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Pedepar:

1. OHKOJIOTiYHi 3aXBOPIOBaHHS € OJIHI€I0 3 IIPOBIAHUX IIPUYMH CMEPTHOCTI K Y CBIiTi, TaK i B YKpaiHi, IOCTYIal0unCh
Jiie ceple-CyAUHHUM 3aXBOpIOBaHHAM. JJokcopy6inuH (DOX) 3amuiaeTbCsi OCHOBHUM XiMiOTEPaeBTUYHUM
3ac000M, SIKMI LIMPOKO BUKOPUCTOBYETHCS B JIIKYBaHHI Pi3HUX 3J105KiCHMX HOBOYTBOpPEHb. KapIioTOKCUYHICTh
3QJIMIIAETHCS OJHMM i3 Hai6i/IbIll aKTyaIbHUX OOMEXEHD Y KJIIHIYHOMY 3aCTOCYBaHHI XiMiOTepareBTUYHUX 3aCO0iB,
a came aHTPALMKIIIHOBUX aHTUOIOTHKIB. Y 3B'3KY 3 LIM 3aJIMIIAETHCS aKTyaJIbHUM IIUTAHHS [IOIYKY €(PEeKTUBHUX i
6e3rnevyHrx 3aco6iB IPOQiNaKTUKKU Y1 KOPEeKIii KapioToKCcuuHuX edeKTiB Jokcopybinuny. OcobinBa yBara B
IAHOMY KOHTEKCTi IPULIIAETbCS IPUPOSHAM OPraHiYHUM CIIOJIyKaM i3 MOTEHIITHOIO KapiOIPOTEKTOPHOIO Ji€lo.
SIK IpeCTaBHUK METUJIKCAHTUHIB, KO(PEIH BUSIBJIsIE 6araTOKOMIIOHEHTHY (PapMaKOJIOTiUHY [il0, [0 peali3yeThCs
yepes BIJIUB Ha pi3Hi (Pi3iosoriyHi cucTemMu >XKMBOTO OPraHi3aMy, 30KpemMa Ha CepILieBO-CyAMHHY Ta HEPBOBY. JlaHe

IOCJIiI)KEeHHSI € HaJ[3BUYailHO aKTyaJIbHUM, OCKIJIbKY I'PYHTYETHCSI HA CUCTEMAaTUYHOMY aHaJlizi ¢iziosnoriyHoi aii



KodeiHy 32 YMOB ypakeHHS cepld, iHgykoBaHoro DOX. BusHavanu napaMeTpu cepleBoi QyHKIii, OKCUIATUBHOTO
CTpecy, 3arajieHHs Ta BereTaTUBHOI peryssiii. JociikeHHsl Mao Ha MeTi BUBHAYUTH, Y1 MOXe KopeiH CIIy>KuTu
MOJIYJISITOPOM CEPLIEBOI CTIMKOCTI B yMOBaX TOKCUYHOTO CTpecy. PO3yMiHHS IMX ME€XaHi3MiB MOXKe BiIKpATH HOBI
LIJISIXU J7151 EKOHOMIYHO €(PEKTHUBHOI KapAiONpOTEKIii Ta OOI'PYHTYBATH KJIiHiUHI pillleHHS 1010 BUKOPUCTaHHS
Ko(eiHy B OHKOJIOTIYHUX MAli€HTIB, sIKi NPOXOATh XiMioTepanito Ha 0cHOBI DOX. Y po60Ti BUKOPHCTaHO MOJIEJIb
IOKCOPYOILMH-iHIYKOBAaHOT O YPasKEeHHSI ceplisd IIypiB i3 oJabIliuM BBeleHHSIM Kodeiny. OyHKIioHaNbHUI CTaH
CeplLeBO-CyIMHHOI CUCTEMMU OLIiHIOBAJIN 32 Agonomorolo enekrpokapgiorpadii (EKI') ta exokapgiorpadii (ExoKT).
BioxiMiuHi focaimyKeHHs BKIIOYaIM BU3HAY€HHS PiBHS MaJOHOBOTO Aianbreriny (MIJA), akTUBHOCTI
cynepokcuaaucmytasu (COJI) i katanasu (KAT), 3arajipHOI aHTHOKCUIAHTHOI akTUBHOCTI (3AA) Ta C-peakTUBHOTO
6inka (CPB). Y pe3ysbTaTi eKCIIEpUMEHTAJILHOTO AOCIiIPKEHHS BCTAHOBJIEHO, 1110 BIVIUB KOJeiHy Ha
(OYHKLiOHAJIBHUI CTaH CEPL,EBO-CYJUHHOI CUCTEMU IIyPiB 3aJI€KUTh Bifl BiKy Ta CTaTi TBApUH. TaKUM YMHOM,
3pinuii Bik (5-9 Mic.) BUSIBJIEHO HAUOIIbII ONITUMAaJIBHUM JJ151 MOZIETIOBaHHS (DapMaKOoJIOTiYHNX HaBaHTaXEeHb i3
3aJIy4€HHSIM CepLieBO-CyIMHHOI cucTeMu. Y 11ypiB 3pisioro Biky (5— 9 Mic.) BCTaHOBJIEHO, 110 KOdeiH, JoKCopyOiliuH
Ta ix KOMObiHallisl 10-Pi3HOMY BIIJIMBAIOTh HA BETE€TATMBHY PEryJISLil0 CEPLEBO] AisI/IbHOCTI 3aJ1€5KHO BiJl CTaTi
TBapyH. Y caMliB Kopein cipuunHse nomipHe 3HwkeHHs: YCC Ta 3pocTaHHs CTabiIbHOCTI PUTMY (BUCOKe AMO) npu
30epeskeHiil BapiabesIbHOCTI CEpLeBOr0 PUTMY, 1110 CBiIYMTH PO KOMIIEHCATOPHY IIapacUMIIaTUYHY aKTHBallilo 6e3
03HaK HaJIMipHOTO BEreTaTUBHOIO [IepeHanpy>KeHHs. JJokcopyobillMH, HaBlaky, iHAYKYe rinepakTUBaliio
CAMIIATUYHOI cucteMu 3 nigsuieHHsm YCC Ta iHgekcy Hanpyru (IH), o cynnpoBoIKyeTbCsl IPUTHIYEHHSIM
BapiabesibHOCTI puTMy. Komb6iHalist kodeiny 3 JOKCOPYOiIMHOM Y Cam1liB IOMipHO MOM'SIKIITyBajla HETaTHUBHI
edeKTy XiMioTepaneBTUYHOro areHTa, OJiHaK 3aJIMIlIajia O3HAKW CUMIIATUYHOI [IepeHanpyru. ¥ caMoK 3pijioro BiKy
HaWCNIpUSITIUBILTY Bif[IOBib JEMOHCTPYBala cCaMe IPyIa, [0 OTPUMYBasa juie Kopein: MakcumaabHa
BapiabesbHiCTh pUTMY (BUCOKUY BP), MiHiMasibHi 3HadeHHs [H Ta ingekcy BeretaTuBHOI piBHOBaru (IBP), mo Bkasye
Ha JOMiHyBaHHS IapacUMIIaTUYHOTO TOHYCY Ta BUCOKUI afanTaliliHuii noreHnian. JoKkcopy6illH y CaMOK
BUKJIMKAB NiguieHHs YCC, 3pOCTaHHS CUMIIATUYHOTO HABAHTKEHHS Ta 3HWKEHHS THYYKOCTI pUTMy. [loegHaHHS
Ko(eiHy Ta JOKCOPYOILMHY Jel0 KOMIIEHCYBAJIO 1ii 3MiHH, ajle He MTOBHICTIO BilHOBMJIO aJaNTalliliHi MEXaHi3MHu.
Exoxkappuiorpadiune gocuigkeHHs BUSIBUIO CYTTEBI CTPYKTYPHI Ta GyHKLiOHA/IbHI 3MiHM B MiOoKapzi mypiB miz
BILJIMBOM JIOKCOPYOiLIMHY, 1110 BifoOparkae BifoMi KapAioTOKCHUYHI BIaCTUBOCTI Liiei crionyku. Ha npoTtusary 1bomy,
Ko(eiH NpoJeMOHCTPYBaB: IOMipHY [TO3UTUBHY iHOTPONHY fito (nigpumeHHsa OB, @Y, YO ta KIIO); BincyTHICTb
HETaTUBHOTO CTPYKTYPHOTO PEMOJIE/IIOBAHHS; HE3HAUHE reMOIMHAMIYHE CTUMYJIIOBAHHS 6€3 O3HaK
nepeBaHTaXKeHHs 260 nucdyHkuii. HalirososHiune, mo kombiHanis fokcopybinuHy Ta Kodeiny npogeMoHCTpyBaa
KapJioNpOTEeKTOPHUII edeKT. Pe3ysbTaTi AOCiIPKEHHS IPOJIEMOHCTPYBAJIH, 10 KOPeiH YNHUTb TaKOX
Kap[i03axUCHY [0 32 YMOB JOKCOPYOILIMH-1HIIyKOBAHOTO YPaXXEHHS CEPLs y MIypiB, MOLYJIIOIYY [IPO-
/aHTUOKCUJIAHTHUI 6aJlaHC Ta CUCTEMHE 3alajleHHs. Y caMIiiB i CAaMOK 1ypiB BBE€J,€HHSI JOKCOPYOILIMHY BUKJIMKAJIO
OKCUJATUBHUM CTpeC: MiABUINyBaBcs piBeHb MJIA, 3HKyBasnach akTuBHICTb COJJ 1 KAT, 3MeHmyBanach 3AA,
3Hay4Ho 3pocTas pieHb CPB. KodeiH, HaTOMiCTb, NiJBUIYBaB aKTUBHICTb aHTUOKCUAAHTHUX (PEPMEHTIB,
MigTPUMYBaB 3araJlbHUI aHTUOKCUIAHTHUM CTaTyC Ta 3HW)KYBaB piBeHb 3anajeHHs. Kom6iHOBaHe BBEEeHHS
Ko(einy 3 JOKCOPYOIHOM YaCTKOBO KOMIIEHCYBAJIO TOKCUYHUI BIJIUB OCTAHHbOTO, 0COOJIMBO B CAMOK, Ji€
30epirasuch BUlli PiBHI aHTHOKCUIAHTHOIO 3aXUCTy. TaKUM YMHOM, KOQeiH Mo>Kke OyTU [1epCIIEKTUBHUM 3aCO00M
[LJIS1 3MEHIIEHHS KapAiOTOKCUYHOCTI aHTpauyMKIIiHiB. OHi€I0 3 IepeBar Haloro JOCJII)KEHHS € OHOYaCHa OLjiHKa
KiJIbKOX B32€MOIIOB'SI3aHMX CUCTEM. AHasli3youu KopeJsiuii Mk napamerpamu BCP, exokapgiorpagivHnmu

IMOKa3HUKaMU T

2. Cancer remains one of the leading causes of death worldwide and in Ukraine, second only to cardiovascular
disease. Doxorubicin (DOX) remains a first-line chemotherapeutic agent widely employed in the treatment of a
broad range of malignancies. However, its clinical application is significantly limited by dose-dependent
cardiotoxicity, which represents one of the most serious adverse effects associated with anthracycline-based
therapies. Therefore, the development of effective and safe strategies to prevent or attenuate doxorubicin-
induced cardiotoxicity remains a pressing and active area of research. In this context, natural organic compounds
with potential cardioprotective properties have attracted considerable scientific interest. Among these, caffeine -



a member of the methylxanthine class - exhibits a complex pharmacological profile, exerting its effects through
interactions with multiple physiological systems, most notably the cardiovascular and central nervous systems.
This study is extremely relevant, as it is based on a systematic analysis of the physiological effects of caffeine in
DOX-induced cardiac injury. The key parameters assessed included cardiac function, markers of oxidative stress,
inflammatory response and autonomic regulation. The primary objective was to evaluate whether caffeine can
modulate cardiac resilience under conditions of toxic stress. Elucidating the mechanisms underlying caffeine’s
potential cardioprotective actions may contribute to the development of novel, cost-effective therapeutic
strategies and provide a scientific rationale for informed clinical decision-making regarding caffeine consumption
in cancer patients undergoing DOX-based chemotherapy. In this study, a model of doxorubicin-induced rat
cardiac injury was employed to investigate the effects of subsequent caffeine administration. The functional state
of the cardiovascular system was assessed using electrocardiography (ECG) and echocardiography. Biochemical
studies included measurements of malondialdehyde (MDA) levels, superoxide dismutase (SOD) and catalase (CAT)
activity, total antioxidant activity (TAA) and C-reactive protein (CRP) concentrations. In mature rats (5-9 months of
age), caffeine, doxorubicin (DOX), and their combined administration were found to exert sex-dependent effects
on the autonomic regulation of cardiac activity. In male rats, caffeine induced a moderate decrease in heart rate
and an increase in rhythm stability (elevated AMo) while maintaining HRV, indicating a compensatory
parasympathetic activation without signs of excessive autonomic strain. In contrast, administration of doxorubicin
alone resulted in pronounced sympathetic hyperactivation, characterized by elevated heart rate and tension index
(TI), accompanied by a marked suppression of HRV. The combination of caffeine with doxorubicin in males
moderately mitigated the negative effects of the chemotherapeutic agent, but kept the signs of sympathetic
overstrain. In mature female rats, the most favorable autonomic profile was observed in the group receiving
caffeine alone. This group demonstrated maximal heart rate variability (HRV), minimal values of the tension index
(TT) and autonomic balance index (ABI), indicative of predominant parasympathetic tone and a high level of
autonomic adaptability. In contrast, administration of doxorubicin (DOX) in females led to increased heart rate,
elevated sympathetic activity, and reduced rhythm flexibility. Although co-administration of caffeine and
doxorubicin partially ameliorated these adverse effects, it did not fully restore the adaptive autonomic
mechanisms. Echocardiographic examination revealed significant structural and functional myocardial changes
following doxorubicin administration, consistent with its well-documented cardiotoxicity. No evidence of adverse
structural remodeling was observed, and hemodynamic stimulation remained within physiological limits,
suggesting a lack of overload or functional deterioration. Most notably, the combination of doxorubicin and
caffeine demonstrated a cardioprotective effect. The findings further revealed that caffeine also has a
cardioprotective effect in the context of DOX-induced cardiac injury in rats by modulating the pro-antioxidant
balance and systemic inflammation. DOX administration in both male and female rats was associated with
pronounced oxidative stress, as evidenced by increased levels of MDA, decreased SOD and CAT activity, decreased
TAA, and significantly increased CRP levels. Caffeine administration, in contrast, led to enhanced activity of

endogenous antioxidant enzymes, preservation of overall antioxi
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KBasigikamis: n.men.n., npodecop, 14.03.03



Imentudikarop ORCID ID: 0000-0002-8011-6104

JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUIHUYHOI 0COOH: [IHINPOBCHKUIL IePKAaBHUIA MENMYHUIT YHIBEPCUTET

Kopg 3a €IPIIOY: 02010681

Micuesnaxomxeunﬂ: ByJ1. Bonopumupa Bepruancskoro, 6yz. 9, [lHinpo, [JHinposcbkuiil p-H., 49044, Ykpaina
dopma BracHOCTI: JlepxasHa

Cdepa praBJIiHHﬂZ MiHicTepCTBO OXOPOHU 310POB 51 YKpaiHu

InenTudikarop ROR:

Baacue IlpizBumie Im's Ilo-6aTbKOBI:

1. JInzory6 Bonogumup CepriftoBuy

2. Volodymyr S. Lyzohub

KBasigikamis: 1. 6. 1., npodecop, 03.00.13
ImenTudikarop ORCID ID: 0000-0002-3001-138X

JoparkoBa iHopMmamist: https://scholar.google.com/citations?user=iPtdFc4AAAAJ&hl=uk;
https:/ /www.webofscience.com /wos /author /record /B-7453-2014;
https:/ /www.scopus.com/authid /detail.uri?authorld=6603621803

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI O0COOH: UepKachkuii HallioHAIbHYIL yHiBEpCUTET iMeHi Bornana

XMEJIbHULIBKOTO

Kopg 3a €IPIIOY: 02125622

Micue3Haxoa>KeHHS: GybBap llleBuenka, 6. 81, Yepkacu, Uepkacbkuii p-H., 18031, Ykpaina
dopma ByracHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

PeuenseHTn

BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:
1. IpommuHa Osnbra OsekcaHgpiBHa

2. Olha O. Domshyna
KBasigikanis: . 6. u., mou., 03.00.04
InenTudikarop ORCID ID: 0000-0001-7791-4028

HoparkoBa iHpopmamist: https://www.scopus.com/authid /detail.uri?authorld=55843770800;

https: / /www.webofscience.com /wos /author /record /D-2971-2016;
https://scholar.google.com.ua/citations?hl=uk&user=NCiHMIsAAAAJ;;;https: / /www.researchgate.net /profile /O
-Dyomshyna

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH: [IHINPOBCHKMII HALIOHAIBHUIA YHiBepCcUTeT imMeHi Onecst
l'onuapa

Kopg 3a €IPIIOY: 02066747



Micue3HaxoaKeHHs: npocnekt Hayku, 6y, 72, IHinpo, JIHinpoBchkuii p-H., 49045, Ykpaina

dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKy YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BiiacHe IIpi3Buine Im'sa I1o-6aTbKOBI

TOJIOBH paju
BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
rOJIOBYIOYOrO Ha 3acigaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZasIbHUM 3a peecTpallilo HayKOBOIi

OisIIBHOCTI

Ymakosa l'annHa OsnexkcaHgpiBHa

Ymakosa l'annHa OsnexkcaHgpiBHa

Tersana Komombap

VKpIHTEI

FOpuenko TetsiHa AHaTOJiiBHA



