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Irop Manayudok?, IOpin ®epopos?, TeTaHa MacTpuk?,
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Ha cborogHi aptepianbHa rinepteHsia (Al') € HAUMOLWMPEHIWNM
CepueBO-CYAMHHUM 3axBOPIOBAHHAM, $Ke CTBOPKE 3Ha4YHWUM
pu3nK iHBaniaAn3auii BHacNiAoK TakKUX YCKNaAHEHb, K cepLeBa
HeAOoCTaTHICTb, iWeMiyHa xBopoba cepus Ta iHCyNbT. OCTaHHIM
yacoM 6ionaBoHOIAM, 30KpeEMa KOPBITUH (KOMMNJIEKC KBepLe-
TUHY 3 MOBIAOHOM, Yy nepepaxyHKy Ha 100% cyxoi pe4yoBuHMU,
KBepueTuHY y cknagi 0.05r, a noBigoOHY 3 MONIEKYISIPHOO Macoto
7100-11000 - 0.45 r Ha oauH dnakoH 0.5 r), BUKAMKanu 3Hau-
HY 3aLiKaB/ieHiCTb AOCNIAHUKIB 3aBASAKM CBOIM MPOAEMOHCTPO-
BAaHWUM aHTUOKCUAAHTHUM, @HTUANONTUYHMUM | NPOTMU3aNasbHUM
BnactmBocTaM. KoMb6iHOBaHMI BN/IMB KOPBITUHY B MOEAHAHHI 3
AHTUTINEePTEH3UBHMMUM NMpenapaTtaMn y JiikyBaHHI apTepiasibHOl
rinepteHsii He 6yB peTenbHO BUBYEHUN, WO NIAKPEC/IOE aKTy-
aNbHICTb | METY HAaLUOro AOCIAXEHHS.

MeTta UbOro AOCNIAXEHHS — BU3HAYEHHS MOTEHUINHMX nepe-
Bar KOM6iHOBAHOro 3aCTOCYBaHHSA KOPBITUHY 3 aHTUrinepTeH-
3UBHMMU MNpenapaTtamMu ANA NOKpalLeHHS CTaHy NPOOKCUAAHT-
HO-aHTMOKCUAAHTHOI piBHOBArn nNpu apTepiasnbHil rinepreHsii.

MaTepianu Ta metogm. [JocnigKeHHs NpoOBOAMAM Ha LWypax
3i cnoHTaHHo rinepTteHsieto (SHR). TBapuH po3nodinanu Ha
12 rpyn cnocTtepexeHHd. JocnigHi rpynu oTpuMyBasnau pami-
npwun (5 Mr/kr), kaHgecaptaH (4 mr/kr), kopsiTuH (50 Mmr/kr)
abo kombiHauilo paminpunay i3 KOpBITUHOM 4M KaHAecapTaH
i3 KOpBiTUHOM. [penapatn NpuMUMann MPOTAroM CeMu AHIB.
MpooKCMAaHTHO-aHTUOKCUAAHTHUI CTATyC y cepui, nediHui Ta
HUPpKax OUiHIOBaNM, BUMIpOKYUM piBHI MasioHOBOro Aianbaeri-
ay (MAA) Ta aieHoBoro koH'toraty (AK) pa3oM i3 aKTUBHICTIO

3axuUcTy: cynepokcuaancmyTtasm (COM), rnyTaTioHNepokcMaasm

Pesynbtatn pocnipgxeHHsi. MoHOTepanisa paMminpusioM 3arocTptoBana MnaToNoriyHi npouecn B
HUpKax, cepui Ta NeyviHui, Wo NpM3BoAMA0 A0 3HMXKEHHS PiBHS (DepMEHTIB aHTUOKCMAAHTHOMO 3a-
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EFFECT OF COMBINED THERAPY ON THE
PRO-OXIDANT STATUS IN SPONTANEOUSLY
HYPERTENSIVE RATS IN THE TREATMENT OF
HYPERTENSION

Ihor Hayduchok?, Yurii Fedorov?, Tetyana Pastryk?, Oksana
Souter3, Vira Gaevska*, Alona Kovpak!

1Lviv Medical University, Lviv, Ukraine

2Institution of Higher Education Volyn Medical Institute of the
Volyn Oblast Council, Lutsk, Ukraine

3Swiss Organic Solutions, Zurich, Switzerland "Swiss Organic
Solutions”

4Medical Clinic MedSpace, Lviv, Ukraine

Today, arterial hypertension (AH) is the most common cardio-
vascular disease, posing a significant risk of disability due to
complications such as heart failure, ischemic heart disease and
stroke. This study examines the effect of quercetin, the ac-
tive ingredient in Corvitin, which is a member of the group
of natural flavonoids with antioxidant, anti-inflammatory and
cardioprotective properties. The combined effect of Corvitin in
combination with antihypertensive drugs in treating arterial
hypertension has not been thoroughly studied, highlighting our
study’s relevance and purpose.

The aim of the study is to determine the potential benefits of
the combined use of corvitin with antihypertensive drugs to
improve the state of prooxidant-antioxidant balance in hyper-
tension.

Materials and methods. The study was conducted on spon-
taneously hypertensive rats (SHR). Animals were divided into
12 observation groups. The experimental groups received
ramipril (5 mg/kg), candesartan (4 mg/kg), corvitin (50 mg/
kg), or a combination of ramipril and corvitin or candesartan
and corvitin. The drugs were taken for seven days. The proo-
xidant-antioxidant status in the heart, liver, and kidneys was
assessed by measuring the levels of malondialdehyde (MDA)

Original research: Basic sciences

OPEN aACCESS

DOI: 10.25040/ntsh2025.01.05

For correspondence: Higher Private Educa-
tional Institution “Lviv Medical University,”
76 Polishchuka Street, Lviv, Ukraine.

E-mail: alonakovpak88@gmail.com

Received: 26 Mar, 2025
Accepted: Jun 04, 2025
Published: Jun 20, 2025

ORCID IDs
Ihor Hayduchok:
https://orcid.org/0009-0003-5355-5851
Yurii Fedorov:
https://orcid.org/0000-0001-5257-6130
Tetyana Pastryk:
https://orcid.org/0000-0002-6329-9607
Oksana Souter:
https://orcid.org/0000-0002-4309-2473
Vira Gaevska:
https://orcid.org/0000-0002-6861-1970
Alona Kovpak:
https://orcid.org/0000-0003-3164-1778

Conflict of Interest: the authors declare
no Conflict of Interest.

Personal contributions of the authors:
All six authors contributed equally to the
preparation of the manuscript and its
editing, and they read and approved the
submitted version.

Permission of the Bioethics Commis-
sion: this experimental study and animal
euthanasia were conducted in accordance
with the international principles of the Eu-
ropean Convention for the Protection of
Vertebrate Animals used for Experimen-
tal and Other Scientific Purposes (Stras-
bourg, 1985), the study was conducted at
the Bukovinian State Medical University,
meeting of the Bioethics Commission -
protocol N? 2, dated October 18, 2018.

Funding: This article was a fragment of
the budget research work of the Depart-
ment of Pathological Physiology of BSMU,
“New methodological approaches to
the pathogenetic treatment of proximal
nephron dysfunction in the development
of dysregulatory pathological processes
of renal and extrarenal origin” (imple-
mentation term: 2018-2020) (state reg-
istration number 0118U001193).

© All authors, 2025
BY

and diene conjugate (DC), along with the activity of antioxidant enzymes: superoxide dismutase
(SOD), glutathione peroxidase (GPO), and catalase (CAT).

Results of the study. Monotherapy with ramipril exacerbated pathological processes in the kid-
neys, heart and liver, which led to a decrease in the level of antioxidant defense enzymes. While
the levels of malondialdehyde and diene conjugate remained unchanged, candesartan treatment
showed a more favorable trend towards a decrease in peroxidation products, superoxide dismutase
activation, a slight increase in catalase levels, and unchanged glutathione peroxidase activity.
Combined therapy with corvitin significantly shifted the prooxidant-antioxidant balance towards an
increase in the activity of catalase and superoxide dismutase enzymes while substantially reducing
the levels of barbituric acid products. The most pronounced positive changes were observed in the
left ventricular myocardium and kidneys when corvitin was administered with candesartan.
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XUCTYy. Toai SK piBHi ManoHOBOro Agiasbaeriay Ta AIEHOBOrO KOH'HOraTy 3anuMwanmcs HeE3MiHHUMY,
NiKyBaHHS KaHAecapTaHOM nokasaso 6inblw CNpusaTANBY TEHAEHLI WOAO0 3MEHLLEHHS NPOAYKTIB
NepeKnCcHOro OKMCHEHHS, aKkTUBaLii CynepoKCcuaancMyTasu, He3Ha4yHoro NiaABULLEHHA piBHA KaTa-
nasu Ta 36epexeHHs He3MiHeHOi akTUBHOCTI rnyTaTioHnepokcnaasm. KombiHoBaHa Tepanis KopBsi-
TWUHOM iICTOTHO 3pyLUK/ia NPOOKCUAAHTHO-aHTUOKCHMAAHTHUIA 6anaHc y 6ik NiagBULLEHHS aKTUBHOCTI
depmMeHTiB KaTanasn Ta CynepokCcuaamcmyTasm, O4HOYACHO MOMITHO 3HU3MBLUW PiBHI NPOAYKTIB
6apbiTypoBoi kMcnotu. Hanbinbw BUpasHi NO3UTUBHI 3MiHM MPOCTEXYBANMCA B MiOKapAi NiBoro
LWNYHOYKA Ta HMPKAX MPU 3aCTOCYBaHHI KOPBITUHY pa3oM i3 KaHAeCcapTaHOM.

BucHoBku. KoMbiHOBaHe 3aCTOCYBaHHS KOPBITUHY Ta aHTUriNepTeH3MBHUX nMpenapaTiB 3acsij-
UM0 CBOK KOPUCTb AJIA 3arafbHOI NMPOOKCUAAHTHOI aHTUOKCUMAAHTHOI cuctemu. Lla nosmTmBHa
CUHEeprisl He TiIbKN 3HUXXYE apTepiasbHMN TUCK, ane N NOCU/IIOE NNENOTPONHI eeKTn KOPBITUHY.

KnroyoBi cnoBa: aptepianbHa rinepreHsis, nepekmcHe OKMCHEHHS NiniaiB, aHTMOKCUAAHTHUMA 3a-
XUCT, ramipril, candesartan, corvitin, kombiHoBaHa Tepanis.

BcTtyn CyuyacHi gocnigXeHHs NigTBEpAXYHOTb, WO B
ApTepianbHa rinepteHsia (Al') goci € ogHiew 3 OCHOBI eHAoTenianbHOI ANCAhYHKLUIT Npu apTe-
NpoBiAHUX MPUYUNH CEPLEBO-CYAUHHUX 3aXBO- pianbHin rinepTeHsii nexaTb CknagHi iMyHo3a-
plOBaHb Ta CMEPTHOCTI y BCbOMy cBiTi. Ii kni- nanbHi MExXaHi3MU, 30KpeMa 3a yyacTio agmno-
HiYHI NpOABU Ta YCK/IQAHEHHS 3HAUYHOK MipOoto KiHiB, LWLO NiAKPEeC/OE KOMMIIEKCHNIA XapaKTep
3anexaTb Bif TPMBAJIOCTi, CTyNeHs NiABULLEHHSA naTosnoriyHoro npouecy [8].

apTepiasibHOro TUCKY Ta iHAWBIAYyanbHUX OCO-

6nmBocTen nauieHTiB. [poTe HaBiTb Npu no- He3Baxaloum Ha HaAABHICTb LUMPOKOro Cnek-
MipHO MiABULLEHOMY TUCKY MOXYTb BUHMKATH Tpa aHTuUrinepTeH3mMBHUX 3acobiB, Al vacTo
HEe3BOPOTHI MOPMONOrivHi 3MiHM B OpraHax-Mi- 3aNMLWAETBCA HEKOHTPO/IbOBAHOW. Tpaauuin-
LWeHaX — cepui, MO3Ky, HMpkax [1, 2]. MiaBn- Ha dQapMakoTepania He 3aBxan 3abe3nedye
LWeHU apTepianbHUIA TUCK iCTOTHO NiABULLYE OOCTaTHIM 3aXUCT OpraHiB-MilleHen BiA OKCKU-
PU3NK iWeMiYHOi XBOpobwu cepus, IHCYNbTy, AaTmBHoOro ctpecy. OcobnuBoi yBarm 3acny-
cepueBOi HeOCTaTHOCTI Ta XPOHIYHOI XBopobHu roByoTb 6/10KaTOpU peHiH-aHriOTEH3MHOBOI
HUpoK [3]. KniHiyHa 3HauyLWwicTb uiei npobnemu cuctemu (PAC) — paminpun (iHribitop AMO®) i
NiAKPECIOETbCA TUM, WO CYMYTHi CTaHW, 30- KaHaecapTaH (6nokaTop peLenTopiB aHrioTeH-
KpeMa MeTaboniyHMA CMHAPOM MPU OXMUPIHHI, € 3uHy II), Wo 34aTHi 3HMXYBATM TUCK i 4vacT-
NOTY>XHUMU NPOrHOCTUYHUMKU aKTOpaMu po3- KOBO BMJ/IMBATW Ha npouecu pemMoAestoBaHHSA

BUTKY XPOHIYHOI iLLeMiyHOi XBOpobu cepus, Lo cepus, CyauH i 3MeHweHHsa MOJT [9-11].
NiATBEPAXYE BaXK/MBICTb KOMMJIEKCHOIO BMn-

BY Ha CepueBO-CYAUHHI pu3nkn [4]. BogHouac 3pocTae 3auikaBneHHs 3acobamu i3

NAENOTPOMNHOK Ai€l0, 30KpeMa aHTUOKCUMAAHTa-
Cepue — oaMH i3 HanbinbL Bpa3nNuMBUX OpraHis MW, AKi mMornn 6 [0AATKOBO 3MEHLWIWUTU piBEHb
npu Al'. Y HbOMY pO3BUMBAETLCA rinepTpodis Mio- oKcuaaTUBHOro crpecy. OAHUM i3 NepPCrneKTUBHNX
KapAaa, NopyLIYyETbCA MiKpOUUPKYNALIA, 3pocTae npenaparTie € KOpBiTMH — BOAOPO34YMHHUIA KOMI-
CXWMbHICTb A0 iweMii Ta ¢ibpo3y. Ha Tni konn- neKkc naBoHOIAY KBEPLETUMHY, IO MA€E MOTYXHi
BaHb TWUCKY 3PpOCTAE MNPOAYKYBAHHHA AKTUBHUX QHTWMOKCUAAHTHI, MpoTu3anasnbHi, aHTunepdy-
dopM kucHio (ADK), HaKOMUUYETbCA Kanblin, 3iMHI Ta eHAoTeNioNpOTEKTOPHI BNAcTMBOCTI. BiH
3anycKarTbCa NpoLecn anonTosy, MOCUTOETb- 34aTeH 3HMXYBaTW NpoayKyBaHHA ADK, akTusy-
CSl YLWIKOOXKEHHS KNITUHHMX MeMbpaH. OaHuUM i3 BaTW PepMEHTU aHTUOKCUAAHTHOIO 3axXMUCTy (Ka-
KIIOYOBUX MEXAaHI3MIB UMX YLWKOOXKEHb € nepe- Tanasa, CynepokcMAaAMCMyTasa), NpUrHidysaTu

KNCHe okucHeHHs ninigis (MOJ1) — npouec, y MOJ1 i peryntoBaTtu 3anansHi Mapkepu [12-16].
SIKOMY YTBOPIOKOTLCSA TOKCUYHI NPOAYKTU, TaKi K

mManoHoBul gianbgeria (MAA), Ai€eHOBI KOHtora- HeBupiweHnM 3anuaeTbCa MNUTaAHHSA edek-
™ (OK) Ta ocHoBM Lndda. BoHu iHiLiO0OTb eH- TUBHOCTI MOEAHAHHA KNACUYHUX aHTUrinep-
potenianbHy AMCOHYHKLUIIO, TPOMOOYTBOPEHHS, TEH3MBHMX 3ac06iB i3 aHTUOKCUAAHTHUMU CMNO-
NpOrpecyBaHHs aTepOCKNepo3y Ta CTPYKTYPHi NyKaMmn, 30KpeMa, HacKifibkn Taka KoMbiHauis
3MiHW B cyamHax [5-7]. 34aTHa BMAMBATM HA MPOOKCUAAHTHO-AHTU-
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Conclusions. The combined use of corvitin and antihypertensive drugs has been shown to be
beneficial for the overall pro-oxidant antioxidant system. This positive synergy reduces blood
pressure and enhances the pleiotropic effects of corvitin.

Key words: Arterial hypertension, lipid peroxidation, antioxidant protection, ramipril, candesar-
tan, corvitin, combined therapy.

Introduction Despite the availability of a wide range of
Arterial hypertension (AH) remains one of antihypertensive drugs, hypertension often
the leading causes of cardiovascular mor- remains uncontrolled. Conventional pharma-
bidity and mortality worldwide. Its clinical cotherapy does not always provide sufficient
manifestations and complications largely de- protection of target organs from oxidative
pend on the duration; degree of blood pres- stress. Particularly noteworthy are the re-

sure increase and individual characteristics nin-angiotensin system (RAS) blockers rami-
of patients. However, even with moderately pril (ACE inhibitor) and candesartan (angio-
elevated blood pressure, irreversible mor- tensin II receptor blocker), which can lower
phological changes can occur in the target or- blood pressure and partially affect the pro-
gans—heart, brain, and kidneys [1, 2]. High cesses of heart and vascular remodeling and
blood pressure significantly increases the risk reduce lipid peroxidation [9-11].

of coronary heart disease, stroke, heart fail-

ure, and chronic kidney disease [3]. The clin- At the same time, there is a growing inter-
ical significance of this problem is underlined est in drugs with pleiotropic effects, particu-
by the fact that comorbidities, in particular larly antioxidants, which could further reduce
metabolic syndrome in obesity, are power- oxidative stress. One of the most promising
ful prognostic factors for the development of drugs is Corvitin, a water-soluble complex of
chronic coronary heart disease, which con- the flavonoid quercetin, which has powerful
firms the importance of a comprehensive im- antioxidant, anti-inflammatory, anti-perfusion
pact on cardiovascular risks [4]. and endothelioprotective properties. It is able
to reduce ROS production, activate antioxi-
The heart is one of the most vulnerable or- dant defense enzymes (catalase, superoxide
gans in hypertension. It develops myocardial dismutase), inhibit lipid peroxidation and reg-
hypertrophy, impaired microcirculation, and ulate inflammatory markers [12-16].

greater susceptibility to ischemia and fibro-
sis. Against pressure fluctuations, reactive The question of the effectiveness of combining
oxygen species (ROS) production increases, classical antihypertensive drugs with antiox-

calcium accumulates, apoptosis processes idant compounds remains unresolved, par-
are triggered, and cell membrane damage ticularly to what extent such a combination
increases. One of the key mechanisms be- can affect the prooxidant-antioxidant balance
hind this damage is lipid peroxidation (LPO), in target organs. Data on such combinations’

a process that produces toxic products such synergistic or mutually reinforcing effects
as malondialdehyde (MDA), dyne conjugates on the morphological and functional state of
(DC) and Schiff bases. They initiate endothe- tissues in hypertension are limited and con-
lial dysfunction, thrombosis, atherosclerosis tradictory. There is insufficient evidence to
progression, and structural changes in blood clearly define the therapeutic value of Corvitin
vessels [5-7]. combined with ramipril or candesartan in the
model of spontaneous hypertension.

Modern studies confirm that endothelial dys-

function in hypertension is based on complex The aim of our study was to evaluate the ef-

immunoinflammatory mechanisms, in partic- fect of combined therapy with ramipril and
ular, involving adipokines, which emphasises corvitin or candesartan and corvitin on the
the complex nature of the pathological pro- pro-oxidant antioxidant system in the heart,
cess [8]. liver and kidneys of spontaneously hyperten-

sive rats (SHR series).
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OKCMAaHTHY piBHOBAry B oOpraHax-milleHsax.
[aHi npo cuHepriyHy abo B3aEMHO nigcunto-
BasibHY Ail0 TaKMX NO€AHaHb Ha MOpPPOdYyHK-
LioHanbHWI CTaH TKaHWH nNpu rinepteHsii -
obmexeHi Ta cynepeunmsi. HeMae foCTaTHLO
nokasiB, AKi 6 ganu MOXIMBICTb YiTKO BU3Ha-
YMTW TepaneBTUYHY LUiHHICTb KOM6iHOBAHOro
3acTocyBaHHa KopBiTUHY 3 paminpunom abo
KaHAecapTaHOM Yy MoOAeNi CNOHTaHHOI rinep-
TeHsil.

MeToto Haworo pocnigXeHHs 6yno ouiHu-
TW BNAMB KOMGiIHOBaHOI Tepanii paminpusioMm i
KOpBITMHOM abo KaHAecapTaHOM i KOPBITUHOM
Ha MNPOOKCUAAHTHY aHTUOKCUAAHTHY CUCTEMY
B CcepLi, NeyYiHui Ta HMPKaxX LWYypiB 3i CMOHTaH-
Hoto rinepTeHsieto (cepia SHR).

Metoau pocnig>keHHs

JocnigxeHHs npoBoaMAn Ha 96 nabopaTopHMX
wypax niHii SHR (Spontaneously Hypertensive
Rats) macoto 265.0-285.0 r, oTpuMaHux i3
po3nnigHMka nabopaTtopHux TBapuH «biomo-
Aenbcepsic» (M. Kuig). Bubip came uiei ninii
3YMOBJ/IEHUI Ti BUCOKOIO HAYKOBOK LiHHICTIO:
3a [AWHaMikol NiABULWEHHA apTepianbHOro
TUCKY, MOPHOdYHKLIOHANTBHUMKN 3MiHAMK cep-
LLeBO-CyAMHHOI CUCTEMMN Ta PO3BUTKOM YCKJ1aa-
HEeHb Ui TBAapWHW € BipOrigHOO MoAeNto nep-
BWHHOI rinepTeHsii niognHu [17].

Micna TpaHCNOPTYBaHHA  LWypu  NPOMLLAU
14-peHHnii nepioa akniMmaTusauii B ymoBax Bi-
Bapito, WO BiAMOBiAAlOTbL MiXXHapOAHWM CTaH-
JapTaM yTpuMaHHsA nabopaTOpHUX TBapWH:
Temnepatypa 20-25°C, BigHOCHa BOOTiCTb Mo-
BiTpA — A0 50%, npupoaHe OCBIT/IEHHS, YTpU-
MaHHSA Yy CTaHAAPTHUX MNACTUKOBUX KIITKax 3
[OCTYrNnoM A0 BOAM Ta CTAaHAAPTHOrO pauioHy.
[MpoTaroM ycboro rnepiogy €xKcriepuMeHTy TBa-
pYHW OTPUMYBaNM OLHAKOBE XapyyBaHH4.

Yci TBapuHmn 6ynu noginedi Ha 10 ekcnepu-
MEHTa/IbHUX FPyM, KOXHa 3 aKMUX MiCTUIa caM-
LiB i CAMOK MOPiBHY:

KoHTponbHa rpyna (1): TBapuHu SHR, ski oT-

pumyBanu nvwe 0.9% po3unH HaTpito xnopuay

BHYTpiWHbowWNyHKoBo (0.2 /200 r macu Tina).

e [pynu 2 Ta 3: Wypu, AKUM BBOAUIN paMinpui.

e pynn 4 Ta 5: Wypu, WO OTPUMYBaNN KaH-
AecapTaH.

e [pynn 6 Ta 7: TBapuHU, AKUM BBOAWUIN KOP-
BITUH.
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e [pynn 8 Ta 9: TBapuHuU, gKi OTpUMYyBa-
nn KoMbiHOBaHy Tepanito KaHAeCapTaHOM i
KOPBITUHOM.

e 'pynn 10 Ta 11: komMbiHOBaHe BBeAEHHS pa-
Minpuay 1 KOpBITUHY.

BusHaueHHs [03 npenapaTiB  34iNcCHIOBanu
3a MEeToAO0M BWMAOBOrO nepepaxyHKy, 3rigHo 3
dopmynoto 0. P. Pubonosnesa: fosa Ansd nto-
AavHn (mr/kr) / 0.45 = po3a gnsa wypa (Mr/kr)
/ 1.89, wo pae 3Mory aganTtyBaTu A03U AN
ApibHMX nabopaTopHMX TBapWH i3 ypaxyBaH-
HAM MiXXBUAOBUX MeTaboniyHMX BiAMIHHOCTEMN.

Y pesynbTari:

e [03a KaHAecapTaHy cknana 0.5 mr/kr macu
Tina;

e paminpuny — 0.4 Mr/kr;

e KOpBITMHY — 50 Mr/kr.

Paminpun i kaHaecapTaH BBOAWMAWN BHYTPILL-
HbOLUJTYHKOBO 3 BWKOPUCTAHHAM THYYKOro
LLUSTYHKOBOrO 30HA4a OAWMH pa3 Ha foby npoTsa-
rom 7 gHis. KopBiTUH BBOAW/IN BHYTPIiLLHbOBEH-
HO Yy XBOCTOBY BeHY. [pn KOM6iHOBaHIn Tepanii
KOPBITUH 3acCTOCOBYBajsiM OKPEMO Bi4 aHTUri-
nepTeH3MBHUX Mpenaparis, LWobu YHUKHYTU
MOXMBOr0 hapMaKOKIHETUYHOIO KOHMNIKTY.

[na ouiHBaHHA pIBHA MEPEKUCHOro OKUCHEH-
Ha ninigis (MOJ1) BMBYaNW KOHUEHTpaUii Ai€EHO-
BMX KOH'toraTie ([K) Ta ManoHoBOro aianbaeriay
(MOA) y nna3mi KpoBi Ta romoreHatax TKaHWH
(Miokapa, nediHka, Hupkwn). Bmict MOA Bu3sHa-
yanu i3 3acTocyBaHHSAM cnekTpodoToMeTpii yve-
pe3 yTBOpeHHs 3abapBneHoro KOMMaekcy 3 Tio-
6apbiTypoBoto kucnotoro (TBEK). AK Bu3Hauvanu
METOAOM eKCTparyBaHHSA 3 nojanblUunM BUMIpIO-
BaHHAM OMNTUYHOI MYCTUHU rEKCaHOBOro Lapy,
OTPMMAHOro Micsg 3MillyBaHHSA 3 i30MpOMnaHosIoM.

CTaH aHTMOKCUAAQHTHOI CUCTEMM OUiHIOBaNK 3a
AKTUBHICTIO Takmx EepMeHTiB: CyrnepoKcua-
ancmytasmn (COQL), katanasu (KAT), rnyTtaTi-
oHnepokcungasm (MMo).

[Ons uboro rotyBasiu roMoreHaTu 3paskiB TKa-
HUH (MioOKapA, nediHka, HUPKU) 3 BUKOPUCTAH-
HAM CK/JISSHOFO rOMoOreHizatopa 3 Ted/iIOHOBUM
NecTVKoM y cniBBigHoweHHi 1:10 (TkaHuHa:by-
dep), 3 noganbwmM LEHTPUPYryBaHHAM Mnpu
3000 o6/xB npotarom 10 xBWAMH ANna OTpw-
MaHHA cynepHaTaHTy. bioxiMiuHi gocnigxeH-
HS BMKOHYBanu Ha cnektpodoTomeTpi CH-46
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Research methodology

The study was performed on 96 SHR (Spon-
taneously Hypertensive Rats) rats weighing
265.0-285.0 g obtained from the Biomodel-
service laboratory animal nursery (Kyiv). The
choice of this particular line is due to its high
scientific value. In terms of the dynamics of
blood pressure increase, morphological and
functional changes in the cardiovascular sys-
tem and the development of complications,
these animals are a reliable model of human
primary hypertension [17].

After transportation, rats underwent a 14-day
acclimatization period in vivarium conditions
that meet international standards for keeping
laboratory animals: temperature 20-25°C,
relative humidity up to 50%, natural light,
and maintenance in standard plastic cages
with access to water and a standard diet. An-
imals received the same diet throughout the
experiment.

All animals were divided into 10 experimental
groups, each of which contained males and fe-
males in equal numbers:

Control group (1): SHR animals receiving only
0.9% sodium chloride solution intragastrically
(0 2 ml/200 g body weight).
e Groups 2 and 3: rats treated with ramipril.
e Groups 4 and 5: rats treated with cande-
sartan.
e Groups 6 and 7: animals treated with cor-
vitin.
e Groups 8 and 9: animals treated with com-
bined therapy with candesartan and corvitin.
e Groups 10 and 11: combined administration
of ramipril and corvitin.

Drug doses were determined by the method
of species conversion, according to the formu-
la of Rybolovlev: dose for humans (mg/kg) /
0.45 = dose for rats (mg/kg) / 1.89, which
allows for the adaptation of doses for small
laboratory animals, taking into account inter-
species metabolic differences.

Results:

e the dose of candesartan was 0.5 mg/kg
body weight;

e ramipril—0.4 mg/kg;

e corvitin—50 mg/kg.

79

Original research: Basic sciences

Ramipril and candesartan were administered
intragastrically using a flexible gastric tube
once daily for 7 days. Corvitin was adminis-
tered intravenously into the tail vein. In com-
bination therapy, corvitin was administered
separately from antihypertensive drugs to
avoid possible pharmacokinetic conflict.

To assess the level of lipid peroxidation (LPO),
the concentrations of diene conjugates (DC)
and malondialdehyde (MDA) in blood plasma
and tissue homogenates (myocardium, liver,
kidneys) were studied. The MDA content was
determined by spectrophotometry due to the
formation of a colored complex with thiobar-
bituric acid (TBA). DC was determined by ex-
traction with subsequent measurements of the
optical density of the hexane layer obtained
after mixing with isopropanol.

The state of the antioxidant system was as-
sessed by the activity of the following en-
zymes: superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPX).

For this purpose, homogenates of tissue
samples (myocardium, liver, kidney) were
prepared using a glass homogenizer with a
Teflon pestle in a ratio of 1:10 (tissue:buf-
fer), followed by centrifugation at 3000 rpm
for 10 minutes to obtain a supernatant.
Biochemical studies were performed on a
spectrophotometer SF-46 (manufactured
by LOMO, USSR), which allows photometric
measurements in the visible and ultraviolet
wavelength range (190-1100 nm), accord-
ing to the method described by Magalas
et al. The results of DC and MDA were ex-
pressed as nmol/mg of protein, which was
determined by the Lowry method.

The arithmetic mean (M) and the standard er-
ror of the mean (£m) were estimated for the
statistical processing of study results. StatSoft
(USA) and Stat Graf software were used to
process the results. To determine the signifi-
cance of differences between the values in the
control and experimental groups, the paired
Student’s t-test was used, and changes at the
level of p < 0.05 were considered statistically
significant.

All animal procedures were performed in ac-
cordance with the ethical standards of the Eu-
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(BMpobHULUTBO — JIOMO, CPCP), ik Aa€ 3M0-
ry npoBoanTN (DOTOMETPUYHI BUMIpIOBaHHS Y
BMAMMOMY Ta YyNnbTpadioneToBoMy JAiana3oHi
A0BXMWH xBWb (190-1100 HM), 3rigHO 3 MeTO-
AWKol, onucaHo Maransgcom Ta iH. (2001).
Pesynbtatn AK Ta MAA HaBoaAWAW Yy HMOSb/Mr
6inka, SKkMin BU3Ha4anu 3a metoaom Jloypi.

Onsa cTaTMCTUYHOro onpauoBaHHS OTPUMaHKUX
pe3ynbTaTiB A0CNIAXKEHHSA BUKOHYBANN OLIHKY
cepefHboro apmdmMeTnyHoro 3HadyeHHs (M) Ta
cepeaHboi Noxmbkn cepegHboro (xm). Ans
onpauloBaHHS pe3ynbTaTiB BUKOPUCTOBYBAsU
nporpamHe 3abesnevyeHHsa StatSoft (USA) Ta
Stat Graf. [Jns BM3Ha4yeHHs BipoOrigHoOCTI BiAg-
MIHHOCTEN MiX MOKA3HMKaMM B KOHTPOJIbHUX
i gocnigHUX rpynax 3acToCOBYBanM MapHUii
t-kputepin CTblogeHTa, CTAaTUCTUYHO 3Haudy-
LWKMMK BBaxasm 3MiHM Npu piBHi p < 0.05.

Yci npouenypv 3 TBapMHaMmn NpoBOAWAN 3riAHO
3 eTUYHMMK CTaHAapTaMu E€BPONENCbKOI KOH-
BeHUii Npo 3axucT xpebeTHUX TBapWH, WO iX

Original research: Basic sciences

BMKOPMCTOBYIOTb 3 METOK eKCNepuMeHTaNbHUX
i HaykoBux pgocnigxeHb (Ctpacbypr, 1985).

PesynbTtaTty gocnigxeHHs.

NlikyBaHHA wypiB SHR paminpunom y cepui
WwypiB He Bnnameano Ha BMmict MAA, HeicTOT-
HO 3HWXYBaNoO piBeHb AIEHOBUX KOH'lOraTiB Yy
1.02 pasa npu 3HMXEHHI aKTUBHOCTI KaTana-
31 B 1.07 pasa, rnytaTioHnepokcugasm B 1.1.
JlikyBaHHS KaHAecapTaHOM 3HUXXYBaso piBeHb
okucnBanbHux npoayktis MA B 1.81 ta IK B
1.87 pasa. PieHb CO/J nigBuwmeca y 1.5 paza
npu He3MiHHOMY piBHi MO Ta CT. KombiHoBa-
Ha Tepaniga paminpuioM i KOPBITUHOM 3HUXY-
Bana piseHb MOA B 1.82 paza i K B 1.42 pa3za
MOPIBHAHO 3 rpynot TBApWH, AKi OTpUMYyBasn
MoHOTepanito pamMinpuioM. lligsuwmnacb ak-
TUBHICTb (hepPMEeHTIB aHTUOKCUAAHTHOIO 3axu-
cty: CO4 -B 1.78 pasa, MO - B 1.17 pa3a Ta
KAT - B 1.18 pa3a. KombiHoBaHa Tepanis KaH-
[ecapTaHOM i KOPBITUHOM 3HMXYyBana piBeHb
NPOAYKTIB NEPEKUCHOrO0 OKUCHEHHA MA y 2.9
pa3a Ta Ky 2 pa3u nopiBHSAHO 3 KOHTPOJIbHOKO

Tabanys 1

BMicCT NnpoAyKTiB NEpPEeKNCHONro OKUCHEHHSA Ainigis
Ta aKTUBHICTb (hepMeHTIiB aHTUOKCUMAAHTHOro 3axmucTty B cepui wypis SHR
Ta npu NikyBaHHi paMinpuaoMm, kaHgecapTaHoM i kKopsiTuHOM (M+m, n=8)

pynu MasnoHoBui [ieHoBi koHtoratn | Cynepokcunag aucMyTasa [nyTaTioH nepok- KaTtanasa,
wypis | ananbgerig, Mmonb/n | (HMonb/Mr 6inok ) | (oanHuusa/XB-Mr 6inka) cupasa, MMosb/n MMOJIb/N
y cepui wypiB niHii SHR
caMKku 0.057 £ 0.004 0.815 + 0.023 0.444 + 0.005 0.721 £ 0.021 0.508 + 0.002
camui 0.056 + 0.002 0.811 £ 0.021 0.438 + 0.001 0.72 4 £ 0.011 0.509 + 0.003
y cepui wypis SHR (paminpun)
caMKu 0.05 2 + 0.001 0.796 £ 0.013 0.44 0 + 0.005 0.644 £ 0.016 * 0.473 £ 0.007
camui 0.0 49 + 0.001 0.799 £ 0.011 0.44 1 £ 0.001 0.646 + 0.032 0.479 £ 0.011
y cepui wypis niHii SHR (kangecaptaH)
caMKku 0.02 8 £ 0.001* 0.432 £ 0.017 * 0.663 £ 0.05 * 0.662 £+ 0.012 0.415 + 0.009
camui 0.03 1 + 0.001* 0.411 £ 0.011°* 0.66 8 = 0.05* 0.664 £+ 0.011 0.419 £ 0.002
y cepui wypiB niHii SHR (KOpPBITWH)
caMKu 0.022 + 0.002* 0.267 £ 0.012* 0.578 £ 0.012* 0.462 + 0.009* 0.345 £ 0.009
camui 0.028 + 0.007* 0.389 + 0.0115* 0. 678 + 0.016" 0.478 + 0.007* 0.56 + 0.012
y cepui wypiB niHii SHR (pamMinpun + KOpBITUH)
caMKu 0.032 £ 0.001™ 0.596 £ 0.013 ™ 0.778 £ 0.00 3 ™ 0.799%0.006 ™ 0.544 £ 0.012"
camui 0.039 £+ 0.002 ™ 0.588 £ 0.012 ™ 0.76 9 £ 0.001 ™ 0.797 £ 0.022™ 0.555 £ 0.009"
y cepui wypiB niHii SHR (kaHaecapTaH + KOPBITUH)

caMKu 0.019 £ 0.001™ 0.419+0.017 = 0.818 £ 0.04 ™ 0.887 £ 0.012™ 0.599 £ 0.004
camui 0.022 £ 0.001™ 0.428 £ 0.011™ 0.829 £ 0.027* 0.899 £+ 0.016™" 0.592 + 0.009

MpuMiTkn. HaBeaeHi Kopekuii NOpiBHIOBaNN 3 KOHTPOJIbHOIO Fpynoto: * - cToCOBHO TBapuH SHR; ** - cTtocoBHO TBapwH
SHR (paminpun); *** - ctocoBHO TBapuH SHR (kaHaecapTtaH); 3MiHu npu p < 0.05 BBaxanu CTaTUCTUYHO 3HAYYLUUMMU.
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ropean Convention for the Protection of Ver-
tebrate Animals Used for Experimental and
Scientific Purposes (Strasbourg, 1985).

Results

Treatment of SHR rats with ramipril in the
heart did not affect the content of MDA, slight-
ly reduced the level of diene conjugates by
1.02 times, with a decrease in catalase activ-
ity by 1.07 times and glutathione peroxidase
by 1.1 times. Candesartan treatment reduced
the level of oxidative products of MA by 1.81
times and DC by 1.87 times. The level of SOD
increased by 1.5 times with unchanged levels
of GPO and ST. Combined therapy with rami-
pril and corvitin reduced the level of MDA by
1.82 times and DC by 1.42 times compared
with the group of animals treated with rami-
pril monotherapy. The activity of antioxidant
defense enzymes increased: SOD—by 1.78
times, GPO—by 1.17 times and CAT—by 1.18
times. Combined therapy with candesartan
and corvitin reduced the level of MA peroxida-
tion products by 2.9 times and DC by 2 times

Original research: Basic sciences

compared with the control group. The posi-
tive dynamics of prooxidant-antioxidant re-
structuring were maintained in the combined
therapy with this drug and corvitin. The level
of all antioxidant enzymes was significantly
increased compared to the control group and
the group of animals treated with candesartan
alone (Table 1).

In the kidneys of SHR rats, ramipril
administration did not affect the MDA content,
reduced the level of DC by 1.1 times and did
not affect the activity of antioxidant enzymes.
Treatment with candesartan reduced the level
of oxidative products of MA by 1.45 and DC by
1.67 times. The activity of SOD increased by
1.26 times, and the level of other antioxidant
enzymes, GPO and CAT, even decreased.
Treatment with ramipril and corvitin reduced
the level of MDA by 1.67 times and SOD by
1.89 times compared with the control group
and animals treated with ramipril. The activity
of all antioxidant defense enzymes increased
slightly: SOD—by 1.14 times, GPO—by 1.05

Table 1

Content of lipid peroxidation products
and activity of antioxidant defense enzymes in the heart of SHR rats
and under treatment with ramipril, candesartan, and corvitin (Mtm, n=8)

Groups Malonovyy To Dienov conjugates | Superoxide dismutase Glutathione Catalase,
of rats | dialdehyde, mmol/l | (nmol /mg protein) | (unit/ min-mg protein) | peroxidase, mmol/| mmol/I
In the heart of SHR rats
females 0.057 £0.004 0.815 + 0.023 0.4 44 +£0.005 0.72 1 £ 0.021 0.508 + 0.002
males 0.056 +£0.002 0.811 + 0.021 0.43 8 = 0.001 0.72 4 = 0.011 0.509 + 0.003
In the heart of SHR rats (ramipril)
females 0.052 +£0.001 0.796 + 0.013 0.44 0 = 0.005 0.64 4 £0.016 ~ 0.473 £+ 0.007
males 0.49 +£0.00 1 0.799 + 0.011 0.44 1 + 0.001 0.64 6 = 0.032 " 0.479 £ 0.011
In the heart of SHR rats (candesartan)
females 0.02 8 £0.001" 0.432 £ 0.017" 0.66 3 +£0.05" 0.66 2 + 0.012 0.415 + 0.009
males 0.031 £0.001" 0.411 £+ 0.011" 0.66 8 £0.05" 0.664 + 0.011 0.419 £+ 0.002
In the heart of SHR rats (corvitin)
females 0.022 £0.002" 0.267 £ 0.01 12~ 0.578 £0.0 12~ 0.462 = 0.009" 0.34 5 + 0.009
males 0.028 £0.007" 0.389 £ 0.0115 * 0,678 £0.0 16 * 0.478 = 0.007" 0.567 £ 0.012
In the heart of SHR rats (ramipril + corvitin)
females 0.032 £0.001™ 0.596 + 0.013™ 0.778 £ 0.003™ 0.79 9 £0.006™ |0.544 £ 0.012™
males 0.039 +£0.002™ 0.588 + 0.012™ 0.769 £+ 0.001™ 0.797 +£ 0.022™ |0.555 £+ 0.009™"
In the heart of SHR rats (candesartan + corvitin)

females 0.019+0.001™" 0.419 £ 0.017™ 0.818 £0.0 14™" 0.887 £0.012™ 0.599 + 0.004
males 0.022+0.001™" 0.428 £ 0.011™ 0.829 £ 0.027™" 0.899 £ 0.016™" 0.592 £ 0.009

Notes. Correction data were compared with the control group: * — relative to SHR animals, ** — relative to SHR animals
(ramipril), *** — relative to SHR animals (candesartan), changes at P £ 0.05 were considered statistically significant.
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rpynoto. lMo3nTnBHa AMHAMIKa MPOOKCUAAHT-
HO-aHTUOKCMAAHTHOI nepebypoBn 36epirana-
cs npy KOMBiHOBaHIn Tepanii UMM NpenapaToMm
i3 KOpBITUHOM. PiBEHb YCiX aHTUOKCUAAHTHUX
depMeHTIB 3HaYHO MiABMLLYBaBCS NOPIBHSAHO 3
KOHTPOJIbHOIO FPYMoOl0 Ta rpyrnot TBAPWH, AKi
OTpMMYyBanu nuile KkaHgecaptaH (tTabn. 1).

Y Hupkax wypis SHR BBeAeHHSA paMinpuny He
Br/nBano Ha sMmict MIA, 3HMXYyBano piseHb K
B 1.1 pa3a Ta He BM/IMBAIO HAa AaKTUBHICTb aH-
TUOKCUMAAHTHUX (pepMeHTiB. JlikyBaHHA KaHae-
CapTaHOM 3HWXXYBaJIO PiBEHb OKUCHUX NPOAYK-
TiB MA B 1.45 1a K B 1.67 pa3a. AKTUBHICTb
COA nigBnwmnaca B 1.26 pasa, piBeHb iHWMUX
aHTMOKCMAAHTHUX depmenTiB MO i KT HaBiTb
3HM3MBCA. JIikyBaHHA paMinpuioM i KOPBITUHOM
3HMXyBano piseHb MAA B 1.67 pasa i CO[ B
1.89 pasza nopiBHAHO 3 KOHTPOJIbHOK Pyrowo
i TBAapUHaMK, GKi oTpuMyBanu paminpun. Aewo
NiABULLMNACLE aKTUBHICTb YCiX (epMeHTIB aH-
TUOKCMAAHTHOro 3axucty: CO4 - B 1.14 pasa,
MO - B 1.05 pasa npu He3MiHHOMY piBHi KT.
KombiHOBaHa Tepanisi KaHAecapTaHOM i KOpBi-

Original research: Basic sciences

TUHOM 3HWXXYyBana piBeHb NPOAYKTIB NepeKunc-
HOro okncHeHHa MA y 2.9 pasza ta K y 2 pa3u
NMOPIBHAHO 3 KOHTPOMbHOW rpynot. Komb6iHo-
BaHa Tepania KaHAecapTaHOM i KOPBITUHOM A0-
CTOBIpHO 3HM3W/a piBeHb MA B 2.2 pasa i piBeHb
OK B 1.79 pasa. PiBeHb yCiX aHTMOKCUAAHTHUX
depmeHTiB CO/J BiporigHo niasmwyBaBscsa B 1.4
pa3a, MO B 1.22 pa3a i KT B 1.1 pa3a nopiBHs-
HO 3 KOHTPOJIbHOIO FPYroK Ta rpynoto TBApWH,
AKi OTPUMYBaNu nNuule KaHgecapTaH (tTabn. 2).

MoHoTepanisa paMinpusioMm i KaHaecapTaHOM Yy
neviHui wypie SHR BiporigHO 3HWXXyBana pi-
BeHb MOA B 1.35 i 1.45 pa3sa sianosigHo. Pi-
BeHb K 3HM3MBCA B 1.14 pa3a 3a He3MiHHOI
ab0 3HMXKEHOI aKTUBHOCTI @HTUOKCUAAHTHUX
¢depmeHnTiB. KombiHOBaHa Tepanis paMinpuiom
i KOpBiTMHOM 3HMxYyBana MAOA B 1.72 i K B
1.89 pasa nopiBHAHO 3 rpynol KOHTPOJSIbHUX
TBapWH, akTmBHicTb COZA, MO i KT nigBuy-
Basna BignosigHo B 1.13, 1.14, 1.12 pa3za.

Ha Ttni kombiHOBaHOi Tepanii kKaHAeCcapTaHOM i
KOPBITUHOM BUABJIEHI 3HAYHI 3MIHW MPOOKCU-

Tabanys 2

BMicT npoayKTiB NepeKnCcHOro OKMCHeHHN ninigis
Ta aKTUBHICTb (hbepMEHTIB aHTUOKCMAAHTHOIO 3axXMUCTy B HUpKax wypis SHR
Ta nNnpy nikysaHHI paminpuMnoMm, kaHgecapTaHoM i kopBiTMHOM (M+m, n=8)

Fpynu ManoHoBwui [OieHoBi koHtoratn | Cynepokcma agucMmyTtasa FnyTaTioH nepok- Katanasa,
wypis | anansgeria, Mmmonb/n | (HMonb/Mr 6inok ) | (oAnHMUS/XB-Mr 6inka) cupasa, MMonb/n MMOJIb/N
y Hupkax wypis SHR
caMKu 0. 216 + 0.008 1.671 + 0.02 0.5 46 + 0.005 0.563 £0.021 0.488 = 0.01 2
camui 0.215 + 0.11 1.678 £ 0.021 0.539 + 0.00 1 0.56 9 + 0.011 0.492 + 0.013
y Hupkax wypie SHR ( paminpun)

CaMKu 0.21 1 + 0.003 1.515 + 0.011 0.53 5 + 0.005 0.568 + 0.036 0.443 £+ 0.011
camui 0.209 + 0.004 1.518 + 0.012 0.539 + 0.001 0.570 + 0.033 0.445 £ 0.012
y HMpKax wWypis SHR (kaHaecapTaH)

CaMKu 0.14 9 + 0.002" 1.031 £ 0.014 0.690 + 0.035 " 0.535 + 0.01 4 0.406 + 0.011
camui 0.145 + 0.001" 1.030 + 0.012 " 0.698 + 0.025 " 0.539 + 0.012 0.405 + 0.012
y Hupkax wwypis SHR (KOpPBITWH)
caMKu 0.089 + 0.003" 1.076 + 0.009 ~ 0.456 + 0.024" 0.245 = 0.004" 0.396 + 0.011
camui 0.098 + 0.002 * 1.123 + 0.009 0.543 + 0.008" 0.346 = 0.009" 0.425 £+ 0.012
y HUpKax wypis SHR (paminpun + KOPBITUH)
caMKu 0.125 + 0.001 ™~ 0.866 = 0.013™~ 0.625 + 0.024 0.596 + 0.046 0.493 + 0.012
camui 0.1265 + 0.006 ™~ 0.859 + 0.011 ™~ 0.638 + 0.048 0.599 + 0.023 0.495 + 0.013
Yy HMpKax wypiB SHR (kaHaecapTaH + KOPBITUH)
camkm | 0.099 + 0.00 4 ™~ 0.931 +£ 0.017 ™~ 0.789 + 0.014 ™ 0. 690 = 0.012 0.512 £ 0.011
camui 0.0 94 + 0.007 ™ 0.920 £+ 0.011 ™~ 0.791 £ 0.027 ™ 0.678 £ 0.015 0.513 £+ 0.009

MpuMiTkn. HaBeaeHi kopekuii NopiBHOBaNM 3 KOHTPOSIbHOW rpyrnoto: * - cTocoBHO TBapuMH SHR; ** - cTocoBHO TBapuH
SHR (paminpun); *** - ctocoBHo TBapuH SHR (kaHaecapTaH); 3MiHK npu p < 0.05 BBaxanu CTaTUCTUYHO 3HAYYLLUMMU.
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times with an unchanged level of CT. Combined
therapy with candesartan and corvitin reduced
the level of MA peroxidation products by 2.9
times and DC by 2 times compared with
the control group. Combined therapy with
candesartan and corvitin significantly reduced
the level of MA by 2.2 times and the level of
DC by 1.79 times. The level of all antioxidant
enzymes SOD was significantly increased by
1.4 times, GPO by 1.22 times and CAT by 1.1
times compared to the control group and the
group of animals treated with candesartan
alone (Table 2).

Monotherapy with ramipril and candesartan
in the liver of SHR rats significantly reduced
the level of MDA by 1.35 and 1.45 times,
respectively. The level of DC decreased by 1.14
times with unchanged or reduced activity of
antioxidant enzymes. Combined therapy with
ramipril and corvitin reduced MDA by 1.72 and
DC by 1.89 times compared with the group of
control animals and increased the activity of

Original research: Basic sciences

SOD, GPO and CAT by 1.13, 1.14, and 1.12
times, respectively.

In the background of combined therapy with
candesartan and corvitin, significant changes
in the prooxidant-antioxidant system were
observed, increasing the level of antioxidant
enzymes and decreasing the production of
barbituric acid. All the values obtained were
highly significant (Table 3).

Discussions

The study revealed that the combined use of
ramipril with corvitin was accompanied by a
pronounced positive effect on the functional
state of the kidneys and hemodynamic
parameters in animals with hypertension.
In particular, a significant increase in renal
blood flow was observed, which is likely to be
associated with the inhibition of angiotensin-
dependent constriction of efferent arteries
and the reduction of oxidative stress in renal
tissue. Similar results were demonstrated by

Table 2

Content of lipid peroxidation products
and activity of antioxidant defense enzymes in SHR kidneys
and under treatment with ramipril, candesartan and corvitin (Mtm, n=8)

Groups Malonov yy To Dienov conjugates | Superoxide dismutase | Glutathione peroxidase, Catalase,
of rats | dialdehyde, mmol/l | ( nmol /mg protein) | (unit/ min-mg protein) mmol/I mmol/|
In the kidneys of SHR rats
females 0.216 + 0.008 1.671 £ 0.02 0.5 46 +0.005 0.56 3 = 0.021 0.488 £+ 0.012
males 0.215 £ 0.011 1.678 £ 0.021 0.539 + 0.001 0.56 9 = 0.011 0.492 + 0.013
In the kidneys of SHR rats (ramipril)
females 0.21 1 +£0.003 1.515 + 0.011 0.53 5 +0.005 0.568 + 0.036 0.443 £+ 0.011
males 0.209 + 0.004 1.518 + 0.012 0.539 + 0.001 0.570 + 0.033 0.445 £+ 0.012
in the kidneys of SHR rats (candesartan)
females 0.14 9 +£0.002" 1.031 + 0.014~ 0.690 = 0.035" 0.535 £ 0.014 0.406 + 0.011
males 0.145 £+ 0.001" 1.030 + 0.012" 0.698 + 0.025" 0.539 + 0.012 0.405 + 0.012
In the kidneys of SHR rats (corvitin)
females 0.089 +0.003" 1.076 + 0.009" 0.456 = 0.0 24~ 0.245 = 0.004" 0.396 £ 0.011
males 0.098 + 0.002" 1,123 + 0.009 0.543 + 0.008" 0.346 = 0.009" 0.425 £+ 0.012
In the kidneys of SHR rats (ramipril + corvitin)
females 0.125 £0.001™ 0.866 £0.013™ 0.625 +0.024 0.59 6 + 0.046 0.493 + 0.012
males 0.1265 = 0.006™" 0.859 £0.011™ 0.638 +0.048 0.599 + 0.023 0.495 + 0.013
In the kidneys of SHR rats (candesartan + corvitin)

females | 0.099 +0.004™" 0.931 £0.017" 0.789 £ 0.014™" 0.690 + 0.012 0.512 £ 0.011
males 0.0 94 £0.007™ 0.920 £0.011™*" 0.791 £ 0.027" 0.678 £ 0.015 0.513 £ 0.009

Notes. Correction data were compared with the control group: * — relative to SHR animals, ** — relative to SHR animals
(ramipril), *** — relative to SHR animals (candesartan), changes at P £ 0.05 were considered statistically significant.
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Tabanys 3

BMicCT NnpoAyKTiB NepeKNCHOro OKUCHEHHSA Ainigis
Ta aKTUBHICTb (pepMEeHTiB aHTUOKCUAAHTHOro 3axXMCTy B nediHui wypis SHR
Ta Npu NikyBaHHI paMinpuaoM, kaHaecapTaHoM i KopBiTUHOM (M+m, n=8)

Fpynu ManoHoBwuit [lieHoBi koH'toratn | Cynepokcua aucmyTasa | FnyTaTioH nepokcuaasa, Katanasa,
wypiB | avaneaeria, Mmmone/n | (HMonb/Mr 6inok ) | (oanHunusa/ xB-mr 6inka) MMOb/N MMOSb/N
y nediHui wypis SHR
caMKu 0.13 2 £0.07 1.131 £ 0.02 0.501 £+ 0.017 0.633+0.021 0.570 + 0.01
camui 0.13 3 £ 0.005 1.121 + 0.002 0.505 + 0.012 0.62 2 = 0.011 0.568 + 0.001
y nedviHui wypis SHR ( paminpun )
caMKu 0.097+ 0.001* 1.115 + 0.011 0.502 + 0.005 0.626 + 0.028 0.549 + 0.024*
camui 0.099 + 0.001* 1.108 + 0.009 0.507 £+ 0.002 0.615 £ 0.0 12 0.539 + 0.014"
y neuviHui wypis SHR (kaHaecapTaH)
caMKu 0.086 + 0.004* 0.987 + 0.001* 0.514 £ 0.006 0.617 + 0.015 0.536 + 0.018
camui 0.087 + 0.002* 0.999 + 0.004* 0.512 + 0.00 8 0, 620 £ 0.012 0.539 £+ 0.014
y neuviHui wypis SHR (KopBiTMH
caMKu 0.047 £ 0.001* 0.89 + 0.002* 0.498 + 0.003 0.598 + 0.005 0.523 £+ 0.008
camui 0.056 + 0.002* 0.97 £ 0.003~ 0.479 £ 0.002 0,578 £ 0.015 0.543 + 0.011
y neuviHui wypis SHR ( paMinpun+KopBiTUH )
camku | 0.075 £ 0.001 ™ 0.995 + 0.013** 0.699 £+ 0.024** 0.652 £+ 0.046 0.631 + 0.002**
camui 0.076 £+ 0.006 ™ 0.996 + 0.011™ 0.69 8 £ 0.048 ™ 0.65 8 + 0.023 0.632 £ 0.003 ™
y nedviHui wypiB SHR ( kaHaecapTaH+KOPBITUH )
camku | 0.042 + 0.001™" 0.861 £+ 0.001™ 0.792 £ 0.014™ 0.717+0,007"" 0.69 8 = 0.012 ™
camui | 0.044 +£ 0.002" 0.868 £+ 0.002™ 0.772 £ 0.011™ 0.705 £ 0.009™ 0.696 + 0.014™

MpumiTkn. HaBeaeHi KopekLii NopiBHOBaNM 3 KOHTPOSIbHOK Trpyrnot: * - cTocoBHO TBapuH SHR; ** - cToCOBHO TBapuH
SHR (paminpun); *** - ctocoBHo TBapuH SHR (kaHaecapTaH); 3MiHK npun p < 0.05 BBa)xanm CTaTUCTUYHO 3HAYYLLUMMN.

OAHTHO-aHTUOKCUAAHTHOI CUCTEMM 3 MiABU-
LEHHAM piBHSA aHTUOKCUAAHTHUX (PEPMEHTIB i
3HMXKEHHAM NpoayKyBaHHSA 6ap6iTypoBOI KuC-
NnoTn. Yci oTpuMMaHi 3HayeHHa 6ynnM BUCOKO
3Hauywmmm (Tabn. 3).

O6roBopeHHs

Y xoai pocnigxeHHs 6ysio BUSIBIEHO, WO KOM-
6iHOBaHe 3acToCyBaHHSA paMminpuny 3 KOpPBITU-
HOM CYMNpPOBOAXYETbCHA BUPA3HUM MO3UTUBHUM
edeKkToM Ha (YHKUIOHanbHWN CTaH HWPOK Ta
reMoAmMHaMivHi MOKa3HWKW Yy TBApWH 3 rinep-
TeH3i€l. 30KpeMa, NMpocTexysBanocs BiporigHe
NOCUEHHS HWPKOBOIO KPOBOTOKY, WO, MMO-
BipHO, MOB’A3aHe 3 MPUrHIYEHHSAM aHriOTEeH-
3UH3aNeXHOro 3BYXEHHS edepeHTHUX apTe-
piosl i 3MEHLEeHHAM OKCUAATMBHOIO CTpecy B
HUPKOBIN TKaHMHI. Cxoxi pe3ynbTatn 6ynu
NpPOAEMOHCTPOBaHi y poboTtax Televiak A.T. et
al. (2018), saki 3acsBigunnan, WO MPUrHIYEHHS
AKTUBHOCTI  PEHIH-aHMOTEH3NHOBOI CUCTEMMU
(PAAC) cynpOBOAXXYETbLCA MOKPALLEHHAM nep-
y3ii HUPKOBOI TKAHNHM 3aBASKWM BasoaunaTa-
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uii [18]. Taka Tepania Takox 3abe3nevyBana
HOpManisauito CUCTEMHOro apTepiaslbHOro TUC-
KY, WO CBiAYNTb NPO CUHEpPridyHy Aito npenapa-
TiB Ha PAAC Ta CyAMHHUI TOHYC, 3i CXOXICTIO
00 pe3ynbTaTiB, oTpuMaHmx Georgiou N et al.
(2023), ne poBeneHo noTeHLUian KOMBiHOBaHOI
6nokaan PAAC ansa niaBuweHHs eeKTUBHOCTI
aHTUrinepTeH3uBHOI Tepanii [19].

KaHaecapTaH, sk cenektuBHui 6nokatop pe-
uenTtopis aHrioteHsunHy II Tuny ATi, npos-
BMB He@pPOMNpOTEKTOPHI BACTUBOCTI, 30KpeMa
CNpUAB 3HMXEHHIO MPOTEIHYpil Ta eKckpeuil
3aranbHoro 6isika 3 ceyero, a Takox 3anobiras
pPO3BUTKY FIOMEPYNAPHOro cknepo3ly. B aHano-
riuHomy pocnigyxeHHi Di Petrillo A et al. (2022)
6yno BMSBNEHO, WO KaHAecapTaH 3MeHLYE
nporpecyBaHHsa HedponarTii, ocobnmeo y na-
uieHTiB i3 piabetnyHoo HedponaTiero [20].
EdekT nocmnioBaBcsa npu Moro KombiHauii 3
KOPBITUHOM — BOAOPO34YNHHOK (HOPMOIO KBEP-
LETUHY i3 BMPA3HOK AHTMOKCUAAHTHO Ai€l0.
3a gaHumum Kumar V. (2017), kBepueTUH BONO-
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Table 3

Content of lipid peroxidation products
and activity of antioxidant defense enzymes in SHR liver
and under treatment with ramipril, candesartan and corvitin (M:tm, n=8)

Groups Malonov yy To Dienov conjugates | Superoxide dismutase Glutathione Catalase,
of rats | dialdehyde, mmol/l | ( nmol /mg protein) | (unit/ min-mg protein) | peroxidase, mmol/I mmol/I
In the liver of SHR rats
females 0.13 2 +£0.07 1.131 £ 0.02 0.501 £+ 0.017 0.63 3 £ 0.021 0.5 70 £0.01
males 0.13 3 £0.005 1.121 + 0.002 0.505 + 0.012 0.62 2 £ 0.011 0.5 68 = 0.001
In the liver of SHR rats (ramipril)
females 0.097+0.001" 1.115 + 0.011 0.502 + 0.005 0.626+0.028 0.549+0.024"
males 0.09 9 £0.001" 1.108 + 0.009 0.507 £ 0.002 0.6 15 £0.012 0.5 3 9+0.014"
In the liver of SHR rats (candesartan)
females 0.086 +£0.004" 0.9 87 £0.001" 0.514 £+ 0.006 0.617 £ 0.015 0.536 £+ 0.018
males 0.087 £0.002" 0.999 £ 0.004~ 0.512 £+ 0.008 0,620 £+ 0.012 0.539 £ 0.014
In the liver of SHR rats (corvitin)
females 0.047 £0.001" 0.89 +£0.002" 0.498 £+ 0.003 0.598 £+ 0.005 0.523 £+ 0.008
males 0.056 £0.002" 0.9 7 £ 0.003" 0.479 £ 0.002 0.578 +£0.015 0.543 £ 0.011
In the liver of SHR rats (ramipril+corvitin)
females 0.075 £0.001"" 0.995 £+ 0.013™ 0.699 £0.024™ 0.65 2 + 0.046 0.631 £+ 0.002™
males 0.076 £0.006™ 0.996 + 0.011™ 0.69 8 £0.048™ 0.65 8 = 0.023 0.632 £+ 0.003™
In the liver of SHR rats (candesartan+corvitin)
females 0.042 £0.001™ 0.861 £0.001" 0.792 £0.014™ 0.7 17 £0.007™ | 0.69 8 £0.012™"
males 0.044 £0.002" 0.868 £ 0.002™" 0.772 £ 0.011™" 0.705 £ 0.009™" [0.696 + 0.014™

Notes. Correction data were compared with the control group: * — relative to SHR animals, ** — relative to SHR animals

(ramipril), *** —

Televiak A.T. et al. (2018), who showed that
inhibition of the renin-angiotensin system
(RAAS) activity was accompanied by improved
renal tissue perfusion due to vasodilation [18].
Such therapy also ensured the normalization
of systemic blood pressure, indicating a
synergistic effect of drugs on RAAS and
vascular tone, similar to the results obtained
by Georgiou N et al. (2023), who proved
the potential of combined RAAS blockade to
improve the effectiveness of antihypertensive
therapy [19].

Candesartan, as a selective angiotensin
II type ATi1 receptor blocker, has shown
nephroprotective properties. In particular,
it helped reduce proteinuria and urinary
total protein excretion and prevented the
development of glomerular sclerosis. In a
similar study by Di Petrillo A et al. (2022),
candesartan was shown to reduce the
progression of nephropathy, especially in
patients with diabetic nephropathy [20]. The
effect was enhanced by its combination with
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relative to SHR animals (candesartan), changes at P £ 0.05 were considered statistically significant.

corvitin, a water-soluble form of quercetin with
a pronounced antioxidant effect. According to
Kumar V. (2017), quercetin has a wide range of
biological activities, including antioxidant, anti-
inflammatory and angioprotective properties
that potentially improve the morphological
and functional state of the kidneys [21].
This combination demonstrated the ability to
minimize the morphological manifestations
of glomerular damage, reducing the intensity
of fibrosis and degenerative-dystrophic
changes, which is consistent with the results
of Mishchenko T. et al. (2017), where a similar
combination helped to reduce the expression
of fibrotic markers such as TGF-f1 and a-SMA
[20; 21].

In the liver tissue, all the applied therapeutic
regimens demonstrated a certain
improvement in the morphological structure:
reduction of dystrophic changes, edema, and
necrosis of hepatocytes. However, none of the
combinations led to a complete restoration
of the tissue structure to a state close to the
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Ji€ LWMPOKNM CnekTpoM 6ionoriyHoi akTUBHOCTI,
BKJIIOYHO 3 @aHTUMOKCUMAAHTHUMM, MpoTU3ananb-
HMMW Ta aHriONPOTEKTOPHUMMW BNaCTUBOCTSAMU,
WO MOTEHUINHO noKpaLlyTe MopdodyHKLUI-
OHaNbHMN CTaH HUpOK [21]. Take MOEAHAHHS
OEMOHCTPYBasno 34aTHICTb MiHIMI3yBaTn Mop-
donoriyHi NposiBM ypaxeHHs KnyboukiB, 3MeH-
WYylUM iHTEHCUBHICTb (ibpo3y Ta AereHepa-
TUBHO-ANCTPOPIYHMX 3MiH, IO Y3rOAXKYETLCS 3
pe3ynbTaTaMu gocnigxeHb Mishchenko T. et al.
(2017), ne cxoxa kKOMGiHauia cnpusna 3MeH-
LWEeHHI0 ekcnpecii dibpoTnYHUX Mapkepis, Ta-
knx sk TGF-B1 ta a-SMA [20; 21].

Y neudiHKOBIN TKaHMHI BCi 3aCTOCOBaHi Tepane-
BTUYHI CXEMU AEMOHCTPYBa/IN NEBHE MOKpaLLeH-
HS MOPOOriYHOI CTPYKTYPU: 3MEHLLEHHS AMC-
TPOdiYHMX 3MiH, HAbPSKY, HEKPO3Y renaToumTiB.
OpHak xoaHa 3 koMbiHauii He npu3Bena Ao uin-
KOBWUTOrO BIAHOBMIEHHS CTPYKTYPU TKaHWHU [0
CTaHy, HabnuxeHoro Ao i3ioNoriyHoi HOpMK, Lo
CBiAUNTb MpPO OBMEXEHICTb renaTtonpoTEKTOPHOI
Aii pocnigKyBaHMX MpenapaTiB Yy KOPOTKOCTPO-
KOBOMY nepioai. 3a gaHumm Georgiou N. (2025),
npenapatn, wWo npurHivyyoTs PAAC, 3aaTHi va-
CTKOBO 3anobiraTm nporpecyBaHHIO CTeaTtore-
naTuUTy, NpoOTe MOBHA pereHepalisa renaTtoumTis
MOXX/IMBA JI1LLE NPU YCYHEHHI OCHOBHOIO €TiOJ10-
rMYHOr0 YMHHKMKA ypaxkeHHs [22; 23].

3 6ioximMiuHOI TOYKM 30py, KOMbBIHOBaHa Tepanis
paminpwusioM i KOPBITUHOM CYMNpOBOAXKYBasiacs Bi-
POriAHUM 3HUXEHHSAM PiBHA NPOAYKTIB NepoKcna-
HOro OKMWUCHEHHS NinigiB, 30KpemMa MasioHOBOro
pianbaerigy (MOA) Ta aieHoBux koH'toraTis (OK).
OpHovacHo 6yno 3adikcoBaHe 3Ha4yHe nNiaBM-
LLEHHS AKTMBHOCTI K/OYOBUX (DepMeHTIB aHTu-
OKCUMAAHTHOI CUCTEMU — CYMNepoKCUAANCMYTa3mn
(COA) Ta katanasm (KAT). Cxoxi 3MiHM onucaHi
B poboTtax Oyagbemi AA et al. (2018) [24], ne
KOMbiHOBaHe 3aCTOCYBaHHS aHTUMNEPTEH3NUBHUX
npenapariB i3 aHTUOKCMAAHTaMW NPU3BOAWNIIO
[0 HopMani3auil oKCcMAaTMBHOrO craTycy. Taka
AVHaMiKa CBigYNTb NPO MOTEHUiMHE 3MEHLUEeHHS
OKCMOATUBHOIO CTPECy, WO € BaX>X/IMBUM naTore-
HETMYHMM (PAKTOPOM Yy PO3BUTKY YparK€Hb Mpu
apTepianbHiln rinepteHsii [14].

KaHaecapTaH y NOEAHAHHI 3 KOPBITUHOM TaKOX
NPOAEMOHCTPYBAB MOTYXHY aHTUOKCUAAHTHY
Ailo, dKa npogsngnacsa y BiporigHOMy niaBu-
WweHHi akTuBHocTi CO/L, KAT Ta rnyTtaTioHne-
pokcuaasm (I'MO). Takui edekt 6yB 0c061MBO
BMPa3HUI y TKaHWHaX Miokapaa, MnedviHkn Ta
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HMPOK, WO CBiAYNTb MPO CUCTEMHY Ait0 KOMbi-
HOBAHOIO JliKyBaHHA Ha PiBHI KNITUHHOIO Me-
Taboniamy, WO KOPENOE 3 AaHMMN AOCNIAXEHD
Sheik Uduman et al. (2016), aki Buasuan, wo
AHTaroHiCTM peuenTopiB aHrioteH3snHy II y no-
€AHaHHI 3 aHTMOKCuMAaHTamMu 3abe3neuvyloTb
NOCUNEHNIN 3aXUCT KAITMHHUX OpraHesn, oco-
6nmnBo B yMmoBax iwemii/penepdysii [11].

HaToMicTb MOHOTepanisa paminpuiom Cyrnposo-
[)KyBanacb 3HWMXEHHSAM aKTUBHOCTI aHTUOKCU-
OAHTHUX (bepMeHTiB 6e3 CyTTEBOro 3MEeHLUEHHS
pisHa MOA Ta 1K, ocob6n1BO B TKaHMHaX Miokap-
Aa i HAPOK, L0 MOXe CBiAYMTM NPO NOTEHUIMHNIA
NPOOKCUAAHTHUIM edeKkT abo Npo HeaoCTaTHIo
AHTUOKCUMAAHTHY aKTUBHICTb LibOro npenaparty B
yMoBax rinepTeHsii. 3a AeKMMK AaHUMW, iHribi-
TOpKN AMN® MOXYTb CNPUSTM HaKOMUUYEHHIO 6pa-
OVIKIHIHY, WO, B YMOBaxX OKCUMAATUBHOIO CTpecy,
MOXe MaTn NapagoKcanbHui edekxT.

CBO€EKO 4eprow MoHOTeparnis KaHAecapTaHoM
[NEeMOHCTpyBana nO3UTUBHY AWMHAMIKY LWoA0
3MEHLUEHHSA MEPOKCUAHOro CTpecy. 3HUXKEHHS
KoHUeHTpauin MOA i K B Miokapai, neyiHui 1
HUPKax CyrnpoBOAXYBasioCb MOMITHUM 3pOCTaH-
HaM akTuBHoOCTI COJ, WO CBiAYUTL NPO MOTEH-
LiNHY aHTMOKCMAAHTHY edeKTUBHICTb Npenapa-
Ty HaBiTb 6€3 CynyTHbOro BBEAEHHS A0AAaTKOBMX
@HTMOKCUAAHTIB, 9K BUAHO 3 AocnigxeHb [25].

Bnaive paminpuny Ha MiokapA, HUPKU Ta NeYiHKy
€ cynepeuyimBuM. Y TKaHMHaAX [OCNIAXKYBaHUX
CTPYKTYp paMinpun 3aroCcTpioBaB MaToNoriyHUM
npouec: niABULLEHHSA MPOAYKYBAHHA aKTUBHUX
dopM kucHio (ADOK) Ha Tni 3HMKEHHSA aKTUBHOC-
Ti @QHTMOKCUAAHTHUX DepMeHTIB. 3a AaHUMK fi-
TepaTypu, paminpun Mmoxe 6yTu renaToTOKCUY-
HWUM, TOMY NOr0 BapTO Npu3HayaTu NauieHTam 3
ocobnuneoto obepexHicTio [26]. TpuBana Tepa-
nis KaHaecapTaHoM 6inbw edekTMBHO BNAMBa-
Jla Ha TKAHMHU NEeYiHKU | NPaKTUYHO BiAHOBO-
Bana CTPYKTypy opraHy. KopBiTUH MiHiMi3yBaB
HacNiAKW NaTosoriYyHoOro npouecy, NposBAAOYN
AHTUOKCWAAHTHI BNIACTUBOCTI, WO CYNpPOBOAXY-
Basiocs 3HWxeHHaAM piBHa MOA Ta AK Ha Tni
niapuweHHs piBHa AOC. Hanbinbwa 3axucHa
Aifl KOPBITUHY Ha YNbTPACTPYKTYpPY J1iBOro LWy-
HOYKa MoOB’A3aHa 3 MNpPUrHiYeHHSM aKTuBauii
MeTanonpoTeasu-2, Wo cnpusie nepebynosi Ta
Ae3opraHisauii miokapaa [14; 15]. MexaHi3MoM
KapAionpoTeKLUii KOPBITUHY € aKTUBaLid KiHa3n
Akt, wo BoHa 6epe y4yacTtb y perynsauii KNiTMHHOI
nponidepadii, pocty Ta BuxMBaHHA [15; 27].
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physiological norm, indicating the limited
hepatoprotective effect of the studied drugs
in the short term. According to Georgiou N.
(2025), drugs that inhibit RAAS can partially
prevent the progression of steatohepatitis, but
complete hepatocyte regeneration is possible
only if the underlying etiological factor of the
lesion is eliminated [22; 23].

From the biochemical point of view, combined
therapy with ramipril and corvitin was accom-
panied by a significant decrease in the lev-
el of lipid peroxidation products, in particular
malondialdehyde (MDA) and diene conjugates
(DC). At the same time, a significant increase
in the activity of key enzymes of the antioxi-
dant system, superoxide dismutase (SOD) and
catalase (CAT) was recorded. Similar changes
were described in the work of Oyagbemi AA
et al. (2018) [24], where the combined use
of antihypertensive drugs with antioxidants
led to the normalization of the oxidative sta-
tus. Such dynamics indicate a potential reduc-
tion of oxidative stress, which is an important
pathogenetic factor in the development of le-
sions in hypertension [14].

Candesartan, in combination with corvitin, also
demonstrated a powerful antioxidant effect,
which was manifested in a significant increase
in the activity of SOD, CAT and glutathione
peroxidase (GPX). This effect was especially
pronounced in myocardial, liver, and kidney
tissues, indicating a systemic effect of the com-
bined treatment on cellular metabolism, which
correlates with the findings of Sheik Uduman
et al. (2016), who found that angiotensin II re-
ceptor antagonists in combination with antiox-
idants provide enhanced protection of cellular
organelles, especially under conditions of isch-
emia/reperfusion [11].

In contrast, ramipril monotherapy was accom-
panied by a decrease in the activity of anti-
oxidant enzymes without a significant reduc-
tion in the level of MDA and DPPH, especially
in myocardial and renal tissues, which may
indicate a potential pro-oxidant effect or in-
sufficient antioxidant activity of this drug in
hypertension. According to some reports, ACE
inhibitors may promote the accumulation of
bradykinin, which, under conditions of oxida-
tive stress, may have a paradoxical effect.
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In turn, candesartan monotherapy demon-
strated positive dynamics in reducing perox-
idative stress. A decrease in the concentra-
tions of MDA and DC in the myocardium, liver,
and kidneys was accompanied by a marked
increase in SOD activity, indicating the poten-
tial antioxidant efficacy of the drug even with-
out concomitant administration of additional
antioxidants, as reported in the studies [25].

The effect of ramipril on the myocardium,
kidneys, and liver is controversial. In the tis-
sues of the studied structures, ramipril exac-
erbated the pathological process: increased
production of reactive oxygen species (ROS)
against a background of decreased activity of
antioxidant enzymes. According to the litera-
ture, ramipril can be hepatotoxic, so it should
be prescribed to patients with extreme cau-
tion [26]. Prolonged candesartan therapy had
a more effective effect on liver tissue and vir-
tually restored the organ’s structure. Corvitin
minimized the consequences of the pathologi-
cal process, exhibiting antioxidant properties,
which was accompanied by a decrease in MDA
and DC levels against the background of an
increase in the level of AOS. The most signifi-
cant protective effect of corvitin on the ultra-
structure of the left ventricle is associated with
the inhibition of metalloprotease-2 activation,
which contributes to myocardial remodeling
and disorganisation [14; 15]. The mechanism
of cardioprotection of corvitin is activation of
the Akt kinase, which is involved in the regu-
lation of cell proliferation, growth and survival
[15, 27]. The cardioprotective effect of cor-
vitin and positive dynamics in the architecture
of the heart are associated with a decrease in
the expression of calpain, a cysteine protease
that destroys the cytoskeleton [23].

Stimulation of endothelial nitric oxide pro-
duction by increasing bradykinin production
and suppression of oxidative stress caused by
RAAS activity plays a key role in maintaining
vascular homeostasis by regulating the size
of the vascular lumen, which affects the pos-
itive dynamics in the restructuring of prooxi-
dant-antioxidant relations towards increased
activity of antioxidant enzymes, especially
superoxide dismutase and catalase. SHR rats
have genetically determined increased renal
production of angiotensinogen, which leads to
hypertension and kidney damage [21; 27].
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KapaionpoTeKTopHWUiA edekT KOPBITUHY Ta No3u-
TUBHa AMHaMiKa B apXiTeKTypi cepus nos’a3aHi
3i 3HMXXEHHAM eKCnpecii KanbnaiHy, UMCTEIHOBOI
npoTeasu, sika pynHye untockenet [23].

Ctumynaudia npoayKyBaHHA eHAoTesniasibHoro
OKCMAY a30Ty 3aBASAKW NiABULLEHHIO MPOAYKY-
BaHHS 6paAnKiHiHY Ta NpUAYLLIEHHS OKCUAATUB-
HOro CTpecy, cnpuYnHeHoro akTueHicTio PAAC,
BiAirpa€e KNOYOBY posb Y 3abe3neyeHHi cyanH-
HOro roMeocrtasy, peryJsitolo4m po3Mip NpOoCBITY
cyavH. Le BnnvBa€e Ha NO3WTUBHY AMHAMIKY B
nepebynoBi NPOOKCMAAHTHO-AHTUOKCUAAHTHUX
BiAHOCUH, MiABULLYIOYN AKTUBHICTb AQHTUOKCU-
OAHTHMX epMeHTiB, 0CO6NMBO CymnepoKcma-
AVcMyTas3u Ta Katanasu. Y wypis SHR reHeTUYHO
JeTepMiHOBaHe MiABuLLEHE HUPKOBE MpPOAYKY-
BaHHSA aHrOTEH3MHOreHy, Wo Mnpu3BoAUTbL A0
rinepTeHsii Ta NOWKOAXEHHS HMPOK [21; 27].

MiacymoBytoYM OTPUMaHi pe3ysibTaTu LbOoro A0-
CNiAKEHHS, MOXHa 3pobUTK MPUNYLLEHHS, O
kKoMbiHOBaHa Tepanis paminpuiom i KOpBiTU-
HOM He NuLe MiHIMI3yE MOTEHUiNHI HeraTuBHiI
BNMBMW iHribitopa AM®, ane 1 CyTTEBO 3HUXYE
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piB€Hb MPOAYKTIB MEPOKCUAHOI0O CTpecy, o4HO-
YacHO NiABULLYIOYM aKTUBHICTb aHTUOKCUAAHT-
HUX depmMeHTiB. YCi Ui edekTn cBigyaTb Npo
NepCneKTMBHICTb Taknx KoMbiHauin ana Komn-
neKkcHoi dapmMakoTepanii apTepianbHOi rinep-
TeH3ii 3 METOK He NnLIEe KOHTPOJIKO TUCKY, ane
M 3aXUCTy OpraHiB-MilleHeNn, WO Yy3roaXy€eTbCs
3 KOHLeMLUi€ uislicHoro nigxoAy A0 NiKyBaHHA
rinepTeHsii, 3anponoHOBAHOro aBTOPUTETHUMMU
pekoMeHaauismm ESC/ESH (2023).

BucHoBKM

Y nepcnekTuBi OTpMMaHi NPOTEKTOpPHI edek-
TN HeobxigHO BpaxoByBaTW AN MPOBEAEHHS
aHanizy kombiHoBaHoOi apmakoTepanii apTe-
pianbHOI rinepTeHs3ii rinoTeH3UBHUMK npena-
paTtamMu 3 NoninpoTeKTopaMu, WO AaCTb 3MOry
OUIHUTK X BMJIMB HE NIULLE HA 3HMXEHHSA apTe-
pianbHOro TUCKY, @ M Ha NOCUNEHI NnenoTpon-
HUX edeKTIB KOPBITUHY.

OTxe, pocnigxyBaHy KOMbiHaUilO UMX aHTUri-
nepTeH3nBHMX MpenapaTiB noTpibHO Npoaos-
XXYBATW BUBYATU Y KIIHIYHUX AOCNIAXEHHAX
ON19 NaUiEHTIB 3 apTepiasibHO TinepTeH3i€lo.
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In summary, the results suggest that
combination therapy with ramipril and
corvitin not only minimizes the potential
negative effects of an ACE inhibitor but also
significantly reduces the level of peroxidative
stress products while increasing the activity of
antioxidant enzymes. All these effects indicate
the prospects of such combinations for the
complex pharmacotherapy of hypertension
to not only control blood pressure but also
protect target organs, which is consistent
with the concept of a holistic approach to the
treatment of hypertension proposed by the

Original research: Basic sciences

Conclusions: In the future, the obtained
protective effects should be taken into account
for the analysis of combined pharmacotherapy
of hypertension with antihypertensive
drugs with poly-protectors, which will allow
assessing the impact not only on blood
pressure reduction but also on the enhanced
pleiotropic effects of corvitin.

Therefore, the combination of these antihyper-
tensive drugs under study should be further
studied in clinical trials for patients with hyper-
tension.

authoritative ESC/ESH guidelines (2023).
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