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OpuriHanbHi BocnimkeHHs Original research

Mowyk MoneKkynsapHUX AeCKPUNTOPIB i KOMMN’'KOTePHUA NPOrHO3
GionorivyHol aKkTMBHOCTI B pAgy S-noxigHux (1,2,4-tpiason-3(2H)-in)
MeTUn)TionipuMiauHiB

t0. B. KapneHko@*A-F, O. |. MaHaceHko@EF, A, 1. liTyHBC

3anopisbkuil AepxaBHUI Meayko-thapMaLeBTU4HUIA yHIBEpCUTET, YkpaiHa

A — KOHLUenLisi Ta Au3aitH gocnimxeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTalis faHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTatouHe 3aTBepmKEHHS CTaTTi

BinbLWicTb hapmaLEeBTUYHUX CMOMYK B3AEMOAIIOTb 3 YUCIEHHUMM MONEKYNSPHUMI KOMMO3ULISIMU B OpraHiami, Lo NPU3BOANUTL [0 CKNaaHNUX
npodinis ixHix GionoriyHnx ecekTis. Kpim Toro, nig yac BioTpaHcdopmaLii B opraHiami NioavHY BOHM BifAaloTb nepesary ogHoMYy abo AeKinbKom
meTabonitam, Lo MatoTb HAWMOTYKHiLi GioakTueHI BnacTneocTi. OTxe, PO3BUTOK i paLioHanbHe 3aCTOCyBaHHS HOBUX JikiB NOTpebye peTenb-
HOrO BMBYEHHS NPOiniB iXHLOro 6ionoriYyHOro BNMMBY, BpaxoBytoun 0cobnmBocTi nepebiry MeTaboniyHmx NpoLECiB y NioauHu. HuHi metoam
in silico € nowwvpeHMMn 4Ns OLiHIOBaHHS B3aEMOAii HOBUX MpenapariB-kaHauaaTis i3 (hapMakornoriyHuMy yMmoBamm Ta Ansi NPOrHo3yBaHHs
iX MeTabonivyHMx nepeTBopeHb. [ns BU3HAYeHHs WnsXiB AOCHiOXeHHS 6i0aKTUBHOCTI CNOMYK Ha OCHOBI CTPYKTYp 1,2,4-Tpiason-3(2H)-TioHy
3 NipuMignH-2-Tionom CTBOpeHo kombiHaTopHy BibnioTeky GioperynsaTopis 3a 4onomorot koMm'loTepHux nporpam SuperPred, SwissADME.
AKTyanbHiCTb AOCTILKEHHS NONSrae y MOLUYKY HOBWUX BUCOKOEEKTMBHMX i MAnoTOKCUYHMX BioMonekyn cepen NPUPOAHWX i CUHTETUYHNX
cnonyk. Lli focnimkeHHs cnpsiMoBaHi nepefycimM Ha a3oTOBMICHI reTepoLMKNK, 30Kkpema Ha noxiaHi 1,2,4-tpiasony, Lo MaloTb iCTOTHWIA Meau-
KO-0ionoriyHMiA noTeHLian.

Meta pobotu — cdopmysati kombiHaTopHy bibnioteky BioperynaTopis, gka MiCTUTb y cobi CTpykTypy 1,2,4-Tpiasony Ta nipumignHy, Ta npose-
CTW in silico CKPUHIHT NOXiAHWX reTepoLmKniB 3a Jonomoroto Bebeepeepa SuperPred Ans BU3HAYEHHS NEPCNEKTUBHUX HANPAMIB LOCAiMXeHb
iXHbOI Bi0aKTUBHOCTI.

Marepianu i meToau. MNpeameTom gocnimkeHHs € S-noxiaHi (1,2,4-tpiason-3(2H)-in)metun)TionipumignHise. BipTyanbHWi CKPUHIHT CNIOMyK NpoBe-
ZEeHO 3a 10noMorot komn'toTepHoi nporpamm SuperPred. [JocnimkeHHs ADME 3giiicHunm 3a monomororo 6e3koLutoBHoro cepaicy SwissADME,
SKUI BUKOPUCTOBYIOTb ANS OLiHIOBAHHS hapMaKOKiHETWKW, BIOAOCTYNHOCTI Ta B3aeMOgii Manux Monekyn i3 pepMeHTamn y MeaunyHin Ximii.

Pesynikratu. MporHo3yBaHHs MMOBIPHOCTI MPOSIBY KOHKPETHWX BUAIB Bi0oNOriYHOT aKTMBHOCTI PEYOBMHOIO A€ 3MOTY BU3HAYUTW, SKi TECTU €
onTUManbHUMK Ans ocnimKeHHs 6ionoriyHoi akTWBHOCTI NEBHOI XIMIYHOT PEYOBWHM, @ TAKOX SKi PEHOBUHM, [OCTYMHI 4OCMIAHMKY, HaniMOBIp-
Hille MaTUMyTb HeobXxiaHi ecbekTw. Lie nepenbadeHHs 'pyHTYETLCS Ha NMPUHLMMI, 3riHO 3 sIkKUM BionoriyHa akTUBHICTb PEYOBMHY € OYHKLLEH i
6ionoriyHoi cTpyKTypy. Takui NporHo3 (popMyIoTb Ha OCHOBI CTPYKTYPHOI (hOPMYT XiMIYHOT CMIOMYK, BiH MOXIMBWIA LU Ha eTani nnaHyBaHHs
CUHTE3Y.

BucHogku. CTBopeHo kombiHaTopHy Gibnioteky GioperynsTopis, Lo NoeaHyoTs CTpYKTypu 1,2,4-Tpiason-3(2H)-TioHy 3 nipumigunH-2-tionowm. Bip-
TyanbHWIA CKPUHIHT reTepoumkny 1,2,4-Tpiadon-3(2H)-TioHy 3 NipUMigWH-2-TiONOM € NepcnekTUBHAM AN OTPUMaHHS HETOKCUYHUX CTONYK 3
aHTMHEONacTUYHO BioNOriYHOK akTUBHICTHO. CKPUHIHT NOXIAHMX y pagdy S-noxigHux (1,2,4-Tpiason-3(2H)-in)meTnn)TionipumiauHis 3acsigums
MepCneKkTUBHICTb MOLLYKY 6iONOriYHO aKTWBHUX PEYOBUH 3 aHTWHEOMNACTUYHOI, aHTMGaKTepianbHOK, aHanreTUYHO, NPOTUAIabeTNYHO0
aKTUBHICTIO, aHTUTINEPTOHIYHMX 3aCOBIB, @ TAKOX PEYOBWH 3 iHLWIMMK BuAamm BGionorivHoi Aii cepen Lboro psay Crnomnyk.

Knrouosi cnosa: 1,2,4-Tpiason, nipumianH, S-noxiaHi, 6ionoriyHa akTUBHICTb, aHTUMNEPTOHIYHI 3aco0M.

AKTyanbHi nuTaHHA hapMaueBTMYHOI | MeguYHOI Hayku Ta npakTukm. 2024. T. 17, Ne 1(44). C. 59

Search for molecular descriptors and computer prediction of biological activity in a series of S-derivatives (1,2,4-triazole-
3(2H)-yl)methyl)thiopyrimidines

Yu. V. Karpenko, O. |. Panasenko, A. P. Litun

Most pharmaceutical compounds interact with various molecular compositions in the body, leading to complex biological effects. Furthermore,
during biotransformation, they may generate one or more metabolites with potent bioactive properties. Therefore, the development and careful
use of new medications require thorough examination of their biological impact profiles, including considerations of human metabolic process-
es. In silico techniques are currently widely used to evaluate the interactions of emerging drug candidates with pharmacological conditions
and predict their metabolic conversions. To investigate the bioactivity of compounds based on the structure of 1,2 4-triazole-3(2H)-thione
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Original research

with pyrimidine-2-thiol, we generated a combinatorial library of bioregulators using the computer programs SuperPred and SwissADME. The
relevance of this research is underscored by the ongoing quest for novel biomolecular compounds that are highly effective yet low in toxicity,
spanning both natural and synthetic sources. Much attention is directed towards nitrogen-containing heterocycles, particularly derivatives of
1,2,4-triazole, due to their substantial medical and biological potential.

The aim of the work is to create a combinatorial library of bioregulators, which contains the structures of 1,2,4-triazole and pyrimidine, and
to carry out in silico screening of heterocycle derivatives using the SuperPred web server to determine promising directions for the study of
their bioactivity.

Materials and methods. The subject of our research is S-derivatives of (1,2,4-triazole-3(2H)-yl)methyl)thiopyrimidines. Virtual screening of
compounds was carried out using the SuperPred computer program. The ADME study was performed using the free service SwissADME,
which is used to evaluate the pharmacokinetics, bioavailability, and interaction of small molecules with enzymes in medicinal chemistry.

Results. Predicting the likelihood of a substance demonstrating a particular biological activity enables the selection of the most appropriate
tests for studying the activity of a given chemical compound, as well as identifying which substances available to the researcher are most likely
to enhance the effectiveness of the effects. This principle is grounded in the concept that “the biological activity of a substance is a function
of its chemical structure”. Such predictions are generated based on the structural formula of a chemical compound and can be made during
the planning stage of synthesis.

Conclusions. A combinatorial library of bioregulators was created by combining the structure of 1,2,4-triazole-3(2H)-thione with pyrimidine-2-thiol.
The conducted virtual screening of the 1,2,4-triazole-3(2H)-thione heterocycle with pyrimidine-2-thiol shows promise for obtaining non-toxic
compounds with antineoplastic biological activity. Screening of derivatives, particularly S-derivatives of (1,2,4-triazole-3(2H)-yl)methyl)thio-
pyrimidines, indicates the potential for discovering biologically active substances with antineoplastic, antibacterial, analgesic, antidiabetic,
antihypertensive, and other types of biological activities within this compound series.

Keywords: 1,2,4-triazole, pyrimidine, S-derivatives, biological activity, antihypertensive agents.

Current issues in pharmacy and medicine: science and practice. 2024;17(1):5-9

OnHUMM 3 KITFOYOBHX (DaKTOpIB, sSIKI BPaXOBYIOTh IIiJ| Yac
PO3p0oOKH HOBUX €(hEKTUBHIX MEANIHUX MPEapaTiB, € IXHA
BHCOKA CIIENU(IYHICTG 1 BIICYTHICTh HEOAKaHUX OOIYHIX
edexriB. JlocBia y ramy3i MenndHOi XiMii Ta dapMakosorii
T ATBEPKYE, 1110 OLIBIIICTD BiJIOMUX IIPENapaTiB HE MAlOTh
a0COITIOTHOI CrIeIMBIYHOCTI Jii: KpiM OCHOBHHUX (hapMaKosIo-
TIYHUX €(EKTIB, 0 BUKOPHCTOBYFOTh IS JIIKYBAHHS ICBHUX
TIaTOJIOTiH, BOHM TaKOX MalOTh M0OIYHI €PEKTH Ta MOXKYTh
OyTH TOKCHYHUMH.

[Tomryk HOBUX BUCOKOE(DEKTHBHHX 1 MATIOTOKCUYHHX O10MO-
JIEKYJT 3ICHIOIOTE Ceper i MPUPOTHIX, | CHHTETHIHHX CIIO-
nyk. Li mocimimpkeHHst cripssiMoBaHi nepe/yciM Ha a30TOBMICHI
TeTepOIMKIIH, 30KpeMa Ha moxinHi 1,2,4-Tpia3omy, mo MaroTh
3HAYHUH MOTEHIIIAN SIK aHTUMIKPOOHI, aHTUMaJISAPilHi, QyHTi-
LIU/IHI Ta POTUTIapa3uTapHi 3aco0m. Lli moximHi TakoK MaroTh
AHAJITETHYHI, HEHPOTPOIHI Ta MMPOTH3aINabHI BIACTUBOCTI,
BOHH € TIPOTHITYXJIMHHAMH, IMyHOMOY/TFOBAJTEHIMH 32C00aMH,
4 TAKOXK BIJIOMI SIK €()EKTUBHI aHTHOKCH/IAHTH Ta MEPCIICKTUBH1
3acobu Iyt JliKyBaHHs Bipycy Herpes. Kpim Toro, crionyku
1,2,4-Tpia30imy BUKOPHUCTOBYIOTH SIK TICCTHIMIN, BETCPHHAPHI
npenapary, GapBHUKH Ta XiMiuHi pearentH [ 1,2,3].

OcobnuBHil iHTEpeC BUKIMKAE MOXIUBICTh 00’ €THAHHS
CTPYKTYP KUJIbKOX F'€TEpPOIIUKIIIB B OJIHI MOJICKYJIi, HaIIpH-
knmax 1,2,4-tpiazony Ta mipumianay. Lle Moke 3ymMoBHTH
MOCHJICHHS! O10JIOTTYHOT aKTMBHOCTI TaKMX KOMOIHOBaHHMX
CTIOTyK 200 BUHUKHEHHS! HOBUX BIACTUBOCTEH.

Binomo, o noxizHi (1,2,4-tpiazon-3(2H)-im)meTw)riomi-
PHUMiIMHIB MAIOTh AHTHKOHBYIBCHUBHY [Ii0, iX 3aCTOCOBYIOTh
IIi/1 yac JIiKyBaHHs pO3Ja/iB HEpPBOBOi cuctemu [4].

MeTta po6otu

CoopmyBaru koMOiHaTOpHy 0i0ioTEKy OiOperynsTopis,
AKa MICTHTB y co0i cTpykTypH 1,2,4-Tpia3ony Ta mipu-
MigunHy (1-16), Ta poBecty in silico CKPUHIHT MTOX1THUX

reTepoLUKIIIB 32 JloroMororo Bedcepsepa SuperPred mis
BU3HAYCHHS IEPCIICKTUBHUX HANPSIMIB JOCIIDKEHB IXHBOT
010aKTHBHOCTI.

Marepianu i meToaun gocnigxeHHs

[pemmer mocmimxerns — S-moxiHi (1,2,4-Tpiazon-3(2H)-i)
METHII)TiomipuMiuHIB (puc. 1, 1-16), siki Oyiu nonepeHbo
CUHTE30BaHi 3a BITOMUMH METOTUKaMH [5].

BipTyanabHuii CKpHHIHT CIIONYK 3IHCHUIIM 32 JOTIOMOTOIO
KOMIT 10TepHOi iporpamu SuperPred, komir rorepHa cuctema
SKOT 32 CTPYKTYPHOIO (hPOPMYJIOI0 XIMIYHOI PE4OBHUHHU TPO-
THO3Yye OipmIe Hix 2048 BUiB 610J0TI9HOT aKTUBHOCTI [6].
Opurinanbauii Meton nepeadavae ko ATC it qocmimky-
BAHOI CITOIYKH, BUKOPHUCTOBYIOUH TBOBUMIpHY MOIIOHICTH
XiMI4HOT cTpyKTypH. SuperPred BukopucToBye moaioHicTh
2D- ta 3D-cTpykTypu Ha ocHOBI (pparmenTiB. [logiOHiCTH
2D-cTpyKTypy BU3HaueHa sk notioHicTs Tanimoto Extended
Connectivity Fingerprints (ECFP). TpuBumipny noaioHicTs
BU3HAYCHO LIISIXOM CTPYKTYPHOTO HakJaJeHHs, oOumcie-
Horo i 100 HU3BKOEGHEPreTHYHUX KOH(POPMEPIB KOXKHOT
cnionyku. TounicTe mependauenns SuperPred craHOBUTH
75,3 % na n”’sitomy piBHi koxy ATC.

Biogoctynnicts. docmimkeras ADME 3niticanmm 3a 1o-
nomororo Oe3koritoBHoro cepsicy SwissADME [7], sikuii
BHUKOPHCTOBYIOTH IS OI[IHIOBAaHHA (hapMaKOKiHEeTHKH, 010-
JOCTYITHOCTI Ta B3a€EMOJIi MaJIMX MOJIEKY i3 ()epMeHTaMu
y MEIMYHIN XiMii. Y IbOMY iHCTPYMEHTI BpaXOBYIOTb IITICTh
(hi3MKO-XIMIYHUX BIACTHBOCTCH: JIMO(UIBHICTD, PO3MIp,
TIOJSIPHICTh, PO3YMHHICTB, THYUKICTh 1 HACHUCHICTh. KoxHa
3 IIUX BJIACTUBOCTEH Ma€ BU3HAYCHUH (Pi3UKO-XIMIUHHH JTia-
Ma30H, IKAH BioOpakeHHH Ha Bi3yalli3amii K poykeBa 30Ha.
Ji1s1 Toro, 00 MOJIEKYTy BBaXKaJIH MOIOHOFO 0 JIIKAPCHKUX
PCUYOBHH, il pajIioIOKaIlifHa AIITHKA MA€ 3HAXOAUTHCH [TOB-
HICTIO BCCPE/IVHI ITi€1 30HM.
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1R=CH, R,=0H 5R=CH, R, =0CH,

1 1
2R=CH, R =ONa 6R=CH, R =OCH,
3R=CH, R, =0K 7R=CH, R, =OC.H,
4R=CH, R, =OCH, 8R=CH, R, =NH,

r e
N
<

9R=CH, R, =OH 13R=CH, R, = OCH

1
10R=C,H, R,=ONa 14R=CH, R,=0CH,
11R=CH, R, =0K 15R=CH, R, =0OCH,
12R=C,H, R, = OCH, 16 R=C,H, R, =NH,

Puc. 1. MonekynsipHi ribpuau 1,2,4-Tpiasony Ta nipuMignH-2-Tiony Sk NOTEHLIHUX NOMiPYHKLOHANBHNX areHTiB i3 HU3bKOK TOKCUYHICTO.

Pe3ynkratn

Merton nporrosyBanHst SuperPred 06a3zyeTbest Ha MOJETSIX
MAITMHHOTO HABYaHHS 3aMICTh 3araJIbHOT CTPYKTYPHOT ITOIi0-
Hocri. e mae 3mory Touno nependaunty rpynu ATC, HaBiTh
y BUNAJKaX, KOJH JIMIIE HEBEIWKI YACTWHHU BiATIOBITHUX
CTPYKTYP, HANPHKJIa ] (QyHKIIOHAIBHI TPYITH, BIIIOBIIaI0TH
3a TepaneBTHYHNH BIDTUB 00 METAaOO0IIIUHI ITPOIIECH, a OTXKE,
3a IPUCBOEHHS 1TeBHOTO Koty ATC. 3aBisiKH 1IbOMY TOYHICTh
nepenbaueHns ATC Moxxe OyTH MOKpaleHa OuTbIe HiXK Ha
5 % TIOpiBHHO 3 TOIIEPEIHBOIO BepCieto BeOcepBepa.
[Iporno3yBaHHs (TepaneBTHYHUX) Lijeil Olibile He
IPYHTYETBCS JIMIIIE HA aKTUBHHX 3B’S3yBaJbHUX PEUOBHU-
Hax, a BKJIIOYAE TaKOX EKCIIEPUMEHTAIBHO IMiATBEpKEH]
He3B’ sI3yBaJIbHI PEYOBHHH, sIKi B3sTO 3 0a3u nanux ChEMBL.
Pa3oM i3 METO0JIOTIEI0 MAIIMHHOIO HABYAHHS €M TU3aiH
Jla€ 3MOTY Habararo TOYHIIIIE OL[IHIOBATH CTPYKTYpPHI IPYIIH,
110 OepyTh Y9acTh y IpoIieci 3B’ sI3yBaHHsI OilTka, Ha TOTATOK
JIO TIepEeBarH, sIKy BKe HaJae KOHIIEHTpaIlis Ha 0COOIMBOC-
TAX CyOCTPYKTYpH, Ha BiIMiHY BiJ 3araibHOI CTPYKTYPHOL
niozioHocTi. Kpim Toro, nonepeaHio GpyHKIIiI0 OLIHIOBaHHS
Oyno 3amiHeHO Habarato OUTBII IHTYITHMBHO 3pO3yMUIUMHA
3HAYEHHSIMH, IO JIETKO OLIHHUTH 3 TEPIIOr0 MO LY.
[TopiBHSHHS PI3HUX MiAXOAIB IO MPOrHO3YBAHHS YCKIIA/I-
HEHE THM, IO HEMa€ BiJIOMOTO ¥ MONIMPEHOTO HAbOpy

maanx ATC. ToMy Mu DOKIad 3ycwiuis, mo0 3i0paru i
perenbHO Bimiopatu Habip gaHux ATC, 110 MiIXOIUTh LIS
yiTkoro TependadeHHs koniB ATC, ane BogHOYAC 3HUKYE
JMCKPETH3amilo HaaATo MoAiOHNX cTpyKTyp. Lle 3abe3mneuye
TOYHIIIIE OLIHIOBAaHHS €(DeKTUBHOCTI Ta A€ 3MOTY YHUKHYTH
repeoOIaJHaHHs HeBIIOMIX HAOOpIiB MaHWX. BusHaueHwmit
HaOip TaHUX TOCTYITHHH Y IONaTKOBOMY Marepiajli, BKJIIo4a-
10ur iH(opMariro mpo odiKyBaHi Ta nporHo3osaHi koau ATC.
[Iporuo3yBaHHs! IMOBIPHOCTI ITPOSIBY KOHKPETHUX BH/IIB
610JI0T1YHOT aKTHBHOCTI PEYOBHHOIO JJa€ 3MOT'Y BU3HAUHTH,
SIKI TECTH € ONTUMAJIGHUMU [T IO CII1IPKEHHS O10710T4HOT aK-
THUBHOCTI IT€BHOI XIMIYHOI PEUOBHHH, a TAKOXK SIKi PEYOBHHH,
JOCTYIHI JOCTITHUKY, HAHIMOBIpHIIIIe MATUMYTh HEOOX1THI
edekrn. Lle mependadeHHs IpyHTY€EThCS Ha IIPUHINTII, 3T1/1-
HO 3 SIKMM O10JIOT1YHA aKTHBHICTh PEYOBUHH € (DYHKIIEO 1T
6iosoriuHoi cTpykTypu [3]. Takuii mporao3 GopmMyroTs Ha
OCHOBI CTPYKTYPHOI ()OPMYIIH XIMIYHOI CIIOJIYKH, BIH MOX-
JIMBUI 111e Ha eTarli IUIAHyBaHHS CHHTE3Y. 3 yCIX MOXKIIMBUX
BapiaHTiB 0OMPaOTh HAHIMOBIpHIIITi 6230Bi CTPYKTYpH HOBHX
CIONYK 13 HEOOXiTHOI Oi0JOTIYHO0 €0, IO HAHO1Tb-
1€ BIAIIOBIZIA€ TIOCTABICHUM 3aBJaHHSAM. 32 JOIIOMOTOIO
KOMIT I0T€PHOT'0 IPOTHO3Y JIOCIITHIK MOYKE BU3HAYUTH HOB1
e(eKTH Ta MeXaHi3MH JIii /It paHille BUBYCHUX PEUOBHH [§].
Pesynbrary HornepeaHbporo OLiHIOBAHHS 3araJIbBHOTO 01010~
TYHOTO MOTEHIIATY CIIOTYK HaBeIeHO B mabauyi 1.

Tabnuus 1. Pesynbratv nporHo3y GionoriyHoi akTUBHOCTI Aesknx S-noxigHux (1,2,4-Tpiason-3(2H)-in)metun)TionipumiguHis

Ha3Ba MmileHi (MexaHI3M ,CI,II) Bip GionoriyHoi akTUBHOCTI IMoBipHicTb TouHicTb Mogeni

Cathepsin D Hypertension [ICD-11: BA00-BA04] 94,0 % 99,0 %
C-X-C chemokine receptor type 4 Melanoma [ICD-11: 2C30] 93,0 % 93,1 %
Adenosine A1 receptor Cardiac arrhythmias [ICD-11: BC9Z] 87,0 % 96,0 %
GABA-A receptor; alpha-1/beta-3/gamma-2 Anaesthesia [ICD-11: 9A78.6] 76,0 % 95,5 %
Protein-tyrosine phosphatase 2C Solid tumour/cancer [ICD-11: 2A00-2F9Z] 76,0 % 94,0 %
Adenosine A2b receptor Alzheimer disease [ICD-11: 8A20] 68,0 % 99,0 %
DNA topoisomerase | Bacterial infection [ICD-11: 1A00-1C4Z] 68,0 % 97,0 %
Signal transducer and activator of transcription 3 Multiple myeloma [ICD-11: 2A83] 67,0 % 83,0 %
Histone deacetylase 2 Dermatitis [ICD-11: EA80-EA89] 67,0 % 95,0 %
Sodium channel protein type V alpha subunit Anaesthesia [ICD-11: 9A78.6] 65,0 % 92,5 %
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was processed and evaluated against all 233 ATC classes included in the prediction pipeline. Displayed are all ATC classes that

scored higher than 1% (

a maximum of 10 ATC classes

MO4AB: 11.12%

MO4AB: Preparations increasing uric acid excretion
MO4A: ANTIGOUT PREPARATIONS
MD4: ANTIGOUT PREPARATIONS
M: MUSCULD-SKELETAL SYSTEM DRUGS

BO1AC: 8.1%

BO1AC: Platelet aggregation inhibitors excl heparin
BOTA: ANTITHROMBOTIC AGENTS
BO1; ANTITHROMBOTIC AGENTS

B: BLOOD AND BLODD FORMING ORGAN DRUGS

INSATU POLAR

INSOLL

Puc. 2. Komm'toTepHuin nporHo3 crnosnyku 9, siknit 06pobunu 1 ouivnm 3a Bcima 233 knacamu ATC, L0 BKMKOYEH B KOHBEEP NporHo3iB i ADME-mo-

NeKynspHi 4ECKpUNTOpW.

O6roBopeHHs

AHauti3 pe3yabTaTiB KOMIT FOTEPHOTO POTHO3Y BKa3ye Ha
MEPCIEKTUBHICTh NOUIYKY TaKUX aKTUBHOCTEH, SIK aHTH-
rinepToHiYHA, aHTUHEOIJIACTUYHA, aHTHOAKTepiaabHa,
aHaJTeTHYHA, MPOTHAiabeTHYHA TOINO, Y HU3II JOCIHTi-
JDKYBaHHX CIIOJIYK. BasykKIIMBHM acIieKTOM IIPOTHO3YBaHHS
€ BIICYTHICTh y IIUX PEUOBHHAX BUCOKOi TOKCHYHOCTI,
TEepPaTOTeHHOCTI, KAHI[EPOT€HHOCTI, MyTareHHOCTi i eMO-
PIOTOKCHYHOCTI.

Ha puc. 2 naBeneHo anaii3 crioiyku 9, sikuii oopoowustu i
owLiHmWIM 3a Jonomororo cepiciB SwissAdME, SuperPred.
BcTaHoBieHO, 110 1151 CIIOJTyKa i JBUIILY€ BUBEACHHS CEYOBOT
KHCJIOTH, € TIOTEHIIIHHIM 1HT101TOpOM arperaitii TpoMOOITH-
TiB, HECTEPOIHUM NPOTU3AIAIBHUM 1 IIPOTHPEBMATHYHIM
3aco0oMm.

[lig yac KOMII'IOTEPHOTO MPOTHO3YBAHHS IOXiJTHUX
(1,2,4-Tpiazon-3(2H)-im)MeTHII) TIOMII pUMIIMHIB, HaBeJe-
HUX Y ma6bnuyi I, BCTAHOBJICHO: 3aMiHa WOHAMHU HATPitO
Y KaJIio B 3QJIMIIKY KapOOHOBOT KMCIIOTH ITPU3BOJHUTH JIO
3MEHIICHHS TPOTrHO30BaHOT aKTUBHOCTI, aji€ 3HA4YHO ITiJI-
BHIITY€ MPOHUKHICTh 1 MOTEHIIHHY TOKCHYHICTH CIOTYKH.
Hamnpuxiaa, BHACTIZOK BBEACHHS €CTEPHOIO 3aJHIIKY
(eTmiy) cmocTepiraloTh MPOTHAia0eTHYHY aKTHBHICTH, a
BHACIIIJIOK BBEJICHHS 130TPOITIJIOBOTO — MPOTHBIPYCHY Ta
MIpOTH3aINaNIbHy. AMiTyBaHHS KapOOHOBHX KHCIIOT HpH-
3BOJIUTH JI0 3MEHIIECHHS aKTUBHOCTI «CTPYKTYPH-JIiIepa»
Ta MOSIBM HOBUX BH/IIB aKTHBHOCTI (aHTHHOIUIICTITUBHA,
M’S130BOpEJIaKCy oY Ta iH.).

JlaHl KOMII FOTEpHOTO MPOTHO3Y MiATBEPKYIOTH Hep-
CTIIEKTUBHICTh TIOMIYKY OiOpEeTyIATOPIiB ¥ IIbOMY HAIpsIMi,
[I0 MOXYTb MaTH aHTUHEOIUIACTUYHY, aHTHPaIUKAIbHY,
AHAJITCTUYHY, IPOTH3AIAIbHY, JIyPEeTHYHY Ta iHIII BHIH
0610JI0T1YHOT AKTHBHOCTI.

BucHoBKkuM

1. Cdopmoano komOiHaTopHY 6i0Mi0TEKY Ol0peryIsiTo-
PiB, 110 MOETHYIOTH CTPYKTYpH 1,2,4-Tpiazon-3(2H)-TioHy 3
MHPUMiANH-2-TiONIOM.

2. TlpoBeaeHuil BipTyaJbHUH CKPHUHIHT I'eTEPOLMKITY
1,2,4-tpiazon-3(2H)-TioHy 3 ipUMiUH-2-TIOJIOM € IEPCIIeK-
THUBHUM JUISl OTPUMAHHSI HETOKCHYHUX CIHOJIYK 3 aHTHHEO-
TUIACTHYHOIO O10JIOTIYHOIO aKTUBHICTIO.

3. CxpuHIHT NOXiHUX y psany S-noxigaux (1,2,4-Tpi-
azon-3(2H)-in)MeTnn)TionipuMiANHIB 3aCBIAYMB HEp-
CIEKTUBHICTD IMOIIYKY OI0JIOTYHO aKTUBHHMX PEUOBHH 3
AQHTHHEOIUIACTHYHOIO0, aHTHOAKTEPiaJIbHOIO, aHAIT€THYHOIO,
MIPOTHA1a0ETHYHOIO aKTUBHICTIO, aHTHUTINEPTOHIYHUX 3a-
co0iB, a TAKO)K PEYOBHH 3 IHIIUMH BHIAMHU O10J0TTYHOT it
cepel IIbOTo PsiIy CHOIYK.

®iHaHCcyBaHHA

[ocnimkeHHs BUkoHaHe B pamkax HIP 3anopisbkoro aepxaBHOro
Meauko-thapMaLEeBTUYHOTO YHIBepcuTeTy « CUHTE3 Ta BUBYEHHS! (hianko-
XiMiYHUX Ta GionoriYHNX BNacTMBOCTEN PEHOBUH B psifly a3areTepoLuKis.
CTBOpEHHS Ta CTaHAapTU3aLlist opuriHanbHUX Ta KOMGIHOBaHMX
niKapCbK1x NpenapariB Ha OCHOBI NOXiAHMX a3areTepoLMKIB.

Po3pobka Ta BanigaList HOBMX METOAMK aHani3y nikapcbkux 3acobisy»

Ne nepxpeectpauii 0123U103937 (2023-2028).
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In silico gocnigxeHHs BnacTuBocTen
B psaay 1-ankin-4-(((5-HitpodypaH-2-in)MmeTuneH)amiHo)-
1,2,4-Tpia3onin ranoreHigis

Nn. 1. KyuepeHkoACEF T, C. BputaHoBa®BCPE A C. Mouyna(*E

3anopisbkuil AepxaBHUI MeayKo-hapMaLeBTUYHUI yHIBEpCUTET, YkpaiHa

A — KOHUenUig Ta AnsaitH gocnimkeHHs; B — 36ip aanux; C — ananis Ta inTepnpeTauis gannx; D — Hanucanhs cTatTi; E — peparysanHs cTarTi;
F — octaTouHe 3aTBepmKeHHS CTaTTi

MoxigHi 1,2,4-Tpiasony BigkpuBatoTb Cy4acHUM daxiBLsM y rany3i MeguyHoi XiMmii LIMPOKI roprn3oHTW Anst po3po6KmM iIHHOBALLIRHUX NiKAapChKUX
3acobis. BukopuctanHs noxigHux 1,2,4-tpiasony y dhapmakonoriyHnx JOCMIMKEHHAX IPYHTYETbCA Ha iXHIl 30aTHOCTI ePEeKTMBHO BNNMBATK
Ha GionoriyHi cucTemMmn Ta B3aEMOZISTU 3 MOMNEKYNApHUMM MilweHsamMu. Lli azonn MoxyTb ByTu cnpsiMOBaHi Ha perymioBaHHS PiSHOMAHITHUX
pisionoriyHMx NPoLECIB, L0 Aae 3MOory eheKTUBHO iX BUKOPUCTOBYBATH Y NikyBaHHI Pi3HNX 3aXBOPHOBaHb.

CnpsimoBaHa mogudikauis cTpykTypu noxiaux 1,2,4-Tpiasony BigkpuBae 3Ha4YHi MOXMMBOCTI Y CTBOPEHHi BIiOMOrivYHO aKTUBHWX CMOMyK i3
MoKpaLLeHnMK BacTMBOCTAMM. Lle cnpusie HOBUM JOCArHEHHAM y cdepi hapMaLeBTUYHNX JOCTiMKeHb Ta po3pobLi HOBUX, edeKTUBHMX
NiKapCbknx 3acobiB.

MeTta po6oTn — NpeanKTBHE OLHIOBaHHS hapMakonoriYHoro noteHujiany 1-ankin-4-(((5-HirpodypaH-2-in)MetuneH)amiHo)-1,2,4-Tpiasoniv
ranoreHigis metogamu in silico ocnigkeHsb.

Marepianu i metoau. ADME-aHani3 sk MeTog SOCRIMKEHHS (i3NKO-XIMIYHMX | hapMaKOKIHETUYHUX NapaMeTPiB PEYOBUH i3 BUKOPUCTAHHAM
oHnanH-pecypcy SwissADME. MonekynsipHuii BOKIHI 5k METOA MPOrHO3yBaHHS Ta OLiHIOBaHHS B3AEMOLi Mk MOMEKYNot-niraHAoM i TpUBUMIp-
HO0 CTPYKTYPORO LinboBoro Binka. Jliranaw nigrotoeneHi 3 BukopuctaHHam nporpam MarvinSketch 6.3.0, Hyper Chem 8 Ta AutoDockTools-1.5.6,
a nigrotoBka hepmeHTy nepepbadana 3anyyeHHs fo pobotu nporpamHux npopykTiB Discovery Studio 4.0 Ta AutoDockTools-1.5.6. ins
BesnocepenHbOrO MONEKYNSAPHOTO AOKIHTY BUKOPUCTOBYBanK nporpamy Vina.

Pesynbratn. BukoHaHO NpecKpuHIHrOBMI aHani3 BipTyansHoro pagy 1-ankin-4-(((5-HiTpodypaH-2-in)metuneH)amido)-1,2,4-Tpiasonin
ranoreHifis, Wo € NOTEHLINHUM AXXEPENoM ofepXaHHa BionoriyHo akTUBHOI pe4yoBMHM. BU3HaueHO ronoBHi gi3nko-XimivHi xapak-
TEPUCTUKM MOMeEKyI, BUSIBIIEHO 3arasnbHi dhapMakoKiHeTUYHi napameTpu. 3acTocyBaBLLM NPOrpaMHuin iIHCTpYMeHT Vina, 3giicHunu
aHania Ta igeHTMdikaLilo aMiHOKMCNOTHUX 3aMULLKIB, WO POPMYIOTb aKTUBHI LLeHTPW MOL4EeNnbHUX (PepMeHTIB. Y pe3ynbTaTi BU3Ha-
YEHO SKICTb i KINbKICTb LMX 3aNMLUKIB, SIKi B3AaEMOAi0Th i3 3anponoHOBaHUMU firaHAamu. BignosigHo fo pesynbtaTiB AOCHigXKeHb,
HanBuLy adiHHiCTb cnocTepiraoTb J0 NaHocTepon 14a-gemetunasu. BpaxoBylouu pesynbrati aHanidy yTBOPEHWX KOMMMeEKCiB
AOCnigXyBaHWUX NiraHAiB i3 LMKNOOKCUreHa300-2 Ta KiHa30l aHannacTu4Hoi NiMgomu, MMOBIPHICTb CyTTEBOrO BNMMBY Ha Ui dep-
MEHTU 3annLWaeTbCsl HE3HAYHOIO.

BucHoBku. 3aranbHuii nporHo3 LLoAo 6iogocTynHOCTI y pasi nepopansHOro 3aCTOCyBaHHS Mikapcbkux hopM i3 4OCTIAKYBaHUMMU PEYOBUHAMM €
cnpuaTnueuM. apmakoguHamiyHi in silico [ocnimKxeHHs fatoTb 3Mory ineHTudikyBaTth 1-rentun- 1a 1-oktun-4-(((5-HiTpodypaH-2-in)MeTuneH)
amiHo)-1,2,4-Tpia3oniit GpoMian sk NOTEHLIAHI NPOTUrPUOKOBI areHTw, Lo 0BrpyHTOBAHO MOXYTb BYTI 3amyyeHi O HACTYNHUX NOrNMBNeHNxX
[OCTiDKEHb LbOro BUAY aKTUBHOCTI.

Kntouosi cnosa: 1,2,4-tpiason, ausaiH, ADME-aHani3, MonekynspHe MO4entoBaHHs.
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In silico study of properties in the series of 1-alkyl-4-(((5-nitrofuran-2-yl)methylene)amino)-
1,2,4-triazole halides
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1,2,4-Triazole derivatives open up wide horizons for modern medicinal chemists to develop innovative drugs. The use of 1,2 4-triazole deri-
vatives in pharmacological research is based on their ability to produce an effective effect on biological systems and interact with molecular
targets. These azoles can be used to regulate various physiological processes, which opens up the possibility of their effective use in the
treatment of various diseases.
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OpueiHaribHi 0oCidxeHHs!

Targeted modification of the structure of 1,2,4-triazole derivatives opens up wide opportunities for the creation of biologically active com-
pounds with improved properties, which contributes to further advances in pharmaceutical research and the development of new, effective
drugs.

The aim of this work is to predictively assess the pharmacological potential of 1-alkyl-4-(((5-nitrofuran-2-yl)methylene)amino)-1,2,4-triazole
halides by in silico studies.

Materials and methods. ADME-analysis is a method of studying the physical-chemical and pharmacokinetic parameters of the studied sub-
stances using the online resource SwissADME. Molecular docking is a method of predicting and evaluating the interaction between a ligand
molecule and the three-dimensional structure of the target protein. The ligands have been prepared with the software MarvinSketch 6.3.0,
Hyper Chem 8, and AutoDockTools-1.5.6, whereas the software packages Discovery Studio 4.0 and AutoDockTools-1.5.6 have been used for
the preparation of enzymes. The Vina program was used for direct molecular docking.

Results. A prescreening analysis was conducted on a virtual series of 1-alkyl-4-(((5-nitrofuran-2-yl)methylene)amino)-1,2,4-triazole halides,
recognized as potential sources of biologically active substances. The study involved determining the main physicochemical characteristics
and unveiling general pharmacokinetic parameters of the molecules. The Vina program was employed to identify the nature and number of
amino acid residues in the active sites of model enzymes interacting with the proposed ligands. Results indicate the highest affinity for lanos-
terol 14a-demethylase. However, the analysis of ligand complexes with cyclooxygenase-2 and anaplastic lymphoma kinase suggests a low
probability of a significant effect on these enzymes.

Conclusions. The overall prognosis for bioavailability in the case of oral administration of dosage forms with the investigated substances is
favorable. Pharmacodynamics in silico studies allow us to identify 1-heptyl- and 1-octyl-4-(((5-nitrofuran-2-yl)methylene)amino)-1,2,4-triazolium
bromides as potential antifungal agents that can reasonably be involved in further in-depth studies of this type of activity.

Keywords: 1,2,4-triazole, design, ADME analysis, molecular modeling.
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CtBOpeHHS 010JIOTIYHO aKTUBHUX CIIOJYK Ha OCHOBI Hi-
TPOT€HOBMICHHUX TE€TEPOLMKIIYHUX CUCTEM € BaKIMBHUM
HAarpsIMOM JIOCJTiKeHb y papmaneBTHYHIHN ray3i[1,2,3,4].
OpHi€r0 3 KITIOYOBUX IEPEBar TeTEPOIUKIIYHUX CIIONYK
€ IXHS 3[aTHICTh A0 JIerkol Momudikamii s oAeprKaHHs
crierupiuHuX (PI3UKO-XIMIYHHX 1 (hapMaKOJIOTTYHUX BIIACTH-
Boctelt [5,6,7]. Lle mae 3Mory HayKOBLSIM ONTHMi3yBaTH
CTPYKTYPH JIKapCHKUX 3aCO0IB IS TOCSITHEHHS Oa’kaHIX
rapaMeTpiB, MOB’SI3aHUX 13 TEPANEBTHUYHUM e(EeKTOM i
Oe3rmekoro JiKyBaHH [8].

[oxinni 1,2,4-Tpia3oiy 10CUTh YaCTO NPHBEPTAIOTH YBAry
JIOCITITHUKIB, IO MOB’S3aHO 3 PI3HOMAHITTAM (hapMaKo-
JIOTIYHKMX e(eKTiB ixHiX moximaux [5—15]. O0rpyHTOBaHA
(byHKIIOHATI3AITIS TOXIIHUX I[[OTO a30I1y, HATIPHUKJIIA/I, 33 pe-
3yJIbTaTaMy MOINEPEIHHOT0 aHaIII3Y IPUPOIX JIiraH -peLierl-
TOPHOTO KOHTAKTY, JJA€ 3MOTY PalliOHAIBFHO BJIOCKOHAIIIOBATH
CTPYKTYpPY IJILOBOTO MPOAYKTY XIMIYHOTO MEPETBOPEHHS
[16].

AnkimmoxizgHi 1,2,4-Tpia3onmy Ta Horo 3amMilieHIX CHCTEM
€ 00’€KTOM HAayKOBOTO iHTEpeCy (axiBIiB y Taiy3i Gapmartii.
Ile nmoB’s13aH0 3 TXHIMH YHIKQIEHUMH (DapMaKoJIOTiYHUMH
BJIACTUBOCTSIMU Ta TOTEHLIAJIOM JJIsl PO3POOJIEHHS HOBHX
JKapchKuX 3aco0iB. Cepen MOTEHIIHHUX BUIIB aKTUBHOC-
Ti — aHTUMIKpOOHA, IPOTUTPHOKOBA, aHTHUTINEPTEH3UBHA,
IIPOTHPAKOBA TOLIO.

BpaxoByroun nostihapMakonoriyHui mpogiib Croayk
IIOTO KJIACY Ta 3HAYHI MO>KJIMBOCTI OpraHiyHoO1 XiMii B cepi
iX CTBOpEHHSI, IIeH HaIlpsM HayKOBOi pOOOTH Ma€ BCi O3HAKU
AKTyaJIbHOCTI Ta € IEPCTIEKTUBHUM.

Meta po6otu

[penykTHBHE OLIIHIOBaHHS ()apMaKOJIOTIYHOTO MOTEHIATY
1-anxin-4-(((5-nirpodypan-2-in)MermieH)amino)-1,2,4-tpi-
a30J1iH raJIoTeHiIiB METOAAMH in silico OCIKEHb.

Marepianu i MeTogu pocnimkeHHs

ADME-nocinipkeHHsT BAKOHAHN 3 3aIyYeHHSIM OHJIAHH-TIa-
keta SwissSADME, 1o 1ano 3Mory BU3HaYNTH HU3KY (ap-
MaKOKIHETHYHUX [apaMeTpiB, OB’ sI3aHUX 13 MOKa3HUKaMHU
TTOTITMHAHHS, PO3TIOALTY, METa0O0i3MYy, BUBEICHHS JOCIIIIKY -
BaHUX cIonyK. J{yis 3nificHeHHs NoKiHr-aHaizy 3D-mozeneit
JIITaHIIB 1 pelenTOPiB BUKOPHUCTAIN TIPOTPAMHUE KOMILIEKC
AutoDockTools. [ndopmarito om0 cTpyKTypH MOJEITBHIX
(depmeHTiB B3sTO 3 06a3u nanux Protein Data Bank (PDB)
[17,18,19].

I[potiec MONEKYIIIPHOTO AOKIHTY PO3IIISAAAIHA B KOHTEKCTI
TPBOX TTOCTITOBHUX €TAIliB:

1) miaroToBKa JiiraHzy:

— CTBOPEHHS CTPYKTYpHHX (POPMYI CHONYK y (popmari
* mol (MarvinSketch 6.3.0);

—T00y0Ba TPUBUMIPHUX MOJIETIeH pedOBHH, 110 Tiepenoa-
Ya€ BUKOPHCTAHHS METOTy MOJICKY/IIpHOT MexaHiku MM+, a
TaKOXX HAIliBEMITIpUIHUI KBAHTOBO-MeXaHiqHUI MeTor PM3
y moeaHaHHi 3 anroputMoM Polak-Ribiere, mo peamizoBaHi
y nporpamiomy 3abesneuerni HyperChem 8;

— (pikcyBanHst Mostekyn y opmari *.pdb;

— tpaHchopmanis B Hanpsami *.pdb — *.pdbqt
(AutoDockTools-1.5.6);

2) miArOTOBYI 3aXO0H [Tl AKTUBHOI pOOOTH 3 (PepMEHTOM:

— BUKJIFOYCHHS] KOMIIOHEHTIB, SIK-OT MOJIEKYJ BOIM Ta
Jirany, 3 MozeibHoi cTpykTypH (Discovery Studio 4.0);

— 30epexeHHs KoHpiryparii pepmenty B popmari *.pdb;

— KOHBEpTYBaHHA (epMeHTy B Hanpsami *.pdb — *.pdbqt
(AutoDockTools-1.5.6);

3) MONEKyYISAPHHUNA TOKIHT:

— Oe3nocepeHs peatizaris nporecy («Vinay);

— Bi3yaJti3amiHu{ aHami3 i rpadidHa iHTEpIIpeTamis pe-
synerary (Discovery Studio 4.0).

[pyHTOBHUI aHali3 HayKOBMX MyOmiKaliil JaB 3MOry
BU3HAYUTH LTLOBY TPYITy CIIOIYK JUIS 3IHCHEHHS in silico
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Puc. 1. 3aranbHa 6ynosa AOCTIAXYBaHNX PEYOBHH.

nociimkers. O6opamn 1 -ankin-4-(((5-aitpodypan-2-im)MeTH-
NeH)amiHo)-1,2,4-Tpia3omiii ranoreHiau (puc. 1).

Pe3ynkratn

ADME-ananiz. Yactka sp*-ribpuanux aromiB KapOomHy st
3a0e3rneueHHsT HeOOXiTHOTO PiBHS HACHYEHOCTI MAa€ CTa-
HOBUTH He MeHIIe Hik 0,25. I{poMy KpuTepito BiImoBigae
OLTBIIICTB TOCII/PKYBAHHUX CIOJYK, 30KpeMa croiyku 4—10
(maén. 1). Tak camo nepeBaxkHa OLIBITICTH peuoBuH (1-8) 3a
KUIBKICHUM TTOKa3HUKOM, SIKMH TOB’sI3aHUI 3 00epTOBUMHU
3B’s13KkamH, 1epedyBae B HEOOXiJIHOMY IHTEpBaJli 3HAYCHB,
3yYMOBJIFOE HEOOXIHY THYUYKICTh MOJICKYJIM T4, BiIOBIIHO,
BH3HAYa€ MO3UTHBHUN MPO]iTh KOMITIEMEHTAPHOCTI 3 aK-
TUBHHUM caiiToM pepmeHTy. HeoOximHuii iHTepBa 3HaYEHb,
OB’ s13aHUH 13 MOIsIpHOIO pedpakTepHicTio (MP), dopmy-
I0Th yCi IocTikeHi cTpykrypu. Lle crocrepiratots i mis
TOIOJIOTIYHOI TomuHY nossipHoi nosepxHi (TPSA), mo
MATBEPKYE CIIPUSTIIMBHUI MPOTHO3 10710 01010CTYIHOCTI
B pasi NepopasIbHOTO 3aCTOCYBaHHS.

JlinodinbHICTh BU3HAYAIM, BPaXOBYIOUH JECTKPUIITOP,
SIKMUA TIOB’ s13aHUH 13 KoediieHToM log P, .IloBHoTa OLIIHKH
1€ BIACTUBOCTI JOCATAETHCS 3AUTYUSHHSIM PI3HHX MOJIEIICH.
Hanpukian, moness XlogP3 nana 3Mory BU3HAYHUTH CIIOIYKH
8-10 six mocuTh MinohiTBHI, 10 MOYKE HETATHBHO BIDTMBATH
Ha TepopaiibHy Oi0OCTYIHICTE (maba. 1), a criomyku 2-8
3a Mozesutro WLogP MOXXyTh BUSBUTHCH HETOCTATHBO JIIITO-
¢inparMu. Haromicts Moneni iLogP i MLogP nemoHcTpyroTh
MTOMIpHHI PIBEHB JIMOPUIBHOCTI IS BCIX JTOCIIIHKESHIX
crionyk. KoHceHCcycHUI piBeHb JITO(IIEHOCTI ONepeHBO
MOYKHA BU3HAYHTH SIK 33J0BUTbHUI (mabn. 1).

OcraHHili TOKa3HKK BIUTMBAB TAKOX Ha 3aTHICTh MO/101a-
T (insrpu ['o3e, Bebepa ta Myrre: nepiumii — crioxykaMu
2-8, npyruii —4-7, Tperiii — 8-10. [Topyrens npu nogoaanHi
¢inprpis JlimiHcepkoro Ta Erana He BusiBIIM (11aon. 1).

JlomarkoBe BH3HA4YCHHS 0i0JOCTYITHOCTI 3a TOITOMOTOIO
kputepiiB E6OOT 1a10 3Mory BU3HAYHTH, IO TOCTIHKYBaHI
PEYOBMHHM MAIOTh JIEMOHCTPYBAaTH BCMOKTYBAHHS Y IIUTYHKO-
BO-KHIIIKOBOMY TpaKTi IIypiB Ha piBHi 1/10 Bix oxepxkaHoi

JI03M. 3araJioM MacWBHY MITYHKOBO-KHIIKOBY aJCOPOIIiI0
MOJKHa TPOTHO3YBaTU SIK BUCOKY Juid croiayk 1 ta 4-10.
3naTHICTh [0 TOJI0NIaHHs TeMaroeHIedaniuHoro 6ap’epa xa-
PpaKTepU3y€ETHCS SIK HEMOYKIIFBA JIJISI BCIX PEUOBHH (1maon. 1).

YKonHa 3 pedoBHH HE Ma€ aKTHBHUX MOMEPEHKEHb 1010
PAINS (Pan-assay interference compounds — cromyku
3arajibHOTO aHallizy, SKi MOXKYTh YMHUTH TEPEIIKOAN ITiJ|
Yyac aHAJITHIHHUX JOCITIHKEHB). Tak, pe40OBHH, 110 MOXKYTh
TIPU3BOJIMTH JI0 TIOMIJIKOBUX PE3YJIBTaTIB il 4ac aHaIi3y,
Hemae. Jlianason 3HaueHb Log Kp (-4,36 ... -7,69 cm/c)
BKa3ye Ha HEBHCOKY 3IATHICTH IIOO ITOMOJIAHHS MeMO-
paHHUX Oap’epiB (mabn. 1). 3ayBasKMMO, 1110 TTOJOBKEHHS
KapOOHOBOTO JIAHIIOTA JA€ 3MOTY MOJIMIIATH MPOTHO3
I0/10 TIPOHUKHEHHS CIONYKH Kpi3b HIKipy Ta 301L1bIIy€
JOIJIbHICTh BBEICHHS 3a3HAUYCHUX PEYOBHH 10 CKJIAay
M’ SIKUX JTIKApCHKUX (OPM.

MoykiinBa HaJISKHICTB /10 P-mrikonpoTeiHoBOro TpaHc-
NOpTEPY HA€ YSBJIECHHS IPO aKTUBHUM 3BOPOTHUH pyX
KCEHOOI10THKIB Kpi3b MeMOpaHy 110 MPOCBITY CyauH abo
HIJTYHKOBO-KHIIIKOBOTO TPAKTy. 3a pe3yjibTaraMu J0Ci-
JUKeHHS, OUbIIicTs cronyk (1-6, 10) He € cyOcTparoM st
1IOTO DIIIKOIPOTETHY, TOMY BOHH, IMOBIPHO, CTBOPIOBATUMYTh
HEOOXiJHY TepaneBTHYHY KOHIIEHTPAIIif0 B KIITHHAX Opra-
Ha-MileHi (maébn. 1).

BiamnosinHo 1o dinkrpa nikonoaionocti bpenka, xozHa i3
3amporoHoBaHNX cronyk (1-9) He BiAmoBigae HEOOXiTHIM
Kkpurepism (mabn. 1). Hacamnepen 3adikcoBaHi 00MEKESHHS
OB’ sI3aHi 3 HASIBHICTIO TPy (HITPO- Ta @30METHHOBA TPYTIH),
0 MiJABUIYIOTH HMOBIPHICTh YTBOPEHHS TOKCHYHHX a00
BHCOKOPCAKI[IHHO3aTHUX META0OTITIB.

Moanexyasipuuii gokinr. [lepmmii eran JOKIHTOBHAX HOCITi-
JUKEHb TTOB’SI3aHUI 13 BU3HAYEHHSIM TPUPOAN B3aEMOJIH
OZIep>KaHMX JIraH/IB 3 AKTUBHUM IIEHTPOM LIUKJIOOKCHI €Ha-
3u-2 (IOI'-2). CpopmoBaHi 3HaYEHHS yTBOPIOBAJIN IHTEPBAJ
y MeKax Bij -6,9 kkaj/Moib 10 -8,8 Kkan/Monb (maon. 2).

Hapauni omepaHo 3HaYeHHsI MiHIMAIEHOI €HEPTii KOMII-
JIEKCOYTBOpPEHHS 3 JaHocTepon 14o-nemeTnnazorw. YTBO-
peHHit iHTepBal 3HAYCHb CTAHOBUB Bif -0,7 KKaJ/MOIb 110
-10,5 kxan/mons (maébn. 3).
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OpueiHaribHi 00CiOKeHHs

Ta6nuus 1. ADME-aHani3 gocnigkyBaHux crionyk

1 2 3 4 ) 6 7 8 9 i [1]

Csp® 0,00 0,12 0,22 0,30 0,36 0,42 0,46 0,50 0,53 0,56
403 3 3 4 5 6 7 8 9 10 1
MP 50,54 70,36 70,07 74,88 79,69 84,49 89,30 94,11 98,92 103,72
TPSA, A2 102,03 93,02 93,02 93,02 93,02 93,02 93,02 93,02 93,02 93,02
iLogP 0,81 -1,35 -4,29 -3,31 -4,43 -3,18 -3,83 -4,06 -4,15 -3,54
XLogP3 -0,18 2,29 2,70 3,23 3,58 413 4,67 5,21 5¥75 6,29
WLogP 0,66 -2,90 2,42 -2,03 -1,64 -1,25 -0,86 -0,47 -0,08 0,31
MLogP -0,01 0,94 1,09 1,38 1,65 1,92 2,18 2,43 2,68 2,92
SILICOS-IT -1,36 -1,76 -1,44 -1,10 -0,75 -0,38 -0,01 0,38 0,76 1,16
Log Po/w -0,02 -0,56 -0,87 -0,37 -0,32 0,25 0,43 0,70 0,99 1,43
Lipinski + + + + + + + + + +
Ghose + = = + — - _ + +
Veber + + + - + + - + ¥ +
Egan + + + + + + + + + +
Muegge + + + + + + + - - -
Bio/n 0,55

LLIKA B H H B B B B B B B
I'Eb - - - = = = - - - -
P-gp - - - - - - + + + -
Log Kp, cmlc -7,69 -6,80 -6,31 -6,02 -5,86 -5,55 -5,25 -4,96 -4,66 -4,36
PAINS 0 0 0 0 0 0 0 0 0 0
®inbTp BpeHka - - - — = = - - - _

Y03: uncno obepToBux 38's13kiB; MP: MonsipHa pedbpakTepHicTb; Bio/a: 6iogoctynHicTb; LLIKA: wnyHkoBo-kuwwkoBa agcopbuis; B — Bucoka LLUKA;
H — Husbka WKA; FEB: rematoeHuedanivyhnii 6ap’ep; P-gp: cybctpat P-rnikonpoTeiHoBoro TpaHcnopTepa; Log Kp: norapmdmiunmi nokasHmk

NPOHUKHEHHS Yepes LKIpy.

Po3paxyHK# KiTBKICHUX TTOKAa3HHKIB HOKIHTOBHX IOCIHi-
JOKEHB JIOTIOBHEHI pe3ysibTaraMiy OILIHIOBAHHS MOMKJIMBOTO
BIUIMBY Ha KiHa3zy aHaruiacTHuHol jiMdomu. OuikyBaHuit
iHTepBaJ 3Ha4YeHb — HA PiBHI Bif -6,2 KKayi/MoJib 10 -84
KKaJI/MOIb (maon. 4).

O6roBopeHHs

Joxinr 1-(5-nitpodypan-2-in)-N-(1,2,4-Tpiazon-4-in)meTan-
aMiHy /10 aKTUBHOTO CaliTy MUKIOOKCUTCHA3U-2 1aB 3MOTY
BHSIBUTH TaKi TUITH B3a€MO/Iii:

1) MDXXMOJIEKYIISIpHUI BOAHEBUI XIMIYHHHN 3B’SI30K, KU
YTBOPIOETHCS 13 3asniKoM cepuny (Ser A: 120) 3 HiTporpy-
11010 (pypaHOBOTO 3aMiCHUKA;

2) m-aNKija B3a€MOJis, 0 (OPMYETHCS 3a JIOMOMOTOO
3anumKy aprifiny (Arg A: 121) ta 5-mitpodypanoBoro
ckadoy;

3) ByIJIeLEBO-BOJIHEBA B3a€MOJIisl, YTBOPEHHS SIKOT Bifl-
OyBaeThCs 3a y4acTio 3anumKy Tuposuny (Tyr A: 116) Ta
1,2,4-Tpia30JI0BOTO CHHTOHY;

4) cTeKiHT-B3a€MO/Iis T-aMiTHOT IIPUPOITH, YTBOPEHHS SKOT
1oB’si3aue 3 3anuinkom niiruay (Gly A: 526) Ta apomMaruaHOT
CHCTEMH a30JI0BOTO (pparMeHTa.

MinimanbHe 3HaYeHHS €Heprii, o HeoOXiaHa st Gop-
MYBaHHsI KOMIUICKCY IIi€i CIIOIYKH 3 aKTUBHUM LIEHTPOM
IHUKJIOOKCUTCHA3H-2, CTAHOBWIO -6,4 KKajl/MOab. Jns
TTOPIBHAHHS: TIeH MOKA3HUK U [eJICKOKCHOY TOPiBHIOBAB
-13,4 xxay/Mob.

[TosiBa ankiJILHOTO 3aMICHUKA Y CTPYKTYpi JOCITIJIKY-
BaHUX MOJIEKYJ CYIPOBOKYBAIACh 301TBIICHHSIM TiApO-
($hobHux B3aemomni. s 3miHa o4ikyBaHO Oysia MOB’si3aHa
31 30UIBIICHHSIM JIOBKHWHU KapOoHOBoOro JaHIora. Ha-
npukinan, l-nertun-4-(((5-aiTpodypaH-2-ia)METHICH)
amiHo)-1,2,4-Tpia3oniii OpoMmia peanizye CBOKO 3MaTHICTh
BIUIMBaTH Ha 3a3HaueHUi (QepMeHT GpopMyBaHHIM MiXk-
MOJIEKYJISIPHOTO BOJHEBOTO XiMIi4HOTO 3B 513Ky (Ser A: 120

. HiTporpymna), m-anakinbHoi B3aemoniil (Arg A: 121 ...
S-nitpodypan), C-H 3B’s13ky (Tyr A: 116 ... 1,2,4-Tpia3zomn),
n-amip crekinry (Gly A: 526 ... 1,2,4-tpia3omn). [lomarkoBo
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Tabnuus 2. Pesynbrat MOnekynsipHOro JOKIHry JocrimxyBaHux cnonyk go LIor-2

-6,9 -7,5 -71 -8,5
2 -7,6 4 -8,1 7 -8,8 10 -8,2
Llenekokcnb -134 5 -8,0 8 -8,2 - -

E .. onTuMarnbHa eHepris yTBOPEHHA KOMNIIEKCY B il HAMEHLLIOMY 3HaYeHHI, Kkan/Morb.

Tabnuus 3. Pesynbrat MonekynspHOro [OKIHry AOCMiAKyBaHUX Cnomyk Ao naHoctepon 14a-gemeTtnnasn

-6,7 -8,4 -8,2 -10,5
2 7,7 4 -7,6 7 -9,8 10 9,2
®nykoHason -10,9 5 -8,5 8 -10,2 - -

E_.: ONTUMaribHa eHeprist yTBOPEHHS KOMMIEKCY B ii HAIMEHLLOMY 3Ha4eHHi, Kkan/Morb.

Tabnuus 4. Pe3ynsraT MONekynspHOro JOKIHIY AOCHigKyBaHUX CMOMYK O KiHa3W aHannacTu4Hoi nimgomu

-6,2 7,2 -6,7 -8,1
2 7,3 4 -7,5 7 -6,9 10 -7,6
Kpun3oTuHi6 94 5 -75 8 -8,4 - -

E_ . ONTMMaribHa eHeprist yTBOPEHHS KOMMIIEKCY B Ti HaIMEHLLIOMY 3Ha4eHHi, KKar/Morb.

LIl THITM 3aB’sI3KiB MOCHIIIOIOTHCS AJKIJIBHUMH KOHTaKTa-
MU 3 3aydeHHsIM 3anumkiB Baminy (Val A: 117 ta 350),
neinuay (Leu A: 360 ta 532) i Tuposuny (Tyr A: 356).
OnnouacHo 3amumok Tyr A: 356 101aTkoBO 3amydaeThest
1o xoHcTpytoBaHHS C-H 3B’3KiB i3 MCHTHIBHUM 3aMic-
HUKOM. MiHIMallbHa €Heprisi yTBOPEHHS KOMIUICKCY TPH
OMY CTaHOBWIIA -7,1 KKaj/MOJIBb.

3a3HaunMo, 1110 IOSIBA J0JAaTKOBO T-aHIOHHOI B3a€MOJIIl
CYIIPOBOIXKYBaJIaCh 3MIHOIO €HEprii KOMILIEKCOYTBOPEH-
HSl B HamnpsiMi MOCWJIeHHST B3aemonii. Tak, y pasi aHamizy
JOKIHTOBHX B3aemoniit |-remrmi-4-(((5-miTpodypan-2-in)
MeTuiieH)amino)-1,2,4-rpiazomniit 6pomiay 3 L{OI'-2 no Ha-
BEJICHUX THIIIB B3a€EMOJIiHl aKTUBHO JIO€HYETHCS 3aJIMIIOK
mryTaMiHoBoi kucinotu (Glu A: 525), mo aktiBHO dopmye
T-aHIOHHUH KOHTAKT 3 apOMaTHYHOK CHCTEMOIO S-HITpo-
(ypaHoBoro cuHTOHY. EHEprist KOMIUIEKCOyTBOPEHHS TIPH
FOMY CTaHOBHIJIA -7,8 KKaJl/MOJb.

J11st BU3HAYEHHSI IEPCIIEKTHBHOTO HAMPSIMY G10JIOTTYHHX
JIOCITI/PKEHb HaJlaJli BUBYAJIH KOMIUIEKCH, IIO yTBOPIO-
IOTHCS 33 YYaCTIO CHHTE30BAHMX JITAH/IB 1 JJAHOCTEPOI
140-peMeTnnaszor. BuBueHHs B3aeMoOIiil 3a JTOIIOMOTIOKO
Bi3yautiallii IOKIHTOBHX KOHTAKTIB JIAJI0 3MOTY KOHKPCTH-
3yBaTH MPHUPOAY aKTyaTbHUX aMiHOKHCIOTHHUX 3aJIUIIKIB 1
XIMIYHHUX 3B’SI3KIB.

Yei nocmipKeHi CHOYyKH XapaKTepU3YIOThCsl YTBOPEH-
HSAM QJNKUTPHUX B3a€MOJIH, IO KUTBKICHO 301BIITYIOTHCS
B HarpsiMi MMOJIOBKEHHS KapOOHOBOTO JaHiora. J{o mporo
THUITy B3a€MOJIIH OTy4atoThes 3anIIKy Jiediny (Leu A:
321), metioniny (Met A: 79 Ta 433), peninananiny (Phe A:

78), Tuposuny (Tyr A: 76). Cepen iHIINX THITIB B3a€MOIii
AKTUBHY POJIb BUKOHYE TT-aJIKLJI, /IO SIKOT 3aJTy4€HO 3aTUIIKH
ananiny (Ala A: 256 ta 400 ... 1,2,4-Tpia3on) i aprininy
(Arg A: 121 Ta 126 ... 5-nitpodypan). Cepen iHIINX KOH-
TaKTIB MPUBEPTAE 10 cede yBary m-6, SIKMi KOOPIAUHYETHCS
3aymkoM nerimHy (Leu A: 321 ... S-nitpodypan). Brums
Ha aKTUBHHUH IICHTP I[LOTO €H3UMY SKICHO Ta KiTBKICHO
MOCHITIOETBCS BOJHEBUMH 3B’SI3KAMU: MIKMOJICKYJISIPHUM
BOJIHEBHM 3B’SI3KOM 32 Y4acCTIO 3aJIMIIKIB apriHiHy Ta THPO-
3uny (Arg A: 96, Tyr A: 76 ... 5-HiTpodypaH), T-TOHOPHOIO
MIDKMOJIEKYJISIPHOIO BOJIHEBOIO B3aemoyiero (Arg A: 96 ...
S-nitpodypan, Tyr A: 76 ... 1,2,4-tpiasomn). Enepris ¢op-
MYBaHHS KOMIDIEKCY B HalIMEHIIIOMY 3HA4YEHHI JUIsl Ipena-
pary nopiBHsHHS (uTyKOHa30.1y cTaHoBmia -10,9 Kkain/mMoib.
BomHouac uist GiTBIIOCTI CIOMYK IIei TOKa3HKK BiJIIIOBIIaB
MEHIIl CHPUSTINBUM 3Ha4eHHSIM. OKpeMO BUPI3HIETHCS
l-rentun- ta 1-oktmn-4-(((5-aiTpodypaH-2-im)METHIICH)
amiHo)-1,2,4-Tpia3omiit Opomis i3 HAMMEHIIUM 3HAYSHHSIM
€Heprii KOMIUIEKCOYTBOPEHHSI Ha PI1BHI, SIKUI HAOIMKAETHCS
IO (pIIyKOHA30ITY.

Ha mactynmHOMY eTami JOCTIIKCHHS BHBYATIH MOX-
JIUBICTh B3a€MOJII 3 KiHA300 aHAIUTACTUYHOI JIIM(OMH.
AHai3z pe3yabTariB JOKIHTY TOCIIKYBaHUX JITaHIIB 10
aKTHBHOTO LIEHTPY LbOTO (hePMEHTY II0Ka3aB NepeBaKaHHs
rigpodoOHuX B3aemoii. Hanpukiaz, JOKIHT 10 aKTUBHOTO
caifty nporo epmenty 1-nentun-4-(((5S-airpodypan-2-in)
METHJICH )aMiHo)- 1,2,4-Tpia3omiii OpoMidy CTIpHsB BUSBICH-
HIO QJIKUTBHHX 3B’SI3KiB, 1110 chOpMyBaIUCs 3 3aJIy4EHHSIM
3ammmikiB stedrmHy (Leu A: 1122 Ta 1256), n-6 3B’s13KiB, sIKi
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TaKO)K yTBOPHJIKCH 32 MATPUMKH (hparmenTa einuny (Leu
A:1256 ... 5-HiTpodypaH). JlonaTKoBO TOCHIICHHS B3a€MOIT
BiZI0yBaJIOCh 32 JIOTIOMOTOK0 BYIJICIICBO-BOIHEBOTO 3B SI3KY,
110 peaTi3oByBAaBC i3 3aIy9eHHSIM 3aJIHIIKY MeTioHiHY (Met
A:1199). Y Mornexyi i3 JOBIIHM aJIKiJIbHIM 3aMiCHUKOM BH-
3HAYMIIH 301TBIIEHHS KiTbKOCTI aMiHOKHMCIOTHHX 3aJTHIIKIB,
sIKi OyIJTH 3a/1iTHI B aKTHBHOMY LIEHTPi IBOTO (hepMEeHTY 10
B3a€MO/IIT 3 JOCIIIPKyBaHHMH JIIraHJaMU.

Cepen HaOLIBII MEPCIEKTUBHUX CIHONYK — |-TenTHII-
4-(((5-miTpodypan-2-id)MeTHICH)aMiHO)-1,2,4-Tpia3omiit
OpoMij, 10 KOOPANHYETHCS B aKTHBHOMY CalTi IIbOTO (ep-
MEHTY 3aBJSIKM aJIKUJIbBHUM KOHTAKTaM, SIKI peasi3yroThCs
3aymmmkamu anafiny (Ala A: 1148), nefiay (Leu A: 1196 Ta
1256). I[TocumoeTsest 1151 B3aEMOJIist T-autkit koHTakTtamu (Leu
A: 1122 ... 5-nitpodypan, Ala A: 1148 ... 1,2,4-Tpiazomn).
@opMyBaHHS LIHOTO 3B’ I3YBAHHSI TOTIOBHIOETHCS BOAHEBUMH
3B’SI3KaMH.

MiXMOJIEKYISIpHUI BOJHEBUH 3B’SI30K BHOYIOBYETh-
cs 3a yYacTIO MeTiOHiHOBoro 3amumky (Met A: 1199 ...
S-nitpo¢ypan), Kapbon — I'izporen B3aemoisi akTyajabHO
TIO3UIIIOHYETHCSI 3a IONIOMOTOIO aJlaHiHOBOTO 3UTHIIKY (Ala
A: 1200 ... 5-mitpodypan), rmimuHOBOTO (parmenta (Gly
A: 1202 ... 1,2,4-tpiazon) Ta 3aymmmky Jeduny (Leu A:
1122 ... S-nirpodypan). EHepreTnunmii BHECOK y IMpOLEC
YTBOPEHH:I KOMIDICKCY MiXK PEYOBHHOIO Ta aKTHBHUM CAHTOM
KiHA3¥ aHAMTACTHYHOT TIM()OMHU CTAaHOBUTS -8,4 KKaJI/MOJIb;
1€ CBIAYHTH MPO CTAOLIBHY B3aEMOIIO MK HAMH.

BucHoBku

1. 3pificHUIM KOMIT'IOTEpHE JOCIHIKEHHS IUISIXOM
BiitoueHHst BADME-anani3 rpynu 1-ankin-4-(((5-nitpody-
paH-2-i1)MeTHIIeH )aMiHo)- 1,2,4-Tpia3omiil TaloreHiaiB, mo
JIEMOHCTPYE JIOCTaTHBO CIIPUSTIUBHI (hapMaKOKIHETHIHUH
npodieb.

2. Pesynbraté MOKIHTOBUX HOCHIKCHb, MIO 3MiHCHEHI
3 MOZICJIEHUMH CIIONYKaMH JI0 aKTUBHHUX LICHTPIB IUKJIO-
OKCHI'€HAa31-2 Ta KiHA3W aHAIUTACTHYHOI JiM(oMH, TOKa-
3amM 0OMEKEHY KiJTbKICTh B3a€MOJiH. Y3aralbHIOIOUH IIe
3 MiHIMAJIFHOIO €HEPTi€l0 KOMILIEKCOYTBOPEHHS, MOXKHA
MPHUIYCTUTH OOMEXKECHI MOXKIHUBOCTI HIOI0 PO3POOJICH-
Hs1 0IOJIOTIYHO aKTHBHOI PEYOBHHH 3 NMPOTHU3ATAIBHUM 1
NIPOTHPAKOBUM TIOTeHIiaj oM. Ha nbomy Qoni pesynbraru
JIOKIHTY JI0 aKTUBHOTO CalTy JJaHOCTepOI 14a-IeMeTnna3u
€ OLIbII MePCIEKTUBHUMHU, JAl0Th 3MOT'Y PEKOMEH/yBaTH
I-rentmi- Ta 1-oxtmi-4-(((S-HiTpodypaH-2-i1)-METHIICH)
amiHo)-1,2,4-Tpia30iii OpOMiIH ISl HACTYITHUX JOCTIDKCHB
MIPOTUT PUOKOBOT aKTHBHOCT!I.
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Investigation of antioxidant interaction between ascorbic acid
and rutin in medicine “Ascorutin”

O. Yu. Maslov®*A8D M. A. Komisarenko™@*BP S V. Kolisnyk®&F, M. Yu. Golik(¢

National University of Pharmacy, Kharkiv, Ukraine

A - research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D — writing the article;
E — critical revision of the article; F — final approval of the article

Phytomedicines are combined pharmaceuticals containing various groups of phenolic compounds. It is known that phenolic compounds
are powerful antioxidants, but their level of antioxidant activity during interactions has not been previously studied.

The aim of the work was to investigate interaction between ascorbic acid and rutin in medicine “Ascorutin”.

Materials and methods. The objects of the study were one series of tablets “Ascorutin,” rutin, and ascorbic acid. The level of antioxidant
activity was measured by the potentiometric method.

Results. The level of antioxidant activity of model solutions of rutin was 265.51 + 1.00 mmol-eq./L, ascorbic acid — 99.00 + 1.00 mmol-
eq./L, a combination of rutin and ascorbic acid — 255.60 + 1.00 mmol-eq./L, and medicine “Ascorutin” — 256.52 + 1.00 mmol-eq./L. An
experimental value of the level of antioxidant activity of “Ascorutin”, the combination of rutin and ascorbic acid was 30 % less than theoretical
values.

Conclusions. The antioxidant interaction of ascorbic acid and rutin in “Ascorutin” medicine has been studied. It has been established that
the combination of rutin and ascorbic acid has an antagonistic effect.

The findings of this research will serve as a stimulus for exploring the interaction of bioactive substances and selecting their optimal
combinations for the development of pharmaceuticals, special food products, food, and cosmetic products.

Keywords: antioxidant activity, interaction, rutin, ascorbic acid, antagonism.
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HocnimxeHHs aHTMOKCMAAHTHOI B3aEMOfii aCKOPBiHOBOI KUCNIOTH i PYTUHY
y nikapcbkomy npenapati «ACKOpPYTUH»

O. 0. Macnos, M. A. Kowmicapenko, C. B. KonicHuk, M. tO. lonik

®itonpenapaTu — KOMBiHOBaHI nikapcbki Npenapartu, WO MICTATb PisHi rpymy peHonbHUX cnonyk. Bigomo, Wwo deHonbHI cnonyku € no-
TY)XXHAMU @HTMOKCUAAHTaMK, ane paHille He Byno BUBYEHO PiBEHb aHTUOKCUAAHTHOI aKTUBHOCTI NpK iX B3aeMogii.

MeTa po6oTu — BUB4NTM B3aEMOZiH0 aCKOPBIHOBOI KNCNOTH Ta PYTUHY B NikapcbKoMy npenaparti «ACKOPYTUHY.

Matepianu i meTogu. O6’ekT LoCNimKeHHS — oiHa cepist TabneTok « ACKOPYTUH», PYTWH Ta ackopbiHoBa kucnota. PiBeHb aHTUOKCMAAHTHOI
aKTVWBHOCTI BUMIpIOBANN MOTEHLIOMETPUYHM METOAOM.

Pesynkratu. PiBeHb aHTUOKCMAAHTHOT aKTUBHOCTI MOAENbHUX po3unHiB pyTuHy (0,38 M) ctaHoBuB 265,51 + 1,00 MMonb-ekB./11, ackopbiHOBOI
kucnotu (0,11 M)—99,00 + 1,00 mmonb-exB./n1, kombGiHaLii pyTuHy Ta ackopbiHoBoi kucnoTm (0,38 + 0,11 M) — 255,60 + 1,00 Mmonb-ekB. /1,
a npenaparty «AckopytuH» (0,38 + 0,11 M) — 256,52 + 1,00 Mmonb-exB./n.

EkcneprmeHTanbHe 3Ha4eHHS PiBHS aHTVOKCUOAHTHOI aKTUBHOCTI «ACKOPYTUHY», KOMBIHALLii pyTUHY Ta ackopBiHOBOI KMCMOTH CTaHOBWIIO
Ha 30 % MeHLLe 3a TEOPETUYHI AaHi.

BucHoBku. BrB4unu aHT1OKCHAAHTHY B3aEMOAi0 ackopBiHOBOI KMCNOTK Ta pyTUHY y npenapati «AckopyTuHy. BctaHoBneHo, wwo kombi-
Hauist pyTUHy Ta ackopbiHOBOI KMCMOTU MA€E aHTaroHICTUYHUIA eqPeKT.

Pesynbraty UbOro gocnigxeHHs 6yayTb CTUMYIIOM NS BUBYEHHS B3aEMOAIT Bi0aKTUBHMX PEYHOBUH Ta BUOOPY iX ONTUManbHUX KOMBiHaLI
ANns po3pobky nikapchbKyx Npenaparis, cnewjianbHUX XapyoBuX NPOAYKTIB, Xap4oBKX NPOAYKTIB | KOCMETUYHIX 3acobiB.

KntouoBi croBa: aHTMOKCUAAHTHA aKTUBHICTb, B3AEMOZIS, PyTUH, acKopbiHOBa KICIOTa, aHTaroHi3M.

AKTyanbHi nuTaHHA hapmaLeBTMYHOI | MegMYHOI Hayku Ta npakTukm. 2024. T. 17, Ne 1(44). C. 17-20
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Nowadays, the scientific community has established that the
development of cardiovascular, metabolic, neurodegenerative,
and oncological diseases is associated with oxidative stress
[1,2]. The oxidative stress is a condition of the body in which
there is an excess formation of reactive oxygen species
(ROS) such as superoxide (O,), hydroxyl radical (OH"), and
monoxide of nitrogen radical (NO") [3,4].

The human body has its own antioxidant system, which
consists of the following enzymes: superoxide dismutase,
catalase, and glutathione peroxidase [5,6]. However, due to
endogenous or exogenous influences, the antioxidant system
is not always able to completely inactivate free radicals,
thereby increasing the risk of developing the diseases above.
Therefore, natural antioxidants found in food are consumed,
and in addition, special foods and medicines are added to the
daily diet to support the antioxidant system [7,8].

In medicine, a wide variety of special food products,
pharmaceuticals, and cosmetic products are used,
containing extracts with different chemical compositions
and biologically active substances with diverse chemical
structures and properties. However, in the development of
new pharmaceuticals and special food products, there is often
alack of investigation into their pharmacological interactions.
The results of these studies have enabled the formulation of
optimal compositions for pharmaceuticals and special food
products, ensuring only agonistic or synergistic interactions.

Today, in the scientific community of medicine and
pharmacy, there is still debate about the creation of a rating
of antioxidants, which would be used in the development
and creation of medicines, special food products, cosmetics,
and food products. Thus, it is difficult to understand which
antioxidants should be taken for the treatment and prevention
of diseases.

However, in 2020, we approached the solution to this
problem; scientists from the Department of Analytical
Chemistry of the National University of Pharmacy developed
a conditional classification of the “strength” of the antioxidant
activity of antioxidants; epigallocatechin-3-O-gallate was
taken as the standard; in total, 6 levels were identified: very
high, high, medium, below medium, low, very low, and none
[9,10].

Since today there is no general rating of antioxidants, the
choice of antioxidants was based on their application as drugs
in medicine and pharmacy. So, rutin and ascorbic acid were
chosen since the drug “Ascorutin” is on the pharmaceutical
market and widely applied. The composition of “Ascorutin”
contains 50 mg of rutin and ascorbic acid.

In the scientometric databases Scopus and Web of Science,
there are a large number of articles on studying the levels of
antioxidant activity of rutin and ascorbic acid using different
methods [11,12,13], but little attention has been paid to the
study of the antioxidant activity of “Ascorutin” and the
antioxidant interaction between rutin and ascorbic acid.

Aim
The aim of the work was to investigate interaction between
ascorbic acid and rutin in medicine “Ascorutin”.

Materials and methods

Chemical reagents. Ascorbic acid >98.0 % (Sigma Aldrich
Ltd), rutin >98.0 % (Sigma Aldrich Ltd), “Ascorutin” (LLC
“Zdorovye”, series number AC210323); K,[Fe(CN),],
K,[Fe(CN)], NaHPO,, KH,PO, had a chemical grade
classification, purchased in Kharkov-Reakhimi.

Equipment. Potentiometric determination of antioxidant
activity, a Hanna 2550 pH meter (FRG) with a combined
platinum electrode EZDO 50PO (Taiwan) was used.

Antioxidant activity. The antioxidant activity was assessed
using the potentiometric method [14,15,16]. Antioxidant
activity was calculated according to the following equation
and expressed as mmol-equiv./L:

AOA=(Cyy—ax C)/ (1+0a) x K, x 10°,

where,a=C_ /C _ > 1Q“F-Fehanonf23RT C _ concentration
of K,[Fe(CN),, mol/l; C_, — concentration of K [Fe(CN) ],
mol/l; £, —0.0546-C, — 0.0091; C, — concentration of
ethanol; AE — change of potential; /' = 96485.33 C/mol —
Faraday constant; n = 1 — number of electrons in electrode
reaction; R = 8.314 J/molK — universal gas constant;
T-298 K; K, coefficient of dilution.

Statistical analysis. The measurements were conducted in
five replicates. The results were expressed as mean values
accompanied by standard deviation, reflecting the level
of certainty in the measurements. Statistical analysis was
performed using MS Excel 7.0 and Statistica 6.0 software,
enabling thorough data evaluation and interpretation.

Results

The treatment and prevention of cardiovascular, metabolic,
and neurodegenerative diseases often involve the use
of a variety of individual and combination plant-based
medications, such as “Cratal”, ““Ascorutin,” hawthorn tincture,
motherwort tincture, etc. These medicinal preparations are
complex agents, and their chemical composition includes
various derivatives of flavonoids and phenolic compounds,
which play a crucial role in their pharmacological actions.
In pharmacology, the following terms are used to describe
the type of interaction between pharmaceuticals: antagonism
(1 +1=0), agonism (1 + 1 =2), and synergy (1 + 1 =15)
[17]. In our opinion, when combining different antioxidants,
various types of interactions will also occur, primarily related
to the chemical properties of antioxidants.

In our experiment, four model solutions were prepared:
rutin (0.38 M); ascorbic acid (0.11 M); a mixture of rutin
and ascorbic acid (0.38 and 0.11 M); “Ascorutin” solution
(0.38 and 0.11 M). Then, the level of antioxidant activity
of the aforementioned solutions was studied using the
potentiometric method.

According to the results of the study, the antioxidant
activity of rutin was 265.52 + 1.00 mmol-eq./L, and that of
ascorbic acid was 99.00 + 1.00 mmol-eq./L. Subsequently, the
theoretical antioxidant activity of a mixture of ascorbic acid
and rutin was calculated, amounting to 364.52 mmol-equiv./L.
The next stage of the experiment involved investigating the
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Table 1. Theoretical and practical results of antioxidant activity of rutin, ascorbic acid, and medicine “Ascorutin”

Concentration, M | Experimental value of anti-
oxidant activity, mmol-eq./L

Theoretical value of anti- Difference, %
oxidant activity, mmol-equiv./l

Ascorbic acid 0.1 99.00 + 1.00

Rutin 0.38 265.52 +1.00 - -
Ascorbic acid + Rutin 0.11+0.38 255.60 £ 1.00 364.52 -30.0
“Ascorutin” 0.11+0.38 256.52 + 1.00 364.52 -30.0

antioxidant effect of a mixture of ascorbic acid with rutin
and the drug “Ascorutin”. Table 1 shows that the level of
antioxidant activity of the mixture of ascorbic acid and rutin
was 255.60 £+ 1.00 mmol-eq./L, and “Ascorutin” exhibited
an antioxidant activity of 256.52 + 1.0 mmol-eq./L.

Discussion

The experimental results showed that the level of antioxidant
activity from the experimental data was 30 % less for the
two research objects when compared to the theoretical data.
Additionally, it’s worth noting that the sum of the antioxidant
effect of the mixture of ascorbic acid with rutin and the drug
“Ascorutin” was less by 3.7 % and 3.0 %, respectively,
than the antioxidant effect of rutin alone. This indicates an
antagonistic interaction, rather than agonism or synergism,
between rutin and ascorbic acid. These findings underscore
the importance of studying the interactions of biological
active substances with each other. It also raises the question
of whether antagonism observed in antioxidant interactions
could extend to other pharmacological activities, such as
anti-inflammatory or cardioprotective effects.

We can assume that the antagonism of rutin and ascorbic
acid is because the standard electrode potential of ascorbic
acid is -58 mV [18], which indicates high reduction properties,
and rutin — 88 mV [19].

As you can see, the standard electrode potential of rutin is
much higher than that of ascorbic acid, which is associated
with lower reducing abilities. In the potentiometric method,
the oxidizing agent K [Fe(CN),] is used; when adding a
solution of ascorbic acid with rutin to the mediator system,
first of all, the redox reaction will occur with ascorbic acid,
since its potential is lower, and then it will react with rutin.
However, after oxidation, ascorbic acid is converted into
a pro-oxidant, which will also oxidize rutin, leading to a
decrease in the antioxidant properties of rutin.

Conclusions

1. The antioxidant interaction between ascorbic acid and
rutin in “Ascorutin” medicine has been studied.

2. It has been established that the combination of rutin
and ascorbic has an antagonistic effect.

3. The findings of this research will serve as a stimulus
for exploring the interaction of bioactive substances and
selecting their optimal combinations for the development of
pharmaceuticals, special food products, food, and cosmetic
products.

Prospects for further research: the next stage of our research
will involve studying the antioxidant interaction of phenolic
compounds, such as catechin, gallic acid, and caffeic acid; and
developing a medicinal product with an optimal composition
of phenolic compounds that exhibit only agonistic or
synergistic antioxidant interactions.
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Coupling thin layer chromatography with mass spectrometry
for detection and identification of sertraline and its metabolite
in the urine
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The aim of the study was to detect sertraline and its metabolites in urine under standardized thin layer chromatography (TLC) screening
conditions and identify the metabolites using the mass spectrometry method.

Materials and methods. Urine samples, collected within 30 hours in portions of 20-50 mL, commenced from the seventh hour after the
administration of a single therapeutic dose of the drug. The sample preparation process involved dilute acid hydrolysis, followed by the
extraction of the native compound and metabolites with chloroform at a pH of 8-9. Thin layer chromatography studies of the extracts
were conducted using four unified TLC systems recommended by The International Association of Forensic Toxicologists for general drug
screening. Chromatograms were subjected to color reactions with a variety of chromogenic reagents. For the analysis of eluates from chro-
matograms, a Varian 1200 L mass spectrometer (Netherlands) equipped with a dual quadrupole mass analyzer was employed. Identification
was performed through direct sample introduction into the ion chamber, electron-impact ionization (70 eV), and full ion scanning mode.

Results. The spot of the native drug on the chromatogram was identified by the R, value. Metabolite of sertraline was identified as
N-desmethyltrihydroxysertraline by the molecular ion peak in the mass spectrum.

Conclusions. The study demonstrated the ability of TLC to detect sertraline and its metabolite, N-desmethyltrihydroxysertraline, in urine
after the administration of a single therapeutic dose of the drug. The chromatographic mobility of the native compound and N-desmethyl-
trinydroxysertraline in the unified TLC screening systems, along with the results of their visualization using chromogenic reagents for
toxicological drug screening, was determined. Furthermore, the potential of coupling TLC with mass spectrometry for the separation,
detection, and confirmatory identification of sertraline and its metabolic products in urine was established.

Keywords: sertraline, hydroxysertraline, N-desmethyltrihydroxysertraline, urine, thin layer chromatography, mass spectrometry.
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MoeaHaHHA TOHKOLAPOBOI XpoMaTorpadii 3 Mac-CneKTPOMeTpIEto AnA BUABNEHHA W iaeHTUdiKaLii cepTpaniHy
Ta 1ioro metabonity B ceui

C. B. batopka, C. A. KapnywwuHa, H. M. Kocmina, 1. B. Kpnukoscbka, |. €. bunos, O. O. AnTyxos

Meta po6oTtu — BUSIBNEHHs cepTpaniHy Ta oro MeTaboniTie y cevi 3a yHidikoBaHUX YMOB CKPUHIHTY 3a AOMOMOrOK TOHKOLLAPOBOi Xpo-
martorpadii (TLWX) Ta ineHTudikauis metabonitis METOLOM Mac-CneKTPOMETPii.

Matepianu i metogu. Cevy 36upanu npotarom 30 roguH nopuisamu no 20-50 M, NOYMHaKUM i3 CbOMOI FTOAVHW MICNS NPUIOMY OAHOpa-
30BOI TEPaNeBTUYHOI 403K Npenaparty. MNpoboniaroToBka BKMtOYana KUCIOTHUIA rigponi3 i3 HACTYMHOK eKCTPAaKLIE HAaTUBHOI CMOMyKY Ta
meTaboniTi npu pH 8-9. [locnigxeHHs eKCTpaKTiB METOAOM TOHKOLLIAPOBOi XpomaTorpadii 3aiicHnnu B 4 yHicikoBaHmx TLUX-cuctemax,
3anponoHoBaHux MixHapoaHot acollialieto CyoBMX TOKCUKOMONB AMs 3aranbHOr0 CKPUHIHTY Nikapcbkux 3acobiB. Konboposi peakuii
NPOBOAMIM 3 BUKOPUCTAHHAM Py XPOMOTEHHWX peakTuBiB. [N aHanidy entoaris i3 xpomMaTorpam BUKOPUCTOBYBANN Mac-CrnekTpoMeTp
Varian 1200 L (Hinepnanaw) 3 noggiiH1um KBaapynonbHUM Mac-aHanisatopom. |aeHTudikaLliio 3giicHnnm npy npsMoMy BBeEHHi 3paska
B iOHHY Kamepy, ioHi3aLjii enekTpoHHUM yaapom (70 eB) B pexumi NOBHOTO CKaHyBaHHS iOHIB.

Pesyniraty. MnsAmy cronykv pe4oBUHM Ha XpomaTorpami ineHTUdikysanu 3a sennynHoto R, Metabonit ceptpaniHy ingHTudikoBaHmi sk
N-ge3meTunTpurigpokcnucepTpanit 3a MONeKynspHUM iOHOM Y Mac-CnekTpi.
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BucHogku. MokasaHa 3aatHicTb TLLUX BusiBNsSTM cepTpaniH i noro metabonit N-4e3mMeTunTpuriapokcucepTpanit y cevi nicns npuitMaHHs
O[JHOPa30BOI TepaneBTUYHOI A403W Npenapaty. BusHauyeHo xpomaTorpadiyHy pyxnuBiCTb HaTUBHOI cnonykn Ta N-4e3mMeTUnTpurigpokeu-
cepTpaniHy B yHiikoBaHWX CkpuHiHroBux TLLX-cuctemax, a Takox pesynsraTy ix Bidyanisavii 3a 4ONOMOro XpOMOreHHNX peareHTiB, Lo
3aCTOCOBYIOTb 1151 TOKCMKOMOMYHOMO CKPUHIHTY fnikapcbkux 3acobiB. MokasaHo 3aaTHiCTb noegHaHHs TLUX i3 mac-cnekTpomeTpieto ans
pO3AiNeHHs, BUSIBNEHHS Ta NiATBEPKYBanbHOI ineHTUdikaLlii cepTpaniHy Ta NnpoayKTiB ioro meTaboniamy B ceui.

KntouoBi cnosa: ceptpaniu, rigpokcuceptpanit, N-geametunTpurigpokcucepTpani, ceyva, TOHKOLapoBa XpoMaTorpadisi, Mac-CrnekTpo-

MeTpis.

AxTyanbHi nuTaHHA hapmaleBTMYHOI | MeaMyHOi Hayku Ta npakTuku. 2024. T. 17, Ne 1(44). C. 21-25

Sertraline ((1S,4S)-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-
dro-N-methyl-1-naphthalenamine) is a widely prescribed an-
tidepressant [ 1,2], belonging to the class of selective serotonin
reuptake inhibitors. It is commonly used to manage mental
health symptoms associated with depression, including major
depressive disorder [2,3,4,5,6,7,8], anxiety disorders, and
obsessive-compulsive disorder [9,10]. The therapeutic dose
typically ranges from 50 mg/day to 200 mg/day [6,11]. While
considered relatively safe, sertraline, like many medications,
is associated with side effects and complications. These in-
clude potentially severe conditions such as life-threatening
serotonin syndrome [12,13,14,15], neurological disorders
like Neuroleptic malignant syndrome [16] and hemichorea-
hemiballism [17], as well as hepatotoxicity [9] leading to
acute liver injury [18].

Episodes of acute and lethal sertraline poisoning also were
registered [11,13,19,20,21,22,23]. The toxic per os dose was
8000 mg in acute sertraline poisoning with the toxic concen-
tration being in the blood serum 2930 pg/L for sertraline and
1679 pg/L for N-desmethylsertraline [11]; registered doses
were in the range of 250—5000 mg in other cases of sertraline
overdoses [20]. Thus, developing the analytical aspects of
sertraline toxicology is a topical issue.

The current trend in the development of bioanalytical
methods for the determination of antidepressants is the
prevalence of gas chromatography and liquid chromato-
graphy with mass spectrometric detection [24]. Most of
the methods cited in the literature for the determination
of sertraline in biological fluids and biological materials
are based on the use of high-performance liquid chroma-
tography with tandem mass spectrometric detection [25].
However, it’s worth noting that these analytical methods
often necessitate high-cost equipment, which may not
always be readily available.

One of the most accessible types of screening procedures
in forensic toxicology is thin layer chromatography (TLC
screening), owing to its low cost, simplicity, quick deve-
lopment time, high sensitivity, and good reproducibility.
The International Association of Forensic Toxicologists
(TIAFT) has recommended unified TLC systems with an R,
database for over 16,000 toxicologically important drugs [11].
However, the parameters of chromatographic mobility for
sertraline in these unified TLC systems remain incompletely
studied, and R values for sertraline metabolites have yet to
be determined.

Despite several advantages, the TLC method does not offer
direct identification and structural characterization of analytes
on the TLC plate. To overcome this limitation, various tech-

niques involving the indirect and direct coupling of TLC to
mass spectrometry have been developed in recent years [26].

Aim
The aim of the study was to detect sertraline and its meta-

bolites in urine under unified TLC screening conditions and
identify the metabolites using the mass spectrometry method.

Materials and methods

The pure substance of sertraline was isolated from the medi-
cation Stimuloton® (28 tablets, each containing 100 mg, Egis,
Budapest, Hungary) using the following method: 14 tablets
were placed into a glass beaker, and 10 mL of methanol was
added. The tablets were left until the shells dissolved. Subse-
quently, the tablets, now freed from shells, were transferred
to a porcelain mortar and ground to form a homogeneous
mass. A mixture of 50 mL of methanol and chloroform (1:1)
was added and mixed. The contents of the mortar were then
filtered through a paper filter into a porcelain cup and eva-
porated in a water bath at a temperature not exceeding 40 °C
until the organic solvent was removed. The residue in the cup
was dried. The purity of the substance was assessed through
TLC, UV spectrophotometry, and HPLC.

The volunteer’s urine samples after taking a single thera-
peutic dose of sertraline (2 tablets of 100 mg each Stimulo-
ton®) were studied. Urine was collected within 30 hours in
portions of 20—50 mL, starting from the seventh hour after
taking the drug.

All chemicals were of analytical grade or better.

Sample preparation. The concentrated hydrochloric acid in
the volume of 1 mL (it was based on the ratio of 0.10 mL of
the acid for every 2.0 mL of the biological fluid) was added
to 20 mL of the urine and the mixture was heated in a boiling
water bath for 30 min. The obtained hydrolyzate was cooled,
placed in a separatory funnel, and shaken with 10 mL of
diethyl ether three times for 5 min each time. The organic
layer was separated and discarded. The aqueous layer was
placed in a separatory funnel again, alkalified with the sodium
hydroxide 20 % solution to pH of 8-9 and sertraline-base
was extracted with 10 mL of chloroform three times each
time. The extracts obtained were combined, filtered through
a pleated blue band paper filter containing 0.2 g of anhydrous
sodium sulfate, and evaporated in a water bath at 40 °C to
remove chloroform. The dry residue was dissolved in 5 mL of
chloroform, mixed thoroughly, and transferred to a volumetric
flask with a capacity of 25.00 mL adjusting to the specified
volume with the same solvent.
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Fig. 1. Mass-spectrum of N-desmethyltrihydroxysertraline extracted from the urine samples.

The standard solution of sertraline in methanol (1.0 mg/mL)
was previously subjected to acid hydrolysis under the described
conditions. The potential appearance of acid destruction pro-
ducts of the drug was monitored by TLC using Merk chroma-
tographic plates and the mobile phases listed below. Notably,
no additional spots were detected in the chromatograms.

Thin layer chromatography studies of the extracts. The Merk
chromatographic plates were applied. Aliquot of the 1/10 part
of the biological extract, aliquot of the 1/10 part of the blank
biological extract were concentrated to the minimum volume
of ~0.05 mL and spotted on four TLC plates. Then 10 pL of
the methanol standard solution of sertraline (1.0 mg/mL) was
spotted next with the help of a microsyringe. The rest of the
biological extract evaporated to the volume of ~0.05 mL was
applied as a band only on the chromatography plate, which
then was developed in the mobile phase of ethyl acetate —
methanol — 25 % ammonia solution (85:10:5). Importantly,
the zone in the chromatogram corresponding to this band was
not treated with the location reagent.

Chromatograms were initially developed in the chloro-
form mobile phase and subsequently in one of the mobile
phases listed in Table 1. Rectangular glass chambers
(25 x 25 x 12 cm) were used for this process. Visualization
was performed using ninhydrin solution in acetone and
acidified potassium iodoplatinate reagent. Subsequently, ser-
traline was eluted from the chromatogram band untreated by
the location reagents with 4 mL of methanol, resulting in an
elution yield 0f 99.5 %. The eluate was then filtered through
a blue band paper filter.

The color reactions were performed with 0.5 mL of the
obtained eluates using pieces of chromatographic plates and
a range of the chromogenic reagents listed in 7able 2.

Mass Spectrometry analysis of the eluates. A Varian 1200 L
mass spectrometer (Netherlands) equipped with a dual quad-
rupole mass analyzer was used. Detection was undertaken at
the direct introduction of the sample into the ion chamber,
electron-impact ionization (70 eV), and full ion scanning
mode.

Results

On the chromatograms of the biological extracts obtained
after the sample preparation of the volunteer’s urine fol-
lowing a single therapeutic dose of sertraline, two spots
were detected. In contrast, blank biological extracts did
not exhibit corresponding spots. The spot of the native
compound was identified by the R, value, which coincided
with the specified retention parameter for sertraline in the
standard solution.

Fig. 1 shows mass spectrum of the eluate from chroma-
tograms corresponding to other spots that did not match the
native drug. The suspected product of sertraline biotransfor-
mation was identified as N-desmethyltrihydroxysertraline by
the molecular ion peak in the mass spectrum.

N-desmethyltrihydroxysertraline mass spectrum (EI,
70 eV), m/z (1 ,%): 339 [M]'(2.5), 316 (2.5), 267 (5), 223
(2.5), 192 (2.5), 162 (5), 149 (32.5), 125 (30), 97 (77.5), 96
(30), 95 (30), 71 (30), 69 (70), 67 (47.5), 65 (12.5), 55 (100),
45 (30),41 (45) (Fig. I). Found, m/z: 339 [M]". C, H ,CLNO,.
Calculated, m/z: 340.203.

R values of sertraline and N-desmethyltrihydroxysertraline
extracted from the urine are shown in 7able 1. Color reac-
tions for sertraline and N-desmethyltrihydroxysertraline are
presented in 7able 2.

Discussion

The urine samples were collected based on literature data re-
garding sertraline pharmacokinetics. Approximately 40-45 %
of the drug is excreted in the urine, with a half-life ranging
from 22-36 hours [11] and 28 hours following overdose [20].
Sertraline and its main metabolite, N-desmethylsertraline,
found in the blood, undergo hydroxylation followed by
conjugation with glucuronic acid [11,27]. This necessitates
a pretreatment step involving dilute acid hydrolysis. Conse-
quently, the hydroxylated product of N-desmethylsertraline,
namely N-desmethyltrihydroxysertraline, was detected in the
urine after acid hydrolysis of the biological fluid.
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Table 1. R, values of sertraline and N-desmethyltrihydroxysertraline extracted from the urine

Mobile phase _
Ethyl acetate — methanol — 25 % ammonia solution (85:10:5) 0.54 0.31
Methanol — 25 % ammonia solution (100:1.5) 0.67 0.48
Cyclohexane — toluene — diethyl amine (15:3:2) 0.64 0.47
Toluene — acetone — ethanol — 25 % ammonia solution (45.0:45.0:7.5:2.5) 0.75 0.28

Table 2. Color reactions for sertraline and N-desmethyltrihnydroxysertraline

Sertraline (sensitivity, pug in spot)* N-desmethyltrihydroxysertraline

Dragendorff-Munier orange (1.0) orange
Acidified potassium iodoplatinate blue-violet (1.0) blue-violet
Ninhydrin solution no color no color
Potassium permanganate blue-violet (5.0) blue-violet
Van Urk reagent yellow (5.0) yellow

Froehde brownish green (5.0) yellowish brown
Liebermann violet — brown — discolouration (2.0) brown

Marquis brownish yellow (2.0) brown
Sulphuric acid concentrated brown (2.0) no color
Froehde blue (5.0) blue — brown
Mandelin no color no color
Erdmann no color no color

Nitric acid concentrated no color no color

*: itwas determined using standard solutions of sertraline in methanol.

The conditions for sample preparation were optimized using
previously obtained data on the extraction yield of sertraline
from aqueous solutions with organic solvents, dependent
on pH. The maximum extraction yield, reaching 79 %, was
observed at pH 8 for chloroform. The chosen organic solvent
needed to exhibit an efficiency of at least 50 %, preferably
higher, while minimizing the extraction of endogenous
substances. To meet this requirement, a back-extraction step
was incorporated into the extraction scheme to minimize the
extraction of matrix components. Diethyl ether was selected
for this purpose due to its low extraction yield of 28 % at pH 1.

The chromatographic mobility of sertraline and its isolated
metabolite, N-desmethyltrihydroxysertraline, was investigated
in four mobile phases, including those recommended by TIAFT
for general drug screening [ 11]. Following TIAFT guidelines,
the use of multiple chromatographic systems, a minimum of
three, significantly enhances the reliability of substance iden-
tification by TLC [11]. Table I demonstrates that all applied
mobile phases offer satisfactory separation of sertraline and
N-desmethyltrihydroxysertraline. For the current study, mobile
phase No. 1 was utilized for TLC purification.

The color selection for the biogenic matrix components was
obtained with potassium permanganate, Van Urk, Liebermann
reagents (Table 2).

N-desmethyltrihydroxysertraline contains a primary amino
group in its structure, but like the native compound, it does not
react with ninhydrin, probably because of the steric effect arising
from the cyclohexane ring. The sensitivity of the color reactions
for the sertraline determined using the standard methanol solution
of the drug was in the range of 1.0-5.0 pg in the spot.

This work is a contribution to the toxicological screening
of sertraline using TLC. Obtained data can be used in the
practice of forensic and clinical toxicology.

Conclusions

1. The study demonstrated the ability of TLC to detect ser-
traline and its metabolite, N-desmethyltrihydroxysertraline,
in urine after a single therapeutic dose of the drug.

2. The chromatographic mobility of the native compound
and N-desmethyltrihydroxysertraline in unified TLC screen-
ing systems, along with the results of their visualization using
chromogenic reagents for toxicological drug screening in
systematic toxicological analysis, has been determined.

3. The study showcased the potential of coupling TLC
with mass spectrometry for the separation, detection, and
confirmatory identification of sertraline and its metabolic
products in urine.
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Prospects for further research. The developed conditions for
detection of sertraline in the urine in the presence of its me-
tabolite products under conditions the unified TLC screening
systems will be used for further creation of toxicological ex-
amination algorithm of biological samples for the presence of
sertraline in the cases of lethal intoxications by antidepressants.
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XpomaTorpadyiyHe BU3HaAYEHHS NETKMX CNONyK
Achillea micranthoides Klok. et Krytzka

[. ®. QytoH@*ACDF C. B. MaHuyeHkoDBE

3anopisbkuii AepaBHUA Meayko-apMaLeBTUYHUIA YHIBepcuTeT, YkpaiHa

A — KOHLenNUis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis gaHux; D — HanucaHHs ctatTi; E — pegaryBaHHs cTarTi;
F — ocTatouHe 3aTBepaXeHHs cTaTTi

lMpouecy BinbHOpPaAMKanbHOTO OKUCHEHHS BiirpaloTb BaXNMBY porb Y natoreHesi 6aratbox 3axXBoptoBaHb, TOMY 3aCTOCYBaHHS aHTUOKCU-
[laHTiB € NaTOreHeTMYHO BUNPaBAaHNM i pauioHanbHUM. 3aBasiku pisHOMaHITHOMY BMICTY Bi0onoriYHO aKTUBHUX PEYOBWH POCITUHU POAY
Achillea L. BUSIBNSIOTb aHTWOKCUAAHTHY aKTWBHICTb. Bepyun fo yBaru ocobnmBoCTi CPOBUHM Ta BUCOKY GiONOriYHy aKTMBHICTb NETKMX
CronyK, JOLiNbHUM € JOCRIMKEHHS NepcrnekTuBHUX BUAiB pogy Achillea L. — nepesito nogosoro (Achillea micrantoides Klok. et Krytzka),
AKU 3HAYHO NOLUMPEHWIA B YKpaiHi, Mae TpuBanuii nepiog BereTaLii Ta € nepcnekTMBHUM Anst hapMakorHOCTUYHOMO BUBYEHHSI.

Meta po6oTu — BUBYMTU NETKI CNONYKU EKCTPaKTy AepeBito nogosoro Tpasw (Achillea micrantoides Klok. et Krytzka) i BctaHOBUTY iXHil
KOMMOHEHTHWUI cknag.

Marepianu i meTogu. 3a LONOMOroO METOAY TOHKOLLAPOBOI XpomaTorpadii Ta METOAY ra3oBOi XPOMAaTO-Mac-CneKTPOMETPIT Ha xpomatorpadi
Agilent Technology 7890 B BusHaumnu komnoHeHTHUI cknag netkux cnonyk Achillea micranthoides Klok. et Krytzka. Ans ineHTudikavii
KOMMOHeHTiB Npob BukopucTanu 6idnioteky mac-cnektpis NIST14.

Pe3ynktati. |geHTudiKaLito KOMNOHEHTIB NETKMX CNOMYK 34iNCHUNM METOAO0M TOHKOLLAPOBOI XpomaTorpadii 3a 4oNoMorow etTunaverar-
HUX BUTSATIB i3 IMCTS Ta CyUBITb BUAY, WO AOCMiMKyBanu. Sk pyxomy gasy BUKOPUCTanu eTunaueTar-Tonyon y criBsigHoLweHHi (5:95).
MeTtonom ra3oBoi XpomaTto-mMac-CnekTpoMeTpil BU3HaYeHo HasBHiCTb 30 neTkux cnonyk y Tpasi A. micranthoides Klok. et Krytzka, cepen
HUX igeHTudhikoBaHo 26 cronyk, Lo cTaHoBuIo 86,76 % Big 3aranbHOI KiflbKOCTi.

BucHoBkun. AHani3 pe3ynbTaTiB CBiAYMTb, IO JOMIHYHOUMMM NIETKUMK CNOMyKaMy B eTaHONbHOMY eKeTpakTi Tpasi A. micranthoides Klok.
et Krytzka € thymol (45,08 %), y-terpinene (7,8 %) Ta p-cymene (7,69 %). Lli cnonykv nponoHyeMo BUKOPUCTOBYBATW SIK MapKepHi nig
yac ctaHgapTu3aLii.

Knrouosi cnoa: Achillea micranthoides Klok. et Krytzka, rasoBa xpomaTto-mac-CnekTpoMeTpisi, NETKi CNONYKM, eTaHOMbHI eKCTPaKTK.

AKTyanbHi NUTaHHA (hapMaLieBTUYHOI | MeOUYHOI HayKu Ta npakTuku. 2024. T. 17, Ne 1(44). C. 26-30

Chromatographic determination of volatile compounds of Achillea micranthoides Klok. et Krytzka
|. F. Duiun, S. V. Panchenko

The processes of free radical oxidation are known to play a crucial role in the pathogenesis of many diseases. Therefore, the use of an-
tioxidants is considered both pathogenetically justified and rational. Plants belonging to the genus Achillea L. are noted for their diverse
content of biologically active substances, which contributes to their antioxidant activity. Given the availability of raw materials and the
high biological activity of volatile compounds, it is particularly advisable to explore promising species within the genus Achillea L., such
as yarrow (Achillea micrantoides Klok. et Krytzka). Yarrow is widespread in Ukraine, characterized by a long vegetation period, and holds
promise for further pharmacognostic study.

Aim. The purpose of the work is to study the volatile compounds of the yarrow extract (Achillea micrantoides Klok. et Krytzka) and to
establish their component composition.

Materials and methods. The Thin-Layer Chromatography (TLC) method and Gas Chromatography-Mass Spectrometry (GC/MS) on an
Agilent Technology 7890 B chromatograph were employed to determine the component composition of volatile compounds in Achillea
micranthoides Klok. et Krytzka. The NIST14 mass spectral library was utilized for identifying the components of the samples.

Results. |dentification of volatile compound components was carried out by chromatography of ethyl acetate extracts from the leaves
and inflorescences of the subject TLC in the mobile phase ethyl acetate — toluene (5:95). By the gas method Chromatography-mass
spectrometry determined the presence of 30 volatile compounds of grass A. micranthoides Klok. et Krytzka, 26 of the compounds were
identified, which accounted for 86.76 % of the total number of compounds.
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Conclusions. Analysis of the data obtained showed that the dominant volatile compounds in the ethanolic extract of the herb A. micran-
thoides Klok. et Krytzka are: Thymol (45.08 %), y-Terpinen (7.8 %), p-Cymene (7.69 %), which we propose to use as marker compounds

when conducting standardization.

Keywords: Achillea micranthoides Klok. et Krytzka, gas chromato-mass-spectrometry, volatile compounds, ethanol extracts.
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Bigomo, 1110 cyuacHuii €KOIOTTYHUI CTaH, paialliiHe BUIIPO-
MIHIOBaHHSI, IIKIJJIMBI 3BUYKH, TITIOMUHAMISI, HCTIPABUIBHE
Xap4yBaHHS Ta CTPECH CIIPUYHMHSIOTH HAKOITMYEHHS B Opra-
Hi3Mi Ha[UTHIITKOBOI KUTHKOCTI BUTBHUX paiuKaiiB. JloBeneHO
Y9acTh BUTFHOPAJAWKAIGHIX MEXaHi3MIB y ITaTOTCHE31 are-
PpocKIIepo3y i 1oro TpPOMOOHEKPOTHYHIX HACTIIKIB (1H(DapKT,
IHCYNBT), I[yKpOBOTO niabeTy, BIKOBHX 3MiH, 3aXBOPIOBAHb
PETPOTYKTHBHOT CHCTEMH, OHKOJIOTTYHUX 3aXBOPIOBaHb, & Ta-
KO 3HWYKCHHS KITITUHHOTO Ta TyMOPaJIbHOTO iMyHiTeTy [1].

AXYMyJISLIST BUIBHEX PAJIUKaTiB 3yMOBIIIO€ 30UIBIICHHS
JIAHITFOTOBOTO NEPEKHCHOTO OKMCHEHHSI, BJI SIKOTO 3aXHIla-
FOTh aHTHOKCHJIAHTH [2]. BOHU MarOTh 371aTHICTD 3amo0iraTi
OKHCHEHHIO O10JOTIYHUX CTPYKTYp OpTraHi3My BiTbHUMH
panuKazaMu, 10 YIOBIIBHIOE TIPOIIECH CTapiHHS Ta (op-
MyBaHHS TATOJOTIYHUX 3MiH. [IpiopuTETHUM € BHKOpH-
CTaHHsI IPUPOJHUX AHTUOKCH/IAHTIB, SIKI XapaKTePH3yIOThCS
M’SIKIIOIO JII€F0 Ta HIKYOI0 TOKCHUHICTIO. He3Bakaroun Ha
JIMHAMIYHUH PO3BUTOK CHHTETUYHOI XiMil i aKTHBHE BIPO-
BaJUKCHHS HOBHX ITPENapariB, TOIUTLHUM 1 IEPCIIEKTUBHUM
€ TIONTYK HOBUX CyOCTaHIH pOCIMHHOTO MOXO/KCHHS,
37IaTHUX MIPUTHIYYBATH TIEPEKHCHE OKUCHEHHS.

IepcniekTuBHIM 00’ €KTOM 1T (hapMaKOTHOCTUIHOTO JI0-
ciipkeHHs € TpaBa Achillea micranthoides Klok. et Krytzka
(cun. A. biebersteinii) nepeBito OIOBOTO, KUl Ma€e 3HAUHE
MOIIMPEHHS Ta TPUBAIKI BereTailiitauii mepiox [3].

PesynbraTu nonepenHix JOCIiIKEHB TTOKa3aJId HasBHICTh
AHTHOKCHJAHTHOI aKTHBHOCTI €TaHOJIBHOTO €KCTPaKTy
Achillea micranthoides Klok. et Krytzka [4], sika oB’s13aHa
3 TIepepUBaHHAM BUTBHOPAANKAIBHUX PEaKIii, IO MpoXo-
IITh Ha PI3HMX eTarax OKCHUIATUBHOTO cTpecy. biomoriuao
aKTUBHI CTIONYKH, BUALTEHI 3 Achillea micranthoides Klok. et
Krytzka, 3maTHi BUCTYIaTH SIK CKaBe/PKEPH aKTHBHUX (OpM
KHCHIO Ta HacaMmepesa TiApoQiIbHUX BUIBHUX paUKaliB.
3HWKEHHsI KOHLICHTpaIlii MapKepiB OKUCHIOBAJIBHOI MO~
¢ixarii Oinka Bkasye Ha 31aTHICTh EKCTPAKTHBHUX PEUOBUH
pETyIIoBaTH piBeHb TiAPO(PIUILHUX BUIBHUX PaJHWKaliB y
KIIITHHI Ta CBITYUTH TIPO aHTHOKCHIAHTHY JFO JTOCITIIKY-
BaHOTO EKCTPaKTy [2].

YV pesynabTari monepeHix A0CHiKeHb BCTAHOBHIIA BHCO-
Kuit BMICT 10J1i()eHONBHUX CIIONTYK BHACIIZIOK HAKOTTMUESHHS
i1 yac Bererartii. L[i criomyku xapakTepu3yroThCsi aHTHOKCH-
JIAHTHOIO aKTHBHICTIO. BcTaHOBIIEHO, 110 €TaHONBHI BUTSDKKH
3 TpaBu Achillea micranthoides Klok. et Krytzka nouinsao
3aCTOCOBYBATH K aHTHOKCHIAHTHI 3aco0u [5,6].

Bimomo, mo me ogHuM i3 KiaciB 01070rIYHO aKTHBHUX
CTIONTYK, SKi MalOTh aHTHOKCHIAHTHY aKTHBHICTb, € JIETKI
CTIOJTyKH. BOHY MiCTATB BENMKY KiTbKICTB Pi3HHX 32 CKIIAJOM
OpraHiYHHX CIIONYK, OCHOBHY Macy sIKHX CTAHOBJISITh PevO-
BUHH 130IIPEHOITHOT CTPYKTYPH — MOHO- 1 CECKBITEpIICHH,
KHCHEBMICHI apOMaTH4HI CIIOJNYKH: CIIUPTH, aJIbJIETi]H,

KHCIIOTH, CKJIaHi edipH, JaKTOHHU, a TAKOX BYIJICBOZHI Ta
JIeSIKI TeTepPOIMKITIYHI CrONyKH [7].

VY OCTYIHUX HAayKOBHX JPKEpeaxX HEeJOCTAaTHBO JaHHX
II0I0 XIMIYHOTO CKJIaJly, OCKUIBKHM BiJIOMO, IIIO JIETKI pevo-
BUHU TIPE/ICTABHUKIB POANHHU Achillea L. BUKOPHCTOBYIOTH
SIK aHTHOKCUIaHTHI areHTH [8,9,10].

MeTta po6otu

BuBUYHNTH NIETKI CTIOTYKH EKCTPAKTy ACPEBII0 ITOOBOTO TPABH
(Achillea micrantoides Klok. et Krytzka) i BcranoBUTH iXHiit
KOMITOHEHTHHH CKJIaJ.

Matepianu i meToaun gocnigxeHHs

STk MaTepialt st JOCIiIKEHHST 00palTi TPaBy ICPEBIFO MOJI0-
BOT0 3 IpuJIeIuM JHUCTsIM. CHpOBHHY 30Mpalti Ha TepUTOPIT
3aropizpkoi Ta JHimporeTpoBchkoi obnacTei MpoTarom
BETeTaIliHOTO Mepioy (JHUIeHB — K0BTeHB) y 2019-2020 pp.
IneHTH}iKaLiI0 KOMIOHEHTIB JETKUX CIIONYK 3TIHCHITH
METOZOM TOHKOIIapoBOi xpomarorpadii B pyxomii dasi
etunarerar-tomyon (5:95). Butsaru s xpomarorpadyBaHHSI
TOTYBAJIM 32 BU3HAYEHOIO METOMKOIO: JI0 2 T MOPIOHEHOT Ha
MOPOLIOK CUPOBUHU JIOAABAJIM 25 MJI €THIIALIETATY, CTPYIILY-
BAJIM TIPOTSTOM 5 XB, (DIIIBTPYBAIU Ta BUNIAPIOBAIH JIO CYXOT0
3aJIMIIKYy Ha BOISHOMY OTPiBHUKY. OfepaHHid 3aInIIoK
pozunnsin B 0,5 M1 Tosyosty. [Ticist BUCYITyBaHHS Ha OBITpI
XpomarorpaMu 06pooisuti 1 % eTaHOIbHUM PO3UHHOM aHi-
COBOTO aJIbJICTi Ty Ta HarpiBaiay 3a remmneparypu 100-105 °C
potsiroM 3—5 xB. KOMIIOHEHTH JIETKUX CHOJTYK NPOSIBIISUINCH
SIK CMYTH Y€PBOHOTO, CHHBOTO 200 (hi0IIeTOBOTO KOJIBOPY.
ETaHONBHI €KCTPAaKTH TOTYBAJIW METOAOM APOOHOT
Marieparii 3a Takoro Metonukoro: 1,0 r (TouyHa HaBakKa)
noapidHeHo1 pocnuHHOT cupoBuHH (d = 0,1 MM) BHOCHIIH B
konOy emuicTio 100 My, mogaBanu 25 M1 CIUPTY €TUIIOBOTO
96 %, HarpiBaJM Ha KUTISTYOMY BOJISTHOMY OorpiBHUKY Bb-4
micromed (t=70-80 °C) npotsirom 15 xB. OzieprkaHi BUTATH
¢insrTpyBasi B MipHy KosOy emuicTio 100 M. Excrpaxiiito
TIOBTOPIOBAJIM 1€ JIBiYi 332 TaKMX CaMHUX yMOB o 30 mi
mpotsroM 15 xB. Po3umHM 0X0omKyBaiu, 00’ € HAHI BUTS-
rH (QUTBTPYBAIN KPi3k QITBTP «OJAKUTHA CTPIYKay Y KOJIOY
emHicTI0 100 M1, 3arm00irarouu MOTPAIUISTHHIO POCIUHHOT
CHPOBHHM Ha QIBTP, KW TOTIM TipoMuBaid 10 Mt cripTy
etmoBoro 96 %. Jlo mipHoi konbu emMHicTio 50 MJI BHOCHIH
5 MJI BHTATY 1 TOBOJWIIM 00’ €M THM CAMHM PO3YHHHHUKOM
JI0 TIO3HAYKH.
JlocImimKeHHS JIETKUX CIIOMTYK 3MIHCHAIA METOIOM ra30Bo1
xpomaro-mac-criekrpomerpii (I'X/MC) [11].
KoMmnoHeHTHHI CKJ1a/1 JIETKHX CIIOTYK ITPpOaHati3yBaIi Ha
xpomarorpadi Agilent Technology 7890 B 3 mac-criekrpome-
TPUYHHUM JICTEKTOPOM 597 Ha MIKpPOKAMIIIPHUX KOJIOHKAX Y
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Puc. 1. Xpomatorpama etaHonbHoro ekctpakty A. micranthoides Klok. et Krytzka.

3aIpoOrpaMoBaHOMY peKiMi. XpomarorpadiuHa KoJIOHKa —
DB-5ms 3aBnosxku 30 M % 250 Mxm % 0,25 miwm. [IIBuaKicTs
razy-Hocis (remiit) — 1,3 mi/xB. O6’em imxexii — 0,5 MKJI.
[omin motoxy — 1:5. Temmeparypa Ooka BBeneHHS IpoO
—200 °C — 12 °C/c — 265 °C. Temneparypa TepMocTara
— nporpamoBaHa, 70 °C (3arpumka 1 xB) — 10 °C/xB —
270 °C (3arpmmka 4 xB). 3araipHUHA 4ac xpomarorpady-
BanHs — 25 xB. Temnieparypa intepdeiicy [ X/MC —275 °C,
Jokepena ioHiB — 230 °C, KkBaipymoJbHOTO Mac-aHaji3aTtopa

—150 °C. Tun ionizaii: EI mpu eneprii enexrponis 70 eB. [li-
ara3oH MaCOBHX YHCEl, 1110 OyB ckaHoBaHui, — 30700 m/z.

Jnst ineHTrdikanii KOMIOHEHTIB IPOO BUKOpHCTaHa Oi-
Gmiorexa mac-criektpiB NIST14.

Pesynbratu

PesynbraTn nocnimkeHp JieTkux crnoiyk metofgom ['X/MC
HABEJICHO Ha puc. 1 'y mabauyi 1.

Tabnuus 1. Ma30Ba xpomaTo-Mac-CrneKTpOMETPIst KOMMOHEHTIB neTkux cnonyk A. micranthoides Klok. et Krytzka.

KomnoHeHT netkux cnonyk A. micranthoides Klok. et Krytzka

3,227 Dihydroxyacetone 0,51
3,608 Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl- 0,48
3,847 Camphene 0,67
4,811 p-Cymene 7,69
4,948 Eucalyptol 1,15
5,252 y-Terpinene 7.8
5,449 Bicyclo-hexan-2-ol 1,58
6,43 H/B 0,74
6,904 Bicyclo-heptan-2-o 2,64
7,612 Benzene 0,46
7,851 Ascaridole 0,78
7,937 Thymoquinone 4,52
8,364 H/B 0,46
8,494 Thymol 45,08
8,597 3-Methyl-4-isopropylphenol 6,42
10,304 Caryophyllene 2,73
10,465 p-Cymene-2,5-dio 3,19
10,542 Aromandendrene 0,54
10,964 Naphthalene 0,69
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OpueiHaribHi 0oCidxeHHs!

MpopoBxeHHsa Tabnuui 1.

KomnoHeHT netkux cnonyk A. micranthoides Klok. et Krytzka

11,329 06-Bisabolene 1,22
11,719 1H-Benzocycloheptene 0,78
12,254 1H-Cyclopropazulen-7-ol 0,56
12,338 Caryophyllene oxide 0,49
15,012 Phytol acetate 0,59
16,261 n-Hexadecanoic acid 2,41
17,958 9,12,15-Octadecatrienoic acid 2,03
20,172 H/B 0,69
21,643 H/B 0,65
22,427 y-Sitosterol 1,14
23,33 Lupeol 1,3
O6roBopeHHs [lepcneKTHBH MOAAIBIIHX A0CHITKeNb, JIETKI CHONYKH

Jlist inenTrdikarii KOMITOHEHTIB JIETKHX CTIOYK BUKOPHCTA-
71 MeToz Xxpomarorpadii Ha TOHKOMY IIapi 3a JO0MOMOTO0
eTIJTAIICTATHUX BUTSATIB i3 JIUCTSI Ta CYIBITh TOCIIPKYBAaHOTO
BULY. SIK pyXoMy (ha3y BUKOPHCTAIN €THUIIALIETaT-TOIYON y
criBBiHOIIEHH] 5:95.

[Ticms xpomarorpadysanHst 3 BuKkopucTanHsMm 1 % eranosno-
BOTO PO3YHHY aHICOBOTO aJIbJICTi Ty BU3HAUIIIH 30HH 3a0apB-
JICHHSI YepBOHOT0, CHHBOT'0 200 (h10JI€TOBOIO KOJIbOPIB (Pi3HUX
BITIHKIB). [HTeHCHBHICTB 3a0apBICHHS IMX 30H CBITYMIIA TTPO
HAasBHICTB CIIOJIYK TEPIICHOBOI IPUPOIH B €KCTPAKTaX.

Mertoznom ['X/MC BuzHaueHO HasiBHICTB 30 JIETKHX CIIOIYK
y TpaBi A. micranthoides Klok. et Krytzka, 3 aux 26 inenru-
(ikoBaHO, 110 cTaHOBMIIO 86,76 % Bix 3arasbHOI KIJIBKOCTI.
BusiBriy, 1o TOMiHYBald Taki KOMIIOHEHTH, sik thymol
(45,08 %), y-terpinene (7,8 %), p-cymene (7,69 %).

3rifHo 3 BimOMOCTAMH (PAaxOBOI JiTEpaTypH, aHTHOKCHU-
JIAaHTHA aKTUBHICTh BJIACTHBA TAKUM OIlOJIOTTYHO aKTHBHUM
crioiykawm, sik thymol, y-terpinene Ta p-cymene [12,13,14,15].
BpaxoByroun BUCOKY 0i0JIOTiYHY aKTHBHICTH IIUX CITOIYK,
MIPOTIOHYEMO TIPOBOIUTH CTAaHIAPTU3ALIII0 CaMe 33 BMICTOM
TUMOILY, Y-TE€PIIIHEHY Ta [IUIMEHY.

BucHoBkuM

1. Metomom TOHKOIIAPOBOi XpoMarorpadii BCTaHOBJICHO
HasBHICTH JIETKHX CIIOJYK B €TAaHOJIBHOMY EKCTPaKTi TPaBU
A. micranthoides Klok. et Krytzka.

2. JlocipKeHHs JIETKHUX CIIOTYK €TaHOJIBHOTO EKCTPAKTY
TpaBu A. micranthoides Klok. et Krytzka 3nivicanm metogom
I'’X/MC i BU3HAUMIN HAsIBHICTh B €TAHOJIBHOMY €KCTPAKTI
Tpasu 30 crionyk, 26 3 KX 11eHTH(IKOBaHI.

3. Y pesynbrari BU3HAYEHHS YaCTKN KOXKHOI 3 1JIeH-
TH(HIKOBAaHUX PEUOBHH y 3arajbHIM CyMi JIETKUX CHOIYK
BCTAHOBJICHO: JIOMiHYIOY1 JIETKI CIOJYKH B €TaHOJILHOMY
eKkcTpakxTi Tpasu A. micranthoides Klok. et Krytzka — tumon
(45,08 %), y-tepminen (7,8 %) ta p-mumen (7,69 %). Li
CIIOJIyKH TTPOTIOHYEMO BUKOPHCTOBYBATH SIK MapKepHIi Iij
Yac CTaHAapTH3alii.

€TaHOJIPHOTO eKCTPaKTy TpaBu A. micranthoides Klok. et
Krytzka MaroTh aHTHOKCHJAHTHY aKTUBHICTb, TOMY 1X BHCO-
KW BMICT JTa€ 3MOTY BU3HAYHUTH CUPOBHUHY A. micranthoides
Klok. et Krytzka sik mepcrekTHBHY JUIsi CTBOPEHHSI HOBHX
JIKApChKHUX 3aCO0IB.

®iHaHCyBaHHA

[locnimkeHHst BUKOHaHe B paMkax crinbHOI KOMMeKCHOi poboTu kadeapu
KniHiYHOT chapmaLii, dhapmakoTepanii, hapMakorHoaii Ta dhapmaLleBTU4HOT
Ximii 3anopi3bKoro AepxaBHOrO MeAMKO-hapMaLeBTU4HOTO YHIBEPCUTETY.
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Bu3HayeHHs i30TOHIYHOCTI 1 % pO34UnHY HaTpitO
2-((4-amiHo-5-TiocpeH-2-inmeTnn)-4H-1,2,4-tpiason-3-in)Tio)auerary

0. N. Ycenko®@*ABCD A T, KannayweHko®CEF B, O. BapuHcbkniA&CcE

3anopisbkuin AepxaBHUI MeayKo-hapMaLeBTUYHUI yHIBEPCUTET, YKpaiHa

A — KoHLenNUis Ta au3aiiH gocnimkeHHst; B — 36ip ganux; C — aHani3 Ta iHTepnpeTauis aanux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

MeTa po6otu — 06rpyHTyBaTh cknag 1 % BOOHOrO po3unHy HaTpito 2-((4-amiHo-5-TiocpeH-2-inmetun)-4H-1,2,4-Tpiason-3-in)Tio)aueTary
ANS napeHTepanbHOro 3aCTOCyBaHHS.

Matepianu Ta metogu. [locnipxeHHs ocMonsanbHOCTI 1 % po3unHy HaTpilo 2-((4-amiHo-5-TiodpeH-2-inmetun)-4H-1,2,4-tpiason-3-in)tio)
auetary 3giricHunu 3a [lepxasHoto hapmakoneeto Ykpainu (2.2.35) kpiockoniyHum meTogomM. PospaxyHku BUkOHanW Ha nigcrasi BUMIpHo-
BaHHS fenpecii Temnepatypu kpuctanisauii 1 % AocnipxyBaHOro posyunHy Hatpito 2-((4-amiHo-5-TiodeH-2-inmetun)-4H-1,2,4-tpiason-3-in)
Tio)auertarty, 0,9 % posunHy NaCl Ta Boau Bucokoi akocTi ouncTku (Q,). Temnepatypy KpucTanisallii BAMipsinv 3a [JonoMoro TepMoMeTpa
Bekmana TJ1-1, skuin fae 3mory 3AiicHIOBaTW AOCTIMKEHHS 3 BENWKOK TouHicTio (0 +0,005 °C); ue pobuTb 110ro KOPUCHWUM i HabinbLL
eheKTVBHAM NpK JOCAILKEHHI i30TOHIYHOT KOHLEHTpaLii.

Pesynkratu. BumiptoBaHHs Temnepatypm kpuctanisadii BogHux 1 % posunHy HaTpito 2-((4-amiHo-5-TiodeH-2-inmeTun)-4H-1,2,4-Tpiason-3-
in)tio)auetary, 0,9 % posduHy NaCl, a Takox BoIU BUCOKOrO CTYrNeHst 04M1CTKM (Q,) Aano amory pospaxyBaTi Macy HaTpito Xnopuay. Woro
fopaeaHHs 1o 1 % posynHy Hatpito 2-((4-aMiHo-5-Tioden-2-inmeTun)-4H-1,2,4-Tpiason-3-in)Tio)auertary fae 3mory CTBOPUTU CyMapHY
i30TOHIYHY KOHLIEHTpALlitO.

BucHoBku. Y pesynstaTi AOCHIMKEHHS, IPYHTYIOUUCh HA eKCNepUMEHTanbHUX AaHuX LWodo Aenpecii TemnepaTtypu kpuctanisauii Ta
po3paxyHKax, BCTaHOBWIMN KiNbKICTb HATPit0 XIopuay, WO HeobxigHa Ang NpurotyBaHHs i30ToHiYHOMo 1 % BoaHoro posunHy APl HaTpito
2-((4-amiHo-5-TiotpeH-2-inmeTun)-4H-1,2,4-Tpiason-3-in)Tio)aueTaTy Ans napeHTepanbHOro 3aCTOCyBaHHS.

KntouyoBi cnosa: 1,2,4-Tpiasonu, akTMBHUN hapMaLEBTUYHWIA IHIPELIEHT, i30TOHIYHA KOHLEHTpALLis, OCMOMSAMNbHICTL, NapeHTepasnbHa
nikapcbka opma.
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Determination of the isotonicity 1 % solution of sodium 2-((4-amino-5-thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)acetate
D. L. Usenko, A. H. Kaplaushenko, B. O. Varynskyi

The aim of the work is to justify the composition of a 1 % aqueous solution of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-tri-
azole-3-yl)thio)acetate for parenteral use.

Materials and methods. The osmolality study of a 1 % solution of sodium 2-((4-amino-5-(thiophen-2-ylmethyl)-4H-1,2,4-triazole-3-yl)thio)
acetate was conducted using the cryoscopic method according to the State Pharmacopoeia of Ukraine (2.2.35). The calculations were
based on measuring the depression of the crystallization temperature of the 1 % solution of sodium 2-((4-amino-5-(thiophen-2-yImethyl)-
4H-1,2,4-triazole-3-yl)thio)acetate, 0.9 % NaCl solution, and high-purity water (Q,). The measurements of crystallization temperature were
performed using a Beckman TL-1 thermometer, which allows for research with high precision up to + 0.005 °C, making it valuable and
most effective for studying isotonic concentration.

Results. Temperature measurements of the crystallization of a 1 % solution under investigation, a 0.9 % NaCl solution, and high-quality
purified water were conducted. Calculations of isotonic concentration were performed based on the measurement results.

Conclusions. Based on the obtained experimental data on the depression of the crystallization temperature and the calculations, the
amount of sodium chloride necessary for the preparation of an isotonic 1 % aqueous solution of AF| sodium 2-((4-amino-5-thiophen-2-
ylmethyl)-4H-1,2,4-triazole-3-yl)thio)acetate for parenteral use was established.

Keywords: 1,2,4-triazole, active pharmaceutical ingredient, isotonic concentration, osmolality, parenteral dosage form.
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Hoxinni 1,2,4-Tpia3on-3-TioHy MaroTh pi3HOMaHiTHI 0i0-
JorivyHi BaacTuBocCTi. Lle 0OrpyHTOBYE 3HAYHMI HAyKOBHI
iHTepec MOCIHiTHUKIB, AKi 3aiMaIOTHCS MOITYKOM HOBUX
010JI0TYHO aKTUBHUX crionyk [1,2,3].

Harpiit 2-((4-amino-5-tiodpeHn-2-inmernn)-4H-1,2,4-
Tpia3on-3-in)Tio)aneTar € akTHBHUM (apMaleBTHIYHUM
iarpenieaToM (A®I) 3 ekcriepuMeHTaIbHO TOBEACHOIO
aKTO- Ta CTPEC-MPOTCKTOPHOIO mieto [4]. Pamimie 3mific-
HWJIN JOCHIJDKEHHS, /I BUBYAJIHM 3aKOHOMIPHOCTI yTpH-
MyBaHHA A®DI, a Tako)X TEXHOJIOTIYHHUX JOMIIIOK, SK-OT
2-(tio¢en-2-im)anerorinpasun, kamin 2-(2-(tiopen-2-in)
aneTwn)riapasuH- 1 -kapbomionar i 4-amino-5-(tiopen-2-i1-
Metui)-2,4-nurigpo-3H-1,2,4-rpiazon-3-TioH B ymoBax
obepHeHo-(hazoBoi xpomarorpadii. OcobmuBy yBary mifg
Yac 1bOTO JIOCIIJUKEHHS MPHUUISIIA BUBUYCHHIO BIUIMBY
CKJIJly EIIOEHTY Ha XapaKTepHCTHKH yTpuMyBaHH:. KpiMm
TOTO, 3A1HCHEHO AOCIKSHHSI TEPMOTUHAMIYHUX QYHKIIIH
xpomarorpadigroro yrpumanas ADI Ta iforo qOMIIIOK, 1€
BJIQJIOCSI TEOPETUYHO 1 IPAKTUYHO PO3IIISIHY TH TEPMO/IHHA-
MIYHHH MTPOLIEC TEPEeHECEHHS Ha3BaHNX PEUOBHH i3 pyXOMOi
(a3u B cralioHapHy Ta BUBUUTHU 3JISKHICTh YTPUMAHHS
CIIONYK Big Temmeparypu [5].

Busnauenns ocmossuibHOCTI po3unHiB ADI — onuH i3
KITIOUOBHX €TaIiB i 9ac JOCITIHKEHHS Ta PO3POOICHHS
JiKapcbkux (OopM /ISl apeHTepanbHOro BBeaeHHs. Le
Ba)KJIMBE 3aBJIaHHS 3a0e3leuye He JIMIIe SKICHUN aHai3
MeIMYHUX 3aco0iB, alie i rapaHtye ixHi0 e(eKTHBHICTh
i Oe3MevHIiCTh AU MamieHTiB. [IpaBUIBPHO BCTaHOBICHA
130TOHIYHA KOHILIEHTpAIlisl € HEOOXITHUM KPHUTEPIieEM Tz
Yac CTBOPEHHS JIKAPCHKUX (pOpM BHYTPIIIHEOBEHHOIO Ta
BHYTPIITHHOM SI30BOTO BBEACHHS TOIIIO.

Jlyis mapeHTepaJbHOro 3aCTOCYBaHHS PO3YMH HATPIIO
2-((4-amino-5-Tiopen-2-inmeTmn)-4H-1,2,4-tpiazon-3-ir)
Tio)aleraTy MOBUHEH MaTH CKJIaJ, II0 33 ITOKa3HHKOM
OCMOTHYHOT'O THCKY MaKCHMAaJIbHO HAOMIKEHHUH JI0 CKIIaLy
IUTa3MHU KpOBi Ta € i30ToHIYHUM. ToMy BH3Ha4eHHS i30-
TOHIYHOI KOHIIEHTpAIlil, po3po0IeHHs YMOB 1 TEXHOJIOTIi
MIPUTOTYBAaHHS MAalOTh Ba)KJIMBE TEOPETHYHE 1 MPaKTHYHE
3HAYEHHS I MTOJANIBIIOT0 JOCITIKSHHS, PeeCTpallii Ta
3aCTOCYBaHHS Nperapary.

IIpoananizyBaBmmu mxepena (GaxoBoi JiTepaTypH, II0
MPUCBsIYCHA BU3HAYCHHIO 130TOHIYHOI KOHIICHTpAIii
A®DI [6,7,8,9], BCTAHOBHJIM: TIiJ] Yac TAKOTO JIOCIiKSHHS
BUKOPUCTOBYIOTh Pi3HI METOIU # IMiJAXOIH, ajie BCl BOHH
nependavyaroTh 3aCTOCYBaHHS BHCOKOTOYHHUX TEXHIK 1
Cy4acHHMX TEXHOIIOTiH. 3a3BHuail MeTonu mnependayaroTh
JMOCIIKCHHS Pi3HUX XIMIYHUX 1 (PI3SUIHUX MPOIICCIB:
xpomarorpadii, crekTpockormii Ta crekTpohoToMeTpii.
Ha¥i0inpin qoCTYITHUMHE i TOYHHMU € METOIHMKH, 10 3aCHO-
BaHi Ha BUMIPIOBaHHI JeTIpecii TeMneparypH IJIaBIeHHS Ta
repei0ayaroTh BUKOPUCTaHHS TepMoMeTpa bekmana (Bin-
XWJICHHS OTPUMAaHMX JaHHX II0/I0 TEMIIEPATypH BiAIOBIIa€
+0,005 °C). Y Takux excriepuMeHTax TepmomeTp bekmana
BHUKOPUCTOBYIOTh JUIsSI BUMIPIOBAHHSI TEMIIEPATypH KPUCTa-
Jizamii TOCTiKYBaHUX PO34uHIB. [10TIM, IpYHTYIOUHCH
Ha pe3yibTaTax BUMIPIOBAHHS, PO3PAaXOBYIOTh 130TOHIUHI
KoHIeHTpanii. 3a3Haunmo, mo JlepkaBHa Qapmaxones

Vkpainu (2.2.35) [10] pexoMeHIy€e BHKOPHUCTAHHS came
KpIOCKOIIIYHOTO METO.Y.

HaBeneni mocmipkeHHS BiAIrparoTh KIFOYOBY POIb Y
(hapManeBTHUHIN 1HAYCTPil, HOMOMAaralOYi BHU3HAYATH
OINTHMAJTBbHI KOHIIEHTPAIIil eIEKTPOIITY, 110 3a0e3Meuye i30-
TOHIYHICTB 32 YMOBH ITOIIEPEIHBO BU3HAYCHOT TeParieBTHYHOT
edexruBHOCTI ADI.

MeTta po6otu

OOrpynTyBarh ckiaz 1 % BogHOTO po3unHy Hatpiro 2-((4-ami-
HO-5-Tioen-2-immetnn)-4H-1,2,4-Tpiazon-3-im)Tio)arerary
IUTS TAPEHTEPAIIBHOTO 3aCTOCYBAHHS.

Martepianu i MeTogu pocnimkeHHs

Temrrepatypr BUMipIOBAITH 3T1THO 3 BAMOTaMH, 10 HAaBEACH1
B JlepxaBHiit hapmaxorrei Yikpainu (2.2.35), 32 101oMOroro
tepmoMeTpa bexkmana TJI-1, skwif € METPOIOTIYHO TOBi-
PEHUM 1 /1a€ 3MOTY 37IHCHIOBATH JIOCIIIPKEHHS 3 BUCOKOIO
TouHicTO (TToxuOKa 1o +0,005 °C). 3a mormomoror Tepmo-
merpa bexmana TJI-1 peectpyroTs nenpecito Temreparypu
TUIABJICHHS JIOCHI/DKyBaHOTO po3urHy ADI, i30TOHIYHOTO
PO3YMHY HATPiO XJIOPHIY Ta BOAN BHCOKOTO CTYHEHS OUH-
ctkr (Q,) 32 I0TIOMOTOIO IIKAJIM TEMIIEPATYPH.

BurotoBnenust po3unnis. Po3unn Harpito 2-((4-amiHo-5-
tiopen-2-inmernn)-4H-1,2,4-rpiazon-3-i1)Tio)anerary BU-
TOTOBWJIM 3 KOHIIEHTpalli€ero 1 % (mornepeHp0 BCTAHOBIICHA
eexruBHa KOHIEHTpauis [1]) y Bofi Bucokoi uucToTH Q.

Peaxtusn. Harpiit 2-((4-amino-5-tioden-2-immernn)-4H-
1,2,4-tpia3o-3-1)Tio)arieTar CHHTE30BaHO Ha Kadeapi
NPUPOJAHUYMX JUCHUILIIH Uil IHO3EMHHX CTYJCHTIB Ta
TOKCHKOJIOTTYHOT XiMii 3amopi3pbKoro Jep>KaBHOIO MeJIu-
Ko-(apMaleBTHYHOTrO yHiBepcuTeTy. KijabKicHUIT BMICT
OCHOBHOI PEYOBHHU BU3HAYCHO METOZI0OM BUCOKOC(EKTHBHOT
pimuHHOT Xpomarorpadii, 3acTocyBaiii podounii papmaries-
TUYHUI 3pa30K; METOJIMKA € 3araTeHToBaHoto [ 11] (mpiopureT
HAJIC)KUTH 3alOpi3bKOMY AEp:KaBHOMY MeAnKo-(apmarie-
BTHYHOMY YHIBEPCHTETY).

JIist BUTOTOBIIEHHSI BOZTU BUCOKOT urcToTH (18 MQ, 25 °C)
Bukopuctanu cucremy Direct Q 3UV (Millipore, Momnbcaiim,
Opanmis). [lig 9ac qociipkeHb BUKOPHCTOBYBAN PO3UINH
Harpito xsopuay 0,9 % 100 v (Labesfal, ITopryranis, cepist
Ne 18T2102).

Pesynbratn

OCMONATBHICTB — MMOKA3HUK, 110 1€ 3MOTY OIIIHUTH CyMap-
HUI BHECOK Pi3HUX PO3UMHEHHX IHTPE/TIEHTIB B OCMOTHYHUH
THUCK po3unHy. OAMHHUICI0 OCMOJSUIBHOCTI € OCMOINb Ha
KUJTOTpaM PO3YMHHHKA (OCMOIIB/KT), ajie Ha TPaKTHIIL 3a-
3BHYal BUKOPHCTOBYIOTH MUTIOCMOJIb Ha KIJIOTpaM PO3UYHHY.
OcMOISUTBHICTh BU3HAYAIOTH 33 3HIKEHHSIM TeMIEpaTypH
3amep3aHHs po3unHy. [J1st BU3HAUSHHsI 130 TOHIYHOT KOHIICH-
Tpallii BUKOPHCTAHO KPiOCKOMIYHUHI MeTox 3a JlepKaBHOIO
(apmaxorieero Ykpainn (2.2.35).

J11s1 110T0 TOCITIKEHHST BUTOTOBIITH | % pO34rH HATpito
2-((4-amino-5-rioen-2-immermn)-4H-1,2,4-rpiazon-3-in)
tio)amerary ta 0,9 % po3umH Harpiro ximopuny. Jempecito
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OpueiHaribHi 0oCidxeHHs!

Tabnuus 1. Temnepatypa kpuctaniaauiji Boau, 0,9 % poaunHy HaTpito xnopuay Ta 1 % po3uuHy HaTpito 2-((4-amiHo-5-TiodeH-2-inmeTun)-4H-1,2,4-Tpiason-

3-in)Tio)auerary

Temnepatypa kpucTanisadii (3a TepmomeTpom BekmaHa)

_ 0'9 : — Hani'o L
1

1 % po3umH Hatpito 2-((4-amiHo-5-TiocheH-2-inmeTun)-

4H-1,2,4-Tpia3on-3-in)Tio)auerary

510 4,55 4,93
2 5,10 4,53 4,91
3 5,10 4,54 4,92
4 5,09 4,50 4,93
5 512 4,49 4,90
6 5,11 4,57 4,92
7 5,10 4,54 4,87
8 5,08 4,58 4,90
9 512 4,54 4,87
10 5,10 4,50 4,91
X 510 4,53 4,91

TEMIIepaTypH 3aMep3aHHS IINX PO3YHHIB MOPIBHSIHO 3 TEM-
TIEpaTypolo 3aMep3aHHs BOAM O4MIIeHOi Q. BUMIpsH 3a
JIOTIOMOI'0r0 TepMoMeTpa bekmana, sIkuil 31aTHUN peecTpy-
BaTy HaBiTh HE3HAYHI 3MiHM TEMIIEPATypH 3a JOIIOMOTO0
YMOBHOI LIKaJIN.

Pe3ynbraTy BU3HAUYCHHS TEMIEPATypH 3aMEP3aHHs BOIU
ouunmienoi Q,, 0,9 % poszunny Harpiro xopuiy Ta 1 % po3uu-
Hy Harpito 2-((4-amino-5-tioden-2-immernn)-4H-1,2,4-tpi-
a3on-3-L1)Tio)anerary HaBe[eHo B mabauyi 1. PeectpyBanu
TeMIIepaTypy yTBOPEHHS NEPIINX KPUCTAIIIB, HE JIOMYCKAIOYH
ITOBHOTO 3aMep3aHHs PiIHH.

CepernHe 3Ha4€HHS TEMIIEPATyPH KpUCTAIi3aLil 11 BOAH
ounmienoi Q,, 0,9 % poszunny Harpiro xopuiy Ta 1 % posuu-
Hy Harpito 2-((4-amino-5-tioden-2-immernn)-4H-1,2,4-tpia-
30J1-3-1)1)Ti0)aleTaTy HaBeICHO, BPAXOBYIOUH CTATHCTHYHUI
t-xputepiit Ctpromenta, n = 10.

Jenpecis remneparypu kpuctaiizauii 0,9 % pozunny Ha-
TPIiFO XJIOPUAY MO0 BOIW OYHIIEHOT Q3 nopisaioe 0,57 °C, a
1 % po3uuny HaTpiro 2-((4-amiHO-5-TiopeH-2-immeTrn)-4H-
1,2,4-tpia3on-3-in)Tio)alerary o0 BiAMOBIAHOTO MOKa3-
HUKa JJIST BOAU OUUIIIEHOT Q3 cranoBuTh 0,19 °C. 3mificHuan
PO3paxyHKH, BCTAHOBHJIU, IO i30TOHIYHA KOHIICHTpAIis
po3unHy HaTpito 2-((4-amiHo-5-TiodeH-2-immeTnn)-4H-
1,2,4-tpia3on-3-im)Tio)alerary 1OpiBHIOE:

C (%)= (0,57 x 1,0)/0,19 = 3.0.

Otxe, 3,0 T Harpito 2-((4-amiHo-5-TioheH-2-1TMeTHIT)-
4H-1,2,4-Tpia3on-3-in)Tio)anerary GOpMyIOTh 130TOHIYHY
KoHIIeHTpaItliio B 100 M1 po3uuHy.

BigmoBimHO, MOTPiOHO BCTAHOBUTH KUTBKICTH HATPIFO XJIO-
puy, HeOOXiHOTO ISt 130TOHYBaHHsI 1 % po34rHy HaTpito
2-((4-amino-5-Tioden-2-immeTn)-4H-1,2 4-tpiazon-3-ir)
Tio)arerary. Busnaunny, mo 3,0 T Harpiro 2-((4-amiHO-5-
TiodeH-2-immeTnn)-4H-1,2,4-tpiazon-3-im)Tio)ameTaTy
Bianosizatote 0,9 r Harpito xyopuay (y 100 M pozuuny),

a 1,0 r marpito 2-((4-amino-5-tioen-2-immernn)-4H-1,2,4-
Tpiaszon-3-i1)Tio)anerary — X r HaTPiro XJIOPHIY:

X (r)=(0,9 x 1,0)/3,0=0,3.

OO6roBopeHHs

OTKe, KUTBKICTh HAaTpilo XJIOPHIY, HEOOXiJHA JJIs 130TO-
HyBaHHs 1 % pozunHy Harpito 2-((4-amiHo-5-tioden-2-
inmerun)-4H-1,2,4-Tpia3on-3-1)Tio)aneTary cTaHOBUTb:
0,9r—0,3 r=0,6 r Harpito xmopuay Ha 100 M1 1 % po3umnny
Harpito 2-((4-amino-5-tioen-2-inmvernn)-4H-1,2 ,4-Tpiazon-
3-im)Tio)arerary.

BinamoBinHa KiTbKICTh HATPIIO XJIOPHLY A€ 3MOTY 3pOOUTH
1 % po3uuH Harpito 2-((4-amiHO-5-TiodeH-2-inmeTmn)-4H-
1,2,4-Tpia3on-3-11)Tio)areTary i30TOHITHIM 1 32 TOKa3HUKOM
OCMOTHYHOI'0 TUCKY MaKCUMAJIbHO HAOJIMKEHUM JI0 CKIIAJLy
ITa3MH KPOBI.

BucHoBKu

3riZHO 3 eKCIIEPUMEHTAILHIMH JaHUMH, U1 OTPUMAHHS
i3oToHiuHOTO 1 % pO3unHy Hatpito 2-((4-amiHO-5-TiodeH-
2-imveTnn)-4H-1,2,4-Tpia3on-3-im)Tio)anerary il mapeH-
TEPaILHOTO 3aCTOCYBaHHS HeoOXiHO B3sith | T ADI, 0,6 T
Harpiro xiopumay Ha 100 M1 BOAM OYHUIICHO].
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Study of factors influencing the occurrence of conflicts
in pharmacies
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Zaporizhzhia State Medical and Pharmaceutical University, Ukraine
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E — critical revision of the article; F — final approval of the article

The aim of the study was to investigate the factors influencing the occurrence of conflicts in pharmacies during the provision of pharmaceutical
care, with the subsequent goal of optimizing the social and psychological climate within the team and improving the quality of service to
the population.

Materials and methods. Systematic-analytical, mathematical statistical, comparative, and sociological research methods were employed in
the study. Descriptive statistics were utilized to present the obtained data. To assess the significance of individual factors, the questionnaire
results were converted into corresponding component weights (Wij).

Results. The study of conflicts between visitors and pharmacy employees, from the point of view of visitors, revealed several key findings.
Most customers expressed dissatisfaction with the prices of medicines and medical devices (Wij = 1.00). Additionally, there were concerns
about the perceived quality of the products (Wi j= 0.67), and some customers reported feeling distressed due to the unavailability of
necessary medicines (Wij = 0.57). The study, conducted from the point of view of employees, focused on conflicts between employees
and visitors. The findings revealed that conflicts most often arise due to dissatisfaction with the prices of medicines and medical devices
(Wij = 1.00). Additionally, issues such as requests to dispense over-the-counter medicines from the list of prescription drugs (Wij = 0.70)
and returning medicines to the pharmacy after purchase (Wij = 0.67) were identified as contributing factors. The analysis of factors that
provoke conflicts in the pharmacy team revealed several key contributors. The most significant include the inadequate behavior of employees
(Wij=1.00), inconsistency in words, assessments, and actions of some team members with the expectations and requirements of others
(Wij = 0.89), and psychological incompatibility between employees (Wij = 0.88). The study of conflicts between the administration and
subordinates in the pharmacy revealed frequent occurrences linked to several factors. Most notably, conflicts were associated with an
imperfect bonus system (Wij = 1.00), high workload (Wij = 0.92), and a perceived lack of career development opportunities (Wij = 0.76).

Conclusions. The factors that contribute to the emergence of conflict situations in pharmacies have been identified and studied. Approaches
to preventing and resolving conflicts by pharmacy employees are proposed.

Keywords: pharmacy, pharmaceutical care, conflict factors, pharmacy visitors.
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HocnigxeHHs dakTopiB, WO BNNMBaOTbL Ha BUHUKHEHHS KOH(PNIKTIB B anTeYHUX 3aknagax
T. M. 3apiyHa, H. M. YepBoHeHko, H. O. bparap

Meta po6oTy — focnigKeHHs hakTopiB, SKi BMIMBAIOTb HA BUHUKHEHHS KOHAIMIKTIB B anTe4YHUX 3aknagax npy HagaaHHi dhapmaveBTUYHOI fo-
MOMOT U, 3 NOAASLLIOK ONTUMI3aLiEr CoLianibHO-MCUXOONYHOTO KIiMaTy B KOMEKTMBI Ta MiABULLEHHAM SKOCTi 06CNyroByBaHHs HaCENeHHSI.

Marepianu i meTogu. Y poboTi BUKOPUCTAHO CUCTEMHO-aHANITUYHUIA, MaTEMaTUKO-CTATUCTUYHI, NOPIBHAMBHUIA i COLiONOriYHi MeToam
gocnimkerHs. [insa penpeseHTauii oaepKaHnx 4aHux 3aCTOCOBAHO METOAM OMMUCOBOI CTaTUCTMKK. NS BU3HAYEHHS 3HAYYLLOCTi OKPEMMX
dhakTopiB iX OLiHKK, OTPUMaHi B pe3ynbTaTi aHKETYBaHHS, NepepaxoBaHo Ao BiANOBIAHOI MMTOMOI Barn KOMNoHeHTn (Wij).

Pesynrati. BrB4eHHS KOHGMIKTIB MiX BiABigyBaYamu Ta CniBpOOITHMKaMK anTek 3 Nornsay BiagigyBayisB nokasarno, Wwo GinbLUicTb NOoKynuiB
He3a0BOMEHI LiiHaMu Ha niku Ta MeamnyHi Bupobu (Wij = 1,00), matoTb CymHiBK Wogo ixHboi sakocTi (Wij = 0,67), a Takox NoKynuiB npu-
THiYye BiACYTHICTb NOTPIGHMX Nikapcbkux 3acobis (Wij = 0,57). JocnigxeHHs KOHGNIKTIB Mix NpaviBHWKamMmM Ta BiABigyBa4yamu 3 nornsgy
npauiBHXKIB Aano 3MOry BCTaHOBUTMK, L0 HanyacTille KOHMNIKTU BUHUKAKOTL Yepe3 He3a[40BOMNEHICTb LiHaMu Ha Mik1 | MeguyHi Bupo6u
(Wij = 1,00), a Takox Yepe3 npoxaHHs BignycTuTK niku 6e3 peuenTa 3i cnvcky peuenTtypHux npenapatie (Wij = 0,70) Ta NOBEpHEHHS ni-
Kapcbkux 3acobis B anteky nicnsa npuabdanHsa (Wij = 0,67). AHania dhakTopis, ki NPOBOKYHOTb KOH(MIKTM B KONEKTUBI anTek, 3acBif4mB, Lo
HanbinbLL 3HaYYLLO € HeaaekBaTHa noeediHka cnispobiTHukiB (Wij = 1,00), HeBIBNOBIAHICTb CiB, OLIHOK, BYMHKIB OAHWX YIIEHIB KONEKTUBY
0YiKyBaHHsAM, BUMoram iHwmx (Wij = 0,89), a Takox ncmxonoriyHa HecymicHiCTb Mix cniBpo6iTHukamm (Wij = 0,88). BUBYEHHS KOHMIKTIB Mixk
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afMiHiCcTpaLjieto i NignernuMmn B anTe4YHOMy 3akrnazi 3acBigumno, Lo HanyacTille KoHGNikTy BinbyBatoTbecs Yepes HeoCkoHamny cuctemy
npemitoBaHHs (Wij = 1,00), Bucokmin pieHb 3aBaHTaxeHocTi (Wij = 0,92) i BincyTHICTb MoxnmMBOCTi kKap'epHoro 3pocTtanHs (Wij = 0,76).

BucHoBku. BusHaueHo Ta gocnigxeHo daktopu, Lo CPULMHSIOTL KOHAIKTHI CUTYaLlii B anTe4HUX 3aknagax. 3anponoHoBaHo niaxoam

00 3anobiraHHsa Ta Po3B’s3aHHS KOHNIKTIB NpaLiBHUKaMM anTexk.

KntouoBi cnosa: anteka, hapmaLeBTUYHa JonoMora, KOHMMIKTHI hakTopw, BiABidyBadi anTeku.

Current issues in pharmacy and medicine: science and practice. 2024;17(1):35-38

Conflicts have become an everyday reality in contemporary
society. Pharmacists, particularly those on the sales floor,
often confront conflicts in their professional activities [1].
The majority of one’s time at work involves interactions with
management, colleagues, subordinates, and customers. The
constrained nature of communication timelines exposes spe-
cialists to various factors that can lead to misunderstandings,
ultimately giving rise to conflicts. The negative consequences
of conflicts include people’s dissatisfaction with common
goals, avoidance of problem-solving, and the weakening of
team cohesion, among other issues [2,3]. Furthermore, con-
flicts in pharmacies are often linked to a low level of socially
responsible behavior among pharmacists [4].

Recent data have examined the most common causes
of conflicts in pharmacies. Studies by M. Karimova and
O. Makarenko explored potential types of conflicts among
pharmacy employees, offering proposed solutions to address
them [5]. Additionally, A. Chehrynets, H. Babicheva, and
O. Rohula analyzed methods for overcoming and resolving
conflict situations that can be employed by pharmacy pro-
fessionals [6].

Nevertheless, the matters concerning the formation of the
social and psychological climate within a team remain per-
tinent, as they are continually influenced by external factors
over time.

Aim

The purpose of the study was to investigate the factors influ-
encing the occurrence of conflicts in pharmacies during the
provision of pharmaceutical care with the subsequent optimi-
zation of the social and psychological climate in the team and
the improvement of the quality of service to the population.

Materials and methods

Systematic-analytical, mathematical statistical, comparative,
and sociological research methods were employed in the
study. Descriptive statistics were used to present the data
obtained.

When planning the experiment, we have used Lark’s ap-
proach to establishing the significance of certain parameters
of trade enterprises [7].

To compile a list of factors that most frequently lead to con-
flicts in pharmacies, a specialized questionnaire comprising
15 questions was developed.

To assess the significance of these factors, the survey re-
sults were converted into corresponding component weights
(Wij). The responses for each factor were aggregated, with
the factor receiving the highest score standardized to ‘1.

The significance of other factors was then calculated as the
ratio of the sum of responses to the parameter that attained
the maximum score.

In total, 74 questionnaires were received from pharma-
cy visitors and 49 questionnaires from employees of the
pharmacy chains of the municipal enterprise “Primula” and
LLC “ANC” (Zaporizhzhia city).

To determine the rating of factors that shape consumer
satisfaction with the work of pharmacists, additional studies
were conducted to assess the importance of factors that in-
fluence consumer choice [7].

Results

The results of the survey of pharmacists and drug users on the
occurrence of conflicts between them allowed us to identify
the main factors that cause them (7able 1).

As can be seen from Table 1, the results of the survey of
pharmacy visitors and pharmacists differ significantly.

In the second stage of the study, the factors influencing the
occurrence of conflicts between pharmacy employees were
investigated (Table 2).

Next, we studied the factors that influence the emergence of
conflicts between the administration and staff of pharmacies.
The results of the study are presented in Table 3.

Discussion

According to the results obtained, it was found that the ma-
jority of buyers are dissatisfied with the prices of medicines
and medical devices (Wij = 1.00) and also doubt their quality
(Wij =0.67).

Quite often, there is a situation when the required medicine
is unavailable in the pharmacy (Wij = 0.57). Some visitors
attempted to return purchased medicines to the pharmacy
(Wij = 0.38). The survey also indicated that visitors rarely
encountered expired products (Wij = 0.31), and instructions
were consistently available, except when buying a single plate
of a drug (Wij =0.31). The majority of respondents reported
never requesting prescription drugs without a doctor’s pre-
scription (Wij = 0.30) (Table 1).

According to pharmacists, the primary source of customer
dissatisfaction lies in the prices of medicines and medical
devices (Wij = 1.00). Pharmacists also frequently encoun-
ter situations where they are asked to dispense medicines
without a doctor’s prescription from the list of prescription
drugs (Wij=0.70). Conflicts occasionally arise when visitors
attempt to return medicine to the pharmacy (Wij = 0.67), a
practice prohibited by law. Visitors express irritation when
faced with the unavailability of some medicines at the mo-
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Table 1. Significance of factors that influence the occurrence of conflicts between pharmacy visitors and pharmacists

From the point of view of pharmacy visitors From the perspective of pharmacists

Factors Rank | Specific gravity of | Factors Rank | Specific gravity
components (Wi of components (Wij)
Problems related to drug prices 1 1 Problems related to drug prices 1 1
Quality of medicines and medical devices |2 0.67 Refusal to dispense non-prescription drugs | 2 0.70
from the list of prescription drugs
Lack of necessary medicines in a given 3 0.57 Refusal to take medicines back to the 3 0.67
pharmacy pharmacy
Refusal to take medicines back to the 4 0.38 Lack of necessary medicines in a given 4 0.59
pharmacy pharmacy
Lack of instructions for use of medicines 5 0.31 Quality of medicines and medical devices 5 0.53
Dispensing of expired medicines 6 0.31 Dispensing of expired medicines 6 0.33
Refusal to dispense non-prescription drugs | 7 0.30 Lack of instructions for use of medicines 7 0.31
from the list of prescription drugs

Table 2. The importance of factors influencing the emergence of conflicts in the teams of pharmacies

Specific gravity of
components (Wi

Wrong actions of team members (personal disorganization, selfish desires, aggression) 1 1.00
The discrepancy between the words, assessments, and actions of some team members and the expectations and 2 0.89
requirements of other team members

Psychological incompatibility of employees (clash of goals, attitudes, interests, motives) 3 0.88
Different views on the methods of fuffilling the assigned tasks 4 0.82
The presence of “difficult people” in the team (“aggressors”, “complainers”, “boredom”) creates a state of social tension 5 0.81
Poor performance of functional duties by team members 6 0.71
Lack or distortion of information, misinterpretation of the tasks received 7 0.70
Competition between employees 8 0.70
Poor communication (lack of mutual understanding) 9 0.64
Differences in plans and goals 10 0.56

Table 3. The importance of factors influencing the emergence of conflicts between the administration and staff of pharmacies

Specific gravity of
components (Wi

Imperfect labor remuneration system 1 1.00
High level of workload 2 0.92
Lack of opportunities for job and professional growth 3 0.76
Unfavorable labor conditions 4 0.68
Unsatisfactory work and rest schedule 5 0.66
Low labor remuneration 6 0.66
Unfair distribution of rights and responsibilities 7 0.44
Unfair evaluation of employees and their work 8 0.40
Irrational selection and placement of personnel 9 0.35
Non-compliance with labor laws 10 0.35
Low level of discipline 1 0.34
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ment (Wij = 0.59). Additionally, some visitors voice com-
plaints about the quality of medicines and medical devices
(Wij=0.53), questionable expiration dates (Wij = 0.33), and
the absence of instructions for use (Wij = 0.31).

In comparing responses to identical questions from both
visitors and pharmacy employees, it was noted that they share
similar opinions regarding the prices of medicines, expiration
dates, and the availability of instructions. However, divergent
views emerge in other aspects. Pharmacists assert that the
quality of medicines is high, whereas some visitors express
the belief that the quality of medicines is unsatisfactory.

The study identified the primary factors provoking conflicts
within pharmacy teams. Foremost among them is the inade-
quate behavior of some employees, characterized by aggres-
siveness and selfishness (Wij = 1.00). Following closely is the
discrepancy between the words, assessments, and actions of
certain team members and the expectations and requirements
of others (Wij =0.89). Psychological incompatibility between
employees also plays an equally crucial role (Wij = 0.88). Fre-
quently, the team faces division on how to fulfill assigned tasks
(Wij = 0.82). Within the pharmacy team, common challenges
include dealing with “difficult people’ categorized as ‘aggres-
sors,” ‘complainers,’ and ‘boredom’ (Wij=0.81). Respondents
also noted concerns about not all team members performing
their functional duties well (Wij = 0.71). Complaints about
the lack or distortion of information (Wi = 0.70) and com-
petition between employees (Wij = 0.70) were less frequent.
Communication between employees received high satisfaction
ratings across all surveyed pharmacies (Wij = 0.64). The least
significant factor contributing to conflicts was limited resources
(Wij=0.53) (Table 2).

The study of conflicts between the staff and the adminis-
tration revealed that they most often arise due to an imper-
fect bonus system (Wij = 1.00). In 7 out of 9 pharmacies,
there is no system of bonus incentives. The next factor is
the high level of workload of pharmacists at the work-
place (Wij = 0.92). The majority of respondents believe
that they do not have any opportunities for career growth
(Wij = 0.76). An important factor is unfavorable working
conditions (Wij = 0.68). Pharmacy employees say they are
dissatisfied with their work-life balance (Wij = 0.66) and
salary (Wij = 0.66). The distribution of responsibilities
(Wij=0.44) and the evaluation of employees for their work
(Wij = 0.40), according to the respondents, are generally
fair. Labor laws are observed in pharmacies (Wij = 0.35).
Managers and supervisors maintain a high level of discipline
in the team (Wij = 0.34). Respondents noted that salaries are
always paid on time (Wij = 0.28). Managers in pharmacies
fully comply with work ethics (Wij = 0.27).

Conclusions

1. The study identified and examined factors contributing
to conflict situations in pharmacies, encompassing interac-
tions between pharmacy visitors and pharmaceutical workers,
among team members, and between the administration and
the pharmaceutical team. The most significant factors have
been highlighted.

2. Based on the study’s findings, the authors have pro-
posed measures to reduce the level of conflict situations,
aiming to optimize the socio-psychological climate within
the team and enhance the quality of service to the population
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IneHTUDIKaUia Ta aHani3 eKcnpecii reHis, Wo 6epyTb y4acTb
y nepefadi curHanis iHCyniHy 3a yMOB PO3BUTKY
eKcrnepumeHTanbHOro LlyKpoBoro giabety 2 tuny

T. B. IBaHeHko©@**F A, B. BuHokyposa (B¢

3anopisbkuil AepxaBHUN Meayko-apMaLeBTUYHUI yHIBepcuTeT, YkpaiHa

A — KoHUenUis Ta Au3aitH gocnigxeHHs; B — 36ip gaHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — peparyBaHHs cTarTTi;
F — ocTaTouHe 3aTBepmKEHHS CTaTTi

LlykpoBuin gjiabeT 2 TUny € Hag3Bu4aHo akTyanbHUM Yepes oro NOLUMPEHICT i BNMMB Ha rnobansbHe 300poB’s. HaykoBi gocnimkeHHs
NPOAOBXYHOTb YAOCKOHAMNBATH PO3YMiHHSA MEXaHi3MiB po3BUTKY Ta nepebiry LykpoBoro AiabeTy 3aranom Ta edpekTBHUX CTpaTerii Aia-
FHOCTMKM 11 NiKyBaHHS LlyKpoBOro Aiabety 2 Tuny 3okpema. Lie Bkntovae po3pobky HOBMX hapMakonoriyHnx METOAIB NMiKyBaHHS, 30Kpema
HOBUX aHTUAiabeTVYHKX Npenaparis Ta iHAMBIgyanbHKX NiaXoaiB [0 Tepanii.

MexaHi3mMu po3BuTKy Ta nepebiry LyKpoBoro AiabeTy 2 TUny € CknagHMMM Ta BKITKOYAKTb PisHi acnekTy disionorii Ta Gioximii opraHiamy.
Po3yMiHHS Lix MexaHi3MiB 3a JONOMOrOl0 Cy4acHUX MeToAiB nabopaTopHOi AiarHOCTUKU Mae BUpILLanbHE 3HAYeHHs Ans po3pobneHHs
edhekTMBHNX METOLIB NiKyBaHHS 1 NpodinakTuku aiabeTy.

MeTta po60oTu — B3Ha4EHHS Ta aHani3 naHeni rexis, Wo 6epyTb yyacTb y nepeaadi CUrHanis iHCyniHy, 3a yMOB PO3BUTKY EKCTIEpPUMEH-
TanbHOro LyKpoBoro Aiabety 2 Tuny.

Matepianu i meTogmn. AHanis ekcnpecii reHis, o 6epyTb yyacTb y nepeaadi CUrHanis iHCyniHy, 34inCHUNM 3a JOMOMOroK MeTody nofi-
Mepa3HOi NaHLIKroBoi peakLii 3i 3BOPOTHOK TpaHCKpUNLieto B pexxumi peanbHoro vyacy CFX-96 Touch ™ (Bio-Rad, CLUA) 3a gonomoroto
Habopy RT?Profiler™ PCR Array Rat Diabetes (QIAGEN, HimeuunHa).

Pesynkratu. 3a pesynsratamu JOCTIIKEHHS!, aKTUBHICTb reHiB, Lo 6epyTb y4acTb y nepefadi curHanis iHCyMiHy, MOXHa po3noginuTy Tak:
EeHMN 3 HU3bKOIKO EKCMPECIE0 NMOPIBHAHO 3 KOHTPOMbLHO rpynoto TBapuH, Ae AACT <30 (Akt2; Mapk14, Pik3r1); reHun, y Skux He BUSIBNEHO
[OCTOBIPHUX 3MiH Y 3pa3Kkax Lodo KOHTponbHOI rpynm (Irs1; Irs2;Pik3cd); reHn 3 BUCOKOK Ta HEBM3HAYEHOI EKCTPECIE MOPIBHSAHO 3
KOHTPOITBHOO PYMOt0 HE BUSIBIIEH.

BucHoBku. l'eHu, o BepyTb yyacTb y nepeaadi curHanis iHcyniny (Akt2; Mapk14; Pik3r1), npy po3BuUTKYy EKCepUMEHTAIBLHOTO LiyKPOBOrO
niabety 2 Tvny manm gocToBipHo (ae AACT <30) Huabky (Akt2 — 2,9 pasa; Mapk14— 5,01 pasa; Pik3r1— 8,87 pa3sa) ekcnpecito NopiBHAHO
3 KOHTPOSbHOIO rpynot TBapuH. Y reHax Irs1, Irs2, Pik3cd, wo 6epyTb y4acTb y nepefavi curHanis iHCymiHy, npy po3BrUTKY eKkcrnepuMeH-
TanbHOro LiyKpOBOro AiabeTy 2 Tuny He BUSBMEHO JOCTOBIPHMX 3MiH LLIOAO EKCMPECHT reHiB KOHTPOMBHOI FPYNW eKCNepPUMEHTAbHUX TBapyH.

KntouoBi crioBa: nifLLnyHKoBa 3ano3a, LyKpoBuii fiabeT, reHu, iHcyniH, nabopaTopHa AiarHocTuka.
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Identification and analysis of the expression of genes, involved in insulin signals transmission
in the development of experimental type 2 diabetes mellitus

T. V. Ivanenko, A. V. Vynokurova

Type 2 diabetes mellitus is a significant concern due to its high prevalence and impact on global health. Ongoing scientific research aims
to enhance our understanding of the mechanisms involved in the development and progression of diabetes and devise effective strategies
for its treatment. This involves the development of new pharmacological treatments, including novel antidiabetic drugs, and the exploration
of individualized approaches to therapy.

The mechanisms underlying type 2 diabetes are intricate, involving various aspects of physiology and biochemistry. Gaining insight into
the development and progression of type 2 diabetes mellitus through modern laboratory diagnostic methods is crucial for the development
of effective treatment and prevention strategies for diabetes.

The aim of the study is to identify and analyze a panel of genes, involved in insulin signals transmission in the development of experimental
type 2 diabetes mellitus.
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Materials and methods. The analysis of gene expression involved in insulin signal transmission was conducted using real-time reverse
transcription-polymerase chain reaction (RT-gPCR) on the CFX-96 Touch™ system (Bio-Rad, USA). The RT2Profiler™ PCR Array Rat
Diabetes kit (QIAGEN, Germany) was employed for this purpose.

Results. Based on the study results, the activity of the genes involved in insulin signal transmission can be categorized as follows: genes
with low expression compared to the control group of animals, where AACt <30 (Akt2, Mapk14, Pik3r1); genes in which no significant
changes were detected in the samples compared to the control group (Irs1, Irs2, Pik3cd); no genes with high expression were observed
compared to the control group.

Conclusions. In the development of experimental type 2 diabetes mellitus, genes involved in insulin signal transmission (Akt2, Mapk14,
Pik3r1) exhibited significantly low expression levels (Akt2 — 2.9, Mapk14 — 5.01, Pik3r1 — 8.87) where AACt <30, compared to the control
group of animals. Conversely, no significant changes were observed in the expression of genes Irs1, Irs2, Pik3cd, also involved in insulin
signal transmission, during the development of experimental type 2 diabetes mellitus, compared to the control group of experimental animals.

Keywords: pancreas, diabetes mellitus, genes, insulin, laboratory diagnostics.
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LyxpoBuii niader 2 TUITYy — XpOHIYHE MOPYIICHHS OOMiHY
PEYOBHH, IO XapaKTEPU3YETHCS BUCOKMM PIBHEM IJIFOKO3U
B KPOBIi, PE3UCTEHTHICTIO JI0 IHCYJIIHY Ta MOPYIIEHHSIM HOTO
cekpelii. Yepe3 CBOIO MOLIMPEHICTh Ta TOB’S3aHY 3 LUM
CMEPTHICT IIyKPOBHUH Jia0eT 2 THITy CTaHOBHUTH CKIIAIHY
poOieMy tst chepr OXOPOHH 3I0POB’ s HE JIHIIE B YKpaiHi,
are i y BcboMy CBiTi [1].

[lepeOir mykpoBoro aiabety 2 THUITY CIPUYUHSE PO3BUTOK
CYIIyTHIX 3aXBOPIOBAaHb T YCKJIaHEHb, 1110 CYTTEBO BILIU-
BAaIOTh Ha SIKICTh JKUTTS Ta MPU3BOAATH JIO CMEPTI MAITIEHTIB.
Jlo HUX HaJIe)KaTh CEPLEBO-CYAMHHI 3aXBOPIOBAHHS, PETHHO-
narist, Hepornarisi, Helipornarisi Ta pU3UK aMIyTalii HIKHIX
KiHIIBOK. HaykoBi JOCIIDKEHHS IOCTIHHO MiJKPECIIOI0Th
TTiIBAIIICHHS PIBHSA 3aXBOPIOBAHOCTI Ta CMEPTHOCTI Cepen
ocib i3 giaberoMm 2 TUIly HOPIBHSHO 3 3arajibHOIO TOITYIIS-
miero [2].

Cupstunii crioci0 >KUTTS, HE3IOPOBE XapUyBaHHS Ta OKHU-
PIHHS BiJirparoTh BXJIUBY POJIb Y PO3BUTKY L[YKPOBOIO
niabery 2 tuiy [3]. HaykoBi nociipkeHHs TTOKa3aiu, 10
BTpara Bard, 3J0pOBe XapuyBaHHs Ta (hi3UUHA aKTHBHICTh
3amo0iraroTe a00 BiATEPMIHOBYIOTB ITOYATOK [TiabeTy 2 THITY
B 0Ci0 i3 BHCOKHM PH3HUKOM 3aXBOPIOBaHH: [4]. | reHeTHYHI,
11 eKoIoTiuHi ()akTOPH MOXKYTh BIUTHHYTH Ha PH3UK PO3BUTKY
IyKpoBoro miabery 2 Tumy [5].

JocmikeHHs 3aralbHOTeHOMHUX acowiamiil mokasaiu
YHCIICHH] TeHEeTHYHI BapiaHTH, MOB’sI3aHi 3 XBOPOOOIO, 110
MiIKpecroe 1i CKiIaqHy MOoMireHny nmpupomay [6].

HaykoBi JOCTiDKeHHS IPOIOBXYIOTH YIOCKOHAIIOBATH
PO3YMIHHSI MEXaHi3MiB PO3BHUTKY Ta IEpediry IyKpoBOTO
Jiabery 3arajom Ta e(EeKTUBHHMX CTpaTeriii AiarHOCTHUKU
W JiKyBaHHA I[yKpoBOTro miabeTy 2 Tumy 30kpema. Lle
BKJIIOYAE PO3POOKY HOBHUX (hapMaKOJIOTIYHHX METOJIiB
JIKyBaHHsI, 30KpeMa HOBUX aHTH/1a0ETHYHUX MpernapariB
Ta 1HAMBIAYaJBpHHUX MiAXoAiB 10 Tepamii [7]. Kpim Toro, y
JOCTI/DKEHHSIX TMiIKPECIIOI0Th BaXKIUBICTh KOMILICKCHOTO
JIOTIISITY, 110 HIepeioadae 3MiHy criocoOy JKHUTTs1, peryJsipHHIN
MOHITOPHHT PiBHS TJIFOKO3U B KPOBI Ta HABYAHHS MMAI[IEHTIB
JUTSL OTITHIMI3AIIi] JIIKyBaHHS 3aXBOPIOBAHHS 1 3aMOOiraHHs
YCKJIaJHEHHsM [8].

MexaHi3MH PO3BUTKY Ta Iepediry IyKpoBoro aiadery 2
THUITY € CKJIQJTHIMH Ta BKITIOYAIOTh Pi3Hi aCIeKTH (Di3ioorii i
6ioximii opranizmy. [lokpareHHs po3yMiHHS IIIX MEXaHI3MIB
3a JIOIIOMOTOF0 CyYaCHUX METO/IIB JIAOOPATOPHOT 1IarHOCTHKH

Mae BUpIIIAIbHE 3HAYCHHS JUIsl PO3POOIICHHS €()EKTHBHIX
METOJIIB JIKyBaHHS 1 MpodiakTuKy Jiadery.

MeTa po6otu

BusHaueHHS Ta aHANI3 TaHENI T'eHiB, MO OepyTh y4acThb y
riepeiadi CUIHANIB 1HCYIIIHY, 32 YMOB PO3BHTKY E€KCIEpH-
MEHTaJIBHOTO I[yKPOBOTI'O aiadery 2 THIty.

Marepianu i MeToau gocnimkeHHs

Hocmimkenns 3aivicammm Ha 10 Ginux mypax miHil Bictap,
SIKUX TIOJTUTHITH Ha 2 TPpyTIH (110 5 TBapHH y KoxkHii). Teaprm 1
TPYIIU BXOJIMIJIM JI0 KOHTPOJIbHOT (iHTakTHOT) rpymu. [Lypam 2
TPYTIH MOZICITIOBAaHHS €KCIICPHMEHTAIBHOTO IyKPOBOTO Jiale-
Ty 2 THITY 3AiHCHIIH TaK: 18-MiCSIHIM ITypaM-CaMITsIM JTiHii
Wistar npotsirom 30 JiHIB 10 3araJibHOTO pallioHy JI0/1aBai
5 % Bij XapyoBoi MacH TiIPOreHi30BaHi POCIUHHI KHUPH Ta
yepe3 JIeHb 3aMiHIOBAJIM MUTHY Bty Ha 20 % BomHMIT po3unH
¢dpyxrozu. [TapaensHo 31 3MIHOO XapuoBOTO palioHy 3 Iep-
IIOTO JI0 COMOTO Ta 3 JABA/IISATH YETBEPTOTO 10 TPHUILSTOTO
JTHS TAIKIPHO BBOIIIIH IeKcaMeTas3oH y 1031 0,125 mr/kr.

Jst 9MCTOTH JOCTI Y Ta JaOOPaTOPHOTO MiATBEPKSHHS
PO3BUTKY EKCIIEPUMEHTAIILHOTO I[yKPOBOTO iabeTy B IypiB
Jpyroi rpymnu Yepes 2 THKHI miciist BBeAeHHs Ha 30 1eHb JeK-
CaMeTa30Hy B yCiX eKCIIePUMEHTAIBHIUX TBAPHH BH3HAYAIIH
KOHIICHTPAIIi0 TIIFOKO3U B KPOBI 32 IOTIOMOT' 010 TIIFOKOMETpa
Gluco Card-1I (SInoHis).

[Ticns pexamitariii eKCriepuMEeHTaIBHAX TBAPHH IIiJ Tio-
TICHTAJIOBUM HapKo3oM (50 Mr/kr) npoBoxuiu 3a0ip KpoBi
(Jutst 610XIMIYHOTO BU3HAUESHHSI B HIM 1HCYITIHY ) Ta i IUTYH-
KOBOi 3a1m03H, sKy (hikcyBanu B pozunHi byena (20 romun)
1 TCNA cTaHAApPTHOI TICTONOTIYHOT 0OPOOKH 3aNHMBaIH B
naparutact (Mk Cormick, CILA).

Jlist aHanizy ekcripecii reHiB BUKOPUCTAIH METO/I IOoJTIiMe-
pazHoi manIrorosoi peakiii (I1IJIP) 31 3BopoTHOIO TpaHCKPHIT-
ieto B pexxnmi peansHoro yacy CFX-96 Touch ™ (Bio-Rad,
CUIA) 3a nomomororo Habopy RT?Profiler™ PCR Array Rat
Diabetes (QIAGEN, Himequnna), sie 00’ €KTOM JTOCITi JKEHHSI
B €KCIICPUMEHTAIbHIX TBAapHH OyJIa ITiIILTYHKOBA 3aJ1034.

CraTtuCTHYHUN aHaji3 IaHUX MOJTIMEePa3HOi JaHIIOroBOT
peaKiiii BUKOHAJTH 3a JJOIIOMOTOIO IIPOIPAMHOT0 3a0€311CUCH-
Hs1 PCR GeneGlobe (QIAGEN, Himeyunna) 3 BUKOpHCTaH-
M AACT merony [9].
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OpueiHaribHi 0oCidxeHHs!

Tabnuus 1. AKTUBHICTb ekcrnpecii reHis, Lo 6epyTb yyacTb y nepegadi curHanis iHCyniHy LL0A0 NOKa3HWUKIB iHTAKTHUX LUYpIB

TeHu 3 BUCOKOIO eKcrpecicio

NOPIBHSAHO 3 KOHTPOJILHOIO FPYNOI0
TBapuH, ae AACT <30

AACT <30

['eHM 3 HU3bKOIO eKCNPECiE0 NMOPIBHAHO
3 KOHTPONBLHOIO FPYNO TBapUH, Ae

['eHn, y AKUX He BUSIBNIEHO 3MiHU B F'eHu, excnpecis
3paskax LoA0 KOHTPONLHOI FPynu TBapUH | AKMX He Oyna
BUsIBNIEHa

Hemae
Pik3r1 - B 8,87 pasa

Akt2 - B 2,9 pa3a; Mapk14 — B 5,01 pa3a;

Irs1; Irs2; Pik3cd ‘ Hemae ’

Pe3ynktatn

3a pesymeraramu [1JIP-mocmimkeHHs, akTHBHICTh TEHIB,
mo OepyTh y4acTh y Hepeaadui CUTHAJIB 1HCYJIiHY, MOXHa
PO3MOJITUTH TaK: F'€HH 3 HU3bKOIO EKCIIPECIEI0 MOPIBHSHO 3
KOHTPOJILHOIO IpyTIoro TBapuH, e AACT <30, Ta reHu, y IKUx
He BUSIBJICHI TOCTOBIPHI 3MiHH B 3pa3Kax 11010 KOHTPOJIBEHOT
rpymu (mabn. 1).

O6roBopeHHs

I'enn, mo OepyTh y4yacTh y Inepenadi CUrHaIIB 1HCYIIIHY,
KOIYIOTh Pi3HOMaHITHI OiJKH, AKi BiIIirparoTh KIFOUOBY
POJIb y BHYTPIIIHBOKIIITHHHUX CUTHAIBHUX IUIsIXax. Jleski
3 OCHOBHHX T'€HiB, 1110 [1OB’s3aHi 3 CUTHAJILHOIO TPAHCIYK-
LI€F0 1HCYITIHY Ta 3aJTy4eHi 0 NochimpkeHHs: Akt2, Mapkl4,
Pik3rl, mo noka3aiy HU3bKY €KCIPECito MOPIBHSHO 3 KOH-
TPONBHOIO Tpymoto; Irsl, Irs2, Pik3cd — renn, y SKux He
BUSIBJICHO 3MiHH II0I0 KOHTPOJIBHOT IPYIIH.

I'en Akt2 xonye nporeinkinazy B (PKB) abo Akt2. Akt2 —
omHa 3 i30opMm mpoTeiHKiHa3M B, mo Bimirpae BaxkINBY
POJIb B IHCYJIIHOBOMY CHT'HAJIbHOMY LIJISIXY Ta PETYJIIOBAaHH1
PI3HMX KJIITHHHUX mporeciB. Konu iHCYniH 3B’s13yeThest 3
IHCYJTIHOBHM pEIETITOPOM Ha TIOBEPXHi KITITHHH, TO I BU-
KJIMKa€ akTHBallilo npoTeinkinasu B. AkruBoBana Akt2 mae
KITFOYOBE 3HAYEHHS Y PEryTIOBaHHI IITFOKO30BOTO OOMiHY i
HIIIX TIPOIIECiB METaboIi3MYy, a TAKOXK BIDIMBAE HA KIITH-
HU. 30KpeMa, Ha TIIFOKO30BHI TPAHCIIOPT — Akt2 CTHMYITIOE
TIepeHeceHHs TpaHcnoptHoro 6inka GLUT4 Ha TIOBepXHIO
KJIITHHH, 110 TIOJIETIIIYE TOITMHAHHS TIIIOKO3H; IIIIKOTeHOTe-
He3 — Akt2 BIIMBa€e Ha CUHTE3 IIIIKOTEHY, 110 IIPU3BOJUTS JI0
30LTBIIEHHS 30€epiraHHs IIIFOKO3M K TIIKOTeHY B KIIITHHAX,
30KpeMa B M’si3aX Ta IIeUiHLl; npoTeiHHuil cunre3 — Akt2
CTUMYITIOE CHHTE3 IPOTETHIB Ta 3HIKYE IX PO3KIAJ, CIIpHU-
SIFOYM KJIITHHHOMY POCTY Ta BiTHOBJIEHHIO. MyTarii abo
JUCOYHKLIT B IIbOMY I'eHl MOXKYTb ITPU3BECTH JI0 IIOPYLIECHb
IHCYIIHOBOI 9y TJIMBOCTI Ta PO3BUTKY 3aXBOPIOBAHb, 30KpeMa
mykpoBoro niabdery 2 Tury [10].

I'en Mapk14 xonye Ginok, Biomuii sk Mitogen Activated
Protein Kinase 14 (MAPK14), a6o p38a. Lle wactruHa cimeii-
ctBa MAP-KiHa3, 1110 BiAIrpatoTh KIIFOYOBY pOJIb Y TIepeiadi
CHTHAJIIB Pi3HUX 30BHINIHIX CTUMYIIB: BiJ (haKTOPiB pOCTY,
cTpecy, 3anajJbHUX CHT'HAIIB J0 BHYTPIIIHBOKIIITHHHAX
niporecis [11].

Mapkl4 axtuByeTbest (GOCPOPUIAIIIEIO Ta MAE BaXKIIHBE
3HAYeHHS! B 0araTboX KJIITUHHUX NpPOLEcax, BKIIOYAIOYH
BIINOBiAb HA cTpec (BiAirpae posb y BIAMOBII KIITHH HA
PI3HOMaHITHI CTPECOBI CHTYaIlii, IK-OT OKCHIATUBHUNA 200
TEpMIYHHHI CTpPEC), artonTo3 (MoXe OparH y4acTb y peryssiii
aTIoNTO3Y, BIUIMBAIOYX HA IUISXH, MTOB’S3aHi 3 KIITHHHOIO
CMEpTIO), 3araibHy BimnoBine (Oepe ydacTb y BiAmosini

Ha 3alajJbHi CUTHAIN, Jie BiH MO)Ke OyTH aKTHBOBaHHWH 3a
JIOTIOMOT'OF0 PI3HOMAHITHUX IMTOKIHIB Ta IHIIMX MEIiaTo-
piB 3amajbHOl BiJIOBIJI), PETYISII0 KIITHHHOTO IIHKIY
(Mapk 14 moxxe BIDIMBATH HA KIIITHHHAN UK, BKITIOYAI0UN
KOHTPOJIb HaJ] IPOLIeCaMu Ipodtidepartii Ta MOALTY KIITHH).

Jedextn abo HeaneksarHa akTuBauist Mapkl4 MOXyTh
OyTH OB’ sI3aH1 3 PO3BUTKOM Pi3HHX 3aXBOPIOBaHb, 30KpeMa
IyKPOBOIO [iabeTy 2 TUITY 3 BiAMIOBITHUMH yCKIaTHCHHIAMH,
3amaybHAX MpPOIIeciB Ta myxuumH [ 11].

T'en Pik3rl xomye perynsaTopHy cyOomuHHIIO Kiacy I
¢docdoinosurna-3-kinasy, Bigomoi sk PI3K (docdarimmn-
1HO3UTOJI-3-KiHa3a), 1110 BiJirpae KJIH4OBY POJIb Y BHYTPILI-
HBOKJIITHHHIN IIepe/1adi CUrHAJIIB, 0COOIMBO MO0 IHCYIIHY
Ta {HIHX (HaKTOPIB POCTY.

Pik3r] mae xinpKa BapiaHTIB CIDIAHCHHTY, 1 HOTO IPOIYKT
P850 Moke 00’€THYBATHCS 3 KaTATITHYHOK CYOOIMHH-
uero PI3K st yrBopennst akruBHoro depmenry. ['o10BHI
byl Pik3rl (p850) BKIIOYAIOTH MEIallil0 CUTHABHUX
nutsaxiB (PI3K akTuByeThCs gepe3 p85a Ta cipiauHsi€e Bii-
TOBITHY aKTHBAIIIF0 CHTHAJIBHUX MUISXIB, SK-0T nuisix AKT,
[0 BIUIMBA€E HA KJIITUHHI BiJIIOBI/i); BIUIMB Ha KIIITHHHUAN
K i mporideparito (axruBanis PI3K Moxe BrmiBaTu Ha
PEryiAmio KIITHHHOTO IUKIY Ta Mpoidepamnito KIiTHH)
[12].

Myrarii abo 3MiHu B reHi Pik3r] MOXyTh BIUTMBAaTH Ha
IHCYJIIHOBY Yy TJIMBICTb 1 BiflirpaBaTté poJib Yy PO3BUTKY pi3-
HUX 3aXBOPIOBaHb, HAMPUKIIA]], ILyKPOBOTO AiabeTy 2 TUITy
Ta paxy [13].

T'en Irs1 (Insulin Receptor Substrate 1) xomxye 6110k, Bimo-
MU SIK IHCYJIHOBHMH perienTopHui cyoctpar 1. Lleit 6inox
BiZlirpae KJIIOUOBY pOJIb y BHYTPIIIHBOKIITHHHIN niepeaayl
CHTHAJIIB BiJI IHCYJIIHOBOTO PeLIeNnTopa, IKMi 3HAXOAUTHCS HA
TTOBEPXHI KITITHH, 10 BHYTPIIIHBOI YaCTHHU KITITHHU.

OcHoBHa (yHKIis [rs] BKIOYa€e Taki acmekTH: ¢oc-
dopwsiiis mig giero iHCYiHY (ITiJ BIJIMBOM 1HCYJIHY
iHCYyiHOBHI penentop (Gocdopuitoe Irsl, CTBOPIOIOYH
AKTUBAIIO Ui 1HIIUX OUIKIB, Ta PEryiio€ aKTHBHICTb
IHCYJTiHOBOTO CUTHAJIBHOTO IIIAXY); aKTHBAIis CHT-
HanpHUX NUIAXIB (pochopumboBanuii Irs! B3aeMomie 3
pi3HUME cUTHaJIBHUMH OinkamH, sk-oT PI3K (docdoino-
3utua-3-kinaza) ta AKT (mporeinkinaza B), mo cnpusie
BIUIMBY IHCYJIIHY Ha KJITHHHI MPOLECH); PEryJOBaHHS
TIIOKO30BOTO OOMiHY (iHCYMiH Yepe3 B3aeMmomito 3 [rsl
CIIpHSIE MOMTMHAHHIO TIIFOKO3H KIITHHAMH, IO J1a€ 3MOTY
3HWKYBATH PiBEHb IIIOKO3M B KPOBi). [rs/ € KII0YOBOIO
JIAHKOIO Y BHYTPILIIHbOKJIITHHHIH TIepe/iadi CUTHAIIB 1HCY-
JIIHY Ta DIIOKAroHy; peryatoBaHHs 0OMIHY JKUPIB 1 OLIKIB
— CHUTHAJBHI NUISXH, aKTHBOBaHI uepes [r:s /, BINIMBAIOTh Ha
MeTa0OII9HI IPOIIECH, BKITIOYAIOUN CHHTE3 1 30epekeHHS
JKUPIB, a TAKOXK MPOTETHOBUH 00OMiH [14].
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Hedinut abo aucdyHKis [rs! MOXYTh TPU3BOAUTH IO
TIOPYIIEHb 1HCYIIIHOBOI YyTIMBOCTI Ta PO3BUTKY 3aXBOPIO-
BaHb, 30KpeMa IyKpoBoro miabery 2 Tumy [15].

I'en Irs2 (Insulin Receptor Substrate 2) koxye inmry ¢op-
MY IHCYJIIHOBOTO PEIIEITOPHOIO CyOCTpary, sika BijioMa siK
Irs2. TlonibHo no [rsi, neit 610K BiJirpae KIIO4OBY pOIIb
y BHYTPIIIHBOKJIITUHHIN Nepesadi CUTHANIB 1HCYIHY Ta
iHIKUX pi3HMUX (akropiB pocty. OcHoBHI (yHKuii /rs2
BKJIFOYAIOTh aKTUBAIIFO CUTHAIBHHX IUISIXIB (ITICIIS TOTO, SIK
1HCYIiH 200 1HII (PaKTOPU POCTY aKTHBYIOTh IHCYJITHOBHIA
peuenrop, Irs2 crae pocHopuiIbOBAHUM, L0 A€ HOMY
3MOTY B3A€EMOMISTH 3 PI3HUMH CUTHAIBHUMH OiTKaMu);
MTOTIIMHAHHS TITIOKO3H (1HCYIIH aKTHBY€ CUTHAIBHI MIJISIXU
yepes [rs2, 0 CIpusie MOMTMHAHHIO [TIOKO3H KIIITHHAMN);
peryiroBaHHS MeTabomizmy (/rs2 Gepe yd9acTh y peryiro-
BaHHI MeTaOONIYHUX IMPOLECIB: CHHTE3Y OiNKiB, OOMIiHY
TJTIOKO3H Ta XKUPiB) [16].

3ayBakumo: xoua [rsl Ta [rs2 BUKOHYIOTh MTOAi0HI (hyHK-
i1 y mepeIadi CUTHANIB 1HCYITIHY, BOHH MOXKYTh MaTH Pi3HI
TKaHIMHHO-CIICIIM(iYHI BIACTHBOCTI Ta B3a€EMO3aMiHIOBaHi
(yHKLIT B pi3HUX THHAX KJIITHH 1 TKaHUH. MyTanii abo auc-
(yHK11is TeHa [r:s2 MO)Ke BIUTMBATH Ha IHCYIIIHOBY Yy TJNBICTD
1 pO3BUTOK IyKpoBOToO jiabery 2 tumy [16].

I'en Pik3cd xonye kaTamiTuyHy CyOOMMHUIO Kiacy |
¢docooinosurna-3-kinasu (PI13K), Binomoi sik PI3K3. PI3KS
€ 4acTUHOM Kiacy (ochoiHo3uTHI-3-KiHA3, 1[0 MAOTh
Ba)XJIMBE 3HAYCHHs ISl BHYTPILIHBOKIITHHHOI mepenadi
curHaii. Koukperno PI3K6 3aiticHioe GpochopriroBaHHs
(ochoiHO3UTHIB, AKTUBYIOUH KacCKaJl CHTHAIIB, IO TPHU-
3BOIUTH JI0 PI3HUX KITITHHHHUX BinoBineil. OcHOBHI QyHKIIIT
PI3Kd BkirouaroTh akTHBaIlil0 curHampHOTO nunixy AKT
(mpoteinkinaza B — PI3Kd renepye docdoinozutumm, mo
aKTUBYIOTH curHANBHAN IUETX AK T, sikuii BIutmBae Ha pi3HO-
MaHITHI KJTITHHHI IPOLIECH, SIK-OT BH)KUBAHHSL, TIpotidepartist
Ta MeTaboIIi3M), peryssuito KiatuaHoro arnontosy (PI3KS
MO)KE BIUIMBATH Ha Pi3HI IUIXH, 10 PETYJIIOIOTH arlolTo3,
Brirouaroun nusix AKT), BIUTHB Ha KIITHHHY MIrpallito Ta
anresito (PI3K$ Binmirpae pons y BUpIagbHUX KITITHHHAX
nporiecax — Mirpatii ta aaresii KIITHH), y4acTb y 3alalbHuX
BigmoBimsax (PI3KO O6epe y4acTs y BUHMKHEHHI 3arajlbHUX
BiITOBi e 1 MOke OyTH aKTHBOBaHM 4epe3 pi3Hi CUTHAIH,
BKJTFOYAOYH CUTHAJIH Bifl PELIETITOPIB 3aITaIbHUX IUTOKIHIB).
Myrauii y reni Pik3cd abo aucdynkmis PI3KS MoxyTs Oyt
TIOB’s13aHi 3 PO3BUTKOM Pi3HHUX 3aXBOPIOBAHb, BKJIIOYAIOUN
ykpoBuit giader 2 tumy [17,18].

Inentudikanis cydyacHUMH METOAAMHM J1abopaTOpHOL
JIIarHOCTHMKN 1 HACTYIHUI aHaJi3 T'eHiB, o OepyTh yJacTh
y Tepenadi CUTHaJIIB 1HCYINIHY, JAIOTh 3MOTY 3PO3yMITH
MOJIEKYJISIPHI MEXaHI3MH Ta 3MiHH B HUX TIPH €KCIIEPHMEH-
TaJLHOMY I[yKpOBOMY J1ia0eTi 2 THITY, 110 HaJasll MOXe OyTH
BUKOPHCTAHO SIK MillIEHb TEPAIIEBTUYHOTO BILIUBY.

BucHoBku

1. Tenn, mo OepyTh y9acTh y Tiepe/Iadi CHTHAJIB 1HCYIIHY
(Akt2; Mapkl4,; Pik3rl), npu pO3BHTKY SKCIICPIMEHTAIBHOTO
IyKpOBOTO miabdety 2 Tuiry Maimu JoctoBipHO (ne AACT <30)
HM3BKY EKCIPECIIO OPIBHSIHO 3 KOHTPOJIBHOIO IPYTIOK0 TBAPHH.

2. VYrenax Irsl, Irs2, Pik3cd, mo 6epyTs ygacTs y miepe-
Jladi CUTHAJIIB 1HCYITiHY, IPH PO3BUTKY €KCIIEPUMEHTAIILHOTO
I[yKpOBOTO J1iabeTy 2 THITy HE BHSBICHO JOCTOBIPHHUX 3MiH
LI0/I0 eKCIIPecii reHiB KOHTPOIBHOI IPyIH eKCIIePUMEHTab-
HUX TBAapHH.
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MporHocTnyHe 3Ha4YeHHA pPiBHA aKTUBIHY A
B NALEHTIB i3 NOWMPEHUM PAKOM JiereHb i CapKomneHier

*

B. B. Keuepxues

3anopisbkuil AepxaBHU Meayko-hapMaLeBTU4HUIA yHIBEpcUTET, YkpaiHa

MeTta po60oTy — OLiHUTM NPOrHOCTWUYHY POrb akTUBIHY A B NALiEHTIB i3 NOLLMPEHUM PaKOM NEreHb i CapKOneHieto.

Matepianu i metogn. O6cTexuny 40 nauieHTiB i3 NOMPEHO aAeHOKapLMHOMOIO NereHb, Ski nepebyBany Ha NikyBaHHi B MEAWYHOMY
ueHTpi «OHKONA®» y 2020-2022 pp. 3a AonoMorolo kKomm'toTepHoi Tomorpadii (KT) BuMipsinu ckeneTHo-M's3081i iHgekc (CMI) Ha
piBHI TPETHLOIO NONEPEKOBOTO XpebLisi, pe3ynbTaT HaBeaeHo y cM?/M2. KpuTepiid HasiBHOCTI capkoneHii BignosigHo fo CMI, wwo B13HaYeHui
nig Yac KT, ctaHoBuB <55 cm?/M? anst yonogikie i <39 cm?m? ans xiHok. BuaHaueHHst aktusiHy A (DACO0B, RnD Systems) agiiicHunm
iMyHO(DEpMEHTHUM METOLOM, LLO IPYHTYETHCSA HA BUKOPUCTaHHI «CeHABIY»-BapiaHTa TBepA0asHoro iMyHo(hepMEHTHOrO aHaniay.

Pe3ynkraTi. 3aranbHa BYXKUBAHICTb Y NALEHTIB i3 BUCOKMM MOKa3HWKOM aKTvBiHY A Gyna ripLuoto, HiX Y XBOPUX i3 HU3bKIM piBHeM: 22,7 %
i 64,2 % BignosigHo, p = 0,017 3a nor-paHroB“M TECTOM.

BucHoBku. Bucokuii piBeHb akTuBiHy A y nna3mi KpOBi MOXE CMIPUYMHATM MOTIPLUEHHS TSHXKKOCTi CapKOMeHii, TUM camMuM BNAVBakym Ha
BUXWBAHICTb OHKOMOMiYHUX XBOPMX. PO3yMIHHS Ta MOLLYK HOBMX MONEKYNSPHUX MILLEHEN, Lo NexaTb B OCHOBI M’'A30BOI Aerpagaii, 4o-
MOMOXYTb BU3HAYUTW HOBWI NOTEHLian Ansa nikyBaHHSA NawieHTIB i3 NOLUMPEHUM 3MOSKICHUM HOBOYTBOPEHHSIM.

Knto4oBi cnoBa: akTuBiH A, CapKoneHisi, ageHokapLMHoOMa NereHb, BUXMBaHICTb.

AKTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanYHOI Hayku Ta npakTuku. 2024. T. 17, Ne 1(44). C. 44-47

Prognostic value of activin A level in patients with advanced lung cancer and sarcopenia
V. V. Kechedzhyiev
The aim of this work is to determine the prognostic role of activin A in patients with advanced lung cancer and sarcopenia.

Materials and methods. Forty patients with advanced pulmonary adenocarcinoma who received treatment in the medical center “ONCOLIFE”
from 2020 to 2022 were studied. Computed tomography (CT) was used to measure skeletal muscle index at the third lumbar vertebra
level expressed in cm?/m2. The criteria for sarcopenia using CT was <55 cm?m? for men and <39 cm?/m? for women. Determination of
activin A (DACO00B, RnD Systems) was carried out by the immunoenzymatic method based on using the “sandwich” variant of solid-phase
immunoenzymatic analysis.

Results. Overall survival in patients with a high level of activin A was worse than in patients with a low level (22.7 % vs. 64.2 % respec-
tively; p = 0.017 by the log-rank test).

Conclusions. A high level of activin Ain the blood plasma can contribute to the worsening of the severity of sarcopenia, thereby affecting
the survival of cancer patients. Understanding and finding new molecular targets underlying muscle atrophy will help identify new potential
for treating patients with advanced cancer.

Keywords: activins, sarcopenia, lung adenocarcinoma, survival.

Current issues in pharmacy and medicine: science and practice. 2024;17(1):44-47

OcTaHHIM 9acOM CapKOIIeHis y XBOPHUX HA 3JIOSKICHI HOBO-
yTBOpeHH: HaOyBae 3HagHOTO TormupenHs [ 1 ]. et cuanpom
Mae€ ICTOTHUH BIUIMB Ha BHJKMBAHICTD 1 SIKICTh JKUTTS OHKO-
JIOTiYHMX TaiieHTiB [2]. HuHi 3aiiicHIOITE paHqoMi3oBaHi
KOHTPOIBbOBAHI TOCTIHKEHHS, 10 CIIPSIMOBAH| Ha 3HIDKCHHS
BTpaTté M’ s130Boi Macu [2]. He3axkatoun Ha iHTEHCHBHI
JOCITI/KEHHS, MEXaHI3MH CapKOTICHI{ 3aJIUIIAIOTHCS BCE IIIe
HEIOCTaTHHO BUBUCHUMH, TOMY OUiKy€ThCS, 110 1HTi0OyBaHHS

ARTICLE
INFO DOI: 10.14739/2409-2932.2024.1.293093

*E-mail: kechedzhiev94@gmail.com

http://pharmed.
zsmu.edu.ualarticle/
view/293093

TIpoliecy BTpaTh M’si3iB MOXKe Oy TH e(heKTHBHOIO CTpaTeriero
JUTS 1 JTiKyBaHHS [3].

AXTHBIH A Oepe yJ4acTb B IHMOyBaHHI PO3BUTKY Ta POCTY
ckenetHUX M s131B [3]. [TinBrIlIeHa eKcTpecist aKTUBIHY CIIPH-
YyuHsie aTpodiro M’s131B 1 Kaxekcito [3]. AKTUBIH A € 4JICHOM
poauHU OiNKiB TpaHchopMyBaIbHOTO (akTopa pocrty-f
(TGF-B) [4]. Onna 3 OionoriyHUX aKTUBHOCTEH 1IHOTO OlTKa
— BIUIMB Ha JICTPajallito Ta arpodiro CKeIeTHUX M 51318 [4].

UDC 616.24-006.6-06:616.74-018.6-007.23-053.9]-037:577.112.088
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3B’A30K MK BUCOKHM piBHEM aKTHBIHY A Ta HU3BKUM
TIOKa3HUKOM BH)KUBAHOCTI JIOCITI/KYBAJIN TIPH PI3HHUX THITAX
3TOSIKICHUX HOBOYTBOpeHb. Tak, y mocimimkenHi S. Lyu et al.
3a yyacTro 239 NalieHTiB i3 TIOCKOKJIITHHHIM PaKkoM CTpa-
BOXOJy BH3HAUAJI CKCIIPECII0 aKTHBIHY A 3a JOTIOMOTOIO
IMYHOTICTOXIMIYHOTO MeTOy JociipkeHHs [5]. Ctaructuy-
HO TIATBEPDKEHO, IO MAL[I€HTH 3 HU3bKUM PiBHEM eKCIIpe-
cii aKTUBIHY A MaJy 3HaYHO KpalHii MPOrHO3, HIX XBOPI
3 BHCOKHUM piBHeM [5]. MeniaHa 3araipbHOT BIDKHBAHOCTI
CTaHOBHMJIA 58 MICSIIIB /IS TAIIE€HTIB i3 HU3bKOIO €KCIIpe-
Ci€r0 aKTUBIHY A, a T XBOPHX i3 BUCOKOIO SKCITPECIEFO ekt
moka3Huk ctaHoBuB 37 micsuis (p = 0,001) [5].

V¥ nocmimkerni N. Daitoku et al. oniHroBamm excrpeciro
aKTHUBIHY A y 3pa3Kax TKaHWHHU KOJIOPEKTaIbHOTO paKy [4].
BcTanoBuiy, mo BHCOKa €KCIIPECist aKTUBIHY A 3HAUYIIIO
OB’ s13aHa 3 MEeHIOt0 3aransHoto (p = 0,014) Ta kaHTEep-CIie-
mudigHoro BrkuBaHicTIO (p = 0,047) [4].

Zhong X. et al. mokazaiiy, 110 y Nai€HTIB 3 aIeHOKAPLIHHO-
MOIO ITi/IIUTYHKOBOI 3aJ103H TSDKKICTB KaXeKCil OCHITIOEThCS
3 eKcIpecieio akTuBiHy [6]. BeraHOBMIHM, MmO akTHBIH A
MO>Ke Oy TH KITFOUOBUM (haKTOPOM CapKOIIeHIT, SIKHI KOPEITIOE
3 BIDKMBAHICTIO B OHKOJIOTIYHHX TMAIiEHTIB [3].

OtKe, aKTyaTbHUM 3aJTHIIAETHCS BUBYCHHS 3B’ 13Ky aKTH-
BiHY A 3 BIDKHBaHICTIO CaMe B TIAIIIEHTIB i3 CAPKOIICHI€I0 Ta
TIOLIMPEHOIO 8/ICHOKAPIIMHOMOIO JIETeHb.

Meta po6otu

OIIHUTH TIPOTHOCTHYHY POJIb aKTHBIHY A B MAalli€HTIB i3
MIOITMPEHUM PAKOM JIETEHB 1 CApKOTICHIETO.

Marepianu i MeTogu pocnimpkeHHA

Y nmocmimkeHns 3anyuanin 40 MarienTiB 13 pakoM JiereHs [V
cTamii, sKi nmepeOyBain Ha JIKyBaHHI B MEJJMYHOMY LIEHTPI
«OHKOJTAVI® (m. 3anopixoxs) y 2020-2022 pp. Cepenniit
TIEPi0/T CIOCTEPEKEHHsI CTAaHOBHB 24 Micsii. O0cTexmm 16
KIHOK 1 24 9070BiKiB. J{iarHO3 37105KiCHOTO HOBOYTBOPEHHS
TITBEPKEHO TiCTOIOTTYHUM METOJIOM. Y TPYITy KOHTPOJIFO
3ayqnnd 15 yMOBHO 310pOBHX TAIiEHTIB. Yci 0OCTexeHi
HaJlaJIi TMCHMOBY 1H(OPMOBaHY 3rofly Ha y4acTh Iepen
3QUTYYCHHSIM JI0 JOCIIKEHHSL.

Kpurepii 3aimydeHHst — JiarHOCTOBaHa MOLIMPEHA ajie-
HOKapIMHOMa JIeTeHb, BiK MOHaa 18 pokiB, craryc 3a
mikasoro CxinHoi 00’eananoi rpynu onkojorie (ECOG)
<2, cKkeneTHO-M’s130BHil iHAEKC Ha piBHI L3 <55 cm?/m?
JUTST YOJIOBIKIB Ta <39 cM?/M* st KiHOK, O4iKyBaHa BHIKH-
BaHicTh — OUmbme HiX 3 Micsami. Kputepii BukirodeHHS —
craryc 3a mkaino ECOG >3, HasBHICTb CYIyTHBOI TSDKKOT
TIaTOJIOT 1.

3a momomoroto mporpaMHoro 3abesmneueHHs Imagel
(National Institutes of Health, Bethesda, MD, USA) oGpa-
XyBaJI{l TUIOMTY MOIEPEYHOro Mepepizy CKEIETHUX M’s3iB
[7]. ¥V Bcix marmieHTiB Ha Yac 3aJXy4eHHS JO JTOCIIHKCHHS
3a gomoMororo Komir rotepHoi Tomorpadii (KT) Bumipsao
ckeseTHo-M si30BuH iHAeKe (CMI) Ha piBHI TpeThoro nore-
PEKOBOTO XpeOIs, pe3ysbTar HaBeleHo B cM?/m>. Kpurepiit
HAsIBHOCTI capKorieHii BinoBiaHo 1o CMI, 1o Bu3HaueHU

mig gac KT, cranoBuB <55 cm?/M? 17151 40MOBIKiB 1 <39 cM?/M>
JUTSL KIHOK.

IMyHODEpMEHTHE NOCTiKEHHS 3MIHCHIIHN Y TIIa3Mi Kpo-
Bi, SIKy OJIEp)KyBaJIH 3a CTaHIAPTHOI METOIMKOI0. 3pa3Ku
30epiraii y HU3BKOTEMITEpaTypHIH MOPO3MIBHIN Kamepi
npu temneparypi -80 °C nporsrom 1 poky. AKTUBIH A
(DACO00B, RnD Systems) Bu3HaumIM iMyHO(EPMEHTHUM
METOJIOM, 10 TPYHTYETHCS HA BAKOPHCTAHHI «CEH/IBIU»-Ba-
pianTa TBepaO(hazHOTO iIMyHOpEpMEHTHOTO aHami3y. [1po-
Heaypy 31IHCHWIN 3 BUKOPUCTAHHIM iIMyHO()EPMEHTHOTO
rkoMiutekcy ImmunoChem-2100 (CLIA). Ananiz BHKO-
Hau B 96-sIMKOBHX MIKPOIUIAHIIETAX, THO JYHOK SKHX
BKpPHUTE MOHOKJIOHAJIbHUMH aHTUTIJIAMHU JI0 BiJIIOBITHOTO
MOJICKYJIIPHOTO Mapkepa. 3pa3kd IJIa3MH KPOBi BHOCHIIN
JI0 BIJIOBITHUX JIYHOK MIKPOIUIAHIIETIB Ta iHKyOyBalu
MPOTSIToM HeoOximHoro uacy. Ilicis eramiB mpoMHuBaHHS
peareHTH BUAAJISUIN 3 IYHOK MIKPOIIJIAHILIETIB, & TAKOXK BHO-
CHIT TOAATKOBI PEareHTH, sKi 3ro0M BUMUBAIA. AHAII3
3IIMCHUIIM TIPU JI0JjaBaHHI KOJIOPUMETPUYHOTO PEareHTy,
PE3YIBTYIOUYHIT CHTHAI BUMIPIOBAJIU CIIEKTPO(OTOMETPUIHO
mipu 450 aM. KoHIeHTpallist TOKa3HUKIB, 10 aHATI3YBaJIH,
HaBe/IeHa Y IT/MIL.

KyMynsiTuBHY 3araibHy BHXKMBaHICTB IAII€HTIB BU3HAYA-
JIU 3a TOTIOMOTOI0 aHaizy BmkuBaHOCTI Kammana—Maepa
3 BUKOPHCTAHHSIM JIOT-PaHrOBOTO Kputepito. [TokazHuKH
TPYII TOCTIKEHHS TOPiBHIOBAIH 32 JOTIOMOTOI0 KPHUTEPito
Manna—BiTHi. Pe3ynbrari BBakaiii CTaTUCTHYHO 3HAYY Y-
mu ipr p < 0,05. 1715t CTaTHCTHYHOTO ONpaIFOBaHHS JaHIX
BukopucTaiu nporpamy IBM SPSS Statistics for Windows,
version 23.0 (IBM Corp., Armonk, N.Y., USA).

Pesynkratu

PiBenp akTuBiHY A BHMipioBanu B 3paskax muiazmu 40
MAII€HTIB 13 PaKOM JIeTeHb 1 15 0cCi0 i3 Tpymnu KOHTPOITO.
I'pymu oOcTexxeHNX 3icTaBHI 32 BIKOM 1 CTaTTIO TAIli€HTIB.
Y KOHTPOJBHIH IpyITi Me/liaHa KOHIICHTPALlil aKTUBIHY A B
Ta3Mi KpoBi CTaHOBWIIA 254 Tr/mit. Y TaIlieHTIB 3 afeHo-
KapIMHOMOIO JIETeHb Ta HASBHICTIO CHHIPOMY CapKOMEHil
BIiJIITOBITHI KOHIICHTpAIIii 3HAYHO BHIII — Me/liaHa TOPiBHIO-
Bayia 621 rir/mut (p < 0,05).

Jlis omiHIOBaHHA 3B’sI3Ky MK PIBHAMH aKTHBiHY A Ta
BIDKMBAHICTIO MAIIEHTIB MOUIMIIHM Ha JB1 IPYITH: 3 BUCOKOO
KOHIICHTPAIII€F0 Ta HU3BKOIO KOHIICHTparli€ro. [1in gac mominy
SIK TIOPOTOBE 3HAYEHHST BUKOPHCTAIH MEJIiaHy.

BceranoBmin, 1m0 3arajbHa BHDKUBAHICTH y MAIIEHTIB
13 BUCOKHMM TIOKa3HUKOM aKTHBiHYy A Oyia TipImioro, HiX y
XBOPHX 13 HU3bKUM piBHeM: 22,7 % Ta 64,2 % BiAnoBiaHO,
p=0,017 3a tor-paHroBUM TeCTOM (puc. 1). Meniana 3araib-
HOI BI)KMBAHOCTI XBOPHX 13 BUCOKHM piBHEM cTaHOBMIIA 13
MICSIIIB, a B TIAIIIEHTIB 13 HU3bKUM PiBHEM MeiaHa He Oyna
nocsirayTa (outeine Hixk 50 % sxusi), p < 0,05.

OO6roBopeHHs

MornekyasipHUil TTaToreHe3 OHKOJIOTIYHUX 3aXBOPIOBaHb
JI0Ci 3aJIMIIA€THCS HeBU3HAYEHUM. AKTYaJIbHUM € TUTaHHS
II0JI0 HEOOXIJHOCTI BHSIBIICHHS JIOIATKOBHX OlOMapkepis,
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Puc. 1. BuxvBaHiCcTb NaLieHTiB i3 MOLUIMPEHUM PAKOM MEreHb i CApKONEHIE 3anexHo Bif PiBHS akTUBIHY A B Nrasmi.

110 MOXKYTb MaTH TeparieBTHYHY LIHHICTh Yy JIKyBaHHI OH-
KOJIOTIYHUX TAaIli€HTIB [4].

¥ nocnimxensi J. Paajanen et al. moka3ano: piBeHb IUPKY-
JIFOIOYOTO aKTUBIHY A ITiIBUIIIEHHH Y MAIIEHTIB 3 ME30TEI0-
MOIO TIEBPH, & TAKOXK ITOB’SI3aHHUH 13 PAKOBOIO KaXEKCI€I0 Ta
3HIDKEHOIO BIIMOBIUIIO Ha XiMi€TepareBTHYHE JIIKYyBaHHS
[8]. V mocnimkenni J. Bauer et al. Tako)X BCTaHOBJIEHO,
0 y XBOPUX HA KOJIOPEKTAJIBHUN pak piBeHb aKTUBIHY A
3HA4YHO BHIIMH ITPY METACTaTUYHOMY HPOIIEC] TIOPIBHSIHO 3
namieHTamu 0e3 Metactasis [9]. OTke, BUCOKA KOHIICHTPAITis
AKTUBIHY A, BCTAHOBIICHA 32 JIOTIOMOTOF0 iIMyHO(EPMEHTHOTO
JIOCIIIJDKEHHS TUIa3MU KPOBI, € IIPOTHOCTHYHUM MapKepoM
BIDKMBAHOCTI B HIALIEHTIB 31 3710SKICHIMU HOBOYTBOPEHHSIMH.

Brim, BcTaHOBIIIH, IO aKTUBIH A Ma€ JIIMITYFOYHI BILTUB
11010 PO3BUTKY TAKNX THUITIB OHKOJIOTIYHHX 3aXBOPIOBaHb, SIK
PpaK MOJIOYHOI 3271031, 1(y3HA BEIMKOKIITHHHA B-KiTiTHHHA
nimMpoma, pak repeaMixypoBoi 3anosu, redinku [10]. TIpu
LIMX HOBOYTBOPEHHSIX CUTHAJIM aKTHBIHY IIPUTHIYYIOTh PiCT
IIYXJIMHHUX KJITHH, a B ITyXJIMHHINA TKAHUHI CIIOCTEPiraioTh
3HIDKCHHS PIBHS aKTHBIHY A Ta IiJIBUIIEHHS PIBHS aHTaro-
HicTiB akTuBiHY [10].

CpOro/iHi NPOJIOBKYIOTh KIIIHIYHI AOCITIKEHHS 3 TINTaHb
BIUIMBY HAa CapKOICHIIO B OHKOJIOTTYHMX MaIli€HTiB. OmHAK
MOJICKYJISIPHO-010JI0TIUHI MEXaHI3MHU aKTHBIHY A JTOCI 3aJIH-
IIAFOTHCS] HEBUBUCHNMHU. BijiTak akTyab3yeThest HeOOXiTHICTh
TIOIIYKY HOBHX TEPAIEBTHYHHX ITiIXOMIB, IO JOIOMOXYTh
3MEHILIUTH BTPaTy M’s130B0i Macy. OJTHUM i3 TAKHX MEXaHI3MiB
Moyke OyTu iHriOyBaHHs akTBiHYy A. [IpoTe noci He Bizomo,
SIKI TTALIEHTH MOXKYTh MaTH HAHOLIbIILy IMOBIPHICTB OTpHMa-
TH KOPHCTH BiJ IIUX e(eKTiB. {1 BUBYCHHS 1[bOTO IMUTAHHS
HEOoOXiTHI paHJOMi30BaHi KIIHIYHI JOCIIHKCHHS.

Ilig yac gOCHiKEHHS, 1[0 3MIMCHUIN, BCTAHOBUIIN:
BHCOKHI piBEHb aKTHUBIHY A NOB’S3aHUH i3 HU3BKOIO
BIDKMBAHICTIO IAII€HTIB i3 CApKOIEHIEI0 Ta IOIIMPEHOI0
a/ICHOKapIIMHOMOIO JiereHb. PO3yMiHHS Ta MOLIYK HOBHX

MOJIEKYSIPHUX MillIeHeH, 10 JIe)kaTb B OCHOBI M’s30BOT
Jierpajarlii, J0oMOKYTh BU3HAUUTH HOBUH TIOTEHITIAN JUIs
JIKyBaHHS TAaKUX NAI[IEHTIB.

OTxe, BUCOKHI PiBEHb aKTUBIHY A y IIa3Mi MOXe CIIpH-
YUHATH MOTIPIICHHS TSDKKOCTI CapKOMeHii, THM CaMUM
BIUIMBAIOYH HA BHYKUBAHICTH OHKOJIOTTYHUX XBOPHX.

BucHoBKkMu

Bucoka koHIIeHTpallisi aKTUBIHY A y I1a3Mi KPOBI € BaXKIIH-
BUM ITPOTHOCTHYHNM MApPKEPOM Y TAIIIEHTIB i3 CAPKOIICHIET0
Ta MOLINPEHOIO a/ICHOKAPIITHOMOIO JICTCHb.

IlepcnexTHBH MOATBIINX T0CT/IKeHb TOJISITAIOTH Y BUBYCHHI
THIIMX MOJICKYJISIPHUX MillIeHe! 11t TONTUOICHHST PO3yMiH-
Hsl TIATOTEHETHYHNX MEXaHI3MIB CapKOIIeHii B MAI[i€HTIB 3i
3TOSKICHIMH HOBOyTBOpeHHsAMHU. Lle cpusitume ehexTrs-
HOMY BITPOBAaKCHHIO TIEPCOHI(HIKOBAHOTO JIIKyBaHHS TAKIX
XBOPHX.
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BuBueHHS BNNMBY KOHUEHTpauil 6ichoHazony
Ha aHTUMIKOTUYHY aKTUBHICTb BariHanbHUX Cyno3uTopiiB

T. B. MenbHuk@ACL H. J1. Konnyesa©*BEF

3anopisbkuii AepaBHUA MeayKo-apMaLeBTUYHUIA YHIBepcuTeT, YkpaiHa

A — KoHLeNUis Ta au3aiiH gocnimkeHHst; B — 36ip gannx; C — aHani3 Ta iHTepnpeTauis aaHux; D — HanucaHHs cTatTi; E — pegaryBaHHs cTarTi;
F — octaTouHe 3aTBepmKEHHSA CTaTTi

MpoaHanisyBanu cTaH Cy4acHUX MOXNMBOCTEN hapMakoTepanii BynbBOBariHanbHOro kaHanaosy. BctaHoBMM, WO CTBOPEHHS M'SIKMX
nikapcbKux hopMm N5 MiCLIEBOrO NiKyBaHHS iH(EKLINHUX 3aXBOPHOBaHb BYNbBY Ta NiXBW HA OCHOBI MOXIAHWX @301y, SiKi MaloTb AOBEAEHUN
LUMPOKWIA CNEKTP aHTUYHranbHoOro i aHTMbakTepianbHOrO edekTy, ane Lie He 3acTOCOBaHi B 3acobax Ans BariHanbHOro LUMsxy BBe-
[EHHS, CbOrofHI € akTyanbHUM 3aBAaHHAM Ans dhapmaueBTUYHOT Ta MEAMYHOIT HayKW. YenillHa peanisauis Lboro NpoekTy AacTb 3Mory
3anponoHyBaTU BITYU3HSHIN AepMaTonorii eeKTUBHI, KOMMIAEHTHI Ta AOCTYNHI AN WWMPOKUX BEPCTB HaceneHHs YkpaiHu npenapatu
[NS riHeKOMOriYHOi NPaKTUKK, CTBOPUTL pearbHy arnbTepHaTUBY iMMNOPTHUM dhapMakoTepaneBTUYHUM 3acobam.

MeTa po60oTu — HaykoBe 06I'pyHTYBaHHS KOHLEHTpaLlii 6ihoHa30mMy B Cyno3UTOPHWUX KOMMO3ULSIX A4St BariHanbHOMO 3aCTOCYBaHHS.

Matepianu i metoau. Bnnue koHueHTpaLii GidpoHasony Bia 1 % Ao 15 % y M'skux nikapcbkux hopmax Ans BariHanbHOro 3actocyBaHHS
JOCNiaNMK, BUKOPUCTaBLUM MOZENbHI KOMNO3WLii Ha MonieTUNeHOKCMAHLOMY HOCIi, BpaxoBYBanu PO3YMHHICTb aKTUBHOIO iHrpedieHTa.
£k napameTp onTuMi3aLii BUKOPUCTanM aHTUrpUBKOBY aKTWBHICTb BUTOTOBIIEHWX €KCMEPUMEHTANbHMX CyNO3UTOPHUX KOMMO3ULIN, IO
BU3HaYanm MeTonom audysii B arap wopo rpubie Candida albicans ATCC 885-653. [lucnepciitHuin aHania pe3ynbraTiB nokas3as 3HauvyLLmnii
BMNVB KOHUEHTpaLii 6ihoHa30my Ha aHTUMIKOTUYHY aKTUBHICTb CYMO3MTOPHMX KOMMO3MLLA HA MOZENbHIl MONIETUIIEHOKCUAHIN OCHOBI.

Pesynkratn. BetaHoBunuM, WO 36iNblIEHHS KOHLEHTPALLi aKTUBHOTO (hapMaLEeBTUYHOIO iHrpedieHTa B CyNO3UTOPHMX Macax BULLE Hix
10 % He Npu3BOAUTL A0 CTATUCTUYHO 3HAYYLLIOTO NiABULLEHHS iXHBOT @HTUMIKOTUYHOI aKTUBHOCTI.

BUSIBIIEHO, L0 KOHLIEHTPpALis aKTUBHOMO hapMaLeBTUYHOIO iHrpedieHTa CTaTUCTUYHO 3HaYYLLO BNIMBAE Ha e(EKTUBHICTbL M'SKOT Nnikap-
cbkoi popmu. BetaHoBneHo, wo 10 % koHueHTpauis 6idhoHasony, sika € eksiBaneHTom 0,3 r 6ionoriYHO aKTUBHOI pe4OBUHM Y BariHanbHUX
cynosuTopisix, 3abesnedye onTMMarnbHUN PiBeHb NPOTUrPUOKOBOI Ail.

Kntouogi cnoea: BicpoHason, M’siki nikapchki 3acobu, NpoTUrprbKoBa akTUBHICTb, MaTEMATUYHE MIlaHyBaHHS! EKCMEPUMEHTY.

AkTyanbHi nUTaHHA hapmaLeBTUYHOI | MeguYHoOI Hayku Ta npakTuku. 2024. T. 17, Ne 1(44). C. 48-51

Study of the effect of bifonazole concentration on the antifungal activity of vaginal suppositories
T. V. Mielnyk, N. L. Kolycheva

The analysis of the current state of pharmacotherapy for vulvovaginal candidiasis reveals that there is a contemporary need for the
development of soft dosage forms for the local treatment of infectious diseases affecting the vulva and vagina. This should be based on
azole derivatives that, despite possessing a well-established wide spectrum of antifungal and antibacterial effects, have not been utilized
for vaginal administration in domestic formulations. The successful realization of this project would enable the field of domestic dermatology
to provide effective, compliant, and affordable drugs for gynecological practice to the general population of Ukraine. Additionally, it would
establish a viable alternative to imported pharmacotherapeutic agents.

Aim. The purpose of this work is the scientific substantiation of the concentration of bifonazole in suppository compositions for vaginal use.

Materials and methods. Research was conducted to investigate the influence of bifonazole concentration ranging from 1 % to 15 % in soft
dosage forms for vaginal use. Model compositions were formulated on a polyethylene oxide carrier, considering its solubility. The antifungal
activity of the experimental suppository compositions was chosen as the optimization parameter and assessed using the diffusion method
in agar against Candida albicans ATCC 885-653. Variance analysis of the results revealed a significant impact of bifonazole concentration
on the antimycotic activity of the suppository compositions based on the model polyethylene oxide.

Results. The research results show that increasing the concentration of the active pharmaceutical ingredient in suppository masses above
10 % does not lead to a statistically significant increase in their antimycotic activity.
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Conclusions. As a result of the conducted study on the antifungal effect of suppository masses with bifonazole on a model polyethylene oxide
basis, it was found that the concentration of the active pharmaceutical ingredient has a statistically significant effect on the effectiveness
of the soft dosage form. It was established that a ten percent concentration of bifonazole, equivalent to 0.3 g of the biologically active
substance in vaginal suppositories, provides the optimal level of their antifungal effect.

Keywords: bifonazole, soft drugs, antifungal agents, mathematical planning of the experiment.
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ByneBoparinansaunii kanauno3 (BBK) giarnoctyrots maiixe
y 75 % >KIHOK penpoayKTHBHOTO BiKy. | pnOkoBa iH(pexmis
HEPIJIKO TIOEAHYETHCS 3 XipyprivHO0, YPOJIOTTYHOIO, Tepa-
MIEBTUYHOIO, TIHEKOJIOTTYHOIO T1aTOJIOTIEI0, 1 116 He JIUIle
YCKJIQ/IHIOE JIIarHOCTHKY, ajle i epelKopKae e(peKTHBHOMY
JIKYBaHHIO OCHOBHOT'O 3aXBOpIoBaHHs [1,2].

VY cTpykTypi iHQEKIIHNX 3aXBOPIOBaHb BYJIbBU Ta MTIXBU
BBK cranoButh 10 45 %. 30ynaukom BBK € rpubu pomy
Candida, sixnii nanmiuye omuspko 200 BuaiB. Sk canpoditu
BOHHU MEIIKalOTh Ha IIKIPHUX MMOKPHBAaX 1 CIM30BUX 000-
JIOHKaX 3/0poBUX Jtofeil. Hezaxkaroun Ha 30epexeHHs
pOBiAHOI porti B etionorii kauanaosy C. albicans (85-90 %),
3a octaHHi 10 pokiB yaBidi 301dbIIMIIACH MOIIUPEHICTh
BariHAJIFHOTO KaHAWIO3Y, CIPHYUHEHOTO non-albicans Bu-
namu Candida (C. glabrata, C. tropicalis, C. guillermondi,
C. parapsilosis, C. krusei, C. pseudotropicalis). Maiixe
mosoBrHA ycix Bumankie BBK pesncrentna 1o 3Bu9aitHOl
TIPOTUTPUOKOBOT Tepartii [3,4].

HesBakaroun Ha JOCTATHIO KUIBKICTh ITyONIKAIiH, IPUCBSI-
YEHUX IIbOMY ITHTAHHIO, JIIKyBaHHS KaHIM/I03y € HEPOCTHM
3apnaHHsaM. OCHOBHUH IPUHIINII Tepaii ITOJATae y TOMY, 1100
e(CKTUBHO BIUTMBATH Ha TPHOW, HE JOITyCTHTH PELUIUBIB
3aXBOPIOBAHHSI | BUKITFOYUTH HETaTHBHY JIFO ITPETIapaTiB Ha Op-
raHi3M nartieaTa. HeoOXimHIMY € JTiKyBaHHS CYITy THIX 3aXBOPFO-
BaHb 1 JTIKBI/[AI1is YAHHUKIB PU3UKY PO3BUTKY KaHIUI03Y. Crif
TIPOBOIIUTH IMYHOKOPEKIIIFO 132 MOYKITIBOCTI BUKOPHUCTOBYBATH
MicreBe JlikyBaHHs. KpiM Toro, Tpeda mam’srati, 1110 KaHau03
371e0LTBIIIOr0 BUHHUKAE B aCOLYALI] 3 THIIIMMU MIKpOOpraHi3MaMH,
TOMY BU3HAYaTH HOTO CITiJT SIK TIOJTIETIONOT iYHE 3aXBOPIOBAHHSL.
Biarak nuTaHHS M0/I0 MOIIYKY ParliOHAIBHOI Tepartii KaHTH-
JI03y 30epirarTh aKTyaIbHICTh [5].

VY dbapmakoTepariii ByJIbBOBariHaIbHOTO KaHHI03y BUKO-
PHCTOBYIOTH CHCTEMHI Ta MiCIIEBI IPOTUTPUOKOBI 3ac00U y
BIJIMOBIIHUX JIIKAPCHKUX (hOopMax.

[TepopasbHe BBE/ICHHS HE 3aBXKI1 Ma€e He0OXi/IHy Teparie-
BTHYHY JIiF0 aHTUMIKOTHKIB. L{¢ TOB’13aHO 3 HEMOXKITHBICTIO
CTBOPUTH BUCOKY KOHLIEHTPALIi0 IIPENapary B OCEpeaKy ypa-
YKCHHSI BUKOPHCTaHHAM MaJIHX 03 IPUIOMY, HEOOXiTHICTIO
MIPU3HAYECHHsI BEIIMKUX J103yBaHb 1, IK HACIIJIOK, IIPOSBOM
MOOIYHUX PEeaKIiil OpraHi3My JIIOAWHHU B TIpOLECi Tepartii
MIKOTHYHUX YpaXXeHb YPOTCHITAIIIH.

MicrieBi JtikapchKi pOpMH MAIOTh ST TIEpEeBar HaJl CUCTEM-
HHMH: TIPOCTOTA 3aCTOCYBAHHS 1 I03YBaHHSI, CTBOPEHHSI BHCO-
KOi KOHIICHTPAIIi1 JIF0Y01 PSIOBIHH OE3II0CEPETHBO B MiCITi
3aCTOCYBaHHS JIIKapCHKOTO 3aco0y, MiHIMalbHa TOKCHYHA
JTist Ha OpraHi3M (0COOIMBO Ha ITEYiHKY), OCKUIBKH IIpenapar
noTparuisie y cepy 3acToCyBaHHs, OMUHAIOYH KDOBOHOCHY
cucremy [6,7].

AHTHMIKOTHYHHX 3ac00iB MiCIIeBOI Jii 3a3Bu4aii OyBae
JIOCTaTHBO JUIS JIIKyBAaHHS TOCTPHX (POPM 3aXBOPIOBAHHSI.

[penaparamu niepioro BUOOpyY B Tepartii ByJIbBOBariHaib-
HOT'O KaH/AWI03Y € a30JIH.

Azonu (1oxijiHi iMizia3oity 1 Tpia3oity ) — HalOLIbII YUCIIeH-
Ha rpyrna CHHTETHYHHX IIPOTUT PUOKOBHX 3aC001B, 1110 MAIOTh
repeBakHO (PyHricTaTUYHMI e(EeKT IIMPOKOTO CIIEKTpa Jii.
OCHOBHHUI MeXaHi3M i1 a30J1iB MOJISIrae B iHriOyBaHHI 010-
CHHTE3y eprocTepoiry — OCHOBHOI'O KOMIIOHEHTa MEMOpaHH
KJIITHHH TPHOa, 1110 Oepe yIacTh y MiATPUMII 11 CTPYKTypPHOT
uinicHocrti [8,9].

CucreMHe NpU3HAYCHHS TperiapariB rpyIu a3oiiB ooMe-
JKEHE HM3KOIO MOOIUHMX peakiiil. Jlo HUX HAeKHUTh KyMy-
JISIITisT B OpraHi3Mi JIFOJWHU TPU TPUBAJIOMY 3aCTOCYBaHHI,
a TaKOX PsiJl IHIINX yCKJIAJHEHB, SIK-OT HYJO0Ta, TOJIOBHUH
61116, cmadKicTh, GoTodoOis, remaruT, ajJonenis, apTparii,
Mianrii, mapectesii, TimepTeH3is, TpoMO0(IediT, JeiKoTeHis,
PO3BUTOK OTHUTY, Onedaputy. 3ayBaKylOTh TaKOX IPHUTHI-
YyBaJIbHY [0 IIOJ0 IMYHHOI CHCTeMH, (DYHKII] CTaTeBUX,
HaTHUPKOBUX 3a103 [10,11].

BuxopucTaHHs crienianizoBaHUX iHTpaBariHATBHUX (GOpPM
AHTUMIKOTHKIB HUHI € HaWOITbII 3aTpeOyBaHUM METOIOM
Tepartii ByJIbBOBaTiHAILHOTO KaH U I03Y, IIPH ITLOMY (PaxiBIIi
1 TIAII€HTH BIIAIOTH TIEPEBary BariHAIEHIM CYTIO3HTOPISM,
OCKUTBKH BariHajbHI TaOJIETKN YacTO BUKIIMKAIOTH MOJpa3-
HEHHS 1 cBepOiXK, a 3aCTOCYBaHHs BariHAJIBLHUX KPEMIB €
HEJOCTaTHBO KOMIUTaeHTHUM [12,13].

Brim, Ha nipakTuii BUOip BariHaJbHUX Npemnaparis y Gpop-
Mi CyNO3HUTOPIiB, 110 MAIOTh NPOTUIPUOKOBY aKTHUBHICTB,
JOCUTH OOMEXEHUIl uepe3 HHU3KY HENOJIKiB, BIACTHBHX
OLIBIIOCTI MpenapariB: TOKCHYHICTh, BY3bKHH CIIEKTD
AHTU(YHTaJIbHOT aKTUBHOCTI, HU3bKY O100CTYIHICTb,
BHCOKY YacCTOTy PCHUIMBIB, KIIHIYHO 3HAUYII JIIKAPCHKI
HeOakaHi B3aeMoiii abo BUCOKY BapticTh. Citif BpaxyBa-
TH, 1110 BariHaJIbHI CYMO3UTOPIi HA OCHOBI KJIOTPUMA30IIy,
MIKOHA30J1y I OMOKOHA30I1Y, SIKi BAKOPHUCTOBYIOTh Y BITUM3-
HSHIW KIHIYHINA MTPAKTHIII, MAIOTh IMIIOPTHE TTOXOPKEHHSI.
AJle TOJIOBHOIO MPUYMHOI0 HEOOX1THOCTI MOIIYKY HOBUX
aJBTEepPHATUBHUX METO/IIB TEpaIii € BUpOOJICHHS MiKpoopra-
Hi3MaMH MEXaHi3MiB CTiHIKOCTI 10 Tpemnaparis, 10 IHUPOKO
BHKOPHUCTOBYIOTh. 3a JAHUMH HAayKOBOI JIITEpaTypH, CTii-
kicte Candida spp. 1o azonbHUX npenaparis csrae 10 %,
10 TIOB’ SI3YIOTh 3 TOYKOBUMH MyTatlissmu V4371 1 N440K
y reni ERGI1 [14,15].

VYce e oO0TpyHTOBYE JOIUTBHICTE PO3POOICHHS M SIKHX
JIKapchKUX (GOpPM LTS Tepartii KaHAUIO03HOTO BYIIbBOBATiHITY
Ha OCHOBI ITOX1THHUX 23011y, sIKi MafOTh JIOBEICHUI MINPOKAI
CHEKTp aHTH(YHTAIBHOTO I aHTHOAKTEPiaTbHOTO €(EeKTY,
aJie IIe He 3aCTOCOBaHI B 3ac00ax sl BariHAJILHOTO HIIAXY
BBEJICHHSL.

OpHa 3 010JIOTIYHO aKTUBHUX PEYOBHUH i3 IPYIH a30IiB
— Oidonazon (nudenindeH3na imMiga3on), MO € MPOTH-
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Tabnuus 1. Matpuus nnaHyBaHHs Ta pesynbTaTi BUSHaYEHHst aHTUMIKOTUYHOT akTUBHOCTI (MM) Wwopo Candida albicans ATCC 885-653 cyno3utopHux mac
Ha NoNieTUNEeHOKCUAHIN OCHOBI 3 pi3HM BMiCTOM GichoHazony

Homepu BUnpobyBaHb Cyma CepepHe
ER O R
12 12 12 36

KoHueHTpauis 6ichoHasony, % (daktop A)

1,0 12,0
3,0 13 14 14 41 13,7
50 14 15 15 44 14,7
10,0 21 23 22 66 22,0
15,0 22 22 25 69 23,0
Cyma 256 -

Tabnuus 2. lucnepciitHuin aHania pesynsTaTiB BUSHAYEHHS 30H 3aTPUMKM POCTY CyNO3UTOPHUX KOMMNO3WLiA i3 pisHM BMicToM BichoHasony wopo Candida
albicans ATCC 885-653

[xepeno MiHNuBoCTI Yucno ctyneHiB | Cyma CepegHin o
cBoGoau KBaapartiB KBagpar

KoHueHTpaLis BichoHasony B Cyno3uTopHil Maci 4 307,60 76,90 82,7 3,5

Momunka 10 9,33 0,93 - -

3aranbHa cyma 14 316,93 - - -

TPpUOKOBOIO PEYOBHHOKO ITUPOKOTO CIIEKTpa 1il. Bin mae
(¢yHTiCTaTHYHY OiI0 OI0J0 AepMaTo]iTiB, IPiKIKOBUX,
IUTICHSIBUX Ta 1HIIMX TpubiB. 3a3BWYail nauieHTH 100pe
MePEeHOCSITh 01OHA30J MPH 30BHIIIHEOMY 3aCTOCYBAHHI.
B Vkpaini 3apeectpoBanuii y ¢popmi 1 % pozunHy, reiro
Ta KpeMy JUTs Tepartii 1epMaToMiKo3iB i KOMOiHOBaHOI Ma3i
«Kanecrop» ju1st TiKyBaHHS OHIXOMIK03iB. JlaHUX Tpo Ba-
riHaJbHEe BUKOPHUCTaHH: OihoHa30Iy B TOCTYIHIN (haxoBiit

JiTeparypi He BUABICHO [16].

po (hapMaKOTEXHOJIOTi9HI OCOOIMBOCTI aKTHBHOTO (hapma-
LIEBTUYHOTO IHTPEMi€HTa Ta HOTO JO3YBaHHS y JTIKAPCHKUX
(hopmax, BUBYAIIM CYIIO3UTOPHI MacH 3 BMicToM OipoHazoiry
Bin 1 % 1o 15 %.

Jis 00’ €exTHBI3AI] pe3yIbTaTiB i CKOPOUCHHS TEPMIiHIB
3IIMCHEHHS TOCTIHKEHh HAYKOBE OOIPYHTYBaHHS KOHIICH-
Tpauii 6ioHa30Iy B CYMO3UTOPHUX KOMIIO3HIISIX TPOBO-
JIJIM 32 TUTAaHOM OIHO(AaKTOPHOTO JUCIEPCIHOTO aHawi3y

3 MOBTOPHUMH CHOCTEPExKEHHAMHU [19].

Binrak cTBOpeHHS M SIKMX BariHaJbHUX JIKApPCHKUX 3a- Sk mapameTp onTHMi3aIlii BHKOPHCTAIN aHTUT PUOKOBY aK-
co0iB 3 0ihoHA30JI0OM HA OCHOBI JIOCTYITHHX BITUM3HSHHX THBHICTh BUTOTOBJICHUX EKCIIEPUMEHTATLHUX CYTIO3UTOPHUX
TEXHOJIOTIH € aKTyabHUM JUTsl (hapMalleBTUYHOT 1 MEMIHOT KOMITO3HIIIH, 1110 BU3HAYMIIM MeTosioM audysii B arap [20]
HayKH. YCHIIIIHA peai3allisi IbOoro MPOEKTY AcTh 3MOTy mono rpubis Candida albicans ATCC 885-653.
3aIPOTIOHYBAaTH BITUM3HSHIHN THEKOIOT i e(peKTHBHI, KOMIIIa-
€HTHI Ta JOCTYIIHI JUIsl IIUPOKKUX BEPCTB HaCeNIeHHsI YKpaiHu
TIperapary JUist JIIKyBaHHS BYJIbBOBAriHaJIbHOTO KaHANI03Y
1 CTBOPHUTB pealbHy albTepPHATUBY IMIIOPTHHM (hapMaKoTe-
PpareBTHYHUM 3ac00aM.

[TouarkoBoto cranicto (apMaleBTUYHOI PO3POOKH Bari-
HaJIbHUX CYIIO3UTOPIIB 3 IPOTUT PUOKOBOIO €0 € BU3HAYCH-
HS ONITHUMAITFHOT KUTEKOCTI Oi0JIOTI9HO aKTHBHOI PEYOBHHHU
y Jikapcekii gopmi [17].

Pe3ynbratu

Pesynbrary mpoTUrpnOKoOBOT i BUTOTOBJIEHHUX EKCIIEPUMEH-
TAJIBHUX CYNO3UTOPHUX Mac, IO MICTATH Pi3HI KUIBKOCTI
6ichoHa301Ty, Ta MATPHITIO TUTAHYBAHHS IOCITiKEHb HABEICHO
y mabnuyi 1.

JlucniepciiiHuii aHai3 pe3ybTariB HaBeICHO B mabauyi 2.

O6roBopeHHs

Jucnepciiinmii aHai3 pe3yasTaTiB MOKa3aB 3HAYYIIHI BIUTHB
KOHIEHTpallii OioHa30ITy HAa aHTUMIKOTHYHY aKTHBHICTB CY-
TTO3UTOPHUX KOMIIO3HITIH Ha MOJICTBHIH TTOJTie THIICHOKCH THIN
ocnosi (F_ >F ).

YV pe3ynbrarti nepeBipky BiAMIHHOCTEH CepeaHiX pe3yib-
TariB JOCIIJHKYBAaHOTO YHHHUKA 3 BAKOPUCTAHHSIM MHOKHH-

MeTa po6otu

HaykoBe oOrpyHTYyBaHHs KOHIIEHTpaIlii OioHazory B cymo-
3UTOPHHUX KOMITO3UILISX JUISL BariHAIBHOTO 3aCTOCYBAaHHSI.

Marepianu i MeToau gocnimKeHHA

Brumus xonneHTpanii 6idonazony Bix 1 % g0 15 % y M’ sxux HOTO paHroBoro kpurepito JyHkana [19] opepxann Taknit
JKapchKUX (hopMax IUIs BariHAIBHOTO 3aCTOCYBAHHS TOCTTi- psmmepesar: 5 (4) >3 (2)>1(2).

JIAITH, BAKOPUCTABIIY MOJIEIIbHI KOMITO3HIII{ Ha TIOTieTHIICH- BiH € ekBIBaJICHTHUM JUIsI TAKHX KOHIEHTpAmiid Oi-
OKCHJHOMY HOCII, BpaXOBYBaJIU PO3UYMHHICTH aKTUBHOTO (oHaz0y y eKCIePUMEHTAIBHUX JIKapChbkuX (hopmax:

iarpenienTa [18]. 3rigHo 3 MaHWUMU HAYKOBOI JIiTEpaTypu 15 % (10 %) >5 % (3 %) > 1 % (3 %).
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PesynpraTé mocmimKeHb MOKa3aiH, 10 301IbIICHHS
KOHIIEHTpAIlil aKTUBHOTO (hapMaIleBTHYHOTO 1HTPEIi€HTa
Y CYIO3UTOPHHUX Macax Buile HiK 10 % He Ipu3BOAUTH 0
CTaTUCTUYHO 3HAYYIIIOTO I IBUIIICHHS iXHBOI aHTUMIKOTHY-
HOI aKTHBHOCTI.

JaHi, 1110 HaBeICHO, i ATBEPIXKYIOTh AOMIBHICTh YBEICH-
HS 10 CKJIaJy BariHaJbHKUX cyrno3utopiis 0,3 T 6idoHazomy,
BPaxXOBYIOUH CEPEIHIO Macy JIiKapchkoi (hopMHu.

BucHoBkuM

1. 'V pesymeraTi JOCTIHKEHHS aHTUMIKOTHYHOI aKTHB-
HOCTI CyTIO3UTOPHUX Mac i3 OioHA3070M Ha MOIENBHIH
TIOJTIeTHIICHOKCH/THIN OCHOBI BHSIBIICHO, IO KOHIICHTPALIiS
AKTUBHOTO (hapMalleBTHYHOTO IHIPEIiEHTA CTATUCTHYHO 3Ha-
YyIIIO BIUIMBAE Ha €)EKTHBHICTH M’SIKOT JTIKapChKOi (hopMH.

2. Bcranorneno, mo 10 % kouneHTpariis 6idoHazoy,
sika € ekBiBasieHToM 0,3 T GloJIOTIYHO aKTUBHOI PEUOBUHHU
y BariHaJbHHUX CYIO3HTOPIAX, 3a0e3Meuye OnTHMaIbHUN
PiBEHB IPOTUTPHOKOBOI il

IlepcneKTHBY MOAATBIINX HAYKOBHX A0CTiIKeHb. PesynbraTi
poboTH cBim9aTh Mpo HEOOXITHICTh HACTYMHUX Oiodap-
MAICBTHYHHX JOCTI/DKCHb BariHAIBHUX CYIO3HTOPIiB i3
6idonazonom 0,3 1.
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Oco6nuBoCTi KniHiYHOro nepediry XpoHiYHOro NaHKpeaTuTy
Yy XBOPUX Ha XPOHi4HE OBCTPYKTUBHE 3aXBOPIOBAHHSA NereHb

O. C. Xyxnina®APF | B, Oynka@*8Cd T B, NyokaloBCE

ByKOBMHCHKWIA fiepXXaBHUIA MEANYHUIA YHIBEPCUTET, M. YepHiBLi, YkpaiHa

A — KOHLUenUis Ta an3aitH gocnimpxkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis faHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTarTi;
F — ocTaTouHe 3aTBepKEHHSA CTaTTi

MeTta po6oTu — BCTAHOBWTU iHTEHCUBHICTb MaHidhecTauii KniHiYHMX CMHAPOMIB 3a komopbigHoro nepebiry XxpoHiyHoro naxkpeatuty (XI)
Y XBOPWX Ha XPOHiYHe 0OCTPYKTMBHE 3axBoptoBaHHs nereHb (XO3J1) nopiBHSAHO 3 i3onboBaHum nepebirom XI, OUiHATY IHTEHCUBHICTb
CYHAPOMY B32EMOODTSIKEHHS.

Marepianu i meTogu. 34iNCHAIM NPOCNEKTUBHE KOTOPTHE AOCTIMKEHHS 3 aHaNi30M MEeAUYHUX KapT CTaliOHApHKUX XBOPUX 212 navujieHTiB.
Mepwa rpyna — 96 ocib 3 isonboBaHuM nepebirom X1, apyra rpyna — 116 xsopwx Ha XI1 i3 komopbigHum XO3J1 (rpyna E). Y gocnimkeHHi
BVBYaNu aHi Wwoao cyb’ ekTMBHUX NposiBiB 60M1b0Boro cuHapomy X[, CTyneHs 30BHILLHBOCEKPETOPHOT HEAOCTATHOCTI NiALLMYHKOBOI 3a-
no3u (M3), kniHiyHoro aHanisy KpoBi, 6ioXiMiYHOTO AOCNIAXEHHA BMICTY MapKepiB CUHAPOMY, BiAXWUNeHHs depmenTis 13 y KpoB, BMICTY
enacrtasu-1y kani, ynsTpacoHorpadiyHoOro AOCHIIKEHHS OPraHiB YePEBHOT MOPOXHMHM.

Pe3yniratn. MposiBu abgomiHanbHO-60Mb0BOTO CMHAPOMY cnocTepirany y xsopux 2 rpynu y 1,2 pasa vacTilue, Hix y xsopux 1 rpynu
(p < 0,05). binbLy yacToty 6onto B 13 3 ippapiauieto B npaBy nigpebepHy AiNsHKY BU3HAYNUIN y XBOPUX 2 rpynu, BiAMNOBIZHUIA NOKa3HMK 1
rpynu nepesuLleHo B 1,9 pasa (p < 0,05), a Takox cumnTomy onepisyBanbHoro 6onto 3 ippagiauieto B cnmny (y 2,1 pasa, p < 0,05). Yac-
TOTa AMCNENCUYHOTO CUHAPOMY JeLLo BuLia y xBopux 2 rpynu (B 1,3 pasa, p > 0,05). YacToTa acTeHO-BereTatuBHOro CHHAPOMY iCTOTHA
B 000X rpynax JOCHiIKEHHS, OAHAK Yy XBOPUX 2 rpyni BoHa nepeBuLLmna nokasHuk 1 rpynm (8 1,7 pasa, p < 0,05). AHani3 napametpis
yneTpacoHorpadii 13 y xBopux BUSIBUB XapakTepHi ynbTpacoHorpadiyHi o3Haku XIM. AHanis nokasHukie dyHkuioHansHoro ctany M3y
¢hasi 3arocTpeHHs BKasye Ha CMHAPOM rinepdepMeHTeMIi: aKTUBHICTb a-aminaswv y nauieHTiB 1 i 2 rpyn 3Ha4HO BULLA MOPIBHSAHO 3 rPYMow0
koHTponto — B 1,8 i 2,6 pasa BianosiaHo (p < 0,05).

BucHogku. XI npu komopbigHocTi 3 XO3J1 xapakTepnay€eTbCst BipOriHO HIPKYOI0 4acTOTO HanagonogdibHoro abaomiHanbHO-60nL0B0Oro
CUHIPOMY, arne acoLinoBaHM 3 BULLIOK YacTOTOK MOCTIMHOTO HUtoYoro 6onto B npoekuii M3, MakcMManbHO iHTEHCUBHICTIO 3ananeHHs,
rinepdepMeHTEMIELD, 3HKEHHAM aKTUBHOCTI enactasu-1 kany, a Takox BinbLUo iHTEHCUBHICTIO acTeHO-BEreTaTMBHOMO, 60MLOBOTO,
[UCNENCUYHOTO, IHTOKCMKALIMHOMO CUHOPOMIB, 30BHILUHBOCEKPETOPHOI AUChYHKLiT M3, Binbw BUpaxeHUMM 3MiHaMKU CoHorpadiyHOT
cTpykTypy M3 NopiBHAHO 3 TakuMu Npw i3onsoBaHoMy nepebiry XIT.

Knto4oBi cnoBa: XpOHIYHWIA NaHKpeaTWT, XPOHiYHEe OBCTPYKTUBHE 3aXBOPIOBAHHS NereHb, 60nboBUiA CUHAPOM, 30BHILLUHBOCEKPETOPHA
ANCAYHKLIS.

AxTyanbHi nuTaHHA hapmaleBTMYHOI | MeaMyHOI Hayku Ta npakTuku. 2024. T. 17, Ne 1(44). C. 52-59

Features of the clinical course of chronic pancreatitis in patients with chronic obstructive pulmonary disease
0. S. Khukhlina, I. V. Dudka, T. V. Dudka

Aim. The purpose of the study is to determine the intensity of the manifestation of clinical syndromes in the comorbid course of chronic
pancreatitis (CP) in patients with chronic obstructive pulmonary disease (COPD) in comparison with the isolated course of CP and to
assess the intensity of the mutual burden syndrome.

Material and methods. A prospective cohort study was conducted, analyzing the medical records of 212 inpatients. The first group com-
prised 96 individuals with an isolated course of chronic pancreatitis (CP), while the second group included 116 patients with CP and
comorbid chronic obstructive pulmonary disease (COPD), categorized as Group E. The study focused on subjective manifestations of
pain syndrome in CP, the extent of exocrine pancreatic insufficiency, clinical blood analysis, biochemical research regarding the content
of markers indicating pancreatic enzyme deviation in the blood, and the level of elastase-1 in feces. Additionally, ultrasonographic exam-
ination of the organs in the abdominal cavity was performed.

Results. Patients in group 2 exhibited manifestations of abdominal pain syndrome 1.2 times more frequently than those in group 1
(p < 0.05). The frequency of pain in the pancreas radiating to the right subcostal region was 1.9 times higher in group 2 compared to
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group 1 (p <0.05), along with a 2.1 times increase in the symptom of girdled pain radiating to the back (p < 0.05). Although the frequency of
dyspeptic syndrome was slightly higher in group 2 (1.3 times, p > 0.05), astheno-vegetative syndrome was significantly more pronounced,
exceeding the frequency in group 1 by 1.7 times (p < 0.05).

Ultrasonography parameters of the pancreas in both groups revealed characteristic signs of chronic pancreatitis (CP). The analysis of
pancreatic functional state indicators during exacerbation indicated hyperenzymemia syndrome, with a-amylase activity significantly higher
in patients of both groups compared to the control group — by 1.8 and 2.6 times, respectively (p < 0.05).

Conclusions. CP with chronic obstructive pulmonary disease (COPD) is characterized by a significantly lower frequency of paroxysmal
abdominal pain syndrome but a higher frequency of constant aching pain in the pancreas area. Additionally, it is associated with the
maximum intensity of inflammation, hyperfermentemia, a decrease in the activity of elastase-1 in feces, and a higher intensity of asthe-
no-vegetative, painful, dyspepsia, intoxication syndromes. Moreover, there is a more pronounced exocrine dysfunction of the pancreas

and more significant changes in the sonographic structure of the pancreas compared to cases with the isolated course of CP.

Keywords: chronic pancreatitis, chronic obstructive pulmonary disease, pain syndrome, exocrine dysfunction.
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[Ipobnema koMopOiTHOCTI XpoHigHOTO MaHkpeatuty (XI1) Ta
XPOHIYHOTO 0OCTPYKTHBHOTO 3aXBOproBaHHs JiereHs (XO3J1)
ToJIsiTae B IXHi BUCOKIM MOMMPEHOCTI Ta 3pOCTaHHI 4acTo-
TH TIO€THAHOTO TIepediry, 10, 3a JaHUMH PI3HHUX JKEpel,
cranoBuTh Bif 12 % 1m0 20 % [1,2,3,4,5,6]. Lle obrpyHTOBYE
JOITBHICTB MOMIYKY CIUTBHHUX MTATOTCHETHYHUX JIAHOK B3a-
€MHOTO OOTSDKEHHS Ta POTPeCcyBaHHs I1i€i KOMOPOITHOCTI,
YAOCKOHAJICHHS J1IarHOCTUKH, IIJBUIIEHHS €(EeKTUBHOCTI
JIKyBaHHS i TIPOQITIAKTHKH.

XpoHIYHHI TAHKPEATHT — XPOHIYHE 3aMalbHe 3aXBOPIO-
BaHHS mianuTyHKoBoi 3ano3u (I13), mo xapakrepusyeTbest
HE3BOPOTHUMH MOP(OJIOTIYHIUMH 3MIHAMU Ta BTPATOIO
¢yHKIii, o nporpecye [7,8,9,10,11,12]. e 3axBOproBaHHs
TIPU3BOIUTH 10 PyHHYBaHHS TKaHWHU [13 BHacHigOK 3arma-
JICHHSI Ta pO3BUTKY (piOpo3Hoi Tkannuu [13,14,15]. Hactora
3axBoproBaHHs Ha X1y eBponielicbkux KpaiHaX KOJIMBA€ThCS
Bin 5 mo 10 Bumazakis Ha 100 000 Hacenerus [16,17,18]. [Tpu
Me/iiaHi BIknBaHOCTI 20 pOKIB pO3paxyHKOBa ITOIIHPEHICTh
3aXBOPIOBaHHS CTaHOBUTH 120 Bumankis [17]. IcnyBama
IyMKa, IO Mae OyTH MOMIKOMKeHO moHaa 90 % TKaHWHU
13, nepmr Hi>K BUHUKHE €K30KpHWHHA HejpocrarHicTs [13.
OpHak OpUriHaIbHI JOCHIPKCHHS OCTaHHIX POKIB HE M-
TBEPIKYIOTh 11e TomoxkeHHs [11,19,20]. Manpaurecris Ta
MaltbabCcopOILis, a 3roI0oM MaTbHYTPHIIis BHHUKAFOTH 3HAYHO
paHiliie — BXe IMpH MOLIKOKEeHHI Ta (hiOpo3HOMY 3aMillleHH]
50-70 % txauuuu 113 [21]. Ilepequacuuii octeomnopos /
OCTEOIICHIsI Bpa)kae /(B TPETHHU TALIIEHTIB SK HACIIIOK
HEJIOCTaTHLOTO 3aCBOEHHS KaJIbLIiI0 Ta BiTaMiHy D, HU3bKOT
(i3U9HOI aKTUBHOCTI, HU3BKOTO BIUTUBY COHAYHOTO CBITIA,
IHTEHCHBHOTO KyPiHHS TIOTIOHY, @ TAKOX HAsBHOCTI KOMOp-
01THMX 3aXBOPIOBAHb, L0 CYIIPOBOLKYE XPOHIUHE 3arlaJIeHHs
HU3BKOTO CTyTIEeHS pi3HOI sokamizamii [22]. Ili3Hime npu
peuunuBHoMy XI1 BUHHKae BTpara ocTpiBueBHX KiiTHH [13
[1,6,13]. Y nauieHTiB MOKe PO3BUHYTHUCS IIyKPOBHi 1iabeT
Tumy 3¢ (MaHKPEaTOreHHUH), SIKUH yCKIIaJHIOEThCS OHO-
YaCHUM 3HIDKEHHSM ceKpellii mrokarony [10,13]. 3a Takmx
YMOB yCi KOMOPOI/THI 3aXBOPIOBAaHHS HEYXHIILHO IIPOTpeCy-
FOTh 1 JICKOMIICHCYIOTBCS IIBU/IIE, HIK MPH 130JIbOBAHOMY
nepebiry [11,21,23].

3axBoproBanicts Ha XO3JI y nmomyssiwii 3pocrae B reo-
METPHUYHIN mporpecii, 30kpemMa, 3a TaHUMH BCecBITHBOT
oprasizarii oxoponu 310poB’s, XO3JI HuHI € YeTBEPTOIO
TIPOBITHOIO IIPHYMHOIO CMEPTi Y cBiTi [1].

OcobmuBocri kiminigHOTO TIepediry XIT i3 koMopOigHIM
XO3JI pocmiKeHO HEeIO0CTAaTHBO, JIMIIE Ha OOMEKEHUX
KOHTHHICHTaX MaI[i€HTiB, BCTAHOBJICHO JIUIIIC OKPEMi MeXa-
Hi3MH B3aeMOOOTsDKeHH [22,23,24,25,26]. Lle o0rpyHTOBYE
AKTYaJIbHICTh TEMH JI0CHiHKCHHSL.

OTxe, poboya rirnoTe3a NOCiPKEHHS MOJISTae B TOBEICHH1
abo crpocTyBaHHi iiMoBipHOTO B3aeMHoro BruBy XO3J1 i
KITiHigyHOTO TIepebiry XI1.

MeTa po6otu

BcTraHoBUTH IHTEHCHBHICTD MaHidecTarli KJIiHIYHUX CHH-
JpoMiB 3a koMopodigHoTo TIepediry XI1 y xBopux Ha XO3J1
TIOPIBHSIHO 3 130160BaHNM niepebirom XI1, oniHUTH iHTEH-
CHBHICTbh CHH/IPOMY B3a€MOOOTSKEHHSI.

Marepianu i MeToau pocnimKkeHHs

3iHCHIIH TIPOCHIEKTHBHE KOTOPTHE OCITIHKEHHS 3 aHATI30M
MEMYHMX KapT cTarioHapHuX xBopux 212 namientis. [lepury
IpyIy XBOPUX CTAaHOBIIIM 96 0¢i0 3 130J1b0BaHUM 11epedirom
XI1, 3MimraHoi eTioorii y (a3i 3arocTpeHHs CepeTHbOI THK-
xocti (1 rpyma); apyry rpyy (2 rpymy) — 116 xBopux Ha XI1
i3 komopOimauM XO3JI (rpyna E). Cepeaniii Bik narieHTiB
cranoBuB 51,30 + 3,14 poky. J{o rpymu nopiBHSHHS 321y YU
30 mpakTtigHO 3nopoBux ocib (I130).

Jiarno3 XII BcTaHOBIIOBAIM 3TiJHO 3 YHi()iKOBaHUM
KJIIHIYHUM TPOTOKOJIOM, IIO 3aTBEPKECHUN HAaKa30M
MO3 Ykpaiau «I1po 3aTBepmKeHHs Ta BIIPOBAKEHHS METH-
KO-TEXHOJIOTTYHHX JJOKYMEHTIB 31 CTAHAAPTU3AIIii METUIHOT
JIOTIOMOTH TIPH XpOHIYHOMY TaHkpearuti» Bin 10.09.2014
Ne 638 Ha mifcTaBi KIIACHYHHUX KIIHIYHUX, YABTPACOHO-
rpagigHuX, 010XIMIYHUX METOMIB, Ta TAKOK BPAXOBYIOUH
Hakaz MO3 VYkpainn «lIpo 3arBepmkeHHsT YHi(IKOBaHOTO
KJTIHIYHOTO MTPOTOKOJIY MEPBHHHOI Ta CIIeliali30BaHOi Me-
JITIHOI TOTIOMOTH X POHIYHIH TaHkpeatut » Bix 04.07.2023
Ne 1204 [7,8].

Jiarnoctuky ta jikyBanus XO3J1 3niicHUIM BIITOBITHO
JI0 KITiHIYHUX HacTaHoB (Haka3 MO3 Vkpainu Bin 27.06.2013
Ne 555, BpaxoByroun AnantoBaHy KITiHIYHY HACTaHOBY, 3a-
CHOBaHY Ha JIOKa3ax, « XpOHIYHE 00CTPYKTUBHE 3aXBOPIOBAH-
Hst Jierenby, 2020). Hanexwicts 1o rpyn A, B, E xBopux Ha
XO3JT oriHIOBAIH 3a IIKAJIOK0 OLIHIOBAHHSA TshKKOCTI XO3J1
3a ABE (GOLD 2023) [24].
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IIpoanamnizyBanm 4yacTOTy BUHHUKHEHHS KIIIHIYHUX CHH-
JPOMIB, Cy0’€KTHBHUX Ta 00’ €KTHBHUX CHMIITOMIB, CTYTICHS
TspKKocTi 3aroctpenHst XI1 3a iHTeHCHBHICTIO MaHi(ecTail
KIHIYHUX TIPOSBIB OOIBOBOTO CHHAPOMY. |HTEHCHBHICTH
cy0’€eKTHBHHX IPOsIBiB 60160B0T0 cHpOMy X1 oriHIOBaH
3a JIONIOMOTOFO HarliBKiIbKICHOT 1kasu: 0 6aJ1iB — IposiBiB He-
Mae; | 6an —miHiManpHi; 2 6amm — momipHi; 3 6anm — mposBu
BHpaxkeHi a00 JTyXe BHPaXKEHi. 3a JOTIOMOTOO M€l IIKAIN
obunciroBany cepennii cryminb TspkKocTi (CCT) kiniHIuHMX
mposieiB XI1 [7] 3a popmymoro (1):

CCTXIT=a+2b+3c/a+b+c+d, (1

Jie a — KUTbKICTh XBOPHX 3 IHTEHCHUBHICTIO CUMIITOMIB |
6air; b — KUIBKICTB IAIEHTIB 3 IHTEHCUBHICTIO CUMIITOMIB 2
0aim; ¢ — KiTbKICTh XBOPHX 3 IHTEHCUBHICTIO CHMITTOMIB 3
Oamn; d — KiIBKICTH 00CTEKEHUX 0€3 CUMITTOMIB.

CryniHb 30BHIIIHBOCEKPETOPHOT HepocTaTHocTi 13
BHBYAJIM 33 JAaHUMHU ONMUTyBalbHHUKA Pancreatic Exocrine
Insufficiency Questionnaire (PEI-Q) (2018) [19].

VY nocinipKeHHI TaKo)K BUKOPUCTOBYBAJIM JIaHi KIIiHIY-
HOTO aHaJlizy KpOBi, 0iOXIMIYHOTO JOCTIIKEHHS BMICTY
MapKepiB CHHJpoMYy BigxuieHHs ¢pepmenTis I13 y kpoBi (3a
AKTUBHICTIO ajib(ha-aMisia3u KpoBi) 3a 3arajlbHOIPUIHATUMA
METOIMIKaMH, BMICTy enactazu-1 y kam meronom DA nHa
iMmyHO(epMeHTHOMY aHaiizaropi «Labsystems Multiskan
MS» (Higepianan).

VYnerpaconorpadiune (YCI') mocmimkeHHS OpraHiB de-
peBHOI nopoxkHUHU BUKOHAHO 100 % xBopux. Komiiekcue
Y CI'-gocnipKeHHs 311 HCHIIN Ha YIBTPa3ByKOBOMY CKaHepi
«AU-4 Idea» (Biomedica, ITamiss) KOHBEKCHUM JaTYHKOM i3
yacrtototo 3,5 MI'. O6crexenns nependadano YCI opranis
YepeBHOI NOPOXXHUHK B B-pekuMi peansHOMy MacmTadi
gacy 3 YCI'-ricrorpadiero [12]. IlpoBoaunn mo3umiiay
VYCT 113 namienTa B OMIOKEHHI JIe)Ka4l Ha CIIHHI. Bukopu-
CTaJI PUIHOM 3aTPUMKH TMXaHHs Y (pa3i NIMOOKOTO BANXY.
3niACHUIN TOMIMPOEKIIHE CKaHYBAaHHS y MO3IOBXKHIH,
TIOTIEPEYHii 1 KOCiH IDIOMMHAX 3 HACTYITHUM OIliHFOBAaHHSIM
po3mipiB oprana (po3mip romiBku Ta Tina [13), xapakrepy
koHTYpy [13, eXOreHHOCTI TKAHWHH, CTYTICHS HEOHOPITHOCTI
napenximu 13, HastBHOCTI pO3IIMPEHHSI TOJIOBHOT ITPOTOKH
13, HasiBHOCTI y mapeHXiMi KanbludikaTiB 1 00IH040CTI
npu HatuckanHi pargukoM YCI' y 3o0mi mpoexmii I13. s
aHaJi3y ricTorpaM BUKOPHCTAJIH J{Ba TOKA3HUKN. [Ioka3HHK
omuopimHocTi N o0uncitoBam 3a hopmyinoro (2):

N=M/T x 100 %, )

ne N — mokasHuk omHOpigHOCTI TKaHuHN [13, M — Kinb-
KIiCTh €JIEMEHTIB TiHBOBOT'O KOMIIOHEHTA, SIKH BUSIBIISITA
Haifuacriie y 3a3HaducHiil auistHIl; T — 3arajibHa KUTbKICTh
€IIEMEHTIB y 3a3Ha4YCHIH JUTSHIII.

Icrorpagiunnii xoedimient I13 obuncnroBanm 3a ¢op-
Myoro (3):

Kgst=[N/P x L] x 10 000, 3)

ne Kgst — ricrorpadiunmii koedimient; N — moka3zHUK
onHopigHOoCTI TKaHuHM [13; P — MakcuManibHUiL piBeHb Ci-

pocrTi B 1iii ricrorpami; L — piBeHb cipocCTi, KMl BU3HAYAIN
HalfgacTile y TiIsTHIII.

CTaTUCTUYHUN aHAI3 Pe3yIbTaTiB BUKOHAIH BiIMOBIIHO
JI0 BUJY OCIIIJDKCHHS i THITIB YMCIOBHX JTaHUX, IO OTPH-
MaHi. HopMasbHICTh po3roainy nepeBipsu 3a JOOMOTOO
tectiB Jlimedopca, lanipo—Binka Ta MeTonoM mnpsMoro
Bi3yaJIbHOT'O OIIIHFOBAHHS TICTOrPaM PO3IOILTY BIACHUX 3HA-
yeHb. KiTbKiCHI TOKa3HUKH, 1[0 MAJTA HOPMAJIBHUH PO3IIOLT,
HaBeseHo sk cepenHe apudmernyne (M) + cranmaprHe
BijxmieHHs (S). JluckperHi BeaMYMHH — sIK aOCOIIOTHI Ta
BIZTHOCHI YacTOTH (BiJICOTOK CIIOCTEPESIKCHD JI0 3arajbHOT
KUIbKOCTI 00cTexeHHX). 1 MOPIBHSIHHS JaHKX, 1110 MaJH
HOPMaJIbHUI XapakTep pO3IMOiy, BUKOPUCTAIM MapamMe-
TPUYHI TECTH 3 OLIHIOBaHH:M t-KpuTepito CThioneHTa abo
F-xputepito @imepa. Y pasi HeBiAMOBIAHOCTI HOPMATEHOMY
3aKOHY PO3IIOITy BUKOPHCTOBYBAIIM HETIapaMEeTPHYIHI Me-
TOIM: MEiaHHMI{ TECT, PO3paxyHOK paHroBoro U-KpUTepito
Manna—BiTHi, [UTT MHOXKHHHOTO TIOPiBHSHHS — T-KpUTEpiit
BinkokcoHa (SIKIIO JT0CIi Ky BN 3aIeKHI rpynn). [iist cra-
THCTHYHOTO Ta rpadidHOro aHai3y OTPUMAaHHX PE3yJIbTaTiB
BHUKOPHCTAJIM TIporpamHi nakeru Statistica for Windows
Bepcii 8.0 (Stat Soft Inc., CIIA), Microsoft Excel 2007
(Microsoft, CILIA).

PesynbraTtu

AHari3 cy0’eKTUBHHX CHMITTOMIB 3amnayieHHs [13, o BuHu-
KaJIi B 00CTEXEHMX (4acTOoTa CUMIITOMIB HaBeIeHa B mao/iu-
yi 1), IoKa3aB: MposiBK a0I0MIHAIILHO-00I60BOTO CHHAPOMY
criocrepirainy y XBopux 2 rpynu y 1,2 pasa yacrimie, HiX y
xBopux 1 rpynu (p < 0,05). [TpoBigHMM CUMIITOMOM IIHOTO
CHHJIPOMY Y XBOpHX | rpynu OyB HamaaornomiOHuii Ot y
npoekuii [13, 1o Bunnkas y 3,5 pa3a yacririe y naiiesris 1
rpymH (ma6a. 1). TlocTiliHwiA 60IF0BUI CHHIPOM y TPOEKIIIT
[13 mepeBaxaB y XBOpHUX 2 TPYIIH i IEPEBHUIILYBAB 32 YACTOTOIO
moKa3HUK y 1 rpymi y 4,6 paza (p < 0,05).

MaxkcumanbHa iHTCHCHBHICTH OOJNIO 3apeecTpoBaHa y
XBOpHX | rpymy, a y mamieHTiB 2 rpyn 4acTOTa BHHUKHEHHS
0omro 3Ha9HOI iHTeHCHBHOCTI BABiUi Hmk4a (p < 0,05). ¥V
TIAIE€HTIB 2 TPYIH IIepeBakaB HAIOUWH OUTh y mpoekii [13
crabkoi inTeHcuBHOCTI (Y 2,5 pasa yacrinte, HK y 1 rpymi,
p <0,05). binbmocti nauienTis 1 rpynu npuramaHaumii Oi1s
y JiBiil migpeOepHid ALIAHII, SKUH BU3HadamM y 2,8 pasa
yacrire, HDK y 2 rpymi (p < 0,05). Buiy yacrory 6oiro B
13 i3 ippaziarieto B mpaBy mijpeOepHy IUISTHKY CIOCTEpi-
raju y XBOpUX 2 TpyIH, sika TIEpEeBHIIyBajIa BiIIOBIIHNUIT
nokasHuk y 1 rpymi B 1,9 pasza (p < 0,05), a Tako)k CUMITTOM
orepizyBabHOr0 00O 3 ippaiamiero B cruny (v 2,1 pasa,
p <0,05) (mabn. 1).

YacToTa AUCTIETICHYHOTO CHHAPOMY JEIIO BUIIA Y XBOPHX
2rpymu (y 1,3 paza, p>0,05) (mabn. 1). 3oxkpema, mepeBakHa
OimpiricTs xBopux Ha XI1 2 rpynu BU3HAYAIH BiAIyTTS I1e-
PETIOBHEHHSI TiCTIs B)KUBAHHS 3BUYAHOI KITBKOCTI TKi; e
TIOKa3HUK B 1,4 pasa mepeBHIyBaB BiIIOBITHII TapaMeTp
y xBopux | rpymu (p < 0,05). Bigpmkky micis BXKUBaHHS
TKI crocTepirany gacTime y xBopux 2 rpymu —y 1,4 pasza
nopiBHsHO 3 | Tpymoto (p < 0,05). Cumnrom mocTipani-
JIBHOT HYJIOTH Ta OJIIOBaHHSI TAKOX [IEPEBAYKaB 33 4YaCTOTOIO
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OpueiHaribHi 0oCidxeHHs!

Tabnuus 1. YacTota cy6’eKTUBHUX CUMNTOMIB Y XBOPWX HA XPOHIYHWIA MAHKpeaTUT 3anexHo Bif, HasiBHOCTI komopbigHoro X031, n (%)

KniHiyHui cumnTom

Ipynu obcTexeHnx XBopux

ABaoMiHanbLHo-60MbLOBUI CUHAPOM 2 (85,4) 114 (98,3)
Binb y npoexuii M3 Hanagonogi6HWi 5 (67,7) 22 (19,0)
Binb y npoexuii M3 nocriHmi 7(17,7) 92 (79,3)
Binb y npasiii nigpebepHin AinaHLi 5 (30,5) 65 (56,0)
Binb y niiit ninpebepHiit AinsHui 2 (64,6) 27 (23,3)
Binb y npoexuii M3 onepisyBanbHui (3 ippagiaLlieto B CivHy) 9(10,9) 24 (21,1)
Binb y npoekuii M3 iHTeHcMBHUI 61 (75,6) 43 (37,7)*
Binb y npoekuji M3 Hutoumin (cnabkoi iHTEHCUBHOCTI) 21 (25,6) 71 (62,3)
[ucnencuyHnin cHapom 76 (79,2) 114 (100,0)
BiguyTTsi nepenoBHeHHs nicns iau 64 (66,7) 109 (94,0)
Binpwxka 48 (50,0) 83 (71,6)*
Hynota 35(36,5) 77 (67,5)
BrioBaHHs 16 (16,7) 35(30,2)
3ayTTs XuMBOTa 68 (70,8) 112 (96,6)
MeTteopuam 62 (64,6) 105 (90,5)
[MpoHocu, HeothopMNEH: BUNOPOXXHEHHS! 49 (51,0) 98 (84,5)
CxunbHiCTb 40 3aKpenis 13 (13,5) 24 (20,7)
AcTeHO-BereTaTMBHNA CUHAPOM 45 (46,9) 91 (78,4)*
CyxicTb y poTi 55 (57,3) 110 (94,8)*
AneTuT nigBULLEHNIA 6 (6,3) 15 (12,9)
SHIKEHHS aneTuTy 35 (36,5) 74 (63,8)"

*: BIAMIHHOCTI BiporiagHi nopiBHsHO 3 1 rpynoto xsopux (p < 0,05)

y xBopux 2 rpymu — B 1,9 pasa (p < 0,05) nopiBusizo 3 1
rpymoto. CHMIITOM 311y TTS JKMBOTA, METEOPU3M PEECTPYBAITH
TIEPEBAYKHO Y MAIIEHTIB 2 TPYIH; 0T0 YacToTa IIepeBHIIIIIA
mokaszHuK y | rpymiy 1,4 paza (p <0,05). Ha HasBHICTB TIpO-
HOCIB, omidekaii Ta/abo HasIBHICTh YaCTUX HEO(DOPMIICHUX
BUIIOPOKHEHb CKap)KUJIaCh MaKCUMaJIbHa KUIbKICTh XBOPHX
2 TpyIy; 11e NePEBUIIYBaJIO YacTOTy Aiapel y XBopHx | rpy-
m B 1,6 paza (p < 0,05). Pazom i3 TiM, y XBOpHX 2 TpyIH
CXWJIBHICTB JI0 3aKPEIIiB TAKOXK OUIbINA, HIXK Y MAIi€HTIB 1
rpyma (B 1,5 paza, p <0,05).

YacToTa acTeHO-BETeTaTUBHOTO CHHPOMY iCTOTHA B 000X
Tpymax MOpiBHAHHS, OHAK Y XBOPHX 2 rpymnH BoHa B 1,7 paza
BuIla NOpiBHsHO 3 1 rpynoto (p < 0,05). [IposiBu cuaapoMy
OB sI3aHi 3 CHIOTCHHOI 1HTOKCHKAIIIEIO, 1110 HAPOCTAE, Ta
CHUHIIPOMOM TinepdepMeHTeMii mia yac 3aroctpeHHs XI1
13 CYTTE€BUM BETeTaTHBHUM JANCOATIAHCOM 1 CHHIPOMOM
XPOHIYHOI BTOMH.

Cepen iHIIUX CHMIITOMIB BH3HAUIUIH CYXIiCTh Y POTi. Y
XBOpHUX 2 TPYyNH el CUMITTOM peecTpyBayi B 1,6 pasa ga-
crinre, HiX y naiieHTiB 1 rpymu (p < 0,05). Ha Hatry gymky,
LIe TOB’3aH0 3 MPOsIBAMU BEreTaTHBHOTO JUcOaaHCy B
LUX XBOPHX, MPOSBAMH JIMCIEIICI], a TaKOXX MOPYIICHHSIM
TOJIEPAHTHOCTI JI0 BYIJIEBOJIIB.

VY Ginbiocti xBopux Ha XI1 BUSHAUMIM PO3JIay areTH-
Ty. 30Kpema, cepen marieHTiB i3 XI1 2 rpynu Ha 3HUKCHHS
areTUTy CKapXXIIoch y 1,8 pasza Oinblre 00CTeKEHUX, HIXK
y 1 rpymi (p < 0,05). Lle moB’s13aH0 i 3 HAsBHICTIO 3aITaIbHOL
IHTOKCHKALIT BHACIIZOK noeaHaHoro riepediry XO3J1, 13 npo-
sSIBAMH JIUCIIETICIT. 3a3HaYMMO, IO Y 2 TPYII YMMaJI0 XBOPHX
MaJTH ITiJIBUIIICHAH alleTUT; IXHsI KITbKICTh IEPEBHUILAIIA TAKY
B | rpymni B 2,2 paza (p < 0,05) (maén. 1).

3niHCHUITN TIOPIBHSUIBHY XapaKTEePUCTHKY IHTEHCHBHOCTI
OCHOBHHX KIiHIYHUX cuHApoMiB XI1 y 6amax. Tak, mposBu
IHTOKCHKAIIfHOTO CHHIPOMY, 32 ITAHUMH OIIHIOBAaHHS 3a-
TaJIbHOI CTa0KOCTi, MAKCHUMAITBHI y 2 TPYTIi XBOPHX (TIEPEBH-
LyBa nokasuuk y 1 rpymi B 1,2 pasa, p < 0,05) (mabn. 2).
MakcumanbHe 3HWKEHHST PO3yMOBOI Ta (hi3UUHOI Tparie-
37IaTHOCTI TaKOX BU3HAYWIIM Y XBOPHUX 2 IPYIH, sKe Oyio
BUIIMM Biji ToKa3HuKa y 1 rpymi B 1,2 pasa (p <0,05). ITposiBu
JIMCTICTICHYHOTO CHHAPOMY (CYXICTh y POTi, HYJ0Ta, 30y TTS
JKIBOTA) MaKCUMAJbHI y XBOPUX 2 TPYIIH, TTEPEBHUIIYBAIN
mokasHuK | rpym y mexax 1,5-1,8 pasza (p <0,05). Kiiniuni
MIPOSIBU a0JIOMIHAIEHO-00IbOBOTO CHHAPOMY (Y TIPOEKIT
13, npasiii i JiBii migpeOepHUX AUISHKAX) MAKCUMaIbHOT
IHTEHCHUBHOCTI CHIOCTEPIraii y XBOPHX | TpyIH; BiATIOBI THUN
TIOKa3HUK 2 IpynH repesuiieHo B 1,2 paza (p <0,05).
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Tabnuus 2. XapakrepucTuka iHTEHCUBHOCTI KMiHIYHMX CUMNTOMIB XpPOHIYHOrO NaHkpeaTtuTy (y 6anax) 3anexHo Big HasiBHOCTi komopbigHoro XO3J1, M £+ m

BaranbHa cnabkicTb (acTeHist) 2,30 £ 0,05 2,80 £ 0,03*
3HWXKeHHs NpaLie3aaTHocTi (disnyHa, po3ymoBa) 2,40 + 0,06 2,80 + 0,05*
CyxicTb y pori 1,80 £ 0,03 2,70 £ 0,04*
Hynota 1,40 £ 0,05 2,50 +0,03*
3ayTTs XuMBOTa 1,80 £ 0,07 2,80 + 0,05*
Binb y npoexuii M3 2,70 £ 0,04 2,40 £ 0,03*
MpoHoc 1,80+ 0,05 2,50 £ 0,04*

*: BIAMIHHOCTI BiporigHi nopiBHsHO 3 1 rpynoto xsopux (p < 0,05).

Tabnuus 3. Pesynbratv ynstpacoHorpadiyHoro A0CTimKeHHS NiALLMYHKOBOI 3aM03u y XBOPUX Ha XPOHIYHWIA NaHKpeaTUT 3anexHo Bif HasisHocTi XO3/,

Mim

Poamip ronisku M3, mm 22,30+ 0,01 31,10 £ 0,10* 36,10 £ 0,07*/*
Poawip Tina M3, mm 12,50 £ 0,01 17,30 £ 0,11* 26,60 £ 0,12%/*
Poamip xBocta N3, Mm 15,40 £ 0,02 29,70 £ 0,05* 27,50 £ 0,08 */**
[. BipCyHroBoi NpoTOKM 1,700 £ 0,001 3,300 £ 0,001* 4,100 + 0,001*/**
L 16,2+0,3 18,7£0,3* 26,2+ 0,3*/**

N 15,30+ 0,10 11,60 £ 0,06 * 3,20 £ 0,01%/*

K 122,5+ 14,7 102,5+8,7* 35,2 £4,7**

*: BigMiHHOCTI BiporigHi nopieHsHO 3 M30 (p < 0,05); **: BigMiHHOCTI BiporigHi nopiBHsHO 3 xBopumu 1 rpynu (p < 0,05).

[HTEeHCHBHICTB AiapeifHOTO CHHIPOMY TIi[T 9ac 3aTOCTPEH-
nst XI1 'y 2 rpyni Bumia Bix nokaszHuka | rpynu B 1,4 paza
(p <0,05) (maén. 2).

Ananiz napamerpiB YCI' [13 y XBopHx MoKazaB XxapaKkTepHi
YCT-o3nakn XII: 3minu posmipis I13, HepiBHUIT KOHTYP,
HEOTHOPITHY €XOCTPYKTYPY, IIOCHJICHHS €XOTeHHOCTI, PO3-
LIMPEHHS TOJIOBHOT AHKPEaTUYHOT TPOTOKH, KaJIbLH(IKaIIifo
13, 6omnrouicTs npu HaTrcKaHHI gaTgrkoM Y CI y mpoekmii
I13. ¥ xBopux 1 rpynu po3mipu romiku 113 B 1,4 paza ne-
peBuiuH Bianosiaaui nokasuuk [130 (p <0,05). Posmipu
roniBku [13 y xBopux 2 rpymu BiporiaHo 30imbmeHi B 1,6
paza (p < 0,05); pi3Huus Big napamerpiB 1 Tpymu crocre-
pexenns gocroBipaa (p < 0,05) (mabn. 3). Y xBopux 000X
IpyN BepTHUKAIbHUI po3mip Tina [13 mepeBumB nokasHUK
y I130 B 1,4 Ta 2,2 paza BianosizHo (p < 0,05), BusiBIeHa
TaKOX BiporigHa MibKrpymnosa pisaui (p < 0,05).

Poswmip xBocra I13 y xBopux 1, 2 rpyn Takox BiporiJHO
niepeBunwB HOpMy B 1,9 1 1,8 paza (p < 0,05) BiamoigHO
3 HasIBHICTIO BiporifHoi pisHuLi Mix rpynamu (p < 0,05)
(mabn. 3). JliameTp BIpCYHTOBOI IPOTOKH y XBOpHX 1, 2
IpyI 10CTOBiIpHO 30unbIeHU — B 1,9 1 2,4 pa3a Bianosin-
HO (p < 0,05); pizHuns Mix rpynamu BiporigHa (p < 0,05)
(ma6z. 3). HeomHOPOIHICTD CTPYKTYPH, MO3aivHE ITiIBUIICH-
Hsl Ta MOHKEeHHs exoreHHocTi [13 criocrepiraiy y XBopux
ycix rpyn mociimkeHEs (p > 0,05). HeomHOpimHa eXocTpyK-
typa 13 popMy€eThCS BHACTIZIOK YePIyBaHHS T1IIOEXOTCHHUX
(insTHKM 3amasieHHs Ta iHQUIBTpalii) Ta rinepexoreHHux

(minstEKT Gi6po3y Ta hOpMyBaHHS KAJBIU(IKATIB, III0 MAIOTh
BUIJISIL TIEPEXOreHHUX OCEPEJIKiB, YacTo 3 aKyCTUYHOIO
TIHHIO) TUITHOK 1 (pparMeHTiB HOpMabHOI maperxivu [13
CEepeIHbOT EXOTeHHOCTI. Y pe3yJbTaTi BUBUCHHS 3MiH €XO-
reHHOCTi TKaHuHU [13 BcTaHOBMIINM, IO y XBOPUX 2 TPyIH
HalyJacTille BUSBISUIN TeTePOreHHE OCHUIICHHS €XOTeHHOCTI
[13 BHaCITi 10K HASIBHOCTI TIOEXOTeHHUX (IUISTHKH 3aajeHHs
Ta iH(}LIBTparii) Ta rinepexoreHHUX (ocepenku Gpidpo3y Ta
KasbIMQiKariii) JUISTHOK Ha TV HOpMaJIbHOI napenximu [13
CepemHBOI €XOTCHHOCTI.

VY xBopux | rpynu nepeBaxkanao reTeporeHHe 3HWKEHHS
exoreHHocti napeaximu [13. Y xBopux 2 rpynu BU3HAUHMIH
1 reTeporeHHe mocuieHHs exoreHHocTi [13, 3ymoBneHe
3amileHHsM napeHxiMu [13 cromy4Horo Ta )KUpoBOIO TKa-
HHUHOIO, 1 TeTePOTeHHE 3HWKEHHSI €XOTEHHOCTI MapeHXIMU
TI3 BHACTIIOK HAKJIAAaHHS MIIOEXOIN€HHUX 30H 3aajJbHOrO0
HaOpsIKy Ha 3MiHEHY eXoreHHy cTpykTypy 13, mo noriprye
gitkicts YCI -KapTHHH.

BinbIry kinbKicTh qUIsHOK Kasbiudikariii [13 3apeectpoBa-
HO 'y xBopHX 2 rpynu (n =38, 32,7 %) NopiBHSIHO ITOKA3HUKOM
1 rpynu (n =24, 25,0 %; p < 0,05); ncepaoxicru [13 yacriime
BU3Hadanu y xBopux 2 rpymu (y 36 (30,1 %) Bumaakax mo-
piBasHO 3 9 (9,4 %) y | rpymi, p < 0,05).

Pesynbraru ynerpaconorpadiqnoi ricrorpadii roiiBku
113 nokazanu, wo napamerpu L, N, K'y xBopux 1 rpynu no-
piBasito 3 [130 3HmwkeHi B 1,2 pa3a (Bkaszye Ha HaOpsik [13),
y 1,3 Ta 1,2 paza (p < 0,05) BinnosizgHo. Y XBopux 2 rpynu
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Puc. 4. CTyniHb 30BHiLIHbOCEKPETOPHOI HepocTaTHocTi 13, 3a gaHumm onutyeanbHuka PEI-Q.

mmokaszHUK L mepeBnmyB HOpMaTHBHI B 1,6 paza (p < 0,05),
pisHmIs Bix mapametpa 1 rpymum BiporimHa (p < 0,05); me
BKasye Ha (iOpo3yBaHHS Ta XHUPOBY TpaHcdopmariro I13.
[Nokazuuk omHopinHOCTI Ny 2 rpymi 3HWKeHui y 4,8 pasa
(p < 0,05), pizauig Mix rpynamu goctoBipHa (p < 0,05).
[Mokazuuk K y XxBopHx 2 rpynu Takox iCTOTHO HIKYHMH Bifl
HOpMaTuBHUX — Y 3,5 paza (p < 0,05).

Amnari3 oka3HukiB (yHKIioHambHOTO cTany 113 y ¢asi
3aroCTpeHHs BKa3zye€ Ha CHHIPOM TinmepdepMeHTeMii: ak-
TUBHICTB (i-aMiJIa3¥ y TAIMI€HTIB | Ta 2 Tpyn 3HAYHO BHIIA
TIOPIBHSIHO 3 IPyIOI0 KoHTpoumo — B 1,8 Ta 2,6 pasa Biamo-
BigHO (p < 0,05) (puc. 1).

Bwicrt y kpoBi C-peakTuBHOro Oijika BIpOTiJJHO BHIIHI
oo nokasuuka [130 y xBopux 06ox rpyn—y 13,4 ta 21,5
pa3a BianosigHo. lle Bka3ye Ha 3aroCTpeHHs XPOHIYHOTO
3amaigbHOTO Tporiecy y TkaauHi [13 (puc. 2). Makcumaibhe
3pocTaHHs BMICTy C-peakTHBHOTO MPOTEIHY y KPOBi Y XBO-
pux 2 rpynu cBimunTh npo BHecok XO3JI y minBuiieHHs
LILOTO ITOKA3HHKA.

IIpo HapocTarody 30BHIITHBOCEKPETOPHY HEOCTATHICTh
13 y xBopux Ha XI1 cBijunIio BiporiJiHe 3HWKEHHSI BMICTY
(exanpHOI enacrasu-1, Mo BU3HAYMIM Yy XBopuxX | Ta 2
rpym, —B 1,3 ta 2,0 pasa (p, , < 0,05) Bi/IIOBIAHO NIOPIBHSHO
3 HOPMO¥0, 0co0mHBO mTpu KoMopoimaomy XO3JI (puc. 3).

L1i daxtu miaTBEepIpKYyE aHaNi3 pe3y/bTaTiB ONMHUTYBaHHS
00CTeKEHHX, 1110 3IHCHUIIH 32 JIOTIOMOT'OI0 OITUTYBAJIbHUKA
Pancreatic Exocrine Insufficiency Questionnaire (PEI-Q).
Taxk, moxazuuk TSS nepesumrysas maxi y I[130 B 1 rpymi y 6,2
pasa, 110 CBIIYKTH PO NepeBakanHst BunaakiB XI1 i3 ierkoro
3CHII3 (p, <0,05). Y xBopux 2 rpynu nokaszuuk TSS miepe-
ButyBaB nasi y [130y 7,7 paza (puc. 4), a oTxe epeBakani
sunazxu XI1 i3 cepennboi Tsxxocti 3CH I3 (p, < 0,05), w0
noTpedye TpHUBaJIO 3aMicHOT roihepMeHTHOT Tepartii.

O6roBopeHHs

OTxe, mepedir XpOHIIHOTO MAHKPEATHTY 38 KOMOPOiTHOCTI
3 XO3JI xapakrepu3yeThcsi BIpOTiJHO HHXKUOK YaCTOTOIO
HAITaJ0IOI0OHOTO a0IOMIHATIBHO-00JIFOBOTO CHHIPOMY Ta

ISSN 2306-8094

AKTyarnbHi MMTaHHSA hapMaLeBTUYHOI | MEAVNYHOT Hayku Ta npakTuku. 2024. T. 17, Ne1(44) 57



Original research

HOTO MEHIIO0 IHTEHCHBHICTIO TIOPIBHSHO 3 130IbOBAHUM
niepebdirom XI1. Ile Mo)kHA TOSICHUTH 3HIKEHHAM Uy TIIH-
BOCTI OOJNIEOBUX PEIETITOPIB Y MapeHXiMi ITiIIITyHKOBOI
3aJI031 BHACIIIIOK TIOKCIi Ta 3MiHH IXHBO1 KOH(pOpMAIIiHOT
CTPYKTYpH BHACIIIIOK OKCHJIaTHBHOTO cTpecy. [Ipore mpu
komopOiaHocTi 3 XO3JI BU3HAYMIIN BUIIY YacTOTY MOCTIN-
HOTO HHMIOUOT'O OOJTIO B IMPOEKIIT i JIUTYHKOBOT 3aJ103H, 10
TIOB’S13aHO 3 HASIBHICTIO XPOHIYHOTO CUCTEMHOT'O 3aITaJIbHOTO
nporiecy y oponxax i TkaruHi [13, a Takok MaKCHUMaIbHOIO
iHTeHcuBHicTIO 3ananeHss (p < 0,05) Ta rinepdepmentemii
(p <0,05) cepen rpy nopiBHsHHS. [TinTBEpHKEHHIM I[HOTO
(daxty € 3MiHN COHOTpadiYHOI CTPYKTYPH i IILTYHKOBOT
3aJ1031: 30UIBIICHHS PO3MIpIB, JliaMmeTpa BipCyHroBOI Hpo-
TOKH, TIOCUJIEHHs1 exoreHHOCTi [13 y pe3ynbrari uepryBaH-
HS TIMOEXOTeHHUX (AUISTHKH 3amajieHHs Ta iH(IIBTparii)
Ta rinepexoreHHux (ocepenxu (Hidpo3y # Kamprmbikarii)
IUITHOK Ha TIi 3MiH MapeHXIMH CepeIHbOI eXOTeHHOCTI.
Binp xapakreprsyBaBcs IepeBakaHHAM ippajiallii B paBy
inpedepHy MsHKY. Lle cBiTunTb Ipo nepeBaXkHe ypaKeHHs
roytiBku [13 BHACTIIOK TPOTOKOBOI TiNepTeH3ii, ke 3yMoBJIe-
HE XPOHIYHHUM cria3MoM cdirkrepa Oii, MO MiATBEPIKY-
€ThCS PO3IIMPEHHSIM BipcyHroBoi mportoku [13 i kopermtoe
3 HasIBHICTIO OPOHXOOOCTPYKTHBHOTO CHHAPOMY, BUHUKAE
YacTillle Py BaroToHil.

IcToTHO BHIIA IHTCHCUBHICTH 3alaJICHHs Ta rinepdepMeH-
TeMii 3a komopOigHocTi XO3J1 1 XI1 3ymoBHIiIa BUIILY iHTEH-
CHBHICTh aCTEHO-BET€TaTUBHOTO CHHIPOMY, SIKMI BiIOMBaE
CHHIPOM CHIIOTE€HHOI iHTOKCHKAIIi{, TOPiBHSIHO BiAMOBIIHNU-
MH MapaMeTpaMu Tpu i3ompoBaHOMYy Tiepediry XI1. Buma
IHTEHCHUBHICTB TIPOSIBIB IITYHKOBOT Ta KUIIIKOBOI AUCIETICIT
ipu koMopOinHoMy ntepediry X111 XO3JI cBigunTs Ipo 30B-
HilIHBOCEKpeTopHY aucdyHkio [13, mo napocrae. Lle min-
TBEPJUKYIOTh TIOKa3HUKH 3HW)KCHHS aKTUBHOCTI eJlacTaszu- 1
kaiy (p <0,05), mo 3yMOBIIeHE TPOTPECUBHIM 3aMIIICHHIM
TKaHUHH [13 (hiOpO3HOIO TKAHWHOFO Ta aTPO]i€Ero AIMHAPHOTO
emitenito. CBiJUEHHSIM 1IbOTO (DaKTy € yepryBaHHS Tirep-
exoreHHux (ocepenku (Gidpo3y Ta Kanprmpikaiii) JiIsTHOK
Ha TJIi 3MiH TapeHXIMH CepeIHBOT €XOT€HHOCTI (3arajieHHsl),
a TaKOXX 3MiHHM TicTOrpadiYHMX MOKA3HUKIB (MMiABUIIEHHS L B
1,6 pa3a, 3HmkeHHs noka3HuKiB Ny 4,6 paza, K—y 3,5 paza).
Le minTBepKy€e MakCUMajbHUIN CTyMiHb (iOpPO3yBaHHS
TIOPIBHSIHO 3 1HIIUMH IPYIIaMH JIOCITIPKSHHS.

deHoMeHH, 1110 BU3HAYMIIM Y Pe3yJIbTari JOCIIHKeHHS,
BKa3ylOTh Ha HASBHICTh CHHAPOMY B3a€EMHOTO OOTSKCHHS
xiirigHOrO Mepebiry XIT i XO3JI y pasi ix koMmopOigHOTO
niepediry Ta akTyai3yloTh BUBYCHHS HOBHX ITaTOTCHETHIHUX
JIAHOK MIPOTPEeCyBaHHs KOMOPOITHHUX 3aXBOPIOBAHb.

BucHoBku

1. Xponiuanii maHkpeaTut 3a kKoMopOigHocti 3 XO3JI
XapaKTepU3y€eThCS BIPOTITHO HIDKYOIO YaCTOTOIO HAmaso-
moAiOHOTO a0IOMiIHATBHO-00IFOBOTO CHHIPOMY Ta HOTO
MEHIIIOI0 1HTEHCHUBHICTIO TIOPIBHSIHO 3 130JIbOBAaHUM TIEpe-
o6irom XI1. [ToenHanwmit mepedir UX MaTONOTIH XapaKTepu-
3y€ThCsl BUIIOIO YaCTOTOIO MOCTIHHOTO HUIOYOTO OOII0 B
TIPOEKIIT MTIANITYHKOBOT 3aJI03H 3 IEpeBaKaHHAM ippatiatii
B IpaBy HiapeOepHy AUISHKY, 3HAaYHOIO IHTEHCUBHICTIO

MIPOSIBIB IIUTYHKOBOI Ta KHIITKOBOI AWCHETICii, MAaKCHMAab-
HOIO iHTeHCcHBHIicTIO 3amaneHHs (p < 0,05), rinepdepmen-
temil (p < 0,05), 3HWKEHHSIM aKTHBHOCTI enacTasu-1 Kaimy
(p <0,05), a TakoX BHIIOIO IHTEHCHBHICTIO aCTEHO-BETETa-
THUBHOTO, OOJIBOBOTO, ANUCIENCHYHOTO, IHTOKCHKAIIIHOTO
CHH/IPOMIB 1 30BHIlIIHBOCEKpeTOpHOT anucdynkuii [13 nopis-
HSHO 3 TAKUMH TIPH 1301b0BaHOMY Tiepe0iry XI1.

2. Y XBOpHX Ha XPOHIUYHHN MAHKPEATHT, TOETHAHUH 3
XO3J1, BcTaHoBIIEHO MaKCUMaIIbHO BupakeHi (p < 0,05) 3mi-
HH COHOTpagiuHOT CTPYKTYPH ITiANLTYHKOBOT 3aJ103U: 30171b-
IIEHHA PO3MIPIB, liaMeTpa BipCyHTOBOI TPOTOKH, ITOCHIICHHS
exoreHHocti [13 y pe3sysnbrari 4epryBaHHS TiOEXOTEHHHX
(minstHKM 3amajyeHHs Ta iHQUIBTpalii) Ta rinepexoreHHux
(ocepenku ¢idpo3y Ta Kanbidikaril) JSTHOK HA TJIi 3MiH
TAPEHXIMH CePEAHBOI €XOTEHHOCTI, 3MIHH TiCTOTpadiqHIX
roKa3HuKIB (migBuieHHs L B 1,6 pa3a, 3HIDKSHHS TOKAa3HHUKIB
Ny 4,6 paza, K—y 3,5 paza). Lle Bka3zye Ha MaKCUMaTbHUN
CTyTiHB (iOpOo3yBaHHS MOPIBHAHO 3 MapamMeTpaMy iHIITHX
TPYH AOCII/HKEHHSL.

[lepcreKTHBH MOAANBIIOTO AOCTiKEHHS MOJSATAIOTH Y BHU-
BYCHHI BIDIMBY koMopOimHoro XII Ha KTiHIYHY cHMIITOMA-
Ky XO3J1, yacToTy Ta TSHKKICTH HOTO 3arOCTPEHb.
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Bnnue kapoTugHol aTepomMu Ha NOKa3HUKU XKOPCTKOCTI
COHHMX apTepin y XBOPUX Ha rinepToHi4YHYy XBOpPOOYy
3 CynyTHiM LlyKpoBUM AiabeTom 2 Tuny ta 6€3 HbOro

B. B. Cuonan®*BEF A Q. BoryH*8cP

3anopisbkuil AepxaBHUI MeayKo-hapMaLeBTUYHUI yHIBEpCUTET, YkpaiHa

A — KOHUenUig Ta AnsaitH gocnimkeHHs; B — 36ip aanux; C — ananis Ta inTepnpeTauis gannx; D — Hanucanhs cTatTi; E — peparysanHs cTarTi;
F — octaTouHe 3aTBepmKeHHS CTaTTi

MeTta po60T1 — NOPIBHATM NPYXKHO-eNacTUYHI BNAcTUBOCTI 3aranbHux CoHHUX apTepin (3arCA) y nauieHTiB i3 rinepToHiuHO XBOpPO6OD
(FX) Il cTapii 3anexHo Big HasBHOCTI Liykposoro Adiabety (L) Ta atepocknepoTuyHoi bnswku <50 % CoHHuX apTepin.

Marepianu i metogu. o gocnigxeHHs 3anyyumnu 80 nauiexTis i3 X Il cTagaii, i3 Hux 43 — 6e3 L 2 tuny, 37 — i3 L 2 tuny; cepenHin
Bik — 57,7 poky; 55,3 % vonosikis. [locnimKyBanu OCHOBHi aHTPOMOMETPUYHI AaHi, TabopaTopHi MOKasHWKK NiNiGHOTO Ta BYrNEBOAHOMO
06MiHy, KpeaTuHiH, AaHi LOGOBOroO MOHITOPUHIY apTepianbHOro TUCKY, eXOKapAiocKonii, TOBLUMHY KOMMEKCY iHTUMa-Meqia, NoKasHWKK
NOKanbHOI XOPCTKOCTI: AiaMeTp apTepin, po3THKHICTb, koediuieHT po3tsxHocTi (DC) Ta nogatnusocTi (CC), iHaeken xopcTkocTi a, B,
noKanbHy WBUAKICTb MynbCoBoi xBuni (PWV), TUCK Ta iHAEKC ayrMeHTaLii (BUKOPUCTOBYHOYM TEXHOMOTIT @aHanisy pagio4acToTHOro curHany).
3aifiCHeHO CTaTUCTUYHWIA aHani3, BiporigHiCTb BigMiHHOCTEN — Ha piBHi p < 0,05.

Pesynkratn. HasBHiCTb aTepocknepoTuyHoi bnslukv B kapoTuaHoMmy 6aceitHi B rpyni xsopux Ha X 6e3 LI BctaHoBuna 51,1 % Bunagkis,
i3 LI — 54,0 % (p = 0,79). MNopiBHABLUK NPY>XHO-eNacTUYHi BNAaCTUBOCTI 3aranbHWX COHHWX apTepiil y nauieHTiB 6e3 atepomm JOCTOBIPHUX
BiAMIHHOCTel He BusiBUnK. Y xBopux Ha X i L[ 2 Tuny 3 atepocknepoTuyHoto bnswkoto giametp 3arCA BiporigHo Ginblunii Ha 11,8 %
(p = 0,03); Takox y Hux Buwmin nokasHuk CC (Ha 23,6 %, p = 0,049) nopisHsHO 3 navjieHTamu i3 X 6e3 LIA. Y xBopwx Ha X i L Ta 6e3
HbOr0 BU3HA4YEHO NMOPOTroBi BENMUYMHM, aCOLINOBaHI 3 HASIBHICTIO aTepOMM AN NOKa3HUKa TOBLLMHM KOMIIEKCY iHTUMa-Megia niBoi 3arCA,
npoTe nopiHAHHA nnowy nig ROC-KpuBMMM He BUSIBUNO CTATUCTUYHOI Pi3HWLI MOPOTroBMX 3Ha4YeHb Yy rpynax gocnigxerts (p = 0,681).

BucHoBkn. OcobnueicTio pemofentoBaHHA COHHUX apTepin y xBopux Ha X i L Ha cTagii HasBHOCTI GnsLwkm Cnif BBaxaTH iCTOTHILe
36inbLueHHs giametpa 3arCA 3i 36epexxeHHsIM PO3TSKHOCTI BiNbHOT Bifl GNALLIKM CYAMHHOI CTIHKKM, NPU LbOMY A0aBaHHs O OAHOTO dhak-
Topa pusuky (IX) apyroro YnHHuka (L) He cynpoBOmXKY€ETLCSA CTATUCTUYHO AOCTOBIPHUM 36iMbLUEHHSIM TOBLLMHM KOMIEKCY iHTUMa-Megia
Ak 060B’'AA3K0BOI NepeayMOBM NOSBY KAPOTUAHOT aTepoMK.

KntouoBi cnoBa: atepocknepos, OpPCTKICTb CYAWHHOI CTiHKK, TiNepToHiYHa XxBopoba, LyKpoBuii iaberT.
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The influence of carotid plaque on carotid artery stiffness indicators
in hypertensive patients with and without accompanying type 2 diabetes

V. V. Syvolap, A. O. Bohun

Aim. To compare the elastic properties of the common carotid arteries (CCA) in patients with stage Il hypertension (HTN) depending on
the presence of diabetes mellitus (DM) and atherosclerotic plaque (ASP) <50 % of carotid arteries (CA).

Materials and methods. The study included 80 patients with stage Il HTN, 43 of them without type 2 DM, 37 with type 2 DM, average age
—57.7,55.3 % men. Basic anthropometric data, laboratory indicators of lipid and carbohydrate metabolism, creatinine, data of daily blood
pressure monitoring, echocardiography, intima-media thickness, local stiffness indicators: artery diameter, distensibility, the distensibility
coefficient (DC), and compliance coefficient (CC), stiffness indices a, 8, local pulse wave velocity (PWV), pressure and augmentation
index (using radiofrequency-based technologies) were studied. Statistical analysis was performed; the probability of differences is at the
level of p < 0.05.

Results. The prevalence of ASP in the carotid basin in the group of patients with HTN without DM was 51.1 %, with DM - 54.0 % (p = 0.79).
While comparing the elastic properties of CCA of patients without ASP, no reliable similarities were found in the studied indicators. In
patients with HTN, accompanying type 2 DM with ASP, the diameter of the CCA was significantly larger by 11.8 % (p = 0.03), and the CC
was also higher by 23.6 % (p = 0.049) than in patients with HTN without DM. In patients with HTN with and without DM the limit levels for
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OpueiHaribHi 0oCidxeHHs!

the intima-media thickness of the left CCA associated with the presence of atheroma were determined, however, the comparison of the
areas under the ROC curves did not reveal a statistical difference in the cut-off values in the studied groups (p = 0.681).

Conclusions. A feature of CCA remodeling in HTN patients with DM at the stage of ASP presence should be considered a more substan-
tial increase in the diameter of the CCA with preservation of the distensibility of the plaque-free vascular wall. The addition of a second
factor (DM) to one risk factor (HTN) is not accompanied by a further statistically significant increase in IMT as a mandatory prerequisite

for the appearance of ASP.

Keywords: atherosclerosis, local arterial stiffness, hypertension, diabetes mellitus.
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AprepiansHa rineprensis (Al) 1 mykpoBuii miader 2 Trmy
(IlT) — Ba ocHOBHI (haKTOPH PUBHKY CEPLEBO-CYAMHHUX
3axBoproBatb (CC3). Beranosieno, mo mroan 3 KoMopOis-
HOIO TIATOJIOTIEF0 MArOTh OLTBIINN PU3UK, HIK Ti, XTO Mae
nnie ogHy XBopoOy. CeprieBo-CyIMHHI 3aXBOPIOBAHHS €
OCHOBHOIO IIPUYMHOIO0 CMEPTHOCTI MarlienHTiB i3 L/] 2 Trmy,
1 pusuk po3BuTKy CC3 y HUX y 2—4 pa3u BULLMH, HDK y Talli-
eHTiB 6e3 miabery [ 1]. [Ipore mpeamerom HayKoBoOi THCKyCil
3aJIMINAETHCS TMTAHHS I0/I0 MIPUYHMH [HOTO: YH I ITPocTa
KoMOiHaist GpakTopiB, UM IXH CHHEpriuHa B3aeMOIis [2].

VY mamienTiB i3 L[] 2 Ty Ta TinepTOHIYHOI XBOPOOOIO
MKOPCTKICTB apTepiii OB si3aHa 31 3pOCTAHHSM CEpIIEBO-CY-
JUHHOI Ta 3araJibHOI cMepTHOCTI [3]. YV pekoMeHmamisx
ESC/ESH miono mikyBaHHS apTepialbHOI rinmeprensii Big
2018 poky 3a3HaueHO, 1110 apTepialibHa KOPCTKICTh, OIliHE-
Ha 3a JIONIOMOTOI0 IIBUAKOCTI MyabcoBoi xBwi (PWV) ta
aHaizy mynscoBoi XBuiI (PWA), € BCTaHOBIICHOIO ITPOMiZK-
HOIO CYPOT'aTHOIO KIHIIEBOIO TOUKOIO CYAWHHOI TMC(YHKIIIT.
OpnHaK JOCIIHKEHHS X TTapaMeTpiB Y pyTHHHIN KIITHIYHIH
MIPaKTHUIll He rommpene [4].

Atepockiepo3 (AC) € maToNOTiYHOK OCHOBOKO MaKpO-
Ta MIKPOCYMHHHX YCKJIaIHEHb, 1 COHHY apTepilo MOXHa
BU3HAYUTH SK MOJENb JUIS BUBUCHHS YMOB, CITUTBHHUX IS
BCIX YpaKeHHUX aprepiil. BusBieHHs ctpykTypHO-(yHKII-
OHAJIBHMX TOPYIIEHb 3araibHoi coHHOT apTepii (3arCA) 3a
JIOTIOMOTOI0 YTIJIEKCHOT ynbTpacoHorpadii € Haimomysip-
HIIIMM METOJIOM OI[IHIOBaHHS CHCTEMHOTO aTepOCKIepO3y
apTepii, ToMy il TOCHIPKEHHS 3 BUKOPUCTaHHIM CyYacHHUX
TexHouorii pagiouacroraoro (RF) ananizy € mpenmerom
HayKOBOTO iHTEpeCy, 0COOIMBO B MAIIEHTIB i3 KOMOPOiTHOO
TIaTOJIOTIETO.

MeTa po6otu

[MopiBHsTH TIpYXHO-e1acTHuHi BiactuBocTi 3arCA y ma-
LIEHTIB 13 TinepToHIYHOIO XBopoboto Il craxii 3amexHo
BiJl HAsIBHOCTI I[yKPOBOTO [1a0eTy Ta aTrepoCKIEPOTHYHOT
Omsiky <50 % coHHMX apTepiii.

Marepianu i MeTogu gocnigpkeHHA

O6crexnn 80 narieHTiB i3 rineproHigHOI0 XBopoboro 11 cra-
nii: 43 xBopux — 6e3 LIJ] 2 tumy, 37 oci6 — i3 L1/ 2 Tumy; Bik
obcrexennx — Biz 35 1o 80 pokiB (cepenniii Bik — 57,7+ 11,0
PoKxy); 55,3 % wonosikiB. Kputepiii 3aiyuenns — o3naxu 1
crynens ['X, 30kpema HasBHICTH Tineprpoii JiBoro nury-
Houka (JIL) Ta/abo HassBHICTH aT€pPOCKIEPOTUYHOT OJISILIKI
31 creHo3oM <50 %, Ta/abo mynbcoBuii THCK >60 mmHg,

Ta/abo MIBUIKICTH KTyOoukoBoi (ibrpaii (LLIKD) 30-60
Mir/xe/1,73 M2,

OuintoBany 10-piuHMIA PU3KK CEPLIEBO-CYMHHOI IO 3a
mkanoro SCORE-2, SCORE-2-OP, SCORE2-Diabetes (i3
BHUKOpHCTaHHAM odinifiHoro momatky ESC), inmekc macu
tinma (IMT, 3a popmysoro: IMT = wmaca tina (kr) / 3pict(cm?)),
00Bix Tauii. 3-moMiK JTa0OpaTOPHHUX MTOKA3HUKIB BUBYAIH
DTFOKO3Y (MMOITB/1), iHCYIiH (MKMO/Mi), iHmekc HOMA-IR,
mrikoBauuit reMorno6in (HbAlc), 3aranpHuil XonmecrepuH
(3X, mmons/m), minonporeinu Hu3bKoi mimsHOCTI (JITTHI,
MMOJB/T), Jimonporeinu Bucokoi mrimsHOCTI (JITIBII,
Mmous/n), Tpurainepuau (T, MMmonb/m); KpeaTuHIH
(MMOTIB/IT), BUAKICTH KITyOOUKOBOi (hinbTparii (po3paxo-
BaHa 3a ¢popmyioro EPI (ILIKD), mi/xs/1,73 m?).

JloOoBuit MoHITOpPHHT apTepiansHOro THCKY (IMAT)
saiticamm MoHiTopoM ABMP 50 (Haeco), mocimumu mo-
Ka3HUKH CEPeTHBOTO T000BOT0, AEHHOTO, HIYHOTO CHCTONIY-
HOTO Ta J1aCTONIYHOTO0 apTepianbHoro THCKY (AT), BimcoTok
HABaHTAKCHHA CHUCTONIYHUM 1 miactomiunum AT BreHb
1 BHOYI, MyJTbCOBHHM THCK 1 YaCTOTY CEPLEBUX CKOPOUCHD
(UCC) Bnenb, TUI 1000BOTO PUTMY 32 BETMYUHOIO HIYHOTO
samwkeHHsa AT — dipper (mocrarae 3uamkeHns, 10-20 %), non-
dipper (nemocrarue 3umkenns AT, <10 %), night-peacker
(mipBummennst AT y HiuHI TomuHM), over-dipper (HaaMipHe
sumwkenHs AT BHoui, >20 %).

Exoxapmiorpadito (ExoKI") Ta nociinkeHHs COHHHUX apTe-
piit 3ailicHroBa M Ha amapari Esaote MyLab Eight (Itamis).
ExoKI' BuKkoHyBanu 3a 3arajJbHONPUAHSATUMH MPAaBUIAMHU
BIJNOBIHO 10 pexomennaniii European Association of
Cardiovascular Imaging (EACVI) Ta American Society
of Echocardiography (ASE) [5]. AnanizyBanu Taxi jaaHi:
niamerp BucxinHoi aopt (AQO), TOBIIMHY MIXKILTyHOU-
koBoi nepernnku (MUIIT) ta 3aaupoi crinku JIII (3C
JII), xinneBo-piacroniunui posmip JIL (KJIP), ingexc
KiHIeBO-aiacToiuHoro 06’emy JIII (iK/1O), inaekc macu
Miokapaa JiiBoro nuryHouka (iIMMJIL), oOuncienuii 3a
(opmynor0, 10 PEeKOMEHI0BaHa AMEPUKaHCHKUM TOBapH-
ctBoM exokapmiorpadii (ASE), BITHOCHY TOBIIMHY CTIHKH
(BTC), miametp niBoro nepencepas (JIIT), inmexc 00’emy
niBoro nepeacepas (i0J1I1), dpakuiro BUKULy JTiBOTO 1LTY-
Houka (PB); a Takok MOKa3HUKM TKAaHWHHOTO JloIuiepa: €’
med — paHHs iacTOJIYHA MIBUIKICTh MEIIaTbHOI YaCTHHU
(idpo3Horo kbl MiTpansHoro kinarnana (PK MK); e’ lat
— paHHsI JiacToiYHa IIBUAKICTD JarepaiibHoi yacTuHn DK
MK; E/e’cp — BitHOIIEHHS paHHBOT IBUAKOCTI MITPAJIBHOTO
TOKY JI0 €’ cepeIHhOr0. BUBUAIIM TaKOK CUCTONIYHUN THUCK
y JISTeHEeBil apTepii, AaHi 100 KIANaHHUX JAUCHYHKIIIH,
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3BIT MO0 TUIOINII MOBEPXHI Tila MAaIli€HTa, iHACKCY Macu
Tina.

Knamanri mucdyHKIIT, TSOKUI 32 JISTKAR CTYTIHB, — KPH-
TEpiil BIJTYYCHHS 3 TOCTIHKCHHS.

JlociukeHHsT COHHMX apTepiii BUKOHYBaJIN JTIHIHHUM
JMaTYUKOM i3 BHKOpHCTaHHsAM TexHoloriid RF-QIMT,
RF-QAS 3a 3araqpHONPUIHATHMY TPaBHIAMH BiIITOBITHO
JI0 KOHCEHCYCHOTO JokymeHTa Mannheim Carotid Intima-
Media Thickness and Plaque Consensus (2004-2006-2011)
[6]. ToBmmHy KoMIuiekcy iHTuMa-menia (KIM) i mokazHukn
JKOPCTKOCTI BUMIpIOBAIIM B AUCTaiIbHOMY Biuiii 3arCA
HEIAJICKO BiJ Micis OiypKallii, BIACTYUBIIN MPUHAKMHI
S MM Bix Hel, MO AaibHIA CTIHII Y IUISHIN, BUIBHIA Bif
aTePOCKICPOTUYHUX OJIAIIOK. 33 JOMOMOTOI0 TEXHOJOTIT
RF-QAS BHU3HaUMIM TaKi MapamMeTpH )KOPCTKOCTI 3araibHOT
COHHOI apTepii, BUMIpsHI B Tili camiif JUISHII, € PO3paxoBy-
BaJIM TOBIIMHY KOMIUTEKCY iHTHMa-Menia (QIMT): miamerp
aptepii B miactoiy (D, Mmm), po3TspkHicTs (AD), koedirieHT
posrsoxrocTi (DC, 1/kPa), xoedimient nogarnmusocti (CC,
mm?/kIa), iHmece skopeTKoCTi o (6e3po3MipHHiL), iHIEKE XKOop-
ctrocTi P (6e3po3MipHHit), TOKaIbHY MIBUAKICTB ITYJILCOBOT
xsuni (PWV, m/c), tuck ayrmenranii (AP, mmHg) ingekc
ayrmerTanii (Aix).

CraTtiCTUYHIN aHAITi3 3TIHCHEHO 3a JJOIIOMOTOFO IIPOTPaMu
Statistica for Windows 13.0 (StatSoft Inc., CILIA; ninensis
Ne JPZ8041382130ARCN10-J) i MedCalc.10.2.0.0. Kinb-
KiCHI BETMUHHU HABEJICHO sIK cepenHe apupmeruune (M) ta
crannaptHe BiaxuieHHs (SD); skicHi OKa3HUKH — siK a0Co-
JIFOTHY 4acToTy Ta BiicoTk (n (%)). J1i1s BU3HAYEHHS METOTY
aHaJi3y KUTbKICHI MOKa3HUKH ITEPEBIPHIN Ha BiATIOBIHICTD
3aKOHY HOPMAaJBHOTO PO3MOJILTY, BUKOPHCTOBYIOUH KpUTE-
piit Hlamipo—Binka. 3rigHo 3 HUM, TIpH 3HadeHH] p < 0,05
O30T BU3HAYAIH SIK TAKHH, 1110 HE BiTIIOBi1a€ HOpMAaJIh-
HOMY 3aKOHY. Pi3HHMITIO KiJIBKICHUX TTOKa3HHKIB y TpyIax
JIOCITI/DKEHHST BU3HAYAJIM METO/IOM HeTapaMeTpHyHoOi cTa-
TUCTHUKH JUTS TAHUX i3 PO3IIOLIIOM, III0 HE BiAMIOBIA€ 3aKOHY
HOPMaJIbHOCTI, BUKOPHCTOBYI0UH KpuTepiii Mann—Whitney
U test; jutst TaHUX i3 HOPMAJIBHUM PO3IOIIIOM — t-KpUTEpiit
CrptonenTa. J{ist HOpiBHAHHS SKICHUX ITapaMeTPiB 3aCTOCY-
BaJIM Kputepiit xi-kBaapar [lipcona. Kopensuiiinuii anais
KUTbKICHUX TTOKa3HUKIB 3[IHCHIIIH, BAKOPHCTABIIIH ITapame-
Tpu noctoBipHocTi CriipMeHa 171s JaHuX, 110 He BIIIOBLIAIIH
HOpMabHOMY po3nozniny; [Tlipcona — i3 HOpMaTEHUM THIIOM
posnoziny. [l BUSBICHHS ONTHMAIBHOI TOUKH PO3TIOLTY
KUTbKICHUX O3HAK (ONTHMAaJIBHOTO CTIiBBiTHOIIICHHS Ty TIIHBO-
cTi Ta cenudivHoCTi) BukoHam ROC-anani3 i3 moOymoBoro
XapaKTePUCTUYHOI KPUBOI. BiIMIHHOCTI BBaXKasli BipoOTij-
HUMH TIpH 3HadeHH:X p < 0,05.

Pe3ynkratn

Y mabnuyi I HaBe#eHO MaHi, 0 BU3HAYIIIN Y TPyTax Mari-
€HTIB 13 TimepToHIuYHOIO XBopoOoto II craxii, momieHnx 3a
kputepieMm HasBHOCTI L[] 2 Ty, BeranoBumy, mo rpymm
JOCTOBIPHO BiIPi3HSUTCH 32 aHTPOIIOMETPHYHAMH XapaKTe-
puctukamu. Tak, mamienTtu i3 /] 2 tumy Mamu Bummit Oai
SCORE — na 44,4 % (28,3 + 8,7 vs 15,8 £ 8,5, p < 0,001),
Oubiry Macy Tima—Ha 11,8 % (97,5 £ 15,0 xr vs 86,0 £ 15,0

kT, p = 0,006), Bummit IMT — na 10,5 % (33,2 = 4,5 xr/m?
vs 29,7 + 4,6 xkr/m%, p = 0,002), Ginbiuuii 06Bix Tamii — Ha
10,6 % (106,5+ 10,6 cMvs 95,2+ 12,2 cm, p <0,001), Bummmit
BIZICOTOK >KHUpOBOT TKaHuHH — Ha 16,4 % (38,8 £ 9,0 % vs
32,4 +8,9 %, p=0,003).

Cepen 1abopaTopHUX MOKa3HUKIB y xBopux Ha [IJ] 2
THUITy BU3HAYWIN BipOTiTHO BHIIMI PiBEHb TIIIOKO3HM KPO-
Bi — Ha 45,1 % (9,9 + 1,0 mmonw/it vs 5,4 + 0,9 Mmmob/1,
p<0,001), HbAlc —na 29,4 % (8,0 + 0,3 % vs 5,7 £ 0,3 %,
p <0,001), incyminy — Ha 41,2 % (22,6 £+ 6,5 MkMO/Mi1 vs
13,3 = 6,7 MkMO/M, p = 0,003), innekc HOMA-IR — Ha
63,7 % (9,8 £ 1,9 vs 3,6 +£ 2,0, p < 0,001). 3a noka3HuKamu
JiriHOTO 00MiHY, (YHKIIIT HUPOK I0CTOBIPHUX BiAMIHHOC-
Tel He BUSIBUJIM.

3a nanumu IMAT, marienTn i3 L] 2 tumy mamm Ha 5 %
Bummmii cepeniit noo6osuit CAT (139,9 + 14,0 mmHg vs
132,8+ 12,9 mmHg, p=0,018), mepeBa>xHo yepe3 HidHE ITiJI-
BumeHHs CAT —n1a 9 % (138,5+ 17,7 mmHg vs 126 + 16,2
mmHg, p = 0,006), a Takox BHacmiok miaBurieHHss CAT
BaeHb — Ha 4,2 % (140,5 + 13,4 mmHg vs 134,6 + 12,5
mmHg, p = 0,025). IIpu npomy HaBanTaxkeHHs CAT no-
CTOBIPHO BHIIE B HiYHI TOAWHH — Ha 26,9 % (74,2 £ 34,2 %
vs 54,3 £ 34,2 ;, p = 0,019), y neuni roguau — Ha 25,5 %
(59,6 £ 27,6 % vs 44,4 £ 26,3 %, p = 0,029). [TynscoBuit
THCK y rpymi natienTis i3 L] Bummit va 17,2 % (59,3 +£ 9,4
mmHg vs 52,2 + 12,2 mmHg, p = 0,009). 3a THmamMu HiTHOTO
samkeHHs AT y rpymi i3 L[] 1ocToBipHO Oinbliie BUMAIKIB
3 night-peacker (35,1 % vs 13,9 % p = 0,02), noctoBipHO
MeHie — i3 Tunom dipper (24,3 % vs 46,5 %, p = 0,039).

3-momik mokaszHuKiB ExoKC y rpymi xBopux Ha LJ] Bu-
3HAYMIIM JIOCTOBIPHO OUTBIII PO3MIPH BUCXIZHOI a0PTH — Ha
5,3%(3,4+£0,4 cmvs 3,2+ 0,4 cM, p=0,045), miBoro nepen-
cepas —Ha 5,8 % (4,2 £0,5 cm vs 3,9 £ 0,5 cm, p = 0,033),
toBmH MIIIT —Ha 9,9 % (1,16 £ 0,20 cm vs 1,04 + 0,20
cM, p = 0,007), 3C JIII — Ha 9,3 % (1,03 £ 0,20 cm vs
0,94 4+ 0,20 cm, p=0,005), BTC JIIII-Ha 8,8 % (0,44 + 0,10
vs 0,40 + 0,07, p = 0,011); pizauns nokazaukis iIMMIILI y
rpynax IOpiBHSHHS HE JI0csIa piBHA JTOCTOBIpHOCTI. Bu-
BYAIOYM PO3MOALT 3a TUmamu reomerpii JILI, BcTanoBmm:
HOpPMaJIbHY T€OMETPI0 B rpyii namieHTiB i3 1[J] Bu3Hauamm
Biporigao pimme (13,5 % vs 32,4 %, p = 0,04) BHacmizox
OLIIBIIIOT TOIIMPEHOCT KOHIIEHTPUYHOTO PEMOJICTIOBAHHS Ta
rimeptpodii. Kpim Toro, 3ragenns @B y rpymi xBopux Ha ['X
i L] Hroxge Ha 5 % (60,4 +7,3 % vs 63,6 + 7,4 %, p=0,049),
a 3HAuCHHS TOKa3HMKIB JI1aCTONIYHOI (yHKIIIi JOCTOBIPHO
BIIPI3HSUTHCS JIMILIE 32 TTapameTpoM e lat Ta Oyin HIKIUMH
Ha 18,8 % (8,0 + 3,2 cm/c vs 9,8 + 2.8 cm/c, p = 0,002).

VY rpymi xBopux Ha ['X 6e3 [/l nomupeHicTs arepomMu B
KapoTuHOMY OaceiiHi cranoBmia 51,1 %, y MalienTiB i3 1wy-
KkpoBuM fgiadetom — 54,0 % (p=0,79). Hanai 171 OpiBHSHHSI
Opaii HaWTipIIi TOKa3HUKU CKaHYBaHHS IMPaBoi abo JTiBO1
3arCA, 10CTOBIpHUX BIIMIHHOCTCH MOKA3HHUKIB HE BUSBILUIH.

11106 miABMIIMTH CTaTHCTHYHY JOCTOBIPHICTB, ITiJ] Yac
HaCTYNHOTO aHaji3y MOKa3HUKIB NPYKHO-EIACTUYHUX
BrnactuBoctedd 3arCA y rpymnax Nami€HTiB 3aJIeXKHO Bil
HasBHOI aTepOMH KapOTHUIHOTO OaceifHy i OOYMCICHHS
B34TO MOKa3HUKH 3 000X CA y rpymni Oe3 arepomu (mabi. 2).
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Tabnuus 1. 3aranbHa xapakTepucTuka XBopux Ha rinepToHiYHy xBopody |l cTagii 3a rpynamu, Wwo Bu3HayeHi 3a kputepiem HasisHocTi LI 2 Tuny

AHTPONOMETPUYHI NOKAZHUKN

Bik, poku 58 +8,8 60,4 + 11,0 4,0 % 0,270
ban SCORE 158+8,5 28,3+8,7 44,4 % <0,001
KypiHHs 32,6 % (n=14) 40,5 %(n = 15) - 0,480
3picT, cm 170,3+ 10,8 171,4+£10,8 0,7 % 0,860
Maca Tina, kr 86,0+ 15,0 97,5+ 15,0 11,8 % 0,006
IMT, kr/cm? 29,7+4,6 332+45 10,5 % 0,002
O6Big Tanii, cm 952+12,2 106,5 % 10,6 10,6 % <0,001
Xuposa TkaHuHa, % 324+89 38,8+9,0 16,4 % 0,003
JlabopaTopHi nokasHuku

mioko3a, MMonb/n 54+0,9 99+1,0 451 % <0,001
HbA1c, % 57403 8,0+£0,3 29,4 % <0,001
IHcyniH, MkMO/Mn 13,3+£6,7 22665 412% 0,003
IHoekc HOMA-IR 3,6+20 98+19 63,7 % <0,001
3X, Mmonb/n 6,2+12 55+15 10,9 % 0,190
JINHLL, Mmmons/n 38+14 3114 17,9 % 0,120
JINBLL, Mmonb/n 1,7+£0,6 1,6+0,6 13,7 % 0,130
TI, Mmonb/n 18+14 22+15 17,6 % 0,070
KpeaTuHiH, MMonb/n 0,095 + 0,021 0,104 + 0,021 8,8 % 0,110
LLK®, mn/xe/1,73 m2 69,8 £ 16,6 649+ 16,8 6,9 % 0,250
Mani AMAT

Cp CAT, mmHg 132,8+ 12,9 139,9+ 14,0 50% 0,018
Cp JAT, mmHg 80,4+93 79,8+93 0,8 % 0,690
Cp CAT peHb, mmHg 1346 £ 12,5 140,5+ 13,4 42% 0,025
Cp [AT aeHb, mmHg 82,3+8,8 81,4196 1,1% 0,530
Cp CAT Hiv, mmHg 126 £ 16,2 138,56+ 17,7 9% 0,006
Cp AT Hiv, mmHg 738+98 748+98 1,4 % 0,630
CAT load feHb, % 444 +26,3 59,6 £27,6 255% 0,029
[AT load Hiy, % 36,7 £26,8 32,1+26,8 124 % 0,590
CAT load Hiv, % 54,3+ 34,2 742+34,2 26,9 % 0,019
[AT load Hiy, % 54,9 £29,6 58,5+ 30,0 6,3 % 0,490
Dipper 46,5 % (n = 20) 243% (n=9) - 0,039
Non-dipper 37,2% (n=16) 40,5 % (n=15) - 0,760
Night-peacker 13,9 % (n=6) 35,1% (n=13) - 0,020
Over-dipper 23%(n=1) 0 - 0,350
MT neHb, mmHg 52,2+12,2 59,3+9,4 17,2 % 0,009
YCC peHb, ya./xs 74185 74,3+87 0,2 % 0,910
OcHoBHi exokapgiorpadi4yHi nokasHukm

Ao, cm 32104 34+04 53 % 0,045
1N, cm 39405 42+0,5 5,8 % 0,033
ioJ1M, mn/m? 309+76 342+78 9,6 % 0,080
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MpopoBxeHHs Tabnuui 1.

KAP, cm 4,98 +0,6 5,04 +£0,6 12% 0,660
iKAO, mn/m? 63,9+15,9 60,2 £15,6 57 % 0,400
KCP, cm 33+0,6 3,3+£0,6 1,0 % 0,900
®B, % 63,6+74 60,4+73 50 % 0,049
MLUIM, cm 1,04+0,2 1,16+0,2 9,9 % 0,007
3C N, cm 0,94+0,2 1,03+0,2 9,3 % 0,005
BTC ML 0,40 £0,07 0,44 0,07 8,8 % 0,011
iIMMILL, r/m? 107,1£33,0 115,8 £ 32,0 75% 0,250
HopmanbHa reometpis 32,6 % (n=14) 13,5 % (n=5) - 0,040
KOHLEeHTprYHE pemopentoBaHHs 11,6 % (n=5) 189% (n=7) - 0,360
KoHLeHTpryHa rinepTtpodis 25,6 % (n=11) 37,2% (n=16) - 0,260
EkcLeHTpuyHa rineptpodis 30,2 % (n=13) 243% (n=9) - 0,550
VE MK, m/c 0,56 + 0,20 0,51+0,20 94 % 0,150
E/A 0,86 £ 0,30 0,80 £0,30 71% 0,160
Cucr. TITA, mmHg 243+52 234+£52 3,6 % 0,530
€' med, cvm/c 7,7£1)9 75+2,1 2,68 % 0,420
e’ lat, cm/c 98+28 8,0+£27 18,8 % 0,002
E\Ea cp. 65+£19 6,9+19 54 % 0,910
H2FPEF, 6an 31+£13 33+13 47 % 0,270
OcHOBHi noka3HuKw xopcTkocTi Ta ToBLmHM KIM 3arCA

HasiBHicTb Gnisiukm 51,1 % (n =22) 54,0 % (n = 20) - 0,790
QIMT 3niga, ym 682,6 £131,3 735,9 +142,0 72% 0,084
QIMT cnpaga, pm 626,6 £ 114,7 675,3+112,9 72% 0,080
AD, pm 271,0+£971 270,9 +108,7 0,01% 0,890
D, mm 79+09 81+£09 31% 0,170
DC, 1/kPa 0,013 £0,005 0,012 +0,007 28% 0,790
CC, mm?kMa 0,66 + 0,28 0,67 £0,29 15% 0,890
a, 6e3poamipHuit 6,6+35 75+£35 121 % 0,630
B, 6e3po3mipHuii 134+7,0 152+7,0 12,1 % 0,620
PWV, m/c 89+21 95+2,1 6,7 % 0,450
AP, mmHg 32+50 2,0+47 36,5 % 0,110
Aix, % 36+£73 32+71 12,2 % 0,370

[lani chopmoBaHO 3 BNACHMX CMOCTEPEXEHb; ANS KiNbKICHUX AaHUX HaBEAEHO CepedHi 3HaueHHs + SD (cTaHaapTHe BIiOXUNeHHs), Ans SKiCHWX — BIRCOTOK y

rpyni i KiNbKiCTb BUNAAKIB.

BiporigHoi pi3HHIl 32 JOCHIIKyBaHUMH ITapaMeTpaMu He
BUSIBAJIH, X0Ua BU3HAYMITH TEH/ICHIIIIO JI0 TiPIIHMX MOKA3HUKIB
y rpymi xBopux Ha I'X 1 LIJI.

Y Tpymi HamieHTiB 3 aTepoOMOI0 y pas3i OMHOOIYHOTO ypa-
JKCHHsI He OpaJti 0 yBaru aprepii 6e3 orstmku (maon. 3). Y
xBopux Ha [ X 1 [1/] 2 Trimy 3 KapOTHAHOIO aTepOMOIO TiaMeTp
3arCA noctoBipHO Oimbmmii — Ha 11,8 % (9,3 + 4,2 MM vs
8,2+ 0,9 MM, p =0,03), a TaKO)X y HUX BCTAHOBWJIM BUIIIUN
xoedirient nomanmBocTi (CC) BIIBHOT Bill aTepOMH CTIHKH
—Ha 23,6 % (0,89 £ 0,40 mm?*/xI1a vs 0,68 + 0,37 mm*/kI1a,

p=0,049). BuzHaueHO TaKOK TEH/ICHIIiO O HIDKYHX 3HAYCHD
MTOKA3HUKIB JKOPCTKOCTI — IHACKCIB 0, B, PWV, mopiBHsHO 3
xBopumu Ha ['X 6e3 L1,

¥V pesynsrari ROC-anainizy BU3HaYMIH HOPOTOBI 3HAYCHHS
toBimHu KIM 11iB0i 3araisHOT COHHOT apTepii, 1110 acoIlito-
FOThCS 3 HASIBHOIO KAPOTUIHOIO aTePOMOIO, JUIsl XBOPHUX Ha
I'X 6e3 L[ (puc. 1) ta gns mamientis i3 I'X 1 L] (puc. 2).
VY xBopux Ha ['X 6e3 I[/] Takor MOPOrOBOK BEIUYHHOIO
quts mokasavka ToImHN KIM miBoi 3arCA crao 3HaueHHS
moHaa 698 uM (4yTmBicTb 65,2 %; cnenudivnicts 86,3 %,
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Tabnuus 2. MNMokasHukKM NpyHO-enacTniHKx BnactneocTeit 3arCA 6e3 CTeHO3yHHOro aTepoCKIIEPOTUHHONO YPaXeHHS Y XBOPUX Ha riNepTOHiYHy XBOpoby

I cragii 3anexHo Big HasisHoCTI LI 2 Tuny

20 ocib, 40 aptepiit 17 oci6, 34 aptepii
Bik, poku 56,7 + 10,1 59,9+ 11,5 0,17
QIMT, ym 617,9+107,2 642,4 +97,1 0,24
AD, ym 276,1+72,8 2922+ 1154 0,98
D, mm 7,7+0,7 78+05 0,35
DC, 1/kPa 0,014 £ 0,006 0,013 £ 0,006 0,49
CC, mm?kMa 0,66 + 0,29 0,64 +0,32 0,49
a, 6e3p0o3MipHUIA 6,539 72+45 0,54
B, 6e3po3mipHuii 132+78 14,7 +£9,1 0,52
PWV, m/c 87122 94+3,0 0,32
AP, mmHg 35+49 39+6,3 0,31
Aix, % 40+57 4,6+10,9 0,15

[aHi cchopMoBaHO 3 BnacHUX crnocTepexeHb. [ns KinbKiCHUX NOKa3HWKIB HABEAEHO cepeaHi 3HaueHHs + SD (CTaH4apTHE BiOXWUIEHHS).

Tabnuus 3. Moka3sHuk1 NpyxHo-enacTuyHmx Bnactmeoctert 3arCA 3i CTEHO3yHUMM aTepOCKNEepOTUHHIM ypaxkeHHsIM <50 % y XBOpMX Ha rinepToHIYHY

xBopoby |l cTagii 3anexHo Big HassHocTi L 2 Tuny

22 ocobw, 31 apTepis 20 oci6, 31 aptepis
CreHos, % 269+6,38 29,7+98 0,68
Bik, poku 58,8+ 8,6 60,4+ 10 0,79
QIMT, ym 702,1+163,8 766,0 £ 159,5 0,18
AD, ym 274,4+138,3 307,9+111,2 0,23
D, mm 82+0,9 9,3+4,2 0,03
DC, 1/kPa 0,013 40,007 0,015+ 0,008 0,42
CC, mm?kMa 0,68 0,37 0,89+ 0,40 0,049
a, 6e3po3mipHuii 76147 6,5t44 0,25
B, 6e3po3mipHuii 155+9,3 13,2+8,8 0,24
PWV, m/c 95+28 87+29 0,23
AP, mmHg 20+23 22+26 0,86
Aix, % 1,7+3.2 45+43 0,25

[laHi chopmoBaHO 3 BNacHMX CrnocTepexeHb. [Ans KinbKiCHUX NMOKa3HWKIB HaBeAeHO cepefHi 3HayeHHst £ SD (cTaHAapTHE BiAXWNEHHS).

p = 0,0007), a B mamientiB i3 I'X 1 I/l — monax 755 um
(aytmuBicts 45,0 %, cnenudivnicts 86,7 %, p = 0,020) [7].
[Tpore nopiBuaxHEA 1oy mix ROC-KpUBHUMHU HE BUSIBUIIO
CTAaTUCTUYHOI PI3HUIII TOPOTOBUX 3HAYEHb y TPYyNax JOCIHi-
moxeHHs (p = 0,681). Tak, y xBopux Ha ['X 6e3 11/ mwiomnia
mig ROC-kpuBoro cranosuna 0,746 + 0,072, y martieHTiB
i3 I'X i L] — 0,700 £ 0,086. Lle cBiguuTh Mpo abCOTIOTHY
3icTaBHICTh oI i ROC-KpUBUMH, a TAaKOXK TIPO TE, IO
JKOJTHA 3 MOJIeIIel He Ma€ repeBar.

Beranosuny, mo y xBopux Ha ['X i1 I/l momaBanHsA 10
onHoro (akTopa pusuKy (TinmepTeH3ii) Apyroro YMHHUKA
(wyxpoBoro 1iabeTy) He CYNpOBOIKYETHCS CTaTHCTHYHO

JIOCTOBIpHUM 301bIIeHHSIM TOBIIMHU KIM sk 000B’ 13k0BOT
TIepelyMOBH ITOSIBH KapOTHIHOT aTePOMH, TOMY aTepOCKIIe-
POTHYHI OJIAIIKK B COHHUX apTepisiX MOXKYTh (DOPMyBaTHCS
B HHUX HaBiTh 0€3 MOIEPEHOTO JOCSITHEHHS TIOPOrOBOro
3Ha4ueHHs ToBIKMHU KIM.

OTxe, THTTIOBOIO 03HAKOIO CYIMHHOTO PEMOICITIOBAHHSI IPH
(hopMyBaHHI aTepOCKICPOTHIHOI ONAIIKH y XBoprx Ha I X €
30imbIIeHHs giameTpa 3arCA, a JomaBaHHs 10 apTepiaabHOI
TiMepTeHsii IyKPOBOTO AiadeTy CYMPOBOKYETHCS ICTOTHIIIAM
PO3IIMPEHHSAM COHHUX apTepii. OcoOIHMBICTIO peMOJIETIOBAH-
Hsl COHHMX aprepiit y xBopux Ha ['X 1 I1J] ciix BBaxkaTu 30e-
PEKCHHS PO3TSHKHOCTI BUTBHOT BiJT OJISAIIKY CYMHHOT CTIHKH.
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Puc. 1. Touka posnoginy Bennunin QIMT niBoi COHHOI apTepii 3a KpuTepieM HasiBHOCTI aTepoCKNepoTUYHoi bnswkw, 3a gaHumm ROC-aHaniy y

xBopwx Ha X 6es LiA.

Puc. 2. Touka posnoginy BennumHn QIMT niBoi COHHOI apTepii 3a KpuTepieM HasiBHOCTI aTepOoCKNEPOTUYHOI bnsilky, 3a gaHumm ROC-aHanisy y

xBopwux Ha X i LiA.

OO6roBopeHHs

VY momnepeaHix AOCHIIKEHHAX MPOAHATI30BAHO 3aJICK-
HICTh MPY)KHO-eIacTHYHUX BinacTuBocTeit 3arCA okpemo
B rpymi xBopux Ha I'X [7] Ta okpemo B rpymi XBOpHX i3
koMopbinHotO0 marornoriero, ['X y moeguanni 3 L] 2 tumy.
[pu I'X 6e3 II/] xopemnsiis M’k HaSIBHICTIO aTepOMH Ta
MIBUIIEHHSIM TTOKA3HUKIB KOPCTKOCTI, ToBIMHOW KIM
Oyrna mepen0adyBaHOIO, 1 TIOKa3HUKH OYNH TipIINMH Bij
THX, 10 BCTAHOBIICHI JUIA apTepiii MAIi€HTIB 31 CTEHORY-
I0YMM aTE€POCKJIEPOTHYHUM ypaxkeHHsM. Lle 30iraerscs 3
JaHUMU 1HITUX JOCHiTHUKIB [8,9]. PazoM i3 TuM y rpyti
xBopux Ha ['X i [I/] BUsABIICHO, IO MiABUIICHHS TUTBKA
OJTHOTO ITOKa3HHKA, a caMe KoedimienTa moganmsocti CC
noHaj 0,68 mm?*/kIla 36ineye BII HassBHOT KapOTHIHOT
arepomu B 12,7 paza (p = 0,02); iHIII NOKa3HUKH PO3TSIK-
HocTi (iHgekcH xopcTkocti o ta B, PWV), xoua i manu
TEHJICHIIIIO JIO TipPIIUX 3HAYCHB Y TPYIIi 0€3 CTEHO3YHYOTr0
aTepOCKIEPOTHYHOTO YPaKeHHsI, IPOTE HEe YWHHIIM BipOTi /-
HOTO BIUTUBY. JlOCTOBIpHE 301IBIIICHHS JiaMeTpa 3arajibHOT
coHHOT aprepii Ta ToBurHN KIM BH3HaYMIIM B 000X Ipynax
nocnimkenns (i y xsopux Ha ['X, i y mamienTis i3 ['X 1 LIJ])
3a HassBHOCTI KapoTHIHOI atepomu. Il yac mopiBHSIHHS
IpyI MaIi€HTIB 0€3 CTEHO3YHUOro aTepOCKICPOTHYHOTO
Ypa)KEHHsI BCTAHOBMJIX: BIIMIHHOCTI ITapaMeTPiB JKOPCTKO-
cTiy xBopux Ha I'X i irykpoBwuii niabet i manienTiB i3 ['X 6e3
/1 He mocariu piBHSA CTAaTUCTUYHOI 3HAYYIIOCTI. BTiM, y
TpyTIi 3 aTepOMOI0 COHHI apTepii xBopux Ha [ X i mykpoBuit
niabet mamm Ha 11,8 % Oinpmmmit qiameTp, a TaKOXK BUIINH
moka3HUK koedimnienta mogatmuBocti CC Ha 23,6 % Ha
BinMiHy Bix marieHTiB i3 I'X 6e3 LIJ1.

OnepxxaHi 1aHi CBiYaTh PO BIAMIHHOCTI y Tiporiecax ¢pop-
MYBaHHsI aTePOCKIICPOTUYHOT OJISIITKA 3aJICHKHO BiJT JTiT pi3HIX
(akTopiB pu3HKy. MOKHA TPHUITYCTUTH, IO aTEPOCKIIEPO-
THUYHE Ypa)KEHHSI COHHMX apTepiil y xBopux Ha I'X 6e3 LI/]

MIOETAITHO TPOXOJUTH CTail eHpoTenianbHol qucyHKIii,
noroBuieHHst KIM, ¢opmyBaHHS JMiIHUX TUISIM 1 JIAILIE
MOTIM — yTBOpeHHs Oisimok. Came ToMy HOsIBY arepoMm y
KapoTHJTHOMY OaceiiHi MO)kHa OyJ10 CrIOCTepiraTy JIMILIE MicIIs
JocsirHeHHs1 KputnaHoi TosmHu KIM (>698 um) y xBopux
Ha ['X 6e3 LI/1. Lle Bipi3HsI€THCS Bif 3arallbHOIPUHHSATHOTO
MOKa3HMKA Y IPAKTHYHO 3J0POBUX OCI0, 10 CBIAYHUTDH IPO
HAasIBHICTb aT€pPOCKIIEPOTUYHOIO ypaXKeHHsI COHHUX apTepiit
Ta, BIAMOBIIHO /10 MDKHAPOJAHUX PEKOMEH/IAIliH, TOPIBHIOE
900 pum [10].

o0 0coOaMBOCTEN KAPOTHIHOTO aTEPOCKIIEPO3Y B COH-
HUX aprepisx y xBopux Ha I'X i LI/, To 4iTKOi HOCIIi IOBHOCTI
TIaTOJIOTTYHUX 3MIH CYJIMHHOI CTIHKM He crioctepirainu. J{o
Toro *k y xBopux Ha I'X i L]J] xaporuaHi arepoMu yTBOpH-
JIMCh TNIPYU 3ICTaBHUX MOPOTOBHX 3HaYEHHsIX TOBIIMHM KIM
(755 pm nopiBasiHO 3 698 pwm, p = 0,681). Ile acouitoeThest
3 HasBHICTIO arepockiiepoTnyHux ook y 3arCA. Kpim
Toro, y xBopux Ha [ X i LI/] cyTT€BO 3MiHIOIOTHCS IIPY>KHO-€-
JIACTUYHI BIIACTUBOCTI BUILHOI Bif OJISIIKK CTIHKH, a came
BiZIOYBA€THCSl KOMIIEHCATOPHE 301IbIICHHST PO3TSHKHOCTI
JUISSHKA CTIHKM MOPYY 13 JKOPCTKOIO MOKPHIIKOK camol
OJISIIIKY. AHAJIOTIYHI 3MiHU CY/IUH OMKCAHO B JOCIIIKCHHI
Z. Wang et al. [11]. ABTopHr BBaXaroTh, 1110 (HPOPMYBaHHS
KOMILIEKCY, SIKUH CKIIQJa€ThCs 13 )KOPCTKOI OJIALIKK Ta
€JIACTHYHOI IPUJIETIIOT 10 OJISIKK CTIHKH apTepii, CTBOPIOE
YMOBH JJ1s1 HMOBIPHOTO PO3PHBY aTepOMH.

He BuKIIMKA€ >KOTHUX CYMHIBIB, 1110 HassBHICTh KapOTH/[I-
HOTO arepockieposy (Onsok) y xBopux Ha I'X (He3ase:xHO
BiJl HasiBHOCTI cyyTHBOTO L[/) acoriroeTbes 3 aToaoriYHuM
CYZIMHHHM PEMOJICITIOBAHHSIM, 1110 XapaKTepU3y€eThCs BIpOri-
HUM 301JIbIICHHSM JllaMeTpa 3araJibHoi COHHOI apTepil. Touku
PO3MOIITY B LILOMY pa3i € Maiiyke TOTO)KHUMH 32 JJAHUMH, 1110
BCTaHOBJIEH] Juis TpaBoi 3arCA, — nepeBHIIEHHS TiaMeTpa
noHay 7,94 mm y rpymni 6e3 L] Ta 6inbiie 3a 8,1 MM y rpymi
3 moennanHsam L1 1 X [7,8].
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3ayBa)XuMO, IO TIMEePTEH3is Ta MOPYIICHHS JIiIliTHOTO
0OMiHy — HE €JIHI YNHHUKH, SKi BIUIMBAIOTh HA PU3UKH
BUHHUKHEHHSI Ta TPOTPECYBAHHS KapOTHIHOTO aTepoCKIIe-
po3y. Tak, y HelloaBHLOMY JOCII/PKEHHI 13 3a1y4eHHIM
949 namienTis i3 [/ 2 Tumy BU3HAYMIM OCHOBHI (haKTOpH
pHU3HKy (hOpMyBaHHS aTePOCKICPOTUYHOI OJIAIIKA COHHUX
aprepiii: BiK, CHiBBiIHONICHHS O0BOAY Talii Ta 00BOIY
CTErOH, TPUBAJICTD ia0eTy, rinepTeH3is, YOoIoBiua CTarh,
piBeHb sinonpoteiny A [12]. OqHak cuiia BIUTUBY KOKHOTO
3 (haKTOpiB Ta iXHS CHJIA ITPU KOMOPO1THIM TaToiorii 3amu-
IIAIOTHCSI OCTATOYHO HE 3’ICOBAHMMH.

JlocnigHUKN MPOJOBXKYIOTh BUBYATH KapOTHIHWUN are-
POCKJIepO3, MPOTe CTpaTeril JIKyBaHHS Bce Il 3aJIeKaTh
TIEPEAYCiM BiJI CTYTICHS CTEHO3Y, CIIPUYMHEHOTO OJISIIKOIO.
OcTaHHIMU pOoKamH OUIBIIIE YBAard MPUIUISIOTh BABYEHHIO
il KOMIIOHEHTIB /ISl BUSBJICHHS TaK 3BaHOI «BPa3IUBOI»
Osstiky. 30KpeMa OIIHIOKOTh TaKi O3HAKH, SIK CTaH 1 TOB-
mHa (i6po3HOi 000J0HKH, 00°€M OaraToro Ha JiIiIn
HEKPOTHYHOTO SI/Ipa Ta HAsIBHICTb BHY TPILIHBOOJISIIIKOBOTO
KpoBoBmiMBY. Lle daxropu pu3HKy po3puBy OJSIIKH, IO
MO’KHA BUBUYHMTH 32 JIOTIOMOT'OI0 Cy4acHUX METOJIB Bizya-
mizamii [13].

[Tarorenes, 110 JEKHUTH B OCHOBI PO3BUTKY OJISIIIIOK, 3aJTH-
IIAETHCS PEAMETOM JOCTI/PKEHHS 1 HE € OJTHAaKOBHUM 33 MOP-
(bOIOTIYHOFO CYTHICTIO 3aJIYKHO Bifl BIUTHBY Pi3HUX (PaKTOPiB
pusuky. Tak, mpoiiec peMoJICITFOBaHHS apTepiaibHOT CTIHKA
Moke OyTH MTO3UTHBHIM a00 HeratuBHUM [ 14]. [losnTnBHE
PEMOJICIIIOBAHHSI XapaKTEPU3YEThCS PO3IIMPEHHSIM CTIHKA
CYIUHH TIicIIA 30UTBIICHHST 00’ €My OJISIIKKA 3 HEBEIUKAM
301IBIICHHSIM KaJliOpa cynuHu abo B3araii 6e3 HbOro, a He-
TaTHBHE PEMOICITIOBAHHS XapaKTEePU3y€EThCsI 3MEHIIICHHAM
npocBity cyauuu. CKia 1 ONAIIKA TAKOXK MOYKE BIIPI3HATHCS
3aJIeKHO BiJl pi3HHX (DaKTOPiB, BKIFOYAIOYH 3aTaJIbHI (haKTo-
PH PH3HKY aTepocKiIepo3y (miabeT i rinepToHis).

3a marnmu gocnimkenHs M. Porcu et al. [15], kaportun-
Hi arepoMH y XBOPHX Ha TilEPTEH3II0 XapaKTepU3YEThCS
HAasIBHICTIO YMCIICHHUX MOHOHYKJIEApHHUX KIITHH, a B TIa-
LIEHTIB 13 TIMEPXOJIeCTEePUHEMIEI0 BOHH Oarari MHUCTHMHI
Ta MOHOHYKJICAPDHUMH KIITHHAMH{, BKPUTI TOHIIOIO CIIO-
JIYYHOTKaHMHHOIO TIOKpHIIKOIO. JIJ1st aTepoM KyplIiB Xapak-
TepHa HeBEINKA KiJIbKiCTh MOHOHYKJICAPHHX 1 TITAaHTCHKUX
KJITHH, OUTbIIA KUIBKICTh CHOJIYYHOI TKAHMHU Ta Oliblna
gacToTa TpoM0O03y # Kanbrudikarrii. [IJ] BrummBae Ha ckian
aTepOCKIICPOTUYHOT OJISIIIIKH, JIIFOYH Ha 3arlajieHHs Ta Bi/IKIa-
JICHHS KAJTBIIiF0. ATSpOMH HAII€HTIB 13 IyKPOBUM giabeToM (i
1,12 Tuiy) XapakTepu3yeThCst HasIBHICTIO BEITMKOT KUTHKOCTI
CHOJIyYHOT TKaHWHU, HAsIBHICTIO YMCIIEHHUX TITaHTCHKUX
KJIITHH 1 MEHIIIOT KUUIBKOCTI IMIHUCTUX KJIITHH, MAIOTh O1JIbIIIE
HEKpPOTHUYHE $/IpO Ta OLIbIIE 3aNadbHUX KIITHH, OLIBIINI
piBeHb KanmbIu(ikarii, CXHIBHICTh IO HETaTHBHOTO PEMO-
JICITIOBAHHS CY/JMHH.

Hageneri BiIMIHHOCTI CTOCYIOTBCS BIIACHE aTePOCKIIEpPO-
TUYHOT OJISIIIKY, a CHJIa BIUIMBY TaKUX (haKTOPIB PU3HKY, SIK
TIMepTOHIs Ta MyKpOBUI AiabeT Ha MPHUJIETITY 10 aTePOMHU
CTIHKY COHHOI apTepil 3aJMIIIaeThCs MPEAMETOM HAYKOBHX
IMCKYCI. ATepocKiIepo3 Mae IIBi pi3Hi MaTogizionorivHi
ocobuBoCTi — MOp(oJIOriuHI Ta (yHKLIOHATIbHI 3MIHU B

CyAMHAX. ATepo3 XapaKTepH3yEThCs IOTOBIICHHSIM Ta/abo
YTBOPEHHSAM apTepialbHUX ONAIIOK apTepiaibHOI CTIHKH,
a CKJIEpO3 — MiJABHUIIEHHSIM JKOPCTKOCTI a00 3HMKEHHSIM
emacTUIHOCTI apTepii [16]. ATepo3 i HACTYymHHI CTEHO3
apTepii CIPUYMHSIOTH IIIEMII0 B PI3HUX OpraHax, Io MpH-
3BOIIUTH 10 iHPAPKTY MiOKapa, iHCYIBTY Ta 3aXBOPIOBAHB
nepudepuyHnX apTepiil, ki ICTOTHO BIUIMBAKOTh HA SKICTh
i TpuBaJicTh XUTTA. TomMy Oarato (yHIaMEHTaTBHUX i
KITIHIYHHX JIOCIIIKEHb 30Cepe/KeH] Ha areposi. 3 1HIIOoro
00Ky, CKIIep03, (PYHKIIIOHATBHI 3MIHHA B apTepil ckopimie
OB’ s13aH1 3 MICIIEBOIO Ta/a00 CUCTEMHOIO FEMOIMHAMIKOIO,
TOMY MEHII IMOBIpHO, III0 HOr0 BUBYaTUMYTh Y KJIIHITHOMY
YW JTOCHITHOMY acIeKTi, SIK arepo3. BiaTak ckiepoTHIHnM
3MiHaM apTepiil NpUIUISIOTH MeHIIe yBaru [17].

ATEpOCKIIepO3, IO XapaKTEePU3Y€eThCs HAKONMUYCHHAM
OJISILIIOK Y CTIHII CYAWHHM, 3MIHIOE 1 CTPYKTYPY, 1 (PYHKIIiIO
apTepiii, 301TBITYI0YH JKOPCTKICTh CTIHKH CyuHU. [IpH 1150~
My (DYHKIIOHaIbHE TOPYILEHHS apTepiallbHOT CTIHKH MOXe
BUHUKHYTH Ha paHHII CTai1 aTepOCKIEPOTHYHOTO IIPOLIECY
[18], a apTepianbHa >KOPCTKICTh MOXKE OyTH MPOIECOM,
HE3aJIe)KHUM BiJl TIOTOBLICHHS KOMIUIEKCY iHTHMa-Menia
[19]. TlpunyckarTh TaKOXK, IO 3MIHH €ITaCTHYHOCTI COH-
HOI aprepii mie OibIIe 3yMOBIIIOIOTH PO3BUTOK Ta PO3PHB
6mstku [20].

YV BeNMKHX apTepisiX CTapiHHS XapaKTepH3YyEThCS 3HIKCH-
HSIM CHHTE3Y KOJIareHy i elacTHHY, 301 IIIeHHIM KiHIIEBIX
MIPOAYKTIB IJIIKallii, [0 TPOTpecye, Ta YTBOPEHHSIM Hepe-
XpEeCHHX 3B’SI3KiB MK MOJEKyJaMu KomareHy. Emactiani
BOJIOKHA 3a3HAOTh JI3UCY 1 Ae30praHizallii, BiOyBaeThCs iX
3aMileHH KOJIareHOM Ta IHIIIMMH KOMITOHCHTaMH MaTPHKCY.
i moxii BUKIMKAIOTh BTPATy €IACTUYHOCTI M 1HIYKYHOTh
MTOCHJICHHS JKOPCTKOCTi. JKOPCTKICTh apTepiii — mporiec
CTapiHHs, NIO0 MPOTrPecye; HOro MPHCKOPIOIOTH BIKOBI PO3-
Jamu, sIK-0T TIepPTOHIs, METaOONIYHAN CHHIPOM, Hialer,
aTepoCKIIePO3 1 3aXBOPIOBaHHS HUPOK, Iepe10adatoun THM
caMUM MeTa0oIiuHi (h)aKTOpH MaToreHesy.

3ayBajkuMO, 10 CTYIIiHb apTepiaibHOI KOPCTKOCTI MOXKE
JTY’KE BIIPI3HATHCS B PI3HUX 1HIUBITYYMiB OJJHOTO BiKYy 1 Ha-
BITh y Pi3HHUX TKAHUHAX ONHi€T 0COOM, 10 MOYKHA TTOSICHUTH
TeHETHMYHHMH JIeTepMiHaHTaMH Ta OararbMa YNHHHKAMU J10-
BkiDA [21]. TloTeHmiitH MeXaHi3MH i JBUIICHHS JKOPCTKOCTI
aprepiii npu LJ] momnsiratoTs nepetyciM y HopyIeHHi CTpyK-
TYpH KOJIATeHY, MATOJIOTIYHOMY IepeXpecHOMY 3’€THaHHI
HOro MOJIeKyJl BHACIIJIOK BiJIKIIaJaHHs MPOIYKTIB IIKaIii
[22]. Kpim TOTO, pe3UCTEHTHICTH 10 IHCYITIHY IPU3BOANUTH 110
eHjoTelianbHoi aucdyHkuii yepes BB Ha NO-onocepe-
KoBaHe po3impeHHst cynuH. NO Ma€e cyTMHOPO3IIMPIOBAIIBHI,
AHTUTPOMOOLUTAPHI, MPOTH3ANAIbHI i aHTHOKCHIAHTHI
BJIACTHUBOCTI. B IHCYIIHOPE3UCTEHTHOMY CTaHI aKTHBALIis
NO-cHHTa3M TOPYIITYETHCS, @ yTBOPEHHS CYIEPOKCHTY 3017Th-
mryerbest. [loerHanHs UX (GakTopiB BPEIITI TPU3BOIHUTS JI0
3HmKeHHs 6iogoctymHOCTI NO [23].

HagesieHi qaHi miqTBEPKCHO B KITTHIYHHUX TOCIIKCHHSIX
[24]. Tak, moka3aHO HE TITBKH MIITHUHN 3B 530K IIyKPOBOTO
JliabeTy Ta MiJIBUIIEHUX TOKa3HHUKIB apTepiaibHOT )KOPCTKO-
CTi, aJie 1 Te, 0 HaJISKHUI KOHTPOIIB IJIKeMil mocnadIroe
3B’s30K MiXk JiabeToM i skopcTkicTio aprepii (BIL 1,264,
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95 % [110,950—1,681), a HEKOHTPOILOBAHHUH J1Ia0ET acOIIiTO-
€TBHCS 3 HAWBUIIIUM PH3UKOM apTepiainbHoi xopcTrocTi (BILI
1,629, 95 % /I 1,323-2,005).

Obmeskenns nocaimkenns. [1ix 9ac TociHKeHHS HE aHATI3Y-
BJIM TPUBAJIICTB 1 CTYIIHB KOHTPOJIIO J1ia0eTy, 1 TMM MOXKHA
TIOSICHUTH T€, 110 HE BUSBJIECHO JIOCTOBIPHUX BIIMIHHOCTEH
3a IMOKa3HUKAaMH >KOPCTKOCTI apTepiit 6e3 arepocKiiepoTny-
HUX OJISIIIOK Y TpymNax MalieHTiB i3 IyKPOBUM JiabeTom Ta
6e3 Hporo. Kpim Toro, B OKpeMHX Mawi€HTiB 1iarHOCTOBAHO
nepeniadeT, sIKUid, 3a TaHKUMH JTOCIITHUKIB, TAKOXK aCOIIit0-
€THCS 3 MIIBUIIICHHSAM KOPCTKOCTI apTepiii [25,26].

BucHoBKu

1. KaporuaHe peMozenoBaHHs y XBOPHX Ha MiepTOHIY-
HY XBOPOOYy XapaKTepPH3y€EThCS BIPOTIIHUM 301IbIICHHIM
JiaMeTpa 3aralbHUX COHHHUX apTepii, SIKMH MpOTPEeCHUBHO
3pOCTa€ MPH MOSIBi aTePOCKICPOTHYHOI OJISAIIKY Ta/abo IpH-
€THAHHI I[yKPOBOTO NiabeTy I0 apTepiaabHOI TilepTeH3ii.

2. OcoOnMBICTIO PeMONCTIOBAHHS COHHHUX apTepiil y
XBOPHUX Ha TIMEPTOHIYHY XBOPOOY Ta IyKPOBHUII IiabeT Ha
craail HasgBHOCTI OJIAIIKK 31 cTeHO30M MeHIme Hixk 50 %
CIILJ1 BBKATH 30€pEXKEHHSI PO3TSHKHOCTI BUTHHOI BiJT OJISIIKH
CY[IMHHOI CTiHKH.
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Prospects for the creation of new phytochemical medicinal products
based on Myrtus communis L. (a review)
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Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

A - research concept and design; B — collection and/or assembly of data; C — data analysis and interpretation; D — writing the article;
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The number of medicinal products based on biologically active substances (BAS) of plant origin is increasing every year. Scientists are
exploring non-official plant raw materials used in non-traditional medicine to expand the raw material base for creating new phytoprepara-
tions. Among numerous plants, common myrtle (Myrtus communis L.), which is a fairly common indoor plant, is recognized as a valuable
source of BAS.

The aim of the work is to analyze and summarize new literature data on the botanical characteristics, chemical composition, pharmaco-
logical and toxicological properties of Myrtus communis L.

Materials and methods. Data were collected from several legitimate databases and services such as PubMed, Medline, Scopus, Google
Scholar, ResearchGate using the key terms “Myrtus communis L.”, “botanical characteristics”, “pharmacological studies”, “phytochemical
studies” in each database data Relevant and related data were filtered as appropriate if deemed relevant to the topic of interest. Time

frames have also been adjusted to provide up-to-date information.

Results. Myrtus communis L., commonly known as common myrtle, is a widely recognized medicinal plant in the Mediterranean region.
Various parts of this plant, including the leaves, fruits, and flowers, have been used in traditional medicine for treating a wide range of
ailments. The pharmacological properties of common myrtle are attributed to the presence of essential oils and phenolic compounds,
and these properties include antimicrobial, antiviral, antidiabetic, antispasmodic, vasodilator, antiulcer, antioxidant, antitumor, and anti-in-
flammatory effects. This article offers an overview of the botanical characteristics and chemical composition of different parts of common
myrtle, and it presents a literature review of pharmacological studies that provide evidence for the plant's medicinal properties.

Conclusions. Common myrtle is a promising plant for further pharmacognostic research with the aim of expanding the raw material base,
using the method of clonal micropropagation and creating new phytopreparations based on it.

Keywords: Myrtus communis L., botanical characteristics, pharmacological studies, phytochemical studies.
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MepcnekTMBM CTBOPEHHS HOBUX ¢hiTOXiMIYHMX NikapcbKuUx 3acobiB Ha ocHoBi Myrtus communis L. (ornsg)
O. €. Maueropoga, B. M. OguHuosa

LLlopiuHO 3pocTaE KinbKicTb Mikapcbkux 3acobiB Ha OCHOBI BioNOriYHO akTUBHUX pe4oBUH (BAP) pOCIIMHHOMO NOXOMKEHHS. YBary HayKoBLIB
npuBepTae HeodiLMHanbHa POCINHHA CUPOBKHA, SIKY BUKOPUCTOBYHOTb Y HETPAAWLIIHIN MEAVLIMHI ANS PO3LUMPEHHS CUPOBUHHOI 6a3u Ans
CTBOPEHHS HOBMX cbiTonpenapariB. Cepep, YACNEHNX POCAMH LiHHUM mxepenom BAP Bu3HaHo MupT 3BuyaiHuin (Myrtus communis L.),
AKUIA € [OCUTb NOLUMPEHOK KIMHATHOK POCIMHOL.

MeTa po60oTh — aHani3 Ta y3aranbHeHHs HOBUX AaHWX haxoBoi nitepaTypu LWodo 60TaHivHOT XapakTepucT1KK, XiMivHoro cknagay, hapma-
KOMOTiYHKX i TOKCMKONOriYHWX Bnactusocten Myrtus communis L.

Marepianu i metogu. [laHi 6ynu 3ibpaHi 3a koxHot 3 odiuinHnx 6a3 gaHux i cnyx6: PubMed, Medline, Scopus, Google Scholar,
ResearchGate. Mowyk 3agincHunm 3a kmovoBumMy cnosamu: «Myrtus communis L.», «BoTaHi4Ha xapaktepucTukay, «gapmMakonoriyHi
JOCNIMKEeHHs, «iTOXIMIYHI JocnimKeHHA». PeneBaHTHi Ta NoB’'A3aHi AaHi 6panu 4o aHaniay, sKWOo BOHM BiANOBIAanM TeMaTuui Jocni-
[PKEHHs. YacoBi pamkv CKOPUroBaHi AN OTPUMaHHS akTyanbHOI iHbopmaLlii.

Pesynsratu. Myrtus communis L. (MAPT 3BUYaNHWI) — OAVH i3 NOLUMPEHMX NiKapCbKUX BUAIB CEpea3eMHOMOPCHKOro perioHy. PisHi YacTuHM
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Y cTatTi NpoaHaniaoBaHo 1 y3aranbHeHo iHgopMaLito Woao 6oTaHIYHOT XapaKTEPUCTMKK, XIMIYHOTO cknagdy Pi3HWX YacTUH MUPTY 3BU-
YanHoro, 34incHUNN ornag axosoi NiTepaTypu, Ae HaBedeHOo pesynbTaTi hapMakooriYHUX AOCImKEHb, SKi NiATBEPOXYOTb MiKyBanbHi

BNACTUBOCTI LiEl POCTINHMN.

BucHoBku. MMpT 3BMYaliHIA € NEepCNeKTUBHOI POCIIMHOK AN HACTYMHNX PapMaKOTHOCTUYHWX AOCIIAKEHb 3 METOIO PO3LUMPEHHS CUPO-
BUHOI 623y, BUKOPUCTaHHA METOAY KITOHANbHOTO MiKPOPO3MHOXEHHS Ta CTBOPEHHS HOBMX (hiTOnpenaparis Ha ioro OCHOBI.

Kntouogi cnosa: Myrtus communis L., 60TaHiuHa xapakTepucTvka, hapmakonoriyHi JOCnimKeHHs, iTOXiMi4HI LOCTIIKEHHS.

AxTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanyHOI Hayku Ta npakTuku. 2024. T. 17, Ne 1(44). C. 70-78

When creating new medicinal products, in addition to their
effectiveness, more and more attention is paid to the safety of
the products. Researching the properties of herbal medicines
is an urgent task for scientists because they can successfully
compete with synthetic drugs in terms of their effectiveness
while being low-toxic, safe, mild in their action, and less
allergenic.

Myrtus communis L. (common myrtle) is one of the popular
medicinal species of the Mediterranean region, the raw ma-
terials of which are used to treat various diseases. Myrtle, in
addition to its use in traditional medicine, is widely used in the
perfume, food, cosmetic, spice, and pharmaceutical industries
[1,2,3,4]. Different parts of common myrtle contain essential
oils, phenolic acids, flavonoids (quercetin, catechin, myrice-
tin), tannins, anthocyanins, pigments, and fatty acids, which
determine its pharmacological properties. It has long been
used against colds [5,6,7] and coughs [8,9], for the treatment
of digestive problems [10,11], skin diseases [12,13,14], for the
treatment of obesity [ 15,16], genitourinary system [17,18,19],
hypercholesterolemia [16] and diabetes [20]. Myrtle is also
used in dentistry for gingivitis and stomatitis [21,22,23,24].
This proves the perspective of the pharmacognostic study
of common myrtle with the aim of standardizing plant raw
materials as a source of biologically active compounds for
obtaining phytosubstances based on them.

Aim

The purpose of the work is to analyze review and consolidate
the latest literature concerning the botanical characteristics,
chemical composition, and pharmacological properties of
common myrtle. This comprehensive analysis aims to identify
the potential applications of myrtle as medicinal plant material
for the treatment of various diseases. The study will contribute
to a deeper understanding of Myrtle’s therapeutic potential
and its role in developing new natural remedies.

Materials and methods

Data were collected from several legitimate databases and
services such as PubMed, Medline, Scopus, Google Scholar,
ResearchGate using the key terms “Myrtus communis L.”,
“botanical characteristics”, “pharmacological studies”,
“phytochemical studies” in each database data Relevant and
related data were filtered as appropriate if deemed relevant
to the topic of interest. Time frames have also been adjusted
to provide up-to-date information.

Botanical characteristics of Myrtus communis L. Myrtaceae
(Myrtaceae) is a diverse family of woody flowering plants,

encompassing approximately 5,500 species. Common
myrtle, scientifically known as Myrtus communis L., is a
particularly valuable species among essential oil medicinal
plants within the Myrtaceae family. This plant is of great
interest to scientists worldwide, with efforts focused on its
potential cultivation as a source of raw materials for creating
new herbal preparations. Myrtle is found growing in various
regions across the globe and is both cultivated and wild [ 18].
Being widespread throughout the Mediterranean region, the
species is one of the most important evergreen shrubs of the
Mediterranean maquis. In Italy, it grows along the coast and
on inland hills and is abundant on the islands, where it is one
of the most characteristic species. In Portugal, myrtle grows
wild mainly in the central and southern parts of the country.
It occurs in coastal and forest areas, on the interior hills of
northern Tunisia [25,26,27].

Mpyrtus communis L. is an evergreen perennial shrub or
small tree that typically reaches heights of 1.8 to 3 meters
with small leaves and deep fissures in the bark. The stem of
the plant is erect, branched, has glossy dark green leaves,
glabrous, opposite, paired or twisted, in shape from ovoid
to lanceolate [28], with a rigid structure, entire, pointed,
2.5-3.8 cm long, they very fragrant due to the presence of
numerous secretory receptacles. The flowers are white or pink
[29], on thin peduncles, medium in size, 2 cm in diameter,
hard with yellow anthers. The petals are white with glands
and have a slightly forked edge, often covered with fine hairs.

The fruit of myrtle is a berry, typically measuring between
0.7 to 1.2 centimeters in diameter. It has a rounded or egg-el-
liptic shape with an inflated central part and retains remnants
of a 4-5-parted cup on the outer part. Myrtle berries come
in two primary colors: white and dark blue. White berries
are rarer and are associated with unique leaves. From an
ecological perspective, this species is characterized by low
pollen production, limited seed dispersion, and relatively low
adaptation to its environment, which may explain its scarcity
in certain areas [30]. The unripe berries start as pale green,
turn red as they mature, and eventually become dark indigo
when fully ripe. While immature berries tend to be bitter, ripe
ones are sweet [2,25,26,27].

Phytochemical studies. The chemical composition of the dif-
ferent parts of common myrtle studied contains essential oils,
phenolic acids, flavonoids (quercetin, catechin, myricetin),
tannins, anthocyanins, pigments, and fatty acids.

Myrtle essential oil consists mainly of monoterpene hydro-
carbons, oxygenated mono- and sesquiterpenes, simple and
complex esters, sesquiterpene and aliphatic hydrocarbons,
alcohols, and phenols. These components are distributed in
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varying ratios depending on the geographical area (temper-
ature, soil quality, day length), the time of collection, and
the species’ genotype [31]. Research conducted by Iranian
scientists Donya Shahbazyan and others confirm that envi-
ronmental conditions, genetic factors, and plant ontology
are among the main factors determining the chemical com-
position of myrtle essential oil. Current studies have shown
that the role of genetic factors was more prominent than the
role of environmental conditions in causing the differences
between the selected samples. Although 23 compounds were
identified, cluster analysis using the median linkage method
revealed four distinct groups in the dendrogram, including
chemotype I: caryophyllene oxide / germacrene D / a-humu-
lene / methyleugenol; II: a-pinene / n-cymol / a-humulene
and (E)-f-caryophyllene; I11: a-pinene / 1,8-cineole and lina-
lool; IV: linalyl acetate / y-terpinene / 1,8-cineole / limonene
according to their main essential oil components [30]. The
yield of oil in dry leaves in different phenological phases in
March and October was different, but the main compounds
were the same, even if they had different relative percentages.
1,8-cineole, linalool, a-pinene and a-terpineol [3,16,32,33].

A population consisting of 52 genotypes of Myrtus com-
munis L., selected as part of a domestication program and
grown in the same collection field in Oristano, was subjected
to GC/MS analysis to assess the quantitative and qualitative
composition of essential oils in the leaves. The chemical com-
position of the essential oils proved to be quite diverse, with
the number of compounds ranging from 31 to 78 depending
on the variety. In total, 118 compounds were identified in dif-
ferent genotypes. However, a-pinene, limonene, 1,8-cineole,
o-terpineol, and linalool consistently appeared as the main
components, with minor variations in their quantitative ratios
among the samples [28].

Analysis of the essential oil from the aerial parts of M. com-
munis by GC/MS revealed that the main compounds obtained
were myrtenyl acetate (33.67 %), linalool (19.77 %), 1,8-ci-
neole (10.65 %) and limonene (8.96 %) [34,35].

When it comes to fruits, samples collected in July (at the
beginning of fruiting) and October (at the onset of ripening)
were compared. Oil yields were similar, measuring 0.59 %
and 0.48 %, respectively. The most prevalent compounds
(with relative percentages above 5.0 %) included the fol-
lowing:

— In July: a-pinene (11.9 %), 3-carene (6.5 %), o-cymol
(7.6 %), 1,8-cineole (6.4 %), y-terpinene (5.1 %), a-terpino-
lene (5.2 %), linalool (8.8 %), and a-terpineol (6.1 %);

— In October: a-pinene (21.4 %), o-cymene (7.9 %), li-
monene (6.8 %), 1,8-cineole (12.2 %), and linalool (9.4 %) [32].

Another study examined 47 different candidate clones,
including only five clones of Leucocarpa varietas and most
of Melanocarpa varietas. The yield of essential oil from
the berries varied greatly. GC-MS analysis of essential oils
revealed the presence of 92 compounds. The main compo-
nents were: geranyl acetate for 13 genotypes; 1,8-cineole
for 7 genotypes; a-terpinyl acetate for 4 genotypes; linalool,
o-humulene, trans-caryophyllene oxide, and f-caryophyl-
lene for 3 genotypes; limonene for 2 genotypes; a-terpineol,

bornyl acetate and humulene epoxide II respectively for 1
genotype each. f-caryophyllene was present in all genotypes,
and methyleugenol —in 40 selections. Compounds present in
only one genotype in small amounts were 2-methylbutanoic
acid, 2-methylpropyl ether, n-mentha-1(7),8-diene, linalyl
acetate, f-bisabolene, ledol, and isoleptospermone. Among
the main components of myrtle essential oil, geranyl acetate
was the compound with the highest relative abundance in the
entire population of candidate clones (in 35 genotypes) [36].

A phytochemical study of the essential oil of Myrtus
communis flowers showed that the main compounds were:
a-pinene, 1,8-cineole, eugenol, linalool, geranyl acetate and
a-terpineol [5].

So, as we can see, 1,8-cineole, linalool, a-pinene are the
main components of the essential oil, which are present in
different quantities in the raw materials of different parts of
Myrtus communis L., regardless of the geographical area
(temperature, soil quality, length of day), collection time and
species genotype.

The leaves and berries of Myrtus communis L. are also rich
in phenolic compounds such as phenolic acids, flavonoids,
and flavanols. The extraction of phenolic compounds has
several main points, such as the choice of the phenolo-
gical stage of the plant, the choice of solvent, the method
of extraction and purification, as well as the post-harvest
technological processes, mainly the drying process. The total
content of phenols, flavonoids, and proanthocyanidins in
various extracts was significantly influenced by the drying
methodology. For the analysis of the phenolic fractions of
the extracts, the method of high-performance liquid chro-
matography was used in combination with high-resolution
mass spectrometric detection. The total phenol content in
the extracts increased from 39.6 GAE/g in air-dried leaves
to 55.2 GAE/g after drying in a microwave oven and to 41.1
GAE/g in dryer-dried leaves at 70 °C. However, drying at
temperatures of 100 and 120 °C reduced the total phenol
content to 30.8 and 25.7 GAE/g, respectively [37]. The ex-
traction of phenolic compounds from the pericap of Myrtus
communis was carried out using ultrasound. The yield of
total phenolic compounds was more affected by ethanol
concentration, exposure time, liquid solvent/solid ratio, and
amplitude, and the optimal parameter conditions established
by the response surface methodology model were 70 %
(v/v), 7.5 min, and 30 %, respectively [38].

Most of the phenolic compounds originate from the phe-
nylpropanoid pathway, where phenylalanine ammonia lyase
(PAL) enzyme activates the first step. This 2020 study aimed
to understand how PAL activity in myrtle fruits and leaves
influences certain phenolic compounds during the transition
from flowering to full fruit ripening. The study found that PAL
activity remained relatively constant in leaves but varied in
berries. Specifically, PAL activity was higher in “Giovanni”
berries compared to “Grazia” and increased from the time of
berry color change to full ripening. This suggests that PAL
plays a significant role in the phenolic compound biosynthesis
of myrtle berries during the ripening process. PAL activity
was fairly constant in leaves and varied in berries: greater
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in “Giovanni” berries than in “Grazia” and increased from
berry color change to full ripening. In berries, a positive
correlation was found between PAL and flavonoids, as well
as between PAL and anthocyanins, and a negative correlation
between PAL and total polyphenols. Regarding the quanti-
tative content of phenolic compounds detected in the study,
during ripening, the variety Gio*“Giovanni” vanna showed a
lower content of total phenolic compounds than the variety
Grazia (37 and 46 mg gallic acid equivalent GAE/g DM (dry
matter) for “Giovanni” and Grazia, respectively), as well as
a lower content of total tannins (0.33 mg catechin equivalent
CE/g DM for “Giovanni” and 2.73 mg CE/g DM for Grazia)
[29]. The results of a study conducted in 2021 by the same
researchers showed that the differences in color between the
dark blue variety “Giovanni” and the white “Gracia” may
be the result of over-regulation of some structural genes in
dark blue fruits, in particular the LDOX and UFGT genes.
Furthermore, this first molecular approach showed significant
positive correlations between general and specific anthocya-
nin genes and total anthocyanin content, while no correlations
were found with total phenolic content [39].

Quantitative analysis of the main phenolic compounds
found in myrtle fruits showed that hydrolyzed tannins ac-
counted for more than 90 % of the seed samples and domi-
nated the phenolic profiles of both flesh and seed. Phenolic
acids were detected in lower amounts, characterized only by
the presence of gallic acid (52.21 mg/kg dry weight DW for
pulp and 137.02 for seeds). Among the flavanols detected in
fresh myrtle berries, quercetin-3-O-galactoside and, to a lesser
extent, quercetin-3-O-rhamnoside were the only flavanols.
As expected, anthocyanins were detected only in the pulp
extract with malvidin 3-O-glucoside in the largest amount
(41.98 mg/kg) [18,40]. In another study, no anthocyanins
were found at all, probably because these compounds are
completely extracted during the water-alcohol infusion of
myrtle berries during liqueur production. In addition, the
literature notes the low stability of these compounds, which
easily decompose under the influence of light, high temper-
ature, and air [41].

It was also found that myrtle berries, and in particular
the seeds, contain a large number of valuable ellagitannins
eugeniflorin D2 and enothein B [11].

The liquid chromatography analysis of Myrtus communis L.
leaf extract revealed the presence of seventeen components,
which are as follows: gallic acid, quercetin, p-coumaric acid,
hesperidin, amentoflavone, luteolin, quercetin-3-O-glucoside,
quercetin-3-O-glucuronic acid, isorhamnetin-7-O-pentose,
luteolin-7-O-glucoside, kaempferol-3-O-glucuronic acid,
kaempferol-3-O-pentose, kaempferol-3-O-hexose, deoxy-
hexose, catechin gallate, procyanidin, kaempferol and
naringin. Quercetin-3-O-glucoside, isorhamnetin-7-O-pen-
tose, and luteolin-7-O-glucoside were the most abundant
components in the extract [42]. In another study, the main
polyphenolic components in myrtle leaf extract were myri-
cetin-3-O-rhamnose (36.68 %), myricetin-3-O-galactose
(33.20 %), myricetin (14.48 %) and 5-O-haloylquinic acid
(7.96 %) [15]. As already mentioned, the different composi-

tions of components can be associated with different pheno-
logical stages of the plant, drying method, choice of solvent,
extraction, and purification method.

Pharmacological research. Considering the rich chemical
composition of myrtle raw materials, pharmacological studies
were analyzed, which showed that Myrtus communis has a
wide range of pharmacological activity, including antimicro-
bial, antifungal, antiulcer, gastroprotective, antidiabetic, an-
ti-inflammatory, antihypertensive, antioxidant, antilipidemic,
antithrombotic, antimutagenic.

Antimicrobial and antifungal activity. The antibacterial, an-
tifungal and anti-inflammatory effects of myrtle have been
proven by many studies. In their research, Italian scientists
evaluated the antibacterial, cytotoxic and antiacetylcho-
linesterase properties of Myrtus communis leaf essential oil
and its main components. All essential oil components were
active against P, carotovorum, except myrtenyl acetate, which
showed only 2.08 % biofilm inhibitory activity. In contrast,
four major components (myrtenyl acetate (29.8 %), 1,8-cine-
ole (21.9 %), a-pinene (14.7 %) and linalool (9.1 %)) resulted
in blocking or limitation of P. aeruginosa and S. aureus
biofilm formation [43].

Myrtle essential oil showed a powerful antibacterial effect
against L. monocytogenes in vitro assays [3,4].

The results of a study conducted in Iran demonstrated the
exceptional effect of the essential oil of M. communis leaves
against Toxoplasma in mice infected with Toxoplasma gondii
[44].

Nowadays, the combination of molecules affects their bio-
logical effects, and interesting results can be obtained from
the interaction of different components. The effectiveness of
combinations of essential oils against various bacteria was
considered. A ternary mixture consisting of 17.1 %, 39.6 %,
and 43.1 % of M. communis, A. herba-alba, and T. serpyl-
lum, respectively, showed optimal inhibitory activity against
B. subtilis [35].

Five different combinations (Cupressus sempervirens
(cypress) combined with Melaleuca alternifolia (tea tree),
Hyssopus officinalis (hyssop) combined with Rosmarinus
officinalis (rosemary), Origanum marjorana (marjoram)
combined with M. alternifolia, Myrtus communis (myrtle)
in combination with M. alternifolia and Origanum vulgare
(motherwort) in combination with M. alternifolia) were the
most promising in the treatment of respiratory diseases, show-
ing antimicrobial activity, reduced cytotoxicity and improved
anti-inflammatory effects [8]. Another study evaluated the
antibacterial, antibiofilm, and antiviral effects of combina-
tions of different concentrations of Rosmarinus officinalis
and Myrtus communis essential oils against the opportunistic
pathogen Staphylococcus aureus [45].

The antimicrobial activity of essential oils obtained from
Tunisian Myrtus communis flowers was assessed using agar
diffusion and broth microdilution methods against a panel of
pathogenic bacteria, which included six different gram-posi-
tive strains (such as Bacillus cereus, B. subtilis, Enterococcus
faecalis, Listeria monocytogenes, Staphylococcus aureus, and
Staphylococcus epidermidis), as well as three gram-negative
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bacteria (Escherichia coli, Pseudomonas aeruginosa, and
Salmonella enterica). Myrtle essential oil effectively inhi-
bited the growth of all tested bacterial strains at non-cytotoxic
concentrations. It exhibited stronger antimicrobial activity
against the Gram-positive bacteria, and it was bactericidal
against L. monocytogenes [31].

In the quest for new antimicrobial agents targeting Staphy-
lococcus species, bioactive fractions of Myrtus communis L.
were investigated. Phytochemical analysis led to the isolation
and characterization of four alkyl phloroglucinol glycosides.
Among these compounds, three were identified as halomyr-
tucummulones G—H and myrtucummulonoside, marking their
first-time isolation and description. The results revealed that
halomirtucummulone G (1) exhibited selective antimicrobial
activity against both S. aureus strains at concentrations as
low as 16 pg/mL. In contrast, halomirtucummulone D (3)
demonstrated the most effective growth inhibition, with an
IC50 of 64 png/mL [46]. In another study, the antibacterial
and anti-candidal activity of an aqueous extract of myrtle
was examined against Pseudomonas aeruginosa, Escherichia
coli, Staphylococcus aureus, and Candida albicans. The study
found that the highest antimicrobial activity was observed
against E. coli [47]. The impact of the ethanolic extract of
common myrtle leaves on ten bacterial strains was also inves-
tigated. The results of the study confirm that gram-positive
bacteria, including Enterococcus faecalis, Staphylococcus
epidermidis, Mycobacterium smegmatis mc, and S. aureus,
were sensitive to the extract. In contrast, the gram-negative
strains showed resistance to the extract. It was observed
that the inhibition of growth was associated with cell wall
damage. Cells treated with the extract exhibited sensitivity to
cell wall-targeting antibiotics and displayed morphological
defects consistent with cell wall damage [2].

A study conducted in Iran aimed to determine the inhibitory
effect of different fractions isolated from a standardized ex-
tract of Myrtus communis L. against both nystatin-susceptible
and nystatin-resistant Candida albicans, which were isolated
from HIV-infected patients. The total extract and fractions,
including petroleum ether, chloroform, ethyl acetate, and
methanol, were prepared using ultrasound treatment. The
results of the study indicated that myrtle fractions exhibited
a more potent anti-candidal effect compared to the total ex-
tract [48]. The berries and seeds of M. communis L. contain
a component called enotein B, which can inhibit the growth
of various Candida species (including Candida albicans,
Candida tropicalis, and Candida glabrata) that are sensi-
tive or resistant to fluconazole and are commonly found in
the gastrointestinal tract. Additionally, enotein B displayed
growth inhibitory properties against H. pylori [11]. A myrtle
solution was found to be effective in treating dandruff [13].

Both aqueous and methanol extracts of M. communis leaves
exhibited significant antibacterial activity against periodontal
pathogens [21]. The combination of methanol extracts from
Myrtus communis and Eucalyptus galbie demonstrated anti-
bacterial effects against Enterococcus faecalis [23]. The water
extract of Myrtus communis displayed antibacterial activity
against Actinobacillus actinomycetemcomitans, Porphyro-

monas gingivalis, and Prevotella intermedia. Similarly, the
methanolic extract exhibited antibacterial effects against A. ac-
tinomycetemcomitans, P. gingivalis, and P. intermediate [22].
A toothpaste was developed using extracts from the leaves of
Artemisia dracunculus, Satureja khuzestanica (Jamzad), and
Myrtus communis (Linn), mixed with sterile distilled water.
This product was tested against five microorganisms, including
Streptococcus mutans, Lactobacillus casei, S. sanguis, S. sali-
varius, and Candida albicans, using the agar diffusion method.
The toothpaste demonstrated a strong inhibitory effect against
Gram-positive bacteria and C. albicans [49].

Myrtle lotion is as effective as clindamycin in the treatment
of mild to moderate acne caused by P. acnes [14].

Leishmania major is a parasite that causes skin lesions
and wounds in humans. A study conducted on mice showed
that the group receiving the ethanolic extract of common
myrtle had the lowest parasite load. Notably, both aqueous
and ethanol extracts were less toxic to normal macrophages
compared to glucantime. Additionally, the option for oral
administration, as opposed to injection, is another advantage
of myrtle over glucantime. Therefore, this treatment can serve
as an alternative approach for cutaneous leishmaniasis [12].
Furthermore, the ethanolic extract of M. communis exhibited
high scolicidal activity against Echinococcus granulosus in
an in vitro model [50].

Antihypertensive activity. Myrtus communis extract can
improve cognitive dysfunctions in hypertension due to its
antihypertensive, anti-inflammatory, and anticholinesterase
activity [51].

Anti-ulcer and gastroprotective activity. A study was conduct-
ed to assess the gastroprotective effect of microencapsulated
myrtle essential oil against acute gastric lesions induced by a
mixture of ethanol and hydrogen chloride in rats. The results
suggest that microencapsulated myrtle essential oil has the
potential to be used in the treatment of acute stomach ulcers.
Treatment of animals with microencapsulated essential oil of
myrtle successfully inhibited oxidative damage and restored
the integrity of the antioxidant system in the intestinal muco-
sa, demonstrating its protective properties [52].

Myrtle extract, administered at a dosage of 100 mg/kg, has
shown a positive impact on rat health. It led to an increase in
the number of lactobacilli and bifidobacteria colonies when
compared to the control group. Additionally, it induced al-
terations in glycolytic enzymatic activity and brought about
a minor change in tissue antioxidant activity [15].

Enothein B, found in the berries and seeds of M. commu-
nis L., demonstrates anti-inflammatory properties on human
stomach epithelial cells, suggesting its potential therapeutic
use in gastritis treatment [11].

Hepatoprotective activity. The study assessed the protective
effect of Myrtus communis essential oil against CCl4-induced
hepatotoxicity in rats. CCl4 administration led to hepato-
toxicity, indicated by increased lipid peroxidation and protein
carbonyl levels, as well as decreased antioxidant markers in
liver tissue. The results suggest that M. communis essential
oil may be effective in preventing hepatotoxicity complica-
tions [10].
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Losing weight. Intragastric administration of laurel and
myrtle essential oil to rats for two weeks results in weight
loss [16]. Interestingly, the effects of myrtle extract on weight
can vary with dosage: a dose of 100 mg/kg of myrtle leaf
extract causes weight loss, while a dose of 50 mg/kg can lead
to weight gain [15].

Anti-inflammatory and wound-healing activity. Extracts from
the pulp and seeds of M. communis L., produced industri-
ally for liquor production, contain polyphenols that inhibit
the production of reactive oxygen species, protecting cells
from oxidative stress-induced damage. These extracts also
modulate the expression of cytochromes P450, potentially
preventing chronic inflammation [40]. Notably, a polyphe-
nol-enriched fraction displayed strong anti-inflammatory
activity, prompting a study on mice to assess its wound-heal-
ing potential. Topical application of ointments (at 0.1 %
and 0.05 % concentrations) containing this myrtle fraction
demonstrated potent wound-healing effects [42].

Myrtucommuacetalon-1, an isolated compound from Myr-
tus communis L., displays robust anti-inflammatory activity
by reducing the production of superoxide, hydrogen peroxide,
and nitric oxide in macrophages [53].

Considering the anti-inflammatory, antibacterial, and an-
tioxidant effects of Myrtus communis essential oil, it can be
used to treat sepsis [54].

Antioxidant activity. Natural compounds found in myrtle
exhibit a significant antioxidant effect. Pretreatment with
myrtle extracts safeguards cells from premature aging
by regulating the cell cycle and inducing telomerase ex-
pression. This suggests the potential utilization of these
natural compounds in disease prevention and treatment,
the delay of premature aging, and the preservation of tissue
functions [1].

A study by Hamza Mechchate et al. demonstrated the anti-
oxidant role of the polyphenol-enriched fraction from Myrtus
communis using three different methods (TAC, FRAP, and
[-carotene bleaching), confirming its action as a free radical
scavenger or reducer [42]. The addition of various extracts
from M. communis L. leaves enhanced the oxidative stability
of soybean oil. Therefore, the use of M. communis L. extract
may present a promising approach to prevent lipid oxidation
in food [37].

Myrtus communis berry seed extracts, obtained during the
production of myrtle liqueur, exhibited a higher antioxidant
potential compared to pericarp extracts [41].

Studies conducted by Turkish scientists demonstrated the
effect of M. communis extract on the antioxidant status of the
eye lens. It can reduce oxidative stress in the lenses of obese
rats induced by a high-fat diet by increasing boron levels [55].

It was established that hydrolyzed tannins contained in the
extract of M. communis serve as both reducing agents and
stabilizers [56].

Studies conducted to determine the ideal combination of
six essential oils from different plants (motherwort compact,
marjoram motherwort, common thyme, spearmint, common
myrtle and white wormwood) in terms of antioxidant activity
proved that none of the mixtures presented in the study has a

better antioxidant effect , than one M. communis oil, where
the activity reached 76.95 % [34].

Antilipidemic and antithrombotic activity. Intragastric ad-
ministration of laurel and myrtle essential oil to rats for two
weeks reduces glycolytic activity, lipid parameters (choles-
terol, triglycerides, low-density lipoprotein cholesterol, and
very low-density lipoprotein cholesterol), and indicators of
atherogenicity, which leads to protection of the cardiovascular
system [16].

Anticancer activity. The fraction from Myrtus communis,
enriched with polyphenols, can inhibit the proliferation of
cancer cell lines without affecting non-cancerous ones [42].
Another study also found that the essential oil of the leaves
of Myrtus communis subsp. tarentina (L.) can reduce the
viability of castration-resistant prostate cancer cells, activate
the process of apoptosis, and reduce the migration ability of
these cancer cells [33].

The compound myrtucommuacetalone-1, isolated from
Myrthus communis L., showed moderate anticancer activity
against lung cancer cells in vitro [53].

Results

Myrtus communis L. (myrtle) is one of the common medicinal
species of the Mediterranean region of the Myrtaceae family.
This evergreen perennial shrub contains essential oils, phe-
nolic acids, flavonoids, alkaloids, as well as simple phenols,
lignans, carotenoids, vitamins, and terpenoids. The leaves are
rich in tannins, coumarins, haloyl glucosides, caffeic, gallic,
and ellagic acids, and various terpenoid compounds [15].

In the essential oil of the different parts studied, o-pinene,
limonene, 1,8-cineole, a-terpineol, and linalool were con-
sistently the main components, with slight variations among
samples. Myrtle essential oil, as demonstrated in numerous
studies, exhibits potent antibacterial activity against both
gram-positive and gram-negative bacteria, with a particularly
strong antimicrobial effect against gram-positive bacteria.
Thanks to its anti-inflammatory and antioxidant properties,
myrtle essential oil has the potential for use in treating acute
stomach ulcers, countering liver intoxication, protecting
the cardiovascular system, and aiding in weight loss. The
main polyphenols in Myrtus communis, varying based on
the plant parts studied, phenological stage, drying method,
choice of solvent, extraction, and purification methods, in-
clude quercetin-3-O-glucoside, isorhamnetin-7-O-pentose,
luteolin 7-O-glucoside, myricetin-3-O-rhamnoside, myrice-
tin-3-O-gallac, myricetin, and 5-O-haloylquinic acid. Both
aqueous and methanol extracts of M. communis demonstrate
strong antibacterial activity against numerous gram-positive
microorganisms, as well as sensitive and fluconazole-resist-
ant Candida species, including Candida albicans, Candida
tropicalis, and Candida glabrata.

This versatility makes myrtle extracts suitable for treating
colds, flu, ENT diseases, periodontal issues, gastrointestinal
disorders, skin conditions, and genitourinary problems.
Furthermore, myrtle extract polyphenols display anti-inflam-
matory and antioxidant properties, and they exhibit potential
for inhibiting the proliferation of cancer cell lines, suggesting
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promise in anticancer therapy. However, additional research
is required to address this potential fully.

Over the past three decades, scientists from various
countries have been engaged in myrtle culture research,
investigating the influence of macronutrients, growth regu-
lators, and light on the multiplication and rhizogenesis of
regenerating plants [57]. Their work has revealed that plants
propagated through in vitro microclonal propagation are ge-
netically identical to the donor plant, healthier, and possess
an optimal chemical composition. Consequently, they offer
significant advantages compared to those grown in natural
conditions [57].

Conclusions

1. An extensive review of recent literature data has
revealed that Myrtus communis L. contains essential oils,
phenolic acids, flavonoids (such as quercetin, catechin, and
myricetin), tannins, anthocyanins, pigments, and fatty acids
in its chemical composition. These components grant this
plant a diverse range of pharmacological properties, in-
cluding antibacterial, antifungal, antiulcer, gastroprotective,
antidiabetic, anti-inflammatory, antihypertensive, antioxidant,
antilipidemic, antithrombotic, and antimutagenic effects.
The quality of the plant raw materials can be influenced by
external conditions, leading to the potential use of in vitro
plant cultures for the production of medicinal products.

2. The in vitro cultivation of myrtle for obtaining planting
material holds promise as it allows for controlled plant growth
conditions, resulting in healthy seedlings and greater precision
and reliability in research outcomes.

3. Additionally, it is intriguing to determine the quan-
titative and qualitative composition of biologically active
substances in the plant raw material obtained from common
myrtle under regenerative plant growing conditions in open
ground, as this composition may differ from that of raw
material obtained from traditionally vegetatively reproduced
plants.
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Valeriana officinalis L. s.l. is a perennial herbaceous plant belonging to the Valerianaceae family. It is widely distributed in Ukraine and around
the world. The official medicinal raw material derived from Valeriana officinalis consists of the dried, whole, or fragmented underground
parts of the plant, including the rhizome along with the roots and stolons. To meet the standards outlined in the European Pharmacopoeia,
this raw material must be standardized based on its essential oil content (a minimum of 4 ml/kg in dried preparations) and sesquiterpenic
acids (a minimum of 0.17 percent by weight, calculated as valeric acid, in dried preparations).

The aim of the work was searching, systematizing, and generalizing information from the specialized literature on the chemical composition,
biological activity and therapeutic use of Valeriana officinalis.

Valeriana officinalis has sedative, mild analgesic, hypnotic, antispasmodic, carminative, and hypotensive effects. Historically, it was used
for hysterical conditions, hyperexcitability, insomnia, hypochondria, migraine, spasms, intestinal colic, rheumatic pains, dysmenorrhea,
and especially for conditions accompanied by nervous excitability. The main classes of biological substances identified in Valeriana
officinalis are valepotriates, iridolactones, alkaloids, phenolic acids, sesquiterpenes, flavonoids, terpene coumarins, lignans, terpene
and flavonol glycosides. It has not yet been established which components of Valeriana officinalis are responsible for its pharmaco-
logical effects. Current opinion is that the overall effect of valerian is due to several different groups of components and their different
mechanisms of action. Therefore, the activity of different preparations of valerian will depend on their content and concentration of
several types of components.

Conclusions. Summarized and systematized original works related to pharmacognostic study, phytochemical analysis, and medicinal use
of underground and aerial parts of various species of Valeriana genus. The analysis of the material shows that in recent years, scientists
from all over the world have paid attention to the above-ground part of valerian and have chosen it as an object of in-depth study. This
approach opens new possibilities for the use of the herb Valeriana officinalis in medicine.

Keywords: Valeriana officinalis L., Valerianaceae, chemical composition, therapeutic significance, biological activity.
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Valeriana officinalis (Valerian) — ornsig
B. I. KokiTko, B. M. OguHuoBa

Valeriana officinalis L. s.|. — GaraTopiyHa TpaB’sHWUCTa pocnuHa 3 poawHK Valerianaceae, sika € pyxe NOLMPEHO B YKpaiHi Ta CBiTi.
OdiumHanbHoO Nikapcbko CUPOBUHOK Valeriana officinalis € BucyLweHi, Lini abo dparmeHToBaHi nig3emni yactuhn Valeriana officinalis,
BKIKO4Al04M KOPEHEBULLE, OTOYEHE KOPEHAMM Ta cTonoHamu. CupoBMHa, BiANOBIAHO 4O BUMOTr €Bponenchkoi dapmakonei, Mae byTtu
CTaHAapTV3oBaHa 3a BMICTOM edipHOi onii (MiHIMyM 4 MI1/Kr (BUCYLLEHWIA Npenapar)) Ta CeckaiTepneHoBux kucnoT (Minimym 0.17 BigcoTtka
m/m B nepepaxyHKy Ha BanepeHoBY KUCMOTY (BUCYLLEHWUI npenapar)).

Meta po6oTu - noLuyk, cucTemaTun3allisi Ta y3ararnbHeHHs BifoMocTel haxoBoi nitepaTypu LLofo XiMiYHOro cknagy, 6ionoriyHoi akTMBHOCTI
Ta TepaneBTWYHOrO 3acTocyBaHHs Valeriana officinalis.

Valeriana officinalis mae 3acnokiinuey, nerky 6onesacnokiinuey, CHOZiHY, CNa3mMOniTUYHY, BITPOTOHHY Ta FNOTEH3WBHY fii. ICTOPUYHO ii
BYKOPMCTOBYBANW NpW iCTEPUYHUX CTaHax, NigBuLLEHin 30yanmBoCTi, 6e3COHHI, iNOXOHAPIi, MirpeHi, cnasmax, KULWKOBUX KOMbKax, peBma-
TUYHWX Bonsx, AMCMeHopeT, @ 0coBnNMBO NpU CTaHax, Lo CyNPOBOMAXYOTLCS HEPBOBOKO 30yAnuBicTio. OCHOBHUMM Knacamu 6ionorivyHMxX
pevoByH, K ineHTudikoBaHo B Valeriana officinalis, € Banenotpiatu, ipuaonakToHu, ankanoign, MeHomnbHi KMCNoTH, CECKBITEPMEHH,
dnaBoHOIaK, TEPNEHOBI KyMapuHK, NirHaHW, TepneHoBi Ta hnaBoHONOBI rMiko3uau. [oci He BCTaHOBMNEHO, siki came KOMMOHeHTW Valeriana
officinalis cnpuyuHstoTh i hapmakonoriyHi edekT. HuHI BBaXatoTb, WO 3aranbHU edpekT BanepiaHn 3yMOBIEHWI KiflbkOMa Pi3HUMM
rpynamm KOMMOHEHTIB 3 TXHIMW pi3HUMK MexaHiamamu aii. OTxe, aKTUBHICTb pi3HUX Npenaparti BanepiaHu 3anexartume Bif cknagy Ta
KOHLIEHTpaL,ii KOMMOHEHTIB KifbKOX TUMIB.
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BucHoBKH. Y3aranbHumnm i cuctematnayBanu opuriHanbHi poboTi, Lo CTOCYHTLCS (hapMakorHOCTUYHOTO BUBHEHHS, (hiTOXIMIYHOMO aHanidy
Ta 3aCTOCYBaHHA B MeAULMHI NiA3eMHOi Ta HaA3eMHOI YaCTUH pisHWX BUAiB popy Valeriana. AHania maTtepiany nokasas, L0 OCTaHHIMW
pokamu HayKoBLi 3 yCbOro CBIiTY 3BEPHYNM yBary Ha Hag3eMHy YacTuHY BanepiaHu Ta obpanu ii 06’eKToM AeTanbHOro BUBYEHHS. Llen
nigxia BiaKpvBae HOBI NEPCNEKTVBU ANs BUKOpUCTaHHs Tpasu Valeriana officinalis y MeauuuHi.

Kntouogi cnosa: Valeriana officinalis L., Valerianaceae, ximiuHnit cknag, TepaneBTWYHe 3HaYeHHs, BionoriyHa akTUBHICTb.

AKTyanbHi NUTaHHA hapMaLieBTUYHOI | MeOUYHOI HayKu Ta npakTuku. 2024. T. 17, Ne 1(44). C. 79-87

The skills of plant treatment developed in all peoples and
are now preserved as traditional or folk therapy. Valeriana
officinalis, which is successfully used in traditional therapy,
is recognized and is an important medicinal raw material in
modern medicine.

The family Valerianaceae includes 13 genera, which have
about 400 species. The genus Valeriana includes about 150
perennial herbaceous plants [1]. The most important species
used in European therapy is valerian (Valeriana officinalis L.)
[2]. On the territory of Ukraine, the collective species Vale-
riana officinalis L. includes 13 species: Valeriana dioica L.,
Valeriana tuberosa L., Valeriana tripteris L., Valeriana trans-
silvanika Schur, Valeriana sambucufolia Mikan, Valeriana
rossica P. Smirn., Valeriana tanaitica Worosch., Valeriana
collina Wallr., Valeriana simplicifolia (Reichenb.) Kabath,
Valeriana exaltata Mikan, Valeriana nitida Kreyer, Valeriana
grossheimii Worosch., Valeriana stolonifera Czern [3].

The natural range of plants of the Valeriana species is lo-
cated in the temperate and boreal zones of Europe and Asia
and spreads in the eastern part of North America. Valeriana
officinalis is a species used in Europe. Valeriana fauriei is
commonly used in traditional Chinese and Japanese medicine.
Valeriana capensis is a species used in African traditional
medicine, Valeriana edulis is popular in Mexico, and Vale-
riana wallichii is used in India [4].

Valeriana officinalis is a herbaceous perennial plant, but in
its early life, it behaves like a winter annual. The first year is
characterized mainly by vegetative growth. Eventually, the
plants fall into hibernation together with the underground
parts (rhizome) and young vegetative buds of the shoots.
The first generative phase occurs after vernalization, in
which shoot buds are induced. The following spring, basal
leaves (rosette) appear, starting in February and stretching
the internodes. By stretching the internodes, rosettes form
a shoot that is covered with leaves, and at the end of which
there is an inflorescence. After flowering and seed ripening,
the inflorescence and basal leaves die, after which new basal
leaves and underground shoot buds are formed until the plant
goes dormant. This process allows valerian to renew itself
repeatedly over several years [5].

The morphology is quite diverse, thanks to the complex
taxonomy. Representatives of the species Valeriana offici-
nalis have a densely branched tap root system, the main and
lateral roots are thick and strong, and the additional roots are
branched. As a result of growth on wide areas and in differ-
ent types of soil, the color of the roots is different — brown,
dark brown, yellowish brown, brownish yellow, yellow.
An anatomical study of in vitro roots grown on media of
different compositions revealed significant differences in the
structure and size of cells, the thickness of the cell wall, and

especially in the presence and number of starch grains in the
cells of the parenchyma cortex [6]. Stems are herbaceous,
cylindrical, hollow, grooved, and striped with clear ribs
and grooves, height from 10 to 150 cm. Leaves are simple,
terminal, petiolate, opposite-cross, wither during fruiting
but do not fall. The leaves differ in the shape of the blade,
apex, base, and their attachments, core, color, and size. In
young plants, the leaves are green or pale green, in adult
plants — yellowish-green or yellowish-brown. The flowers
are hermaphrodite, complete, asymmetric, small, fragrant,
collected in dichasia, forming a shield-shaped panicle. Calyx
in the form of teeth that grow during fruiting. The corolla is
tubular-funnel-shaped, the bend is five-lobed, sympetalous
(the tube in the lower part of the corolla with a one-sided
sac-like swelling), sac-shaped or pointed at the base. The
color of the corolla is from pink to pink white. Filamentous
stamens from one to three, they are attached to the corolla
tube. The ovary is lower and three-nested (three carpels). The
gynoecium is syncarpous, the fruit is a simple dry, unopened
achene, which is formed from the lower ovary of one flower,
with one seed, often crowned with a persistent calyx (with
a feathery fringe). The shape of the fruit is narrowly ovoid,
oblong, compressed, and slightly curved, with three narrow
shallow slits (grooves) at the back and two wide shallow slits
at the front; from yellow to brown-yellow or straw color [1].

The yield of air-dried roots of Valeriana officinalis in the
second and third years of the growing season, with higher
yields being formed in weather that is more favorable con-
ditions of the growing season. The yield of the aboveground
mass of valerian in all years of research significantly in-
creased in the second, then in third years of vegetation, and
then significantly decreased in the fourth and fifth years of
vegetation. On average, over the years of research, the same
regularity was observed, from which it could be concluded
that the highest yields of green mass of medicinal valerian are
formed in the second and third years of plant vegetation [7].

Aim

The aim of the work was searching, systematizing, and gene-
ralizing information from the specialized literature on the
chemical composition, biological activity and therapeutic
use of Valeriana officinalis.

Results

Valeriana officinalis in official phytotherapy. The official me-
dicinal raw material of Valeriana officinalis consists of the
dried, whole, or fragmented underground parts, including the
rhizome surrounded by roots and stolons. According to the
requirements outlined in the eighth edition of the European
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Pharmacopoeia, this raw material must be standardized
based on the content of essential oil (a minimum of 4 ml/kg
of dried preparation) and sesquiterpenic acids (a minimum
of 0.17 percent m/m, calculated in terms of valeric acid).
The European Pharmacopoeia also features monographs on
dry aqueous and dry hydroalcoholic extracts of valerian, as
well as tincture of valerian derived from the underground
organs (Valerian root). The standardization process is based
on the content of sesquiterpene acids, calculated in terms of
valeric acid [8].

Pharmacotherapeutic action. Valeriana officinalis is known
for its sedative, mild analgesic, hypnotic, antispasmodic,
carminative, and hypotensive effects. Traditionally, it was
employed to address conditions such as hysteria, increased
excitability, insomnia, hypochondria, migraine, spasms,
rheumatic pains, dysmenorrhea, and especially for conditions
accompanied by nervous excitability [9]. In contemporary
times, there is a renewed interest in Valeriana officinalis,
particularly for its sedative and hypnotic properties.

A monograph approved by the Committee for Herbal
Medicinal Products of the European Medicines Agency
outlines the following therapeutic uses for valerian root: it is
traditionally employed in herbal medicine to alleviate mild
symptoms of mental stress and to enhance sleep quality [10].
It is worth noting that valerian typically requires 2—3 weeks
of use before its hypnotic effects become noticeable [11].

The sedative and hypnotic properties of Valeriana offici-
nalis have been attributed to some valerian root and rhizome
preparations, as observed in both preclinical and clinical stud-
ies. However, it remains unclear which specific components
of Valeriana officinalis are responsible for these sedative and
hypnotic effects [9]. Initially, attention was directed toward
the volatile oil, and subsequently, to the valepotriates and
their breakdown products. Nevertheless, it was discovered
that the volatile oil alone could not account for the entirety
of the drug’s effects, and the valepotriates, which degrade
rapidly, are unlikely to be present in finished drug products
at significant concentrations. Current consensus suggests that
Valeriana officinalis s overall effects are likely attributed to
several distinct groups of components, each with their unique
mechanisms of action. Consequently, the activity of Valerian
preparations depends on the content and concentration of
these various components within the chemical composition.

It is interesting to note that one of the potential mechanisms
of action of Valeriana officinalis extract has been identified
in a study evaluating its effectiveness as a treatment for Par-
kinson’s disease. Active components present in the extract,
including valeric acid, hydroxyvaleric acid, acetoxyvaleric
acid, and volvalerenone, were found to interact with GABA
receptors, influencing the excitability of the cerebral cortex.
These components also formed a complex with SURI, a
protein that regulates potassium ions in the pancreas by
interacting with KIR6.2. This interaction led to a change in
the activity of the enzyme thyroxine hydrolase, ultimately
resulting in an increase in dopamine levels [12].

The study conducted by Kousuke Harada, and colleagues
focused on investigating the effects of valerian on adipocytes

using 3T3-L1 adipocytes. The researchers aimed to determine
whether valerian could potentially serve as a functional agent
for type 2 diabetes. Their findings indicated that the methanol-
ic extract of valerian root can induce adipocyte differentiation
and stimulate adiponectin secretion. This effect is thought to
be mediated through direct binding to PPARY (peroxisome
proliferator-activated receptor gamma) [13].

The study led by Daeyoung Roh and colleagues conducted
a randomized, double-blind, placebo-controlled trial using
electroencephalography to investigate whether valerian
root extract affects changes in resting state connectivity and
whether these changes are associated with clinical symptoms.
The results revealed that the group receiving valerian root ex-
tract exhibited significantly greater increases in frontal brain
alpha coherence between the four electrode pairs compared
to the placebo group. Additionally, these changes in frontal
brain alpha coherence were found to be significantly corre-
lated with reduced anxiety, or anxiolysis. The experimental
group also displayed significantly greater reductions in theta
coherence across the other four electrode pairs. In summary,
the research demonstrated that valerian root extract has the
potential to alter the functional connectivity of the brain in
relation to anxiety [14].

Phytochemical profile. Valeriana officinalis indeed has a
diverse chemical composition. Various classes of biolo-
gical substances have been identified in this plant through
numerous studies. These compounds include valepotriates,
iridolactones, alkaloids, phenolic acids, sesquiterpenes, fla-
vonoids, sesquiterpenoids, terpene coumarins, lignans, and
terpene and flavonol glycosides [15].

Essential oil. The essential oils of Valeriana officinalis are
indeed complex mixtures of natural compounds with a variety
of pharmacological effects. These oils primarily consist of
volatile components, including lipids, terpenoids, ketones,
phenols, and oxygen derivatives (7able 1). It is important
to note that the composition of valerian root oil can vary
significantly due to factors such as geographical location,
cultivation methods, seasonal variations, the physiological
age of the plant, and the oil extraction method [16].

Thirty-seven different compounds were identified in the
essential oil of Valeriana officinalis, with eight compounds be-
ing the dominant ones. These dominant compounds included
bornyl acetate (18.44-36.94 %), valerianol (8.69-22.89 %),
valeranone (7.17-13.59 %), intermediol (0.00—11.84 %),
camphene (1.04—-11.18 %), myrtenyl acetate (3.38-6.77 %),
agarospirole (3.50-8.71 %), and y-eudesmol (1.17-5.37 %).
Among these, bornyl acetate was the most dominant com-
pound in all the studied samples [16].

The study of valerian roots cultivated in the south-eastern
region of Poland provides further insights into the composi-
tion of the essential oil of Valeriana officinalis. The analysis
identified 71 essential oil compounds, reflecting the richness
and diversity of this plant’s volatile components. The pre-
dominant substance in the essential oil was bornyl acetate,
accounting for 15.42 % of the oil. Additionally, several other
compounds were present in significant quantities, including
elemol (8.01 %), f-gurjunene (6.20 %), camphene (5.43 %),
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Table 1. Component content of Valeriana officinalis essential oil

m The name of the component Contents, % m The name of the component Contents, %

a-Fenchene 0.0-5.8 2,16,19 Camphor 0.0-01

2 B-Pinene 0.00-1.76 | 2,16,19 42 Caryophyllene oxide 0.2-0.7 2

3 (E)-Carveol 0.1-1.7 19 43 cis-Carveyl acetate 0.0-04 19

4 (Z,E)-Farnesol 0.0-0.2 19 44 cis-Pinocarvyl acetate 0.1-0.5 2,19
5 (Z)-valernylacetate 4.5-6.5 17 45 cis-Sesquisabinene hydrate 1.24 2

6 10-epi-y-Eudesmol 0.00-0.84 |16 46 cis-Valerenyl acetate 0.0-1.6 19

7 2,5-Dimethoxy-p-cymene 0.00-0.45 |16 47 Cubebol 0.48-1.88 |16

8 2,6-Dimethoxy-p-pymene 0.0-0.2 19 48 Dihydroisolongifolene 0.0-1.0 19

9 3-Methylvaleric acid 0.0-0.2 19 49 Elemol 0.00-8.01 16
10 7-Epi-sesquithujene 0.00-0.22 16 50 epi-a-Muurolol 0.44 2

1" 8-a-Acetoxyelemol 3.7 2 51 Epibicyclosesquiphellandrene 0.1-0.9 19
12 8-Amorphene 0.09 2 52 Epiglobulol 0.2-0.6 19
13 8-Cadinene 0.60-1.14 2,19 53 epoxy-allo Alloaromadendrene 0.24-7.6 2,19
14 8-Cedren-13-ol acetate 0.21 2 54 Eremoligenol 0.49 2

15 8-Elemene 1.32 2 55 Geranyl valerate 0.0-0.5 19
16 8S.14-Cedranediol 2.01 2 56 Geranylisovalerate 0.0-0.3 19
17 9-epi-(E)-Caryophyllene 3.82-4.77 2 57 Germacrene B 0.43-0.92 2,16
18 Acetoxivalerenone 5.6-9.6 17 58 Germacrene D 0.00-2.36 |2,16,19
19 Acetoxivalerenic acid 0.89-2420 |25 59 Germacrene D-4-ol 0.00-0.68 |16
20 a-Acoradiene 0.16 2 60 Germacrone 4.57 2

21 a-Bisabolol 0.2-0.7 19 61 Globulol 0.08 2,19
22 a-Cadinene 0.08 2 62 Guaia-6,9-diene 0.00-0.39 |16
23 a-Copaene 0.40-045 (2,19 63 hydroxy-a-Muurolene 0.07 2

24 a-Farnesene 0.3-23.0 19 64 Hydroxyvalerenic acid 0.34-4.25 25
25 a-Guaiene 0.0-0.3 19 65 Intermedeol 0.00-11.84 |16
26 a-Gurjunene 0-1.5 19 66 Isoamylisovalerate 0.0-0.1 19
27 a-Humulene 0.3-2.2 19 67 Isopenthylisovalerate 0.06 2

28 a-Terpineol 0.0-0.5 19 68 Isopenty1-2-methyl butanoate 0.06 2

29 a-Thujene 0.0-0.1 2,19 69 Isovaleric acid 0.0-41.8 19
30 Agarospirol 3.50-8.71 16 70 Kessane 0.0-1.5 2,19
31 Aristolone 0.08 2 71 Kessanyl acetate 0.0-2.0 16,19
32 Aromadendrene 0.06-0.20 |2,19 72 Kessyl acetate 0.4-2.3 19
33 B-Curcumene 0.1 2 73 Kessyl alcohol 0.0-1.2 19
34 B-lonone 0.0-3.7 19 74 Khusimone 0.84 2

35 B-Panasinsene 0.22 2 75 Khusinol acetate 0.2 2

36 Bicyclogermacrene 0.00-6.45 16 76 Ledol 0.2-1.7 19
37 Borneol 0.36-2.41 16 77 Limonene 0.00-1.04 |16
38 Bornyl acetate 2.30-37.57 |2,16,19 78 Linalylisovalerate 0.7-3.0 19
39 Bornylisovalerate 0.2-2.0 19 79 Longicyclene 1.00 2

40 Camphene 1.04-11.18 |16 80 Longifolene 3.07 2,19
82 Current issues in pharmacy and medicine: science and practice. Volume 17. No. 1, January — April 2024 ISSN 2306-8094
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Cont of Table 1.

m The name of the component Contents, % m The name of the component Contents, %

Maali alcohol 0.00-1.86 Valencene 0.00-4.05
82 Myrtenol 0.00-1.46 |16 106 | Valencene ketone 0.4-3.0 19
83 Myrtenyl acetate 2.0-7.2 16 107 | Valeranone 0.50-14.28 |16, 19
84 Myrtenylisovalerate 1.1-2.5 19 108 | Valerenal 0.0-14.7 19
85 n-Hexyl isovalerate 0.1-0.3 19 109 | Valerenic acid 0.0-11.8 19, 25
86 Neryl isovalerate 0.0-0.4 19 110 | Valerenol 0.0-0.8 19
87 Palmitic acid 1.0-1.3 19 111 | Valerianol 0.30-22.89 |16
88 Rosifoliol 0.00-1.37 |16 112 | Vetiselinenol 0.00-096 |16
89 Sabinene 0.23 2,19 113 | Viridiflorene 0.66 2
90 Selina-diene alcohol 0.0-0.3 19 114 | Viridiflorol 0.1-0.6 2,19
91 Sesquiterpenoic acetate 0.0-41 19 115 | y-Gurjunene 3.62 2
92 Spathulenol 0.0-4.1 16 116 | y-Amorphene 0.25 2
93 B-Elemene 0.30-0.63 |2 117 | y-Cadinene 0.06-1.10 [2,19
94 B-Eudesmol 0.0-11 19 118 | y-Terpinene 0.0-0.3 19
95 B-Longipinene 0.21 2 119 | Z-Lanceol acetate 0.06 2
96 B-Phellandrene 0.70-3.04 (2,19 120 | Zingiberene 0.1-15 19
97 T-Muurolo 0.1-1.6 19 121 | a-Caryophyllene 0.00-1.53 16
98 Terpinen-4-ol 0.00-0.54 16 122 | a-Pinene 0.0-3.6 16
99 Terpinyl acetate 0.4-11 2,19 123 | B-Bisabolene 0.00-0.59 16
100 | Thuja-2,4(10)-diene 0.06 2 124 | B-Gurjunene 0.0-6.2 2,16,19
101 | Thujopsadiene 1.69 2 125 | y-Curcumene 0.00-1.32 |2,16,19
102 | trans-Valerenyl acetate 0.0-0.8 19 126 | y-Eudesmol 1.17-5.37 16
103 | trans-Valerenylisovalerate 0.0-11 19 127 | &-Elemene 0.0-1.8 2,19
104 | Tricyclene 0.0-0.1 19

9-epi-E-caryophyllene (4.77 %), bicyclohermacrene
(4.61 %), hermacrone (4.57 %), myrtenyl acetate (3.90 %),
caryophyllene (3.82 %), 8-a-acetoxylemol (3.71 %), and
y-gurjunene (3.62 %).

The content of sesquiterpenes valerenic and acetoxyvaler-
enic acids in the studied valerian raw material was 0.0519 %
and 0.0677 %, respectively [2].

The researchers studied the composition of the essential oil
obtained from the roots of wild samples of Valeriana offici-
nalis L. from Iran. The main components of the extracted es-
sential oil were isovaleric acid (18.7-41.8 %), valerenic acid
(8.2-11.8 %), acetoxyvaleranone (5.6-9.6 %), (Z)-valernyl
acetate (4.5-6.5 %), bornyl acetate (2.3—7.7 %) and valerenol
(3.7-5.2 %) [17].

Analysis of the volatile oil content of eleven experimental
samples of Valeriana officinalis of different origins from
Romania, Poland, and Germany was carried out in Brasov,
Romania. As a result of research, it was established that
in the group of varieties, which includes three varieties of
Valeriana officinalis, created in the process of selection
and improvement — variety MAGURELE 100 (M-100),

variety MUNKA-Polonia, variety POLKA-Polonia, the
essential oil content is 0.84 ml/100 g, 1.19 ml/100 g and
0.16 ml/100 g, respectively. In a group of Valeriana species
obtained from Germany, the essential oil content is 0.94
ml/100 g for Valeriana collina, 0.63 ml/100 g for Valeriana
rossica, and 0.69 ml/100 g for Valeriana wolgensis. The last
group includes five species of Valeriana officinalis grown in
Bucharest. In these samples, the essential oil content ranged
from 0.34 to 0.45 ml/100 g [18].

Determination of variations in the composition of the es-
sential oil of the roots of five samples of Valeriana officinalis
grown in Estonia was carried out by the methods of gas chro-
matography and gas chromatography with mass spectrometry.
The yield of essential oil for five samples of valerian roots
from Estonia ranged from 0.28 % to 1.16 % [19].

In the study of the essential oil composition of Valeriana
pilosa, researchers identified a total of forty-seven com-
pounds. The major compounds fell into the classes of sesqui-
terpenes (37.7 %) and monoterpene hydrocarbons (9.5 %).
Among these, oxygen-containing sesquiterpenes were the
most predominant (26.6 %) compared to oxygen-containing
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Table 2. Quantitative content of phenolic compounds (mg/1 g of dry
matter)

m The name of the component Contents, mg/g

Gallic Acid 0.11-7.36 25,27,28
2 Chlorogenic Acid 0.09-38.16 25, 27,29
3 Rutin 0.09-1.54 26,28
4 Caffeic Acid 0.17-13.71 25,26, 27
5 3-Hydroxybenzoic acid 0.07-4.96 26, 27
6 Ferulic acid 0.204.97 27
7 m-coumaric acid 0.11-15.90 27
8 p-coumaric acid 0.26-5.94 27
9 Protocatechuic Acid 0.46-1.20 25
10 4-Hydroxybenzoic acid 2.06-3.22 26
1 Salicylic acid 2.79-3.31 26
12 p-Coumaric acid 1.84-1.93 26
13 Apigenin 32.50 26
14 Hesperetin 0.32-0.54 26
15 | Quercetin 43.76 26

monoterpenes (8.3 %). Additionally, the oil contained other
compounds in lower concentrations (5.7 %) [20].

The Institute of Biodiversity and Ecosystem Research in
Sofia conducted research on the underground organs of Va-
leriana officinalis cultivated in vitro. In this study, the main
compounds identified from the class of essential oils included
isovaleric acid (55.2 %) and squalene (19.7 %). Additionally,
several other compounds were detected, such as spatulenol
(4.2 %), valerenal (2.3 %), and caryophyllene oxide (1.4 %).
Minor compounds, each at less than or equal to 1 %, included
3-methylpentanoic acid, bornyl acetate, viridiflorol, valere-
nyl acetate, geranyl isovalerate, trans-valerenyl isovalerate,
patchouli alcohol, and some unidentified sesquiterpene
alcohols. Furthermore, the research included the study of
cultures grown in vitro. The analysis of the essential oil from
these cultures revealed the main identified compounds to be
the monoterpene citronellol (18.1 %) and the sesquiterpene
ketone valeranone (17.2 %). Smaller amounts of geraniol
(6.0 %), viridiflorol (1.4 %), and valeranal (1.3 %) were also
detected [6].

Valepotriates. Valepotriates are esters formed by the combi-
nation of organic acids and triterpene tertiary alcohols. They
are primarily found in the roots and rhizomes of Valeriana
officinalis. The main valepotriates in Valeriana officinalis
include valtrate, isovaltrate, IVHD-valtrate, didrovaltrate,
and acevaltrate [21]. These compounds are notable for their
sedative and anxiolytic properties, and as such, they are
frequently utilized as natural remedies for managing anxiety
and sleep disorders.

The precise mechanisms by which valepotriates exert their
effects are not entirely elucidated, but there is a belief that they
enhance the activity of the neurotransmitter gamma-aminobu-
tyric acid (GABA) within the brain. GABA is an inhibitory

neurotransmitter that plays a crucial role in regulating brain
activity and promoting relaxation.

Chunguo Wang and colleagues developed a method for
the qualitative and quantitative analysis of valepotriates in
Valeriana jatamansi using high-performance liquid chroma-
tography. In the underground organs of the studied plants, they
identified 92 compounds from the class of valepotriates and
established their structural formulas [22].

In another study, researchers found valepotriates including
5-hydroxy-5,6-dihydrovaltrate hydrin (5-hydroxy-5,6-di-
hydrovaltrate chlorohydrin), 5,6-dihydrovaltrate hydrin
(5,6-dihydrovaltrate chlorohydrin) in the underground organs
of Valeriana jatamansi. Additionally, 5-hydroxy-5,6-dihy-
drovaltrate and valtrate hydran (valtrate chlorohydrin) were
identified [23].

Valepotriates, including compounds like isodihydrovaltrate
(18.99 %), homovaltrate (13.51 %), 10-acetoxy-valtrate hy-
drin (4.00 %), and valtrate (1.34 %), were identified using
chromatographic methods in the roots of Valeriana edulis
[24].

Phenolic compounds. All parts of Valeriana officinalis are
rich in flavonoids, which are a group of phenolic compounds
with antioxidant activity (Table 2).

Cheng-Rong Wu and colleagues quantified phenolic com-
pounds in Valeriana officinalis roots and rhizomes. The total
content of phenolic compounds in terms of gallic acid in the
root extract ranges from 19.33 to 33.16 mg/g, depending
on the extraction method, and from 15.44 to 26.78 mg/g in
the rhizomes. Phenolic acids such as gallic, protocatechuic,
chlorogenic, caffeic, and rosmarinic acids were also identified.
The content of these studied substances in the roots ranged
from 1.66 to 3.09 mg/g, and in the rhizomes from 1.08 to
2.14 mg/g [25].

In a study focused on new sources of bioactive phenolic
compounds from the Western Balkan Mountains, it was found
that the content of apigenin and quercetin in the extract of
Valeriana montana flowers is approximately 32.50 + 0.94
mg/g and 43.76 + 2.12 mg/g, respectively. The total amount
of phenolic compounds in the flowers of V. montana is meas-
ured at 8.61 mg/g, while in the leaves, it’s approximately
1.15 mg/g [26].

A three-way analysis of variance was conducted on Vale-
riana jatamansi, revealing that variations in phytochemical
content were influenced by lighting conditions, season, plant
parts, and their interactions. The study determined that among
the different parts of the plant, the leaves contained the highest
total amount of phenols (9.6 mg/g), flavonoids (10.5 mg/g),
and tannin (5.4 mg/g) compared to other parts (root, rhizome,
and stem). Out of the twelve phenolic compounds examined,
five compounds — vanillic acid, 4-hydroxybenzoic acid,
rutin, phloridin, and o-coumaric acid — were found in very
low amounts in some seasons. Specifically, vanillic acid and
4-hydroxybenzoic acid were detected only in leaves during
the summer and autumn seasons, rutin was found in leaves
in summer, phloridin was found in leaves and rhizomes in
summer and winter, and o-coumaric acid was detected only in
part of the rhizome in the winter, spring, and summer seasons.
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Among other phenolic compounds, it was found that
chlorogenic acid was the largest phenolic compound in all
parts of the plants over all seasons.

The highest content of chlorogenic acid (38.160 pg/g) and
3-hydroxybenzoic acid (4.967 pg/g) was detected in leaves
during the autumn and spring seasons. p-Coumaric acid ac-
cumulated the most (5.937 pg/g) during the autumn season
in the stem. Halic acid (992 pg/g) was most abundant during
the winter season in rhizomes, and it continued to accumulate
during the sprouting season. During the summer season,
the highest concentrations were found for m-coumaric acid
(15.903 pg/g), cavoic acid (13.711 ug/g), and ferulic acid
(2.453 pg/g) in the leaves.

The majority of phytochemical substances accumulate most
significantly during the summer season. Additionally, various
types of phytochemicals are more likely to accumulate in
low-light conditions, especially in shaded areas [27].

Research on phenolic compounds, flavonoids, and hydro-
xycinnamic compounds in six different species of the Valerian
genus that grow in Argentina revealed high levels of phenolic
compounds ranging from 125.52 to 890.25 mg of gallic acid
per 100 mg of dried rosemary syrup, with the following
ranking: Valeriana effusa < Valeriana ferax < Valeriana
macrorhiza < Valeriana clarionifolia < Valeriana officina-
lis < Valeriana carnosa. Furthermore, all the studied species
exhibited flavonoids instead of hydroxycinnamic acids. In
all species, the presence of hesperidin and chlorogenic acid
was identified. In all species that were studied, the presence
of hesperidin and chlorogenic acid was identified, in extracts
of Valeriana clarionifolia and Valeriana macrorhiza the
presence of diosmetin and 6-methylapigenin was identified.
The levels of rutin in the preparations ranged from 8.82 to
81.98 mg per 100 mg of dry rosehip, and chlorogenic acid
ranged from 50.83 to 1449.54 mg per 100 mg of dry rosemary.
The highest content was found in Valeriana carnosa [28].

Dominika Srednicka-Tober et al. studied the effects of
cultivation system and year of cultivation on the content of
phenolic compounds, phenolic acids, and flavonoids in dried
valerian roots. Valerian roots did not exhibit differences in
phenolics, phenolic acids, or flavonoids based on the growing
system (organic vs. conventional). However, there was a
significant effect of the year, with higher levels of phenolic
compounds, specifically phenolic acids, observed in the first
year compared to the second year of the experiment.

In the 1960s, scientists from the Department of Pharma-
cognosy, Pharmacology, and Botany at Zaporizhzhia State
Medical and Pharmaceutical University initiated a compre-
hensive study of Valeriana species. Kornievskyi Yu. I. had
conducted a pharmacognostic investigation of V. stolonifera s
underground organs. Trzetsynskyi S. D. had examined do-
mestic Valeriana species and their pharmacological activity.
Kornievska V. H. had compared V. stolonifera with V. exaltata
through a pharmacognostic study. Shkrobotko P. Yu. had
analyzed the elemental composition and biologically active
substances in various Valeriana species, and S. V. Panchenko
had conducted a comparative pharmacognostic study involv-
ing V. grossheimii and other Valeriana species.

Conclusions

Valeriana officinalis raw material is extensively employed
in the medical practices of numerous countries. Recent
professional studies on the biological activity of its extracts
have reaffirmed its traditional use in phytotherapy. These
studies confirm its valuable effects, including sedative, mild
pain-relieving, hypnotic, antispasmodic, carminative, and
hypotensive properties.

Interest in Valeriana officinalis arises not only from its
global prevalence but primarily due to its medicinal value.
The diverse chemical composition of the raw material,
including valepotriates, iridolactones, alkaloids, phenolic
acids, sesquiterpenes, flavonoids, sesquiterpenoids, ter-
pene coumarins, lignans, glycosides, terpene glycosides,
and flavonol glycosides, underlies its valuable medicinal
properties.

Officially, Valeriana officinalis roots with rhizomes are
recommended as a phytotranquilizer for various conditions,
including hysteria, increased excitability, insomnia, hypo-
chondria, migraine, spasms, rheumatic pains, dysmenorrhea,
and conditions characterized by nervous excitability.

Much of the scientific research on Valeriana officinalis
is centered on phytochemical analysis, which includes the
examination of extracts from various plant parts and essential
oil. These studies have revealed that differences in chemical
composition are influenced by factors such as the plant’s
origin, composition, extraction methods, and the polarity of
solvents used.

Many authors have analyzed the pharmacological pro-
perties of Valeriana officinalis plant extracts, including
herbs, leaves, and roots. However, it is still unknown which
components of Valeriana officinalis are responsible for
certain properties. Future research should aim to establish
associations between the mechanism of biological activity
and particular compounds.

A study on the effects of valerian on adipocytes was
conducted using 3T3-L1 adipocytes to investigate whether
valerian has the potential to be a functional agent for type 2
diabetes. As a result, it was found that valerian root methanol-
ic extract induces adipocyte differentiation and adiponectin
secretion, possibly through direct binding to PPARy.

Daeyoung Roh and colleagues conducted a randomized,
double-blind, placebo-controlled trial using electroence-
phalography to investigate the impact of valerian root extract
on resting brain functional connectivity and its association
with clinical symptoms. In comparison to the placebo group,
the valerian root extract group exhibited significantly greater
increases in frontal brain alpha coherence between the four
electrode pairs, and these changes were significantly cor-
related with reduced anxiety. The experimental group also
showed notable reductions in theta coherence across the
other four electrode pairs. This study suggests that valerian
root extract can modulate brain functional connectivity in
relation to anxiety.

All the mentioned studies pertain to mechanisms crucial for
addressing civilization-related diseases, such as obesity and
Parkinson’s disease. Nevertheless, they are still at a consi-
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derable distance from transitioning from in vitro experiments
to practical applications in human treatment.

The contemporary usage of Valeriana officinalis is rooted
in its longstanding traditional use. However, there is a need
for further evaluation of the efficacy, potency, and dosage of
the plant material and its extracts.

Traditionally considered less valuable than the under-
ground organs, the above-ground part of Valeriana offici-
nalis has become the focus of recent research, particularly
due to its high flavonoid content. Flavonoids, known for
their antioxidant, anti-inflammatory, and antiviral properties,
play a vital role in maintaining health. Additional research
is essential to confirm the potential and establish optimal
methods for utilizing the aerial parts of Valeriana officinalis
in medicine.

The study of in vitro cultures of Valeriana officinalis holds
great promise. In the future, with further optimization, they
may serve as an alternative source for obtaining biologically
active compounds valuable in medicine, food production,
and cosmetics.
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Yomy mu ctapiemo? OCHOBHI 03HaKM CTapiHHA

Yric Knetriekc®"ACP Aynptoc ByTkssivyc®2B, B, B. Maauwes®**E, C. C. CokonoBcbkuin(4F

"Nateiicbka acouiauia gosronitTs, M. KOpmana, 20 «MixHapoaHwit iHbopmaLiiHmii Hobeniscbkuii LeHTp. OdilliiHe NpeacTaBHALTBO B YKpaiHiy,
M. [Hinpo, *3anopisbkuil AepxaBHW MeanKo-chapMaLlEeBTUYHNIA yYHiBepeuTeT, YkpaiHa, HaLioHanbHuii TexHiuHWiA yHiBepeuTeT «[HiNnpoBcbka
nonitexHikay, YkpaiHa

A — KOHUenUis Ta an3aitH gocnimxkeHHs; B — 36ip naHux; C — aHanis Ta iHTepnpeTauis gaHux; D — HanucaHHs cTaTTi; E — pegaryBaHHs cTartTi;
F — ocTatouHe 3aTBepmXEHHS CTaTTi

CTapiHHs — NOCTYNOBWIA | HE3BOPOTHUI NAaTOI3iONOrYHNI NPOLIEC, L0 BUSBMSIETLCA 3HWKEHHAM (DYHKLIA TKAHWH i KNiTUH, 3HAYHOO
pi3HOMaHITHICTIO NaTOMOril, NOB’A3aHMX 3i CTAPIHHSAM, BKMOYAKYM HEMPOAEreHePaTVBHI 11 CEPLIEBO-CYAVNHHI 3aXBOPHOBAHHS, METAOOMIYHI
po3naau, NiaBULLEHUIA PU3UK 3aXBOPIOBAHb CKENeTa Ta iMyHHOI cucTeMun. Xoda CydacHi MeauyHi OCSrHeHHst 3po6unv NeBHWIA BHECOK
Y 300pOB’SA NIOANHM | Aanu 3MOory 3Ha4HO MOJOBXUTW TPUBAMICTb XUTTH, OAHAK BOHM LLe HE B 3MO3i 3anobirti pisHNM XPOHIYHUM 3aXBO-
PIOBAHHSAM, LLIO BUHMKAKOTb Pa3oM 3i CTapiHHAM CycninbCTBa Ta € MOLUMPEHUMU MPUYMHaMK iHBaniAHOCTI, CMEpTi NoAe NOXUNoro Biky.

MeTa po60oTu — aHani3 cy4acHux NornsAis WOAO NPUYUH i MaHidhecTallii npoLeciB CTapiHHS; y3aranbHEHHS X JaHUX CNIPUSITUME PO3po-
GneHHto cTparterii 3 ynoBinbHeHHs nepebiry npoLecy CTapiHHs.

TpuBanicTb XWUTTA NIOAUHM TICHO NOB’A3aHa 3i 3HWXEHHAM MOXNMBOCTEN penapauii Ta pereHepalii TKaHWH i opraHiB. Y Bignosigb Ha
CTPEC Ha MOMEKYNAPHOMY, KIITUHHOMY Ta CUCTEMHOMY PIBHSIX FTEHETWYHI, ENireHETUYHI Ta PErynaToOpHi YYHHUKM 3yMOBITIOIOTb 3HVMXKEHHS
dhizionoriyH1x MOXIMBOCTEN opraniamy. [pu LiboMy 3afisiHi cknazHi MONeKynsapHi MexaHi3amMu (sIK-0T BKOPOYEHHS! TENOMEPIB, HAKOMUYEHHS
nowwkomkeHb AHK, MmeTaboniyHi 3MiHM Ta HagMipHe YyTBOPEHHS BiNbHUX paguKanis), siki B CyKynHOCTi BNMMBAKOTL Ha LUBWAKICTb CTAPIHHS.
3okpema, BOHM NpuWrHidytoTb Nponicpepallito KniTuH, 3MiHI0TL MeTaboniam i eKCrpecito reHis, a TakoX iHAYKYTb BUCOKI PiBHI BiNlbHUX
pagvkanis, NiaTpUMyUM DEHOTUN KNITUHK, L0 cTapie. Xoua KinbKiCTb paHHIX KMiTUH, SIKi CTapiloTb, HEBIUCOKA, BOHW MOXYTb 0OMeXyBaTi
pereHepaLlliiiHy 30aTHICTb CTOBOYPOBWX KNITUH TKAHWH i NPU3BOAWUTU [0 HAKOMUYEHHS! KIITUHHMX MOLUKOAXKEHb, CIPUYMHSIOYM B TaKWii
cnocib BiKOBi 3aXBOPIOBAHHS.

BucHoBku. CyyacHi JOCATHEHHS Y BUCOKONPOAYKTWBHIl reHOMiLi, TpaHCKpUMTOMILi, MpoTEOoMiLi 1 MeTabonomiLi faloTb 3MOry oxapakTe-
puU3yBaTH, KiNbKiCHO BUSHAYUTW TUCSYI ENIrEHETUYHNX MapKepiB, TPAHCKPUNTIB, Ginki, MeTaboniTiB | MOXYTb BUSBUTY 3aranbHi 3MiHK, L0
BiOYyBaloTbCA 3 BIKOM, Y CKIa[HKX OpraHiamMax Ha MOMeKynsipHOMY piBHi. IHTerpaLis Lmx MonekynspHUX MapKepis i NOB'si3aHNX MONEKY-
NSPHUX MEXaHi3MiB y KOMMMEeKCHe OLiHBaHHS BionoriyHoro Biky Ans 3anobiraHHs acoLinoBaHOMY 3 BiKOM (PyHKLOHANbHOMY 3HKEHHHO
Ta 3aXBOPHOBAHOCTI CTA€ HAZA3BMYANHO aKTyanbHOK B MEAMYHIN HayLi, TOMy Mae ByTv peanizoBaHa Ha NpakTuULi skoMora LWBUALLE.

KntoyoBi cnoBa: cTapiHHs, NpupoaHuin Ao6ip, reHOMHa HecTabinbHICTb, 3HOC TENOMEPIB, eMireHeTUYHI 3MiHK, BTpaTa NpoTeocTasy.

AkTyanbHi nuTaHHA hapmaLeBTMYHOI | MeanYHOI Hayku Ta npakTukun. 2024. T. 17, Ne 1(44). C. 88-98

Why do we age? The main signs of aging
Ugis Kletnieks, Audrius Butkevichius, V. V. Hladyshev, S. S. Sokolovskyi

Aging is a gradual and irreversible pathophysiological process. This is manifested in the decline of tissue and cell functions and a significant
variety of pathologies associated with aging, including neurodegenerative diseases, cardiovascular diseases, metabolic disorders, increased
risk of diseases of the skeleton and the immune system. Although modern medical advances have made a certain contribution to human
health and greatly extended life expectancy, along with the aging of society, various chronic diseases are gradually emerging, which are
the most important causes of disability and death of the elderly.

Aim. The aim of the work is to analyze modern ideas in the field of causes and manifestations of aging processes for the possibility of
developing a strategy to slow down its course. At the molecular and cellular level, aging is a complex biological process involving the
gradual deterioration of various cellular and molecular processes in the body over time.

The length of a person’s life is closely related to the decrease in the possibilities of repair and regeneration of tissues and organs. In response
to stress at the molecular, cellular, and systemic levels, genetic, epigenetic, and environmental regulatory factors cause a decrease in the
body’s physiological capabilities. They use complex molecular mechanisms that together contribute to aging. Molecular mechanisms (such
as telomere shortening, accumulation of DNA damage, metabolic changes, and excessive free radical generation) strongly link various
factors to the rate of aging. Collectively, these mechanisms inhibit cell proliferation, alter metabolism and gene expression, and induce
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high levels of free radicals, maintaining a senescent cell phenotype. Although the number of early senescent cells is low, they can limit the
regenerative capacity of tissue stem cells and lead to the accumulation of cellular damage, thereby contributing to age-related diseases.

Conclusions. Current advances in high-throughput genomics, transcriptomics, proteomics, and metabolomics enable the characterization
and quantification of thousands of epigenetic markers, transcripts, proteins, metabolites, and can reveal general changes that occur with
age in complex organisms at the molecular level. Thus, the integration of these molecular markers and related molecular mechanisms
into a comprehensive assessment of biological age to prevent age-related functional decline and morbidity is becoming an increasingly
pressing issue in medical science and should be implemented in practice as soon as possible.

Keywords: aging, natural selection, genomic instability, telomere wear, epigenetic changes, loss of proteostasis.
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CrapiHHA — TOCTYTIOBHH 1 HE3BOPOTHHH 1MaTo(i3i0I0Ti9HIH
MIPOLIEC, 10 BUSIBISIETHCS 3HIDKEHHSIM (DYHKIIH TKaHUH i
KJITHH, 3HATHOIO PI3HOMAHITHICTIO TIATOJIOT 1, TIOB’ I3aHUX 31
CTapiHHSIM, BKITFOYAI0YH HEHpOoaereHepaTuBHi i cepiieBo-Cy-
JIMHHI 3aXBOPIOBAHHS, META0OIUHI PO3JIA/IH, T IBUILICHUN
PH3HK 3aXBOPIOBAaHb CKeJleTa Ta IMyHHOI cucTeMu. Xoda
Cy4acHi MEIMYHI JOCSTHEHHs 3pOOWIIM IIEBHUI BHECOK Y 3710~
POB’sI JTFOIMHU 1 1JTH 3MOTY 3HaYHO MOJIOBKUTH TPHBAIIICTh
JKHUTTS, OJTHAK BOHH IIIE HE B 3M031 3aMI00ITTH Pi3HUM XPOHIY-
HHUM 3aXBOPIOBAHHSM, 1110 BUHHKAIOTh Pa30M 31 CTapiHHAIM
CYCILUTBCTBA Ta € TMOIIUPSHUMH MPUYNHAMH 1HBAITHOCTI,
CMEPTI JIFONIEH MOXUIIOTO BiKY.

MeTa po6otu

AHami3 CyJacHUX MOIVIAIIB IIOAO MPHYHH 1 MaHipecTarii
NIPOLIECIB CTAPIHHS; y3arajJbHEHHs [IUX JaHUX CIPHATHME
PO3POOIICHHIO CTpAaTerTii 3 YIIOBLUTFHEHHS Mepediry mporecy
CTapiHHS.

Ha monekynsipHOMY Ta KJIITHHHOMY DIBHSIX CTapiHHS €
CKJIaJTHAM O10JIOTIYHHIM TIPOIIECOM, KU TIOB’ SI3aHUH 13 M0~
CTYIOBUM TOTIPIIEHHSIM PI3HUX KIITHHHUX 1 MOJIEKYJISIPHIX
IIPOLECIB B OpraHi3Mi. Xo4a MexaHi3M1 CTapiHHS 0 IEOTO
9acy OCTaTOYHO HE BUBUCHO, PO3PI3HAIOTH KUIbKA TPYII Te-
Opii, 3riJJHO 3 SIKUMH HAMararoThCsl HOSICHUTH 1IeH Ipolec:

1. Tenerwuni Teopii. IxHa cyTHiCTH TmoONATac B TOMY,
110 CTapiHHS 3alpPOrpamMoOBaHO B reHax JroauHd. OIHUM 13
TIPUKIIaJIiB € TEJIOMEpPHA TEOPis, 3 SIKOIO KIIITHHH JIFOACHKOTO
OpraHi3My MaroTh 0OMeKeHY 3aTHICTb JI0 TIOJILTY Ta PO3MHO-
HKYFOTBCS TOMY, 1110 «3aXHUCHI KPHUIIKI» Ha KiHIISIX XPOMOCOM,
SIKi HA3UBAIOTh TEJIOMEPAMH, KOPOTIIAIOTH;

2. Teopii nomxkomkeHHs KIiTHH. L{i Teopii ocCHOBHIM
(bakTOpOM CTapiHHS BU3HAYAIOTH HAKOITYEHHSI ITOIIKO/PKEHb
KIITHH 1 TKaHWH. Tak, Teopis BUIPHUX paJHKaliB Iependa-
Yae, 1010 iX M0sBa 3 YaCOM 3YMOBIIIOE IOIIKOMIKEHHS KIIITHH.
3riIHO 3 MITOXOH/IPIAJILHOK TEOPI€I0, CTAPIHHS 3YMOBIIIOE
BikOBa MUC(YHKIIIST MITOXOHIPIH;

3. TopmoHasbHi Teopii. BigmoBigHo 10 1ux Teopii,
caMe 3HWXKCHHS PiBHS CTaTeBUX FOPMOHIB Ta rOpMOHa
POCTy 3YMOBIIIOE TIPOIIEC CTAapiHHA (Teopisd 3aHemany). Y
rinepdyHKI[IOHANBHIN Teopii MOpyIIeHHS HOPMaJIbHUX
(i310JTOTIYHUX TPOIIECIB MOSICHIOIOTH 3MiHAMH aKTUBHOCTI
KUTbKOX CUTHAJTLHHX 1 METa0OIYHUX UISXIB (AUCITITTAeMis,
TilepiHCyIHEMIs TOIIO);

4. EnirenernyHi Teopii. EmireneTnka — 11e 3MiHa ekcripe-
cii reHiB, sika BiOyBaeThest 6e3 3miH y kozi JIHK B mocimos-
HOCTI 1ap ocHOB. EnireHeTn4Hi 3MiHI MOXKYTh BIIUBAaTH Ha

CTapiHHA NULIXOM 3MiH aKTUBHOCTI TeHIB 1 (PYHKIIIH KIIITHHH.
OcHoBHa inest — BTpara iH(opMarlii B pe3yibTaTi emirene-
TryHOTO npeiidy. Po3podnennsam 1iei Teopii 3aiMaeTbes
mpodecop ['apBapacekoro yaiBepcutety 1. A. Ciaxrep [1];

5. Teopii eBosrorii. 3riHO 3 IIUMU TEOPISIMHU, CTAPIHHS
€ HaCJIJKOM eBOJIIOLIHHMX nporeciB. Hampukiaz, Teopis
AHTarOHICTUYHOI IUICHOTpOMil ependayae, mo MeBHi TeHH,
SIKI MAIOTh CIIPHUSATIMBHUN BIUIMB Y PAHHBOMY Billi, MOXYTh
MarTH HIKIJIMBUN BILIMB Y TTOJAJIBIIOMY JKUTTi, BUKJINKAIOUH
CTapiHHsI.

3a3Ha4MMO, 110 11l TCOPii HE BUKIIFOYAIOTh OJIHA OJIHY, aJKE
CKJIQJIHUH MTPOIIEC CTAPiHHS 3yMOBIICHHUI HE OMHUM (hakTo-
pom. Biarak, yueHi IpogoBKyIOTh BUBYATH Pi3HI YNHHHUKH,
OB’ 5I3aHi 3 MEXaHI3MaMHU CTapiHHS, a TAKOX PO3POOIISATH Te-
parneBTHYHI 3aX0/IM Ta CTPATETi, [0 CIIPUSIOTH ITiBUIIICHHIO
SIKOCTI ¥ TPUBAJIOCTI KHUTTSI JTFOAUHH.

Hayka Bce mie nykae mepiry MOJEKyITy SKUTTS (Tepimit
perutikarop), sika Mana Oylna BUHHKHYTH, I[00 KOIIFOBATH
cebe i po3BuBarucs. BBaxaroTh, 1110 BECh BIIOMUIT KUBUI
CBIT MOXO/UTH Bix oyHOTrO crinmbHoro npeaka LUCA (Last
Universal Common Ancestor), pyIiifHO CHIIOI0 €BOJIOLIT
€ IPUPOIHUIL 100ip, a pe3ynbTaToM — C(HOPMOBaHA JIFOIUHA.
[puponuuii 106ip hopMye opraHi3mMu JUIsi ONTHMAIBHOTO
BMIKMBAHHS i YCHINIHOTO pO3MHOXKEHHs. Myrauii, 1o
BUKJIMKAIOTh MPOOJIEMH BUKMBAHHS Ta BIATBOPEHHS, HE
NepealoThCsl MalOyTHIM TOKOMIHHSAM. CMEPTHICTh TPU
HapOPKEHHI Ta B PAHHBOMY Billi BiJl HECIPUSITINBUX O3HAK
(MyTartiit) € BUIIOIO, HIXK Y PETIPOAYKTUBHOMY TI€PiO/Ii JKUTTAL.
Pucwu, sxi MaroTh 3ryOHWIA BIUTHB HAIIPUKIHII JKATTS, Oyme
TepelaHo HACTYITHUM ITOKOJTIHHSM, BOHH HE 3HUKHYTbH y
xoxi esosmonii. Cuita mpupoAHOTo N0OOPY € MIpoIo TOTO,
HACKUTBKH BiH BIUIMBA€ HA BI)KUBAHHS YW PO3MHOXKCHHS; 3
BIKOM BOHA 3MEHIITYETHCSI.

EBouroniiiina Teopist crapiHHs IPyHTY€EThCSI HA 3MEHIIIECH-
Hi CWIM TpUpoaHOro nobopy. st Oinbiiocti opraHizmiB
NPUPOIHHUI CBIT € HEOE3MEYHUM, OCKIJIBKH B HhOMY 0araro
XHYKAKIB, [IATOTCHIB, aBapiii Ta IHIINX 3arPO3TUBHX (DAKTOPIB.
OTxe, B MPUPOAHUX MOMYIIAIISIX ACAKI OCOOUHY THHYTh, HE
JOKUBIIM JI0 CTapiHHA. 3 BIKOM CHJIa TIPHPOIHOTO 1000py
3MEHIITYETHCS 1 He BIUIMBAE HAa MPOXYKTUBHICTH OCOOWH Y
mizHBOMY Bimi. OTXe, 700ip HEe yCyBae CHPUSTINBUX BILUIH-
BiB i HE B 3MO3i HEHTpai3yBaTH MIKiJTMBUH BIUTUB BIKY.
Harpukuiazt, KoprcHa 9M IIKiUTHBA MyTallis BHHUKIIA JINIIE
TTiCIIST IPUITUHEHHST PETIPOAYKTUBHOTO TEpioy, KO BOHA
He BIUIMHE Ha (YHKIIT pO3MHOXEHHS Ta He Oyrie repenaHa
HaIaKkam. SIKIo MyTaIlisi BAHUKIIA paHillie, HAaTPUKIIa i
Yac pernpoayKTHBHOTIO Tepiofy, To i BIUIMB Ha BiK He Oyne
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TIOMITHIM 7151 cenektii. EKonorigHo iHxyKkoBaHa CMEPTHICTh
€ BHCOKOIO, TOMY OCOOMHH, SIKi O ITPOJIEMOHCTPYBaJIM MyTa-
1Ii0, MOTJIN BXKE TIOMEPTH.

3TiIHO 3 TilOTE3010 aHTAaroHiCTUYHOI MIeHOTpoil,
IIK1UTABI (PEHOTHUIIYHI €(EKTH T'eHiB, IO CIIOCTEPITraroTh B
0COOHH CTapIIIOro BiKY, HE 3HUKAIOTh, OCKLILKH MAIOTh IEBHI
TiepeBaru B «MOJIOJIOCTI» — PENPOLYKTUBHOMY Billi.

Osnaku crapinns, a6o 6iomapkepu. /JoHUHI HE BU3HAYECHO
KOHKPETHHH KITiHIYHUHA TapameTp, SIKUi Of TOKa30BO OIH-
cyBaB mpoliec crapinds. OpraHu JIIOQUHU B PI3HOMY Billi
(DYHKIIOHYIOTH HEOTHAKOBO, 110 3yMOBJICHO IIEPEHECEHUMH
3aXBOPIOBAHHSMH, CHIOCOOOM MKHTTSI Ta IHIIMMH (DaKTOpaMH.
11006 3po3yMiTH IPOLIECH CTAPIHHS B OPTraHi3Mi, HEOOXiTHO
YCBIJOMHTH, SIKIM YHHOM BOHO BiOyBa€THCS Ha PiBHI Op-
raHiB, TKaHUH, KJIITHH 1 MoseKkys. Ha MonexyisipHoMy piBHI
TIPOIIECH CTapiHHS MOMITHI HabaraTo mBHAIIE, HiK HA PiBHI
opraHiB a00 BCbOTO OpraHi3my.

Jist Toro, 1100 MoykHa OyI10 3p0OUTH BUCHOBKH IIIOJTO TIPO-
LIeCiB CTapiHH, NOTPiOHI TOYHI KpUTEPIi — 03HAKH CTAPIHHS,
criermgivHi GiomMapkepu. Po3rsmaroTs i1e10 Mmoo MOKIUBOT
imeHTUdiKalii TAKUX KOHKPETHUX O3HAK, 1 CIIOYaTKy OyIo
BH3HAYCHO IIICTH 03HAK (010JIOTIYHIX 0COOIMBOCTEN) paKy,
110 CMOCTEPIraroTh NPH PO3BUTKY MyXJuHH [2,3,4].

O3Haky cTapiHHSA 00’€HaHI KOHIEIIIE0, IO OIHUCYE
(dbyHIaMeHTalbHI KIITHHHI Ta MOJIEKYJSIpHI 3MiHH, SIKi
CIIPUYMHSIOTH Tporeck crapinas. Lli ocobmmBocTi onucy-
IOTh OCHOBHI Oi0JIOTiYHI 3pyIICHHS, IO BiAOYyBAalOTHCS Ha
KIITUHHOMY PiBHI 1, SIK BBOXKAIOTh JOCIIIHUKH, JICKATH B
OCHOBI CTapiHHA TKaHWH 1 opraHiB. [leperik 03HaK cTapiHHI
3anporioHoBannii y 2013 poryi HayKoBISIMH B rajTy3i repoH-
TOJIOTIi, BiH cTaB ()YHIAMEHTOM /IS PO3YMIHHS CKJIaJHOCTI
IMX TPOLIECY CTapiHHSL.

KoxxHa o3HaKa B i1ealti Mae BiAMOBIIaTH TAKUM KPUTEPisM:

1. Mae 3’IBUTHCS IPH HOPMAJIBHOMY CTapiHHI;

2. 1i ekcriepuMeHTaAIIbHE TTOCUJICHHS Ma€ TIPUCKOPIOBATH
CTapiHHS;

3. il eKkcriepUMEeHTaIbHE IOCIa0IeHHS Ma€e 3aTPUMYBaTH
HOPMaJIbHUH MPOLIEC CTAPIHHSA 1, TAKUM YHHOM, TIPOJIOBXKY-
BaTH TPUBAIICTb 30POBOTO KUTTSI.

om0 OCTaHHBOTO KPUTEPIFO, TO HOTO TOCATTH HAHCKIIA -
Hillle, HaBITh SIKIIO BiH CTOCYETHCS JIUIIE OIHOTO ACTIEKTY
crapinfs. O3HaKU CTapiHHS € B3a€EMOIIOB’I3aHUMH, TOOTO
eKCIIepUMEHTANIbHA 3MiHa OJHI€] KOHKPETHOI O3HAKH MOXKE
BIUTMBATH Ha i [5].

[epenik 03HAK cTapiHHS BKITIOYAE:

1. HecrabinbHicTh reHOMA. L[ 0cOOMMBICTh MONATAE B
HakormueHHi momkompkerb JJHK 1 myrariit y kimiTrHax i3
YacoM, [0 MOYKE CIIPUYMHUTH AUCQYHKIIIO KIITHH 1 TKAHWH;

2. VYxopodeHHs TemoMepiB. Teromepu — 3aXHCHI «KOB-
TIAYKK» Ha KIHIIX XPOMOCOM, SIKi BKOPOUYIOTHCS B KIIITHHAX.
OCKIJIBKHM TEJIOMEPH CTAOTh KOPOTIINMHM, KIITHHN BTpa-
YaroTh 3IATHICTh JIO MOJUTY Ta pereHeparlii, Bia0yBaeThCs
3aru0enb KIITHH, CTapiHHA (CTaH, y SIKOMY 3YIHHSETHCS
picT, — peruTiKaTUBHE CTapiHH:A);

3. EmnireHernyni 3minu. /o HUX HasekaTb 3MiHH B CTPYK-
Typi JIHK 1 moB’s13aHuX 13 HEto OiJIkax, 110 MOXKE BILUTUBATH
Ha GKCIIPECiIo TeHIB. 3 4acoM €MireHeTHYHI 3MiHH MOXYTh

MOPYIIUTH HOPMAJbHY PETYIIIIO TeHIB i MPU3BOIATH 10
CTapiHHS;

4. Tlopymenns mporeoctasy. [IpoTeocTa3 nependagae
MeXaHi3MHU CTaduTi3alil NpaBMIBHO CKJIaJeHNUX OUIKIB, a
TaKOXK MEXaHI3MH Jierpaaaliii 0inkiB. HakomraeHHs HecKIa-
JICHHX, CKJIa/THUX 200 MOILIKO/KEHUX OLJIKIB MOYKE TOPYIINTH
(YHKITIFO KITITHH 1 3yMOBHTH PO3BHUTOK OKPEMHUX BIKOBHX
3aXBOPIOBaHb;

5. TlopyuweHHsS po3Mi3HABaHHS MOXXUBHUX PEYOBHUH.
CurHajbHI NUISIXM TIOKUBHUX PEUOBUH Y KIIITUHAX, TaKl K
iHcynin/IGF-1 1 mTOR, € KpUTHYHO BasKJIIMBUMH JUTSI KOOP-
JMHALI] KIITHHHOTO MeTafonisMy Ta pocty. Pi3Hi muisxwu,
10 BU3HAYAIOTh BHYTPIIIHBOKIITHHHUH 1 MO3AKJIITHHHAN
piBHI, IHTETPYIOTBCSA Ta KOOPAWHYIOTHCS 3@ JOTIOMOTOIO
TOPMOHAIIBHUX CUTHAJIB. [Ipy Ha/UTMIIKOBOMY NOTJIMHAHH1
TTOKUBHUX PEYOBUH BU3HAYAIOTH aHA00I3M 1 30epiranss, a
nedinuT 3armyckae roMeocTaTHiHI MEXaHi3MH, HaIPUKIIaL,
MoO1Ti3aIlifo BHYTPINTHIX 3armaciB guepes aytodarito. [Inmsxu
JieTepMiHallii IT0)KUBHUX PEYOBHH ITPU METAOOIIYHHX 3aXBO-
PIOBaHHSX JIIOOMHM 3a3BUYail € JeperyinsoBaHuMH. [lopy-
IICHHS PEryIIsii IUX CUTHAIBHUX LIISIXIB B 0CI0 MOXUIIOTO
BIKY MOXXE TIPH3BECTH JI0 3MiH y CIOXXHBAaHHI NOKHBHHX
PEYOBHH 1 MONIKOIUTH KJIITHHHUN FOMEOCTa3;

6. MiroxoHapianeHa mUCyHKIiL. MiToXOHAPIT — KITi-
THHHI OpraHey, 110 BUPOOJSIIOTh €Heprito. 3 BIKOM HOrip-
IyeThes (PYHKITSI MITOXOHIPIH, 30LTBITY€EThCS KUTBKICT
BUIBHUX Pa/IMKaJIiB — aKTUBHHUX (DOPM KHCHIO, TIOPYIIYETHCSI
BHPOOJICHHS CHEPTii, [0 TPH3BOIUTE IO 3MIH KIITHHHOTO
METadoIIi3My;

7. Crapinas xiniTaH (ceHecteHtist). CTapiHHS KIITHH €
HE3BOPOTHOIO 3yNUHKOI0 pocty. KiliTHM MOXKYTb YBIiTH B
[Ieil cTaH y BIATIOBiZb Ha cTpec ado MOImKOMKeHHs. Hako-
MUYEHHS KIIITHH, 10 CTapilOTh, 3 YaCOM MOXKE CIIPUYNHHUTH
JMcYHKITIFO TKAHHH 1 3aTIaJICHHS,

8. BucHaxenHs ctoBOypoBux kimiTuH. CTOBOYpOBI
KJITUHU MAlOTh 37aTHICTh PEreHepyBaTH Ta BiJHOBIIOBATH
TKaHuHA. OIHAK Y Mipy JTOPOCTIIIaHHS 3AaTHICTH CTOBOY-
POBUIX KIIITHH JI0 TIOALTY 1 AM(EepPEHIIIIOBaHHS 3HUKYETHCS,
a OTIKe 3HIDKYETHCS 3aTHICTH 10 pereHeparlii TKaHWH;

9. 3MiHeHi MDKKIITHHHI 3B’ s13k1. KiTiTHHY B3a€MOTIOB 5I-
3aHi 3a JIOTIOMOTOI0 Pi3HUX CHTHAJTBHUX MOJIEKYJ. 3 BIKOM
3B’S30K MK KJIITHHAMH MOYKE ITOPYIITyBaTHCS, 110 CIIPUYHHSIE
mcyHKINT TKAaHWH, PO3JIAIH 1 3aTaJieHHS.

CyKyNHUI BIUIMB UX MEXaHI3MIB Ha TKaHWHH 1 PiBHI
OpraHi3My CIIPHYHHSE TPOLIEC CTAPiHHS, 3yMOBIIOE (yHK-
[IOHAJTFHE 3HI)KCHHS, MMiJIBUIIICHY BPa3JIHBICTh 10 XBOPOO 1,
3PELLUTOI0, IPU3BOIHUTB IO CMEPTI.

L1i 0cOOIMBOCTI HE € HE3aJICKHUMHE OJJHA BiJT OHOT 1 YaCTO
B3a€EMOJIIOTh, MTOCHITIOIOYN 1 MPUCKOPIOIOYH TIPOIECH CTa-
piHHA. PO3yMIHHS IIMX O3HAK € BAXKIIMBHUM IS IJTaHyBaHHS
BTpYYaHb 1 Teparlii, COpSIMOBAHMX Ha KOHKPETHI aCHEKTH
CTapiHHA, a TaKOX Ha TEPANeBTUYHI IIUJTi, IO CIPUSATHME
O1J1b1I 3/10POBOMY CTapiHHIO B MallOyTHBOMY.

OcHOBHIMH (IEPBUHHNMH) O3HAKAMH CTaPiHHS BBAKAIOTh
HAMBaXXITUBIIII TONIKO/PKCHHS KIIITHH 1 IpaliBepH MPUCKO-
PEHOTO CTapiHHS: TEHOMHY HECTaOibHICTh, BKOPOUCHHS
TeJIOMEPIB, EMIreHeTHYHI 3MiHH Ta TIOPYILIEHHS IPOTEOCTasy.
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Hecraoinbhicts renoma. Iomkomkenns JIHK BrBae Ha
OLIBLIICTh ACTEKTIB cTapiHHs (SKIIO He Ha BCi), 1[0 pOOUTH
HOT0 3arabHOI0 IPHYHHOIO IIHOTO Tpotiecy. [nerTudikaris
nomkompkeHass JIHK ta #ioro 3B’s3ky 31 cTapiHHSIM JacTh
YSIBIIGHHSI TIPO BTPYYaHHs [UIS 3ar00iraHHs BIKOBHM JIHC-
(byHKLISM 1 3aXBOPIOBaHHSM [6].

HimicHOCTI Ta CTaOLIEHOCTI TCHOMA 3aTrPOXKYIOTh €K30TCHHI
(ximiuHi, ¢i3udHi Ta GioyoriyHi GaKkTopH), a TAaKOXK CHIO-
TeHHI YHHHUKH (SK-0T ommiku perutikarmii JJTHK, nepexrn
cerperailii XpoMOCOM, MPOLIECH OKUCHEHHSI Ta CIIOHTaHHI
rigpomituuni peaknii). Illnpoknii giana3zoH reHETHYHUX
nedeKTiB, 3yMOBJICHHUX [IUMH 30BHIIITHIMA 200 BHY TPIIIHIMA
YPa)KCHHSIMH, BKJIIOYAE TOYKOBI MyTamii, fesenii, TpaHe-
JIOKaIIii, BKOPOUCHHSI TEJIOMEPIB, PO3PUBU OIUHAPHOI Ta
TIO/IBIHHOI cripajti, XpOMOCOMHI IepeOyJ0BH, XPOMOCOMHI
BTpatH, 1e(eKTH SIEePHOI apXiTEKTypH Ta BipyCHi iHTETpa-
LiHHI MOpyIIEHHs T'eHiB a00 TPaHCIO30HIB. YCi Il MOJIEKY-
JISIPHI 3MIiHM Ta COPUYMHEHUH HUMHU TeHOMHHUI MO3aili3M
MOXKYTb TIPU3BOJIUTH 1 10 HOPMAJIBHOTO, F JI0 IATOJIOT19HOTO,
TIPUCKOPEHOTO CTapinusd [7,8].

VY KOXHIH KJIITHHI OpraHi3aMy po3puBH Ta BiIHOBJICHHS
JHK BinOyBatoThCs THCSHi pa3iB Ha JEHB 1 31eOLIBIIOTO
BIJTHOBJICHHS BiIOYBA€ThCs Tak camo. [IpoTrsirom eBostrortii
OpraHi3Mu BUPOOWIN CKIQIHUI Ha0ip MEXaHI3MIB BiJIHOB-
nienns ta miarpumkn JJHK 11t 60poTs0u 3 MOIIKOMKEHHIM
ssneproi JIHK 1 mitoxonapiansHoi JTHK (mtIHK), a Takox
3a0e3MeueHHsT HAJIEKHOT apXiTeKTypH Ta CTablTLHOCTI XPO-
Mocom. Komm mronmaa crapie, mepesxi penaparii JIHK Brpa-
YaloTh €(DEKTUBHICTb, 1110 301IbIIIY€ HAKOITMYEHHS TeHOMHHX
momKo/pKeHb 1 BuBLTbHeHHs JJHK y muro3ois 3a MexaMu
KJITHHHOTO sijipa. [TormiOuBIIM po3yMiHHS LIUX TPOIIECIB,
MO)KHa BHOY/IOBYBaTH HOBI TepanieBTUYHI CTpaTerii.

T'eHOMHa HECTAOIITBHICTD € BAYKIIMBOIO IPUUUHOO CTAPiHHS
KIiTUH y Oaratbox BumiB. Lle mpu3BOAMTh MO Aeperysisii
eKCTIpecii TeHiB i, SIK HACHiIOK, MPUCKOPEHOTO CTapiHHSI
KJIITHH, IPUNMHEHHS 1X pocTy (CTapiHHS) 1, 3pEIITor0, JI0
3aruben. Enmorenne momkomkenns JJHK BBakaroTh oc-
HOBHMM OlOMapkepoM I'€HOMHOI HecTabLILHOCTI, 30KpeMa
po3pusiB moxgiiHO1 cripani JHK. [Momkomkenus JJHK
aKTHBYe€ BiNnoBizp Ha momkomkeHHs JJHK 1 nuisixu koH-
TPOJIFHUX TOYOK KJIITHHHOTO IMKIY — CUTHAQJIBHI IUIIXH
p53-p21 1 pl6INK4a-pRb. V takuii criociO KIITHHHIMA TUKIT
OJOKy€eThCS, MO0 3armo0irTH epeaadi 1epeKTHOT TeHETHIHOT
iH(opmarii kriTnHam noromcraa [9,10].

SAneprna JHK wiriTHH cTapux Jrofell HAKOUYY€e BEIHKY
KUTbKICTh COMaTHYHUX MYTAIlii. [HIIII TUITH MOIIKOKCHB,
SIK-OT XpPOMOCOMHA aHEYTIIOIis Ta Bapialii KUTBKOCTI KOTTiH,
TaKoX 1MOB’s13aHi 31 crapinusaM. Yci ui 3minu JJHK moxyTh
BIUTMHYTH HA BXJIMBI T€HM Ta HUIIXHM TPAHCKPHIIIL, 10
TpHU3BeIE 10 TUCYHKIIIT KIITHH, Ta MOYKE 3PEIITOO TIOPYIIH-
THU OUTICHICTH TKAHHH 1 TOMeocTa3 oprai3my. Lle ocobmmso
BaXKJIMBO, KouH rotkopkerHst JIHK BrutiBae Ha cToBOYpoOBi
KJIITHHH, IPUTHIYYIOUH TXHIO POJIb Y TIPOLIECcax BiTHOBJICHHS
TKaHUH 200 NMPU3BOASYM A0 iX BUCHAXKEHHS, II0, y CBOIO
4epry, CIPUUYUHSIE CTApiHHS Ta MiJBUILYE CIPHHHATIN-
BiCTh JI0 BIKOBHX IMaTonorii. MyTariiiHe HaBaHTa)>kKeHHS
Ha TICTOJIOTIYHO HOPMaJIbHI TKaHMHU JIIOJAWHH € JOCUTh

3HaYHUM. Hampukian, HopManbHI emiTeniadbHi KIITHHA
CTPaBOXOJly MOJIOJIUX JIFOAEH yXKe MICTATH COTHI MyTarli,
a B CepeTHbOMY BiIli MOKYTb MicTuTH moHaA 2000 MyTartiit
Ha kiituny [11].

Hakonmuenns mytarnit JTIHK moxe BimOyBaTucst mpoTs-
TOM YCHOTO JKUTTS. IX MOBHE BiIHOBJIEHHS MOTPeOyBaso
0 HagMIPHOTO BUTpAaYaHHS CHEPreTUYHUX PECYPCiB, IO
NOB’s13aH1 3 TIOBHUM YCYHEHHSIM YCiX €K30I'€HHO 1HJyKO-
BaHMX T'€HOMHHX YIIKO/DKCHb 1 BHPIMICHHSIM SHIOTCHHHX
npobnem. KiliTHHM BifJIafoTh TiepeBary BIKHMBAHHIO HaJI
niTicHicTio reHoMa. Li 1aHi Takok CBidarh, M0, MOAiOHO
JI0 KaHIIEpOreHe3y, CaMUX MyTaliil JpaiBepiB Moxe OyTH
HEJ0CTaTHBO I MPUCKOPEHHs cTapinHs. IM moTpiGHe
MIKpOCEpEIOBHIIE, CTBOPEHE HEMYTareHHUMU (pakTopamu
cnpusiHust. [lopiBHSUTBHME aHaui3 naHamadTy MyTamii y
BHJIB CCaBIIiB ITOKa3aB, 10 BHAOCIEIM(iYHA IIBUAKICTH
HaKOITMYEHHSI COMaTHYHUX MyTaliil 00epHEHO KOPEIIOE 3
TpuBaticTIO KUTTA [ 12]. [loku HEeMae JiTKUX J0Ka3iB TOTO,
1110 HOpMaJIbHA MIBU/IKICTh MyTallil BIIMIOBI/a€ 32 CTapiHHs,
aire 6araTo JOCIiHKEHb TIOKa3aJH, 0 HEJOMIKA y BiTHOB-
nenHi nomkopkeHs JJHK MoyTh CIpUYMHUTH CTapiHHS.
Orxe, 3MiHN y MexaHi3Max BigHOBIeHH: [IHK mprckoproroTh
NPOLIECH CTapiHHSI 1J1€XKaTh B OCHOBI KiJIbKOX ITPOTePOTIHIX
cuHApoMiB JronuHH [ 13].

Ha Bigminy Bix simepuoi JHK, MtIHK € KinbieBoro
i MICTUTP JTUIIIE €K30HH, HE MAa€ 3aXHCTY BiJl TICTOHIB I
e(heKTUBHOI CHCTEMH BiTHOBJIEHHs TeHiB. LI BmacTUBOCTI
pobmsaTe MT/IHK Oinbin cipuitHATIMBOIO 10 MyTalliif, HiX
snepHy JAHK. Kpim Toro, BpaxoByro9H poiib MiTOXOHAPIH
SIK KJIITHHHUAX €JIEKTPOCTAHIIN, ANXATBbHUH JIAHIIOT MOXKE
BiTYyBaTH BUTIK E€IEKTPOHIB BHCOKOI €HEpTii, mo € oc-
HOBHHM JDKEPEIIOM OKUCHIOBAJIBHOTO CTPECY Ta HACTYITHOTO
30imbIIeHHs yTBOpeHHs MyTaniil y MT/IHK [14]. 3meHmeHy
KinbkicTh koriit MT/IHK 1 30iib11eHy KijbKICTh MyTaIlii
MTIHK BH3HaUaI0Th y pi3HHX TKaHWHAX OPTaHi3MIB, SKi
cTapiroTh [ 15]. OKUCHIOBAJILHHI CTPEC TAKOK BUKIINKAE BU-
ButbHeHHA MT/IHK y nmrornnasmy. Businsnena mt/IHK moxe
3B’ s3yBarucs 3 cCGAS (mukiianoro GMP-AMP-cuHTa3010)
1 Opary y4acTb y cTapiHHI KJITHH, aKTHBYIOYH CUTHAJIbHUH
X STING (ctumymsitop reHa inTepdepony). CUrHanpHHHR
musix STING TticHo noB’sizanuii i3 SASP (cexperopHuit
(enoTHN, aconiiioBaHmii 31 cTapiHHAM). CUTHANBHIH IITIX
cGAS-STING € ki11090BUM MeJiaTOpOM 3arajeHHs] B yMO-
Bax iH(eKIIil, KITITHHHOTO CTPECY Ta MOUTKO/PKCHHS TKAaHHH
[16]. Kpim Toro, MT/IHK excrniopTyeThcst MO3aKIITHHHO Ta
UPKYITIOE B IHTCPCTUINIATBHII Ta CITMHHOMO3KOBIH Pi/THHI.
upkyimoroua no3akiitnaaa MT/IHK € HOBUM curHagom
JUTSL MITOXOH/IPiaTbHOT KOMYHIKAI[il MK IUCTaTbHUMHE TKa-
HuHamu. [le ToB’s3aHO 3 HEBPOJOTIYHUMHU PO3JaJaMH Ta
CUCTEMHUM 3arnajieHHsm [17].

3MiHH B CTPYKTYpi nucleus accumbens MOXKyTb TPU3BECTH
no crapinns. binku Lamin A/C, nponyktu reniB LMNA,
Hacammepest lamin A 1 C, € 0CHOBHIMH KOMIIOHEHTaMH sIIep-
HOI IUTACTHHU Ta MAIOTh BayKJIUBE 3HAYECHHS [UIS I ATPUMKHI
TIPABHJIBHOI SIIEPHOT CTPYKTYpH. BOHM € BaXKIIMBHUMH KOM-
IIOHEHTAaMH CKJIaJHOI OIJIKOBOI CITKH, sIKA JIEKUTHh B OCHOBI
BHYTPIIIHBOT si7IepHOT MeMOpaHu Ta 3a0e3reuye )OPCTKICTh
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sapa i muTozomo. I'en LMNA MicTuTh iHCTpYKIil Auis
CTBOPEHHSI KIJIbKOX JICIIO Pi3HUX OIJIKIB, SIKi HA3MBAIOTHCS
nmamiau. CotHi myTamiit rera LMNA BUsIBICHI IPH KUTBKOX
JIeTeHEepaTHBHUX 3aXBOPIOBAHHSIX, BKIIOUAIOYN HEHpoIarTii,
M’s130Bi1 ECTpodii, minomuctpodii Ta cHHApOM XaTdiHCOHA—
lNndopna. lediunt namina B1 Takox € 3araabHOBU3HAHOO
03HAKOIO KJIITHHHOTO CTapiHHS, OCKLUTBKY piBeHb JiaMiHa B1
3HUKYETBCS 31 CTAPIHHAM.

Konyroua yacruna JIHK — renu — cranosnsts e 1,5 %
(ex30Hn), a pemra 98,5 % (iHTpoHH, 200 «cmiTTeBa JJHKY) —
L€ HeKoytoua yactuHa. Maiixke 50 % renoma JixoiuHu CKJia-
JIAETHCS 3 MOOLTLHUX TEHETUYHHX €IEMEHTIB ITOBTOPIOBAHOT
JHK («ctpubarounx» reHiB), siki He KOAYIOTh Otk [18].

JlocmipKeHHsT TToKa3ajy, 1110 OJHA 3 HeOaKaHUX MOCITi-
nosrocreii JIHK, 3okpema VNTR2-1, cnipaai «mipamioe» Ha
TIOCHJICHHSI aKTHBHOCTI T€HA TEIIOMEPAa3H, a T'eH TEIOMEepasn
€ aKTHUBHIIINM Y JIIOJIeH 13 JOBIIMMHM IOCIITOBHOCTIMHU
VNTR2-1. OnHak MeHIIIa MOCIIIOBHICTh HE 000B’I3KOBO
O3Ha4a€e MEHIIy TPUBATICTh KUTTs. Lle 03Hayae HKUy aK-
THBHICTb I'€éHa TEJIOMEPa3H Ta KOPOTILY IOBKHHY TEIOMEPIB,
110 MOYKE 3MCHIIIUTH HMOBIPHICTH po3BUTKY paky [19]. Le
BIZAKPHTTS CBITUHUTS, 10 «cMiTTeBa JJHK) Takox 3ymoBiioe
TeHEeTHYHE PI3HOMAaHITTs cTapinHs. HeonasHo 3’sicoBaHo,
1110 JIOBIIII TEJIOMEPH OB’ s3aH1 3 BUIIIMM PH3HKOM PaKy Ta
THIIIAX 3aXBOPIOBAHb, 1 I1€ CIIPOCTOBYE TIMOTE3Y MPO TeE, 10
JIOBT1 TenoMepu BaxkimBi it qoBromittst [20]. Kiitway,
SIK1 3a3HAIOTH 3JIOSKICHOT TpaHChOopMallii, MaIOTh «OOTHTHY
peIuTiKaTUBHE CTapiHHS Ta MOXIIMBY KJIITHHHY CMEpTh,
OB’ sI3aHY 3 MPOTPECUBHIM YKOPOUESHHSIM TeJIOMepiB (00Me-
eHHs1 Xeidutika CTBepuKYe, 1110 KIITHHU MOXYTh TUTUTHCS
50-60 pa3iB); 1e BinOyBaeThCs B Pe3yABTaTi MOCTIJOBHOTO
nioziny kitiTud [21,22]. st 11bOTo 37105KICHI KIIITHHU peak-
THUBYIOTb Ta EKCIPECYIOTh TEJIOMEPa3Yy, 100 MOIOBKUTH CBOT
TEJIOMEPH 1 JIOCATTH KJIITHUHHOTO 0€3CMepTsl, «IIPUKMETHOT
O3HAKH paKy». Y 1IbOMY BUIIA/IKy TeJIOMepasa € GioMapKkepoM
1 TEpareBTUYHOO MILIICHHFO /TS IarHOCTUKH Ta JTIKYBaHHSI
TIOTEHIIHHNX XBOPHUX Ha pak [23].

Cepen MOOLTBHUX €TIEMEHTIB (TPaHCIIO30HIB) TEHOMA JTIO-
JWHY po3pizHsioTh JJHK-TpaHcno3oHy i peTpoTpaHCIO30HH.
PeTpoTpaHCIO30HM CKIIAAIOThCS 3 JIOBTUX BKPAIJICHUX
snepanx enemenTiB (LINE — Long interspersed sinepHux
€IIEMEHTIB), SIKi KOAYIOTh HEOOXiTHI OLIKH [T peTpoTpaHc-
niozutii, i SINE (Short interspersed sepHUX el1eMEHTIB), sIKi
€ KOpoTkuMHU HekonyBanbHUMU PHK, 1110 BukopucToByrots
oikoBuit Mexanizm LINE. Tpaucnosonu JJHK pyxarotbes 3a
MEXaHi13MOM «BHUPI3aHHsI / BCTABJICHHS, & PETPOTPAHCIIO30HU
BIATBOPIOIOTHCS 32 MEXaHI3MOM «KOTTIFOBAHHS / BCTABJICHHSD,
Bukopuctopytoun PHK (saepHy 3BOpOTHY TpaHCKpHIITa3y)
SIK IPOMDKHY PEUOBHHY, III0 Ha3BaHa PETPOTPAHCIIO3UIIIEI0
[24]. PerpoTpaHcno3oHH 34aTHI BUKIUKATH CHIbHUI MYy-
TareHes3; HalpHKIad, PeTPOTPAHCIIO30HHI MITOPMHA MOXKHA
criocTepiratu npu xBopoo6i Anbireiimepa [25]. Tlix 4ac
CTapiHHS Ta XBOPOOM yNaKOBKa XpOMAaTHHY BXKE HE Taka
IITbHA, 1 TPAHCIIO30HW aKTHBYIOTHCS. 3 WX NPHYHH pe-
TPOTPAHCIO30HU TAKOXX HA3MBAIOTH CylepMyTareHaMHu.
[impHa yIakoBKa reTepOXpOMaTHHY IPUTHIUY€ aKTUBHICTh
«CTpUOAIOYNX» TeHIB TPAHCTIO30HIB, THM CAMHM 3aXHUILAI0YH

BiJl BIKOBHIX 3aXBOPIOBaHb, BKITFOUar04H pak. LIi «ctpubdarodi»
T'€HH, «BOYZOBYIOUHCHY MiXK BOYKJIMBUMH T'€HAMHU-CYIIpecopa-
mu (TP53, BRCA1, BRCA2, INK4, PTEN, APC, MADR?2,
DPC4 T1o1110), MOXXYTh BUKJIMKATH MYyTallii B HUX 1 CLIPHYH-
HSTHU pak. PeTpoTpaHcrio30Hn akTUBYIOTHCS B KIIITHHAX, 10
CTapifOTh, MPOTATOM YCHOTO JKUTTS Ta 3yMOBITIOIOTh IITK1IJTHBI
e(eKTH Yepe3 TCHETHYHI W CHIreHeTUYHI 3MIHH, a TaKOoXK
Yepes3 akTUBAIlif0 IMyHHUX IUIIXiB. HykieiHOBI KUCTOTH, sKi
BUPOOJISIIOTH PETPOTPAHCIIO30HH, IIEHTH(IKYIOTHCS SIK 4yKO-
pimaa JIHK y kitiTrHi, i micns akTuBaii CHIHATEHOTO IUTSXY
cGAS-STING BinOyBaeThcs ekcripecis iHTephepoHiB [26].

JlocmipkeH s TOKa3aIy, 10 ITOKpAIeHI MEeXaHi3MH BijI-
nosieHHs JIHK kopemoioTs i3 JOBromirtTsM. Y 6ararbox
BUJIIB ccaBliB CHPTYTH-6 (SIRT6) Bimirpae BaykJIMBY pOJib
y pemnaparusHiii edexrurocti JJHK. Hagmipna excripe-
cisg SIRT6 y mumieii 3MeHITye TECHOMHY HECTaOlTbHICTB,
TIOKpAIIly€e BiTHOBJICHHS JBoJaHIforoBux po3pusiB IHK i
TIPOIOBKY€E TPUBAIICTD JKUATTS, X0Ua 1HII MOSCHEHHS, 30-
KpeMa IOKpalleHHs METadoIi3My TIIFOKO3M Ta BiJIHOBJICHHS
€HEPTeTUIHOTO TOMEOCTa3y, MOXKYTh OyTH 3aydeHi JUIs
nosicieHHs BBy SIRT6 Ha mosromiTrs [27].

Xapakrepuctrka anenst cromitHporo SIRT6 (centSIRT6)
3acBiJuye€, 110 BiH € OUIBII MTOTYXHUM CYHPECOpoOM pe-
tporpancno3oHiB LINE] (Mo6insamii enement, 17 % JJHK
JIFOZIUHU — JIOBTUM BKparuieHui saepHuil eneMenr 1), axuit
3a0e3medye MOCHICHE BiTHOBICHHS TOABIHHUX PO3PHBIB
JIHK i cusbHile BOMBa€e pakoBi KIIITHHU MTOPIBHSHO 3 HOP-
MaJTbHUM JTUKUM THITOM (qukuM TatioM) SIRT6. 3ayBakumo,
110 centSIRT6 nokaszas cialkilly AeaneTiia3Hy akTHBHICTb,
asie cuibHiIY akTuBHICTE MADPr (MoHO-AJ]dD-D-prbo3a)
npHu pi3HuxX KoHieHTpamisix NAD+ 1 cyocrparax. Kpim
toro, centSIRT6 maB cuipHimy B3aemonito 3 Lamin A/C
(LMNA), mo moB’si3aHO0 3 TIOCHJICHUM PHOO3WITIOBAHHSM
LMNA. Pesynbratu cBiuarh, MO MiJBHIICHA SKCIPECis
SIRT6 cripuisie TOBTOJITTIO JTIOAWHU MIISIXOM TTOKPAIICHHS
MIATPUMKH CTaOUTPHOCTI TEHOMA, IiIBUIIICHHS aKTHBHOCTI
mADPr 1 mocrienus B3aemomnii 3 LMNA.

L1i BUCHOBKH MiATBEPAXKYIOTb, 1110 BTPYUYaHHs, CIIPSIMOBaHI
HA 3MEHIIEHHA MyTaliiHoro Tsraps saepaoi JTHK, mokpa-
HIeHHs a00 TIepEeHANpPaBICHHs] MEXaHI3MIB il BiJHOBIICHHS,
MOXXYTb 3aTPUMATH CTApiHHS Ta BUHUKHEHHS BIKOBHX 3aXBO-
PIOBaHb, OJIHAK JOJATKOBHX JOKA3iB 10CI HEMAE.

JlikyBaHHSI HYKJICO3UJAHUMH IHTIOITOpaMH 3BOPOTHOI
tparckpuntazu (HI3T), sk-oT namiByIuH Ta CTaBiIuH, 110
MPUTHIYYIOTH a00 MOCIA0IOI0Th PETPOTPAHCIIO3HUILIFO, 0~
JOBXKY€ TPHBAITICTB KUTTS MUIIIEH O6e3 reHa Sirt6 i okparye
TPUBAITICTB )KUTTS] BHACIIIIOK IIOKPAILEHHS ()EHOTHITIB KICTOK
i M’s3iB. Tak camo JTiKyBaHHSI CTAPHX MHIICH JUKOTO THITY
HI3T 3umxye piBenb MapkepiB nomkompkenHs JJHK. Kpim
TOTO, CKEPOBaHICTh HA PETPOTPAHCIIO30HN AaHTUCMHCIIOBIMH
OJIITOHYKJICOTHIAMH 301JIBIIY€E TPUBATICTD KUTTS IPOTEPO-
nHUX mMuten [28].

HI3T po3pobieHo st JiKyBaHHS CHHIPOMY HaOyTOro
imyHonedinury (CHIJI), BuKimKaHoro iHQeKui€o Bipycy
imyHozaedituty sronuan (BIJT). IocmiqHUKH IPHUITY CKAFOTh,
o npenapari HI3T MoxyTh OyTr eheKTHBHUMY B JTIKYBaHH1
XBOpoOM AmbIreiimMepa nUIIXoM iHTiIOyBaHHS HeWpo3arma-
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JIeHHsI. [HTEHCHBHO BMBYAIOTH MOMKIJIMBOCTI 3aCTOCYBaHHS
HI3T 3a HOBUMHM MTOKA3aHHIMHU, 1110 TIOB’sI3aHi 3 IPOICCaMu
crapiaHg. Hanpukiaa, oCHOBHOIO METOIO JIOCIIKeHHS,
10 HUHI npooBXKyoTh y CILIA (03HalioMUTHCH MOXKHA 32
TMOKJIMKAHHSIM: https://clinicaltrials.gov/ct2/show/record/
NCT04500847), € oniHioBaHHS 0€3NEKU Ta IEPEHOCHOCTI
eMTPHIIUTAOIHY B JIFO/ICH TOXHMIIOTO BiKY 3 1IarHOCTOBAHUMH
JIETKMMH KOTHITHBHUMH MOPYLICHHSIMH 200 PaHHBOIO TOsI-
BOFO XBOpoOM AubIrreiimepa. Lle nociimkeHHs 30iHCHIOI0Th
3a y4JacTIO MAIli€HTIB i3 XBOPOOOIO AnbIreliMepa JIETKOro Ta
CEPETHBOTO CTYTICHS TSHKKOCTI, BKITFOUAFOYH 0Ci0 13 ICTKIMU
KOTHITUBHAMH TTOpyTieHHsMA. Cy0’ €KTH TOBUHHI MaTH T0-
3UTHBHMH Pe3yJIbTaT Ha aMiJIOIHY 11aToNIOrii0, OyTH BIKOM
Bix 50 mo 85 pokiB i, KpiM KIIHIYHOTO JiarHO3y XBOPOOH
AnbrreiiMepa 3 paHHIM MOYaTKOM, OyTH 3JI0POBHMH, SK
BH3HAYEHO JJOCITITHIKOM Ha OCHOBI iCTOpiif XBOpoOH. Yuac-
HUKH MaroTh Oyt HeraruBHUMHE 110710 BIJI/BI'B i mpoiitu
BCi CKpHHIHTOBI OITIHKM Ha OCHOBI KPHUTEPIiB «3aTy4eH-
Hs1/ BUKJTFOUCHHs». MaiOyTHI KIIiHIYHI BUTIpOOyBaHHS cepen
JIFOMeH TTOXIJIOTO BiKy 3 IIpenaparamd, 0 CIpsSMOBaHI Ha
Pi3HI QYHKLIT pETPOTPAHCIIO30HIB, MOXKYTh BU3HAYUTH HOBI
cTparerii BTpy4YaHHs ISl YITOBITbHEHHS MPOIIECY CTApiHHS
Ta 3a100iraHHs BIKOBHM MaTOJIOTISIM.

Enirenernuni 3vinn. [adopmartiiina Teopist crapiHHg CTBEp-
JDKYE, 1110 BTpaTa enireHeTH4Hoi iHdopmartii, 0coOInBo 3Mi-
HH B TIPOIIECax METHITIOBAHHS, € OCHOBHHM PYILIEM ITPOLIECy
cTapinHs. 3B 530K MK BTPATOIO eMireHeTHYHOi iH(popmarii
Ta 3aXBOPIOBAHHIM PETENBHO JOCITIKYIOTh. [lopymmeHHs
emireHeTHIHOT iH(pOpMaIii MPU3BOIUTE 0 CTAPIHHSA, a BiJl-
HOBJICHHSI IUTICHOCTI €MireHoMa yCyBae€ I1i O3HAKH CTapiHHS.
Enirenernka ctocyerscst 3MiH y (heHOTHIII a00 ekcrpecii
TCHIB, CIPUYHMHCHUX MEXaHi3MaMHU, BIIMIHHAMH BiJ] 3MiH Y
nociinoBHocTi map ocHoB JIHK. Emirenerndni MexanizMu
BKIrOYar0Th MeTwiroBanHs JJHK, Mmomudikarii ricToHis,
PEMOICITIOBAHHS XPOMATHHY Ta TPAHCKPUMIIHHI 3MiHH,
innykoBani HekoxyBasbHUMH PHK (HKPHK) [29]. PizHOMa-
HITHICTD CIIIeHeTHYHUX 3MiH, III0 3yMOBIIOIOTH CTapiHH,
BKJTFOUa€ 3MiHU B iporiecax metiroBants JJHK, anHomanbHi
MIOCTTPAHCIAIHHI Moau(iKaii ricToHIB, abeppaHTHE peMo-
JICITIOBAHHSI XPOMATHHY Ta JieperyiboBany ¢yHkuiro HKPHK.
i perymsTopHi Ta 9acTo 00OPOTHI 3MiHM BIUIMBAIOTH HA
€KCIPECIIO TeHIB Ta 1HIIII KIIITHHHI TIPOIIECH, 1110 TIPU3BOJSTH
JI0 BHHUKHEHHSI Ta [TPOTPECYBAHHS HU3KH BIKOBUX I1aTOJIOTiH
(sIK-0T HelpoziereHepallisi, MeTa0OTITHUN CHHIPOM Ta 3aXBO-
proBaHHs KicTok). [llupokuii criekTp epMeHTHHX crcTeM
Oepe yJacTh Yy BCTAHOBJICHHI Ta MiATPUMIII €MITeHETHYHIX
npouecis. Lli ¢pepmentn Britouatrors {HK-mernnrpanc-
(epas3m, TiICTOHOBI aleTHiIa3H, JCaIeTHIa3h, METHIA3H Ta
JIEMETUJIa3H, a TAKOK OLJIKOBI KOMIUIEKCH, IO 3aJIy4eHi B
PEMOJICITIOBaHHS XPOMAaTHHY, CHHTE3 Ta yTBopeHHs! HKPHK.

MerumoBanns JIHK peryitoe excripecito reHiB MUIsIXoM
3a;ydeHHs O1NKiB, 0 OEpyTh y4acTh y pempecii reHis,
LIJISIXOM 1HriOyBaHHs 3B’s13yBaHHs (haKTOPIB TPAHCKPHITLIT
3 IHK. MetumoBasaHs B 11’ 1Tii mo3utii nuto3ury (SmC)y
JTHK € 0CHOBHOIO €IireHeTHYHO MOAH(DIKALIIERO Y CCaBIIiB;
S-rigpoxcumerriniuTo3nH (ShmC) € cradiibHOI0 MOIH-
¢ikamiero ocroBu JIHK, ska BHHUKA€E 3 5-METUIIIUTO3HHY

yepe3 cimeiictBo 3 10—11 OunkiB Tpanciokamii. OOuBI 1
Moauikarii Tif0Th sIK emireHeTnaHi MapkepH. [TopiBHIHO 3
KJTITHHAMH, 1110 CIIOYMBAIOTH 1 NPOTi(hepyrOTh, KIIITHHH, SKi
CTapit0Th, MAIOTh MEHIIIe Mor(ikaiii muTo3uHy. Hemomas-
HE JIOCJTIJDKEHHS 3aCBIIYMIIO, 110 JIe3aMiHyBaHHS Ta OKHCHE
TIOIKOpKeHHST SMC — 0CHOBHI (paKTOPH COMaTHYHOTO MyTa-
reHe3y, SIKMH 3MIHIOEThCS 31 CTapiHHSM Yy ccaBIiB. Binomo,
o MetriroBanHst JIHK 3MiHIOETBCS 3 BIKOM Y TIpOIIECi, SIKUi
HAa3MBAETHCS «EMITEHETHIHHN Aperdy.

Jlanmmadt merwiroBanHs JHK mropuHu 3MIHIOETHCS
KiJIbKa pa3iB. PaHHI ZOCIiIKEHHS OMMCYBAIH OB’ s3aHE 3
BIKOM [JI00QJIbHE T1ITOMETUITIOBAHHS, JIC HACTYITHI CBIT4aTh,
o crierudivai JTOKYCH, BKITIOYAl0uN KiTbKa TeHiB-CyTIpe-
COpIB MyXJIMH 1 HTbOBHX reHiB Polycomb, crarorh rinep-
METWJIFOBAaHUMH 3 BikoM. KUTITHHM marieHTiB i Mumiei i3
MIPOrePOITHUMH CHHAPOMAMH MAlOTh 3MiHH METHIIIOBaHHS
JHK, momiOHi 10 THX, 10 BUSBIIOTH ITif] 4aC HOPMAJIBHOTO
crapinHs. OyHKIIOHATbHI HACII KA O1TBIIOCTI ITUX BIKOBHX
eniMyTalii HesiCHI. BUTBIIICT 3MiH CTOCYIOTHCSI IHTPOHIB 1
MDKTEHHUX TISTHOK.

MerumroBanss JIHK 3meHtryeTsest mijg yac crapinis, Ha-
camIiepesn y TiITHKAX, 0 MiCTSATh TeTepOXPOMATHHOBI TIOB-
TOpH, a rinepMeTHIIIOBaHHsI Bi0yBaeThest B CpG-ainsiHKax
mpomoTopiB. Y 2013 poui CtiB ['opBaT BHIBHB KOPEIAIIIIO
Mix metwiroBanHsM JIHK i BikoM JIFOMMHHU, CTBOPHUBIIN
nepmuil emireHeTnyHui roquHHUK [30]. Le#t ronuHHIK
BUMIpIOE O10JIOTTYHHH BIK 1 TPOTHO3YE TPUBAICTD KUTTSI.
VY 2018 poui JleBin po3poOuB Apyruii enmireHeTHYHU ro-
muHHENK «DNAmM PhenoAge». L{eit roqmHHUK MiATBEPIUB
BHYTPIIIHI 3B’ I3KU MK CIITCHETUYHUM TOJIMHHHUKOM 1 JIesi-
KMMHJ MEXaHi3MaMH CTapiHHSA, SK-OT aKTHBAIIis IIPO3araib-
HUX Ta IHTEpP(EPOHOBUX CUTHAIBHHX IIUIAXIB, MEXaHI3MHU
TPAHCKPHITLIIT Ta TPAHCIISAIIIT, BiIOBIIb HA MOIIKOIKCHHS
JHK [31]. Yce Oinplne AOCTIKEHD MiATBEPIKYIOTH, IO
3MiHH, TIOB’ 13aH1 31 CTapiHHSAM, MOYKHA BHSIBUTH 32 JIOTIOMO-
roro metmroBanHs JIHK. Tak, okpemi HayKOBIIi TOBOASTS,
110 eMreHeTHYHI TOMUHHUKHA MOXYTh CIIPHSITH PO3YMiHHIO
IIPOLIECY CTAPiHHS MO3KY Ta Iepea0aYnTH PU3MK JEMEHIII].
Kpim Toro, 6ionoriuHnii TOAMHHUK JIOACH i3 KHPOBOIO
JUCTpOdi€ro MEeYiHKM MpaIoe MBUANIS, HIXK 3a3BUYail, a
TOJMHHUK JFOAEH-TOBIOXHTEIIB, SIKi HE MaJH TaKOi Ipo-
Onmemu, — noBuIbHINIE. JlOCTIPKEHHS, M0 mepeadaqano
TieTy, (i3NYHY aKTHBHICTH, MaMOTrpadiro (I0CIiKEeHHS
DAMA) i nokpalieHHs Xap4yoBUX 3BHYOK, YIOBUIHHUIIO
roguHEUK JIHK mGrimAge i cripusiio 310poBoMy CTapiHHIO
y KIHOK, sIKi Opajiu y4dacTb y gociimkenti [32,33]. Mertu-
moBanHs JIHK kpoBi uyTiiBe 10 (izionoriyHux 3MiH, sKi
BiZI0OyBalOThCS B KIJIBKOX cHcTeMax opraHis, i D. W. Belsky
et al. BusHaummm mipy metmmoBanas JJHK kposi. Tax,
DunedinPoAm (DunedinPoAm — Dunedin(P)ace(0)f(A)
ging(m)ethylation) omiHIO€ MIBUIKICTH CTAPiHHS MAIIEHTIB.
Astopu BusiBIIH, 110 DunedinPoAm moB’si3aHwuii i3 mmija-
BHUIIEHUM PU3UKOM XPOHIYHHX 3aXBOPIOBAHb 1 CMEPTHOCTI
y JIITHIX YOJIOBiKiB. KpimM TOro, mMiamiTKH, SIKi BUPOCIH B
CIM’SIX 3 HI)KYNM COIiaJIbHO-€KOHOMIYHUM CTaTycoM, Ya-
crime Manmu DunedinPoAm, 1m0 acto nependadano MEHITy
TPUBAIIICTD 3710POBOTO JKUTTH [34].
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XpoMaTHH MOJYIIIO€ T€HHY aKTHBHICTh, PETyITIOIOUH JI0-
CTYII IO TEHOMHOTO Marepially uepe3 po3TallyBaHHs 'iCTOHIB
imocTTpancismiitai Moaudikarii [34]. Jlokamizamis, Buxif i3
HYKJICOCOMH Ta MOCTTPAHCIIsIiHHA MOIH(IKAIlisi OCHOBHUX
HyKJIeocoManbHuX OinkiB (H2, H3, H4) BigirparoTs mpoBigHy
POJIb y perysisiiii akTHBHOCTI reHiB [35,36]. [obanbHa BTpa-
Ta TICTOHIB y TKAHWHAX Ta TXHI MOCTTPAHCIALIITHI MOTU]i-
KaIlil TICHO OB’ s13aHi 31 crapiHHsM. Brpara rictony jiHkepa
H1.4 BinmBae Ha MOYaTKOBY TPAHCKPHIILIIIO Ta IOCTYTIHICTb
xpomaruny [37]. [TinBuieHa ekcripecisi TiCTOHIB OJIOBKYE
TPUBAIICTE XKUTTS Apo30din. [linBuIIeHEe aleTHITIOBAaHHS
ricrony H4K 16 a6o tpumernmoBanas H3K4, 3Hmkene tpu-
metmmoBaHHs H3K9 a6o H3K27 Busiistrots y pibpodiactax
JIIOJIEH TIOXHMJIOTO BIKY Ta MAalli€HTIB i3 MPOTEPOiIHUMHU
cunipoMamu. Lli Mmomudikaii TicTOHIB MOXXYTh IIPU3BECTH
JI0 3MiH TPAHCKPHIIIi, BTPaTH KIITHHHOTO TOMEOCTa3y Ta
TIOB’I3aHOTO 3 BIKOM 3HI)KCHHS METa0O0IIYHOI aKTHBHOCTI.

Hedextn metmwrroBanus ricToHiB i JIHK Gynmu mpraertHi
JI0 KIJIBKOX 3aXBOPIOBaHb, BKJtouatroun pak. Lli nedexru
MOXYTb BIUIMBATH HA PETYIALII0 JOBXHHHU TEIOMEPIB, a
OTKE 3yMOBIIIOBATH (DEHOTHIT 3aXBOPIOBAHHSI.

3a3HaunMo, 110 BTpaTa MITKH TeTepoxXpoMarhHy (Tepe-
TBOPIOETHCS Ha eyxpomaruH, a JIHK crae akTuBHOI0) Ha
TENoMepax MPU3BOAUTH N0 iX monowkerHHs [38]. [icTorme-
METHJIa31 MOJLYJTIOIOTh TPUBAIICTb KHTTS, CIIPSIMOBYFOUNCh
Ha KJIIOYOBI IIUISIXH JIOBTOJITTS, SIK-OT CUTHAJBHUM IIISIX
iHCYIMiHY / iHCYITiHO3aIeKHOTO (pakTopa pocty-1 (IGF-1).

JIOITBHO TIPOIOBXKYBATH TOCIIHKCHHS MOAU(IKaTopiB
TiCTOHIB SIK YaCTWHM TEPaNeBTUYHOI CTpaTerii MpOTH BIKO-
BOTO TIOTipIICHHS KOTHITUBHUX (DYHKITii, X0Ua 3aJIHIIA€ThCS
HE3PO3yMIUTHM, SIKUM YMHOM Ili BTpy4YaHHs BIUIMBAIOTH Ha
CTapiHHS Ta JJOBTOJIITTS: Yepe3 CYTO CIireHeTHIHI MeXaHi3-
MH, AoTy4atourcsk 10 BigHosneHHs1 JJHK i renomHOT cTabim6-
HOCTI, 4¥ 1 Yepe3 TPaHCKPHUIILiIHI 3MiHH, 110 3/ {CHIOIOTH
BIUTMB Ha MeTa0O0NuHi 00 CUTHAJIBHI MIISIXH.

Ha nomarok mo momudikaropis JJHK i ricToHiB Kijbka
XpPOMOCOMHUX OiNKiB i (pakTOpiB peMOAETIOBAHHA XPO-
MarHHy, SIK-0T OUTOK rerepoxpoMaruny la (HP1la), Oinku
rpymu Polycomb, 1o 6epyTh y4acTs y BiTHOBICHHI T€HOMHOI
cradutpHocTi JIHK, Takok MOXyTh MOAYNIOBATH CTapiHHS
[39]. 3MiHK B X CMIreHETHYHHUX (aKTopax MPU3BOIATH
JI0 TIMOOKHX 3MiH B apXiTEKTypl XpOMaTHHY, BKJIIOUAIOUU
mI00aNbHy BTpaTy Ta MEpepo3IoJIil IeTepOXPOMATHHY, 10 €
YaCTUMH SIBUIIAMHU Y «CTapux» KITHHAX. [IpranHOBa posb
LUX 3MiH XpOMaruHy B CTapiHHI OyJa peTeiabHO BUBYECHA
Ha Oe3xpeOeTHHX, Yy SKUX MyTauil Brparu ¢yHkmii B HPla
3MEHIIYIOTh TPUBAIICTH XKUTTSI, @ HOTO HaJMipHa eKcrpecist
301bITy€ 3m0poB’st Ta oBromiTTs [40]. [loai6Hi mocmimKeHHS
Ha CCaBIISIX BCE I1Ie 0OMEKeHI, ae y OUIBIIOCTI OCIIDKeHb
BCTAHOBJICHO, 1110 PEITAKCALLisl TeTEPOXPOMATHHY HPH3BOIUTh
JI0 CTapiHHS Ta BIKOBHX I1ATOJIOTIH, a MITPUMKA FeTepoXpoma-
TUHY (IIUJTBHE YIIaKyBaHHS XPOMATHHY) CIIPHUSIE TOBTOMNITTIO.

KpiM cTpyKTypHHX aHOMaJTiif, YUCIIOBI aHOMAJTIT, 30KpeMa
AHEYTUIOIiS Ta TeTEPOILIONIIS, TAKOK 3yMOBITFOFOTH CTapIHHS
[41,42]. YucnoBi aHoMalii, TaKoX BIJIOMI SIK aHEyIUIOiis,
BKJIIOYAIOTh ayTOCOMH (XpoMocoMu 1-22), a TaKoXk TOHOCO-
mu (X- a6o Y-xpomocomn) [43]. Ha BimMiHy Big Moioanx

JIFO7IeH, XPOMOCOMHI JieNiellil 3Ha4HO 301IbIICH] B KYJIBTH-
BOBaHHX JTIM(OIUTAxX JroAeH moxmioro Biky. [Tokaszano,
10 AaHOMaJIbHI KOHCTUTYIIHHI (MEHOTHYHA peKOoMOiHaIlis)
i HaOyTi («CTHUpPAHHSD) TEIOMEPIB) ICTOTHO BIUIMBAIOTH HA
3010 MUMOBIJIBHOI BTPATH, CaM OpraHi3M Ma€ MiIMHOXUHY
ayTOCOM 31 CIaJKOBHMH BIIMIHHOCTSIMH 33 4aCTOTOIO BHU-
MMa/IKiB HA0yTOI aHEYIUIOI/il, 1 CXHJIBHICTD IIi€1 XpOMOCOMHU
BIZIMIHHOCTI 3 IIBHIKICTIO 3HOIIYBAaHHS TEJIOMEPIB Yepe3
OKHCHIOBJIbHUH CTPEC MOXKYTh IIPU3BECTH JI0 BTPATH XPO-
MOCOM, 1 KOHKPETHHH MEXaHi3M Moke OyTH TIOB’SI3aHUM i3
JIOKaJIi3aIli€l0 MONTIMEpPIB Y MITOTUYHHX KITITHHAX.

Y-xpoMocoma € HaMEHIIOI0 XPOMOCOMOIO 1 MiCTHUTh
HaiiMeHIy KinbKicTh rewis. Ii Gionoriuni gyHkuii BuB4eHO
HeBUYepIHO. JloCTiKeHHs oKa3aly, 1o 3 BiKoM 0arato
YOJIOBIKIB IOUMHAIOTH BTPa4aT Y-XpOMOCOMH B KIITHHAX
KPpOBI, 110 TIOB’513aHO 3 OararbMa mpoOiieMaMu 31 37I0POB’sIM,
BKJIIOUAIOYM XBOPOOM ceplisl, paK 1 MiJBUINEHUH PU3HK
cMepTi. Jleski gocimiKeHHs TOKa3yoTh, 0 BTpaTta Y-Xpo-
MOCOMH MOXKE€ JJOIIOMOI'TH TOSICHUTH, YOMY YOJIOBIKH, SIK
TIPaBHIIO, TIOMHUPAIOTh Y TPOXH MOJIOAIIOMY BIiIli, Hi)K KiH-
KH, a00 4OMY ICHYIOTh T€HAEPHI BIIMIHHOCTI IPH JCSKUX
BH/AX PaKy. B ocTaHHIX DOCHIKEHHSIX BHBYAIN 3B’SI30K
MK KUIBKOMa THIIAMHU paKky Ta BTPATOIO Y-XPOMOCOMH
[44]. OcobnuBuii ren Y-xpomocomu, Bigomuii ssk KDMSD,
T IBHUIILy€ HMOBIPHICTh METACTa3yBaHHS IEBHUX THITIB
KOJIOPEKTaJIbHOTO paKy. B iHIIIOMY nOCImiPKeHHI BCTaHOB-
JICHO, IO KOJH JesKi KIITHHH BTPAdaroTh Y-XpPOMOCOMY,
MTyXJIMHU CEYOBOT'0 MiXypa Kpallle yHUKAlOTh BIUIMBY IMyH-
HOI CHCTEMH, 1 pU3UK arPEeCUBHOTO PaKy CEUYOBOTO MiXypa
3poctae. OnuH i3 criiBaBTopiB mpaiti [45] [len Teomopecky,
JIOKTOP MEANYHUX HAYK, IUPEKTOP OHKOJIOTIYHOTO LEHTPY
Cedars-Sinai, 3ayBaxus: «lle qociimKeHHs BIEpILe Mpo-
JIEMOHCTPYBAJIO 3B’SI30K MiX BTPaTol0 Y-XpOMOCOMH Ta
peakiiero iMyHHOT cucTeMH Ha pak. Brpara Y-xpomocomu
Jla€ 3MOTy KJIITHHAM paKy CE4OBOTO MiXypa YHHKATH il
IMYHHOT CHCTEMH Ta Jy’KE€ arPECUBHO POCTHY.

J1oCHiTHUKH TaKOXK MOBIJJOMIISIFOTB, 1110 KO Y-XPOMOCOMY
BUJIAJISUIN Yy MHIIEH-CaMIliB, TO TBApUHU THHYIN paHIIIIe,
HIX 11 HOCIi, MOXITUBO, Yepe3 Te, 110 IXHS CeplicBa TKAHUHA
craBana ¢iOpo3HOIO Ta BTpavaja enacTuaHicThb [46,47]. Ha
JYMKy TeHETHKIB, Ile HalKpamuii 10ka3 Toro, Mo BTpara
Y-XpOMOCOMH IIKOJUTH 370POB’IO0.

Mexani3mu, 1[0 JeKaTh B OCHOBI il BCiX Ha3BaHMX
emireHeTHYHUX (PaKTOpiB, 30IrafoTHCS B MOMYIIAIII PiBHIB
ekcripecii reiB. CTapiHHS BHKIHKA€E 30UTBIICHHS TPaHC-
KPHUILIHHOTO IyMy Ta aHOMaJIil y MPOAYKyBaHHI Ta A03pi-
BanHi Oarathox MPHK (indopmartiitanx PHK). Henpasumsaa
(yHK1is reHa (ekcrpecis) yepes 3MiHeHY eMreHeTHYHY pe-
TYJISLIIO BIUTMBAE HA HOTO aKTUBHICTb, YePe3 TPAHCKPHUITLIIIO
—Ha MPHK, uepe3 TpaHCsIiito — Ha BUPOOHUIITBO OijIKa B
pubocomax (rporeom) [48,49]. TTopiBHSIHHS TKAHUH MOJIOOT
JIFOIMHM Ta 0COOH MOXHUIIOTO BiKy Ha OCHOBI MIKPOYHIIIB 10
3MOT'Y BHSIBUTH ITOB’sI3aHI 3 BIKOM TPaHCKPHIIIIHHI 03HAKK
B pE3yNbTaTi CMIreHeTHYHHUX 3MiH, IO BiAOYyBAarOTHCS T
4yac CTapiHHsL.
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BB noBKiIIA TaKOK BUKIIMKAE 3MIHH B PETYIIAMIT TeHIB
yepe3 3minn MeTwiroBanHs JJHK i Mmoaudikaiiiro ricToHiB.
BiH cripudmHse emireHeTHIHI 3MiHM, TTOB sI3aHi 31 CTapiHHM,
BKJIFOYAIO4M TIPUCKOPEHHSI elireHeTHYHUX (O10JI0TUHKX )
TOIMHHUKIB. 3MiHHU B €KCTIPECii TeHIB y pe3ybTari CTapiHHS
BIUIMBAIOTh HA MEBHI O10JIOTI4HI IPOLIECH, SK-OT 3aIaJICHHS,
3ropTaHHs OilKa, PEeTyAlis MO3aKIITHHHOTO MATPUKCY 1
MITOXOH/IpiaibHa (GYHKILiS, 110 3HAYHO MOIIMPEHI Ta JAepery-
JIbOBaHi 1mijg yac crapinns [50,51]. 3aranbsHi Mozeni ekcripecit
TeHiB (TaTepHHM ) TiJ] Yac CTApiHHS B Pi3HUX TKAHUHAX MOXKYTh
JIOTIOMOT'TH CKEpyBaTH MaiOy THI BTpy4YaHHsI, CIIPSIMOBaHI Ha
TTOKPAIIEHHS 30POB s i TpUBAJTIOCTI KUTTA. EexTuBHICTR
1 TOYHICTh TPAHCKPHIILLIi T2 HOCTTPAHCKPUIILIT 3HUKYIOTHCSI
31 cTapiHHAM, 1 3HaHHA [IO/I0 HETaTUBHHUX HACIIAKIB IIHOTO
110710 TPOTeOMa (TOYHOTO CHHTE3Y O1JIKa) BiIKPUBAIOTH HOBI
MOYKITBOCTI TSI CTpATeTii TOBTOJITTS.

BinHosienus enireneruynoi ingopmanii (penporpamyBaHus
enirenoma). Came 3 BiIHOBJICHHSM €ITiTeHeTUIHOT iHpOopMAITii
TIOB’s13aH1 BENMKI HaJii Ha MaiOyTHE OMOJIO/KEHHS Opra-
Hi3My, TOPOIKYIO4N HaBITh NPHITYIIEHHS PO TOCATHEHHS
nopory Oe3cmepts. Linbs SImanaka Ta xon b. T'eproH,
naypeatn HoGemniBcbkoi mipemii 3 ¢iziomnorii Ta MeauIuHA
2012 poxy, BUSIBHIIH, IO 3piJIi CIEIiadi3oBaHi KIITHHU
MOYKHA TIepeTporpaMyBaTH, 00 BOHH CTaJH HE3PLINMHU
KJTITHHAMH, 3/JaTHUMHU PO3BHUBATHUCS B OyJIb-5IKy TKAHUHY TiJIa.
IxHi BiKpUTTA PeBOMONIOHI3yBaTH TP IHIIiiiHE PO3YMiHHSA
PO3BUTKY KJIiTHH 1 oprani3miB. Hazsani I11. SImanakoro dak-
Topu TpaHckpumiii (Oct3/4, Sox2, Klf4, c-Myc) excripecy-
I0ThCsl B eMOpioHabHIX cToBOYpoBuX (ES) iiTuHax, i ix
HaJIMipHA eKCIIPECiss MOXKE IHAYKYBATH IUTIOPUTIOTCHTHICTD Y
COMATHYHMX KITITHHAX 1 MHIII, i JTroauHu. Lle CBiTuuTh, 110
Ha3BaHi (JaKTOPU PETYIIOI0Th MEPEKY CUTHAIBHUX HIUIIXIB
PO3BUTKY, HEOOX1THHX JUTA TUTIOPUITOTEHTHOCTI KITHH [52].

Y naboparopisix bocToHa 3MIMCHIIN CKCIICPUMEHT, ITiJ
9ac SIKOTO B CTAPHX CIIMTUX MHIIEH BAAJIOCS BiTHOBUTH 3ip,
PO3BUHYTH MO30K, SIKMH CTaB MOJIOIIINUM 1 PO3YMHIILIUM,
BIJTHOBUTH M SI30BYy W HHMPKOBY TKaHMHHU. ExcrieppuMeHTH
MoKa3aJiu, 110 CTApiHHS € 0OOPOTHUM MPOIECOM, SIKUH
MOXKHA PyXaTH «BIEpen 1 Hazax 3a OaxaHHIM»; 30KpeMa,
Ha I[bOMY HAroJIOCHB CKCIEPT i3 3armo0iraHHs CTapiHHIO
M. Cinxrep, nmpodecop remetuku B [HcTuTyTi briaBaranka
lapBapacbkoi MeaMYHOT KoM Ta criBaupekTop LleHTpy
1. ®. I'menna. Y myOmikariii, sika MiCTHTB PE3yIBTaTH po0o-
TH WOTO J1ab0paTopii Ta JOCITIPKEHD HINNX MIKHAPOIHUX
YYCHUX, BiH 3ayBa)kKWB, III0 «HAIIl OpraHi3MH 30epiraroTb
PE3epBHY KOIIit0 HAIOT MOJIOJOCTI, SIKY MOYKHA CTUMYJTIOBATH
10 perenepartii» [53].

3Ba)KarouM Ha I BIIKPUTTSL, Y MOLIYKH «PKepesia BIYHOTO
KUTTSD BKIAZAI0Th BeJIMUe3Hi KOmTH. OTHAM 13 IPUKIIa/IiB
e Altos Labs (https://altoslabs.com). 3acHOBHUK 1 KONHUIII-
Hill TeHepalnbHUH AUPEeKTOp Amazon 3poOUB BeNUYE3HI
iHBecTHIii B Altos Labs, 610TeXHOMOTIYHNE cTapTar, KUl
30CepePKEHHH Ha «ITpOrpaMyBaHHI BIJTHOBICHHSI KITITHH TS
BiZTHOBIICHHS IXHBOTO 3/I0POB’S Ta CTIIKOCTI, 3am00iraHHs
XBOpoOam, TpaHchopmariii MEIUIIMHIY. 38 JAHUMH JIOHIO0H-
cekoi Financial Times, y mepmmii neas po6otn Altos Labs
orpumMaia 3 MUTbSIpIIU 10J1apiB (piHAHCYBaHHS.

Brpara nporeoctasy. CtapiHHs Ta pi3HI HelpoaereHepaTiBHi
3aXBOPIOBaHHsI (XBOpoOa AJiblireiiMepa, xopest [ eHTIHIToHa,
Oiunamit amioTpodiuamii ckiIepo3, xBopoda [Tapkincona, Ka-
TapakTa) 0B’ s13aHi IIepe/LyCiM 3 OPYLIEHHSIM IPOTEOCTasy,
110 TTPU3BOMUTS JI0 HAKOITMYCHHS HETIPABHIIBHO 3TrOPHYTHX
011kiB. OKHCHEHI, TTiKoBaHi a0o yOiKBiTOBaHI O1JIKM 4acTo
YTBOPIOIOTH arperard — BHYTPIIIHbOKIITHHHI BKJIIOUCHHS
a0o0 mo3akiTHHHI aminoinHi Onsimiku. Brpara abo 3miHa
MIPOTEOCTa3y MOXKE IPU3BECTH 10 AaHOMAITLHOT arperartii Oi-
Ka, CIIPHYUHSIFOYM TaKi TaToJOTii, sIK MeTabOoJIiYHI PO3JIay,
XBOpOOU ceplisd, Helposerenepaist (6era-aminoin, Tay-0i-
JIOK, anb(ha-CHHYKIEiH), MeXaHI9HA KPUXKICTh (CIa0KiCTh
CIIOTyYHOT TKaHWHHM) 1 pak. BIUIMB MOJpa3HUKIB 13 TOBKILIA
abo ctpecy, ctapiHHS 200 (Hi3i0TOTiYHI 3MiHH € (haKTOpaMH,
10 MOXYTh 3MIHUTH (DYHKIIOHAJbHY aKTHBHICTH MEpEkKi
IIPOTEOCTA3Y.

Knitunm monuan excnpecytots nonax 10 000 pizHux
6inkiB [54], GUIBIIICTE 13 HUX MAIOTh 3rOPTATUCS y YITKO
BU3HAYCH] TPUBUMIpPHI CTPYKTYpH, 00 3a0e3reunTy 6e3mmiv
kiiTHHEAX (QyHKiA. He3Bakatoun Ha Te, 110 HATHBHA KOH-
(hopmarris meBHOTO O11Ka KOYETHCSI HOTO aMiHOKHCIIOTHOKO
TTOCITIIOBHICTIO [55], 6araTo OinkiB y KIiTHHI MTOTPeOyIOTh
JIOTIOMOTHY MOJIEKYJISIPHUX IIAIIEPOHIB Ta 1HIIMX (aKTopiB
U1 e(heKTUBHOTO 3TOPTAHHS Ta 3TOPTaHHS B O10JIOTIYHO
BIAMOBIAHUN 4yacoBuit macmtab [56]. Kpim Toro, mst
HOpPMAaIIbHOTO (DYHKIIIOHYBaHHS OLTKH 9acTO MaloTh IIij-
TPUMYBATH CTPYKTYPHY THYUYKICTh 200 MICTHUTH 3Ha4HI
HECTPYKTYpPOBaHi JUISHKH, IO TIPU3BOIUTE JI0 iX Herpa-
BWJILHOTO 3TOopTaHHs ¥ arperarii [57]. HaBiTe cTabinbHO
3TOPHYTI MPOTETHU MOXYTh PO3TrOPTATHUCS 1, MOXKIJIHBO,
arperyBaTH B CTPECOBUX YMOBaX, SIK-OT 3@ BUCOKHX TEM-
nieparyp. BperTi 01Ky CTal0Th OCTaTOYHO HENPaBHIBHO
3TOPHYTHMH a00 Oinple He MOTPiOHI (PYHKIIOHATBHO, 1
BOHH MalOTh OyTH PO3IIEIUICH], 11100 YHUKHYTH IIKIJTHBHUX
HACII/IKiB iXHBOI MOCTIHHOI pucyTHOCTI. OTXKe, MATPIMKa
IHTaKTHOTO IpoTeoma (IPoTeocTasy) noTpedye He TiIbKH
CYBOPOT'0 KOHTPOJTIO TIOYaTKOBOTO BUPOOHHIITBA Ta 3TOPTAH-
Hs1 OlJIKa, aje i miaATPUMKH HOro KoH(pOpMaIlii, KOHTPOITIO
KIUJIBKOCTI Ta CyOKJIITHHHOI JIOKami3awii i, 3pemToro, pyu-
HYBaHHS IIUISIXOM JIerpajaiii.

Ha xoxxHOMY 3 IIMX €TaIliB Mpalioe CKiIajaHa Mepexa npo-
TeocTasy, 1100 MiATpUMyBatH 30aiaHcoBanuii poreoM. [o-
PYIICHHS TPOTEOCTa3y NMPHU3BOANTH N0 MPHCTOCYBAIBHUX
3MiH y K1ituHi. [1[00 BrOpaTucst 3 Ii€10 CUTYAITI€I0, KITITHHA
PO3pOOHIH KilTbKa MEXaHI3MiB JIJIs SMEHIIICHHS HETIPABIITh-
HOTO 3rOPTaHHsI i YCYHEHHS HEMPABHILHO 3TOPHYTHX OLIKIB.
OnmHNM i3 TaKUX MEXaHI3MIB € YTBOPSHHS IIAIICPOHIB, SIKi
3B’S3YIOThCSl 3 HE3aBEPIIECHUMHU MENTUIHUMU JIAHIOTa-
Mmu. Lle 3amo0irae mepeayacHOMY 3rOPTaHHIO IENTHIIB i
JlorioMarae iM 3ropHYTHCSI B IPaBHIIBHY GopMy. Y Mepexi
IIpOTe0CTa3y AiFOTh Pi3Hi KIIACH MOJIEKYJISIPHUX LIANIEPOHIB.
i dhakTopm 3a6e3meUdyI0Th 3ropTaHHs de novo B TIEPEToB-
HEHUX KIITHHHUX CEpelOBUINAX i MIATPUMYIOTH OIJIKH B
PO3YMHHOMY, HearperoBanoMy crai. Kpim Toro, B ymoBax,
110 HETaTHBHO BIUIMBAIOTh Ha 3rOPTaHHs 200 PO3YMHHICTS,
JIeSIKI IArepOHH JiF0Th Ha AETPAalliio Ta MPOCTOPOBE CEKBE-
CTPYBaHHS HEMPABWIBHO CKIIAICHUX OLIKIB, TAKUM YHHOM
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3aXMIIAI0YN PEIITy MpoTeoMa Bi aApeldy Bix HeOakaHMX
B3aeMoIiit [58].

[Iarreporn TakoX 3MEHIIYIOTH JICHATypaIlito Oika, sKa
BiZIOYBA€THCS, KOJIM KJIITHHY BiJUyBarOTh TEIUIOBUII IIOK,
TOMY IIi OUTKM TaKO)K Ha3WBAIOTh OLTKaMH TETIOBOTO MIOKY
[59,60,61]. JlochimkeHHs 3aCBIAYUIN, IO AUCPETYJISIIis
[IAIepOHiB 3HWKYE PIBHI POSUYMHHUX OLIKIB TEIJIOBOTO
moky (Hsp70, Hsp90 i Hsp40) y Mumaumx i HeMaromHux
Mozensax xBopobu Ambureiimepa. Kpim Toro, arperosani
O1TKH, SIKI HAKOMMUYYIOTHCS B MO3KOBii TKaHWHI, 3a3HAIOTh
yOIKBITYBaHHSI, @ HENTPABHIILHO 3TOPHYTI OLTKH CKEPOBYIOTh-
Cs1 Ha IETPaJIaIlifo B CHCTeMi YOIKBITHH — IPOTEOCOMA Ta Ha
ayTo(haroCOMHO-JII30COMHUHN IUIX [62,63], 3MEHIIYFOYH
HelipoTokcnuHicTh. [nmsaxu aytodarii Takox MpHUTHIYYE
arperaitist OikiB [64,65,66].

Jledextn B gesKnX NUIXax MpOTE0CTasy TaKOXK IPU3BO-
JISITh JI0 CTIA/IKOBUX 3aXBOPIOBaHb, HAIIPUKIIAJI, KICTO3HOTO
¢i06po3y. Mytamis B8 RPS9 npu3Boauts 10 mepeadacHoro
cTapiHHs y Mutiieid [67]. [Hmmit MexaHi3Mm, 1110 TPU3BOIUTh
JI0 KOJIATICy MEpeXi ImpoTeocTasy, MOB’SI3aHUH 3 yIIO-
BUIBHEHOI0, TPUBAJIOIO TPAHCISIIEI0 Ta KYMYJISITHBHUM
OKHMCHHUM ITOIIKOJDKEHHSIM OLIKIB, IO «BiIBOJIKae» IIa-
TIEPOHIB BiJI 3rOPTaHHS 37JOPOBUX O1JIKIB, HEOOXITHUX TSI
KIITHHHOTO TomeocTtasy [68]. Kpim Toro, Gararo BikoBHX
HelpoJereHepaTHBHUX 3aXBOPIOBaHb, BKIIIOYAI0YH O1THUH
amioTpo(iuHUI CKIIepo3 1 XBOpoOy AublreiiMepa, Crpu-
YHHEHI MyTalisMHU B OiJKax, M0 POOJIATH X BHYTPIITHHO
CXWJIBHUMH JI0 HETPaBHJILHOTO 3rOpPTaHHs Ta arperarii,
THM CaMHM IE€PEBAHTAXYIOUM MEXaHi3MH BiJHOBICHHS,
esriMiHaIlil Ta 0OMiHy OLIKIB, HEOOXIAHUX ISl T ATPUMKH
3I0OPOBOTO CTaHy KIITHHHU [2].

Mepeska mporeoctasy TakoXK PyHHYEThCsI, KO MeXaHi3-
MH KOHTPOJIO SIKOCTI BUXOIATH 3 Naxy. Hanpukian, depes
TopymIieHHs1 QyHKII peakiii po3ropHyToro Oijka B €HJO-
IIa3MaTHIHOMY PETUKYITyMi cTaOlTi3arlis HaJIeKHAM YHHOM
3TOpHYTHX OUIKIB MOPYIIYETHCS, @ MEXaHI3MH Aerpajauii
OiTKa B IpoTE0CcoMi a00 JTi30COMi € HeIOCTaTHIMU. 3HMYKEHHS
AKTUBHOCTI ITPOTEOCOM CIIOCTEpIraly B CTapuX OpraHax,
BKJIFOYAIOUN MO30K pubu Nothobranchius furzeri. Kpim
TOTO, JIeSIKI MOHOYOIKBITHHHIIbOBAHI OLTKM HAKOMTUYYIOTHCS
B CTapilOUMX TKAHWHAX JPO30(id, MUIICH, MaBII 1 JIFOIIHA
Ha TicToHi 2A.

BripoBamKeHHs BUCOKOTIPOIYKTHBHUX TEXHOJIOT i Omics y
11i# rasTy3i pa3oM i3 BUBYEHHSIM CTPYKTYPHOI Ta KPOC-3B’SI3KO-
BO1 010XiMii MOXKe 3a0€3MEYNTH HOBHM IMLAX1JT IO PO3YMiHHS
MexaHI3MiB Ju(epeHIialbHOrO MPOTE0CTasy y 3M0POBUX 1
xBopHX Tinax. Li mani MoXyTh OyTH BUKOpPHCTaHi JUIst pO3-
POOJIEHHS ITITOBOT TEHHOI Tepartii.

I crapinns, 1 pak MaroTh HU3KY HOAIOHKMX 03HaK. OKpemi
O3HAKH CTapiHHSA (HANPHUKIAZ, TCHOMHA HECTAaOlIbHICTB,
CMIreHETUYHI 3MiHH, XPOHIYHE 3allaJICHHs Ta TUCOAKTEePio3)
Jy’Ke CXOK1 Ha crieI(ivHi 03HAKH PaKy, i TOMY € 3arajJbHIMHI
Merao3Hakamu. HaBnaku, iHIN XapakTepHi 03HaKH CTapiHHS
(HampHKIIa 1, BUCHAKCHHS TEJIOMEPiB i BUCHAKEHHS CTOBOY-
POBHX KJIITHH) JiIOTh Ha MOYKITBE TPUTHIYEHHS] OHKOTCHE3Y,
1 ToMy iX MOXXHa BBa)KaTW aHTaroHICTHYHUMH O3HAKaMH.
HeedexrrBHa MakpoayTodarisi Ta cTapiHHsS — Bl XapaKkTepHi

O3HAKH, 1[0 MAFOTh 3aJI€XKHi BiJ] KOHTEKCTY OHKOCYTIPECHBHI
abo myxuimHHI edexru [3].

OpHax, Ha BiIMiHY BiJI paKy, CTapiHHS HE € MOJIEKYJISIPHOIO
xBopoOor. Ha HalHMKIOMY PiBHI — HOPMaJIbHI BHYTPIIII-
HBOKJIITHHHI CHUTHAJIBbHI IUIIXH, 9K-0T MTOR, 110 KepyroTh
PO3BUTKOM 1 POCTOM KJIITHH, CTalOTb rinepdyHKIIOHATbHUMH
TI3HIIIIE B KUTTI, BAKIIMKAIOYH BIKOBI 3aXBOPOBAHHSI, IO ITiJI-
CYMOBYIOTb CTapiHHs1. [ 0JIOBHOIO 03HAKOKO CTAPIHHS B YCHOTO
JKFBOTO € BIKOBi 3aXBOprOBaHHs. KpiM TOr0, 03HAKH CTapiHHS
MO)KHA PEJICTABUTH SIK YaCOBY ILIKAJIY, /1€ T0YATKOBA IiIep-
(yHKLIS CyTTPOBOIKYETHCS AUCPYHKILIEIO, TTOMIKODKSHHSIM
OpTraHiB i QyHKIIOHATEHIM 3HIDKSHHSM [69].

BucHoBKMu

1. TpuBaNiCTh )KUTTS JIOIUHU TICHO ITOB’s3aHA 31 3HU-
JKESHHSIM MOXKJIMBOCTEH JI0 perapaii ta pereHeparii TkKaHuH
1 oprasiB. Y BiIIOBiAb Ha CTpeC HA MOJEKYIIPHOMY, KIIi-
THHHOMY Ta CUCTEMHOMY DiBHSIX T'€HETHYHI, eIlireHeTHYHI
Ta PEeryIsTOPHI YNHHUKH JIOBKIJUIS 3yMOBIIOIOTH 3HI)KCHHS
(hi310MOTTIHIX MOKITMBOCTEH OpraHi3My. BoHI BUKOPHCTOBY-
FOTh CKJIATHI MOJICKYJIAPHI MEXaHi3MH (BKOPOUCHHS TeIIOMe-
piB, HakorMueHH momkopKeHs JJHK, Metabomiuni 3MiHu Ta
HaJIMipHE YTBOPEHHS BUIbHUX PAIMKAIIIB), sIKi B CYKYITHOCTI
BIUTMBAIOTB Ha IIBHAKICTH CTAPiHHSL

2. Y CyKyITHOCTI Il MEXaHi3MH MPUTHIYYIOThH mpodtide-
patito KITHH, 3MIiHIOIOTh MeTa0O0IIi3M 1 eKCIPECiIo TeHiB, a
TaKOXK IHIYKYIOTh BUCOKI PiBHI BUTBHUX PaIUKAaIIiB, MiATPH-
MYT04H (PEHOTHII KIIITHHH, III0 CTapi€. X09a KUTbKICTh paHHIX
KJIITHH, IO CTapilOTh, HEBUCOKA, BOHU MOXKYTh OOME)KYBaTH
pereHepariiiny 31aTHICTh CTOBOYPOBUX KJIITUH TKaHHH i
MPU3BOAMUTH O HAKONUYCHHS KJIITHHHUX MOLIKOIKCHB,
CTIPUYUHSIOUHN BiKOBi 3axBoproBaHHsA. CydacHi JOCSTHEHHS
y BHUCOKONPOIYKTHBHINM T€HOMIIli, TPAHCKPUIITOMIIIi, TPO-
TEOMIL[l Ta METabOJIOMILll JAI0Th 3MOT'Y OXapaKTepH3yBaTh
1 KUTPKICHO BH3HAYUTH THCSYl CIMITCHETUIHUX MapKepiB,
TpaHckpunTiB (TpanckpuntoMm — MPHK), GinkiB (mpoteom)
i MeTabouiTiB (METaboJIOM) Ta MOXKYTh BUSIBUTH 3aralibHi
3MiHH, IO BiJI0YBAIOThCS 3 BIKOM Y CKJIaJHUX OpraHizMax
HA MOJICKYJSIPHOMY PiBHI.

3. InTerparmis HUX MOJIEKYJSIPHUX MapKepiB i MOB’si3a-
HUX MOJIEKYJIIPHUX MEXaHI3MIB y KOMIIJIEKCHE OLIIHIOBAHHS
010JI0T1YHOTO BiKY JII 3aII00IraHHS aCOIiHOBAaHOMY 3 BIKOM
(hyHKITIOHaTPHOMY 3HIKCHHIO Ta 3aXBOPIOBAHOCTI CTAa€
HaJI3BUYAIHO aKTyaJIbHOIO B MEJIMYHIH Hay1li, TOMY Ma€ OyTH
peaii3oBaHa Ha IMPAKTHULIl SIKOMOT'a IBH/IIIE.

IepenexTHBH MOAATBIINX 10CTILKeHb NOJSTAIOTh Y PO3PO-
OJIeHHI Ta BIOCKOHAJICHH] (hapMaKoTepareBTUIHNX 3aC00iB,
IO CIPHUSIOTH OloBiTaNi3alii opraHizMy Ta IMiJBHIIYIOTh
SIKICTD JKUTTSI JIFO[JUHH.

®iHaHCyBaHHA
[locnimKeHHs 3aiicHUMM B pamKax iHiLiaTMBHOI HayKOBO-A0CHIAHOT
poboTu 6e3 3anyyeHHs crevLjanbHoro (iHaHCyBaHHS.
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