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PE3IOME

AkTyanbHicTb. 3ananbHi npouecy BiairpatoTb NPOBIAHY porb y naTtoreHesi HGaraTbox
3axBOPIOBaHb, 30KpemMa XpPOHi4YHOro 6o, ayToiMyHHUX, CepLEBO-CYANHHNX Ta OHKOIMO-
riYHMX naTonori. 3pocTaHHs YacToTW 3anarnbHUX CTaHIB Y KMiHIYHIA NpaKkTULi 3yMOBIOE
notpeby B 6e3neyHunx i echekTUBHMX 3acobax, 30aTHUX KOHTPOSOBATU K 3anarneHHs!, Tak
i cynyTHin okcupaTusHuin ctpec. CydacHa hapmakoTeparnisi opieHToBaHa Ha CTBOPEHHS
KOMBIHOBaHMX NiKapcbKux ¢popM, LIO BMMBaKOTb Ha Kinbka MaTOreHeTUYHUX JaHOoK.
MedeHamiHoBa kucriota € edekTUBHMM HECTEepOigHMM npoTu3ananbHUM 3acobom,
ofHak ii 3actocyBaHHs obmexeHe nobivyHumn edektamun. KodeiH, y cBoto Yepry, Moxe
noTeHLiloBaT Ailo NpoTM3ananbHyUX npenaparis, BNavMBawo4M Ha MeTaboniyHi Ta aHTu-
OoKCMAaHTHI npouecy. Y 3B’A3Ky 3 MM OBr'pyHTYBaHHS iX NOEAHAHHS € aKTyanbHUM.
MeTa po60oTu — BUBYUTY NpOTU3anarnbHy Ta aHTUOKCUMAAHTHY eheKTUBHICTb HOBOI dhapma-
LEBTMYHOI KOMMNO3uLii MedeHaMiHOBOI KMCNOTU 3 kodbeiHoM Ha mogeni hopmaniHoBoro
HabpsiKy Yy LLypIB LUMSXOM BU3HAYEHHS PIBHIB Liepyrnonna3miHy Ta TPMEHOBUX KOH'loraTiB.
Matepianu Ta Metoau. [ocnigxeHHs npoBegeHo Ha 36 6inux wypax niHii WAG,
po3nogineHnx Ha 6 rpyn. ®opmaniHoBMin Habpsik MoJentoBany LWNsSxoM cybnnaHTtap-
Horo BBefeHHs 2% copmaniy. [locnigHi pe4oBUHM BBOAWMIM BHYTPILLHBOLLUIYHKOBO 3a
1 roauHy go niky 3ananeHHs. Yepes 4 roaMHn y cupoBaTLi KPOBI BU3HAYanu piBHi Liepy-
nionnasmMiHy Ta TPUEHOBUX KOH'toraTiB cnekTpoOTOMETPUHHIMU METOAAMMU.
Pesynbratu. ®opmaniHoBuii Habpsik CynpoBOAXYBaBCS AOCTOBIPHVM MiABULLEHHSM
piBHIB Liepynonna3smiHy Ta TPUEHOBMX KOH'tOraTiB, WO CBiAYMTb NPO akTuBaLjlo 3ana-
NeHHSs 1 okeupaTuBHoro cTpecy. MoHoBBeAeHHS MedeHaMiHOBOI kucnoTtu abo kodeiHy
3HMKYBAsO Lii MOKa3HWKM, OOHaK BOHU 3anuiianncs BULLMMK 3a HopMy. HanBuly edbek-
TMBHICTb NPOAEMOHCTPYBana KoMbiHoBaHa KOMMO3WULLisi, sika CyTTEBO 3MeHLLyBana piBHi
o6ox biomapkepis i Gyna sicTaBneHBaHO 3 Aieto AUKNodeHaKy HaTpito.

BucHoBku. KombiHauis mMedeHamiHOBOI KMCNOTU 3 KOEIHOM NPOSIBMSIE BUPaXKEHY
CWHepriyHy npoTtu3ananbHy Ta aHTMOKCUAAHTHY aKTMBHICTb i € MEepCrneKTUBHOW Ans
noganblUMx hapMakonoriYyHnx AOCnioKeHb.

Cuposa I.O., CasenbeBa O.B., Abpamosa J1.I., Kozy6 C.M., YaneHko H.M., MpucskHuin O.B. BioximiyHa ouiHka
npoTM3ananbHoOi Ta aHTUOKCMAAHTHOI aKTUMBHOCTI dhapmaLueBTUYHOI KOMNo3uuii MedeHamMiHOBOI KUCMOoTK 3 Kode-
THOM Ha dboHi hopmaniHoBoro HabpsiKy y LWypiB. BicHUK Xapkiecbko2o HayioHansHo2o yHisepcumemy B.H. KapasiHa.
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ABSTRACT

Background. Inflammatory processes play a key role in the pathogenesis of many
diseases, including chronic pain, autoimmune, cardiovascular, and oncological disorders.
The increasing prevalence of inflammatory conditions in clinical practice necessitates
the development of safe and effective agents capable of controlling both inflammation
and the associated oxidative stress. Modern pharmacotherapy is focused on the creation
of combined pharmaceutical formulations that target multiple pathogenetic mechanisms.
Mefenamic acid is an effective nonsteroidal anti-inflammatory drug; however, its clinical
use is limited by adverse effects. Caffeine, in turn, may potentiate the action of anti-
inflammatory agents by influencing metabolic and antioxidant processes. Therefore,
substantiating their combined use is of current relevance.

Purpose — to investigate the anti-inflammatory and antioxidant efficacy of a new
pharmaceutical composition of mefenamic acid combined with caffeine using a formalin-
induced paw edema model in rats by determining ceruloplasmin and triene conjugate levels.
Materials and Methods. The study was conducted on 36 white WAG rats divided
into six groups. Formalin-induced edema was modeled by subplantar injection of 2%
formalin solution. The test substances were administered intragastrically 1 hour before
the peak of inflammation. Four hours later, serum levels of ceruloplasmin and triene
conjugates were determined using spectrophotometric methods.

Results. Formalin-induced edema was accompanied by a significant increase
in ceruloplasmin and triene conjugate levels, indicating activation of inflammatory
processes and oxidative stress. Monotherapy with mefenamic acid or caffeine reduced
these parameters; however, they remained above normal values. The combined
composition demonstrated the highest efficacy, significantly reducing both biomarkers
to levels comparable to those observed with diclofenac sodium.

Conclusions. The combination of mefenamic acid and caffeine exhibits pronounced
synergistic anti-inflammatory and antioxidant activity and represents a promising

candidate for further pharmacological investigation.

For citation:
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BCTYN

3ananbHi npouecu, sk rocTpi, Tak i XPOHiyHi, Bigi-
rpatoTb KIOYOBY pOrib Yy natoreHesi HinbLIoCTi cy4acHnX
3axBoptoBaHb. CTaTUCTWYHI AaHi cBigYaTb Mpo CyTTEBE
3pOCTaHHSA 4acTOTW 3ananbHUX MOLECIB, WO € pe3yrb-
Tatom Aii HU3KM akTopiB — BiA 3MiH CMocoby XWTTs
[0 eKkonoriyHmx. 3ananeHHst po3rnsgaeTbes sk eBOosto-
LiMHO KOHCepBaTMBHA peaklisi OpraHiaMy Ha LIKianuBi
CTUMYNW, CMNPsSIMOBaHa Ha BIAHOBMIEHHS TOMeOCTa3y
[1, 2, 3, 4]. Y GaraTbox BuMNagkax 3ananeHHsl Bigirpae
3aXUCHY pOrib, Crpusie OOMEXEHHIO BOrHWLLA i foka-
nisauii, 3HELWKOMKEHHIo, erniMiHauii 3 opraHiamy naro-
rEHHOro YMHHUKA. Ane npu reHepanisoBaHux dopmax
Takuii Npouec Moxe MpU3BOAUTM OO0 3HAYHOrO MOLLKO-
[PKEHHS OpraHiB i TKaHWH i3 MOpYLUEHHAM iX pyHKUii [6, 7].
HesanexHo Big nokanisauii 3ananbHOro npouecy
i IOro MOXOOXKEHHS!, B 30Hi rOCTPOro 3anarieHHs 3aBxam
BVMHWKAE CTAHAAPTHWUIA KOMMIEKC CYAMHHMX i TKAHUHHUX
3MiH. Bigomo, Lo peakuis 3 60Ky TKaHUH Ha Jit0 MOLLKO-
[JPKYHHOTO YMHHUKA HOCUTL hasHui xapakTep i NposBns-
€TbCA anbTepauieto, ekcyaadieto i nponidepadieto [8, 9].
OpHo4YacHO 3 TKaHWMHHUMW po3fagamMu Mnpy 3ananeHHi
BMHUKAE KoMmMnekc cyavHHux 3miH [10]. MigBuweHHs
NMPOHWKHOCTI CyAWH NpW TFOCTPOMY 3ananeHHi po3Bu-
BaeTbCsA Bigpasdy nicnsa Aii MOLWKOMKYYOro YMHHMKA
i € OCHOBHOK MPUYMHOIO eKkcydauil i po3BUTKY 3ananb-
Horo Habpsiky. Exkcypauii cnpusitoTb nigBULLEHHS TUCKY
B CyAMHax y pesynbraTi 3aCTOl0, akTuBaLlii npoueciB BiNb-
HOpaAuKanbHONO OKUCHEHHS!, HAKOMWYEHHSI B TKaHUHaX

INTRODUCTION

Inflammatory processes, both acute and chronic, play
a pivotal role in the pathogenesis of most contemporary
diseases. Statistical data indicate a significant increase
in the incidence of inflammatory conditions, which
is attributed to a range of factors — from lifestyle changes
to environmental influences. Inflammation is regarded
as an evolutionarily conserved response of the organism
toharmful stimuli,aimed atrestoringhomeostasis[1,2, 3,4].
In many cases, inflammation serves a protective role
by contributing to the containment and localization of the
lesion, neutralization, and elimination of the pathogenic
factor from the body. However, in generalized forms,
this process may lead to substantial damage to organs
and tissues, accompanied by impaired function [6, 7].
Regardless of the localization and origin of the
inflammatory process, a standard set of vascular
and tissue alterations consistently develops in the
area of acute inflammation. It is well established that
the tissue response to a damaging stimulus follows
a phased pattern, manifested by alteration, exudation,
and proliferation [8, 9]. Alongside tissue disturbances,
inflammation is accompanied by a complex of vascular
alterations [10]. Increased vascular permeability during
acute inflammation develops immediately after exposure
to a damaging factor and represents the primary cause
of exudation and the formation of inflammatory edema.
Exudation is further promoted by elevated intravascular
pressure due to stasis, activation of free radical oxidation
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NpoayKTiB po3nagy i NOpyLIeHOro OO6MiHY pPeyoBUH.
3aTpumui pianHN B TKAHWHAX TaKOX CMPUSIE NOPYLUEHHS
BiATOKY NiMdu, WO PO3BMBAETLCA NpY 3ananeHHi. Hako-
MAYEHHS Y BOTHULL YPaXKeHHSA MPOAYKTIB MOPYLLUEHOro
obMiHy npu3BoAnUTbL A0 auuaoasy, 36inbLUEeHHS OCMOTUY-
HOro TUCKY, yHacnigok 4oro 3'asnserbcsa 6inb [11, 12].
Bci Ui YMHHMKM 3ananbHUX MPOLECIB € CEPNO3HOK
nNpobrnemoto, OCKINbKN BOHW NexaTb B OCHOBiI PO3BUTKY
BaraTbOX MOLIMPEHUX 3axBOPIOBaHb, Bif XPOHIYHOrO
6onto A0 iHPapKTy Ta OHKOMOTiYHMX NPOLIECIB.

PaujioHanbHa dapmakoTepanis 3ananbHUX NpoLecis
BKItoyae B cebe 3aCTOCyBaHHSA PI3HUX 3@ MEXaHi3MOM Aii
npoTtusananebHux 3acobis [13]. Hacamnepen, ue HecTepo-
iaHi npotnsanansHi 3acobu (HIM33). 3a yacToTolo KniHiY-
Horo 3actocyBaHHsA HIM33 noctynatwoTbca nuwe aHTu-
bakTepianbHuM nikapcbkum 3acobam [14]. 3a paHumu
BcecBiTHBOI opraHisaLii oxopoHu 3aopos’s 6rnmabko 20%
HaceneHHs B ycboMy CBiTi npunmatoTe HM33 [15, 16].

HIM33 BigirpaoTb KMOYOBY POMb Yy CydacHin KNiHIYHINA
NPaKTULL, OCKINbKV [O3BONAOTE €HEKTUBHO KOHTPOMNOBaTU
TPW OCHOBHI CUMMTOMM 3anaribHOro npoLiecy — binb, HabpsK
i rineptepmito. BoHW Hanexatb A0 nepLuoi MiHil Tepanii npu
NiKyBaHHI SK rOCTPUX, TaK i XPOHIYHMX 3anaribHUX 3axBO-
ptoBaHb. [MpoTArom TpuBanoro Yacy B MeauuyHi npakTuui
3aCTOCOBYBanuUCs nNepeBaXkHo MOHOoMpenapaTn 3 rpynu
HM33 — Taki sk ibynpodeH, AuknodeHak, HamnpokceH
Ta iHWi. BoHn AemoHCTpyloTb cTabinbHy edeKkTMBHICTb
i CTann cTaHaapToOM AN CUMNTOMaTUYHOIO NiKyBaHHs [17].

OpHak, y 3B’'A3Ky 3 nporpecoM y ranysi dapmawii
Ta MWBOKMM PO3YMIHHAM MEXaHi3MiB pPO3BUTKY 3ana-
NEeHHS | MexaHi3miB Aji npoTu3danansHUX hapMaueBTUYHNX
npenapariB, 3pOCTa€ 3aliKaBMeHICTb Y BUKOPUCTAHHI
KOMGIHOBaHMX nikapcbkux 3acobiB. KombGiHoBaHi npoTu-
3ananbHi  npenapaTtyv  CTaHOBMATb BaXIMBUWA  Hanpsim
cyyacHoi dhapmakoTepanii, wWo 3abe3neyye OpHOYACHY
[il0 Ha Kinbka nNaToreHeTUYHUX MexaHi3MiB 3ananbHOro
npoLecy. Ix 3actocysaHHa [03BOMAE NiABULLNTY ePEKTUB-
HICTb NiKyBaHHS 3@ paxyHOK CWHEpPri3aMy MK KOMMOHEH-
Tamu, 3MEHLLNTU TepaneBTUYHI JO3U KOXXHOTO KOMMOHEHTa
Ta, BiMOBIAHO, 3HN3UTU PU3MK PO3BUTKY NOBIYHMX edeKTiB.
Ocob6n1BO LIHHOK € MOXIMBICTb NOEAHAHHA NPOTU3anarb-
HOro, 3HeGontoBarnbHOro, CNa3MoNiTUYHOIO, raCTPONPOTEK-
TOPHOTO edpeKTiB B OAHIV Nikapcbkin dopmi [16].

Y KniHiYHIW npakTvui KombiHOoBaHi 3acobwu OeMOoH-
CTPYIOTb BUCOKY TepaneBTUYHY edeKTUBHICTb Mpu niky-
BaHHi 3aXBOPIOBaHb OMOPHO-PYXOBOro anapary, riHeKono-
riYHOro, HEBPOMOriYHOrO Ta CTOMAaTOMOrYHOro Npodinto,
a TakoX Npu rapsiyKoBuX i nicnsonepauinHnx ctaHax. BoHu
0CcobnmnBO KOPWCHI B yMOBax ambynaTopHOro mikyBaHHS,
KONV BaXNMMBO AOCAITU LUBUAKOMO NOMErLLUEHHA CUMMNTOMIB
npuv MiHiMarnbHiN KinbKkocTi MeaukameHTis [18, 19].

Kpim TOro, kombiHoBaHi npenapaTv cnpusoTb NigBu-
LLEHHI0 MPUXMIMbHOCTI NauieHTiB A0 NiKyBaHHA 3aBASKU
3MEHLLEHHIO KifbKOCTI NikapCbkmx 3acobiB, ki NOTPIGHO
npunmatn okpemo. Lle mae Benvke 3HaveHHs y Tepanii
XPOHIYHUX 3aXBOPIOBaHb, KOMW NiKyBaHHA MOXe OyTu
TpMBanNMM i CKMagHUM Ang CNpUAHATTS NauieHTOM.
HesBaxatoun Ha oueBuaHi nepesarn, kKombiHOBaHa
Tepania BMMarae peTenbHoro nigbopy cknagy Ta [o3y-
BaHHA 3 ypaxyBaHHSM iHAMBIQyanbHWX ocobnusocTen
OpraHi3amy, HasBHOCTi CYMyTHIX XBOPOO, MOXNMBKX nikap-
CbKMX B3aEMOfiM Ta NepeHOCUMOCTi KOMMOHEeHTIB. Paui-
OHarnbHEe BWKOPWUCTaHHA Takux npenapaTtisB MOXNvBe
niwe 3a yMOB MiKapCbKOro KOHTPOMO Ta KMiHIYHOro

processes, accumulation of degradation products
in tissues, and impaired metabolic regulation. Fluid
retention in tissues during inflammation is also facilitated
by impaired lymphatic drainage. The accumulation
of metabolic byproducts in the lesion site leads to acidosis
and increased osmotic pressure, which in turn contributes
to the development of pain [11, 12]. All these factors
of inflammatory processes represent a serious problem,
as they underlie the pathogenesis of many common
diseases, ranging from chronic pain to myocardial
infarction and oncological conditions.

Rational pharmacotherapy of inflammatory processes
involves the use of anti-inflammatory agents with different
mechanisms of action [13]. Foremost among them are
nonsteroidal anti-inflammatory drugs (NSAIDs). In terms
of frequency of clinical application, NSAIDs are second
only to antibacterial agents [14]. According to the World
Health Organization, approximately 20% of the global
population use NSAIDs [15, 16].

NSAIDs play a pivotal role in modern clinical practice,
as they effectively control the three main symptoms of the
inflammatory process — pain, edema, and hyperthermia.
They represent the first-line therapy in the treatment of both
acute and chronic inflammatory diseases. For a long time,
medical practice relied predominantly on monotherapy with
NSAIDs, such as ibuprofen, diclofenac, naproxen, and
others. These agents demonstrate consistent efficacy and
have become the standard for symptomatic treatment [17].

However, with advances in pharmacy and
a deeper understanding of the mechanisms underlying
inflammation and the pharmacological actions of anti-
inflammatory drugs, there is growing interest in the use
of combined formulations. Combined anti-inflammatory
agents represent an important direction in modern
pharmacotherapy, as they provide simultaneous action
on multiple pathogenetic mechanisms of the inflammatory
process. Their use makes it possible to enhance treatment
efficacy through synergism between the components,
reduce the therapeutic doses of each substance, and
consequently lower the risk of adverse effects. Particularly
valuable is the ability to combine anti-inflammatory,
analgesic, spasmolytic, and gastroprotective effects
within a single dosage form [16].

In clinical practice, combined agents demonstrate high
therapeutic efficacy in the treatment of musculoskeletal,
gynecological, neurological, and dental disorders,
as well as in febrile and postoperative conditions. They
are particularly valuable in outpatient care, where rapid
symptom relief with a minimal number of medications
is especially important [18, 19].

In addition, combined drugs contribute to improved
patient adherence by reducing the number of separate
medications that need to be taken. This is of great
importance in the treatment of chronic diseases, where
therapy may be prolonged and challenging for patients
to follow. Despite the obvious advantages, combination
therapy requires careful selection of composition and
dosage, taking into account individual characteristics,
comorbidities, potential drug interactions, and tolerability
of the components. Rational use of such drugs is possible
only under medical supervision and with clinical
justification [20]. Thus, combined anti-inflammatory drugs
represent an effective and promising tool of modern
pharmacy, enabling the optimization of inflammatory
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obrpyHTyBaHHa [20]. Otxe, KomMbGiHOBaHi npoTW3a-
nanbHi npenapatm € egeKTVBHUMWU Ta MNepCrneKkTuBs-
HUMW IHCTPYMEHTaMKN cyyacHoi dpapmallii, o 403BONAE
ONTMMI3yBaTW NiKyBaHHA 3ananbHUX NpoLecis, 3pobutn
noro Binbl pesynsTaTUBHUM | 3pyYHUM AN NauieHTiB.
Ix BMKOpWCTaHHA Mae JiTke naTodisionorivyHe Ta KniHiuHe
niarpyHTs, a pospobka HOBMX Ta nogarnblue BOOCKOHa-
NEHHS BIAOMMX CKNaAiB NikapCbKX Npenaparis BigKp1Bae
HOBI FOPM3OHTW B papmakoTepanii roCTpux i XPOHIYHNX
3ananbHux ctaHis [21, 22].

CniBpobiTH1Kamu kadeapy MeanyHoi Ta GioopraHivyHol
Ximii XapKiBCbKOro HaLlioHanbHOro0 MeLU4HOro YHiBepcu-
TETy CTBOPEHO hapMaLeBTUYHY KOMMO3uLito MedeHami-
HOBOI kucnotn (2-[(2,3-aumetundpeHin)amiHo]6eH30nHOT
kucnotn) 3 kodpeiHom (1,3,7-TpumeTnn-3,7-gurigpo-1H-
nypuH-2,6-gioHom). MedeHamiHOBa kucnoTa € npencras-
HUKOM KknacuuHux HM33. Ti dhapmakonoriyHa gis pearni-
3YETbCA MEPEBAXKHO LUMASAXOM MPUTHIYEHHS epMeHTIB
umknookeureHasu (LIOr-1 i LIOr-2), saeaskn LiboMy BOHa
YMHWTB TPY OCHOBHI edpeKTu: npoTusananbHuii, 3Hebonto-
BanbHWIN Ta Xapo3sHwKyBanesHWUn [23, 24]. MedeHamiHoBa
KMCnoTa ranbMye CUHTE3 MpocTarnaHAMHIB, 3MeEHLUYe
YyTNMBICTb pelenTopiB A0 GpafukiHiHy, ctabinisye niso-
comarnbHi MembpaHu, 3MEHLUYIOYM BUBINIbHEHHS MNpoTe-
ONITUYHUX (PEepMEeHTIB, SKi CMPUYUHSAIOTL PYMHYBaHHS
TKaHWH Y 30Hi 3ananeHHs, ranbMye CUHTE3 npo3ananbHUX
UMTOKIHIB, Takmx Ak TNF-a Ta iHTepnenkiHu, Lo BigirpatoTb
BaXXNMBY POSb Y XPOHi3aLii 3ananbHOro npoLecy.

3 apmakoguHamiyHoro nornagy  medeHamiHoBa
kucrnota 3abesneyye 3HWKEHHSI IHTEHCMBHOCTI 3ana-
MNEHHS, YCYHEeHHs Gomnio (BKMOYa4M MeHCTpyanbHUN,
rONoBHWWA, M’A30BMIN) | HOpMmanisauilo Temnepatypu
Tina npu rapsyYkoBux ctaHax. Bigomi dpapmakokiHeTU4Hi
XapakTepuUcTkn mMedeHamiHOBOI KMCNOTU: Micns nepo-
panbHOro npuiomMy npenapat [obpe BCMOKTYETbCS,
[ocaraloyn MakCcMManbHOI KOHUEHTpaUii B nrasMi Kposi
npoTtarom 2—4 roguH, MetabonisyeTbCcs B MeviHLi, BUBO-
ONTbCS NepPeBaXHO 3 ceveto y BUrnsai metabonitis [25].

HesBaxatoun Ha cBol edekTUBHICTb B sikocTi HIM33,
MedeHaMiHOBa KUCIOoTa Mae HU3Ky 0bMeXeHb i HeonikiB,
sKi NOTPiIBHO 06OB’A3KOBO BpaxoByBaTW Mpu il NpU3Ha-
YeHHi. Hambinbw nowunpeHnM i 3Havywmm nobiYHUm
eeKToM € HeraTMBHWIA BMAUB Ha LUNYHKOBO-KULLKOBUN
TpakT [26]. Yepe3 npurHiveHHa LOIM-1 3HwxyeTbCs
3axucHa Ais npocTarnaHAuHIB Ha CcnusoBy OOOMOHKY
LUMYHKa, WO MOXe NpU3BEeCTW A0 racTpuTy, AUCNENCil,
€posin, a B THKKMX BUNagKax — 4O BUPA3OK i HABITb LUMYH-
KOBO-KMLLKOBMX KpoBoTed. Kpim TOro, mecdeHamiHoBa
Kncnota MOTEHUIMHO HedpoToKCMYHa, 0cobnvMBo npu
TpMBanoMmy 3acTocyBaHHi abo y nauieHTiB i3 3axBopio-
BaHHAMW HUPOK, AerigpaTtauieto abo cepueBo-CyaNHHO
HepocTaTHicTio. [penapat Moxe CNpUYMHUTK 3aTPUMKY
PiavHW, HabPAKM Ta 3HMKEHHS HUPKOBOI PYHKLUIT. Takox
onucaHi BMNagkn MNOPYyLIEHHS yHKUiT neviHkn, nigsu-
LLEeHHSA PiBHA NedviHKoBUX (hepMeHTIB i pigkicHi cdopmu
MEeAMKaAMEHTO3HOro renatuty. TpuBane 3acToCyBaHHS
MedeHaMiHOBOT KNCNOTU 3HAYHO NiABULLYE PU3WK yCKNaa-
HEeHb, TOMY KypC NiKyBaHHS LUM npenapatoM 3a3Buyan
obmexyeTbCa Kinbkoma AHamu (He binblwe 5-7). Yepes
ue BiH He 3acTOCOBYETbCHA [ANA Tepanii XPOHIYHMX
3ananbHUX CTaHiB, Takmx SIKk OCTE0apTpUT Y1 peBMaTo-
iaHUn apTput [27].

Omxe, nonpu p[osefdeHy emeKTUBHICTb, MedeHa-
MiHOBa KUCroTa Mae MOMITHi ODMeXeHHs, Lo pobutb

process management and making treatment more
effective and convenient for patients. Their use has
a clear pathophysiological and clinical rationale, while
the development of new formulations and further
improvement of existing ones open new horizons in the
pharmacotherapy of acute and chronic inflammatory
conditions [21, 22].

A pharmaceutical composition of mefenamic acid
2-[(2,3-dimethylphenyl)amino]benzoic acid with caffeine
(1,3,7-trimethyl-3,7-dihydro-1H-purine-2,6-dione) has
been developed by the staff of the Department of Medical
and Bioorganic Chemistry at Kharkiv National Medical
University. Mefenamic acid is a representative of classical
NSAIDs. Its pharmacological activity is primarily mediated
through the inhibition of cyclooxygenase enzymes
(COX-1 and COX-2), thereby exerting three main
effects: anti-inflammatory, analgesic, and antipyretic [23,
24]. Mefenamic acid inhibits prostaglandin synthesis,
reduces receptor sensitivity to bradykinin, and stabilizes
lysosomal membranes, thereby decreasing the release
of proteolytic enzymes responsible for tissue destruction
in the area of inflammation. It also suppresses the
synthesis of pro-inflammatory cytokines, such as TNF-a
and interleukins, which play a critical role in the chronicity
of the inflammatory process.

From a pharmacodynamic perspective, mefenamic
acid provides a reduction in the intensity of inflammation,
relief of pain (including menstrual, headache, and muscular
pain), and normalization of body temperature during
febrile conditions. The pharmacokinetic characteristics
of mefenamic acid are well established: following oral
administration, the drug is well absorbed, reaching
maximum plasma concentration within 2—4 hours; it is
metabolized in the liver and excreted primarily in the urine
in the form of metabolites [25].

Despite its efficacy as an NSAID, mefenamic acid has
several limitations and drawbacks that must be carefully
considered in clinical use. The most common and
clinically significant adverse effect is its negative impact
on the gastrointestinal tract [26]. Due to COX-1 inhibition,
the protective role of prostaglandins on the gastric
mucosa is diminished, which may result in gastritis,
dyspepsia, erosions, and, in severe cases, ulcers or even
gastrointestinal bleeding. In addition, mefenamic acid
is potentially nephrotoxic, particularly with prolonged
use or in patients with pre-existing kidney disease,
dehydration, or cardiovascular insufficiency. The drug
may cause fluid retention, edema, and impaired renal
function. Cases of hepatic dysfunction, elevated liver
enzymes, and rare forms of drug-induced hepatitis have
also been reported. Long-term use of mefenamic acid
significantly increases the risk of complications; therefore,
treatment with this drug is generally limited to a few days
(no more than 5-7). For this reason, it is not used in the
management of chronic inflammatory conditions such
as osteoarthritis or rheumatoid arthritis [27].

Thus, despite its proven efficacy, mefenamic acid
has significant limitations, making it suitable primarily
for short-term, controlled use in acute pain syndromes
and inflammatory conditions. Its administration requires
an individualized approach, clinical monitoring, and
careful consideration of comorbidities [28].

We developed a pharmaceutical composition
of mefenamic acid with the well-known adjuvant caffeine,
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il npenapatom Ans KOPOTKOYaCHOro, KOHTPOrbOBa-
HOro 3aCTOCYBaHHS, MEPEBAXHO MPU roCTPUX BGONbLOBUX
CMHOPOMAaX | 3ananbHUX npouecax. i BUKOPUCTaHHS
notpebye iHAMBIAyanbHOro nigxody, KMiHIYHOMO MOHITO-
pyHry Ta 060B’I3KOBOrO BpaxyBaHHS CYMyTHIX 3axBOpIo-
BaHb [28].

Hamn 6yno cTtBOpeHo apMaueBTU4HY KOMMO-
3uLil0 MedeHaMiHOBOI KMCMOTU 3 BiAOMWUM afloBaHTOM
KoheiHOM, SKM BMBYEHO Hamu i Byna BcCTaHoBneHa
noro noteHuijtotoda ponb HIM33 pisHoi xiMivHOT ByaoBswy,
BIOHOCHO MpoTu3ananbHOl i NPOTMBONBLOBOI aKTUBHOCTI
[29, 30, 31, 32]. Hawi nonepedHi ekcnepumeHTarnbHi
OOCriXeHHA nokasanu, Wo KogeiH € AouinbHUM ag’to-
BaHTOM MedeHaMIHOBOI KMCMOTWM BiAHOCHO aHTUEKCY-
AatueHoi akTmBHOCTI (AEA). [logaBaHHs o mMedeHami-
HoBoi kucnotn (AEA = 40,9%) kodeiHy nabopatopHum
wypam Ha coHi bopmaniHooro Habpsky (FE) cnpusano
nigsueHHio AEA, cTBopeHa hapmaueBTUYHA KOMMO-
3uList MedpeHaMiHOBOT KMCNOoTU 3 kodheiHoM BusiBuna AEA
59,1%, wo nepesuwyBano AEA pedepHc-npenapaty
AviknodpeHaky HaTtpito (45,5%), TOMy My cTaBunu 3a MeTy
BMBYUTW BMNVB CTBOPEHOI hapMaueBTUYHOT KOMMNO3NLT
Ha BioxiMiYHi Mapkepwu 3ananeHHs Ta okcuMaalii B ymoBax
ekcnepumMeHTansHoro ®H Ha nabopaTtopHux Lypax [33].

B skocTti GioxiMiYHOrO mnokasHWKa 3ananeHHs Hamu
obpaHo 6inok rocTpoi asu 3ananeHHs Lepynonnasmid
(Cp), skvn Bigirpae KNOYOBY pofb Yy HecneumndivHin
iIMYHHI BiAMOBIAj opraHiamMy Ha 3anarneHHs, iHdekuijto abo
TpaBMy. BiH CMHTE3yETbCA NEepeBadkHO B NeYiHUi y Bigno-
Bidb Ha BMKMA Npo3ananbHUX LIMTOKIHIB — TakuMx SK iHTe-
prievikiH-6 (IL-6), iHTepnewkiH-1 (IL-1) Ta dakTop Hekposy
nyxnuH-anbda (TNF-a). Moro ronosHa dyHKLUis — cTabini-
3yBaTV i3ioNoriYHn romeoctas, OOMEXUTU MOLLUNPEHHSI
iHdhekuil Ta 3abe3neunTn aganTtauito opraHiamy OO CTpe-
coBux daktopie. Cp € ogHUM i3 Hanbinbll BaXNMBUX
no3auTMBHUX BinkiB roctpoi asu. Lle metanonportein,
LLIO MIiCTUTb Y CBOEMY CKIai Miap i BianoBiaae 3a TpaHcnopt
LbOro enemeHTa y nnasmi kposi. KpiM Toro, BiH BUKOHYE
dhepmeHTaTUBHY (DyHKLiI0, Aio4n AK hepMeHT hepokeu-
nasa, sk okucHioe Fe?™ o Fe?', Tum camum cnpusitoum
3B’A3yBaHHIO 3ariza 3 TpaHCHEPUHOM i MOMNEPEmKEHHIO
YTBOPEHHS BiNMbHUX pagmkanis — OOHIET 3 NPUYMH OKCuaa-
TMBHOrO cTpecy. [ig yac 3ananbHoro npouecy piseHb Cp B
KpOBi 3HA4YHO 3POCTaE, Lo pobuTb Moro HaginHum Giomap-
KepoM 3anarneHHs, 30Kpema npu peBMaTUYHMUX 3axBOpPIO-
BaHHSX, rocTpux BakTepianbHUX iHPEKUiSaX, ayToiMyHHNX
npotecax, 3nosiKiCHUX HOBOYTBOPEHHSX, TOMY MW 0bpanu
MOro B KOCTi MapKepa B HaLLOMY AOCHiAXEHHI.

Takox BaxnuBa ponb Y PO3BUTKY K 3ananbHuX
npouecis, Tak i 60MbLOBUX CUHOPOMIB, HanexuTb nopy-
WeHHIo Bap’epHMX BRacTMBOCTEW NiNigHOro  Lapy
MeMOpaH; BCTAHOBMEHO, LIO OA4HUM i3 MYCKOBUX Mexa-
Hi3MIB MOLUKOMKEHHs1 BionoriyHnx membpaH € akTuBauis
npoueciB nepekncHoro okucHeHHsa ninigie (MOJT), ska
y KNiTMHaxX Ta TKaHWHaxX KOHTPOMOETLCHA (isionoriyHo
AHTMOKCMAAHTHOK  CUCTEMOID, nocnabneHHs  O6yab-
Kol i MaHKkM 3axucTy npu3soauTb Ao aktusadii MO/,
a came nepBuHHUX nokasHukiB MOJ1. B gkocTti nokas-
HWKa 3ananeHHs Hamy obpaHo TpueHoBi koH’toratn (TC),
AKi € YyTnMBMMM N crneundidyHuMn Mapkepamu ninone-
pokcuaadii, Wwo cynpoBogxXye 3ananeHHs. ligBuieHHs
iX BMIiCTYy B BionoriyHMX pigMHax CBiAYMTb NPO BUCOKWUIA
piBEHb OKCMAATUBHOIO CTPECY, MOLUKOMKEHHA MembpaH
i akTMBaUilo iMyHHOI Bignosidi. BusHavyeHHsa umx cnonyk

which we have studied and established as a potentiator
of NSAIDs of various chemical structures with respect
to anti-inflammatory and analgesic activity [29, 30, 31, 32].
Our previous experimental studies demonstrated that
caffeine serves as a rational adjuvant to mefenamic acid
in enhancing anti-exudative activity (AEA).

The addition of caffeine to mefenamic acid (AEA =
40.9%) in laboratory rats with formalin-induced edema
(FE) enhanced AEA; the developed pharmaceutical
composition of mefenamic acid with caffeine demonstrated
an AEA of 59.1%, which exceeded that of the reference
drug sodium diclofenac (45.5%). Therefore, our objective
was to investigate the effect of the created pharmaceutical
composition on biochemical markers of inflammation
and oxidation under conditions of experimental formalin-
induced edema in laboratory rats [33].

As a biochemical marker of inflammation, we selected
ceruloplasmin (Cp), an acute-phase protein that plays
a key role in the nonspecific immune response of the
body to inflammation, infection, or injury. It is synthesized
predominantly in the liver in response to the release
of pro-inflammatory cytokines such as interleukin-6 (IL-6),
interleukin-1 (IL-1), and tumor necrosis factor-alpha
(TNF-a). Its primary function is to stabilize physiological
homeostasis, limit the spread of infection, and facilitate
the organism’s adaptation to stress factors. Cp is one
of the most important positive acute-phase proteins.
Ceruloplasmin is a copper-containing metalloprotein
responsible for the transport of this element in blood
plasma. In addition, it performs an enzymatic function
as a ferroxidase, oxidizing Fe* to Fe®*, thereby
facilitating iron binding to transferrin and preventing the
formation of free radicals — one of the major causes
of oxidative stress. During inflammation, Cp levels in the
blood rise significantly, making it a reliable biomarker
of inflammation, particularly in rheumatic diseases, acute
bacterial infections, autoimmune disorders, and malignant
neoplasms. For this reason, we selected it as a marker
in our study.

An important role in the development of both
inflammatory processes and pain syndromes is also
attributed to the disruption of the barrier properties of the
lipid layer of cell membranes. It has been established that
one of the triggering mechanisms of biological membrane
damage is the activation of lipid peroxidation (LPO), which
in cells and tissues is controlled by the physiological
antioxidant system. Weakening of any component of this
defense leads to the activation of LPO, particularly its
primary indicators. As an indicator of inflammation,
we selected triene conjugates (TC), which represent
sensitive and specific markers of lipid peroxidation
associated with inflammatory processes. An increase
in their levels in biological fluids indicates a high degree
of oxidative stress, membrane damage, and activation
of the immune response. The determination of these
compounds serves as an important tool in the laboratory
diagnosis of inflammatory conditions.
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€ BaXMUBUM iHCTPYMEHTOM y nabopaTopHii AiarHoCTULi
3anarnbHUX CTaHiB.

Meta po6GoTu — ekcnepumeHTanbHO OOCnianTn
npotmdananbHy Ta aHTUOKCMOAHTHY edeKTUBHICTb
HOBOI hapMaueBTUYHOI KOMMNO3uLii  MedeHaMiHOBOT
KMCroTK 3 KobeiHOM Ha mogeni dhopmarniHoBoro Habpsky
y NabopaTopHMX LLYpPIB LLUMASXOM OLIHKM BNNMBY Ha Bioxi-
MiYHi Mapkepu 3ananeHHs Ta OKCUMAATMBHOTO CTPEecy,
30Kpema piBHi LepynonnasmiHy i TPUEHOBUX KOH’toraTis
y CMpOBAaTLi KPOBI, @ TaKoX MOPIBHATN OTPUMaHi pe3ynb-
Tatn 3 edpekTaMM MOHOBBEOEHHHA KOMMOHEHTIB i pede-
peHc-npenapary AVKIogeHaky HaTpito.

MATEPIAAU TA METOAU AOCAIAXXEHHA

BioximiuHi gocnigpkeHHss Oyno npoBefeHO B CUpO-
BaTLi KpoBi Ginux wypis niHii WAG. BusHayeHHs1 Gioxi-
MiYHMX MOKa3HWKIB Ta 0OPOOKY OTpMMaHWX pesynbsTaTiB
NnpoBOAMMM i3 3aCTOCYBaHHAM 3achinneHoro adanisy
Ha eTani BUMiploBaHb Ta CTATUCTUYHOI 0OPOGKN OaHUX.
[poTmMsananbHa Ta aHTUOKCUOAHTHA Ais medeHami-
HOBOI KMCIOTU, KOdpeTHy i ix hapmaLeBTUYHOT KOMNO3KLLT
BMBYanacs 3a [0MOMOroK eKcrneprvMeHTanbHoi moaeni
dopmaniHoBoro Habpsiky (FE). TeapuH Oyno posnogi-
neHo Ha 6 rpyn no 6 TBapuH y KOXHIN rpyni. TBapuHu 1-i
rpynu Gynu koHTporem, iM ogHOPa3oBO NepopanbHO —
BHYTPILLUHBOLLNYHKOBO (B/LLI) BBOAWN 3% KPOXManbHUN
cnn3 (2 mn Ha 200 r macu wypa). Wypam 2—-6-i rpyn
mozentoBanu FE wnsxom cybnnaHTapHOro BBEAEHHS
2% po34mHy chopmaniHy y 3agHio nany Ta B/Lwn BBOAUIN
3% KpoxmManbHui cnua (2-ra rpyna), TsapuHam 3—6-i rpyn
O[HOPAa30BO, B/LWN Y BUrNSAAi cycneHsii Ha 3% Kpoxmarb-
HOMY Crn3y BBOAMMM OOCRigHI npenapatu Ta ix dapma-
LEeBTUYHY KOMMO3uUito: TBapuHam 3-i rpynu — mede-
HamiHoBy kucnoty (50 mr Ha 1 kr macu Tina wypa) , 4-i
rpynu — kodpeiH (0,6 mr Ha 1 kr macu Tina wypa), 5-
rpynu — komnosuuito medeHamiHoBoiI kucnotun (50 mr Ha
1 kr macu Tina wypa) 3 kodeiHom (0,6 mr Ha 1 kr macu
Tina wypa), 6-i rpynu — pedepeHc-npenapat OUKIO-
deHak HaTpito (HaTpito 2-[(2,6-guxnopdeHin)amiHo]
deHinjauetar) (8 Mr Ha 1 kr Macu Tina wypa).

Bubip nosn kodpeiHy (0,6 Mr/kr) 3ymoBneHuin none-
penHiMu ekcrnepuMeHTanbHUMU JOCHIAXEHHAMU, B SKUX
Oyno BCTAHOBMEHO WMOro MOTEHLUitoBanbHy Ailo  LWoao
HM33. 3acTtocyBaHHA HM3bKOI 03K KOMbeiHy 003BONSAE
OLIHWTK NOro MOAYNIOBarbHUI BNNB Ha hapMakonoriyHi
ecpektn HIM33 6e3 BUpaxKEHOro CTUMYIHOKHOrO BNNBY
Ha LieHTpanbHy HEPBOBY CUCTEMY LLYPIB.

YacoBa cxema ekcrnepumeHTy Gyna Takok: Yy MOMEHT
yacy t = 0 npoogunu cybnnaHtapHe BBeneHHs 2%
po3unHy dopmaniHy Ans iHAYKUii 3ananbHOi  peakuii.
Yepes 3 rognHu nicna mogentoBaHHs Habpsiky (t = 3 rog),
To6TO 32 1 roguHy OO OdYiKyBaHOro Miky 3ananeHHs,
TBapvHaM BBOAWMW AocnigKyBaHi npenapatu. 3abip KpoBi
ans GioxiMidHMX gocnigeHb 3aicHoBany Yepes 4 rogmHn
nicns iHaykuii dpopmaniHoBoro Habpsiky (t = 4 rog).

PiBeHb Cp BM3Ha4anu 3a JOMNOMOrow TecT-Habopy
«Human Ceruloplasmin ELISA Kit» Big komnaHii Cusabio
(KvuTai) 3rigHo 3 iHCTpyKUieto BMpOOHMKA, WO npu3Ha-
YeHUIN Ons KinbkicHOro Bm3HaveHHs Cp y 3paskax cupo-
BaTKW, MNna3mu, KynbTypanbHWX cynepHaTtaHTiB. MeTo-
Ovka 6asyeTbCst Ha caHaBiY-iMyHOEpPMEHTHOMY aHanisi
(ELISA). JlyHkn wmikponnaHweTa nonepegHb0 BKPUTI

Objective — the aim of the study was to experimentally
investigate the anti-inflammatory and antioxidant efficacy
of a new pharmaceutical composition of mefenamic
acid with caffeine in a formalin-induced edema model
in laboratory rats by evaluating its effects on biochemical
markers of inflammation and oxidative stress, particularly
serum ceruloplasmin and triene conjugate levels, as well
as to compare the obtained results with the effects
of individual administration of the components and the
reference drug diclofenac sodium.

MATERIALS AND METHODS

Biochemical studies were conducted on the blood
serum of WAG albino rats. Biochemical analyses
were performed in the serum of WAG line albino rats.
The determination of biochemical parameters and the
processing of obtained results were conducted using
a blinded approach during measurements and statistical
analysis.The anti-inflammatory and antioxidant effects
of mefenamic acid, caffeine, and their pharmaceutical
composition were evaluated using the experimental
model of formalin-induced edema (FE). The animals were
divided into six groups, with six rats in each group. Animals
of group 1 served as the control and received a single
oral intragastric (i/g) administration of 3% starch mucilage
(2 mL per 200 g of body weight). In groups 2-6, FE was
induced by subplantar injection of 2% formalin solution
into the hind paw of the rat, followed by intragastric
administration of 3% starch mucilage (group 2). Animals
of groups 3-6 received a single intragastric administration
of the test substances and their pharmaceutical
composition in the form of suspensions prepared on 3%
starch mucilage: group 3 — mefenamic acid (50 mg/kg
body weight of rat), group 4 — caffeine (0.6 mg/kg body
weight of rat), group 5 — the composition of mefenamic
acid (50 mg/kg body weight of rat) with caffeine (0.6 mg/
kg body weight of rat), and group 6 — the reference
drug sodium diclofenac [sodium 2-[(2,6-dichlorophenyl)
amino]phenylacetate] (8 mg/kg body weight of rat).
Since the peak development of FE occurs 4 hours after
its induction, the 3% starch mucilage, test drugs, and
their pharmaceutical composition were administered
1 hour prior to this time point, taking into account their
pharmacokinetic and pharmacodynamic characteristics.

The dose of caffeine (0.6 mg/kg) was selected based
on previous experimental studies demonstrating its
potentiating effect on NSAIDs. The use of a low caffeine
dose allows the assessment of its modulatory influence
on the pharmacological effects of NSAIDs without
producing a pronounced stimulatory effect on the central
nervous system of rats.

The experimental timeline was as follows: at time
point t = 0, inflammatory response was induced
by subplantar injection of a 2% formalin solution. Three
hours after edema induction (t = 3 h), i.e., 1 hour before
the expected peak of inflammation, the experimental
drugs were administered to the animals. Blood samples
for biochemical analysis were collected 4 hours after
formalin-induced inflammation induction (t = 4 h).

OpuwuriHanbHi gocnigpKeHHs

416

Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepis MeguumHa. 2026. T. 34. Ne 3(60). C. 333-333
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(3(60)):333—333

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

aHTuTinamu, cneumdivHummn go Cp, KM 3B’S3yeETbCA
3 iMmobinizoBaHnMy aHTuUTInamu. [licns NpoOMUBaHHS
3paskiB Ans BUAANEHHA HE3B’A3aHVX PEeYOBUH AoAalTb
BioTMHINLOBaHI aHTuTINa, cneundidHi 4o Cp. BoHu 3B’a-
3yloTbcs 3 3axonneHum Cp, yTBOPHOOYM  «CaHABIY».
[Micns yeproBoro NPOMMBaHHA 4oAAKTEL KOMMNMEKC CTpen-
TaBiavH-nepokcvpasu xpiHy (HRP-aBiguH), skui 3B'a-
3yeTbCs 3 BioTuHINboBaHUMKM aHTuTIinamu. lNicna Buaa-
neHHs HesB’a3aHoro HRP-asignHy pogatoTs cybeTpatHui
po34uH, akun nig gieto HRP nepeTtBoptoeTbCst Ha 3abaps-
neHun npopykT. [ani 3ynuHAIOTb peakuito, Aodaryun
CTOM-peareHT, WO NPUNUHAE peakLito Ta ctabinisye konip.
IHTEeHCMBHICTL 3abapBrieHHs BUMIptOOTL Npu 450 HM 3a
ponomorot  ¢oTometpa. Bwmict Cp pospaxosysBanu
3a hopMynoto:
Cp (mg/L) = % ne:

E — onTuyHa ryctuHa (nornnHaHHA) JOCNigKyBaHOro
3paska npu 450 Hm,

F — kanibpyBanbHuii koedilieHT (3anexuTb Big yMOB
MeToAly, KOHLEeHTpaLii cTaHgapTy Ta npunagy),

t — vac iHky6auii peakuii (y xBunuHax), 30 xB.

Cp € BUCOKOKOHCEPBATUBHMM rMiKONPOTEiHOM FOCTPOI
dasn, cTpykTypa gkoro 3b6epirae 3Ha4Hy amiHOKUCIOTHY
nogibHicTb Mk pisHUMM Buaamn. 3okpema, amiHo-
KMCNOTHA MOCNIAOBHICTb LiepynonnasMiHy Lypa Mae
BMCOKMNIN piBEHb FOMOSIOrii 3 NIOACBKMM Binkom, Lo 3abes-
neyvye nepexpecHy peakTUBHICTb aHTUTIN, BUKOPUCTaHNX
y ELISA-Habopi. 3aBasikv LUbOMy aHTUTING, CNpAMOBaHi
NpoTK eniToniB NIOACLKOrO Liepynonnasmidy, 3gaTHi 38's-
3yBaTV BIAMNOBIAHI KOHCEPBATUBHI AiNSAHKU MOMEKynu
LepynonnasMiHy Lypa.

[opatkoBo AnA NepeBipkM KOPEKTHOCTI BUMIpIOBaHb
Oyno npoBefeHO KOHTPOSbHY OLLHKY aHaniTMYHMX Xapak-
TEPUCTUK METOAY, BKIIHOYAKOYM aHani3 niHInHOCTI npu
CepinHMX po3BeAEeHHAX 3paskiB CMpOBATKW, LU0 NiATBEP-
OMNOo NPOMNOPLIMHICTL CUrHany B Mexax poboyoro fiana-
30Hy TecT-cuctemu. OTpuMMaHi 3Ha4yeHHs KoeqilieHTIB
Bapiauii BHYTPILIHbOCEPIMHUX Ta MIKCEPIHUX BUMIpIO-
BaHb He NepeBuLLyBanu 40NyCTUMUX 3Ha4YeHb Ans iMyHO-
hepMeHTHNX METOAIB, LLO CBIAYMTL NPO BiATBOPHOBAHICTb
i HAAIVHICTL OTPUMaHNX pe3ynbTaTiB.

BwmicT neperHHMX nokasHukis MNOJ1, a came TC Bu3Ha-
Yanu 3a CTaHOapTHOK CNeKTPO(OTOMETPUYHOK METO-
avikoto [34]. TC yTBOpIOIOTLCS BHACMgOK neperpyny-
BaHHS MOABINHMX 3B’A3KIB Y MOMIHEHACUYEHUX XUPHUX
KMcrnoTax npu Aii BinbHWX pagmkanis. BoHn matoTb xapak-
TEepHe CBITNOMNOrMuHaHHA npu 233 HM, WO [A03BOMsie
BM3Ha4aTu ix cnekTpodotomeTpmyHo. 1o 1 Mn gogartb
XONnoAHUA i30TOHIYHMI po3unH NaCl 1:10 (1 mn cupo-
BaTku 1a 9 mn NaCl). OTpuMaHuit po34mnH LeHTpUdyrytoTb
3-5 xB npu 3000 06/xB. Oani go 1 mn 3paska AogarTb
4 Mn XONOAHOro rentaHy Ta iHTEHCUBHO MepeMmillyoTb
(1-2 xB), 3anuwatoTb ANS po3wwapyBaHHs das. Binbw-
palTb renTaHoBMI (BEpxHin) wap Ans aHanisy. Bumi-
PIOIOTb ONTUYHY TYCTUHY TENTaHOBOrO EKCTPaKTy npu
233 HM. MenTaH 6e3 3paska BUKOPUCTOBYHOTb SIK XONOCTUI
koHTponb. Bmict TC po3paxoByBanu 3a popmynoto:

TC (ym. oa.) =A,,, - 100, ge:

A,,, — ONTUYHA ryCTUHA 3paska npu 233 HM,

100 — ymMOBHWMIA KOeILEHT, BUKOPUCTaHWI AN YHidi-
Kauii Ta 3py4HOCTi NpeacTaBneHHs pesynbraTiB Y Hallin

Cp levels were determined using the «Human
Ceruloplasmin ELISA Kit» (Cusabio, China), designed for
the quantitative measurement of Cp in serum, plasma, and
cell culture supernatant samples. The method is based on a
sandwich enzyme-linked immunosorbent assay (ELISA).
The wells of the microplate are pre-coated with antibodies
specific to Cp, which bind to the immobilized antibodies.
After washing the samples to remove unbound substances,
biotinylated antibodies specific to Cp were added,
binding to the captured Cp and forming a «sandwich»
complex. Following another washing step, a horseradish
peroxidase—streptavidin  (HRP-avidin) complex was
added, which bound to the biotinylated antibodies. After
removal of unbound HRP-avidin, a substrate solution was
introduced, which, under the action of HRP, was converted
into a colored product. The reaction was then stopped
by adding a stop reagent, which terminated the reaction
and stabilized the color. The intensity of the color was
measured at 450 nm using a photometer. Cp content was
calculated according to the formula:

Cp (mg/L) = % where:

E — optical density (absorbance) of the test sample at
450 nm,

F — calibration coefficient (depending on method
conditions, standard concentration, and instrument),

t —incubation time of the reaction (in minutes), 30 min.

Cpisahighly conserved acute-phase glycoprotein, with
its structure maintaining significant amino acid similarity
across species. Notably, the amino acid sequence of rat
ceruloplasmin exhibits a high degree of homology with the
human protein, enabling cross-reactivity of the antibodies
used in the ELISA kit. Consequently, antibodies targeting
epitopes of human ceruloplasmin are capable of binding
corresponding conserved regions of the rat ceruloplasmin
molecule.

To further validate the accuracy of measurements,
analytical performance characteristics of the method
were evaluated, including linearity assessment using
serial dilutions of serum samples, which confirmed signal
proportionality within the assay’s working range. The
observed intra- and inter-assay coefficients of variation
did not exceed the acceptable limits forimmunoenzymatic
methods, indicating the reproducibility and reliability of the
obtained results.

The content of primary LPO products, namely TC, was
determined using a standard spectrophotometric method
[34]. TC are formed as a result of rearrangement of double
bonds in polyunsaturated fatty acids under the action
of free radicals. They exhibit characteristic light absorption
at 233 nm, which enables their spectrophotometric
determination. To 1 mL of sample, a cold isotonic NaCl
solution 1:10 (1 mL of serum and 9 mL of NaCl) was
added. The resulting mixture was centrifuged (3-5 min
at 3000 rpm). Subsequently, 4 mL of cold heptane was
added to 1 mL of the sample, followed by intensive mixing
(1-2 min) and phase separation. The heptane (upper)
layer was collected for analysis. The optical density of the
heptane extract was measured at 233 nm. Heptane without
the sample was used as a blank control. TC content was
calculated according to the formula:

TC (a.u.)=A_,. - 100, where:

233
A,,, — optical density of the sample at 233 nm,
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nabopatopii. OTpyMMaHi 3Ha4YeHHs MaloTb BIAHOCHWUN
XapakTep i He € MONAPHUM KiflbKiCHMM MOKa3HUKOM.

Yci pocnigxeHHs nposoaunu BigMnoBigHO OO0 BUMOT
Ao MO3 Ykpainn [35] Ta MiXHapoaHUX pekoMeHaaLin
ARRIVE 2.0 wopo nnaHyBaHHA Ta NpPOBeAEHHS AOKMi-
HIYHUX JocnigkeHb. YTpUMaHHA TBapWH 3AIKCHIOBaNM
B YMOBaXx BiBapito 3rigHO 3 MNPUHLMNaMN ryMaHHOro NoBo-
[KeHHs 3 nabopaTopHUMK TBapuHamu. ETUYHI npuHLmnn,
CTaTUCTUYHE OOI'PYHTYBaHHSA KiNbKOCTI TBApUH Ta MiHi-
Mi3auis X BMKOpPWUCTaHHs Oynu BpaxoBaHi Mpu MnaHy-
BaHHi ekcnepumMeHTy [36]. Yci ekcnepyMeHT npoBoavu
y NepLUivi NOMOBUHI AHA 3 ypaxyBaHHAM LIMPKagHUX PUTMIB.

CratuctnyHy o6pobky pesynstaTtiB  MpOBOAMIU
3a gonomoroto naketa nporpam Statistica 6.0. daHi npea-
CTaBneHi y BUrmagi cepegHboro 3HadeHHs (M) + ctaH-
napTtHa noxubka cepegHboro (m). lNepeBipky Hopmarnb-
HOCTi po3noginy npoBoannu 3a kputepiem Lanipo—Yinka.
[ns NOPIBHSAHHSA MOKa3HWKIB MK rpyrnamu BUKOPWUCTOBY-
Bann ofHodakTopHU aucnepciiini aHania (ANOVA)
3 noganbwum post-hoc aHanizom Tukey. Y Bunagkax
HEeBIANOBIOHOCTI 4aHUX HOPMarnbHOMY PO3MOAiny 3acTo-

COBYBanu HenapameTpuyHui  KpuTepin  Kpackena—
Yonnica 3 post-hoc Tectom Dunn. [Ona koHTpornto
NOMWUIMKA  MHOXWMHHUX  MOPIBHSIHb  BUKOPWUCTOBYBamnu

nonpaeky Bonferroni. BigmiHHOCTI BBaxanu ctaTucTu4Ho
3HavyLwmmum npwm p < 0,05.

PE3YABTATU

Y xo@i ekcnepvMeHTanbHOro AocnigXeHHs 6yno
NpoBeAeHO MOPIBHANbHUI aHania BnnuBy MedeHami-
HOBOI KMCNOTU, KOPeiHy Ta ix papMaLeBTUYHOI KOMMO-
3uuii Ha piBeHb Cp y cupoBartLi KpoBi LypiB Npu Moae-
ntoBaHHi FE. Cp obpaHo sik Giomapkep roctpodasoBoi
BiOMNOBIAl, WO XapakTepusdye akTUBHICTb CUCTEMHOro
3anarneHHs Ta piBeHb OKCUAATMBHOIO CTPECY.

Y KOHTPONbHIA rpyni IiHTaKTHUX TBapWH piBEHb
Cp craHoBuB 145,83 £ 17,47 mr/n, wo € disionoriyHoro
HopmMmoto. [icns mogentoBaHHsa FE (rpyna 2) uer nokasHuk
CTaTUCTMYHO BiporigHo nigeuwmeca 3,25 pasa nopis-
HSIHHO 3 KOHTPOJBHO rpynoto 3acTocyBaHHs MedeHaMmi-
HOBOI kucnoTu (rpyna 3) npuBeno Ao CTaTUCTUYHO AOCTO-
BipHOro 3HmxeHHs piBHs Cp y 1,3 pasa y cupoBaTLi KpoBi
wypis BigHocHo FE (rpyna 2). Pa3om 3 TuM, Lier NoKa3HUK
3anuwaBcs CTaTUCTUYHO BIpOriAHO BULLUM 3a KOHTPOIb
Ta 3a pedpepeHc-npenapar. Y rpyni 4, TBApvHU SKOI OTpU-
MyBanu kogeiH, piBeHb Cp TakoX CTaTUCTUYHO OOCTO-
BipHO (p < 0,05) ameHwwuBcs BigHocHo FE (rpyna 2).
MpoTe uel NoKasHWK 3anuLlaBcs CTATUCTUYHO BULLUM
3a KOHTPOIbHY rpyny Ta 3a pedepeHc-npenapar. OTpu-
MaHi gaHi CTaTUCTUYHO BIpOrigHO He Bigpi3HANMUCS Big
pesynbraTiB y rpyni 3 (MedeHamiHoBa Kucnota).

Hanbinbw BupaxeHe 3HMXeHHs1 piBHS Cp crnocTepira-
nocs npv BBeAEHHI hapMaLeBTUYHOT KOMMNO3uLii MmedeHa-
MiHOBOI KMCNOTK 3 KodpeiHoM (rpyna 5). Y ubomy BUnagky
piBeHb Cp 6yB Maiixe y 2 pasu HUXYMM NOpiBHSHO 3 FE i
CTaTUCTUYHO BIPOTiAHO HUXKUYMM, HX Yy rpynax 3 i 4.

CTtBOpeHa dapmaueBTMYHA KOMMO3ULis nposiBunia
npoTusananbHy akTMBHICTb Ha piBHI pedepeHc-npena-
paty AukrodeHaky Hatpito (rpyna 6), OocKinbku cTatuc-
TMYHO AOCTOBIpHA pi3HUUS MiX rpynamu 5 Tta 6 Oyna
BiacyTHA. BogHouac piBeHb Cp y rpyni 5 He pocsaras
3HayeHb KOHTPOSMbHOI rpynu (puc. 1).

100 — an arbitrary coefficient was used to standardize
and facilitate data presentation; values are relative and
not expressed as absolute molar quantities.

All studies were conducted in accordance with the
requirements of the State Pharmacological Center of the
Ministry of Health of Ukraine [35] and the international
ARRIVE 2.0 guidelines for the design and reporting
of preclinical studies. Animal housing was carried
out under vivarium conditions in compliance with the
principles of humane treatment of laboratory animals.
Ethical principles, statistical justification of sample size,
and the reduction of animal use were taken into account
during the experimental design [36]. All experiments
were performed in the first half of the day, taking into
consideration circadian rhythms.

Statistical analysis of the results was performed using
Statistica 6.0 software. Data are presented as mean
(M) £ standard error of the mean (m). The normality
of distribution was assessed using the Shapiro—Wilk
test. For intergroup comparisons, one-way analysis
of variance (ANOVA) followed by Tukey’s post-hoc test
was applied. In cases where the data did not meet the
assumption of normal distribution, the nonparametric
Kruskal-Wallis test with Dunn’s post-hoc test was used.
To control for multiple comparisons, the Bonferroni
correction was applied. Differences were considered
statistically significant at p < 0.05.

RESULTS

In the course of the experimental study, a comparative
analysis was conducted to evaluate the effects
of mefenamic acid, caffeine, and their pharmaceutical
composition on Cp levels in rat serum under conditions
of formalin-induced edema (FE). Cp was chosen as a
biomarker of the acute-phase response, reflecting
the activity of systemic inflammation and the degree
of oxidative stress.

In the control group, serum Cp was 145.83 £ 17.47 mg/L
(physiological norm). FE induction (Group 2) caused a 3.25-
fold increase compared with control (Fig. 1), indicating
systemic inflammatory activation, disruption of plasma
protein profile, and increased oxidative stress. Administration
of mefenamic acid (Group 3) reduced Cp levels 1.3-fold
relative to FE, demonstrating anti-inflammatory activity
through inhibition of pro-inflammatory mediator synthesis.
However, Cp remained higher than in control and reference
drug groups. Caffeine (Group 4) significantly decreased
Cp relative to FE (p < 0.05), likely via metabolic stimulation
or antioxidant effects, but levels remained above control
and reference drug values. No significant difference was
observed between groups 3 and 4.

The pharmaceutical composition of mefenamic acid
with caffeine (Group 5) reduced Cp nearly twofold relative
to FE and significantly more than groups 3 and 4. Its anti-
inflammatory effect was comparable to sodium diclofenac
(Group 6), with no significant difference between groups
5 and 6. Cp levels in Group 5 did not reach control
values (Fig. 1).

To confirm the anti-inflammatory effect of the developed
pharmaceutical composition of mefenamic acid with
caffeine, we investigated the effect of this two-component
composition on the level of triene conjugates, early
biochemical markers of lipid peroxidation that reflect the
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Efi 474.00[26.84*  Pigens mepy.10mIa3MiHy y CHpPOBATI KpoOBi miypiB, Mr/:
Ceruloplasmin level in rat blood serum, mg/L
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KoHTpoabHA PDopMaTiHOBHI MedgenaminoBa Kodein.Coffeine  Medenaminosa JHKT0(peHAK
rpyna. Control  madpsk. Formain KHCI0TA. KHCI0Ta+Ko(ein. HATpil0.
group edema Mefenamic acid Mefenamic Diclofenac sodium
acid+coffeine
Puc. 1. Bnnue dhapmaueBTM4HOT KOMNO3uLii MedeHaMiHOBOI KUCMOTH | KodelHy Ha piBeHb
Cp B cupoBaTLi KpoBi LypiB Ha Moaeni hopmarniHoBoro Habpsiky
Fig.1. Effect of the pharmaceutical composition of mefenamic acid and caffeine on serum
Cp levels in rats with formalin-induced edema
lMpumimku / Notes:

[aHi HaBefeHO sik cepefiHe 3HaYeHHs + cTaHaapTHa noxubka cepegHboro (M £ m). * — pisHMUS CTAaTUCTUYHO 3HaYyLLa NMOPIBHAHO
3 KOHTpOrnbHOW rpynoto, p < 0,05; ** — nopiBHAHO 3 rpynoto dopmaniHoBoro Habpsiky, p < 0,05; *** — nopiBHsIHO 3 rpynoto Mede-
HaMiHOBa kucrnoTa + dpopmaniHoBuin Habpsik, p < 0,05; **** — nopiBHsHO 3 rpynoto kodeiH + cdopmaniHoBuii Habpsik, p < 0,05;
***** _ NOPIBHSIHO 3 rpynoto MedeHaMiHOBa kucroTa + kodeiH + dpopmaniHoBuin Habpsik, p < 0,05; ****** — nopiBHAHO 3 rPyNoLo AUKIIO-
eHak HaTpito + hopmaniHoBuii Habpsik; p < 0,05.

Data are presented as mean * standard error of the mean (M £ SEM). * — statistically significant difference compared with the control
group, p < 0.05; ** — compared with the formalin-induced edema group, p < 0.05; *** — compared with the mefenamic acid + formalin-
induced edema group, p < 0.05; **** — compared with the caffeine + formalin-induced edema group, p < 0.05; ***** — compared with
the mefenamic acid + caffeine + formalin-induced edema group, p < 0,05; ****** — compared with the diclofenac sodium + formalin-

induced edema group, p < 0.05.

[ns nigTBepaXeHHs npoTu3ananbHOi Aii CTBOPEHOI
hapmaLeBTUYHOI KOMMo3uUii MedheHaMiHOBOI KUCNOTU
3 KopeiHOM Byno BMBYEHO BNMB L€ JBOKOMMNOHEHTHOI
koMnoauuii Ha piBeHb TC — paHHix GioXiMiYHMX MapKepiB
ninonepokcuaadii, wo BigobpaxarTb piBEHb OKCUaaTUB-
HOro CTpecy B yMOBax 3ananeHHsi. [locnigpkeHHs NpoBo-
OMnocb B CMPOBATLi KPOBI LLYPIB.

Y koHTponbHiv rpyni (rpyna 1) piseHb TC cTaHoBUB
0,087 + 0,019 y.o./mn, wo BignoBigae disionorivHomy
OanaHcy M YTBOPEHHSIM Ta HenTpani3auietd akTUBHUX
dopwm kucHto. MNicna mogentoBaHHs FE (rpyna 2) cnocTepi-
ranocs CTaTMCTUYHO AOCTOBIpHE MigBULLEHHS piBHA TK'y
5 pasi, O CBIifYMTb NPO IHTEHCUBHY reHepaLito BiflbHUX
pagvkanis i NOPYLUEHHS aHTUOKCUAAHTHOrO roMeocTasy.

3acTtocyBaHHA MedeHamiHOBOI kucnotu (rpyna 3)
npu3Beno A0 CTaTUCTUYHO BIPOTAHOMO 3HVDKEHHS PiBHS
TC manxe y 2 pa3u nopiBHAHO 3 rpynoto 2. OgHak uen
MOKa3HWK 3anuLuiaBCcs CTaTUCTUYHO BULLMM 3@ KOHTPOIb
Ta 3a pedepeHc-npenapar.

Mpu BBegeHHi kodeiny (rpyna 4) pieeHb TC ctatuc-
TUYHO JOCTOBIPHO 3HMXYBaBCH NopiBHAHO 3 FE (rpyna 2).
OTpvMaHi 3Ha4YyeHHa He BIAPI3HANUCS  BiO pesyrb-
TaTiB rpynu AvknodeHaky HaTtpito (rpyna 6), ane Takox
He Jocsaranu KOHTPONbHOro piBHA. [py UbOMy KOdeiH
edbekTmBHIWeE 3HMXKYyBaB piBeHb TC, HXK MOHOBBEAEHHS
MedeHaMiHOBOI KUCITOTU.

degree of oxidative stress under inflammatory conditions.
The study was conducted in rat blood serum.

In the control group (Group 1), the level of triene
conjugates (TC) was 0.087 + 0.019 units/ml, corresponding
to the physiological balance between the formation and
neutralization of reactive oxygen species. Following
FE induction (Group 2), a statistically significant five-fold
increase in TC levels was observed, indicating intensive free
radical generation and disruption of antioxidant homeostasis.

Administration of mefenamic acid (Group 3) resulted
in a statistically significant nearly two-fold reduction in TC
levels compared with Group 2. However, the values
remained statistically higher than those in the control and
reference drug groups.

In the caffeine group (Group 4), TC levels were
significantly reduced relative to FE (Group 2). The
obtained values did not differ significantly from those
in the sodium diclofenac group (Group 6), but still did not
reach control levels. Notably, caffeine reduced TC levels
more effectively than mefenamic acid monotherapy.

In Group 5, receiving the two-component
pharmaceutical composition of mefenamic acid with
caffeine, TC levels decreased three-fold relative to FE.
The results did not differ significantly from those of the
caffeine and reference drug groups, but were statistically
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Y rpyni 5, ge 3acTtocoByBanacs [ABOKOMMOHEHTHa
dapmaLieBTMYHA KOMMO3uLia MedeHaMiHOBOI KUCNOoTu
3 kodpeiHoMm, piBeHb TC 3HM3MBCS Y 3 pasu BIiGHOCHO rpynu
FE. OTpumaHi pesynsrat CTaTUCTUYHO HE Bigpi3HAnucs
BiA rpynu kodpeiHy Ta pedepeHc-npenapary, npote 6ynu
CTaTUCTUYHO HUXXYMMMU, HXK Y rpyni MOHOBBEAEHHS Mede-
HaMiHOBOT KMCnoTu (puc. 2).

lower than those in the mefenamic acid monotherapy
group (Fig. 2).

0.442[0.004* PiBeHb TPicHOBHX KOH’OTATIiB Y CHPOBATIi KpOBi HIypiB,

0.45 ¥.0./MJ1

04 Triene conjugates level in rat blood serum, a.u./mL
0,35

0,3

0-227m.039*,**,****’*****,****

0,25 %

0;2 0.156[T.091 %%+ *= 0.157[70.015

[ > 20.152[0.006% 7= === " (.
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0,1 0.087[1.002
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KonTpoabaa DopMaTiHOBHIE Medgenaminoea  Kogein.Coffeine  MedenaminoBa JHET0(peHaAK
rpymoa. Control  madpsk. Formain KHCI0TA. KHCI0Ta+Ko(ein. HATpilo.
group edema Mefenamic acid Mefenamic Diclofenac sodium
acid-+coffeine
Puc. 2. Bnnue chapmaLleBTU4HOI KOMMO3uLii MedeHaMiHOBOI KUCNOTH | KOheiHY Ha piBEHb
TC B cpoBaTLi KpOBI LLYpiB HAa MoAeni dopmaniHoBoOro Habpsky
Fig.2. Effect of the pharmaceutical composition of mefenamic acid and caffeine on serum
TC levels in rats with formalin-induced edema
lMpumimku / Notes:

[laHi HaBefeHO 5K cepefHE 3Ha4YeHHs + cTaHaapTHa noxubka cepegHboro (M £ m). * — pisHMUS CTAaTUCTUYHO 3HavyLla NMOPIBHAHO
3 KOHTpOSbHO rpynoto, p < 0,05; ** — nopieHsaHO 3 rpynoto FE, p < 0,05; *** — nopiBHAHO 3 rpynoto medeHamiHoBa kucnota + FE,
p < 0,05; **** — nopiBHsAHO 3 rpynoto kogpeiH + FE, p < 0,05; ***** — nopiBHAHO 3 rpynoto MedeHamiHOBa kucnoTa + kodeiH + FE,
p < 0,05; ****** — nopiBHAHO 3 rpynoto anknodeHak Hatpito + FE, p < 0,05.

Data are presented as mean + standard error of the mean (M + SEM). * — statistically significant difference compared with the
control group, p < 0.05; ** — compared with the FE group, p < 0.05; *** — compared with the mefenamic acid + FE group, p < 0.05;

*hkk
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OBrOBOPEHHS

OTpumaHi pesynstatv NigTBEPOXYOTb, WO dopma-
NiHOBMI Habpsik CynpoOBOAXYETbCA PO3BUTKOM BUpa-
KEHOT CUCTEMHOI 3ananbHOI peakuii Ta iHTeHcudikauieto
npouecis ninonepokcuaaldii, Wo NposBAAETbCA 3HAYHUM
nigsuweHHaM pisHiB Cp ta TC y cupoBaTLi KpoBi.

MedeHamiHOBa kMcroTa NposiBAsie NOMipHY NpoTU3a-
nanbHy Ta aHTUOKCUMOAHTHY aKTMBHICTb, LU0, MMOBIPHO,
NnoB’A3aHO 3 i 30aTHICTI0O MPWUrHidyBaTU CUHTE3 npocTar-
NaHAVHIB Yepes iHrbyBaHHSA LMKIIOOKCUIEHa3HOro LUSISIXY
meTaboniamy apaxigoHoBoi kucnotu. pote i edekTums-
HICTb LLIOAO 3HWXKEHHS NMOKa3HUKIB OKCUOATUBHOIO CTPecy
€ 0OMeXeHoH, LU0 MiaTBEPOXKYETLCS 30EpEXEHHIM NiaBU-
LeHNX 3HadYeHb TC y NOPIBHSAHHI 3 KOHTPOMbHOKO FPYOH0.

KodheiH Takox AeMOHCTpye npoTu3ananbHi Ta aHTu-
OKCUAAHTHI BMaCTMBOCTI, L0 MOXe OyTu NOB’A3aH0 3 A10ro
BMNIIMBOM Ha afleHO3UHOBI peLenTopu, perynsuito cyauH-
HOro TOHyCy Ta CTMMynsiuito MeTaboniyHux npoLecis.

— compared with the caffeine + FE group, p < 0.05; ***** — compared with the mefenamic acid + caffeine + FE group, p < 0.05;
— compared with the diclofenac sodium + FE group, p < 0.05.

DISCUSSION

The obtained results confirm that formalin-induced
edema is accompanied by the development of a
pronounced systemic inflammatory response and
intensified lipid peroxidation processes, as evidenced
by significantincreases in serum Cp and triene conjugates
(TC) levels.

Mefenamic acid exhibited moderate anti-inflammatory
and antioxidant activity, likely related to its ability
to suppress prostaglandin synthesis through inhibition
of the cyclooxygenase pathway of arachidonic acid
metabolism. However, its efficacy in reducing oxidative
stress markers was limited, as indicated by persistently
elevated TC levels compared with the control group.

Caffeine also demonstrated anti-inflammatory and
antioxidant properties, potentially due to its effects
on adenosine receptors, regulation of vascular tone,
and stimulation of metabolic processes. The results
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OTpuMaHi pesdynsTaTv NokasylTb, WO KodeiH edekTms-
HiLLe 3HWXXYE piBEHb PaHHIX NPOAYKTiB Ninonepokcuaadii,
HX MedeHaMiHOBa KuCroTa, WO CBigYUTb NpO WMOro
3HAYHMIN BHECOK Y 3MEHLUEHHSI OKCUAATMBHOIO CTPECY.

Hanbinbll BupaxeHuin edekT crnocTepirasca npu
3aCcTOCYBaHHi ABOKOMMOHEHTHOI (hapMaLeBTUYHOT KOMMO-
3u1LiT MedeHaMiHOBOI KUCMOTK 3 KOPETHOM, LLO NPOosBMs-
1n0CS CTAaTUCTUYHO BipOriAHUM 3HVXeHHAM piBHiB Cp i TC.
Lle cBigunTb Npo cuHepriyHy B3aEMOAi0 KOMMOHEHTIB,
npu SKi KO ETH NOTEHLI0E NPOTN3anarbHy Ta aHTUOKCK-
OaHTHY Aito MedeHaMiHOBOI KUCMOTH.

Barknmeo, LU0 eheKTUBHICTb CTBOPEHOT KOMMNO3uLii Byna
3iCTaBMOBaHOI 3 OUKIOMEHaAKOM HaTpilo, KM € OgHUM
3 eTanoHHNX HeCTepoiAHMX NpoTU3ananbHUX npenaparis.
BogHouac noBHOI HopManisauii GioXiMiYHMX MOKa3HWUKIB
He criocTepiranocs, ockinbkn pieHi Cp Ta TC sanuwanucs
BULLMMMN 3@ KOHTPOIbHI 3HAYEHHS, LLIO MOXeE CBIAYMTU MPO
YyacTKoBe 36epexeHHst 3ananbHOro NpoLecy.

TakMM YMHOM, OTpMMaHi pe3ynsTaTn NiATBEPOXYTh
OOUINbHICT  BUKOPUCTaHHA KOMOGIHOBaHOI dapmalie-
BTUYHOI KOMMNO3WLiT MeeHaMiHOBOT KMCNOTH 3 KODETHOM
K MepcrneKkTUBHOroO miaxogy A0 MiABULLEHHSA NpoTM3a-
narnbHOI Ta aHTUOKCUAAHTHOT ePeKTUBHOCTI Teparnii.

BUCHOBKHU

MopentoBaHHa FE y nabopatopHux LypiB cnpusno
CTaTUCTUYHO [OCTOBIPHOMY 3pocTaHHi piBHA Cp y
CMpOBaTLi KpOBi  €KCMepuMEeHTanbHUX TBapuH [0
474,00+ 26,84 mr/n, woy 3,25 pasa nepeBuLLYy€E NOKa3HNKN
KOHTPOSBbHOI rpynu — Lie CBiAYUTb NPO PO3BUTOK 3anasb-
Horo npouecy. B aaHnx ymoBax eKkcrepumeHTy craTuc-
TWUYHO JOCTOBIpHO 36inbLuyBaBcs piBeHb TC y cupoBartui
KpoBi nabopartopHux wypis go 0, 442+ 0,004 y.o./mn,
Wwo y 5 pasiB nepeBuLLYy€E NOKa3HUKM KOHTPOMbHOI rpynu —
ue cBigYMTb NPO iHTEHcUdpikaLuilo YTBOPEHHSA BifbHUX
pagukanis Ta HakonuyeHHs npogyktis MNOJ1.

MoHoBBegeHHs MedeHamiHOBOI kucnotu (rpyna 3)
i kodpeiHy (rpyna 4) nabopaTopHuM Liypam B ymoBax
FE cnpuano cTatuCTUYHO [OCTOBIPHOMY 3HWXKEHHIO
piBHs Cp B ix cupoBartui kposi BigHocHo rpynu FE. OTpu-
MaHi AaHi (rpyna 3 Ta rpyna 4) cTaTUCTUYHO OOCTOBIpHO
BiOPI3HANMCS SK BiA KOHTPOMbHOI rpynu, Tak i Big rpynu
NnopiBHAHHSA (BBeA4eHHs1 pedepeHc-npenapaty, rpyna 6)
Ta CTaTUCTUYHO BIpPOrigHO He BiAPI3HANUCA MK COBOL0.
CTBOpEHa HaMu ABOKOMMOHEHTHa komno3uuis (rpyna 5)
CTaTUCTUYHO BIpOriAHO 3HWXyBana piseHo Cp B cupo-
BaTLi KPOBI LypiB BIJHOCHO MOHOBBEAEHHA 5K MedeHa-
MiHOBOI kucnoTu (rpyna 3), Tak i kodeiHy (rpyna 4) i BusiB-
nsna akTMBHICTb Ha piBHI AuknodeHaky HaTtpito (rpyna
6), WO CBiAYNTb NPO CMHEPTit0 KOMMOHEHTIB | AOUINbHICTb
X koMno3uuii BiGHOCHO BMnMBY Ha piBeHb Cp B cupoBartLi
KpoBi nabopaTopHux Lwypis B ymoBax FE.

MoHoBBegeHHs1 MedeHamiHOBOI  Kucnotu  nabo-
paTopHuM Lwypam B ymoBax FE cnpusno craTtuctuyHo
OOCTOBIpHOMY 3HVXEHHI0 piBHA TC B iX cupoBaTLi KpoBi
y nopiBHsaHHI 3 FE (rpyna 2), ane otpumaHi gaHi ctatuc-
TUYHO BIPOriAHO BIAPI3HANUCA Bi4 KOHTPOMbHOI rpynu
i rpynu pedepeHT-npenapaty (rpyna 6). Npn moHoBBe-
OeHHi KodeiHy i noro komnosuuii 3 MedeHaMiHOBO
KMCMOTOK  CMOCTepiranocs CTaTUCTUYHO [JOCTOBipHE
3HMkeHHs piBHs TC BigHocHo FE (rpyna 2), moHoBBe-
OeHHA MedeHaMiHOBOI KucnoTtu (rpyna 3), ane noBHOI
HopMani3auii okcuaaTUBHOMO CTaTyCy He crnocTepiranocs,

indicate that caffeine more effectively reduces early
lipid peroxidation products than mefenamic acid,
highlighting its significant contribution to the attenuation
of oxidative stress.

The most pronounced effect was observed with
the  two-component pharmaceutical composition
of mefenamic acid and caffeine, reflected in a statistically
significant reduction of Cp and TC levels. This suggests
a synergistic interaction between the components,
whereby caffeine potentiates the anti-inflammatory and
antioxidant action of mefenamic acid.

Importantly, the efficacy of the developed composition
was comparable to that of sodium diclofenac, a well-
established reference NSAID. Nevertheless, complete
normalization of biochemical parameters was not
achieved, as Cp and TC levels remained above control
values, indicating partial persistence of the inflammatory
process.

Overall, the results support the rationale for using
the combined pharmaceutical composition of mefenamic
acid with caffeine as a promising approach to enhancing
the anti-inflammatory and antioxidant effectiveness
of therapy.

CONCLUSIONS

The induction of formalin-induced edema in laboratory
rats led to a statistically significant increase in serum
ceruloplasmin levels, reaching 474.00 + 26.84 mgl/L,
which is 3.25 times higher than in the control group. This
indicates the development of an inflammatory process.
Under these experimental conditions, there was also
a statistically significant rise in serum triene conjugate
levels to 0.442 + 0.004 a.u./mL, which is five times higher
than in the control group — reflecting an intensification
of free radical formation and accumulation of lipid
peroxidation products.

Monoadministration of mefenamic acid (group 3) and
caffeine (group 4) to laboratory rats under conditions
of formalin-induced edema resulted in a statistically
significant reduction in serum ceruloplasmin levels
compared to the formalin edema group. The obtained
data for groups 3 and 4 showed statistically significant
differences both from the control group and from the
comparison group (reference drug administration, group 6),
while no statistically significant differences were observed
between these two groups. The two-component
composition developed by us (group 5) produced
a statistically significant reduction in serum ceruloplasmin
levels in rats compared to the monoadministration of either
mefenamic acid (group 3) or caffeine (group 4). Its activity
was comparable to that of sodium diclofenac (group 6),
indicating a synergistic interaction of the components and
supporting the feasibility of their combination in modulating
serum ceruloplasmin levels under conditions of formalin-
induced edema in laboratory rats.

Monoadministration of mefenamic acid to laboratory rats
under conditions of formalin-induced edema resulted in a
statistically significant reduction in serum triene conjugate
levels compared to the formalin edema group (group 2).
However, the obtained values remained statistically
significantly different from both the control group and the
reference drug group (group 6). Upon monoadministration
of caffeine and its combination with mefenamic acid,

OpuwuriHanbHi gocnigpKeHHs 421

Original research



BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepis MeguumHa. 2026. T. 34. Ne 3(60). C. 333-333
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2026;34(3(60)):333—333

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

Xoya oTpumaHi fadi (rpyna 5) ctaTucTuyHo BipoOrigHO
He Bigpi3HAnNucs Big pedepeHT-npenaparty (rpyna 6).

CTBOpPEHY hapmMaueBTUYHY KOMMO3uLil0 MedeHaMi-
HOBOI KMCMOTW 3 KODETHOM BBaXaEMO MEPCMNEKTUBHO
Ans noganbLioro hapMakonoriYyHOro BUBYEHHS, OCKiNbKK
B YMOBaXx eKCnepumeHTarnbHOI Mogeni rocTporo acer-
TUYHOrO 3ananeHHsa (popmaniHoBoro Habpsiky) y nabo-
paTopHMX LLypiB BOHA NPOAEMOHCTpyBarna epekTUBHICTb
Y 3HWXEHHi BioXiMiYHNX MPOSBIB OKCMAATMBHOIO CTPECY,
30KpemMa 3a MoKa3HuMKamu LepynonnasMmiHy Ta Tpue-
HOBWX KOH’toraTiB. OTpuMaHi pesynsrati 06rpyHTOBYHOTb
OOUiNbHICTb noganbLUnX AoChifxeHb dapMakonoriyHol
aKTUBHOCTI Ta 6e3ne4YHOCTi 4aHOT KOMMNO3WLii.
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a statistically significant reduction in triene conjugate
levels was observed compared to the formalin edema
group (group 2) and the mefenamic acid group (group 3).
However, complete normalization of the oxidative status
was not achieved, although the results obtained for the
combination (group 5) showed no statistically significant
differences from the reference drug group (group 6).

The developed pharmaceutical composition
of mefenamic acid with caffeine is considered promising for
further pharmacological investigation. In an experimental
model of acute aseptic inflammation (formalin-induced
edema) in laboratory rats, it demonstrated efficacy
in reducing biochemical markers of oxidative stress,
specifically ceruloplasmin and conjugated dienes. These
findings support the rationale for further studies on the
pharmacological activity and safety profile of this composition.
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OBMEXEHHS AOCAIAXKEHHSA

HocnigxeHHa  Mae  eKCnepuMEHTanbHUA  O4HOLEHTPOBUN
xapaktep Ha nabopaTopHMX Luypax, Lo OOMEXye MOXIMBICTb
NpsIMOro MepeHeceHHs pesynbraTiB Ha KNiHiYHI YMOBM Ta BCTa-
HOBIEHHS MPUYNHHO-HACNIAKOBUX B3aEMO3B’A3KiB. PO3Mip i CTpyk-
Typa Bubipku (36 LwypiB, 6 rpyn no 6 TBapuH) MOXyTb BNIMBaTH
Ha TOYHICTb OLHOK Ta y3arasbHIOBaHICTb OTPUMaHWX pe3yrb-
TaTiB, 3BaXxaruM Ha creuudiky mogeni dopmaniHoBoro Habpsiky
Ta nokarnbHi 0COBNMBOCTI eKCrepUMEHTarbHOI MPaKTUKK.
Bu3HadveHHs npoTu3ananbHOi Ta aHTUOKCWAAHTHOI aKTUBHOCTI
NPOBOAMIMOCS 3 BUKOPUCTAHHSIM CTaHAapTHUX GioxiMiuHKX meToais
(ELISA ons uepynonna3smiHy, CnekTpooTOMETPUYHE BU3HAYEHHS
TPUEHOBMX KOH'toraTiB) 6e3 BUKOPUCTaHHsi 4OOATKOBUX METOAIB,
TaKWX SIK BU3HAYEHHS! MiHIManbHUX iHribyroumx koHUeHTpauin (MIK)
Ta MornekynsipHo-reHeTuyHKX (MJ1P) TecTiB Ans ouiHky GioXiMiYHKX
MapKepiB Ta MOTEHLUINHUX FEHIB PE3UCTEHTHOCTI, Morno 6 nigsw-
LLIMTM TOYHICTb | AOCTOBIPHICTb pe3yrnbTaTiB, OgHaK iX BNPOBaMKEHHS
obmexeHe peCcypCHUMYM Ta OpraHisaLinHiMmM CknagHoLwamm.

Kpim TOro, mocnigxeHHsi ouiHoBano nuwe in vitro GioxiMiyHi
MOKa3HWKN 3ananeHHs Ta OKCUAATMBHOrO cTpecy 6e3 aHanisy
KNiHIYHMX nposBiB abo apmakognHaMiyHOi edeKTUBHOCTI
B yMOBax opraHiamy. [Ina nigTBepmKeHHs OTPYMaHNX BUCHOBKIB
OouinbHi noganbLUi NPOCNEKTUBHI MyNbTULEHTPOBI AOCHIKEHHS
3 GinbLwoto BUBIpKO, siki NOeaHYBaTUMYTb BioXiMiuHi, Moneky-
NSpHi MeToaM Ta KMiHiYHY Banigauio edekTiB dapmaLeBTUYHOT
KOMMOo3uLii MedheHaMiHOBOI KUCMOTU 3 KOPETHOM.

MepcnekTMBY NOAQABLUMX AOCAIAXEHb

MopanbLui AocnimKeHHs BKMOYaoTb NornmbreHe BYUBYEHHST Mexa-
Hi3MIB BNAMBY KOMMO3MLi MedeHaMiHOBOI KUCNOTH 3 KodeiHoM
Ha eMOLiHO-NOBEeAIHKOBI peakuii Ta KOrHITMBHI dOYHKLIT B yMOBax
3ananeHHs. MepcnekTMBHUM € aHania HempoMeLiaTOPHUX 3MiH,
poni Hevipo3anarneHHsi, OKCUAATUMBHOINO CTpecy Ta LMTOKIHOBOrO
npodinto. Baxnuerm HanpsiIMKOM € BCTaHOBIEHHS 3B's13Ky MiXX BUpa-
XKEHICTIO NepudepryHOro 3ananbHOro Npouecy Ta NopyLUeHHs MU
MHECTUYHOI LiSNIbHOCTI 3 BUKOPUCTaHHSIM PO3LLUMPEHUX MOBELiH-
KOBMX TECTIB i BGioxiMiYHMX MapkepiB. [epcnekTMBHUM HanpsiMKoM
€ OLiHKa [0303anexHnx edekTiB i TpuMBanocTi Aji KoMNo3uLuin,
a TaKoX MOPIBHAHHS X ePeKTUBHOCTI 3 pedepeHTHNUMM HECTEPO-
iAHMMK NpoTM3ananbHUMKU 3acobamm Ta NMCUXOTPOMHO aKTUBHUMM
crnonykamu. Baxnmeum € Bu3Ha4eHHs1 6e3ne4HoCTi Npy TpuBanomy
3aCTOCyBaHHI, 30Kpema BrnvBY Ha CTPEC-PEaKTUBHICTb, HEMPOEH-
[OOKPUHHI NOKa3HWMKM Ta NOBeAIHKOBY aganTavito.

OTpuMaHi pe3ynstati MOXyTb CTaTW MiAr'PYHTSM AN 06rpyHTY-
BaHHsI HOBMX NigxodiB Ao dapMakonoriyHoi KopekLii 60nb080ro
CVHAPOMY, 3anareHHsl Ta acouiioBaHUX 3 HUMU KOTHITUBHO-eMO-
LiNHMX NOpYLUEHb, a TaKoX A5 NoAanbLIoro nepexoay Ao AOKi-
HIYHMX | KNIHIYHUX JocnigkeHb KOMGIHOBaHMX Npenaparis.

KoHdAIKT iHTEepeciB
ABTOpPU pyKOMMCYy CBIAOMO 3acBiguvylTb BIACYTHICTb hakTuy-

Horo abo MOTeHLiHOro KOHMNIKTY iHTEpECIB WOAO pe3ynbraTiB
uiei pobotn 3 capmMaueBTUHHMMU KOMMaHIAMU, BUPOGHMKaMU
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Limitations of the study

The study was an experimental single-center investigation conducted
on laboratory rats, which limits the possibility of directly extrapolating
the results to clinical settings and establishing causal relationships.
The sample size and structure (36 rats, 6 groups of 6 animals each)
may affect the accuracy of the estimates and the generalizability
of the results, considering the specificity of the formalin-induced
edema model and local particularities of experimental practice.

The assessment of anti-inflammatory and antioxidant activities
was performed using standard biochemical methods (ELISA for
ceruloplasmin, spectrophotometric determination of thiobarbituric
acid-reactive substances) without the use of additional
approaches, such as minimum inhibitory concentration
(MIC) determination or molecular-genetic (PCR) tests for the
evaluation of biochemical markers and potential resistance
genes. Incorporating these methods could enhance the precision
and reliability of the results; however, their implementation was
limited by resource and organizational constraints.

Furthermore, the study evaluated only in vitro biochemical
indicators of inflammation and oxidative stress, without analyzing
clinical manifestations or pharmacodynamic efficacy in vivo.
To confirm the obtained findings, further prospective multicenter
studies with larger sample sizes are warranted, integrating
biochemical and molecular methods along with clinical validation
of the effects of the pharmaceutical composition of mefenamic
acid combined with caffeine.

Prospects for Further Research

Further studies should focus on an in-depth investigation of the
mechanisms underlying the effects of mefenamic acid—caffeine
combinations on emotional-behavioral responses and cognitive
functions under inflammatory conditions. Promising directions
include analysis of neurotransmitter changes, as well as the roles
of neuroinflammation, oxidative stress, and cytokine profiles.
An important objective is to determine the relationship between the
severity of peripheral inflammation and impairments in mnemonic
activity using extended behavioral testing alongside biochemical
markers. nepcrnekTnBHUM HanpsiMkoM also includes evaluating
dose-dependent effects and duration of action of the combinations,
as well as comparing their efficacy with reference nonsteroidal
anti-inflammatory drugs and psychoactive agents. Assessment
of long-term safety is also essential, particularly regarding stress
reactivity, neuroendocrine parameters, and behavioral adaptation.
The results obtained may provide a basis for developing
new approaches to the pharmacological correction of pain,
inflammation, and associated cognitive and emotional disorders,
and for the further transition to preclinical and clinical studies
of combination drugs.
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B6ioMeanyHMX NPUCTPOIB, HLWIMMW OpraHisauisiMu, Yni NpoayKTH,
nocnyru, iHaHCOBa MiATPUMKa MOXYTb ByTW NOB’si3aHi 3 Npea-
METOM HagaHux MmaTtepianis.

AOTPUMAHHS €TUMHUX HOPM

ABTOpU pyKONMCy CBIOMO 3acBig4vyHOThb, LLO eKCrepuMeHTanbHi
[OOCHifKEHHS MPOBEAEHO 3riHO 3 BUMOramu HanexHoi nabopa-
TopHoi npakTukn «GLP» (Good Laboratory Practice), KoHBeHUii
Pagn €sponu npo 0XopoHy XpebGeTHUX TBapWH, O BUKOPUCTO-
BYIOTbCS B €KCNepuMMEHTax Ta B iHWWX HayKoBUX LINAX Big
18 GepesHst 1986 p., OupekTBr €BPONENCHKOrO naprnameHTy
Ta Pagn €C 2010/63/€C Big 22 BepecHsa 2010 p. npo 3axuct
TBapwH, SIKi BUKOPWUCTOBYIOTbCHA ANS HAyKOBWUX Uinewn, Hakasy
MiHicTepcTBa oxopoHu 300poB’st YkpaiHu Big 14 rpygHsa 2009 p.
Ne 944 «[Mpo 3atBepaxeHHs lMopsiaky NPOBEAeHHS AOKMiHIY-
HOrO BUMBYEHHS rikapcbkux 3acobiB Ta ekcrnepTuan matepianis
[OOKNIHIYHOTO BUBYEHHS Nikapcbkux 3acobiB», 3akoHy YkpaiHu
Big 21 ntotoro 2006 p. Ne 3447-IV «[Mpo 3axucT TBapwH Big
)KOPCTOKOTO MNOBOMAXEHHS» Ta iH.). [ocnigXeHHsi cxBaneHe
Kowmicieto 3 nutaHb eTukn Ta GioeTukn XapkiBCbKoro HalioHarnb-
HOro Megu4Horo yHisepcuteTy MiHicTepcTBa OXOPOHW 340POB’s
Ykpainu (BuTsar 3 npotokony Ne 17 Big 6 6epesHsi 2024 p.).

BUKOPUCTAHHS LUTYYHOrO iHTEAEKTY

ABTOpPU PyKONUCY CBIAOMO 3aCBiAYYIOTb BUKOPUCTAHHS iHCTPY-
MEHTIB reHepaTMBHOro wWTy4yHoro iHTenekTy (LUI) y npoueci
NiAroTOBKM LbOro pykonucy. BignosigHo go TakcoHowmii genery-
BaHHS 3aBAaHb reHepaTuBHOMY LUTYy4YHOMY iHTenekTy (GAIDeT,
2025 p.), 3a MOBHOro nAcCbKOro Harnsgy 6yno JeneroBaHo
3aBOaHHA 3 BUUUTYBaHHS, pefaryBaHHs Ta nepeknagy. Ons
uporo BukopucToByBaBcsi ChatGPT-5 (OpenAl, Bepcis Big
yepBHsi 2025 p.). Yci pesynbtaTtv, OTpMMaHi 3a [OOMOMOro
LbOro iHCTpyMeHTa, Bynu peTenbHO nepesipeHi, BigpeaaroBaHi
Ta 3aTBepaKeHi aBTopamMu, SKi HeCyTb MOBHY BiANOBiAanbHICTb
3a 3MICT i BMCHOBKM nybnikauii. |IHCTpyMEHTU reHepaTuBHOIO
LI He 3a3HavalTbCA 5K aBTOpPU Ta He HecyTb Bignosiganb-
HOCTI 3a KiHueBi pesynstati. Lia geknapauis He nowwmnprloeTbes
Ha BMKOPWCTaHHSA 6a30BUX IHCTPYMEHTIB NepeBipkM rpamaTuiku,
opdorpadii Y 0PoOpMIEHHSA NOCUNAHb.

MepBUHHI AGHi Ta maTepiaam

ABTOpW PYyKOMWUCY CBIAOMO 3acBifvyloTb, WO Yy pobOTi BUKOpU-
CTaHO pesynbTaTh BMACHWX eKcrnepyvMeHTanbHWUX AOCHIAXEHb,
wo Oynn cucTemaTnsoBaHi Ta MpoaHani3oBaHi asTopamu.
MepBYHHI OaHi BkMOYalOTb y3aranbHeHi MokasHuku, nabopa-
TOPHi pesynbTaTy, eKcnepuMeHTanbHi NPOTOKONMM Ta OTpUMaHi
KinbKiCHI xapakTepucTuki. Bci maTepianu 36epexeHi B apxisi
OOCMiAHWLBKOT Fpynu Ta MOXYTb OyTW HadaHi 3a 0brpyHTOBaHUM
3anuTom O aBTOpPa-KOPECNOHAEHTa, 3 ypaxyBaHHAM ETUYHUX
HOPM Ta NPaBOBUX OOMEXeHb.
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