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3ACTOCYBAHHS KBEPLETHUHY JJI1 KOPEKIIII ITIOPYIIIEHD
OYHKIIIOHAJIBHOTI'O CTAHY EHAOTEJITIO CYINH (KJITHIKO-
EKCIIEPUMEHTAJIBHE JOCIII2KEHHS)

Merta. B ekcnepumeHTi gocnigntu Bnaue kBepuetnHy Ha NO-3anexHi peakuii i301b0BaHKUX CyAMH 3@ y4acTi eHAOTEN 0
i nepuBacKynspHoi xu1poBoi TkaHuHK (MBXKT) nicns ofHOpPa30BOro peHTreHiBCbKOrO OMPOMiHEHHs WypiB y cybne-
TanbHiN [03i. Y KNiHIYHOMY JOCNIIKEHH] BUBYMTW BMIMB TPUBANOrO 3aCTOCYBAHHA KBEPLETUHY HAa (YHKLiOHANbHUNA
CTaH eHJ0TeNito MiKpOCYAUH Yy XBOPUX NiTHLOTO BiKY 3 METAOONIYHUM CUHIPOMOM.
Marepian Ta meToau. ExcnepumeHTanbHi LOCNIAXKEHHS NPOBefeHi Ha parMeHTax CyauH, OTPUMAHUX Bif 4OPOCIMX
WwypiB-camuiB (7—8 Mic.) KOHTPONbHOT rpynu, y TBAPUH, AKi 3a3HaNU OAHOPA30BOr0 PEHTIEHIBCbKOrO ONPOMiHEHHSA Y
po3i 7 [p, Ta onpoMiHeHUX y TaKiil e [03i TBAPUH, AKi ynpoAoBx 14 #i6 TpUUi Ha TUKAEHb OTPMMYBANW NEPOPaNbHO
KBEPLETUH i3 po3paxyHKy 10 mr/kr macu Tina. ®parmeHTn TopakanbHoro Bigainy aoptu (TA) i Me3eHTepianbHOi ap-
Tepii (MA) ouunwysanu Big nepmsackynapHoi xuposoi TkaHuHu (MBXT-) abo 3anuwanu Heounwernumm (MBXKT+), a
noTimM po3pizanu Ha Kinbus (fo 2 Mm). BumipioBanu amnnityny ckopoyeHHs kineub TA i MA nig pieto deninedpuny (PE,
3 x 10 M), amnniTymy ckopoyeHHs Kineub TA i MA B npucyTHOCTi KOHKypeHTHOro 6nokatopa NO-cMHTa3u meTunoBso-
ro etipy N-HiTpo-L-apriniHy (HA, 10®° M), amnnityay po3cnabneHHs kineup TA i MA y npucyTHocTi N-aueTunuymucreiny
(AL, 10 M). Y kniniuHoMy pocnipgxeHHi o6cTexeHi 110 xBopux 3 kputepismu MC 3rigHo 3 ATP III (2001). MauieHTw
OCHOBHOT rpynu yNpoAoBxk 3 Mic. OTpUMyBaNU KBEPLETUH TOTO X BUPOOHMKA, 80 Mr TpUyi Ha AoOy, XBOPi KOHTPONb-
HOT rpynu oTpumyBanu nnawebo.
Pe3ynbratn. OgHopasose R-onpoMiHeHHs nopylye perynsauito ckopotnueoi yHkUii TA Ta MA, npo wwo cigyatb 3MiHu
CKOPOTNIMBMX peaKLii i301b0BaHMX parMeHTIB UMX CyAMH Y BiANOBiAb Ha fito Ba3oakTuBHMX cnonyk. Kypcose 3ac-
TOCYBaHHSA KBEPLETUHY Y ONPOMiHEHMX LLYPiB NPM3BOLMTL A0 HOpPMani3aLii CKOPOTNUBHKX 1 LMNATAaTOPHUX peakKLiit cy-
AVH 33 PaxyHOK YacTKOBOi Kopekuii metaboniamy NO B eHgoTenii Ta MBXT. Y 6inbwocti xBopux (69 %), AKi 0TpUMy-
BaNu KBEPLETUH, NPU NPOBeEHHT NPo6M 3 NOCTOKNIO3MBHOIO rinepemicio BigMiyeHO CTaTUCTUYHO 3HadyLie 36inblleH-
Hf MaKCUManbHOi 06’'€MHOT WBMAKOCTI WKIpPHOTO KPOBOTOKY i TPMBANOCTi nepiogy BiAHOBNEHHS [O MOYaTKOBOTO
PiBHSA, WO CBifYMTb NPO NOKPALLEHHA BA30OMOTOPHOT yHKLiT eHAO0TENiI0 MIKPOCYAMH.
BucHoBKu. KypcoBe 3acTocyBaHHA KBepLETUHY NOKpalye yHKLIOHANbHUIA CTaH €HJ0TeNilo MiKPOCYAUH Y ntogeil
NiTHLOTO BiKY 3 METAabONIYHUM CUHAPOMOM, HOPMANi3ye CKOPOTIMBI i [MNATaTopHi peakuii cyauH y onpoMiHeHuX
LWypiB 3a paxyHOK Y4aCTKOBOi Kopekuii meTaboniamy NO B eHpoTenii Ta MBXKT.
KniouoBi cnoBa: peHTreHiBCbKe ONPOMiHEHHS, KBEPLETUH, i301b0BaHi CyANHW, EHAOTENI, NepUBACKYNAPHA XKMPOBA
TKaHWHA, MeTaboNi YHUN CMHAPOM, PYHKUIOHANbHWIA CTaH eHAOTeNI 0.
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APPLICATION OF QUERCETIN FOR CORRECTION OF THE
IMPAIRMENT OF THE FUNCTIONAL STATE OF THE
ENDOTHELIUS OF VESSELS (CLINICAL AND
EXPERIMENTAL STUDY)

Objective: in the experiment, to investigate the effect of Quercetin on the NO-dependent reactions of isolated ves-
sels involving endothelium and perivascular adipose tissue (PVAT) after a single X-ray irradiation of rats at a sub-
lethal dose. In a clinical study, to investigate the effect of long-term use of Quercetin on the functional state of the
microvascular endothelium in the elderly patients with metabolic syndrome (MS).
Material and methods. Experimental studies were performed on vascular fragments obtained from adult male rats
(7-8 months) of the control group, in animals exposed to a single R-irradiation at a dose of 7 Gy and animals irra-
diated in the same dose, which received Quercetin orally for 14 days three times a week based on 10 mg/kg body
weight. Fragments of the thoracic aorta (TA) and mesenteric artery (MA) were cleaned of perivascular adipose tis-
sue (PVAT-) or left uncleaned (PVAT+), and then were cut into rings (up to 2 mm). The amplitude of the contraction
of the rings TA and MA under the influence of phenylephrine (PE, 3 x 10° M), the amplitude of the contraction of the
rings TA and MA in the presence of a competitive blocker of NO-synthase methyl ester of N-nitro-L-arginine
(L-NAME, 10 M), the amplitude of relaxation of the rings TA and MA in the presence of N-acetylcysteine (NAC, 10 M)
were measured. The clinical study examined 110 patients with MS criteria in accordance with ATP III (2001).
Patients in the main group for 3 months received Quercetin from the same manufacturer, 80 mg three times a day,
patients in the control group received placebo.
Results. Single R-irradiation disrupts the requlation of the contractile function of TA and MA, which is evidenced by
changes in the contractile reactions of isolated fragments of these vessels as a response to the action of vasoactive
compounds. Course use of Quercetin in irradiated rats leads to the normalization of contractile and dilatory vascu-
lar responses due to partial correction of NO metabolism in the endothelium and PVAT. For the majority of patients
(69 %) who received Quercetin, a post-occlusive hyperemia test showed a statistically significant increase of maxi-
mal volumetric velocity of the skin blood flow rate and duration of the recovery period to the baseline, which indi-
cates about improvement of vasomotor vascular endothelial function.
Conclusions. Course use of Quercetin improves the functional state of the microvascular endothelium among the
elderly people with MS, normalizes contractile and dilatory vascular responses in irradiated rats due to partial cor-
rection of NO metabolism in the endothelium and PVAT.
Key words: X-ray irradiation, Quercetin, isolated vessels, endothelium, perivascular adipose tissue, metabolic syn-
drome, functional state of endothelium.
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BCTYII INTRODUCTION

Bigomo mnipo migBuILleHHSI TeMITy CTapiHHS opraHidMy 3a It is known about increasing the rate of aging of
YMOB BIUIMBY TaKMX €HOOTEHHMX YMHHMKIB pu3uKy sIK  the body under the influence of such endoge-
iHcymiHope3ucteHTHicth (IP), rimepincyninemisi, Han-  nous risk factors as insulin resistance (IR), hy-
MipHa Maca Tila, MmopylleHa TOJepaHTHICTh OO0 Byrje-  perinsulinemia, overweight, impaired carbohy-
BOIB, AMCIiNigeMisi, aprepiajibHa rinepreHsist [1, 2].  drate tolerance, dyslipidemia, hypertension [1, 2].
[TpoMoTOpHMIi BIIJINB Ha TIPOIIeC CTapiHHS MposBIgioTh  The promoter influence on the aging process is
HEeCTIpUATINBI YMHHUKY HABKOJIUIITHLOTO cepeaoBuina, shown by adverse environmental factors,
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0 SIKMX BiIHOCSITb, 30KpeMa, iOHi3yloue BUIIPOMiHIO-
BaHH4 (IB) [3].

BuszHaueHO0 MillleHHIO YIIKOJXYIOUOl Ail pamialliii-
HOTo (PaKTOpy € €HIOTeNiil CyIuH, SKUI CUHTE3YE Pi3Hi
Ba30aKTUBHI MeAiaTOpu, B IepIly 4yepry, OKCUI a30Ty
(NO) [4]. Baxx1MB1MM NOKa3HMKOM Ba30MOTOPHOI (PyHK-
LIl eHJOTEJiI0 € eHAOTeMii3aIeXXKHa Ba3oANIITAalLis, TKa
MOPYILIYETHCSI Y XBOPUX 3 illIEMiYHOIO XBOPOOOIO ceplist
[5], rimepToHiuHOIO XBOPOOOIO [6], y MALli€HTIB 3 pi3HU-
MU (pakTOpamMu pu3uKy, 3okpema, IP [7]. EHgoTenianbHa
IrcgyHKIIS 32 yMoB BIuBy B moB’sg3aHa 3 XpoHiTHNM
3arajeHHSIM, MOIIKOIKEeHHSIM TKaHUH ((pidbpo3oM, aTe-
pockiiepo3oMm), Tpupajiolo Hectauyero NO. Hecnpo-
MOXHICTb €HIOTeJil0 MpoAyKyBaTu i aenoHysatu NO y
NOTpiOHIM KiJIbKOCTi € OAHUM i3 HAOiIbII BiZOMUX JOB-
TOCTPOKOBMX HACJiIKiB pamiallifHOro YIIKOIKEeHHS
cepueBO-CyAMHHOI cucteMHu [8, 9].

BaxuuBy posab B peryisuii npoaykiii NO, po3BUTKY
XPOHIYHOTO 3amajieHHs i eHaoTemiaabHOol TUChYHKIIII B
naToreHe3i cepleBO-CYIMHHUX 3aXBOPIOBaHbL Bidirpae
nepuBackysipHa xkupoBa TkaHuHa (ITB2XKT), poab skoi
noJsirae y cekpelii pe4oBUH, HEOOXiTHUX 151 MiCLIeBOL
peryisiii BazoMoTopHOro ToHycy [10—12]. PazoM 3 Tum
noBeaeHo, 1o ITBXKT Bukonye 3axucHy ¢yHKIiIO —
3MEHIIYE MPOIYKIIilo cynepokcua-aHiony (O%), miaBu-
mye 6iogoctynHicth NO y CynUMHHI CTiHLIi, JOKaJbHO
ctuMymioe akTuBHICTE eNOS B eHIoTe i1, YNHUTH CUJTh-
HUI MpoTu3anajibHUi e(peKT NUISIXOM MPOIYyKYBaHHS
MpOoTHU3aNaJIbHUX ILMUTOKIHIB, MPUTHIYYE MPOMYKIIiIO
pocToBUX (DAKTOPIB, SKi 30aTHI BUKJIMKATU PEMOACTIO-
BaHHS CYIMHHOI CTiHKM Tommo [12, 13].

IMopymenns B3aemonii [1BXKT 3 kimiTMHaMM CTiHKU
KPOBOHOCHUX CYAWH (QOpTH, Me3eHTepialbHOI apTepil,
KOPOHApHUX CYAUH ceplisl) Oy BUBHAYEHI B SIKOCTi ITPO-
BiTHMX YMHHUKIB PO3BUTKY aTEPOCKIIEPO3Y, apTepiaabHOI
rinepreHsii, OXUpPiHHS, AiadeTy, MPOTe OCOOJMBOCTI
BIUIMBY pafliallifHOTroO (pakTopy Ha cTaH (piziosoriyHoi aK-
tusHocTi [1B2XKT ocrtarouyno He 3’scoBani [14—16].

AKTyaJlbHMM 3aBIaHHSIM, BPaxOBYIOUM BHIIEBKa3aHe,
€ TIOIIYK CITOJIYK $IKi 3armo0iraiorb ado 3MEHIIYIOTh
CTYMiHb PO3BUTKY €HAOTEialbHOI AuchyHKLii. OaHu-
MM i3 TAaKUX € CIOJYKH, SIKi BITHOCSThCS 10 Kiacy 6iod-
JIAaBOHOIMIB, 30KpeMa, 6io(1aBOHOII KBEPIIETHH.

Ki1104u0BOI0 BIaCTUBICTIO KBEPLIETUHY € HOr0 aHTUOK-
CUJAHTHA aKTUBHICTb, TOOTO 3JAaTHICTb iHAKTUBYBaTU
BiJIbHiI pagMKaayd Ta iHriOyBaTW MpoLIECU MEePEKUCHOTO
OKMCHEHHS JIiMiaiB, 0i1KiB, HYKJI€THOBUX KUCJIOT Ta iH-
MX crojyk [17—19].

KBepueTun nie Ha MeMOpaHOTPOIHI (epMeHTH i,
Mepll 3a Bce, Ha 5-JIIMOOKCUTEHA3Y, 1110 MPU3BOAUTH 10
raJbMyBaHHS cHTe3y JelikoTpieHiB LTC4 i LTB4, 3uu-

which include, in particular, ionizing radiation
(IR) [3].

The target of the damaging effect of radiation fac-
tor is the vascular endothelium, which synthesizes
various vasoactive mediators, primarily nitric oxide
(NO) [4]. An important indicator of vasomotor
function of the endothelium is endothelium-de-
pendent vasodilation, which is impaired in patients
with coronary heart disease [5], hypertension [6], in
patients with various risk factors, in particular, InR
[7]. Endothelial dysfunction under the influence of
InR is associated with chronic inflammation, tissue
damage (fibrosis, atherosclerosis), prolonged lack of
NO. The inability of the endothelium to produce
and deposit NO in the right amount is one of the
most well-known long-term consequences of radia-
tion damage to the cardiovascular system [8, 9].

An important role in the regulation of NO produc-
tion, the development of chronic inflammation and
endothelial dysfunction in the pathogenesis of cardio-
vascular diseases is played by perivascular adipose tis-
sue (PVAT), whose role is to secrete substances nec-
essary for local regulation of vasomotor tone [10—12].
However, PVAT has been proven to perform a protec-
tive function — reduces the production of superoxide
anion (O%), increases the bioavailability of NO in the
vascular wall, locally stimulates eNOS activity in the
endothelium, has a strong anti-inflammatory effect
by producing anti-inflammatory cytokines that inhib-
it the production of growth factors, that are able to
cause remodeling of the vascular wall, etc. [12, 13].

Violations of the interaction of PVAT with blood
vessel wall cells (aorta, mesenteric artery, coronary
arteries of the heart) were identified as leading fac-
tors in the development of atherosclerosis, hyper-
tension, obesity, diabetes, but the effects of radia-
tion on the physiological activity of PVAT are not
definitively clarified [14—16].

The actual task, given the above, is to find com-
pounds that prevent or reduce the level of develop-
ment of endothelial dysfunction. Some of these are
compounds that belong to the class of bio-
flavonoids, in particular, the bioflavonoid quercetin.

A key property of Quercetin is its antioxidant
activity, that is the ability to inactivate free radi-
cals and inhibit the peroxidation of lipids, pro-
teins, nucleic acids and other compounds
[17—19].

Quercetin influences on membraneotropic
enzymes and, first of all, on 5-lipoxygenase, which
leads to inhibition of the synthesis of leukotrienes
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>KEHHS 3aBISIKHA 1IIbOMY aKTHBHOCTI 3aIlajlbHOTO IIpOlIe-
cy. Ilopsm 3 UM KBEpLETUH T0303aJIEKHO ITiIBUIILYE
piBeHb NO B eHHOTeladbHUX KIIITMHAX, 110 ITOSICHIOE
oro KapmionpOTEeKTOPHY [il0, aHTMOKCUAAHTHI, HEl-
POMONYIIOYi BIACTUBOCTI. Pe3ynabTaTv morepemaHix
JTOCJTiI>KeHb 3aCBiTUnIn e(peKTUBHICTb KBEPLETUHY 1110-
JI0 KOpeKllil MOpYLIeHHSI eHI0Telii3aleXxHUuX peakilii
CYIMH Y IIYPiB, SKi 3a3HaJIM padiallifHOTO OTTPOMiHEHHS
y BUCOKMX a03ax [20].

META

MeTo10 eKcrnepuMeHTaJbHOI YacTUHU pOOOTU Oyiio
JOCJiAUTU BIUIMB KBEPLIETUHY Ha BigHOBJIeHHs NO-3a-
JIEXKHMX peakliil cyauH 3a ydyacti eHporedito i [TBXKT y
IIypiB MicJsi OAHOPa30BOr0 PEHTTeHIBCbKOTO OI-
pomiHeHHs (R-ompoMiHeHHs) y cybaeTanbHil 103i (R, 7
Ip). 3okpema, MOpiBHIOBAIM CKOPOTIMBI i AWIAaTaTOPHI
peakiii i30J1b0BaHUX (PParMeHTIiB TOpaKajlbHOI A0PTHU
(TA) i mesenTepianbHOi aprepii (MA) KOHTPOJIBHUX i
OIPOMiHEHMX TBapMH, a TaKOX OIPOMiHEHHUX TBapMH,
SIKi OTPMMYBAJIU TIpernapaT KBEPLIETUHY.

B kJiHiYHIM 4YacTMHI MOCHiIXKEHHS BMBYAJIM BILIUB
TPUBAJIOIO0 KYPCOBOTO 3aCTOCYBaHHS KBEPLETHMHY Ha
(yHKIIIOHATBHUM CTaH €HIOTEJiI0 MiKpPOCYIUH Yy XBO-
PUX JITHBOTO BiKy 3 MeTa0oiYHUM cuHApoMoM (MC).

MATEPIAJIN I METOJIN

ExcrniepyMeHTanbHe DOCTiIKEHHS ITpoBeneHo Ha 24 10-
pocaux 1ypax-camugx macow 220—250 1, (moroJiB’s
BiBapito 1Y «IHcTuTyT reponrosorii iM. J1.d. YeboTaph-
oBa HAMH VYkpaiun»). TBapuH po3moniamim Ha 3 rpy-
IM: KOHTPOJbHI uypu (rpyna K, n = 8); wypwu, om-
pOMiHEHi 3a JOMOMOTIOI0 PEHTIeHiBCHLKOTO araparty
PYM-17 (P®) ognopaszoBo y no3i 7 Ip (rpyma R, n = 8);
OMNpPOMiHEHI B TaKiil Xe 1031 LIypu, SIKUM IepopajbHO
BBOAWJIM YIIPOAOBX 2 TWKHIB KBEpLIETUMH (Ipernapar
«KBeptun» BupoOHunTBa ITAT HBII «bopiariBckuii
X®3») nounHaO4M 3 THSI OIIPOMiHEHHS TPUYi Ha THK-
IeHb 3 po3paxyHKy 10 mr/kr macu Tina (rpyna R + KB,
n = 8). EBranasito TBapuH npopoawim mmig CO,-HapKo-
3oM [21]. Yci mpouenypu 3 TBaprHaMu BUKOHYBaJIU
BiITTOBiAHO O MpaBWJI MOBOMIXEHHS i 3aXUCTy XpebeT-
HUX TBapuH, sIKi BUKOPHMCTOBYIOTHCS B €KCIIEPUMEH-
TaJIbHUX JOCTiIKeHHIX [22].

Binpasy micist eBTaHasii y I1ypiB BUJAISUIM TOpaKaslb-
Huit Binain aoptu (TA) i Me3eHTepianbHy aptepito (MA),
SIKi 30epiraau B oxoJiomkeHoMy po3urHi Kpebca Takoro
ckiamy (MM): 132 NaCl, 4,7 KCl, 1,4 NaH,PO,, 1,0 MgCl,,
1,8 CaCl,, 25 NaHCO:;, 6,5 rmoko3u, pH 7,4 minrpumyBa-
JIX 3a IOTOMOroI0 ra3oBoi cymimi 5 % CO,/ 95 % O..
I3onboBaHi pparmeHT TA i MA ouuillyBaiu Bij nepuBac-

LTC4 and LTB4, thereby reducing the activity of
the inflammatory process. At the same time,
Quercetin dose-dependently increases the level of
NO in endothelial cells, which explains its cardio-
protective effect, antioxidant, neuromodulatory
properties. The results of previous studies signify
the effectiveness of Quercetin in the correction of
endothelium-dependent vascular reactions in rats
exposed to high doses of radiation [20].

OBJECTIVE

The objective of the experimental part of the study
was to investigate the effect of Quercetin on the
restoration of NO-dependent vascular reactions
involving endothelium and PVAT in rats after a
single X-ray (R-irradiation) in a sublethal dose (R,
7 Gy). In particular, we compared the contractile
and dilatory reactions of isolated fragments of the
thoracic aorta (TA) and mesenteric artery (MA) of
control and irradiated animals, as well as in irradi-
ated animals treated with Quercetin.

In the clinical part of the study we examined the
effect of long-term use of Quercetin on the func-
tional state of the microvascular endothelium of
the elderly patients with MS.

MATERIALS AND METHODS
The experimental study was performed on 24 adult
male rats weighing 220—250 g (livestock vivarium
State Institution «D. FE Chebotarev Institute of
Gerontology of NAMS of Ukraine»). Animals were
divided into 3 groups: control rats (group C, n = 8);
rats irradiated with an X-ray by machine RUM-17
(RF) once at a dose of 7 Gy (group IR, n = 8); rats,
irradiated in the same dose, which were orally
administered for 2 weeks Quercetin (drug «Quertin»
manufactured by PYSC SPC «Borschagovsky chem-
ical pharmaceutical plant») starting from the day of
irradiation three times a week based on 10 mg/kg
body weight (group IR + Q, n = 8). Euthanasia of
animals was held under CO, anesthesia [21]. All
procedures with animals were performed in accor-
dance with the rules of treatment and protection of
vertebrates used in experimental studies [22].
Immediately after euthanasia in rats, the TA and
the MA have been removed and were kept in a
chilled Krebs solution of the following composi-
tion (mM): 132 NaCl, 4,7 KCl, 1,4 NaH,PO., 1,0
MgCl,, 1,8 CaCl,, 25 NaHCO;, 6,5 glucose, pH
7,4 and was maintained with a gas mixture of 5 %
CO,/ 95 % O,. Isolated fragments of TA and MA

(1) 324
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KYJISIpHOI KUpoBoi i criosydyHoi TKaHuHU (ITB2XKT-) abo
sanumany HeourineHumu (ITB2XKT), po3pizanu Ha Kijib-
s (mo 2 mm). Kinblig po3MinyBaay y MpOTOYHIN KaMepi
(1 ) 3 po3unHoM Kpebea (35 °C) i po3TsaryBaiu Ha mMe-
TaJIeBUX TayKax 3 MomnepeaHiM HaBaHTaxKeHHsIM 10 1 1 (10
MH). CkopotnuBy akTuBHicTb Kijeub MA i TA peectpy-
BaJIiy B i30METPUUYHOMY PEXXMMi 3a JOIIOMOIOK TeH30/1aT-
yukiB (FTK-0.1, C.K.K., YkpaiHa), BUKOPUCTOBYIOUMN
amgantep LabTrax 4-CDA (WPI, CIIIA) Ta nporpamHe 3a-
oesneuenHs Datalrax 2 (WPI, CILIA).

HocmigxeHHss mpoBoauau Ha (parMeHTax CYIWH
micag crabimizauii iXHbOI CKOpPOTJIMBOI aKTUBHOCTI
npotsrom 40—60 xB. MakcuMaabHy BiAIIOBiab mim mi-
€10 60 MM KCl y po3uuni Kpebca mpuiimanu 3a 100 %
y HOoJalbIIMX pO3paxyHKax aMILIiTyIu CKOPOYEHb
(% KCI).

Peaxuii kimeub MA i TA gochigxyBaau 3rifHO Hac-
TYIHUX €KCIePUMEHTAIbHUX ITpoToKodiB. [lo-mepie,
BUMIipIOBaJIM aMILTITyly CKOPOYEHHS Kilelb Mil i€l
deninedppuny (PE, 3 - 10° M) B mpucyTHOCTI iHIOMETA-
uuHy (10° M), saxuit monaBaav 1jisi yHUKHEHHS BILUTUBY
Ba30aKTUBHUX TMpocTaHoiniB. [lo-apyre, BUMiproBan
piBeHb CKOPOUYEHHS Kijellb, NONepeaHbO CKOPOUYEHUX
(deninedpunom (% PE), B IpUCYyTHOCTI KOHKYPEHTHO-
ro 6ysokaropa NO-cuHTa3u MeTwioBoro edipy N-HitT-
po-L-aprininy (HA, 10> M); moTiM BUMipioBaiu piBeHb
po3cnabiieHHsl Kijelub mia giero N-aleTUILUCTEiHY
(AL, 10* M), gk 3aco0y BuaydeHHsT NO 3 KJIITUHHOIO
nermo [23].

B po060Ti BUKOpHUCTOBYBAIM COJIi KBasidikallii X. 4. i 4.
II. a. BiTau3HsgHOTO BUpooHMITBa. heHinedpun (PE), in-
nometalid (IM), metunouii edip N-HiTpo-L-aprininy
(HA, L-NAME), N-auetunuucteid (ALl) — BUpoOHU-
urBa Sigma (CIIA).

KuniniuHe gociigkeHHsI MPOBOAWIU BiAMOBIAHO 10
3aKOHiB YKpaiHu Ta npuHUMIiB [enbcuHchKol ekia-
pailii 3 mpaB JoauHU. [Iporpama oGcTexxeHHs, iHhop-
Mallig ajg mauieHTa Ta opMa iH(GOPMOBAaHOI 3roau
OyJIY TOTOMXKEeH1 KOMICi€l0 3 MUTaHb €TUKU KJIIHIYHOTO
Bimminy Y «IHcturyr repontosorii im. .M. Yebo-
tappboBa HAMH Vkpainu» (nmpotokon Big 17 depBHS
2016 p. No 11). B mocnimkeHHst Oynu BimiOpaHi 4o-
JIOBIKH 1 XiHKM BiKoBOi rpynu 60—74 pokiB 3 nposiBaMu
MC, gki ganu NMUCbMOBY 3rOAy Ha y4acTh B JIOCHiA-
JKEHHi.

Bingidbpani Takum yrHoM 110 XxBopuX, SIKi BinmoBimanu
kputepism MC 3rimHo 3 pexkoMeHmauissmu ATP 111
(2001) [24] Ta He MaNIM TSKKOI KIiHIYHOI MaToJIorii 3 60-
Ky IHIIMX OpraHiB i CUCTEM (HEKOHTPOJIbOBaHA apTepi-
ajibHa TilepTeH3isl, LlyKpOBHUA AiadeT, rOCTpe MOpPYLIEeH-
HSI MO3KOBOI'O KpPOBOOOIry, BpOAXXeHi Ta HaOyTi Baau

were cleaned from perivascular adipose and con-
nective tissue (PVAT-) or left uncleaned (PVAT+),
were cut into rings (up to 2 mm). The rings were
placed in a flow chamber (1 ml) with Krebs solu-
tion (35 °C) and stretched on the metal hooks with
a preload of up to 1 g (10 mN). The contractile
activity of MA and TA rings was recorded in iso-
metric mode using strain gauges (FTK-0.1, S.K.K,
Ukraine) using a LabTrax 4-CDA adapter (WPI,
USA) and DataTrax 2 software (WPI, USA).

The study was performed on fragments of blood
vessels after stabilization of their contractile activ-
ity during 40—60 minutes. The maximal response
under the action of 60 mm KCI in Krebs solution
was taken as 100 % for the further calculations of
the amplitude of contractions (% KClI).

Reactions of the MA and TA rings were investigated
according to the following experimental protocols.
Firstly, the amplitude of ring contraction was measured
under the action of phenylephrine (PE, 3 - 10° M) in
the presence of indomethacin (10° M), added to avoid
the influence of vasoactive prostanoids. Secondly, the
level of contraction of rings that were previously con-
tracted with phenylephrine (% PE) was measured in
the presence of a competitive NO-synthase blocker of
N-nitro-L-arginine methyl ester (L-NAME, 10° M);
then the level of relaxation of rings under the action of
N-acetylcysteine (NAC, 10* M) was measured, as a
means of extracting NO from the cell depot [23].

The salts were used in this study manufactured
by Chemlaborreactiv (Ukraine), phenylephrine
(PE), indomethacin (IM), N-nitro-L-arginine
methyl ester (L-NAME), N-acetylcysteine (NAC)
manufactured by Sigma (USA).

The clinical study was conducted in accordance
with the laws of Ukraine and the principles of the
Helsinki Declaration of Human Rights. The exa-
mination program, information for the patient and
the informed consent were approved by the ethics
commission of the clinical department of the State
Institution «D. E. Chebotarev Institute of Geronto-
logy NAMS of Ukraine» (Protocol No. 11 dated 17
June 2016). Men and women aged 60—74 years with
manifestations of MS, who gave written consent to
participate in the study were selected for the study.

Thus, 110 patients were selected who met the cri-
teria of MS according to the recommendations of
ATP 1III (report of 2001) [24] and did not have
severe clinical pathology from other organs and sys-
tems (uncontrolled arterial hypertension, diabetes,
acute cerebrovascular accident, congenital and
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cepls, MOMipHa i TsSKKa HUPKOBA HEAOCTATHICTh, AU-
(¢y3Hi 3aXBOpPIOBaHHS CHOJYYHOI TKAHWHM), OyIU pO3-
NOAiJIeHI TOpPiBHY B OCHOBHY Ta KOHTPOJBbHY TIpYIIH,
IIJISIXOM BUKOPHMCTaHHS METONYy KOHBEPTIB, J€ paH-
JoMi3aliiHMiI HOMep BiAMOBiga€e HalMEHIIOMY, IIe
HIKOMY He MPUCBOEHOMY HOMepY. K Ga3ucHy Tepariito
XBOpi 000X rpyn npuitManu iHrioitopu AII®, ctatunm,
aneTwicaniuuiaoBy Kucioty (75—100 mr Ha 7o0y), no3u
npernapariB He 3MiHIOBaJMCh YOPOIOBX Micslsl 10
BKJIIOUEHHS B TOCIIKEHHSI 1 YIIPOIOBX BChOIO JOCTiI-
xkeHHs. [lamieHTn OCHOBHOI TPy BIPOIOBX 3 Mic.
npuitManu KBepueTuH (ripenapart «KBepTuH», KyBaJbHi
tabaeTkn BupooHuuTBa ITAT «BbopmariBebkuii XMD3»,
no 80 mr (2 tabi.) Tpudi Ha 100y). XBOPi KOHTPOJbHOIL
TPy YIIPOAOBXK 3 Mic. oTpuMyBayM Turaedo (2 tadir.
TpU4i Ha 100Y).

g BU3HaAYeHHs 00’€MHOI IIBUAKOCTI KPOBOTOKY B
wkipi (OIIIIK) 3actocoByBalu METOAMKY Jia3epHOIL
ponruiepiBebkoi (aoymerpii (JIA®D), gxka po3Bossie
peeCTpyBaTU 3MiHM TTOTOKY KPOBi B MiKpPOLUPKYIATOP-
HOMY PYCJIi SIK B CTaHi CIOKO10, TaK i MpU (DYHKLiOHAJb-
HUX Mpo0ax, 10 BUKOPUCTOBYIOTHCSI IUISI BU3HAYCHHS
(pYHKIIIOHATBLHOTO CTaHy €HIOTEIIIO CyINH.

B ocHoBi Metony JII® nexkuTh BUMIpIOBaHHST AOII-
MJIEpiBCbKOI KOMIIOHEHTU B CIIEKTpi BimoOpaxkeHOoro
JIa3epHOr0 CHUTHAJy, SIKMI PO3CIIOETHCS Ha (PpOpMEHMX
eJlIeMeHTaX KpoBi (epHTpolMTaxX) B MiKpOCyIWHAaX.
Curnan JIA® KinbKicHO XapakTepuU3ye KPOBOTOK Y
MiKpocyauHax (apTepiosax, Kallijsgpax, BeHYJax).
OIIIIK Bu3HaYaad 3a JOIMOMOIOI0 JIBOKAHAJIbHOIO
JTazepHoOro pomnmiepiBcbkoro ¢uoymerpa BLF-21D
(kommnaHis «Transonic Systems Inc», CIIIA). CraH Ba-
30MOTOPHOI (PyHKIIii €HAOTENi10 MiKpOCYIMH BU3HAYa-
JIW 3a METOIMKOl10, 3anponoHoBaHoio O. B. Kopkyiiko
ta B. 1O. JlimHeBchkoio [25]. CmoyaTrKy BUMipioBaIn
00’eMHY LIBUAKICTb IIKIPHOTO KPOBOTOKY Y TTOYATKO-
BoMmy ctaHi (OIIIIIKrmou). ITotiMm nmpoBoauan pyHK-
LHioHaJAbHY MpOOYy i3 pPeakKTUMBHOIO TilepeMmiero, s
CTBOPEHHS SIKOI BIPOIOBXK TPhOX XBUJIMH MEPETUCKATIN
CYIMHU IUIeya MaHXETOolo, y SIKilf TUCK IepeBUIIyBaB
cucroniynuii AT obctexyBaHoro Ha 50 MM pPT. CT.
ITicns BiZHOBIEHHSI KPOBOTOKY (MPUITMHEHHS Tepe-
TUCHEHHS ) BiTOYBa€TLCS 3pOCTaHHS KPOBOITOCTAYaHHS
TKaAHWH BHACJIJOK Ba3oawuaTallii, 3yMOBJIEHOI BUJI-
iTEHHSIM €HIIOTEJIiEM MIKPOCYIMH OKCHUIY a30Ty. B el
nepion BU3HAYaAd MOKA3HUMKM MaKCUMaJbHOI 00’€M-
HOI IBUAKOCTI MKipssHOTo KpoBoToKy (OLIIIIKMakc)
Ta TpuBajicTh Tepioay BimHoBaeHHs OILIIK go mo-
YaTKOBUX 3Ha4YeHb (tBigH). YUM BUIL BETUUYUHU 000X
MOKAa3HUKiB, TUM Kpaluuii (DyHKIiIOHAJbHUI CTaH €H-
JIOTEJIi10 MiKpOCYI1H.
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acquired heart diseases, moderate and severe renal
failure, connective tissue diffuse diseases), were divi-
ded equally into the main and control groups, using
the method of envelopes, where the randomization
number corresponds to the smallest, not yet assigned
number. Patients of both groups received ACE
inhibitors, statins, acetylsalicylic acid (75—100 mg
per day) as a basic therapy, doses of drugs have not
been change during the month before inclusion in
the study and throughout the study. Patients of the
main group for 3 months took Quercetin (drug
«Quertin» chewable tablets manufactured by PISC
SPC «Borschagovsky chemical pharmaceutical
plant»), 80 mg (2 tablets) three times a day).
Patients in the control group for 3 months received
a placebo (2 tablets three times a day).

Laser Doppler flowmetry (LDF) was used to
determine volumetric velocity of the skin blood
flow (SBFVV), which allows to record changes
in blood flow in the microvasculature both at
rest and in functional tests that are used to de-
termine the functional state of the vascular endo-
thelium.

The LDF method is based on the measurement
of the Doppler component in the spectrum of the
reflected laser signal, which is scattered on the
formed blood elements (erythrocytes) in microves-
sels. The LDF signal quantitatively characterizes
the blood flow in microvessels (arterioles, capilla-
ries, venules). SBFVV was determined using a
dual-channel laser Doppler flowmeter BLF-21D
(«Transonic Systems Inc», USA). The state of
vasomotor function of the microvascular endothe-
lium was determined by the method proposed by
0.V. Korkushko and V.Y. Lishnevskaya [25]. At the
beginning, the SBFVV at rest condition was mea-
sured (initial value). Then a functional test with
reactive hyperemia was done, for the creation of
which the vessels of the shoulder were squeezed for
3 minutes with a cuff in which the pressure excee-
ded the systolic blood pressure of the subject by
50 mm Hg. After the restoration of blood circula-
tion (cessation of squeezing) there is an increase in
blood supply to tissues due to vasodilation, that is
caused by the secretion of nitric oxide by the
endothelium of microvessels. During this period,
the indices of the maximal SBFVV and the dura-
tion of the recovery period of SBFVV flow to the
initial values (t relat.) were determined. The high-
er the values of both indices, the better the func-
tional state of the microvascular endothelium.
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CTaTUCTUYHUI aHali3 pe3yJbTaTiB JOCHiIKEHHS
npoBoauBcs B mmaketi EZR v. 1.35 (R statistical software
version 3.4.3, R Foundation for Statistical Computing,
Vienna, Austria) [26]. [1pu nonepenHiii 00poOLIi TaHUX
BUSIBJIEHO HOPMAaJIbHUIA PO3IOILI JaHUX, 1110 TO3BOJIM -
JIO BUKOPUCTOBYBATHU MapaMeTpU4Hi METOAU. 3ilCHIO-
BaBCsl PO3PAXyHOK CcepeaHiX apudMEeTUUHUX i TOXUOKU
cepenHboro. CrtaTMCTMYHA 3HAUYYLIICTh PE3yJIbTaTiB
olliHIOBaJIM 3a f-KpuTepieM CTbioaeHTa. JloCTOBIpHICTD
pe3yabTaTiB BpaxoByBaau npu p < 0,05.

PE3VYJIBTATU TA IX OBGTOBOPEHHS
EkcnepumMmeHTasnbHe OOCHiAKEeHHSA

B nepuiiii cepii ekcnepuMeHTy A0CTiIKYBaId CKOPOT-
JmBi BinnoBini Ha peninedppun (PE) pparmenrtisa MA i
TA, i3o1b0BaHUX Yy ILIYPiB TPHOX €KCIIEPUMEHTaJb-
Hux rpyn (puc. 1). Ipucyrnicte ITBXKT (ITBXKT+)
crnpusiia 3HKeHHIo amIutityau PE-ckopoueHHss MA
(% KCl) y rpymni kontpo:mio (K). ITpo e cBimuuth mo-
piBHsIHHSA peakuii Ha PE kineup MA 3 T1B2KT i xineup
MA 6e3 IIBXT: (108,9 + 8,2) % i (154,5 £ 12,2) %,
BigmosigHo (p < 0,05). lono xineup TA, To iX peakilis
Ha PE Oyna ogHakoBoto sk 3a HasgsBHOCTI [TB2XKT, Tak i
6e3 IIBXKT: (83,7 £ 6,7) % i (89,4 + 9,0) %, Binno-
BiTHO.

CyauHu, BWIyYEHi y onpoMiHeHuX 1ypiB (rpymna R),
JIEMOHCTPYBaJIM TIPOTUJIEXKHI peakilii: 3pOCTaHHSI aM-
TUTITYyIW CKOPOUYEHHS Yy BiAIOBiIb Ha BBeJEHHS (DeHi-
ebpuny y [NBXKT+ kineup MA — no (144,8 + 9.,6) %,
3MEHILEHHS aMILTiTyau ckopouyeHHs y ITB2KT- kineub
MA — no (101,2 = 7,5) %, 3MeHIlIeHHSI aMILTITyaIu
ckopoueHHs [1BXKT+ kinens TA — 10 (31,5 + 4,2) %,
MOPIiBHSIHO 3 peaklisiMU CyIWH TBAapUH KOHTPOJILHOL
TPYIIN.

Peakuiii cynun Ha peHinedpruH orTpoOMiHEHUX IITYPiB,
SKi oTpuMyBain KBepueTuH (rpyna R + KB), HaOnu-

Statistical analysis of the study results was carried
out in the package EZR v. 1.35 (R statistical software
version 3.4.3, R Foundation for Statistical Com-
puting, Vienna, Austria) [26]. Preliminary data pro-
cessing revealed a normal distribution of data, which
allowed to use the parametric methods. The calcula-
tion of arithmetic means and mean error was carried
out. The statistical significance of the results was
evaluated by Student’s #-test. The reliability of the
results was taken into account at p < 0.03.

RESULTS AND DISCUSSION
Experimental study
In the first series of the experiment, the contractile res-
ponses to phenylephrine (PE) of the fragments of MA
and TA, isolated from rats of three experimental groups,
were investigated (Fig.1). The presence of PVAT
(PVAT+) contributed to a decrease in the amplitude of
the PE contraction of MA (% KCI) in the control group
(C). This is evidenced by a comparison of the reaction to
PE rings MA with PVAT and MA rings without PVAT:
(108.9 £ 8.2) % and (154.5 = 12.2) %, respectively
(p < 0.05). Regarding the rings of TA, their reaction to
PE was the same either in the presence or vithout of
PVAT: (83.7 £ 6.7) % and (89.4 * 9.0) %, respectively.

Vessels removed from irradiated rats (group IR) de-
monstrated the opposite reactions: an increase of the
amplitude of contraction in response to the adminis-
tration of phenylephrine in PVAT + of MA rings — up
to (144,8 £9,6) %, a decrease of the amplitude of con-
traction in PVAT- of MA rings — to (101.2 + 7.5) %,
decrease of the amplitude of contraction of PVAT+ of
TA rings —to (31.5 £ 4.2) %, in comparison with reac-
tions of vessels of animals of control group.

The vascular responses to phenylephrine among
the irradiated rats treated with Quercetin (IR + Q

Ny
(2]
o

EEE MA (NBXT+) / MA (PVAT+)
I MA (NBXT-) / MA (PVAT-)

I TA (NBXT-) / TA (PVAT)

200 - B TA (NBXKT+) / TA (PVAT+) |

150

100 4 -

[$2]
o
Il

CKopou4eHHS, (% KCI) / Contraction, (% KCI)

o
I

K/C R/IR

R+Ks / IR+Q

PucyHok 1. Ckopotnusi peakuii kineuyb MA i TA
wypie y Bignosiab Ha deHinedpun (PE, 3 x 10° M)
CyaonHu, ounweHi Big, MBXT (MBXT-) i HeouuLleHi
(MBXXT+), 6ynu i3onboBaHi y TBAPUH 3 KOHTPOJIbHOI Ipy-
nn (K); onpomiHeHnx TBapuH (R); onpoMiHEHUX TBApWH,
aKi oTpuMyBanu ksepueTuH (R+Ks); (* — p < 0,05, nopis-
HSIHO 3 KOHTponeM i rpynoto R+KB, n = 15-18, kinbus Big,
PIBHUX TBAPUH).

Figure 1. Contractile reactions of rat MA and TA
rings with phenylephrine (PE, x 10° M)

Vessels purified from PVAT (PVAT-) and unpurified
(PVAT+) were isolated from control animals (C); irradiat-
ed animals (IR); irradiated animals treated with quercetin
(IR+Q); * - p <£0.05 compared with the control and the

group IR +Q, n = 15-18, rings from different animals.
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JKaJuCh 10 peakiliii cyaiuH TBapUH KOHTPOJIBHOI TPy-
na. To6to, MaJio Miclle BiTHOBJIEHHSI CKOPOTJIMBOI aK-
tuBHOCTI Kienlb MA (sx ITBXKT+, tak i [IBXT-), a
takox [TBXKT+ xineun TA 10 moKa3HUKIB KOHTPOJIb-
HOI TPYIIHN.

OTtpuMaHi pe3yJbTaTu BKa3yloTh Ha Te, 1110 32 YMOBU
ajarrailili 1ypiB IO [ii BUCOKOI JO3U OINPOMiHEHHS
BiIOyBaIOThCSA XapaKTepHi 3MiHM B peryJfsiii MeTa-
OostivHO1 akTUBHOCTI eHnmotendito (ITBXKT- ¢parmeH-
™) i ITBKT (ITBXT+ ¢dparmeHntun). 3okpema, eHAO-
teniii i [IBXKT 3paTHi pearyBaTy Ha iHAYKOBaHUI OK-
CUIATUBHUMN CTpec LIISIXOM IOCcuIeHHsT cuHTe3y NO
Ta iHIIMX Ba30aKTMBHMX CIIOJYK i B TaKWil CIOCiO
BIUIMBATU Ha CKOPOTJIMBY [isJIbHICTh apTepiajibHUX
cynuH pizHoro tuiy [27]. Came B TaKOMy BUITAIKY,
BiporinHo, BTpadaeThbes 3naTHicTh [TBXKT ooMexyBa-
T ckopodyeHHs1 MA. 3 iHioro 60Ky, I[TB2XKT HabOyBae
30aTHOCTI MPUTHiYyBaTu cKopoyeHHs TA.

Y HacTynHiit cepil eKCIIepUMEHTY IOCIiIXYBalu
CKOpPOTIMBI peakiii Kizeub MA 3a yMoB 0Oyiokaau
cunre3y NO min giero HA (10° M) i HacTynmHOro BH-
BitbHeHHS N O 3 KIIITUHHOTO Jeno 3a fonoMoroto Al
(10* M). Jani npencrasiieHi Ha puc. 2.

BcTtaHoBneHo, 1110 morepeaHbO CKOPOYEHi B IIPUCYT-
HOCTi deHitedprHy Kiaplist MA 3 rpynu KOHTPOJIIO
Jn01aTkoBo ckopouyBaiucs (% PE) 5—8 xB micis nqona-

group) were similar to the vascular responses of ani-
mals in the control group. That is, there was a
renewal of the contractile activity of MA rings (both
PVAT+ and PVAT-), as well as PVAT+ of TA rings
relatively to the indices of the control group.

The obtained results indicate that under the condi-
tion of adaptation of rats to the influence of a high
dose of irradiation there are characteristic changes in
the regulation of metabolic activity of the endotheli-
um (PVAT- fragments) and PVAT (PVAT+ frag-
ments). In particular, endothelium and PVAT are
able to respond to induced oxidative stress by enhan-
cing the synthesis of NO and other vasoactive com-
pounds and thus affect the contractile activity of
arterial vessels of various types [27]. In this case, the
ability of PVAT to limit MA contraction is probably
lost. On the other hand, PVAT acquires the ability to
inhibit the contraction of TA.

Next the contractile reactions of MA rings under
the blockade of NO synthesis under the influence of
L-NAME (10° M) and subsequent release of NO
from the cell depot with the help of NAC (10* M)
were investigated. The data are presented in Fig. 2.

It was found that previously contracted in the pres-
ence of phenylephrine MA rings from the control group
were further contracted (% PE) 5—8 min after the addi-

1, (% PE)

€ 300 e

200 —

Contraction, (% KCI)

CKOpO4YeHHSA/po3cnabsieHH

L

| N AL, (NBXKT-) / NAC (PVAT)

EE HA (NBXT+) / L-NAME (PVAT+)
I AL (MBXT-) / NAC (PVAT-)
EE HA (MBXT+) / L-NAME (PVAT+)

PUCYHOK 2. Peakuii kineub MA, nonepeaHbo ckopoueHux nip aieto deninedpuny (PE, 3 x 10° M): ckopoyeHHs
B npucyTHocTi meTunoBoro eipy N-HiTpo-L-apriniHy (HA, 10° M); po3cnabnenHs nig pieio N-auetunuucreiny
(AL, 10*“ M)

CyauvHu, ounweHi Big, MBXXT (MBXXT-) i He ounwweHi (MBXXT+), Oynu i3onboBaHi y TBapuH 3 KOHTPONbLHOI rpynu (K); onpomiHe-
HUX TBapWH (R); onpoMiHeHnX TBapuWH, ki oTpuMyBanu kBepLueTuH (R + KB); * — p < 0,05 nopiBHAHO 3 KOHTponem; ** —p < 0,01,
NMOpPIBHAHO 3 KOHTPoJeM i rpynoto R+KB; n = 8-10, KinbLs Big, pisHNX TBAPUH.

Figure 2. Reactions of the rat MA rings previously contracted with phenylephrine (PE, 3 x 10 M): contraction
in the presence of N-nitro-L-arginine methyl ester (L-NAME, 10~ M); relaxation after addition of N-acetylcys-
teine (NAC, 10* M)

Vessels purified from PVAT (PVAT-) and unpurified (PVAT+) were isolated from control animals (C); irradiated animals (IR);

irradiated animals treated with quercetin (IR + Q); * — p < 0.05 compared with the control; ** — p < 0.01 compared with the
control and IR + Q group; n = 8-10, rings from different animals.
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BanHa HA ma (43,7 £ 4,0) % i (28,9 = 5,1) %,
BiAMOBiIHO, i po3ciabasuiucst B npucytHocTi ALl Ha
(32,4 £48) % i (12,0 £ 5,2) %, BignosinHo. Y or1-
poMmiHeHUX TBapuH (rpyrna R) ckopoTnuBi peaxirii
ITBXKT+ i I[TB2XKT- kineur MA Ha gito HA mocuntoBa-
much Ha (187,1 + 21,8) % i (316,8 * 48.,3) %, Bin-
noBigHO. BiporigHo, 1ie TToB’sI3aH0 31 3HAYHUM 3pPOC-
TaHHSAM CMOHTaHHOI NpoayKuii NO, MopiBHSIHO 3 Cy-
JUHAMU KOHTPOJIbHOI TPYyIMU. 3 iHIIOro 60Ky, BiAMiH-
HOCTi y auyiatatopHux Bianosiasx ITB2KTH+ i ITBXKT-
Kineub MA B npucytHocTi ALl BKa3yloTh Ha MOXJIMBI
3MiHM y JIoKami3auii Mmetabonizmy NO, a came: 3MeH-
meHHs1 BHecky [IBXKT Ha T 30iaplieHHS oOcsry
npoaykuii i genonyBaHHs NO B eHJ0TeJIi1 Ta TJIaleHb-
Kux M’sg3ax [12].

PesynbraTtu pocnigis, siKi Oyiu mpoBeaeHi Ha (par-
MEHTaXx CYAWH OIPOMiHEHUX TBApWH, KOTPi OTpUMYBa-
Ju kBepuetuH (rpyna R+KB), cBimuath mpo Te, 110
ckopotnmBi peakiii [TB2KT+ i [1BXKT- kimenb MA Ha
BB HA cranosisaTs (64,1 £5,8) %1 (57,9 + 3,0) %,
BiAMOBiAHO, TOOTO BOHM 3HMXKYIOThCSI, MOPIBHSIHO 3
peakuisiMi ¢pparMeHTiB CyAUH OMNPOMiHEHUX TBapUH
(rpyma R), aje He mocsraroTh MMOKa3HUKIB KOHTPOJIb-
Hoi Tpynu. Pa3oMm 3 TUM, y onmpoMiHeHMX TBapuH, SIKi
OTPUMYBAJIM KBEPLETUH, IWJATaTOPHI BiAMOBidi
ITBXKXT+ i [IBXT- xineub MA B nnpucytHocTi ALl He
BIApPI3HSIIOTHCS Bil AWJIaTaTOPHUX peakliiid, sIKi Maju
Micle y ¢hparMeHTax CyIauH Bifl OPOMiHEHMX TBapUH.

3paTHICTh i30JboBaHMX (pparmeHTiB TA, momepen-
HbO CKOPOYEHUX B IMpucyTHOCTI ¢eHineppuny (PE),
pearyBaTu Ha rociigoBHe gomaBaHHg HA (10° M) i
All (10* M), nokasaHo Ha puc. 3. BctaHoBieHo, 1110
ITB2KT+ i ITBXKT- kxinbus TA 3 rpyniy KOHTPOJTIO 10-
natkoBo ckopouyBanucst (% PE) mim nmielo HA Ha
(132,0 = 17,5) % i (168,1 £ 18,7) %, BinmnosigHO, i
po3scnabisuiucs B ipucytHocti ALl Ha (14,3 £ 3,2) % i
(43,3 £ 4,8) %, BinnosinHo.

Ckopotausi peakuii [TB2KT+ kineups TA onpomiHe-
HUX TBapuH B npucyTHocTi HA Oynu 3HauyHO Oiiblii,
HiXK y TBapuUH TpyIlu KOHTpodwo. B Toit ke yac,
amrutityna ckopoueHHs I[TBXKT- kineup TA Ha BrjiuB
HA y onpoMiHeHMX TBapMH 3ajaullagacss Ha TOMY K
piBHi, 1m0 i B ITB2KT- kinbusgx TA TBapruH KOHTPOJIb-
Hol rpynu. AmIutityga poaciabiaenHs I[TBXKTH+ i
ITB2XKT- xineup TA onmpoMiHEHUX TBapUH Y BiIMOBiIb
Ha All 3miHIOBanach NpOTUIEKHUM YMHOM MOPiBHSI-
HO 3 KOHTPOJIEM.

VY ompomiHeHuX TBapuH, SIKi OTPUMYBaJIM KBeplie-
TUH, aMmrutityna ckopouyeHHs TIBXKT+ kineup TA B
npucytHocTi HA i ammuityna po3scinadiaenns [TBXKT+
kineup TA B mpucytHocTi ALl He Bigpi3HsLIMCS Bif

tion of L-NAME by (43.7 = 4.0) % and (28.9 = 5.1) %,
respectively, and relaxed in the presence of NAC by
(32.4 £4.8) % and (12.0 + 5.2) %, respectively. In irra-
diated animals (group IR), the contractile reactions of
PVAT+ and PVAT- of MA rings to the action of
L-NAME were intensified by (187.1 + 21.8) % and
(316.8 = 48.3) %, respectively. This is probably due to a
significant increase in spontaneous NO production vs.
vessels of the control group. On the other hand, diffe-
rences in the dilatory responses of PVAT+ and PVAT-
of MA rings in the presence of NAC indicate possible
changes in localization of NO metabolism, specifically
a decrease in the contribution of PVAT against the
background of increased production and NO deposit in
endothelium and smooth muscles [12].

The results of the experiments performed on frag-
ments of vessels of irradiated animals treated with Quer-
cetin (group IR + Q) indicate that the contractile reac-
tions of PVAT+ and PVAT- of MA rings on the influ-
ence of L-NAME are (64.1 &+ 5.8) % and (57.9 + 3.0) %,
respectively, that is, they are reduced comparatively to
the reactions of the fragments of the vessels of irradiat-
ed animals (group IR), but do not reach the results of
the control group. However, in irradiated animals treat-
ed with Quercetin, the dilatory responses of PVAT+
and PVAT- of MA rings in the presence of NAC do not
differ from the dilatory reactions that took place in vas-
cular fragments from irradiated animals.

The ability of isolated TA fragments, previously con-
tracted in the presence of phenylephrine (PE), to res-
pond to the sequential addition of L-NAME (10~ M)
and NAC (10* M), is shown in Fig. 3. It was found that
PVAT+ and PVAT- of TA rings from the control group
were additionally reduced (% PE) under the action of
L-NAME by (132.0 £ 17.5) % and (168.1 + 18.7) %,
respectively, and relaxed in the presence of NAC by
(14.3 £ 3.2) % and (43.3 £ 4.8) %, respectively.

The contractile reactions of PVAT+ of TA rings in
irradiated animals in the presence of L-NAME were
much bigger than in animals of the control group. At the
same time, the amplitude of the contraction of PVAT-
of TA rings on the influence of L-NAME in irradiated
animals remained at the same level as in PVAT- of TA
rings of the animals of the control group. The relaxation
amplitude of PVAT + and PVAT- of TA rings in irradi-
ated animals in response to NAC was changed in the
opposite way in comparison with the control.

In irradiated animals treated with Quercetin, the
amplitude of reduction of PVAT+ of TA rings in the
presence of L-NAME and the amplitude of relaxation
of PVAT+ of TA rings in the presence of NAC did not
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PucyHoK 3. Peakuii kineupb TA wypis, nonepeaHbo ckopoueHux nip Aieto eninedppuny (PE, 3 x 10° M): cko-
poYeHHA Ha aoAaBaHHA MeTunoBoro edipy N-Hitpo-L-aprininy (HA, 10 M); po3cnabnenHa nia pieto N-aue-
Tunuucreiny (AL, 10 M)

CyamnHun, ouuweHi Big MNMBXXT (MBXT-) i He ounweHi (MBXT+), Buny4ann y TBapuH 3 KOHTPOJbHOI rpynu (K); onpoMiHeHnx
TBapuH (R); onpomiHeHnx TBapuH, ki otpumMyBanu keepueTuH (R + KB); * — p < 0,05 nopiBHsIHO 3 KOHTponem; ** — p < 0,01,
NOpPIBHSHO 3 KOHTPoneMm i rpynoto R+KB; # — p < 0,05, nopiBHsHO 3 rpynoto R; n = 10-14, kinbus Bifg, Pi3HNX TBAPWH.

Figure 3. Reactions of the rat MA rings previously contracted with phenylephrine (PE, 3 x 10 M): contrac-
tion in the presence of N-nitro-L-arginine methyl ester (L-NAME, 10 M); relaxation after addition of N-
acetylcysteine (NAC, 10 M)

Vessels purified from PVAT (PVAT-) and unpurified (PVAT +) from control animals (C); irradiated animals (IR); irradiated ani-
mals treated with quercetin (IR + Q); * — p < 0.05 compared with the control; **—~ p < 0.01 compared with the control and

IR + Q; # — p < 0.05 compared with the R group; n = 10-14, rings from different animals.

BiIMTOBiTHUX MOKA3HUKIB B TPyIli KOHTpoJto. B Toii xxe
yac, Yy ONpOMiHEHMX TBapUH MicCJIsl KYpCOBOTO MPUii0-
My KBepLEeTHMHY amIuiityga ckopodyeHHs I[TBXKT-
kineub TA B mpucyTHocTi HA, gK i amrutityna po3sc-
snabnenHs ITB2KT- kineups TA B npucytHocti AL, Oy-
Jla MEHIIO0, HiX Y OIMPOMiHEHUX TBApUH, SIKi HE OT-
PUMYBaJIM KBEPLIETUH.

Ha miacraBi BU3HaUeHUX peakiliii i30JJbOBAaHUX CY-
JIUH Micas 0JoKyBaHHSI CHOHTaHHOTO cuHTe3y NO Ta
npuMycoBoro BuBiNTbHeHHS NO 3 KIIITHMHHOTO JIETo,
MOXHa CTBEPIXYBaTH, 110 KiJibld MA 3 rpylu KOHT-
pOJIIO MaIOTh HU3BKY 3MaTHICTh MpoaykyBaTu NO, sika
noMiTHO 3pocTtae 3a HassBHOCTI TTBXKT. Kinbusg TA 3
TPy KOHTPOJTIO TIPOAYKYIOTh 3HAYHY KibKicTh NO,
nepeBaXKHO 3a ydyacTi eHpoTemito. OmHOpa3oBe OI-
POMiHEHHS IIYPiB MPU3BOAMUTE A0 BiIKIaIEHUX Y Yaci
(monan 30 ni6) 3MiH B perysiii CKOPOTJIMBOI Mislib-
HOCTi CyaWH, 10 TIEBHUM YMHOM IIOB’S3aHO 3 MeTa-
oosizmoMm NO [28, 29]. 3okpema, peakiiii Kizeub MA
MOXYTb CBIIUUTH Mpo MiaABUIIEeHHS mpoayKuii NO 3a
pPaxXyHOK aKTHBallil €HIOTENil0, sSIKa YaCTKOBO MOXE
obmexyBatucst B npucytHocTi TIBXKT. Kinbus TA 3
rpynu R Takox AeMOHCTpyBajiyd O3HAaKU ITOCHJICHHS
CIMIOHTAaHHOI MPOAYKIIii i fenmoHyBaHHg NO, mpoTe 11e
BinoyBaynocst nuine 3a HasgBHocTi ITIBXKT. Hocninu,
OpoBeJeHI Ha CyIMHaX OMPOMIHEHUX TBapUH, SIKi OT-
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differ from the corresponding indices in the control
group. At the same time, in irradiated animals after a
course of Quercetin, the amplitude of reduction of
PVAT- of TA rings in the presence of L-NAME, as
well as the amplitude of relaxation of PVAT- of TA
rings in the presence of NAC was less than in irradia-
ted animals that did not receive Quercetin.

On the basis of the above-mentioned reactions of iso-
lated vessels, after the blocking of spontaneous synthe-
sis of NO and forced release of NO from the cell depot,
it can be argued, that the MA rings of the control group
have a low ability to produce NO, which increases sig-
nificantly in the presence of PVAT. The TA rings from
the control group produce a significant quantity of NO,
mainly with the participation in the endothelium.
Single irradiation of rats leads to the delayed (over 30
days) changes in the regulation of vascular contractile
activity, which is in some way related to NO metabo-
lism [28, 29]. In particular, the reactions of the MA
rings may indicate an increase of NO production due
to the activation of endothelium, which may be partial-
ly limited in the presence of PVAT. The TA rings from
the group IR also showed signs of increased sponta-
neous production and NO deposition, but this hap-
pened only in the presence of PVAT. The experiments
performed on the vessels of irradiated animals treated
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pumyBanu kBepueTuH (R + KB), mokasanu, 1o 3aaT-
HicTb KiJleub MA 1 TA g0 cnonTaHHoi npoaykiuii NO y
nepeBaXHil OiIbIIOCTI 3HUXKYBalacsl A0 PiBHS KOHT-
ponto. Bigomo, mo aemoHyBaHHS NO y CyauHHIN
CTiHIIi Bilirpa€e BaXXJIUBY POJIb B SIKOCTi KOMIIEHCATOP-
HOTO MEXaHi3My 32 YMOBU TPUCTOCYBAHHS CEPIIEBO-
CYIMHHOI CUCTEMHU 0 CTPECOBUX HaBaHTaXKeHb (TilTo-
Kcii, pamiaiiii) ado 3aXuCTy BiJl TUMYACOBUX MOPYILIEHb
meTabosizmy NO [30]. HecripoMOXHICTh €HIOTEN 10
CcaMOCTiiiHO peryJtoBaTu npoaykiito NO y cynuHax €
OIHUM 3 JJOBrOCTPOKOBMX HACJIAKIB Ail pagiaLii [8, 9].
ITB2KT Takoxk Oepe yyacTb y TOTOYHIi peryisiii MeTa-
oosizmy NO y cyanHax, okpeMo abo 3a paXyHOK B3a€-
MOl 3 eHIOTeieEM, MPoTe (i3ioa0riuHe 3HaYeHHS 1ib-
OT0 MeXaHi3My OocTaTOUYHO He Bu3HadyeHo [10—12]. Ha-
BelleHI pe3y/JbTaTh J03BOJISIOTH 3pOOUTH MPUITYIIEH-
HS, 11O 3a IEBHUX 0OCTaBWH, a CAM€ PO3BUTKY OKCHUIA-
TMBHOTO CTpecy il BILIMBOM R-ompoMiHeHHSs, eHAO0-
teniid i TIBXKT MoxyTh 3amilllyBaTu OJHE OJHOIO B
SIKOCTI JxKepesa iHIyKOBaHOTO CUHTE3Y i AeMMOHYBaHHS
NO y cynuHax pi3HOTO THIY.

BpaxoByrouu Te, 1110 aKTUBHICTb eHaoTeito i [TBXKT
cepe iHIIOro CIIpsSIMOBaHa Ha IiATPUMKY HaJIEXXHOI'O
piBHs1 MeTaboi3My NO y cynuHax, iX MOTpiOHO po3r-
J90aTu  SIK  HaWOIIbII BpasjuBi MillleHi BIUJIABY
pamiauii [4, 8, 9, 27, 28]. B nocTpagiauiiiHuii mepiof
HagMipHa abo HemocTaTHs Tipoaykiig NO, crpuyum-
HEHi: OKCMJIaTUBHUM CTPECOM, SIKMI CTUMYJIIOE aHTU-
OKCUAAHTHUI 3axucT i 30iblueHHsT npoaykuii NO;
HITPO3aTUBHUM CTPECOM, SIKMII IIPUTHIYYE aKTUBHICTh
eNOS i kourponpoBanuit cuate3 NO. Lli 3MiHu pu3-
BOJSTDH O YIIKOIKEHHS IJIAJEHbKUX M’SI3iB, CTPYK-
TYPHUX IEPETBOPEHDb Yy CYAMHHIN CTiHIIi i po3JIaiiB cy-
auHHOl dyHkuii [15, 31]. Came ToMy HOpMmaJi3allis
meTtabomizmy NO B enporenrii i ITB2XKT i3 3acTocyBaH-
HSIM BiAMoBiZHMUX (apMaKoOJOTiYHUX 3aCO0iB Mae€
BUpilllaJibHE 3HAUYE€HHSI 1JIs1 BiTHOBJIEHHS MiCLIeBO1 pe-
ryJjsuii cymMHHOro ToHycy. Ha mouaTkoBomy eTari
PO3BUTKY YCKJIaAHEHb, IMOB’SI3aHMX 3 ITiABUIIEHHSIM
piBHs npoaykuii NO y cynrHax, BUKOPUCTAHHS Mpe-
napaTiB Ha OCHOBi KBEPLIETUHY MOXe CIPUITH edeK-
TUBHOMY 3aXHCTY CEpLIeBO-CYIMHHOI CCTEMH Bif IT1a-
TOT€HETUYHOI i1 i0Hi3yr0UOro BUMIPOMiHIOBAHHSI.

KniHiuHe pocnip)xeHHs
Binomo, 1o nipu IP po3BuBaeTbes AUC@YHKILS €HI0-
TeJIil0, sIKa € HAC/IiAKOM JIil TaAKMX YMHHMUKIB SIK Tilep-
ITiKeMist, apTepiajibHa TilepTeH3is, TuCinigeMis, oK-
CUIATUBHUM cTpec [2].

JvicyHKIIiI0 €HI0Te 110 BiTHOCSITh 10 TOJIOBHUX T1a-
TOF€HETUYHUX JaHOK (OpMyBaHHSI apTepiajbHOI

with Quercetin (IR + Q) showed that the ability of MA
and TA rings to the spontaneous production of NO,
overwhelmingly, decreased to the level of control. It is
known, that NO deposition in the vascular wall plays
an important role as a compensatory mechanism pro-
vided that the cardiovascular system adapts to stress
(hypoxia, radiation) or protection against temporary
disorders of NO metabolism [30]. The inability of the
endothelium to regulate independently the production
of NO in blood vessels is one of the long-term conse-
quences of radiation [8, 9]. PVAT is also involved in the
current regulation of NO metabolism in blood vessels,
alone or through interaction with the endothelium, but
the physiological significance of this mechanism has
not been definitively determined [10—12]. The ob-
tained results allow us to make the assumption that
under certain circumstances, namely the development
of oxidative stress under the influence of R-irradiation,
endothelium and PVAT can replace each other as a
source of induced synthesis and deposition of NO in
the vessels of different types.

Considering that the activity of endothelium and
PVAT, among other things, is directed to the main-
taining of the proper level of NO metabolism in
blood vessels, they should be considered as the most
vulnerable targets of radiation influence [4, 8, 9, 27,
28]. In the post-radiation period, excessive or insuf-
ficient production of NO, was caused by: oxidative
stress, which stimulates an antioxidant protection
and increase NO production; nitrosative stress,
which inhibits eNOS activity and controlled NO
synthesis. These changes lead to the damage of the
smooth muscles, structural changes in the vascular
wall and disorders of vascular function [15, 31]. That
is why the normalization of NO metabolism in the
endothelium and PVAT with the use of appropriate
pharmacological agents is crucial for the restoration
of local regulation of vascular tone. At the initial
stage of development of complications, associated
with increased levels of NO production in blood ves-
sels, the use of Quercetin-based drugs can effective-
ly protect the cardiovascular system from the patho-
genetic effect of ionizing radiation.

Clinical study

It is known that insulin resistance (InR) contributes to

the development of the endothelial dysfunction, which

is a consequence of such factors as hyperglycemia,

hypertension, dyslipidemia, oxidative stress [2].
Endothelial dysfunction is one of the main patho-

genetic links in the formation of hypertension,
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rimepreHsii, ska € oqHuM i3 KputepiiB MC. Lle o6r-
PYHTOBYE HEOOXiTHICTh KOPEKIIil BKa3aHUX MOPYILIEHb
MpH JIiIKyBaHHI XBOPUX JIITHBOTO BiKy 3 MC.

VY nauieHTiB, sIKi OTpUMYBaJIM KBEPLIETUH, BiIMidYeHO
MOKpallleHHsI KPOBOTOKY B 1IKipi. Tak, B 1ijloMy IO
rpyni, Opyd OpoOBeIeHHI MPoOOM 3 TMOCTOKIIO3MBHOIO
rinepemMi€lo CIOCTEPIrajioch CTATUCTUYHO 3Hauyllle
nigsuieHHss makcumanbHoi OINIIK i TpuBamocti
nepiofy ii BITHOBJIEHHSI 0 MOYAaTKOBOTIO piBH (TabJ1. 1).
OnpHocnpsIMOBaHi 3MiHM LUX IMOKA3HUKIB CBiIyaTh
PO CYTTEBE TTOKpAIIeHHS BAa30MOTOPHOI (DYHKIIIT eH-
JOTEeJIiI0 MIKpOCYIWH, IO TaKOX ITiATBEPIXKYETHCS
MiABUIIEHHSIM BEJIMYMHU €HAOTEIiaabHOI (PYHKIIT HA
(15,80 £ 5,34) %, p < 0,05.

YV XBopurX KOHTPOIBHOI I'PYIX, KOTPi HE OTPUMYBaJIU
KBEpLIETUH, Yepe3 3 Mic. He BiIMi4eHO MOKpalleHHS
MOKa3HWKiB BA30OMOTOPHOI (PYHKIIil €HIOTENi0 MiKpO-
CYIVH.

Ilpu aHanisi iHAMBiAYyalbHUX HAHUX BCTAHOBJIEHO,
1110 TTIOKpallleHHS (PYHKIIIOHAJIBHOI'O CTaHYy €HIOTENiI0
MiKpocyauH Bimoynocs y 38 i3 55 xBopux (69 %), sxi
OTpUMYBaIu KBepuUeTUuH. Jlo 3aCTOCyBaHHSI KBeple-
TUHY Y IuX obocTtexkeHnx MakcumanbpHa OLIIIK mpn
npo0i 3 MOCTOKIIO3UBHOIO TilepeMicio Oyja MeHIa
HiX 5 Ma/(xB - 100 r TKAHUHM), 11O CBIAYMUTH MPO Ha-
SIBHICTb MOPYILIEHHSI Ba30MOTOPHOI (YyHKIIil eHa0-
Teito (eHpoTemianbHoI qucdyHKiii) [25]. [Ticnsa kyp-
COBOT'O 3aCTOCYBaHHSI KBEPLETUHY caMe Y HUX CITOC-

Ta6naumusa 1

which is one of the criteria of MS. This justifies the
need to correct these disorders in the treatment of
elderly patients with MS.

Among the patients receiving Quercetin, there was
an improvement in SBFVV. Thus, in the whole
group, when conducting the test with post-occlusive
hyperemia, there was a statistically significant in-
crease in the maximum SBFVV and the duration of
the period of its restoration to the initial level (Table 1).
Unidirectional changes in these indices indicate a
significant improvement in vasomotor function of the
endothelium of microvessels, which is also confirmed
by an increase in the value of endothelial function by
(15,8 +£5,3) %, p <0,05.

In patients of the control group who did not receive
Quercetin, after 3 months there was no improvement
in vasomotor function of the microvascular endothe-
lium.

During the analysis of individual data, it was found
that the improvement of the functional state of the
microvascular endothelium occurred in 38 of 55
patients (69 %) who received Quercetin. Before the
use of Quercetin in these subjects the maximum volu-
metric velocity of the skin blood flow in the test with
post-occlusive hyperemia was less than 5 ml/(min -
100 g of tissue), which indicates a violation of vaso-
motor function of the endothelium (endothelial dys-
function) [25]. After a course of Quercetin, they sho-

NoKa3HUKM 06'€MHOT WBUAKOCTI WKIPHOro KPOBOTOKY B CTaHi CMOKOI0 Ta Npu Npo6i 3 NOCTOKNI03UBHOIO
rinepemieio Ao i nicnA KypcoBoro 3actocyBaHHA KBeueTuHy (M + m)

Table 1
Indices of volumetric velocity of cutaneous blood flow at rest and during the testing with post-occlusive
hyperemia before and after the course of Quercetin (M + m)

KonTtponbHa rpyna / control group (n = 55) OcHoBHa rpyna / main group(n = 55)

Moka3Huku

Indices [0 NiKyBaHHS nicns nikyBaHHs [0 NiKyBaHHS nicns nikyBaHHs
before treatment after treatment before treatment  aftertreatment

OLLILLIK B crnokoi, mn/(x8 - 100r TkaHUHK) 1,08 = 0,03 1,04 = 0,02 1,03 = 0,02 1,05 = 0,02

Volumetric blood flow velocity in the skin at rest,

ml/(min - 100 g of tissue)

MakcumanbHa OLULLK Ha niky peakTuBHOI rinepemii, 565 = 0,23 525 = 0,27 569 + 0,25 6,67 £ 0,24*

mn/(x8 - 100r TkaHWHM)

Maximal volumetric blood flow velocity in the skin at the

peak of reactive hyperemia, mi/(min - 100 g of tissue)

Yac sigHoBneHHs OLULLIK no noyatkoBoro pisHsi, ¢ 110,78 = 5,35 101,36 = 4,20 102,18 = 5,15 123,04 + 4,78*

Volumetric blood flow velocity recovery time to the

initial level, s

EnpoTenianbHa dyHkuis, % 74,57 = 4,66 66,0 = 4,51 77,88 + 4,89 93,68 + 5,11*

Endothelial function, %

MpumiTka. * — BOCTOBIPHICTb 3MiHM NOKa3HWKA Nif BNMBOM fikyBawHs, p < 0,05.
Note. * — significance of changes of the index under the influence of treatment, p < 0,05.
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NoKasHUKM 06’'€MHOT WWBMAKOCTI WKiIPHOr0 KPOBOTOKY Npy Npo6i 3 NOCTOKI03MBHOI rinepemi€ro Ao i nicna Kyp-
COBOTr0 3aCTOCYBaHHA KBEPLETUHY Y MiArpynax xsopux 3 pisHoio makcumanbHoio OLULIK po nikyBaHua (M + m)

Table 2

Indices of volumetric velocity of the skin blood flow while testing with post-occlusive hyperemia before and
after a course of Quercetin in the subgroups of patients with different maximal volumetric blood flow veloc-

ity of the skin before treatment (M + m)

MakcumanbHa OLULLK Ginbwe

5 mn/(xe - 100 r TkaHuHM) (n = 17)
Maximal SBFVV is more than

5 ml/(min - 100 g of tissue) (n = 17)

MokasHuku

MakcumanbHa OLULUK meHwe
5 mn/(xe - 100 r TkaHuHu) (n = 38)
Maximal SBFWV is less than
5 ml/(min - 100 g of tissue) (n = 38)

Indices

B0 NiKyBaHHS nicns nikyBaHHs B0 JliKyBaHHS nicns nikyBaHHs

before treatment after treatment before treatment  after treatment
OLLLLIK B cnokoi, Ma/(xs - 100r TkaHWHK) 1,11 + 0,03 1,07 = 0,03 0,93 £ 0,03 1,04 = 0,04*
Volumetric velocity of the skin blood flow at rest,
ml/(min - 100 g of tissue)
MakcumanbHa OLULLK Ha niky peakTuBHOI rinepemi, 6,99 + 0,26 6,94 = 0,29 417 £ 0,14 6,28 + 0,39**
mn/(x8 - 100r TkaHuHM)
Maximal SBFW flow at thepeak of reactive hyperemia,
ml/(min - 100 g of tissue)
Yac BigHoBneHHs OLLLLIK g0 noyatkoBoro pisHsi, ¢ 112,50 + 7,32 119,07 + 6,59 89,27 + 6,26 128,65 + 6,76**
SBFW recovery time to the initial level, s
EnpoTenianbHa dyHKujs, % 93,74 £ 7,29 95,02 + 7,72 59,0 = 3,58 89,68 = 6,62**

Endothelial function, %

MpuMiTkn. * — LOCTOBIPHICTb 3MiHW NOKa3HMKA Mif, BNAVBOM JlikyBaHHs, p < 0,05; ** — LOCTOBIPHICTb 3MiHW NOKa3HMKa Mig, BAMBOM JikyBaHHs, p < 0,001.
Notes. * — significance of changes of the index under the influence of treatment, p < 0,05; ** — significance of changes of the index under the influence of treatment6 p < 0,001.

Tepirajoch CTaTUCTUYHO 3HAYYIIE 3POCTaHHS MaKCHU-
manbHOo1 OLHIIK mpu rpo6i 3 MOCTOKII03MBHOIO Tile-
peMi€lo i TpUBAJIOCTI Mepioay BiAHOBJIEHHS A0 ITOYat-
KOBOTO piBHA (TabJI. 2), IO CBiIYUTH MPO CYTTEBE MOK-
palleHHsI (PYHKIIOHAJbHOIO CTaHY €HAO0TEeJil0 MiKpo-
CYIIMH.

TakuM YMHOM, MPU TPUBAJIOMY 3aCTOCYBaHHI KBEPLIETUH
nokpauye (pyHKLiOHAIBHUI CTaH eHAOTEIil0 MiKPOCYIUH
y JIIOJEH TIOXJTOTO BiKY 3 TUC(HYHKIIIEIO €HIOTEIIO.

OTpriMaHi pe3yybTaTh y3roKYIOThCs 3 TAHUMU JIESTKUX
IHIIMX eKCIIePUMEHTAIbHUX Ta KAIHIYHUX JOCTiIKEeHb, A
3BEepPTAlOTh YBary Ha Te, 110 3aCTOCYBaHHsSI KBEPLIETUHY
MPU3BOIUTH IO 3HMKEHHSI apTepiajIbHOrO THUCKY, YaCTOTH
CepLIEBUX CKOPOUYEHb, MOKPAIIEHHS JiacTOMYHOI (hYHKIIi1
JiiBoro nrmyHouka [32]. Ilependavaersbes, 110 Ba30MPOTEK-
TOPHi e(heKTU KBEPLIETUHY BiIOYBaIOThCS 32 paXyHOK HOro
3aTHOCTI 3HMXKYBaTU aKTUMBHICTh 3aMajbHOIO ITPOLIECY B
eHIOTeJlii CyArH, TTOCUTIIOBAaTH aKTUBHICTb EHI0TEe TiaTbHOI
NO-cunTaszu (eNOS), 1110 B CBOIO Yepry, MiIBUIILYE BeJI-
YHHY PiBHS OKCHUIY a30Ty B €HAOTeialbHUX KJITMHAX Ta
TMPU3BOIUTE JIO TTIOKpaIIeHHs QyHKIIii eHgoTredito [33].

BUCHOBKU
1. OnHOpa3oBe PEHTreHiBCbKE OIMPOMiIHEHHS LIYpiB B
n1o3i 7 Ip Ipu3BOAUTE IO TTIOPYIIEHHS PETYJIsIii CKOPOT-

wed a statistically significant increase in maximum
volumetric velocity of the skin blood flow in the test
with post-occlusive hyperemia and the duration of
the recovery period to baseline (Table 2), which in-
dicates a significant improvement in the functional
state of the microvascular endothelium.

Thus, long-term use of Quercetin improves the
functional state of the microvascular endothelium
in the elderly people with endothelial dysfunction.

The obtained results are consistent with data of
some other experimental and clinical studies,
which notice that the use of Quercetin leads to the
decrease of blood pressure, heart rate, improve-
ment of diastolic function of the left ventricle [32].
It is assumed that the vasoprotective effects of
Quercetin occur due to its ability to reduce the
activity of the inflammatory process in the vascu-
lar endothelium, increase the activity of endothe-
lial NO synthase (eNOS), which in turn increases
the level of nitric oxide in endothelial cells and
improves endothelial function [33].

CONCLUSIONS
1. Single X-ray irradiation of rats at a dose of 7 Gy
leads to a violation of the regulation of contractile
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JIUBO1 (DYHKLIiI aOpTHM Ta Me3eHTepiajlbHOI aprepii,
Mpo 110 CBiTYaTh 3MiHU CKOPOTJIMBUX peaKliil i30/1b-
OBaHUX (pparMeHTIiB X CYIWH Y BiIIIOBigb Ha Mdil0
Ba30aKTUBHUX CIOJIYK.

2. KypcoBe 3acTocyBaHHSI KBEpPLUETUHY Y OMPOMiHe-
HUX LIYypiB OPU3BOIUTH A0 HOpMaJli3allii CKOPOTJIM-
BUX i AMIaTAaTOPHUX peaklliil CyIuH 32 paXyHOK 4acT-
KoBOi Kopekliii Mmetadonizmy NO B eHIoTeii Ta me-
PUBACKYJISIPHil XKUPOBiii TKAaHWHI.

3. IIpu TpuBasoMy (3 Mic.) KypcOBOMY 3aCTOCYBaHHi
KBEPLETUHY Y XBOPHUX JUTHBOTO BiKYy 3 METaOOJiYHUM
CUHIPOMOM BinOyBa€Thcs TMOKpalleHHS (YHKIIIO-
HaJBLHOTO CTaHy €HIOTENiI0 MiKPOCYIUH: CTaTUCTHY -
HO 3HAYMMO 3POCTAa€ MaKCHMMajlbHa 00’€MHA IIBU/I-
KiCTh HIKIipHOTO KPOBOTOKY IPU MpOOi 3 TTOCTOKJIIIO-
3MBHOIO TiMepeMi€lo Ta 30iJbIIYETHCS TPUBAIICTh
nepiony ii BiMTHOBJIEHHS 0 TOYATKOBOTO PiBHS.
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