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BMNUB NEPEQNOCIBHOI OGPOBKU HACIHHA KYKYPYA3U
METABONIYHO AKTUBHUMU PEHOBUHAMU HA BMICT
®OTOCUHTETUYHUX NIFMEHTIB

Y cmammi OocriidxeHo eriiue nepedrnocieHOi 06pObKU HaCiHHS UyKpoeoi KyKypyo3u
mMemabosniyHO aKmueHUMU PedyoB8UHaMu Ha eMicm ¢hOmMOCUHMEMUYHUX [igMeHmiIs.
AxkmyarbHicmb pobomu 3ymoesieHa HeoOXiOHICMI0 nid8ULEHHST MPOOYKMUBHOCTI
Kyribmypu WIIsiXOM 3acmocy8aHHs1 echekmueHux biocmumyrnsamopie, 30amHux onmumi-
3ysamu ¢bisiorio2o-bioximiyHi mpouyecu pocrnuH. [Nonbosi docnidxeHHs1 nposedeHo Ha basi
Haeg4arbHO-00CcniOHOI agpobiocmaHuii HiXUHCbK020 depxxasHo20 yHieepcumemy iMeHi
Muckornu Noeonisi i3 eUKOpuCmMaHHsIM HaciHHS KyKypyd3u copmy Criokyca, 06pobrieHo20
KombiHauissmu makux memaboniyHO akmueHuXx CrionyK, sk eimamiH E, y6ixiHoH-10,
MemioHiH, napaokcubeH3oliHa kucrioma, MgSO,.

BcmanoeneHo, wo eci docnioxysaHi eapiaHmu 06pobKu Cripusinu rnid8UUEHH0 emicmy
Xriopogbirny nopieHsIHO 3 KOHMponeMm. Halisuwji 3Ha4yeHHsT oka3HuKie 3aghikcosaHo y
eapiaHmi 3 do0asaHHsm MgSO,, sikuli 3abesrnedysae Halibinbw supaxkeHul echbekm, wo
niomeepdxyembCs NiOBUUWEHHSIM 3Ha4YeHb MOKa3HUKIB.

lNopisHsiHHA 3 nperiapamom Bumnen noka3arno, wo okpemi KkombiHauii memaboniyHo
aKmueHUX peqyosuH He rocmynatrombscsi abo repesuwytoms Uio2o eghekmusHicmb 3a
30amHicmioo cmumymo8amu HaKonUYeHHs1 (homMoCUHMeMUYHUX niemMeHmie. OmpumaHi
pesynbmamu y3200XXytombcsi 3 0aHuMU Wod0 rno3umueHo20 8riusy Uux kKombiHauil Ha
MopgboMempuUYHI MOKa3HUKU ma biomacy pOoCIuH.

OmpumaHi pe3ynbmamu ceif4amb, Wo repednocieHa obpobka HaciHHS KyKypyd3u
memaborniyHO aKmueHUMU Peqyo8UHaMU € eheKmueHUM 3ax000M rMid8UULEHHST IHMEeH-
cusHOCMi ¢homocuHMEeMUYHUX MPoYecie, WO MPos8saembsCs y 36inbWeHHi amicmy
Xxropoghiny Ha 8Cix emariax po3sUmKy pociuH. Halbinbw eupaxeHul i cmabinbHul
egpekm 3abesniedye KomrriekcHa Oisi crionyk i3 ekmodeHHaM MgSO,, wo exasye Ha
OoyinbHicmb cuHep2emu4YHO20 noedHaHHs 6iorio2ivHO aKkmueHUX KOMITOHEHMIS.
Bazanom, 3acmocyeaHHsi makux 06poboK cripusie hopmyBaHHO binbw akmueHo20
ghomocuHmMemu4yHo20 arnapamy POCIUH i MOXe po3ansidamucs sK nepcriekmusHUl
efieMeHm mexHosoell  8UPOWy8aHHS KyKypyOsu, CrpsIMO8aHUl Ha Mi08UUeHHs
¢pisionoeiyHoi cmitikocmi ma nomeHuyitHOI MPOOyKMUEHOCMI Kyribmypu.

Knrouosi crioga: uykposa KyKypyd3a, homocuHmemuyHi rnigmMeHmu, xsopogin, mema-
60r1i4HO aKmueHi pedosuHu, eimamiH E, memioHiH, yb6ixiHoH-10, napaokcubeH3oliHa
kucnoma, MgSO.,.
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Betyn. LlykpoBa kykypyasa (Zea mays convar. saccharata) € BaXnmBol OBOYEBOIO
KynbTYpOI0, WO BiA3HAYAETbCA BMCOKMMU CMaKOBUMU AKOCTSIMW Ta 3HAYHOK XapyOBOH
LiHHiCTI0. ®OpMyBaHHsI il NPOAYKTMBHOCTI 3HAYHOK MIPOH 3aneXuTb Bif iIHTEHCUBHOCTI
(pizionoro-6ioxiMi4HMX NpoueciB, 30kpeMa (POTOCUHTESY, SKUIA BU3HAYAETHCS BMICTOM i
CriBBIAHOLLEHHAM (POTOCUHTETUYHMX MirMEHTIB. Xropodinu Ta KapoTUHOIAM BidirpatoThb
KMOYOBY Pofb Y MOrMMHaHHI CBITNOBOI eHeprii, 3abe3neyeHHi hOTOXIMIYHMX peakuin i
dopMyBaHHi Biomacu pocnmH, TOMY iX BMICT € BaXKIIMBUM MOKA3HUKOM (PYHKLIiOHAmNbLHOrO
CTaHy bOoTOCUHTETMYHOrO anapary [1, 2].

Ha paHHix eTanax OHTOreHesy poCivHU KyKypyA3n € ocobnmeo YyTnnsuMmu o Ail
abioTn4HMX haKTopiB CEpeaoBULLA, LLIO MOXE OOMEXyBaTU pearisaLito iX MPOAYKTUBHOIO
noTeHLUiany. Y 3B’s13Ky 3 LM akTyarlbHMM € 3aCTOCYBaHHS arpoOTEXHIYHUX 3aX0AiB, CNpsiMO-
BaHUX Ha CTUMYMSLI0 POCTOBWUX MPOLECIB i NIOBULLEHHS afanTUBHUX MOXITMBOCTEN
pocnvH. OgHMM i3 Takmx edeKkTMBHUX MpUMOMIB € nepeanociBHa obpobka HaciHHSA
OionorivHO Ta MeTaboniYHO aKTMBHMMMW peYoBMHAMM, SKi 34aTHI BNMBaATM Ha OOMIH
PEYOBUH, aKTUBHICTb (DEPMEHTHMX CUCTEM i NpoLiecn hoTocuHTesy [2, 3].

CyuyacHi gocnigpkeHHsa cBigyaTb NpPO MNO3WUTMBHUIKA BMMAMB Pi3HUX rpyn 6GionorivHo
aKTUBHUX CNOSYK — PErYNSaTOpiB POCTY, aMiHOKUCIIOT, MIKPOENEMEHTIB | aHTUOKCUAAHTIB —
Ha bopmyBaHHA hOTOCUHTETMYHOIO anapaTty pPOCnuH. 30Kpema, Taki CrosyKu, siK BiTaMiH
E, yb6ixiHOH-10, meTioHiH, napaokcubeHsomHa kucnota (MOBK) Ta cynbcaT marHiio
(MgS0Q,), 6epyTb y4acTb y npouecax aHTMOKCMOAHTHOrO 3axXUCTy, cTabinisauii KNiTMHHMX
MemOpaH, CMHTESI xJiopodiny Ta perynsuii metaboniamy. MarHin, Sk LLeHTpanbHUA aTtoM
MOIneKynu xnopodiny, Bigirpae BusHavyansHy pornb y hopMyBaHHi NirMEHTHOro KOMIMIIEKCY,
TOZAj SK IHLLi KOMMOHEHTM CPUSIOTE MIABULLEHHIO CTIMKOCTI (POTOCMHTETUYHOIO anapary Ao
CTpecoBux ymoB [4].

BopHouac y HaykoBii nitepaTypi He4OCTaTHBO BUCBITNIEHO NUTAHHS KOMMIIEKCHOrO
BrnnBY KOMOiHaLii MeTaboniYHO aKTUBHNX PEYOBUH Ha BMICT POTOCUHTETUYHUX NIrMEHTIB
came Yy LYKpoBi KyKypyasi. binbLiicTe gocnigkeHb 3ocepespkeHa Ha MOpoMeTPUYHUX
nokasHukax abo BMKOHaHa Ha iHLLMX KynbTypax, Lo 3yMOBMHE HEOOXIOHICTE NOrnMmMbneHoro
BMBYEHHS gidionoro-6ioxiMi4HMX acnekTiB Aii Taknx npenaparTis.

MeTolo maHoro gocnimkeHHs 6yno BCTaHOBUTM BMMMB NepeanociBHOi 06po6ku
HaCiHHSA KyKypyAsu KOMOiHaUisiMM MeTaboniyHO akTMBHMX PEYOBMH Ha BMICT (POTOCKH-
TETUYHUX MNIFMEHTIB Ta BU3HAYMUTK HaWbinbll edeKTUBHI iIX NoegHaHHA ans onTumisauii
dYHKUiOHYBaHHA (POTOCMHTETUYHOIO anapaTy POCIVH.

Martepianu Ta metoau gocnimkeHHsa. JocnimpkeHHs npoBeaeHo npotarom 2024-
2025 pokiB Ha TepuUTOopil HaBYanbHO-4OCIAHOI arpobiocTaHuii HiknHCBKOro aep)xaBHOro
yHiBepcuTeTy imeHi Mukonu Norons (YepHiriscbka 0bn., YkpaiHa). O6’ekToM JoCHimKEHHS
Oynm pocrmHM LKPOBOI Kykypyaau copTy Crnokyca, siki BUBYanm Ha pisHMX eTanax OHTOreHesy.

Mepen BUCIBOM HaCiHHS niggaBanu nepegnociBHii 06podLi BOOHMMM pO3YMHaAMMU
MeTaboniyHO akTMBHMX peyvoBuH. [1o ckrady AOCHiMKYBaHMX CNOMNyK BXOAWMK: BiTaMiH E,
yOixiHOH-10, MeTioHiH, napaokcubeHnaoriHa kucnota (MOBK) Ta cynbdaT marnito (MgSO,).
PeyoBuHM 3acTocoBYyBanu y ckragi Takmx KOMOiHaLin:

1. BitamiH E + ybBixiHoH-10.

2. BitamiH E + meTioHiH + MOBK.

3. BitamiH E + meTioHiH + NMOBK + MgSO.,.

KOHTpOnbHMM BapiaHTOM CRnyryBasio HaciHHsi, 06pobreHe aNCTUNBOBaHOK BOAOH).
[nsa nopiBHAMBHOI OLHKK e(eKTUBHOCTI AoChimKyBaHMX KOMOGIHaLiM BUKOPUCTOBYBanu
npenapat Bumnen-2.

MepennociBHy 0OpPOOKY HaCIHHS 34jiCHIOBaNM METOLOM 3aMOYyBaHHS Y BiANoOBiOHUX
po34ynHax npoTsaroM 2 roavH npu Temnepatypi 20 + 2 °C. [ina BapiaHTa i3 3aCTOCyBaHHSAM
npenapaty Bumnen-2 pobouunii po3ymH rotysanu BignoBsigHo Ao iHCTpykLii: 10 mn npenapary
posdmHanM y 0,5 n Bogu, MiCns YOro HaCiHHS BUTPUMYBANN Y PO34MHI MPOTArOM 2 FOOuH.
MMicns 06pobkn HaciHHS BUciBany 6e3nocepeaHbo Y PYHT Ha AOCHIAHUX AinsiHKax [5, 6, 7.
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Yci BapiaHTu gocnigy BUpOLLYyBanu 3a OHAKOBMX arpoTeXHIYHMX ymoB 6e3 foaar-
KOBOTrO BHECEHHSI MiHEpaIbHMX J0OPVB Ta 3POLLEHHS, L0 JO3BOSSANO OUIHUTMY BMIUB Came
dakTopy nNepeanociBHoi 06pooKN.

OLiHKY cTaHy ) OTOCMHTETUYHOIO anapaTty POCIWH 34icHIoBanu y dasax 3-5 nuct-
KiB, BUKWOAHHS BOSOTi, MOMOYHOI Ta NOBHOI CTUINOCTi. OCHOBHUM MOKa3HMKOM ByB BMICT
Xnopodpiny B TKAHWHaX SIMCTKIB. BMICT hOTOCMHTETUYHMX NIrMEHTIB Y JIMCTKaX KyKypyasu
BM3HayanuM cnekTpodoToMETpUYHNUM MeToaoM. ONTUYHY FYCTUHY BUMIpIOBanuM npuv
OOBXUHAX XBUIb 665, 654 | 649 HM. Ak ekcTpareHT 3acTocoByBanu 96% eTunoBMn CnmpT.
KinbkicHe BM3HA4YeHHs1 34iNCHIOBaNM 3a HACTYMHOK METOAMKOK: HAaBaXKKy POCIUHHOI
cvpoBuHM Macow 0,1 r (TouHa HaBaxka) nepeHecnu y CTynky. Martepian peTtenbHO
po3Tvpanu 3 oAaBaHHSIM HEBENUKOI KiNMbKOCTi KapboHaTy MarHito, KBapLoBoro nicky Ta 5
M 96% eTunoBOro CNUPTY A0 YTBOPEHHSI OAHOPIOHOI eKCTpakuinHoi macu. OTpumaHy
cyMil hinbTpyBanu Ans BiAOKPEMITEHHS TBEPAOrO 3anumLlKy, Nicnsi Yoro o6’em dinbTparty
posoannu Ao 30 Mn TUM CaMUM eKCTPareHToM. SAK pO34uH MOPIBHSAAHHS BUKOPUCTOBYBanu
96% eTtaHorn.

KoHueHTpaLito xnopoginis a Ta b po3paxoByBanu 3a HaCcTyNHUMU (PopMynamu:

C xna = 13.70 Asss — 5.76 Asag
C xnb = 25.80 Asag — 7.60 Asess,

ne Aesag — OMTMYHA TYCTUHA PO3YMHY 3a AOBXUHU XBUSI 649 HM; Asss — ONTUYHA
rYCTUHA PO34YMHY 332 AOBXMHU XBUNi 665 HM.

BaranbHuii BmicT xrnopodinis @ Ta b (C xnat C xnb) BU3HAYaANM 32 HOPMYIIOL0:

Cxna+t Cxnb = 25,1 Asss

e, C xnat C xnb— KOHLEHTpALiA Xropodoinie a Ta b; Asss — ONTUYHA ryCTUHA PO3YMHY
3a AOBXMHN XBUNi 654 HM.

KinbkicHuiA BMIiCT xnopodoinie a Ta b (X, Mr/r) po3paxoByBanu 3a hopmysoto:

e, Vex — 006’em CnNMpTOBOI BUTSHKKW, MIT; Cxn — KOHLIEHTPALiS XIopodiny y CnvpToBin
BUTSDKL, MI/T; Miae — Maca HaBaXKKM CUPOBUHM, T [8]. MoBTOpHICTb AoCnigkeHb — BOCbMUKpaTHA.

OTpumMaHi ekcnepumeHTarnbHi AaHi 06pobnsnu i3 BUKOPUCTaHHAM METOoAIB MaTeMa-
TUYHOI CTaTUCTUKM 3 BU3HAYEHHAM OOCTOBIPHOCTI BigMIHHOCTEN MiXK BapiaHTaMu Ha piBHi
p<0,05]9, 10].

Pe3ynbTaTu gocnigkeHb Ta iXx 06roBopeHHsA. 3 METOI OLiHKM BMNMBY Nepeano-
CIBHOI 0OpOOKKN HACIHHSA MEeTaboNIYHO aKTUBHUMMW PEYOBMHAMM Ha iIHTEHCUBHICTL (DOTOCUH-
TETUYHMX MPOLLECIB Y POCINH LIYKPOBOI KyKypyA3u copTy Crnokyca 6yrno Bu3Ha4yeHo BMICT
xnopodpiny B TKaHMHaX NUCTKIB Ha Pi3HMX eTanax oHToreHesdy. OTpuMaHi pesynbTatu
npeacTasrieHi Ha diarpamMax i 403BONATb NPOCTEXMUTU AMHAMIKY 3MiH NiIrMEHTHOro ckragy
3anexXHo Bif 3aCTOCOBaHMX KOMOIHaLLiN.

Y pasi 3-5 nMCTKiB BCTAHOBIEHO, LU0 BCi BapiaHTX nepeanocisHoOi 06pobku cnpusinm
NiABULLIEHHIO BMICTY Xropodiny nopiBHsHO 3 koHTpornem (0,88 mr/r). HarBuwmin nokasHuk
BiA3Ha4yeHo y BapiaHTi Ne3 (1,63 Mr/r), o nepeBuLLYE KOHTPOMb Make Ha 85%. BapiaHTu
Ne2 (1,31 mr/r) Ta i3 3acTocyBaHHAM npenapaty Bumnen (1,32 Mr/r) Takox AemMoHCTpyBanm
3HaYyHe 3pOCTaHHsA BMICTY MirMeHTy. HaliMeHwunn edekT cepen AOCMIAHUX BapiaHTIB
crioctepiraeca y BapiaHTi Ne1 (1,11 mr/r), npoTe i BiH NepeBuLLYyBaB KOHTPOJbHI 3HAYEHHS
(puc. 1).
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3 Ne 1 sitamiH E Ne 2 gitamiH E Ne 3 gitamiHE  KOHTponb BuMnen
E + y6ixiHOH-10 + METIOHIH + + MeTIiOHIH +

§ MOBK MOBK + MgSQ0,

o

* - pi3HMUA A0CTOBiIpHa NOPIBHAHO 3 KOHTponem, p < 0,05
# - BOCTOBIPHO MOPIBHAHO 3 BapiaHTOM, HacCiHHA AKoro o6pobneHe
npenapatom Bumnen-2, p < 0,05

Puc. 1. Bnnue nepednocieHoi 06po6ku HaciHHA KyKypyd3u Memaborsi4HO akmueHuUMuU
pedosuHaMu Ha emicm ¢homocuHmemuyYHuUX niameHmie y ¢pasi 3-5 nucmkie

Y dasi BuKnaaHHs BOMoTi 30epiranaca aHanoriyHa TeHAeHUis. Y KOHTPONbHOMY
BapiaHTi Liel NoKa3HMK CTaHoBMB 2,13 MI/r, Togji SK Y BCiX AOCHiAHUX BapiaHTax BigMiYeHO
Moro iCTOTHe MiaBnLLEeHHS — o 2,58-3,61 mMr/r. HamBuLLi 3Ha4eHHs1 3adoikCOBaHO y BapiaHTi
Ne3 (3,61 mr/r), wo nepesBuLLye KOHTponb Make Ha 70% i cBiguMTb Npo HambinbL
edheKTMBHMI BMNNUB AaHOoI KOMBiHaLT Ha popMyBaHHS Ta QYHKLOHYBaHHA (hOTOCUHTETUY-
HOro anaparty pocnuvH. BapiaHT i3 npenapatom Bumnen (3,38 mr/r) Takox nokasaB BUCOKi
pes3ynbTaTu, OfHAK NOCTYNaBCs BapiaHTy 3 BUKOPUCTaAHHAM KOMOiHaUil 3 AoAaBaHHSM
MgSQO., (puc. 2).

BapiaHT Ne2 Takox AeMOHCTpyBaB MOMITHE 3pOCTaHHS BMICTY xriopodiny (2,82 mr/r),
wo Ha noHag 30% OGinblue MOPIBHAHO 3 KOHTPONiEM, OAHAK MoOCTynaBcs BapiaHTy Ne3.
HanmeHwwe nigBuLLeHHsA cepen AoCNiAHWX BapiaHTiB Bia3HaveHo y BapiaHTi Ne1 (2,58 mr/r),
X04a 1y LIbOMY BUMaKy crnocTepiranacst NosuTMBHa AnHaMika o0 HAKOMUYEHHST NIrMEHTY.

BapiaHT i3 3acTocyBaHHsM npenapaty Bumnen xapakteprayBaBcsi BACOKMU NOKa3-
Hukamu (3,38 mr/r), Lo 3HaYHO NepeBULLLYBanM KOHTPOMbHI 3HaYeHHS (NpMbnnsHo Ha 58%),
npoTe AeLLlo noctynanncs HanedekTUBHILIn kombiHaLii 3 foaaBaHHaM MgSO,. Lle moxe
CBIiQYMTW MPO BaXNMBY pOSib MarHito y npouecax GiocuHTe3y xnopodiny, OCKinbku BiH
BXOAMTb A0 CKragy Moro MOJSIEKYNN Ta akTUBYE psia hepMeHTIB, NOB’si3aHMX i3 POTOCHH-
TETUYHOIO AISINBHICTIO.
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* - pi3HMULA A0CTOBiIpHa NOPIBHAHO 3 KOHTpoaem, p < 0,05
# - pOCTOBIPHO NOPIBHAHO 3 BapiaHTOM, HacCiHHA fAKoro obpobneHe
npenapatom Bumnen-2, p < 0,05

Puc. 2. Bnnue nepednocieHoi 06po6ku HaciHHA KyKypyd3u Memaborsi4HO akmueHuUMuU
peyoeuHamMu Ha emicm ¢homocuHmMemu4YHuUX niameHmie y ¢ghasi sukudaHHs1 eosiomi

Y ¢pasi MOfIOYHOI CTUFMNOCTI BMICT XJTOPOiny y KOHTPOSNIbHOMY BapiaHTi CTaHOBMB
1,92 wmr/r, TOgi 9K y OOCNiOHMX BapiaHTax cnocrepiranocs Moro niasueHHa ao 2,18—
2,64 mr/r. HamBuwimin nokasHuk 6yno sadpikcoBaHo y BapiaHTi Ne3 (2,64 mr/r), wo niareep-
[)Kye CcTabinbHy Ta TpuBany Aito gaHoi kombGiHauii mMeTaborniyHO aKTMBHMX PEYOBUWH
NpPOTAroM ycboro nepiogy seretauii (puc. 3).

BapiaHT Ne 2 Takox OeMOHCTpyBaB MOMITHE 36inbLUEHHs BMICTY xrnopodiny (2,22
Mr/T) MOPIBHAHO 3 KOHTPOMEM, OOHaK NocTynascd BapiaHTy Ne 3 3a iHTEHCMBHICTIO HaKonu-
YeHHs nirmeHTy. BapiaHT i3 3acTocyBaHHAM npenapaty Bumnen (2,46 mr/r) 3anmaB NnpoMix-
He nonoXeHHst Mixk BapiaHTamu Ne 2 ta Ne 3, 1110 cBiguUTb NPO MOro AOCTaTHLO BUCOKY, ane
MEHLL BUPaXKEeHY e(PEeKTMBHICTb NMOPIBHAHO 3 HAMOINbLL akTUBHOK KOMBIHaLiE.
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B Ne 1 sitamiH E N2 2 BitamiH E N2 3 BitamiH E  KOHTponb Bumnen
§. + y6iXiHOH-10 + METiOHiH + + MEeTIOHiH +

S MOBK MNOBK +
'§ MgSO,
,_% * - pi3HMUA AOCTOBiIpHA NOPIBHAHO 3 KOHTpoem, p < 0,05

# - pOCTOBIpHO NOPIBHAHO 3 BapiaHTOM, HacCiHHA AKoro o6pobneHe
npenapatom Bumnen-2, p < 0,05

Puc. 3. Bnnue nepednocieHoi 06pobKu HaciHHSI KyKypyO3u MemabosiyHO akmueHuUMU
pedosuHaMu Ha emMicm ¢ghomocuHmemuyHuUX niaMeHmie y ¢hasi eockoeoi cmuanocmi

Ha 3aBepLuansHOMy eTani po3BUTKY pOCINH (dha3a MOBHOI CTUMMOCTI) TaKoX YiTKO
npocTexyBanacsi nepesara BapiaHta Ne3, y skomy BMICT xrnopodciny ctaHouB 0,87 mr/r.
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Lle nepeBuLyBano KOHTPObHWIM NokasHuk (0,43 mr/r) GinbLu Hik Ha 49%, LLO CBIgYUTBL NPO
TpuBane 36epexxeHHs NO3UTUBHOIO edpekTy nepeanociBHOi 06POBOKN HACIHHS KOMMIIEKCOM
MeTaboni4YHO aKTMBHUX pPeYoBUH (puc 4).

BapiaHT Ne2 3abeanevyBaB NomipHe nigBULLIEHHST BMICTY xropodiny go 0,61 mr/r, a
3acTocyBaHHs npenapaty Bumnen gasano 6nusbkuii pesynstat (0,63 mr/r), Wwo Bkadye Ha
X NpuMbnusHo oaHakoBy edEeKTUBHICTb Ha Ni3HiX eTanax oHToreHedy. BapiaHT Ne1 mas
HaMHWXKYi 3Ha4YeHHs cepe gocrnigHux BapiaHTie (0,46 Mr/r) i npakTyYHO He Biapi3HSBCS Bif
KOHTPONO, WO CBIig4nTb Npo cnablwmin BNAMB AaHoi koMOiHauii Ha nigTpymaHHa ¢oTo-
CUHTETUYHOI aKTUBHOCTI B Nepio 3aBepLLUEeHHs BereTaLlii.

OTpuMaHi pesynbTaTh cig4aTb Mpo Te, WO Hanbinbll edeKkTUBHOKO € KOMOiHaLlist
MeTaboni4YHO aKTMBHUX PEYOBMH Yy cknagi BitamiH E + meTioHiH + NMOBK + MgSO,, (BapiaHT
Ne3), sika 3abe3ne4vye cTabinbHO BUCOKUIA PiBEHb HAKOMMYEHHS XIOpOginy Ha BCixX eTanax
PO3BUTKY POCIIVH.

n
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[EnN

*0,61 I *0,63

0,46 I — 1

S Su/ ©
N RNy o0

o

Ne 1 sitamiH E Ne 2 sitamiH E Ne 3 gitamiHE ~ KoHTponb Bumnen
+ y6ixiHOH-10  + METiOHiH +  + METIOHIH +
NOBK MOBK + MgS0,
* - pi3HMLA [OCTOBIpHA NOPIBHAHO 3 KOHTpoem, p < 0,05
# - pOCTOBipHO NOPIBHAHO 3 BapiaHTOM, HacCiHHA AKoro obpobneHe
npenapatom Bumnen-2, p < 0,05

Bmict xnopodiny B incTkax KyKypyasm,
mr/
—
|_|

Puc. 4. Bnnue nepednocieHoi 06pobku HaciHHsSI KyKypyO3u MemabosiyHoO akmueHuUMU
pevyosuHamMu Ha emicm ¢homocuHmMeuuYyHuUXx nicmMeHmie y ¢ghasi noeHoi cmuasocmi

Taku edpeKkT MOXHaA MOACHUTU CUHEPFIYHOD Ai€t0 KOMMOHEHTIB OOCNIgKYyBaHUX
KkoMnniekciB. 30Kpema, MarHii € LieHTpanbHUM efleMEHTOM MOJIeKynu xsopodiny, Lwo
Des3nocepeHbO BMMBAE Ha MOrO CUMHTE3, TOfi SIK BiTaMiH E BMKOHYE aHTUMOKCUMOAHTHY
GYHKLH0, 3axXMLLa04M XOPONacTy Bi OKMCHOro cTpecy. MeTioHiH Bepe y4acTb y cCuHTESI
OinkiB i perynsiTopHux Crnonyk, a napaokcMbeH3orHa KMcnoTa CTUMYIOE PIiCT i pO3BUTOK
POCIUH, IO OMoCepeaKoBaHO BMnvBae Ha (popMyBaHHS (POTOCMHTETUYHOrO anapary.
MopiBHAHHA 3 nNpenapaTtom BuvmMnen nokasarno, wWo AocnimkysaHi koMOiHaLlil, 0cobnmBo
BapiaHT Ne3, He nuvLle He NOCTynalwTbCs, ane M NepeBuLLYIOTb MOro e(PeKTUBHICTL 3a
34aTHICTIO MiaBMLLYBaTU BMICT (POTOCUHTETUYHMX NirMeHTiB [1-3].

TakvMm YmHOM, nepenociBHa 0bpobka HACIHHS KyKypyA3n MeTabomniyHO akTUBHYMU
peyoBuHamu, 3okpema y komnnekci 3 MgSO,, € epekTUBHUM arpoTEXHIYHUM NPUNOMOM,
LLIO CNpusie NiABULLEHHIO BMICTY Xropodoiny Ta iHTeHcudikauii dOTOCUHTETUYHNX NPOLIECIB,
LLIO, Y CBOIO Yepry, CTBOPIOE NepeayMOBU Ans 3pOCTaHHS NPOAYKTUBHOCTI KyMnbTYpW.

BucHoBku. OTpumaHi pesynbTaTti cBigyaThb, WO nepeanociBHa obpobka HaciHHS
KyKypyasy MeTaboniyHo akTUBHUMW pevyoBMHAMU € e(PEKTUBHUM 3ax0A0M NiABULLEHHS
iHTEHCUBHOCTI (POTOCMHTETUYHMX MPOLIECIB, IO NPOSBISETLCA Y 30iNblUEHHI BMICTY
xnopodpiny Ha BCix eTanax po3BuTKy pocnuH. HanbinbLu BupaxeHun i ctabinbHni edekT
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3abesneyye KoMnrnekcHa gia cnomnyk i3 BkmodeHHaM MgSQO,, WO BKasye Ha OOUIMNbHICTb
CVHEPreTMYHOro NOeAHaHHS BioNOriYHO aKTUBHUX KOMIMOHEHTIB.

3aranom, 3acTocyBaHHSl TakMx 0B6pobOK cripusic OPMyBaHHIO BirnbLl aKTUBHOMO
HOTOCMHTETMYHOIO anaparty POCHUH i MOXe po3rnsgaTucs K NepCnekTMBHUA eneMeHT
TEXHOINOTIT BUPOLLYYBaHHS KyKYPYA3W, CPSMOBAHUM Ha NiABULLEHHS di3ioNoriYHOI CTINKOCTI
Ta NOTEHUINHOT NPOAYKTUBHOCTI KyNbTypu.
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THE EFFECT OF PRE-SOWING TREATMENT OF CORN
WITH METABOLICALLY ACTIVE SUBSTANCES ON THE CONTENT
OF PHOTOSYNTHETIC PIGMENTS

The article investigates the effect of pre-sowing treatment of sweet corn seeds with
metabolically active substances on the content of photosynthetic pigments. The relevance
of the work is due to the need to increase crop productivity by using effective biostimulants
capable of optimizing physiological and biochemical processes of plants. Field studies
were conducted on the basis of the educational and research agrobiostation of the Mykola
Gogol Nizhyn State University using corn seeds of the Spokusa variety treated with
combinations of metabolically active compounds such as vitamin E, ubiquinone-10,
methionine, paraoxybenzoic acid, MgSO,.

It was found that all the studied treatment options contributed to an increase in the
chlorophyll content compared to the control. The highest values of the indicators were
recorded in the option with the addition of MgSO,, which provided the most pronounced
effect, which is confirmed by the increase in the values of the indicators.

Comparison with the drug Vympel showed that certain combinations of metabolically
active substances are not inferior or exceed its effectiveness in terms of the ability to
stimulate the accumulation of photosynthetic pigments. The results obtained are
consistent with the data on the positive effect of these combinations on morphometric
indicators and plant biomass.

The results obtained indicate that pre-sowing treatment of cormn seeds with metabolically
active substances is an effective measure to increase the intensity of photosynthetic
processes, which is manifested in an increase in the content of chlorophyll at all stages of
plant development. The most pronounced and stable effect is provided by the complex
action of compounds with the inclusion of MgSO,, which indicates the feasibility of a
synergistic combination of biologically active components.
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In general, the use of such treatments contributes to the formation of a more active
photosynthetic apparatus of plants and can be considered as a promising element of corn
cultivation technology, aimed at increasing the physiological stability and potential
productivity of the crop.

Keywords: sweet corn, photosynthetic pigments, chlorophyll, metabolically active
substances, vitamin E, methionine, ubiquinone-10, paraoxybenzoic acid, MgSO,.
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BB METABONIYHO AKTUBHUX CMONYK HA ®I1310J710Ir0-BIOXIMIYHI
MNOKA3HUKU CINbCbKOIOCNOAAPCbKUX POCJIUH

BabesrneyeHHs1 8UCOKOI ypoxaliHocmi ma 6ior102i4HOI npodyKmMuUEHOCMI CiflbCbKO20CM0-
OapcbKUX Kyribmyp rpodosxye 6ymu Krito4o8uM 3a80aHHSIM Cy4acHO20 POCIUHHUUMEA.
OOHUM i3 nepcrieKmugHUX WITsIXie 800CKOHANEHHST a2pomexHOsIoeill € 8UKOPUCMAHHS
MemaboniyHO aKmueHUX PeyosuH y npouecax 8UpoWys8aHHs CiflbCbKo20crnodapChKol
podykuyji. BoHu 30amHi 3Ha4yHO akmusizyeamu cbisionoeiyHi ma 6ioximiyHi npouecu 8
pocnuHax, nidsuwysamu ixHro cmilikicme 00 Cmpeco8ux yMo8 i cripusimu 3abe3rneyeHHo
BUCOKUX MOKa3sHUKie epoxatiHocmi. Ocobriugy 8axnusicme Mae G0CiOXeHHs egbekmus-
Hocmi 3acmocyeaHHs MemaboriiyHO aKmUBHUX Peqyo8UH HE20PMOHarbHOI pupodu, Wo
8KJITHOYal0Mb aMiHOKUCIIOMU, 8imaMiHu, crionyku, noOibHi 0o eimamiHie, opaaHidHi KUC/Io-
mu ma makpoesieMeHmu, sKi 6epyms ydyacme y KIo4o8UX fpouecax Mmemaboriamy.
B3asHayeHi crionyku 30iUCHIOIMb 8aXI1USI peayisimopHi ma cmpyKmypHi gbyHKUT, npsimo
8r1/1u8atoyU Ha iIHMeHCUBHICMb ¢hoMOCUHMeMUYHUX Npoyecie, akmusHicmb ¢hepMeHm-
HUX cucmewm, cuHme3s OifiKie, HyKreiHo8uUX Kuc/iom ma 6mOpUHHUX Memaborimis.
AMIHOKUCIIOMU B8UKOHYIOMb He JluWe porib CMPYyKmMypHUX KomroHeHmie 6irnkis, ane
makox eucmynarome SIK CU2HasbHi MOMIeKysuU, W0 KOHMPOIme adanmueHi peakyii
POCIUHHUX Op2aHi3mige. BimamiHu G crionyku 3 eimamiHonoGibHUMU ernacmugocmsimu
aKmueHo 3ary4eHi 0 hyHKUIOHy8aHHSI aHMUOKCUOaHMHOI cucmeMu, Cripusitodu 3axuc-
my KIimuH 8i0 yWKOOXXeHb, CIIpUYUHEHUX okcudamusHUM cmpecoM. OpaaHiyHi Kucriomu
bepymb y4acmsb y peaynsauii KUCIOMHO-TYyXHO020 barnaHcy, 8xodsimb 00 MemabosnidHux
winsixie Yukiy mpukapboHosux kucriom | 3abesnedyromb egekmusHy Mobinizauio
roXusHUX ernemeHmis. MakpoenemeHmu eidigpatomb K/IKHO8Y PO/ib 5K HEBIO eMHI
cknadosi biomornekyr, susHavatoHu rnepebia OCHOBHUX eHep2emuYHUX ma niacmuyHuUX
npouecis y KIiMuHi.

lMumaHHsa wo00 eue4YeHHsT ernnusy mMemabosiiHHO aKmueHUX CrionyK Ha aisionozo-
GioxiMidHi MOKa3HUKU CiflbCbKO20Cro0apChbKUX POCMUH Marmb 8a20Me 3Ha4YyeHHs Ons
Haykogoeo nidrpyHmMsi ma po3pobKu HoesimHix nidxodie Ao nepednocieHoOi 06pObKu
HaCiHHS | 103aKopeHe8020 XUBMEHHST POCIIUH, WO, C80€E Yepaoto, 00380UMb 36irb-
wumu rpodyKkmueHicmb agpoekocucmemM i 3abesnedumu cmabinbHiCmb epoxais.
Knroyosi criosa: memaboriyHO akmugHi pe4yosuHU, 06pobka HaciHHS, aMiHOKUCToOmu,
8imamiHu, opa2aHi4yHi KUCIIomu, MakpoesrieMeHmu.

B ymoBax cbOrofieHHsi cinbcbKorocnogapcbke BUPOOHMLTBO NPOXOAUTL HEMPOCTUN
eTan, CnpsAMOBaHUM Ha OOCATHEHHST OMTUMAaribHOro GanaHcy Mk MigTPUMKOK CTabinbHO
BMCOKOI BPOXXaWHOCTI KyNbTYp | 3MEHLLEHHSM HeraTMBHOMO BMSIMBY HA arpoOeKOCUCTEMM.




dizionorig pocnuH

TpagunuinHi cxemu, siki 6a3yroTbCa NepeBaXHO Ha IHTEHCMBHOMY 3aCTOCYBaHHI MiHepanb-
HUX OOOPUB i XiMiYHMX 3acOBiB 3aXMCTy POCMMH, MOCTYMOBO 4OCAratloTb CBOIX MEX, SK 3
€KOHOMIYHOI, TaK i 3 EKOSOrYHOT TOYKM 30pY. Y LIbOMY KOHTEKCTi BCe BinbLUOi NOnynspHOCTI
HabyBae BUKOPUCTaAHHA MeTaborniyHO aKTUBHMX PEYOBWH HeropmoHanbHoi npupoau. Lli
CrMONYyKN MOXYTb BKpan e(peKTUBHO i LinecnpsiMoBaHO CNpuATU peryrnoBaHHo disionoro-
DioXiMiYHMX NPOLECIB Y POCIMHAX, HABITb MPU 3aCTOCYBaHHI iX Y HU3bKMX KOHLIEHTPALLisIX.

CyuyacHi gocnimpkeHHa 0OBOAATh, LLO OKPIM TpaauuiHuX (iTOrOPMOHIB, 3HaYHY
porb Y perynatopHux i MetaboniyHmx npoLecax BidirpatoTb Taki pe4OBUHM, SIK aMiHOKMUCIO-
T, BITaMiHK, BiTamMiHONOAIOHI pe4YOBMHK, OpraHiyYHi KUCNOTK Ta Makpo- Ta MIKPOENeMEHTU
[1, 2]. HesBaxatoum Ha ixXHI0 MOTEHLIHY eheKTUBHICTb, 0COBNMBO y CUCTEMAX Mo3aKope-
HEBOro XMBMNEHHSA pocnuH abo npu nepeanociBHin 06pobui HACIHHSA, IXHE MpakTU4YHe
3aCTOCYBaHHA Ha CbOrofHi peanisyeTbCs 4OCUTb 0bmexeHo. HaykoBe X 06rpyHTYBaHHS
KOMIMJIEKCHOrO BUKOPUCTAHHS LIMX CMOMYK YacTO Mae HECTINKkuMA abo HeBMopsaKOBaHWUNA
XapakTep, L0 CTBOPOE MEBHI BMKMMKM AN BNPOBaMPKEHHA HOBMX MiAXOAIB Y CydacHOMY
arposnpobHMUTBI [3].

OpHieto 3 NPOBIAHMX KYNbTYP CBITOBOrO POCAMHHULITBA € niueHnus. [i nocisHi nnoL;
nepeBaxaroTb Yy 6inbLLOCTi KpaiH, a i KnyoBa porb y 3abesneveHHi npoaosonsyoi 6esne-
K/ NIOACTBa MOSACHIOETHCA TUM, LLIO 3€PHO L€l KyNbTypu € OCHOBHOK CUMPOBUHOKD ANsi
BMPOOHMLTBA XapyoBUX MNPOAYKTIB. 3aBOSAKM BUCOKIA MOXMBHIA LiHHOCTI, LUMPOKOMY
CNeKTPY 3aCTOCyBaHHs Ta 30aTHOCTI adanTyBaTUCS 4O Pi3HNX EKOMOMYHMX YMOB, MLLEHWLS
oTpumara craTtyc cTpaTeridHol KynbTypu y 6araTbox kpaiHax. BoHa cTaHOBWUTb 3HauHy
YaCTMHY HauioHarnbHMX MPOAOBOSIBYMX 3aMaciB i Bifirpae BaXXMBY porib Y CTabiNbHOCTI
arpapHOro CekTopa eKoHoMiKu [4].

B YkpaiHi nweHnLa Bigirpae Haa3suU4anHoO BaXMBY POrib, 3aMMaroym 3Ha4HY YacTKy
NOCIBHWX NnoLy, i 6yayun OOHIED 3 KMHOYOBUX CTpaTeriYHMX KynbTyp, WO 3abe3neyyioTb
npopnoBosbyy 6e3neky kpainu [5, 6]. CydacHi yMoBM rocnofaptoBaHHs, KIiMaTUYHI 3MiHW Ta
3pOCTalouuUii MONUT Ha NPOAOBONBLCTBO BUMAaratTh NiABULLEHHSA NPOAYKTUBHOCTI MLLUEHWL
Ta yAOCKOHaneHHsa MeToAiB it BupoLLyBaHHs [5]. Ocobnmsi BUKNMKM NOCTalOTh Yepes 3MiHU
KnimaTy, Taki Ik 3poCTaHHsA TemnepaTyp Mig Yac BereTauinHoro nepiogy Ta aMmiHa pexxumis
BOJTOrOCTi, LLIO BKpaW akTyanbHO Arsi MOCYLUITMBUX PETioHIB. [N AOCATHEHHS CTabinbHUX i
BMCOKMX YpoXaiB HeOOXiAHO NOCTIHO BOOCKOHaNBaTWN TEXHOMOri arpoBMpobHULITBa [6].

Y UbOMY KOHTEKCTi BUKOPUCTaAHHA MeTabomniyHO aKTUBHMX PEYOBWH BWUMsiAae
0CoBNMBO NEPCMNEKTUBHUM | aKTyalnbHUM SIK HEBiA'’€MHA CKlagoBa CydacHUX MigXodiB Oo
BMPOLLYYBAHHS 3€PHOBMX KyMbTyp. IX 3HAYEHHs BaXKO NepeoLiiH1TK, 0cOBNMBO B yMOBaX
3pocTatoyol YacToT abioTUYHKX CTPeCiB, siki Aeaani pialle oMUMHaTb YKpaiHChbKi CTEMOBI
Ta nicocTenoBi perioHn. 3BaXkatoum Ha AMHaMIYHI KniMaTU4Hi 3MiHKM Ta 30inbLUEHHS YuMcrna
eKkcTpemarnbH/X NPUPOOHMX SBULL, MeTaboniyHO aKTVMBHI PEYOBMHU MOXYTb CryryBaTu
[JEBUM HCTPYMEHTOM Ans NiATPUMAaHHS CTabinbHOCTI arpoekocucTeM i MiABULLIEHHS
BPOXXaMHOCTI CifTbCbKOrOCMO4aPCLKUX KYNbTYP Y HECMpUATAMBUX yMoBax [1].

[N po3yMiHHA MexaHi3MiB BN/MBY MeTabO0riuHO aKTUBHMX PEYOBWH i OOI'pYHTYBaH-
HS IXHBOI JOLINBHOCTI Y TEXHOMOrISIX BUPOLLYYBAHHS 3€PHOBMX KYNbTYp BaXIUBO AeTanbHO
npoaHaniayBaTtu Lito OKpeMMX rpyn LIMX CrOSTYK Ha KITHYOoBI (hi3ionoriyHi npouecu Ha pisHuX
eranax OHTOreHe3y POCIVH.

[MonboBa CXOXICTb HACIHHA BUCTYMNae OOHWUM i3 BaXKNIMBUX NMOKA3HUKIB, LLO BNNMBa-
H0Tb Ha MaBYTHIO MPOAYKTUBHICTb CiNlbCbKOroCnoaapChkmX KynbTyp. Y cydacHOMY pOCIMH-
HAUTBI depani Ginble yBarM NPUAINAETHCA 3aCTOCYBaHHKO METabosiYHO  aKTUBHMX
PEYOBUH, SiKi CNPUSAOTL CTUMYMALT NPOPOCTaHHA HACIHHA Ta NiABULLYIOTL NOro 30aTHICTb
NPOTUCTOATU HECTIPUATIIMBMM YMOBaM HaBKOSULLHBLOIO cepeaoBULLIa.

AMIHOKMCIOTN HanexaTb [0 OAHIEl i3 Hambinbll rPYHTOBHO AOCHIMKEHUX TPy
MeTaboniYHO aKTMBHUX CMONYK Y 3aCTOCYBaHHi Ans MepeanociBHOi 0OpOOKM HacCiHHS.
O6pobka HACIHHA Y-aMiHOMACISIHOK KUCIIOTOK CTUMYIIOE NPOLLEC NPOPOCTaHHS, aKTUBY-
HOUM CUrHanbHI LWASXKM, SKi perymntolTb reHepaLito nepokcuay BOAHI0, KU B ONTUMAanbHUX
KOHLIEHTpaLisiX BUKOHYE QOYHKLiO MO3UTUBHOIO CUrHamy, LUO iHiLjtoe npopocTaHHa [7]. Y
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pocnigpkeHHi [8] BcTaHoBneHO, WO nepennociBHa obpobka HacCiHHA MweHuui 5-amiHo-
NeBYNiHOBOK KUCIIOTOK 3HAYHO MiABULLYE CXOXICTb HACIHHA Ta CTIMKICTb MleHuui Ao
BMCOKMX TemnepaTyp Ta HecTtadi Boriorn. Lle 3abesnedye BUCOKUIA BiOCOTOK CXOXOCTi
HaCiHHS NMOPIBHSHO 3 KOHTporeMm. Y aocrimkeHHi [9] 6yno BCTaHOBMEHO, O BUKOPUCTAHHS
CTPEC-NPOTEKTOPHMX CMONYK, 30KpeMa aMiHOKUCIIOTM NPOriHY, CNpUse 3Ha4HOMY MOKpa-
LLIEHHIO ¢Pi3ioNoriYHOro CTaHy pPOCMMH COMOAKOro MepLto 3a YMOB COMbOBOro crpecy. Lle
MO3UTUBHO NO3HAYaETLCS HA POCTOBUX MpoLiecax Ha MoYaTKOBKX eTanax ix po3BuTKy. Xo4a
OCHOBHa yBara B poboTi NpuainseTbca BEreTylouMM pocnmHam, BUSBIEHI MEXaHi3mMu, Taki
SK 3HVKEHHSI MPOHMKHOCTI MeMBpaH Ansi enekTponiTiB, 3MEHLUEHHSI PIBHS MarioHOBOroO
Jdianbaerigy n akTuBHMX OOPM KMUCHIO, @ TaKOX NiABULLIEHHS aKTUBHOCTI aHTUOKCUOAHTHUX
depMeHTIB, € BaXIMBUMKU | O NPOLECIB NPOPOCTaHHA HacCiHHA B ymMoBax cTpecy. Y
pocnigxeHHi [10] 6yno BM3Ha4eHo, WO no3akopeHeBa 0bpobka pocnuH L-meTioHiHOM 3a
YMOB BOAHOIO AediumTy MO3UTMBHO BMnMBara Ha Kr4oBi MOKa3HMKM poCTy rapbysa.
3okpema, Big3Havanucst 30iMbLUEHHS CMPOiI Ta CyXOi Macu MaroHiB, a TakKoX 3POCTaHHS
OOBXWHM SIK NAroHiB, Tak i KOPEHiB. AHani3 OTPUMaHUX AaHWX OO3BOMNMB HaYKOBLISIM 3PO-
©OUTV BMCHOBOK NPO 34aTHICTb METIOHIHY CTUMYMOBaTK npouecu pocTy. Lle BuaBnseTbca
0COONMMBO BaXNMBUM [N PaHHIX (a3 PO3BUTKY POCIWH, apKe 3aCTOCYBaHHsI L€l
PEeYOBUHM CIPUSE NIABULLEHHIO eHepril NPOPOCTaHHS HAaCiHHS Ta NMOKPAaLLEHHIO X CXOXOCTi
HaBiTb 3a YMOB CTPeCOBUX (PaKTOpiB HABKONMULLHBLOTO cepeosuila [11]. Y gocnimkeHHi [12]
BCTa@HOBIIEHO, WO MepeanociBHa 0bpobka HaCiHHA COi aMiHOKMCIOTaMW, TakuMu SIK
acnapariHoBa KUCroTa, rfyTamMiHoBa KUCIoTa, NENUUH, NPONiH, Ni3vH i BaniH, NO3UTUBHO
Nno3Ha4YaeTbCqd Ha MeTaboniyHin aKTMBHOCTI MPOPOCTKIB. Llen BMMMB BUpaXaeTbcs Y
3Ha4YHOMY MOCWIEHHI CUCTEMWN aHTUOKCUOAHTHOIO 3aXUCTY POCIMH, @ caMe Y NiOBULLEHHI
aKTUBHOCTI KIYOBMX (hepMeHTIB — ackopbaTtnepokcuaasn Ta rnyTaTioHpeaykTasn, siki
BMKOHYIOTb Ba&XIUBY POfb Yy HemTpanisaii akTuBHUX (POpPM KMUCHIO B nmcTkax coi. Lle
[03BOMSE 3HAYHO 3HU3UTK piBEHb OKCMOATMBHOIO CTPECY Ha paHHiX eTanax pO3BUTKY
pocnuH. JocnigHykn ocobnmBo HaronoLwyTb Ha YHIBEPCANBbHOCTI 3aCTOCYBaHHS aMiHO-
KMCHOT, SIKi MOXYTb BUKOPUCTOBYBATUCh He NuLle Ans nepeanociBHOI 06pobkn HaCiHHS,
ane 1 AnNa No3akopeHeBOro nimpkmeneHHda. Taki 3axoon BUABMIUCA e(EeKTUBHUM
MEeXaHi3aMoM perynauii pocTy Ta MigBULLIEHHSA CTIMKOCTI KynbTypyn 40 CTPECOBUX YMOB.

Y pocnigxenHi [13] BcTaHOBUNN, LLO €K30reHHe 3aCTOCYBaHHSA MosliaMiHiB, TakMX sK
CnepMmiH i NyTPecuuH, CNpuse 3HA4YHOMY MiOABULLEHHIO MOCYXOCTIMKOCTI MLIEeHWL.
HesBarkaloum Ha Te, L0 rOfiOBHA yBara npuainanacs BrfmvBy LUX PEYOBWH Ha BEreTytoui
POCIVHN, BEXIMMBO 3a3HAYMTW, LLO MOMiaMiHN TaKOX BWUKOHYKOTb HaA3BUYaWHO BaXNuBI
QYHKUiT Ha noyaTKoBUX eTanax PO3BUTKY POCMMH — 30Kpema, Yy MpoLueci NpopoCTaHHA
HaciHHS. IxHa ponb nonsrae y perynauii noginy KnituH, CTUMYmoBaHHi CUHTE3Y HyKNeiHo-
BMX KMCIOT i 3a6e3Mne4eHHi 3axXmCTy KINITMHHUX MeMOPaH Bif, MOLLKOPKEHHS, ke MoXe ByTun
CrpUYMHEHE OKCMAATUBHMM CTPECOM. Buxoasium 3 Lporo, nepeanociBHa o6pobka HaciHHSA
3a [JOMNOMOroK0 MoniamiHiB po3rnagaeTbCs K NepCneKTUBHUNA | ePEKTUBHUN MeToa And
NiOBULLIEHHST eHeprii MPOPOCTaHHA HACIHHSA MLWEHWLi, a TakoX 3abe3neyeHHst ii BUCOKOI
MONbOBOI CXOXOCTi HABITb 38 YMOB OOMEXEHOIO 3BONTOXKEHHS.

KntoyoBy ponb y mMeTaboniyHMx npouecax, Lo iHTEHCMBHO aKTUBYKOTHCA Nifg Yac
NPOPOCTaHHA HAaCiHHA, BigirpaloTb BiTaMiHM Ta BiTamiHonodibHi cnonykn. B pamkax
HayKoBOro AocnigkeHHs [14] Oyno BCTaHOBMEHO, L0 BiTamiHW, 0COGNMBO BiTaMiHM rpynu
B, BiTamiH C Ta E, BUKOHYI0Tb (OYHKLiIO SIK BioCTUMYNATOpU pocTy pocnuH. Lle 3ymosneHo
IXHBOIO Y4aCTIO B SIKOCTi KOHAKTOPIB (hepMeHTaTMBHUX peakLin, perynaTopHUMK BnacTu-
BOCTSIMU Y QOYHKLIOHYBaAHHI CUTHaNbHUX LWASXIB Ta 3aXMCTOM KIITUH Big, OKCUOATUBHOIO
cTpecy. BitamiHm rpynu B, Taki sik TiamiH, MipUOOKCUH i HiauuH, CTUMYMOIOTL poboTy
KMYOoBUX (PepMEHTIB AMxanbHOro naHuora, Lo 3abesnevye eHeprito ana mobinisavii
3anacHuX peyoBuH eHgocnepMmy. Y npaugax [1, 11] nigkpecntoeTbes, WO eK30reHHe 3acToCy-
BaHHA O-TOKOpbeposy iCTOTHO MiOBMLLYE CXOXICTb HACiHHSA MLEHWUi, CNpUsie pPO3BUTKY
KOPEHEBOI CUCTEMM | CTUMYIIOE PICT NaroHiB B yMoBax Mocyxu. [pyna amepukaHCbKUx
BYEHMX BMBYara BrnvB nepeanociBHol 06pobkn HACIHHS ackopBIHOBOKD KMCNOTO (BiTaMiH
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C) Ha pict Ta possutok BirHu (Vigna unguiculata L.) [15]. BctaHoBneHo, wo obpobka
HaCiHHA PO34YMHOM acKopBIHOBOI KMCMOTW CYTTEBO MOKpaLLMIIa E€HEprilo MPOPOCTaHHS,
NOMbOBY CXOXICTb, @ TAKOX JOBXMHY Ta Macy NaroHiB i KOPEHiB MOPIBHAHO 3 KOHTPOEM.
ABTOpU poBnATL BUCHOBOK, LLIO ackopbiHoBa KMcnoTa Aie sk epekTnBHUI BiocTuMynsTop,
AKUA MOXHA pekoMeHOyBaTh AN MOKPAaLLEHHs! MOCIBHUX SIKOCTEW HaCiHHS Ta paHHbLOro
POCTY POCIVH.

MopsAa i3 BiTamiHaMK, opraHiyHi KUCNOTU TakoX BifirpaloTb BaXKNMBY porb Y pery-
nauii metabonivyHMX NPoLEeCiB B TKAHMHAX POCNMH. [JOCHiMKY0UM BNAMB PI3HNUX OpraHiyHnx
KWCIIOT, TaKMX SK NMMOHHA, s0ny4Ha, OypLUTMHOBa Ta OLTOBA, HA NPOLEC NPOPOCTaHHS
HaCiHHS Ta MOYaTKOBUW PIiCT MPOPOCTKIB KiflbKOX BMAIB POCiMH [16], rpynotd BYEHWUX
YCTaHOBIEHO, LLIO HM3bKi KOHLEHTpaL,i U1X KACHOT CNpUsinu NigBULLIEHHIO eHeprii npopoc-
TaHHS | NOJOBXEHHIO KOPEHEBOI CUCTEMU, TOA| SIK BUCOKi KOHLIEHTpaLlii NposiBUIK iHribyto-
YA BNAMB. HalCunbHIlWMIA NO3UTUBHWUIA edhekT Manu BGypLUTMHOBA Ta IMMOHHA KUCIOTH,
SKi CNPUANM akTMBaLLil 0-aminasu Ta NigBULLIEHHIO BMICTY PO3YMHHUX LIYKPIB Y MPOPOCTKaX.
JocnigHykn npunycTunu, Wo CTUMYNIOKYNA €DEKT HU3bKUX KOHLIEHTPALin 3yMOBIEHUN
MOCUIEHHAM AMXanbHoro metaboniamy Ta akTuBisauieto umkny Kpebca. [ocnimkytoum
BrAUB CaniyunoBoi KUCMOTK Ha (Pi3ioNoriyHi BNacTUBOCTI CiNMbCbKOrocnoaapCbKux KynbTyp
BYEHI AivNmM A0 BUCHOBKY [17], Wo nepeanociBHa 06pobka HACIHHA caniuMnoBOK KUCHO-
TOO CNPUSiE MOKPALLIEHHIO MPOPOCTAaHHS | POCTY POCINH B yMOBax cTpecy. Lle BinbyBaeTbcs
3aBAOSKM aKTMBaUil aHTUOKCUMOAHTHUX (PepMeHTiB, Takux $K CynepokcuaamcmyTasa,
KaTanasa i nepokcuaasa, siKi 3HWKYIOTb piBEHb aKTUBHUX (POPM KUCHIO Ta HaKOMUYEHHS
MaroHoBoro gianegerigy. Caniumnosa KMCNoTa TakoX CTUMYITHOE HAKOMMYEHHS OCMOMpPO-
TEKTOpIB, 30Kpema NporiHy Ta PO34YMHHUX LIYKPIB, LLIO MOKpaLLye BogHMI banaHc i cTabinb-
HICTb MeMBpaHHUX CTPYKTYp pocnuH. [JoaaTkoBO, BUKOPUCTAHHA CaniLMroBOi KMUCMOTU
NigBULLYE KINbKICTb (POTOCMHTETUYHUX MIrMEHTIB Ta edeKTUBHICTb hOTOCUHTE3Y. BoHa
goriomarae nigTpumMyBaTy iOHHUA TOMeocTas i MOAYIE ropMOHarnbHWUIA GanaHc: NoCuIioe
CVHTE3 ribepeniHiB i 3HWXKYE KOHLIEHTpaLito abCcLmM30BOI KMCNOTU. YCi Ui edpekTn B Cykyn-
HOCTi 3Ha4YHO MOKpaLLYyOTb CTPECOCTINKICTb POCAVH, NIABULLYIOTb iX BPOXAMHICTb Ta AKICTb
npoaykuii. B pesynbTtaTi NopiBHANBHOrO AocnigkeHHsi [18] BnnuBy nepeanociBHoi 06po6ku
HacCiHHA Spoi Ta O3MMOI MLWEHWL MapaoKCMOEH30MHOK Ta CaniuMnoBOK KUCIIOTOK
BCTAHOBIEHO, LIO NapaokcMbeHsonHa kucrnoTa nigsuwyBana MOPO3OCTINKICTb O3UMOT
NLEHULi Ta CTINKICTb ApOoT NLEeHUL 40 KOpOTKOTpMBasiol nocyxu. Ha BigmiHy Big napaokcu-
OEH30MHOT KMCMOTW, camniuuioBa KWUCMOTa 3HWKYBamna Lj MOKAa3HMKW, HaBiTb 3a YMOB
NiABULLEHOT aKTUBHOCTI aHTUOKCUAAHTHUX (PePMEHTIB. TOX, NnapaokcMbeH3oHa K1cnoTa €
eEKTUBHILLNM 3aCOO0M AN MOCUIEHHS CTIMKOCTI NWeHWLi 40 abioTUYHUX CTPECIB, TaKMX
SK nocyxa Ta MOpO03, Y MOPIBHSHHI i3 caniunnoBolo KUCroTo. Mpy ubOMYy NO3UTUBHUI
edeKT Bif il BUKOPUCTAHHSA HEe 3aBXauW NOB’sA3aHNI 3i 36iNbLUEHHAM aKTUBHOCTI aHTUOKCK-
OaHTHUX hepMEHTIB.

Okpim 3ragaHux paHille opraHiyHMX CrosfyK, MakpoeneMeHTU BifirpatoTb Hag3Bu-
YalrHO BaXkNMBY Porib Y CKNadi MeTaborniyHo akKTUBHNX pedoBUH. MakpoenemeHTu, Taki siK
asoTt, docdop, Kanin, KanbLin, MarHiv i cipka, BUCTYNaKTb KMOYOBMMMU KOMMOHEHTaMU
BaXKITMBMX BioMonekyri, 3okpeMa BinkiB, HyKNeiHOBKX KUCIOT, xropodiny Ta AT®, 3abesne-
YYOUM KITITUHAM eHepreTUyHy NigTPUMKY, CTPYKTYPHY LifiCHICTb Ta perynatopHi goyHKUIT
[19]. OnTManbHW piBEHb LMX €neMEHTIB BU3HAYa€ iHTEHCUBHICTb KIITUHHOrO Moainy,
PO3BUTOK KOPEHEBOI CUCTEMW, aKTUBHICTb (POTOCUHTE3Y Ta 3aranbHy MNpPOAYKTUBHICTb
pocnuH. ObpobKa HaCIHHS PO3YMHaAMM MAKPOESIEMEHTIB Nepes NOCIBOM € pe3yrbTaTUBHUM
arpoTexHiyHMM 3axodoM, Lo 3abesnevye pocnvMHaMm [OOCTYNHE XMBMEHHSA Ha paHHiX
CTafigax po3BUTKY, KOMM KOpPeHeBa cuctema Lie He cdpopmyBanachk noBHicTio. B gocni-
pkeHHi [20] nokasaHo, WO BUKOPUCTAHHA MakKpOereMeHTIB Yy CKafi COMbOBMX PO34YMHIB
0N nepeanociBHOi 0O6pOOKM HAaCiHHS CTMMYMIOE aKTMBI3aLil0 paHHIX MeTabosniuHux
npoLeciB, BKMNOYao4uM MiaBULLEHHS DEPMEHTATUBHOI aKTMBHOCTI, MOCUNEHHSA aHTMOKCU-
[AHTHOro 3axucTy Ta crabinisauito KMiTMHHUX MeMbpaH. 3aBasikM LibOMY LOCAraeTbes
wBeuaLe i 6inbl piBHOMIPHE NPOPOCTAHHSA HACIHHS, 3pOCTaE XUTTE3AATHICTL MPOPOCTKIB i
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noninwyeTbcsa X aganTauinHuid noTeHuian. JocnimkeHHs [21] nigTBepoKye, WO a3oTHe
XKMBIEHHS Bifirpae Kno4voBy posb Y NigBULLEHHI BPOXAMHOCTI O3UMOI MLUEHWULL, a TaKoX Y
36inbLUeHHI BMIiCTY Ginka B 3epHi. B gocnimkeHHi [22] npogeMoHCTpoBaHo, Wo nepea-
nociBHa 06pobka HaCIHHS MLUEHWL CONAMM Kanito Ta MarHito € NepcnekTMBHUM METOAOM
ONTMMI3aLil NOCIBHUX BMACTUBOCTEMN i CTUMYIMIOBAHHSA MOYATKOBOIO PO3BUTKY POCHMH.
3okpema, 3aMouvyBaHHSA HaciHHS Yy po3unHi KNO; npu3Beno Ao 3Ha4YHOro nigBULLEHHS
€Heprii NPOPOCTaHHS Ta 36iNbLUEHHST AOBXMHM NpopocTkiB. BukopucTtanhs K,SO, cnpusano
HaMBINbLLOMY MOAOBXEHHIO KOPEHIB Ta HAPOCTAHHIO CyXOi Macu MPOPOCTKIB, O Mae
BaXIMBE 3HaYeHHs Ans oopMyBaHHS 34OPOBOI KOPEHEBOI cuctemn. B gocnimkerHi [23]
Byno BCTAHOBIIEHO, LLIO 3aMOYYBaHHS HACiHHS Y po3dnHi MgSO, nosuTtMBHO BNNvMBae Ha
HM3KY (Di3ioNoriYHMX MoKasHMKiB. Taka obpobka crnpusna nigBULLEHHIO KOHLUEHTpaLii
POTOCUHTETUYHMX NIrMEHTIB i BiNKiB, L0, CBOEID YEProto, NoKpaLLye npoLiec POTOCUHTESY
Ta 3aranbHe (YHKUIOHYBaHHS POCMMH Y paHHIn asi po3BUTKY. Takum YMHOM, 3aCTOCY-
BaHHSA BiANOBIOHMX COMbOBMX PO3YUHIB MOXE CTaTh LiEBUM IHCTPYMEHTOM MiOBULLEHHS
NPOOYKTUBHOCTI 3€PHOBUX KyIbTYp.

BucHoBKW. AHarmi3 cy4acHMX HayKoBUX AOCHiMKEHb 3acBigyye, WO MeTabosniyHo
aKTVBHi PEYOBMHM HErOPMOHArNbHOMO MOXOMKEHHS, A0 SKMX HanexaTb amiHOKUCIOTW,
BiTaMiHW, BiTaMiHONOAiOHI PeYOBMHKN, OpraHivHi KUCNOTU Ta MakpoeneMeHTn, € edeKTuB-
HUMW Ta ekonoriyHo BesnevHnmn 3acobamm perynsdii gisionoro-6ioxiMidHMX npoLecis y
CiNbCbKOrocnoapchbkmx pocnuH. BogHouac ix ehekTUBHICTb 4EMOHCTPYE 3HauHy Bapia-
OernbHiCTb, ka 3yMOBIEHA CKINaHOK B3aEMOZIEH Pi3HMX haKTopiB, 30Kpema BionorivyHnmm
0COBNMBOCTAMU KyNbTYpW, KOHLIEHTpAaLiet0 aKTMBHOI CMOSyKM, METOOOM BHECEHHSA Ta
CTafielo po3BUTKY POCIHUH. HesBaxkatoum Ha Baromuii HaykoBUI JOPOBOK Y AOCHIMKEHHI
MexaHi3aMiB [fji Takmx pevoBMH, MUTaHHS CTBOPEHHS Ta aganTauii GionpenapariB Ha ix
OCHOBI ANS KOHKPETHUX CifTbCbKOrOCMOAAPCHKUX KYNbTYP Y PI3HUX I'PYHTOBO-KMIMaTUYHMX
ymMoBax notpebye noaanbsLLoro rpyHTOBHOIO BUBYEHHS. OTprMaHi pedynbTati (hopmyoThb
TeopeTuyHy 6a3y i MaloTb NPaKTUYHE 3HAYEHHST ANS BNPOBaAKEHHS eKOSoriyHO 6e3neyvHmnx
TEXHOJTOrIN, CNPSIMOBaHMX Ha NiOBULLEHHST BPOXaMHOCTI, MOKPaLLEeHHsT SIKOCTi npoayKuii Ta
3MiLHEHHS CTIMKOCTI CiNbCbKOroCnoAapChkmX KynbTyp 40 CTPECOBUX (haKTopiIB, Lo HabyBae
0CcoBnMBOI BaXNMBOCTI B yMOBaX rrobarnbHuX KniMaTUYHUX 3MiH.
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INFLUENCE OF METABOLICALLY ACTIVE COMPOUNDS
ON THE PHYSIOLOGICAL AND BIOCHEMICAL INDICATORS
OF AGRICULTURAL PLANTS

Ensuring high yields and biological productivity of agricultural crops continues to be a key
task of modemn crop production. One of the promising ways to improve agricultural
technologies is the use of metabolically active substances in the processes of growing
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agricultural products. They are able to significantly activate physiological and biochemical
processes in plants, increase their resistance to stress conditions and contribute to
ensuring high yield rates. Of particular importance is the study of the effectiveness of the
use of metabolically active substances of a non-hormonal nature, including amino acids,
vitamins, vitamin-like compounds, organic acids and macroelements that participate in
key metabolic processes. These compounds perform important regulatory and structural
functions, directly affecting the intensity of photosynthetic processes, the activity of
enzyme systems, the synthesis of proteins, nucleic acids and secondary metabolites.
Amino acids perform not only the role of structural components of proteins, but also act
as signaling molecules that control the adaptive reactions of plant organisms. Vitamins
and compounds with vitamin-like properties are actively involved in the functioning of the
antioxidant system, contributing to the protection of cells from damage caused by
oxidative stress. Organic acids participate in the regulation of acid-base balance, enter
the metabolic pathways of the tricarboxylic acid cycle and ensure effective mobilization of
nutrients. Macroelements play a key role as integral components of biomolecules,
determining the course of the main energy and plastic processes in the cell.

The issues of studying the influence of metabolically active compounds on the
physiological and biochemical parameters of agricultural plants are of great importance
for the scientific basis and development of new approaches to pre-sowing seed treatment
and foliar plant nutrition, which, in turn, will allow increasing the productivity of
agroecosystems and ensuring crop stability.

Key words: metabolically active substances, seed treatment, amino acids, vitamins,
organic acids, macroelements.
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®I310M10rM4YHI NOKA3HUKU AYMEHIO APOIO 3A MEPEAMNOCIBHOI
OBPOBKU HACIHHA METABOJTIYHO AKTUBHUMW PEMOBUHAMU

Spuli 54MiHb € OOHIE0 3 MPOBIOHUX 3€PHOBUX Kyribmyp, WO Ma€ 8axsuee 3HavYeHHs Orisi
agpapHo20 cekmopy YKpalHu ma iHWux KpaiH. 5K Kyfibmypa 6eCHSIHO20 eucisy, 6iH
rpoxodums Mo8HUU UUKIT pOo38UMKY MPOMsieoM 00HO020 ee2emauiliHoao nepiody, wo
3abesrneqye MOXrusicmb (020 8UPOWY8aHHSI 8 Pe2ioHax i3 XO0no0HUMU 3uMamu ma
HecmabinbHUMU KliMamuyHUMU yMo8aMu. ST4MiHb LWUPOKO 8UKOPUCMO8YHMb Y KOPMO-
8uUpobHUYMEI, nueosapHili MPoMuUCcI080cmi Orisi OmpUMaHHs1 coriody, @ MaKkoX y Xap4o-
8ili cgbepi. 3as0siku suCoOKOMy emicmy Kpoxmasio ma binka 6iH € YiHHUM KOMIOHEHMOM
KOopMosuUX cymiued.

Baxrnusum 4YUHHUKOM pocmy ma npodyKmueHoOCmi Sipo20 SIYMEHK € pPO38UMOK

KopeHeeoi cucmemu. BoHa 3abesnedyye pocnuHu 800010 U MOXXUBHUMU peqosuHamu, a i

aKkmueHe ¢bopMy8aHHs1 Ha paHHIX emarax OHMozeHe3y nidsullye CmiliKicmb Kysibmypu
00 Hecripusimugux ymoe Q0eKins. Y 36’A3Ky 3 UuM akmyalrbHUM € 3acmocyeaHHsI
riepedriocigHoi 06pObKU HaciHHS MemaboriiYHO akmu8HUMU peqyosuHaMU SIK eflieMeHmy
CyyacHUX mexHosoeili sUpowysaHHsI 3epHO8UX Kyribmyp. [ocnidxeHHs ceid4amp, Wo
MemaborTiyHO aKmUBHI PEYOBUHU CIMUMYSIOIOMb YMEOPEHHS KopeHie. Ix dis nos’asaHa 3
peaynsuieto 20pMoHaribHo20 basiaHcy, akmueisauiero KiimuHHo20 nodifly U pocmy 8 30Hi
KOpeHesux MepucmemM, Wo crpusie ¢popmyeaHHo BirbLU pO38UHEHOT KOPEHEBOI cucmeMu.

Lle mae ocobruse 3HavyeHHs1 011 P00 AYMEH!o, KUl Yymiiusut do degbiyumy eoroau
ma enemeHmig xuerneHHsl. [lepedrnocieHa 0bpobka HaciHHS cripusie 36irbUWEHHIO Kirlb-
Kocmi do0amKo8UX KOPEHI8 i MOCUSTIEHHIO IX pocmy, WO MOoKpauwye 3aC80€EHHSI IPYHIMO8UX
pecypcie ma adanmueHi ernacmusocmi pocriuH. BodHodYac eghekmusHicmp Oii memabo-
JIIYHO aKmueHUX Peqyo8UH 3anexumb 6i0 ix ckriady, KoHueHmpauii ma 6ionoaidHux
ocobnusocmeti copmy. HedocmamHb0 G0CriO)eHUM 3auuacmecs ernnue rnepedrnocie-

HOI 06pObKU HaciHHS MemaboriYHO akKmuBHUMU Pevyo8UHaMU Ha PO38UMOK KOPEHEBOI

cucmemu 5ipo20 IYMEHH0 8 yMoeax YepHigiecbkoi obriacmi.
Knroyosi _crniosa: kopeHesa cucmema, 6iyHi KOpeHi, Xropoin, bomocuHmMemuyHi
riemeHmu, KyueHHS, KOrlOCIHHS.

MNoctaHoBKa npobnemu. B ymoBax Cy4acHOro CinbCbKOrocnogapcbkoro BUPO6-
HULTBA aKTyalnbHUM € MOLYK ed)eKTMBHMX CMOCOOIB NiABULLIEHHST NMPOAYKTMBHOCTI SPOro
SAYMEHIO Ta MOro CTIMKOCTI A0 HecnpuatTnmemux dakTopie AoBkinNna. OgHUM i3 KNHOYOoBUX
YMHHMKIB, O BM3HAYalOTb PICT i PO3BUTOK POCIMH, € (POPMYyBaHHS MOTY)XHOI KOPEHEBOT
cuctemun, ska 3abesnevye edeKkTUBHE MOrNUHaHHS BOAW Ta eNeMEeHTIB MiHeparibHOro
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XunBneHHsi. OcobnMBOro 3Ha4YeHHs Lie HabyBae B yMOBax HECTabINbHOMO 3BONIOXKEHHS Ta
3HVKEHHS pOAIOYOCTI I'PYHTIB, XapaKkTepHuX ang 6araTbox perioHiB YKpaiHu.

Cepep, cydacHMX arpoTEXHOSIONYHMX 3aXOA4iB 3HAYHY yBary npuainsioTe nepeano-
CiBHin 00po6Li HaciHHA isionoriyHo Ta MeTaboriyHO aKTUBHUMN PEYOBMHAMM, 30ATHUMM
CTUMYNIOBaTN MNPOPOCTAHHS HACIHHS, aKTMBI3yBaTW MPOLIECU KOPEHEYTBOPEHHA Ta nia-
BMLLYBaTW afanTvBHI MOXMMBOCTI pOCnuMH. BogHovac eeKTUBHICTb Al TakMx peyoBuH
3anexuTb Big iX cknagy, KOHLEHTpaLi, yMOB BUPOLLYBaHHS Ta 6ionoridyHmx ocobnmBocTemn
KynbTypu. HesBaxaroun Ha HasiBHICTb OKPEMUX AOCHIMKEHb LLIOA0 BUKOPUCTAHHA CTUMYNS-
TOpIB POCTY Y 3epHOBUX KyNbTyp, BNNMB nepennociBHoOi 06pobku HaCiHHA MeTaboniyHo
aKTVIBHUMW PEYOBMHAMM Ha PO3BUTOK KOPEHEBOI CUCTEMW SIPOrO SYMEHIO B YMOBax
YepHiriBcbkoi 06nacTi BUBYEHWI HEOOCTATHLO. Lle 3ymMOBntoe HeobXigHICTL NpoBeaeHHS
JocnigxeHb, CNpsiMOBaHNX Ha OLHKY e(peKTUBHOCTI 3aCTOCYBaHHS TakMX PEYOBMH Ta iX
BMAMBY Ha MOPAO-Qi3ioSNOrivHi MOKA3HMKN POCHMH APOro SYMEHIO.

AHani3 octaHHix gocnimxeHb i nybnikadin. di3ionoriyHi NokasHWKN Aporo ssume-
HIO 3HAYHOK MIPOK 3anexaTb Bif YMOB BUPOLLYBaHHA Ta 3aCTOCYBaHHS Cy4YaCHWX
arpoTEXHOSOMNYHMX NPUAOMIB, 30KpeMa nepeanociBHOi 0b6pobku HacCiHHA disionoriyHo
aKTMBHUMK pedoBuHaMn [1-5]. Y cydacHuX OOCRIoKEHHSX 3Ha4YHa yBara npuainsetsca
noLlyKy cnocobis NiaBULLIEHHS NPOAYKTUBHOCTI 3€PHOBMX KYMNbTYP LUNSXOM CTUMYHOBAHHS
dizionoro-6ioxiMi4HMX NPOLIECIB ¥ POCIMHAX Ha paHHIX eTanax OHToreHesy [6].

BcraHoBneHo, Lo nepeanociBHa 06pobka HaciHHS i3ioNoriYHO akTUBHMMU PEYOBU-
HaMW NO3UTMBHO BMNSIMBAE Ha EHEPrit0 NPOPOCTAaHHS, CXOXICTb HACIHHS Ta IHTEHCUMBHICTb
pocToBux npouecis [7]. JocnigHukn BiA3Ha4atoTh, LLO 3aCTOCYBAHHS CTUMYMATOPIB POCTY
cripusie akTuBisauii pepMeHTaTMBHOI AisNbHOCTI, MOCUITEHHIO CUHTE3Y BinkiB i hOTOCUH-
TETUYHMX MITMEHTIB, a TaKoX ONTMMI3aLlii BogHOro obmiHy pocnuH [7, 8]. OcobnuBy porb y
dopMyBaHHI NPOAYKTUBHOCTI APOro S4MEHHO0 Bifjirpae OTOCMHTETUYHMI anapat, ecbekTus-
HICTb (PYHKLOHYBaHHS SKOro BM3HAYaeTbCS BMICTOM XIOpodiniB Ta iHTEHCUBHICTIO HaKo-
NMUYEHHST OpraHivHOI peyvoBuHHU [8].

3a gocnimKkeHHAMN BYEHNX, i3ioNOriYHO akTMBHI PeYOBMHWU 34aTHI perynioBaTth
ropMOHarnbHUIM GanaHc POCnvH, CTUMYIIOKYM NPOLLECH KMITUHHOTO Noainy Ta pocTy [8]. Lie
CNpUse akTUBHILLOMY (0OPMYBaHHIO NINCTKOBOI NOBEPXHi, MOCUMEHHIO PO3BUTKY KOPEHEBOT
cvCTEMM Ta MiOABULLIEHHIO afanTUBHOMO NMoTeHLjiany pocnvH Ao Aii abioTUYHUX CTPECOBUX
YMHHWKKIB [6, 9]. [eski aBTopu BKa3yoTb, LLO nepeanocisBHa 06pobka HaCiHHs ¢hisionoriyHo
aKTUBHUMMW pedoBUHUMK 3abe3nevye 36inbLIeHHsa BMICTY xropodiny a i b, o No3uTUBHO
BMfMBaE Ha IHTEHCUBHICTb (DOTOCUHTE3Y Ta NPOAYKTMBHICTb 3€PHOBUX KyrbTyp [8].

BaxnmBmMM nokasHUkKom qpi3ionoriyHOro CTaHy poCivH € TaKoX PO3BUTOK KOPEHEBOI
cuctemun, gka 3abesnevye edekTUBHE MNOrMUHaHHS BOAW Ta eneMeHTIB MiHeparbHOro
XuerneHHs [5]. [oBedeHo, IO CTUMYMATOPUM POCTY MOXYTb MOCWUMOBATU pPU3OreHes,
36inbLUyBaTK KiNbKiCTb OAATKOBUX KOPEHIB Ta iX JOBXMWHY, L0 MNOKPALLYE BUKOPUCTAHHS
I'pyHTOBMX pecypcis [6, 9]. Lile mae ocobnumee 3Ha4YeHHs Ans Aporo S4YMeEHH0, SKUA XapakTte-
pU3yeTbLCS NiIABULLLEHOO YYTNMBICTIO 40 AediuuUTy BOSOMM Ta NOXUBHUX PEYOBUH [5].

HesBaxaloun Ha 3HaA4Hy KinbKiCTb AOCHIpKEHb, MUTAHHA BNAMBY MNepegnociBHOI
06pOoBKM HACIHHS MeTabOoMiIYHO aKTUBHUMK PEYOBMHAMM Ha (i3ioNOriYHi NOKa3HUKM SpOro
SUYMEHIO B KOHKPETHMX I'PYHTOBO-KIMIMaTUYHMX YMOBAaX, 30Kpema B ymMoBax YepHiriBCbKOT
obnacrTi, 3anMwaeTbcs HedOCTaTHEO BUBYEHVMN.

MeTa cratTi. JocnigpKeHHs BNMBY NepeanociBHOi 00pobku HaCiHHA MeTaborivHO
aKTUBHUMMW PEeYOBUHAMM Ha i3ioNorivHi MOKa3HMKM SYMEHIO SPOTO.

Buknag ocHoBHOro martepiany gocnimkeHHs. [Ing npoBefeHHs OOCHiMKEHb
Oyno BMKOPUCTaAHO SpuiA A4MiHb copTy MapiaH, cTBopeHun Ha HociBCbKii cenekuinHo-
pocnigHin ctaHuii. CopT xapaKTepu3yeTbCsl CKOPOCTUMMICTHO, MOCYXOCTIMKICTIO Ta NiaBuLLe-
HOHO CTIlKICTHO O OCHOBHMX IPUOHNX 3aXBOPHOBaHb, 30KpeMa BOPOLLHUCTOI pocy, Bypoi ipxki
Ta renbMiHTOCMOpPIO3y. BiH pekomeHaoBaHUn ONa BUMPOLLYBaHHS B yMoBax Jlicocteny Ta
Monicca, a TakoX BiA3HAYaETbLCA CTIMKICTIO 40 BUNSATaHHS Ta OCUMaHHSA 3epHa.
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EkcnepumeHTanbHi gocnimpkeHHa npoBoaunu Ha 6asi HaB4yanbHO-A0CHIAHOI arpo-
OiocTaHuii HbkMHCbKOro aepxaBHOro yHiBepcuteTty imeHi Mukonu Moronst Ha crneujanbHo
nigroToBNeHnx AocnigHux AinsHkax. lNepen 3aknagaHHaM gocnigy rpyHT niggasanuv
nepeanocisBHomy obpobiTky (KynbTuBauis), nicns 4oro AinsHKA po3mivyanu BiAnoBigHO A0
cxeMu Jocnify 3 ypaxyBaHHSIM BapiaHTiB Ta MOBTOPHOCTEW. HaciHHs aumeHio nepen
nociBom o0pobnsinu MeTaboniyHO aKTUBHUMM PEYOBUHAMM 3Mi4HO i3 NPUIHATO eKcnepu-
MEHTanbHO cxemoto [8].

1. KoHTponb — HaciHHs1 6e3 06pobku (06pobneHe ANCTUNBOBAHOK BOAOHO).

2. HacinHsa, obpobneHe kombiHauieto BitamiHy E (108 M)+ meTioHiH (0,001%) +
MgSO4 (0,001%) — EMMg.

3. HaciHHa, 06pobneHe komGiHauieto BitamiHy E (108 M)+ meTioHiH
(0,001% )+napaokcnbeHsonHa kucrnota (MOBK) (0,001%) + MgSOs4 (0,001%) — EMIMMg.

4. HaciHHsa, 06pobneHe kombiHauieto BiTamiHy E (108 M) +IMOBK (0,001%) Ta
MgS04(0,001%) — EMNMMg.

5. HaciHHs, 06pobneHe komGiHaLieto BitamiHy E (108 M) Ta y6ixiHoHy-10 (108 M) — EQ.

[na BM3HAYeHHS MOPOMETPUYHMX NMOKA3HUKIB Ha KOXHIN i3 TPbOX a3 po3BUTKY
(KyLLeHHs1, KOMOCIHHA) NpoBOAMBCS BiAbIp POCNMHHMX 3pa3KiB y AECATUKPaTHIA MOBTOPHO-
BaHOCTI NS KOXXHOro BapiaHTa.

BusHavyeHHa macu cupoi Ta Cyxoi PeYOBMHU POCIIMH SSYMEHIO MPOBOAMUN BaroBUM
metogoM. OTpumaHi daHi nigndranu matemaTtudHin obpobui meTtogamm BapiauiiHOI
CTaTUCTUKM 3 BUMKOPUCTAHHSAM MNaKeTiB aHanisy AaHux Ans NepeBipkM [OCTOBIPHOCTI
BCTAHOBIIEHUX BiAXWMEHb.

Y npoueci JOCTipKEHHS BU3HaYanM GioMeTpuyHi NOKa3HUKM PO3BUTKY KOPEHEBOI
CUCTEMW POCMMH SUYMEHIO SIPOro, 30Kpema KifnbKiCTb KOpPEHIB, 3a 3aranbHONPUAHATAMMN
MeTOAMKaMKn NonboBUX | NabopaTopHux aocnimkeHs pocnuH [10]. BMicT cymu xnopodinis
a i b y TkaHMHax NUCTKIB AYMEHIO APOro BM3HAYanuM 3a AONOMOroK CrekTpodoTo-
meTpuyHoro metony [10]. BumiptoBaHHA OMTWUYHOI TYCTMHU AOCHIMKYBAHUX PO3YMHIB
NPOBOAUNN CNEKTPOOTOMETPUYHO NPK JOBXKMHAX XBUNb 665, 654 Ta 649 HM. AK po3dmH
NOPIBHAHHS BUKOPUCTOBYBANM €TUNOBUIA CrINPT.

OTpumMaHi ekcnepumeHTanbHi gaHi obpobnsanM metTogamm mateMaTudHOI cTaTuc-
TUKM 3 BUKOPUCTaHHAM CTaHAapTHUX OYHKLUIN nporpaMHoro 3abesnedeHHst Microsoft Office
Excel. Pe3ynbTatn nogaHo sik cepeaHi 3Ha4eHHs! 3 OLiHKOK BapiabenbHOCTi MOKa3HWKIB.

Pe3ynbTatu pocnigkeHb Ta ix obroBopeHHsl. KopeHeBa cuctema Bu3Ha4vae
eheKTMBHICTb NOrNMHAHHA BOAM Ta MiHEpanbHMX eMeMEHTIB, Lo 6e3nocepeHbO BMNMBae
Ha IHTEHCUBHICTb POCTOBMX MpoueciB. Po3BMHEHa KOpeHeBa cuctema Crpusie KpaLlomy
3abe3Mne4YeHHI0 POCIMH pecypcamu, Lo, Y CBOK Yepry, CTUMyme dOpMyBaHHSA GinbLuoi
BereTaTMBHOI Macw.

Y pesynbTaTi NpoBeAeHNX AoChiaXeHb BCTAaHOBIEHO, WO nepeanocisBHa obpobka
HaciHHA SYMEHI0 ApOro MeTaboniYHO aKTMBHUMMK PEYOBUHAMWM CYTTEBO BM/MBaE Ha
POpMyBaHHSA KOPEHEBOI CUCTEMM POCITUH. 30KPEMA, Y POCITUH SYMEHI0, HACIHHSA, SIKOro
oyno obpobneHe nepen nociBoMm kombiHauieto EMMg cnocTepiranocs 36inbLUeHHA
KinbKOCTi gooaTtkoBux kopeHiB Ha 10,2% MOpIBHSAHO 3 KOHTPOSEM, WO CBigYMTb MNpo
BMPaXEHU CTUMYrOBaribHUIA edekT Liei oOpobku Ha NoYaTKOBi eTanun opraHoreHesy. Y
HaciHHA, Wwo obpobnsnocs EMIMMg ta EQ Takox BiAMiYeHO TeHaeHUjio A0 36inbLieHHs
KINbKOCTi KOpeHiB, TOAi SIK 3acTocyBaHHA kombiHauii EMMMg He 3abesnevyBano cyTTeBmx
3MiH LIbOro NoKa3HuKa i 3anmwanocsa 6rM3bkuM 40 KOHTPOSbHUX 3Ha4YeHb (Tabn. 1).

AHani3 HakonuyeHHs BiomMacu pocnmMHaMmu siUMeHo siporo copTy MapiaH nokasas,
Lo nepegnocisHa obpobka HaCiHHA MeTaboniyHO aKTUBHUMUW peYyoBUHAMU CYTTEBO Brnu-
Ba€e Ha 30iNbLLEHHSI Macy CMPOI | CyXOi PEYOBMHM POCIIMH Ha YCix chasax pocTy i po3BUTKY.

Tak, y dhasi KyLLleHHs1 HavkpaLli pe3yrnbTaTy 0yno 3achikcoBaHo y BapiaHTax EMMg
Ta EQ, 3a6e3neunBLumn npupict macu cyxoi pevoBuHn Ha 12,5% ta 10,1% BignosigHo. Lle
BKa3ye Ha eheKTUBHY CTUMYISLLO NpoueciB poTocuHTesy (Tabn. 2).
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Tabnuusa 1
Bninue nepednocieHoi 06pobku HaciHHs1 MemaboJsliYyHO aKmueHUMU pe4o8uHamu
Ha ¢hopMyeaHHs1 KOpeHe8oi cucmemu sTYMeHH sipo2o copmy MapiaH

. KinbkicTb 4OAATKOBMX KOPEHIB
BapiaHT
wT % [0 KOHTPOro
da3sa KyLeHHA
KoHTponb 8,810,6 100,0
EMMg 9,7+0,5# 110,2
EMIMMg 9,2+0,4 104,5
EMMg 8,7+0,3 98,9
EQ 9,3+0,4 105,7
®da3a KONMOCIiHHSA
KoHTponb 18+ 0,4 100
EMMg 20,3+0,5# 112,8
EMIMMg 19,7+0,5# 109,4
ElMMg 18,2+ 0,5 101,1
EQ 19,8+0,6# 110,0

MpumiTka. # - PisHUUsI JOCTOBIpHA NOPIBHSIHO 3 KOHTponem (p<0,05)

Y @asi KONoCiHHA HariedeKkTMBHILLEe CTUMYIioBana HakonMMYeHHA Macu cupoi Ta
CyXOl peyoBUHY nepeanocisHa obpobka HaciHHA kKoMBiHaLLiEld MeTaboniyHO aKTUBHUX pe-
yoBuH EMMg, nepeBuLLytoumn nokasHuku koHTporto Ha 13,4% Ta 15,1% signosigHo (Tabn. 2).

Tabnuusa 2
Bnnue nepednocieHoi 06po6bKu HaciHHsI MemaboJsliYHO aKmueHUMU peyosuHaMu
Ha QuHaMiKy Macu cupoi ma cyxoi pe4oeuH Ha ¢hba3i 8eCHSIHO20 KYUW,eHHS
ma KoJs10CiHHSI

Maca cupoi o Maca cyxoi
. % Ao
BapiaHT PEYOBMHU pevoBUHU | % OO KOHTPOIO
KOHTPOTHO
pPOCIHUHW, T POCHWVHM, T
®da3a KyLeHHA
1 KoHTponb
(amcTunboBaHa Boaa) 2+0,09 — 0,3+0,016 —
2 EMMg 2,2240,08# | +11,1% 0,33+0,015# +12,5%
3 EMINMg 2,16+0,05# +7,6% 0,32+0,015# +7,4%
4 EMNMg 1,96+0,08 -2,30% 0,290,015 -0,70%
5EQ 2,2+0,07# +9,9% 0,33+0,014# +10,1%
®da3a KONoCiHHA
1 KoHTponb
(auctunboBaHa Boga) | 15,01+0,5 — 3,45+0,12 —
2 EMMg 17,0310,6# | +13,4% 3,97+0,14# +15,1%
3 EMINMg 16,22+0,5# +8,1% 3,75+0,13# +8,7%
4 EMNMg 14,73+0,5 -1,90% 3,3540,11 -2,90%
5EQ 16,7710,6# | +11,7% 3,9+0,13# +13,0%

#pumiTka. Pi3HMUS gocTOBipHaA NOPIBHSAHO 3 KOHTponem (p<0,05)
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Takum 4mMHOM, Ans onTUMiI3alii NPOAYKUINHOIO npolecy suMeHo copty MapiaH B
YMOBaxX YOPHO3EMY OMiA30/1EHOrO AOLNTbHUM € BMKOPUCTaHHA KOMOiHaUin MeTabonivyHo
akTuBHmMx cnonyk EMMg Ta EQ.

36inbLueHHs Giomacy Hag3eMHOT YacTUHU € BaXKIMBUM NMOKA3HUKOM Qi3ioNioriYHoro
CTaHy POCIWH, OCKifbKW BOHO MOB’A3aHe 3 NiABULLEHHAM NIIOLL NMUCTKOBOI NoBepxHi. Lle
CTBOPIOE nepeaymoBu Ans Ginbl edekTnBHOro nepediry OTOCMHTETUYHMX MPOLIECIB.
Bigomo, WO iHTEHCMBHICTL (POTOCMHTE3Y NPSIMO 3aneXxuTb BiA (OYHKLIOHANbLHOIO CTaHy
NCTKOBOro anapary, 30kpema Bifi BMICTY (DOTOCUHTETUYHMX MiIrMEHTIB.

AHani3 BMiCTy OTOCMHTETUYHMX NIrMEHTIB MOKa3aB, Lo AOCTiAKYBaHi METabosivyHO
aKTMBHi PEYOBMHM MO-Pi3HOMY BMMBAKOTb Ha HAaKOMUYEHHS XNopoduiniB 3anexHo Big
BapiaHTa 06pobku. HamBuLLi 3Ha4YeHHs xnopodiny a, b Ta cymu xropodinis 3acikcoBaHo
Yy TKaHWHaxX JNMCTKIB POCIMH, HaCiHHS skoro obpobnsnocb noegHaHHaM EMIMMg, wo
CBIQYMTb NPO NOCUNEHHST POTOCMHTETUYHOI aKTUBHOCTI POCIMH Nif, i€t AaHOT KoMBiHaLi
y pasi konociHHg. Y rpyni EQ Takox cnoctepiranocs nigBULLIEHHST BMICTY Xxropodiny
MOPIBHSIHO 3 KOHTPOMEM Y hasi KONoCiHHS, ToAj Sk y BapiaHTax EMMg Ta EMMg 3miHn manu
MEHLL BUPaXXeHWI xapakTtep (Tabn. 3).

Tabnuusa 3
Brninue nepednocieHoi 06po6Ku HaciHHSI MemaboJsliYyHO aKmueHUMU pevdoeuHamu
Ha emicm xnopoghiny y nucmekax si4MeHio sipo2o copmy MapiaH

®dasa KyLlUeHHs
) )
(L] g Ko} 5 ? g
= = 8 = a ° a
T 8 i g £ = £
aQ Q o o} o o o
© Q. < Q. 4 o 4
m o o Q o Q o
2 & 2 % g %
=< 2 X 2
KoHTponb 3,28 100 1,82 100 5,10 100
EMMg 2,79 85,1 1,89 103,8 4,68 91,8
EMIMMg 3,49 106,4 1,78 97,8 5,27 103,3
EMMg 4,59 139,9 1,92 105,5 6,51 127,3
EQ 2,68 81,7 1,17 64,3 3,85 75,5
®a3a KonociHHA
=} Q Q
© = o) = +
e = 2 = 8 o g 2
© i3 E 8 T = o O
o Q o Q o g X a
© Q M Q. 4 o o) E
s} e o e o g f B
2 S 2 =3 S o 2
X X
KoHtponb| 4,47 100 2,12 100 6,59 100
EMMg 451 100,9 1,97 92,9 6,48 98,3
EMIMMg 7,02 157 3,23 152,4 10,25 155,5
EMMg 3,72 83,2 1,45 68,4 517 78,5
EQ 5,46 1221 2,38 112,3 7,84 119

HakonnyeHHs cyxoi Macu pOCiMH SIUMEHI0 SpOro TiCHO MOB’si3aHe 3 BMICTOM
Xnopodiny sk OCHOBHOMO (POTOCUMHTETUYHOIO MNIFMEHTY, LIO BMU3HA4Ya€ iHTEHCUBHICTb
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acmminauinimx npouecis. MigBULLEHHA KOHLEHTpaLil Xnopoginy B AMCTKOBOMY anaparTi
cnpusie 6inblu edheKTMBHOMY MOIMUHAHHIO CBITIIOBOI eHeprii Ta akTuBi3aLii (OTOCUHTESY,
BHacCnigoK 4YOro 3pocTae CUHTE3 OpraHiyHMX PeYoBWH i, BIOMOBIOHO, HAKOMWYEHHST CyXOl
peyoBuHU. BogHouac 36inblueHHst 6iomMacy CynpoBOOKYETHCA PO3LUMPEHHSM JINCTKOBOI
NOBEpPXHi, L0 A0AATKOBO MiACUMOE POTOCUHTETUYHY NPOAYKTUBHICTE POCIMH.

Y pesynbTati 4OCnigKeHb BCTAHOBIEHO HASABHICTb B3aEMO3B'SI3KY MK HaKOMUYeH-
HSIM CYXOI Macu POCIIUH SIPOro S’YMEHHO Ta MiABULLEHHAM BMICTY xJiopodpiny. 3okpema, y
dasi KONocCiHHA 3pasku, OTPUMaHI 3 AINAHOK, Ae HaciHHS Byno obpobreHe npenapaTom
EMIMg, xapakTepusyBanmcs 3pOCTaHHsIM CyXOi Macu B cepeHboMy Ha 8,7% NOopiBHAHO
3 KOHTPOJTBHOHO FPYMOH0, 30iNbLUEHHSAM KiflbKOCTi Bi4HUX KopeHiB Ha 9,4% Ta NiaBULLEHHAM
CymMapHoro BMIcTy xriopoapiny a+b Ha 55,5%.

MopibHa no3nTuBHA TeHAEHLis crocTepiranacb i B rpyrni pOCMWH, HACiHHA SAKUX
nepepq nocisom 06pobnsnm EQ, ge npupict cyxoi Macu ctaHoBuB 13% BiQHOCHO KOHTPOIIO,
KinbKiCTb Bi4HMX KOpeHiB Byna B cepeaHboMy Ha 10% BinbLUOK MOPIBHAHO 3 KOHTPOMEM, a
BMICT xnopodoiny a+b nepesuLLyBaB KOHTPOIbHi 3Ha4YeHHs1 Ha 19%.

Y OOCRiMKEHHI NPOCTEXYETLCS B3AEMO3B’SI30K MK PO3BUTKOM KOPEHEBOI CUCTEMU,
HaKoMUYeHHsM Giomacyn Ta BMICTOM Xxropodiny. [NokpalleHe MiHeparnbHe XXMBIEHHS,
3yMOBIIEHE aKTUBHILLOK POBOTOK KOPEHIB, CMpusie CUHTEe3y Xxropoduinie a i b, wo €
KMOYOBUMU KOMMOHEHTaMM (POTOCUHTETUYHOrO anaparty. 3poCcTaHHSA X KOHUeHTpaLii
CBigYNTb NPO NiABULLEHHS (POTOCUHTETUYHOT aKTUBHOCTI POCIIUH.

OTpuMaHi pesynbTatu B MpoLeci JOCTimpKeHb 3YMOBIEHi BUCOKOK BionoriyHoH
aKTUBHICTIO KOMMOHEHTIB JOCNiaKyBaHWX KOMOiHaUin Ta onTumansHO nigibpaHumum
KOHLIEHTpaLisiMK 3aCTOCOBaHUX crnonyk. 3okpema, BiTaMiH E xapakTtepmayeTbCs BUpaxe-
HVMUW aHTUOKCUOAHTHUMMW BIIACTUBOCTSIMW Ta B POCIIMHHOMY OpraHi3mi BUKOHYE BaXKINBY
porb CKNagoBOI 3aXUCHOI CUCTEMMW Bifl OKUCHIOBArNbHOro ctpecy [12]. YBiXiHOH akTMBHO
3anyyeHuin 4o MeTaboniYHUX NPOLECiB POCIUH, NPOSIBMASE aHTUOKCUOAHTHY aKTUBHICTb, a
Takox bepe ydacTb y perynsuii ekcrpecii reHiB i nepegayi BHYTPILLHBOKMITUHHMX CUTHariB
[13]. Pa3om i3 nnactoxiHOHOM BiH OyHKLOHYE y npouecax oTodocopunioBaHHS Ta
OKMCHIOBanbHoOro hocchopunioBaHHs, ki BigGyBalOTbCA BiAMOBIAHO Y TUMakoigax Xnopo-
NNacTiB i HAa BHYTPILLHIN MeMOpaHi MiToxoHAapin. Kpim Toro, BCTaHOBMEHO, LLO BiTamiH E (a-
ToKodhepuiaueTar) Ta YOIXiHOH 34aTHi NPOSIBIATY iIMYHOCTUMYTTHOBarIbHY aKTUBHICTb, @ TaKOX
XapaKTepu3yoTbCst aHTUITOBIPYCHUMW 1 aHTMBaKTepiansHUMK BacTUBOCTAMU [12].

[MapaokcnbeH3onHa KUCIoTa Mae BUpaXeHy aHTUMIKPOBHY Ao Ta 3g4aTHa NpUrHivy-
BaTU PO3BUTOK OakTepin, UBINeBuXx i iHWKX rpndis. BogHouac usi cnonyka BUKOHYE OYHKLi
CUrHanbLHOro nocepefHuka Ta CTpecoBoro itoropmoHy [14]. MeTioHiH € Baxnusum
nonepeaHNKoM y npotiecax BiocuHTesy citoropmoHis pocty [15]. [JoaaTtkoBuM mxepenom
MiHEParbHOrO XWBIIEHHS POCIMH BUCTYNAE CyrnbdaT Marsito, skuin 3abesneyye Hagxo-
[PKEHHS1 MarHito — OgHOro 3 OCHOBHWX eNneMeHTIB )OTOCMHTETUYHOro anapaTty. MarHin
BXOAMTb [0 CKragy Monekynu xnopodiny, BAMBae Ha iIHTEHCUBHICTbL (POTOCUHTE3Y, Bepe
y4yacTb y TpaHcnopTi docdopy Ta perynsidii ByrmeBogHOro obMiHy, akTMBYE OKUCHO-
BiQHOBHI NpoLecK, BXoAWTb [0 cKragy (PiTMHY 1 NeKTUHOBUX PEYOBUH, CTUMYIIOE oepMeH-
TaTUBHY aKTUBHICTb i peryntoe KonoigHo-XiMiYHWUIM CTaH NpoTonnasmu KnitTuH [16].

Taknm YnHOM, OTpUMaHi AaHi Y3ropKylTbCA 3 YABNEHHSAMW MPO TICHWUN (PyHKLiO-
HarnbHWUI 3B’A30K MK MiA3EMHOI0 Ta HaA3EMHOK YaCTUHAMM POCITUHK. [1OCUNEHHS PO3BUTKY
KOPEHEBOI CUCTEMW BUCTYMNAaE OOHMM i3 BM3HaYarbHMUX (hakTopiB MiaBULLEHHS NPOAYKTUB-
HOCTi S4MEHI0 SIpOro Yepes ornocepeakoBaHUin BrnuB Ha Giomacy Ta epekTuBHICTb hoTo-
CUHTE3Yy.

BucHoBKM i nepcnekTuBM noganbLUNX AOCHIMAKeHb. Y pe3ynbTaTi NPoBeAeHNX
[ocnigXeHb BCTAHOBMNEHO, WO nepeanociBHa o6pobka HaciHHA S4YMEHI0 siporo MeTabo-
NiYHO aKTVBHUMW PEYOBUHAMM MO3UTMBHO BMNIIMBAE HA HAKOMUYEHHST CyXOi Macu POCHWH,
PO3BUTOK KOPEHEBOI CUCTEMM Ta BMICT (DOTOCUHTETUYHUX NIrMEHTIB 3anexHo Big dasu
OHTOreHesy. HanbinbLu BupaxkeHe 36inbLUEHHS CyXoi Macu BigmiveHo Yy BapiaHTi EMIMTMg,
e y hasi KonociHHA uer NoKasHWK NepeBuLLYyBaB KOHTPOIb Yy cepeaHboMy Ha 8,7%, Lo
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CyNpOBOIKYBANOCHA TaKoX MiABULLIEHHAM KinbKOCTi Bi4HMX KOpeHiB Ha 9,4% Ta 3Ha4yHUM
3pOCTaHHAM BMICTY xriopodiny a+b Ha 55,5%.

CTabinbHO BMUCOKI MOKa3HMKM 3a KOMIMIIEKCOM LOCiLKyBaHUX NMapamMeTpiB TaKoX
Bia3HayveHo y BapiaHTi EQ, ae HakonmyeHHs cyxoi macy 6yno Ha 13% BULLMM NOPIBHAHO 3
KOHTpOreM, KinbkicTb 6iuHMX kopeHiB — Ha 10%, a BMicT xropodiny a+b — Ha 19% nopis-
HSIHO 3 KOHTPOMBHUMUW 3HAYEHHSIMM.

OTpumMaHi pe3ynbTaTi BiAKPMBAKOTb HU3KY HAMPSAMIB ANS NOAanbLIOro HaykoBOro
pocnigpxeHHs. Hacamnepeq gouinbHMM € nornvbneHe BUMBYEHHA @idionoro-6ioximMidHmx
MexaHi3aMiB Aii MeTabomniyHO aKTMBHMX PEYOBMH, 30KpemMa iX BMSMBY HA FOPMOHAarbHY
perynsuito pocTy, aKTMBHICTb aHTMOKCUAAHTHOI CUCTEMM Ta IHTEHCMBHICTb (DOTOCUHTETNY-
HMX NPOLLECIB Y S4YMEHIO APOrO.

[MepcneKkTMBHUM € TakoX OOCHIMKEHHS TpMBanoi nicnsaaii nepegnociBHOI 00pobku
HaCiHHS Ha (bOpMYBaHHS BPOXaWHOCTI Ta AKICHMX MOKa3HWKIB 3epHa, OCKINbK/ BUSIBREHI
3MiHM Y HaKOMWYEHHi CyxOi Macu, pO3BWUTKY KOPEHEBOI CUCTEMW Ta BMICTY Xropodiny
MOXYTb MaTU BifobparKeHHs Ha NPOAYKTUBHOCTI KyrbTypHu.

OkpeMoi yBarn notpebye NOPIBHANbHUIA aHani3 edpekTMBHOCTI Pi3HMX KOMBIHaLLin
MeTaboni4YHO aKTMBHUX PEYOBUH 32 Pi3HMX I'DYHTOBO-KMIMaTUYHKUX YMOB, 3 METOIO BUSIBINEH-
HS ePEKTVBHMX BapiaHTIB Ansi NpakTUYHOro 3aCTOCYBaHHA B YMOBaX 3MiHHOMO 3BONOXEHHS
Ta TeMnepaTypHOro pexunmy.
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PHYSIOLOGICAL INDICATORS OF SPRING BARLEY UNDER PRE-SOWING
SEED TREATMENT WITH METABOLICALLY ACTIVE SUBSTANCES

Spring barley is one of the leading cereal crops of great importance for the agricultural
sector of Ukraine and many other countries. As a spring-sown crop, it completes its entire
developmental cycle within a single growing season, which enables its cultivation in
regions with cold winters and unstable climatic conditions. Barley is widely used in feed
production, the brewing industry for malt production, and the food sector. Due fo its high
starch and protein content, it is a valuable component of feed mixtures.

An important factor affecting the growth and productivity of spring barley is the
development of its root system. The root system supplies plants with water and nutrients,
while its active formation at the early stages of ontogenesis increases crop resistance to
adverse environmental conditions. In this regard, the pre-sowing treatment of seeds with
metabolically active substances is considered a relevant element of modern cereal
cultivation technologies. Studies indicate that metabolically active substances improve
seed sowing qualities, increase germination energy, and stimulate root formation. Their
effect is associated with the regulation of hormonal balance, activation of cell division, and
growth in root meristem zones, contributing to the formation of a more developed root system.
This is particularly important for spring barley, which is sensitive to moisture deficiency
and nutrient shortages. Pre-sowing seed treatment promotes an increase in the number
of adventitious roots and enhances their growth, thereby improving the absorption of soil
resources and the adaptive properties of plants. At the same time, the effectiveness of
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metabolically active substances depends on their composition, concentration, and the
biological characteristics of the variety. The influence of pre-sowing seed treatment with
metabolically active substances on the development of the root system of spring barley
under the conditions of the Chemihiv region remains insufficiently studied.

Keywords: spring barley, metabolically active compounds, root system, lateral roots,
chlorophyll, photosynthetic pigments, tillering, heading.
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3MIHA MACU CUPOI TA CYXOI PEYOBUHW CISIHLIB GINKGO BILOBA L.
nia sniMBomMm METABOJIYHO AKTUBHUX PEHYOBWH,
BMKOPUCTAHUX ANA NEPEANOCIBHOI OBPOBKU HACIHHA

Y docnidxeHHi susqascs eriiue rnepednocieHoi 06pobku HaciHHS 2iHkeo (Ginkgo biloba
L.) memaborniyHo akmusHUMU pedosuHamu ma ix KoMbiHauisiMu Ha HaKoMuU4YeHHs Macu
CUpOi' ma cyxoi peqosuHuU y cisHUsX. [HK20, sik 0OHa 3 HaldasHiWux pocruH Ha 3emri,
Mae 8esiuKe 3Ha4eHHs1 He nuwe 8 bomakriyi, a U y MeduyuHi, 3a805IKU C80IM yHIKaribHUM
hapmakornoziyHum ernacmugocmsim. OOHaK, Orisi 0CsA2HEHHST 8UCOKOI MPOO0yKMU8HOCMI
ma sKocmi POC/UH 8aXJ/ueo OnNMmMuMI3ysamu yMosU iX eUupowly8aHHsl, 30Kpema
8uUKopucmaHHs MemaboniyHO akmueHUX peqyosuH. Nowyk HosuxX, Binbl egbeKmuUHUX
ma eKOJI02iHHO HUCmuUX peaynsmopie pocmy pPOCiuH € OOHUM 3 Haleaxruseiuux
HarnpsiMKie cydacHux 0ocnidxeHb y ¢pisionoeii pocriuH. Ceped rnepcrekmusHUX peayris-
mopie pocmy 0epesHUX POCIUH MOXHa sudinumu mMemabosiiyHO aKmueHi pe4o8uUHU —
CriornyKu, siKi eidiepatomb 8axXriugy posib y peayrnsauli XKummeegux fpouecie y KilimuHax
pocriuH. BoHu ernugarome Ha picm, po38umok, 0bMiH pe4osuH ma adarnmaujito pocriuH
00 pi3HUX ymoe cepedosuya. i npenapamu 6esneyHi Oris nodel i meapuH, eghekmueHi
8 Masiux KOHUeHmpauisix, Maromse WUpoKUl criekmp Oii ma 8idrnosidarome eKoro2iyHUM i
EeKOHOMIYHUM 8uMoeaM. [ns aHanidy 6yno sukopucmaHo npopocmku Ginkgo biloba L. 3
Memoto 8UBYEHHST 8IIUBY MemabosliyHO aKmugHUX PevoB8UH, 30Kpema: YOixiHOHy-10
(108 M), Bimaminy E (10° M), MapaokcubersoliHoi xkucriomu (MOBK) (0,001%),
MemioniHy (0,001%), Cynbcbamy maeHito (0,001%) ma ix kombiHauit. pu ubomy
docnidxysanu Oito maxux Kom6iHauit: BimamiH E (108 M) + Y6ixiHon-10 (10° M);
Bimamit E (108 M) + [NapaokcubeHsoliHa kucnoma (0,001%) + MemioHiH (0,001%);
Bimamit E (10% M) + MapaokcubeHsolHa kucnoma (0,001%) + MemioniH (0,001%) +
MgSOq (0,001%). BcmarHoeneHo, wo rnepedrnocieHa 0bpobka HaciHHs 2iHK20 Memabo-
JIIYHO aKMUBHUMU pe4yo8UHaMU ro3UmMuUeHO 8ryiueae Ha HaKonuUYeHHs1 Macu cupoi ma
Cyxoi pe4o8uUHU cisiHUje. Halibinbwy echekmusHicmb 3a 0boma rokasHUKamu rnpodemMoH-
cmpysariu okpemi pe4osuHU Bimamin E ma MemioHiH, a makox ix kombiHaujsi BimamiH
E + MemioHiH + INOBK.

Knrodoei cnosa: Ginkgo biloba L., memabornidyHO akmueHi pedosuHu, nepedrocieHa
06pobka HacCiHHS, CisHUJ, cupa maca, Cyxa maca.

Bctyn. Cepeq pigkicHVX penikroByMX AEKOPATUBHMX POCIWH, AKi Oynuy iHTPOOYyKOBaHi
B YKpaiHi, ocobnmeo Buainsetsca lNHkro gpononartese (Ginkgo biloba L.). Lia nuctonagHa
rorioHaciHHa pocrnuHa € eHgemikom CxigHoro Kutato [1] | xapakTepmnsyeTbCsl YHIKanbHO
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CTIVKICTIO O PI3HOMAaHITHMX HeraTMBHUX BMSIMBIB, TaKMX SK BaXKKi MeTanu, pagioakTMBHe
3abpyaHeHHs, LWKiAHWKKM Ta xBopobu. Kpim TOro, rHKro AEMOHCTPYE BMCOKY CTIMKICTb [0
BiTPY Ta MoposiB [2]. NepCnekT1BHICTbL KynbTUBYBaHHS MHKIO OBOSONAaTeBOro Mae ABa
Knto4yoBi HanpsiMky. [No-nepLue, NOro BMCOKa CTIMKICTb 40 HECNPUSATAMBUX MICBKMX YMOB
[,03BOMNSIE BUKOPUCTOBYBATM MOMO A1 CTBOPEHHS CTiNKMX 3€MEeHNX HaCcaKeHb, LLO Cnpus-
HOTb OYMLLEHHIO NOBITPS, 36epeXeHHI0 BIOPI3HOMaHITTA Ta noninLweHHo Mikpoknimary. No-
Opyre, CTBOPEHHS creLianisoBaHWX NraHTaui BigkpmBae MOXIMBOCTI AN1a e(heKTUBHOIro
BMPOBHMLTBA BUCOKOSIKICHOI CUPOBMHW Ansi hapMaLleBTUYHOI, Xap4yoBOi Ta [OepeBo-
06po6Hoi npomumcnosocTi [3]. Kpim Toro, HaykoBui iHTEpeC OO0 MHKro 30CepemKeHni Ha
BMBYEHHI NOro aganTauiMHNX MexaHi3MiB, TakuX SIK CTIMKICTb 4O NOCYXM Ta 3aMOPO3KiB, Lo
Moxe OyTM BUKOPWUCTAHO Ansi PO3POOKM iHHOBALMHMX TEXHOMONIA Y AeKopaTUBHOMY
POCIUHHULTBI Ta MEAWLMHI.

B ymoBax MOCTINHO 3pOCTato4oro NonuTy Ha cakaHLi fHKro Ta ogHo4YacHMX obme-
XeHb Y X NMOLUMPEHHI Yepes HecTayy SKICHOrO CaaMBHOrO Martepiany [4], cTae KpUTUYHO
BaXXNUBMM BOOCKOHANEHHS1 arpoTexHiyHux meTtofiB. Ockinbkn abioTudHi cTpecu nig vac
dopMyBaHHA HaCiHHS HEraTUBHO BNNMBAKOTb Ha MO0 MOCIBHI IKOCTi, BUHUKAE HEOBXIAHICTb
Yy 0oAdaTKoBin 06pobui. EpekTMBHUM pilleHHsIM Onst NigBULLEHHSA CXOXOCTi Ta 3abesne-
YEHHS IHTEHCUBHOIO NOYaTKoBOro PoCTy [4] € nepeanociBHe BUKOPUCTaHHS MeTabonivyHo
aKTUBHUX PEYOBWUH NPUPOLHOrO NOXOMKEHHS, Takux sik BitamiH E, Y6ixiHOH-10, MeTioHiH,
Marnin cynbdar (MgSOs), MapaokcnbeHsorHa kucnota (MOBK) Ta ix kombiHauii. Lli
cnonykv € 6e3neyHVMun NSl HaBKOMWLLHBOTO CepefoBula Ta JII0AVHU | OEMOHCTPYOTh
BMCOKY eheKTUBHICTb HaBiTb Y MiHIManbHWX JO3aXx.

MeTa pocnigpkeHHs. BusHauMt Ta npoaHanisyBaty MOKa3HWKM Macu Cupoi Ta
CYXOi PEYOBMHMW CiSIHLIB TiHKIo Mig, BNSMBOM METaboNivYHO akTUBHUX PEYOBUH Ta iX KOMOi-
HaLil, L0 BUKOPUCTOBYIOTLCS ANsi NepeanociBHOI 06pobKu HACIHHS.

Marepianu i MeToau gocnimkeHHsA. MaTepianom ansa poboTtu cnyryBano HaciHHsI
riHkro gsononaresoro (Ginkgo biloba L.), sike 6yno 3ibpaHo 3 gopocnux pocnuH y Haujo-
HanbHoMy 60TaHiYHOMY cagy iM. M. M. IMpuwka HAH Ykpainu (M. KviB) ynpogoex 2019-
2024 pokis. [Nepepn BuciBoM NpoBoaMnM 06poBKyY HACIHHS TaKUMU MeTabOoniYHO aKTUBHUMMN
peyoBuHamu: BitamiH E, Y6ixiHoH-10, lMapaokcubeHnsornHa kucnota (MOBK), MarHito
cynbdpat (MgSOs4) Ta MeTioHiH. Kpim uporo, 6yno BMKOPWUCTAHO pisHi KOMOiHauji i3
3a3HayveHux BULLIE peYOBUH, a came: BitamiH E (108 M) + Y6ixiHoH-10 (108 M); BitamiH E
(108 M) + MapaokcnbeHsoiiHa kucnota (0,001%) + MeTioHiH (0,001%); BitamiH E (108 M) +
MapaokcubensoriHa kucnota (0,001%) + MeTioHiH (0,001%) + MgSOa4 (0,001%). Ons
NOpPIBHAHHA Al MeTaboniyHO aKTMBHMX PEYOBMH Ta iX KOMOGIHAL BUKOPUCTOBYBanv
Bigjomumn perynsatop pocty pocnvH Ctumno (HOBIiTHIM BiocTumMynaTop pocnuH i3 cepii
NONIKOMMOHEHTHUX MpenapaTiB, B OCHOBY Ail SIKOro NOKMageHO CUHEepreTUYHUn edqoekT
B3aeMogji NPOAYKTiB BGIOTEXHOMOMYHOro KynbTUBYBAHHA rPUOIB-MiKPOMILIETIB 3 KOPEHEBOI
CUCTEMM XXEHBLLIEHIO | aBEPMEKTUHIB) [5].

[ocnimKkeHHa NpoBOANNNCS B YMOBaxX 3aKpUTOro I'PyHTY B onantoBasibHi cTauio-
HapPHIN CKNAHIN Tennuui Ha TepuTopii HaBYanbHO-AOCNIAHOI arpobiocTaHLuii HixkuHCbKOro
AepXaBHoro yHiBepcuteTy imeHi Mukonu orons.

Mepepn ciBboO HACIHHA roTyBanu BiANOBIAHO 0 3aranbHONPUAHATUX METOAMK [6, 7].
HaciHHsi 3amouyBanu Ha 24 rogmHM y po3vmHax AOCHimKyBaHMX pevyoBuH. [icrs oOpobku
HaCiHHSA BMCiBanv B EMKOCTI 3 MiAroTOBNEHNM CybCTpaToM, LLO CKNadaeTbCs 3 4EPHOBOMO
I'PYHTY, TOPAY Ta NIUCTSAHOrO neperHoto y cniesigHoweHHi 1:1:3. CepegHbonoboBa Temne-
paTtypa B Tennuui ctaHoBurna 16° C, a BigHOCHa BOJIONCTb MOBITPSA KONMBAaracsa B Mexax
60-70%.

[nsa Bu3Ha4YeHHs1 Macy CUpoi Ta CyXoi pe4OBUHY CiSHLIB BUKOPUCTOBYBarnv BaroBun
MeTog, aHanisytoun no 10 BUNagKoBO BigibpaHNX POCHMH Y YOTUPBOXKPATHIA MOBTOPHOCTI
[8]. BmicTt BOOM y MOMoAMX POCAMHAX T[iHKIO BM3Ha4anM TakOX BaroBMM METOLOM,
MOPIBHIOKOYN MaCK CBIXKOIo 3paska i Macy TOro X 3paska nicng suaganeHHs sBonoru) [9).
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CratnctuuHy o6pobKy OTpuMMaHuX pesynbTaTiB BUKOHyBanuM 3a [[OMOMOroH
nporpamHoro 3abesneyeHHa MS Office Excel — 2010 (nakeT «AHani3 gaHux») [10].

Pe3ynbTaTy gocnigkeHb Ta iX 0OroBopeHHsA. AHani3 oTpumMaHuX pesynbTaTiB
nokasaB, L0 MeTaboniyHO aKTMBHI PEYOBUHMW, HABITb Y HEBEMMWKMX KiNMbKOCTAX, 3OaTHi
aKkTuBizyBaTu isionoriyHi npouecy B pocnuHi [4]. Lle moxe mo3nTMBHO BhnMBaTU Ha
HaKOMWYeHHs1 BereTaTMBHOI Macy MoSiogux CisHuiB. Bigomo, Wo HakonuyeHHs cupoi Ta
CYXOl peyoBUHU € (hyHOAMEHTaNbHNM NPOLLECOM, SIKUW TPUBAE Bif NOSIBU CXOAIB 40 CTaHy
CrMOKOK pPOCnUHYK i Bigobpakae 3aranbHWN CTaH POCnVHKU Ta i 34aTHICTb 40 POCTy Ta
po3BUTKY [11]. BU3Ha4YeHHS HakonM4YeHHa Mack CUPOI Ta CyXOl PEYOBMHU B CiSiHLSAX 403BO-
ng€e oTpUMaTh BaXXnNuBey iHopMaLito Npo gisionoriYHnin CTaH poCnnH Ta iX 3gaTHICTb A0
eheKTMBHOIO BUKOPUCTaHHS pecypciB. [ocnimkeHHs 3 BU3HAYEHHA Macu CUpoi Ta Cyxol
peyoBuHM Oynu npoBedeHi B 60-70-A4eHHMX CisHUSIX FHKFO MepLUoro poky Yy nepiof ix
aKTMBHOIO pocTy. Pe3ynbTati umMx SoCrimpKeHb BigobpaxeHi B Tabnumui 1.

Tabnuusa 1
Maca cupoi ma cyxoi pe4yoeuHu cisiHyie Ginkgo biloba 3a nepednocieHoi
06pobku HaciHHs1 MemaboJsliyHO aKmueHUMU peYyosuHamu

BapiaHTu gocnigkeHHs Maca cupoi peyoBuHun, r Maca cyxoi pe4oBuHUY, ©
KoHTpornb 2,82+0,05 0,87+0,09
Ctnmno 2,89+0,07 0,85+0,09
MOBK 2,98+0,09* 0,84+0,06
MeTioHiH 3,31+0,05*# 0,90+0,06
MgSOa 3,14+0,09*# 0,9110,10
Bitamin E 3,33+0,09*# 0,86+0,08
Y0ixiHOH-10 2,89+0,05 0,9040,10
BitamiH E + Y6ixiHoH-10 3,131£0,09*# 0,8610,06
BitamiH E + MeTioHiH + .

MOBK 3,48+0,09*# 1,09+0,13
Bitamin E + MeTioHiH + N
MOBK + MgSOx 3,2810,04*# 1,02+0,11

MpumiTka: * — pisHWLA AOCTOBIPHa NOPIBHSHO 3 KOHTporeM, p < 0,05;
# — DOCTOBIPHO MOPIBHSAHO 3 BapiaHTOM, HaCiHHSI sikoro obpobrneHe CTUMYNATOPOM
pocty Ctumno, p < 0,05.

Ak BUAHO 3 Tabnumui 1, MeTaboriyHO akTUBHI PEYOBMHW CYTTEBO CTUMYITIOOTb HaKO-
MAYEHHS Macu CUpOi PEYOBUHM CisHLIB, 3abe3mneuqytoum 3pOCTaHHSA MOKA3HUKIB Y BCiX
BapiaHTax NOpPIBHSHO 5K 3 KOHTPOMEM, Tak i 3 aieto cTumynaTopa Ctumno. HarBuLi 3HaqeH-
HS1 Macu CUPOi PEYOBMHM MOKa3anu okpeMi BapiaHTy 3 06pobkoto npenapaTtamu BitamiH E
Ta MerTioHiH. Cepe koMOiHaLin HanbinbLL AOCTOBIPHUI Ta BUpaXeHun edpekT 3abesneun-
na cymiw BitamiH E + MeTioHiH + INMOBK, sika cnpusana 36inbLueHH0 Macy cupoi pedoBrUHU
Ha 0,66 r nopiBHAHO A0 KOHTporto. Lis komBiHauis Takox 6yna Hanbinbl echekTUBHO 3a
NMOKa3HMKOM Macu Cyxoi peyvoBuHM, 3pocTatodm Ha 0,22 r BiQHOCHO KOHTposio. Bucoka
eheKTMBHICTb AOCHIMKYBAHUX PEYOBUH MOXE BYTK NOSICHEHA CUHEPTIYHOKO JiEt0 OKPEMUX
KOMMOHEHTIB, SIKi BUKOHYIOTb POrib MOTYKHUX aHTUOKCUAAHTIB Ta CTUMYNATOPIB POCTY POCIMH.

Bogoa € ogHWM i3 HaBaXKNMBILLMX KOMMOHEHTIB POCIIMHHMX TKaHWH, 3a3Bu4ai
cknagatoum Big 65% 0o 95% ixHboi macu [12]. BoHa € OCHOBOW Ofsi TPaHCNOPTYBaHHS
NOXMBHUX PEYOBUH, aKTUBHO Bepe yvacTb y MeTabonivyHux, rigponiTMYHKUX i CUHTETUYHNX
npouecax [13], 3abesneuytoun nigTPUMKY KITiTMHHOTO TUCKY.
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OkpiM BOON, BaXXMBY POSb Y XiMIMHOMY CKITaZi POCINVH Biflirpae cyxa pe4oBuHa, sika
CKINadaeTbCa 3 OpraHivHMX i MiHepanbHuX cnoryk. OpraHivHi Crnonyku BKYaTb Binku,
BYITIEBOAM, >XUPW, BiTaMiHM Ta iHWI meTaboniTn, siki 6epyTb ydacTb y Pi3HUX BIOXIMIYHMX
npouecax. MiHeparbHi Cronyku, Taki ik Makpo- Ta MiKpoenemeHTH, 3abe3nevytoTb POCIMHN
HeobXigHUMK HyTpiEHTaMK AN POCTy Ta po3BUTKY. Baaemogis Mixk Bodoto, opraHiYHMK Ta
MiHepanbHUMM PEYOBUHAMM € KPUTUHHO BEXKITMBOIO ANS NIATPUMKN XKUTTEQIANBHOCTI POCAVH,
IXHBOI aganTaujl 4O 30BHILLHIX YMOB Ta 3aranbHOI NPOAYKTUBHOCTI. TakuM YMHOM, PO3YMiHHSA
poni BoOW Ta CKNadoOBWMX CyXOi PEYOBMHW € KIOYOBUM O €QOEKTUBHOIO YrpaBriHHS
arpoHOMIYHVMMWM MPaKTUKaMW Ta NOKPaLLEHHsI IKOCTi CagyMBHOMO MaTepiany AepeBHUX KyrbTyp.

PesynbTaTv gocnimkeHb BNMBY MeTabOosiYHO akTUBHUX PEYOBMH Ha BMICT BOAM i
CYXOi PEYOBMHU Y TKaHNHAX CisIHLLIB THKIo BigobpakeHi B Tabnuu,i 2.

Tabnuusa 2
TMpoueHmHuli emicm cyxoi pe4oeuHU ma emicm eodu y mkaHuHax cistHuie Ginkgo
biloba 3a nepednocieHoi 06pob6Ku HaciHHs1 MemaboJliYHO aKmueHUMU peYyosUuHaMu

. . MpoueHTHMIM BMICT | BMicT Boan y TkaHMHax cigHuA
BapiaHTu gocnigkeHHs R o
CyXOi peyoBuHU, % 5
%o % [0 KOHTPOSO
KoHTpornb 30,9 69,1 100,0
Ctnmno 29,4 70,6 1021
MOBK 28,2 71,8 103,9
MeTioHiH 27,2 72,8 105,3
MgSOa 29,0 71,0 102,7
BitamiH E 25,8 74,2 107,3
Y6ixiHoH-10 311 68,9 99,6
Bitamin E + Y6ixiHoH-10 27,5 72,5 104,9
Bitamin E + MeTioHiH +
MOBK 31,3 68,7 99,3
Bitamin E + MeTioHiH +
MOBK + MgSOx 311 68,9 99,7

Ak BuaHO 3 Tabnuui 2, HanMBInNbLLL BUPaXXEHUA NO3UTMBHUI epekT Ha BMICT BOAN Y
TKaHWHaX CidHLiB riHKro BusiBuB BitamiH E. IHLWi pevoBmHK, Taki sk MeTioHiH Ta NMOBK, Takox
NPOAEMOHCTPYBanNn ePeKTUBHICTb 3a UMM MokasHukoM. OTpuMaHi pe3ynbTaTi CBigyaTb
npo Te, LWo nepeanociBHa 06pobka HaciHHA MeTabonivYHO aKTUBHUMW PEYOBMHAMKN MaKOTb
CYTTEBWI BNIUB HA BMICT BOAM Y TKGHWHAX CiSIHUIB MHKIO Ta MiAKPECoTb BAXKIUBICTb iX
BUKOPUCTAHHA Ans onTMMi3aLii pocTy Ta po3BUTKY.

MoegHaHHA MeTabonivHO aKTUBHUX PEYOBUH Y CKNagi KOMOIHALM YacTo Npu3BoanTb
[0 3HAYHOrO NOCUMNEHHST IXHBOro edPeKTy MOPIBHAHO 3 Ai€t0 KOXHOT pe4OoBUHU OKpeMo. Tak
Oyno BigMi4YeHO MO3UTUBHWUIA BNAMB KOMOiHaUi y cknagi Bitamin E + MeTioHiH + MNMOBK, a
Takok BitamiH E + MeTioHiH + MOBK + MgSO4 Ha NPOLEHTHWI BMICT CyXOi PEYOBUHU Y
CigHUAX riHKro. Lle nmigkpecnoe BaXknMBICTb BMKOPUCTaHHS KOMOIHALiM 4ns OOCArHEHHSsI
onTUMarnbHWX pesyrnbTaTiB y BUPOLLYBaHHI LLET POCIUHN.

BucHoBKkW. Y pesynbTaTti npoBeaeHuX OoCrifpKeHb B6yrno BCTaHOBMEHO, L0 BUKO-
pUCTaHHA MeTaboniYHO aKTUBHWX PEYOBMH CMPUSIE HAKOMUYEHHIO Macu CUpOi Ta Cyxoi
peYoBUHM Y CisHLAX riHkro. OTpuMaHi AaHi NigTBepaXyoTh, WO nepeanocisBHa obpobka
HaciHHsa Ginkgo biloba edeKTMBHO BMNMBAE Ha Macy CUPOT Ta CyXOi PeYOBUHU CidHLB, a
TaKoX Ha NOKa3HUKM NPOLIEHTHOroO BMICTY CYXOl peY4OBMHU Ta BMICTY BOAM Y X TKAHUHaX. Y
ManbyTHLOMY Lii AOCTIPKEHHSA MOXYTb CTaTM OCHOBOIO AN PO3POOKN HOBUX arpOHOMIYHMX
npakTuK, siki 3abesneyatb Binbll egekTMBHE BMPOLLYBAHHS THKMO Ta iHWWX AepeBHUX
KynbTyp, WO NOTPebyloTb OCOGNMBOro AOrMsay B yMOBax 3MiHM KNiMaTty Ta iHLIKMX
CTPEeCOBUX (PaKTOPIB.
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CHANGE IN THE WEIGHT OF RAW AND DRY MATTER

OF GINKGO BILOBA L. SEEDLINGS UNDER THE INFLUENCE
OF METABOLICALLY ACTIVE SUBSTANCES USED

FOR PRE-SOWING SEED TREATMENT

The study studied the effect of pre-sowing treatment of ginkgo seeds (Ginkgo biloba L.)
with metabolically active substances and their combinations on the accumulation of fresh
and dry mass of seedlings. Ginkgo, as one of the oldest plants on Earth, is of great
importance not only in botany, but also in medicine, due to its unique pharmacological
properties. However, to achieve high productivity and quality of plants, it is important to
optimize their growing conditions, in particular the use of metabolically active substances.
The search for new, more effective and environmentally friendly plant growth regulators
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is one of the most important areas of modern research in plant physiology. Among the
promising growth regulators of woody plants, metabolically active substances can be
distinguished — compounds that play an important role in the regulation of life processes
in plant cells. They affect the growth, development, metabolism and adaptation of plants
fo various environmental conditions. These drugs are safe for humans and animals,
effective in low concentrations, have a wide spectrum of action and meet environmental
and economic requirements. For the analysis, Ginkgo biloba L. seedlings were used to
study the effect of metabolically active substances, in particular: Ubiquinone (108 M),
Vitamin E (10° M), Paraoxybenzoic acid (POBA) (0,001%), Methionine (0,001%),
Magnesium sulfate (0,001%) and their combinations. In particular, the following
compositions were studied: Vitamin E (10 M) + Ubiquinone (10 M); Vitamin E (108 M)
+ Paraoxybenzoic acid (0,001%) + Methionine (0,001%); Vitamin E (10% M) +
Paraoxybenzoic acid (0,001%) + Methionine (0,001%) + MgSO4(0,001%,). It was found
that pre-sowing treatment of ginkgo seeds with metabolically active substances has a
positive effect on the accumulation of fresh and dry mass of seedlings. The greatest
efficiency in both indicators was demonstrated by the individual substances Vitamin E and
Methionine, as well as their combination Vitamin E + Methionine + POBA.

Keywords: Ginkgo biloba L., metabolically active substances, pre-sowing seed treatment,
seedlings, fresh weight, dry weight.
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ENHANCING POTATO (SOLANUM TUBEROSUM L., CV CHANLIBEL)
CALLUS INDUCTION AND REGENERATION USING IRON
AND COPPER OXIDE NANOPARTICLES

The application of nanopatrticles (NPs) in plant tissue culture has emerged as a promising
strategy to enhance morphogenesis and regeneration efficiency. Despite accumulating
evidence regarding nanoparticle-mediated enhancement of plant tissue culture
responses, limited information is available on their application in potato, particularly in the
cultivar Chanlibel. The absence of systematic evaluation of Fe;0, and CuO nanoparticles
in this genotype represents a notable knowledge gap. Therefore, the present study aimed
fo investigate the effects of different concentrations of Fe;O, and CuO nanopatrticles on
callus induction, callus growth, and shoot regeneration in Solanum tuberosum L. cv.
Chanlibel under in vitro conditions. This study evaluated the effects of iron oxide (Fe;0,)
and copper oxide (CuQ) nanopatrticles on callus induction and in vitro regeneration of
potato (Solanum tuberosum L., cv. Chanlibel). Explants were cultured on Murashige and
Skoog (MS) medium supplemented with Fe;O, or CuO nanoparticles at 0.25, 5, and 10
mg L ™. Callus induction frequency increased with Fe;O, concentration up to 5 mg/L,
reaching a maximum of 82%, compared to 60% in the control. Similarly, callus fresh
weight and shoot regeneration frequency were highest at 5 mg/L, with values of 0.70 g
and 68%, respectively. Increasing the concentration to 10 mg/L slightly reduced both
callus induction (72%) and shoot regeneration (556%). Callus induction frequency
increased with Fe;Q, concentration up to 5 mg/L, reaching a maximum of 82%, compared
to 60% in the control. Similarly, callus fresh weight and shoot regeneration frequency were
highest at 5 mg/L, with values of 0.70 g and 68%, respectively. Increasing the
concentration to 10 mg/L slightly reduced both callus induction (72%) and shoot
regeneration (556%). Callus induction frequency, callus fresh weight, and shoot
regeneration percentage were assessed to determine treatment efficacy. Fe;O,
nanoparticles significantly enhanced morphogenic responses, with the highest
performance observed at 10 mg L™, resulting in 82% callus induction and 68% shoot
regeneration. CuO nanopatrticles exhibited a concentration-dependent response, with
optimal effects at 5 mg L ™ (78% callus induction and 64% shoot regeneration), whereas
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10 mg L ™ caused inhibitory effects, including reduced regeneration and callus browning.
Morphological evaluation revealed compact, green calli under Fe;O, treatments, while
elevated CuO levels induced tissue browning, indicating potential phytotoxicity.

Overall, the findings demonstrate that appropriately optimized Fe;O, and CuO nanoparticle
supplementation can improve in vitro regeneration efficiency in potato, underscoring their
potential application in advanced plant biotechnology and micropropagation systems.
Keywords: nanopatrticles; iron oxide (Fe;O,); copper oxide (CuO); callus induction; in vitro
regeneration; potato; Solanum tuberosum L.

Introduction. Potato (Solanum tuberosum L.) is one of the most strategically
important food crops worldwide, ranking among the leading staple species in terms of global
production and human consumption. Beyond its substantial contribution to food security,
potato represents a valuable source of carbohydrates, high-quality proteins, vitamins, and
essential minerals. Sustainable improvement of potato cultivars through rapid clonal
propagation, genetic transformation, and breeding programs relies heavily on efficient in
vitro culture systems. In this context, successful callus induction and subsequent plant
regeneration constitute critical steps for micropropagation and biotechnological applications.
Nevertheless, regeneration efficiency in potato tissue culture is frequently limited by
genotype-dependent morphogenic responses, oxidative stress caused by reactive oxygen
species (ROS), phenolic oxidation leading to tissue browning, and microbial contamination,
all of which compromise morphogenic competence [1, 6, 8].

Recent advances in nanotechnology have introduced engineered nanoparticles
(NPs) as promising modulators of plant physiological and biochemical processes. Due to
their nanoscale dimensions, high surface area-to-volume ratio, and enhanced reactivity,
nanoparticles exhibit greater bioavailability and biological activity than their bulk
counterparts [5, 8]. Emerging evidence indicates that NPs can enhance nutrient uptake,
alter membrane permeability, regulate phytohormonal signaling pathways, activate
antioxidant defense systems, and suppress microbial growth in plant tissue culture systems
[4, 9]. These properties suggest their potential to improve in vitro morphogenesis and
regeneration efficiency.

Among micronutrient-based nanoparticles, iron oxide (FesO,) and copper oxide
(CuO) are of particular interest because iron (Fe) and copper (Cu) are essential elements
involved in key metabolic pathways. Iron is indispensable for chlorophyll biosynthesis,
mitochondrial respiration, and electron transport processes, whereas copper functions as a
catalytic cofactor for numerous oxidoreductases, including superoxide dismutase, and plays
a crucial role in redox regulation and stress responses [2, 8]. Nano-formulations of these
micronutrients may enhance their solubility, mobility, and controlled delivery within plant
tissues. For example, Fe;O, nanoparticles have been reported to significantly enhance
callus induction and shoot regeneration in rice and chickpea tissue cultures [3, 7]. In
contrast, CuO nanoparticles have demonstrated concentration-dependent effects,
stimulating callogenesis at lower concentrations while inducing oxidative damage and
phytotoxicity at higher doses due to excessive ROS accumulation [6, 10].

Despite accumulating evidence regarding nanoparticle-mediated enhancement of
plant tissue culture responses, limited information is available on their application in potato,
particularly in the cultivar Chanlibel. The absence of systematic evaluation of Fe;O, and
CuO nanoparticles in this genotype represents a notable knowledge gap. Therefore, the
present study aimed to investigate the effects of different concentrations of Fe;O, and CuO
nanoparticles on callus induction, callus growth, and shoot regeneration in Solanum
tuberosum L. cv. Chanlibel under in vitro conditions. By elucidating the morphogenic
responses to micronutrient-based nanoparticles, this research seeks to contribute to the
optimization of regeneration protocols and to expand the practical applications of
nanotechnology in plant biotechnology.

Materials and Methods. Plant Material and Explant Preparation
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Certified disease-free tubers of S. tuberosum L., cv. Chanlibel were used. Stem and
leaf explants (1-2 cm) were surface sterilized using 70% ethanol (1 min) and 2% sodium
hypochlorite (15 min), followed by three rinses with sterile distilled water.

Nanoparticle Preparation. Fe;0, and CuO nanoparticles (Sigma-Aldrich, 20-50 nm)
were dispersed in sterile distilled water by sonication for 15 min. NPs were added to MS
medium at the following concentrations:

Fes;0,: 0,25, 5, 10 mg/L

Cu0O: 0,25, 5, 10 mg/L

Control media contained no nanoparticles. Medium pH was adjusted to 5.8 and
autoclaved at 121°C for 20 min.

Culture Conditions. Explants were incubated in the dark at 25 + 2°C for 4 weeks for
callus induction. Calli were then transferred to regeneration medium containing 1 mg/L BAP
and 0.1 mg/L NAA under a 16/8 h light/dark photoperiod.

Evaluation Parameters.

Callus induction frequency (%) = (number of explants forming callus + total
explants) x 100

Callus fresh weight (g) after 4 weeks

Shoot regeneration frequency (%) = (number of calli producing shoots + total calli) x 100

Morphological observations: color, compactness, and necrosis

Statistical Analysis. Experiments were performed in triplicate with 20 explants per
treatment. Data were analyzed using ANOVA followed by Tukey's test at p < 0.05.

Results and Discution. Effects of Fe;O, Nanoparticles. The effect of Fe;O,
nanoparticles on callus induction, fresh weight, and shoot regeneration of Solanum tuberosum
L., cv. Chanlibel is presented in Table 1. Callus induction frequency increased with Fe;O,
concentration up to 5 mg/L, reaching a maximum of 82%, compared to 60% in the control.
Similarly, callus fresh weight and shoot regeneration frequency were highest at 5 mg/L, with
values of 0.70 g and 68%, respectively. Increasing the concentration to 10 mg/L slightly
reduced both callus induction (72%) and shoot regeneration (55%). Morphologically, calli at 5
mg/L were compact, green, and highly meristematic, whereas higher Fe;O, concentrations
led to minor decreases in growth and regeneration potential.

Table 1. Effects of Fe;0, nanoparticles on callus induction, fresh weight,
and shoot regeneration of potato explants

Fe;O, Callus Induction Callus Fresh Weight Shoot Regeneration
(mg/L) (%) (9) (%)
0 (Control) 60 0.42 50
0,25 68 0.55 57
5 82 0.70 68
10 72 0.58 55

Effects of CuO Nanoparticles. CuO nanoparticles also influenced callus induction and
regeneration (Table 2). Low concentrations of CuO (0,25-5 mg/L) enhanced callus
induction (70-78%) and shoot regeneration (56—64%) compared to the control (60% and
50%, respectively). However, a higher concentration (10 mg/L) markedly reduced callus
induction (52%) and shoot regeneration (42%) and caused browning and necrosis in the calli.

Table 2. Effects of CuO nanoparticles on callus induction, fresh weight,
and shoot regeneration of potato explants

CuO Callus Induction Callus Fresh Weight Shoot Regeneration
(mg/L) (%) (9) (%)
0 (Control) 60 0.42 50
0,25 70 0.53 56
5 78 0.63 64
10 52 0.45 42
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Comparative Observations. Comparative analysis indicated that Fe;O, at 5 mg/L and
CuO at 5 mg/L were optimal for callus induction and shoot regeneration. Morphologically,
Fe;O,-treated calli were compact and green at optimal concentration, while high CuO
concentrations induced browning and necrosis.

The present study demonstrated that Fe;O, nanoparticles function as a bioavailable
iron source, promoting enzymatic activity, antioxidative defense mechanisms, and
organogenesis in Solanum tuberosum L., cv. Chanlibel. These observations align with the
findings of Ullah et al. (2024) and Igbal et al. (2024), who reported similar stimulatory effects
of iron oxide nanoparticles on callus induction and regeneration in rice and turmeric tissue
cultures.

CuO nanoparticles exhibited dose-dependent effects: low concentrations (0,25-5
mg/L) enhanced callus formation and shoot regeneration, whereas higher concentrations
(10 mg/L) caused oxidative stress, cytotoxicity, and browning of calli. These results are
consistent with previous studies by Anwaar et al. (2020) and Khaliloglu et al. (2022),
highlighting the dual role of metal oxide nanoparticles in plant tissue culture. The data
emphasize the importance of optimizing nanoparticle type and concentration to maximize
regenerative potential while minimizing phytotoxic effects.

Overall, the study confirms that carefully selected concentrations of Fe;0, and CuO
nanoparticles can significantly improve callus induction, biomass accumulation, and shoot
regeneration, offering a valuable strategy for enhancing in vitro propagation efficiency in potato.

Conclusion. Fe;O, and CuO nanoparticles exert significant effects on callus
induction and in vitro regeneration of potato cv. Chanlibel. Optimal concentrations—5 mg/L
for Fe O, and 5 mg/L for CuO—resulted in enhanced callus formation, increased biomass,
and higher shoot regeneration rates. These findings suggest that nanoparticle
supplementation can serve as a promising tool to improve potato tissue culture protocols,
provided that concentrations are carefully optimized to avoid cytotoxicity.

CnucoK BUKOpUCTaHUX mxKepen

1. Anwaar S., Ali S., Ali S., Ishaque W., Farid M., Farooq M. A., Najeeb U., Abbas, F.
Copper oxide nanoparticles: phytotoxicity and role in plant growth modulation. Environmental
Science and Pollution Research. 2020, 27, 2983 — 2998.

2. Marschner P. (2012). Marschner’s mineral nutrition of higher plants (3rd ed.). Academic
Press.

3. Rico C. M., Majumdar S., Duarte-GardeaM., Peralta-Videa J. R., Gardea-Torresdey J. L.
Interaction of nanoparticles with edible plants and their possible implications in the food chain.
Journal of Agricultural and Food Chemistry. 2011, 59(8), 3485 — 3498.

4. Barakat M.N., Abdel-Latif T.H. In vitro selection of wheat callus tolerant to high level of
salt and plant regeneration. Euphytica. 1996, 91(2), 127 — 140. https://doi.org/10.1007/BF00021062

5. Siddigi K. S., Husen A. Plant response to engineered metal oxide nanoparticles.
Nanoscale Research Letters. 2017, 12, 92.

6. Thorpe T. A. (2007). History of plant tissue culture. Molecular Biotechnology. 2017, 37,
169-180.

7. Colin I, Ruhnow F., Zhu L — K., Zhao Y., Person, S. The cell biology of primary cell
watts during salt stress. The plant cell. 2017, 35(1), 201 — 207 https://doi.org/10.1093/plcel/koa292

8. De Rosa A., McGaughey S., Magratth I., Byrt C. Molecular membrane separations:
plants inspire new technologies. New Phytology. 2023, 238, 33 - 54
https://doi.org/10.1111/nph.18762

9. Sumalan R.L., Nescu V., Berbeccea A., Sumalan R.M., Crisan M., Negrea P., Ciulca
S. The impact of heavy metal accumulation on some physiological parameters in Silphium
perfoliatum L. grown in hydroponic system. Plants. 2023, 12(8), 1718
https://doi.org/10.3390/plants 12081718

10. Dabrovolski S.A., Isaenkovm S.V. The regulation of plant cell wall organization under
salt stress. Frontiers in Plant Science. 2023, 14, 1118313 https://doi.10.3389/fpls.2023.1118313

45



Haykosi 3anucku. Bionoriuni Hayku. 2026. Ne 2 ISSN Online 2786-8478 Print 2786-846X

References

1. Anwaar, S., Ali S., Ali, S., Ishaque, W., Farid, M., Farooq, M. A., Najeeb, U., Abbas, F.
(2020). Copper oxide nanoparticles: phytotoxicity and role in plant growth modulation.
Environmental Science and Pollution Research, 27, 2983 - 2998

2. Marschner, P. (2012). Marschner’s mineral nutrition of higher plants (3rd ed.).
Academic Press.

3. Rico, C. M., Majumdar, S., Duarte-GardeaM., Peralta-Videa, J. R., Gardea-Torresdey,
J. L. (2011). Interaction of nanoparticles with edible plants and their possible implications in the
food chain. Journal of Agricultural and Food Chemistry, 59(8), 3485 - 3498

4. Barakat, M.N., Abdel-Latif, T.H. (1996) In vitro selection of wheat callus tolerant to high
level of salt and plant regeneration. Euphytica, 91(2), 127 — 140 https://doi.org/10.1007/BF00021062

5. Siddigi, K. S., Husen, A. (2017). Plant response to engineered metal oxide
nanoparticles. Nanoscale Research Letters, 12, 92

6. Thorpe, T. A. (2007). History of plant tissue culture. Molecular Biotechnology, 37, 169—180.

7.Colin, I., Ruhnow, F., Zhu, L - K., Zhao, Y., Person, S. (2023) The cell biology of primary
cell watts during salt stress. The plant cell, 35(1), 201 — 207 https://doi.org/10.1093/plcel/koa292

8. De Rosa, A., McGaughey, S., Magratth, I., Byrt, C. (2023) Molecular membrane
separations: plants inspire new technologies. New Phytology, 238, 33 - 54
https://doi.org/10.1111/nph.18762

9. Sumalan, R.L., Nescu, V., Berbeccea, A., Sumalan, R.M., Crisan, M., Negrea, P.,
Ciulca, S. (2023) The impact of heavy metal accumulation on some physiological parameters in
Silphium  perfoliatum L. grown in hydroponic system. Plants, 12(8), 1718
https://doi.org/10.3390/plants 12081718

10. Dabrovolski, S.A., Isaenkovm, S.V. (2023) The regulation of plant cell wall
organization under salt stress. Frontiers in Plant Science, 14, 1118313
https:/doi.10.3389/fpls.2023.1118313

Haci6oB XikmeT Hacip

[OOLEHT, AnpekTop HaykoBo-40CAiAHOTO IHCTUTYTY
0BOMIBHMLTBA BaknHCBLKOro AepXaBHOroO yHiBepeuTeTy
Baky, AsepbarigkaH

nesibov.hikmet@teti.az
orcid.org/0009-0003-4769-0977

XacaH3aga AnxaH Bigagi

MaricTpaHT BakvHCLKOro AepxaBHOro yHiBEpCUTETY
BaknHcbKoro AepXaBHOro yHiBepcUTeTy

Baky, AsepbarigkaH

ayxanhesen1234@gmail.com
orcid.org/0009-0006-8652-5853

Kynysana 3eka Hasip

acripaHT BakvVHCLKOro AepXXaBHOro YHIBEpPCUTETY
HaykoBo-gocnigHoro iHCTUTYTY

OBOYIBHULITBA, IepXKaBHOI topUaNYHOI ocobu,
Baky, AsepbarigkaH
orcid.org/0009-0004-3964-2277

NIABULLEHHA IHAYKUIT YTBOPEHHSA KAITYCY TA PEFEHEPALYT
Y KAPTOMNI (SOLANUM TUBEROSUM L., COPT CHANLIBEL)
3A OOMNMOMOroro HAHOYACTUMHOK OKCuUay 3ANI3A TA MiAl

BacmocysaHHs HaHoYacmuHok (HY) y Kynbmypi pocriuHHUX mKaHUH cmario nepcrek-
mueHot cmpameaieto Orisi MoKpauweHHsI Mopgho2eHe3y ma eghbekmusHocmi pe2eHepauil.
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Hessaxaroyu Ha Hakonu4eHHs1 OoKa3sie Wo00 MOCUIeHHsT peakyiti Kynbmypu POC/UHHUX
MKaHUH 3a OOrNOMO_20t0 HaHOHYaCMUHOK, iHGhopMauisi MPo Ix 3acmocy8aHHs Ha Kapmoriii,
30kpema y copmy Chanlibel, obmexeHa. BidcymHicmb cucmemamuyHOi OUiHKU
HaHo4YacmuHok Fe;O, ma CuO y ubomy eeHomurii sierisiec cobor0 3Ha4yHy npo2anuHy 8
3HaHHsIX. ToMy Memoto Ub020 docrnidxeHHs 6yr1o docridumu erug pisHUX KoHUeHmpaujit
HaHodacmuHok Fe;0, ma CuO Ha iHOyKUjto Karirocy, picm Kanrcy ma peseHepauiio
nazoHie y Solanum tuberosum L. cv. Chanlibel & ymosax in vitro. Y ybsomy OocridkeHHi
OUiHKO8aIU 8r1r1u8 HaHOYacmuHoK okcudy 3arnisa (Fez0,) ma okcudy midi (CuQ) Ha iHOyKujtO
Karocy ma peaeHepaujio in vitro kapmonni (Solanum tuberosum L., copm Chanlibel).
EkcninaHmamu Kyrnbmusysarnu Ha cepedosuwii Mypaciee ma Ckyea (MS), dorosHeHomy
HaHoyYacmuHkamu Fe;0, abo CuO y koHueHmpauisx 0,25, 5 ma 10 ma/n. Yacmoma
iHOyKUii Kantocy 36inbwysanacs 3 KoHueHmpauiero Fe;O, 0o 5 me/n, docsizaroyqu
makcumymy 82% riopieHsiHO 3 60% y KOHmMporni. AHarnoaiyHo, ceiXka maca Karnrcy ma
Yacmoma pezeHepauii na2oHie bynu Hatsuwumu npu 5 ma/n, 3i 3HayeHHsmu 0,70 2 ma
68% eidrosioHo. 36inbweHHs1 KoHueHmpauii 0o 10 ma/n dewo 3HU3UMO 5K IHOYKUIiHO
Kartocy (72%), mak i peeeHepauito nazoHis (55%).[ns eusHavyeHHs1 eghekmusHocmi
06pobKU OUujHI8anu Yacmomy IHOYKUIi Karocy, mMacy C8iKo20 Karrocy ma 6i0ComoK
pezeHepaujii naeoHie. HaHoyacmuHku Fe;0, 3Ha4yHO nocurnosanu MopgoeeHemMuYHi
peakuii, rpudomy Hatiguwa eghekmusHicmb criocmepizanaca npu 10 me L™, wo
ripuseesio 0o 82% iHOykuii kartocy ma 68% pezeHepauii nazoHie. HaHoyacmuHku CuO
OeMoHcmpysaru KOHUeHmpauitiHO-3anexHy peakuito, 3 onmumaribHUM e¢hbekmom rpu 5
me L™ (78% iHOyKuii karrocy ma 64% pezeHepauii nazoHig), modi sik 10 me L ™ eukiukanu
iHeibyroyuli eghekm, BKIYaroyU 3HUXEHHST peaeHepauii ma rnomeMHIHHS Kasocy.
MopgbornoaiyHa oujHKa susiguia KOMakmHi, 3esieHi karocu rpu obpobui Fe;0O,, modi sik
nidsuweHuli piseHo CuO iHOyKysag MOMeMHIHHSI MKaHUH, WO 8Ka3ye Ha MomeHUuitiHy
himomoKcu4Hicmb.

Bazarom, pesynsmamu 00CriGKeHHs MoKa3yrmb, WO HaNeXHUM YUHOM OrMUMIi308aHe
0odaeaHHs1 HaHodacmuHok Fe;O, ma CuO moxe nokpawumu egheKmueHicms
peaeHepauii in vitro y kapmonni, wo MiOKPecoe iX NnomeHyjliHe 3acmocyeaHHsT 8
riepedositi biomexHosnoaii pocAuH ma cucmemax MiKpOPO3MHOXEHHS.

Knrouosi cnosa: HaHoYacmuHKU; okcud 3anisa (FesO,); okcud wmidi (CuO); iHOyKyis
Karnycy; peeeHepauis in vitro; kapmonris; Solanum tuberosum L.
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PRIMARY PHYTOCHEMICAL ANALYSIS
OF PRANGOS ACAULIS (LINDL.) BORNM.
AND COMPARATIVE ANALYSIS WITH PRANGOS FERULACEA (L.) LINDL.

Prangos is a perennial herb belonging to the Apiaceae family. This genus is primarily
distributed in dry and semi-desert climates. Numerous species of the Prangos genus have
been studied, and extensive phytochemical analyses have been conducted, revealing
that they are rich in biologically active compounds. However, sufficient information
regarding Prangos acaulis is lacking. Major classes of phytochemicals with disease-
preventive properties include dietary fiber, antioxidants, anticancer agents, detoxifying
substances, immune enhancers, and neuropharmacological compounds. The potential
richness of the phytochemical composition of this species, considering its pharmacological
properties, suggests that it may become a future raw material for medicine, and for this
reason, the study of the plant is important. The aim of the research is to perform a
phytochemical analysis of P.acaulis and P.ferulacea species using paper chromatography, to
conduct preliminary screening for P. acaulis, and to evaluate the obtained results in
comparison with P.ferulacea. The percolation method was employed to obtain plant
extracts. Both dried and powdered plant samples were accurately weighed to 20 g each.
The measured plant material was soaked in 20 ml of 70% ethanol and allowed to stand
for 24 hours. After another 24-hour standing period, the liquid was completely filtered and
returned to the separating funnel. From the 20 g sample, 80% was collected as the
primary extract at a rate of approximately 40 drops per hour and set aside. To conduct
the research, the collected plants were dried under identical conditions, ground into
powder, extracts were obtained, and the analysis was performed using paper
chromatography. Based on the results of the analysis, specific biologically active
compounds were identified on the chromatogram, and the Rf values were calculated and
compared. The evaluation of the obtained results suggests that the chromatographic
profiles of the extracts, in combination with the specific reagents employed, provide insight
into the possible functional groups present in the separated compounds. In the present
study, a preliminary phytochemical analysis was conducted on 70% ethanol extracts
obtained from the leaves and roots of Prangos acaulis using the percolation method. This
similarity suggests that P. acaulis may also possess a diverse array of bioactive
compounds. Nevertheless, it should be emphasized that further comprehensive and
detailed investigations are necessary to accurately identify the specific classes of bioactive
substances present and to determine the exact molecular composition of this species.
Keywords: Prangos acaulis, Prangos ferulacea, paper chromatography, phytochemical
analysis.
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introduction. Medicinal plants have played a significant role in the development of
human civilization. For thousands of years, they have been used to treat health ailments,
enhance flavor and preserve food, and prevent disease epidemics [1]. Medicinal plants play
an important role in disease prevention, and their promotion and use align with all existing
prevention strategies [2].

Across Europe, over 1,300 species of medicinal plants are utilized, with the vast
majority (90%) being sourced from wild populations. In the United States, natural products
form the basis for approximately 118 of the top 150 prescription medications. Furthermore,
plant-based remedies constitute the primary healthcare method for up to 80% of individuals
in developing nations. Similarly, in developed countries, more than a quarter (25%) of
prescription drugs are derived from wild plant species [3].

Every year, individuals turn to herbal remedies under the belief that they cause fewer
adverse side effects. In the United States, approximately 8% of hospital admissions result
from negative responses to synthetic drugs, with at least 100,000 deaths occurring annually
due to such toxic effects [4]. More than 50,000 plant species-representing over one-tenth of
all known species-are utilized in pharmaceutical and cosmetic products. However, the
global distribution of medicinal plants is uneven, and they are primarily harvested from wild
populations. In fact, in recent decades, the demand for wild plant resources has risen by 8%
to 15% annually in regions such as Europe, North America, and Asia [5].

Medicinal plants contain various organic compounds that exert specific physiological
effects on the human body. These bioactive substances include tannins, alkaloids,
carbohydrates, terpenoids, steroids, and flavonoids. Such compounds are produced
through the secondary metabolism of living organisms. Secondary metabolites are
chemically diverse and often have unclear taxonomic or functional roles, yet they are widely
applied in human medicine, veterinary science, agriculture, research, and numerous other
fields [6]. Research conducted over the past two to three decades indicates that these
phytochemicals play a significant role in preventing chronic diseases, including cancer,
diabetes, and coronary heart disease. Major classes of phytochemicals with disease-
preventive properties include dietary fiber, antioxidants, anticancer agents, detoxifying
substances, immune enhancers, and neuropharmacological compounds [7].

Among these, flavonoids are recognized for their strong antioxidant, anti-
inflammatory, antibacterial, and anticarcinogenic activities, as well as their ability to regulate
free radicals. Consequently, they are utilized in the treatment of various diseases [8].
Coumarins, another group of bioactive compounds, have been shown to possess anti-
inflammatory, anticoagulant, antibacterial, antifungal, antiviral, anticancer, antihypertensive,
antituberculosis, antioxidant, and neuroprotective effects [9]. Additionally, terpenoids are
reported in the literature to exhibit a range of pharmacological activities [10].

A variety of methods are employed to identify biologically active compounds in plants,
with chromatographic analysis being one of the most commonly used techniques.
Chromatography operates on the principle of separating molecules within a mixture by
applying them to a solid surface or solid phase and then mobilizing them using a liquid or
gaseous mobile phase [11]. The fundamental mechanism underlying all chromatographic
methods relies on two key components: the stationary phase and the mobile phase [12].
Paper chromatography is a specific analytical technique used to separate colored
substances or compounds, in which paper serves as the stationary phase [13].

In this method, the cellulose fibers of the paper function as the stationary phase, while
a solvent, referred to as the developing liquid or eluent, acts as the mobile phase [14]. It is
important to note that the behavior of the stationary phase may vary depending on the
nature and solubility of each compound being analyzed. Despite its utility, paper
chromatography has certain limitations. One drawback is that different compounds may
exhibit identical retention values when using the same solvent system. Furthermore, the
reproducibility of the method can be influenced by factors such as solvent temperature, the
quality of the chromatography paper, solvent purity, and the amount of sample applied.
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These limitations have contributed to a decline in both the popularity and the range of
applications of this method over time [15].

For this reason, paper chromatography was employed for the preliminary screening
of the phytochemical composition of selected species within the Prangos genus, which
serves as the focus of this research. The Prangos genus consists of perennial herbs
belonging to the Apiaceae family. Within the flora of Azerbaijan, the Apiaceae family
comprises 75 genera and 184 species, while in the flora of the Nakhchivan Autonomous
Republic, it includes 57 genera and 107 species. The Prangos genus itself is represented
by five species in this region [16]. Most of these species are aromatic plants characterized
by hollow stems, and many are utilized as vegetables or spices [17]. Prangos ferulacea (L.)
Lindl., commonly known as "common chashir," can reach heights of up to 150 cm. It features
light yellow flowers and emits an unpleasant odor. Its umbels consist of 6 to 16 rays, and
the length of its oval fruits ranges from 15 to 20 mm. Flowering typically occurs in May and
June, with fruit production taking place from June to August [16].

In contrast, Prangos acaulis, referred to as "stemless chashir," grows to a height of
20 to 40 cm. Although many species within the genus have been extensively investigated
in previous studies [18], research on P.acaulis remains quite limited. In the present study,
preliminary phytochemical analyses of P.acaulis were conducted using paper
chromatography, and a comparative analysis with P. ferulacea was also carried out.

Materials and Methods. P. acaulis specimens were collected in May 2025 from the
Ordubad district of the Nakhchivan Autonomous Republic, specifically at the foot of
Soyuqdag near the bank of the Diyachay River. P. ferulacea samples were collected in May
2025 from the Kalbajar district. Following collection, the plant materials were thoroughly
dried in open air, protected from direct sunlight. Once dried, they were stored in dark glass
containers placed in a cool, dark location until extract preparation.

The percolation method was employed to obtain plant extracts. Both dried and
powdered plant samples were accurately weighed to 20 g each. The measured plant
material was soaked in 20 ml of 70% ethanol and allowed to stand for 24 hours.
Subsequently, the soaked material was transferred to a separating funnel, and additional
70% ethanol was added until a mirror layer formed. After another 24-hour standing period,
the liquid was completely filtered and returned to the separating funnel. From the 20 g
sample, 80% was collected as the primary extract at a rate of approximately 40 drops per
hour and set aside. To complete the extraction process, 70% ethanol was continuously
added to the separating funnel containing the plant material until the resulting extract
became colorless. The extract was then evaporated until a 20% dry residue was achieved
and combined with the primary extract. To remove ballast substances, the combined extract
was refrigerated for 24 hours, filtered through filter paper, and prepared for subsequent use.

For the chromatographic analysis, Whatman No.1 paper was used as the stationary
phase. The following solvent systems were employed as mobile phases:
chloroform:methanol:water (7:3:0.4), chloroform:butanol:water (8:1:1), and butanol:acetic
acid:water (4:1:5). For each analysis, the paper was cut into pieces measuring 9-13 cm in
length and 6-8 cm in width, and a starting line was drawn 2 cm from the bottom edge. Using
a micropipette, extracts obtained from the leaves and roots of the plants were applied
separately onto the starting line in multiple applications, allowing each spot to dry between
applications. After the spots were completely dried, the paper was placed into a
chromatography chamber that had been previously saturated with mobile phase vapors.

The development process was allowed to proceed for 45 to 90 minutes, during which
the migration of the compounds was observed. Following development, the paper was
removed from the chamber, dried, and then exposed to ammonia vapor to enhance the
visibility of the separated spots. For the identification of biologically active compounds,
chemical reagents such as 1% aluminum chloride (AICls) and 1% iron(lll) chloride (FeCls)
were used. Additionally, spots that were not visible under normal light were detected using
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UV light at a wavelength of 365 nm. Finally, the retention factor (Rf) values of the detected
substances were calculated and compared.

Results. In the present study, the chromatographic analysis revealed the presence
of several components in the plant samples, and successful separation of these compounds
was achieved. The chromatograms obtained from leaf and root extracts of Prangos acaulis
and Prangos ferulacea, developed using different solvent systems, are presented below in
Figures 1-3.
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Figure 1. Chromatogram of leaf and root extracts obtained from Prangos acaulis and Prangos
ferulacea, developed using a solvent system consisting of chloroform, methanol,
and water in a ratio of 7:3:0.4

In the chromatogram developed using the chloroform:methanol:water (7:3:0.4)
solvent system, a green spot with an Rf value of 0.92 was observed in the leaf extract of
Prangos acaulis, while the yellow component remained almost at the baseline, showing
minimal migration. In the root extract of the same species, a yellow spot with an Rf value of
0.06 was detected, indicating very limited movement. For Prangos ferulacea, the leaf extract
exhibited a green spot with an Rf value of 0.94, with the yellow component again showing
negligible migration. In the root extract, a yellow spot with an Rf value of 0.05 was observed,
also reflecting very low mobility.

Figure 1 (a). Chromatogram of leaf and root extracts obtained from Prangos acaulis and Prangos
ferulacea, developed using a solvent system consisting of chloroform, methanol, and water in a ratio
of 7:3:0.4, observed under UV light

In the chromatogram developed using the chloroform:methanol:water (7:3:0.4)
solvent system, previously invisible spots were detected in both the leaf and root extracts of
the two plant species. These spots exhibited blue fluorescence and a brown coloration when
visualized under UV light at a wavelength of 365 nm.
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Figure 1 (b). Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of chloroform, methanol,
and water in a ratio of 7:3:0.4, treated with AICI; and visualized under UV light

After treating the chromatogram of the leaf and root extracts of both plants, developed
in the chloroform:methanol:water (7:3:0.4) system, with 1% AICI; solution and visualizing
under UV light, yellow dotted spots were observed along the migration path of the
compounds, in addition to the previously noted blue fluorescence and brown spot.
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Figure 1 (c). Chromatogram of leaf and root extracts obtained from Prangos acaulis
and Prangos ferulacea, developed using a solvent system consisting of chloroform, methanol,
and water in a ratio of 7:3:0.4, treated with FeCl;

Upon treatment of the chromatogram of the leaf and root extracts of both plants,
developed in the chloroform:methanol:water (7:3:0.4) system, with 1% FeCl; solution, blue
spots were observed along the migration path of the compounds.

Figure 2. Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of chloroform, butanol,
and water in a ratio of 8:1:1
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In the chromatogram developed using the chloroform:butanol:water (8:1:1) solvent
system, a green spot with an Rf value of 0.85 was observed in the leaf extract of Prangos
acaulis, while the yellow component remained almost at the baseline, showing negligible
migration. In the root extract of the same species, a yellow spot with an Rf value of 0.06 was
detected, indicating very limited movement. For Prangos ferulacea, the leaf extract exhibited
a green spot with an Rf value of 0.45, with the yellow component again showing minimal
migration. In the root extract, a yellow spot with an Rf value of 0.7 was observed.

Figure 2 (a). Chromatogram of leaf and root extracts obtained from Prangos acaulis and Prangos
ferulacea, developed using a solvent system consisting of chloroform, butanol, and water in a ratio of
8:1:1, observed under UV light

In the chromatogram developed using the chloroform:butanol:water (8:1:1) solvent
system, previously invisible spots were detected in both the leaf and root extracts of the two
plant species. These spots exhibited blue fluorescence and a brown coloration when
visualized under UV light at a wavelength of 365 nm.

Figure 2 (b). Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of chloroform, butanol,
and water in a ratio of 8:1:1, treated with AICI; and visualized under UV light

After treating the chromatogram of the leaf and root extracts of both plants, developed
in the chloroform:butanol:water (8:1:1) system, with 1% AIClI; solution and visualizing under
UV light, blue fluorescence and brown spots were observed.
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Figure 2 (c). Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of chloroform, butanol,
and water in a ratio of 8:1:1, treated with FeCl;
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Upon treatment of the chromatogram of the leaf and root extracts of both plants,
developed in the chloroform:butanol:water (8:1:1) system, with 1% FeCl; solution, blue
spots were observed along the migration path of the compounds.
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Figure 3. Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of butanol, acetic acid,
and water in a ratio of 4:1:5

In the chromatogram developed using the butanol:acetic acid:water (4:1:5) solvent
system, a green spot with an Rf value of 0.8 was observed in the leaf extract of Prangos
acaulis, while the yellow component remained almost at the baseline, showing negligible
migration. In the root extract of the same species, a yellow spot with an Rf value of 0.96 was
detected. For Prangos ferulacea, the leaf extract exhibited a green spot that remained at
the origin (Rf = 0) and a yellow spot with an Rf value of 0.8. In the root extract, a yellow spot
with an Rf value of 0.8 was also observed.

Figure 3 (a). Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of butanol, acetic acid,
and water in a ratio of 4:1:5, observed under UV light

In the chromatogram developed using the butanol:acetic acid:water (4:1:5) solvent
system, previously invisible spots were detected in both the leaf and root extracts of the two
plant species. These spots exhibited blue fluorescence and a brown coloration when
visualized under UV light at a wavelength of 365 nm.

Figure 3 (b). Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of butanol, acetic acid,
and water in a ratio of 4:1:5, treated with AICI; and visualized under UV light
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After treating the chromatogram of the leaf and root extracts of both plants, developed
in the butanol:acetic acid:water (4:1:5) system, with 1% AICI; solution and visualizing under
UV light, blue fluorescence and brown spots were observed.

Figure 3 (c). Chromatogram of leaf and root extracts obtained from Prangos acaulis and
Prangos ferulacea, developed using a solvent system consisting of butanol, acetic acid,
and water in a ratio of 4:1:5, treated with FeCl;

Upon treatment of the chromatogram of the leaf and root extracts of both plants,

developed in the butanol:acetic acid:water (4:1:5) system, with 1% FeCl; solution, blue
spots were observed along the migration path of the compounds.

Rf value od substances

1,2
1 092 0.9 0,94
0,85
0,8 0,8
0,8 07
0,6
0,45
0,4
0,2
0,06 0,06 0,05
0
Prangos acaulis Prangos ferulacea

Diagram 1. Rf values calculated from the chromatograms of extracts obtained from
Prangos acaulis and Prangos ferulacea

Order of the solvent systems: chloroform:methanol:water —
chloroform:butanol:water — butanol:acetic acid:water

Discussion. The evaluation of the obtained results suggests that the chromatographic
profiles of the extracts, in combination with the specific reagents employed, provide insight
into the possible functional groups present in the separated compounds. Examination of the
chromatograms obtained from different solvent systems, as presented in Figures 1, 2, and
3, indicates that the spots observed in both studied plant species may be associated with
photosynthetic pigments such as chlorophyll a, chlorophyll b, and carotenoids.

As previously noted, the chromatograms shown in Figures 1a, 2a, and 3a were
visualized under UV light at a wavelength of 365 nm. Across all three solvent systems, spots
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that were not visible to the naked eye exhibited blue fluorescence and brown coloration
under UV illumination. Based on available literature, such fluorescence characteristics suggest
the potential presence of coumarins, flavonoids, and other phenolic compounds [19].

In Figures 1b, 2b, and 3b, the chromatograms were treated with AICI; and subsequently
visualized under UV light. A closer examination of Figure 1b reveals the presence of yellow
dotted spots along the migration path of the compounds. Based on findings from previous
studies indicating that such spots are characteristic of flavonoids [20], it can be inferred that
the investigated plant species may also be rich in flavonoid compounds. It is worth noting,
however, that similar spots were not observed in the chromatograms presented in Figures
2b and 3b, which may suggest that these compounds did not dissolve effectively in the
respective solvent systems used.

In Figures 1c, 2¢, and 3c, the chromatograms were treated with FeCls. Following this
treatment, the spots exhibited a blue coloration. This color change is indicative of the
possible presence of phenolic compounds within the plant extracts [21].

As previously noted, while information regarding the phytochemical composition of
P. acaulis remains limited, the chemical profile of P. ferulacea has been extensively
documented in the literature [22, 23]. Given the well-established bioactive properties and
rich phytochemical content of P. ferulacea, a comparison of the chromatograms obtained
from both species in this study reveals overlapping spots. This similarity suggests that P.
acaulis may also possess a diverse array of bioactive compounds. Nevertheless, it should
be emphasized that further comprehensive and detailed investigations are necessary to
accurately identify the specific classes of bioactive substances present and to determine the
exact molecular composition of this species.

Conclusion. In the present study, a preliminary phytochemical analysis was
conducted on 70% ethanol extracts obtained from the leaves and roots of Prangos acaulis
using the percolation method. The analysis was carried out by means of paper
chromatography, and the results were compared with those of Prangos ferulacea. The
chromatographic profiles obtained indicate that both plant species may be rich in biologically
active compounds, including phenols, flavonoids, and coumarins.

CnucoK BUKOPUCTaHUX axepen

1. Dar R.A., Shahnawaz M., Parvaiz Qazi P.H. General overview of medicinal plants: A
review. The Journal of Phytopharmacology. 2017, 6(6), 349-351. Available at:
www.phytopharmajournal.com

2. Eyitope S.A., Onayade O.A. The role and place of medicinal plants in the strategies for
disease prevention. African Journal of Traditional, Complementary and Alternative Medicine.
2013, 10(5), 210—229. http://dx.doi.org/10.4314/ajtcam.v10i5.2

3.ChenS.L, YuH., Luo H.M., Wu Q,, Li C-F., Steinmetz A. Conservation and sustainable
use of medicinal plants: Problems, progress, and prospects. Chinese Medicine. 2016, 11-37
https://doi.org/0.1186/s13020-016-0108-7

4. Nasri H., Shirzad H. Toxicity and safety of medicinal plants. Journal of HerbMed
Pharmacology. 2013, 2(2), 21-22. Available at: http://www.herbmedpharmacol.com

5. Jamshidi-Kia F., Lorigooini Z., Amini-Khoei H. Medicinal plants: Past history and future
perspective. Journal of HerbMed Pharmacology. 2018; 7(1): 1-7.
http://dx.doi.org/10.15171/jhp.2018.01

6. Yadav R.N.S., Agarwala M. Phytochemical analysis of some medicinal plants. Journal
of Phytology. 2011, 3(12), 10-14.

7. Mamta Saxena, Jyoti Saxena, Rajeev Nema Dharmendra Singh Abhishek Gupta.
Phytochemistry of medicinal plants. Journal of Pharmacognosy and Phytochemistry. 2013, 1(6).

8. Karak P. Biological activities of flavonoids: An overview. 2017, International Journal of
Pharmaceutical ~ Sciences  and  Research. http://dx.doi.org/10.13040/IJPSR.0975-
8232.10(4).1567-74

56



dizionorig pocnuH

9. Venugopala K. N., Rashmi V., Odhav B. Review on natural coumarin lead compounds
for  their  pharmacological activity. @ BioMed  Research Intemational.  2013;
http://dx.doi.org/10.1155/2013/963248

10. YanW.,Chen X,, Li Y., Guo S., Wang Z., Yu X. Advances in pharmacological activities
of terpenoids. Natural Product Communications. 2020, 15(3), 1-13.
http://dx.doi.org/10.1177/1934578X20903555

11. Coskun O. Separation techniques: Chromatography. Northern Clinics of Istanbul.
2016, 3(2), 156—160. http://dx.doi.org/10.14744/nci.2016.32757

12. Sharma D.U., Kumar L., Verma R. Selection of stationary phase and mobile phase in
high performance liquid chromatography. Research Journal of Pharmacy and Technology. 2022,
15(9). http://dx.doi.org/10.52711/0974-360X.2022.00726

13. Ebere E.C., Obinna I.B., Wirnkor V.A. Applications of column, paper, thin layer and
ion exchange chromatography in purifying samples: Mini review. Science Forecast Publications.
2019, 2(2), 229-237

14. Bachalla N. Identification of synthetic food colors adulteration by paper
chromatography and spectrophotometric methods. IAIM. 2016, 3(6), 182-191.

15. Arora R., Vig A.P., Arora S. Glucosinolates: Transposing trends of identification
methods from paper chromatography to microchip analysis. International Journal of Life Sciences
Biotechnology and Pharma Research. 2014, 44(2), 877 — 810.

16. Safarova F., Ismayilova V., Nasirova A. Apiaceae Lindl in flora of Nakhchivan
Autonomous Republic: Poisonous species of the celery family. 2021, pp. 6-11
http://dx.doi.org/10.54414/UPXH5896

17. Mottaghipisheh J., Kiss T., Toth B., Csupor D. The Prangos genus: A comprehensive
review on traditional use, phytochemistry, and pharmacological activities. Phyfochemistry
Reviews. 2020, 19, 1449-1470. https://doi.org/10.1007/s11101-020-09688-3

19. Kovac E.E., Besovic K.D. Thin layer chromatography: Application in qualitative
analysis on presence of coumarins and flavonoids in plant material. Bosnian Journal of Basic
Medical Sciences. 2023, 3(3), 409 — 422

20. Garg J., Ghoshal G., Bhadada S.K., Katare O.P. Derivatisation mechanistic-guided
identification of phytoconstituents of different extracts of Cissus quadrangularis by TLC and
standardization by HPTLC. Phytomedicine Plus. 2024, 4, 100601.
https://doi.org/10.1016/j.phyplu.2024.100601

21. Asriani Suhaenah, Suki Hartina Aminah. Determination of phenolic and flavonoid
content of ethanol extract of Manila Sawo leaf (Manilkara zapota L.) from Wajo District by UV-
Vis spectrophotometry. Pharm Rep. 2024; 2(3): 50-55.

22. Kafash-Farkhad, N, Asadi-Samani, M, Rafieian-Kopaei, M. A review on
phytochemistry and pharmacological effects of Prangos ferulacea (L.) Lindl. Life Science Journal.
2013, 10(8s), 360-367.

23. Bruno M., llardi V., Lupidi G., Quassinti L., Bramucci M., Fiorini Dennis D., Venditti A.,
Maggi Filippo. The nonvolatile and volatile metabolites of Prangos ferulacea and their biological
properties. Planta Medica. 2019, 85, 815-824 https://doi.org/10.1055/a-0873-8622

References

1. Dar, R.A., Shahnawaz, M., Parvaiz Qazi, P.H. (2017) General overview of medicinal
plants: A review. The Journal of Phytopharmacology. 6(6), 349-351.

2. Eyitope, S.A., Onayade, O.A., (2013) The role and place of medicinal plants in the
strategies for disease prevention. African Journal of Traditional, Complementary and Alternative
Medicines. 10(5), 210-229. http://dx.doi.org/10.4314/ajtcam.v10i5.2

3.Chen, S.L, Yu, H., Luo, H.M., Wu, Q,, Li, C-F., Steinmetz, A. (2016). Conservation and
sustainable use of medicinal plants: Problems, progress, and prospects. Chinese Medicine,
2016, 11-37 https://doi.org/0.1186/s13020-016-0108-7

4. Nasri, H., Shirzad, H. (2013) Toxicity and safety of medicinal plants. Journal of HerbMed
Pharmacology. 2(2), 21-22.

5. Jamshidi-Kia, F., Lorigooini, Z., Amini-Khoei, H. (2018) Medicinal plants: Past history
and future perspective. Journal of HerbMed Pharmacology. 2018, 7(1), 1-7.
http://dx.doi.org/10.15171/jhp.2018.01

57



Haykosi 3anucku. Bionoriuni Hayku. 2026. Ne 2 ISSN Online 2786-8478 Print 2786-846X

6. Yadav, RNS., Agarwala, M. (2011) Phytochemical analysis of some medicinal plants.
Journal of Phytology. 3(12), 10-14.

7. Mamta, Saxena., Jyoti, Saxena., Rajeev, Nema, Dharmendra Singh., Abhishek Gupta.
(2013) Phytochemistry of medicinal plants. Journal of Pharmacognosy and Phytochemistry. 1(6).

8. Karak, P. (2017) Biological activities of flavonoids: An overview. International Journal
of Pharmaceutical Sciences and Research. http://dx.doi.org/10.13040/IJPSR.0975-
8232.10(4).1567-74

9. Venugopala, K. N., Rashmi, V., Odhav, B. (2013) Review on natural coumarin lead
compounds for their pharmacological activity. BioMed Research International. 2013, 963248.
http://dx.doi.org/10.1155/2013/963248

10. Yan, W., Chen, X, Li, Y., Guo, S., Wang, Z., Yu, X. (2020) Advances in
pharmacological activities of terpenoids. Natural Product Communications. 15(3), 1-13.
http://dx.doi.org/10.1177/1934578X20903555

11. Coskun, O. (2016) Separation techniques: Chromatography. Northern Clinics of
Istanbul. 3(2, 156-160. http://dx.doi.org/10.14744/nci.2016.32757

12. Sharma, D.U., Kumar, L., Verma, R. (2022) Selection of stationary phase and mobile
phase in high performance liquid chromatography. Research Journal of Pharmacy and
Technology. 15(9). http://dx.doi.org/10.52711/0974-360X.2022.00726

13. Ebere, E.C., Obinna, I.B., Wimkor, V.A. (2019) Applications of column, paper, thin
layer and ion exchange chromatography in purifying samples: Mini review. ScienceForecast
Publications. 2(2), 1018.

14. Bachalla, N. (2016) Identification of synthetic food colors adulteration by paper
chromatography and spectrophotometric methods. IAIM. 3(6), 182—191.

15. Arora, R., Vig, A.P., Arora, S. (2014) Glucosinolates: Transposing trends of
identification methods from paper chromatography to microchip analysis. International Journal of
Life Sciences Biotechnology and Pharma Research. 44(2), 877 — 810.

16. Safarova, F., Ismayilova, V., Nasirova, A. (2021) Apiaceae Lind! in flora of Nakhchivan
Autonomous  Republic: Poisonous species of the celery family. Pp. 6-11.
http://dx.doi.org/10.54414/UPXH5896

17. Mottaghipisheh, J., Kiss, T., Toth, B., Csupor, D. (2020) The Prangos genus: A
comprehensive review on ftraditional use, phytochemistry, and pharmacological activities.
Phytochemistry Reviews.19, 1449-1470. https://doi.org/10.1007/s11101-020-09688-3

19. Kovac, E.E., Besovic, K.D. (2003) Thin layer chromatography: Application in
qualitative analysis on presence of coumarins and flavonoids in plant material. Bosnian Journal
of Basic Medical Sciences. 3(3), 409 — 422

20. Garg, J., Ghoshal, G., Bhadada, S.K., Katare, O.P. (2024) Derivatisation mechanistic-
guided identification of phytoconstituents of different extracts of Cissus quadrangularis by TLC
and standardization by HPTLC. Phytomedicine Plus.4, 100601.
https://doi.org/10.1016/j.phyplu.2024.100601

21. Asriani Suhaenah, Suki Hartina, Aminah. Determination of phenolic and flavonoid
content of ethanol extract of Manila Sawo leaf (Manilkara zapota L.) from Wajo District by UV-
Vis spectrophotometry. Pharm Rep. 2024, 2(3), 50-55.

22. Kafash-Farkhad, N, Asadi-Samani, M, Rafieian-Kopaei, M. (2013) A review on
phytochemistry and pharmacological effects of Prangos ferulacea (L.) Lindl. Life Science Journal.
10(8s), 360-367.

23. Bruno, M., llardi, V., Lupidi, G., Quassinti, L., Bramucci, M., Fiorini, Dennis D., Venditti,
A., Maggi, Filippo. (2019) The nonvolatile and volatile metabolites of Prangos ferulacea and their
biological properties. Planta Medica. 85, 815-824 https://doi.org/10.1055/a-0873-8622

®darima PawmnpoBa

kacbeapa dapmadlii,
A3sepbaiigkaHCbKOro AepKaBHOTO
CinbCbKOrocnoAapcbKoro yHiBepcuTeTy

58



dizionorig pocnuH

Baky, AsepbapmaH
fatima.rashidova@adau.edu.az
orcid.org/0009-0001-0180-599X

3isaniH MamenoB

kadbegpa mMonekynspHoi 6ionorii

Ta BioTexHonorii,

BaknHCcbKoro AepXaBHOro yHiBepcUTeTy
Baky, AsepbamxaH
ziyaddin.mammadov@bsu.edu.az
orcid.org/0000-0001-8009-194 X

MOMNEPEOHIN ®ITOXIMIYHUA AHANI3
PRANGOS ACAULIS (LINDL.) BORNM. TA MOPIBHANbHUA AHANI3
I3 PRANGOS FERULACEA (L.) LINDL.

lpaHaoc 6e3nokuti (Prangos acaulis) — ue 6azamopiyHa mpas’ssHucma pocsuHa poOuHU
BoHmuuHux (Apiaceae). Llel pid nowupeHul nepesaxxHo 8 CyxoMy ma Harlierycmersib-
HOoMy Krimami. Byno eus4yeHo 4ucrieHHi eudu pody [lpaHaoc, MPoBeOdeHO HUCEHHI
pimoximiyHi aHarni3u, siKi nokasanu, wo 8oHU bazami Ha 6i0fI02iYHO aKmuBHi CriosyKu.
OdHak docmamHboi iHghopmayii wodo [NpaHzoca 6esnokamozo (Prangos acaulis)
bpakye. OcHosHI Kriacu himoXiMiYHUX PeYO8UH 3 NPOoginakmuyHUMU /1acmug8ocmsamu
8K/THOYaKOMb Xap4o6i 80/10KHa, aHmMuUoKcudaHmu, npomupakosi 3acobu, 0emoKCUKYHYi
PeYoB8UHU, IMyHOCMUMYnsSmopu ma HelpogbapmakonoaidHi crionyku. [lomeHuyidHe
bacamcmeo ¢bimoximidHo20 ckrady ub020 8udy, 8paxosyroyu (020 (hapMaKoo2iyHi
enacmueocmi, ceid4ume fpo me, Wo 8iH MoXe cmamu MalbymHbOH CUPOBUHOK Orisi
MeOUUUHU, | 3 Ujel MPUYUHU 8UBYEHHSI POCIUHU € 8axKrueuM. Memoro OOCTIOKEHHS €
rposedeHHs1 himoximiyHo2o aHanizy eudie P.acaulis ma P.ferulacea 3a 0ornomoezoro
ranepoeoi xpomamoepadpii, nposedeHHsi nornepedHb020 CKPUHIHeY Ha P. acaulis ma
OuiHKa ompuMaHux pe3ynbmamie y ropieHsiHHI 3 P.ferulacea. [na ompumaHHs
POCIIUHHUX eKcmpakmig eukopucmosysanu memood nepkonayii. 5k eucyweHi, mak i
ropowKornodibHi 3pa3ku pPoc/uH MOYHO 38axysanu 00 20 e KoxeH. BumipsHuli
pocnuHHUl Mamepian 3amodysanu y 20 mn 70% emaHorny ma Gasanu Hacmosimucs 24
200uHu. [licna we o0Ho20 24-200UHHO20 Mepiody eidcmoro8aHHs1 PIOUHY MO8HICMIO
inbmpysanu ma nosepmarnu y OinuneHy nitiky. 3i 3paska macoro 20 2 80% 36upanu y
8uessdi MepeUHHO20 ekcmpakmy 3i weudkicmio npubnusHo 40 Kparnesnb Ha 200uUHy ma
sidcmaenisinu. [nsi npoeedeHHs1 00CniOx)eHHs 3ibpaHi poCUHU Cywunu 3a i0eHmuUYHUX
yMo8, r1odpibHI8a U Ha MoPOWOK, OMpPUMy8asiu eKcmpakmu ma rpogoodusiu aHari3 3a
0doromozoro raneposoi xpoMamozpadil.

OuiHka ompumaHux pe3yrbmamig ceid4umb fpo me, Wo xpomamoepadhidHi npogiri
ekcmpakmie y noedGHaHHI 3i crneyugidHUMU peazeHmamu, WO B8UKOPUCMOB8YHMbCS,
Oaromb ysI8I1IEHHS PO MOXIIUBI (hyHKUIOHa IbHI 2pyriu, MpUCYmMHI 8 po30ifieHUX CriomnyKax.
Y uybomy OdocnidxeHHi 6yrno nposedeHo nonepedHit imoximidHut aHania 70%
emaHoribHUX ekcmpakmis, ompumaHux 3 iucmsi ma KopeHrie Prangos acaulis, 3a dorio-
moeoto memoOy nepkonsauil. Ls nodibHicme ceid4ums rnpo me, wo P. acaulis makox
MOXe Mamu pi3HOMaHImHul crekmp 6io102i9HO akmugHUX criosyk. Tum He MeHuW, ¢
Hasonocumu, wWo HeobxiOHi nodarbli KOMINeKcHi ma o0emaribHi OOCriOXXeHHs Onsi
MmOoYHoI ideHmMuikauii KOHKpemHux Kracie 6ios102i4HO aKmUBHUX PEYOBUH, WO Mpucym-
Hi, ma 8U3Ha4YeHHs1 MOYHO20 MOJIEKYIISPHO20 cKnady Ub0o20 sudy.

Knrwuosi crioga: Prangos acaulis, Prangos ferulacea, narneposa xpomamozpadisi,
ghimoximiyHUG aHarni3.

Cmamms 0o pedakuii Haditiwna 01.04.2026 poky
PeueHsist Ha cmammio Haditiwna 13.04.2026 poky
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HAKOMUYEHHA ®OTOCUHTETUYHUX MUTMEHTIB Y JINCTKOBIN
NNACTUHLI POCNUH BUAOIB POOY ARCTIUM L MPOTSrOM BEMETALIT
[ns eukopucmarHs pocriuH 5K Oxepersia biono2iHHO aKmueHUX PEeYOBUH 8aXiiuee
3HayeHHs Maromp O0CIOKEHHS HaKonu4yeHHs1 b6iofogiyHO akmueHUX CrioyK ma
CMPOKi8 3a2omiesii POC/TUHHOI CUPOBUHU, SIKI 8U3Ha4Yaromb ix MakcumarsbHuUl emicm.
Baxnueoto epynoro ceped HUX € homocuHmemuyHi niameHmu. bioximiyHi aHani3u
¢imocuposuHu (nucmkoea nnacmuHka) 4 eudie pody Arctium L.: A. lappa L.,
A. nemorosum Lej.,

A. minus Bernh., A. tomentosum Mill. ®nopu YkpaiHu npoeodunu y c¢hasax:
geeemamusHili, gidpocmaHHs, 6ymoHisauii, keimysaHHs. Bmicm nnacmudHux
niameHmie xsopocpinie i KapomuHoidie eu3Havasu Ha crnekmpogomomempi
SPECOL 1500 npu doexuHax xsurb 665, 649 ma 470 Hm. B pesynbmami
imoximidHUX OO0CiOKeHb 8CMAaHOBMEHO, WO yMmicm cymu Xxraopoghiny a+b e
Jsiucmkosil nnacmuHyi 3anexums 8id eudy, ¢ha3u po3sUMKY POCAUH ma 8rnugy
sucokux memnepamyp. Tak, 8 nepwul pik eeeemauii HaubiIbWUM eMicmom
Xxs0poghiny xapakmepusyrombcsi pocnuHu A. tomentosum (3,41 me/e). dewo,
meHwum emicmom — A. minus (2,96 me/e), A. lappa (2,81 me/2), A. nemorosum (2,78
me/2), wo npuradae Ha nepiod MakcumalrbHUMU memrepamypamu y JunHi ma
cepnHi. Y Opyauli pik seecemauii emicm 3esieHUx niemeHmig y pocnuH A. lappa
rnocmynoego 36inbwyemscs 8i0 2,14 ma/e (mpaseHb) 00 4,73 ma/2 (nunexb); y A.
fomentosum — 8i0 2,62 ma/2 (mpaseHb) 00 3,07 me/2 (nunexb); y A. minus — 8id 2,10
me/e (mpaeeHb) 00 4,0 me/z (nuneHb); A. nemorosum — 8i0 2,41 me/z2 (mpaeeHb)
00 2,34 me/z2 (nuneHb), oOHak Oris 8cix eudie 8iOMIHEHO U020 3HUXEHHS Y YEepBHI.
MakcumarnbHi nokasHUKU Kirilbkocmi  xriopogpinie y docridxeHuUx eudie pPoCiuH
xapakmepHi 0nsi ¢pa3u 6ymoHrisaujii-kgimysaHHs. [lpu ¢himoximiyHOMy OOCiOXeHHI
KapomuHoidig y sudie pocrnuH pody Arctium 3’ssicogaHO, WO y IUCMKO8IU nnacmuHui
80HU Micmsambcsl Malixxe 8 0OHaKO8UX KiflbKOCMsX npomsicoM 080X gezemauiliHux
nepiodis, mak y A. lappa uel nokasHuk eapitoe 8i0 0,30 — 0,34, A. tomentosum gid
0,31- 0,45, A. minus 0,3 — 0,49, A. nemorosum 0,31 — 0,46 me/2. Takum YUHOM,
3’5co8aHo, WO emicm Xxropoghinie ma KapomuHoidie y nucmkax pocruH eudie pody
Arctium ynpodoex
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sezemauji sapitoe. B pesynbmami docnidxeHb eusieneHi sudosi ocobnueocmi pociuH
w000 HaKOMUYEHHS MigMeHmis, rnpu UbOoMy MakcuMaribHa iX KiflbKicmb XxapakmepHa 0risi
ghasu bymoHizauji-keimyeaHHs.

Kriro4oei crioga: nikapChbKi pOCIIUHU, KapomuHoiou, xropogbin, Arctium, rikapcbka cuposuHa.

BcTyn. Bigomo, o B pocnvHax NpoayKYETbCA 3Ha4Ha KinbKiCTb CKIagHMX XiMIYHUX
cronyk. Ha cborogHi € BigomMocTi npo 6ionoriyHy akTUBHICTb BnM3bKo 12 TUCAY XiMIYHKX
CMonyK, SKi BiQHOCATBCS A0 Pi3HWX KraciB MPUPOOHMX OpraHiyHMX peqoBuH. Baxnueotro
rpynoto cepes HUX € POTOCUHTETUYHI MiIrMEHTH, SKi HanexaTb A0 TPbOX Knacis: Xxsiopodiny,
KapoTuHoiaun Ta pikobiniHW. HanBaxnumsilly ponb y hOTOCUHTETUYHOMY NpoLieci Bigirpa-
IOTb 3€eJIEHI MIMMEHTU — XITOPOQINK, SKUX HA AaHUA Yac HapaxoBYETbCS OnM3bko OECSTH,
AKi Bigpi3HAIOTLCA 3a XiMIYHMM CKITagoM, 3abapBrneHHsIM, NMOLUMPEHHAM cepepn, POCIIMHHNX
opraHi3miB. besnepeyHo OCHOBHMMMW MirMEHTaMM y poCiMHaxX € Xnopodoinu a T1a b, aKi
BidirpaloTb BaXNUBY pofb Yy POTOCUHTETUHHOMY npoLieci. BmicT xnopodinis y nuctkax
POCNVH BNNMBAE Ha iXHi PICT i NPOOYKTUBHICTb, a ChiBBigHOLIEHHA a/b € MOKa3HUKOM
CTIVKOCTi OO0 HEecnpusTUBMX (hakTopiB HaBKOMULLHLOrO cepegosuwa [3,4,6]. KinbkicHa
XapakTepucTuka BMICTY MirMeHTIB Bigobpaxae (OTOCUHTETUYHY aKTUBHICTb POCIUHM,
OTXKe, KiNbKICTb CUHTE30BaHOI eHeprii i rMoKo3n, HeObXiaHWMX Anst POCTY i NPOAYKTUBHOCTI,
B TOMY YMCIi i HAKOMUYEHHIO BiONOrNYHO aKTUBHUX PEYOBUH.

CyyacHi pocnigpkeHHa hapmakonoriyHMx ocobnmeocTen xnopodoiny BUSBUNU
TOHI3ylo4y fit0, SKa BNNMBAE HA OCHOBHUA OBMIH Ta BiAHOBMEHHS YLUKOKEHUX TKaHWH,
TOoLWO. BoveBnap, LIM NOACHIOETLCA Te, WO XS1opodoin, NoTpanssoym 4O OpraHi3amy 3 DKeto
BUSIBMSIE BNNYB Ha KPOBOHOCHY CUCTEMY, LLO CrpUsie 3BiNbLUEHHIO KiNbKOCTI NENKOLMTIB,
eputpoumTie Ta remornobiHy [11]. Tak, xnopodinu BaxnuBi He TiNbkM ANs POCHAWH
nirMeHTW, ane n MarTb 34aTHICTb NPUrHIYYBaTW PICT BaKTepin Ta iHWKNX LWKIOIMBUX MIKPO-
OpraHi3miB, BUSBNSAOUM GakTepuLmMaHIi, 4ETOKCKKYIOYI, aHTUOKCUAAHTHI, edoekty [1,9,10].

LLInpoko pO3NOBCIOMKEHI B POCHMHAX KapPOTMHOIAM — >XMPOPO3UMHHI MirMEHTU
)KOBTOro, momapaH4eBoro abo 4epBOHOMo KOnbopy, SKi BidKMagaloTbCA B opraHax He
piBHOMIpHO. BOHM MatoTb LUMPOKMIA criekTp GionoriyHoi Aji, 3okpema, iMyHOMOZEMOHYY,
aHTMMyTareHHy, CTUMYMIOTb TPaBMEHHs, MOCUMNIOITb CEKPEeLito LLUMYHKOBOrO COKY.
KapoTtuHoiam 3gatHi HopmanisyBaTn 06MiH pe4OBUMH i NiABULLYBATU CTINKICTb OpraHiamy Ao
iHpekuin [2]. BaxnumBe 3HayeHHA s OpraHiaMy JOAMHM Mae ocobrnmBa rpyna
KapOoTMHOIAIB HANMOLLMPEHILLMM cepef, SKuX € B-kapoTuH (nposiTamiH A) [4,5].

MeTa po6oTu nonsrana y gocnigKeHi BMICTY ()OTOCUHTETUYHUX MIrMEHTIB (XI10po-
Gin a+b) Ta kKApOTUHOIAIB B NIMCTOBIN NNACTUHLL B pi3Hi hasn pocTy pocnuH pogy Arctium.

MeTtoam Ta o6’ektn pocnimkeHb. [lo gocnimpkeHb 6ynn 3anydeHi 4 suan poay
Arctium L.: A. lappa L., A. nemorosum Lej., A. minus Bernh., A. tomentosum Mill. ®nopu
YKpaiHu i iIHTpOOYyKOBaHI Ha AinsiHUI NiKapCbKNX POCIMH Yy HauioHansHOoMy GoTaHiYHOMY
cagy imeHi M. M. I'pywka HAH Ykpainun. KnimatuyHi ymoBu B pokun gocnigkeHb (2023—
2024) xapakrepusyBanucs ctabinbHUM nepeBULLEHHAM CepeaHbOMICAYHOI TeMnepaTypu
nositpsa [7]. Hameuwoo BoHa Gyna B nunHi, CeprnHi Ta BepecHi Ta Bigxunanacsa Bif
OaraTtopiyHoi HopmK Ha 4,4—6,6 °C. BioximiyHi aHani3n iToCMpPOBUHM (NTMCTKOBA NNACTUH-
Ka) OOCnigHWMX 3pa3kiB NPOBOAMIN y (hal3ax: BereTaTuBHIN, BigpOCTaHHSA, OyToHi3auii Ta
KBiTYyBaHHS. BMIiCT nnacTuaHmnx nirMeHTiB Xnopodinis i KapOTUHOIAIB BM3HAYanu CnekTpo-
doToMeTPUYHNUM MeTodoM Ha cnekTpodoTtomeTpi SPECOL 1500 npu OOBXUHAX XBWIb
665, 649 Ta 470 HM [5,8]. BioximiyHi gocnigpKeHHS NPoBOAMNM Y 3-KpaTHii NOBTOPHOCTI B
KOXXHOMY BapiaHTi gocnigy. Pesynbtatv obpobnanu CTaTUCTUYHO 3 BUMKOPUCTaHHAM
komm’toTepHoi nporpamu Microsoft Excel 2009.

Pe3ynbTaTy gocnimkeHHs Ta ix o6roBopeHHs. Buan poay Arctium — oBOpIYHI
TpaB’siHi POCNUHY, SKi NPOXOAATb NOBHUI LMK PO3BUTKY. Ha nepLuomy poui BereTtauii y
POCNVH PO3BMBAETLCH PO3ETKA MPUKOPEHEBUX NUCTKIB Ta (POPMYETHCA KOPEHEBa CUCTEMA,
Ha Opyromy — 3'aBnseTbCA NPSMUA, YEPBOHYBATO-O0OPO3EHYACTUIA MariH, Po3rany>KeHun y
BEPXHi YaCTWHi. POCNMHM NepLLIOro poKy BEreTyrTb A0 KiHUSI XKOBTHS ab0 40 HaCTaHHS
BiA'’eMHOI cepeiHbO00060BOI TEMNEpaTypMU.

61



Haykosi 3anucku. Bionoriyni Hayku. 2026. Ne 2 ISSN Online 2786-8478 Print 2786-846X

B pesynbtaTti hiTOXiMIYHMX OOCTiAKEeHb BCTAHOBIEHO, LLO YMICT CyMU XInopodiny
a+b B NNCTKOBIN NNACTUHLi 3aneXuTb Big BuaYy, dasu po3BUTKY POCIINH Ta BNIMBY BUCOKUX
Temnepatyp. Tak, B NepLuunin pik Beretauii HanbinbLwmMM BMICTOM XJiopodiny xapakrepu-
3yloTbce pocnuHu A. fomentosum (3,41 mr/r). Jewo, meHwum Bmictom — A. minus (2,96
mr/r), A. lappa (2,81 mr/r), A. nemorosum (2,78 mMr/r), Lo Npynagae Ha nepiog Makcumarb-
HUMK TemnepaTypamu y nunHi Ta cepnHi (Puc. 1).
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Micsinb

Puc. 1. CepedHboMicssiuHa memnepamypa noeimps
3a eezemauitiHutli nepiod e poku docidxeHHs, °C

Y Opyrun pik BereTauii BMICT 3eneHux NirMeHTiB Yy pocnuH A. lappa nocTynoBo
36inbLyeTbes Big 2,14 mr/r (TpaBeHb) go 4,73 mr/r (nuneHs); y A. tomentosum — Bif
2,62 mr/r (TpaBeHb) go 3,07 mr/r (nunexsb); y A. minus — Big 2,10 mr/r (TpaBeHb) 0o 4,0 mr/r
(nmuneHb); A. nemorosum — Big 2,41 mr/r (TpaseHb) Ao 2,34 mr/r (nMneHb), ogHaK Ans BCixX
BMAIB BiOMIYEHO NOro 3HWKEHHS Y YepBHi. MakcMarnbHi MOKasHUKM KiNbKOCTi Xfiopodinis y
OOCHiMKEHNX BUAIB POCIMH XapakTepHi Ans dasu 6yToHisauii-ksiTyBaHHs Puc. 2).

ONAPOON RO
[
HE
]
-

B A lappa WA, tomentosum A. minus B A, nemorosum

Puc. 2. Hakonu4yeHHs1 cymu xsiopogbinie a+b y iucmkoeoi ninacmuHui pociuH
eudie pody Arctium npomsizom eezemaduii, Ma/2

Mpu hiToXiMiMHOMY AOCHIDKEHHI KAPOTUHOIAIB Y BUAIB pocnuH poay Arctium 3’'saco-
BaHO, WO Y NINCTKOBIN NAACTUHL BOHW MICTATLCA Make B OAHAKOBMX KiflbKOCTSX MPOTAromM
0BOX BereTauinHux nepiofis, Tak y A. lappa uen nokasHuk Bapitoe Big 0,30 — 0,34, A.
tomentosum Big 0,31— 0,45, A. minus 0,3 — 0,49, A. nemorosum 0,31 — 0,46 wmr/r [124],
(Puc. 3).
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Puc. 3. Hakonu4eHHs1 KapomuHoidie y Iucmkoeili nnacmuHuyi y pocsiuH eudie
pody Arctium npomsi2com ee2emauii, me/2

BucHoBKKN. TakMM 4YMHOM, 3'SICOBAHO, LIO BMICT X/0podiniB Ta KapoTMHOILB Y
nMCcTKax pocnuH BuAiB poay Arctium ynpoaoex BereTauii Bapitoe. B pe3ynbTaTti 4OCnipKeHb
BUSIBMEHI BWMAOBI OCOGMMBOCTI POCNMH LOAO HaKOMWYEHHSA MIrMEHTIB, MpU  LbOMY
MaKkcMMarbHa iX KinbKicTb xapaktepHa ans ¢gasu 6yToHisaLuii-kBiTyBaHHS.
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ACCUMULATION OF PHOTOSYNTHETIC PIGMENTS IN THE LEAF
BLADES OF PLANTS OF THE GENUS ARCTIUM L DURING VEGETATION

For the use of plants as a source of biologically active substances, studies of the
accumulation of biologically active compounds and the terms of harvesting plant raw
materials, which determine their maximum content, are of great importance. An important
group among them are photosynthetic pigments. Biochemical analyses of phytoraw
materials (leaf blade) of 4 species of the genus Arctium L.: A. lappa L., A. nemorosum
Lej., A. minus Bernh., A. tomentosum Mill. Flora of Ukraine were carried out in the
following phases: vegetative, regrowth, budding, flowering. The content of plastid
pigments chlorophylls and carotenoids was determined spectrophotometrically on a
SPECOL 1500 spectrophotometer at wavelengths of 665, 649 and 470 nm. As a result of
phytochemical studies, it was found that the content of the sum of chlorophyll a+b in the
leaf blade depends on the species, phase of plant development and the effect of high
temperatures. Thus, in the first year of vegetation, the highest chlorophyll content is
characterized by A. tomentosum plants (3.41 mg/g). A. minus (2.96 mg/g), A. lappa (2.81
mg/g), A. nemorosum (2.78 mg/g) have somewhat lower contents, which falls on the
period of maximum temperatures in July and August. In the second year of vegetation,
the content of green pigments in A. lappa plants gradually increases from 2.14 mg/g (May)
to 4.73 mg/g (July); in A. tomentosum — from 2.62 mg/g (May) to 3.07 mg/g (July); in A.
minus — from 2.10 mg/g (May) to 4.0 mg/g (July); A. nemorosum — from 2.41 mg/g (May)
to 2.34 mg/g (July), however, for all species its decrease was noted in June. The
maximum indicators of the amount of chlorophylls in the studied plant species are
characteristic of the budding-flowering phase. In the phytochemical study of carotenoids
in plant species of the genus Arctium, it was found that in the leaf blade they are contained
in almost the same quantities during two growing seasons, so in A. lappa this indicator
varies from 0.30 — 0.34, A. tomentosum from 0.31— 0.45, A. minus 0.3 — 0.49, A.
nemorosum 0.31 — 0.46 mg/g. Thus, it was found that the content of chlorophylls and
carotenoids in the leaves of plants of the genus Arctium varies during the growing season.
As a result of the research, specific features of plants regarding the accumulation of
pigments were identified, with their maximum amount being characteristic of the budding-
flowering phase.

Keywords: medicinal plants, carotenoids, chlorophyll a+b, Arctium, medicinal raw materials.
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IHOEKCU AKOCTI BOAU 3A ®IBNKO-XIMIYMHMUMW, BIONOIMN4YHUMU
TA BIOXIMIYHHUMM NMOKA3HMKAMU B CUCTEMI CTAITIOIO PO3BUTKY

CyyacHull cmaH 800HUX eKocucmeM Xapakmepu3yembsCsi 3p0CmaroduM aHmpOno2eH-
HUM HasaHMa)eHHsIM, WO MPOSIBIIEMbLCS] Y MO2IPWEHHI sKocmi MosepxHesux |
rid3emMHuUx 800 yHaciOOK MPOMUCII08020, CiflbCbKO20crnodapcbko2o ma ypbaHizauil-
Hoeo ennusy. [Jo ocHosHux ¢hbakmopie Oespadauii 800HUX pecypcie Harnexamsb
HaOXxo0xeHHs1 bioeeHHUX erleMeHmI8, 8axXKUX Memariig, opeaHidHUX 3abpyOHtosadie, a
makox 3MIHU 2i0porioeiHHO20 pexuMy ma KiliMamuyHi KomueaHHs. Y Uux ymosax
ocobnueoi akmyarnbHocmi Habysae po3pobka ma e00CKoHaleHHs Memodie iHmezaparib-
HOI oujHKU cmaHy 800HUX 06’eKmi8 y KOHMeKcmi 3abe3nevyeHHs1 cmasioz2o po38uUMKy ma
paujioHaibHO20 BUKOPUCMaHHS1 BOOHUX pecypcia. Y pobomi po3ansiHymo OuiHKY IHOeKcie
skocmi eodu (WQI) 3a ghisuko-ximiyHUMU, 6ionoaidyHuMU ma 6ioXiMiYHUMU MOKa3HUKaMU,
SKi € OCHOBOI0 0111 MOHIMOPUHaY MoeepxHeaux i nid3eMHUX 800 y PI3HUX MPUPOOHO-
eeoepagpiyHux ymoeax. 30iliCHEHO mopieHANbHUU aHania 7 Haubinbw nowupeHuUx
modernel sikocmi 80du. [lokazaHo, w0 mpaduyiliHi iHOeKCHi moderi 3abesrneyqyoms
y3azarnibHeHy ma 3py4Hy OUIHKY sikocmi 800U, OOHaK ix moYHicmb 3anexums ei0
JIoKarnbHUX 2i0poXiMiYHUX yMo8 ma ckiady bionoeidHux rokasHukie. OKpemMo posesis-
HYmo MOX/IU8OCMi 3acmocysaHHsi Memoodie MalUHHO20 Hag4aHHs1 Orisi Mi0BULLEHHS
Habopie hizuko-ximidHUX, BionoaidHux i GioxiMiYHUX rapamempie. BcmaHoeneHo, wo
BUKOPUCMAaHHSI  an2opummie  MawuHHO20 HaeyaHHs nidsuwye egeKmueHIiCmb
€KOI02iYHO20 MOHIMOPUH_Y, 3HUXYE eumpamu Ha nabopamopHi OOCiOXeHHs ma
3abesneyye ornepamueHe OUiHIO8aHHS cmaHy 600HUX 0b’ekmis. BcmaHoerneHo, wo
iHmeepauisi KnacudHux [HOeKCcHUX modesnel i3 cy4YacHUMU Memodamu MalwUuHHO20
HagyaHHs nidsuWye egeKmuUBHICMb EKOO2iHHO20 MOHIMOPUH2Y ma € eaXxIIueum
iHCmMpyMeHmMoM pearnisauji MpUHYUNie cmasozo Po38UMKY y cgbepi yrpaeniHHs 600HUMU
pecypcamu, OCKIfibKU CrpUsie iX pauioHasibHOMY 8UKOpUCMaHHK ma oxopoHi. OmpumaHi
pesynbmamu nidmeepdxXytomb MepCriekKmueHicmb po3eumky KombiHoeaHux nioxodie



Bioximis

Onisi yOOCKOHaseHHsl cucmeM YrpassliHHS ma OXOPOHU B00HUX Pecypcie 8 ymoeax
3p0CMAarH020 aHMPOIN02eHHO20 HaBaHMAXKEeHHSI Mma KIliMamuYHUX 3MiH.

Knroyosi cnosa. sikicmb 800u; iHOekc sikocmi eodu (WQI); MoHimopuHe 800HUX pecypcie;
MalUUHHE HagYaHHSI; roeepxHesi 800U; eKooaidHUl MOHIMOopUHe; 800HI eKocucmemu,
cmarnut po38umok, biosoeidHi ma 6ioXiMiyHi MOKa3HUKU.

MNocTtaHoBka npo6nemu. Boga € KMOYOBMM KOMMOHEHTOM HaBKOULLHBLOIO cepe-
[OBULLA; ane SKICTb MOBEPXHEBMX i MiA3EMHUX BOA BXe AaBHO MOripLUYETLCS 4vepes
NPUPOLHY Ta aHTPOMOreHHy AisnbHICTb. [NpupoaHMMu hakTopamu, WO BNAMBalOTb Ha
AKICTb BOAM, € rigposoriyHi, aTMocdepHi, KnimaTuyHi, TonorpadoiyHi Ta NiTonorivHi pakropun
[38, 56]. Npunknagamm aHTPONOreHHOI AiSNbHOCTI, iIka HEraTMBHO BMIMBAE Ha SKICTb BOAMW,
€ ripHn4yogo0yBHaA MPOMUCIIOBICTb, TBAPMHHULTBO, BUPOOHMLUTBO Ta yTWIi3alisi Bigxonis
(MpoMMCoBMX, KOMYHarbHNX Ta CiNbCbKOrOCNOAApPChKMX), 30iMbLUEHHS CTOKY ocagy abo
€posis I'pyHTY BHacMigoK 3MiHW 3emnekopuctyBaHHs [34] Ta 3abpyaHEHHS BaXKuMu
MeTanamu [47]. OcTaHHIM Yacom KpaiHu, L0 PO3BMBAOTLCS, 3ITKHYMNUCS 3i 3HAYHUMU
npobrnemamun y 3axucTi SKOCTi BOAMW, Hamaraituycb MOKpaWmMTX BOAOMOCTaYaHHS Ta
caHiTapito [12, 42]. HaBiTb po3BMHEHI KpaiHK BOpIOTECA 3a MATPUMKY abo NokpaLleHHS
CTaHy $§IKOCTi BOAM, CTUKAUMCb 3 TakMMmu npobriemamu, sik 36aravyeHHs1 NOXUBHUMU
peyoBMHaMK Ta eBTpodpikaLis BogHMX pecypciB [3], a Takox 3abe3neyeHHs BOAOMNOCTa-
YaHHSAM Ta BOAOBIABEAEHHSM 3pOCTal40ro HaCeneHHs.

Piukv no BCbOMY CBITY € XUTTEBO BaXKNUBUM JKepernom npicHOI BoAW AN HaBKO-
NLIHLOIO cepefoBuLLa, €KOHOMIKM Ta cycninbctBa [16,25,44]. OgHak Ui NpiCHOBOAHI
€KOCMCTEMM Hapasi CTpaxdatoTb Bif KiNbkOX Npobniem, Takmx sk HagMipHa ekcnnyartauis,
3MiHa KniMaTy Ta aHTpornoreHHe 3abpyaHeHHs [11] .Ha gkicTe Boau B piykax BNNmMBakoTb
npupoaHi (onagnm Ta eposis) Ta aHTPOMNOreHHi npouecu (Taki gk ypbaHisauisi, cinbcbke
rocnogapcTeo Ta BUPoOHMUTRO) [8,14,49]. AKicTb BOAM — Lie HeniHiMHe Ta HecTauioHapHe
SABULLEe, SKe OXOMMIE CKMaaHi B3aEMO3B'A3KM MK MPUPOAHUMW Ta aHTPOMNOreHHUMU
npouecamu, i ToMy 6e3nepepBHUIN MOHITOPUHI SIKOCTi BOAW € OCHOBOMOMOXHWUM Ansi
PO3pO0KK CTpaTerili BiGHOBIEHHS Ta 30€PEXEHHS PIYOK | MATPUMKM X CTArNoro yrnpasriHHs
[30]. 3 iHworo 6oKy, AKiCTb BOAM CYTTEBO MOB’A3aHa 3i 3A0POB’AM OAEN.

Knacudikauis sIKOCTi € BMpiLLanbHOK Ta KOPUCHOK AN MOHITOPUHIY, MPOrHo3y-
BaHHSA Ta ynpaBsmiHHSA BOOHWMU pecypcamu [48]. Y ubomy BUNaAKy iHAEKC AKOCTi BOAU
(WQI) € yHiBepcanbHmm nokadHukom. WQI sBnsie coboto ToUHy MaTeMaTuyHy pyHKLHo, sika
iHTerpye 6araToBUMipHi ehekTn, BUpPaxeHi Sk oaHe 3HadeHHst [57]. Mogeni iHaekcy sKocCTi
Boan (WQI) 6asytoTbest Ha pyHKUisX arperadii, ski [O3BONSANTb aHanisyBaT Benuki
Habopy AaHMX NPO SKICTb BOAM, LLO 3MIHIOKTBCA B Yaci Ta NpOCTopi, A4S OTPUMaHHS
€OVHOro 3Ha4yeHHsd, TOBTO iHOEKCY SIKOCTi BOAM, SKUA BKa3ye Ha SKICTb BOAOWMW. BoHM
npvBabnuBei Anst yCTaHOB 3 ynpaBmniHHA BOOHMMMU pecypcamMu, OCKifnbKM BiGHOCHO NPOCTi Y
BMKOPUCTaHHI Ta MEpeTBOPOTb CKNafaHi Habopu gaHuX MNpo SKICTb BOOAW B €AMHUNA
MOKa3HUK SIKOCTi BoaW, Sk nerko 3posymit. WQI 3asBuyan cknagaetbCs 3 YOTUPbOX
npoueciB abo koMnoHeHTIB. CnoyaTky BMOUPalOTLCA nNapaMeTpu SKOCTi BoAW, LLUO Liikas-
natb. MNo-apyre, Ans KOXXHOro napameTpa SIKOCTi BOAW KOHLEHTpaLil NnepeTBopoTbCA Ha
OHO3HAYHWI B6e3po3MipHU nigiHaekc. Mo-TpeTe, BU3HaAYaeTLCA BaroBuin koedpilieHT ans
KOXXHOro napameTpa SIKOCTi BOAM, | No-4eTBepTe, OCTATOMHUIA OAHO3HAYHWUI IHOEKC AKOCTI
BOM pO3paxOBYETbCA 3a JOMOMOro (PYHKLi arperauii 3 BUKOPUCTaHHAM MigiHAEKCIB Ta
BaroBux koedilieHTiB Ansi BCiX NapameTpiB siKocTi Boau. byno po3pobneHo 6arato pisHmx
moaenen WQI 3 BapiauisiMv B CTPYKTYpi MOZEni, BKNIOYEHUX NapamMeTpax Ta NoB’sa3aHux 3
HUMUK BaroBux koediLlieHTax, a Takox MeToaax, LU0 BUKOPUCTOBYIOTLCA Ans cybiHaekcaLii
Ta arperauii [29, 50].

AHani3 octaHHix gocnimxeHsb i nyonikauin . binbLwictb komnoHeHTiB Mogeni WQ
Oynun po3pobneHi Ha OCHOBI eKCnepTHMX AYMOK Ta MicueBUX pekomeHaauin [51], i Tomy
Oarato mMogenen € perioHanbHo-cneumdiyHMMK. barato gocnigHvKiB MocunarTbes Ha
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npobnemn HeBu3HadeHocTi mogenen WQI [31]. Xoya HEBM3HAYEHICTb € HEMUHYYUM
aBuLLeM y Byap-akin MaTemaTuyHin mogeni [35], yci YoTupu eTanu aHanisy SKOCTi XUTTS
(WQI) MoxXyTb CNpusiT HEBM3HAYEHOCTI Mogeri. Y JocnigkeHHi [23] 6ynn po3pobneHi
Mogeni MalMHHOrO HaBYaHHS, perpecii Ta knacudikadii Ans ouiHkn ekocuctemHoro WQl,
po3pobneHoro paHiwe ans pidkn CaHTbsaro- Baganaxapa, sik1ii BKItoYaB BUMiptoBaHHSA 17
napamMeTpiB SKOCTi BOOM, OCKINbKW iCHyBanu nonepegHi 3HaHHA MpO  BWCOKONIHIAHY
ctpykTypy anroputmy WQI [1,19,33]. MeToto Lisoro gocnigxeHHs 6yro ouiHUTY NOTEHLinHe
BMKOPUCTAHHS METOfiB MAaLUMHHOrO HaBYaHHS 3 KOHTPOMbOBAHOK CTPYKTYPOK Ans
NPOrHO3yBaHHS €KOCUCTEMHO-CNeLMdI4HOro nokasHuka sikocti soan (WQI), pospobneHoro
paHiwe ansa pivykn CaHtbsiro-IBaganaxapa y Mekcuui [13]. Llen WQI Hapasi BUkopucTto-
BYETbCHA MICLIEBMM ypsiom LiTaTy Xanicko (Mekcuka), onsi NoBiOOMIIEHHST MPO CTaH Ta
TeHAeHUii akocTi Boan wnpokomy 3arany [20]. OpuriHaneHuid anroputm WQI 6ys po3po6-
NEHWI 3 BUKOPUCTaHHSM camoafanTUBHOMO Migxody, 3aCHOBAHOMO Ha OCHOBI AaHMX Npo
akictb Boan [13]. [ANsi 3MEHLUEHHS KINbKOCTi 3Ha4ylLMX napameTpiB, HeooXigHUX Ons
nporHodyBaHHa WQI, 6yno BWKOPUCTAHO MOAENb MHOXMWHHOI NiHIMHOI perpecii 3
BMKOpPUCTaHHAM 12 napameTpiB. 3HayeHHa R? = 0,9992 (koedpiLieHT aeTepmiHalii) cBia-
YATb NPO Te, WO Mogenb nosicHioe 99,92% Bapiauii ganux, Toai sk nuwe 0,08%
3annalTbCs HEBPaxXOBaHMMM, LLIO BKa3ye Ha AyXe BMCOKY TOYHICTb anpokcumadii Ta
MaWxe MOBHY BiAMNOBIAHICTL Moaeni BUXiaHMM AaHuMm. Lli pesynbtaT MOXHa NopiBHATY 3
pesynbTatamu, OoTpumaHumn [5], sKi BMKOpMCTOBYBanM LOOATKOBY perpecio gepesa
pilleHb AN NPOrHO3yBaHHs iHAeKcy sikocTi Boam 3 10 napameTpamu, Wwo nokasye R? 0,99
Ta [27], Wwo. BMKOPUCTOBYBaNM HEMPOHHY Mepexy 3 pafianbHoi 6a3oBOH OYHKLIELD,
BMKOPUCTOBYIOYM NULLIE LLICTb NapaMeTpiB AN OLiHKM iHOEKCY SKOCTi BoAW, Ta oTpuManui
R?0,9872.

IcHytoTb pi3Hi 3acTocyBaHHa WQI ans 6aratbox uinen, Hanpuknag, ans 3axucty
MICbKOTrO, 03€pHOTO, 'PYHTOBOrO cepefoBuLLa [52] Ta po3pobkuM cneLianbHOro iHaeKkcy ans
piukoBoi ekocuctemun [40]. Ona BusHaveHHs WQI 6yno 3acTtocoBaHO Kiflbka yMOB Ta
KpuTepiiB. Hanpuknag, pagines-EpHaHgec [26] BukopucToByBaB CiM (PisUUHUX napameT-
piB, TOOTO KMCEHb, NOXMBHI PEYOBMHMW, OPraHiYHi pe4yoBMHK, BaXKKi MeTanu, ans po3pobku
CBOro nokasHuka skocti Bogn WQI. 3 iHworo 60Ky, A4Sl OLiHIOBaHHS SKOCTi BOOW B Pi3HNX
OOCHiKEHHAX BUKOPUCTOBYBANMCS AEB’'ATb OCHOBHMX NMapaMeTpiB, cepef sIKUX KOHLEHT-
pauii antomiHito, 3anisa, Migj, HITpaTis, a TaKoX NOKA3HMKM MIKPOBIONOriYHOro 3abpyaHEHHS,
30KpemMa BMICT KULLIKOBOI nanuyku. Ix nia6ip Ta noeaHaHHs 3anexaniu Bif ocobnmBocTei
BOZHOro ob’ekTa, perioHanbHMUX YMOB i Ljinen gocnimkeHHs [18].

OpHak nporpaMm MOHITOPUHIY BUMaratoTb YUCTIEHHWX BUMIPIOBaHb Pi3HMX NapameT-
piB SIKOCTi BOAW B pi3HUX TOYKax Biabopy npob i B pisHMI Yac Biabopy npob, i, Sk Hacnigok,
CTBOPIOOTLCS Benuki 6a3n gaHux [53]. Takum YMHOM, AN OUHKM E€KOSIOrYHOrO CTaHy
BOOOMMM HeOoDXigHi cknagHi aHanisu Ta iHTepnpeTauia [7,43]. Wo6 nogonatu Uk
npobnemy, WQI BU3HaHWA KOPUCHUM IHCTPYMEHTaMW Ans MONerleHHs Bisyanisauii,
iHTepnpeTauii Ta komyHikauii sikocTi Bogu [2]. WQI LumMpoko 3acToCOBYETHCSA ANS OLHKM Ta
Knacuaikauii SIKOCTi BOAM MOBEPXHEBUX Ta MA3EMHUX BOAHUX [DKeper, a TakoX Ang go-
NMOMOIM MEHeDKepam BOAHNX PECYPCIB Y NPUNHATTI BinbLU edheKTUBHMX pilleHb [17, 22, 37].

MeTta cTtaTtTi. MeTo OOoCnimKeHHs1 € aHani3 Ta OuiHKa iHOEKCIB SKOCTi BOAM, LLO
0a3yoTbCsl Ha i3MKO-XiMIYHUX, BionoridyHMX Ta GiOXiMIYHMX MOKa3HUKax, a TakoX MopiB-
HSIHHSI OCHOBHWX MoJenen iHOeKCiB SKOCTi BOAW 3a iX CTPYKTYpOlo, HAabopom napameTpis,
MeTo4amMu HOpPMYBaHHsI Ta arperadii. [JooaTkoBO METOK € BU3HaYeHHs1 ocobnusBocTen
3aCTOCYBaHHS CydacCHMX Migxo4iB MaMHHOMO HaBYaHHS Ans NigBULLEHHS edheKTUBHOCTI
OLJiHIOBaHHS iHOEKCIB SIKOCTi BOAM Ta 3MEHLLUEHHS KiNbKOCTi HeobXigHMX napameTpiB 6e3
CYTTEBOI BTpATV TOYHOCTI pe3ynbTaTiB.

Buknap ocHoBHOro matepiany gocnigxkeHHs. Ockinbkn WQI po3paxoByHeTHCA
LUMSXOM iHTerpauii Kinbkox gisvyHMX, XiMidHMX, BGiororiyHMx Ta GioXiMiYHMX NapameTpis,
criewianbHO BigibpaHux 3a iXHbOK 3HAYYLLICTIO AN AKOCTi BOAW AxXepen Boau 3aranom [9,
47], ocTaHHI 3ycunns 3ocepemreHi Ha po3pobLii ekKoOCUCTEMHO-CNeLNIYHKX IHAEKCIB SKOCTI
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BOAM, pO3pOBneHnx Ans KOHKPETHMX YMOB [AHOro [pkeperna Boau Ta 3 AOTPUMaHHSM
MicUEeBMX CTaHOapTIB Woao 3axmucTy BogHoro xutTa [13, 46]. Lli ekocucteMHo-cneuundivHi
WQI po3pobneHi Ans agekBaTHOro BigoOpaeHHs MPOCTOPOBUX Ta YacOBMX Bapiauiv
BiAMNOBIAHO A0 MICLLEBOro TEPUTOPIANBHOrO KOHTEKCTY [26, 54].

BusiBneHo, wo cim mopenen OoMiHytoTb, oxonmotoun 85% i3 107 3actocyBaHb
inaekcy sikocTi Boan (WQ).

IHOekc XopmoHa. Lle oguH i3 nepLumnx iHTerpanbHUX iHOeKCIB SKOCTi BOAM, 3anporno-
HOBaHWI AN y3aranbHEHO! OLHKU CTaHy MOBEPXHEBUX BOL, LUNSIXOM 00’'€AHAHHS KiNbKOX
@Ii3NYHMX, XIMIYHMX i YaCTKOBO BiONOriYyHMX Ta BIOXIMIYHMX MOKA3HWUKIB Y EAMHE YMCIIOBE
3HAYEHHs, WO [03BONSE NEpeTBOpUTN BGaraToBMMIPHI AaHi MOHITOPUHIY SIKOCTi BOAM Ha
OOVH y3aranbHEeHUN NOKa3HWK, L0 XapaKTepusye 3aranbHUN eKONOrYHUA CTaH BOAOUMM.
Mogenb XopToHa BUKOPUCTOBYBaracs barateMa gocnigHnkamm y 6aratbox pisHux KpaiHax
015 OLHKM NPICHMX NOBEPXHEBMX BOA. BiH MiCTUTb YoTupM cTaHaapTHI komnoHeHTn WQ,
T06TO BUBIp NapameTpiB, po3paxyHOK CyBiHAEKCY, 3BaXyBaHHSA NapameTpiB Ta arperadlito
cybiHaekcis [21].

IHGekc LllomnaHdcbkoeo OenapmameHmy 0OocnidxeHb ma pozsumky. Mopgenb
NOCTINHO po3pobnseTbcsa LLloTnaHacbkMM AenapTamMeHTOM [AOCHiMKeHb Ta pPO3BUTKY 3
1970 poky Ans OLiHKM SIKOCTi noBepxHeBUX Bof [51]. IHAeKC npusHaveHun Ans ysaranb-
HEHHS1 I3NKO-XIMIYHMX MOKa3HUKIB SKOCTI BOAM B E€OMHUA YMCIIOBUA MOKA3HUK, LLO
BiAoOpaXkae 3aranbHUN eKONOriYHMIA CTaH BOAHOro o6’ekTa. binbLiicTb KpaiH NoMipHoro Ta
TPONIYHO-CYBTPOMIYHOrO KNiMaTy 3acTOCOBYIOTb L0 MoAenb 3aBAsKW 1i FHyYKOCTi Ta
perioHanbHi 3py4HOCTi. Hanpwvknag, il BUKOPMCTOBYBanM A1 OLHKM SKOCTi MOBEPXHEBMX
BoA B IpaHi [15]. MogudikoBaHa mMogesnb TakoX BUKOPUCTOBYBanacsa Afs OLiHKM SKOCTi
pivkoBoi Boau y CxigHomy Tainangi [9].

IHaeke LoTnanackkoro aenapTaMeHTy A0CHiMKeHb Ta pO3BUTKY € OHIE0 3 Ba30BuUx
knacuuHux mogenen WQI, wo BhinvHyna Ha OpPMYyBaHHSA CyyacHMX MigxodiB Ao
iHTerpanbHOI OLHKM SKOCTi BOAMW.

IHOekc sikocmi nosepxHesux 800 HaujoHanbHo20 ¢poHAy caHimapii CLUA. IHoekc
SIKOCTi MOBEPXHEBUX BOA, OyB po3pobneHuin bpayHom y 1965 poui [4] sik moamdikoBaHa
Bepcis mogeni XopToHa [36]. BiH BMKoprCTOBYBaBCA 4151 OLHKM SIKOCTi NOBEPXHEBUX BO,
y pi3HMX cpepax. Ak i mogens XopToHa, BiH MICTUTb YOTUPK OCHOBHI koMnoHeHTn WQI.
TunoBi NapaMeTpu BKITHOYAKThb; PO34YMHEHNI KnceHb, BCK (BioximiuHe CNOXMBAHHS KUCHIO),
pH, HiTpaTK, dbocdaTy, KanamyTHICTb, TeMnepaTypa, TBeEpAi PEHOBVHM Ta doekasibHi KomidhopmMm.

IHOekc sikocmi 800u KaHalcbkoi padu MiHicmpie HasKonuuwHb020 cepedosula.
Mopgenb 6yna pospobneHa Ha ocHosi mogeni WQI BputaHcekoi Konymbii y 2001 poui [37].
Y BCbOMY CBITi LU MOA€eNb 3aCTOCoBYBasiacs 40 LLUMPOKOro Kora NoBepXHEBMX BOSONM [3,
55], 3aBOsku rHydkocTi y BMOOpI MapameTpiB SKOCTI BOAWM, SiKi BKMOYEHI 4O Moaeni.
Kntoyosoto ocobnueicTio WQI € BiACYTHICTb XOPCTKO hiKCOBAHOrO nepeniky napameTtpis
SIKOCTi BOAW, OCKINIbKM A1 pO3paxyHKy MOXYTb BUKOPWUCTOBYBATUCS Oyab-siki 4isuyHi,
XimivHi abo GionorivHi Ta GioxiMidHI NOKa3HWKN 3@ YMOBW HAsiBHOCTi NSt HUX BCTAHOBMEHNX
€KOmnoriYHMX HopMaTmBIB (CTaHaApPTIB), 3 AKUMU 3AINCHIOETHCS TX NOPIBHAHHS.

IHdekc BackapoHa. Lia mogenb 6yna po3pobneHa backapoHom y 1979 poui ong
OLLiHKM SIKOCTi BOAM Ha OCHOBI iCMaHCbKMX pekoMeHauin wono sikocti soaum [50]. Mogenb
BackapoHa BBaxxanacsi HankpaLLo AN OLHKM SIKOCTi noBepxHeBuX Bof [41], ocKinbku
npu3HadeHa Ans ysaranbHeHHs i3MKO-XiMIYHMX, YacTKOBO BionoriyHmMx Ta GioXiMivHMX
MOKa3HWKIB SIKOCTIi BOOW B €OVHE YWCMIOBE 3HAYEHHs, L0 Bigobpakae 3aranbHui
€KonoriyHu ctaH BogonM. barato kpaiH lMiBaeHHOT AMEPUKN NPURHANK 1T ONs OLiHKK
SIKOCTi NOBEPXHEBUX BOA, 30Kpema, Taki ik bpaaunis [4], ApreHTuHa [45] Ta Yuni [17]. Byno
Kifibka 3acToCyBaHb Y niBAeHHOAa3iaTCbKOMY perioHi, B Takux kpaiHax, sk Henan [32] Ta IHais
[6]. Kinbka KpaiH TakoX Hamaranmcs po3poduTtn moamdikoaHy mogens WQI Ha OCHOBI
mopaeni iHaekcy backapoHa, Hanpuknag, Kutam [50].

Manadusiticekutl iHdekc sikocmi eodu. Y 1974 poui MiHICTepCTBO HABKOMULLHBOTO
cepegoBuwa Manansii pospobuno WQI gns ouiHkM SIKOCTi MOBEPXHEBUX BOA Ta iX
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knacuaikauji Ha MicLieBOMY piBHI. [ns BM3HA4YeHHS MICLIEBOI SIKOCTi BOAM Ta ii xapakre-
pucTuK Bynmn 3actocoBaHi HauioHanbHi KpuTepii skocTi Boan Mananmsii [24]. Ls mogenb
MICTUTL 4OTUPM CniNbHI  KoMMoHeHTM Mopgenern WQIL. Ockinbkv Anst BUMIPHOBaHHS
MOKa3HWKIB SIKOCTi BOAM (Pi3NYHMX, XiMiYHMX Ta BionorivyHmX, BioXiMIYHMX), SIKi BKITFOYEHI 0
anroputmis WQI, noTpibeH 3Ha4Huin Yac, 3ycunns Ta piHaHCoBI pecypcw, icHye notpeba B
NpaKkTU4HNX 0BUYUCNOBanbHKX Migxoaax Ans To4HOI Ta edpekTmBHOI ouiHkn WQL. [5]. Tvnosi
napameTpu: PO3YMHEHWUIA KUCEHb, OiOXIMIYHE CMOXMBAHHSA KWUCHIO, XiMiYHE CMOXMBaHHSI
KVUCHIO, pH, aMOHil, HITpaTu, kKanamMmyTHICTb Ta 3ararnbHi 3BaXXeHi pE4YOBUHW.

Butpatu, noe’sisaHi 3 MOHITOPUHIOM $SIKOCTi BOAWM, MOXHa 3MEHLUUTU, SIKLLO
MOKa3HWKN SIKOCTi BOAW MOXHa OLLiHIOBaTV Ha OCHOBI MEHLLMX HabopiB NapameTpiB sIKOCTi
BOAM, i, OTXKE€, MOHITOPUHI SIKOCTi BOAM MOXHA MOLUMPUTU Ha LIMpLi BOAO3GIPHI 30HM
BiANOBIAHMX JpKkepen Boay abo Anst MOHITOPUHIY iHLLMX BOOOWM.

Modens WQI 0ns 3axidHoi Seu po3pobunm mogens y 2017 poui [51]. Ue
HanHoBIWMX po3pobnennx mogenen WQI B nitepatypi. Mogens WQI ansa 3axigHoi Asn —
Lie cyvacHa perioHanbHo-afanToBaHa MoAerb OLiHIOBaHHA SIKOCTi BoaW, po3pobneHa aAnsi
yMOB npoBiHUii 3axigHa fBa (IHOoHesis) 3 ypaxyBaHHAM MiCLEBMX NPUPOOHO-EKOMNOMNYHMX
0CoBNMMBOCTEN Ta aHTPOMOreHHOro HaBaHTaXXeHHS. Mogenb NnpuM3HadeHa ons iHTerpanbHoi
OLiHKM SKOCTi NOBEPXHEBMX BOA LUMASAXOM 06’eaHaHHst hi3uKo-XiMiYHMX, BionoriyHui Ta
BiOXiMIYHMX MOKA3HUKIB Y EAVHUIA YNCNOBUIA IHAEKC, WO Bigobpaxae cTaH BOAHUX 06’eKTiB
Y KOHKpeTHOMY perioHi. Lis mogenb Hamaranacs 3MeHLNTU HEBU3HAYEHICTb, SIka MPUCYTHA
B iHWKX Mogenax WQ.

3 ornagy Ha BiGHOCHY NPOCTOTY Ta NerkicTb ChiBBiOHECEHHS pe3ynbTaTiB, Mogeni
WQI WwWmpoko BMKOPUCTOBYIOTLCS AN1S OLHKM SIKOCTi BOAM, ane Ha CbOrOAHILLHIN OeHb
po3pobreHo GaraTto pi3HMX BEPCIN.

BucHoBKM Ta nepcnekTMBU nopanblUuMX AOochifKeHb. IHOEKCUM AKOCTI Boan €
eheKTMBHUM IHCTPYMEHTOM ANS y3aranbHEHHs BEMNUKUX MacuBIiB JaHWX MOHITOPUHIY Ta
OLJiHIOBaHHSA €KONOrYyHOro CTaHy BOOHWUX OO’EKTIB Y KOHTEKCTi 3abe3neuyeHHsi cTarnoro
PO3BUTKY Ta paLlioHanbHOro BUKOPUCTaHHS NPUPOAHMX pecypciB. AHani3 CBITOBOro A0CBiay
nokasaB 3HayHy Pi3HOMaHITHICTb Moernen iHAeKCIB SKOCTi BoAW, SIKi BigpisHAOTLCS
HabopoM napameTpiB, cMcTeMammn BaroBux KoedilieHTiB Ta MeTogamu arperadii. Hai-
OinblL NOLWMPEHNMM MOZENAMU € HOEKC SKOCTI BOAM XOPTOHA, IHOEKC SKOCTi Boam
KaHagcbKoi pagu MIHICTpIB HaBKOMULLIHBOMO CepeaoBULLa, iIHOEKC AKOCTi Boam backapoHa
Ta manausivicekuin WQI.

BcraHoBneHo, Wwo GinbLicTe Mogenen iHOeKCIB SIKOCTi BOOU MakoTb perioHanbHy
crieumdiky Ta 3anexaTb Bif NoKanbHUX CTaHAApTIB SIKOCTi BOAW, TWUNY BOOOWM i Linewn
BogokopucTyBaHHA. OCHOBHMMUW nNpoGremMamm 3acTOCYBaHHs iHAEKCIB 3anuilaloTbCH
HEBU3HAYEHICTb pe3ynbTaTiB, CKMNagHIiCTb BMOOPY MapameTpiB Ta MOXIMBICTb BTpaTu
YacTuHM iHopMaLiT nig Yac arperauii NoKasHMKIB.

[ocnimKeHo, WO Krnacu4yHi inOekcn SIKOCTi BOAW, Taki sik iHaeke XopToHa, NSF WAQ,
LOTNaHACbKa Mogenb, iHaekc backapoHa Ta mananmsincekuin WQI, 6asytoTbecs nepeBaXkHO
Ha Pi3MKO-XIMIYHNX MOKa3HUKaX i He MICTSATb MOBHOLUIHHUX BioNOriYHMX Ta GioXiMIYHMX
iHaukaTopiB. HaTtomicTb GinbLl cydacHi nigxoau, 3okpema WQI KaHaacbkol paam MiHicTpis
HaBKOMNULLHBOTO CepeaoBuLLA, € THYYKMMU Ta MOXYTb BKIHOYATU SK Gi3MKO-XiMiYHI, TaK i
OionoriyHi Ta GioximMivHI NapameTpu 3anexHo Bif HAABHUX EKOSONYHMX HOPMATMBIB i Ljinewn
OL|iHIOBaHHS.

[MepcnekTMBHUM HaNpPAMOM € BMKOPUCTaHHS METOZIB MALUWMHHOIO HaBYaHHA Ans
NPOrHo3yBaHHSA IHAEKCIB AKOCTI BOAW. AIroputMmn perpecii, knacudikadil, Aepes pilleHb,
HEMPOHHI Mepexi Ta MeToOu OMOPHUX BEKTOPIB [A03BOMSATb 3MEHLUUTU  KifbKICTb
HeobXigHUX napameTpiB aHanidy 6e3 cyTTeBol BTpaTM TOYHOCTI. Lle cnpusae 3HWxeHHo
BUTPAT Ha MOHITOPUHT | PO3LLUMPEHHIO CUCTEM EKOSOrYHOro KOHTPOSO BOOHUX pecypcis, a
TakoX NigTPMMYeE peanisauito NpUYHUMNIB CTanoro Po3BUTKY LUMASXOM paLioHasnbHOro
BMKOPUCTaHHSI MPUPOAHUX PecypciB, NiABULLEHHSA e(eKTUBHOCTI ynpasriHHA BOOHUMU
€KOCMCTEMaMM Ta 3MEHLLEHHSI aHTPONOreHHOrO HaBaHTaXKEHHS.
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Omke, NoeAHaHHA TPaauLIMHUX Moenewn iHOEeKCiB SIKOCTi BoAWM i3 CydacHUMU
MEeTO4aMN MAaLUMHHOIO HABYAHHS € NEePCNeKTMBHUM MiAX0A0M ANS MiABULLEHHS eeKTUB-
HOCTI OLliHIOBaHHS Ta NPOrHO3yBaHHS SIKOCTi BOAW B YMOBAX 3pOCTaK40ro aHTPOMNOreHHoro
HaBaHTaXXeHHs1 Ha BOOHI ekocMcTeMun Ta HeobxiaHOCTI 3abesneyveHHs iX CTanoro po3BUTKY.
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WATER QUALITY INDICES BASED ON PHYSICOCHEMICAL,
BIOLOGICAL AND BIOCHEMICAL INDICATORS IN THE SYSTEM
OF SUSTAINABLE DEVELOPMENT

The current state of aquatic ecosystems is characterized by increasing anthropogenic
pressure, which leads to the deterioration of surface and groundwater quality due to
industrial, agricultural, and urban impacts. The main factors contributing to water resource
degradation include the input of biogenic elements, heavy metals, organic pollutants, as
well as changes in hydrological regimes and climate variability. Under these conditions,
the development and improvement of integrated approaches for assessing the condition
of water bodies becomes particularly important in the context of sustainable development
and the rational use of water resources.

This study considers the assessment of water quality indices (WQI) based on
physicochemical, biological and biochemical parameters, which serve as the foundation
for monitoring surface and groundwater under various natural and geographical
conditions. A comparative analysis of seven widely used water quality models was
conducted. It was shown that traditional index-based models provide a generalized and
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convenient assessment of water quality; however, their accuracy depends on local
hydrochemical conditions and the composition of biological and biochemical indicators.
The potential application of machine learning methods for improving the accuracy of water
quality assessment and classification based on reduced sets of physicochemical,
biological and biochemical parameters is also discussed. It was found that machine
learning algorithms enhance the efficiency of environmental monitoring, reduce laboratory
analysis costs, and enable rapid assessment of the condition of water bodies.

It was established that the integration of classical index models with modern machine
learning methods improves environmental monitoring efficiency and serves as an
important tool for implementing sustainable development principles in water resource
management, as it promotes their rational use and protection.

The obtained results confirm the prospects of developing combined approaches to
improve water resource management and protection systems under increasing
anthropogenic pressure and climate change.

Keywords: water quality; water quality index; WQI; water resources monitoring;, machine
learning; surface water; environmental monitoring; aquatic ecosystems, sustainable
development, biological and biochemical indicators.
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3ACTOCYBAHHS METOAY IHO®PAYEPBOHOI CNEKTPOCKOMII
AnA OUIHKW BIOXIMIYHOIO CKNAQY NNCTA BUHOIPALLY,
KBITOK POBIHIi, HACIHHA BA3WUIIKA TA 3EPEH MNLUEHULY

IHgppayepsoHa criekmpockonisi — ye Memood SIKICHO20 ma KinbKicHo2o aHanidy. Cymb
Ub020 Memody riofnisieae y 8UBHEHHI CrieKmpig rnoanuHaHHs i nNporycKaHHs ef1eKmpo-
MazHimHo20 8UNPOMIHIO8aHHS 8 iHghpayepe8oHil obracmi.

BukopucmatHsi iHgbpa4yep8oHOI criekmpockoriii Orsi aHanizy POCAUH He € HOBUHKOH).
Bbyno nposederHo bacamo ycniwHuUx docnidxeHb Orisi BU3HaYEHHS 2e02paghivHO20 M0Xo-
OXKeHHs1 POCITUHHOI cuposUHU, ¢hanbcucpikauil, i m. 0. B Hawomy docnidxeHHi Mu rpose-
71U iHgbpa4yep8OHy CrIEKMPOCKONiH0 CyX020 POCIUHHO20 Mamepiarny: 3epHa MueHuUj,
Jnucms auHoepady, Keimok pobiHii ma HaciHHS 6a3unika. Lli pocruHu sukopucmosyroms
y KocMemuyHitl, chapmauesmuyHili ma xap4osili npoMucioeocmi.

BcmarosrieHo, wo 14 criekmp cyxo20 3epHa rneHuyi 8Kkasye Ha Hasi8HICImb 8UCOKO20
pieHsi kpoxmarito, binkie, éodu ma ninidie. AHania 14 crnekmpy eucyweHo20 800HO20
ekcmpakmy 0eMoHcmpye suwul pieeHb birnkie ma nosnicaxapudie. Hamomicme, 6UGHO
HUWKYUL eMicm KpoXMaro, U0 Moxe Bymu rog’si3aHo 3 tio2o ro2aHor PO34UHHICMIO Y 800
I4 criekmp cyxoeo nucms 8uHoepady OeMOHCMPYE MOXIIUBUL 8UCOKUU 8MiCM ¢beHOrTb-
HUX Crionyk, Uernrso3su, nekmuHy, binkie, nonigheHosnie ma rosnicaxapudis. Takox, iMosip-
HO, 3agbikcosaHO HasieHicmb ninidie. Hamomicms, 14 cnekmp eucyweHo2o 800HO20
eKcmpakmy exkasye Ha HasigHICMb MEeHLLOI Kiflbkocmi niridie ma cymmeso 8uwjo20 pigHsi
rosigheHortis.

AHranisytodu I4 criekmp cyxux Keimok pobiHii 6CmaHO8MeHO Hasi8HICMb 8UCOKO20 PIGHS
eHonbHUX cronyk ma ¢bnasoHoidis. [Npome, Y crnekmp eucyweHo20 600HO20
ekcmpakmy 0eMOHCIMPYE 3Ha4YHO 8ULLY KOHUeHmpauito nosigheHornie ma ghriagoHoidis.
14 crniekmp cyxoeo HaciHHs1 6a3uriika 0eMOHCMpPYye 8UCOKUU pieeHb ronicaxapudis, rirnidie
ma 6inkie. Hamomicma, I4 criekmp sucyuwieHo20 800HO20 eKcmpaKkmy eKa3ye Ha Cymme-
80 suWUll piseHb ronicaxapudie, Bifikie ma CuribHe 3HUXXEHHS PieHsT 1inidie, Wo Moxe
b6ymu nog’sizaHo 3 2idpoghobHIiCMIo XKupis.
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OmpumaHi pe3dyribmamu 0o800simb 8UCOKY egheKmuesHicmb gukopucmaHHs 14 criekmpo-
cKoriii Orisi 8UBYEHHST POCIIUHHOI cuposuHU. OmpumaHi pe3ynbmamu MOXymb 6ymu
8uKopucmaHHi 8 nodasnbsuwiux OoCHiOKeHHsIX bioXiMil POCIUH ma POCITUHHUX eKCmpaKmis.
Knrouosi criosa: criekmp, 14 criekmpockonisi, ekcmpakmu, cyxutl pocriuHHUU Mamepiarn,
6inku, niniou, 8yanesodu, ghriagoHoidu, rosnigheHonu.

Bctyn. IHdpadepBOHa cnekTpockonis — ue LWMPOKOBUKOPUCTOBYBAHUA METOA
SKICHOrO Ta KinbKicHOro aHaniay. BiH BUKOPUCTOBYETLCS AN AOCHIHKEHHS MONEKYNAPHUX
CTPYKTYP Ha piBHi XiMiYHMX 3B'SI3KIB Ta (pyHKUiOHanNbHUX rpyn. Llei meToa LBuOKWR,
NPOCTWIA Y BUKOPUCTaHHI Ta €KONOrivyHO YmcTuin. CyTb MeToay iHhpaduepBOHOI CNEKTPOCKO-
nii nonsrae y BUBYEHHI CNEKTPIB NOMMUHAHHS | MPOMYCKaHHS eNeKTPOMarHiTHOro BUNpoMi-
HIOBaHHS B iHgpadepBoHin obnacTi. Lle meToq 4acto NOEAHYIOTh i3 XEMOMETPUYHUMM
MeTodamMu, ki JO3BONSATb afeKkBaTHO 0OpobNATM OTPMMaHi CNeKTpU Ta MOKPaLLyHTb
BUIYYEHHs1 peneBaHTHOI CriekTpanbHoi iHdopMmadi [1, 2].

Baxknueuii kpok y 06pobui aaHux € nonepeaHsi obpobka cnekTpis. OcHoBHa MeTa —
YCYHEHHS LIYyMYy Ta NiABULLIEHHSA 4YyTRMBOCTI. HannowuvpeHilwmMmm mMeTogamm yCyHEHHSA
LWymMy € Hopmanisauis, cTaHaapTHa HopMarbHa Bapiauis Ta MynbTUMMiKaTUBHA KOPEKLis
poscitoBaHHs. [ns niaBULLIEHHST YYTNMBOCTI HaWMOLLUMPEHILLIOW TEXHIKOW € AepuBallis.
[lyxe BaXXNMBMM € DanaHc Mk TEXHIKaMK 3rnamKyBaHHS Ta NigBULLEHHST YyTNMBOCTI [3, 4].
30noTMM cTaHgapToM H6araToBMMIPHOI KiNbKICHOT MOZENi € METOA, YaCTKOBUX HaMEHLLNX
kBagpaTiB [5]. MeTog pmonomarae GyaoyBaTu MoAenb i3 BMKOPUCTAHHAM HEe3aneXHUX
3MiHHMX ANS NPOrHO3YBaHHSA 3aneXHOI 3MiHHOI, LLO LikaBWUTb BYEHMX Mig Yac NpoBeaeHHs
JOCTigXeHHS [6].

BukopuctaHHs iHbpauepBOHOI CNEKTPOCKONil ANs aHanidy pocrvuH He € HOBUHKOH
[7]. HanyacTiwe 3a OONOMOrow LUbOr0 METOAY AOCNIMKYHTb POCHUHHY onito. Byno
npoBefeHo Garato ycnilwHUX AOCHiMKEHb ANS BU3HAYEHHST reorpadiyHoro NoxXomKeHHs
POCMMHHOI CUPOBUHM, dhanbcudikaLlii, KiNbKICHOrO BU3HAYEHHSA MapamMeTpiB NPOTiKaHHS
npoueciB okucrneHHsa [8-10]. BinbLuicTb AocnimpKeHb NPOBOAMTBECA Ha ONMUBKOBIN Onil Ta
XapyoBKX OfisX, WO BUKOPUCTOBYIOTECA Ans cMmaxeHHsa [11-13]. B gaHomy gocnigKeHHi
NPOBOAMIN OOCHIMKEHHST 3epHa MLWEHWLi, JIMCTS] BUHOTpagy, KBITOK POBiHii Ta HaciHHSA
6a3svnika 3a 4ONOMOrOH0 iHhpa4epBOHOI cnekTpockonii. JochimxeHHs Lnx pocnvH Habupae
NonNynApPHOCTi, OCKINbKM BOHW € AOCTYMHUMMU, MOMYNSAPHUMU B KOCMETUYHUX, dpapmMaLieB-
TUYHKX Ta Xap4oBux ranyssax [14].

Basurik (Ocimum basilicum L.) 3ycTpi4aeTbCs N0 BCbOMY CBITY i BUKOPUCTOBYETLCS
B XapuoBir, hapMaLeBTUYHIN Ta KOCMETUYHIN npomucrioBocTi [14]. B nonepegHix gocni-
PKEHHsIX Oyrno MPOAEMOHCTPOBAHO, WO HacCiHHA Gasunika BONoAie HaBULLUM PiBHEM
BMICTy 3aranbHux Ta 6inkosux SH-rpyn, BigHoBNeHoro rnytatioHy Ta TBK-no3anTuBHMX
NPOAYKTIB, @ TAKOX HAMBULLIOKO aKTMBHICTIO KaTanasu Ta ackopbartnepokcuaasm [14]. Jlucta
BuHorpagy (Vitis vinifera L.) MicTUTb HaBULLMIA piBeHb BiTaMiHy C, aHTOLLiaHOBUX NirMEHTIB
Ta dpeHonbHWX cnonyk [14]. KeiTku pobiHii (Robinia pseudoacacia L.) BonogitoTe HAMBULLUM
BMiCTOM HebinkoBux SH-rpyn Ta 6inky [14]. MNMwennus (Triticum sp.) € OOHUM 3 HAUBaXXITN-
BiLLMX 3MaKiB 5K [Keperno NpMPOAHMX aHTUOKCUMAAHTIB. 3epHO MeHULi MICTUTb BUCOKMI
BMICT 6i0aKTMBHMX CronyK: oeHONKapboHOBI KUCIOTK, hiTOCTEPONKN, TOKOGEPON, arkKin-
pe3opumHn [15]

MeTolo po6GOTH € OOCHiIMKEHHS METOLAOM iHppayepBOHOI CMEKTPOCKOMii CyXoro
POCINMHHOIO MaTtepiany (3epHa MWeHWLi, NNCTA BUHOTpady, KBITKM POOiHii Ta HaciHHS
6asunika) Ta BUCYLLEHNX BOOAHUX EKCTPaKTIB i3 JOCTIiIKYBaHNX POCIUH.

MeTtoau Ta opraHisaudis gocnimkeHHs. [1na JOCnimKeHHa BUKOPUCTOBYBaNn JnCTS
BuHorpagy (Vitis vinifera L.), kBiTkn pobiHii (Robiinia pseudoacacia L.), HaciHHA BGa3sunika
(Ocimum basilicum L.) Ta 3epHa nwenwui (Triticum aestivum L.). PobiHis Ta BuHorpag dynu
3ibpaHi HaBecHi 2024 poky B MicTi KopocTeHb, XKXutomupcbkoi obnacti. MNweHvysa Ta
HaciHHS 6a3wurnika 6yrno 3ibpaHe BOCEHM TOro X PoKy. BucyluyBaHHsi npoBogunock y gobpe
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NPOBITPIOBAHOMY NPUMILLEHHI 3a TeMnepaTypu 23-28°C 6e3 NpsiMOro NOTPansIsiHHS COHSY-
HUX NpoMeHiB. CyxMn POCHUHHUIA MaTepian po3Tvpany OO0 NOpOLLKONoAibHOro cTaHy B
CTynNL,.

[na gocnimkeHHs BUCYLLEHMX BOOHUX €KCTPAKTIB i3 AOCNiOKYBaHMX POCIINH roTyBasnu
€KCTPaKTW LUMSXOM 3MilllyBaHHS BOAM Ta CyXOi POCMMHHOI CMPOBUHM y nponopuii 7:3 3
noaanbLUIO ekcTpakuieto 3a Temnepatypu 90°C npotarom 40 xB. [OTOBI eKCTpakT (inb-
TpyBanu, OXono4KyBanu Ta BUCYyLLyBanv B POTOPHOMY BUMapHWKY 3a Temnepatypu 35°C
[0 NMOBHOTO BUCYLLYBaHHSA. OTpMMaHuIiA MaTepian Takox nogpioHoBanm 4o NopoLuKonogio-
HOro CTaHy.

[nga aHanidy onTUYHKMX BNACTMBOCTEN OOCNIOKYBaHUX 3paskiB MpOBOAUNN BUMIPHO-
BaHHs1 CnekTpiB andysHoro BiabveaHHSA B iHppauepBOHOMY fjianasoHi, siki peecTpyBanm 3a
KiIMHaTHOI TeMnepaTypu 3a JOMOMOrol CNeKTPOdoTOMETPa BMCOKOI PO3AiNbHOI 34aTHOCTI
Shimadzu IRTracer-100, ocHalleHoro npucTtaekolo AndysHoro BiadusaHHa DRS-8000A,
Lo 3abe3neyvye MOXMIMBICTb MPOBEAEHHS] OOCTIPKEHb Y CMEKTpanbHOMY Aianas3oHi 240—
4000 cm™". PeecTpaLito CnekTpiB 34iMCHIOBaNy 3 po3airnibHOK 34aTHICTO 1 cM™, Wwo 3abes-
nevyyBasno BUCOKY TOYHICTb aHamnisy cnekTparbHUX 0COBNMBOCTEN MOPOLLKOBUX 3paskiB Y
OoCnifpKyBaHOMY Aiana3oHi 4acToT.

Ona nobygoBu rpadikiB Ta aHamnisy OTPMMaHWuX CheKTPiB BUKOPUCTOBYBAmU
nporpamHe 3abe3neydeHHs OriginPro 2024.

Pe3ynbTatn gocnigpkeHb Ta ix 06roBopeHHs. [JoCnigKytoum cyxe 3epHO MIeHUL
BCT@HOBJIEHO BWCOKWIA BMICT OifkiB Ta KpOXmaro, WO € TUMOBUM N1 L€l KynbTypw.
LLIMpoKMIA nik cunbHOT iIHTEHCMBHOCTI 3a YacToTu kKonueaHb 3400 cm! Bkasye Ha HasiBHICTb
BenuKoi kinbkocTi R-O-H 38’askis (Puc. 1) [16-21].
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PucyHrok 1. I4 cnekmp cyxo20 3epHa nweHuyi

Lle moxe ByTn NoB’si3aHO 3 HasIBHICTIO BOSIOM B 3pa3Ky Ta YaCTKOBO 3 HAsIBHICTHO
Kpoxmanto, uenono3n Ta 6inkiB. ik cepeaHbOl IHTEHCMBHOCTI 3a 4aCTOTU KOSfMBaHb
297 cm' Bkasye Ha HasiBHiCTb CHa/CHa doyHKUiOHaNbHMX rpyn, WO Moxe GyTu NoB’sA3aHM
3 HasBHICTIO B 3pasky ninigie, ByrnesogiB Ta 6Ginkie [20, 21]. MocTpui niK CUNbHOI
iIHTEHCUBHOCTI 3a YacToTh KonmeaHb 1650 cM™ yiTko Bkasye Ha konmeaHHA C=0O 3B’si3kiB,
LU0, MOXNMBO, NIATBEPIKYE HAABHICTb BUCOKOrO BMICTY Binka, GinbLUO MIpOI FMOTEHY
[21]. HasieHicTb niky cepeaHboi iIHTEHCUMBHOCTI 3a YacToTh konmeBaHb 1114 cm™! poBoauTb
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BMICT KpOXmarno, OCKiNnbku Bkasye Ha konmBaHHs C-O-C rniko3uaHux 3s’askiB. Cnabkui
LLUMPOKMIA Nik 3@ YacToTW KonmeaHb 756-500 cm™! Bkasye Ha HasBHICTb kKonueaHb C-H 3B8’'A3-
KiB, LLIO TAKOXX MOXX€e BKa3yBaTW Ha HasABHICTb nonicaxapugis Ta uentonosu [20, 21].

Oocnigpkytoun |4 cnekTpyu cyxoro nUCTS BWHOrpagy BCTaAHOBMEHA HAasBHICTb
noniceHonis, ¢pnaBoHoIAiB, BoAM Ta Uentonosu. Lle niaTBepmKyeTbCs AyXKe CUMbHUM
LLUMPOKMM MiKOM 3a YacToTuh konmeaHb 3400 cm™' Ta cunbHMM nikom 3a YyacTtoTn 1640 cv,
L0 BKasye Ha HasBHICTb Benukoi Kinbkocti O-H/N-H 3B’A3kiB Ta apomMaTUyHMX CTPYKTYP
(Puc. 2) [20-23].
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Pucyrok 2. I cnekmp cyxo20 nucmsi auHo2pady

Lli gaHi niatBepmKyoTb pe3ynbTaTh HewonaBHIX OOCHimKeHb, LWOAO BUCOKOro
BMICTY BTOPVHHUX MeTaboniTiB y N1cTi BuHorpaay [24, 25]. MNik cepeHbOT iHTEHCUBHOCTI 3a
yacTtoTn konvBaHb 2920 cm' Bkadye Ha HasiBHICTb CH2/CH3z dpyHKUiOHanbHMX rpyn, Lo
XapaktepHi gnda ninigis. IMoBipHO, Ui pe3ynbTaT¥ BKasyloTb Ha HasBHICTb ninigis
KYTUKYNSIpHOT MembpaHu nucts BuHorpaay [20, 21, 24, 25].

Pasom 3 1M, gocnimkeHHs 14 cnekTpiB Cyxux KBITOK pOBiHii TakoX BKasyloTb Ha
HagaBHICTb nonicpeHonis, pnasoHoIAIB, Lentono3un Ta Bogu. Lle nigtBepa)Kye WMPOKMI nik
cepenHboi iHTeHCMBHOCTI 3a 4yactoTu konmeBaHb 3300 cm™, Wo Takox, SIK i y NUCTI
BMHOrpajy, Bkasye Ha konumeaHHsA BaneHTHUX 38’askiB O-H ta N-H (Puc. 3) [20, 21].
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nponyckaHHs, %

Mik cepeaHbOI IHTEHCMBHOCTI 3a YacToTh KonmeaHb 2920 cM! Bkasye Ha MOXIMBUN
, BOCKIB Ta anidatnyHux cnonyk. ik CunbHOI IHTEHCMBHOCTI 3a 4acToTu
konvBaHb 1604 cm' Mmoxe BkasyBaTu Ha HasiBHICTb C=C 3B’A3kiB Ta COO" dhyHKLioHanbHoOI
rpynu, xapakTepHoi ons pobiHiHy, kKBepLUeTUHY Ta iHwnx cdnaBoHoigie [14, 21]. HaasHicTb
niaTBepMKYETLCA Ccnabkum nikom 3a 4yactotM 665 cm', Wwo Bkasye Ha
HasiBHICTb konueaHb C-H/C-O 3B’a3kiB y apoMaTUyHKX KinbLsax. CnekTp TUNOBUIA Anst KBITOK
POGiHii, Lo MICTATb NiATBEPIYKEHWI BUCOKUIA BMICT aHTUOKCUAAHTHUX chriaBoHoigiB [14, 20, 21].

Hocnigpkytoun 1Y cnekTp cyxoro HaciHHsi 6a3unika BCTaHOBIIEHA HasiBHICTb HEBe-
NVIKOI KiNbKOCTI BOAW, nonicaxapuais, 6inkie Ta peHonbHMX cnonyk. Lle niatBepaxyeTbes
CUINbHUM AYXXe LUMPOKUM MiKOM 3a YacToTh konmeaHb 3770-3100 cm, wo Bkasye Ha

BMICT niniais

dnaBoHoigiB
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KOnmBaHHs BaneHTHuX 3B’a3kiB O-H/N-H (Puc. 4) [20, 26].
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CUIbHUIA LLIMPOKMIA Mik 3a YacToTh 1267-1100 cm' BKasye Ha KONMBaHHS rMiKo3uaHWX
3B’s3kiB C-O-C 1a C-O. Lle Moxe OyTM MOB’A3aHO 3 HASABHICTIO B HaciHHI ©aswunika
nonicaxapugis Ta nektuHy [14, 20, 21, 27, 28]. CunbHWIA NiK 3a 4acToTh KonmBaHb 1757-
1657 cm' Bkasye Ha HasiBHICTb kapOoHinbHoi rpynn C=0, wo moxe 6yT NoB’s3aHo 3
BMCOKMM BMIiCTOM ninigis (Tpurniuepuais) [14, 20, 21, 27, 28]. HagsHicTb niky cepeaHbOl
iHTEHCMBHOCTI 3@ YacTOTW KonuBaHb 735 cMm™! Bkasye Ha HasiBHICTb yHKLOHAMNbLHOI rpynu
CHz2, xapakTepHoi ans gosrmx anicdatnyHnx naHutorie ninigis [20, 21].

Hocnipkytoun [Y cnekTp BUCYLLEHOTO BOAHOIO €KCTPaKTY i3 3epeH nweHudi byna
BCTaHOBJIEHA HAsIBHICTb BUCOKOrO BMICTY BOAM, LLO MiATBEPMKYETECH CUMBHUM LLUMPOKUM
nikom 3a YyactoTu konmeaHb 3370 cv! (Puc. 5) [20, 21].
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PucyHok 5. I4 cnekmp sucyuweHo20 800HO20 eKcmpakmy i3 3epeH nweHuyji

Mik cepenHbOi iHTEHCMBHOCTI 3a YacToTn 2930 cm™ Bkasye Ha HasiBHiCTb CH3/CH2
YHKUOHaNbHMX rpyn, WO € CBiAYEHHAM BMICTY BinkiB Ta HEBENWKOI KinbKOCTi ninigis.
Bucoknin BMICT BirkiB Takox MiaATBEPOKYETHCSA NiKaMu CepeaHbOI iIHTEHCMBHOCTI 3@ YacToTU
konveaHb 1640 cm ™, 1530 cm, 1400 cv' Ta 862 cM™, LLIO BKA3YHOTb Ha HasiBHICTb KONMBaHb
C=0 T1a N-H 3p’askiB, CH2 dyHkUioHanbHUX rpyn Ta R-rniko3uaHux 3B’s3KiB Bi4NOBIAHO.
HaseHicTb nikiB cepeaHbOl iHTEHCMBHOCTI 3a YacToTu konmBaHb 1090 cm™ Ta cnaGkoi
iHTeHcmBHoCTI 3a YactoTi 930 cm™' Ta 660 cm™' BKasytoTb Ha konmBaHHsA C-O-C riiko3naHux
3B’s3kiB, aHOMepHoro kapboHy Ta C-O/C-H 38’a3kis BignosigHo [20, 21]. Lie moxe cBigumTn
MPO HasIBHICTb BMCOKOrO BMICTY BYITIEBOAIB Y AOCNiIKyBaHOMY 3pa3Ky (BOOOPO3UMHHI 3-
rmntokaHu, apabiHokcunaH, onirocaxapuam Towo) [16, 17, 18]. MNik cepeaHbOI iIHTEHCUBHOCTI
3a yactot 2100 cm' Bkasye Ha konvBaHHs C=N 3B’s3kiB. Lleii nik € HeTUNoBKUM i Moxe
Oyt pesynbTaToM KOonMBaHb Yy 3anuviikax amiHiB abo apTedakTom nigrotosku 3paska [20].

Y nopiBHSAHHI 3 |4 CcNekTpoM Cyxoro 3epHa MneHuLi, CNEKTP BUCYLLEHOrO eKCTpakTy
BKa3ye Ha BULLMIA BMICT Binka Ta BOOOPO3YMHHUX nonicaxapugie. HatomicTb, dikcyeTbest
CYTTEBE 3HIDKEHHSA BMICTY KPOXMarto, Lo Moxe 6yTu NoB’a3aHMM 3 MOr0 NMOraHo PO34MH-
HICTHO Y BOA.

Hocnimkytoun |4 cnekTp BMUCYLLEHOTO BOOHOMO EKCTPaKTY 3 IUCTS BUHOrpaay BCTaHOB-
NEHO HasiBHICTb BUCOKOro BMICTY BOAW, nonidheHoniB Ta ¢onaBoHOIAB, LU0 MiATBEPDKYETLCA
nikom Oy»xe CUIbHOI iIHTEHCMBHOCTI Ha YacToTu konmeaHb 3370 cv! (Puc. 6) [20, 21].
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PucyHok 6. 14 criekmp sucyuweHo20 800HO020 eKcmpakmy 3 fucms euHogpady

Miku 3a yacToTh konmeaHb 1656 cm, 1072 cv! Ta 630 cm! BKa3yloTb Ha HasIBHICTb
kornmBaHb C=0 3B’si3kiB, C-O-C rniko3angHux 3s’a3kiB Ta C-H/C-O 3B’A3KiB y apoMaTUYHMX
KinbUg§X, O NiTBEPIKYE MOXMIMBY HaABHICTb (priadhoHoiAiB Ta cheHoNbHUX crnonyk [14,
20-24]. Mik 3a yacTtoTh 2997 cm' € HETUNOBMM Ta MOXEe BKasyBaTV Ha HasIBHICTb CreLu-
ivHOI cnonyku Yn 6yTn apTedakTom, NoB’a3aHMM i3 0COBNMBICTHO MiAroToBKK 3paska [20].

MopiBHioOUM Y CnekTp BUCYLLEHOrO €KCTPaKTy 3 NUCTA BUHOrpagy i3 CneKkTpom
CYXOro NMCTS BCTAHOBMEHO BULLMIA piBEHb BMICTY NonicpeHonNIB Ta CYyTTEBO HKYMIN PiBEHb
ninigis.

AHani3 14 cnekTpy BUCYLLIEHOro BOAHOIO EKCTPAKTY 3 KBITOK POBiHii MOKasaB BUCOKUIA
BMIiCT BOAMW, (pnaBoHoidiB, nonicpeHoniB Ta nonicaxapuais. Lle AoBoauTb HasiBHICTb
LLIMPOKOTO MiKy CMIbHOT IHTEHCUBHOCTI 3a YacToTy konmeaHb 3350 cv! (Puc. 7) [20, 21].
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Puc. 7. I4 cnekmp esucyuwieHo20 80GHO20 eKCcmpakmy 3 K8imok pobiHii
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HasBHiCTb BUCOKOrO piBHSA BMICTY (priaBOHOIAIB OBOASATL CepeaHbOi IHTEHCUBHOCTI
nikn 3a Yactotn 2924 cm', 1097 cm' Ta nik CUNbHOI IHTEHCUBHOCTI 3a YacTtoTn 1637 cm,
LLIO BKa3yloTb Ha HasBHiCTb CH2 dpyHkuioHaneHOi rpynu, konmeaHbe rmikosmgHmux C-O-C/C-
O T1a C=C 3B’askiB BignosigHo. Cnabkun nik 3a Yactotn 630 cm-1 Bkasye Ha HasiBHICTb
konueaHb C-H/C-O 3B’Aa3kiB y apoMaTU4HKX KinbusX, LLO AOBOAUTE MOXIMBY HasBHICTb
deHonbHUX cnonyk [14, 20, 21].

MopiBHtotouM |Y cnekTp BUCYLLEHOrO BOAHOIO €KCTPAaKTY 3 CMEKTPOM CyXUX KBITOK
poGiHii MOXXHa 3poOUTU BMCHOBOK, LLO BOOHWA E€KCTPaKT 36araveHuii GinblimMM BMICTOM
BOAOPO34MHHMX NonicbeHoniB Ta onaBoHOIAIB Ta MICTUTb CYTTEBO HWKYUIA BMICT finigiB.
Mik apomMaTU4HMX CTPYKTYP 3CYHYBCSl 3 YacToTu konueaHb 1604 cm' go 1637 cm'. Le
TUMOBE SIBULLIE MPU Nepexoi Bifd UinbHOI POCNMHHOI CUPOBMHU A0 BOOHOMO E€KCTPaKTY,
OCKinbkv hrnaBoHoiaM (pobiHiH, KBEpPLETMH TOLLO) NepexoasiTb y BOAHE CepedoBuLLE.
30inbLUeHHs iHTeHcMBHOCTI konmBaHb O-H 3B’s3kiB (nik 3a YyactoTn 3350 cm') Bkasye Ha
iMOBIpHe 30inbLUEHHS KOHLEHTPaLLil (peHONbHNX cronyk Ta Bogn. CurHan y pavioHi 2924 cm
" cnabLumin, NopiBHSAHO 3 NinNiaHMM curHanoM y cyxomy matepiani. Lie moxe 6yTv nos’sisaHo
3 MOraHoK eKCTPaKLUEID XXMPIiB Ta BOCKIB Y BOOHE CepeaoBuLLE.

Oocnigpkytoun 14 cnekTpu BUCYLLIEHOTO BOAHOIO EKCTPAKTY 3 HaciHHA Gasurika 6yno
BCTAHOBMNEHO HasiBHICTb BENMKOI KiNbKOCTI Bogu Ta nonicaxapvaiB. Mo ue cBiguntb
LLMPOKMIA MiK Ay>KEe CUMBHOI IHTEHCMBHOCTI 3a YacToTu konueaHb 3370 cv! (Puc. 8) [20, 21].
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Puc. 8. I4 cnekmp sucyuwieHo20 80GHO20 eKcmpakmy 3 HaciHHs1 6a3surika

HasBHICTb BMCOKOro PiBHSA BMICTY MosficaxapuiiB TakoX [0BOOUTb HasIBHICTb
CUNbHUX nikiB 3a 4YacToT 1064 cm' Ta 810-450 cm', ockinbku BOHW BignosigatoTb 3a
konumeaHHst C-O-C/C-O rniko3maHux 38’sa3kiB Ta C-H/C-O/C-C 38’a3kiB. CunbHUA curHan 3a
yacTtotn 1637 cm™' Bkasye Ha HasiBHiICTb C=0 T1a C=C 3B’3kiB, L0, IMOBIpHO, NOB’sI3aHO 3
HasIBHICTIO BUCOKOTO PiBHA BMICTY BinkiB. MOXnuBY HasiBHICTb BMCOKOro BMICTY BinkiB Ta
ninigiB TakoX AOBOAMTb HasiBHICTb (pyHKUioOHanbHuX rpyn CHs ta CH2, wo nigteepmkye
curHan cepegHbol iIHTEHCUBHOCTI 3a YacToTu konmeaHb 2930 cm [20, 21].

MopiBHIo04K |Y CnekTp BUCYLLEHOIO BOOHOIO EKCTPAKTY 3 CMEKTPOM CYXOro HaciHHS
BCTAHOBMNEHO BULLYY KOHLEHTpaLilo nonicaxapuaiB Ta 6inkiB. HaTtomicTb, BCTaHOBMEHO
CYTTEBO HWXKYMI piBeHb BMICTY ninigiB. ik KapbOHIiNbHMX NPOAYKTIB 3a YaCTOTU KONMBaHb
1757 cm™, sikmin 6yB fobpe BupaxkeHuM y |4 cnekTpi cyxoro HaciHHSA 6a3unika, NpakTUYHO
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3HuK. Lle moxe OyTn noe’asaHo 3 rigpodobHicTio ninigis [14, 20, 21, 27, 28]. B uinomy,
CMEKTP BUCYLLEHOro eKCTPaKTy AEMOHCTPYE MeHLUe “lyMiB”, XxapakTepHUX AN ChekTpy
CYXOro HaciHHs (ninign, uentonosa, NirMeHTX TOLO).

BucHoBkW. AHani3yloun OTprMaHi pe3ynbTaT BCTaHOBIEHO, Lo 1Y cnekTp cyxoro
3epHa MweHuLi BKa3ye Ha HasiBHICTb BUCOKOrO PiBHA BMICTY Kpoxmanito, Ginkis, Boau Ta
ninigis. AHani3 14 cnekTpy BMCYLLEHOTO BOOHOIMO €KCTPaKTy AEMOHCTPYE BULLMIA piBEHb
OinkiB y ekcTpakTi Ta nonicaxapvai. HaTomicTb, BUOHO HDKYMI BMICT KpOXMarto, Lo MOXe
OyT1 NOB’A3aHO 3 MOro NOraHoK PO3YMHHICTIO Y BOAi.

I4 cnekTp cyxoro nNWUCTA BUHOrpagy [AEMOHCTPYE MOXIMBUA BUCOKUA BMICT
PEeHONMBbHUX CMOIYK, Lentorio3n, NekTuHy, Oinkie, nonidpeHoniB Ta nonicaxapuais. Takox,
iIMOBIpHO, 3acpikcoBaHO HasABHICTb MinigiB. HatomicTe IY cnekTp BUCYLIEHOrO BOOHOro
€KCTPaKTy 3 NNUCTA BUHOrpagy BKa3ye Ha HasBHICTb MEHLLIOT KiNbKOCTi ninigis Ta cyTTeBo
BULLLOrO PiBHA BMICTY nosnidoeHoniB.

AHanisytoun 14 cnekTp Cyxmx KBiTOK poOiHii BCTAHOBIIEHO HAsSBHICTbL BUCOKOTO BMICTY
deHONbHUX CnoMyk Ta apoMaTuyHUX CTPYKTYp dnasoHoigis. [lpote, |4 cnekTp
BMCYLLEHOrO BOAHOIO EKCTPAaKTY 3 KBITOK POBIHil AEMOHCTPYE CYTTEBO BULLLY KOHLEHTpaLLito
nonidpeHoniB Ta chnaBoHOIAIB.

I4 cnekTp cyxoro HaciHHA Gasunika OeMOHCTPYE BMCOKMW BMICT nonicaxapuais,
ninigis Ta 6inkis. HatomicTk, IY cnekTp BUCYLLEHOro BOOHOIO EKCTPaKTy 3 HaCiHHA Basunika
BKa3ye Ha CYTTEBO BULLMIA piBEHb BMICTY MoricaxapuaiB, OinkiB Ta CUITbHE 3HKEHHS PiBHSI
ninigie, Wo mMoxe 6yTn NOB’sI3aHO 3 rigpPOodOOHICTHO XMPIB.

OTpumaHi pesynbTati 4OBOAATL e(PEKTUBHICTb BUKOpUCTaHHS |Y cnekTpockonii ansi
BMBYEHHS POCITMHHOI cuMpoBuMHU. OTpuMaHi pesynbTatv MOXyTb OyTWU BUKOPUCTaHHI B
noAanbLUMX AOCHIMKEHHAX BioXiMil pOCNNH Ta POCIIMHHNX EKCTPAKTIB.
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APPLICATION OF THE INFRARED SPECTROSCOPY METHOD
FOR ASSESSING THE BIOCHEMICAL COMPOSITION

OF GRAPE LEAVES, ROBINIA FLOWERS, BASIL SEEDS,
AND WHEAT GRAINS

Infrared spectroscopy is a method of qualitative and quantitative analysis. The essence
of this method lies in the study of absorption and transmission spectra of electromagnetic
radiation in the infrared region.

The use of infrared spectroscopy for plant analysis is not new. Numerous successful
studies have been conducted to determine the geographical origin of plant raw materials,
detect adulteration, and address other related issues. In our study, we performed infrared
spectroscopy of dried plant materials, namely wheat grains, grape leaves, Robinia
flowers, and basil seeds. These plants are widely used in the cosmetic, pharmaceutical,
and food industries.
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It was established that the IR spectrum of dry wheat grains indicates the presence of high
levels of starch, proteins, water, and lipids. The analysis of the IR spectrum of the dried
aqueous extract demonstrates higher levels of proteins and polysaccharides. In contrast,
a lower starch content is observed, which may be associated with its poor solubility in water.
The IR spectrum of dry grape leaves demonstrates a potentially high content of phenolic
compounds, cellulose, pectin, proteins, polyphenols, and polysaccharides. The presence
of lipids was also likely detected. In contrast, the IR spectrum of the dried aqueous extract
indicates the presence of a lower amount of lipids and a significantly higher level of
polyphenols.

The analysis of the IR spectrum of dried Robinia flowers revealed the presence of high
levels of phenolic compounds and flavonoids. However, the IR spectrum of the dried
aqueous extract demonstrates a significantly higher concentration of polyphenols and
flavonoids.

The IR spectrum of dry basil seeds demonstrates high levels of polysaccharides, lipids,
and proteins. In contrast, the IR spectrum of the dried aqueous extract indicates
significantly higher levels of polysaccharides and proteins, along with a substantial
decrease in lipid content, which may be associated with the hydrophobic nature of fats.
The obtained results demonstrate the high effectiveness of using IR spectroscopy for the
study of plant raw materials. These findings may be applied in further research on plant
biochemistry and plant extracts.

Keywords: spectrum, IR spectroscopy, extracts, dried plant material, proteins, lipids,
carbohydrates, flavonoids, polyphenols.

Cmamms 0o pedakuii Haditiwna 09.04.2026 poky
PeueHsis Ha cmammio Haditiwina 28.04.2026 poky



Bioximis

YK 618.3-06:616.391:577.161.2
DOI 10.31654/2786-8478-2026-BN-2-93-101

Axnmuyk A. C.

acnipaHTka kadenpv Gionorii

HixuHCbKOro AepxaBHOro yHiBepcuteTy imeHi Mukonu "orons
darynakozlova2023@gmail.com
orcid.org/0009-0009-6084-3601

BITAMIH D IK MOAYNATOP INNEPNPOAYKLUIi FENCUOUHY
TA AOI0 POJ1b Y ®OPMYBAHHI ®YHKLIOHANIbHOIO 3ANI3OAE®ILUTY
Y BAMNTHUX XIHOK

Banizodepiyumna aHemiss ma HedocmammHili pieeHb 8imamiHy D € nowupeHuUMU Mikpo-
HympIEHMHUMU ropyweHHsMU nid Yac eazimHocmi. BimamiH D yepes peuenmop VDR
nipueHiyye eeH HAMP, w0 kodye 2erncuduH — Kr4osull peayrismop eomeocmasy 3ari3a.
lineprpodykuis 2erncuduHy npu 3ananeHHi cCrpuqyuHse QhyHKuioHanbHUl 3anizodegiyum:
3asi30 cekeecmpyembCsi 8 mMKaHUHHUX Oeno (chepumuH nid8uWEeHUl), HeHacu4yeHa
3ani3o3e’sa3yearnbHa 30amHicmb cuposamku (H333) sHuxXyembcs, 3aniso HedocmyrnHe
o epumponioe3y. B docnidxerHi 83snu ydacmpb 62 eacimHi XiHKU (9—25 muxxdeHb
eecmauji) sikom 20—44 poku: epyna 3 HeGocmamHim pisHem simamiHy D (25(0OH)D < 20
He/mn, n = 34) ma epyna 3 docmamHim pigHem (25(0OH)D > 30 He/mn, n = 28), ma 23
HeeaaimHi XiHKU-80/10HmMepu 8i0nosidHo20 e6iKy. BusHavanu pigHi eencuduHy (IDA,
FineTest), 3anisa (konopumempis), cpepumuny, H333 ma C-peakmueHozo binka (CPbB)
(imyHomypbidumempisi, Cobas Pure, Roche), a makox eemMamorioaidHi nokasHuku. Y
3azanbHil subipyi cmamucmu4HO 3Hadywux 8idMiHHOCmel MK epyrnamu He 8USIBITIEHO.
OdHak y nidepynax 3 aineprpodykujeto 2erncuduHy (nidepyna 2) pieeHb eercuduHy 6ye
80ei4i HUX4uM ripu docmamHbomMy eimamiHi D (1683 + 233 na/mn npomu 3369 + 439
ne/mn, U = 3, p < 0,01). Y yux nidepynax susieneHo nidsuwieHuti pepumuH (88,8 ma
169,8 mka/n) ma 3HuxeHy H333 (27,3 ma 28,1 mkmorb/ni), wo eidnosidae kapmuHi
¢byHKUjoHanbHo20 3arnizodegbiyumy. PieeHb eemoarnobiHy y nidepyrni 3 HedocmamHim
simamiHom D mag meHOeHUjto 00 HUX4Yux 3HadyeHb (119,8 + 3,9 e/n npomu 125,2 + 4,9
e/n). BimamiH D moxe eucmynamu crieyuidyHuM mMoOyrisimopom 2ineprpolyKuii
eernculuHy y eazimHux, wo ocobrueo akmyarnbHO 8 ymosax 3ananeHHs. OmpumaHi
pesynbmamu eidkpusaromp repcriekmueu 05151 po3pobku dughepeHuitiosaHux nioxodie
00 npohinakmuku aHeMmii y ea2imHuUX — 30Kpema, 6KITHOYEHHSI MOHIMOPUH2Y PieHie
simamiHy D ma eerncuduHy 0o cmaHOapmHO20 0BCMEXeHHS XIHOK i3 3ananbHuMm
cmamycom rid Yyac eecmauji.

Knrouosi cniosa: eimamiH D, eazimHicmb, 2encuduH, aHemisi, ghepumuH, H333, ¢hyHkuio-
HanbHul 3anizodeqiyum, eeMamorsioaidHi MoOKa3HUKU.

Bctyn. 3anisogediumtHa aHemis (8[0A) Ta HegocTaTHIl piBeHb BiTaMiHy D Hane-
XaTb 4O HANMOLUMPEHILLMX MIKPOHYTPIEHTHUX MNOPYLLEHb Y BariTHUX XIHOK i HECYTb CEPNO3HiI
pu3nKM ansi 30opoB’a maTtepi Ta nnoga [1, 2]. Iig yac BaritHOCTi dpisionoriyHa notpeba B
3anisi Ta BiTamiHi D pi3ko 3pocTae y 3B’s13Ky 3 pO3BMTKOM NnoAa, POpMyBaHHAM MnaueHTn
Ta NiOTPUMKOK MaTepUHCBKOro KpPOBOTBOPEHHS. 3aniso HeobXigHe [Ans CuHTesy
remornoOiHy, MiornobiHy Ta 4McneHHMX epMeHTiB; dediunT 3anisa Npu3BoaUTb 0
NOpYLLEHHSI epuTPONoesy Ta, K HAacNiaokK, A0 aHemil [3].

lencvamH — 25-aMiHOKUCNOTHUIA NENTUA, WO CUHTE3YETbCA renatouutamu, — €
KIMOYOBUM PETYIIATOPOM CUCTEMHONO romeocTasy 3anisa [4]. BiH 3B’a3yeTbes 3 heponop-
TUHOM Ha MOBEPXHi eHTepouuTiB, MakpodharisB Ta renaTtouuTiB, CMPUYMHAIOYN KOrO
Jerpafadito Ta 6nokyroumn Buxig 3anisa 3 KnituH y KpoBoobir. MNpoaykuia rencuanHy 3poctae
NPy NepeBaHTaXKEHHI 3ani3oM Ta 3ananeHHi (Yepes IJ1-6) i 3HKyeTbca npu aediumTi 3anisa,
rinokcii Ta aHemii [4]. HagmipHa npoaykuis rencuguHy npy 3ananeHHi npu3BoauTb 00
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YHKLOHaNbHOro AediluTy 3anisa — CTaHy, Npu SIKOMY 3anacu 3anisa B 4eno 30epexeHi
(dbepuTnH nigBuweHn i abo HopMmanbHUI), ane 3ani3o HegoCTyNHe Ans epUTPOIgHMX
KNiTMH-nonepeaHnupb [5]. JiarHOCTUYHMMN MapKepamMu LibOro CTaHy € nigBuLLieHun depu-
TUH Y NOEeAHaHHI 3i 3HWKeHoto H333.

BitamiH D, okpiM knacuyHux yHKLiM Yy perynauii kanbLin-gocgopHOro oomiHy,
NpUrHidye TpaHckpunuito reHa HAMP, wo kogye rencuauwH, depes peuentop VDR y
renatouutax Ta MoHoumuTax [6]. OgHopasoBe BBeaeHHS hapMakororiYHux o3 BitamiHy D
300pOBMM JOOPOBONbLAM 3HWKYBANO piBeHb rencuanHy Ha ~34% ynpogoex 24 roguH [6].
Kpim Toro, BiTamiH D nigTpumye eputponoes, CTUMyniooun nponidepadito eputpoigHux
KNiTMH-NONepeaHnLb Ta MNOCUITIOKYM X YYTNMBICTb 4O epuTponoeTuHy [7]. Monpu Teope-
TUYHE OBrpyHTYBaHHS, KNiHIYHI gaHi y BariTHUX € cynepednveumMu: gocnimkeHHs MAVIDOS
He BUSIBUMO BMNUBY CTaHAAPTHUX 003 Ha piBeHb rencuauHy [8], Toai SK npy akTMBHOMY
3ananeHHi (33K'y giten) KOpoTKoYaCHU MPUIAOM BUCOKWX 03 3HWKYBaB rencuauH Ha 81%
i ogHo4acHo ameHwysaB CPE [9].

Y nonepeaHbo onybnikoBaHoMY AocnifkeHHi aBTopiB [12] Ha BMOIpUi 62 BariTHWX
XiHOK Ta 23 BoroHTepiB (cepneHb—BepeceHb 2024 poKy) BCTAHOBMNEHO, WO Yy niarpynax 3
rinepnpoayKLieto rencuanHy piBeHb LIbOro ropMoHy OyB BABIHi HYXKYMM NPU AOCTAaTHBEOMY
BiTaMiHi D nopiBHsAHO 3 HegocTaTHIM piBHeM (1583 + 233 npoTtun 3369 + 439 nr/mn, p <0,01),
TOOj SIK Y 3aranbHKX rpynax 3HayyLLmx BiAMIHHOCTEN He BUsiBNeHO. [laHe AOCHiMKEHHs €
OesnocepenHimM NpodoBxkeHHsM poboTn Axumuyk [1. C. Ta KyumeHko O. B. «PiBHi rencu-
OWHY Yy BariTHMX XXIHOK B 3anexHoCTi Big cTtatycy BiTamiHy D» [12] Ta cnpsimoBaHe Ha
3’ICYyBaHHS KMiHIYHOrO 3HaYEHHS BUSIBNEHOrO 3B’s13KY Yepes aHani3 MapkepiB metabonismy
3anisa — gpepuTtnHy, H333, CPE — Ta reMaTonoriYHnX nNokasHUKIB.

MeTta po6oTu. OuiHWTY 3B’A30K MK cTaTycoMm BiTamiHy D (25(OH)D), piBHeM rencu-
OVHY, epuUTUHOM, HEHaCMYEHO 3ani303B’s3yBarnbHO 3aaTHICTo cuposatku (H333), C-
peakTMBHUM BinNkOM Ta reMaTornoriYHMMK MOKa3HUKaMKW Yy BariTHMX >KIHOK, 30Kpema B
nigrpynax i3 rinepnpoaykuieto rencuguHy, 3 MeTOK 3'AcyBaHHsi poni BiTamiHy D y
dopmyBaHHI yHKLiOHaNbLHOro 3anisogediunTy Ta aHeMil nig Yac BariTHOCTI.

MeToam Ta opraHisauia gocnimkeHHA. 3 nunHsa no BepeceHb 2024 poky Gyrno
pocnigpkeHo GionoridyHun matepian (cupoBatka kposi Ta E[JTA-kpoB), Bigibpanuii y 62
BariTHMX XIHOK (3 9 nNo 25 TwkaeHb BariTHocTi) Bikom 20—44 poku, aki nepebyBanu Ha obniky
B creuiani3oBaHii XiHOYin KOHCYynbTauil KOMyHarnbHOro HekoMmepLinHoro nignpuvemMcTaa
«MNepuHatanbHun ueHTp M. Kuesax. Takox 6yna pocnimkeHa rpyna BOMOHTepiB — 23
HeBariTHi XiHKM BignoeigHoro Biky (cepeaHin Bik 30,6 + 1,1 poku). BariTHi XiHkn Oynum
noAinexi Ha 2 rpynu 3a pieHem 25(0OH)D y cupoBaTLi KpoBi, ik HaBeaeHo B Tabn. 1. MNpu
NPOBELEHHI CTAaTUCTUYHOI 0BPOBKM JaHMX B KOXHIW rpyni Oynu BusiBNeHi 3pasku 3i 3Ha4YHO
BMLLIMMW MOKa3HWKaMU PIiBHIB rencuanHy (BU3Ha4Yanuchb K 3HAYEHHS, WO MEPEeBMLLYHOTb
MegjiaHy BignoBigHOI rpynu GinbLl HiXX y 5 pasiB) NOPIBHAHO 3 GINbLUICTIO OTPMMaHMX BUMI-
piB; Ui AaHi 6yno BMKITIOYEHO i3 OCHOBHOI rpynu (Migrpyna 1) Ta Ha ix ocHoBi chopMOBaHO
niarpyny BUKIIOYEHHS (miarpyna 2).

Tabnuus 1
Po3noain BariTHUX XiHOK y AoChipKyBaHMX rpynax
[ocnimpkyBaHi rpynu BaritHux
Aani HepocTaTHili piBeHb BiTamiHy D (< | [ocTaTHil piBeHb BiTamiHy D (>
20 Hr/mn) 30 Hr/mn)
Bik, poku 30,8+1,0 326+1,2
Kinbkictb, n 34 28

TepMiH BariTHOCTI, 140406 12,8407
TWXOEHb

25(OH)D, Hr/mn 16,2+ 0,5 35,7+0,8
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PiBHi 25(0OH)D BusHavanu metogom IPA (Monobind, CLUA, pinep Sinowa ER 500).
KoHueHTpauito rencuauHy Bu3Havanu 3a gonomoroto Habopy FineTest Human Hepcidin
(Kvtain) metogom IPA 3 nonepeHim po3seneHHsAM 3paskiB 1:20. OcKinbku BUPOOHUK He
3a3Havae pedepeHTHUX 3HayveHb, Ans BHYTPILLUHbONabopaTopHOi Bepudikauil BMKO-
pvICTOBYBanu rpyny BONIOHTEPIB SIK BHYTPILLIHIN KOHTPOIb; MeAiaHa rencuanHy y BOrNOHTEpIB
cknana 244 (pianasoH 26—458) nr/mn. 3anizo BM3Ha4Yanu KOSIOPUMETPUYHUM METOOO0M
(CnanHnab, YkpaiHa; aHanizatop BTS-350). ®eputnH, H333 ta CPB Bu3Hauyanu i3
BMKOPUCTaHHAM peareHTiB Roche Diagnostics Ha aBTomatuyHomy 6ioximiyHOMYy aHani-
3atopi Cobas Pure (Roche Diagnostics, LLBeruapis). KniHiuHWi aHania KpoBi BUKOHYBanm
Ha remaronoriyHomy aHanisatopi Abacus 3CT (YropLuHa).

B pocnimkeHHa He BKHOYanMCh BariTHi 3 NnepeHeceHnMm iHpeKLinHMMN 3aXBOpHo-
BaHHsMKM, Takumu sk BIJT, cudpinic, iHgekuinHi renatutn B i C, Ta 3pa3ku 3 o3Hakamu
remonisy Ta/abo xinboasy.

PoboTy BMKOHaHO Yy BiANOBIAHOCTI A0 6i0eTUYHMX HOPM 3 JOTPUMAHHAM BiANOBIAHUX
npuHUMniB enbciHCbKOI Aeknapalii npas noanHu, KoHseHuii Pagu €sponn npo npasa
NOAVHY | BiomeanLMHM Ta BigNOBIOHMX 3aKOHIB YKpaiHu [16, 17].

CratnctuuHy obpobky Ta aHanis pesynbTaTiB AOCHMKEHHs npoBOAuUNuca 3
BMKOpPUCTaHHSAM nakeTy nporpam Microsoft 365. [ns nopiBHAHHA HenapameTpuyHKX
Hes3anexHux rpyn BusHayanm cepegHe apudmetmnyHe (M) Ta nomunky cepegHboi (m) Ha
piBHi goBip4oi nmosipHocTi P > 0,95 (abo p < 0,05) 3a U-kputepiem ManHa-YiTHi. 3 ornagy
Ha Manuin po3mip niarpyn BUKMOYEHHs (N = 6), iXHi pe3ynbTaTi po3rnaaarnTbCs SK NiNOTHI
Ta NOTPebyIOTL MiATBEPAKEHHS HA BinbLuin BUOIpL.

Pe3ynbTaTy gocnigkeHb Ta iX obroBopeHHs. [NonepeaHii aHani3 3abesneve-
HocTi BiTamiHOM D cepen 608 BariTHMX xiHOok M. Kuesa (2022—-2023) BUSIBUB BUCOKY
MOLUMPEHICTb MOr0 HEeAOCTaTHLOro PiBHA: Y 59% xiHok y | TpumecTpi Ta y 68% — vy
TpumecTpi piBeHb 25(OH)D 6yB Hwwkve 20 Hr/mn [11]. BcTaHOBNEHO BUPaXKEHi CE30HHI
KONMMBaHHS: y noTomy rinositamiHo3 D pikcyBaBca y 50—-85% BariTHVX 3anexHo Bif BiKOBOI
rpynu, ToAi sk y cepnHi — nuwe y 15—-19%. BusBneHo Takox BIiKOBY 3aneXHICTb: MOMoALLi
BariTHi (18—24 pokun) 4eMOHCTPYBanv HamlripLwni ctatyc BitaMmiHy D npoTarom ycboro poky
[11]. Ha HacTynHOoMYy eTani gocnigkeHHst 142 BariTHUX XiHOK (| TPUMECTP, KBiTEHb—TPaBEHb
2024) BcTaHOBMNEHO, WO HeaocTaTHIM piBeHb BiTamiHy D (< 10 Hr/mn) acouitoeTbcs 3
HKYMMU PIBHAMKW remornobiHy (119,7 r/n), epuTpoumMTiB Ta reMaToKpUTy MOPIBHSIHO 3
rpynoto goctatHboro piBHs (> 30 Hr/mn; remorno6iH 129,1 r/n) [10]. MNpy KoHUEHTpaLUisx
BiTamiHy D Big 10 go 30 Hr/mn cyTTeEBMX KONMWBaHb reMaTonoOriYHWX NapameTpiB He
criocTepiranock. Lii pesynstaTty nigTBepannm KniHivHy 3HaYyLWLICTb came KpaKrHix rpagadin
ctaTycy BiTamiHy D Ta 06ymoBunM hopMyBaHHS ABOX NonsaApHux rpyn (< 20 Hr/mn T1a > 30
Hr/MIN) ANs NoAanbLIOro AOCHIMKEHHS. 3 METOK BUKIMIOYEHHS BMNUBY CE30HHNX KOMNWBaHb
iHconsuii Ha piBeHb BiTamiHy D Binbip 3paskiB NpoOBOAMBCS LinecnpsamMoBaHO B nepiof
MaKkcUMasibHOI COHSIMHOI aKTUBHOCTI — nuneHb—BepeceHb 2024 poky, a pesynbTath 4ochi-
[PKEHHS rencuayHy Ta 3arnisa B i B1bipLi onydnikoBaHo paHitue [12].

AHanis niTepaTypHuX 4aHUX OEMOHCTPYE 3Ha4Hy BapiabenbHicTb BNNMBY BiTamiHy D
Ha rencuauH 3anexHo Big, CTaHy nauieHTiB Ta [osyeaHHA. [ocnimkeHHs MAVIDOS
nokasarno, Lo wogaeHHui npuiiom 1000 MO BiTamiHy D3 He BnnvMBaE Ha piBeHb rencugyty,
depuTnHy abo MapkepiB 3ananeHHsa y BariTHUX >iHOK [8]. [poTe B koropTax >iHOK
lMiBoeHHoOI A3ii 3 BUCOKMM piBHeM IJ1-6 cnocTepiraBcs NO3UTMBHUI 3B’130K MiX BiTaMiHOM D
Ta rencvavHom [10]. Y giten i3 3ananbHUMM 3aXBOPHOBAHHAMMW KULLIEYHMKA KOPOTKOYaCHWI
npurom 4000 MO/no6y 3HM3uB rencuanH Ha 81% t1a CPB [9]. Y aiten 3 OKUPIHHAM 3B’A3KY
MK BiTamiHom D Ta rencvguHoM He BusiBNeHo [14]. AHeMia y HefoOHOLUeHuX AiTen
MoB’si3aHa 3 BUCOKVMM PIiBHEM rencuanHy Ta No3nTUBHO KOpenoe 3 (DEPUTMHOM, ane He 3
pisHeM 25(0OH)D [15].
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Tabnuusa 2
PieHi 2encuduny, 3ani3a, pepumunry, H333, CPb6 ma 2zemamonozi4yHux rnokasHukie
Y ea2imHux XiHoOK y AocidxyeaHux 2pynax 3 OaHUMU 8UKITHOYEHHS

DocnimpkyBaHi rpynu BaritTHux 3 BonoHTepu 3
[AaHUMU BUKIIOUYEHHS AaHUMKU
BUKITHOYEHHSA
HepocratHin piseHb | [ocTaTHin piseHb | lMigrpyna | Migrpyna P (M
Aani sitamivy D (<20 | sitaminy D (> 30 1 2 ""“rpz")"aM"
Hr/mi) Hr/mi)
Migrpyna | Migrpyna | Migrpyna | Nigrpyna
1 2 1 2
Bik. DOKM 30,5+ 32,7+ 31,6+ 36,2 + 30,1 + 33,3+ >005
P 11 1,9 14 18 11 3,0 ’
KinbkicTb, n 28 6 22 6 19 4 —
TepmiH 14,3 + 13,0+ 134 + 10,3 + _ a -
BariT., TWXHI 0,7 0,8 0,8 0,6
25(0OH)D, 16,2 £ 16,3+ 354+ 371+ N N <001
Hr/M” 0,6 1,0 0,9 1,6 ’
encuawvH, 257 3369 + 226 + 1583 £ 257 3198 £ <005
nr/mn 25,5 439 18,9 233 28,1 936 ’
Min 2 1738 | 24 836 26 1218 —
rerncuanHy
Max 626 5000 436 2356 458 5668 —
rencuauHy
3aniso, 231+ 32,2+ 221+ 242 + 16,0 + 29,8 + 0.08
MKMOMb/N 1,6 24 1,3 27 1,6 9,5 ’
DepuThH, 441+ 88,8 + 58,9 + 169,8 + 107,0 +
MKT/n 10,6 11,4 9,8 40,0 46,6 46,8 0,06
H333, 38,8+ 273+ 375+ 28,1+ 254 +
MKMO/T 27 42 25 41 410 12,8 > 0,05
CPB,mr/n | 1,7+03|18+0,3|35+08|33+1,8 0,8 1,8+0,8 > 0,05
FemornoGiH, | 122,7+ | 119,8+ 1249+ | 1252+ | 126,8+ 1252 + ~005
r/n 2,0 3,9 1,9 49 2,8 0,9 ’
Eptz%?;‘ﬁm' 40+01 3940141201 |40+03 |43+01|41+01| >005
30,7 + 30,8 + 30,7 + 31,8+ 29,0 + 29,8 +
MCH, nr 04 0,4 03 14 05 0,7 > 0,05
88,5+ 89,1+ 88,5+ 92,5+ 87,6+ 92,0 +
MCV. cn 0.9 11 0.9 2.7 12 2,1 > 0,05
TpombGouuTy, 203,5+ 2742 + 2145+
x10%/n 2187 93 2309 12,8 265+ 16 28.4 <0,05

* — docrnidxeHHs pigHs1 eimamiHy D He rpoeodurnocs.

Y 3aranbHin BuGIipLi BariTHUX XXiHOK MiXK rpynamm 3 He4oCTaTHIM Ta JOCTaTHIM piBHEM
BiTamiHy D He BUSIBNIEHO CTaTUCTUYHO 3HAYYLLMX BiAMIHHOCTEN 3a XOOHWUM i3 OOCTIimKY-
BaHUX MOKAa3HWKIB: piBHAMW rencuauHy, 3anisa, H333, deputnHy, CPB Ta rematono-
rivHuMn napametpamu (p > 0,05 gna Bcix nopiBHAHL). PiBHI rencuanHy OeMOHCTPYHTh
3HaAYHY iHAMBIQYanNbHY BapiabenbHIiCTb B 060X rpynax npu CXOXUX MeLjaHHUX 3HAYEHHSIX
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(~214 Ta ~202 nr/mn BignoBiaHO). AHanoriyHi MefjaHHi piBHI rencuanHy cnocTepirarnTbes y
BOJTOHTEpIB (244 nr/mn), WO nigTBEpAKye afeKBaTHICTb BHYTPILUHLOrO KOHTPOSO ANst L€l
TecT-cuctemu. PiBHi pepntuny (44—59 mkr/n) Ta H333 (~38 mkMonb/n) y 3aranbHuUX rpynax
BariTHWUX BigNOBiAanM 3Ha4YeHHsIM, XapakTepHUM Ansi HopMarnbHOro abo MomipHO-3HVXe-
Horo Aeno 3anisa 6e3 o3Hak BupaxeHoro 3anidogediuuty. PiBHi CPB sanuwanuck
HeBMCOKMMM B 000X rpynax (1,7 Ta 3,5 mr/n), WO BKa3ye Ha BiACYTHICTb aKTUBHOIO
3ananbHoro npowecy y GinbLIOCTi 06CTEXEHMX.

Mpu ineHTndiKaLii 3pa3skiB 3i 3Ha4HO NiABULLEHUMU PIBHAMMW rencuauHy (> 5-kpatHe
NMEepPEBULLIEHHST MefjaHu Tpynu) y KOXHIWA rpyni BUAINEHO niarpyny 3 rinepnpogyKuieto
rencuguHy: nigrpyna 2 rpynu 3 HegocTaTHiM piBHeM BiTamiHy D (6 BariTHMX), nigrpyna 2
rpynu 3 goctatHim piBHeM BiTamiHy D (6 BariTHMX), nigrpyna 2 rpynv BoroHTepis (4 ocobu).
Lli miarpynn xapakTepuayoTbCsi NPUHLUMMOBO iHLWMM BioXiMiYHMM NpodoiniemM NOpiBHSHO 3
OCHOBHMMM rpynamu — nigrpynoto 1 (tabn. 2).

PiBeHb rencuavHy B nigrpyni 2 rpynu 3 gocTaTtHiM piBHeM BitamiHy D 6yB cTtaTtuc-
TUYHO 3HAYYLLIO BABIYI HXKYMM, HIX Y Nigrpyni 2 rpynu 3 HeAoCTaTHIM piBHeM BiTamiHy D —
1583 £ 233 nr/mn npotn 3369 + 439 nr/mn (p < 0,05). Baxxnueo nmigkpecnuTy, Wo nigrpyna
2 rpynu BOMOHTEPIB AEMOHCTpyBana piBHi rencuauHy, 6nu3bki Jo nigarpynu 2 rpynu 3
HepocTaTHIM piBHeM BiTamiHy D (3199 + 937 nr/mn), xo4a y BONOHTEPIB BiACYTHI AaHi Npo
piBeHb BiTamiHy D.

MpUHLMNOBO BaXknNMBMM € BiOXiMiYHMI NpOinb Nigrpyn BUKIOYEHHSA. PEpUTUH y
obox nigrpynax 2 3Ha4yHO BULLIMIA, HiX Y 3aranbHuX rpynax (nigrpynax 1) saritHux (88,8 ta
169,8 mkr/n npoTtn 44,1 Ta 58,9 mkr/n BignosiaHo). BogHouac H333 y nigrpynax 2 3HmxeHa
(27,3-28,1 mkmonb/n npoTn 37—39 mkMonb/n B nigrpynax 1). Taka komOiHaujia — nigBuLLe-
HUA cbepuTvH npu 3HWXKeHin H333 — € giarHoCTMYHOK O3HaKoK  (PYHKLOHANbLHOMO
3anisogediunty abo «nepeposnoginy 3anisa» npu 3ananexHi [5, 13]. l'encuguH Grokye
deponopThH, 3ani3o YTpMMYeETbCA B Makpodparax Ta rematouuTax (3Bigcu nigBuLLEHU
depuTrH), ane He HaOXoAWTb A0 Nrasmu y PopMi, 4OCTYMHIN ANS epUTPOIAHOMO KICTKOBOIO
MO3Ky (3Bigcu 3HxeHa H333).

Monpwn BIOCYTHICTb CTATUCTMYHO 3HAYYLMX BigMiHHOCTEM y piBHAX CPB mix
nigrpynamm 2, nokasoBo, Lo 3Ha4YeHHs1 CPB y nigrpyni 2 rpynu 3 gocTaTtHiM piBHEM BiTaMiHy
D (3,3 + 1,8 mr/n) matoTb TEHAEHLLIO A0 BULLMX, HDX Y NiArpyni 2 rpynu 3 He4OCTaTHIM piBHEM
(1,8 £ 0,3 mr/n). Lle Moxxe 4acTKoBO NOSICHIOBATU DEHOMEH BULLIOIO rencuanHy B nigrpyni
2 rpynM 3 HepgocTaTHiM piBHEM BiTamiHy D: HaBiTb MOMIpHMW 3ananbHUW CTUMYI
peaniayeTbCs Y 3Ha4YHO BULLY NPOAYKLIO rencuanHy, ToAi ik 4OCTaTHIN piBeHb BiTamiHy D
NOM’SIKLLIYE LitO BianoBiab.

PiBHi remornoOiHy B migrpyni 2 rpynu 3 HegocTaTHiM piBHEM BiTamiHy D (119,8 £ 3,9
r/n) HYKYi, HDK Yy nigrpyni 2 rpynu 3 gocTaTtHiM piBHeM (125,2 + 4,9 r/n) Ta nigrpyni 2
BonoHTepiB (125,2 + 0,9 r/n), xo4a Us pi3HULA He aocsrae CTaTUCTUYHOI 3HadyLwocTi (p >
0,05), Lo 3ymMOBIIEHO ManMm po3Mipom Migrpym.

OTpumMaHi gaHi 403BONSATL CHOPMYIIOBATV KOHLENTYarnbHy MOAENb Pori BiTaMiHy
D y 3axucTi Big aHewmii y BariTHux. B ymoBax 3anansHoro npouecy abo iHWKMX CTaHiB, LWo
aKTUBYHOTb cuHTe3 IJ1-6, renatoumTn pisko 36iNbLUYOTL NpoayKuito rencuauHy [4, 13]. Y
BariTHUX 3 AOCTaTHIM piBHEM BiTamiHy D Lel npouec YacTkoBo ranbmyeTbes Yyepesd VDR-
onocepeakoBaHy penpecito reHa HAMP [6]. HacnigkoM € H/K4ya KOHUEHTpaLis rencuanHy
Ta MeHLW BupaxeHe GNOKyBaHHs (HepornopTuHY, LLO A03BONAE 36epert noctavaHHs
3anisa 4o epuUTPOIAHMX KNiITUH-NoNepeaHULb. Y BariTHWX i3 HegocTaTHIM piBHEM BiTamiHy D
Lien 3axXMCHUN MexaHiaM ocnabneHui, piBeHb rencuanHy ocsarae 3HauyHO BULLIMX 3HAYEHb,
deponopTUH aKTUBHILLIE Aerpajye, 3ani30 CEKBECTPYETHCSA B TKAHUHHUX AenO (NigBuLLEeHUIA
depUTVH) Ta He HagXoaMTb A0 Nna3mu (3HwkeHa H333), Wo NposBAAeETbCA TEHAEHLIE
[0 HWXKYOro reMornooiHy.

Lia mogens Bignosigae aaHum Bacchetta et al. (2014), aki Bussunu, wo sitamiH D y
hapmaKkomnoriyHMx J03axX 3HUXKYE piBEHb rencuamHy y 34opoBux AobposonbuiB Ha ~34%
[6], Ta Moran-Lev et al. (2019), Ski TPOAEMOHCTPYBanNM 3HWKEHHSI rencuauHy Ha 81% y
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OiTeR i3 aKTMBHUM KULLKOBMM 3anasieHHsaM nicns npuiomy sitamiHy D [9]. Knoyosoto
YMOBOI e(PEKTUBHOCTI € HAsIBHICTb MiABULLEHOrO PiBHSA rencuanHy — came TOMy B HaLloMy
OOCHiMKEHHI 3HaYyLLMIA ehekT cnocTepiraeTbCa nule B Nigrpynax i3 rinepnpoaykuieto, a
He B 3ararbHin BUGIpLi i3 HOpManbHUMK PIBHAMW rencuanHy.

BiocyTHiCTb BigMIHHOCTEN Yy 3aranbHUX rpynax Y3roMKYETbCHA 3 AaHuUMKM Aochi-
keHHs MAVIDOS (Braithwaite et al.,, 2019), ge crtaHpapTtHa posa BitamiHy D3 (1000
MO/goby) He BnnmMBana Ha piBHi rencuanHy y BariTHux 6e3 03HaK CUCTEMHOrO 3ananeHHs
[8]. Lle nioTBepakye, Wwo 3axucHa Aig BiTamiHy D wopo rencuauHy € cneumdivyHo
3ananeHHsa-3anexHol i He NPOSIBNSETLCS NPY (Pi3IONOMNYHO HU3bKMX PIBHSX rerncuamnHy,
XapaKTepHUX Ansi HopmaribHOro nepebiry BariTHOCTi.

BuseneHi amiHn npodinto deputnHy Ta H333 y nigrpynax BUKIMIOUYEHHS Y3romKy-
I0TbCS 3 KOHLUenuieto aHemil 3ananeHHs [13] Ta gaHumun ornsaay Bardan et al. (2024), akvn
NigKpecntoe LeHTparnbHy posib rencuavHy Sk Megiatopa Mk 3ananeHHsM Ta 3anisogedi-
UUTHUM epuTponoe3om [3]. MigBuwieHni doeputH npu 3HwkeHin H333 y nigrpynax i3
rinepnpoaykuieo rencuanHy € came TUM npodoinem, sKMM BiapisHSe yHKUIOHaNbHUIA
Oedbiuut 3anisa Big cnpasxHbol 30A (oe depuTnH 3HmKeHun, a H333 nigsuiieHa) [5].

TakMM 4YMHOM, Halwle AOCHIHKEHHS OEMOHCTPYE MOXIMBY cneumdiyHy porb
BiTamiHy D sk MmoaynsTopa rinepnpoayKuii rencuanHy y BariTHUX XXIHOK Ha Tri doyHKUiOHarnb-
Horo 3anizogecpiumty. Lli gaHi maloTb MOTeHUinHe KniHIYHE 3HAYeHHSA: CKPWHIHT Ha
He[dOoCTaTHIN piBeHb BiTamiHy D Moxe OyTM 0COGNMBO BaXKMBWMM Y BariTHUX >KIHOK i3
O3Hakamu 3ananeHHsi abo NigBULLEHUM PIBHEM rencuamnHy.

ObmexeHHA gocnigpkeHHA. 1. Manun poamip nigrpyn (n = 6) obmexye cTaTUCTUYHY
NOTYKHICTb;, pe3ynbTaTh Ang nigrpyn cnig posrnsgatv gk ninotHi. 2. XKiHku 3 piBHEM
25(0OH)D 20-30 Hr/mn BUKMHOYEHi 3 OCHOBHOMO aHanisy, Lo MOXe BMNvMBaTK Ha penpe-
3eHTaTMBHICTb. 3. [JocnimpkeHHa NpOBOAMIIOCH NuLle Y MiTHbO-OCIHHIA nepios (nuneHb—
BepeceHb 2024), konu piBHI BiTaMiHy D € Buwmmn. 4. BigcyTHICTb AaHWX Woao pieHiB IJ1-6
Ta STfR He [o3BONsiE OCTATOMHO MiATBEPAUTM 3ananbHy MNpuMpoay rinepnpoaykuii
rencuauHy B nigrpynax suknodeHHs. 5. LLnpokun gianasoH TepmiHiB rectauii (9—25 TUxHIB)
6e3 cTpatudikaLii no TpUMecTpax MoXe MackyBaTu YaCTUHY eqekTiB.

BucHoBkuW. 1. Y 3aranbHiin Bubipui BariTHUX XIHOK (9—-25 TwkHIB rectauii) BigCyTHI
CTaTUCTUYHO 3HauyLLi BiAMIHHOCTI MDK rpynamu 3 HegocTaTHIM Ta [OCTaTHIM piBHEM
BiTamiHy D 3a nokasHvkamu rencuauHy, 3aniza, H333, cdeputuHy, CPB Ta rematonoriy-
HUMUW NapamMeTpamu, Lo Bigobpakae isionoriyHy cynpecito rencuamHy npyu HopMmarnbHOMY
nepebiry BariTHOCTI.

2. Y nigrpynax i3 rinepnpoayKkuielo rencuauHy BUSIBNEHO CTATUCTUYHO 3Hauylle
[BOPa30Be 3HWKEHHS PiBHA rencuauHy npy AoCTaTHbOMY piBHI BiTamiHy D nopiBHSHO 3
HepgocTaTHimM (1583 + 233 npotn 3369 + 439 nr/mn; U = 3, p < 0,01), wo cBigumTb Npo
cneuundivHy ponb BiTamiHy D sik cynpecopa naTonorivHoi rinepnpogykuii rencugunHy.

3. MNigrpynu 3 rinepnpogykuieto rencuanHy XapakrepusyrTbes NiaBULLIEHNM depu-
TMHOM (88—170 mKr/n npotn 44—59 MKr/n y 3aranbHKX rpynax) Ta 3HwkeHoto H333 (27-28
npotm 38 MKMOmb/M), WO BIiANOBIgAE KapTWHI (OYHKUiOHaNbHOro 3anisogediumty Ta
nepepo3noainy 3anisa npy 3ananeHHi HesanexHo Big ctaTycy BitTamiHy D.

4. TeHgeHUis 0O HUXYOro reMornobiHy B Nigrpyni 3 HeJoCTaTHIM piBHEM BiTaMiHy D
Ta rinepnpopykuieto rencuanHy (119,8 + 3,9 r/n) nopiBHAHO 3 NiArpyno JOCTAaTHLOrO PIiBHS
BiTamiHy D (125,2 £ 4,9 r/n) Bkasye Ha KNiHIYHY 3HaJyLLiCTb BUSIBMEHOrO 3B’A3KY ANS
dopMyBaHHA aHeMi.

5. 3axucHun edbekT BiTamiHy D wono oOmiHy 3anisa peanisyeTbcsi cneumgivyHo B
YMOBaXx 3anarbHoi abo iHLWOT CTUMYNSALiT rencuamHy i He NPosBRAETLCA NpY 4i3ioNoriYHoO
HU3LKUX OTO PIBHAX, XapaKTepHUX A5 BinbLLOCTi BariTHUX.

6. Pe3ynbTtaT OOCNiIKEHHSA MalTb MINOTHMI XapakTep i notpebyoTb niareep-
[PKEHHS1 Ha OinbLuin BMOIipLi 3 060B’A3KOBUM BKIMOYEHHSIM Mapkepa 3ananeHHs (IJ1-6) Ta
nokasHuka gyHKuUioHanbHoro 3anisogediumnty (sTfR).

98



Bioximis

MepcnekTMBKM NoganbLUMX AochimKeHb. [loganblli JOCMMKEHHS MOXYTb OyTU
CrpsIMOBaHi Ha Bepu1diKaLito BUSIBIIEHMX 3aKOHOMIPHOCTEN Ha BinbLUMX KOropTax BariTHUX
XIHOK i3 0OOB’sI3KOBMM BKITHOYEHHSAM MapkepiB 3ananeHHs (IJ1-6), nokasHuka goyHKLioHarnb-
Horo 3anisofediunty (sTfR) Ta cTpaTudcpikaieto 3a Tpumectpamu BaritHOCTiI. [lepcnekTue-
HUM € TaKOX BMBYEHHS BMMMBY CynnemeHTaLii BitamiHoM D y >iHOK i3 nigBULLIEHNM piBHEM
rencuavHy Ha NoKasHUKM epuTponoesy Ta pM3uK Po3BUTKY aHeMil nig Yyac BariTHOCTI.

Cnncok BUKOPUCTaHUX oxKepen

1. Alpakra, M., Hamed, N. F., Alfaki, A., & AlKabbani, D. M. Z. The Correlation Between
Vitamin D Deficiency and Anemia: A Systematic Review. Cureus. 2025. 17(8). €89428.
https://doi.org/10.7759/cureus.89428.

2. Rosson, S., & Pavord, S. Understanding hepcidin for iron management in pregnancy.
Transfusion Medicine. 2025. 35(2). 109—115. https://doi.org/10.1111/tme.13125.

3. Bardan, C. R,, lonita, I., lordache, M., et al. Hepcidin as the Central Regulator in
Pregnancy-Associated Iron Deficiency Anemia and Vitamin D Deficiency. Timisoara Medical
Journal. 2024. 2024(2). 28. https://tmj.jams.pub/article/2024/2/296.

4. Chambers, K., Ashraf, M. A., & Sharma, S. Physiology, Hepcidin. In StatPearls.
StatPearls Publishing. 2023. https://pubmed.ncbi.nlm.nih.gov/30855845/.

5. Weiss, G., Ganz, T., & Goodnough, L. T. Anemia of inflammation. Blood. 2019. 133(1).
40-50. https://doi.org/10.1182/blood-2018-06-856500.

6. Bacchetta, J., Zaritsky, J. J., Sea, J. L., et al. Suppression of Iron-Regulatory Hepcidin
by Vitamin D. Joumal of the American Society of Nephrology. 2014. 25(3). 564-572.
https://doi.org/10.1681/ASN.2013040355.

7. Thomas, C. E., Guillet, R., Queenan, R. A,, et al. Vitamin D status is inversely
associated with anemia and serum erythropoietin during pregnancy. American Journal of Clinical
Nutrition. 2015. 102(5). 1088—1095. https://doi.org/10.3945/ajcn.115.114611.

8. Braithwaite, V. S., Crozier, S. R., D’Angelo, S., et al. The Effect of Vitamin D
Supplementation on Hepcidin, Iron Status, and Inflammation in Pregnant Women in the United
Kingdom. Nutrients. 2019. 11(1). 190. https://doi.org/10.3390/nu11010190.

9. Moran-Lev, H., Galai, T., Yerushalmy-Feler, A., et al. Vitamin D Decreases Hepcidin
and Inflammatory Markers in Newly Diagnosed Inflammatory Bowel Disease Paediatric Patients.
Journal of Crohn’s & Colitis. 2019. 13(10). 1287—1291. https://doi.org/10.1093/ecco-jcc/jjz056.

10. Greenwood, A., von Hurst, P. R., Beck, K. L., et al. Relationship between vitamin D,
iron, and hepcidin in premenopausal females, potentially confounded by ethnicity. European
Journal of Nutrition. 2023. 62(8). 3361-3368. https://doi.org/10.1007/s00394-023-03240-7.

11. Kosnoga, [. C., KyumeHko, O. b., & MxitapsH, J1. C. duHamika BmicTy BiTamiHy D nig
Yac BariTHOCTI B 3aneXHOCTi Bif BiKy XiHkW. Haykoei 3anucku. bionoeidHi Hayku (HixxuHcbkul
OepskasHuli yHisepcumem iMeHi Mukonu loeons). 2023. (1). 69-80.
https://doi.org/10.31654/2786-8478-2023-BN-1-69-80.

12. Axmmuyk, . C., & KyumeHko, O. B. PiBHi rencuauHy y BariTHMX >XHOK B 3an€XXHOCTI
Big crtatycy BiTamiHy D. Haykoei 3anucku. bionoeidyHi Hayku (HikuHcbKul OepxaeHul
yHigsepcumem imeHi Mukonu Noeorisi). 2025. [onybnikoBaHa cTaTTsi).

13. Nemeth, E., Rivera, S., Gabayan, V., et al. IL-6 mediates hypoferremia of inflammation
by inducing the synthesis of the iron regulatory hormone hepcidin. Journal of Clinical
Investigation. 2004. 113(9). 1271-1276. https://doi.org/10.1172/JC1200420945.

14. Aka, S., Kilercik, M., Arapoglu, M., & Semiz, S. The Hepcidin and 25-OH-Vitamin D
Levels in Obese Children as a Potential Mediator of the Iron Status. Clinical Laboratory. 2021.
67(5). https://doi.org/10.7754/Clin.Lab.2020.200813.

15. Koren, Y., Lubetzky, R., Mandel, D., et al. Anemia, Hepcidin, and Vitamin D in Healthy
Preterm Infants: A Pilot Study. American Journal of Perinatology. 2023. 40(5). 508-512.
https://doi.org/10.1055/s-0041-1729556.

16. Declaration of Helsinki of the World Medical Association «Ethical principles of medical
research with the participation of a person as an object of researchy». 2008. Document 990_005.
https://zakon.rada.gov.ua/laws/show/990 005.

17.General Declaration on Bioethics and Human Rights. UNESCO. 2005.
http://unesdoc.unesco.org/images/0014/001461/146180r.pdf.

99



Haykosi 3anucku. Bionoriuni Hayku. 2026. Ne 2 ISSN Online 2786-8478 Print 2786-846X

References

1. Alpakra, M., Hamed, N. F., Alfaki, A., & AlKabbani, D. M. Z. (2025). The Correlation
Between Vitamin D Deficiency and Anemia: A Systematic Review. Cureus, 17(8), €89428.
https://doi.org/10.7759/cureus.89428. [in English].

2. Rosson, S., & Pavord, S. (2025). Understanding hepcidin for iron management in
pregnancy. Transfusion Medicine, 35(2), 109—115. https:/doi.org/10.1111/tme.13125. [in English].

3. Bardan, C. R, lonita, I, lordache, M., et al. (2024). Hepcidin as the Central Regulator
in Pregnancy-Associated Iron Deficiency Anemia and Vitamin D Deficiency. Timisoara Medical
Journal, 2024(2), 28. https://tmj.jams.pub/article/2024/2/296. [in English].

4. Chambers, K., Ashraf, M. A., & Sharma, S. (2023). Physiology, Hepcidin. In
StatPearls. StatPearls Publishing. https://pubmed.ncbi.nim.nih.gov/30855845/. [in English].

5. Weiss, G., Ganz, T., & Goodnough, L. T. (2019). Anemia of inflammation. Blood,
133(1), 40-50. https://doi.org/10.1182/blood-2018-06-856500. [in English].

6. Bacchetta, J., Zaritsky, J. J., Sea, J. L., et al. (2014). Suppression of Iron-Regulatory
Hepcidin by Vitamin D. Journal of the American Society of Nephrology, 25(3), 564-572.
https://doi.org/10.1681/ASN.2013040355. [in English].

7. Thomas, C. E., Guillet, R., Queenan, R. A., et al. (2015). Vitamin D status is inversely
associated with anemia and serum erythropoietin during pregnancy. American Journal of Clinical
Nutrition, 102(5), 1088—1095. https://doi.org/10.3945/ajcn.115.114611. [in English].

8. Braithwaite, V. S., Crozier, S. R., D’Angelo, S., et al. (2019). The Effect of Vitamin D
Supplementation on Hepcidin, Iron Status, and Inflammation in Pregnant Women in the United
Kingdom. Nutrients, 11(1), 190. https://doi.org/10.3390/nu11010190. [in English].

9. Moran-Lev, H., Galai, T., Yerushalmy-Feler, A., et al. (2019). Vitamin D Decreases
Hepcidin and Inflammatory Markers in Newly Diagnosed Inflammatory Bowel Disease Paediatric
Patients. Journal of Crohn’s & Colitis, 13(10), 1287-1291. https://doi.org/10.1093/ecco-jcc/jjz056.
[in English].

10. Greenwood, A., von Hurst, P. R., Beck, K. L., et al. (2023). Relationship between
vitamin D, iron, and hepcidin in premenopausal females, potentially confounded by ethnicity.
European Joumal of Nutrition, 62(8), 3361-3368. https://doi.org/10.1007/s00394-023-03240-7.
[in English].

11. Kozlova, D. S., Kuchmenko, O. B., & Mkhitarian, L. S. (2023). Dynamika vmistu
vitaminu D pid chas vahitnosti v zalezhnosti vid viku zhinky [Dynamics of vitamin D content during
pregnancy depending on the age of the woman]. Naukovi zapysky. Biolohichni nauky (Nizhynskyi
derzhavnyi universytet imeni Mykoly Hoholia), (1), 69-80. https://doi.org/10.31654/2786-8478-
2023-BN-1-69-80. [in Ukrainian].

12. Yakymchuk, D. S., & Kuchmenko, O. B. (2025). Rivni hepsydynu u vahitnykh zhinok
v zalezhnosti vid statusu vitaminu D [Hepcidin levels in pregnant women depending on vitamin
D status]. Naukovi zapysky. Biolohichni nauky (Nizhynskyi derzhavnyi universytet imeni Mykoly
Hoholia). [in Ukrainian].

13. Nemeth, E., Rivera, S., Gabayan, V., et al. (2004). IL-6 mediates hypoferremia of
inflammation by inducing the synthesis of the iron regulatory hormone hepcidin. Journal of
Clinical Investigation, 113(9), 1271-1276. https://doi.org/10.1172/JCI200420945. [in English].

14. Aka, S., Kilercik, M., Arapoglu, M., & Semiz, S. (2021). The Hepcidin and 25-OH-
Vitamin D Levels in Obese Children as a Potential Mediator of the Iron Status. Clinical Laboratory,
67(5). https://doi.org/10.7754/Clin.Lab.2020.200813. [in English].

15. Koren, Y., Lubetzky, R., Mandel, D., et al. (2023). Anemia, Hepcidin, and Vitamin D
in Healthy Preterm Infants: A Pilot Study. American Journal of Perinatology, 40(5), 508-512.
https://doi.org/10.1055/s-0041-1729556. [in English].

16. World Medical Association. (2008). Declaration of Helsinki. Document 990 _005.
https://zakon.rada.gov.ua/laws/show/990 005.

17. UNESCO. (2005). General Declaration on Bioethics and Human Rights.
http://unesdoc.unesco.org/images/0014/001461/146180r.pdf.

100



Bioximis

Yakymchuk D.

PhD student, Department of Biology
Nizhyn Mykola Gogol State University
darynakozlova2023@gmail.com
orcid.org/0009-0009-6084-3601

VITAMIN D AS A MODULATOR OF HEPCIDIN HYPERPRODUCTION
AND ITS ROLE IN THE FORMATION OF FUNCTIONAL IRON DEFICIENCY
IN PREGNANT WOMEN

Iron deficiency anemia and vitamin D insufficiency are among the most common
micronutrient disorders during pregnancy. Vitamin D, acting through the VDR receptor,
suppresses the HAMP gene encoding hepcidin — the master regulator of iron
homeostasis. Hepcidin hyperproduction during inflammation causes functional iron
deficiency: iron is sequestered in tissue depots (elevated ferritin), unsaturated iron-binding
capacity (UIBC) decreases, and iron becomes unavailable for erythropoiesis. 62 pregnant
women aged 20—44 years (9—-25 weeks of gestation) were divided into two groups: vitamin
D insufficiency (25(0OH)D < 20 ng/mL, n = 34) and sufficiency (25(0OH)D > 30 ng/mL, n =
28), and 23 non-pregnant female volunteers of corresponding age. Hepcidin (ELISA,
FineTest), iron (colorimetry), ferritin, UIBC and CRP (immunoturbidimetry, Cobas Pure,
Roche), and hematological parameters were measured. No statistically significant
differences were found in the main groups. However, in subgroups with hepcidin
hyperproduction (subgroup 2), hepcidin was significantly lower in the vitamin D-sufficient
group (1683 + 233 vs. 3369 + 439 pg/mL, U = 3, p < 0.01). These subgroups showed
elevated ferritin (88.8 and 169.8 ug/L) and reduced UIBC (27.3 and 28.1 uymol/L),
consistent with functional iron deficiency. Hemoglobin tended to be lower in the vitamin
D-insufficient subgroup (119.8 + 3.9 vs. 125.2 £ 4.9 g/L). Vitamin D may act as a specific
modulator of hepcidin hyperproduction in pregnant women, particularly under
inflammatory conditions. These findings suggest the need for further prospective studies
including IL-6, sTfR and trimester-stratified analysis to clarify the clinical role of vitamin D
supplementation in preventing functional iron deficiency and anemia during pregnancy.
Keywords: vitamin D, pregnancy, hepcidin, anemia, ferritin, UIBC, functional iron
deficiency, hematological parameters.

Cmamms 0o pedakuii Haditiuna 07.04.2026 poky
PeueHsis Ha cmammio Haditiwna 21.04.2026 poky

101



Haykosi 3anucku. Bionoriuni Hayku. 2026. Ne 2 ISSN Online 2786-8478 Print 2786-846X

102

HOPMAIIbHA | MATONOIN4YHA AHATOMIA TA
oli3lonoria nioguHn | TBAPUH

YK 612.017.1:616-092.19:612.6
DOI 10.31654/2786-8478-2026-BN-2-102-113

MNoH4yapeHko B. B.

acnipaHT kacbeapw Gionorii

HixuHcbKoro fepxaBHoro yHiBepcuteTy imeHi Mukonu orons
incrediblesmaug@gmail.com

orcid.org/0000-0002-0173-2655

CokoneHko C. B.

KaHamaat GionoriYHMX HayK, JOLIEHT,

[OOLEeHT kadbeapm KniTMHHOI Gionorii

Ta METOAMKN BUKINAAaHHS BionoriyHnx aucumnin

YepkacbKoro HaLioHarnbHOro yHiBepcuTeTy iMeHi boraaHa XmenbHULBKOro
sokolenko@i.ua

orcid.org/0000-0002-7341-1762

3HAYEHHSA CTATEBOIO ®AKTOPA B PEANI3ALII HEATPO®INTbHO-
NIM®OLUUTAPHOIO IHOEKCY TA IHLLIMX NOKA3HUKIB NIEUKOLIMTAPHOI
DOPMYJIN B YMOBAX CTPECOBUX ®AKTOPIB CYHACHOCTI

Ceped gpbakmopis, siKi MOXXymb 8riueamu Ha cmpec-iHOyKo8aHi 3MiHU iMyHHUX peakuid,
30KpeMma, 3araribHi rMpouecu, ekasyroms cmame MoOUHU. Baxiiusoro xapakmepucmu-
KO0, 5iKa MOEOHYE cmpec-peakuyito ma 3anarsbHi seuwa, € HelimpogirnbHo-rimMgoyumap-
Hul iHOekc (IH/1), wo demoHcmpye OuHamidHUU 38’30K MK epOOXeHOor ma adarl-
MUBHOHO KIIMUHHOO iMyHHO0 8i0rnoeiddro i 3anexums 6id bazambox ghakmopie. [Tpome,
HelmpodinbHo-nimgouumapHuli iIHOEKC He MOXKHa po3aiidamu i30/1b08aHO 8i0 peaKkuii
Ha cmpec iMyHHOi cucmemu 3aecanioMm. KomroHeHmu iMyHHOI cucmemu Oitomb Ha
BUKIUKU PI3HOI npupodu iHmeeposaHo. Mema Hawio2o AocnidxXeHHs1 — npoaHanisysamu
3Ha4YeHHs cmameegoeo hakmopa y peakuisix HelimpoginbHo-1iMgbouumapHo20 iHOeKcy
ma [HWUX noKa3Hukie nelikoyumapHoOi ¢hopMyriu Ha cmpecosi 8UKITUKU cydacHocmi y
cmydeHmig sikom 18-21 pokig. OUiHKy rornynsayit netikoyumis rpoesesnu y 47 cmydeHmis.
Ceped obcmexxeHux byro 11 ocib yonosidoi cmami ma 36 ocib xiHoqoi. [ns cmydeHmie
XIHOYOI cmami aHani3 npoeodusniu y @orniKynspHy a3y MeHCmpyaribHO20 UUKITY.
HacmuHa obcmexeHux He xeopina rornepedHso Ha COVID-19, yacmuHa nepexeopinu
3a 6-9 micsuie 0o rnepwozo obecmexeHHs1 y 2021 poui. [1o8MOopHy OUiHKY NMOKa3HUKI8 y
yux xe cmydeHmie 3pobunu y 2023 poui, 8 nepiod 80EHHO20 cmaHy. BcrmaHosurnu, wo
ceped cmydeHmie sikom 18-21 pokig xiHo4a cmamb, y eunadky iHeikyeaHHst COVID-19,
binbwe cxurnbHa 0o 3a2anbHOi Mobinizauji nelikoroesy, npome, Hadari 3yMOBIIHE HUXYY
8i0rosidb Ha HacmyrHi cmpecosi YUHHUKU. Taka mobinizauis eidobpa3unacs 3pocmaH-
HSIM KirlbKocmi slimgbouyumie ma MoHouyumie came 8 ocib uiei koeopmu & nepiod naHoemir.
Cmpecosi ymosu 80€HHO20 cmaHy y 2023 poui UKIUKanu 3HUXEHHS KiflbKocmi
nimgboyumis, He 3arnexxHo 6i0 cmami ma rorepedHbo20 3axeoprosaHHs Ha COVID-19,
wo nidmeepdxye cxurnbHicme nimghoyumie o cmpec-iHdykogaHoeo arnonmo3y. [losep-
HeHHS Kiribkocmi MoHouyumig y 2023 poui 8 Mexi HOpMU C8I0HUMb PO HUXYY Yymiiu-
sicmb Uj€i TaHKU KInimuHHO20 iMyHimemy 00 cmpeco8ux YUHHUKIG i Uy rMomeHUitHy
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rposananbHy posb fanudykosdepHux Helimpoginie. Came Us nonynsyis aedkoyumie
deMoHcmpysara ridsuweHy KirbKicmb, 0cobsiugo 8 ocib XxiHo4oi cmami, Kompi rorne-
pedHbo nepexsopinu Ha COVID-19, e nepiod naHOemii, a makox 8 obcmexxeHux 0box
cmamedl 8 riepiod 80EHHO20 cmaHy. Lle, c80€t0 yepaoto, Ha (OHI 3HUXKEHHSI KirlbKocmi
nimgboyumie y 2023 pouyj, npussesio o 3pocmaHHs HelmpoginbHO-TIMGbOUUMapHOZ0
iHOekcy y ecix obcmexxeHux cmydeHmis. po3ananbHi seuwa y nepiod naHoemii manu
BinbLue supaxxeHHs1 8 OCib XiHOYOI cmami, YimKo 8UpaXKeHi 03HaKU Cmpecy rnposi8UIILUCS
8 obcmexxeHux 0b6ox crmamed.

Knrouosi cnosa: cmame, netikoyumu, HelmpoginbHo-rimgoyumapHul iHOekc, rnposa-
nanbHi ghakmopu, MOHOUUMU, eo3uHoginu, basoghinu, emouitiHuli cmpec, rnaHoemis
COVID-19, eoeHHuLll cmaH.

BeTyn. [NoHATTS cTpecy Ta hakTopis, 34aTHUX NOro BUKIIMKATK, ICTOTHO TpaHcdop-
MyBarocs M JOMOBHUINOCSA NPOTArOM OCTaHHbOrO Yacy. Y3aranbHeHO MOXHa cka3aTu, Lo
Ona NOAVHU BaXKITMBMMW CTPECOpPaMU € PIi3HOMaHITHI XKUTTEBI MoAil, Aki BMMaratoTb
NcuxivyHoI Ta isnyHOI aganTaLii, MOXyTb BNMBaTV Ha 340POB’A | nepeabavaroTh Bianosiaj
KoMnnekcy ncmxodpisionoriyHmx peakuin. Peakuii Ha cTpec eBontoLiiHO chOpMOBaHi, ane
HOBI coujanbHi BUKNWKM 34aTHI BUCHaXXKyBaTW afanTMBHUIK MOTeHUian i cTtaBndatb nig
3arpo3y 4obpobyT NeBHOI KOropTu HaceneHHs [7; 13; 24].

OfHieto 3 KNOYOBUX MiLLIEHEN XPOHIYHOMO MCMXOMNOrYHOrO CTPECY € iMyHHa cuctema,
BMSIMB Ha HEl MoXe OyTv NpsAMMM Ta OnocepeakoBaHNM, NPOTe, y3aranbHEHO, NPU3BOAUTb
[o moamdikauii iMyHHOT BignoBigi, odHiEld 3 TUMOBUX NPOSBIB sKOi € MobGinizauis
nposananeHux sBuLL [12; 22].

BaxnmBolo XapaKTepuCTUKOID, sika MOEAHYE CTPeCc-peakLilo Ta 3ananbHi asuLla, €
TaKWI remaTorioriyHMi napameTp, Sk HenTpodinsHo-nimdouuntapHun iHaekc (IHJ1). Hapaai
Lilel NOKa3HWK LUMPOKO BUKOPUCTOBYHOTb AK HALIMHUA Ta NIErKOAOCTYNHUA MapKep iMyHHOI
BiONOBIAi SIK Ha IHMEKUiNHI, Tak | Ha HeiHdEKLiMHI NoapasHukK. HenTpodinbHo-nimdoLum-
TapHWN HOEKC AEMOHCTPYE [AWHaMIYHWMIA 3B’'S30K MK BPOMKEHOK Ta afanTMBHO
KNITUHHOKO IMYHHOIO BIOMOBIAAN i 3anexuTb Big 6aratbox (akTopiB, OOHUM 3 SIKMX
BKa3yloTb HasBHICTb cTpecy. JaHi woao HopmanbHoro Aianasony IHJ1 we anckyTyoTbes,
3a3BmMyan BKasyloTb iHTepBan Big 1 go 2. lNigBueHHa nokasHvka € paHHiM nonepe-
PKEHHSM NPO PU3MK NATOSOril, HAABHICTb iIHGDEKL,ii, NaTeHTHOro 3anasneHHs Ta cTpecy. B
nepiog naHgewmii IHJ1 BpaxoByBanu gk oavH 3 MapkepiB NPURHATTA pilleHb LWoao rocni-
Tanisauii nauieHTiB 3 NHEBMOHiElD, cnpuimHeHoo COVID-19. 3poctaHHa HenTpodinebHo-
niMdoLMTapHOro iIHAEKCY acoLitotoTb TaKoX 3i CTapiHHAM opraHismy [8; 9; 17; 26; 30].

MpoTe, HeNTPOiNbHO-NIMMOUUTAPHUIA IHOEKC HE MOXHa pPo3rnsgaTy i30NboBaHO
BiJ peakuii Ha cTpec iMyHHOI cuctemm 3araniom. KOMNOHEHTU iMyHHOT cucTemMu AitoTb Ha
BUKITMKM Pi3HOI nNpuvpoaun iHTerposaHo [15; 29]. YucneHHi gocnimkeHHs OEeMOHCTPYOTb
y4yacTb Y CTPEC-iHOYKOBAHMX Mpo3anarnbHUX SBULLIAX MOHOLIMTIB, €03MHOQINIB Ta 6a3odinis
[1; 2; 4; 25; 31].

Kpim TOro, oouinsHO BpaxoByBaTW HACMIAKW BNMAMBY CTPECY Ha iMyHHY cuctemy 3
ypaxyBaHHAM cTaTi. [daHi nitepaTypy xapakTepusyloTb BUMAAKW 3anexHol Big cTarti
iHTEHCUBHOCTI 3YMOBMEHOr0 CTPECOM 3anarneHHsi, BapiaTMBHOCTI KiMbKOCTI MpoAyLIeHTIB
3ananbHux megiatopis Towo [3; 10; 16; 19; 23; 27].

BpaxoBytoun aaHi wopno ctpecosoro Bnnney naHgemii COVID-19 Ta doakTopiB BiiHK
[14; 18; 20], BaxknnBMM € aHani3 IX HasiBHWX Ha Lien Yac HacnigkiB Anga HaceneHHs YkpaiHm
Ha PiBHI KNITUHHOI NaHKW IMYHITETY.

MeTa pgocnimkeHHA: npoaHaniayBath 3Ha4YeHHs1 cTaTteBoro dpaktopa y peakuisx
HenTPOdINbHO-NIMAOLUTAPHOIO IHAEKCY Ta IHLWKUX NOKa3HWKIB NenKoLMTapHOI dopMyniuv
Ha CTPEeCOoBi BUKINMKM Cy4aCHOCTI Y CTyAEeHTIB BikoM 18-21 pokiB.

MeToau Ta opraHisadis gocnigpkeHHA. OUiHKy NOMynsLin NENKOUMTIB NPOBENN Y
47 cTygeHTiB YepKkacbKoro HauioHanbHOro yHiBepcuteTy iMeHi borgaHa XmMenbHULBbKOro.
Cepeq obctexeHux 6yno 11 ocib yvornosiyoi ctati Ta 36 ocib >xiHo4oi. [ns CTyaeHTiB
XiHoYoI cTaTi aHani3 NpoBoAMu y onikynspHy d)asy MEHCTPYarbHOTO LIMKIY.
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Cepep obcTexxeHux 4onoBivoi ctati 3 He xBopinu nonepegHbo Ha COVID-19, 8
nepexsopinu 3a 6-9 micauis Ao nepworo obctexeHHsa y 2021 poui. Cepen obcTexeHmx
XiHouyoi cTaTi 27 He xBopinv Ha COVID-19, 9, sk i y BUNagky CTyAeHTIB YOIOBIvoi CTaTi, Manu
B aHamHesi iHgikyBaHHA SARS-CoV-2 3a 6-9 micauis no nepLuoro obctexeHHs. [1oBTOpHY
OLiHKY NOKa3HWKIB y LIMX e CTyAeHTiB 3pobunu y 2023 poui, B nepio BOEHHOIO CTaHy.

Biabip kpoBi Ans HacTynHoro aHanisy 3AaivcHoBann MeauyHi daxisui KomyHansHoro
HeKoMepLinHOro nignpuemcTBa «Hepkacbka LieHTpanbHa panoHHa nikapHa» YepBoHOCo-
BiackKoi cinbebkoi paau (BignosigHO 40 yroam Npo cnienpadito 3 YepkacbkMm HaLioHansHUM
yHiBepcuTeToM). Bci cTyoeHTV OaBanmu NOroMKeHHs Ha yyacTb B OOCHIMKEHHSX Ta
OMPUIIOOHEHHS OTPUMaHUX pesynbTatiB. CxeMa NpoBeAeHHS JOCNimKeHHa Oyna noro-
mxeHa 3 Komicieto 3 6ioeTukn YHY.

£k nokasHWK1 HOpMK BUKOPUCTanNu pekomeHaoBaHi B nabopatopii KHIM «Yepkacbka
LleHTparnbHa panoHHa nikapHa» pedepeHTHi 3Ha4YeHHS.

3aranbHy KifnbKiCTb NerKouuTiB BU3Ha4Yanm Ha bioximiuHomy aHanisatopi Diagon D-
cell 60 (Diagon Ltd, YropwwuHa), nevkoumTtapHy dopmyny nigpaxoByBanu 3a mMaskammu
KpoBi, hapboBaHumn 3a [NanneHrerimom. [logaTkoBO po3paxoByBanu HenTpodinbHO-
nimcpouutapHun iHgexc (IH).

[Ona nopiBHsIHHS OKpemux BUBIPOK (pPO34ineHWx 3a pokamu aHanidy, ctaTeBum
dakTopom, HasBHICTIO B aHamHesi COVID-19) nicnsi nepeBipkM Ha HOPMarbHICTb PO3Mo-
niny Bukopuctanu t-kputepin CtbiogeHTa. PesdynbTati B Tabnuusix NofaHi y Burnsgi
CepeaHbOro 3Ha4eHHsl Ta noro noxubku (M + m). BpaxoByBanu Tpu piBHI OOCTOBIPHOCTI
pisHuui: p < 0,05; p < 0,01; p < 0,001.

Pe3synbTatm pocnimkeHb Ta ix 06roBopeHHsi. BcTaHOBNEHo, WO OOCTOBipHA
Pi3HMLS MK 3arasibHOHO KiflbKiCTHO NTENKOLMTIB Y CTYAEHTIB Pi3HOI CTaTi, KOTPi HEe XBOPInu Ha
COVID-19, BiocyTHa gk y 2021, Tak i y 2024 poui. [Npu upsomy B obcTexeHnx obox ctaten
BiAOyBanocsi CTaTUCTUYHO JOCTOBIPHE 3pOCTaHHs nokasHuka Big 2021 po 2023 poky (p <
0.05 gns yvonosivoi ctaTi i p < 0.001 gnga xiHo4oi cTaTi, 3i 3MILLEHHSAM OO0 BEPXHbLOI MeXi
HOpMM), LLIO CBIiAYMTb NPO 3aranbHy MoBinisaLlito nerkonoesy B Nepios BOEHHOIO CTaHy. Y
CTYyLEeHTIB XiHoYOI cTaTi, KoTpi nepexsopinu Ha COVID-19, 3aranbHa KinbKiCTb NENKOLUTIB
Bxe y 2021 poui Oyna Ha BEpPXHi MeXi HOPMW i JOCTOBIPHO BULLIOK, HiK Y CTYAEHTIB
4yonoBivoi cTaTi, KoTpi nepexsopinm Ha COVID-19. Npu LbOMY CTaTUCTUYHO OOCTOBIPHUX
3MiH nokasHuka y 2023 poui, nopisHsHO 3 2021, He Bigbynocs, crnocTepiranacs nule
TEeHAEHLjs 40 MOMIPHOro 3pOCTaHHsi, 0CObNMBO, B OCIb Yonosivoi craTi (Tadn. 1). Takum
YMHOM, noyaTkoBa Mobinisauis nernkonoesy, symoneHa iHdekujeto SARS-CoV-2 y 2021
poui Byna 6inbLue BrpaxeHoto B ocib xiHo4oi cTaTi, 36epernacsa ao 2023 poky i 3ymoBvna
HVDKYY BIANOBIAb HA CTPEC, BUKMNUKAHNIA BOEHHUM CTaHOM.

Tabnuusa 1
lMoka3Huku setikoyumapHoi ¢ghopmynu 8 o6cmexxeHux pizHoi cmami
Y pPi3Hi poku aHanizy, Mtm

Moka3HukK B 0cCib YoroBivoi Moka3HukK B 0Cib xiHoYOT
MokasHmkm / cTarTi, WO He XBOpinu Ha cTari, WO He XBOpinu Ha
Hopma COVID-19, n=3 COVID-19, n=27
1 2 3
TNenkountn, x10%/n / 2021 6,9+0,25 2021 7,15+0,19
4,0-9,6 2023 86+035* 2023 8,84 + 0,20 ***
Nimcbouytn, % / 2021 27,0+ 0,58 2021 27,15+1,04
20-40 2023 220+1,73* 2023 22,56 + 0,75 *
NimcpouyTn, x10%/n / 2021 1,86 + 0,08 2021 1,97 £0,12
1,5-4,0 2023 1,90 £ 0,21 2023 2,01 £0,09
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[MpodoexeHHss mabnuyi 1

1 2 3
MoHouuti, % / 2021 7,67 £0,33 2021 8,00 £0,39
4,0-10,0 2023 6,00 £ 0,58 2023 748 +0,29#
MoHoumtn, x10%n / 2021 0,53+£0,04 2021 0,56 £ 0,03
0,2-0,8 2023 0,52 + 0,06 2023 0,66 £0,03 * #
Heitpodpinu nan., % / 2021 5,33+£0,33 2021 5,67 £0,25
1,0-6,0 2023 7,00 £ 1,00 2023 6,89 + 0,27 **
Heitp. nan., x10%n / 2021 0,37 £ 0,03 2021 0,41 +0,03
0,04-0,4 2023 0,61+0,11 2023 0,62 £0,03 ***
Heittpodpinu cerm., % / 2021 58,00+0,58 2021 56,78+0,92
47,0-65,0 2023 62,33+1,33* 2023 60,56 £ 0,88 **
Hewntp. cerm., x10%n / 2021 4,00+£0,12 2021 4,03 +0,09
2,0-6,5 2023 535+0,11* 2023 5,33+0,12 ***
EoavHodpinu, % / 2021 1,67 £ 0,33 2021 1,59+0,13
0,5-3,0 2023 2,00 £ 0,58 2023 1,82+0,18
EoauHod., x10%/n / 2021 0,12+0,03 2021 0,11+£0,01
0,05-0,45 2023 0,17 £0,04 2023 0,16 £0,02 *
Baszodinu, % / 2021 0,33+0,33 2021 0,82+0,15
0,0-1,0 2023 0,67 + 0,67 2023 0,70+0,15
Basodpinm, x10%/n / 2021 0,02 +0,02 2021 0,05+0,01
0,00-0,02 2023 0,05 +0,05 2023 0,06 £ 0,01

MokasHukn /
Hopma

MokasHuKK B 0cid YonoBivoi
cTari, Wwo xeopinm Ha COVID-

[NokasHukK B 0Cib >kiHo4OT
CTaTi, Lo XBOpInuM Ha

19, n=8 COVID-19, n=9
TevikoumTn, x10%/n / 2021 7,93+0,37 2021 9,00+ 0,30 #
4,0-9,6 2023 8,90 + 0,25 2023 9,20+ 0,29
Jlimcpoumntin, % / 2021 34,38 +2,66 2021 41,33+ 0,90 #
20-40 2023 22,75+1,22* 2023 23,56 + 0,73 ***
NimcpoumTi, x10%/n / 2021 2,77 £ 0,31 2021 3,72+0,13 #
1,5-4,0 2023 2,02+0,10 2023 217 +£0,10 ***
Mooumnti, % / 2021 10,75+ 1,16 2021 13,44 £+ 0,53 #
4,0-10,0 2023 7,63+0,46* 2023 7,89+ 0,35 ***
MoHoumtu, x10%n / 2021 0,87+£0,12 2021 1,21£0,05#
0,2-0,8 2023 0,68 + 0,05 2023 0,73 £ 0,04 ***
Hettpodpinu nan., % / 2021 6,13+ 0,52 2021 7,56 £ 0,29 #
1,0-6,0 2023 8,13+0,44 * 2023 9,11+0,20 **
Heitp. nan., x10%n / 2021 0,49 £ 0,06 2021 0,68 £0,03 #
0,04-0,4 2023 0,73 £ 0,05* 2023 0,84 + 0,02 **
Hewtpodinm cerm., % / 2021 45,38 +4,29 2021 33,67 +£1,28#
47,0-65,0 2023 58,50 + 1,64 * 2023 56,11+ 0,61 ***
Hewntp. cerm., x10%n / 2021 3,52 +0,27 2021 3,04 +0,17
2,0-6,5 2023 5,21+0,22 ** 2023 5,16 £ 0,15 ***
EosuHodpinu, % / 2021 1,75+£0,37 2021 2,33+0,29
0,5-3,0 2023 2,00 £0,33 2023 1,78 £+ 0,28
EoauHod., x10%/n / 2021 0,14+ 0,03 2021 0,21+0,03
0,05-0,45 2023 0,18 £0,03 2023 0,17 £ 0,03
Basodpinu, % / 2021 1,63+0,18 2021 1,67 £ 0,24
0,0-1,0 2023 1,00 £ 0,27 2023 1,56+ 0,18
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[MpodoexeHHst mabnuyi 1

1 2 3
Basodpinu, x10%n / 2021 0,13+0,02 2021 0,15 +0,02
0,00-0,02 2023 0,09 +0,03 2023 0,14 +0,02

lMpumimka: * - p < 0,05; ** - p < 0,01; *** - p < 0,001 npu ropieHsIHHI rnoka3Hukie 2023 poKy 3
riokasHukamu 2021 poKy 8 mexxax o0Hiei 2pynu; *-p < 0,05; **-p < 0,01; ***- p < 0,001 ripu rMopigHsAHHI
rOKa3HUKI8 MK 2pyrnamu

AHani3 okpemMux nonynswin NenkoLuTiB Noka3aB HACTYMHe: JOCTOBIpHA PI3HNLA MK
BIAHOCHOIO KiMnbKiCTIO NiMOLUTIB y CTYAEHTIB pi3HOI cTaTi, KOTpi He xBopinu Ha COVID-19,
BiacyTHs sk y 2021, Tak i y 2024 poui. [Npu ubomy B 06¢cTexeHnx 060ox ctarten Binbysanocs
CTaTUCTUYHO AOCTOBIpHE 3HWKEHHS nokasHuka Big 2021 no 2023 poky (p < 0.05 anga
yonosiyoi cTaTi i p < 0.01 aAns xiHo4ol cTaTi, 3i 3MILLEHHAM [0 HWKHBOT MeXi HopMM), Lo
CBiAYNTb MPO MPUrHIYEHHSA KIITMHHOI JTaHKM aganTMBHOIO iMYHITETY B Nepiog BOEHHOMO
CTaHy. Y CTYAEeHTIB XiHO4YOi cTaTi, koTpi nepexBopinu Ha COVID-19, BigHOCHA KinbKiCTb
nimcpouutie y 2021 poui 6yna Ha BepxHiit MeXi HOPMM | JOCTOBIPHO BULLIOHO, HiXK Y CTYAEHTIB
YOmoBIYOI cTaTi, KOTpi Nepexeopinm Ha COVID-19. B obcTexeHmx 0obox craTten Bigdbynocs
[OCTOBIpHE 3HWWKEHHS nokasHuka Big 2021 go 2023 poky (p < 0.01 gns 4YonoBivoi cTaTi i
p <0.001 ans xiHoyoi cTaTi, 3i 3MILLIEHHSAM [0 HWKHBOI MeXi Hopmu) (Tabn. 1).

[ocToBipHOI pi3HMUi 3a 3aranbHOK KiNbKIiCTIO NMiMAOUMTIB MK rpynammu, posgine-
HMMK 3a CTaTTHO, 3@ YMOB BiACYTHOCTI B aHamHe3i COVID-19, He BusiBneHo Hi y 2021, Hiy
2023 poui. BigcyTHi Takox OOCTOBIpHI 3MiHWM nokasHuka Big 2021 oo 2023 poky B Mexax
rpynu neBHoi ctati. 3a yMOB nonepeaHLOro 3aXBOPHOBaHHS 3ararnbHa KinbkicTb NiMgoumTiB
y 2021 poui B 0OCTEXEHUX XIHOYOI cTaTi Oyna LOCTOBIPHO BULLIOK, HXK B OBCTEXEHUX
yonogivoi cTaTi (p < 0.01, 3milLieHHs1 40 BEPXHbLOI MEXi HOPMM), | LOCTOBIPHO 3HU3MIacs o
2023 poky (p < 0.001) (tabn. 1).

Takum 4dmHomMm, iHdikyBaHHA SARS-CoV-2 icToTHO Mo6inisyBano KmiTUHHY MaHKy
apganTuBHOro iMyHiTety y 2021 poui B ocib xiHo4oi cTaTi, NpoTe, hakTop BOEHHOIO CTaHy
BMKNMKaB ii cynpecito y 2023 poui, He 3anexHo Big ctati. Lle y3romkyeTtbca 3 gaHnuMu
nitepatypu nNpo NiaBULLIEHY YYTNMBICTb NiIMAOLMTIB 4O CTPECOBUX BMMBIB 3 MOXIUBICTIO
iHOyKUiT anonToay [5; 8; 17].

Y 2021 poui BiaCyTHS AOCTOBIPHA Pi3HMLA MK rpynamm pisHOT cTaTi, KOTpi He XBopinm
Ha COVID-19, 3a BigHOCHOIO KinbKiCTIO MOHOLMTIB. CnocTepiranacsa TeHOAEHUIA 0O 3HMKEH-
Hs nokasHukiB Big 2021 go 2023 poky, 0cobnMBO BMpaxeHa B OCib YOMoBivOi CTaTi, Lo
NpP13BENo 40 AOCTOBIPHOI pi3HULi y 2023 poui: MOKasHMK CTaB HKYMM, HiXK B OCI0 >KiHOYOI
ctati (p < 0.05). B obcTexxeHnx obox ctaTen, KOTpi nepexsopinn Ha COVID-19, BigHocHa
KiNbKICTb MOHOLMTIB NepebyBana Ha BEPXHIiN Mexi HopMW. Y Baratbox CTYAEHTIB XIHOYOI
cTaTi MOKa3HMKM BUNLLINM 33 BEPXHIO MEXY, BiAHOCHA KiNbKICTb MOHOUMWTIB y HUX Gyna
[OOCTOBIPHO BU1LLIOIO, HiX B 06CTEXEHNX Yonosivoi cTaTi (p < 0.001). Y 2023 poui nokasHUKK
[OCTOBIpHO 3HM3MNMCA B ocib 06ox ctaTen (p < 0.05 gnsa vonosidoi ctatii p < 0.001 ans
XIHOYOT), pi3HMUSA MK rpynamu, po3fgineHMMy 3a cTaTtTio, 3Hukna (tabn. 1). lNMopioHi
TEeHOEHLUiT cnocTepiranucsa Ans 3aranbHOI KiNbKOCTi MOHOLUMTIB, NpOTe, B KOrOpTi, KOTpa
nepexsopina Ha COVID-19, y 2023 pouii, 4OCTOBIpHE 3HWKEHHS NOKa3HUKA BUSIBIIEHO nuLLe
Ons ocib xiHoyoi cTaTi (Tabn. 1). TakMM YMHOM, MOHOLMTU, SIK BU3HAHWIA Npo3anarnbHun
dakTop [6], 6ynu mobinisoBaHi y Bunaaky iHikysaHHs SARS-CoV-2 y 2021 poui. Ocobnu-
BO BupaxkeHa Mobinisauis crnoctepiranacsa B OCib XiHOYOI cTaTi. 3HWKEHHS NokasHUKa y
2023 poui JouinbHO BBaXaTu Hopmarnisauielo 3 YacoMm, a He fieto CTPecoBoro gakropa
BOEHHOMO CTaHY, OCKINbKU KiflbKiCTb MOHOLMTIB 3anuLumniacs SeLlo 3MileHo 40 BEPXHbOI
MeXi HOpMW.

BigHocHa KinbKiCTb nanuukosigepHux HenTpodinie B ocid 0b6ox ctaTemn, KOTpi He
xBopinu Ha COVID-19, y 2021 poui 6yna 3milieHa 40 BEPXHBOI MeXi HOpMK, He BiOpi3Hs-
nacsa Mk rpynamm, Mana TeHAeHLio 40 POCTy B 0Cib YoNnoBivoi cTaTi i JOCTOBIPHO 3pocna
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B ocib xiHoyoi cTtati go 2023 poky (p < 0.01). B ocib, koTpi xBopinu, Bxe y 2021 poui
cepeaHii NOKasHUK BUMLLIOB 3@ BEPXHIO MEXY HOpMU, OyB AOCTOBIPHO BULLIMM Y CTYOEHTIB
XIHOYOT cTaTi, 4OCTOBIPHO 3pic B 060x cTaten o 2023 poky (p < 0.05 ons 4omnoeiyoi cTarTi i
p < 0.01 gna xiHouyoi). MNoaibHi TeHaeHUii BiaMiYeHi Ans 3aranbHOI KiNbKOCTI Manuyko-
anepHuxX Hentpocpinie (Tabn. 1). 3pocTaHHA He3pinux opM HEUTPOQINIB € BAXKITUBOO
O3HAKOK K CTPEeCcoBMX CTaHiB, Tak i 3ananeHHs [11; 28]. BignosigHo, 03Haku cTpecy
criocTepiranqcs Bxe y nepioq naHAemil i nocunmunucs y nepio BOEHHOrO CTaHy, He 3anex-
Ho Big cTari. Y 2021 poui B ocib, KOTpi nepexsopinu, edekt 6ys BupaxeHun BinbLue, LWo
MOXHa MOSACHUTM NOEQHAHHAM Y Ui Nigrpyni cTpecy Ta npo3anasibHUX SBULL,

BigHocHa KinbKiCTb CerMmeHTosAepHUX HEUTPOQINIB MK rpynamMu, po3gineHMMm 3a
CTaTTIO, He BiApi3HANMCA y BUNaaky BiacyTHocTi B aHamHesi COVID-19 Hi B 2021, Hi B 2023
poui. MNMoka3Hmk gocToBipHO 3pic Big 2021 0o 2023 poky B 06CcTeXeHMx 06ox craTen (p <
0.05 gnga yomnosivoi ctati i p < 0.01 gnsa xiHo4oi). B obCcTexxeHnx, KOTpi Nepexsopinu,
cepeHin NokasHUK 6yB Ha HWXKHI Mexi HOpMU B OCib YOMOoBIYOI CTaTi | HKYe HOPMIK B OCID
XiHOYOI. Sk Hacnigok, B 0OCi6 >XiHOYOI CTaTi MOKa3HWMK AOCTOBIPHO Hwkumn (p < 0.05)
(Tabn. 1). EdbeKkT NOsICHIETLCS MEepepo3nogifiomMm y Ui nigrpyni Ha KOPUCTb HE3pinmx
nanuykosifepHux Hewntpodpinis. lMoaibHi TeHAeHUil BUsIBNEHi Ans 3aranbHOI KinbKOCTi
CerMeHTosiAepHMX HeNTPOoiniB, 3a BUHATKOM BiACYTHOCTI Pi3HULL MK OBCTEXEHUMU Pi3HOT
cTari, KoTpi nepexsopinu, y 2021 poui (Tabn. 1). MeHLle BUpaXeHi 3aKOHOMIPHOCTi CTOCOB-
HO 3aranbHOI KinbKOCTi BCIX aHanisoBaHMX BULLE MOMYNALN TENKOLMTIB MOXXHA MNOACHUTN
3aranbHoto Mobinisadieto nerkonoesy y 2023 poui.

MokasHukn eosmHodiniB B ocib, koTpi He xBopinm Ha COVID-19, nepebysann B
mMexax Hopmu i B 2021, i B 2023 poui. 3aranbHa KinbKicTb 4OCTOBIpHO 3pocna Big 2021 o
2023 poky B ocib xiHo4yoi cTaTi (p < 0.05). B ocib, koTpi nepexsopinu, NOKa3HMKM TaKoX
nepebyBanu B Mexax HOpMM, JOCTOBIPHOI PI3HULLI MK rpyrnamu, po3gineHMmMun 3a cTaTTio,
He BMSBNEHO (Tabn. 1).

HocTtoBipHOI pi3HULUi 3a nokasHukamu Bas3odinis Mk rpynamu, posgineHumun 3a
CTaTTIO, He BUSABIEHO. BiaCyTHI Takox AOCTOBIPHI 3MiHW nokasHukiB Bia 2021 o 2023 poky.
MpoTe, 3aranbHa KinbKicTb 6a30qiniB y BCix Nigrpynax 3a cepefHiMm 3Ha4eHHAM BUILLINA 3a
BEPXHIO MEXy HOpMU. B 0Cib, KOTpi MepexBopinu, 3a BEPXHIO MEXY BULLINN TAKoX cepeaHi
NOKa3HWKKN BIiOHOCHOI KinbkocTi (Tabn. 1). Takum 4mMHOM, 3 ABOX Mpo3ananbHuX d)akTopis
(eo3mHodbiniB Ta 6a30ciniB) Ha CTPECOBI BUKINMKM NAHAEMIT Ta HACTYMHOrO BOEHHOIO CTaHy,
He 3anexHo Big cTarTi, OinbLue BigpearyBana nonynsuia 6asodinis.

[opaTtkoBo NpoBeAeHO aHani3 NnokasHWKiB HEMTPOMiNbHO-NIMGOLUTAPHOrO iHAEKCY.
Y Bunaaky 3aranbHux rpyn (6e3 posaineHHs 3a ctaTeBoo o3Hakor), y 2021 poui B ocib
KOTpi He xBopinu Ha COVID-19, cepeaHii NOKa3HUK AELLO BULLOB 3a BEPXHIO MEXY HOPMMU,
LLIO BX€ CBiYMTb NPO HasiBHICTb O3HaK CTpecy. B ocib, koTpi nepexsopinu, nokasHuk 6ys y
MeXax HOpMU, Lie MOXHa MOSICHUTK Mobinizauieto niMmcoumnTapHOi naHKu, 3yMOBMEHOI
iHpekuieto SARS-CoV-2, wo Bigmivyanocs Buile. Ak B 0BCTEXEHMX 3 BIACYTHICTIO
3axBoptoBaHHSA Ha COVID-19 B aHamHesi, TaK i y TX, KOTpi NEpexBopinu, HeMTpodinsHo-
nimcpouutapHmmn iHaekc goctosipHo 3pic Big 2021 poky ao 2023 (p<0,001 B o6ox Bunaa-
Kax), BAMLLIOBLUM 3a MEXi pEKOMEHA0BAHMX 3Ha4YeHb (Tabn. 2).

To6T0, HacNigKkM EMOLIHOIO CTPecy, 3yMOBIEHI BOEHHWMM CTaHOM, Bynu GinbLue BY-
paxeHnmn. [0noBHYM hakTOpPOM CTano 3pOCTaHHS KiMbKOCTI NanMykosaepHUX HENTPO-
GiniB Ha dOHI 3HWKEHHS KinbkocTi nimdoumnTie. 3rigHO 3 JaHMMK niTepaTypu, came
nanuMykosiAepHUM HenTpoddinam BnacTMea nposananbHa gyHKLisS, BOHM € GioMapkepom
MeTaboniYHOro CTpecy N AMHaMIKM iIMyHHOI Bi4NOBIAj, TOAi SIK 3pini CerMeHTosAepHI KMiTUHU
cnpusalTb NikBigauii Hacnigkie 3ananeHHsa [11; 28]. BuseneHi Hamn edekTn ansi pisHMX
nonynsuin HemTpodoinis NigTBEPIKYOTh, WO CTPEeC Mae CKNagHi MexaHisamm mogynsuii
aKTUBHOCTI LMX KIMITWH i iX porib B iMYHHMX peakujisix, 0COBnMBO, B YMOBaX XPOHIYHOI aii [21].
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Tabnuusa 2
lMoka3Huku HelimpoginbHo-niMghoyumapHo20 iHeekcy
8 o6cmeixeHuUX pisHoi cmami y pi3Hi poku aHanizy, M+ m
MokasHukn B OCiO, L0 He MokasHuku B OCib,
MokasHwuku / . .
HopMa XBOpINU Ha LLIO XBOPINu Ha
COVID-19, n=30 COVID-19, n=17
2021 2,41+0,11 2021 1,30 £ 0,14 ##H#
2023 3,11+£0,13 ** 2023 290+ 0,12 **
MokasHukn B OCib MokasHuWKM B OCi6 XiHOYOT
YomoBiYoI cTaTi, WO He cTari, Lo He XBOopinu Ha
xBopinu Ha COVID-19, COVID-19, n=27
IHI (HeiTpodinbHO- n=3
nimcpouuTapHmii iHaekc) / 2021 2,35+ 0,07 2021 242 +0,12
1,0-2,0 2023 3,19+0,27 2023 3,11+ 0,14 =
MokasHukn B OCib Moka3HuWKM B OCi6 XiHOYOT
YoroBiYoI cTaTi, Wo cTaTi, Lo XBOPINnM Ha
XBOpINU Ha COVID-19, n=9
COVID-19, n=8
2021 1,63+0,24 2021 1,04 £ 0,05 ##
2023 3,01+£0,23 ** 2023 2,80+0,11***

lMpumimka: ** - p < 0,01, ***-p < 0,001 ripu ropigHsHHI Noka3Hukie 2023 poKy 3 MnoKasHUKamu
2021 pokKy 8 mexxax O0Hiei epyru; ## - p < 0,01; ### - p < 0,001 npu rMopieHsiHHI MOKa3HUKI8 MK 2pyrnamu

Mpu ypaxyBaHHi cTateBoro akTtopa 3'sacyBanu, wo y 2021 poui IHJ1 gewo suios
3a BEPXHIO MeXY HOpMU B OCib 060x cTaTen, KoTpi He xBopinu Ha COVID-19. JocToBipHol
Pi3HULi MK MOKA3HUKOM B OCIO YOSIOBIYOI Ta XiHOYOI CcTaTi He BUSIBMEHO. B 0cib 1YomnoBiyoi
cTaTi BUpaxeHa TenaeHuis ao 3poctaHHsa IHIT Big 2021 go 2023 poky, B 0cib xiHo4oi cTari
Lie 3poCTaHHs cTaTucTnyHo goctosipHe (p < 0,001). B ocib, koTpi nepexsopinu, NokasHuK,
He 3anexHo Big ctari, y 2021 poui nepebyBas y Mexax HOpMU, LLIO MOSICHIETLCA TUMM X
ocobnmMBoCTAMMU, LLO 1 ANst 3aranbHoi BUBipkK, 6e3 ypaxyBaHHA cTaTi, a came — Mobinisa-
Lieto nimdoLmMTapHOT NaHkK nicnsa 3axsoptoBaHHS. [1py LibOMyY B 0OCi0 >XiHOYOT cTaTi nokas-
HWK JOCTOBIpHO Hkummn (p < 0,01). Jo 2023 poky Bigbynocsi CTaTMCTMYHO OOCTOBIpHE
3pocTanHs IHJ1 gk ocib vonosidoi ctaTi (p < 0,01), Tak i xiHo4oi (p < 0,001), 3 BUXOAOM 3a
BEPXHIO MEXY pekoMeHAoBaHOI Hopmu. Mix rpynamu, posaineHumn 3a ctatTio, y 2023 poui
[OOCTOBIpHA Pi3HULA 3HKKNa (Tabn. 2).

3aranom, xo4a HenTpoiNbHO-NIMOLUTAPHUIA IHOEKC HE NPOAEMOHCTPYBaB BUpa-
YKEHOI BapiaTMBHOCTI 3aneXHO Big CTaTi, iHLWI MOKa3HMKM NenkouuTapHol hopmMynn Bkasy-
H0Tb Ha BU1LLLYY CXWUMBHICTb OCI6 >XiHOYOI cTaTi 40 Npo3ananbHKX SBULL Y CTPECOBMX YMOBAX,
0cobnmBo, nicns iHpeKUiiHNX 3axBoproBaHb. Lle y3roaxyeTbca 3 faHnMuy nitepaTypu LWoao
3ananbHMX NPodiniB y >XIHOK Ha (POHI MPUrHIYEHHS HacTPOK Ta HeraTUBHMX CoLianbHO-
emouinHmx nogin [10; 19].

BucHOBKM 3 AocnimXeHHA Ta NnepcrnekTMBU NOAanbLIOro AOCHiMKeHHSA

Cepeq cTygeHTiB Bikom 18-21 pokiB XiHOYa CcTaTb, Y BUNagKy iHdikyBaHHa COVID-
19, Ginblwe cxunbHa OO 3aranbHOi MoGinisauii nenkonoesy, NpoTe, Hagarni 3yMOBIIOE
HWKYY BIANOBIAb HA HACTYMHI CTPeCcoBi YMHHUKK. Taka mobinisauisa Binobpasunacsa 3poc-
TaHHAM KiNbKOCTi NiMAOLMTIB T2 MOHOLMTIB came B OCib Liel KoropTn B nepiog naHAaemii.
CTpecoBi ymoBM BOEHHOIO CTaHy y 2023 poLi BUKIMKaM 3HWKEHHST KifTbKOCTi JTIMGOLIMTIB,
He 3anexHo Bifg cTaTi Ta nonepeaHLOro 3axsoptoBaHHA Ha COVID-19, wo niatsepokye
CXUMBHICTb NiMdoLMTIB A0 CTpec-iHayKOBaHOro anonto3y. [1oBepHEHHSA KinbKOCTi MOHO-
uuTtie y 2023 poui B MeXi HOPMU CBIAYUTb MPO HWXKYY YYTIMBICTE L€ NaHKN KIITUHHOIO
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iIMYHITETY O CTPECOBMX YMHHMKIB | BULLLY NOTEHLiNHY Npo3anarnbHy posb NanM4kosaepHux
HenTpoginie. Came usa nonynsauis NenkouuTiB AEMOHCTpyBana nigBULLEHY KiNbKICTb,
ocobnmBo B 0cCib XiHO4YOI cTaTi, KOTpi NnonepeaHbo nepexeopini Ha COVID-19, B nepioa
naHgemii, a TakoxX B obcTexeHux obox ctaTen B nepiog BOEHHOro ctaHy. Lle, cBoeto
Yeprow, Ha GOHI 3HKEHHS KinbkocTi nimcpouunTis y 2023 poui, Npu3Beno 40 3pOCTaHHS
HENTPOINbHO-NIMAOLMTAPHOIrO HAEKCY Y BCiX OBCTeXeHuMx CTyaeHTiB. [posanarnbHi
saBuLLa Y nepioa naHaemii manu Binblue BUpaXKeHHS B OCI6 >KIHOYOI CTaTi, YiTKO BUPaXKeHi
O3HaKu CTpecy NposBUNNCS B 0BCTeXeHMX 000X cTaTen. [ing kpalloro po3yMiHHA ocobnu-
BOCTEM peakuii KNiTMHHOrO iIMyHITETY Ha XPOHIYHWIA CTPECOBUIA BNNB, 3yMOBSIEHWNI PiI3HUMMN
UYMHHMKaMW HALLOro Yacy, AOUiNbHO NpoaHanisyBaTh cybnonynsiLiiH1iA ckrnag niMmcouumTis,
SIK OQHOrO 3i CKNaZHWUKIB HENTPOINbLHO-NIMOLMTAPHOTO iHOEKCY.
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THE SIGNIFICANCE OF THE SEX FACTOR IN THE IMPLEMENTATION

OF THE NEUTROPHIL-TO-LYMPHOCYTE RATIO AND OTHER INDICATORS
OF THE LEUKOCYTE FORMULA IN THE CONDITIONS OF STRESS
FACTORS OF THE PRESENT

Among the factors that can influence stress-induced changes in immune responses, in
particular, inflammatory processes, a person’s gender is indicated. An important
characteristic that combines stress response and inflammatory phenomena is the
neutrophil-to-lymphocyte ratio (NLR), which demonstrates a dynamic relationship
between the innate and adaptive cellular immune response and depends on many
factors. However, the neutrophil-to-lymphocyte ratio cannot be considered in isolation
from the stress response of the immune system as a whole. The components of the
immune system act on challenges of different nature in an integrated manner. The
purpose of our study is to analyze the significance of the gender factor in the reactions of
the neutrophil-to-lymphocyte ratio and other indicators of the leukocyte formula to the
stress challenges of modern times in students aged 18-21. Leukocyte populations were
assessed in 47 students. Among the examined people, there were 11 males and 36
females. For female students, the analysis was carried out in the follicular phase of the
menstrual cycle. Some of the examined people had not previously been ill with COVID-
19, some had been ill 6-9 months before the first examination in 2021. A second
assessment of the indicators in these same students was made in 2023, during the period
of matrtial law. It was found that among students aged 18-21, in the case of COVID-19
infection, the female sex is more prone to general mobilization of leukopoiesis, however,
in the future it causes a lower response to subsequent stress factors. Such mobilization
was reflected in an increase in the number of lymphocytes and monocytes in individuals
of this cohort during the pandemic. The stressful conditions of martial law in 2023 caused
a decrease in the number of lymphocytes, regardless of gender and previous COVID-19
disease, which confirms the susceptibility of lymphocytes to stress-induced apoptosis.
The return of the number of monocytes in 2023 to the norm indicates a lower sensitivity
of this link of cellular immunity to stress factors and a higher potential pro-inflammatory
role of band neutrophils. It was this population of leukocytes that demonstrated an
increased number, especially in females who had previously contracted COVID-19,
during the pandemic, as well as in those examined of both sexes during matrtial law. This,
in turn, against the background of a decrease in the number of lymphocytes in 2023, led
fo an increase in the neutrophil-to-lymphocyte ratio in all examined students. Pro-
inflammatory phenomena during the pandemic were more pronounced in females, and
clearly expressed signs of stress were evident in both sexes.

Keywords: gender, leukocytes, neutrophil-to-lymphocyte ratio, pro-inflammatory factors,
monocytes, eosinophils, basophils, emotional stress, COVID-19 pandemic, martial law.
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CYYACHI YABNEHHA NMPO POJIb OKCUOATUBHOIO CTPECY
B MATOrEHE3I AKHE

AkHe € 00HUM i3 HalinowupeHiwux epMamorsiogiqyHUX 3axX80pro8aHb y MisHbOMy Oums-
YoMy ma ridnimkoeomy eiuyj. AKHe — namorsioaidHuli cmaH 3i CKradHor namogbisionoeieto,
3ymoerieHUl IMyHOMo2IYHUMU ma 3anasibHuUMU rpouecamu, 2irneprnnasieto canbHUX
3as103, 2iNepKorIoHI3auieto MIKpoopaaHiamie, a makox hosiKyIspHUM 2inepKkeparo30om.
Cutibacterium acnes cuHme3ytoms slifa3u ma rnpomeonimuyHi hepmMeHmu, siKi MOXymb
BUKOHy8amu Kto4osy (byHKUito y chasi 3ananeHHs. Kpim mozo, akHe xapakmepusy-
embcsi (hopmy8aHHsIM KOMEOOHI8, 3anaribHUX B02HUW i3 HacmyrnHUM pOo38UMKOM
OucniameHmauji. Ha cb0200Hi 3arporoHO8aHO KifbKa 2inome3s, npome »o0Ha 3 HUX
0BHICMIO HE PO3KpUBaE rnamowisionoaiyHi MexaHi3Mu ma 8ecb CrieKmp emionoaiyHuX
YuHHuUKig. pu akHe ckrnad cebyMy, WO CeKpemyemsCsi CanbHO-80I0CSHUMU GDOSIKY-
Jilamu, 3a3Hae 3MiH, @ 3 0eCmpPyKMUBHO 3MIHEHUX CIMIHOK QOOITiKY 8 MOXYMb 8USIIbHSI-
mucs akmusHi chbopmu KucHo. Llel npouec posansidaembesi K mpueep rnpozspecyeaHHs
3ananbHoi 8idroesidi 8 emionoaii daHo20 3axeoprosaHHs. OkcudamueHuli cmpec, KUl
yacmo po3ensdaomb BUKTHOHYHO SK OeCmpyKmueHUL YUHHUK, Moxe 000amkKoeo
BUKOHy8amu romeHuyitiHo KopucHi ¢byHKUii 8 opeaHiami, 30Kpema 8 KoHmeKcmi pedoKc-
cueHanizauii, konu A®K ¢hyHKUioOHytomb sIK cuzHasnbHi Morekynu 8 6iono2iyHuUX npo-
uecax; yell MexaHi3M 8KIlo4ae peakuii nepeHocy enekmpoHis, wo nompebyoms y4acmi
8inbHUX padukariie, pedoKc-akmueHUX Memarie abo 6iOHOBHUX eKeiganeHmie. 3a
¢pisionoeiyHux KoHueHmpauiti A®K 30amHi 3anyckamu cueHarnbHi Kackadu, Wo
MOOyroromb QQYHKUII KITiMUH. 30KpeMa, rnepekuc 800HK0 ma CyrnepOKCUOHUU aHioH-
padukan MOXymb ersiueamu Ha akmusHicmbe ¢hakmopie mpaHckpurnuii NF-kB, AP-1, ski
KOHMPOITKOKMb EKCIPECIH0 2€Hi8, M0o8'a3aHuxX i3 pocmom, OugbepeHuiauiero ma 3ararneH-
HsAM KnimuH. L{i pedokc-4ymiuei cueHarnbHi cucmemu 3aryqeHi 00 npouecie pezeHepauii
mKaHUH, iMyHHOI eidnoeidi ma aldanmaujii 0o cmpecy. Memoro JdocrnidxeHHs1 6y8
KOMIrieKcHUU aHaria Haykogux 0aHux w000 posii okcudamueHO20 Cmpecy 8 rnamoeeHe3si
akHe ma rioxodie Ao oujHKu tioeo nepebiey. B pe3ynbmami npoeedeHo2o AOCTiOKEHHS
byro dosedeHo, W0 iHMeHcugiKaujs okcudamueHO20 Cmpecy ma XpPOHiYHe 3anareHHs1
sidieparomb 8axrugy posib 8 namoeeHesi akHe. Kpim mozo, 0id pisHUX 20pMOHI8 ernnusae
Ha BUHUKHEHHSI ma rpoepecysaHHsi uiei namornoeaii. [JornomixxHa mepariis, 30Kpema
3acmocyeaHHsi CrioflyK POCIIUHHOZ20 OXOOXeHHs1 (gbimornpernapamie), OeMOHCmpye
ro3umuseHi pesynbmamu. ®imocronyku e 6inbwocmi eurnadkie Marmb 8UPaXxeHy
aHmuokcudaHmHy ma aHmusanasbHy aKmueHICMb, 3HUXYIOYU PieHi OKUCITH08aibHO20
cmpecy i 3ananeHHs. [lepcriekmueHUM HarpsIMKOM rodasibLiux OOCTTIOKEeHb € BUBHEHHST
MOIeKY/IspHUX MexaHiamie rnamogbizionoaidHux rnpoyecie 3a akHe, pospobka binbui
egheKmusHUX meparnesmu4yHuX ioxo0is, 30KpeMa, 8UKOpUCMaHHs chimonpernapamis.

Knro4osi crioga: akHe, okcudamugHUL CImpec, 3arasieHHs,, MapKepu OKCUOamuUeHO20 CIMpPeCy.

MNoctaHoBKa npobGnemu. AkHe € OAHMM i3 HaNMOLUMPEHILUNX AepMaTONOrivYHNX
3axBOPIOBaHb Y Ni3HLOMY OUTAYOMY Ta MiANITKOBOMY Bilj. AKHE — MaTONOrYHUA CTaH 3i
CKNagHo NaToqi3ionorieto, 3yMOBIIEHWUI IMYHOMOMYHUMU Ta 3ananbHUMK npoLecamu,
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rinepnnasieto canbHWX 3ano3, rinepKosioHi3aLiero MiKpoopraHiamis, a TakoX OONiKynsapHUM
rinepkepato3om [1]. Cutibacterium acnes cMHTE3Y0Tb Ninasu Ta NPOTEONITUYHI (PepMEHTH,
AKi MOXYTb BWKOHYBaTK KrOYOBY pyHKUilO Yy doasi 3ananeHHda. Kpim TOro, akHe
XapakTepuayeTbes PopMyBaHHAM KOMELOHIB, 3ananbHUX BOTHULL, i3 HACTYNHUM PO3BUTKOM
aucnirmeHTauii. Ha cborogHi 3anponoHOBaHO KirnbKa rinotes, NpoTe XoAHa 3 HUX MOBHICTHO
He po3KkpuBae NaToqisionioriyHi MeXaHi3aMn Ta BECb CMEKTP €TIONOrYHUX YMHHKKIB. [Mpun
akHe ckrag cebymy, Lo CEKPETYETLCS CanbHO-BONOCAHUMN dhoMiKyramu, 3a3Hae 3MiH, a 3
OECTPYKTUBHO 3MIHEHUX CTIHOK (PONIKyNiB MOXYTb BMBINBHATUCS aKTUBHI hOPMU KUCHIO
(ADK). Llern npouec po3rnsgaeTbcs siK Tpurep MNporpecyBaHHsl 3anarnbHOI Bignosigi B
eTionorii AaHoro 3axBoOpltoBaHHSA. [loBefdeHO, O MeBHi MNikapcbki 3acobu, 3okpema
METPOHIAA301, MiHOLMKMIH, epUTPOMILMH Ta TETPALIMKIIH, 3a3BMYal 3aCTOCOBYHOTLCS ANs
Tepanil akHe 3aBAsKW 30aTHOCTI 3HWXKYBaTU PIiBHI NMEpPeKUCy BOOHIO Ta CYNepOKCUAHOro
aHioH-pagukany [2]. B natoreHesi akHe OKCMOATUBHUIM CTPEC MOXe BidirpaBaTtu CyTTEBY
ponb [1, 2]. OkcuaaTuBHUIA CTPEC, SIKMN YacTo PO3rnsaaloTb BUKIHOYHO SIK AECTPYKTUBHUIA
UYMHHWK, MOXe J00AaTKOBO BUKOHYBATW MOTEHLINHO KOPUCHI COYHKLIT B OpraHiami, 3okpema B
KOHTEKCTi pefnokc-curHanisauii, konn A®PK dyHKUIOHYOTb SK CUrHanbHi MONEKynu B
BionoriyHMx Npouecax; Len MexaHi3M BKIoYae peakLii nepeHocy enekTpoHiB, Lo noTpe-
OyloTb yyacTi BiNbHWX paguvkanis, peaoKC-akTUBHUX MeTaniB abo BiAHOBHWX eKBiBaneHTIB
[3]. PocopuntoBaHHA BinkiB, iMyHOMOriYHI MpoLecK, akTnBalist (OakTopiB TPaHCKPUMLi,
andepeHLialisi Ta anonTo3 B3aeMOMNoB'A3aHi 3 reHepadieto Ta HasBHiCTIo ADK y kniTuHax,
piBEHb SIKMX Ma€ NigTPMMYBATUCS HA HU3bKUX (Pi3ioNoriyHmnx 3HadeHHsX [1]. Y Ton yac sk
HagMIpHUIA OKCUAATUBHUIW CTPEC 3OaTHUM BUKIMKATM NOLLKOKEHHS KNiTWH, WO NpU3BO-
OUTb 0O PO3BUTKY PIBHOMaHITHUX NAaTONOri, KOHTPONboBaHa Ta nomipHa reHepauis APK
3abe3neyyoTb BUKOHaHHSA BaxKnuBux dpisionoriyHmnx coyHkuin [1]. Kpim Toro, 3a po3BuTKy
OKCYOATUBHOIO CTPECY MOXYTb iHOYKYBATMUCA MEXaHi3MW aHTUOKCUOAHTHOrO 3axucTy
OpraHiamy. 3a ymMOB MOMIpPHOI iHTEHCUQDIKAL|ii OKCMOATMBHOIO CTPECY B KIiTMHAX aKTUBY-
HOTbCH IXHi eHOOreHHI aHTUOKCUAAHTHI CUCTEMU AN NPOTUAIT IHTEHCMAIKOBaHIN NpoayKLii
A®K. La apanTvBHa BignoBigb NiABULLYE aHTUOKCWMAAHTHUI MNOTEHLian KNiTMHW Ta
3abe3neyye ii 3aXMCT Big NOAANbLUMX MOLUKOMKEHb, 3yMOBIIEHMX OKMCHEHHAM [3]. [poTs-
rOM OCTaHHbOIO AECATUMITTS IHTEHCUAIKYBaBCS MOLWYK epeKTUBHUX i Be3neyHmnx npupoa-
HWMX CMONYK 3 aHTMOKCMAAHTHOK aKTUBHICTIO. Y MOEAHAHHI 3 €HOOreHHUMN MexaHismamu
AHTUOKCUAAHTHOTO 3aXWUCTY aHTUMOKCUOAHTW POCHUHHOIO MOXOMKEHHS € MPUNHATHO
anbTepHaTmBoto [4]. 3a gisionoriyHnx koHueHTpauin APK 3gaTHi 3anyckat curHarnbHi
Kackaau, Lo MOAynoTb YHKLUIT KNiTUH. 30Kpema, Nnepekuc BOAHIO Ta CynepoKCUaHWUNA
aHioH-pagukan MOXyTb BMMAMBaTWN Ha aKTUBHICTb ¢hakTopiB TpaHckpunuii NF-kB, AP-1, aki
KOHTPOSIOOTE EKCMPECI0 reHiB, NOB'A3aHUX i3 pOCTOM, AndbepeHLialieto Ta 3ananeHHsaIm
KniTuH. Lli pegoke-4yTnmBi curHanbHi cuctemMmn 3anyyeHi 4o NpoLecis pereHepallii TKaHuH,
iMyHHOT BignoBigi Ta aganTawii 4o CTpecy.

MeTta po60TH — KOMMIMEKCHUI aHari3 HayKOBUX JaHWX LLOAO POIi OKCUAATUBHOIO
CTpecy B NaToreHesi akHe Ta NiaxoA4iB A0 OLiHKK Aoro nepeoiry.

Buknaa ocHoBHoro matepiany. Taki goopmn ADPK, 9k nepeknuc BOAHI0, OKCUA a3oTy
(1), rigpoKCUNBHWUI paguKan Ta CYNepoOKCUOHWA aHioH-pagukan 34aTHi CUMHTe3yBaTuCS
KepaTMHouMTaMn Ta MpakTUYHO BCiMa KMITUHHUMW KOMMOHEHTaMW LUKIpW Y BiAMoBidb Ha
curHanu Big mepjatopis, ¢akTopiB pPoOCTY, MOMIOTaHTIB, YNbTpadioneToBoro BUNPOMIHIO-
BaHHS, LIMTOKIHIB, Xap4oBuX 406aBOK, KOCMETUYHMX 3acobiB, hapmaLeBTUYHUX Npenaparis
Ta iHWKX nogpasHukie. LLkipa Bonodie aHTMOKCMOAHTHUMM BNAcTUBOCTAMM, Ski 3abesnedy-
HOTbCS SIK PEPMEHTHOIO, TaK | HedhepMeHTHO crctemMamu. [10 pepMEHTHUX aHTUOKCUAAHTIB
HanexaTb rnyTaTioHnepokcuaasa, katanasa, rmnyraTioH-S-TpaHcdpepasa, rnyraTioHpenyk-
Tasa Ta cynepokcupamcmyTasa [3, 4]. o eHOoreHHUX HedbepMEHTHUX aHTMOKCUMOAHTIB
MOXHa BigHecTn nonigpeHonu, koeHsum Q10, ceneH, anbda-ninoesy kMcnoTy Towo. Kpim
TOrO, aHTMOKCUAAHTU MOXYTb HaOXOAMTW B OPraHiaM ek30reHHO 3 Keto (3okpema MikoniH,
pecBepaTpor, eKCTPaKT BUHOPaOHMX KICTOYOK, KYPKYMiH, NIKHOreHO, cuiniMapuH, isodnaso-
HW COi, rpaHaT, 3eneHuin Yai, npornornic, ckeaneH Towo) [1, 5]. CTpykTypa enigepmicy
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XapaKTepu3yeTbCH BULLMM PIBHEM aHTMOKCWAAHTIB MOPIBHAHO 3 OepMaribHVM  LLIapOM.
AHTVOKCHAAHTHA CUCTEMAa HardacTille po3nodineHa y BUMMS4i rpagieHTa 3 niaBULLEHHAM
KOHLIeHTpaLii B rMMBOKMX Lwapax poroBoro wapy (stratum corneum). 3a gucbanaHcy npo- i
AHTMOKCUMOAHTHOI CUCTEMU MOXYTb PO3BMBATUCA PISHOMAHITHI AepMaTONoriYHi 3axXBOpHo-
BaHHS [1].

Taki chopmn ADK sk nepekmc BoaHto, okema, asoty (), rigpokeunbHMi pagukan Ta
CynepoKCUOHWUI aHiOH-paguKan € Mosiekynamu, SiKi BUKOHYIOTb BaXkKnuei doyHKLUiT npu
OaraTbox 3ananbHuUXx aepmartosax. Cutibacterium acnes, WO € €TIONOrYHUM YMHHMKOM
akHe, IiHOYKYIOTb MPOAYKUiKD XeMOTakCuyHuX 6inkiB, WO npu3BoauMTb A0 arperadii
HenTpoinie. Llen npouec nopywye UiniCHICTE GONIKyNAPHOro enitenito BHACMiAoK
BMBIMbHEHHS Mpo3ananbHUX MOJeKyr, 30Kpema fisocoMaribHUX MpoTeas, LUMSXOM
arouutosy. BoHn NpoayKyoTbCs aKTMBOBaHNMU HENTPOpiNamMmn y BOrHULLEAX 3anasneHHs
Ta nowkomkytoTe OHK i MembpaHHi ninign, Wo Moxe ChpUYUMHUTA OECTPYKTUBHI 3MiHU
HaBiTb Y 340POBUX TKaHMHaXx [6]. CkBaneH, L0 € BaXIIMBUM KOMMNOHEHTOM CEOYMY FMHOAMHW,
3axuLLae 30BHILLHIA Llap LIKIpU Bid OKCUAATMBHOIO MOLUKOMKEHHS, TOAI SIK MPOMDKHI
NPOAYKTN MOr0 NEPEKNCHOTO OKUCHEHHS IHAYKYIOTb KOMeOOreHHi peakLii Ta BUSIBNSTLCA Y
3HAYHO GiNbLUIN KINbKOCTI B 3akpuUTUX abo BigkpuTux komegoHax [7]. LLkipa € ocobnmeo
YYTMMBOK [0 OKCWAATUBHOIO MOLUKOMKEHHSA 4epe3 MOCTIHUA BNNMB OKCUAATUBHOIO
CTpecy, iHOyKOBaHOro eHaoreHHMKU Ta eksoreHHumn A®K. [lo eHgoreHHnx mxepen AOK y
LUKipi HanexaTb MPOLEeC aBTOOKUCHEHHSI Ta PEPMEHTATMBHOIO OKUCHEHHS. depMeHTa-
TMBHa Aerpajauis € A0AaTKOBUM €HAOreHHUM LUNIAXOM YTBOPEHHS MinigHUX nepokcugis.
JlinokcureHasa KkaTanisye OKWUCHEHHSI MONiIHEHACUYEHUX KMPHUX KUCMOT, 30Kpema
apaxifoHOBOI Ta NiHOMEeBOI. LIMKNookcureHasn npucKopiooTb NEPETBOPEHHS NofiHeHacu-
YEHWX XMPHMX KUCIOT Ha eHA0oNepoKeuan, siki € nonepegHvkamun npoctarnaHgvHie. Omke,
iHTeHcudikaLiss peakuii OKMCHEHHA MoXe npu3BecTu A0 yTBopeHHs A®K y canbHux
3ano3ax i 3yMOBUTU MOSIBY aTUMOBMX O3HAK, XapaKTePHUX AnNs akHe.

3-NOMiX iHLWKMX MinigiB, 3Ha4YeHHs1 AknX y hopMyBaHHI KOMeLOHIB Oyno OoBeAEHO,
Aepani 6inblUMN iHTEpPEeC BUKNMKAKOTb NPOAYKTU NEPEKNUCHOIO OKMCHEHHS ninigis. 3rigHo 3
nonepeaHiMn OOCHIMKEHHAMN, BUCOKA KOHLIEHTpaUis ninigHMxX nepokcuais moxe 6ytu
3anydeHa 4O PO3BUTKY 3ananbHUX 3MiH y komegoHax. 3okpema, 6yno BCTaHOBMEHO, WO Y
BOrHULLIAX 3anarneHHsa crnocTepiranuca Buuwli piBHi ninonepokcuaadii, NF-kB Ta IL-1a
MOPIBHSIHO i3 HE3ananbHUMK eneMeHTamun ypaxeHHs [8].

3 ornsgy Ha Te, WO CKBarieH, nopsag i3 MoXigHMMKU BOCKY, € TUMOBUM MPOAYKTOM
cekpeLil canbHNX 3aro3, Croykn NEPEKUCHOTO OKMCHEHHSA CKBaneHy 3anuiuatoTbCs BKpan
BaxnmBmmu. o cyTi, NoXiaHi BOCKY Ta CKBaneH MICTATLCS Y BUCOKiM KOHLEeHTpaLlii B cebymi,
ane BiACyTHI B ninigax enigepmanbHOi NoBepxHi. BIOCMHTETUYHMI WNAX edipiB BOCKY €
KPUTUYHO BaXKNMBMM Ans (PYHKUIOHYBaHHA canbHOI 3ano3un. Jiaumnrniuepos-aumntpaHc-
depasn (DGAT) € BaxnmBuMu oepMeHTaMu, akTUBHUMK B npoueci ceboreHesy. DGAT1
KaTanisye CUHTe3 BOCKOBMX CMonyk, Tofi sk DGAT2 kaTtanisye cuHTes Tpuauunriileponis
[9]. CkBaneH € MPOMPKHUM MPOAYKTOM BIOCMHTE3Y, KA Nepeaye XONeCTEPUHY Ha LLMSXY
noro cuHTtesy. [epeTBOpPeHHA CKBasieHy Ha JTaHOCTEPUWH | XONeCTepWH y carnbHiin 3anosi €
MiHiManbHUM. MexaHi3m, 3a 4ONOMOro SKOro CeGOLMTU HAKOMUYYIOTL CKBareH, noTpedye
[04aTKOBOro BUBYEHHS. ICHYE Kinbka NOTEHUINHUX MPUYUH BUCOKOT KOHLIEHTpaLlii CKBaneHy
B cebOymi. [lo-nepwe, cKBaneHCMHTa3a MOXe BUSIBMATM MNiOBULLEHY €EKCMpecilo Ta
aKTUBHICTb Y cebouuTax, ToAi Sk KaTanizaTopu, BignosigansHi 3a NepeTBOPEHHS CKBaNeHy
Ha XOnecTepuH — OKCWAOCKBaNeHUUKNasa Ta ckBarneH-2,3-enokcuaasa — MOXyTb ByTu
NpurHiveHi. 3Baxkatoum Ha Te, WO canbHa 3ano3a Mae YHikanbHe MiKpocepeaoBuLLE, siKe
BM3HAYaeTbCA aHaepobHMMM ymMOBaMK, a CKBareH-2,3-ernokcugasa notpedye KMCHIO ans
CBOEI aKTMBaLlii, IPaBOMIPHOIO € rinoTe3a, WO BiAknaaeHHs ckBaneHy B cebouutax 3ymoB-
neHe came cneumdikolo cepeaoBumLa canbHoi 3anosm [10]. 3a okucneHHs ninigie NOBEPXHi
LWKIpKU [OPOCnuX foAen YTBOPKETbCS MOHOTMOPONEPOKCUA CKBaneHy K nepBUHHUN
noGiYHMN NPOAYKT. Byno BUSIBNEHO YNCNEHHI i30hOpMU MOHOTAPONEPOKCHAY CKBarneHy, a
TaKOX [OBEAEHO MOXIUBICTb MOro NOAAanbLIOro NePekncHOro okncHeHHs. Lii cnonyku y
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KepaTuHOLMTax MPOSIBASTA LIUTOTOKCUYHICTb, MOMN BUKMMKATKU FiCTONOrYHI aHomanii ta
iMyHocynpecito [1]. 3MiHM B CTpyKTypi cebymy, BUKIUKaHi ninonepokcuaauieto, Ta
aHoMasibHU PO3MOAIN XUPHMX KUCMOT BAMBAOTh Ha PICT | PO3BUTOK KepaTUHOLMTIB.
MpoayKTn NEepeKUCHOro OKUCHEHHS MinifiB TakoX MOXYTb iHAYKYBaTW reHepaLliio nposa-
nanbHMX LUTOKIHIB Ta CTUMYMIOBaATN peLenTopu, akTMBOBaHi nponidepaTopoM nepoKcu-
com (PPAR). PPAR € sigepHMn chbakTopamuy TpaHCKpUNLi, 3any4eHuMn sik 4o perynsuii
MeTaboniamy ninigis, Tak i 4o 3ananbHWX npoueciB. MpurHiveHHa aktuBadii NF-kB Ta
CTUMYnsUis  kataboniamy nposananbHuUX enkosaHoidiB 6epyTb ydacTb Yy perynsuii
cvrHanbHux wnsxie. Cepep 6aratbox isodoopm PPAR-y Ta PPAR-a BigirpatoTe HanBaxnu-
BilLY pornb Yy cisionorii cebouuntiB. PPAR-a, 04eBMAHO, MOB'A3aHWI i3 [-OKUCHEHHSIM
HaCU4eHNX XMpiB | kKaTaboniaMoM ninigie, Toai sik aktmeauis PPAR-y acouitoeTbca 3 aguno-
reHe3om Ta akymynsuieto ninigis. Kpim Toro, nenkotpieH B4 ta 15-rigpokcuenkosarteTpae-
HOBa KMCroTa € MeTaboriTamMmy efKo3aHOIgIB, LLO YTBOPIOKTLCS B pe3ynbTaTi MeTaboniamy
apaxigoHoBoi k1ucnoTw, i 6ynu ineHTudikosati sk niraHan PPAR-y Ta PPAR-a [11].

5-ninokcureHasa (5-LOX) Ta iHwWi 6inku, WO cnpusaoTb X reHepauii, eKcnpecytoTbes
y GinbLUi KINBbKOCTI B YpaXKeHi akHe LLKipi MOPIBHAHO 3i 310pOoBOt0. KpiM TOro, B ypakeHin
akHe Lwkipi 6yno BusisneHo HagMmipHy ekcnpecito IL-8 Ta IL-6. Monekynu LOX 3anyueHi oo
XPOHIYHUX 3anarnbHKX 3axXBOPHOBaHb LLKIpY, LLIO XapakTepusyloTbes rinepnponidgepadieto
KkepaTuHoumTiB [12]. Byrno nNpogemMoHCTpOBaHO, L0 CYOKNiHIYHI 3ananbHi npouecy nepe-
OytoTb rinepnpornidepadii Ta abepaTHOMY ONMEPEHLIFOBAHHIO Y CXWUIBHIA 0O akHe LUKIp.
MexaHi3m niaBuLLEHHSA PIBHIB Npo3ananbHUX LIMTOKIHIB, Takux fKk IL-1, y KniHiYHO HOp-
MarnbHKX CanbHO-BOSIOCAHMX (porikynax nauieHTiB 3 akHe 3anuwaeTbCs He OO0 KiHus
3'acoBaHunmM. Kpim Uiel dhasm NnpoaykLuis 3anansHUX Crosiyk € O4HMM i3 NoYaTKOBUX eTaniB y
npoueci po3BUTKY akHe. binblue Toro, OKCUAATUBHUIN CTPEC Y MeXax carbHO-BONOCSHOIO
anapaTty 3MiHI0E MikpocepeaoBuLLe 3 HECMNPUSATNMBOrO Ang aHaepobHux GakTepin Ha
ideanbHe 4N KOMOoHi3auii Takmx mMikpoopraHiamis [13].

Cutibacterium acnes, siki paHille BBaXXanucsa NepLUONPUYMHOI0 3anasnibHOro akHe,
MOXIMBO, He obpanu 6 canbHo-BoNocsHUI onikyn CBOIM cepeoBULLEM ICHYBaHHS, SKOU
He rocTpe 3anarnbHe MOLLIKOAKEHHsT cebymy. [10 TOro X, OKUCHEHHS LLKIPHOrO carna 3MiHKe
napujianbHUA TUCK KMCHIO Y ¢poriKyni, CTBOPHOKOYM MiKpoaepodinbHi ymoBU, HEOOXIaHI ans
niaTpumaHHs xuttegianbHocTi Cutibacterium acnes. BignoBigHO, oKCMOATUBHUIA CTPEC i
3ananeHHs MOXyTb BUCTyMaTu MonepegHvkamu Ans BCiX HAaCTYMHWUX NaTOreHeTUYHMX
YMHHWKIB akHe [14].

Y nemnkouutax NauieHTIB 3 akHe CroCTePIraeTbCs 3HKEHHS aKTUBHOCTI Cynepokcua-
amcmyTasn Ta rmyTaTioHnepokcuaasu, xoda piBHi pe4oBUH, L0 pearytoTb i3 TiobapbiTypo-
BOIO kucroToro, Ta MIOA B cupoBaTui KpoBi NiABULLEHI. Y TKAHMHHUX 3pa3kax BOTHULL, akHe
aKTUBHICTb kaTanasw, cynepokcuaamcmytasn, pisHi MOA Ta BigHOBNEHOro rryraTioHy €
niasuweHummn [15]. BmicT BiTamiHiB A Ta E y nna3mi KpoBi naLieHTIB 3 akHe 3HkeHi. Cebym
npyv akHe MICTUTb MNiOBULLIEHY KiNbKICTb MEpPOKCUAIB CKBaneHy, siki BUCHaXYOTb 3anacu
BiQHOBIEHOrO rMyTaTiOHY Ta 3HWXKYKOTb piBeHb BiTamiHy D. Kpim TOro, y nnasmi Kposi
naujieHTiB 3 akHe Byno CyTTEBO 3HWXEHO BMICT BiTamiHy A, LUWHKY Ta BiTamiHy E, npuyomy
MiK PIBHAMUW LMHKY 1 BiTaMiHy E Ta TspkkicTio nepebiry akHe icCHyBaB 3BOPOTHUI 3HAYYLLMIA
KopensiLinHmi 3B's30k [16]. MNMokasaHo wo nonepeaHuk BiTamiHy C (HaTpito ackopbindoc-
dar), HIKoTMHaMIA | UMHK € eheKTUBHUMM NpU NikyBaHHI akHe. Takox nepesarv B Tepanil
akHe npoAeMOHCTpyBana MyNbTUHYTPIEHTHA aHTMOKCMOAHTHA cucTtema (WO MICTUTb
KapoTMHOIaW, UMHK, BiTamiH C, D-anbda-Tokodpepony auetar, Xxpom, BiTamiH E, ceneH i
naktocdepuH) [17]. MNepopanbHU NPUAOM i30TPETUHOTHY AN NiKyBaHHA TSHKKUX hOpM
aKHe LUNSXOM MOCUIEHHA OKCMOATMBHOIO CTpecy niaBuLLYye piBeHb BiOHOBIEHOMO
rAyTaTioHy i aKTUBHICTb NyTaTIOHNEePOKCMAa3Nn, BOOHOYAC 3HKYIOUMN aKTUBHICTb B CUMPO-
BaTLi KpOBi MapaokcoHasu-1. MNMpunyckaroTb, WO caMe LS aKTUBHICTb € NaToqidionoriyHum
MeXaHi3MOM, SIKUI NEXUTb B OCHOBI NOBIYHNX edheKTiB i30TpeTUHOIHY [18].

B pocnimkenHi [19] 6yno npoaeMOHCTPOBaHo, WO nicnda 3 micsauiB Tepanii isoTpe-
TMHOIHOM crocTepiranaca CTaTUCTMYHO 3Hadylla 3MiHa cuposaTkoBoro pisHs MIOA.
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3okpema, Oyno 3adhikcoBaHO CyTTEBE 3pOCTaHHs piBHiIB MIOA B cmpoBaTui KpoBi npwm
NMOMIpHOMY CTyMeHi Ta Ayxe BupaxeHe 36inbweHHa MOA npu Tskkomy nepebiry. Y
KOXXHOMY BWMNaAKy aKTMBHICTb arnaHiHamiHOTpaHcdepasun, nyxHol docdatasun, piBHi
CUPOBATKOBOMO XOSIeCTEPUHY Ta TpUrMiLepuaiB LWBMAKO Ta CYTTEBO 3pocTanu. YcepeamHi
BOTHWLL, ypaXKeHHsA npu 3ananbHii popmi akHe Byrno BUSBMNEHO, WO HEWTpodinu, ki
IHPINETPYIOTE BONOCSHI (hONiKynu, NPOAYKYHOTh 3HAYHY KiNbKICTb NEPEKMCY BOAHIO, OKCMAY
asoty (ll) Ta cynepokcmaHOro aHioH-paavkany, ToAi ik aKTUBHICTb CynepokeuaancmyTasm
Oyna 3HmxeHoto. Kpim Toro, cniBeigHOLLEHHS NIHOMNEBOI KUCNOTK A0 NanbMITUHOBOI 6yno
HU3bkMM. JliHoneBa kncnoTa 3HuxkyBsarna pieHi APK, Toai Sk nanbmiTMHOBa KMCNOTa Takoro
edpekTy He BusABNsna. TakMMm YMHOM, Y BOTHMLLAX YPaXKEHHS LUKIPW NP akHe MOCWIoBa-
nocs 4ECTPYKTUBHE YLUKOMKEHHS TKaHUH.

Cutibacterium acnes reHepytoTb NOpPMIPMHN B CanbHUX 3aro3ax, WO CBiaunTb Npo
34aTHICTb BMOMMOrO CBIiTNa iHOYKYBaTK YTBOPEHHS TOPOKCUIBHOrO paguvkany Ta cynep-
OKCMAHOro aHioH-pagvkany. CkeaneH — ninig, CKOHLUEHTPOBAHUM Yy carbHMX 3arosax, —
NPUrHIYYE NEpPEeKUCHE OKUCHEHHS iHLWIMX MinigHUX i GINKOBUX CTPYKTYP LUKIpW; BiATaK,
OKMCHEHHSI CaMOro CKBareHy 3arocTproe naTtonorivHi npouecu npu akHe [20]. KinbkicTb
BiTamiHy E Ta ckBaneHy B canbHUX 3aros3ax € 4OCTaTHbO Af1s 3aXMCTY XUTTEBO BXKITUBUX
ninigis, AHK i 6inkiB Big, 4eCTPYKTUBHUX HacniaKiB BNNuBY caitna [21].

MaTodisionoris akHe € cknagHMM NPoLEeCcoM, L0 AETEPMIHYETLCA PISHUMU YNHHU-
KaMM, LLIO MOB’si3aHi i3 3ananbHMMM Ta FOPMOHAIbHUMM MexaHi3Mamn. [OpMOHW, LLIO cekpe-
TYHOTbCS HaZHUPKOBMMW 3ano3amu, MigLWyHKOBOK 3aro300 Ta S€YHVMKamu, pa3oMm i3
3ananbHUMK NpoLecamMm pisHOI eTioNorii Ta CTPECOM, MOXYTb NPU3BOAUTU 0 OKUCHEHHS
cebymMy, 3yMOBIIOUM NMOTEHLIHUIA BMNITMB HA PO3BUTOK akHe [22-26].

BaranbHuii aHTnokeuaaHTHUI ctatyc (TAS), 3aranbHuin okengaHTHuI ctatyc (TOS)
Ta iHgekc okcnagaTtmneHoro crpecy (OSI) € oCHOBHMMUM Mapkepamu, L0 BUKOPUCTOBYHOTHCS
0N KOMMMEKCHOT OLHKM OKCUOATMBHOMO CTpecy. 3a pesynbTataMu pisHMX AOCHiIKeHb,
BenmumMHa nokasHukie TOS Ta TAS y nauieHTiB 3 akHe € BULLMMU, HWKYMMK abo 6e3
CYTTEBMX BiAMIHHOCTEN MOPIBHSHO 3 KOHTPOSLHOK rpynoto. Jliile B 0gHOMY AOCHIMKEHHI
OLiHIOBanu 3B's130K MiXk BenuumMHamm nokasHukisa TAS, TOS ta OSI i TspkkicTio Ta TpuBa-
NiCTIO 3aXBOPIOBaHHS. B gocnimkeHHi [27] BUSIBUNM CTaTUCTUYHO 3HaYyLLe BuLLi piBHI TAS,
TOS T1a OSI| y nauieHTiB 3 akHe MOPIBHAHO 3i 300POBMMM Ocobamu, NpoTe He Oyno
BMYBIIEHO >XOOHMX 3HAYYLLIMX KOpEernsLi Mk CUpOBaTKOBMMM PIBHAMMW LIMX NapaMeTpiB Ta
TPUBANICTIO 3aXBOPIOBaHHsSI ab0 TSHKKICTIO eNleMeHTIB akHe. BapTo 3a3HaunTy, Lo y ue
[OCHigKeHHs1 Oynun BKITFOYEHi NaLieHTV 3 NErkMM Ta MOMIpHUM CTyneHeM akHe. [MiaBnweHnn
piseHb TAS MOXHa BBaXkaTW KOMMEHCATOPHOK BIiAMOBIAAK Ha OKCWAATUBHUIA CTpec.
PiseHb TOS 6yB 3HauyLle BULIMM 3a piBeHb TAS, Tomy iHaekc OSI Takox 6yB BULLMM Y
nauieHTiB 3 akHe MOPIBHSHO 3 rPYMO0 KOHTPOSHO.

[MepekncHe OKUCHEHHs MNinigiB OUiHIOBanM LWASXOM BUMIPIOBaHHA CUMPOBAaTKOBUX
pieHiB MA, 3a BAHATKOM OAHOIO AOCHiMKEHHS, A& BU3HaYarnm piBeHb NinigHNX nepokcmais
y cebymi. B ycix npoaHanizoBaHux poboTax cupoBaTkoBui piBeHs MA 6yB CTaTUCTUYHO
3HauyLLE BULLMM Y NALEHTIB 3 akKHE NMOPIBHSIHO 3 KOHTPOSBLHOL rpynoto. Kpim Toro, y cebymi
Oyno ineHT1dikoBaHO BULL piBHI NiNiAHMX NepokcuaiB Ta OKUCHEHOro ckeaneHy. Bigowmo,
LLIO aKHe acoLitoETbCA 3 NOCUMNEHOID CEKPEeLliErD LIKIPHOro cana Ta 36inbLUeHHSIM KifbKOCTi
cKBareHy. Y pasi gediuuty aHTMOKCUAAHTHOI cucTemMm BigbyBaeTbCA NepoKcHaaLlisa Xup-
HMX KUCIOT y ceBymi, LLIO NpM3BOAUTbL OO aKTMBALLil 3anansHoro npouecy [28]. docnigpkeHHs
BKa3yloTb Ha Te, WO MinigM 3anydyeHi OO0 3anycKy 3ananbHOro npouecy fpu KinbkKox
[epmMaTorioriyHMX 3axBOPKOBAHHAX, TakUX $SK 3BMYaMHMIW MCopia3, YepBOHWI MNnackuin
nuwan Towo [29]. HanexHwuin 6anaHc Mixk NpogyKTamu NepekUcHOro OKUCHEHHS Ninigie i3
nposananeH1MY ecbekTamm Ta cronykamm 3 aHTu3ananbHUMKU BNaCTUBOCTSMU € KPUTUYHO
BaXXNMBUM ANg perynauii 3anansHoro npouecy [30]. Bigomo, wo MOA iHOyKye BUBISIbHEHHS
npo3sananbHUX LUUTOKIHIB. MpoTe He Byno BMSBMEHO MOMITHOI Kopensuil Mk iHaekcamu
NMepeKNCHOro OKUCHEHHA ninigiB y cebymi Ta koHueHTpauieto IL-1a y poroBomy Liapi
(stratum corneum), OTPUMaHOMY $IK 3 YPaXXEHOI, TaK i 3 HeypaxeHoT Lwkipu [31].
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OxucHeHHa JHK ouiHtoBanu 3a piBHsMu 8-OHAG (8-rigpokcun-2'-0e30KkenryaHosuHy)
B CMPOBATLi KPOBI, SiKi 6ynu BULLMMM y NALIEHTIB 3 aKHE NMOPIBHSIHO 3 KOHTPOJTbHOO MPYMOLO.
Bucoki koHueHTpauii 8-OHdG yacTo acouiioBaHi 3 XpOHiYHMM 3ananbHUM npouecom. B
poboTi [32] BusaBMNK BIiACYTHICTE kopensuil Mk Bmictom 8-OHAG B cupoBaTLi Kposi Ta
BenuyunHamun nokasHukiB TAS | TOS. BogHo4ac crnocTepiranacbk HasiBHICTb MNO3UTMBHOIO
KopensiLinHoro 3B'a3ky Mk piBHem 8-OHAG Ta TspkkicTio nepebiry akHe. NpoTe B poboTi
[33] He npogemoHcTpoBaHO 3B'A3Kky MK yiukomkeHHAM [OHK Ta TsxkkicTio akHe. BapTto
3a3HaunTK, LLO B LIbOMY AOCTIPKEHHI NOPIBHIOBANM NALEHTIB i3 BITUNIrO Ta akHe B KOHTEKCTI
HasIBHOCTi OKCMAATMBHOIO CTPECY, OCKINbK/ AucbanaHc Mk OKCuaaHTamy Ta aHTUOKCUAaH-
TaMu nNpu BITUANIro € 3aranbHOBIOMUM. BOHM nomiTunun, WO piBeHb OKCUAATMBHOIO CTpecy
ByB NoAibHNM y MaUiEHTIB i3 TSHXKKMM CTyNEeHeM akHe Ta BiTUNIro, LLO CBiAYUTb NPO NOTEH-
LiMHY OOUiNbHICTb 3aCTOCYBaHHA aHTUOKCUMOAHTHOI Tepanil.

Ina ouiHkn moamdikauii GinkoBMX MOMNEKyN y NauieHTiB 3 akHe Hanbinbluy yBary
npuainaioTs MogudikosaHomy iemieto ansbymiHy (IMA). KpiM Toro, 3 Lieto METOI0 Takox
BMMIPIOIOTb MOKa3HUKW TiON-AMcynbgigHOro romeoctady Ta BMICT B CMPOBAaTLi KpOBI
cumeTpuyHoro gumeTtunapriHiHy (SDMA) i acumeTpuyHoro aumetunapridivy (ADMA). IMA
BMKOPUCTOBYETBCSA SIK MapKep illemii npu cepueBO-CYAMHHUX 3axBoptoBaHHSX. [lpoTe
NiABULLEHI PiBHI BENWYMHU LBOrO MoKasHuMKa Oynu NpOAEeMOHCTPOBaHi 3@ YMUCMEHHUX
NaTonoriin, BKOYaK4YM Taki AepMaTosu, SK aToniYHUIA gepmaTuT, ncopias, BiTUMIro Towo
[34]. B ycix gocnimKkeHHsX BMICT B crpoBaTLi kposi IMA OyB CTaTUCTMYHO 3HAYYLLE BULLIMM
Y NaLi€HTIB 3 akHe NOPIBHAHO 3 KOHTPOMBLHO rPYMoH.

MMepeTBOpEHHS TioniB Ha AUCYNbAION € MApPKEPOM OKUCHEHHS! BinkiB. OCTaHHIM
Yacom Tion-gucynbMigHNA roMeocTas akTUBHO BMBYAETLCS MPU KiNbKOX 3ananbHUX 3axBo-
ptoBaHHAX LWKipn. BanaHc Mix Tionamu Ta gucynbdigamu Bigobpaxae piBHOBary Mix
OoKCYAaHTaMu Ta aHTMOKcuMaaHTamu. [ocTTpaHcnsuinHi moaudikadii Binkie € Lwe ofHieto
Ba>XKITMBOIO Nogieto, ska BiabyBaeTbCs B yMoBax okcuaaTmeHoro crpecy. SDMA ta ADMA e
MOIeKyrnamu, Lo YTBOPKOKTLCA B pe3ynbTaTti NOCTTPaHCHAUIMHUX MOoAMMIKaLin apriHiHy.
ADMA BucTynae ocHoBHUM iHribitopom NO-cuHTasu, Toai sk SDMA onocepeakoBaHo
npurHivye cuHte3 NO, Buknukaroum aediumt apriHivy. SDMA 1a ADMA BigirpatoTb BaXMBy
pornb y 6arateox 6ionoriyHMX NpoLiecax, 30KkpemMa B pO3BUTKY OKCUITAaTUBHOIO CTPecy, 3ana-
NeHHs1 Ta eHpgoTenianbHOI AucdyHKuUil [35]. B ymoBax okcvagaTMBHOrO CTpecy crocte-
piraeTbCs MigBULEHHS aKTUBHOCTI 0epMeHTIB, BignoBiganbHMX 3a reHepadito SDMA Ta
ADMA, a TakoX 3HWKEHHS aKTUBHOCTI (PepMEHTIB, 3ary4eHnx o ix metabonismy [36].
€avHe pocnigpkeHHs, y sikomy ouiHioBanu pisHi SDMA ta ADMA vy nauieHTiB 3 akHe,
NPOAEMOHCTPYBANO 3pOCTaHHSA BMICTY LIMX CMOMyK B cupoBaTLi KpoBi [37]. AHTUOKCUAAHTH
MOXYTb MiABULLYBaTN EKCMPECIt0 peaoKC-3anexxHNX akTopiB TpaHCKpUNL;i, Takux sik Nrf2,
NF-kB, AP-1, Ta miToreH-akTnBoBaHux npoteiHkiHa3 (MAPK) [38]. Y nauieHTiB 3 akHe Byno
NPOTECTOBAHO LUMPOKUIA CMEKTP MOMEeKyn 3 aHTUOKCWAAHTHOK aKTUBHICTIO, 30Kpema
EepPMEHTH, BITaMiHW, MIKPOENeMEHTU Ta rNyTaTioH. B GinbLIOCTi AocnimKkeHb BUSBUNN
HW3bKi PIBHI aHTMOKCMAOAHTIB B cMpoBaTui Kposi. B gocnigxerHi [39] npogemMoHCTpoBaHo,
LLI0 aKTUBHICTb cynepokcuaamcMyTasy byna CTaTUCTUYHO HWKYa Y NALUEHTIB i3 TSXKKMM
CTYNeHeM akHe MOpIBHSAHO 3 ocobamu 3 MOMIpHUM abo Nerknm CTyrneHeM, Lo CBiauYnTb O
nepeBULLIEHHI NOTY)KHOCTI CUCTEM aHTMOKCUOAHTHOrO 3aXMCTY Ha Mi3HIX CTadisx 3axBopro-
BaHHs. B gocnimpkeHHi [40] npoaeMOHCTPOBaHO CYTTEBO HWXKYi PiBHI aKTUBHOCTiI @HTUOKCU-
[OaHTHYX (bepMEHTIB CynepokcMaancMyTasn Ta katanasuy y naLieHTIB i3 TSKKMMM dhopMamu
aKHe MopiBHAHO 3 MOMipHMMK chbopmamu. Kpim Toro, B AocrimkeHHi [41] npogemMoHTCcpoBaHa
HasIBHICTb 3BOPOTHOIO KOPENALINHOro 3B'A3Ky MK PiBHAMM BiTamiHy A i LIMHKY B cypoBaTL
KpOBI Ta TsDKKICTIO nepebiry akHe. B gocnigpkeHHi [28] 6yno 3pobneHe npunyLleHHs, Lo
3HWKEHHS aKTUBHOCTI MMOKO30-6-chocdhaT-aerigporeHasun y nauieHTiB 3 akHe MoXe Bnun-
BaTW Ha PiBHI aHTMOKCMAAHTIB B enigepmMici. PepMeHT rntoko30-6-ocdar-aerigporeHasa €
nimiTytounm pepMeHToOM NeHTo30docaTHOro WNAXy, SKMM BignoBigae 3a npoayKuito
NADPH. Binbwe Ttoro, NADPH € KpUTUYHO BaXKMBUM LF1S1 CUHTE3Y BigHOBMEHMX (OOPM
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rnyTaTioHy Ta TiopeOokcuHy. Lli BigHOBMNEHI hopMM aHTUOKCUOAHTIB BigirpatoTb KUTTEBO
BaXXINUBY POfb y pereHepadii Ta NiaTpruMaHHi OoNnTMManbsHOro aHTUOKCUAAHTHOrO CTaTycy.
BucHoBKM Ta nepcnekTMBM noganbLlumx AochnimxkeHb. IHTeHcudikalis okcuaa-
TMBHOrO CTPECyY Ta XPOHiYHe 3ananeHHs BifirpatoTb BaXKMBY porib B natoreHesi akHe. Kpim
TOro, Aisl Pi3HWX FOPMOHIB BMMMBAE Ha BUHWKHEHHS Ta NPOrpecyBaHHA L€l naTonorii.
[onomikHa Tepanisi, 30Kpema 3aCTOCYBaHHS CroMyK POCIMHHOMO MOXOMKEHHS (cbiTonpe-
napariB), AEMOHCTPYE NO3UTUBHI pe3ynbTaTn. Pitocrnonykn B OiNbLUIOCTI BUNAAKIB MakTb
BMpPaXKeHy aHTMOKCMAAHTHY Ta aHTuM3anarnbHy akTUBHICTb, 3HVDKYIOYM PIiBHI OKUCMOBarb-
HOro cTpecy i 3ananeHHs. [NepcnekTMBHUM HanPAMKOM NoAanbLUnX AOCHIIKEHb € BUBYEH-
HS MOJIEKYISIPHUX MEeXaHi3miB naTodpisionoriyHMx npoueciB 3a akHe, po3pobka GinbLu
edeKTUBHMX TepaneBTUYHMX NiOXOAiB, 30KpemMa, BUKOPUCTaHHA ciTonpenaparis.
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MODERN CONCEPTS OF THE ROLE OF OXIDATIVE STRESS
IN THE PATHOGENESIS OF ACNE

Acne is one of the most common dermatological diseases in late childhood and adolescence.
Acne is a pathological condition with a complex pathophysiology driven by immunological
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and inflammatory processes, sebaceous gland hyperplasia, microbial hypercolonization,
and follicular hyperkeratosis. Cutibacterium acnes synthesizes lipases and proteolytic
enzymes, which may play a key role in the inflammatory phase. Additionally, acne is
characterized by the formation of comedones and inflammatory lesions, followed by the
development of dyspigmentation. To date, several hypotheses have been proposed, yet
none fully elucidates the pathophysiological mechanisms and the entire spectrum of
etiological factors. In acne, the composition of sebum secreted by pilosebaceous follicles
undergoes changes, and reactive oxygen species (ROS) can be released from the
destructively altered follicular walls. This process is considered a trigger for the
progression of the inflammatory response in the etiology of this disease. Oxidative stress,
often viewed exclusively as a destructive factor, may additionally perform potentially
beneficial functions in the body, particularly in the context of redox signaling, where ROS
function as signaling molecules in biological processes; this mechanism involves electron
transfer reactions requiring the participation of free radicals, redox-active metals, or
reducing equivalents. At physiological concentrations, ROS are capable of triggering
signaling cascades that modulate cellular functions. In particular, hydrogen peroxide and
the superoxide anion radical can influence the activity of transcription factors NF-«B and
AP-1, which control the expression of genes associated with cell growth, differentiation,
and inflammation. These redox-sensitive signaling systems are involved in tissue
regeneration, immune response, and stress adaptation. The aim of the study was a
comprehensive analysis of scientific data regarding the role of oxidative stress in the
pathogenesis of acne and approaches to assessing its clinical course. As a result of the
study, it was proven that the intensification of oxidative stress and chronic inflammation
play an important role in the pathogenesis of acne. Furthermore, the action of various
hormones influences the onset and progression of this pathology. Adjuvant therapy,
specifically the use of plant-derived compounds (phytopharmaceuticals), demonstrates
positive results. Phytocompounds in most cases exhibit pronounced antioxidant and anti-
inflammatory activity, reducing levels of oxidative stress and inflammation. A promising
direction for future research is the study of the molecular mechanisms of
pathophysiological processes in acne and the development of more effective therapeutic
approaches, particularly the use of phytopharmaceuticals.

Keywords: acne, oxidative stress, inflammation, oxidative stress markers.
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POJTb OKUCHUX MOOU®IKALIA B MATOIEHE3I
APTEPIANbHOI MNMNEPTEH3II

EHepeemuyHe 3abe3rieueHHs1 fi00CLKO20 Op2aHi3My MOSHICMI0 3anexums 6i0 KoMIl-
JIeKCHUX OKUCHO-8IOHOBHUX NepemeseopeHb, WO CMaHOo8sIsiMb OCHO8Y KIMUHHO20 Mema-
bornismy. Y yux 6GioxiMiYHUX Uuknax akmueHy ydyacmb 6epymb eifibHi padukanu —
8UCOKOpeaKUitHI MOMEKy/spHi CMpYKmMypu 3 HecriapeHuMu efleKmpoHamu. 3a ymos
HadMipHO20 HaKornu4eHHsT ma degbiyuumy eHOO02EHHUX CUCmeM 3axucmy 60HU MpPOeo-
KYromb pO38UMOK OKcudamugHo20 cmpecy, skuti decmabinisye KnimuHHUU 20Meocma3s
i 3aryckae HU3Ky namornoeidyHux cmaHie. Ha cb0200Hi OucbarnaHc pedoKc-rpouecie
8U3HaHO OOHUM i3 MPOSIOHUX MexaHi3mie ¢chopMyeaHHsI cepueso-CyOUHHUX rnamorioaid,
ceped sikux ocobriuge micye rnocidae apmepianbHa einepmen3sis. Lleti cuHOpom Habyes
Xapakmepy arnobasibHOI' HeiHgbeKUitiHOI maHOeMmil, sucmynaroyu 20[108HUM MmMpuU2epoMm
makux Hebe3srneyHuUx cyOUHHUX Kamacmpog, ik 2ocmpuli iHgbapkm miokapda, IHCYribm
ma XpoHidHa iwemis cepuys. Bacomum rposieoM OecmpyKmUEHOZ0 6rusy 8inbHUX
padukarie € okucHa moducpikauisi pomeitie. [NopyweHHs1 nepe8uHHOI ma rMpPocmopoeor
cmpykmypu 6inkosux mosnekyn rid dieto pedokc-azeHmig npu3godums Ao empamu iXHix
pyHKUioHanbHUX eracmusocmel, wo 6roKye HopmarnbHul nepebie 8HympilHb0-
KMimuHHO20 0bMIiHy ma cymmeego 3HUXYE xumme3damHicmb mKaHUH. [uboke po3y-
MiHHST MOMEKYSIPHUX 3aKOHOMIpHOCmel okcudamueHo20 cmpecy ma lio2o namozeHe-
muyHoi poni 8 decmpyKuii kapodiosackyrnsipHoi cucmemu € 6a3or Orisi CMBOPEHHS
iHHOBaUilHUX 1liKy8abHO-POgINaKmu4yHUX fnpozpam. BudHadyeHHs Mapkepig okcuda-
mueHo20 cmpecy 0o03gorisie ideHMuiKysamu namorsoaiyHi 3MiHU Ha OOKITiHIHHOMY
emarti, Wo € KpUMUYHO 8axusum 01151 po3pobKu eghbekmusHUX cmpameaili npoginak-
muku. [demanizauis yux 6ioximidHUX mpueepie 0038071UMb 8rpoesadumu 8 KIliHidHy
rpakmuKy Hoei meparesmuydHi MileHi ma cmpameeii cripsiMogaHo20 PedOKC-KOHM-
porio, Wo Aornomoxxe MiHiMizysamu CyOUHHI YCKaOHeHHs U noKpawumu rnpoeHo3 orsi
nauieHmig i3 kapdiogacKynsspHUM rpogpinem.

Kriro4oei crioga: okucHi Moducbikauii, okcudamueHuUL cmpec, MPodyKMuU OKUCIEHHS Hiridie,
rpodykmu oKucrieHHs1 birkie, apmepiaribHa ainepmeH3isi, cepueso-CyOUHHI 3aX80PHBaHHS.
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MocTaHoBKa Npo6nemMu. XXutregisnbHIiCTb NOACHKOrO OpraHiamMy I'pyHTYeTbCS Ha
CKITagHMX OKMCHO-BIOHOBHMX MpoLiecax, siki mocTa4vatoTb eHeprito KritnHam. Lli meTaboniyHi
peakuii CynpoOBOMKYIOTbCA YTBOPEHHAM BIiflbHUX paguvkaniB — arpecuBHUX MOMeKysn 3
HecrnapeHUM enekTpoHOM, SIKi NparHyTb «BigibpaTu» enNeKTpoH Y CYCiaHIX CTPYKTypaXx, Lo
Befie A0 hOpMyBaHHSI MEPEKUCHMX CMOMYK. Y HOpMarnbHUX YMOBaX OpraHiam perymnioe i
npoLecy 3aBAsKN CUCTEMi aHTUOKCMOAHTHOrO 3axmucTy. [poTe, konn 6anaHc Mk okcugamm
Ta aHTMOKCMAAHTaMM NOPYLLYETLCH, Lie NPU3BOAUTL 40 OKCUAATUBHOIO CTPECY, KU MOXe
MaTWn CEepMO3Hi Hacniaku.

CyuvacHi JocrnimkeHHs MigTBEPoKYOTb, WO OKCUAATMBHUIM CTPEC MaE BUpiLLanbHe
3HAYEHHSs Y PO3BUTKY KapLioBaCKynsipHUX 3aXBOPIOBaHb, 30KpeMa apTepianbHOI rinepTeH-
3ii. Lle 3axBoptoBaHHsA cTano rnobanbHo enigemieto, sike Bpaxkae noHag 40% HaceneHHs
YKpaiHu, i € KIo4YoBMM (DaKTOPOM PU3NKY A1 OaraTbOX TSHKKUX KapAioBacCKySPHUX
ycknagHeHb. OKCMaAaTUBHUIN CTPEC BUCTYNAE OCHOBHUM MYCKOBUM MEXaHI3MOM Y PO3BUTKY
aTepocKeposy, LU0, CBOEID Yeproto, NoripLuye poboTy cepLeBO-CyAMHHOI cuctemu. Baxnu-
BO TaKOX 3a3Ha4yMTU pPOSb OKUCHOI Mopaudikauii OGinkiB, sika € He nuwe Hacnigkom
MeTaboniyHuX po3nagis, a 1 NePBUMHHMM MATOFEHETUYHUM MEXaHi3MOM, L0 MOXe Mpus-
BECTU 10 CEPNO3HUX (DYHKLLIOHAMNbHMX NOpYLUEHb Y KniTnHax. Omke, OChiMKEeHHSA okevaa-
TMBHOTO CTPECY Ta NOro BMfuBY Ha CepLeBO-CYANHHY CUCTEMY € HaA3BUYaHO BaXKITUBMMU
0N po3pobkn HOBKX CTpaTerin NPodinakTykK Ta NiKyBaHHSA apTepianbHoi rinepTeHsii Ta
CYMYTHIX 3aXBOPOBaHb.

Meta pocnimkeHb — npoaHanisyBaTW CydacHi YSBMEHHA MNP0 POSfib OKUCHMX
MoauMdikauin B naToreHesi apTepianbHOI finepTeHsil.

Buknag ocHoBHOro martepiany pocnimkeHHs. CydyacHi HaykoBi OOCHiMKEHHS
NiATBEPDKYIOTh, LLIO OKCMOATMBHUIA CTpecC Bidirpae dyHAaMeHTansHy porb Yy naToreHesi
KapZioBacKynspHUX nopyLueHs. Moro posrnsaaTs He MPocTo Sk CynyTHIN cakTop, a aK
KIMOYOBY MEPBUHHY JTaHKY, LLIO 3anycKkae XBopoby, abo BTOPUHHUI MEXaHi3M, KW 3Ha4YHO
06TspRye nepebir ke HasBHUX natonorin. Ocobnmee Micue okcuaaTUBHUIA CTPeC nocipae
y PO3BUTKY apTepianbHoi rinepTeHsii [1].

Ha cborogHi aptepianbHa rineptensis (AlN) Habyna maclitabis rnobanbHoi enigemi,
Oyayun ogHMM i3 HaMMOLUMPEHILLIMX 3aXBOPHOBaHb Y CBITi. B YkpaiHi us npobnema cToiTb
0coBMBO rocTpo, agyke Ha BUCOKUI apTepianbHMM TUCK cTpaxaae noHag 40 % HaceneHHs.
Hebesneka Al mondrae He nuwie y caMOMY MiABULLEHHI TUCKY, @ 1 y TOMYy, LLO BOHA €
dyHOameHTanbHM akTopoM PU3MKY ANs PO3BUTKY TSHKKMX KapLioBacKynsipHUX KaTacT-
podb. 3okpema, rinepTeHsia cTae niarpyHTsAM Ans BUHUKHEHHS iLLeMiYHOT XBOpobu cepus,
iH(papkTy Miokapaa, rocTporo MO3KOBOrO iHCYNbTy Ta MOXe MpU3BeCcTM [0 panToBOi
3ynuHKKM cepud [2, 3].

BaxxnvMBOO NaHKO Yy BUHWKHEHHI apTepianbHOI rinepTeHsii € po3BUTOK CyaAUHHOIrO
aTepockneposy, Ae OKCUMOATMBHUA CTPeC BUCTYNAe OCHOBHMM MYCKOBMM MeEXaHi3MOM.
MopyLuytoTbes BCi BUAM OOMIHHMX NPOLIECIB, 30KpeMa KNiTMHHE (TKaHUHHE) OMXaHHS, Lo
no3baernsie opraHn HeobXiaHOI eHeprii.

Y TKaHuHax CTPIMKO 3pOCTa€ KOHLIeHTpauis arpecuBHWX MPOAYKTIB po3nagy —
nepekuciB NinigiB Ta oKMCHO MoandikoBaHUX Ginkie. Lli TokcuyHi cnonyku 6e3nocepeaHbo
MOLUKOKYIOTb CTiIHKM CyAWH, CMPUSIOMM YTBOPEHHIO aTepOCKIIEPOTUYHMX OnswwoK Ta
noAarnbLIOMY 3aKpinmeHHIo CTINKOI rinepTeH3il.

Mpu iHTeHcKikauii BinbHOpaauKanbHUX NPOLECIB, KONMU LUBUAKICTb reHepyBaHHS
paavikaniB nepeBULLYE MOTYXXHICTb AETOKCUMKALINHMX CUCTEM, BUHMKAE rmnboka aectabini-
3auig mMetaboniamy, BKMHOYaKUYU MPUrHIYEHHS TKAHWMHHOTO AuxaHHA. Hacnigkom ubsoro
ancbanaHcy € MacuMBHE HAKOMWYEHHS1 NMPOAYKTIB NinonepokcuaaLlii Ta OKUCHIOBanbHOI
OECTPYKLUIi BirkiB, LLIO CMPUYNHSIE TOKCUYHE YPaXKeHHsT KIiTUH [4].

CyuvacHi GioximiuHi [OCTipKEHHS BKa3yloTb Ha Te, WO 3a YMOB iHTEeHcudikaui
BinNbHOpaauKanbHUX NPoLEeCiB NEPBUHHUMUN MiLLEHSIMW A8 arpeCUBHOI Aii akTUBHNX chopM
kncHio (ADK) cTatoTb BinkoBi KOMMOHEHTM Mla3MaTUYHNX MeEMOpaH. Xo4va TpuBanun yYac
yBara gocnigHuKiB Oyna 3ocepekeHa Ha NepokCcMaHOMY OkMcHeHHI ninigie (MOJ1), ocTaHHi
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OaHi NiaTBepoXytoTh, L0 OKMcHa Moaudikauis 6inkie (OMB) € He nuwe napanenbHUM, a
YacTo 1 BUNepesKanbHUM NPoLECOM, LLIO AeTEPMIHYE XUTTE3AATHICTb KNiTUHM [5).

Bucoka 4yTnuBicTb MeMOpaHHUX OinkiB OO OKMCHEHHSI 3yMOBIEeHa cneungikoro
IXHbOT CTPYKTYpM Ta Nnokanisauieto. AOK atakytoTb noninenTuaHMA NaHLoT, LLO NPU3BOOUTb
[0 HU3KN CTPYKTYPHUX TpaHcdopMmauin. OKMCHEHHS BiYHMX NaHLoriB aMiHOKMCHOT (Mpo-
niHy, apriHiHy, NisuHy, TPEOHIHY) CYNPOBOMKYETECA YTBOPEHHSAM KapOOHIMbHUX NOXIOHWX.
30inbLUEHHS KOHLEeHTpaLil KapbOoHINbHMX rpyn € BepMdiKOBaHNM MapKePOM iHTEHCUBHOCTI
OKCYOATUBHOIO MOLUKOKEHHS TKaHWH. PaavkanbHa aTtaka iHililoe gk doparmeHTaLiio
noninenTuaHMX 3B’A3KiB, TaK i YTBOPEHHSA MDKMOMEKYNSApHUX «3LUMBOK» (arperartis). Lle
NPU3BOAUTb A0 HAaKOMNYEHHS OYHKLIOHANBHO HEAKTUBHMX BINTKOBMX KOHITIOMEparTiB, pe3u-
CTEHTHUX OO0 NMPOTEONITUYHOro po3LuenneHHsi. OKUCHEHHS Tionoeux rpyn (-SH) uncteiny
KPUTUYHO 3MIHIOE KOH(OPMALLil0 aKTMBHMX LIEHTPIB (DepMeHTIB Ta IiOHHWX KaHanis,
HIBEMIOKYK TXHIO KaTaniTU4Hy Ta TPaHCNOPTHY aKTUBHICTL [6].

3 ornsify Ha cKnagHy iepapxiyHy apxiTekTypy Ta reTepOreHHICTb XiMiYHOro cknagy
NpoTeiHiB, NpoLec iXHbOI okucHoi moaunadikauii (OMB) xapakrepusyetscs 6aratodakrop-
HiCTIO Ta hopMyBaHHSAM LUMPOKOro CrekTpa AepusatiB. Ha BigMiHy Big nepokcuaHoro
OKMCHeHHS ninigis, OMB iHiLjtoe yTBOPEHHS BENMWKOI KiNTbKOCTi MPOAYKTIB SIK pafamnKarbHOI,
Tak i HepaavKanbHOI NPUPOAMK, LLO NPM3BOAUTL A0 CTPiIMKOI MOBinisauii Ta noganbLioro
BUCHaXXEHHS1 eHAOTE€HHNX aHTUOKCUAAHTHNX CUCTEM KNITUHM [7].

3aBOsikKM HAsABHOCTI PiBHOMAHITHUX (PyHKUIOHANbHUX rpyn y GiYHMX naHurorax
aMIHOKMCIIOT, aTtaka akTMBHUMM chOPMaMm KUCHIO NPU3BOAMTb 00 HE3BOPOTHMX KOHhopMa-
LiNHMX 3MiH. Lle cynpOBOMKYETLCA YTBOPEHHAM KapOOHINbHMX Cnonyk, GinkosiaueHTpo-
BaHMX pagukasniB Ta rigponepokcuais, O CTBOPHE YMOBW AfS HEKOHTPOSIbOBaHOro
NaHUIOroBOro MOLLKOMKEHHS BHYTPILUHBOKITITUHHUX CTPYKTYP. OKNCHEHHS BinkiB BUCTynae
He NPoCTO Hacnigkom metaboniyHoro 36010, a NePBUHHUM NATOrEHETUYHUM ELLIENOHOM.
Ockinbku GinNkn € OCHOBHUMUK KaTanisatopamu (pepMeHTamMmn) Ta CTPYKTYPHUMKU KOMMO-
HeHTaMyn MembpaH, iXHa Moaudpikalist «BUMUKAEY XXUTTEBO BaXKnMBi (OYHKLUIi KMITUHM e
[0 NosIBU BUAMMMX O3HaK AecTpykuii ninigHoro Giwapy. Y cydacHin 6ioximii OMB posrns-
[aeTbCa AK HaNBINbLL paHHIN Ta CEHCUTUBHWIA iIHOUKATOP PO3BUTKY OKCUAATUBHOIO CTPECY.
Lle 3ymoBneHo BMWCOKOW LUBMAKICTIO B3aemogii OinkiB 3 pagukanamum Ta BiZHOCHOH
CTabiNbHICTIO YTBOPEHMX KapOOHIMbHMX rPyn MOPIBHAHO 3 HECTIMKMMKW MpodyKTamu
ninonepokcuaaldil. Lie go3sonsie ineHTudikyBaT NaTonorivHi 3MiHW Ha JOKMiHIYHOMY eTani,
0CcobNMBO MpW CEPLEBO-CYAMHHMX Ta MeTaboriyHMX 3axBoproBaHHSAX. MacueBHa OMbB
np13BOaUTb OO Aerpajadii MpoTeocoM Ta MOPYLUEHHS EHEPreTMYHOro MeTaborniamy, Lo
pobuTb MPOLIEC BUCHAKEHHS aHTMOKCUMOAHTHWX PecypciB HE3BOPOTHWMM 3a BIACYTHOCTI
TepaneBTUYHOI KopekLUiT [8].

OkuncHa OecTpyKuisi NPOTEiHIB iHiLitoe kackag doyHKLOHANbHUX NOPYLLEHb, BKITHOYa-
UM iHaKTMBaALil0O )epMeHTIB, BTpaTy 3B'A3yBaribHOI 34aTHOCTI peLenTopiB, a TakoX
3pOCTaHHS CXMNbHOCTI BINkiB 4o arperadil, IPOTeonidy Ta 3MiHN IXHIX iIMyHOrEHHWX BnacTu-
Bocten [9].

BaxxnvBoto nepeBaroko OLiHKM OKMCHOI Moamdikalii Birkie sik biomapkepa € ii BUcoka
BepucpikauiiHa 3gaTHiCTb. Ha BigMiHy Big, NpoayKTiB NEPEKUCHOr0 OKUCHEHHS MinigiB, SKi
nigaaTbes WBMAKIN Aerpagadii nig BnivMBoM nepokcuaas Ta aHTUOKCUAAHTHOMO 3aXMUCTYy,
OKMCHEHI DinKkoBi OepvBaTU XapaKTepu3yoTbCs 3HaYHOW cTabinbHicTio. Lle pobutb ae-
CTPYKLUito BinkiB HagiMHILLUM Ta iIH(POPMATUBHILLMM NOKA3HUKOM NPU MOHITOPUHIY oKcuaa-
TMBHOIO MOLUKOMKEHHA TKAaHWH, HXX aHani3 ninigHmnx nepokcuais [10].

ATaka paguvkaniB Ha nNenTuaHW 3B'A30K MPM3BOAUTL A0 PO3PMBY NaHutora go
YTBOPEHHS KOBAIEHTHMX «3LLUMBOK» MiX Birikamu. Lle CTBOpOE HEPO3YMHHI KOHITIOMepaTH,
Ak 3abmBatoTb KNiTUHY. OKUCHEHI BinKky po3ni3HaTLCH IMYHHOIO CUCTEMOLO SIK «HY>KOPIAHI»
Lle 3anyckae aBTOIMyHHi BignoBi4i Ta XPOHIYHE 3ananeHHd, WO € KPUTUYHUM MNpu
aTepockneposi Ta rinepTeHsii. MNMpoayKTn NEepeKUCHOro OKUCHEHHS ninigiB (Hanpuknag,
ManoHoBun giansaeria — MOA) € Hag3BMYaNHO peakTUBHMMU Ta LUBUAKO METaboni3ytoTbCA
(3HMKkatoTb 3a xBunuHK) [11]. HaTtomicTe kapBoHinbHi rpynu GinkiB € ximiyHo cTabinbHUMK
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KiHLeBMMM npoaykTamn. BoHu MoxyTb 36epiratuca B KpOBi Ta TKaHWMHaX Bif, AEKiNbKOX
rOAVH A0 AeKinbkKox Aib. Binkv MIiCcTaTb aMiHOKMCIOTU (LMCTEIH, METIOHIH), SKi OiloThb K
«MacTkvy» Ans BiNMbHUX pagukanis, normuHaoum 4o 50-70 % ycix akTMBHMX POPM KUCHIO
(ADK), wo reHepyloTbca B KniTuHi. Lle pobuTe Binku «nepliot mniHielo obopoHu» i
HarpaHiWmnm nokasHnkom yaapy. OKMCHEHHS Liboro BGinka npu3BoanTb 0 TOro, Lo KMiTUHA
He MOXe BUka4vyBaTu HaTpin. Lle Buknnkae Habpsik KNiTMHKW, BTPATy €NEKTPUYHOIO NOTEH-
uiany Ta sarnbenb (Hekpos).Moaudikauia GinkiB-peLenTopiB Ha NOBEPXHi KNiITUH CyauH
pobuTb iX HEYYTNMBUMK A0 curHanis poscnabneHHsa (Hanpuknag, o okcuay asoty NO),
Lo 6e3nocepeaHLO Beae 40 3POCTaHHSA apTepianbHOro Tucky [12].

BucHoBkun. OK/CHO-BIAHOBHI npoLiecy, o 3abe3neyyloTb opraHiam eHeprieto, 3a
NEeBHMX YMOB CMPUYMHAIOTb HaZIMipHE YTBOPEHHS BiNbHUX pagukaniB i pO3BUTOK OKcuaa-
TMBHOro ctpecy. Llen ctaH € dyHOaMeHTanbHUM YMHHUKOM BUHWKHEHHSI KapgioBacKy-
NSAPHUX NaTorioriv, 3okpeMa apTepianbHOI rinepTeHsii, ska B YKpaiHi Habyna maclitabis
enigemil, Bpaxatoun noHag 40% HaceneHHs1. OkmcHa moandikaLis GinkiB y LibOMY KOHTEKC-
Ti BUCTYNae He nuwe Hacnigkom metaboniyHux 360iB, a 1N KMOYOBUM MeXaHi3MOM
NOLLKOPKEHHS CYAMNH | PO3BUTKY aTepOCKepo3y, Lo 3HA4YHO MiaBULLYE PU3KK iHGbapPKTIB Ta
iHCYNbTIB.

Mnboke BMBYEHHSA MOMEKYNSAPHUX MeEXaHi3MiB OKUCHOrO MOLLUKOMDKEHHS Oinkis
BigKpMBaEe HOBI MepCrneKkTuBM AN paHHbOI AiarHOCTUKM Ta MnepcoHarnisoBaHol Tepanil
CepLeBO-CyOMHHMX 3axBOploBaHb. Bu3HavyeHHs MapkepiB OKCMOATUBHOIO CTpecy
[o3Bonsie ineHTUdpikyBaT nNaTtonorivyHi 3MiHW Ha OOKMIHIYHOMY eTani, WO € KPUTUYHO
BaXKITUBMM L1151 pO3PO0KM eDEKTUBHMX CTpaTeEri NpodinakTuki. Po3yMiHHST Lmx npouecis
[jae MOXINMBICTb CTBOPIOBATM HOBITHI TepaneBTUYHI MiAX0AM, CNpsIMOBaHi Ha cTabinizauito
CTaHy NauieHTiB Ta NOKpaLLEHHS SKOCTi IXHbOIO XUTTS.
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THE ROLE OF OXIDATIVE MODIFICATIONS
IN THE PATHOGENESIS OF HYPERTENSION

The human body’s energy supply depends entirely on complex redox reactions, which
form the basis of cellular metabolism. Free radicals — highly reactive molecular structures
with unpaired electrons — play an active role in these biochemical cycles. Under conditions
of excessive accumulation and a deficiency of endogenous defense systems, they trigger
the development of oxidative stress, which destabilizes cellular homeostasis and initiates
a series of pathological conditions. Today, an imbalance in redox processes is recognized
as one of the leading mechanisms in the development of cardiovascular pathologies,
among which arterial hypertension holds a special place. This syndrome has taken on the
character of a global non-infectious pandemic, acting as the main trigger for such
dangerous vascular events as acute myocardial infarction, stroke, and chronic cardiac
ischemia. A significant manifestation of the destructive effect of free radicals is the
oxidative modification of proteins. Disruption of the primary and spatial structure of protein
molecules under the action of redox agents leads to the loss of their functional properties,
which blocks the normal course of intracellular metabolism and significantly reduces
tissue viability. A deep understanding of the molecular mechanisms of oxidative stress
and its pathogenic role in the destruction of the cardiovascular system forms the basis for
the development of innovative therapeutic and preventive programs. Determination of
oxidative stress markers allows for the identification of pathological changes at the
preclinical stage, which is critically important for developing effective prevention
strategies. A detailed understanding of these biochemical triggers will enable the
introduction of new therapedutic targets and strategies for targeted redox control into
clinical practice, which will help minimize vascular complications and improve the
prognosis for patients with cardiovascular conditions.

Keywords: oxidative modifications, oxidative stress, lipid peroxidation products, protein
oxidation products, hypertension, cardiovascular diseases.
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