA B YCiX eKkcnepvMeHTanbHUX rpynax posnoynHanm
3 14 gobu, To6TO nicnsl 3aBepLUeHHs peakTUBHOI dhasun
Ta Ha eTani Bxe cdOopMOBaHOI rinepanresii. Y LboMy

of persistent hyperalgesia, which is partially reduced
at later stages but does not return to the level of intact
animals. Second, NIM, even in combination with PCE,
does not provide pronounced analgesic activity at early
stages, although at later time points PCE is able to
enhance the effect of NIM. Third, KET exhibits a delayed
analgesic effect that becomes evident only on day 28.
Finally, the addition of MSC-CM to KET allows not only
acceleration but also significant enhancement of the
increase in PST, providing the most pronounced anal-
gesic effect among all groups.

Thus, in the AA model, the combined use of KET
with MSC-CM proved to be the most effective, provi-
ding maximal restoration of the pain threshold. This effect
significantly exceeded both the action of NIM and that
of NIM+PCE, and even substantially exceeded the
effect of KET as monotherapy (see Table 3).

DISCUSSION

The obtained results of the experimental study make
it possible to perform a comprehensive pathogenetic
analysis of the mechanisms of formation and main-
tenance of pain syndrome in adjuvant arthritis (AA),
as well as to assess the possibilities of its pharmacolo-
gical and biological correction under conditions of a chro-
nic immune-inflammatory process. AA induced by
complete Freund’s adjuvant reproduces the key patho-
physiological features of rheumatoid arthritis (RA),
including persistent immune inflammation, prostaglandin
(PG)-mediated nociception, the development of central
sensitization, and prolonged hyperalgesia, which makes
this model relevant for studying analgesic strategies
in autoimmune rheumatic diseases.

Modern concepts of pain in RA have significantly
moved away from a reductionist interpretation of pain
solely as a consequence of peripheral inflammation.
Accumulated data convincingly indicate that even
under conditions of effective control of synovitis and
reduction of laboratory markers of inflammation, a clini-
cally significant pain syndrome persists in a substantial
proportion of patients, driven by activation of central
sensitization mechanisms and neuroplastic changes
in nociceptive system structures [62]. This concept
underlies the current understanding of chronic pain in RA
as a multicomponent phenomenon combining nocicep-
tive, inflammatory, and nociplastic mechanisms.

The dynamics of the pain sensitivity threshold (PST)
in the control group of rats with AA confirm the phase-
dependent nature of pain syndrome formation. A sharp
decrease in PST on day 14 of the experiment reflects
the dominance of peripheral pain mechanisms asso-
ciated with immune activation, release of pro-inflam-
matory cytokines, and increased PG synthesis at the
site of inflammation. The subsequent partial increase
in PST on day 28 without treatment indicates some
spontaneous reduction of acute inflammatory activity.
At the same time, the persistence of a markedly reduced
pain threshold at this time point points to the formation
of stable central pain mechanisms that are relatively
autonomous from peripheral inflammatory activity and
determine the chronification of pain syndrome [63].

A critically important aspect of result interpretation
is the temporal design of the study. Treatment of AA
in all experimental groups was initiated on day 14, i.e.,
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KOHTEKCTi BifACYTHICTb aHanbretmdHoro ecdpekty abo
HaBiTb nornubneHHs GonboBMx posnagie Ha 14-Ty [oby
y rpynax nikyBaHHsl HE MOXe PO3rMnsaAaTMCs sIK NOKasHWK
dhapmakonoriyHoi HeedeKTMBHOCTI AocnimxyBaHux J13.
Haenaku, Ui gaHi BigoGpaxatloTb BUXiOHWA CTaH TBapwH
Ha MOMEHT noyaTKy TepaneBTUYHOIO BTPYYaHHS Ta €
METOAMYHO OYiKyBaHUMMU 3 Ornsiay Ha natoreHes AA.

Pesynstatn 3actocyBaHHs HIM y pexumi moHoTepanii
OEMOHCTPYIOTb OOMEXEHICTb Nigxody, 3aCHOBAHOMO BUK-
MNoYHO Ha npurHivyeHHi LIOM-2 ta ameHweHHi cuHtesy I
Hesaxatoun Ha nesHe nigsuweHHs MNMBY y ni3Hi cTpokn
nikyBaHHs, ecekt HIM He GyB CTaTUCTUYHO 3HAYYLLUMM
NOPIBHAHO 3 KOHTpOnbHOW rpynoto. Lle csiguntb, Lo
i30MbOBaHe MPUrHiYEHHsT 3ananbHOro KOMMoHeHTa 6onto
€ HepocTaTHIM B ymoBax C(OPMOBaHOi LEHTpanbHOI
ceHcuTu3adii. lMoamibHi 3akoHOMipHOCTI OoGpe Bigowmi
y KniHiyHin npaktuui PA, ne HM33 yacto He 3abesne-
YylOTb aleKBATHOrO KOHTpomto Oonto HagiTb 3a Aocsr-
HEeHHs1 peMicii abo HM3bKOT aKTUBHOCTI 3axBoptoBaHHs [4].

Komb6iHoBaHe 3actocyBaHHst HIM 3 KEI xapakre-
pu3yBanocsi cknagHotw, ABOa3HOK AUHAMIKOK aHanb-
reTndHoro edpekty. MornubnexHs rinepanresii Ha 14-Ty
noby moxe OyTM 3yMOBMEHe IMYHHOK peakuieto Ha
BBefeHHs OGionoriyHoro npenapaty, a TakoX BIiACyT-
HICTIO OOCTaTHbOrO Yacy Ana peanisaudii “oro iMyHo-
MOZYMIOYNX  Ta  LUUTOMPOTEKTOPHUX  BMACTUBOCTEN.
BogHouac ictotHe nigeuweHHs MBY Ha 28 poby, sike
NnepeBULLYBano MOKA3HUKM SIK KOHTPOSbHOI rpynu, Tak
i rpynn HIM, cBigunTe nNpo HasiBHICTb BigTepMiHOBa-
HOro aHanbreTuyHoro noteHuiany KEM. MmosipHo, ueii
ehekT peanisyeTbCs 4epe3 3MEHLUEHHSI XPOHIYHOro
3ananeHHsl, MOAynsLil0 UUMTOKIHOBOro npodinto Ta ono-
cepedKkoBaHWM BMAMB Ha HEWPOIMYHHI  MexaHi3mu
niaTpumaHHa Gomt, WO Y3rodXyeTbCs 3 CydacHUMMU
YSABNEHHAMU NP0  HEenpsMUN  aHanbreTUdHUA  edekT
GionoriyHnx J13 [64].

KET y gaHin mogeni npogeMOHCTpyBaB MPUHLIMMNOBO
iHWUn npodinb aHanbreTuyHoi pgii. Hessaxaroun Ha
BiACYTHICTb NO3UTUBHOIO eeKkTy y paHHi CTPOKM niKy-
BaHHS, Ha 28 noby Gyno 3adpikcoBaHo pi3ke Ta craTuc-
TMYHO 3Hauywle nigsueHHs MNBY, gke nepesullyBano
HaBiTb BMXiQHi 3HadYeHHs. Taka BigTepMmiHOBaHa aHarsb-
resis cBiguuTb, WO mMunboke npurHiveHHs [MM-kackagy
34aTHe BMnMBaTW He nuue Ha nepudepunyHi, ane n Ha
LeHTpanbHi MexaHiamu Houuuenuii, ogHak ons peani-
3auii uboro edpekty HeobxigHui TpuBanuii yac. Pasom
i3 TMM YMCREeHHi niTepaTypHi OaHi BKa3yloTb Ha CYTTEBI
o6MexeHHs KniHidHoro 3actocyBaHHs KET 4yepes Buco-
KW PU3MK LLMYHKOBO-KULLKOBUX, HUPKOBKX Ta remopariy-
HUX YCKNaZHEHb, L0 YHEMOXIMBIIIOE NOr0 BUKOPUCTAHHS
sk 3acoby foBroTpmeanoro kKoHTpono 6onto npu PA [65].

HanbinbLu BUpaxeHWi i KNiHIYHO 3HaJyLLMiA aHarnbre-
TUYHUIA edekT Byno 3adpikcoBaHo npu KOMGIHOBaAHOMY
3actocyBaHHi KET 3 KC-MCK. Y uin rpyni cnoctepiranocs
MakcumanbHe nigsuweHHsa MBY Ha 28-my Ooby, sike
[OCTOBIpPHO MEePEBULLYBArno NOKa3HUKM BCiX iHLUNX pexu-
MiB nikyBaHHs, BkntoyHO 3 KET y Burnagi moHotepanii.
Takuin pesynstaT CBIOYMTb MPO CUHEPriYHWUIA XapakTep
B3aemopii  papmakonoriyHoro npurHideHHs r-ono-
cepedkoBaHOi  Houmuenuii 3 iMyHOMOAYMOBanbHUM
Ta NOTEHUINHO HenponpoTekTopHMM Bnnmeom KC-MCK.

ImoBipHo, KC-MCK, 3aBasku komnnekcy 6ioakTuBHMX
aKTopiB, BKMOYHO 3 UUTOKIHAMK, pakTopamu pocTy
Ta €eK30COMaMu, Crpusie 3MEHLUEHHIO  XPOHIYHOro
HepOoiIMyHHOro 3ananeHHs, 3HWXye akTuBaLlito Mikpornil
Ta acTpouuTiB Yy LUEeHTpanbHin HepBOBIM cucTeMi Ta

after completion of the reactive phase and at the stage
of already established hyperalgesia. In this context,
the absence of an analgesic effect or even deepening
of pain disorders on day 14 in the treatment groups
cannot be regarded as an indicator of pharmacological
inefficacy of the investigated agents. On the contrary,
these data reflect the baseline state of the animals at
the time of initiation of therapeutic intervention and are
methodologically expected given the pathogenesis of AA.

The results of NIM monotherapy demonstrate
the limitations of an approach based exclusively on
COX-2 inhibition and reduction of PG synthesis.
Despite some increase in PST at later treatment stages,
the effect of NIM was not statistically significant com-
pared with the control group. This indicates that isolated
suppression of the inflammatory component of pain is
insufficient under conditions of established central
sensitization. Similar patterns are well known in the
clinical practice of RA, where NSAIDs often fail to provide
adequate pain control even when remission or low
disease activity is achieved [4].

Combined use of NIM with PCE was characterized
by a complex, biphasic dynamics of the analgesic effect.
The deepening of hyperalgesia on day 14 may be due
to an immune response to administration of the bio-
logical agent, as well as insufficient time for the mani-
festation of its immunomodulatory and cytoprotective
properties. At the same time, a significant increase in
PST on day 28, exceeding the values of both the
control group and the NIM group, indicates the presence
of a delayed analgesic potential of PCE. This effect is
likely mediated through reduction of chronic inflam-
mation, modulation of the cytokine profile, and indirect
influence on neuroimmune mechanisms of pain main-
tenance, which is consistent with current views on the
indirect analgesic effects of biological agents [64].

KET demonstrated a fundamentally different profile
of analgesic action in this model. Despite the absence
of a positive effect at early treatment stages, a sharp
and statistically significant increase in PST was recorded
on day 28, exceeding even baseline values. Such delayed
analgesia suggests that profound suppression of the
PG cascade can affect not only peripheral but also
central nociceptive mechanisms; however, a prolonged
period is required for this effect to manifest. At the same
time, numerous literature data indicate substantial
limitations of the clinical use of KET due to a high risk
of gastrointestinal, renal, and hemorrhagic complica-
tions, which precludes its use as a long-term pain control
agent in RA [65].

The most pronounced and clinically significant anal-
gesic effect was observed with the combined use of
KET and MSC-CM. In this group, the maximum increase
in PST on day 28 was recorded, which significantly
exceeded the indicators of all other treatment regimens,
including KET monotherapy. This result indicates a syner-
gistic interaction between pharmacological suppression
of PG-mediated nociception and the immunomodulatory
and potentially neuroprotective effects of MSC-CM.

It is likely that MSC-CM, owing to a complex of
bioactive factors including cytokines, growth factors,
and exosomes, contributes to a reduction in chronic
neuroimmune inflammation, decreases activation of
microglia and astrocytes in the central nervous system,
and thereby increases the sensitivity of central pain
mechanisms to the pharmacological effects of KET.
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TUM camMyM MiABULLYE YYTNUBICTb LIEHTPanbHUX Mexa-
HiamiB 6onto oo dapmakonoriyHoro Brnnuey KET. Came
Taka OaraTopiBHEBa [isi MOXe MOSICHIOBATU HaO3BU-
YanHo BMcokuin npupict MNBY y uin rpyni Ta npuHUMnoBy
nepesary MynsTUMOAANbLHOIO NiAXo4y Hag MOHoTepanieto.

OTpuMaHi pesynsratv 4o6pe y3rogXyTbes 3 cydac-
HOK KOHLEMUIE KOHTPOO XpOHiYHoro Gonto npu PA,
Bi4NOBIOAHO OO SIKOI edeKkTMBHA aHanbreTudHa Tepanis
mMae OyTu cnpsiMoBaHa He NuLIE Ha NPUrHIYEeHHs nepu-
depudHOro 3ananeHHs, ane W Ha mMoaudikauilo LeHT-
panbHUX MexaHi3miB ceHcuTumaauii [62].

I3onboBaHe 3actocyBaHHA HIM133 y LbOMY KOHTEKCTI
€ MnaToreHeTU4YHo OoOMeXeHUM, ToAdi fK KOoMOiHOBaHi
cTparterii i3 3anydeHHsM GionoriYyHMX areHTiB BigKpwW-
BalOTb HOBi MOXIMBOCTI ANs onTuMisauii cumnToma-
TWUYHOrO NiKyBaHHS.

TakMM 4MHOM, pesynbTaTty AOCHIAKEHHSI MEPEKOH-
NMBO [OEMOHCTPYHOTb, IO XPOHIYHWI OONbOBUIA CUHA-
pom npu AA, nogi6Ho go PA, He Moxe GyTn edhekTUBHO
KOHTPOSbOBaHWUI WNsXom MoHoTepanii HM33. HalbinbLw
NepcrnekTMBHUM € MynbTUModanbHUA Nigxia, sKuA no-
eaHye capmakonoriyHun Bnnue Ha [NIM-onocepenkoBaHy
HoLMUEeNLito 3 iIMyHOMOAYMIOBaNbHUMK Ta HEMPOMPOTEK-
TOpHMMKN MexaHisamamu gii BKBE3. OTpumani ekcnepu-
MeHTanbHi AaHi OopMyloTb HaykoBe MiArpyHTs Ang
noganblUnX AOCHIMKEHb, CNPSMOBAHUX Ha OLiHKY 6es-
neky, OMTUMI3aLil0 PEXUMIB 3aCTOCYBaHHsi Ta BW3Ha-
YeHHs1 KniHiYHOT edekTUBHOCTI nodibHMx KombiHauin
y nauieHTiB 3 PA Ta iHwumun AP3.

BUCHOBKHU

MopentoBaHHA af’loBaHTHOTO apTpuTy Y LWypiB Cy-
npoBogXXyBanocsi (OpMyBaHHAM CTIilKOI rinepanresii,
WO MiATBEPMAXYBANOCA 3HWXKEHHAM nopory ©0onboBoi
yytnueocTti (MBY) Ha 14 pgoby Ha 50,9% nopiBHAHO
3 iHTakTHUMK TBapuHamu (149+4 npotn 30414 ym. oa.;
p<0,01). Ha 28 poby 6e3 nikyBaHHa MBY 3anuwasca
3HWKEHUM Ha 42,5% Big BuxigHoro piBHs (p<0,01), wo
CBi4YMTb NPO NEpPCUCTyBaHHA GOMbOBOrO CUHAPOMY
Ta 3anyyeHHs UeHTpanbHUX MeXaHi3MiB CeHcuTu3auii,
XapakTepHWX ANs XPOHIYHOrO ayTOIMYHHOIO 3ananeHHs.

MoHoTepanis Himecynigom He 3abe3nevyBana KniHiy-
HO 3Ha4yLLOro 3HebonBaNbLHOro edpekTy: Ha 28-my Aoby
MBY nepeBuwlyBaB KOHTpOnb nuvwe Ha 4,1% (1818
npotn 17416 ym. oa.; p=0,5). KombGiHauia Himecynigy
3 KpIOEKCTPaKTOM MraueHTn MnposBnsna BigTepMiHOBa-
HUIA aHanbreTuyHun ecpek, nigeuwytoum MNBY Ha 17,2%
nopiBHAHO 3 koHTponem (p<0,001) Ta Ha 12,6% nopis-
HsIHO 3 HiMecynigom (p=0,047), wo BKa3dye Ha NoTeHLito-
BaHHs Aii HM33 y nisHi CTpoku nikyBaHHS.

Hanbinblw BupaxeHy aHanbreTuyHy egeKTUBHICTb
NpPOAEMOHCTPYBarno KOMBiHOBaHe 3aCTOCYBaHHS KETOPO-
naky 3 KOHAWLIOHOBaHWM CepedoBULLEM Me3eHXiManb-
Hux cToBbypoBux knitnH. Ha 28-my poby MNBY nepesu-
wysaB KoHTponb Ha 103,1% (p<0,001), mMoHoTepanito
keTopornakom — Ha 12,6% (p=0,047) Ta Himecynigom —
Ha 111,5% (p<0,001). Lle cBigunTb Npo CMHepriYHuUiA
edekT hapmakornoriyHoro Ta GioNoriYyHOro KOMMOHEHTIB

Such a multilevel action may explain the exceptionally
high increase in PST in this group and the fundamental
advantage of a multimodal approach over monotherapy.

The obtained results are in good agreement with
the contemporary concept of chronic pain control in RA,
according to which effective analgesic therapy should
be aimed not only at suppressing peripheral inflam-
mation but also at modifying central sensitization
mechanisms [62].

Isolated use of NSAIDs in this context is pathogene-
tically limited, whereas combined strategies involving
biological agents open new opportunities for optimizing
symptomatic treatment.

Thus, the study results convincingly demonstrate
that chronic pain syndrome in AA, similarly to RA,
cannot be effectively controlled by NSAID monotherapy.
The most promising approach is a multimodal strategy
that combines pharmacological effects on PG-mediated
nociception with immunomodulatory and neuroprotec-
tive mechanisms of action of cell-free cryopreserved
biological agents. The obtained experimental data
form a scientific basis for further studies aimed at asse-
ssing safety, optimizing treatment regimens, and deter-
mining the clinical efficacy of such combinations in pa-
tients with RA and other autoimmune rheumatic diseases.

CONCLUSIONS

Modeling of adjuvant arthritis in rats was accom-
panied by the development of persistent hyperalgesia,
as evidenced by a 50.9% decrease in the pain sensi-
tivity threshold (PST) on day 14 compared with intact
animals (149+4 vs 3044 conventional units; p<0.01).
On day 28 without treatment, the PST remained reduced
by 42.5% from baseline (p<0.01), indicating persis-
tence of the pain syndrome and involvement of central
sensitization mechanisms characteristic of chronic
autoimmune inflammation.

Monotherapy with nimesulide did not provide a clini-
cally significant analgesic effect: on day 28, the PST
exceeded the control by only 4.1% (18148 vs 17416 con-
ventional units; p=0.5). The combination of nimesulide
with placental cryoextract demonstrated a delayed
analgesic effect, increasing the PST by 17.2% compared
with the control (p<0.001) and by 12.6% compared
with nimesulide alone (p=0.047), indicating potentiation
of NSAID action at later stages of treatment.

The most pronounced analgesic efficacy was de-
monstrated by the combined use of ketorolac with
mesenchymal stem cell conditioned medium. On day 28,
the PST exceeded the control by 103.1% (p<0.001),
ketorolac monotherapy by 12.6% (p=0.047), and nime-
sulide by 111.5% (p<0.001). This indicates a synergistic
effect of the pharmacological and biological components
and highlights the promise of a multimodal approach

i MepcnekTMBHICTb MynbTUMOAAnbHOro nigxogy Ao  to the control of chronic pain.
KOHTPOJI XPOHIYHOro 60rto.
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OBMEXEHHA AOCAIAXKEHHS

ABTOpM pyKOMUCy CBIQOMO 3acBigyyloTb, LWIO iHTepnpeTauis
pesyneraTtieB  obmexeHa BUAOBMMW/MOLEMbHUMW  YMHHMKAMMU,
yMOBaMM YTPMMaHHS Ta pecypcHuMuU pamkamu. focnigu in vivo
Ha Wypax-camusax y CTaHAapTU30BaHMX YMOBaX i3 OOHIEI0 403010,
nepeBaXHO CypOraTHMMKU MOKasHWKamy Ta KOPOTKMM Mepioaom
CMOCTEePeXeHHA He AaloTb NiACTaB AN OCTATOYHMX BUCHOBKIB
wono Tpusanoi 6e3nekn Ta KniHiYHOI peneBaHTHOCTI. Po3mip
rpyn no 7 ocobuH i YacTkoBa paHAoMi3aLisa (po3nogin TBapvH 3a
rpynamm 6e3 «3acninneHHs» onepatopa exokapaiorpadii) 3Hu-
XKYIOTb TOYHICTb i MiABULLYIOTE PU3NK CUCTEMATUYHMX MOXMOOK;
MixnabopaTopHoi pennikauii He BUKOHAHO, TOX 30BHILLHA Ba-
NiOHICTb | NEpEeHOCUMICTb Ha NIOANHY 0OMexeHi. [1nsi 3MeHLIEeHHs
BMAMBIB AOTPUMMaHO HacTaHoB LIOAO MOBIAOMMEHHS MNpo
pocnipkeHHa Ha TBapuHax (Animal Research: Reporting of
In Vivo Experiments — ARRIVE) i HanexHoi nabopatopHoi
npaktukm (Good Laboratory Practice — GLP), ctaHgaptusoBaHo
NPOTOKONM, AeTarnbHO ONUCAHO CTAaTUCTUYHI Npoueaypu. Pesynb-
TaTu € nonepenHiMu; NigTBEpoKEHHS noTpebye GaraToueHTpo-
BMX NOBTOPEHb, aHanisy Ao3a — edpekT, BKIMIoYeHHs 060X cTaTten
i pi3HMX BIKOBMX rpyn, BUKOPUCTAHHS OPraHoigiB/MioACbKUX
TKaHWH Ta OLHIOBAHHS KIMiHIYHO 3HAYYLLUX KiHLEBUX TOYOK.

nepcneK'ruBu MOAQABLUUX AOCAIAXEHD

MopanbLui gocnigXeHHs OOUINbHO CnpsiMyBaTW Ha nornubnexe
BMBYEHHS MEXaHi3MiB CUHepPriyHOi aHanbreTU4Hoi fAii HecTte-
pOigHMX MpoTM3ananbHUX MpenapatiB y NoegHaHHi 3 6e3kni-
TUHHMMM KpiOKOHCEepBOBaHMMM GionoriyHMMK 3acobamy 3 ak-
LEHTOM Ha HENPOIMYHHi Ta HOLMNNACTUYHI KOMMNOHEHTU Gorto.
[MepcnekTMBHUM € aHania [o030- Ta 4Yaco3anexHux edekTis,
ouiHKa BnNMBY KOMGIHOBaHOi Tepanii Ha MapKkepu LeHTparnb-
HOi CeHCcWUTU3aLii, OKCMAATMBHOIO CTpecy Ta Heupornians-
HOI akTuBaLil.
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Limitations of the study

The authors of the manuscript explicitly acknowledge that
interpretation of the results is limited by species-model-specific
factors, housing conditions, and resource constraints. In vivo
experiments in male rats under standardized conditions with
a single dose, predominantly surrogate endpoints, and a short
observation period do not allow definitive conclusions regarding
long-term safety and clinical relevance. Group sizes of seven
animals and partial randomization (allocation of animals to
groups without blinding of the echocardiography operator)
reduce precision and increase the risk of systematic bias;
inter-laboratory replication was not performed, thus external
validity and translatability to humans are limited. To mitigate
these influences, the ARRIVE (Animal Research: Reporting
of In Vivo Experiments) guidelines and 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 directed toward an in-depth investi-
gation of the mechanisms of synergistic analgesic action of
nonsteroidal anti-inflammatory drugs in combination with cell-
free cryopreserved biological agents, with an emphasis on
neuroimmune and nociplastic components of pain. Promising
areas include analysis of dose- and time-dependent effects,
as well as assessment of the impact of combination therapy
on markers of central sensitization, oxidative stress, and
neuroglial activation.
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CTPOIB, IHWWMW opraHisauisimMu, Yni NpoaykTn, nocnyru, diHaxH-
coBa nigTpuMkKa MoXyTb OyTW NOB’A3aHi 3 NPeAMETOM HagaHux
Matepianis abo siki cnoHcopyBanu NpoBeAEHi AOCHIAXEHHS.

AOTPUMAHHS €TU4HMX HOPM

ABTOpK pyKONMUCy CBIAOMO 3aCBiAYYHOTb, LLO eKCrepuMeHTarbHi
OOCNIOXEeHHs MpoBedEeHO  3rigHO 3  BMMOraMu  HanexHoi
nabopatopHoi npaktukm «GLP» (Good Laboratory Practice),
KoHBeHLUii Pagn €Bponv nNpo oxopoHy XxpebeTHuX TBapwH, LU0
BMKOPUCTOBYIOTbCSI B EKCMEPUMEHTax Ta B iHLUMX HayKOBMX
uinax sig 18 6epesna 1986 p., [upekTuBu E€BPONENCHKOrO
napnameHTty Ta Pagu €C 2010/63/€C Big 22 sepecHs 2010 p.
npo 3axWCT TBapwWH, $IKi BMKOPUCTOBYHOTHCSI AN HayKOBMX
uinen, Hakasy MiHicTepcTBa OXOpPOHM 300pOB’A YKpaiHW Big
14 rpygHa 2009 p. Ne 944 «[Mpo 3aTtBepmxeHHs [Mopsiaky
NpoBeAEHHS  OOKMNIHIYHOrO BMBYEHHSI NiKapCbkux 3acobiB
Ta ekcrneptusu mMaTtepianiB AOKMIHIYHOTO BMBYEHHSI MiKapCbKUX
3acobie», 3akoHy Ykpainu Big 21 niotoro 2006 p. Ne 3447-IV
«lMpo 3axucT TBapuWH Big >XOPCTOKOrO MOBOMXEHHS» Ta iH.).
HocnigpxeHHs cxBaneHe Kowmicieto 3 nutaHb eTukn Ta BioeTukn
Mean4HOro dakynsTeTy XapKiBCbKOrO HaLioOHanbHOro yHiBepcu-
TeTy imeHi B.H. KapasiHa MiHicTepcTBa OCBITU i Haykn YKpaiHu.

BMKOpMCTGHHﬂ LWTYy4YHOro iHTeAeKTY

ABTOpPWU pyKOMMCY CBIAOMO 3acBiA4vyloTb, WO Y npoueci npo-
BeeHHs JOCNigKeHHS Ta NiArOTOBKM LbOTrO PYKOMUCY HE BUKO-
PWCTOBYBAnu XO4HUX IHCTPYMeHTIB abo cepBiciB reHepaTUBHOTO
LUTYYHOrO iHTENEKTY AN BWKOHaHHA OyAb-siKMX 3aBAaHb,
nepenivyeHnx y TakCOHOMIi AeneryBaHHs 3aBAaHb reHepaTuB-
HOMY WTy4HOMY iHTenekTy «GAIDeT» (Generative Artificial
Intelligence Delegation Taxonomy, 2025 p.). Yci etanun po6otn —
BiJ KOHUenTyamisauii Ao iHanbHOro peparyBaHHA —
BMKOHaHi 6e3 3any4eHHs reHepaTMBHOIO LUTYYHOrO iHTEMEKTY,
BUKITHOYHO aBTOpaMu.

MepBuHHI AaHi Ta MmaTepiaAn

ABTOpU pyKOMNMCy CBiAOMO 3acBiguyloThb, WO Y poboTi BUKOpPUC-
TaHO pesynbTaTM BNACHUX eKCneprMeHTanbHUX AOoChiXKeHb,
wo Oynu cuctemaTu3oBaHi Ta MpoaHani3oBaHi aBTopamu.
MepBuHHI OaHi BkMoYaloTb y3aranbHeHi MokasHuku, nabopa-
TOPHi pe3ynbTaTi, eKcrnepuMeHTarnbHi NPOTOKONM Ta OTpUMaHi
KiNbKiCHI XxapakTtepuctukn. Bci matepianu 36epexeHi B apxiBi
[OCnigHMLBKOT Tpynn Ta MOXyTb OyTu HapaHi 3a ob6rpyHTO-
BaHWM 3anuMTOM [0 aBTopa-KOPeCMoHAeHTa, 3 ypaxyBaHHSM
€TUYHMX HOPM Ta NpPaBoOBUX OOMEXEHb.

IHdbopmalis Npo dpiHAHCYBAHHS

diHaHcyBaHHA Bugatkamu [lepxxaBHoro 61omxkeTy YkpaiHu.

CtaTtTa € dparMeHTOM NnaHoBOi HayKoOBO-4OCHIAHOI poboTu
kadedpu 3aranbHOI Xipyprii, aHecTesionorii Ta naniaTuBHOI
MeauLUMHN  XapKiBCbKOro HaLioOHanbHOro YHiBEPCUTETY iMeHi
B.H. KapasiHa MinictepctBa 0OCBiTU i Hayku YkpaiHn «KniHiko-

naToreHeTM4Hi  0COBNMBOCTI, YOOCKOHANEeHHs  AiarHOCTUKM,
NPOrHO3yBaHHA yCKNagHeHb Ta iHAMBIQyanisauisi nikyBanbHUX
cTpaTerii Npu TPaBMAaTUYHMX YLUKOMXKEHHSIX», HOMep Aep-
XaBHOi  peectpauii  0125U002755, TepMiH  BMKOHaHHS:

2025-2028 pp., KepiBHMK — 3aBigyBayka kadenpu, LOKTOp
dinocodii B ranysi OxOpoHM 300pOB’A 3a cneuianbHiCTo
«MeanunHay, noueHT M.C. MaTBeeHKO.

support may be associated with the subject of the submitted
materials or that sponsored the conducted studies.
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