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BIOJIOTTYHI OCOBJINBOCTI ®OPMYBAHHSI
TA ®YHKINIOHYBAHHSA METAIIOITYJIALIN GENTIANA
ACAULIS L. B YKPATHCBKHNX KAPITATAX

VY crarti BUCBITIEHO OioNOTiYHI OCOOMMBOCTI (opMyBaHHA Ta (DYHKIIOHYBAaHHS METAIOMYJISLIN
Gentiana acaulis L. B Ykpaincekux Kapmarax, 3 akIeHTOM Ha 3aKOHOMIPHOCTI iX HPOCTOPOBO-
YacoBOI OpraHizalmii Ta MeXaHi3MH MiATPUMaHHS JKUTTE3NATHOCTI B yMOBaxX NPUPOIHOI Ta
AHTPOIIOTEHHOI  JIMHAMIKK  cepeloBHIa. [IpoaHanmizoBaHO TPOCTOPOBY  CTPYKTYpPY, BIKOBY
Opraizarliro, BiTAIITETHI XapaKTEPUCTHKH Ta OCOOIMBOCTI CAMOMIATPUMAaHHS YaCTKOBHUX TOITYJISIIH
BUAY B pi3HUX ekoTonmax YopHoripcbkoro macuBy Ta CBUAOBIS, IIO J03BOJMIO BUSBUTH CYTTEBI
BIIMIHHOCTI M)XK JIOKQJIbHUMH MOMYJISIIIIHHAUMHU CUCTEMaMHU 3aJICXKHO BiJ] €KOJIOTIYHUX YMOB,

ITokazano, 1m0 CTpyKTypa MeTamomysiiin G. acaulis € Mo3aiuHO0 Ta AMHAMIYHOO 1 3HAYHOIO
MIpOI0 BU3HAYAETHCH MOEAHAHHSM a0iOTHYHHMX (aKTOpiB (BHCOTAa HAJ PIBHEM MOPS, 3BOJIOKEHHS,
OCBITJICHHSI, IDYHTOBI YMOBH) Ta piBHEM aHTPOIIOTEHHOTO BIUIMBY. BcTaHOBIIEHO, IO 32 CIIPUSTIMBHX
€KOJIOTIYHUX YMOB Y CTaOUIbHHX II€HO3aX NPOBIJHY pOJIb y BiJHOBICHHI TOMYJISMiA Bifirpae
reHepaTUBHE PO3MHOXKEHHS, sIKe 3a0e3leuye BHUCOKY T€HETHYHY PI3HOMAHITHICTh Ta HPOCTOPOBE
po3mMpeHHs momyiAnid. HartomicTh y cTpecoBux a0o MOpYHIEHWX YyMOBaxX (peKpeariiiHe
HaBaHTA)KEHHS, BUTONTYBAHHS, 3apOCTaHHs YarapHUKaMH, 3MiHA PEKUMY NPUPOJOKOPHUCTYBAHHS)
3pOCTa€ 4acTKa BET€TATHMBHOIO BiJHOBJIEHHS SIK OiNIbII CTIHKOTro, ajie MEHII €()EeKTUBHOIO 3 TOUYKH
30py F€HETUYHOI'O OHOBJICHHSI MEXaHI3MY.

BusiBneHo cyTreBy TpaHchopMmalio BIKOBHX CIEKTPiB Ta BITANITETHOI CTPYKTypH
CyOmnomyJIsiid T BIUIMBOM aHTPONOTEHHUX 1 CYKIECIHHMX 3MiH. 30KpeMa, CIIOCTepIiraeThest
3MEHIICHHS YaCTKH TeHepaTUBHUX OCOOMH, MOPYIICHHs MPOLECiB HACIHHEBOTO MOHOBJICHHS, & TAKOX
TEHJCHIIIS 0 «CTapiHHS» MOMYJISALiM, 10 MPOSBISETLCS Yy MEePEBaKaHHI BIPTiHIIBHUX 1 CEHITBHUX
craHiB. Taki 3MIHH CYIPOBO/DKYIOTbCS 3HW)KEHHSM 3arallbHOi JKHTTE3NATHOCTI MOMYJSIi 1 ix
3JIaTHOCTI J0 MPOCTOPOBOI EKCHAHCIi.

HoBeneno, mo weramomyisanii G. acaulis xapakTepu3yloTbCs BHCOKOK —EKOJOTIYHOIO
TUTACTUYHICTIO, TETEPOTCHHICTIO OHTOT€HETUYHUX CTaHIB Ta KOMOIHOBAHUM THITOM CaMOIIITPUMAaHHS,
SAKUI TOEJHY€E TeHepaTuBHI U BereTatuBHi cTparerii. CaMme Taka cTpaTeriuHa THYUKiCTh 3a0e3neuye
JOBrOTpHBAJIC iICHYBaHHS BUIY B yMOBaX MiHJIMBOI BUCOKOTIPHOI €KOCUCTEMH.

m ©2026 JI. P. I'punak ta cmiBaBT. CTaTTs BIIKpHUTA JJsL JOCTYITy Ta PO3MOBCIOKYETHCS HA yMOBAax

minensii Creative Commons Atftribution 4.0 License, sika m103BoJisie HEOOMEXEHE BHKOPUCTAHHS, PO3MOBCIOJDKEHHS Ta
BiITBOpEHHS Ha Oy/Ib-SIKOMY HOCIi 38 YMOBH HAJIC)KHOTO LIUTYBAHHS OPHI1HATIBLHOT pOGOTH.
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OtpuMaHi pe3yibTaTd MOTIHONIOIOTh YSABICHHS IPO MEXaHi3MH CTIHKOCTI PiAKICHUX
BUCOKOTIPHMX BHJIB POCIMH Ta MOXYTh OYTH BHUKOPHCTaHI SIK HayKOBa OCHOBa IS PO3POOKH
e(heKTHBHUX 3aX0/IiB iX OXOPOHH, MOHITOPHHTY Ta 30epekeHHs B YKpaiHchknx KapmaTax.

Kniouosi cnosa: Gentiana acaulis L., memanonynayis, Yxpaiucexi Kapnamu, npocmoposa opzamizayis
Memanonynayiu, 6ikoea CmMpyKmypa, eimanimem, 2eHepamuene POIMHONCEHHS, 8e2emMamugHe PO3IMHONCEHH,
CAMONIOMPUMAHHA NONYAAYITU.

Gentiana acaulis L. (Gentianaceae) — tupnuu Ge3crednuii (poauna Tupnuuesi), momMpeHHN Y
anbIiAChKOMY Ta cyOanbmiiicbkoMy mosicax Tipcbkux cucteM Llentpanbhoi i [liBnenHoi €spomu. B
VYkpaini nmepeOyBae Ha TMIBHIYHO-CXITHIM MeXi apeany y Tipchkux MacuBax YopHoropu, CBHIOBII,
Mapwmapoiny, YusunH, 3pinka y Topranax i Beckuaax 3ae6inpioro va Bucori 1500-2000 M H. p. M. Ha
3a/ICPHOBAHMX JIyYHHUX JIUITHKAaX Ta KaM SHUCTUX ocunax [5]. [ToomuHOKI momysisiii BUSBICHI TaKOX
Ha HIKYHAX PIBHAX, 30KpeMa ocenumie Ha T. YopHa Pima posramosade Ha BucoTi 1050 M H. p. M.
G. acaulis Bxoauts g0 ckimamy acomiariii Cystopteridetum fragilis, Rumicetum scutati-Rhodioletum
roseae (k. Asplenietea trichomanis) [7]. JexopaTuBHa pOCIHHA, BHKOPHCTOBYETHCSA Yy HAPOIAHIH
menunuHi. [TepeOyBae mig 0XOpoHOIO y 6araTthoX KpaiHax, 3aHeceHa 10 YepBoHOT kHuru Ykpainu [9].

G. acaulis — OaratopiyHa TpaB’sHAa pPOCIHHA 3 PO3BHHEHOIO MEPEXKEI BHCXITHUX 1
TOPU3OHTAIBHUX KOPEHEBHI Ta MHUYKYBATOK) KOPEHEBOKO CHCTEMOIO, TeMikpuntogirt. Jluctku y
NPUKOPEHEBI PO3ETI, CHASYl JIOBracTO-eNiNTHYHI, LiJOKpai, 3BYKEHI 0 OCHOBH, 3 TYIIOHO
BepXxiBKo0, roii. Ctebna mooanHOKi mpsiMocTosdi, 5—10 oM, mpu mwromax 1o 15 cM 3aBBUIIKH, HECYTh
€IWHY Tapy OpiOHUX JHCTKIB, 3pOCHHUX TpH OCHOBI. KBITKM BeWKi MOOJWHOKI 31 3POCIOIHCTOIO
I’ ITH3y04YacTOK 4YallleYKOK Ta JIIHKOMOMIOHO-I3BOHUKYBAaTHM BIHOYKOM; TpyOouka 3-5 cMm
3aBJIOBXKHM 3 KOPOTKHM BIATMHOM, TeMHO-cuHs. Ilmig — kopobGouka. lliTe y TpaBHi-IUMHI,
TUTOIOHOCHTH Y JIMIHI-cepIiHi. PO3MHOXKEHHS MepeBakHO BereTaTHBHE, 3pijka HaciHHeBe. [lomysii
3aiiMaroTh He3HayHi ol (Mexme 0,1 ra), mepeBaxHO (hparMeHTOBaH.

ITix yac momepeaHix MOCHIKeHb Y TabopaTopHuX ymMoBax [6] i y mpupOIHbOMY CepelTOBHII
BUCOKOTip’s Ykpaincekux Kapmar [3] Oyno 3’scoBano feski eKoJIOro-0ioioriudi 0coOIHBOCTI
G. acaulis. BcranosieHo, 110 BHACIIIOK JEMYyTAIIMHUX 1 KIIIMATOTCHHUX CYKIECIH MOMYJIALl BHIY
3a3HAIOTh 3HAYHWUX HEraTUBHUX 3MiH, a OJHA 3 JOCHIIHUX CYyOMNOIyJSIiid BiMepia BHACIHIJIOK
ekcmancii Ha ii ocenumie yrpynosanus Alnus viridis (Chaix) DC. [4]. 1le 3ymMoBWIIO po3ropTaHHs
O1TBIIT AEeTANBHUX TOCTIKEeHb Y MeTanomyasmisx G. acaulis.

Meroro mocmipkeHHS Oysio BCTaHOBIEHHS OlOJIOTIYHMX OCOOJIMBOCTEH Ta MPOCTOPOBOL
opranizarii Meramonyssiii G. acaulis B Ykpaincekux Kapmarax, Ta 3’sicyBaHHS 0COOIHMBOCTEHN iX
(GYHKIIOHYBaHHS Y 3alIOBIJIHUAX 1 aHTPOIIOT€HHO-3MIHEHUX YMOBaX.

MeTanomymnsiito MA PO3TIAAEMO K CHCTEMY YacTKOBUX TOMYJIAIiH (CyOmomyssiiii) oxHOTOo
BUJly, T€HCTHYHI Ta (YHKI[IOHAJIbHI 3B’SI3KH MiX SKHMH € 3HAYHOK Mipor oOMmexeHnumu [11].
BaxiuBO0 03HAKOK  METANoOmyJslii € aBTOHOMHICTh JMHAMIKM YaCTKOBUX  IOITYJISIIIH.
ACHHXpOHHICTh CyOmOmyJsAIliii 3a0e3redye BHINY CTIMKICTh yci€i wMeramomymsimii 10 3MiHH
CepellOBHINA, TOPIBHSIHO 3 TOMYJSIIEI0 3 TAKOIO K YHCENBHICTIO OCOOMH 1 apeajom, aje B SIKOi
BiJICyTHS MeranomyisiiiHa oprasizamiss [11]. Tomy 3’sicyBaHHS CTPYKTYpH, JMHAMIKH i
(YHKIIOHYBaHHSI METANONyJISIid € aKTyalbHUM 3 OISy Ha HEOOXiJHICTh PO3POOKH e(HEKTUBHHX
croco0iB 30epeXeHHs PIIKICHUX BHIIB T4 «KOHCTPYIOBaHHS» YMOB, HEOOXiTHMX Uil MiATPUMAaHHS
BUCOKOTO PiBHSI IXHBOT KHUTTE3TATHOCTI.

Marepiaju Ta MeTOAU A0CTiTIKEHb

Hocnimxennst npoBoauiy ynpoaosx 2000-2025 pp. Ha ripepkux xpedrax YopHoropa i Mapmapocbki
Anbnn - Ykpaincekux Kapmat. 3acTocoBaHO TpaiMuiiiHi METOIM OHTOT€HETHYHO-TIOMYJISILIHHMX
JIOCTi[DKEeHB [2].

Ha nmomynsiniiinoMy piBHI BUBYAJIHM YHCENBHICTD 1 IIITBHICTD, TPOCTOPOBY 1 BIKOBY CTPYKTYpPH,
reHepaTuBHE 1 BereTaTHBHE PO3MHOXEHHS. Ha OCHOBI IMX O3HAK OLHIOBAaJIM >KUTTEBICTH OCOOMH i
cyononyssitiii [2]. JInHamiky iHAMBIIyadbHUX 1 TPYHOBHX IMapaMeTpiB OCITIIKYBAIH, BPAXOBYHOUH
YHMHHUKHU cepefioBuina icHyBaHHsA. Cepell a0lOTHYHMX YHHHHKIB OONIKOBYBAIM BHCOTY OCEJHII Hall
piBHEM MOpS, €KCIIO3MLII0 1 KPYTU3HY CXWIiB, BITPOBHH 1 CHITOBHH PEXUMH, TTHOMHY IPYHTY,
Mikpopenbed. 3 OI0THYHMX YMHHHKIB OL[IHIOBAJIHM IPOEKTHBHE MOKPUTTSI KOMIIOHEHTIB (iTOLIEHO31B.
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3acTOCOBaHO HEYIIKOKYIOWl METOIW AOCHTIMKeHb. MophoMeTpudHi mpoMipn BUKOHAHO i
vac asu uBiTinnsg. HaykoBi Ha3Bu pociuH nogano 3riguo 3 Plants of the World Online [13].

Pe3yabTaTu A0cCaixKeHb Ta IX 00roBopeHHs

3a pesynbTaTaMd JOCHTiDKeHHS cemMu ocenunr G. acaulis, mrcte 3 AKX poO3TalIoBaHi Ha
Yopuoripcekomy mMacusi (r. Hnui, r. Pebpa, r. Typkym, r. I'yrun Tomuatuk, . bpeckyn, r. ['oBepra)
Ta ogHe Ha MapmapocskoMy (r. [leTpoc) BcTaHOBIEHO, 1O HAHOLIBIIOI 332 PO3MIpaMHu € IUIOMIA
cyononyssimii Ha . Typkyn (tad. 1). [Tnoma inmmx — He nepesuirye 0,3 ra. AHami3 JaHUX MMOKa3ye,
10 e} BUJ 31€01IBIIOr0 TSIKIE 0 MIBJAECHHUX 1 HIBASHHO-CX1IHAX CXUIIIB.

Excrnosunisi BIuMBae Ha TiCOMETPUYHUM pPiBEHBb JOKali3alii yacTKOBUX momyiisiniil. Tak, Ha
TEIUTIINX TIBACHHUX 1 MIBICHHO-CXIMHUX cXmiIax YopHoropw, sika HaJISKHUTh OO HAWXOIOTHIIITHX
ripcbknx MacuBiB YkpaiHcekux Kapmar [1], Bua mommpennii Ha Bucorax y mexax 1850-1950 m H. p.
M., @ Ha TPOXOJOTHINIMX MIBHIYHO-CXIJHMX CXHJIaX — Ha HIDKYMX TIIICOMETPUYHUX piBHAX. lle
HiITBEPUKYIOTH ¥ JaHi JiTeparypHuX mKepen [12].

G. acaulis BxoauTh 0 CKIaay SK albIACHKHX, TaK i CyOaJbIIMCKUX IIEHO3iB. Pe3ynbTatu
aHaJi3y BHIOBOI CTPYKTYpH (hiTomeHo3iB mokazamu (Tabdi. 2), mo y CKiaja MOJOBUHH JOCIIIHKESHUX
nokaniteriB G. acaulis wa Yopuoropi Bxomuts Juniperus communis var. saxatilis Pall., crymiub
psicHOCTI sikoro KonuBaeThes Bin 10 % mo 30 %.

Tabnuys 1
XapakTepucTHKa OCENHII ISIKUX YacTKoBUX momysiiii Gentiana acaulis L.
Iipcbkwuii Hapaverpu .
Kyt L Pexum BUKOpUCTaHHS,
xpeber, Bucora, | Excim. ITnoma, | HlinpHICTH ; .
HaxuII, 5 (bITOLIEHOTHYHI YMOBH
ocenuine H.p. M. | CXHIy ra oc./m
rpaj.
3aIoBiaHHsl, PEeKpearlis;
YopHoropa, 1940 S > 45° 0.3 3.0 HELIiJIbHE 3aIepHiHHS,
r. [oBepna 3apOCTaHHS YarapHUKOBOIO
POCTIHHHICTIO
Yopuoropa, 1850 s 20-40 ° 0.1 75 3amOBiaHHs, peKpeanis;
r. Bpeckyn HELIJIbHE 33/IepHiHHS
3aIloBiTaHHs, peKpearlis;
YopHoropa, 1850- S > 45° 2.0 105 HeIIiJIbHE 3aJepHIHHS,
r. Typkyn 1900 3apOCTaHHs YarapHUKOBOIO
POCIHHHICTIO
Yopuoropa, 1750- E > 45° JlekinbKka rpyi mo 3aIoBiIaHHS,;
r. Hmumi 1800 10-15 ocobun Hel[JIbHE 33/ICpPHIHHS
YopHoropa, 1850 S > 45° 0,05 8,0 3alOBiaHHs, peKpearis,
r. Pebpa 3aJICpHIHHS
‘-I:p;o;l(/)lia, 1850- SE 20-40° Jexinpka rpyI mo 3aIioBiTaHHs, TOMiIPHHUN BUIIAC;
Y 1950 (>45°) 10-15 ocobun 3a/IepHIHHA
TomHaTuk
Mapuapocxi 1770- IHTEHCUBHUH BHUTIAC;
Ambim, 1775 SE 20-40° 0.1 116 HemiTbHE 3aepHiHHA
r. [Terpoc B sep

Ha r. Typkyn ocenmiie KooHi3yeThes i Pinus mugo Turra. B ycix, 6e3 BUHATKY, TOCITiHKEHNX
OCeJIMINAX 3HAYHOIO € 1 YacTKa YarapHHYKOBOI pociIMHHOCTI, npencrasieHoi Rhododendron kotschyi
Simonk., Vaccinium myrtillus L., a va r. Typky i Vaccinium uliginésum L.

3 MOTEIUIiHHIM iCTOTHE 30UTBIIEHHS MPOSKTUBHOTO TIOKPHUTTS YarapHUKIB Y allbIiHCEKOMY
MOSICI TIPU3BOJIUTH JIO MAcIITaOHOTO 3MEHIIIEHHS YHCENBHOCTI TIOMYJISIIiNA 0araThoX PiJKICHUX JIyYHHX
BUJIIB, 30KpeMa, i G. acaulis.

G. acaulis mae BHCOKY 4yTnuBiCTH 10 3aTiHeHHA y (eHodaszax OyToHi3amil Ta MOYATKY
uBiTias. [Ipomec BigMupanus mopociaux ocobun G. acauliS BHacHiIOK 3aTiHEHHS CyCiJaMH TPHBAE
Bi 1 10 4 (6) poKiB, 3aJIe)KHO BiJ iXHBOI BIKOBOTO CTaHY i JKUTTEBOCTI, a TaKOX BiJ BETUYMHU i
pexuMy 3aTiHeHHsA. ToMmy monanbina KosoHizamis ocemumy G. acaulis warapHHKOBOIO —Ta
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YarapHIUYKOBOIO POCIMHHICTIO MOYKE TIPU3BECTH A0 (hparMeHTallii Ta MoCTyIOBOTO 3racaHHs 0araThox
cyonomysimiii. OcoOnuBY HEOE3NeKy 1€ CTAaHOBHTh HA KOHTAKTI CyOalbIMCHKUX 1 allbIMiACBKUX
yIpymoBaHb, Hanmpukiaa, Ha T. Typkym. Ilim 3arpo3oro mepeOyBae Takok ocemwmine Ha r. [lerpoc
Mapmapocbkuid, po3TaiioBane y cybanbmiicskoMy mosici. Ha manumit wac mo nepudepii et roxamirer
BXKe oTouye miapict Picea abies (L.) H.Karst.

Tabnuys 2
BumoBuii ckian yrpymnoBass 3 yuactio Gentiana acaulis L.
MicIie po3TantyBaHHS

s

=

s S = < - T 4 o X

Ne Bunu g? &%; g ‘~§ E E, E § §

c =Y = A~ =5 | =~ g = 53

—~ = — ~ . ~ O . =

~ — =~ o] = &

=
1 Arnica montana L. + — + + + + +
2 Achillea millefolium L. - — — — — — +
3 Carlina acaulis L. - - — — — — +
4 Campanula alpina Jacq. + + + + + + -
5 Crocus heuffelianus Herbert — + 2 - - - —
6 Deschampsia cespitosa (L.) P. Beauv. + + — 1 — — —

Dianthus compactus Kit. =
7 Dianthus barbatus subsp. compactus (Kit.) - - - - - - +
Heuff.
8 Geum montanum L. + — + + - + -
9 Gentiana acaulis L. + 2 2 2 + + 2
10 Gentiana laciniata Kit. ex Kanitz - — — + — — —
11 Gentiana punctata L. + + + — 2 1
12 Juniperus communis var. saxatilis Pall. 2 — 3 — 1 — 1
Juncus trifidus L. =
13 Oreojuncus trifidus (L.) Zav.Drabk. & + - - - 1 2 +
Kirschner
14 Nardus stricta L. + 1 1 + — 2 —
15 Pinus mugo Turra - — + — — — —
16 Poa de){li_i Chrtek & V Jir_a_sek = 3 2 3 + 1 3 +
Poa granitica subsp. disparilis Nyar
17 Poa nemoralis L. - - — — — — +
Pulsatilla alba Reichenb. =
18 Pulsatilla alpina (L.) Chaz, ¥ ¥ 1 -t -] -
19 Ranunculus thora L. + — + + + + -
20 Rhododendron kotschyi Simonk. + + 2 1 2 1 —
21 Sesleria coerulans Friv. - + 1 1 — + —
22 Silene carpatica (Zapat.) Czopik B a 3 3 3 + 3
Silene behen L.

23 Scabiosa lucida Vill. subsp. barbata Nyar. - - - - - - +
24 Soldanella hungarica Simonk. + + + + - - -
25 Thymus alpestris Tausch ex A.Kern. - - - - - - 1
26 Vaccinium myrtillus L. + + 1 + 2 2 +
27 Vaccinium uligindsum L. - - + - - - -

Excnancis nenonomyisii A. viridis Ha r. Komun (1650 m H. p. M., xpeber CBUIOBEIb) BKE
maibke ButicHmiia G. acaulis 31 ckinagy ditoueHosy.

HesBakaroun Ha peXMM 3alloBigaHHA, TOCTIDKEeHI wuacTtkoBi momyssmii  G. acaulis
YOPHOTIPCBKOT ~ METamomyJisilii  MiAJaroTbcs  3HAYHOMY — peKpeamiiHOMy — HaBaHTaKEHHIO.
AHaIIOTIYHa CUTYAIIis CIIOCTEPITaeThes Y MPUBEPIIMHHOMY JOKAMITeTi T. ['oBepIH.

Ocob6muBy 3arposy G. acaulis craHOBHTH 3pHBaHHS Te€HEPATHBHUX IIATOHIB pEKpPEeaHTAMH Y
OCEJHMIIAX, PO3TALIOBAHUX Yy JIETKOAOCTYHHUX AJISI TYPHUCTIB MICIIIX, OCKUIBKM 1€ 3HAYHO 3MEHIIYE
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3amac HaciHHA y cyOmomysimisix. Ha Tii HU3BKOI JKUTTE€3AaTHOCTI 1 KOoedilieHTa CX0XKOCTI HACIHHS
[10] e npu3BOANTH A0 3HMKEHHS YACTKH MIAPOCTY Ta CTAPIHHS MOMYJIALIIL.

3a nepiox 3 2002 p. mo 2016 p. mimkHICTS cyOmomysaLii Ha T. TypKy 3MeHIIMIacs Oibiie HiK y 2
pasu (3 23,9 oc./m? 1o 10,5 oc./m? BimmosiaHo), a Ha T. Pebpa — maibke Brprdi (3 23,3 oc./mM? 10 8 oc./m?).

Bucokuii MOKAa3HUK MIUIBHOCTI 0coOMH y uacTkoBid momyssmii G. acaulis ma r. Tlerpoc
MapmMmapocbkiii € HaclHiJKOM IHTEHCHBHOIO MacTOPaJIbHOTO HaBaHTaxeHHA. CTpaBiIrOBaHHS
TeHepaTUBHUX OCOOWH iHTEeHCH(IKye BereTaTWBHE PO3MHOXKEHHS Ta 301IBIIye YacTKy OCOOWH
nperenepaTuBHoOl rpynu. OgHaK, TAKUM POCIIMHAM NPUTaMaHHA HIDKYA KUTTEBICTh.

VY3aranpbHEeHHS JaHUX MIOA0 OCOOIMBOCTEH MPOXOMKEeHHsI OHTOoreHe3y G. acaulis IoKka3amo, 1o
CaMOITATPUMaHHS HOTo CyOmomysAIliil 3iiiCHIOeThCS 32 KOMOiHOBaHUM TUTIOM. O4YeBHIHO, B yMOBaX
€KOJIOTO-IIEHOTHYHOTO ONTHMYMY 3HAauHy pOJIb y 3aMillleHHI TOKOJIHB Bifirpae TreHepaTUBHE
po3muoxkeHHst. Tak, y nmokamiteri Ha r. PeOpa, y 2002 p. pocinHN HACIHHEBOTO MOXOKEHHSI OLIBII
HiX y 4,0 pa3u 3a KUTBKICTIO MTEpEeBayKaIM BETEeTaTHBHI 0coOMHH. Ha Toif uac yrpynoBaHHs, A0 CKIamy
akoro Bxoamna cyomomymsmis G. acaulis, BXe 3HAXOOWJIOCA y CKIAAi 3aMOBIIHUX TEPUTOPiH 1
3a3HABAJIO JIMIIIE TIOMIPHOTO MTACTOPAIFHOTO HABAHTAXKEHHS Y PE3YJbTaTi eMi30IUYHOTO IPOTOHY OTap
OBEIIb, & CTYITIHb PSICHOCTI IIIIbHOJACPHUHUX 3JIaKiB OYB HEBUCOKHMM. 3aHeMaJ ripChbKOro TBAPHHHUIITBA
y KOMILIEKCI 3 MOCHIICHHSIM PEeKpeariifHoro HaBaHTaXeHHS PU3BEIH 10 TpaHcopmalii ceperoBHIIa,
Ha 110 ¥ cucTeMHO BiapearyBanu pocinuau G. acaulis. 3a 14 pokiB yacTKa TeHET y CyOIOMyIsIii Ha T.
PeOpa 3menmmiacs y monan 8,0 pasiB (puc. 1), 1 BiINOBiAHO, 3pocia POJb BETETATHBHOTO
PO3MHOKEHHSI.
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Puc. 1. Yactka reHer i pameT y yactkoBux momyssitisx G. acaulis B YkpaiHcbKux
Kapmartax. YMoBHi no3nauenns: Rebra — r. Pe6pa, Turk —r. Typkyim, Br —r. Bpeckyu,
Hov —r. I'oBepna, PM — 1. [letpoc MapMapockKkuid; V — 4aCTKa paMeT, § — 9aCTKa TeHeT.

[TepeBarkaHHs paMeT HaJa I'eHeTaMH y JokaiTeTi Ha . Typkyn Ha nmouyatky 2000 pp., Ha Harn
NIOTJISA, 3YMOBJICHE €KOJOro-reorpadiuHUMH yMOBaM pOCTY, a came: nepeOyBaHHSIM MHOMyJIsuii B
YMOBaX IMEeCUMyMY, Ha MEXi CBOTO BUCOTHOTO apeainy. [HTeHcHdiKallisi BEereTaTHBHOTO PO3MHOKEHHS
Ha BHCOTHIH MeXIi apeaiy JJ03BOJIsIE CTa01Ii3yBaTh HecTady reHetr y cyonomnydsimii. OHi€ro 13 TpuanH
OCTaHHBOTO € i HU3bKA KUTTEBICTH HACIHHSL.

Pe3ynpraTi Hammx J1abopaTOpHHX JOCIHIDKEHb CXOKOcTi HaciHHsa pociua G. acaulis 3
r. Typkyn ta r. Pebpa, nmposeneni y 2000 pp. moka3zaiy, o HACiHHS HE TPOPOCTae Oe3 TPUBAJIOi HOTO
ctparudikanii Ta mepeanociBHoi o0poOku Bucokumu (1000 Mr/im) KOHIEHTpalisMH TiOeperaoBoi
kucnotu [8]. [Tonax 42 % orpumanoro migpocty 3 r. Typkyn 3arunyno ynpogosxk 1-2 micsuiB micis
npopocTaHHs. Peakiliss pocivH Ha HECHPUSATINBI abiOTHYHI yMOBH POCTY CYIPOBODKYETHCS
3MEHIICHHSIM y 2,2 pa3W 4acTKu TeHeT y cyOmomynsmii Ha T. Typkyn, mopiBHsSHO i3 r. PeOpa.
[locunenHss mporleciB 3apocTaHHsA, 3aJCpHIHHA Ta PEKPEalifHOr0 HABAHTAKEHHA YIPOJIOBXK
HacTynHuX 14 pokiB Ha T. TypKyn npu3Benn 10 3MEHUICHHS Y CyOIOMyIIALii YaCTKH [eHET, TOPIBHIHO
13 2002 p. y 7,4 pa3a. AHaJOTi4HI TEHICHIIIT 1[0JI0 CAMOIIATPUMAHHS CyOITOMyJISIii BUSBICHO TaKOX
H y 1HIIMX JOKaJIiTeTaXx pocTy BUAy. BomHouac, aHaii3 MOKa3HHUKIB CIiBBiTHOIICHHS BEr€TaTUBHOTIO
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Ta TEHEePaTHMBHOTO pO3MHOXEHHS y cyOmomymsmii wa 1. Ilerpoc Mapmapochkuii, T03BOIISIE
NPUIYCTHUTH, IO BUNIAC Xy100M 3HAYHO MEHIIIE IPUTHIYYE TeHepaTUBHE CaMOMiATPUMAaHHS YaCTKOBHX
TIOTTYJISAIIIH, HK 3aIepHIHHS, 3aTIHEHHS Ta peKpealliiine HaBaHTaKEHHS.

PesynpTat mociimkeHb TOKa3alld 3HAYHY 3aJIeKHICTh BIKOBOTO CIIEKTPY CYOIOMYJIAIii Bix
CTyneHs TpaHcopMallii cepefoBHIa iCHyBaHHsA. BcraHoBineHo, mo Ha mnowatky 2000 pp.
cyonmonymsiii G, acaulis Ha T.Pebpa Oyna HOpMalbHOK TOBHOWIEHHOK, a Ha . Typkynm —
HOPMAaJILHOIO HETMIOBHOWICHHO0, OCKUIBKH Y ii CKi1ami Oyiu BiICYTHI CEHUIbHI POCTHHH (pHC. 2).
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Puc. 2. lunamika BiKOBOi CTPYKTypH yacTkoBuX momyJisiiiid G. acaulis B YkpaiHcbkux
KapmaTax. YMoBHi mo3Hauenns: Rebra — r. Pe6pa, Turk — r. Typkyn, Br —r. Bpecky,
Hov —r. T'oBepia, PM — r. Ilerpoc MapMapochKuii; j — FOBeHUIbHI, im — iMaTypHi, V —
BIpTriHUIBHI, g1 — MOJIO/Ii TEHEPATHBHI, J2 — CEPEeHBOBIKOBI ICHEPATUBHI, g3 — cTapi
TeHEpaTUBHI, SS — CyOCEHIIbHI.

OOuaBi momyssiuii Manyu BUpaXeHUH JIIBOCTOPOHHIN criekTp. OpHak, Ha r. PeOpa mepeBaxana
YacTKa IMaTypHUX POCIWH, a Ha r. Typkyn — BipriHitbHHX 0COOMH. Taka 0COOIUBICTH BIKOBOTO
criekTpy cyOmomynsmii Ha r. PeOpa, HMOBiIpHO, 3yMOBJICHA IE€PEBArOKd T€HEPATUBHOTO THITY
CaMOMiATPUMaHHS.

30inbLICHHS] PEKpealifHOro HaBaHTaKEHHSA, Ha (OHI IeMyTaliiHUX CyKLECid, MpHU3BEIO0 10
TpaHcopMalii BIKOBHX CHNEKTpiB IuX cyGmomynsuiii. VIMOBipHO, 30MpaHHS pociuH y Oykerw,
MO3HAYMJIOCS Ha 3amacax HaciHHS y JIOKajJiTeTaX, a 3Ha4yHe YIIUIBHEHHS CTPYKTYpHU TPYHTY Ta,
BiZIMIOBIAHO, PO3LIMPEHHS IUIOL] TYPUCTHYHHUX CTEKOK YCKJIAIHWIO MPOLEC YKOPIHEHHS HMPOPOCTKIiB.
Le y xomrutekci i3 3aaepninasm (r. PeOpa, r. Typkyn) i 3arinenssiM (r. Typkyin) no3HadaeTscst i Ha
YKUTTEBOCTI POCIIUH, y TOMY 4HCIi i reHeparuBHuX. LinbHicTh 1 xuTTeBicTh G. acaulis Buma Ha THX
JOUTAHKaX, Jie 3afepHiHHA c(opMoBaHE MOPIBHSHO HENABHO. Y JIOKycax 3 J00pe BHpPaKEHUM
CYLITBHUM SIPyCOM TpaB, B yMOBaxX 3aTiHEHHS 1 KOHKYpEHLil Iled BHJA MOCTYNOBO BHIIQJA€E 3
TpaBoctoro. [IpH 1bOMY, TPOMDKHOI aJaNTHBHOIO PEAKI€l0 JO IHUX HECTIPHUSITIMBUX YMOB €
3HIKCHHS JKUTTEBOCTI 1 3pOCTaHHSI BEreTaTHMBHOI PYXJIMBOCTI 0CcOOMH. BosHOYAC, 3 MPUIMHMHEHHM
LBITIHHA y TeHEPaTUBHUX OCOOMH 3pOCTaE IXHs BereTaTHBHA PyXJIMBICTh, BHACIIAOK YOr0 y MOIMYJISALIT
Pi3KO 30UIBIIYETHCS YMCENBHICTD MIIPOCTY BEreTaTHBHOTO MOXo/keHHs. Came 1ie i criocTepiracTbest
Ha JJaHWH Yac He JIMIIIE Y JIoKaJliTeTaX pocty Ha r. Pebpa i r. Typkyn, ane i Ha ['oBepi.

BiraniteTHuii aHamni3 nokasas, 110 TpaHc(opMallisi cepe/loBHIIA TO3HAYAETHCS i HA KHUTTEBOCTI
reHepaTUBHUX 0COOMH (puc. 3).

ISSN 2078-2357. Hayk. 3an. TepHom. Hat. nien. yH-Ty. Cep. Biomn., 2026. T. 86, Ne 1 11



bOTAHIKA

0.9 170,25 027 B
! ! 0,29
0,8 |— 0,35 035 0,42 —
>0,7 L
50,6 0.7 0,8 0,76
50,5 — c
<04 L b

50,3 -

0.2 7 .
L 013 g0 0,06

2002 ‘ 2010 ‘ 2016 2002 ‘ 2010 2016 2017 2011 2011

YacTka KIaciB

Rebra Turkul Br Hov PM

Puc. 3. BitamiTeTHi CIeKTpH AOCTiKeHUX momy i G. acaulis. YMoBHI mo3HaueHHS:
Rebra —r. Peopa, Turkul —r. Typkym, Br —r. Bpeckyi, Hov —r. T'osepia, PM —r.
ITerpoc MapmapochKuii; 8 — HalBUIIK# KiIac BiTamiteTy, b — IpoMi>KHUHN Ki1ac
BiTaJIiTETY,

C — HAWHWKYHMN KITac BITAJITETY.

Tak, Ha TIpHUKIIAAl aHANi3y OUHAMIKH BiTANTITETHOTO CIEKTPY cyOmomynsmiii Ha T. PeOpa Ta
r. TypKyJ nmokaszaHo, Iio HOTipIIeHHS YMOB POCTY MPU3BOIUTH SK 10 3HWKEHHS 1HJEKCY IXHBOI SIKOCTI
(Tabn. 3), Tak ¥ g0 30UNBIIEHHS YaCTKH OCOOWH «C» TPYNMH. 3a HEUIUIBHOTO 3aJepHIHHA IPYHTY
(r. Pebpa (2002 p.), r.loBepnma, r. bpeckyn) dacTka 0OCOOWH HAaWBHIIOTO KJIacy BITaJITeTy
KOJMBA€EThCs y cyonomymsmisx Big 33 % mo 52 %. IlocuneHHS pekpeamiiHOrO HaBaHTAKEHHS
301JIbIIY€E KUTbKICTh OCOOMH HaWHMKYOTO Kiacy BiTamiteTy (T. Peopa, r. Typkyn (2010-2016 pp.).

Tabauys 3
Hudepenmianis cyononyssii G. acaulis 3a sikicHumMu Tumamu

. Pik . .
Micue pocty P —— Ingexc sikocti, Q Tun sikocTi
2002 0,38 npoIBiTar0Ya

r. Pebpa 2010 0,32 BpiBHOBa)kKeHA
2016 0,15 JICTIPECHBHA

2002 0,32 BpiBHOBa)kKeHA

. Typkyn 2010 0,29 BpiBHOBa)KEHA
2016 0,1 JICTIPECHBHA

r. bpeckyn 2017 0,36 IpoLBiTaO4a
r. [oBepina 2011 0,36 npoIBiTar0Ya
r. [Tin Isan Mapmapocbkuii 2011 0,12 JIeTIpeCUBHA

AHAJIOTIYHUM YHHOM Ha JKUTTEBICTh TCHEPAaTUBHHX OCOOMH BIUIMBA€ 1 NacTOpajibHE
HaBaHTaXeHHsA. Tak, He 3BakKaroud Ha Te, IO BIKOBa CTPyKTypa cyOmomyssmii Ha 1. Iletpoc
Mapmapochbkuii HopMaJibHa IOBHOYICHHA, 32 )KUTTEBICTIO 76 % 0COOMH 1HOT0 JIOKAIITETY HaJICKATh
JI0 «C» KJIacy, IO MO3HAYAETHCS i Ha 1HAEKCI SKOCTI.

OTxe, y3araJbHEHHS pe3yJIbTaTiB JOCIIDKEHHS K 1HIUBIAyalbHUX, TaK ¥ AudepeHIiaibHuX
o3Hak cyonomyssmii Buay G. acaulis, cBimuuth, mo TpaHchopmallisi cepeoBHIla IXHbOTO ICHYBaHHS
NPU3BOOUTH O 301MBLICHHS MOJIBapiaHTHOCTI OHTOreHe3y. BiaxuieHHs BiJ €KOJIOT0-LeHOTHYHOTO
ONTUMYMY CIpPHUYMHSE 1HTEHCH(IKaLil0 BEreTaTUBHOTO PO3MHOKEHHs. 3a IOCHIKeHHH mepiof
yacTKa paMeT y JEAKUX CyOnomysiisax 30ubinmiacs Big 1,5 pasu (. Typkyin) no 4,8 pasa (r. Peopa).
Burmac xymo0u 3Ha4HO MEHIIEe MPUTHIYY€e TeHEepaTHBHE CaMOIIITPUMAHHS YaCTKOBHX TOMYJISIIIN, HiXK
3aJepHiHHS, 3aTiHEHHS Ta peKpealiiiHe HaBaHTaXeHHS. 3HauHOi TpaHcopMalii 3a3HaNM U BiKOBI
CHEKTPU CYOTOMYJISALIN: 13 TPyNnX HOPMANbHUX MOBHOWIECHHHWX TpH i3 HuX (r. Pebpa, r. Typkym,
r. [oBeprna) mepeinuim 70 paHry HenmoBHOWIEHHUX. [locHieHHS pekpeainiiHOro HaBaHTaKEHHs Ha
YOPHOTIPCHKI CyOmomyALii Mpu3Beno 10 30UIbIIEHHS Y iX BITAIITETHOMY CHIEKTpl y MoHaj 2 pasu
KUTBKOCTI OCOOMH HaWHMKYOTO KIIacy BiTaIliTETy.
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3a ocobuuBicTIO 610JI0Tii Ta KOMILIEKCOM AudepeHItiaibHUX 03HaK rpymoBoro piBas G. acaulis
CKJIQJIHO BIJIHECTH JI0 KOHKPETHOTO THUIy MEPBHHHOI crpaterii. Tak, /Ui POCIMH ILOTO BHIY
XapaKTepHi BIAHOCHO Maja (iToMaca Ta IUIOMIA JHCTKOBOI TOBEPXHI, BOHH MPOIYKYIOTh IMOPIBHSIHO
Mano Hacinus. Moro ocoGMHM 3aTHi BiHOCHO IIBHIKO 3aiiMaTH BHBUIBHEHI MiCLS 3 MOCTAGICHOIO
KOHKYPCHIIIEI0 Ta IIBUJKO 3BUIBHATH HINIy BXKE 3a HE3HAYHUX 3MIiH cepefoBuia i (iToreHHoro
BIUTUBY. Pe3ynbTaT 1ux AociimKkeHb qo3pommin K. MaauHOBChKOMY 13 criiBaBTOpamu [7] 3auucauti
el Buj o nepexigHoro S-R tumy.

PesynpTati HammMx JOCHIIKCHb IOKa3yIOTh, IO YIPOJOBXK OCTAaHHBOTO JIECATHIIITTS
cyononyssiuii Ha r. I'oBepna, r. Typkyn, r. PeOpa nepeOyBaroTh B yMOBax Iii CHIBHOTO CTpecy Ta
CUIILHUX TIOpyIeHb. Pocniau 3 . PeOpa Bce 111e XapakTepu3yThCsl HAalOLIBI TTOTY>KHUM PO3BUTKOM
Ha3eMHOI cepH, Ha 10 BKA3y€e aHai3 iX MOPHOMETPUIHHUX MapamMeTpiB (Tadi. 4).

Tabnuys 4
MopdomMeTpuuHi mapaMeTpu reHepaTuBHUX POCIMH A0CiKeHux momysaiit G. acaulis (n =20, x +
SD)
I Micns pocty
apamerpi r. PeOpa r. Typkyn r. ['oBepna r. IleTpoc r. bpeckyn
[TupuHa JTUCTKA, CM 1,9+0,6 1,5+0,6 1,7+0,5 1,7£0,5 1,9 +0,5
JloBxxuHa MHCTKA, CM 3,8+1,3 3,4+1,5 3,6x1,5 3,7+1,6 3,9+1,4
ITnoma JuCTKa, CM? 9,6+2,9 9,3+25 9,4+23 9,4+1,0 11,614
KIMEKICTS JHCTKIB B2 OZHE 10£1,9 10,1+2,6 9,6£2,1 7,1%1,4 9,8+1,6
BCICTAaTUBHHWMU IIariH, MT.
JliameTp BEreTaTiBHOro 11+83 11,3478 13,0+10 6,9+4,3 12,9437
narosa (po3eTku), cM
KinbKicTs KBITOK Ha OftHy 4,5+3,4 3,442,0 4,1%2,8 1,4+0,5 3,317
POCIHMHY, IIIT.
JliameTp OpTOTPOITHOI
YACTUHU KBITKOHOCHOTO 0,2+0,05 0,2+0,07 0,2+0,06 0,2+0,04 0,2+0,05
MaroHa, cM
JloBKMHA OPTOTPOITHOT
YACTUHU KBITKOHOCHOTO 5,4+1,1 5,1+2,5 6,4+3,0 5,0+1,4 5,56+1,4
MaroHa, CM
JoBxuHa KOpoOOUYKH, CM 5,3%0,5 4.8+1,1 5,5+1,0 4.6+0,6 4,8+0,6

JominyBaHHs y yacTKOBiil momyssiuii Ha r. ['oBepia cepeIHbOBIKOBUX I'€HEPAaTHBHUX OCOOMH
CBITUHTH TIpO ii TEHJEHIi0 a0 cTapiHHA. Taka 3MiHa ii BiKOBOI CTPYKTYypH € TIOCHJIEHHSIM O3HAK
CTpec-ToJiepaHTHOCTI. B ymMoBax ciiabkoro crpecy i CHIIBHHUX HOPYIIEHb TepeOyBae CyOIOMmyIIsiis
G. acaulis ua r. ITerpoc Mapmapocekuii. Taki YMOBH POCTY CYNPOBOKYIOTHCS 301JIBIICHHAM POJIi
BErE€TaTHBHOIO PO3MHOKEHHS y CaMOIATPUMAaHHI MOMyJsiii Ta dYacTku ocobuH (o 76 %)
HAHMKUYOTO KJIacy BITAlliTETy, IO BKa3y€e Ha TIOCHIICHHS O3HAK CTPEC-TOJIEPAHTHOTO THITY CTpaTerii.

BucHoBxku

Otmxe, y3araJbHEHHsS pe3yJbTaTiB JOCHKeHHs cyonomymsauiii Buay G. acaulis mokasye, 1o
TpaHchopMallis CepelOBHUINA iXHHOIO ICHYBaHHS MPU3BOAMTH 10 30UIBIICHHS IOJiBapiaHTHOCTI
OHTOTeHe3y. BigXxmieHHS BiJl €KOJOTro-IIEHOTHYHOTO ONTHMYMY 1HTEHCH(IKYIOTh BereTaTHBHE
PO3MHOKEHHA. 3a AOCHiIKEHUH Nepio] YacTKa paMmeT y JEsKHX CYONOmyJIsaLisx 30iiblIuiacs Bil
1,5 pasu (r. Typkyn) mo 4,8 paza (r. PeOpa). Bunac xynoOu 3HauyHO MEHIIE NPUTHIYy€e FeHEpPaTUBHE
CaMOMiITPUMaHHS YaCTKOBUX TOMYJIALIHN, HIX 3aJIEpHIHHS, 3aTIHCHHS Ta peKpealliiiHe HaBaHTaKCHHSI.
3nayHoi TpaHchopmaiii 3a3HamM W BIKOBI CIIEKTpH CYOINOMyMNSAIii: 13 TPymu HOPMalIbHUN
MOBHOWIEHHHX TpH i3 HUX (T. PeOpa, r. Typkydn, r. ['oBepiia) nepeinum 10 paHry HEITOBHOWICHHUX.
IMocuneHHsT peKpealiifHOro HaBaHTAKEHHS HAa «YOpHOTipchki» cyomomyssmii Bumy G. acaulis
30LIBIIMIIO Y BITAITETHOMY CIIEKTPi CyOOIMyJISIii i y IOHA[ 2 pa3u KUTbKICTh OCOOMH HAHMKYOTO
KJIacy BIiTaNiTETYy.

1. Bummnescekuit B. 1., Ilepuyk C. A. BuxopucraHHS JaHUX JWCTAHIIHHOTO 30HIYBAaHHS 3eMIIi IS
3’SCyBaHHS TEpMiYHHMX ocoOnuBocTell Ykpaiucbkux Kapnar. Vkpaincekuii owcypran oucmarnyitinoco
sondysanns 3emni. 2017. T. 12. C. 47-52.
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BIOLOGICAL FEATURES OF THE FORMATION AND FUNCTIONING OF
METAPOPULATIONS OF GENTIANA ACAULIS L. IN THE UKRAINIAN CARPATHIANS

This article examines the biological characteristics of the formation and functioning of
metapopulations of Gentiana acaulis L. in the Ukrainian Carpathians, with a focus on the patterns of
their spatial and temporal organization and the mechanisms that maintain their viability under
conditions of natural and anthropogenic environmental dynamics. The spatial structure, age
composition, vitality characteristics, and self-sustainability features of the species’ subpopulations in
various ecotopes of the Chornohora Massif and Svidovets were analyzed, revealing significant
differences between local population systems depending on ecological conditions.

It was shown that the structure of G. acaulis metapopulations is mosaic-like and dynamic and is
largely determined by a combination of abiotic factors (elevation, moisture, light, soil conditions) and
the level of anthropogenic impact. It has been established that under favorable ecological conditions in
stable communities, generative reproduction plays a leading role in population recovery, ensuring high
genetic diversity and the spatial expansion of populations. In contrast, under stressful or disturbed
conditions (recreational pressure, trampling, shrub encroachment, changes in land-use practices), the
proportion of vegetative regeneration increases as a more resilient but less effective mechanism in
terms of genetic renewal.

A significant transformation of the age spectra and vitality structure of subpopulations has been
observed under the influence of anthropogenic and succession-related changes. In particular, there is a
decrease in the proportion of generative individuals, disruption of seed regeneration processes, and a
tendency toward “aging” of populations, manifested by the predominance of virginal and senile stages.
These changes are accompanied by a decline in the overall viability of populations and their capacity
for spatial expansion.

It has been demonstrated that G. acaulis metapopulations are characterized by high ecological
plasticity, heterogeneity of ontogenetic stages, and a combined type of self-maintenance that integrates
generative and vegetative strategies. It is precisely this strategic flexibility that ensures the species’
long-term survival in the conditions of a changing alpine ecosystem. The results obtained deepen our
understanding of the mechanisms of resilience in rare high-mountain plant species and can serve as a
scientific basis for developing effective measures for their protection, monitoring, and conservation in
the Ukrainian Carpathians.

Keywords: Gentiana acaulis L., metapopulation, Ukrainian Carpathians, spatial organization of
metapopulations, age structure, vitality, generative reproduction, vegetative reproduction, population self-
sustainability.
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AJIBEHTUBHI IEPEBHI POCJIMHUA YPBAHO®JIOPHU
IBAHO-®PAHKIBCBbKA

AJTBEHTHBHUI eleMeHT ypOaHOo(IOpH € BaKIUBUM 1HIUKATOPOM TpaHcopmarlii MiCBKAX €KOCHCTEM
MiJ] BIUIMBOM aHTPONOTeHHUX (akTopiB. OcoOnmMBY poib y IILOMY MPOIECi BiAIrparOThb JepeBHI
aJIBEHTHBHI BHIH, AKi (POPMYIOTH JOBrOTPUBAIi yIpyNOBaHHS Ta BU3HAYAIOTH CTPYKTYPY MiCBKHX
€KOTOIIIB. Y CTaTTi 3MIlCHEHO KOMIUICKCHE JOCITIKCHHS aJlBEHTUBHUX JICPEBHUX BUJIIB ypOaHodIopu
Mmicta IBaHo-®DpankiBchk. Ha OCHOBI BIacHHWX MOCIHIIKEHb MapUIPyTHO-EKCHENUIIHHUM METOIOM
npotsaroMm 2020-2024 pp., onpaiioBaHHs JIiTEPaTypHUX MaTepialliB, a TaKoX repOapHUX KOJIEKIiH
Kapnarcbkoro HarioHanbHOTO yHiBepcutTeTy imeHi Bacuns Credanmka Oyno CKIaJeHO KOHCIEKT
JIEPEBHUX aJIBEHTUBHUX POCIHH ypOaHOohmopu micta [BaHO-DpaHKiBChK. st mocmimKyBaHUX BUIIB
MIPOBEJICHO CUCTEMATHIHUH, (PIIOpOTEHETHYHHI Ta €KOJOTIYHHNA aHAII3H.

Ha teputopii BusiBiieHo 20 BUJIB JEPEBHUX aJBSHTHBHHUX POCIIUH, SKi HaJekaTh 10 13 poauH
ta 18 poxi. IIpoBinHuMHU y cHCTeMaTHYHOMY CHEKTpi € ponunu Fabaceae, Rosaceae, Vitaceae, 1o
BimoOparkae 3araibHi TEHIEHIN] IHTPOAYKIIii JepeBHUX POCIHH y MIChbKE cepenoBuine. BcTanosieHo,
IO OCHOBY aJBEHTHBHHX JEPEBHHX pociuH ypbOaHo(piopu IBaHo-OpaHKIBChKA CTAaHOBIATH BUIN
MiBHIYHOAMEPUKAHCHKOT0, CEPEeI3EMHOMOPCHKOTO Ta a31aTChKOTO MoxopKkeHHs. [IpoBeaeHo anamis 3a
YacoM 1 CITOCOOOM 3aHECeHHs aJIBEHTHBHUX BHUJIB, BiJI3HAYEHO JOMIHYIOUY pPOJIb KEHODITIB Ta
eprasiogitiB. OLiHEHO CTyIiHb HaTypati3auii JOCTiKYBaHUX BUIB, IO MiAKPECIIOE MPOBIAHY POJb
epraziodirogitie Ta emekodiTiB. Y pe3ynpTaTi aHamily eKOJOTIYHOI CTPYKTYpU BHSIBICHO
nepeBaxkaHHs remiocuiogiTiB, Me30(iTiB Ta Me30TpodiB. 3HAYHA YACTKa BHUAIB BHUSIBHIACH
TOJICPAHTHOIO JI0 pPI3HOTO PIBHSA POMIOYOCTI TPYHTIB, mI0 3abe3meuye iXHIO aJanTHBHICTh Y
TpanchopmoBaHux ekoTomax. OcobnuBo ¢ BiaMituTa Acer negundo L., sskuit 1eMOHCTPY€E BUCOKHIA
1HBa3i{HMI MMOTEHIIaM Ta 3/1aTHICTh AKTUBHO MOIIMPIOBATUCH Y MICHKHUX €KOTOMax, (POPMYIOUH CTiHKi
yrpynoBanHs. OTpuMaHi pe3yjbTaTH IO3BOJIAIOTH BH3HAUYMTH IMOTEHILIMHI HAPSAMKH HOAAJIBIIOrO
MOHITOPHMHTY 1HBa3IHMX TPOILECIB Y MICBKHX €KOCHCTEMax Ta PO3pOOKH e(DEeKTHBHUX 3aXOJliB
yIpaBIiHHS YPOaHICTHYHIM O10pi3HOMAHITTSIM.

Kmiouosi crosa: oenopognopa, ineasii, inmpooykosani 6uou, ypoanizoeani mepumopii, CUCmemMamuyHuil anauis.

OpHi€I0 3 KIIOYOBHUX E€KOJIOTIYHUX Mpo0seM 30epekeHHs 010pi3HOMAaHITTS Ha MOo4aTKy XX CTOMNITTS
CTaJlo TOIIMPEHHS 1 3aKpiIUIEHHsS] aJBEHTUBHUX POCIUH Y HOBHUX €KOCHCTEMax. 3 KOXXHUM POKOM
KUTBKICTD YYXOPIIHUX POCIUH 30UTBIIYETHCS, apeay IXHIX Micle3pOCTaHb PO3MIMPIOIOTHCS, a TEMITH
iXHBOTO 3aHECEHHS Ta CTYIiHb HaTypai3aiii cTpiMKo 3pocTatoTs [6, 8, 14, 15].

VY Crparterii 6iopizaomanittss €C no 2030 poky, yxBaneHiii €Bponeiickkum Coro3oM, nepeadaucHo
HEOOXIiJHICTh KOOPJANHOBAHUX 3aXO0/1iB KOHTPOJIKO 4y)KOpiaHUX BUAIB [16]. ¥V 3B’s3Ky 3 1[MM OIHHM 3
KIIIOUOBHX HANPSMKIB Cy4acHOi (JIOPUCTUKHU € IOCIIIKECHHS aJBEHTUBHOI (Qpakuii ¢yopu Ha pi3HUX
HPOCTOPOBHX PIBHSX — BiJ ypOaHi30BaHUX TEPUTOPIi 10 KX perioHiB [2, 5, 19].

Oco0n1BO 3HAYHMIT HETATUBHHI BIUIMB AJIBEHTUBHUX BUJIIB € Y perioHax, Jie IPUPOIHINA POCTHHHUN
HOKpUB 1yke (parmeHToBanuii [1]. BuBUeHHIO Takoro TUIy pociauH ypOaHO(IOp Pi3HHX MICT YKpaiHu
npucBsyeHo Hu3Ky mpaub [11, 13, 21, 24]. Tak, y poGorax [9, 10] 3mificHeHO KOMILUIGKCHWI aHai3
aJIBEHTUBHOI (pakiii (iopr ypOaHi30BaHOI TEPUTOPIi, BKIFOYHO 3 TPAB’ ITHUCTHMU Ta JIEPEBHUMH BUIAMH.

L®:.H ©2026 H. M. IlpoxomiB. CTaTTs BiAKpHUTa AT JOCTYILy Ta PO3MOBCIOJDKYETHCS HA YMOBAX JHIEH3il
Creative Commons Attribution 4.0 License, sika g03BoJisie HeOOMEKEHe BUKOPHCTAHHSI, PO3IIOBCIODKEHHS Ta BiTBOPEHHS Ha
OyIb-KOMY HOCIi 32 yMOBH HAJISKHOTO LIUTYBAHHS OPUTiHAJIBHOI pOOOTH.
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VY nochimkensi [17] po3risHyTo 0COOIMBOCTI MOMIMPEHHS aIBEHTUBHUX POCIHH Y MOPYIICHUX
6iotomax, a B mparsx [7, 18, 20, 22, 23] HaBeaeHo OLIHKY iHBA31HHOTO MOTEHINATY OKPEMHX BH/IIB.
IIpore Bci mi mpari BUKOHaHI Ha PiBHI 3aranbHOT ypOaHOMIOPH 1 HE MICTSATH OKPEMOTO aHai3y
JIEPEeBHUX aJBEHTHUBHUX BHUAIB. BiJICYTHICTP NaHWUX MIOAO HAmNpAMKiB (HOpMyBaHHS aaBEHTHBHOI
nerapodmopu IBano-dpaHKiBChKa CTBOPIOE HAYKOBY IPOTATHHY, 3alIOBHCHHS SIKOI € HEOOXITHUM JIJIs
PO3YMiHHs TpoleciB ypOanizalii (mopu Ta oOrpyHTyBaHHS 3aXOJiB 3 ONTHMIi3allii O3eJicHEHHS. 3
ODJIAy Ha 1€, METOIO IHOTO JTOCTIKCHHS € BCTAHOBIICHHS BUZOBOTO CKIIay aJIBEHTHBHUX JIEPEBHUX
pocnuH ypbanoduiopu micta [Bano-®dpaHkiBChK Ta HOro BCeOIYHUH aHaTi3.

Marepiajiu Ta MeTOAH TOCTIKEHb

JocmimkeHHs] TPOBOAWIN MapIIPyTHO-eKCIEAULIHHAM METOJIOM Y MeKax ypOaHi30BaHOI TepUTOpii
M. [BaHO-®pankiBcek ympomoBx 2020-2024 pp. Ha ocHOBI BiacHHX mocimikeHb ypOaHo]IIOpH,
OTIpallOBaHHS JIITEPATypHUX MaTepiaiiB, a TAKOX repbapHux Kosekuiii Kapnarchkoro HanioHanIbsHOTO
yHiBepcureTy imMeHi Bacuns Credannka Oyno CKIageHO KOHCIEKT JAEPEBHUX aBEHTUBHUX POCIHH
yp6anodnopu [Bano-OpaHKiBChKa.

Ha3Bu BuaiB y criucky HaBegneHi 3riqHo 3 3BeaeHHsM C. JI. Mocskina ta M. M. @egopondyka
[12]. ®noporeHeTnuHmii aHai3 aJBEHTHBHUX IEPEBHUX POCIUH ypOaHoduopu [Bano-OpaHkiBchbka
IpPOBEICHO 3a TiaX0a0M, BHKOpuctanuM y poborti T. C. JIgipua [3], i3 BHIUICHHSIM MEPBUHHUX
apeaiiB MOXO/KeHHA. EKOMOriuyHwMiA aHami3 BUAIB 32 IXHIM BiJHOIIEHHSM IO CBiTIIa, BOJOTOCTI Ta
TPOGHOCTI TPYHTY MPOBOAWIM BiANOBIAHO A0 Kiacudikamii ekomopdis, anmpoOoBaHOi y CydacHUX
npaisx [9]. Knacudikamiro aaBeHTHBHHX JAEPEBHHX BHIIB 3a YacoM 3aHECeHHS (apxeodiTH,
KeHO(ITH), CIIOCOOOM TMIOMMPEHHS Ta CTYNEHeM HaTypaji3alii 3acTOCOBAaHO BIAMOBITHO IO
3araJbHONPUIHATHX MiIXO/IB iHBa31iHOT exoJorii [4].

Pe3yabTaTu 1ocaiaKeHb Ta ix 00roBopeHHst

Ha nocnimxysaniii Tepuropii BusiBiieHo 20 BHUIIB JepPEBHUX aIBEHTUBHUX POCIHH, SIKI HANEXAaTh 10
13 ponun Ta 18 poxis. [IpoBigHuME y cuctematHuHOMy crieKTpi € ponunu Fabaceae, Rosaceae,
Vitaceae, sixi HamiuyioTh mo 3 Buau. Poxmna Caprifoliaceae napaxoBye 2 Buau. Pemra 9 poaun
npescTaBieHi | JepeBHUM BUJIOM.

IMposiani poau Lonicera ta Parthenocissus 06’eanyoTs 1o 2 Buan. 16 poiB € 0JHOBHIOBUMHU
(tabm. 1).

Tabauys 1
XapakTepuCcTHKa JIePEeBHUX aIBEHTUBHUX BUAIB ypOanodmopu IBano-DpaHkiBchka
Ponuna ta Bug XPOHOEIEMEHT IToxopKkeHHs CrymiHp HaTypai3zamii
Aceraceae . . . .
Acer negundo L. KeHOQIT MiBHIYHOAMEPHUKAHChKE arpioenekodir
Anacardiaceae . Lo
Cotinus coggygria Scop. KeHoDiT Cepea3eMHOMOPCHKE epraziodirodir
Caprifoliaceae . C .
Lonicera caprifolium L. KeHO(DiT Cepea3eMHOMOPCHKE epraziodirogit
Caprifoliaceae . . C .
Lonicera tatarica L. KeHoDiT LIEHTPAJIbHOA31aTChKE epraziodirodir
Elaeaegnaceae . .
Elaeagnus angustifolia L. KeHoDiT Cepea3eMHOMOPCHKE enexodir
Fabaceae . . Lo
Amorpha fruticosa L. KeHoDiT MIBHIYHOAMEPUKAHCHKE eprasziodirodir
Fabaceae . . . Lo
Caragana arborescens Lam. KeHoDiT MIBHIYHOA31aTChKE epraziodirodir
Fabaceae . L .
Robinia pseudoacacia L, KeHOQIT MIiBHIYHOAMEPHUKaHChKE enexkodir
Fagaceae . . .
Quercus rubra L. KeHOQIT MiBHIYHOAMEPHUKAHChKE arpiodir
Hippocastanaceae . . .
Aesculus hippocastanum L. KeHOQIT cepe3eMHOMOPChKE arpioenexkodir
Juglandaceae . - C e
- KeHOQIT asiiicbke epraziodirogit
Juglans regia L.
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IIpooosacenns madbauyi 1

Moraceae . . ., C
Morus alba L. KeHoDiT cXimHOa3iHChKe epraziodirodir
Oleaceae . . . .
. . KeHopiT iBJCHHOEBPOIICHCHKE enexogir
Syringa vulgaris L.
Rosaceaae . . .
Cerasus vulgaris Mill, KeHoDiT nepeaHb0a3iichKe KOJIOHOQIT
Rosaceaae . . .
Malus domestica Borkh. KeHopiT [EHTpaTbHOA3IHChKE enexogir
Rosaceaae . .
Prunus divaricata Ledeb. KeHopir KABKA3BKE enekopit
Salicaceae . . o
Salix fragilis L. apxeodit Maoasiiicbke arpiocir
Vitaceae
Parthenocissus quinquefolia (L.) KeHO(IT MiBHIYHOAMEPUKAHCHKE KOJIOHO(IT
Planch.
Vitaceae
Parthenocissus inserta (Kerner) KeHOdiT HiBHIYHOAMEPHKAHCHKE KOJOHODIT
Fritsch.
Vitaceae . o C
Vitis vinifera L. KeHo(DiT MiBHIYHOAMEPUKAHCHKE eprasiodirodir

VY pe3yabTari NPOBEACHOI0 aHaNi3y 3a MEPBUHHUMHU apeajlaMH HaMU JIOCIIDKEHO, 10 OCHOBY
aJIBCHTUBHUX  JICPEBHUX pociawH  ypOaHoduopu  IBaHo-DpaHKIBChKAa  CTAaHOBISATH  BHIU
niBHIYHOaMepukaHcbkoro — 7 (35 % Bin 3araibHOI KiJIBKOCTI BHJIB) Ta CEeper3eMHOMOPCHKOIO
noxomkeHHs — 4 (20 %). Pemra apeaniB HamiuyioTe 1-2 BuIu. AHami3 IMOAO TPUYPOUCHOCTI
NEPBUHHMUX apeaiB a0 OloKIiMaTHYHHX oOJjacTeil MmokazaB, IO HAWOUIBII XapaKkTepHUMH IS
yp6anodmopu IBano-PpaHKiBChKa € IEPEBHI aJIBEHTUBHI BUAW apUIHUX OOJACTEH, IO € CBITYCHHSIM
HAsSBHOCTI YMCIIEHHUX EKOTOITB 3 MOCYIUIMBUMHU YMOBAaMH iCHYBaHHS. Taki TEHAEHIIi XapaKTepHi i
JUTsl JIBEHTHBHOI (pakiiii Ykpainu [3].

AHani3yrouu JepeBHi alBEHTUBHI BUIU ypOaHoQiopu [BaHo-DpaHKiBChbKa 32 4acOM 3aHECEHHS,
MU BU3HAUWIM, L0 HA JOCIIJUKYBaHii Tepuropii mepeBaxaroTs keHoditm — 19 Bumi (95 %), a
apxeoditu Hamiuyloth 1 (5 %). 3HauHa mepeBara KeHODITIB Haja apxeodiTaMyd CBIJUUTH PO
IHTEHCUBHE MPOHUKHEHHS BUJIIB HA TEPUTOPIIO JTOCIIIDKCHHSI.

3a cTyneHeM Harypanizalii cepes JepeBHUX BUIIB JOMIHYIOTh eprasiodirodity, ki HamigylOTh
8 Buni (40 %) ta enexodit — 5 (25 %), a pemra € MeHn ykcenbHUMU: KooHOditH — 3 (15 %),
arpioenexogity Ta arpiodit mo 2 BUIH.

Crabinpuuii  enemeHT (ropu, sKUH nOpeAcTaBieHU enexoditamu, arpioenexodiramu,
arpioditTamu i KOJIOHOGITAMH, CTAHOBUTH OUIBITY YaCTUHY BCHOTO BHJOBOTO CKiIaxy — 12 BuUmiB
(60 %). TlepeBaxkaHHs CTabITBHOTO €IEMEHTY Cepel JAEPEBHHUX aJBEHTHBHUX BH/IB CBITYHTH PO
BUCOKUH piBeHb iXHBOI HaTypamizalii Ta iHTerpaiii B ypoanodiaopy. HallOibIn akTHBHO TIPOHUKAE Y
HapKy i CKBEpH MICTa, BUTICHAOUM abopureHHi Buau, Acer negundo L. Bua 3natHuii 10 miBHAKOTO
camociBy Ta GOpMYyBaHHS HIUJILHUX YIPYIIOBaHb, SIKI CYTTEBO 3MIHIOIOTh CTPYKTYPY MiCHKHUX €KOTOIIB
[17, 20].

3a cnocoOOM 3aHeceHHsI BU3HAYajIbHE 3HAUYECHHS MalOTh eprasioditu, siki HajaiuytoTs 17 BUIIB
(85 %). Cepen mux — Lonicera caprifolium L., Robinia pseudoacacia L., Juglans regia L. Ta in.
Kcenodiru ta eprasio-kcenoditu npencrapieni 2 i 1 Bugom BignosigHo (puc. 1).

3a cTyrneHeM MPHUCTOCYBaHHS J0 IHTEHCUBHOCTI OCBITJICHHS MEPEBaXKAIOTh remociuoditu — 12
BuniB (60 %). o wiei rpynu Hanexxarb Bumu Parthenocissus quinquefolia (L.), Aesculus
hippocastanum L., Quercus rubra L. Ta in. MeHII 4nceNbHAMM € TPYIH BHUIIB cIioremioditd ta
remioditu, ski ctaHOBIATE 25 % 1 15 % BigmoBimHO. 3a BiTHONICHHSIM JO TPOQHOCTI TPYHTY
JOMiHYI0TE Me3oTpodu — 15 Buais (75 %), ki He BUMOIIIMBI A0 NOXUBHUX PEUOBHH 1 MOKYTh POCTH
HE TUTBKM Ha POJIOYMX TpyHTax. [IpoBigHe Micie Me30TpodiB clipHYMHEHE TOIUPEHHIM Y PerioHi
NOMipHO pofrounx TpyHTiB. Cepes rirpoMopd 3-IOMiK JepeBHUX aJBEHTHBHUX BUJIIB MEPEBAXKAIOThH
mezoditu — 11 (55 %), kcepomezoditu — 5 (30 %), pemra rpyn € HEYUCICHHUMH 1 HATIYYIOTh 1Mo 1-2
BuaH (Tabm. 2).
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eprazioit = KceHOMIT epraszio-KceHOMIT

Puc. 1. Anani3 nepeBHUX aABEHTHBHUX pOCIHH ypOaHohaopu [Bano-DpaHKiBChKa 3a
Croco60M 3aHECEHHH.

Tabnuys 2
Exosnoriuanii aHami3 aqBeHTHBHHUX JePEBHUX BUAIB ypOaHodmopu micta IBaHO-DpaHKiBCEK
OcHOBHI ekoMopdu KinbKicTh BUIIB | % Bij 3araJIbHOI KIJIBKOCTI BHJIIB
ExosoriuHuii cieKkTp 3a BiIHOIICHHSM JIO CBITJIA
[enioditu 3 15
[eniocuoditu 12 60
Cuiorenioditu 5 25
ExoJs10oriyHuil cCeKTp 3a BiIHOIICHHSM JI0 BOJIOTOCTI
Kcepomeszoditu 6 30
Me3sokcepoditu 2 10
Me3zoditu 11 55
[irpomesoditu 1 5
EKOJIOTiYHMIA CIIEKTp 32 BiTHOUICHHSIM JI0 POJIIOYOCTI TPYHTY
Mesotpodu 15 75
EBTpodu 3 15
Oumirotpodu 2 10
BucHoBku

BusiBnieno, mo 10 1epeBHUX aABEHTHBHHX pOCIvH ypOanodiopu micta IBaHO-PpaHKIBCEK BXOASATH
20 BuziB, sxi Hajexarb A0 18 poxi i 13 poauH. Y poIMHHO-BUIOBOMY CIIEKTpPi HaHOLIbLI HTMPOKO
npeCcTaBiIeH] Fabaceae, Rosaceae, Vitaceae. BinpuricTs JEPEBHUX aJIBEHTHUBIB
MiBHIYHOAMEPUKAHCHKOTO Ta CEPEI3EMHOMOPCHKOTO MOXO0KEHHS.

BceraHoBiieHO, 110 HA JOCTIDKYBaHIM TepUTOPIl MEepeBaKarOTh KEHO(ITH, MO CBITYUTH TPO
aKTUBHUH TIpoIiec MozepHizalii (Jopu, 3a crocoOoM 3aHeceHHHs — epraszioditu. Taka TeHIEHIIS
MOKa3ye, 1110 aHTPOIIOTEHHHUM (PAKTOP € TOJIOBHUM [DKEPEIOM aJIBEHTUBHHUX JCPEBHUX BUIIB Y MICTI.
3a cTyneHeM HaTypalizalii IpoBigHa Pojb HANEXKHUTH eprasiodirodiram i enexkodiram, Mo BiAMOBigae
CKJIaqy EKOTOIIB aHTPOIOTeHHO TpaHc(opMoBaHOi TepuTOopii. AHaII3 32 eKoMOphaMu MATBEPAKYE
€KOJIOTYHY IUIACTHYHICTh aJBESHTHBHHMX JEPEBHUX BHUIIB 1 IXHIO 3[aTHICTh HPUCTOCOBYBATHUCH [0
pi3HHX YMOB ypOaHi3oBaHOro cepenopuiia. OnepaHi pe3yNbTaTH MiJIKPECIIOITh EKOJIOTiYHe
3HAa4YCHHS aJBEHTHBHUX JEPEeBHUX BUMAIB y CTIpPYKTypi ypOaHodnopu IBano-®paHKiBChKa Ta
HEOOXIJIHICTh MOJANBIIOI0 MOHITOPUHTY iXHBOTO MOIIUPEHHS i BIUIMBY Ha a0OpUTEHHI KOMIIOHEHTH
MICBKUX €KOCUCTEM.
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ADVENTIVE WOODY PLANTS OF IVANO-FRANKIVSK URBAN FLORA

The adventive component of urban flora is an important indicator of the transformation of urban
ecosystems under anthropogenic influence. Adventive woody species play a particularly significant
role in this process, as they form long-term communities and shape the structural organization of urban
ecotopes. This article presents a comprehensive study of adventive woody species within the urban
flora of Ivano-Frankivsk. A checklist of adventive woody plants was compiled based on original field
investigations conducted using the route-expedition method during 2020-2024, an analysis of
published literature, and examination of the herbarium collections of Vasyl Stefanyk Precarpathian
National University. The studied species were subjected to systematic, florogenetic, and ecological
analyses.

A total of 20 adventive woody plant species belonging to 18 genera and 13 families were
recorded in the study area. Fabaceae, Rosaceae, and Vitaceae were the most represented families in
the taxonomic spectrum, reflecting general trends in the introduction of woody plants into urban
environments. The adventive woody component of the Ivano-Frankivsk urban flora was found to be
predominantly composed of species of North American, Mediterranean, and Asian origin. Analysis of
the timing and pathways of introduction revealed a predominance of kenophytes and ergasiophytes,
while assessment of the degree of naturalization highlighted the leading role of ergasiophygophytes
and epecophytes. Analysis of the ecological structure showed a predominance of heliosciophytes,
mesophytes, and mesotrophs, with a considerable proportion of species tolerant of varying soil fertility
levels, ensuring their adaptability within transformed ecotopes. Particular attention is given to Acer
negundo L., which demonstrates high invasive potential and actively spreads within urban ecotopes,
forming stable communities.

The results obtained make it possible to identify potential directions for further monitoring of
invasion processes in urban ecosystems and to develop effective strategies for managing urban
biodiversity.

Keywords: dendroflora, invasions, introduced species, urbanized areas, systematic analysis.
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EFFECT OF CO-EXPOSURE TO GADOLINIUM, YTTRIUM AND CA-
CHANNEL BLOCKER NIFEDIPINE ON BIVALVE MOLLUSCS.
MODEL EXAMPLE OF MULTIPLE ENVIRONMENTAL
CONTAMINANTS INTERACTION

Rare earth elements (REEs) became the micropollutants of particular concern due to their increasing
rapidly application in modern technologies, including military and medical demands and,
correspondingly, intensive mining and processing. These activities cause concern for environmental
contamination, particularly input into surface waters. The combinations of micropollutants in the
surface waters can cause unpredictable biological effects. Since the REEs are expected to impact the
essential metals functionality, the goal of this study was to study the effects of co-exposure to the
REEs gadolinium (Gd) and yttrium (YY) with popular pharmaceutical and Ca-channel blocker
nifedipine (NFD) on the essential metals zinc- and calcium-dependent manifestations in bivalve
mollusc Unio tumidus. The mussels were treated with the mixture of gadolinium (Gd, 30 nM), yttrium
(Y, 30 nM) and Ca-channel blocker nifedipine (NFD, 10 puM) for 14 days. The distribution of zinc
(Zn) in the tissue with the metallothioneins (MT) participation, as well as the redox state and signs of
toxicity, was analysed in the digestive gland. The exposure elevated GSH, GSSG, MT, NADH, and
NAD" levels, as well as the NADH/NAD* ratio, while decreasing lipid peroxidation (TBARS),
indicating a reductive shift. The level of Zn in the tissue and in MT increased, indicating a Zn-related
mode of action. The mixture induced approximately 2-fold increases in Cyp450-dependent EROD
activity probably due to the biotransformation of NFD. The caspase-3, and GTPase activities were
raised attesting the apoptotic and metabolic activation correspondingly.
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Lysosomal integrity was not targeted, but cholinesterase inhibition was shown as the sign of
neurotoxicity. Since the level of Gd in the tissue increased, unlike the level of Y, its input in the
response would be of most importance. Summarizing, the applied model of multiple environmental
contaminants interaction reflected the expected effect of the mixture on the functionality of essential
metals resulting in the adaptive and specific responses of aquatic inhabitants.

Keywords: rare earth elements, nifedipine, multiple pollution, redox status, zinc, bivalve mollusc, thiol-
containing compounds.

Rare earth elements (REEs) became the micropollutants of particular concern due to their increasing
rapidly application in modern technologies, including military and medical demands and,
correspondingly, intensive mining and processing. These activities cause concern for environmental
contamination, particularly input into surface waters. Over the past decade, their use has increased
nearly 20-fold [16]. Correspondingly, widespread interest in their supply has grown, and global
production is projected to reach 247,7 tons by 2041, up from about 75,0 tons in the 1960s [8]. Among
the REEs entering surface waters, particular attention is given to gadolinium (Gd) because Gd-based
contrast agents (GBCAs) are widely used in magnetic resonance imaging. The increase in Gd in the
water supply has been observed in areas of high population density where hospitals extensively use
GBCAs [14]. Another REE of environmental concern, Yttrium (Y) has been specifically identified as
a strategic defence-critical mineral due to military requirements [10]. As a consequence, the input of Y
into surface waters is high in areas situated near chemical-industrial complex [5]. Generally, the
median level of Gd and Y in stream water in Europe according to the FOREGS database is 6.4 nM and
72 nM correspondingly [19].

Knowledge about the biological role and toxicity of REE for aquatic species is currently rather
fragmentary and mostly represented by the data for marine bivalve molluscs [4]. Since REEs expected
to compete with essential metals for their centers of binding in the biomolecules, their expected
biological targets are metal sensitive sub-cellular organelles, like lysosomes, membrane ion-exchange
channels and oxidative stress activities [1, 15]. In the surface water, it can be expected the combine
pollution by REEs and pharmaceuticals that impact the physiological metals activities. The example of
such pollutant is nifedipine (NFD). NFD is a calcium (Ca) influx inhibitor, which is widely used as a
cheap antianginal and antihypertensive medicine. Correspondingly, it is a common pollutant in WWT
plants effluents and surface waters and contained in the sewage effluents in the ten to thousands of ng
L~! [13]. Previously, the effect of NFD on the zinc (Zn) concentration and distribution, and redox-
state in the bivalve molluscs was established [9, 12].

Bivalve molluscs are recognised as bioindicators of aquatic ecotoxicity, enabling long-term
experiments at concentrations close to environmental levels [6]. However, available information on
the effects of REEs in bivalves and other aquatic species mainly relates to acute exposures at
unrealistic concentrations or long-term studies focused on the morphometric parameters and lethality
[3, 11, 15, 17]. Therefore, the goal of this study was to study the effects of co-exposure to the REES
gadolinium (Gd) and yttrium (Y) with Ca-channel blocker nifedipine (NFD) on the essential metals
Zn-dependent manifestations in bivalve mollusc Unio tumidus under the environmental level of
contaminants.

Materials and methods

All reagents, except NFD, were at least Reagent grade and sourced from Sigma-Aldrich (St. Louis,
MO, USA) or from SynbiaS (Ukraine). NFD was obtained from JSC "Lekhim" (UA/8603/01/01).

The adult specimens of Unio tumidus (length 8.9£0.4 cm and weight 58.8+5.5 g, mean+SD)
were collected in summer (July 2024) from the middle streams of the Dniester River basin. After
acclimation, molluscs were distributed to two groups: untreated molluscs (C-group), and groups
treated with the mixture of Gd (30 nM), Y (30 nM) and NFD (10 uM) over 14 days at 18 °C. After
exposure, molluscs were immediately dissected on ice. The digestive gland tissues were utilised. The
detailed description of the methods applied for the study is done in the recent works [18, 21]. For the
redox state analysis, we assayed nicotinamide coenzymes NADH and NAD™ and reduced and oxidised
glutathione (GSH&GSSG) concentrations in the protein-free extract. The concentration of
metallothionein protein (MTSH) was determined by analysing MT-related thiols and to determine Zn
bound to metallothioneins (ZnMT), heat-denatured proteins were isolated by the chromatography on a
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Sephadex G-50 column The concentrations of Zn in the tissue (Zn t) and in the merged MT-containing
eluate (ZnMT) were determined in the reaction of the complexation of Zn(Il) with 5-Br-PAPS. The
levels of Gd and Y in the tissues were determined using a PerkinElmer Optima 7000 Dual View ICP-
OES. To evaluate the level of oxidative damage, lipid peroxidation products were measured in the
supernatant of a 10% (w/v) homogenate by the production of thiobarbituric acid-reactive substances
(TBARS)

For the evaluation of biotransformation, the cytochrome P450 (CYP450) related
ethoxyresorufin O-deethylase (EROD) activity was measured. The GTP-ase (EC: 3.6.5.5) activity was
assayed to indicate the metabolic state. For the assessment of toxicity, the cholinesterase (ChE, EC
3.1.1.7) activity, lysosomal membrane stability and caspase-3 (EC 3.4.22.56)-related activity were
determined.

For all traits, the sample size was eight individuals, except for Zn in MTs determination, where
combined samples from five specimens were analysed in two iterations per group, each with four
technical replicates and Gd and Y determination (n=4). Results were expressed as mean + SD. Data
were tested for normality and homogeneity of variance using the Shapiro-Wilk and Levene’s tests,
respectively. Whenever possible, data were normalised using the Box-Cox transformation. A one-way
ANOVA was used to test the effect of treatments, followed by post hoc tests. For data that were not
normally distributed, non-parametric tests (Kruskal-Wallis ANOVA and Mann-Whitney U test) were
performed. The IBM SPSS Statistics version 24 software for Windows was used for calculations.

Results and discussion
Analysis of REE concentrations in the tissue (Table 1) showed that only Gd was detectable in the
exposed group, whereas Y was not detected in the samples.

Table 1

Gadolinium and yttrium concentrations (Jg/g FW) in the digestive gland of U. tumidus after 14 days
of exposure to mixture of Gd, Y and nifedipine. Data expressed as mean + SD (n=4).

Group
REE Control Mix
Gd <0.2 0.29+0.15
Y <0.2 <0.2

Remark: n.d., not determined; <0.2, less than measurement limit correspondent to 5 pg/L.

The concentration of Zn in the tissue and in MT (ZnMT) was higher in the exposed group (Fig.
1) with the proportion of ZnMT in the total tissue Zn pool 28 - 32%.

300+ b 60 - b
; -
= a T i
R -
- 200 ‘s 404
{=>] i
= 2
£ c
:100- En 204
N =
N
0- T 0- T
Control Mix Control Mix
A B

Fig. 1. Concentrations of zinc in the tissue (Zn) and metallothioneins (ZnMT) in the
digestive gland of U. tumidus exposed to combination of Gd, Y and nifedipine over 14
days: A —Zn; B —ZnMT. Data are presented as mean £ SD (n = 8 from individual
samples for Zn and n = 8 from four replicates of two independent chromatographic
samples in each group. Here and on the Fig. 2,3,4, different letters above the columns
indicate statistically significant differences (P < 0.05).
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The evaluation of the low weight cellular thiols (Fig. 2) indicated that the exposure led to a
remarkable increase in the concentrations of both GSH and GSSG without changing the Rl GSH
whereas the level of metallothionein protein (MTSH) remained similar to the control.
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Fig. 2. Concentration of low molecular weight thiols in the digestive gland of U. tumidus
after 14 days of experimental exposed to combination of Gd, Y and nifedipine: A — GSH
concentration; B — GSSG concentration; C — redox index of glutathione (RI GSH); D —
MTSH concentration. The level of Zn in the tissue and in MT increased, indicating a Zn-
related mode of action. Data are presented as mean = SD (n = 8).

The exposure increased the levels of nicotinamide coenzymes NAD* and, particularly, NADH,
with a significant reductive shift in their ratio (Fig. 3A—C). The level of lipid peroxidation, as
evaluated by TBARS, decreased compared to the control (Fig. 3D). The lysosomal membrane stability
was not changed by the exposure. Caspase-3 activity increased compared to the control and
cholinesterase activity decreased. Activities of EROD and GTPase increased prominently (Fig. 4).
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Fig. 3. Reductive-oxidative biomarkers in the digestive gland of U. tumidus after 14 days
of experimental exposed to combination of Gd, Y and nifedipine: A — level of NAD"; B —
level of NADH; C — NAD*/NADH concentration ratio; D — TBARS production. Data are
presented as mean + SD (n=8).
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Fig. 4. Cytotoxicity and biotransformation parameters in the digestive gland of

U. tumidus exposed to combination of Gd, Y and nifedipine: A — lysosomal membrane
instability (NRR); B — caspase-3 activity; C — cholinesterase (ChE) activity; D — EROD
activity; E — GTPase activity. Data are presented as mean + SD (n=8).

Since the realistic surface waters represent so called “chemical cocktail”, the multifactor
exposures is the important step in the recognition of adaptivity of aquatic species to the polluted
environment [20]. In the present study we distinguished two kinds of responses: the adaptive reductive
shift and specific effects on the metal functionality and biotransformation.

The reductive shift detected directly from NADH/NAD? raise is a typical response to eustress in
mussels [18, 21]. Its adaptive significance is attested by GSH&GSSG increase without changes in Rl
GSH that provides the reductive state and prevent the oxidative lesions. Indeed, the absence of
destructive changes of lipids (TBARS) and lysosomes support this statement. The high redox state in
cells can produce reduced MTSH and increased its ability to bound Zn, providing the reserve of this
essential metal within the cells. The effect of REEs and NFD did not distort MT functionality. Similar
results were shown in the single exposures mussels to NFD [9, 12]. The activation of GTP-ase can
also be linked to general metabolic regularities under reductive-state control. Similarly, this effect was
demonstrated for U. tumidus in response to caffeine, chlorpromazine, and microplastics separately and
in combination, depending on the redox state [21]. Collectively, our data suggest a strong reductive
effect of Gd and Y in the combination with NFD, evidenced by decreased lipid peroxidation levels,
which indicates effective minimisation of oxidative damage. The antioxidant effect of REEs can be
explained by the increased redox state in the tissue, including the utilisation of MTSH as an
antioxidant. The available data on the impact of REES on oxidative stress are contradictory, likely
depending on the specific exposure [1, 2]. For example, the oxidative stress was caused by the acute
exposure of D. polymorpha to extremely high concentrations (125 mg/L) of terbium, La, Gd and
praseodymium [3].

Typical Zn effect is the inhibition of caspase-3 activity [7]. In opposite, its activity increased in
the exposed group, similarly as it was reported for the effect of NFD alone [9, 12]. Probably, increased
level of Gd can also cause this distortion. Our data on molluscs’ ability to accumulate Gd in the
digestive gland at a low concentration of 30 nM in water are supported by the results of Andrade et al.
(2023a), who reported the detection of Gd in the tissues of M. galloprovincialis after exposure to
10 pg/L of Gd for 28 days [1]. Andrade et al. (2023b) also found an increased level of Y in the soft
tissues of M. galloprovincialis after 28 days of exposure to 5 pug/L of Y [2]. However, they did not
analyse the effect of REEs contained mixtures. Importantly, the mixture influenced biotransformation
activity (EROD), confirming the data on the activation of cytochrome P-450 family member
expression by NFD in higher vertebrates [22]. Despite the general evidence of adaptive response of
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mussels to the applied exposure, cholinesterase inhibition indicated the neurotoxicity as a result of
multiple contaminants interaction.

Conclusions

Generally, the present study employed a simplified model of the real-world multiple-stressor effect by
combining two REEs and a pharmaceutical at environmentally realistic concentrations. In this model,
we demonstrate that multiple chemicals interaction reduces the typical manifestations of Zn
functionality with Gd and NFD in the mixture contributing to this modulation. For the studied model,
the freshwater mussel U. tumidus specific response to chemical combinations related to environmental
conditions can be attributed to its adaptive ability as a facultative anaerobe to induce a reductive shift.
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1 TepHoniNbCcHKMI HALIOHAIBHMI ITeqaroriYHuii yHiBepcuTeT iMeHi Bonoaumupa [Hatioka, Ykpaina
2TepHOMIILCHKUI HAYKOBO-J0CIIIHUH €KCIIEPTHO-KpUMiHaTicTHUHUH 1leHTp, MBC Vkpainu
3TepHominbchkuii HallioHaILHUH TEXHIYHMI yHiBepcuTeT iMeHi IBana ITymos, Ykpaina

“TepHOMiNbCHKMIT HALIOHANEHUI MeMuHUi yHiBepcuTeT imeni 1. 5. Top6adeBcbkoro, Ykpaina

SJlepraBHuUil HAYKOBO-IOCIIiIHUIH iHCTUTYT LIEHTDP MPUPOIHUYHX JOCIIkeHb, BinbHioc, JIuTea
CIIIJILHUI BITJIMB I'AJJOJIIHIIO, ITPIIO TA BJIOKATOPA KAJIBIIIEBUX KAHAJIIB
HI®EJMIIIHY HA JIBOCTYJIKOBHUX MOJIIOCKIB. MOJIEJIbHUIA ITPUKJIAJT B3AEMO/IIH
MHOXMWHHUX EKOJIOI'TYHNX KOHTAMIHAHTIB

Pinkicnozemenphi enementn (P3E) cramm Mikpo3aOpynHIOBauaMH, IO BUKIHKAIOTH OCOOIHBE
3aHETIOKOEHHS, Yepe3 IX CTPIMKO 3pOCTaioue BUKOPHCTAHHS Yy CyYacHHUX TEXHOJIOTIAX, 30Kpema y
BIMCHKOBIH Ta MeJMUHIN chepax, a TAKOK IHTCHCUBHUM BHIOOYTKOM 1 niepepoOkoro. Taka MisiibHICT
BUKJIMKA€E 3aHETIOKOEHHS 00 3a0pyJHEHHS! HaBKOJIHUIIHBOTO CEPEAOBHUILA, OCOOIMBO MOTPAIUISIHHS
P3E y mnoBepxueBi Bomu. KomOiHamii Mikpo3aOpyaHIOBadiB y IOBEpXHEBHX BOAAX MOXYTh
CIPUYMHATH HerependauyBani Oionoriyni epextn. OCKUTbKU oviKyeThesi, o P3E BrumBaTtiMyTh Ha
(GYHKI[IOHAJIBHICTh €CEHIIAIbHUX METaliB, METOI I[bOr0 JOCHIKCHHS OyJIO BHBUHUTH e(eKTH
cruineHoro BrumBy P3E — rapomninito (Gd) ta itpito (Y) y noeaHaHHi 3 MOMyIApHUM (apMalieBTUUHUM
npenapaToM ta OJoKaTopoM KajiblieBUX kaHaiiB HipeauniHoMm (NFD) Ha MHK- Ta Kanblii-3alexHi
MIPOIIECH €CEHINAIBHUX METAIIB y JABOCTYJIKOBHX MOJIOCKiB UNio tumidus. MoirockiB miggaBamu il
cyminmmi ragoninito (Gd, 30 HM), itpiro (Y, 30 HM) Ta Giiokaropa KajdbLi€BUX KaHaIiB HipeTumiHy
(NFD, 10 MmxM) nipotsarom 14 nHiB. Y TpaBHill 3aJ1031 aHaNi3yBany po3noAis HUHKY (Zn) y TKaHUHI 3a
yuacTio MetanoTioHneinis (MT), a TakoX OKHUCHO-BIJHOBHUH CTaH Ta O3HAKM TOKCHYHOCTI. Bruiup
cyMminn mpu3BoguB o mifumieHHs piBHiB GSH, GSSG, MT, NADH Ta NAD®, a Takox
criBBigHomenHss NADH/NAD", onHodacHO 3HIKYIOUM nepekrcHe okucHeHHs nimifiB (TBARS), mo
BKa3ye Ha BiTHOBHUIA 3cyB. PiBeHb Zn y TkanuHi Ta B MT 3pocTaB, M0 BKa3ye Ha IUHK-3aJIC)KHUN
MexaHi3M aii. Cymim iHgyKyBaia mpuom3Ho 2-KpaTHe 30imbimeHHs aktuBHocTi EROD, 3amesxHol Big
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Cyp450, iimoBipHO, depe3 Oiorpanchopmamito NFD. AxrtuaicTs kacmaszu-3 Ta ['Tdazm
MiABHIIYBaNacs, M0 CBIJYUTH MPO aloNTOTHYHY Ta MeTaboiyHy akTuBauiro. LlimicHicTs i30coM He
Oyna mopymieHa, ToAi SK iHTIOyBaHHS XOJIHECTepa3d CBIMYIIO PO TPOSBU HEHPOTOKCHIHOCTI.
Ockinpku piBeHs Gd y TKaHWHI 301TbITyBaBCs, Ha BiAMiHY Bif piBHSA Y, HOTO BHECOK Yy BIAIOBiIb,
iIMOBiIpHO, € Oinbil 3Ha4dymuM. llimcyMoBylouM, 3acTOCOBaHa MOJENb B3a€EMOZIl MHOXXWHHHX
3a0pyAHIOBAYiB HAaBKOJNHMIIHBOTO CEPeJOBUINA BigoOpakae OYIKyBaHMI BIUIMB CyMilli Ha
(YHKIIIOHATBHICTD €CEeHIIATPHAX METAIB, 10 MMPU3BOIUTE M0 AAANTUBHUX Ta CHEMU(ITHUX pPeaKIlii
BOJIHUX OpraHi3MiB.

Kniouosi cnosa: piokicnozemenvui enemenmu, HigpeOUniH, MHOMCUHHE 3A0pYOHeHHS, PeOOKC-CMAaH, YUHK,
080CMYIKOGI MONIOCKU, MIOABMICHI CHOTYKU.

Haniiinoia mo penakmii: 27.02.2026
[Mpuiinsta no npyky: 13.03.2026
Onyo6mikosana: 30.03.2026
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THE EFFECT OF ZINC AND RARE EARTH ELEMENTS
ON METALLOTHIONEIN OF BIVALVE MOLLUSC
RECONSTITUTED IN VITRO

Rare earth elements (REEs) are increasingly attracting attention as new pollutants due to their growing
use in various industries, leading to environmental contamination. Metallothioneins (MT) are low
molecular weight proteins rich in cysteine that are capable of binding d-metals, both essential and
toxic. Since the REEs exhibit the ionic mimicry with the essential metals, their ability to bind to MT
can be expected. However, data on the utilizing of MT as a molecular targets of REEs, in particular
gadolinium (Gd®") and yttrium (Y3*) are currently lacking. Bivalve molluscs belong to the main
filtered organisms in the freshwater bodies, and, consequently, they can accumulate the REEs in their
tissues. Therefore, the aim of this study was to compare the ability of MT to reconstruct their native
structure with the essential metal Zn?* and representative REEs Gd** and Y** utilizing the UV-spectral
peculiarities of MT. To do this, MT was isolated from the digestive gland of bivalve mollusc Unio
tumidus using gel permeable chromatography and subjected to demetalation by 0.05 M HCI. Resulted
partially metallated metallothionein (pMT) was subjected to chromatography again and incubated with
Zn**, Gd*" and Y?>* ions for 60 min with the aim to reconstitute the metallothionein during 1 h (MTr 1
h) and 24 h (MTr 24 h). MTr was exposed to H>O; in two concentrations (0.5 mM and 5 mM) for 1 h
to assess the stability of thiolate clusters. For all utilized forms (MT, pMT, MTr 1h, MTr 24 h) UV-
spectra were determined and their indexes of absorption were calculated.

The results of the study indicated partial demetallisation of MT in an acidic solution. Incubation
with each of the three metals for 1 hour led to a decrease in spectral intensity at 255 nm, with Gd-MTr
causing the greatest decrease in spectral intensity in this range. The decrease at 215-220 nm (in the
blue shift region) indicated the ability of these metals to influence zinc binding. All types of MTr
exhibited virtually identical spectral absorptions across all ranges after 24 hours. Furthermore, over 24
hours, Zn-MTr significantly altered the absorption of MT, which may indicate a redistribution of
metals, whereas the absorption for Gd and Y MTr was not changed prominently.

Following treatment with 0.5 mM H.O: for 1 hour, Gd-MTr showed an increase of absorption at
255 nm, whilst Zn-MTr showed a strong increase in absorption at 215-220 nm. Y caused a decrease in
this area of spectra. Exposure to 5 mM H:O: led to an increase in absorption at 255 nm in Zn-MTr and
Gd-MTr. Particularly, Y-MTr exhibited the greatest decrease in spectral absorption in these ranges,
indicating the susceptibility of Y-MTr to oxidation, whilst Gd-MTr exhibited the highest spectral peak
at 255 nm.

Summarising, basing on the spectral features, we confirmed the ability of Gd and Y to
reconstruct the metal-thiolate clusters similar to Zn-thiolate clusters, typical for Zn-MT. The
reconstituted Gd-MTr were more stable for the oxidation than Y-MTr.

Keywords: Metallothionein, apothionein, gadolinium, yttrium, UV-spectrum.

Rare earth elements (REEs) are widely used in various industries due to their special chemical and
physical properties. Their use leads to serious environmental pollution. Many studies show the
negative impact of REEs, in particular Gd®*" and Y3*, on the redox state of aquatic animals [1, 6].
However, the molecular targets of their binding within the cells are not studied thoroughly [2].

L@:-H ©2026 M. Nemerko et al. CtaTts BigkpuTa IJIs JOCTYIy Ta PO3MOBCIOKYETHCS HAa YMOBaxX JILICH3Il
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Metallothioneins (MT) are thermostable low molecular weight proteins (6-8 kDa). These proteins have
a unique structure and properties completely lacking aromatic amino acids (tyrosine, tryptophan,
phenylalanine). On the other hand, they are rich in cysteine (~30%) providing a high ability to bind
metals, forming in the typical MT two metal-thiolate clusters [17]. Correspondingly, they have
particular spectral features, lacking the typical for most proteins 280 nm absorption peak and exhibits
a characteristic shoulder at 250 nm, which together with the absence of any significant absorbance at
280 nm, has been used as an indicator of the MT presence. However, the kind of bounded metal
influences the features of typical peak. Therefore, the particular metal composition of MT can be
identified by their UV-spectrum characteristics [3, 18].

Since the MT are involved in the binding and transport of irreplaceable physiological metals
zinc (Zn?") and copper (Cu*) and the detoxification of toxic metals cadmium (Cd?*) and mercury
(Hg?") regulating their homeostasis [14], the analysis of UV-spectra of MT are crucially important for
the identification of their metal composition. Besides, MT are also involved in many physiological and
pathological processes, due to the ability to absorb reactive oxygen species (ROS), and they are highly
sensitive to the presence of oxidants in the medium [4, 16].

Zn* is one of the most important essential metals in living organisms and the most common
metal associated with MT. Zn?* is also a common cofactor that enables the functioning of many
enzymes [8]. A deficiency or excess of free Zn?* can lead to many pathologies, so it is important to
regulate its concentration within the cell. Particularly, bound Zn?* in MT plays an important role as an
indicator of redox status. For example, during oxidative stress, ROS can release Zn?* from MT, which
in turn leads to an increase in its concentration within the cell, activating a transcription factor (MTF-
1) that has domains for Zn?* binding. The binding of Zn?* to MTF-1 leads to its activation and an
increase in the total amount of MT capable of absorbing ROS. Heavy metals such as Cd?* and Hg?* are
capable of displacing Zn?* from MT, which leads to an increase in MT synthesis and heavy metal
binding [7, 10, 12].

Since the REEs exhibit the ionic mimicry with the essential metals [2], their ability to bind to
MT can be expected. However, data on the utilizing of MT as a molecular targets of REEs, in
particular gadolinium (Gd**) and yttrium (Y3*), are currently lacking. It is therefore important to
elucidate whether the MT can bind these metals. Bivalve molluscs belong to the main filtered
organisms in the freshwater bodies, and, consequently, they can accumulate the REEs in their tissues
[1]. Therefore, the aim of this study was to compare the ability of MT to reconstruct their native
structure with the essential metal Zn?* and representative REEs Gd** and Y** utilizing the UV-spectral
peculiarities of MT.

Materials and methods

Sample preparation and obtaining a thermostable fraction. Metallothioneins were isolated from the
digestive gland of bivalve molluscs Unio tumidus (Philipson, 1788) using gel permeation
chromatography of the thermostable fraction of proteins. To obtain a homogenate, tissue samples from
five animals were combined and homogenised (1:10 w/v) in 10 mM Tris-HCI buffer (pH 8.0)
containing 10 mM 2-mercaptoethanol (Sigma-Aldrich) to prevent oxidation of SH-groups and 0.1 mM
inhibitor phenylmethylsulfonyl fluoride protease (Sigma-Aldrich) as it was described in Falfushynska
et al. (2010) [3]. The homogenate was centrifuged for 45 minutes at 16,000 g and 4°C. The resulting
supernatant was exposed to a temperature of 85°C for 5 minutes to precipitate thermolabile proteins,
after which centrifugation was repeated under similar conditions. The resulting supernatant containing
thermostable proteins was fractionated by gel filtration on a chromatography column (50x1.5 cm)
packed with Sephadex G-50 (Sigma-Aldrich). Elution was performed by Tris-HCI buffer (pH 8.0)
with the addition of 10 mM 2-mercaptoethanol at a rate of 0.33 ml/min. The eluent did not contain
EDTA to prevent the loss of metals bound to proteins. Twenty fractions of 5 ml each were collected.

Identification of MT. The optical density of the fractions was measured using a ULAB 102
spectrophotometer at wavelengths of 254 nm and 280 nm. The chromatographic column was
calibrated using proteins of known molecular weight: albumin (67 kDa), chymotrypsin (25 kDa),
cytochrome C (12.3 kDa), insulin (5.8 kDa) (Sigma-Aldrich markers were used). MTs were identified
as thermostable low-weight proteins characterised by a high D254/D280 ratio. The two fractions with
the highest MT content were combined (total volume 10 ml) and their UV spectrum was recorded.
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Obtaining demetalated thioneins and their reconstruction. To obtain the apo form of MT (apo-
MT), the isolated fraction containing MT was repeatedly eluted on a Sephadex G-50 column (50%1.5
cm) using a 0.05 M HCI solution (elution rate 0.5 ml/min, fraction volume 5 ml). Detection was
performed at 220 nm [3]. The fraction containing apothionein was used to reconstruct metallothionein
by incubation with a freshly prepared 0.6% solution (132 mg of ZnSO.7H20, 71 mg of GdCls-6H20
and 102 mg of YCls-6H:0) were added. of rare earth elements (Gd, Y) and Zn salts in 0.1 M deaerated
HCI containing 4% NaCl. The incubation lasted 60 minutes, after which the UV spectra of the
obtained fractions were recorded.

Determination of oxidative modifications of MT. Oxidation of MT in vitro was modelled by
incubating the purified MT fraction with H,O; solutions (0.5 mM and 5 mM) at 25 °C for 60 minutes,
after which the UV spectrum was recorded. For all utilized forms of MTs, the indexes of absorption
D215/D230, D260/D230, D245/D280, D255/D280, D245/D295 were calculated to indicate the
changes in the typical spectra characteristics.

Results and discussion

MT isolation. Using gel permeable chromatography, two fractions were isolated from the supernatant
of mollusc digestive glands: a high molecular weight fraction (~67 kDa), which may indicate
incomplete isolation of high molecular weight compounds, and a low molecular weight fraction (~6
kDa). The low molecular weight fraction had all the characteristics of MT, namely: molecular weight
of the fraction about 7 kDa, thermostability (no denaturation occurred at 85-90°C for 5-10 min),
specific UV absorption of about 254-255 nm, which is characteristic of metal-thiolate clusters, and no
absorption at 280 nm, indicating the absence of aromatic amino acids in the protein composition [5].

Apothionein is a form of MT that is unbound to metals and is characterised by a lack of
absorption above 230 nm. This has made it possible to use UV absorption above 230 nm to detect the
content of certain metals in MT. For example, Cd-MT has a specific spectral absorption at 250 nm,
which allows its presence in MT to be determined. The shoulder in the UV spectrum below 240 nm is
characteristic of Zn-MT [15].

05
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Fig. 1. Elution profiles (A) and UV-spectra (B) of thermostable proteins from the
digestive gland of a mollusc.

Note: in Fig. 1 A, the arrows indicate the elution volume of markers: alboumin (66 kDa) 1.0;
chymotrypsin (25 kDa) 1.33; cytochrome ¢ (12 kDa) 2.0; insulin (5.8 kDa) 2.33. Ve — elution volume;
Vo — external gel volume.

Isolation of pMT. After isolation, MT was subjected to gel permeable chromatography, after
which one fraction with a molecular weight of approximately 6 kDa was isolated.
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Fig. 2. Elution profiles (A), UV spectra (B), and difference between the spectra of
metalationeins and purified thionein (C) in the digestive gland of a mollusc.

However, as can be seen in Fig. 2 B, the peak at 220 nm disappeared and the peak at 255 nm
decreased. This indicates partial removal of metals from MT without the formation of the apo-MT,
indicating a strong stability of MT to the effect of 0.05 M HCI.

Incubation of pMT with Zn, Gd and Y. After receiving, pMT was incubated in the presence of
Zn?*, Gd®" or Y3 for 1 h and 24 h, respectively. During the exposure to each of three metals for 1 h,
the spectral absorption was analysed.

=Zn =G =Y -7n = Gd =Y

A B
Fig. 3. UV spectra of apo-MT after incubation with Zn, Gd, and Y for 1 h(A) and 24 h
(B).

It is important to note that the secondary structure of MT depends directly on the metals to
which it is bound [13, 15]. The UV-spectra indicates the correspondent particularities. Particularly, the

34 ISSN 2078-2357. Hayk. 3am. TepHor. Ham. nen. yH-Ty. Cep.: bioi., 2026. T. 86, Ne 1



BIOXIMIA

elevated absorption of UV radiation at a wavelength of 250 nm, typical for Cd-MT, occurs during
charge transfer from the ligand to the metal (LMCT). The absorption of UV radiation at a wavelength
of 255 nm characterises Cu-MT. This difference is explained by the ability of Zn-MT and Cd-MT to
form tetrahedral structures, whereas Cu-MT form various structures, such as tetrahedral, trigonal and
diagonal geometries, where different geometric structures can influence the absorption spectra.
Interestingly, after adding Zn?* to pMT, there was no increase in the characteristic absorption at 215-
240 nm, on the contrary, absorption in this range decreased. It is worth of mention, that the use of UV
spectra to detect metals in heteronuclear clusters is problematic because the identity of metal
chromophores is often disrupted, and it is difficult to separate the contribution of each metal in the
spectra [15].

Consequently, it is currently very difficult to draw definitive conclusions about the structure of
the formed clusters and to explain the exact nature of the UV spectra at 220 nm and 255 nm, because,
according to the spectral peculiarities, the MT were only partially demetalated under the step of
depuration. This may be due to different in vitro Zn/M ratios and bond ratios (Zn-S-M/Zn-S-Zn), as
well as the type of clusters formed [13]. However, the addition of Zn?" to MT causes noticeable
changes in the spectra that are characteristic of cluster structures, indicating a change or distribution of
metal-thiolate clusters. The absorption in the 215 nm range is also due to the presence of peptide
bonds, which may indicate a change in the nature of the peptide due to the interaction of MT with
metals [15].

Since clusters in MT are thermodynamically stable and Kkinetically labile, this allows
intramolecular exchange between metals and their redistribution. A change in absorption at 220 nm
was noticeable 24 h after incubation, where Zn?" showed the greatest change in this spectrum
compared to Gd* and Y*', which may indicate a redistribution of metals characteristic of
heteronuclear clusters (Zn,Cd/Cu-MT) [9]. But the redistribution of the metal may also depend on the
conditions (in vitro or in vivo). In contrast, for Gd** and Y** such strong changes in the spectra were
not observed.

The affinity of metal ions for MT depends on many factors. One of the main factors is the
concept of hard and soft acids and bases (HBAS). It is known that soft metal ions prefer to bind with
soft bases, one of which is sulphur. Most metals, such as Zn?*, Cd,?* Cu* and Hg?*, are considered soft
or semi-soft acids, whilst Gd** and Y?* are hard acids. Therefore, they have a high affinity for binding
to strong bases, such as carboxylates (O) and amines (N), meaning they are oxyphilic. One study has
shown that lanthanum, an element from the REE group, is capable of binding to MT via carboxyl
groups, as well as inducing MT expression [19]. This suggests that MT has the ability to bind even to
metals that are atypical for it, through other amino acid residues (aspartic and glutamic acids), which
likely affects the stability of the primary cluster structures in MT. In addition, the stability of metal-
thiolate clusters in MT is influenced by the binding enthalpy, entropy, and the biomolecular
environment itself [9].

The factors mentioned above clearly indicate that Gd** and Y** are not typical metals that
usually bind to MT, particularly via cysteine residues, and are more likely to prefer binding to
carboxyl groups in MT. However, as shown in Fig. 2 A, their presence altered the spectra
characteristic of MT cluster structures. Within 1 h, their spectra changed, whilst the spectra at 255 nm
were almost identical for all groups over a 24 hour period.

The effect of H,O, on Zn/Gd/Y-MTr. It is known that during oxidative stress, ROS can affect
SH-groups, promoting the oxidation of M-S sulphur, which leads to the release of metals from MT.
Each metal has a different affinity for MT under oxidative conditions, for example, Zn?* has a lower
affinity for MT compared to Cd?* and Cu*. As mentioned earlier, ROS and Cd?* can displace Zn?
from MT, promoting an increase in the concentration of cellular Zn?*, which can bind to the
transcription factor (TFM-1) and activate MT synthesis, promoting an increase in total MT to protect
against ROS and/or Cd?* by binding these agents [7, 12].

After the addition of 0.5 mM and 5 mM H.0., completely different spectra are observed for
Zn/Gd/Y-MTr. For Gd-MTr, following the addition of 0.5 mM H:O., the spectral absorption intensity
in the 215-220 nm range remained virtually unchanged, whereas at 255 nm it increased. The spectra
of Gd-MTr also show noticeable changes in the 230-240 nm range, which can be explained by a
certain effect of H-O- on the MT structure. Following exposure of Gd-MTr to 5 mM H:0-, an increase

ISSN 2078-2357. Hayk. 3am. TepHor. Ham. nen. yH-Ty. Cep.: bioi., 2026. T. 86, Ne 1 35



BIOXIMIA

in the intensity of spectral peaks in the 215-220 nm and 255 nm ranges was observed. For Zn-MTr, a
marked increase in spectral absorption at 215-220 nm and 255 nm was observed following the
addition of 0.5 mM. After addition of 5 mM H-O: to Zn-MTr, an increase in peak intensity at 255 nm
was observed, while the spectra at 215-220 nm remained virtually unchanged. In Zn-MTr, the peak at
255 nm was smaller, whereas in Gd-MTr it was the most pronounced among all groups upon the
addition of 5 mM H.O.. The situation for Y-MTr is quite the opposite: after the addition of 0.5 mM
H-20., its spectral absorption in the 215-220 nm and 255 nm ranges decreased slightly.

m7Zn =Gd =Y

mZn =Gd =Y

0 T o8 T

04 P X
03 4
02 +

01 +

220 245 270 295
A nom B

Fig. 4. UV spectra of MT after incubation of H.O2 with Zn/Gd/Y-MTr for 1 h at
concentrations of 0.5 mM (A) and 5 mM (B).

Under the influence of 5 mM H:0:, a decrease in the intensity of the typical UV-peak was
observed in Y-MTr. Probably, Y, together with H-O-, affected the stability of the MT cluster structure
and made it more sensitive. These results indicate that although Gd*3 and Y** have similar chemical
properties, their effect on the stability of MT cluster structures is very different. The different changes
in the spectra at 220 nm and 255 nm following exposure to H-O. may indicate the ability of these
metals to influence MT, as these spectra are predominantly determined by the presence of M-S bonds.
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Fig. 5. Ratios of UV absorption of all studied forms of MT: A — for each form separately;
B — for each index separately.

The calculation of the ratios of UV-absorption indicated clearly the differences between the
spectra of all forms of MT (Fig. 5). In all reconstructed forms the blue shift was detected, attesting the
increased role of Zn among the metals in protein. The indexes 260/230 and 245/280 changed in a low
limits, but most remarkable in the ZnMTr ox (260/230). The rate of 255/280 indicated the loss on
typical for cluster peak with the maximum at 255 nm. However, in the partially demetalated form this
peak was shown. Hence, the total demetalation of MT was not achieved. Most remarkable differences
were shown for D245/D295 ratio highest values for MTr of Gd and Y, and particularly for YMTr ox
that witness the substantial impact of the studied REEs on the MT stability.

Conclusion

The results of the study showed the ability of Gd*" and Y3* to change the structure of MT. As
mentioned above, the secondary structure of MT depends on its binding with metal, therefore, based
on the data obtained, where the influence of all three metals caused changes in the spectra responsible
for the structure and cluster nature of MT, it can be concluded that Gd** and Y3 are capable of
influencing the cluster structure of MT. Furthermore, upon incubation of Zn/Gd/Y-MTr with H,O,,
each group exhibited a different reaction.

Importantly, this study did not use plural methods for additional confirmation of S-M
connections, but only compared the changes in spectra after the influence of metals on partially
metalated MT, which, incidentally, proved to be very informative. The conditions in vitro can also be
distinct from the situation in vivo with the possibility of REE to bind to MT. Although the spectra after
adding Zn?* to the partially metalated MT were atypical and the properties described above cannot
fully explain why such spectra were formed, based on the data we obtained, we can assume that Gd**
and Y3* are capable to influence the structure of MT.
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M. Hemepro, K. FOuxo, O. Cmonsp

TepHOMTbCHKHUY HALIOHATLHAUN NIEIAaTOTIYHUN YHIBepcHUTeT iMeHi Bonomumupa ['HaTioka, Ykpaina

BIUIMB IMHKY TA PIAKICHO3EMEJIbHUX EJIEMEHTIB HA PEKOHCTPYKLIIO
METAJIOTIOHEIHY JBOCTYJIKOBOI'O MOJIFOCKA IN VITRO

PigkxicHozemensHi enementu (P3E) mpuBeprarors nmemani Oinblue yBaru sSK HOBI 3a0pyIHIOBaui
HaBKOJIMITHBOT'O CEPEIOBHIIIA Y 3B’ 513Ky 3 PO3IMIMPEHHIM chep X BUKOPUCTAHHS Ta 3pOCTAHHSIM PiBHS
3a0pynHeHHs ekocucteM. Mertanotioneinn (MT) € HU3bKOMOJNEKYJSIPHIMHU NPOTeiHaMH, OaraTuMu Ha
MUCTeTH, SKi 34aTHI 3B’S3yBaTH SK €CEHIliaNbHi, Tak 1 TokcuuHi d-meramu. Ockimbku P3E
XapaKTepU3YyIOTHCS SBUIIEM 10HHOT MIMIKpii 11010 €CeHLiaIbHUX METalliB, MOXKHA MPUITYCTHUTU TXHIO
3maTHicTh B3aemomistu 3 MT. BogHouac maHi 111010 B3a€EMOIT MeTaIOTIOHETHIB 13 ragosiniem (Gd*")
ta iTpiem (Y**) Hapasi BificyTHIi. JIBOCTYIIKOBI MOJIIOCKH € OCHOBHHMHU OpraHizMamH-(iIbTpaTopamu
NPiCHOBOJHMX BOAOIM, ToMy 3aaTHi HakonuuyBatu P3E y cBoix Tkanmnax. Bigrak meroro poGotu
OyI10 OpiBHATH 37aTHICT MT BiJJHOBIIIOBATH HATHUBHY CTPYKTYPY 32 YYACTIO €CEHIIAIbHOTO METary
OUHKY Ta mpeacrtaBHUKIB P3E — ragominito # iTpifo — Ha OCHOBI aHami3y yIbTpadioieToBHX
CHEKTPaIbHUX XapakTepucThk MT.

MeranotioHe{H BUALISIM 3 TPABHOI 3aJ03U JBOCTYJIKOBOro Moitocka Unio tumidus meromom
reNb-IIPOHUKHOT Xpomarorpadii Ta mignaBanu aeMetanizamii y 0,05 M HCl. Otpumanuii 4acTKOBO
JieMeTaiizoBaHuii MeTanoTioHein (pMT) moBTopHO ouHMIIyBainy Ta iHKYyOyBanmu 3 ioHamu Zn>*, Gd** i
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Y?** mporsrom 60 XB 117151 peKOHCTHTYTII] MeTanoTioneiny uepe3 1 rog (MTr 1 h) ta 24 rox (MTr 24 h).
Jlnst OIIHKM CTa0UIBHOCTI TIONATHHUX KJIACTEPiB peKOHCTpyhoBaHi (opmu oOpoOisumm H20: y
koHMeHTpanisx 0,5 i 5 MM npotsrom 1 rox. s Beix gocmikyBaHux ¢opm BuzHadanu Y O-criekTpu
Ta PO3pPaxOBYBAJM CIIEKTPAIIbHI 1HAEKCH ITOTIIHMHAHHSI.

BceranorneHo, mo KHUCIOTHA 00po0Ka CIPUYMHSIIA YaCTKOBY nemetarizamito MT. [akyOaris 3
KOXKHUM 13 METaJIiB NpoTAroM | ro CynpoBOKyBaiacs 3HIKCHHAM 1HTEHCUBHOCTI TIOTJIMHAHHS TIPU
255 uM, mpudoMy HaiOLIbII BupakeHui edexT crioctepiraBes st Gd-MTr. 3MeHIIeHHsT TOTIMHAHHS
B jiana3oHi 215-220 HM CBiIYIIIO TIPO 3ATHICTH JOCHTIIXKYBAaHUX METAJliB BIUIMBATH Ha 3B’ SI3yBaHHS
muHKy. Yepes 24 ronm yci Bapiantu MTr xapakTepu3yBaimcsi MOMIOHUMH CIEKTPaJIbHUMHU
nokazHukamMu. BogHowac mns Zn-MTr Big3Ha4eHO CyTT€BI 3MiHW TOTJWHAHHA, IO MOXKE CBIIYUTH
PO TIepepo3noais MetaitiB, Toai Ak it Gd-MTr 1 Y-MTr taki 3MiHu Oyl MEHIT BUPAKEHUMHU.

[Micna aii 0,5 MM H:0: ans Gd-MTr cnoctepiranocst 30ibIIeHHs] TOTJIMHAHHS TpU 255 HM,
tomi Ak st Zn-MTr — y miamazoni 215-220 am. i Y-MTr 6yno xapakTepHe 3HWKSHHS [TOTITHHAHHS
B wi obnacti cmekrpa. Ilicng o6podku 5 MM H20: ans Zn-MTr i Gd-MTr Takox Big3HaueHO
301NbIIeHHS TOTTMHAHHS 11pu 255 HM. BogHowac Y-MTr xapaktepu3yBaBcsi HAHOIIBIIUM 3HIKCHHSIM
CIIEKTPAJILHOIO MOTJIMHAHHSA, [0 CBIIYUTH NP0 HOro BHILY YyTJIMBICTH /0 OKMCHEHHs. Ha mizcrasi
CIIEKTPATFHUX XapPaKTEPUCTHK ITITBEPKEHO 3IATHICTh TAOJNIHIIO Ta iTPil0 BiTHOBIIOBATH METa-
TionaTHi KnactepH, moAiOHi 10 xapakrepaux s Zn-MT. PekoncTpyiioBaHi popMu MeTanoTioHEiHY 3
raJoJliHIEM BUSIBHJIHMCS O1IbII CTIHKMMHE JIO OKUCHEHHS TIOPIiBHSHO 3 (POpMaMu, 0 MICTHIIN 1Tpii.

Kniouosi cnosa: memanomionein, anomionein, 2adoninii, impiu, Y ®@-cnekmp.

Hanpiiinoma mo penakmii: 20.02.2026
[pwmitasara mo npyky: 12.03.2026
Onyo6mikosana: 30.03.2026
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BIIVIUB IICUXOCOIIAJIBHUX TA EKOJOI'TYHUX ®AKTOPIB
CEPEJOBUIIIA HA IIOKA3HUKHU JIEUKOLIUTAPHOI ®OPMY.JIU
B 3JIOPOBOI I'PYIIU HACEJEHHS

[loemHaHHS €KOJOTIYHUX BUKJIHMKIB CHOTOJCHHS, BINCHKOBUX Ji Ta 3arOCTPEHHS MCUXO-COIIaTbHUX
Ta €KOHOMIYHHX TpoOieM B YKpaiHi CTBOPIOE CKJIAagHY CHTYyaIlifo, SKa HETaTHWBHO BIUTUBAE Ha
¢izionoriuHi TOKAa3HWKU 3I0pOB’S HACENCHHSA, 30KpeMa Ha TeMaToJIOTiuHi. 3MiHM €KOJOTidHOTO
cepenopuia (KOPOTKOYacHE 3a0pYIHEHHS TMOBITPS, CUIbChKAa a00 MPOMHUCIOBA MICIEBICTh) MArOTh
3HAYHWI BIUIMB Ha MapaMeTpy T'eMOrpaMH, 30KpeMa Ha KUIbKICTh JIMQOIWTIB, JICHKOLUUTIB Ta
TpoMOOLMTIB, HABITh cepel 30pOBOI IPyNH HACEJEeHHS. 3araibHa IUIOMIa TUMYAacOBO OKYHNOBAaHHX
TepuTOpiil YKpainu cTaHOBUTH 61m3bK0 110 THc. kM2, 0 Bignosizae npudansHo 18 % Bix 3aranbHOi
wiomli kpaiHum Ha mouyatok 2022 poky. BpaxoByrouwm mi naHi, MOKHa MPHUITYCTHTH, IO TUIOIMIA
TEPUTOPIlA, SAKI MOTEHIIHHO MOXYTh 3a3HAaTH HETAaTHBHOTO BIUTMBY BHACIIJOK OOWHOBHUX IiH,
nepesuiye 25 %. OmnocepenkoBaHWi BIUIMB  CYHNPOBOIKYETbCS 3a0pyIHEHHSM TEPHUTOpPid
HeOe3MeYHUMH PEYOBHHAMM, TaKUMH SK BaKKI METaal Ta TOKCHYHI CIHOJYKH, II0 HEraTUBHO
BIUIMBAIOTh HA SIKICTh IPYHTY, BOJH Ta MOBITPSI.

MeToro moCHiKeHHsI € BUBYEHHS MOKAa3HUKIB JIEMKOIMTapHOI (OpMYJIH Ta reMaToJIOri4HUX
IHJICKCIB SIK 1HJUKATOP BILIMBY ICUXOCOI[AJIbHUX Ta €KOJOTIYHMX (DAKTOPIB CEPEIOBUILA HA 310POBY
rpyIy HaceneHHs (Ha npukiani M. Cymu).

VY nmocnimxeHHi Opama ywyacTh Tpyla BOJOHTepiB (4osoBidwoi crati): I (koHTponb) — 1e
MPAKTUYHO-3/IOPOBi JIOIU (10 ToYaTKy rmoBHoMacmTabHoro BroprHeHHs, 2021 pik); Il — rpyma —
NPaKTUYHO-3/I0POBI JItO,H (ITi/T Yac moBHOMAacHITabHOro BroprHeHHs, 2024 pik) — 40 oci6. Ha MomeHT
JOCHI/DKEHHS BC1 BOJIOHTEPH HE MaJll XPOHIYHMX Ta FOCTPUX 3axBoproBaHb. CepenHiil Bik CTaHOBUB
37,1 poky. IligpaxyHOK 3aranbHOi KiJIBKOCTI JICHKOLMTIB Ta BU3HAYEHHS JIEMKOIUTApHOI (popMyu
TIPOBOJIVIIH 32 JIOTIOMOTOI0 aBTOMaTHYHOro remoananizaropa Erba ELite 3. [IpoBoannu po3paxyHKu
IHTETPaTUBHUX T'eMAaTOJIOTIYHUX I1HAEKCIB, IO XapaKTepH3yIOTh Hecnenu(iuHy pEe3UCTEHTHICTh
opraizmy JroguHHA. POOOTY BUKOHYBaJIM BiAIIOBIAHO 10 O10€THYHHUX HOPM.

JlocToBipHO OLIBII, TOPIBHIOIOYH 3 KOHTPOJBHOIO TPYIOI0, OyJIM HACTYIHI T€MaTOJIOTi4HI
MOKA3HUKHU: JICUKOIUTH Ha 5,67 %, MoHouTH — 5,26 %, nimporutu — 9,54 %, eozunodiau — 25,68 %,
6azodinu — 240 %; mOCTOBIpHO MEHII MaNMuKosiepHi HelTpodinu Ha 35,47 %, cerMeHTOsAepH] —
4,22 %. JlocToBipHE 301IbIICHHS B TEMATOJOTIYHUX 1HJIEKCAX, K IMOPIBHATH 3 KOHTPOJIHHOI TPYTIOLO,

L®:.H ©2026 [1. I1. Kapraymenko. CtaTTs BiAKpHTa U AOCTYILy Ta PO3MOBCIO/PKYETHCS Ha YMOBAX JIIEH311
Creative Commons Attribution 4.0 License, sika g03Boiisic HeOOMEXeHe BUKOPHCTAHHSI, PO3IIOBCIODKEHHS Ta BiITBOPEHHS HA
Oyab-sIKOMY HOCIi 32 YMOBH HAJIS)KHOTO IIUTYBaHHS OPUTiHABHOT pOOOTH.
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oyno B JII Ha 16,33 %, ICJIM — 10,91 %, UIl' — 9,3 %, iamexc ameprizamii — 12,66 % Ta ingexc
I'apkaBi — 11,54 %; mocToBipHO MeHII, MOPiBHIOIOYH 3 KOHTpoJeM, Ooymu I13JI na 11,73 %, ICHJI —
12,8 % ta ICHM — 10,4 %.

Takum 9MHOM, OTPHMaHI HAMHU PE3yIbTAaTH BKa3yIOTh, [0 MOKA3HUKH JICHKOIIUTapHOT (hopMymn
Ta IHTErPAaTUBHI TeMaTOJIOTIYHI 1HIEKCH HECIEIU(IYHOT PE3UCTCHTHOCTI MOXHA PO3TIISIATH K OJIUH
13 IHAMKATOPiB BIUIMBY MCHXOCOLIaIbHUX Ta CKOJOTIYHUX (PAKTOpIB cepeloBHIa HA 37J0POBY IPYILy
HaCeJICHHSI.

Kniouosi cnosa: ncuxocoyianohuii XpoHiunuil cmpec (8 yMo8ax 8IliCbKOB020 NONONMCEHHs), NeUKOYumapHda
Gopmyna, nimgoyumu, Helimpoinu, MOHOYUMU, eO3UHOPINY, [HMe2PAMUBHI 2eMamonociuHi iHOeKcu
Hecneyugiunoi pesucmenmuocmi, inoexc I apkasi.

[ToeaHaHHs €KOJOTIYHUX BUKIHUKIB CHOTOACHHS, BiiCEKOBHX /il Ta 3ar0CTPEHHsI ICUXO-COLIaNbHUX i
eKOHOMIYHHUX MpoOseM B YKpaiHi CTBOPIOE CKIQJHY CHUTYyaIllilo, SKa HETaTUBHO BIUTUBAE Ha
¢izioNoriuHi TOKAa3HUKU 3JI0pOB’S HACENECHHSA, 30KpeMa Ha TeMaToJIOTiuHi. 3MiHM €KOJOTi4HOTO
cepenopuia (KOPOTKOYacCHE 3a0pyHEHHs TOBITPS, CUIbChKAa a00 MPOMHUCIOBA MICLEBICTh) MArOTh
3HAYHUI BIUTMB Ha IMapaMeTpy TeMOrpaMH, 30KpeMa Ha KUIbKICTh JIMQOIUTIB, JIEHKOIWTIB Ta
TPOMOOIIMTIB HABITh Cepel 3M0poBOI rpynu HaceneHus [8, 10, 13].

3arajbHa IUI0Ia TAMYACOBO OKYTIOBAaHUX TEPUTOPil YKpainu cranoBUTh 6:1u3bko 110 The. kM2,
1o Bianosinae npubimzHo 18 % Bix 3aranpHOI TuTomi kpainu Ha moyatok 2022 poky. BpaxoByroun mi
JlaHi, MOKHA TPUIMYCTUTH, IO IUIONIA TEPUTOPiH, AKi MOTEHIIHHO MOXYTh 3a3HATH HETAaTHBHOTO
BIUIMBY BHACJIIOK O0MOBUX JiH, mepesurnye 25 %. HaiiGinble Big BIUIMBY O0HOBUX il CTPaKIAOTh
MPUPOIHI €KOCHCTEMH, PO3TAIIOBaHI Y MIBHIYHUX Ta CXiJHHUX perioHax Ykpainu, Takux sik KuiBchbka,
YepmiriBceka, JKutomupepka, Cymcbka, XapkiBebka, Jlyranceka Ta [loHernpka obmacti. Exomorigni
CHUCTeMH YKpaiHH CTPaKIAIOTh SIK BiJ TMPSIMOTO, TaK 1 OMOCEPEIKOBAHOTO BIUIMBY BIMCHKOBHX IiH.
[Meprmii MposBISETHCS Y 3aruOeNi POCIMHHOCTI, TBAPUH Ta MIKpPOOPTaHi3MiB, pyHHYBaHHI POAIOYOTO
nrapy IpyHTy Ta 3MiHaxX Mikpopenbedy, 10 BUKIUKaH] Qi3nyHUM pyHHYBaHHSM €KOCUCTEM BHACHIIOK
MomajgaHHs pi3HUX BUAIB OoioBux cHapsmiB. OmocepeqkoBaHW BIUIMB CYIPOBOKYETHCS
3a0pYyJHCHHSAM TEPUTOPid HEOE3NMEUYHMMM PEUYOBHHAMM, TAaKUMH SK BaXKKI METaJId Ta TOKCHYHI
CIIOJIyKH, [II0 HEraTHBHO BILIMBAIOTh HA SIKICTh IPYHTY, BOAM Ta MOBITPst [1].

TpuBasia B3a€MOJisl HAIIPY>KEHOTO NCHUXO-COLIAIIEHOIO CEPEAOBHUINA 3 €KOJOTIYHUMH 3MiHAMHU
BHACITIIOK BIHCHKOBUX [[ill MOX€e MPU3BOJANTH J0 3HAYHHUX 3MiH y (PI3UIHOMY Ta IICHXIYHOMY 310pOB’1
HaceJIeHHs. BIUIMB MCHXOCOIIaIbHOrO XPOHIYHOTO CTPECY Mae TPH OCHOBHI cpepH 3 MOTEHIIHHUM
BIUIMBOM Ha CEPIIEBO-CYJIMHHI 3aXBOPIOBaHHS: (Di3i0JIOTiYHA CTpecoBa peakilisi CHIbHO BIUIMBA€E Ha
reMOoAMHaMiuHi mapameTpH (CepLeBUi BUKHI, apTepiajbHUN THUCK Ta 4acTOTa CEPLEBHX CKOPOUYECHb);
aKTUBAIlig PI3HUX OCeil cTpecy BIUIMBA€ HAa TeMOCTATHYHI mapameTpu (T€MaToJIOTiYHI 3MiHU
NeHKoUTapHoi (QOpPMYNH, KINTHH EPUTPOIMTAPHOTO PsTy, TPOMOOIMTOCTATUYHMX TOKA3HUKIB);
3aMmagbHOTO BHECKY IICHXOCOIIAILHOTO cTpecy [6; 7].

Merta goCHipKEHHS € BUBUEHHS ITOKA3HWKIB JICHKOUUTAPHOT (OPMYNIM Ta TeMaTOJOTidHHX
IHJICKCIB SIK 1HJUKATOP BILIMBY ICUXOCOI[AIbHUX Ta €KOJOTIYHUX (PAKTOPIB CEPEIOBUIIA HA 30POBY
rpymy HaceneHHs (Ha npuknagi M. Cymn).

Marepiajiu Ta MeTOAH JOCTiKEHb

VY nocnimkeHHi Opajia ydacTh I'pyna BOJIOHTEPIB 40JioBidoi ctati: I (KOHTpOJb) — Iie MPaKTHYHO-
3JI0pOBi M0 (10 MoYaTKy moBHOMacuTabHOro BroprHeHHs, 2021 pik); Il — rpyna — mpakTudHO-
3m0poBi moau (Tig 4Yac moBHoOMacmiTaOHoro BToprHeHHs, 2024 pik) — 40 oci6. Ha momeHT
JIOCHIJDKEHHSI BCl BOJIOHTEPU HE MalHM XPOHIYHUX Ta TOCTPUX 3axBoproBaHb. CepenHili IXHIN Bik
craroBuB 37,1+1,5 poky.

3abip KpoBi IUIA 3arajibHOrO KJIIHIYHOTO aHaji3y MPOBOIWIIM HATIIeceple OOCTEXYBAaHOIO
3paHKy 10 9 TOAMH, 3TIHO 3 MPaBWJIAMH Ta PEKOMEHIALSIMH MPOBEACHHS NPEaHATITHYHOTO eTaIy
nabopaTopHUX JOCHiKeHb KamiasipHoi kposi. [lkipy monmoHHOi moBepxHi kiHmeBoi ¢anmanru IV
nayblsd 0OpOOISIIN CTEPUIIBHUM BaTHUM TaMIIOHOM, 3MOYEHHM CIIUPTOM, i MPOTHUPAIH CTEPUIBHUM
marepianioM. [licns nporo BigkpuBain OAHOPA30BHH cKapHu]ikaTop Ta poOMIM MPOKOJ WIKIPU MBI
HIBUIKHUM PYXOM cKapudikaTopa Ha TJIMOMHY BChOro Jesa (3—4 mm), Onmxde 10 Horo OOKOBOI
TIOBEPXHI B HANPSAMKY, TEPIESHANKYISIPHOMY JI0 KaliJsIpHUX JiHIM naneig. [lepry kparumo 3HiManmm
CyXHM BaTHHUM TaMIIOHOM, TOMY WLIO BOHa MICTHTh TKaHWHHY piIMHY, fKa MOXE BIUTMHYTH Ha
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pe3ynbTaT aHaizy. M Ko HaTHCKAar4Xd Ha MICIE TIOPSA 3 TPOKOJIOM, POBOAMIN 3a0ip HEOOXiTHOI
KUTBKOCTI KpOBi B cTepwibHi mpoOipku ans kamijspHoi kpoBi MICROmed K3 EDTA B 00’emi
0,25 mn. Ilicnsg orpuMaHHS Oi0JIOTIYHOTO MaTepially BMICT TpPOOIPKU 0OEpexkHO IMepeMilryBaid
MpOTSATOM | XBHJIMHH /U1 PO3BENEHHS AHTHKOATYJSHTY Ta PIBHOMIPHOTO pO3MOALTY (hOpMEHUX
eneMenTiB. Yepe3 1 roamHy micnst B3SATTSA KpPOBi, ajlie HE Mi3HilIE HDK 3a 4 TOAMHHU, MPOBOIUIN
MiJPaxyHOK 3arajbHOi KUIBKOCTI JICHKOIMTIB Ta BU3HAYAIM JICHKOIUTApHY (OpMyIly y 3pa3kax 3a
JIOITOMOTOK0 aBTOMATHYHOro remoanaiizaropa Erba ELite 3 [3, 5].

[TpoBoauaM po3paxyHKH IHTETPATUBHUX TIEeMAaTOJNOTIYHHMX IHJIEKCIB, MIO0 XapaKTepU3yIOTh
HecTienu(iuHy Pe3UCTCHTHICTh OpraHi3My JIOJWHU: iHIeKC 3pyueHb JerkonutiB (I3JI) sk mapkep
PEaKTUBHOCTI TIpH 3amaibHOMY Tiporieci (pedepenTHe 3HaueHHsS 1,96+0,56); nefikounTapHUi iHAECKC
(JII), axwif BKa3zye Ha TOPYIICHHS B3a€MOJIi MK TYMOPAJIBHOIO Ta KIITHHHOIO JAHKOI IMYHITETY
(pedepentHi 3nauenns 0,41+0,03); ingekc cmiBBigHOmeHHs HeHTpodinmiB/mimpountiez (ICHJI), mo
BKa3ye€ Ha TOPYIIEHHS B CHUCTeMi KOMIIOHEHTIB Hecmenmu(igHoro Ta cHenu(igHoro 3aXuCTy
(pedepentHi 3Hauenus 2,47+0,65); ingexc chiBBigHOmeHHs HeiTpodinis/mMoHouTiB (ICHM), sxuit
XapakTepu3y€ HasBHICTb YM BiJICYTHICTh nucOanaHcy KOMITOHEHTiB ¢arommrapHoi (Mikpo- Ta
MakpodaranpHoi) cuctemu (pedepentHi 3HaueHHs 11,83+1,31); iHmekc CHIBBiIHOUICHHS
neiikormrie/MmoHonuTiB  (ICJIM), skwii xapakTtepu3ye B3a€MOBIIHOMICHHS adeKTOPHOTO Ta
e(heKTOpPHOTO KOMITOHEHTIB IMyHHOI cucremu (pedepeHtHi 3HaueHHS 5,34+0,59); mimdouurapHo-
rpanynonutapuuit ingexc (IJII) sx xpurepiit ans nudepeHmiamii ayToiHTOKCHKAIT Bix iHGEKIiiHHOT
IHTOKCHKaIi opraHizmy (pedepentHi 3nadeHas 4,56+0,37); iHmexc ameprizamii — CITiBBiIHOIIECHHS
TiMGOIHTIB 10 CyMU HEHUTpoiTpHUX NEeHKOmHTIB Ta 0a30(isiB, BKa3ye Ha HASBHICTh alePridHUX
nporeciB (pedepentri 3HaueHHs 0,88+0,09); iHmekc iMyHHOI pPEAKTHBHOCTI BIJIHOIICHHS CyMH
miMonuTiB Ta €03WHO(DITIB 10 MOHOLMTIB, SKWH BKa3ye Ha CTYMiHb IMyHHUX peaKIid; iHAeKc
apanramii (IA), abo iHmexc crpecoBoi aktmBHOCTI 3a JI. X. ['apkaBi BigHOIIEHHA JTiM(OIUTIB 10
CErMEHTOSIEPHUX HEUTpodiniB — BiloOpaxkae piBeHb afanTalliiHUX peakliii, B Tabnuii 1 HaBeaeHO
3HAUYCHHS JAHOTO 1HICKCY Ta iX iHTepnpeTaris [5, 9].

Tabnuys 1
Kpurepii BU3HaUeHHs TUIIB afanTallifHUX peakiiii opraniamy
Tun aganrauiiinoi peakuii Inpexc Hoapa3uuk
Crpec <0,3 CuiipHAN
[TinBuIeHa aKTHUBALIS >0,7 Bumie cepeaaporo
CriokiliHa aKTUBaLis >0,5-0,69 Cepeniii
TpenyBaHHs >0,3-0,49 Crabkuit

Tpumimka. (3a Coxonenko C. B., 2025 pik [9]).

CratuctTiuHy 00poOKy pe3yJIbTaTiB MPOBOIWIIN 32 TakeToM mporpaM Microsoft Excel.

PoGoTy BUKOHYBanM y BIAMNOBITHOCTI 0 OIOETUYHWUX HOPM 3 JIOTPUMAHHSAM BiJIIIOBITHUX
npuHIMIiB ['enpciHcbkoi nexmaparii npas moanHu, KoHBeHuii paau €Bponu mpo mpasa JIOIUHHA i
OlOMEIUIIMHN Ta BiJIOBIHUX 3aKOHIB YKpaiHH. YCi BOJIOHTEPHU Jajd MUCbMOBY 3rOJy Ha y4acTb y
JociipkenHi [2, 4].

PesynbTaTn rociaigkeHb Ta ix 00roBopeHHst

3rifHo 3 OTpUMAHUMH pe3yjbTaTaMu (Tali. 2), JOCTOBIPHO OULIBIIN MOPIBHSHO 3 KOHTPOJBHOIO
Ipynoro Oyl HACTYITHI TeMaTOJOTIYHI TMOKa3HUKH: JeWKolmuTH — Ha 5,67 %, moHonuth — 5,26 %,
mimpommutn — 9,54 %, eosuHodimm — 25,68 %, 0azodimm — 240 %. [locroBipHe 3pyIICHHS
NedKouTapHoi (OpMyJIM BIIBO BiIOYJIOCH 32 PaXyHOK 3MEHIICHHS HEUTPOPLIB (TaTHIKOSIIEPHUX —
Ha 35,47 %, cermenrosiepanx —4,22 %) nopiBHSHO 3 KOHTPOJIBLHUMH BEJIMUMHAMHE BiJIITOBITHO.

JlelikonuTapHuil 3CyB BJiBO, Ha Hally JYMKY, € Pe3yJbTaTOM XPOHIYHOI CTpec-iHIyKOBaHOI
mucyHkii HeWTpodisiB, BHACHIIOK CTIHKOIO BUCOKOTO PiBHS KOPTH30JY, BUKIMKAHUM XPOHIYHUM
MICUXOCOLIaTbHUM CTPECOM, KM, y CBOIO 4epry, BIUIMBAaE Ha (YHKINI HEHTpOQiTB (XeMOTaKCHC,
(aronuTo3 Ta NMpoayKyBaHHS aKTUBHHX (opM KucHIO) (puc. 1). CTpec akTHBYye MeXaHi3MU alloNTo3y
HEUTpOdiNIiB, MO MPU3BOAUTH J0 3MEHIICHHS IXHBOI KUIBKOCTI Ta (PYHKIIOHAIHLHOTO MOTEHILATY i
HETaTHBHO BILIMBAE Ha HecnenniuHy iMyHHY BiaIoOBias opranismy [11, 12].
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Tabnuys 2
IoxazHuku nerKoruTapHoi hopMyn

IMoka3Huk PedepenTHuii inTepnaj I rpyna 11 rpyna
Jleiixomuru (10%1) 4-9 6,17+0,14 6,52+0,17*
CermenTosinepHi Hefitpodinu (%) 50-72 59,41+0,9 56,9+0,85*

Mownouutu (%) 3-9 5,13+0,12 5,4+0,11*
Jlimpouutu (%) 1840 30,62+0,82 33,24+1,0*

Eosunodinu (%) 1-5 1,83+0,043 2,3+0,07*
bazodinu (%) 0-1 0,01+0,001 0,24+0,002*
[Manuukosinepui Hewtpodinu (%) 0-5 2,96+0,09 1,94+0,06*
HeitrpodinbHi nevikormtu (cyma, %) 62,38+1,01 58,831 4*

Ipumimxa. *— MOCTOBIpHI 3MiHH IO BiTHOMIEHHIO 10 KOHTPOJIBbHOI Tpymu p<0,05.

300 [ rpyna II rpyma

250
200
150
100

50

Puc 1. I'padivne 300paskeHHs BITHOCHUX 3MiH KOMIIOHEHTIB JICHKOIIMTAPHOT (POPMYIIH
(100 % moka3HUKH KOHTPOJIBHOI IPYIIH).

HocToBipHe 30inbLIeHHS, NOPIBHIOIOYM 3 KOHTPOJBHOIO TIpPymor, Oyllo B HACTyIHHUX
remaronoriunux ingekcax: JII wa 16,33 %, ICJIM — 10,91 %, UII' — 9,3 %, ingekc aneprizarii —
12,66 % Ta ingexc amanTtamii (IA) abo inmexc crpecoBoi akTuBHOcTI 3a JI. X. I'apkasi — 11,54 %.
JlocToBipHE 3MEHIIIEHHS B MOKa3HUKAX reMaroyioriyHux iHjekciB Oymu B 13J1 ma 11,73 %, ICHJI —
12,8 % ta ICHM - 10,4 %, mnopiBHiotoun 3 KoHTponeM (Tabin. 3). Iloka3HHK iHIEKCY iMyHHOI
PEaKTUBHOCTI HE MaB JIOCTOBIPHUX 3MiH.

I'padiune mopiBHSHHS iHTerpaTMBHUX remaronoriunux iHzgekciB [ ta Il rpymum mae sk
TIO3UTHUBHI, TaK 1 HETaTUBHI MIKOBi 3MiHH, SIKi CHPOBOKOBAHI 3PYLICHHSIM CITiBBIAHOIIEHHS KIJIBKOCTI
JIEWKOIUTIB: 3MEHIIICHHSM KiTBKOCTI HEUTPOQLIBHOI JIaHKU JISHKOIUTApHOT GOPMYITH 3 OJTHOYACHUM
MiIBHIICHHSAMHE KUTbKOCTI 6a30(i1iB, €03MHOM1IIIB Ta MOHONIUTIB (pHC. 2).

ISSN 2078-2357. Hayk. 3amn. TepHor. Hat. riea. yH-Ty. Cep.: Bion., 2026. T. 86, Ne 1 43




OI3I0JIOI'A JIIOJJUHU TA TBAPUH

Tabnuys 3
[Toka3HUKH IHTETPATHBHUX TE€MATOJIOTIYHUX 1HIEKCIB
IMoka3Huk PedepenTHuii inTepnaj I rpyna II rpyna
Inaexc 3pymens aeiikonuTis (13J1) 1,96%0,56 1,79+0,08 1,58+0,1*
Jletikouutapuuii ingexc (JII) 0,41+0,03 0,49+0,05 0,57+0,03*
[HIEeKC CITiBBIIHOIIEHHS "
HelTpodinis/nevkonutis (ICHJ) 2,47+1,31 2,03+0,7 1,77+0,08
[HIEeKC CITIBBIIHOIIEHHS
Heifrpodinis/moromTis (ICHM) 11,83+1,31 12,15+1,1 10,89+0,98
[HIEeKC CITIBBIIHOIIEHHS "
nerikonutiB/MoHouuTiB (ICJIM) (abcodror) 5,34£0,59 5,69:0,14 6,2:0,19
JlimpouuTapHO-TpaHyJIOLUTAPHUN 1HIEKC 4564037 44240 14 4.83+0 13*
(IUIT) PO= e =
Innmexc aneprisarii 0,88+0,09 0,74+0,07 0,89+0,06*
IHIeKC IMYHHOT pEaKTHBHOCTI 4,41+0,14 4,32+0,15
Innekc apanraitii (IA) abo iHIeKkc cTpecoBol -
aktuBHOCTi 3a JI. X. 'apkasi 0,52£0,03 0,58+0,01
20
15
10
5
I rpyna
Y PSP H rpyme
SN of
5 O Y P & & ©
5 X® Cz” ,\é\ “ 0%'&%
Q
-10 Q,'Q
6&9‘&\
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Puc. 2. I'padivne 300paskeHHs] KOMMBaHb IHTETPaTUBHUX T'e€MAaTONIOTIYHMX iHAeKciB (3a ()
NPUIHATO 3HAYEHHSI KOHTPOJIBHOI TPYTIN).

[To3uTHBHI TiKOBI 3MiHU OyJu BupakeHi B mokasnukax JII, ICJIM, UJIT, ingekci aneprizaiii Ta
inaekci 'apkaBi, 0 CBIAYMTH PO MOPYIICHHS B3a€MOAIT MiXK T'yMOPaJIbHOIO JIaHKOI0 iMyHiTeTy (JII B
I rpymni OyB B Mexax pedepeHTHHX 3Ha4deHb, MOoKa3HUKU I rpynm manu 30iMbIICHHS Bif BEpXHBOI
Mexi pedepeHTHUX 3HaueHb Ha 22,73 %); criBBigHOIICHHS adeKTOPHOI Ta e)eKTOPHOT KOMIOHEHTH
imynHoi cuctemu (ICJIM B II rpyni 30insmenuii Ha 1,35 %); 3rigHo 3 Kputepiem nudepeHmiamii
aBTOIHTOKCHKAMLIi BiJ iH(pekuiiiHoi inTokcukauii opranizmy (IJII') II rpyna mae 30i1bl1eHy KiTBKICTD
€JIEMEHTIB TPaHyJIOLUTAPHOTO PSAy SK PEakiil0 OpraHi3aMy Ha 3MIiHY C€KOJIOTIYHHMX ITOKa3HHKIB B
yMOBax 3a0pyAHEHOTO CepeOBUIla, THM CaMUM MIABHMILYIOYM 1HASKC ajeprizaimii 370pOBOro
HaceJieHHs; iHAekc ["apkaBi cBituuTh PO GOpPMYBaHHS KOMIIEHCATOPHOI PEaKlii OpraHizaMy B yMOBax
TPHBAJIOT HAIIPY>KEHOI JIii CTPECOPIB Ha 3I0pPOBE HACEICHHSI.

BucnoBxku

TakuM YMHOM, OTpUMaHI HAMM pe3yJbTaTH BKA3yIOTh, IO MOKAa3HWUKHU JieMKomuTapHoi ¢opMynn Ta
IHTErpaTHUBHI T€MaTOJIOTi4YHI iHAEKCH Hecneun(piuHOi Pe3UCTEHTHOCTI MOXKHA PO3MIIAATH SIK OAMH 13
IHJMKATOPIB BIUIMBY IICHXOCOIIAIbHUX Ta EKOJOTIYHUX (AKTOPIB CepejoBHUINA Ha 370pOBY IpPYITy
HacesneHHs (Ha npukiaagi M. Cymn).

44 ISSN 2078-2357. Hayk. 3amn. TepHor. Hat. riea. yH-Ty. Cep.: Bion., 2026. T. 86, Ne 1




OI3I0JIOI'A JIIOJJUHU TA TBAPUH

10.

11.

12.

13.

Bopucenko O. b., Kpusoxmxka €. M., YopromTan T. M. BrmuB BifiCbKOBHX [Iiff Ha €KOCHCTEMH: OIIHKA
30MTKIB Ta [UIAXH BIOHOBIEHHSA. FExonociyni  nayku. 2025. Ne 1 (58). C. 343-349.
https://doi.org/10.32846/2306-9716/2025.ec0.1-58.55.

I'enmpcincbka nmeximapamnis BeecBiTHROi MemmaHOT acomiarntii « ETHYHI MPUHINIE MEOWYHUX IOCHTIDKEHb 3a
y9acTI0 JIOAWHU Y sKOcTi o0'ekta mocmimkeHHs». [lHTepHeT]. Jokyment 990 005, pemakmis Bim
01.10.2008. URL: https://zakon.rada.gov.ua/laws/show/990_005 (nata 3Bepuenns: 12.11.2021).
I'emaronoriunuii ananizatop Erba Elite 3. URL: https://rh.ua/laboratory/gematologicheskij-analizator-erba-
elite-3/ (mara 3Bepuenns: 12.11.2021).

3arajpHa Jekiapais npo OioeTuky Ta npasa jaronuad. Opranizauis O0’eqnanux Hamiii 3 mutaHb OCBiTH,
HayKH 1 KyJIbTYpH: BIJUIIJ €THKH HAYKH 1 TEXHOJIOTIi: CEKTOp COLaNbHUX 1 r'ymMaHiTapHUX HayK. 2005 KOBT.
19; 12 ¢. URL: http://unesdoc.unesco.org/images/0014/001461/146180r.pdf (nata 3Bepuenss: 12.11.2021).
Kniniuna maboparopna miarHoctuka / JI. €. Jlamoseup, I'. b. Jlebexp, O. O. fctpemcbka Ta iH.; 3a peq.
JI. €. Jlanose1s. 2-e Bua. crep. Kuis : «Menutuaay, 2021. 472 c.

Hinterdobler J., Schunkert H., Kessler T., Sager H. B. Impact of Acute and Chronic Psychosocial Stress on
Vascular Inflammation. Antioxidants & Redox Signaling. 2021. Ne 35(18). P. 1531-1550.
https://doi.org/10.1089/ars.2021.0153.

Ince L. M., Weber J. Scheiermann C. Control of Leukocyte Trafficking by Stress-Associated Hormones.
Front. Immunol. 2019. Vol. 9. Art. 3143. https://doi.org/10.3389/fimmu.2018.03143.

Kilinger M., Guirsoy E. Assessing the short-term hematological and pulmonary effects of air pollution: a
cross-sectional study in a Turkish urban setting. BMC public health. 2025. Vol. 25. Art. 16.
https://doi.org/10.1186/512889-024-21246-6.

Moderni aspekty v&dy: LVIIL. Dil mezinarodni kolektivni monografie [ISBN 978-617-8614-12-6] /
Mezinarodni Ekonomicky Institut s.r.o.. Ceska republika: Mezinarodni Ekonomicky Institut s.r.o., 2025.
str. 307 - Po3n.: Igekcu He crmenu@iqHOI PE3UCTCHTHOCTI Ta MEHTPANbHOW TeMOAWHAMIKKA Ha (oHi
BpopkeHoi nmaronorii 30opy / C. B. Cokonenxko. C. 233-246.

Muhammad 1., Sehrish N., Yasmeen L., Sabeena R., Abdul R., Farooq S. Effects of Environmental
Pollution on Changes in Blood Biochemical Parameters. Pak-Euro Journal of Medical and Life Sciences.
2019. Ne 1. P. 18-21. https://doi.org/ 10.31580/pjmls.v1i1.982.

Obeagu E. I. Stress, neutrophils, and immunity: a dynamic interplay. Annals of Medicine & Surgery. 2025.
Ne 87(6). P. 3573-3585. https://doi.org/10.1097/MS9.0000000000003304.

Penz M., Kirschbaum C., Buske-Kirschbaum A., Wekenborg M. K., Miller R. Stressful life events predict
one-year change of leukocyte composition in peripheral blood. Psychoneuroendocrinology. 2018. Vol. 94.
P. 17-24. https://doi.org/10.1016/j.psyneuen.2018.05.006.

Wadaa H. A. Study of environmental factors affecting hematological health. European Journal of Modern
Medicine and Practice. 2025. Vol. 5 No. 4. P. 291-295. URL:
https://inovatus.es/index.php/ejmmp/article/view/5588 (nara 3sepuenns: 03.03.2026).

References

1.

Borysenko O. B., Kryvokhyzha Ye. M., Chornoshtan T. M. Vplyv viyskovykh dii na ekosystemy: otsinka
zbytkiv ta shliakhy vidnovlennia. Ekolohichni  nauky. 2025. No 1 (58). S. 343-349.
https://doi.org/10.32846/2306-9716/2025.ec0.1-58.55. [in Ukrainian]

Helsinska deklaratsiia Vsesvitnoi medychnoi asotsiatsii «Etychni pryntsypy medychnykh doslidzhen za uchastiu
liudyny u yakosti obiekta doslidzhennia». [Internet]. Dokument 990_005, redaktsiia vid 01.10.2008. URL.:
https://zakon.rada.gov.ua/laws/show/990_005 (data zvernennia: 12.11.2021). [in Ukrainian]

Hematolohichnyi analizator Erba Elite 3. URL: https://rh.ua/laboratory/gematologicheskij-analizator-erba-elite-3/
(data zvernennia: 12.11.2021). [in Ukrainian]

Zahalna deklaratsiia pro bioetyku ta prava liudyny. Orhanizatsiia Obiednanykh Natsii z pytan osvity, nauky i
kultury: viddil etyky nauky i tekhnolohii: sektor sotsialnykh i humanitarnykh nauk. 2005 zhovt. 19; 12 s. URL:
http://unesdoc.unesco.org/images/0014/001461/146180r.pdf (data zvernennia: 12.11.2021). [in Ukrainian]
Klinichna laboratorna diahnostyka / L. Ye. Lapovets, H. B. Lebed, O. O. Yastremska ta in.; za red.
L. Ye. Lapovets. 2-e vyd. ster. «<Medytsyna», 2021. 472 s. [in Ukrainian]

Hinterdobler J., Schunkert H., Kessler T., Sager H. B. Impact of Acute and Chronic Psychosocial Stress on
Vascular Inflammation.  Antioxidants & Redox Signaling. 2021. Ne 35(18). P. 1531-1550.
https://doi.org/10.1089/ars.2021.0153.

Ince L. M., Weber J. Scheiermann C. Control of Leukocyte Trafficking by Stress-Associated Hormones. Front.
Immunol. 2019. Vol. 9. Art. 3143. https://doi.org/10.3389/fimmu.2018.03143.

Kilinger M., Giirsoy E. Assessing the short-term hematological and pulmonary effects of air pollution: a cross-
sectional study in a Turkish wurban setting. BMC public health. 2025. Vol. 25. Art. 16.
https://doi.org/10.1186/s12889-024-21246-6.

Moderni aspekty védy: LVIIL Dil mezinarodni kolektivni monografie [ISBN 978-617-8614-12-6] / Mezinarodni
Ekonomicky Institut s.r.o.. Ceska republika: Mezindrodni Ekonomicky Institut s.r.o., 2025. str. 307 - Po3x.:

ISSN 2078-2357. Hayk. 3amn. TepHor. Hat. riea. yH-Ty. Cep.: Bion., 2026. T. 86, Ne 1 45



OI3I0JIOI'A JIIOJJUHU TA TBAPUH

Innexcu He cnenudidHOl Pe3UCTEHTHOCTI Ta LEHTPAIbHOM reMOAUHaMIKY Ha (pOHI BPODKEHOI MaToJIorii 30py /
C. B. Cokonenko. C. 233-246.

10. Muhammad I., Sehrish N., Yasmeen L., Sabeena R., Abdul R., Farooq S. Effects of Environmental Pollution on
Changes in Blood Biochemical Parameters. Pak-Euro Journal of Medical and Life Sciences. 2019. Ne 1. P. 18—
21. https://doi.org/ 10.31580/pjmls.v1i1.982.

11. Obeagu E. I. Stress, neutrophils, and immunity: a dynamic interplay. Annals of Medicine & Surgery. 2025. Ne
87(6). P. 3573-3585. https://doi.org/10.1097/MS9.0000000000003304.

12. Penz M., Kirschbaum C., Buske-Kirschbaum A., Wekenborg M. K., Miller R. Stressful life events predict one-
year change of leukocyte composition in peripheral blood. Psychoneuroendocrinology. 2018. Vol. 94. P. 17-24.
https://doi.org/10.1016/j.psyneuen.2018.05.006.

13. Wadaa H. A. Study of environmental factors affecting hematological health. European Journal of Modern
Medicine and Practice. 2025. Vol. 5 No. 4. P. 291-295. URL:
https://inovatus.es/index.php/ejmmp/article/view/5588 (nara 3sepuennst: 03.03.2026).

D. P. Karnaushenko
A. S. Makarenko Sumy State Pedagogical University, Ukraine

THE INFLUENCE OF PSYCHOSOCIAL AND ENVIRONMENTAL FACTORS ON LEUKOCYTE
FORMULA INDICATORS IN A HEALTHY POPULATION GROUP

The combination of ongoing environmental challenges, military conflict, and the exacerbation of
psychosocial and economic problems in Ukraine has created a complex situation that adversely affects
physiological indicators of public health, particularly haematological parameters. Changes in
environmental conditions — including short-term air pollution and residence in rural or industrial areas —
significantly affect blood count parameters, particularly lymphocyte, leukocyte, and platelet counts, even
among healthy populations. As of early 2022, the temporarily occupied territories of Ukraine covered
approximately 110,000 kmz2, or roughly 18 % of the country's total area; given the additional zones
affected by proximity to hostilities, the area potentially susceptible to adverse effects may exceed 25 %.
This indirect impact is compounded by the contamination of territories with hazardous substances, such
as heavy metals and toxic compounds, which degrade the quality of soil, water, and air.

The study aimed to examine leukocyte formula parameters and haematological indices as
indicators of the influence of psychosocial and environmental factors on a healthy population group,
using the city of Sumy as a case study.

The study involved two groups of male volunteers: Group | (control), comprising essentially healthy
individuals examined before the full-scale invasion (2021), and Group II, comprising 40 essentially healthy
individuals examined during the full-scale invasion (2024). None of the volunteers had chronic or acute
illnesses at the time of the study. The mean age of participants was 37.1 years. Total white blood cell count
and white blood cell differential were determined using an Erba ELite 3 automated haematology analyser.
Integrative haematological indices characterising the non-specific resistance of the human body were
calculated. The study was conducted in accordance with bioethical standards.

Compared with the control group, the following haematological parameters were significantly
higher: white blood cells (by 5.67 %), monocytes (by 5.26 %), lymphocytes (by 9.54 %), eosinophils
(by 25.68 %), and basophils (by 240 %); segmented neutrophils and band neutrophils were
significantly lower, by 35.47 % and 4.22 %, respectively. Among the integrative haematological
indices, significant increases relative to the control group were observed for the leukocyte index (LI,
by 16.33 %), the index of the ratio of lymphocytes to monocytes (ISLM, by 10.91 %), the lymphocyte-
granulocyte index (ILG, by 9.3 %), the allergisation index (by 12.66 %), and the Garkavi index (by
11.54 %), while the IZL, ISNL, and ISNM indices were significantly lower, by 11.73 %, 12.8 %, and
10.4 %, respectively.

These findings suggest that white blood cell count parameters and integrative haematological
indices of non-specific resistance can serve as indicators of the impact of psychosocial and
environmental factors on a healthy population.

Keywords: psychosocial chronic stress (under military conditions), leukocyte formula, lymphocytes, neutrophils,
monocytes, eosinophils, integrative haematological indices of non-specific resistance, Garkavi index.
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BILIMB IMYHOCTUMYJISAIII HA CIPUAHSITTSA TA OBPOBKY
MNOAPA3HUKIB, AAIPECOBAHUX | TA || CATHAJIBHUM
CUCTEMAM, HA ®OHI HABYTOI KOPOTKO30POCTI
BUCOKOI'O CTYIIEHA

CydacHe CyCHUIbCTBO € iH(OpMamiitHO-KiOEpHETHYHNM, JIOJMHA SK HOTO CKIAJHUK Ma€ 3HaYHe
iH(pOpMaIiHHO-eMOIlIiiHE HAaBaHTAKEHHS, SKE CYIPOBODKYEThCS O3HAKAMH CTPECOBOTO CTaHy (HE
iHpekniiiHoro moxomkenns). 80 % iHdopMarii JIOIUHA CHpPUMAE OpraHoM 30py (Hacamriepen Iie
PO3TILIIAHHS PIOHUX CHMBOJIB 3 KOPOTKOI BiJICTaHi), IO CYMPOBOIKYETHCS 3HAYHUM (DYHKITIOHATEHAM
HaBaHTXXEHHSIM 30POBOi CEHCOpHOI cucteMu. CaMe pO3TIIsiiaHHs APiOHUX TPEIMETIB TPUBAIHAN Hac 3
KOPOTKOi BiJICTaHI BUKIUKae (GopMyBaHHS MOp(ho-QyHKIIOHAIBHMX 3MIH B OyJOBI OKa, SIKI MOXHA
PO3IJLIIATH SIK ajanTalliro Ta GopMyBaHHSA MaTo(]i3ioNOriyHOro CTaHy, a came HaOyTy KOPOTKO30PiCTb.
BcraHoBneHo, 1m0 Taka KOPOTKO30PICTh SK MATO(]i3ioNOTiYHMN TMPOIEC CYMPOBOIKYETHCS IMyHHHMH
TIOPYIICHHSMH PI3HOTO CTYTICHS, & TaKOX BHUSBICHO, IO TOKA3HHKMA HEHpOAWHAMIYHMX (GYHKLiH y
KOPOTKO30PHX JIIOZICH (BUHSATOK — BUCOKHH CTYITiHb KOPOTKO30POCTI) Kpallli, HiXK y MPaKTUYHO 370POBUX
JFOZIel, IO 3acBiuye TPO MiABUIIEHY (YHKIIOHATbHY aKTHBHICTH LEHTPAIBGHOI HEPBOBOI CHCTEMH
(IHC); Ha ¢oni HaOyTOI KOPOTKO30POCTI BHUCOKOTO CTYIEHS CIIOCTEPIraeThCsl 3HAYHE TMOTipIICHHS
TIOKa3HUKIB CHCTEMHOTO IMYHITETY Ta CTaHy HEHPOJAMHAMIUYHUX (YHKITIMH.

MeToro HNOCHiPKEHHST € BUBYCHHS ITOKa3HUKIB HEWPOJWHAMIYHMX (QYHKIiIH Ta 0O0poOka
nojapa3HuKiB, agpecoBanux | Ta Il curHampHMM cHCTeMaM y JIIOEH, sSKi CTPaXIAalOTh Ha HaOyTy
KOPOTKO30PICTh BUCOKOT'O CTYIEHS Ha ()OHI IMyHOCTUMYJIAIIT (HazodepeHoMm).

VY nocmipkeHHi Opania yyacTh rpyna BOJIOHTEpiB: | (KOHTPOIIB) — 1€ MPAKTUYHO 30POBI JIFOIH,
(40 ocib yomnosiuoi crari); Il — rpyna manedo — Jiroau, MO CTpaxaanyd Ha Ha0yTy KOPOTKO30PiCTh
BHUCOKOTO CTYIICHS, SIKi 3aMIiCTh IMyHOCTUMYJISITOpA MPpUMany (i3i0JIOTIYHUN PO3UMH SIK Ha3aJIbHUN
crpeit (21 ocoba wonosiuoi crari); Il — moau, sKi cTpaskaanu Ha HAOYTY KOPOTKO30PiCTh BHCOKOTO
CTYTICHS 1 MPpUHAMAIA IMyHOCTUMYJIATOP Ha30(hepoH sSK Ha3zabHUH cripeii (21 ocoba 4onmoBiuoi crari).
Jnst orpumanHs iHdopMaIlii Mpo cTaH HeHpoIWHAMIYHUX (YHKIIH MU BUKOPHUCTOBYBAIH METOIHKY
M. B. Makapenka. @irypu BUKOPUCTOBYBAIIX SIK MOJIPA3HUK, aAPECOBaHUM /10 | CUTHAILHOI CHCTEMU,
a CclloBa — SIK TO/IPAa3HUK, aapecoBanuii i Il curnansHol cuctemu. Pobota BMKOHaHA BiAMOBIIHO /10
010€TUYHHX HOPM.

Tak, Ha poHI HA0YTOI KOPOTKO30POCTI BUCOKOTO CTyIeHs (MOApa3HUK (Birypu) Mpocta 30pOBo-
motopHa peakitist ([I3MP) 6inbmia Ha 9,13 % (24,1 mc), peaxiiis Bubopy 1 i3 3 nokasuukis (JIITPB1-3)
—Ha 16,7 % (57 mc), peakuis Bubopy 2 i3 3 (JIIIPB2-3) — na 15,31 % (59,7 mMc), sk mopiBHATH 3
KOHTPOJIBHUMH BermurHamMu BinnoBigHo. @PHIT mpu 06podui noapasnvika dirypu Ha Goni HaOyTOT
KOPOTKO30pOCTi BUCOKOTO CTYIeHs Oyiia JJOCTOBIPHO Tipiiia, HOPiBHIOIOYH 3 KoHTpoJieM. [Tpu 06po0ii
NoJpa3HuKa cioBa Ha QoHI Ha0yTOi KOpoTKo30pocTi Bucokoro cryneHs [I3MP Ginbmuit Ha 8,07 %
(21,8 mc), JITIPB1-3 — Ha 6,46 % (30,2 wmc), JITIPB2-3 — Ha 9,53 % (49,2 Mc), B MOPIBHAHHI 3
koHTposieM. ®PHIIT mpu o6podui moxapa3Huka cioBa Ha (GoHi HAOYTOI KOPOTKO30pOCTi BHCOKOTO
CTyTieHs OyJia JIOCTOBIPHO Tipiiia, MOPIBHIOIOYN 3 KOHTPOJIEM.

BoxuBanHs HazodepoHy HE BUKIMKAJIO JOCTOBIPHUX 3MiH Yy BEJMYMHAX JIATEHTHHUX TEPioiB
CEHCOMOTOPHUX PeakIliil pi3HOi cKiragHoCTi (Toapa3Huk Qirypu — I cuTHaNBEHA cucTeMa, MoIPa3HUK

L®:-Q ©2026 B. B. Ctpenbiosa Ta cniBaBT. CTaTTs BiAKpHUTA TS JOCTYIy Ta PO3MOBCIO/KYETHCS Ha yMOBaX
minensii Creative Commons Atftribution 4.0 License, sika mo3Boisie HeOOMEXKEHE BHKOPHCTAHHSI, PO3MOBCIODKEHHS Ta
BIATBOPEHHS HA Oyab-sIKOMY HOCI{ 32 YMOBH HAaJIS)KHOTO [IUTYBaHHS OPHUTiHAIBHOI POOOTH.
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cmoBa — |l), mopiBHioroun 3 BuxigHuMH 3HadeHHsAMH. DPHII micis BKuBaHHS Ha30(epoOHY
(mogpazHuku Qirypu, cioBa) Majia JOCTOBIPHO IO3WTHBHI 3MiHHU, SK TOPIBHATA 3 BHUXITHUMHU
3HAYCHHSMH.

TakuM 9MHOM, IMYHOCTUMYJIAIlS Ma€ MO3WTHUBHUK BIUTMB Ha nokasHuKH OPHII mpu o6pobii
NOJpa3HUKiB ¢irypu ta ciosa Ha (oHi HaO0yTOI KOPOTKO30pOCTi BUCOKOTO CTYIICHSI.

Kmiouosi cnosa: namenmui nepioou, cencomMomopHi peaxyii pi3HOI CKIAOHOCMI, (DYHKYIOHATbHA PYXIUBICMb
OCHOBHUX HEPBOBUX NPOYECIs, IMYHOCUMYIAYIS, HAOYmMa KOpomKo3opicme 6ucoxkozo cmynens, 1 ma Il
CUCHANbHI CUCEMU.

Bynp-sxe cycminbCcTBO He MOXJIMBE 0€3 iIHAUBIAYYMIB, SIKi OOMIHIOIOTECS iH(OpPMAIliEr0 MK co0oTo,
npu 1HOMY IHQOpMAIS Mae pi3Hy 3HA4YYOICTh MJs CYCHiIbCTBA Ta iHmuBigyyma. CydacHe
CYCIUIBCTBO € iH(OpMAaIifHO-KIOEPHETUYHUM, JIIOJUHA SK HOT0 CKIQJHUK Ma€ 3HauHE
iH(hopMaIlifHO-eMOIiiHE HABaHTAXXEHHS, SKE€ CYNPOBOKYETHCS O3HAKaMH CTPECOBOTO CTaHy (He
iH(MeKmiifHOTO MoXomKeHHs ). Teopito He IH(EKIiiTHOTO cTpecy po3poOuB Ta OOTPYHTYBaB KaHACHKUI
BueHuil Cenbe B 30 pokax MuHysoro croiitrs [9, 14].

80 % indopmanii moanHa cripuiiMae opraHoM 30py (HacamIiepes Ie po3risAaHHs IpiOHMX
CHUMBOIIIB 3 KOPOTKOi Bi[ICTaHi), M0 CyNPOBODKYEThCA 3HAYHUM (DYHKI[IOHATHPHUM HaBaHTKEHHSIM
30pOBOi ceHCOpHOI cucTeMu. OKO — 1€ YaCTHHA TOJOBHOTO MO3KY, SIKa BHUHECEHA 38 MEKi MO3KOBOTO
yepena Ta CTaHOBUTH mnepudepiiiny dactuny I[[HC [1]. Came po3riasmaHHs IpiOHUX TPEIMETIB
TPUBAINK 4Yac 3 KOPOTKOI BiJicTaHi BHUKIMKae (popmyBaHHS MOp(]O-PYyHKIIOHATEHUX 3MiH B OymOBI
OKa, SIKi MO’KHA PO3TIIAJIATH SIK aIanTaIlito Ta (JOpMyBaHHS MaTO(i3i0I0TIYHOTO CTaHy, a caMe Ha0yTy
KOopoTKo30picTh [13, 15].

CTaTUCTUYHI IPOTHO3M MDXHAPOIHHUX opraHizaiiiii (BcecBiTHs opraHisailis OXOPOHH 3I0POB’s,
Opranizamiss  O6’eananux Hariil) koHcraryoth, mo g0 2050 poky KilbKiCTh Jtofed 3
KOPOTKO30PICTIO (MIOII€I0) CATHE 5 MUTBSPIIB, [0 CTAHOBUTHME MalKe MOJIOBHHY HACEJICHHS HAIIO1
TUTAaHETH, a KUTBKICTh XBOPHX 3 BHCOKUM CTYIIEHEM KOPOTKO30pOCTi 30umbIuThes 3 2,7 % 1o 9,8 %.
[11]. KopoTtkozopicTs HaOyTO1 opMH qocaTae MacmTadiB MaHAeMil, ska MAaTUME 3HAYHUIA BIDIMB Ha
cycriiberBo [11, 12, 13, 15]. V wHammiii kpaini npodiema HaOyTOi KOPOTKO30POCTI TaKOXK Ma€e MiCIe:
Tak cepesi 0pTaTEMOIOTTUYHIX MATOJIOT1H KOPOTKO30picTh Mae 12,4 %, 1o BiJMOBiAa€ IPyroMy MicIIo
3a TIOMUPEHICTIO cepell XBopoO oka [16, 17]. HabyTa KopoTKO30piCTh € OJHIEIO 3 IPOBITHUX MPUYNH
CIINOTH, 3HIWKEHHS 30py Ta IHBAIIAM3YIOUYHX MOpyIIeHs 30py [8, 10, 11].

BcraHoBiieHo, 1110 KOpPOTKO30picTh HaOyToi ¢dopMu sk  maTo(di3iooriyHuil  mporec
CYIPOBOJDKYEThCS IMyHHUMH TOPYIICHHSIMH PI3HOTO CTYIICHS, a TaKOX BHUSBICHO, IIO IOKA3HUKH
HelpoanHaMiYHUX (YHKIIH Y KOPOTKO30pUX JIFO/IeH (BUHATOK — BUCOKHH CTYIiHH KOPOTKO30POCTI)
Kpallli, HiK y MPaKTUYIHO 3I0POBUX JIFOJICH, IO 3aCBIIUYE MPO MiJBUIIEHY (PYHKI[IOHAIbHY aKTHBHICTh
neHTpanbHoi HepBoBoi cuctemu (IIHC); Ha ¢oHi HaAOyTOi KOPOTKO30POCTI BHUCOKOIO CTYIICHS
CIIOCTEPIracThCs 3HAYHE TOTIPIICHHS MOKA3HUKIB CUCTEMHOTO IMYHITETY Ta CTaHy HEHpOIWHAMIYHUAX
bynxii [5, 13, 15].

MeTo JIOCTI/DKEHHS € BHBUCHHS IIOKa3HUKIB HEWPOJMHAMiuHUX (YHKIIH Ta 00poOka
nojapasHuKiB, agpecoBanux | Ta Il curHambHMM cucTeMaM y JIIOJEH, sSIKi CTpaXIaloTh Ha HaOyTy
KOPOTKO30piCTh BUCOKOTO CTYIEHs Ha GoHi iMyHOCTUMYJISILIT (Ha3ohepeHoM).

Marepiaju Ta MeTOAU A0CTiT:KEHb

V mocnmimkenHi Opana ydacTe rpyma BOJOHTEpiB: 1 (KOHTPOJIB) — Iie TPaKTHYHO 310poBi smomau (40
oci6 yonosivoi crarti); Il — rpynma mnanebo — mroau, IO CTpaXZald Ha Ha0yTy KOPOTKO30pPiCTh
BHUCOKOTO CTYIICHS, IKi 3aMICTh IMyHOCTUMYJISITOpA MPUMaK (i3i0JIOTIYHUI PO3UMH SIK Ha3a bHUN
crapeit (21 ocoba yososiuoi crati) Il — mroau, sAKi cTpakaaiyd Ha HaOyTy KOPOTKO30PICTh BHCOKOIO
CTyNeHd 1 NpuiiMaiu iIMyHOCTUMYJISITOP Ha30(epoH Sk HasanbHu cnpeit (21 ocoba 4osoBiuoi craTi).
BxuBanHs Ha3zo(epoHy NpOBOAMIM 3TiAHO 3 IHCTPYKLi€to 10 npenaparty [4]. JiarHo3 KOpoTKo30picTh
OyB CTaHOBJICHHU JiKapeM-odraibmojioroM. Ha MOMEHT noCHiKeHHS JucTonaa-rpyaeHs (2022-
2024 pokiB) yci BOJIOHTEpPH HE MAIM XPOHIYHHUX Ta TOCTPHUX 3aXBOPIOBaHb. Bik BOJOHTEPIB CTAHOBUB
24-30 poxiB.

Crynidb KopoTko3opocTi: cinabkuii Big —0,1 g0 —3,0; cepenniii Bix —3,0 10 —6,0; BUCOKHUH BiJ —
6,0 i Bume [8, 10].
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Ilix gac mociimKeHHS BpaxOBYBajJH 3MiHH PO3yMOBOI MpPAaIe3NaTHOCTI Ha MOYaTKy poOOYOro
JTHSL 1 THXKHS, JOCTIJDKSHHS 3IIMCHIOBAIM B JTHI BHCOKOI PO3yMOBOI IpaIe3laTHOCTI — y BIiBTOPOK,
cepeny, getBep 3 09.00 mo 11.00 paHKY, KOJIM CIIOCTEPITa€ThCs ONTUMANBHAN PiBeHb (Di3ioMOTiTHIX
¢byuxmii [1].

Hns otpumanHs iH(opMmamii mpo cTaH HEWpOAMHAMIYHMX (YHKII MU BHUKOPHUCTOBYBAJH
MeToanky M. B. Makapenka [6, 7]. 3a HEI0 AOCTiAKyBalH JaTEHTHI IEpioH CEHCOMOTOPHUX pPeaKiiit
pi3HOI CKIQAHOCTI: mpocTa 30poBo-MoTopHA peakmis (II3MP), peakmis Bubopy 1 i3 3 moapa3HuKiB
(JIITPB1.3), peakuist Bubopy 2 i3 3 (JIIIPB,.3). ®irypu BUKOPUCTOBYIOTH SIK HOAPA3HUK, aJPECOBAHUI
1o I curnanbHOI cuctemu, a cjioBa — 4K MOAPA3HUK, aapecoBaHuM s Il cUrHalbHOI CHCTEMU.
OYHKIIOHANBHY PYXJIMBICTH HepBoBHX TmpoiieciB (PPHII) Bu3Ha4amm MUISXOM HAWBHIOTO TEMITY
nrdepeHITifoBaHHs TMO3UTUBHUX Ta TaJbMIBHHX IIOAPAa3HUKIB TPH MIiHIMAIBHIA EKCITO3UIi 1X
npel’sBJICHHS B PEXHMI «3BOPOTHOTO 3B’S13Ky». PiBeHb (DYHKIIOHATBHOI PYXJIMBOCTI BHU3HAYABCS
4acoM, SIKU HeOOXiMHWH ISl BUKOHAHHS TECTY: YAM MEHIIUH Yac MPOXOKEHHS TECTy, THM BUIIHN
piBeHb (DYHKITIOHATBHOI PyXJIMBOCTI 1 HaBMaku. [|Jiss yHUKHEHHS Cy0’€KTHBHOTO (paKTOpy TECTyBaHHS
CTaHy HEUpPOJMHAMIYHUX BIACTUBOCTEH TPOBOAMIM TpPWUYi, JUIS CTATHCTUYHOI OOpOOKH
BUKOPUCTOBYBAJIH CepeiHE apuMeTHIHE.

CratuctruaHy 00poOKy pe3yNIbTaTiB MPOBOIMIN 3a TakeToM Iporpam Microsoft Excel.

PoGoTy BuKOHYBamM y BIATNOBITHOCTI 10 OIOCTUYHMX HOPM 3 JOTPUMAHHSIM BiJIITOBITHUX
npuHIMIiB [enbciHcbkoi aeknapanii npa mroauHu, KoHBeHuii paxu €Bponu mpo npasa JIOAWHH i
OloMenUIMHA Ta BiAMOBITHUX 3aKOHIB YKpaiHU. YCi BOJIOHTEPH Jajll MHCEMOBY 3TOAy Ha y4acTh y
Jocmimkendi [2, 3].

Pe3yabTaTu 1ociaiakeHb Ta ix 00roBopeHHst

3rifHo 3 OTpUMaHUMHM pe3ynbraTamu (Tabn. 1), BenmuumHH JateHTHHX nepioais [I3MP, JIIIPB2-3
JIOCTOBIPHO OLBIII, TOPIBHIOKOYN 3 KOHTPOJBHUMH MOKa3HUKaMH (moapasHuk ¢irypu). Tak, Ha QoHi
Ha0yTOi KOPOTKO30pOCTi BUCOKOTO crynerst [I3MP Oinbiuii Ha 9,13 % (24,1 mc), JIIIPB1-3 — 16,7 %
(57 mc), JITIPB2-3 — 15,31 % (59,7 Mc), TOPiBHIOIOYH 3 KOHTPOJIBHUMH BETMYHHAMH BiIIIOBITHO.

OdyHKIIOHANBHA PyXJMBicTh HepBoBux mporecie (PPHII) npu o6pobmi nompasauka ¢irypu
(mepra cHMTHaANIBHA CHCTEMA) Y JIOJICH, SIKi CTPaXKIaloTh Ha HaOyTy KOPOTKO30PICTH BHCOKOTO
cTyneHs, Oyna JOCTOBIPHO Tiplia, MOPIBHIOIOYX 3 KOHTPOJIHHUMH 3HAYeHHSIMH. Tak, BeTMUWHA Yacy,
sKa BUTpaueHa Ha MPOXODKECHHS TECTy, Ha (OHI HaOyTOI KOPOTKO30pPOCTI BHCOKOT'O CTYIeHs Oyia
6inpiia Ha 5,13 % (3,7 ¢), MOpiBHIOOYH 3 KOHTPOJIBHUMH MOKa3HUKAMH.

Yci orpumani pe3yibTaTH BKa3ylOTh Ha 3MCEHIIEHHS IIBUAKOCTI I[EHTPAIBHOI 00pOoOKH
iH(popMmallii, moapa3Huk Qirypu.

Tabauys 1

[oxa3zHuku HelponuHaMivHUX QYHKIINA IpU IepepoOIli Moapa3HuKiB, aapecoBanux jo I ta Il
CHT'HAJIBHUX CUCTEM

[MpakTryHo 310poBi Jitoau (M+m) Bucokwuii cTymnine KopoTko3opocTi (M+m)
Hokastiicn dirypu CnoBa Dirypu CioBa
I13MP, mc 264,0+4,8 270,0£3,1 288,1+4,31* 291,8+3,34*
JITIPB1.3, Mc 341,5+4,4 467,6+3,8 398,545,6* 497,8+3,1*
JITIPB>.3, mc 389,9£3,5 516,0+4,0 449,645,3* 565,2+3,8*
OPHII, ¢ 72,0£1,1 76,4+1,2 75,7+1,1* 79,9+0,6*

IIpumimka. *— JOCTOBIpHI 3MiHH 1O BIJHOILEHHS A0 KOHTpoJbHOI rpynu p< 0,05.

OTpumMaHi pe3ynbTaTy, sIKi XapakTepu3yIoTh JaTEHTHI MepioJ CEHCOMOTOPHUX Peakiliid pi3HOi
CKJIagHOCTI Ta (YHKIIOHANBHY pYyXJMBICTH HEPBOBMX IPOLECIB Yy KOPOTKO30pHUX JrOnIEH
MEPEryKyThes 3 pesysbratamu gociimkers B. 1. Hleiiko, FO. 1. Konecuuk [5, 15]. Ilpu npomy ciig
Bij3HAuUTH, 10 B podortax B. I. lleiiko ta lO. I. KonecHuk BijcyTHI 1aHi ipo 0OpoOKyY MOIpa3HUKIB,
aJpecoBaHMX MEpIIid Ta JOpyridk CUTHAIBHIA cHCTEMI Yy KOpOTKo3opux moaed. Tomy Haie
JOCHI/DKEHHST HOCUTD O1NIbII TOHKHMH XapakTep, sSKe XapakTepusye HisuibHicTh Bumux Biaginis HTHC
npy 0OpoOIIi MOIPA3HUKIB MEPIIOIO Ta JIPYTOK0 CUTHAJBHUMH CUCTEMaMH.

AmHami3yloun AaHi, fKi XapaKTepu3yloTh O0OpOOKY MOAPa3HHUKIB CIIOBA, IO aJpecOBaHi IpPYTii
CUTHaJIBbHIHM cucTeMi Ha (oHI HaOyTOi KOPOTKO30POCTI BUCOKOTO CTYIEHS, CIOCTEPIrajJoch JOCTOBIpHE
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30UIBIICHHST BeIMUYWH JIaTeHTHHX mepioniB [I3MP, JIIIPB,3, TmOpiBHIOIOYM 3 KOHTPOJIHHUMH
nokazHukamu. Tak, [I3MP 6inpmmit va 8,07 % (21,8 mc), JIIIPB13 — 6,46 % (30,2 mc), JITIPB23 — Ha
9,53 % (49,2 wmc), nopiBuioroun 3 KkouTposiem. DPHIT Ha ¢oHI BHCOKOrO CTymeHs HaOyTOi
KOPOTKO30pOCTi Tpu 00poOIli MOAPa3HUKIB ClIOBa (TIOAPA3HUK aAPECOBAHMN IO APYroi CHTHAJIBHOL
CHCTEMH) XapaKTepH3yBajlach MOTIPIICHHSIM, a caMe 30UIbLICHHSIM 4acy Uil HPOXOMXKEHHS TecTy,
nopiBHIOKWYH 3 KoHTpoJeM. [Tokasuuku @PHIT Gynu ripiii, sik nopiBHATH 3 KOHTposieM Ha 4,6 % (3,5 ¢).

Takum darHOM, TIpE 00pOOII TOAPAa3HUKIB, alpeCOBAHNX APYTiA CUTHANBHINA cUCTeMi, Ha (oOHi
HaOyTOi KOpPOTKO30POCTi BHCOKOTO CTYIEHS CIOCTEPIraJioCh JIOCTOBIpHE 30UIBIICHHS JIATCHTHUX
nepionis II3MP, JITIPB,.3 Ta noripmennst @PHII, mo Bka3ye Ha moripiieHHs MBUIKOCTI HEHTPAIbHOT
00p0OKH TOIPa3HUKIB, TOPIBHIOIOYH 3 KOHTPOIHLHUMH 3HAUCHHIMH.

O0pobka mopapasHukiB, ampecoBanux mo | Ta Il curHampHMX cucteM, Ha QoOHI HaOyTOi
KOPOTKO30pOCTi ~ BHUCOKOTO  CTYNEHS  CYNPOBOKyBaJach TOTIPIICHHSAM  IOKa3HWKIB,  sIKi
XapaKTepU3yITh I[EHTPaIbHy OOpOOKY MOApPa3HHWKIB Ta 3HIKEHHS (YHKIIOHAIBHOT PYXIHUBOCTI
OCHOBHHX HEPBOBHUX IIPOIIECIB.

VY tabnuui 2 npeacTaBieHi pe3yNbTaTH IOCTKEHb TPyNy Iane0o (Joau, Mo CTPaXIaid Ha
BUCOKHH CTYMiHb Ha0yTOT KOPOTKO30POCTi), SIKi BXKHUBANHU ()i310JIOTIUHUI pO3UUH 3aMiCTh Ha30(hepoHy
K Ha3aJbHUA CHped 3TigHO 3 IHCTPYKIi€r A0 HazohepoHy. BxkuBaHHS (i3100TiYHOTO PO3UUHY
3aMicTh Ha30(epOHY HE CYNPOBOKYBaJOCh AOCTOBIPHHUMH 3MiHAMH BEJIMYWH JIATEHTHHUX IEPiOJiB
CCHCOMOTOPHUX pEaKIiil pi3HOI CKJIAAHOCTI Ta (YHKIIOHAIBHOI PYXJIHMBOCTI OCHOBHUX HEPBOBHX
nporieciB (moapasHuk (irypu Ta moapazHUK cioBa). Taki pe3ynbTaTH BKa3ylOTh Ha BiJACYTHICTB y
HaIIOMY JOCTiKeH] epeKTy caMOHaBiFOBaHHS.

Tabnuys 2

[Moka3nuku HeWpoAMHAMIYHUX QYHKIIH pu nepepoOIli moapa3HukiB aapecoBanux 1o I ta Il
CUTHAJIBHUX cHCTEM Ha (poHI HAOyTOT KOPOTKO30POCTI BUCOKOTO CTyIeHs (Tpyra uiaieo)

I'pymna mname6o oci6 i3 HAOyTOI KOPOTKO30PICTIO
KoHTpouspHa rpymna BUCOKOTO cTymeHs (M+m)
Ioxazauku (M+m) JI0 BXXKUBAHHS (Pi310JIOTIYHOTO | TicCIs BXXKUBAaHHS (Pi3107I0Ti9HOTO
PO3YHHY PO3YHHY
Qirypu CrnoBa Dirypu CrnoBa Dirypu CrnoBa

I13MP, mc 264,0+4,8 | 270,0+3,1 288,1+4,31* | 291,8+3,34* | 288,5+4,43* 291,6+3,82*
JIIPBig,mc | 341,5+4,4 | 467,6£3,8 398,5+5,6* 497,8+3,1* 398,745, 7* 497,6+3,8*
JIIPB23, mc | 389,943,5 | 516,0£4,0 449,65,3* 565,2+3,8* 449,8+5,5* 565,5+4,1*

OPHII, ¢ 72,011 76,4412 75,71,1* 79,9+0,6* 75,8+1,0* 79,87+0,5*

Ipumimxa.* — MOCTOBIpHI 3MiHH TIO BiJTHOIIEHHIO 10 KOHTpOBbHOI rpymu p< 0,05.

Y Ttabmuni 3 mpencTaBieHi pe3ysbTaTH BIUIMBY B)KHMBaHHS Ha30(epoHY Ha MMOKAa3HHUKH

HeHpoAMHAMIYHHUX (PYHKIN y JOJeH 3 HA0YTOK KOPOTKO30PiCTIO BUCOKOTO CTYIIEHS.

Tabnuys 3

[MokazHuku HefpoqHaMIYHUX (YHKIIIH NPy NiepepoOIli moipa3HuKiB, aapecoBanux 1o I Ta Il
CUTHAJIbHUX CHCTEM IIiCIIs BXKMBaHHS Ha30(epoHy Ha GoHI HAOyTOI KOPOTKO30POCTI BUCOKOI'O

CTyNEHS
I'pymna mnamne6o oci6 i3 HAOYTO KOPOTKO30PiCTIO
KoHnTponesHa rpymna, M+m BHCOKOI'O CTyIeHs, M£+m

ITokazuuku -

JI0 B)KMBaHHs Ha30(hepoHy TTicyIsl BXXMBaHHsL Ha30(epoHy
dirypu CrnoBa Dirypu CrnoBa Dirypu CrnoBa

I13MP, mc 264,0+44,8 | 270,043,1 288,1+4,31* | 291,8+3,34* | 287,3+4,23* 290,5+3,22*
JIIIPByg,mc | 3415444 | 467,6+£3,8 398,5+5,6* 497,8+£3,1* 397,5+4,7* 494,1+3,3*
JIIIPB23, mc | 389,943,5 | 516,0+4,0 449,6+5,3* 565,2+3,8* 444,2+3 5% 562,3+3,1*
®PHII, ¢ 72,0+1,1 76,4+1,2 75,7+£1,1* 79,9+0,6* 74,0+0,4*# 78,3+0,5*#

[IpumiTku: *— HOCTOBIpHI 3MiHH 110 BiJHOIIEHHIO IO KOHTPOJILHOI Tpymnu p< 0,05; # —
JIOCTOBIPHI 3MiHU I10 BiTHOIICHHIO JI0 BUXIJTHUX BEJIMYMH B TPYIIl 3 BHCOKHM CTYIICHEM

HaOyTo1 KOopoTKOo30pocTi p< 0,05.
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BoxuBanHS Ha30(epOoHY HE BHKIMKAIO JOCTOBIPHHX 3MiH y BEJIMYMHAX JATEHTHUX MEPiOAiB
CEHCOMOTOPHHUX peakwill pi3HOI ckianHocTi (monpa3Huk ¢irypu — | curHanpHa cuctema, NoApa3sHUK
cnoBa — Il), mopiBHIOIOYM 3 BuXimHUMK 3HaueHHsMH. CIIiJ BiI3HAYWTH HAABHICTH TEHICHII IO
3MEHIIICHHS JIATCHTHHUX TIEPiOJIiB CECHCOMOTOPHUX PEAKITii, MOPIBHIOIOYN 3 BUXITHUMH BEITHYNHAMH:
[13MP 3menmuBes wa 0,3 % (0,8 mc) — I curnansna cucrema ta 0,55 % (1,3 mc) — Il curnanbha
cucrema, JITIPB1-3 — na 0,3 % (1,0 mc) — I curnansHa cuctema ta 0,7 % (3,7 mc) — Il curHanbHa
cucrema, JITIPB2-3 — na 1,2 % (5,4 mc) — I curnaneHa cuctema ta 0,5 % (2,9 mc) — II curnansHa
cucTeMa, MOPIBHIOIOYH 13 3HAYCHHSIMH JI0 BXKUBaHHs Ha30(epoHy.

OPHII micna BxuBaHHA Ha3zodepoHy Mana JOCTOBIpHI 3MiHM, MOPIBHIOIOYH 3 BUXiTHHUMHU
3HaUeHHsAMH. | curHambHa cuctema momapasHuk ¢irypu ®PHII cramo kpame Ha 2,2 % (1,7 c), 1l
cuTHaJbHa cucrema noapasauk cioBa @PHII cramo kpame #a 2,0 % (1,6 ¢), ame Oyio JOCTOBIpHO
ripie B MOPiBHSHI 3 MPAKTUYHO 3I0POBUMH JIIOABMHU.

AHani3yro4d 3MiHA BETTMYWH JATEHTHUX TMEPiOiB CEHCOMOTOPHUX peakilid pi3HOi CKIIaTHOCTI
npu o0pobui moapazHuKiB anmpecoBaHux mo | ta Il curHampHMx cuctem Ha (QoHi HaOyTOl
KOPOTKO30pOCTi BUCOKOTO CTYIEHS SIK 10 BYKUBAaHHA HAa30()epoOHY, TaK 1 Micysl, CITiJ] 3ayBaXKUTH, IO iX
3HAYCHHS BHUXOIMIM 32 pedepeHTHI MexXi, sSKi BH3HA4eHi AochimkeHHAMH M. B. Makapenka Ta
C. B. Jluzory6a [6]. ®PHII na ¢doni HabyTOi KOPOTKO30pPOCTI BHCOKOTO CTYNEHS IpH 00poOIi
MOJIPa3HUKiB, ampecoBaHux a0 | ta Il curHanbHUX cucTeM, SIK 0 Tak 1 micis BXKWBaHHS Ha30(hepoHy
OyIo ripiie, TOPIBHIOIOYH 3 MPaKTHYHO 310pOBUMH JtoabMu. CIifi 3BEpHYTH yBary, 110 BXXKHBAaHHS
Ha30(epOHy BHUKIWKAIO MAOCTOBipHe moKkpameHHs crtany OPHII mpu o6poOiii mompa3HUKIB,
aapecosanux 1o | Ta Il curHanpbHUX cUCTEM, TOPIBHIOIOYH 3 BUX{AHUMH 3HAYCHHSIMHU.

3rifHo 3 IHCTPYKI€I0 Ta HANIMMH MONEPEAHIMH IOCHipkeHHsAMHU, 3Minu OPHII moxHa
MOSICHUTA THM, IO BXXKMBaHHA Ha30()epoHY BHUKIMKAIO aKTUBAIiI0 KIITHHHOI JIAHKM CHUCTEMHOTO
IMyHITETY, 3TiIHO 3 JITepaTypHUMH JaHUMH, AaKTHBAIlisl IMyHHOI CHCTEMH CYIPOBOKYETHCS
30ibIIeHHsM OioenekTpuuHoi aktuBHOCTI [THC [15].

TakuM YHUHOM, IMyHOCTHMYJISIIS, BXXHBAaHHS Ha30()epOHY SK HA3albHOTO CHpelo Ha (oHi
HaOyTol KOPOTKO30pPOCTI BHCOKOIO CTYNEHS BHKIMKajda JIOCTOBIpHE MOKpAILUEHHS CTaHy
(GyHKLIOHANBHOI PYXJIHMBOCTI OCHOBHHUX HEPBOBHX HPOLECIB, @ TAKOXX TEHACHIIIO O HE3HAYHOrO
3MEHIIIEHHS JIATCHTHUX TMEpioJliB CEHCOMOTOPHHMX peakiiii pi3HOI CKIaJHOCTI mpH 00poOI
noJpa3HuKiB, agpecoBanux 10 I Ta Il curnanpaux cucrem. Coiif 3a3HaYUTH, 10 3MIHM JIATEHTHHX
MEPiofiB CEHCOMOTOPHHX PEeakIliii pi3HOI CKIaHOCTI Mpu 00pobIi moapa3HukiB cioa (Il curaamsHa
cUcTeMa) Malli OLIbII BUpaXXeHI 3MiHH, IOPIBHIOIOYH 31 3MiHAMH JIATEHTHUX NIEPi0J[iB CEHCOMOTOPHHUX
peaxitiit mpu 00pooii moxpasuukis dirypu (I curnanpHa cucteMa) micisi BXXHBaHHs Ha3zo(epoHy. Taki
3MiHM BKa3ylOTh Ha HE3HAYHE IMOKPAIIEHHs LEHTpPaIbHOI 00pOoOKH Moapa3HUKiB ((pirypu Ta cioBa)
miciist BKUBaHHs Ha30(epoHy Ha (oHi HaOyTOT KOPOTKO30POCTI BUCOKOTO CTYIICHSI.

BucHoBxku

Hammmu mocimpkeHHsIME BUSIBIICHO, 10 BXKMBaHHS Ha3o(epoHy (iMyHocTUMYIIsAIis) Ha poHi HabyTOi
KOPOTKO30POCTI BUCOKOTO CTYIIEHS BUKJIMKAJIO OCTOBIPHE TOKpPAIIeHHs (PYHKIIIOHAIBHOI PyXJIMBOCTI
OCHOBHUX HEPBOBHX IPOIECIB Mpu 0O0poOIli Moapa3HuKiB, aapecoBanux g0 | Tta Il curHanbHHUX
CHCTEM, aJie TIPH [IbOMY X 3Ha4eHHs OyJIM JOCTOBIPHO TipIii, HOPiBHIOIOYH 3 MPAKTHYHO 310POBUMHU
nroabpMU. JlaTeHTHI epioi CEHCOMOTOPHHX PEeaKLiid Pi3HOT CKIIAJAHOCTI Micisl B)KUBaHHS Ha30(hepoHy
Ha (oHI Ha0YTOT KOPOTKO30POCTI BUCOKOI'O CTYIIEH:, IIPpU 00pOOII MOapa3HUKIB, agpecoBaHux 10 I ta
Il curHaNBHUX CUCTEM, MalH TEHJIEHIII0 IO 3MEHIIEHHS, aje MpU [bOMY BOHH OYyJHM JOCTOBIPHO
0111111, TTOPIBHIOIOYH 3 BEIMYMHAMH MPAKTUYHO 3/I0OPOBUX JIOJEH.

TakuM YUMHOM, IMYHOCTHMYJISILiSI Ma€ MO3UTHUBHHMN BIUIMB HA MOKa3HUKH (DYyHKIIOHAJIBHOT
PYXJIUBOCTI OCHOBHHMX HEPBOBHX IPOIIECIB Ha (OHI HAOYTOI KOPOTKO30POCTI BUCOKOTO CTYIICHSI.
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NEURODYNAMIC FUNCTION AND SIGNAL SYSTEM PROCESSING IN INDIVIDUALS
WITH HIGH-DEGREE ACQUIRED MYOPIA UNDER IMMUNOSTIMULATION

Modern society is characterized by an information-cybernetic nature; consequently, humans, as its
integral components, experience considerable information-emotional stress accompanied by non-
infectious, stress-related symptoms. Given that approximately 80% of information is perceived
through the visual organ — primarily via the close-range observation of small symbols — the visual
sensory system undergoes substantial functional strain. Prolonged close-range observation of minute
objects triggers morpho-functional changes in ocular structure, which can be interpreted as an adaptive
response that progresses toward a pathophysiological state, namely acquired myopia. Acquired
myopia, as a pathophysiological process, is associated with varying degrees of immune dysfunction.
Notably, neurodynamic indices in individuals with mild-to-moderate myopia (excluding high-degree
myopia) are often superior to those of healthy controls, indicating heightened functional activity of the
central nervous system (CNS). In contrast, high-degree acquired myopia is characterized by marked
deterioration of both systemic immunity and neurodynamic function.

The study aimed to evaluate neurodynamic parameters and the processing of stimuli addressed
to the primary (I) and secondary (I1) signal systems in individuals with high-degree acquired myopia
during immunostimulation with Nasoferon.

The study involved three groups of male volunteers: Group | (control), comprising 40 healthy
individuals; Group Il (placebo), comprising 21 individuals with high-degree acquired myopia who
received a nasal saline spray; and Group I, comprising 21 individuals with high-degree acquired
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myopia who were administered the immunostimulant Nasoferon as a nasal spray. Neurodynamic
functions were assessed using the M. V. Makarenko methodology, with geometric figures serving as
stimuli for the primary signal system and words serving as stimuli for the secondary signal system.
The study was conducted in accordance with bioethical standards.

In individuals with high-degree acquired myopia, processing of figure stimuli showed a
significantly longer latent period of simple sensory-motor reaction (LPSMR), by 9.13 % (24.1 ms),
latent period of choice reaction (LPCR1-3), by 16.7 % (57 ms), and LPCR2-3, by 15.31 % (59.7 ms),
relative to control values; the functional mobility of nervous processes (FMNP) during figure
processing was also significantly lower than in controls. During processing of word stimuli, LPSMR
was higher by 8.07 % (21.8 ms), LPCR1-3 by 6.46 % (30.2 ms), and LPCR2-3 by 9.53 % (49.2 ms)
relative to controls, with FMNP likewise significantly impaired in this group.

Administration of Nasoferon did not produce significant changes in the latent periods of
sensory-motor reactions of varying complexity, for either figure or word stimuli, relative to baseline
values. However, FMNP values following Nasoferon treatment showed significant positive changes
relative to baseline for both stimulus types.

These findings indicate that immunostimulation exerts a positive effect on FMNP indices during
the processing of both primary and secondary signal system stimuli in individuals with high-degree
acquired myopia.

Keywords: latent periods, sensory-motor reactions, functional mobility of nervous processes,
immunostimulation, high-degree acquired myopia, primary and secondary signal systems.
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MIKPOKPUCTAJIIBANIA CIMHA HA ®OHI ®I3UYHUX
HABAHTAKEHbDB TA BPO/KEHOI ITATOJIOI'TI OPTAHY 30PY
(TOTAJBHA ABO YACTKOBA CJIITIOTA)

Oco0MBY yBary NpHBEpTaE 3HAYHUUM PO3BUTOK 010JIOTIT, METUIIMHKA Ta OIOMEIUIUHH, KU (HOpMYE
HECTIOJiBaH1 acHeKTH Ta MiAXOAX O BHBUEHHS Ta MIarHOCTYBaHHS OionorigHux 00’ekTiB. OgHUM i3
TAaKUX HaNpsSMKIB MEIUKO-010JIOTiYHOI HayKHM € BHUBUEHHS OIiOJOTIYHHMX pIiAWH, IO OTpUMaHi
HeinBasiiHuMu Metogamu. Came (opMyBaHHs HEIHBa3iHHUX METOJIB JOCHIHKCHHS Ta JIarHOCTHKU
YTBOPIOE BEKTOp TMepemoBoi OloNoriyHOi Ta MEAWYHOI HAyKW. 3HAYHY YyBary MPHAUISIOTH
JOCITI/DKEHHIO Takoi Oi0JIOTIYHOI piAMHM SK CIHWHA, M0 CTBOPWIO HAYKOBHH HAIpsIM CIMHOMIKA.
CnuHa — yHiKanbHa OloNOTiYHA piAWHA, MIO MICTHTh PI3HOMAHITHUH CHEKTP PEYOBHH, SKi
BiJII3EPKAIOIOTh  (DYHKI[IOHATHHO-aIaNTalliifHI 3MiHM  (YHKI[IOHAJBHUX CHCTEM OpTaHi3My.
MikpokpucTamizaliisi CIMHH € KIACHYHUM HEIHBa3WBHUM METOJOM JOCIHi/PKEHHS. 3MiHU
KpUCTATI3aliMHUX OCOOJIMBOCTEH BHUCYNICHOI CIAMHHM € JiarHOCTUYHOK O3HAKOK TIEBHUX BHIIB
naToJIorii abo iX BIUIMBY Ha (YHKI[IOHYBaHHS HEPBOBOI CHCTEMH.

Meroro pobGotm Oysi0 MOCHIANTH OCOONMBOCTI apXiTEKTOHIKM MIKPOKPUCTANIB CIHHA Tif
BIUIMBOM (DI3UYHUX HaBaHTaXeHb Ha ()OHI BPO/PKEHOI MaTojiorii 30py (TOTambHa abo YacTKoBa
CITINOTA).

JocnijpkeHHs TIPOBOJOWJIM Ha Tpymi BOJOHTEpiB, sKka ckiagamacs 3 21 ocobm —
KOHTPOJIbHA/TIepIia rpyna (IIpaKTHYHO 310poBi), 21 ocoba — apyra rpymna (BOJOHTEpH, SIKi MAarOTh
BPO/KEHY TMAaTOJIOTiI0: TOTallbHa a00 YacTKOBa CHIMOTa). Yci BOJOHTEpH OylIM HOJOBIUOi cTari,
cepenHiil Bik SKuX ctaHoBUB 22,8+1,2 poky. Bononrepu npyroi rpynu Manu ¢i3uuHe HaBaHTaKSHHS.
MikpokpucTami3zaiifo CIMHH JOOocihipkyBamu 3a Meroxukoro II. A, Jleyca [locmimkeHHs
MiKpOKpHcTaii3alii cauHu OyJI0 MPOBEICHO B Mepiiii (KOHTPONIBHIH) 1 B Apyriid rpymax. Y mpyriit
TpyIIi JOCIiKEHHST MIKPOKpUCTAai3allii cIuMHU O0yJI0 POBEACHO TAKOXK Micis (i3MUHIX HABAHTAXKEHb.
PoboTa BUKOHYBaNIack y BiJIMOBITHOCTI IO O10€TUYHUX HOPM.

VY xourtponpHil rpymi Oymu HasBHi | Ta II THnm mikpoxpuctamizamii ciamuu (75 % 1 Tan
MiKkpoKpucTaliB, 25 % — Il Tum), mo BiAmoBiac HOpMaILHOMY (i3i0JOTTYHOMY CTaHY. Y BOJIOHTEPIiB
JIPyTOi TPYIU criocTepiraiack nepepara Mikpokpucranis ciuay 11 Ta IV Tumis; BigHOCHUI po3momin
cra”oBuB: | ta Il Tum BigcytHi, Il Tum — 29,7 %, IV tum — 58,5 %, V 1um — 11,8 %. Ilicnsa ¢izuaanx
HaBaHTa)XEHb y BOJIOHTEPIB JPYTol IpyIu MikpokpucTanu O0ymu npeacrasieni 1 (33 %), 11 (19 %), 111
(29 %) Ta IV (19 %) Tunamu, V tum OyB BiJACYTHIH.

Pesynbrat Hamoro AOCHIIKEHHS 0COOIMBOCTEH MIKpOKpHCTANi3alii CIMHU Micis (i3UYHUX
HaBaHTa)XEHb Ha ()OHI BPOMKEHOI IMAaTOJIOTIi 30pOBOIr0 aHajizaropa (ToTanbHa ab0 4acTKOBa CJIIIOTA)
CTBOPIOIOTh MOXITUBICTD PO3TIISIATH METOJ MIKPOKPHCTAII3aIil CIMHU SIK JIOJATKOBUH METOJI, 11O
XapakTepu3ye QyHKIIOHAIBHI 3MiHM Ta TaTO]i310I0TIYHI POLIECH.

Kniouosi cnoea: epodoicena namonocis 30py (momanvha abo yacmxosa ciinoma), Qisuuni HABAHMANCEHHS,
MIKPOKpUCMANI3AYIsl CTUHU.

Ha cyuyacHoMy eTarri po3BUTKY JIFOJICBKOTO CYCHLIBCTBA CIOCTEPIra€ThCs 3HAYHHMIA Ta BUCOKHMA TEMIT
MPOTPECy B yCIX Taly3siX HAYKH, 110 € (yHIAMEHTOM JIJIs IHHOBAIiHOI AiSUTEHOCTI CYCITiTbCTBA.

L@:-Q ©2026 B.I. Uleiiko ta cmiBaBr. CTaTTs BiAKpHUTa Ul JOCTYIYy Ta PO3MOBCIOJDKYETHCS HAa yMOBaXx
minensii Creative Commons Attribution 4.0 License, sika 103BOJIIE HEOOMEXECHE BHKOPHUCTAHHS, PO3MOBCIOKEHHS Ta
BIZITBOpEHHA Ha OyAb-SKOMY HOCIT 32 YMOBH HAJIS)KHOTO IIUTYBaHHS OPUTiHATBHOT pOOOTH.
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Oco0muBy yBary npuBepTae 3HAYHHN PO3BUTOK O10JIOTiI, METUIMHN Ta OlOMEAWIIMHH, SIKHH (hopMye
HECIIO/IiBaHI aCMeKTH Ta MiAXOMU O BUBYCHHS Ta JIarHOCTYBaHHs OiojoriyHux 00’ekTiB. OmHUM i3
TaKUX HANPSAMKIB MEIUKO-O10JIOTIYHOI HAayKWM € BHUBYEHHS OIOJOTIYHMX pIAWH, IO OTPHMAaHi
HeinBasiiiHuMu Metonamu. Came (popMyBaHHS HEIHBa3iHMX METOIB JOCHTIHKEHHS Ta JIarHOCTHUKH
YTBOPIOE BEKTOP MEPEOBOi 0I0MOTiUHOI Ta MEAUMYHOI HAYKU. 3HAUHY yBary NpUAUIIOTH JOCHTIHKEHHIO
TaKol 010JIOTIYHOT PiJMHHU SIK CIIMHA, 1110 CTBOPIJIO HAYKOBHIA HampsiM cimHOMiKa [5, 8, 16, 17].

Y wMeanuHill ramysi, a caMeé B CTOMATOJOTIi, IOCIHIIPKEHHS CIIMHH BUKOPUCTOBYETHCS SK
JOJATKOBUI MiarHOCTHYHHIA aCTEKT, 110 XapaKTepu3ye Pi3HOMaHITHI MAaTOJIOTYHI CTaHM Ta MPOLECH B
potoBili mopoxkauHi. [Topsi 3 GiOXIMIYHUMH JOCHTIKCHHSIMHU CIIMHU B CTOMATOJIOTIT 3’ IBUBCS HOBUH
ACTeKT JOCIIHKEHHS CIIMHU — 1€ MIKPOKPHCTANI3aIlisl, [0 CTBOPHIIO OCHOBY TS (hOpMYBaHHS HOBOTO
METOIy B JIarHOCTHIIl, & caMe BHBYEHHS OCOOIMBOCTEH MIKpOKPHCTANI3aIliifHOI KapTUHH CIIMHU Ha
¢oHi pi3HUX NMAaTONOTiYHUX TpoueciB [16].

MikpokpucTamizamisi CIWHA € KIACUYHUM HEIHBa3WBHMM METOIOM OCIHIDKEHHS, SKHH
0a3yeThbcs Ha Tpolecax Jeriparariii Kparuii CJIMHYU 3 yTBOPEHHSIM KpucTtaiis [4, 5, 7, 16].

CnuHa — yHiKaJgbHa OiONIOTIYHA PiAMHA, IO MICTUTHh PI3HOMAHITHUM CHEKTp PEYOBHH, SKi
BIJI3ePKATIOIOTE (DYHKI[IOHATBHO-aJanTalliitHi 3MiHU QYHKIIIOHATLHUX CHCTeM opranismy [8, 10, 16].

Jerigparartiss CIMHH CYNPOBOKYETHCS YTBOPEHHSIM KPHUCTANIB, AKi (HOPMYIOTHCS Tif dYac
B3aeMomii piakoi ¢pakmii 3 TBepmoro ¢pakiico. CamMe yTBOPEHHS KPUCTAIIB Ta iX OCOOIWBOCTI B
OyzoBi Ta MacmTabax i € HpeAMETOM BHBUCHHS MIiKPOKpHCTANi3alliiHOT KapTHHHU CIWHHU. 3MiHU
KpUCTATI3alliHHUX OCOOIMBOCTEH BUCYIIEHOI CIMHH € JiaTHOCTUYHOI O3HAKOIO MEBHUX BHIIB
naroJorii abo ix BIUIMBY Ha (D)YyHKILIOHYBaHHS HEpBOBOI cuctemu [4, 7, 10, 11, 15, 16].

Chouparourich Ha HaykoBi myOmikamii Takux BYeHux, sk H. FO. €wmenbsnoBa (2023),
B. I. eiiko, JI. O. Cyropmin (2023), Y. Cui, M. Yang, J. Zhu (2022), O. I. 3amo0oBchKa,
T. I. Tronika, B. B. 3nenko (2016), Mu nipoBeny AOCHTIHKEHHS O0COOINBOCTEH MIKPOKpPHCTAII3aiHHOT
KapTHHU Ha TJIi BPOJPKEHOI MaToJIOTii 30pOBOTO aHaji3aropa (TOTalbHOI a00 YaCTKOBOI CIIIMOTH) TpU
¢isnuHnX HaBaHTaXeHHsX [4, 7, 8, 10, 12].

Metoro Oyli0 IOCHIIUTH OCOOJIMBOCTI apXiTEKTOHIKM MIKPOKPHUCTAJTIB CIWHU TiJ BILTHBOM
(i3MYHNX HaBaHTXKEHb HA (DOHI BPOIKEHOI MATOJIOTIi 30py (TOTabHA 200 YacTKOBA CIIIOTA).

Marepiajiu Ta MeTOAU AOCTITKEHb

JocnimpkeHHs: TPOBOAWIM Ha IpyIi BOJOHTEPIB, siKa ckiagaiacs 3 21 ocoOM — KOHTpOJbHA/mepIa
rpyna (mpakTudHO 310poBi), 21 ocoba — nmpyra rpyma (BOJOHTEpH, SAKi MAlOTh BPOJDKEHI MATOJOTIT
30pOBOiT CEHCOPHOI CHCTEMH: TOTaJIbHAa 200 YacTKOBa CIIIIOTa). YCi BOJIOHTEPU OYJIM YOJIOBIYO1 CTaTi,
cepenHiil Bik skux ctaHoBuB 22,8+1,2 poky. Bomontepu apyroi rpynu mManu ¢iznyHe HaBaHTKEHHS
y BUIVIAI IUIaBaHHA B OaceliHi mpoTsroM 1—2 rofauH, NMpoIUIMBAlOYM B cepeaHboMy 1,5-2 kM. Yci
BOJIOHTEPH JIAJIM IIUCHMOBY 3T0Jly Ha Y4acTh B JIOCII/IKEHHI.

MikpoKpHCcTali3alilo CIMHN JOCTiDKyBaan 3a Merogukoro [1. A. Jleyca Meronuka 300py
JOCIIIKYBAHOTO CyOCTpaTy 3acHOBaHa Ha 30MpaHHI HECTHMYJBOBAaHOI 3MIIIAHOT CIIMHH, fKa
aKyMYJIIOEThCS Y TIOPOXKHKHI POTa JI0 MOSIBU pediekcy KOBTaHHS CJIMHH, TOOTO pid iie caMme Mpo POTOBY
pimuny [2]. 3abip clUHM 37iMCHIOBAIM Yepe3 2 TOAMHM micis mpudomy ixi. o 3abopy GiomoridHux
3pa3KiB BOJOHTEPH HPOIOIOCKAIH MOPOXKHUHY poTa Bonoto mpotsaroM 30 cexyna. [Iposenenus 3adopy
OlosioriuHOr0 Marepiany 3AIMCHIOBAIM 1O Mipi HAKONMUYEHHS HECTHMYJBbOBAHOI CIMHM B MOPOKHHHI
pOTa, y HeCTepWIIbHI MPoOipKK 00’ eMOM 7 MIT 3 TepMETHYHOIO 3arilylIKOI0; OTPHUMaHuil Oiomarepian OyB
npomapkoBanuil. CepenHiit 00’eM 3i10paHoi cinuHu craHoBuB 1—1,5 M. TpaHcnopTyBaHHs 010JI0TTYHOT
pinuHM (CiMHA) 3OIMCHIOBAIM y CHELiajJbHOMY TEPMOKOHTEHHEpPI 3 OXOJOMKYIOUHMH EJIEMEHTaMH.
Tepwmin 30epiranns npu Temmneparypi +2 — + 8 °C — ynpomosx 1 106w [9].

[MpuroryBaHHs HATWBHUX IpeNapaTiB CIMHU BinOyBajocs mmicis 12 TOJWH BiJi MOMEHTY iX
300py, 3rigHo 3 HakazoM MO3 Ne662 Big 30.07.2013 [9].

ANTOpUTM NPUTOTYBAaHHS HATHBHOTO INpemnapaTry ciauHU 3a meronoM II. A. Jleyca: mpeamerHe
CKJIO TIOTIEPEIHBO 3HEKUPEHE Ta MPOMAPKEPOBAHE BiIIOBIHO JI0 HOMEPY BOJIOHTEPA; HECTEPIIILHOIO
ninerkoto Ilacrepa 0,2 My ciamHM Oyno HAaHECEHO Ha MpPEIMETHE CKIO 31 30epexXeHHSIM
NEPIEHIUKYISIPHOTO TIOJIOKEHHS; BHCYIIYBaHHS 3pa3Ka BifOyBaJloch NMpH KiMHATHIMA Temmeparypi
MPOTATOM 6—8 TOMH ITICIISI HAHECEHHS CIIMHU Ha MPEeAIMETHE CKITOo [2].

Hactynauii eram: oTpuMaHy MiKpOKpHCTaNi3alliiHy apXiTEKTOHIKY BHBYAIN 32 JOMOMOIOI)
cBiTiIoBOi Mikpockormii Mikpockonnom MICROmed XS-3330 LED npu 36insmenni 4x10(40x) Tta
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10x10(100x) 3 BHKOPWUCTaHHSM METOIWKH CBITIOrO mMOyA. POTOMPOTOKON MOCTIIKYyBaHHX 3pa3KiB
otpumyBanu 3a nornomorow kamepu MICROmed MDC-500. Bineookynsp OyB mpueiHaHUE yepes
TpyOKy-amantep Ha Mikpockori [3].

HocmimkenHss MikpokpucTami3amii cIiHA OyJI0 TIPOBEACHO K B MEPIIiid (KOHTPOIBbHA) TPy,
Tak i B Apyrid Tpymi (BOMOHTEPU 3 BPOKEHUMH MATOJNOTISIMU 30py). Y ApYTidl Tpymi AOCTiIKEHHS
MiKpOKpHCTaIli3alii CIMHNA TaKOXX OyJIO MPOBEACHO 1 Bifpasy micis Gi3sMyHUX HaBaHTaXKCHb.

Koopaunariro gocmimkens 3aiicHIOBaTN Kadeaporo 3araibHO1 61010Ti{ Ta METOAWKHA HaBYaHHS
NPUPOAHUYMX AUCHUILTIH TepHOMINBCHKOrO HAIIOHAIBHOTO IEAAaroriyHoro YHIBEpCHTETY iMeHi
Bonoaumupa I'natioka, kadenporo Giosnorii Hi>knHCBKOTO Aep:KaBHOTO YHIBepCHTETY iMeHi Mukonn
Torous, kadenporo hizuynoi Teparii, (i3MIHOT0 BUXOBaHHS Ta 0i0yorii JJoHOaChKOro MeaarorivHoro
yHiBepcuteTy (M. HImpo).

PoGora BHKOHAaHa y BIANOBIMHOCTI A0 OIOCTMYHUX HOPM 3 JOTPUMAHHSIM BiJlIIOBITHUX
npuHLUMIB ['enbciHchkol nekiaparii mpas jgroanad, KouBeHIil pagu €Bpomny mpo mpaBa JIOAWHA 1
OiOMEeIMIIMHY Ta BiIOBIIHUX 3aKOHIB YKpainu [1, 6].

Pe3yabTaTu 10ocaixKkeHb Ta ix 00ropopeHHs

Y xoHTponpHi# rTpyni Oynu HasBHi | Ta II THmm wmikpokpucramizanii cnuan (75 % 1 Tun
MIiKpOKpHCTaliB, 25 % — Il Tum), mo BignmoBizae HopManbHOMY (izionoriyaomy crany (puc. 1), 3rigHo
3 nanumu Aurelia Spinei, Alina Monica Picos, Ina Romanciuc [17].

VA B a2 » BAR . R TR 4 'Q'ff N =
Puc. 1. I ta Il Tun mikpoxpucranizauii ciuHu (KOHTponbHa rpyna) 4x10: a — [ tum, b — 11

THII.

Y BOJIOHTEpIB Jpyroi TpymH crocTepiranu nepesary MikpokpuctaniB ciauad 11 Ta IV Tumis
(puc. 2); BITHOCHUIA PO3MOIiN TUIIB MiKpOKpHCTaiB ciauHu ctaHoBuB: I Ta Il Tun BincytHi, 11 Tum —
29,7 %, IV tun — 58,5%, V tun — 11,8 % (puc. 3). Orpumani pe3ynabTaTH NEPETYKYIOTHCA 3
HaykoBuMH TyOsikartisimu [8, 10, 15].

Puc. 2. Il ta IV Tun MikpokpucTaiizallii CIMHU (BOJIOHTEPH 3 BPOPKEHOO ITaTOJIOTIE0
30py) 4x10: a— Il Tum, b — IV Tum.
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Puc. 3. V tun MikpokpucTtaiizaiii CinHU (BOJIOHTEPH 3 BPOIPKECHOIO MATOJIOTIE) 30PY)
4x10.

Y npyriit rpymi BomoHTepiB mepesara kpuctaniB Il ta IV tumiB moxe OyTH 3yMOBIeHA
BPO’KEHOIO TATOJIOTIEI0 30y, SKa CYMPOBOXKYETHCS MOCTIHHIUM CTPECOM, IO Ma€ COILialbHUN Ta
OloyIOriuHMI acCHEeKTU: COLialbHUHA — HE MOBHA coLiali3allis Jogeld 3 TOTalbHOW ab0 YaCTKOBOIO
CTMNOTOI; OIONIOTiYHMA — KOMIICHCAaTOpDHE HaBaHTAXEHHA Ha (Di3l0JOTi4HI CHUCTeMH, SIKi
3a0e3MeuyloTh [iSUIBHICTh OpraHi3My Ha QoHI BpokeHOi Mopho-(QyHKIIOHATBHOT MATONOTI.
BpomkeHa mnaToioris 30py CYNpPOBOMKYETbCS MMOPYLICHHSMH PI3HOTO CTYINCHS MCHXIYHHUX Ta
ncuxodizionorivHux (HyHKIIH, TUPKaTiaTbHUX PUTMIB, MICIIEBOI TEMOJUHAMIKH Ta TOMEOCTATUIHUX
mokas3Hukis [13, 14].

[Ticns ¢i3M4YHUX HaBaHTaXEHb Yy BOJOHTEPIB Jpyroi rpynH MIKPOKPHCTald CIHHU Oynn
npencrasieni [, 11, Il ta IV Ttumamm mikpokpucTaiiB, a MIKpOKpUCTaIu V THIy OyJH BiICYTHI.
CriiBBiJHOIICHHS THUIIIB MIKPOKPHCTAJIB CIMHU cTaHoBWIM: | Tun xpuctaniB — 33 %, Il tun — 19,0 %,
H1 T — 29 %, IV tun — 19,0 %, V tun kpucranis — 0 %.

BucHoBxku

Takum urHOM, (Pi3UYHI HABAaHTKEHHS BUKIMKAIA 3HA4YHI 3MiHU Y BiJICOTKOBOMY CIIiBBiJHOIIEHHI
TUTIB KpHUCTaNiB Ha (DOHI BPOJOKEHOI MaTONOTrii 30py (TOTambHa ab0 YAacTKOBA CIIINOTA), KU
XapaKTepu3yBaBCsl TIOBHOIO BiJICYTHICTIO KpUCTANIB V THITY, IepeBakeHHIM KpuctaiiB [, 1 Tumis — 52
%, mikpokpuctanu Il Ta IV tuny cranoBunu 48 %. Cnig BigmiTuTH, npucyTHICTH KpucTaiis I ta 11
TUTIB Ticis (i3NYHUX HaBaHTaKEHb Ha (POHI TOTAIBHOI 200 YaCTKOBOI CIIIOTH (BpO/KEHA ITAaTOJIOTis)
Oymna He TpuBaioto, kpuctanu | ta Il Oymu BigcyTHI yepe3 mo0y micist Gi3MYHOrO HaBaHTAKEHHS, a
3aMiCTh HUX 3HOBY 3’SIBIISUTUCS] KPUCTAIN V THUILY.

Pesynpratt  mocmiypkeHHS  0COONMBOCTEH MIKpOKpHCTami3amii CIWHU Ticis  (pi3uaHAX
HaBaHTa)XEHb Ha (POHI BPOJKEHOI MMAaTOJIOTIi 30pOBOI0 aHaIi3aTOPy (TOoTaabHa ad0 YacTKOBa CIIIIOTA)
CTBOPIOIOTH MOJIMBICTh PO3IJISAATH METOA MIKPOKPHUCTANi3allil CAMHM SK JIOJATKOBUH METOJ, IO
XapakTepu3ye QyHKIIOHAIBHI 3MiHM Ta TaTO]i310I0TIYHI POLIECH.
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V. Sheiko, D. Kaznacheiev

Ternopil Volodymyr Hnatiuk National Pedagogical University, Ukraine

MICROCRYSTALLIZATION OF SALIVA AGAINST THE BACKGROUND OF PHYSICAL
ACTIVITY AND CONGENITAL VISUAL IMPAIRMENTS (TOTAL OR PARTIAL BLINDNESS)

Particular attention is currently drawn to significant advances in biology, medicine, and biomedicine,
which have opened unexpected aspects and approaches to the study and diagnosis of biological
objects. One such direction in biomedical science is the study of biological fluids obtained via non-
invasive methods. The development of non-invasive research and diagnostic methods constitutes a key
vector of advanced biological and medical science. Considerable attention has been devoted to the
study of saliva as a biological fluid, giving rise to a distinct scientific field known as salivomics.
Saliva is a unique biological fluid containing a diverse range of substances that reflect functional-
adaptive changes within the body's functional systems. Saliva microcrystallization is a classic non-
invasive research method; changes in the crystallization patterns of dried saliva serve as a diagnostic
marker for certain pathologies or for their impact on the functioning of the nervous system.
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The study aimed to investigate the features of saliva microcrystal architectonics under the
influence of physical exertion against the background of congenital visual pathology (total or partial
blindness).

The study was conducted on a group of 42 male volunteers: 21 individuals comprised the
control (first) group (practically healthy), and 21 individuals comprised the second group (volunteers
with congenital total or partial blindness). The mean age of participants was 22.8 + 1.2 years.
Volunteers in the second group were subjected to physical exertion. Saliva microcrystallization was
assessed using the P. A. Leus method, in both the control group and the second group; in the latter,
assessment was conducted both before and after physical exertion. The study was conducted in
accordance with bioethical standards.

In the control group, saliva microcrystals of types | and Il were observed (75% type I, 25% type
I1), corresponding to a normal physiological state. In the second group, types Il and IV microcrystals
predominated, with the following distribution: types | and Il were absent, type IlIl accounted for
29.7%, type IV for 58.5%, and type V for 11.8%. Following physical exertion, microcrystals in the
second group were redistributed across types | (33%), Il (19%), 111 (29%), and IV (19%), with type V
no longer present.

These findings on saliva microcrystallization following physical exertion in individuals with
congenital pathology of the visual analyser (total or partial blindness) suggest that the saliva
microcrystallization method may serve as an additional tool for characterizing functional changes and
pathophysiological processes.

Keywords: congenital visual pathology (total or partial blindness), physical exertion, saliva
microcrystallization.
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BIOJIOI'TYHO AKTUBHI PEHOBUHU BUJIB POJY ASTER L.

CratTs nmpucBsiueHa aHanizy OionoriuHo aktuBHUX peuosuH (BAP) pocnuH poxy Aster L. ta ixHboro
(apMakoIOriyHOr0 3HAYeHHS. Y pe3ynbTaTi y3aradbHEHHS HAyKOBHX IaHUX BCTAHOBIICHO, IO
pocnuHE poxy ASter mictate (uraBoHOITM, (HEHONBHI KUCIOTH, TEPIEHOIIH, CAoHIHU, edipHi oIii,
KyMapHHH, CTEPOJIM Ta iHII croiyKH. Lli pedoBHHN NPOSBISAIOTh aHTHOKCHIIAHTHY, MPOTH3AMAIBHY,
aHTUMIKPOOHY,  [WTOTOKCHYHY, IMYHOMOJYJIOIOYY Ta  TEMaTONpPOTEKTOPHY  AKTHUBHICTb.
[IpencTaBHUKK IHOTO POAY 3[aBHA BUKOPHUCTOBYIOTH B TPAIUIIINHIN METUIWMHI IS JIKyBaHHS
3anajbHUX 3aXBOPIOBaHb, XBOPOO JAMXAIBHOI CHCTEMM Ta IHIIKX MATOJIOTIH, 0 3yMOBIIEHO Oaratum
BMICTOM BTOPUHHUX META0OMITIB.

Opmieto 3 ocHoBHUX Ipynt BAP y pocnunax poxy Aster € ¢uaBoHoinu, cepen KuX HalgacTime
BUSIBIIIIOTHCSL KBEPIUETHH, KeMITEepoJl, allireHiH i JroTeoliiH. BoHn 3a0e3meuyoTh aHTHOKCHIaHTHUN
3aXHMCT POCIMH Ta MalOTh BUPaXKCHI MPOTH3aNaibHi W MPOTHITYXJIWHHI BIACTHBOCTi. BaJIMBy poib
TaKoXX BIiJirparoTh (EHOJBHI KHCIOTH, 30KpeMa XJOpOTeHOBa, KaBoBa Ta (QepyioBa, SKi
XapaKTepU3YIOThCs AHTUOKCHIIAHTHOIO, aHTHBIPYCHOIO Ta TelaTonpoTeKTopHOro niero. Cepen
TEpIIEHOINIB HaWO1NIbIIe 3HAYCHHS! MAlOTh TPUTEPIICHOBI CAIlOHIHU, IO BHSABJSIOTH BiJIXapKyBaJbHi,
NpOTH3aNaIbHI, IMYHOMOMYJIIOIOYI Ta LUTOTOKCHYHI BIAacTUBOCTI. OKpeMy Tpyly CTaHOBISTH
LMKJTIYHI TeNTUIH (aCTUHM), SIKi MPOSIBISIOTH MPOTUITYXJIMHHY aKTHBHICTh. 3HAYHHI iHTEpPeC TAKOX
BUKJIMKAIOTh €ipHi 0ii Ta KyMapuHH, 110 MalOTh aHTHMIKPOOHY, aHTHOKCHJIAHTHY, CIIa3MOJIITHYHY i
NpOTH3aNABHY il0.

VY crarti npoaHanizoBaHo HakomuueHHs BAP Bumamu pomy Aster. Tak, y Aster subulatus
(Michx.) Hort. ex Michx BHsIBIEHO 3HaYHY KiNBKiCTh (PIaBOHOIAIB 1 (DEHOJIBHUX KHCIOT, 30KpemMa
MOXi/IHI  amireHiHy, JIIOTEeoNliHy, KeMIdepolly Ta KBEpIETHHY, WIO 3YMOBIIOIOTh BHCOKHH
AHTHOKCHJIAHTHHUH TOTeHIian pocinunu. Bux Aster tataricus L. f. € oxHuMm i3 HalOIIbII JOCTIHKEHUX
NPEACTaBHUKIB poAy: y HbOMY ifeHTH]ikoBaHO moHan 80 ¢maBoHOIAHMX Ta moHax 70 TepreHOBHX
CTIOJIYK, & TAKOXK IIMKJIIYHI TETITHIN i CAllOHIHM, SIKi IPOSIBIISIIOTH BiIXapKyBalbHY, IPOTU3aNABHY Ta
OPOTUIYXJIMHHY akTuBHIiCTh. Y Aster lingulatus Franch. BusiBnieno crerudiudi TpUTEpHEHOBI
CallOHIHM — aCTEPJiHryJaTO3uAd, L0 AEMOHCTPYIOTh LHUTOTOKCHYHY Jil0 HIOAO KIITHH JeHKeMil
momuan.  Jlns  Aster  batangensis Bureau & Franch xapaktepHa HasIBHICTD — YHIKaJbHHX
acTepOaTaHO3UIIB, SIKI BHIUIAIOTH IEPEBAXHO 3 KOPEHIB POCIMHM; Ied BUI TPaJAMUIIHHO
BUKOPUCTOBYIOTh Y HApOJHIN MeOUUMHI AJs JIIKyBaHHS YKYCiB 3Mid. Y Ham3eMmHiil wactuHi Aster
bellidiastrum (L.) Scop. Tako BUSBICHO TPUTEPIICHOBI CallOHIHU, 1110 CBIIYUTH MPO NEPCIIEKTHBHICTh
BUTY SK Kkepena BAP.

m ©2026 C.P. Bypun ta cmiBaBT. CrarTsi BiIKpUTa Uil JAOCTYIy Ta PO3MOBCIOJDKYETHCS Ha yMOBaX

minensii Creative Commons Attribution 4.0 License, sika mo3Boiisiec HeOOMEXKEHE BHKOPHCTAaHHS, PO3IOBCIODKCHHS Ta
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OTJISI N

OxpeMo HAroJoIIeHO Ha HeoOXimHocTi momambimoro BuBdeHHs Aster alpinus L. — pimkicHOro
KapnaTChbKOTO BUJY, SKHH 3aHMINAETHCS HENOCTATHHO JOCHTIHKCHHM Y (BiTOXIMIYHOMY acHekTi Ta
moTpedye OXOPOHH.

Kmiouosi cnosa: euou pody Aster L., 6ionociuno axmueni peuoguHu, ragoHoiou, canoninu, e@ipHi ouii,
eHoNbHI Kuciomu, mepneHoiou, KyMapuHu, cmepoJil.

PocnuHHUI CBIT € HEBUYEPNHUM JpKepenoM OionoriyHo aktuBHHX pedoBuH (BAP) — BropmHHHX
METa0OoMiTiB, 0 (OPMYBAIUCS MiILHOHAMH POKIB SIK MEXaHI3MH XiMIYHOTO 3aXHMCTY, CUTHAJI3alil Ta
ajamnTanii 10 CTPecOBUX YMOB CEPEIOBHUINA.

Oco0nmBY MiHHICTP y KOHTEKCTI MOMIYKy HOBUX BAP CTaHOBIATH pigkicHI Ta eHAEMIidHi
POCIHHY TipChKHUX €KOCHCTeM. AZanTallis A0 eKCTpeMalbHUX YMOB — 3HAYHOTO YIbTPadioleToBOrO
BUTIPOMIHIOBAaHHS, PI3KMX TIEpemajiB TemIeparypd, OimHuX CcyOCTpaTiB — CTHMYIIOE€ CHHTE3
PI3HOMaHITHHX 1 HEPIIKO YHIKAIbHUX BTOPHHHUX METa0oMITiB. BogHOYac CKOpOYEHHS apealtiB TaKux
BUJIIB TIiJI BIULTMBOM KIIIMaTHYHUX 3MiH Ta aHTPOTIOT€HHOTO THUCKY CTaBHTH IIiJ] 3arpo3y HE JIHIIC IXHE
iCHYBaHHsI, aJie i JOCTYIHICTh MOB’A3aHUX 3 HUMHU XIMIYHUX PECypciB.

Cepen pociuH pomuHH AWcCTpoBux (Asteraceae), omHi€i 3 HaWOUTBIIUX POAWH KBITKOBUX
pocnuH, o Hamiuye moran 30 THc. BUAIB, OCOONHMBE Miclle 3aiiMalOTh IpeAcTaBHUKH poxy Aster L.
BoHn XapakTepusyloThcs 3[aTHICTIO CHHTE3YBAaTH IMUPOKHHA CHEKTp O0i0JIOTIYHO aKTHBHUX CHONYK,
30KpemMa (IIaBOHOIIN, TEPIIEHOIIN, MoJinmenTuan ta edipwi oii [11].

Pimx Aster L. oO’emHye 3HA4HY KUTBKICTh OaraTOpiYHHX TpaB’SHUCTUX BHUIIB POCIHH,
MOLIMPEHNX MEPEBAKHO B TOMIpHUX perioHax €Bpomu, A3ii Ta [liBHiuHOT AMepuku. [IpencraBHuKN
polly 37aBHa BUKOPUCTOBYIOTh B TPAJAMIINHIA MEAMIIMHI PI3HUX HAPOJIB JUIsl JIIKYBaHHS 3arajbHUX
3aXBOPIOBaHb, MATOJIOTIH OWXATBbHOI CHUCTEMH, NUTYHKOBO-KHIIKOBHX pO3NMAIiB Ta I1H(EKIiiHIX
npoueciB [11]. Takwii mupokuit crektp (apMakoIOridHOI aKTUBHOCTI 3yMOBJICHHH HAsBHICTIO Y
pocnuH uncineHHnx BAP pizHoi XiMiuyHOT TpUpOIH.

Cy4acHi (iTOXiIMIYHI TOCIIIKEHHS CBiAYaTh, 0 BUIN poay ASIer € mepcreKTHBHAM IKepesioM
BTOPUHHUX METa0OIITIB, cepell SIKUX OCOONMBY yBary IPHUBEPTAIOTh TPHUTEPIICHOBI CalOHIHH,
(GaBoHOIIM, (EHONBHI KUCIOTH, MOJINENTUAN, CTeposin, edipHi omii Ta iHmi O0ioNOriYHO aKTUBHI
komroneHntH [3, 4, 9, 13, 14, 17, 19, 20]. barato 3 mMX PEYOBHH MPOSABISIOTH AHTHOKCHIAHTHY,
NPOTH3aNAIBHY, aHTUMIKPOOHY, IUTOTOKCHYHY, IMyHOMOIYJIIOI0UY, IeaTONPOTEKTOPHY aKTUBHICTh
tomro (Tabm. 1).

3pocrarounii iHTEpec 10 NPUPOIHHUX Jkepen BAP 3ymoBiroe HEOOXiIHICTH CHUCTEMATH3aIlil
HasBHUX JaHUX M0N0 (ITOXIMIYHOTO CKJIaxy NpeACTaBHHUKIB poxy Aster. AHami3 pe3ynbTaTiB
JIOCITI/DKEHD JTO3BOJISIE OLIHUTH MEPCIIEKTUBHICTh OKPEMHUX BHUJIB SK JDKEPEN I[IHHUX METa0OITIB 1
BU3HAUUTH HANpPSIMH MOJAIBIINX (APMAKOTHOCTUYHUX, (ITOXIMIYHMX 1 OI0TEeXHOJOTIYHHX
JOCIIKEHb.

Meroro poboTH € y3aranpHEeHHs BifomocTelt mpo BAP pisHux BuaiB pomy Aster ta Bu3HaueHHS
TPYII CTIOJYK, XapaKTEPHHX Il OKPEMHX HOTO MPEICTABHUKIB.

OnaBoHoimu € mpoBigHOIO Tpymnowo BAP y pocmunax pomy Aster. ¥V pisHHX BHIaxX poay
inenTudikoBaHo ¢uaBoHH, (GiaBOHONM, IXHI riiko3uau Ta iHnm [17, 19]. 1li cromyku BimgirparoTh
KIIIOYOBY POJIb B aHTHOKCHJIAHTHOMY 3aXHCTI POCIIHH, 3yMOBIIOIOYHM iXHIO 37aTHICTh BHKHBATH B
yMOBax MifBHIIEHOr0 Y®-BUIPOMIHIOBAHHS, XapaKTEPHOro JUIss aubmiiicekoi 30Hu [17]. VYV
Hag3eMHUX opranax Aster subulatus (Michx.) Hort. ex Michx. BusiBieHo mmMpokuii cHekTp
(EHONBHUX CHOJYK, cepell SKHX arjiKOHW alireHiHy, JIOTEeOoNiHy, KeMidepoidy Ta KBEpLETHUHY, a
TaKOX IXHI MTIKO3WIHI TOXiqHI. 30KpeMa, iZIeHTH(iIKOBaHO amireHin-7-0-B-D-riroko3uy, anireHin-7-
O-B-D-ranakrosun, moreomnin-7-O-B-D-raroko3un, kemndepon-3-O-p-D-rmokosun, kemndepon-3-O-
B-D-ranaktosun, kemndepon-3-O--D-ranakrozun-O-a-L-pamuo3un ta  kBepuetnn-3-O-f-D-
rroko3ua. KpiM Toro, y poCIMHHIM CHPOBHHI BCTAHOBJICHO HASIBHICTH XJIOPOT€HOBOT KUCIIOTH.

BusiBiieHHs1 SIK BIIBHHX arjlikOHIB, TaK 1 MIKO3WJILOBAHUX (OPM (PJIABOHOIAIB CBIAYUTH PO
PI3HOMaHITHICTH BTOPMHHOTO METa0Odi3My Yy pOCIMHAax HbOro Buay. Haiibinbiue 3HayeHHS MaroTh
noxijHi Kemndepony, KBEpIETHHY, alireHiHy Ta Jroreodiny (puc. 1), sKki Bigomi CBOIMH
AHTHOKCHJIAHTHUMH, TMPOTH3ANAIBHUMH Ta 3aXUCHUMH BIIACTHBOCTSIMHU. HasiBHICTH XIJIOPOT€HOBOT
KHCJIOTH TaKOX BKAa3y€ Ha BHCOKHUH MOTEHIiaJl POCIMHHU IIOJ0 HEeWUTpaslizalil BUIBHUX pPaJuKalliB Ta
ydacTi y 3aXHCHHX MeXaHi3MaX pPOCIMHHOTO opraHizmy [3].
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Tabnuys 1

OcHOBHI Tpynu 010JIOTIYHO aKTHBHHUX PEYOBUH BUAIB pory Aster L. ta ix dpapmakomoriuna mist

®apmakoJoriyna ais

dnasonoinu [3, 4,

I'pyna BAP PeuoBunn
amirenin-7-O-B-D-rmroko3un, amirenin-7-O-B-D-ramakrosuz,
. AHTHOKCHIAHTHA,
moTeoniH-7-O-B-D-rmoko3ua, kemndepon-3-O-B-D-rroxo3ns,
MIpOTH3AaIajIbHa,
kemmnpepon-3-O-B-D-ranakrosznz, kemndepon-3-O-p-D- .
agTHnporidepaTuBHa,

AHTUMIKpOOHA

20
] ranakro3un-O-a-L-pamuo3un, kseprerun-3-O-B-D-raroko3un,
KBEPIICTHUH, KeMIT()epoJI, IIOTEONIIH, alireHiH, TecepuInH
AQHTHOKCHIAHTHA,
DeHOIbHI KHCIOTH XJIOPOT€HOBA, KABOBA, I'aJI0Ba, BaHIJIIHOBA, TCHTU3HHOBA, renaTonpoTeKTOpHa,
[7, 20] (epyioBa KucnoTH aHTUBIpYyCHa,
AHTHUTiNePTEH3UBHA
Tepnenoiu [7] LIIOHOH BiZIXapKyBaJbHa
. aHTUMIKpOOHa,
EdipHi onii [2, 13, . . . e P
14, 17, 20] o-TiHeH, B-miHeH, TiMOHeH, KapiodiieH, repmakpes D MPOTHIPHOKOBA,
e AHTHOKCHIAHTHA
BiZIXapKyBaJbHa,
Canouinu [7, 9, actepcarnoninn A—D, acTepIiHTyIaTO3U/IH, aCTepOaTaHO3UAN Hefipotpoiuna,
13-17, 19, 20] p » ACTCPTIHLY /i, actep n rinonimnigemiuna,
aJlaNTOreHHa
CITa3MOJIITHYHA,
Kymapunu [5, 6] KyMapHH, CKOTIOJICTHH Ta yMOCTIiTOH AQHTHKOATyJITHTHA,
MPOTH3aNaJIbHa
Honinentuau [20] aCTUHU MPOTHITY X THHHA
OH
OH OH
HO o HO 0
OH OH
OH O
OH O
a
OH OH
OH
HO 0
OH O OH O
r

B

Puc. 1. CtpykrypHi dhopmynu ¢hiaBoHOINIB pomy Aster: kemmdepony (@), KBepIETHHY

(6), amireniny (g) Ta moTeominy (2).
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B Aster tataricus L. f. Bussneno momam 80 daaBoHOigZHMX MeTaboINITIB, BKIOUarounm 31
¢naBonon, 29 ¢uaBoniB, 6 i3oduaBoniB, 5 muriapodraBoHOiAiB, 5 aHToIiaHiB, 2 C-TIiKO3UIHI
bnaBoHoimu, oguH murimpoduraBonon i oguH (iuaBanon. Cepen HUX HaHOUTBIIE 3HAYCHHS MAalOTh
KBEpIETHH, Kemriepos, IOTEONiH, amireHiH Ta TeclnepuauH. BMIiCT KBepmeTwHy B KOpEHSX i
KOPEHEBHIL[aX 3HAYHO IEPEBUILY€E HOro KOHIEHTpalilo y kBiTkax. OKpiM BimoMux (1aBOHOIAIB, i3
METAaHOJBHOTO EKCTPAKTy POCIMHH OyJIO BHIIEHO HOBHUH Oi()IaBOHOIN, IO CBITYHUTH MPO BUCOKUI
HOTEHLIa BUY SIK DKepera HOBUX MPUPOAHUX crionyk [20].

®naponoimu A. tataricus BimirpaloTh BaXJUBY poiib Yy (OpPMyBaHHI aHTHOKCHUAAHTHUX
BJIACTUBOCTEH POCIHHU, 320€3MeUyI0Th 3aXUCT KIIITHH BiJi OKHCHIOBAIBHOTO CTpecy, OepyTh ydacTb y
IPUTHIYEHH] 3alaJbHUX IIPOLECIB Ta MOXYTh IPOSIBIATH LMUTOTOKCHYHY aKTHUBHICTH LIOZO0
nyxauaHuxX Kaitad [10, 20].

OnaBOHOIMM BUSBIAIOTH IIUPOKHHA CHEKTP (apMakoJIOriyHOi aKTUBHOCTI: HEUTPai3yroTh
aKTWBHI (OpMH KHCHIO Ta O€pyTh y4yacTh y XellaTyBaHHI 10HIB METaliB 3MIiHHOI BaJIEHTHOCTI;
MpoTH3anaibHy — 4epe3 iHriOyBaHHs 1mkiookcureHasn (IIOI'-1 Tta IOI'-2) i cuHTE3y
NPOCTarfiaHfHIB, AaHTHUMIKpOOHY — TPOTH TPAMIO3UTUBHHX Ta TPaMHETaTHBHHUX OakTepil;
aHTUnponiepaTUBHY — MIOA0 NMyxJWHHUX KmituHHUX niHid (MCF-7, HelLa, HepG2). Keepuerus,
kemripepon Ta amireHiH € epekTHBHHMH iHTiIOiTOpamm Tomoizomepasu |l 1 KiHa3HUX CHUTHANBHUAX
IIISIXiB, TIOB’SI3aHUX 13 KaHieporenezom [20].

OnHielo 3 HaWOUIBII YHIKaIBHUX Trpyn croayk A. tataricus e uukimiuxi mominenTtuau. Ha
CHOTOJIHI 3 POCIHH BUAY BUIUICHO 28 MENTHIIB, Cepel KX IUKIIUHI TaJOreHOBaHI NMeHTalenTH IH,
UKJTIYHI TeTpanenTHIH, TiHIHHI MeNTHANA Ta TiaMiJHa CTIOTyKa.

Haii0inpm 1ociKeHUMH € aCTUHH, SIKi HAKOTINIYIOThCS MIEPEBAKHO Y KOpeHax. BeranosmeHo,
o ixHg OiojoriyHa akTHBHICTh O€3MOCEepeHbO TMOB’S3aHA 3 LUKIIYHOI CTPYKTYPOIO MOJEKYIIH.
Hukniuai GopMHu TEMOHCTPYIOTh BHPaKEHY MPOTHITYXJIHHHY aKTHUBHICTh. OCOOIMBICTIO ACTHHIB €
HAsSBHICTh HE3BUYAWHUX aMIHOKHCIOTHUX 3aJIUIIKIB, 30KpeMa JIUXJIOPIPONIHY Ta I130TPCOHIHY.
BonHouac came 1 rpyna pedoBHH MOXe OYTH HMPHUYETHOIO 10 TeaTOTOKCHYHOCTI POCIHHH Yepe3
CTPYKTYPHY HOAIOHICTD 0 TOKCHYHHMX UKJIIYHUX MENTH/IIB iHIHMX npupoaaux mkeper [20].

@DeHONIBHI KUCIIOTH € BaXKJIUBOKO TPyNor (EHOJIBHUX CIONYK Yy pociauHax pony Aster,
MPEJICTABICHOK  SIK  TiIPOKCUOCH30WHMMHU  (rajioBa, TIEHTH3MHOBA, BaHUIIHOBA), TaK 1
TiAPOKCUKOPUIHUMH KHCIOTaMH (XJIOPOTEHOBA, KaBOBa, (pepyrona Ta iH.) [18]. XmoporeHosa kucnora
(5-kaBOiIXiHHA KHCJIOTa) € OJHMM i3 TPOBIAHUX KOMIIOHCHTIB (PEHOJBHOIO KOMIUIEKCY. BoHa
XapaKTepU3Y€EThCS BUPAXKCHOI AHTHOKCHAAHTHOIO, TelaTONPOTEKTOPHOI, AHTHUAIa0ETHYHOIO Ta
AHTHUTINEPTEH3UBHOK aKTHBHICTIO. (DEepMEHTATUBHO OKHCJCHI (OPMU XJIOPOI'€HOBOI KHCJIOTH
BUSBISIIOTh AHTUBIPYCHY AaKTHUBHICTH MIOJ0 BipyciB reprmecy. KaBoBa kmcimora Bigoma
MPOTHOKCHJIATUBHUMH, aHTUMIKPOOHUMH Ta MPOTHITYXIMHHUMHU BIACTHBOCTSMH, a TAKOXK 3JIaTHICTIO
NpurHivyBaTh arperaiiro tpomoonuTis [10, 18].

Tepnenoinu € ogaumu 3 ocHoBHUX BAP poxy Aster y npeacraBHukiB poxy ASter BHsBICHO
MOHOTEPIICHOIIM, CECKBITEPIEHOINN, AWTEPIEHOIAN Ta TPUTEPIEHOINM, cepel SKUX HalOiIbIIe
3HAYEHHS MAalOTh TPUTEPHEHOBI canoHiHW. Oco0iMBO M00Ope TEPIEHOIAHUN CKIaJ BUBUCHWH IS
A. tataricus, y skomy igeHTugikoBaHo moHaa 70 TEPHEHOBUX CIHONYK, IO CTAHOBISATH OCHOBHY
Y4acTHHY 010JIOTIYHO aKTHBHUX KOMIIOHEHTIB pociuHu [15, 16].

OCHOBHUMH TpeJCTaBHUKAMU TeprieHoiniB A. tatariCus € TpUTepreHd NIMOHAHOBOTO THITY,
cepejl SIKUX HaiOUIbI o pKeHo IIioHOH. LIs crionyka BBakaeThes XapakTEpHUM MapKepoM BHUJLY Ta
NPOSIBIISIE BiAXapKyBajbHY 1 MPOTHKALUIbOBY aKTHBHICTh, L0 MOSCHIOE 0araToBiKOBE BUKOPUCTAHHS
KOpEeHEBUII i KopeHiB A. tataricus npu 3aXBoproBaHHSIX qUXaibHOI cuctemu [4, 20].

VY pomi Aster canoHiHM € OIHIE 3 HaWBaXIMBILIUX TIpyn BAP, 110 Bu3HA4aOTh iXHii
(apMakoJIOTriyHMiA MOoTeHial. BcTaHoBIEHO, 10 BiAMIHHOCTI M)XK OKPEMUMH CallOHIHAMH 3yMOBJICHI
nepeBaxHo OyOBOIO Ta CKJIAZOM BYIJIEBOJHUX JIAHLIOTIB, TOMAI SK ariiKOHOBAa YacTUHA MOJIEKYJ
3aJMIIAETHCS BITHOCHO KOHCEpBAaTHBHOK. J[0 BUIB, Y SIKUX OyJOo BHUSBIEHO Ta OXapaKTEPH30BAHO
caroHiHM, Hajexarh Aster ageratoides Turcz., Aster auriculatus Franch., Aster batangensis
Bureau & Franch., Aster bellidiastrum (L.) Scop., Aster lingulatus Franch., A. tataricus ta Aster
yunnanensis Franch [9].

HesBaxatroun Ha 3HauHe TI'eHETHYHE Ta MOpdoJioriyHe pi3HOMAHITTS MPEACTABHUKIB, LIS
OiMBIIOCTI BUAIB XapaKTepHa HASBHICTh TPUTEPIICHOBUX CAIOHIHIB OJICAHAHOBOTO TUMY. Y KOPEHSX
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A. tataricus Oynu imentudikoBani acrepcanoHinn A—D Ta iHImm moxiaHi oneanoBoi kucimotH. JlaHi
CIIOJIYKH XapaKTEpU3YIOThCSA CKIIATHOK TJIKO3WIHOK OYyIOBOK Ta MOXYTh OpaTH ydacTh y
(bopMyBaHHI POTH3AMATBHOT, AHTHOKCHIAHTHOI Ta IMyHOMO/IYJTIFOI0U0i aKTUBHOCTI pociauuu [19].

Hus Bumy A. lingulatus omucaHo MUTOTOKCHYHI TPUTEPIICHOBI CAIIOHIHM aCTEPJIiHTYJIATO3HUIH,
Kl BHABJIIIOTH AKTHUBHICTH IMOAO KITHH Jeiikemil mromuum miHill HL-60. Bcramosieno, 1o
IUTOTOKCUYHUN €(PEKT 3HAYHOI MIpOI0 3aJICKUTh Bij OyIOBH BYIJICBOJAHOI YAaCTUHH MOJICKYJIH:
BKITFOUCHHS 3aJTUIIKY KCWJIO3W TIICHIIIOE IUTOTOKCHYHY aKTHUBHICTh, TOJl SIK HasgBHICTb PaMHO3HU
MPU3BOAUTH 10 11 3HUKECHHS.

Oco0MBUM KJIaCOM MPHUPOJHUX TPUTEPIICHOITHUX CAMOHIHIB, SKi BUAUIIOTHECS MEPEBAXKHO 3
KOpeHiB ambIiiicekoi pocimuu A. batangensis e acrepbaranosumu (puc. 2). A. batangensis 3maBHa
BUKOPHUCTOBYETH B HAPOJIHIN MEIUIIMHI, 30KpeMa JUTs JTIKyBaHHs yKyciB 3miit [17].
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Puc. 2. CrpykrypHa ¢popmyina acrepbaranozuay-D.

Takox y HajzemHiit yactuni A. bellidiastrum susiBiieno Tpurepnienoinsi canoniau [13].

3arajoM JIOCIIDKEHO, IO CAllOHIHM NPEACTaBHUKIB poay ASter xapakTepH3yIOTHCS 3HAYHOIO
CTPYKTYPHOIO TMOMIOHICTIO arjiKOHIB Ta PI3HOMAHITHICTIO BYIJICBOJHUX 3aluIIKiB. Jlas HuX
XapakTepHi HUTOTOKCHYHI, aHTHUIpOoiepaTHBHI Ta TPOTUTPHUOKOBI BIACTHUBOCTI, IO POOHUTH ix
MIEPCIIEKTUBHUMHU 00’ €KTaMH JUIS TOJANIBIINX MOCIiKeHb. OKpiM [bOTO, Y TPAAHIIHHIA METUIINHI
BiJIBapM POCIIMH, IO MICTSATh CAllOHIHH, 3aCTOCOBYIOTHCS NPH 3aXBOPIOBAHHAX JUXAIBHHX IIUIAXIB,
CepIIeBO-CYAMHHOI CHCTEMH Ta K ajanTorenu [9, 14, 19].

Edipai onii sSBIAOTh COOOI0 CyMIIll JIETKUX apOMATHYHHUX CIIONYK, IO CKIAay SKUX BXOASTH
MEPEeBAKHO MOHOTEPIIEHH, CECKBITEPIEHH Ta iX KHUCHEBMICHI moXimHi. HaiOinmpm mnommpeHuMu
KOMITOHeHTaMH e(ipHUX OJIili TpeAcTaBHUKIB pory ASter e o-miHeH, P-TiiHeH, JTIMOHEH, KapiodiieH,
repmakped D Ta iHmi TepneHoinHi cronyku. EdipHi omii JOKami3ylOThCS MEpEeBaXXHO Yy KBITKaX,
JMCTKaX 1 HaJ3eMHIM 4acTHHI POCIMH Ta 3a0e3MevyIOTh XapaKTEpPHUH apoMaT MpPEACTaBHUKIB POAY
Aster. 3aBisky BHCOKOMY BMICTY 0i0J0T1YHO aKTHBHMX KOMIIOHEHTIB BOHH 3aXMIIAIOTh POCIHHU BiJl
MIKpOOpraHi3MiB, KOMax i HECIPHUSTIUBUX (PaKTOPiB HABKOJIUIIHKOTO cepeaoBuIna [2].

DapMaKoIoTiyHi AOCHIPKEHHS CBiA4YaTh, mo eQipHUM OJisiM pociuH pony Aster BriacTusi
AHTUMIiKpOOHa, MPOTH3aNalbHa, aHTHOKCUIAHTHA Ta CIIa3MOJIITUYHA aKTUBHICTb. OKpeMi KOMIIOHEHTH
eipHUX OJIH 37]aTHI MPUTHIYYBATH PICT MATOTEHHUX OaKTepill 1 rpubiB, 3MEHITYBaTH 1HTEHCHBHICTh
3amagbHUAX MPOIECIB 1 3aXMIATH KITITHHHU BiJl OKCHAATHBHOTO cTpecy [4, 20].

Kymapunu € moxigHumu O€H30-0-TIpOHY Ta HaleXaTb A0 TPpynH (EHOIbHUX BTOPHUHHHUX
MeTaOoJITIB 1 BHSBIEHI cepeji Ol0JIONIYHO AKTHBHHUX KOMIIOHEHTIB POCiAMH poay Aster, 3okpema
A. tataricus. Cepen iseHTH(IKOBAaHHX CIIOJYK OMHCaHI KyMapHH, CKOIMOJETHH Ta YMOENITOH, SKi
JIOKAJTi3yI0ThCS IEPEBAKHO Y KOPEHSX 1 KOpEHEBHUILAX pOCiIuHH [5, 6].

dapmakoiIoriyHe 3HA4YEHHs KyMapHHIB MOB’Si3aHE HacaMmIiepea 3 IXHBOI MPOTHU3aNaJIbHOIO,
AHTHOKCHJIAHTHOIO T2 aHTHMIKpOOHOIO aKTHBHICTIO. BCTaHOBIEHO, IO BOHU 3JIaTHI 3MEHINYBAaTH
IHTCHCUBHICTh 3amajbHUX peakuUil, MPUrHIYyBaTH YTBOPEHHsS BIIBHUX DPAJUKAJiB Ta MPOSBISATH
noMipHy aHTHOakTepianbHy Airo. Kpim Toro, okpemi KymMapuHH XapakTepH3YIOTECS CIIa3MOJITHIHUMHI
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Ta  AHTIOMPOTEKTOPHUMH  BJIIACTHBOCTSIMH, CIPHUSIOYM  TOKPAIICHHIO  MIKPOIMPKYJIMii  Ta
(YHKIIOHAIBHOTO CTaHy CYAMHHOI CTiHKH [5].

Ha Teputopii Ykpaiau 3pocTatoTs ABa TUKOPOCII MPEACTaBHUKN pomy ASter — aiictpa BoioBe
oko (Aster amellus L.), mommpeHa y CTemoBiii Ta JIiCOCTENOBIN 30HaX, i alicTpa ajbmiiichka (Aster
alpinus L.). Kpim npupomHux BHIIB, YHCICHHI COPTH QWCTP IIUPOKO KYJIBTHBYIOTH SIK JIEKOPATHUBHI
canoBi pociunu [11].

3uaunnii iHTEepec momo cuHTely BAP Mae aiictpa amprilichka, Sika IOIIMPEHA BHUKIIOYHO B
Kapnarax, ne Bizomo Onm3bko 10 JOKamiTeTiB y Mekax JBOX aJMiHICTpaTMBHUX oOnacteir. Uepes
HEYHCJICHHI Ta i30JIbOBaHi MOMYJIALIi BUJ 3aHeceHuid 10 YepBonoi kauru Ykpainu (2009) 3i cratycom
«pinkicauit» 1 Bimmosimae kareropii NT (Near Threatened) 3a kmacudikariero MCOII [1]. V 2021
poi y «llepemiky BuIiB pociauH Ta TpHOIB, 10 3aHOCATHCS A0 UepBOHOT KHUTH YKpaiHu (POCIUHHUN
CBIT)», 3aTBEpPKEHOMY Haka3oM MiHiCTepCTBa 3aXHMCTy AOBKULIL Ta MPUPOAHUX pecypciB YKpaiHu,
kaTeropiro Buay A. alpinus 3miHeHO 3 «piAKiCHUI» HA «BPa3IMBHUil». 3arajgbHa YHCEIBHICTH OCOOUH
BUJIYy 3alMIIAE€THCS MAaJOl0, a Clla0Ke HACiHHEBE IIOHOBJIEHHS He 3abesrnedye edeKTHBHOTO
MIPUPOIHOTO BiJTHOBJICHHS MOMYJISIIHA y pa3i MOpYyIICHHS MiCLIE3pOCTaHb.

[Tpupoa0OXOpPOHHUH CTaTyC, KPUTUYHO Malla YHCENbHICTh MPUPOJHUX MOMYJIAIIN, BIICYTHICTh
HACIHHOTO TIOHOBJICHHA Ta I[iHHWI MajoBHBUYeHHWH ckiajy BAP € Baromum oOTpyHTYBaHHIM IS
nocmipkensst A. alpinus i momryky miaxomiB sl 30€peKEHHS BHAY Ta OTPUMAHHS HOro MiHHOI
POCIIMHHOI CUPOBHHH.

BucnoBku

[IpoBexenuii aHai3 JiTEPaTYpHUX JDKEPEN MOKa3aB, IO MPEICTaBHUKN poIy AStEr € mpomyneHTaMu
HIMPOKOTO CIEKTpa Oi0JIOTIYHO aKTUBHHX CIONYK, CEpell SIKUX TPUTEPIICHOBI CAallOHIHU, (JIaBOHOIIN,
(EHONBHI KUCIOTH, MONINENTHAN, cTeponu, edipHi ofii Ta iHmi BTOpuHHI MeTabomitu. HasBHicTh
3a3HAYEHUX KOMITOHEHTIB 3yMOBJIOE BUpPaXeHi (hapMaKOJIOTidHI BIACTHBOCTI POCIHMH IHOTO POIY,
30KpeMa aHTHOKCHAAHTHY, MPOTH3amajibHy, aHTUMIKpOOHY, IIMTOTOKCHYHY, IMyHOMOAYNIOIOUY Ta
renaronpoTeKTOPHY aKTHBHICTh. BogHowac A. alpinus — kapnaTtchKuii NpeICTaBHUK POAY — HAJICKUTh
JI0 HaiMeHI BUBYEHHX Y (iTOXIMIYHOMY acrekTi BuiB. Lle, y moeqHaHHI 3 TOTEHIIiITHOO 34aTHICTIO
BUJly JI0 CHHTE3y B YMOBaX BHCOKOTIp’Sl IIMPOKOTO CIIEKTpa BTOPHHHHUX MeTalOJIiTiB, 00yMOBIIOE
JIOLUIBHICTD TOJAIBIINX (DyHIaMEHTAIBHUX 1 MPUKJIAJHUX JOCHIHKCHb, CIIPSIMOBAHUX Ha 3’ SICYBaHHS
fioro iroxiMigHOTO TIPOGLITIO Ta (hapMaKOIOTIIHOTO IMOTEHITIATY.
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S. R. Buryn, O. V. Soroka, M. Z. Prokopiak, N. M. Drobyk
Ternopil Volodymyr Hnatiuk National Pedagogical University, Ukraine

BIOLOGICALLY ACTIVE COMPOUNDS OF ASTER L. SPECIES

This article is devoted to the analysis of biologically active compounds (BACs) of Aster L. plants and
their pharmacological significance. It has been established that plants of the genus Aster contain
flavonoids, phenolic acids, terpenoids, saponins, essential oils, coumarins, sterols, and other
compounds. These substances exhibit antioxidant, anti-inflammatory, antimicrobial, cytotoxic,
immunomodulatory, and hepatoprotective activity. Species of this genus have long been used in
traditional medicine for the treatment of inflammatory diseases, respiratory disorders, and other
pathologies, owing to their rich content of secondary metabolites.

One of the principal groups of BACs in plants of the genus Aster is flavonoids, among which
guercetin, kaempferol, apigenin, and luteolin are most frequently detected. They provide antioxidant
protection to plants and exhibit pronounced anti-inflammatory and antitumor properties. Phenolic
acids, in particular chlorogenic, caffeic, and ferulic acids, also play an important role, being
characterized by antioxidant, antiviral, and hepatoprotective effects. Among the terpenoids, triterpene
saponins are of the greatest significance, exhibiting expectorant, anti-inflammatory,
immunomodulatory, and cytotoxic properties. A separate group is formed by cyclic peptides (astins),
which display antitumor activity. Essential oils and coumarins, which possess antimicrobial,
antioxidant, spasmolytic, and anti-inflammatory effects, are also of considerable interest.

In Aster subulatus (Michx.) Hort. ex Michx, a significant amount of flavonoids and phenolic
acids has been detected, in particular derivatives of apigenin, luteolin, kaempferol, and quercetin,
which determine the plant's high antioxidant potential. The species Aster tataricus L.f. is one of the
best-studied representatives of the genus: more than 80 flavonoid and more than 70 terpene
compounds have been identified in it, along with cyclic peptides and saponins that exhibit expectorant,
anti-inflammatory, and antitumor activity. In Aster lingulatus Franch., specific triterpene saponins —
asterlingulatosides — have been detected, which demonstrate cytotoxic activity against human
leukemia cells. Aster batangensis Bureau & Franch is characterized by the presence of unique
asterbatanosides, which are isolated predominantly from the plant's roots; this species is traditionally
used in folk medicine for the treatment of snake bites. Triterpene saponins have also been detected in
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the aerial part of Aster bellidiastrum (L.) Scop., indicating the promising potential of this species as a
source of BACs.

Special emphasis is placed on the necessity of further studying Aster alpinus L. — a rare
Carpathian species that remains insufficiently investigated from a phytochemical standpoint and
requires conservation.

Keywords: species of the genus Aster L., biologically active compounds, flavonoids, saponins, essential oils,
phenolic acids, terpenoids, coumarins, sterols.
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