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Ha 2024 pik npunagae nexkijgbka CIaBHUX OBUICTB 3 iCTOPIl Oi0JIOTIYHOTO (haKyIbTETY
JIbBIBCHKOrO HalliOHAIBHOTO YHiBepcuteTy imeHi IBaHa ®panka. 50 pokiB TOMy BiIOMUIA
yKkpaiHcekuit  dizionor 1 Oiodizuk Mupon [lepkau 3acHyBaB Kadenpy Oiodizuku Ta
MaTeMaTH4YHUX METO/IB y Oiosorii. Y 3acHyBaHHI i pO3BUTKY Kadeipy BaXKIIUBY POJIb BiAirpaiu
iHIII MiApo3ainy (hakyabTeTy, 30Kkpema, kadenpa disionorii JroauHy 1 TBapHH, Kadenpa Gioximii
ta rpyna GioHiku. Kadenpy ¢iziosnorii Jitoaunu i TBapyH y ToW yac ovosnoana npodecop Ipuna
IocrakoBcrka. Boru pazom 3 Muponom [lepxauem y 1960-80 pp. e it moueproBo KepyBaiu
(axkynbTeTOM Ha TOCcajl JeKaHa BHpoJoBxk Mmaibke 20 pokiB. L[poro poky mu Big3HayaeMo
100-pivust Bix nHst HapomxkeHHs npo¢. IllocrakoBcbkoi, CHIB3aCHOBHHMII HAayKOBOi IIKOJIH
010€HEePIreTHKH Ta eJIEKTPO(i310JI0Til CeKpeTOPHUX KIITHH. OTHUM 13 BUKJIAIAYiB, «ICTCTOBAHUX)
Ha HOBOCTBOpEHY Kademnpy Oiodisuku, OyB moreHT bopuc [lemkiB, kojiera i OJHOKYPCHHUK
mpo¢. 1. B. [llocrakoBchkoi mo JIEBiBCBKOMY MeIMUHOMY iHCTUTYTY. BiH ouonmuB kadeapy
6io¢izuku Biapasy micis Bix izmy mpod. M. I1. [lepkaya Ha poboty B ctpykrypu FOHECKO i
KepyBaB Hero BIpo1oBxk 10 pokis. KoxeH i3 1uX sSCKpaBUX HAYKOBIIIB 1 BUKJIa[a4iB 3pOOHUB CBIii
HEIIOBTOPHHI BHECOK y PO3BUTOK (haKkyIbTETy Ta 010J70riuHOi HayKH 3arajgoM. CBiTii mam’sTi
Halpapy ICTOPUYHMX HOCTATEeH B icTOPIi OiojoriyHoOro (akysnprery JIbBiBCHKOIO YHIBEPCUTETY
imeHi [Bana ®@panka — npod. Mupona Jlepkaua, npod. [punu lllocrakoBcbkoi Ta noueHra bopuca
JlemkiBa — npucBsiueHui el Buityck «BicHuka JIbBiBChbKOTO YHIBepcuTety. Cepist GiosioriuHay.



ISSN 0206-5657. BicHuk JibBiBCbKOrO YHiBepcuTeTy. Cepis GionoriyHa. 2024 Bunyck 92. C. 4-10
Visnyk of the Lviv University. Series Biology. 2024. Issue 92. P. 4-10

IOBUJIEI TA JIATU

V]IK 577; 004.5

MUWPOH IMWJINIIOBUY JEPKAY (1931-2012).
TOM, IO TOYAB PO3MOBJISITU 3 KOMII'IOTEPOM...

A. Baocekuid, P. l'ymenbskuii

JIvgiecorutl nayionanvuuil yHigepcumem imeni leana @panxa
syn. I pywescvroeo, 4, JIvsie 79005, Vkpaina
e-mail: andriy.babsky@Inu.edu.ua; andriy.babsky@gmail.com.ua

Mupon [lepkad — BYEHHUH CBITOBOTO PiBHSA y Taiy3i 0io¢izuku Ta iHpopMamiiHux
aCIeKTIB MOBHOI KOMYHIKalii: aHaji3y, CHHTe3y 1 pO3Mi3HaBaHHI MOBHHX CHTHAIIB.
3aCHOBHUK HAayKOBOTO HAIPAMY, SKHH CHOpPMYIIOBAaB MPUHLMIN ACIAYKTHBHOI cTparerii
CIIyXOBOTO cripuiiManHs MOBU. Y 1976 p. cTBopHuB oznHy 3 mepumx Kadenp 6iodi3uxu B
VYkpaini Ha 6a3i 6ionoriuHOro (haKynsTeTy JIbBIBCHKOTO HALliIOHAIBHOTO YHIBEPCUTETY IMEHI1
IBana ®panka. ABTOp HepIIMX YHIBEPCUTETCHKUX MiAPYYHHKIB YKPaiHCHKOIO MOBOIO 3
0io0¢hi3nuKu Ta MaTEeMaTHYHUX METO/IB y 010101, SIKi i JOC1 He BTPAaTHIIH CBOET aKTyaJIbHOCTI.

Knouosi cnosa: Mupon [lepkad, 6iodisnka, MOBHA KOMYHiKallisi, MaTeMaTH4Hi
meToau B Gionorii, KOHECKO

BunatHuit ykpaincekuil 6io¢izuk i memaror mpodecop Mupon ITmmunosuu [epkau
ITOXOTUTH 3 BIIOMOI JIbBiBCEKOT pOJTMHHA MOBO- Ta JiTeparypo3HaBmiB [Tumuma i Mapii lepkadis.
IMumun Jlepkau min gac Ilepmioi cBitoBoi BiitHu ciyxuB y Jlerioni YCC, a B 1918 p. Opas
yuacte y Oosix 3a JIeBiB. OcBiTy 37100yB y BineHcbkomy (ABctpis) ta KapmoBomy (Uexis)
yHiBepcuTerax. Aprop «KopoTkoro cioBHUKa CHHOHIMIB yKpaiHchkoi MmoBm» (K., 1960). MaTu
Mapist, kanauaaT QiTOIOTIYHNX HAYK, OaraTo pokiB mpalfoBaia y 0i0mioTekax 1 JiTepaTypHUX
iHcturyrax AH YPCP. ABropka Husku myOuikanii npo Jlecro Ykpainky, [. ®panka, M. Ilas-
mka, O. Koounstaesky, O. PormkeBnd Ta iH., akTHBICTKA XIHOUOTO pyxXy B 3aximHid YkpaiHi.
Jlo6pe 3HaHOIO y KyJIbTYpHUX Konax Oyina i cectpa MupoHna Jlepkada, CKpHIlaJibKa Ta IeJaror
Jlecs [lepkau, 3aciyXeHMH Iis4 MHCTEUTB YKpaiHW, OaraToiiTHS 3aBinyBauka kadeapu y
JIbBiBCBKiN KOHCepBaTOpii. BoHA akTHBHO MOy IsIpU3yBaa TBOPH YKPAaiHCHKUX KOMIIO3UTOPIB —
C. JIronkeBnua, A. Koc-Anaronbscekoro, B. bapsiacekoro, M. Komeccu Ta iH.

VY rtakomy cepenoBuili 3pocTaB i ¢popmyBascss Mupon [lepkad. Y 1952 p. BiH 3aKkiH4YMB
3 Big3HaKow Oionoriganii pakynbreT JIBBIBCHKOTO YHiBepcuTeTy iMeHi IBana @panka. Toro x
POKY BCTYIIMB HA HaBYaHHS B acHipaHTypy IO BCECBITHRO Bimomoro IHctuTyTy iziomorii AH
CPCP iwm. L. I1. T1aB7n0Ba, SIKy YCHIIIHO 3aKiHYHMB 3aXHUCTOM KaHIUIATCHKOI JUCEPTAllii Ha TeMy
“JlocipkeHHS 0e3yMOBHHX Ta YMOBHHX peIeKciB pO3IIUPEHHS CYIUH y JIIOAUHK 1 cTaB KaH-
IumaToM OioyoriyHux Hayk [1].

Cepennna XX cr. Oy;a nepiozgoM, koiu (hopMyBajacsi HOBa CaMOCTiliHa Hayka — Oiogi3uka.
OynmaMeHTanbHI qOCcATHEHHs (i3ukiB KiHI XIX — mouarky XX CT., TeOpis MMOXOMKCHHS
BuaiB Yapneza [apsiHa, 3’sicyBanHs cTpykrypu JHK Ta iHIII peBOMIONiiHI BIIKPUTTSA TOTO
gacy, 3MaBayocs 0, HaOMM3WIN JFOACTBO JO MOBHOTO PO3YMIHHS NMPHHIUMIB (DYHKIIOHYBaHHS
KHMBOTO Ha 3acaZax 3arajJbHUX (I3MYHHMX 3aKOHIB. HayKoBHWii CBIT )KBaBO NMCKYTyBaB KHHTY
HobemniBcrkoro maypeara 3 ¢isuxu E. Ilpeniarepa «Il1{o Take XUTTA 3 TOUKH 30py Qi3uKu?» [6].
V pi3HMX KpaiHax €Bpony i AMepHKH BUHUKAJIM OpraHi3anii, ToBapuCTBa, IHCTUTYTH 1 Kadenpu
6io¢izrmarOTO0 Mo iro. JIBBIB TAKOXK «HE TaC 3aHIX» y IBOMY MPOIIECi.

© Babcekuit A., l'ymenpkuii P., 2024
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3aXUCTUBIIN JUCepTalilo,
Mupon Jlepkau IOBEpHYBCS A0
JIbBOBA ¥ 0YOJIIOBAB Ha 0I0JOTTYHOMY
¢axynbreTi JIbBIBCHKOTO YHIBEPCUTETY
[Ipo6eMHy 1ab0paTopito paiaifHuX
Metomie y Oiomorii  (1958-1960).
Jlabopatopis  cmemiamisyBajgacs Ha
3aCTOCYBaHHI HOBHMX Ha TOM 9ac METO/IIB
“MIYeHHMX aTOMIB”, PaJiOCTUMYIISIIT
10HI3YIOUHMH BUIIPOMIHIOBaHHSIMH
OioyoriyHMX 00’€KTIB Ta Ha JOCIi[-
JKEHHI PalloNpOTEKTOPIB.
Ile OyB Takox  mepiof
L L. pPO3TOPTaHHS XOJOMHOI BIMHH MiX
Mupon [Jlepkad y cBoemy kabineri. JIbBiB, kinens 1970-x pp. CILIA i CPCP, siki MOrpoyBajH OuH
OHOMY SIICPHOIO 30po€to, a y 1962 p., B mepiof T. 38. KapuOChKOT KpHU3H CBIT y3araii CTOSIB Ha
MeXi saepHoi kaTacTpodu riodanpHoro Macimrady. (Ha sxasnp, momiOHa 3arposa crnanaxHyna 3
HOBOIO CHJIOIO 1 B Hai Hi). He AMBHO, 10 TOCHTIKEHHS BIUTUBY pajiallii Ha )KUBi OpraHi3MH y
1960-x pokax Oynu HaJ3BUYAHHO aKTyaJIbHUMH.

VY nmaboparopii, sky aamidictpyBaB M. Jlepkad, TakoX pO3MOYAIM JOCITIHKCHHS ii
i0HI3yr0401 paniauii (HacaMmmepen JeTalbHUX J103) Ha QyHKii opraniaMy TBaprH. OnpoMiHEHHS
TIPOBAIHIIH 32 JOTIOMOT'OI0 PEHTTeHIBChKUX YCTaHOBOK PYM-111PYM-17. HaykoBi rpynu, B SKuX
JIOCII/KYBaJIM BIUIMB 10HI3yr0UO0i pajianii, odontoBanu npodecopu Ipuna [llocrakoBebka, bopuc
CyxomtiHoB i cT. H. c11. ['enHaniit Ky3nenos. @iHaHCyBaHHS IUX JIOCHTIKEHb OYJIO IepKABHUM,
1 BOHM 4acTO MaJli 3aKpUTHIl XapakTep, KUl He rnependaydan myOikalii y HayKoBii MepioIuili.
VY 1960-x pokax Ha 0ionoriuHOMY (haKyabTETI CTBOPHIIM 130TOMHHUI OJIOK, [Ie 332 JOMOMOTOI0
Pamioi30TOMIB TiAporeny, KapOooHy, Kajbilito, hocdopy Ta iH. JOCITIIHKYBAINA BaKIHBI 010(i3ndHI
nporecu. Citif 3a3HAYMTH, M0 TEPIINM 3aroYaTKyBaB 130TOIMHI HOCTIKeHHs ¥ JIbBOBI Hall
BHUIATHUH 3eMJISIK, BUCHH CBITOBOTO piBHs SKiB [TapHac.

Ha mouatky 1960-x poxkiB
MOJI0IOr0 HayKoBLst MupoHna Jlepkaua,
¢izionora 3a 0a30BOI0  OCBITOIO,
MTOYaJIM LIKaBUTH 1 MUTAHHS CITyXOBOTO
CTIpUIMaHHSI MOBH ITIOJIMHOIO Ta iJes
MOBHOT KOMYHIKaIlil 3 KOMIT I0TepoM. Y
1963 p. ipu IIpoGnemuiii mabopaTopii
pamiamiiHoi  Ta  (i3UKO-XiIMI4HOT
Oiomorii M. Jlepkau opraHizyBaB
HaykoBo-nocnigny rpyny  OioHIKH
Ta  MOJENIOBaHHsA  (pi310JOTIYHUX
nporeciB. TyT MOYMHAIOTH MPOBOJUTH
HOBAaTOPChKI Ha TOW wac poOOTH B
ranys3i 010¢hi3ukd MOBHOT KOMYHIKAIIi1,
30KpeMa, BHBYEHHSI Ta KOMII IOTEpPHE
MOJICJTFOBAHH MTPOIIECY CIPUIIMAaHH MOBHHX CUTHAIIIB. KoMILIeKCHE moCimKeHHs 010(i3HuHIX
Ta iHQOpMaIliHHIX MEXaHI3MIB I[LOT0 Mpolecy OyJo Ha TOH Yac PEBONIOLIMHUAM MiIXOIOM y

Mupon [lepkau i MupocnaBa YabGan "po3MoBisioTh" 3
koM totepoM. JIbBiB, 1960-Ti pp.
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pO3poOIli MPUHITUIIIB aBTOMATHYHOTO pO3Mi3HaBaHHA MOBU. Cepen MiOHEPIB IHOTO HAMNPsMY
Oynu kojeru Mupona Jlepkauya: Mupocinasa Yaban, Poman I'ymerskuii, Jles MimmH, bornana
I'ypa-Tlansaums. Toai Ha OiomoriuHomMy (akysapTeTi 3 sBUBCS W nepiumii komi'iorep — EOM
«IIpomiHby. 3aBISKM BETWKid MPAKTHUYHIA 3HAYYIIOCTI aBTOMATUYHOTO PO3IMi3HABAHHS MOBH
JIJISL TOJIOCOBOT'O KEPYBAHHS TEXHIYHUMHU CUCTEMAaMH, 1151 TEMAaTHKa BXOAMIIA Y 1’ ITUPIYHI IIaHU
BOKJIMBUX JiepKaBHUX HayKoBUX nporpam MinBy3y CPCP i AH CPCP 3 npobnem «biodizuka» Ta
«KibepHeTukay. 3a pe3ybraTaMu IOCIIHKEHb [ILOTO nepioxy M. Jlepkad 3aXUCTHUB JOKTOPCHKY
qUcepraiilo Ha Temy «J{ociiPkeHHS MOBHOTO CHpPUIIMaHHS B PO3Mi3HABAILHHX MOJEISX)
(1971).

Jlyis BUKOHAHHS TaKWX CHenU(IYHUX HAyKOBHX poOiT M. Jlepkaud 3yMmiB 3rypTyBaTw
CIIEIIaNiCTIB i3 pi3HHUX rayry3ei 3HaHb. [1i]1 HOTo KepiBHUILITBOM y Pi3HHM Yac MparoBain 610J0TH
(M. Yaban, JI. Menens, I. Bangakyposa, A. Crenp), imkenepu (P. I'ymenpkwuii, JI. MimuH,
B. Mazyp, b. ba6’sk), ¢izuku (P. I'puropuyk) i maremaruku-nporpamicta (M. OBepueHko,
b. I'ypa, [I. Mapuyk, [. Macmiit).

HaykoBa misuteHICTE J1abopatopii mig kepiBHUUOTBOM Mupona Ilwiunosuua Oyia
NPE/ACTaBlIeHa B YHCIEHHUX JOMOBIJSX HAa TOTOYAaCHHX PECIyOJIKAHChKUX, BCECOH3HUX
1 MDKHapOJHMX CHMITO3iyMax: MepioAMYHuX ImKojdax-cemiHapax APCO - “ABToMatudne
po3mi3HaBaHHSA CIyXoBUX o00pa3iB” (1969-1984), akycruunumx koHpepenuisx (1971-1977),
MDKHApOIHHUX KOHrpecax mcuxojoriB (1976) i douerukis (1980). IIpo BH3HAHHS HAYKOBUX
JIOCSITHEHb KOJIEKTHBY Jaboparopii cBimuuTh Te, mo Bcecoro3uuit ceminap APCO-8 y 1974 p.
Oyno npoBeneHo y JIbBIBCbKOMY YHIBEpCHTETI, Ha 0a3i HayKOBO-AOCIIAHOI rpymy OIOHIKH Ta
CTBOPEHOI IHOT'0 K POKY Kadenpu 6iodizuku, 3a yuacTro moHan 300 HayKOBIIIB, 30KpeMa, 1 3-3a
kopmoHy. M. Jlepkadya i H0T0 CITIiBpOOITHHKIB 3aripoIIyBaid Ha KOH(PEPEHIii 3 MOBHOT KOMYHIiKaIlii
o CHIA (1972, 1976), IlBewii (1974), ®panuii (1976), [Tonbiui (1980, 1981). Hezpaxatoun Ha
3HAYHI TPYIHOIII 3 OJEPKAHHAM Yy Ti YacH 3aKOPAOHHOTO BiApskeHHs, MupoH [TunmumoBng
yce K MaB Harojy IOIpAIOBaTH B HAYKOBUX LIEHTPAX 13 JOCIIXKEHHS MOBH 32 KOPJOHOM — y
Koponiscekomy Texnomorignomy iHcTuTyTI (IIIBeris, 1970) Ta YuiBepcuteti @nopuau (CIIA,
1979). A no JIeBoBa B mabopartopito M. Jlepkada mpuikKIKald BUUTUCS ‘“AUTATH CIIEKTPOTPAMH
“pumuMoi MoBH ™ crierianictu 3 Mocksu, Jleninrpana, ['pys3ii, PymyHii [5].

Ochp neski 3aroJIoBKHM 3 YHMCIEHHMX MyOumikariii MupoHna Jlepkada — “Toro, 1o movas
PO3MOBJISITH 3 KOMIT'IOTepoM”’, — Big mepmmx crtateid «CTaTUCTUYHE JOCTiIKEHHS iCTOTHUX
O3HaK B CIIEKTpi TOJOCHUX 3BYKiB MOBH», «CHHTE3 3BYKiB MOBH IO XapaKTEPUCTHUIHUX
CIIEKTPANIbHO-aMILTITYTHUX O3HaKaX (oHem», «Crocid aBTOMATHYHOTO PpO3Mi3HABAHHSI
1301b0BaHUX 3BYKiB MOBW» (y BicHukax JI/IY 3 1960-x) mo mporpamuoi cratti «baratopiBHeBa
MOJIeNIb 3 CAaMOOPTaHi3aIli€l0 CIPUUMaHHS CJIiB 3BYKOBOI MOBH» Ta KOJEKTUBHUX MOHOTrpadiit
«CrpHuifHATTS MOBH B po3mi3Hatounx Moaessax» (1971) i «/luaamiuHi CIEKTPpYU MOBHUX CUTHATIIBY
(1983). ITokazoBUMHU € MiICYMKOBI HAyKOBI MyOumiKallii B Mi»kHapoAHUX BunaHHAX: «Hierarchi-
cal models of words and sentences recognition», «On developing hierarhial models of speech
perception», y T. 4. IPUKIAIHOrO CIpsMyBaHHs «Automatic recognition of simplified sentences
constructed of the limited lexicon», «Systeme de dialogue de 1’einsegnement des operations sur
I’ordinateur avec 1’interrogation de voix et la reponse» (1972—1984).

Hoci mpodecop M. Jlepkay CrpaBeaInBO BBAKAETHCSA BUCHUM CBITOBOTO PIBHS y Taay3i
610¢i3uku i iHGOpMAIIITHAX aCIIEKTIB MOBHOT KOMYHIKAI[il — aHATI3Y, CHHTE3Yy Ta PO3ITi3HABAHHS
MOBHHUX CUTHaIIIB. BiH € 3aCHOBHMKOM HayKOBOTO HampsMy, SKuii c(hOPMYIIIOBAB MPUHIMIH
JIEAYKTHUBHOI cTpaTerii ciyxoBoro cupuiiManns MoBH (Deductive approach to automatic recogni-
tion of spoken sentences).
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Y Mupona [Iepkaua Oyna Mpist cTBopuTH Kadeapy 0iodiznku Ha 6iosoriuHoMy akyabTeTi.
ITro mpito Oyito peanizoBano B 1974 p. Kagpoge sapo HOBoCTBOpeHOI kKadenpu Bi chopMyBas i3
BUKIIanaviB kadenp ¢izionorii moanuu i TBapuH (bopuc JlemkiB, Mupocnasa Yaban), Gioximii
(SIpocnaB OniliHKK) 1 NpaiiBHUKIB HayKoBol rpymnu Oioniku (Poman ['ymenpkuii), a 3rofoM i 3
MOJIOIUX BUXOBaHIB Kadenpu (Bipu Otuny, Mapii ['pazarok Ta iH.).

VY nepiui HaBYANbHI POKU Ha Kadeapi YuTaiu, OKpiM 3araibHuX KypciB «biodizukay Ta
«MatemaTudHi METOAM B 0i0JI0Tii», TaKi creriaabHi Kypcu: «bioHika», «MeaudHa amaparypay,
«biokibepHeTnkay, «MorekynsipHa Oiodisuka», «KiHernka (EepMEHTHHX MPOIECIBY,
«CTaHOBIICHHsI CTPYKTYpPH 1 QYHKIII B OHTOreHE31», «biogi3nka MOIHOT KOMyHIKAIli» Ta iH.
OpHaK MOBHOIIHHUI TIeJIarOTiYHMIN TpolieC MOXKHA OyJI0 3peaii3yBaTy 3a HasBHOCTI HE TUIbKH
HOBITHIX Ha TOM Yac CIEIKYPCiB, aje i BiAMOBIMHOI METOAWYHOI JIITEpaTypH Ta MiAPYIHUKIB. 3a
aBTopcTBOM M. Jlepkaya, P. I'ymerpkoro i M. HabaH BUXOIATh PYKOM YKPAiHCHKOIO MOBOIO
nepIli HaBYalbHI MOCIOHMKH Ta MiApydyHHKH 3 Olo¢izuku, OioHikM Ta Giomerpii: “OcHOBH
6iodizuku” (1967), «OcnoBu OioHiku» (1972), «OcHoBu Oiometpii» y 3-x wactuHax (1972,
1973, 1974) i «Kypc Bapiartiiinoi ctaructuku» (1977) [2, 3]. L1 HaBuanbHa JiTeparypa i moci
HE BTpaTHJIa CBOET aKTyaIbHOCTI.

J1g BpoBaKeHHS B HAYKOBY poOOTY i HaBYaIbHHUN
MPOIEC CYYaCHUX MAaTEMAaTHYHUX 1 KOMII FOTEPHUX METOJIIB
Ha (akynpTeTi 3 iHimiatuBu mpod. M. Jlepkaua Oyito
oprasizoBano MixkkadeapaisHy KOMIT I0TepHY J1abopaTopito
MareMaTUYHHX MeTo/iB y Oiosorii. Ha 6a3i uiei naboparopii
misuta HJIJT mMaTeMaTHYHOTO MOMACTIOBaHHS 010(hi3MIHUX
CHUCTEM, sKa MiJ KepiBHUITBOM joi. P. T'ymerskoro
MPOJOBKYBaJa BUKOHYBaTH ACP)KOIOKETHI Ta OTOBIpHI
HJIP i3 3a3sHa4yeHoi BWINE MOBHOI, a TakKOX 3 IHIIOT
610(¢i3MUHOT TEMaTHKH, SIKY 3a104aTKyBaB MupoH Jlepkau.

[Menaroriunwuii cruik npodecopa Jepkaua BUPi3HIBCS
CBOIM JIEMOKpaTU3MOM. BuryckHukH QakyibTeTy, sKi
cllyxanM CKJIagHui 1 HacuueHud iHQopmaliero Kypc
«biodizukay, e i 10ci mam’aTaroTh, 10 Mpodecop 103BOISB
KOPHCTYBATHCSl Ha €K3aMeHaX BIACHUMHM KOHcrekTamu. Lle,
3 0IHOTO OOKY, CTUMYJIFOBAJIO BI/IBilyBaTH 1 KOHCIIEKTYBATH
JIeKIii, a 3 IHIIOro — 3HIMaJo 3aliBUil CTpec 1 XBUIIIOBaHHS TiJ yac icnuty. [Ipodecionanizmy
BHKJIa/1aua I[IJIKOM BHCTAYaio, o0 00’ €KTUBHO OI[IHMTH 3HAHHS CTYICHTA.

HaykoBy Ta BUKIaAalpbKy aisuibHiCT Mupon Jlepkau edexkTHBHO IO€AHYBaB i3
MeAaroriyHo ¥ aaMiHICTpaTUBHOI poOoTor0. Bin monan necsats pokiB (1960-1965 ta 1968—
1974) OyB nekaHom Gionoriunoro ¢akynsTery JIbBIBChbKOTrO yHiBepcuTeTy iM. [Bana ®dpanka i
3amam’sITaBcsi CBOTMU HOBATOPCHKMMH MOYMHAHHAMU. 32 6araTopiuHy AisUIbHICTh B Y HIBEPCHUTETI
Mupou Jlepkau 0yB HaropopkeHuii megaamno “Berepan mpami” (1982).

[Moganbmmnii ycmimHui po3BUTOK Kadeapu MPOJOBXKWIM Y4YHI W COpaTHHKM MupoHa
Hepkaua, HacTynHi 3aBimyBaui ioro kadenpu bopuc [emkiB, OwmensH [oitma, JImwutpo
Canarypcekuii, Aupiii babcbkuid, a Takoxx HOBa 1iesiia 6i0¢i3ukis JIbBIBCHKOr0 HAI[IOHATBHOTO
yHiBepcuTeTy imeHi IBana ®dpanka, y T. 4. BUXOBaHIi Kadeapu. 3 yacom npodins kadeapu
ocyJacHHUBCS Bike i Ha3Boro «Kadempa 6iodizuku Ta 6ioiHhOpMaTHKI.

Cepen BUITyCKHUKIB KadenpH, siky cTBopuB pod. Jlepkad, € BijoMi y HAyKOBOMY CBITi
BueHi: Irop Meanna ta Poman Tusbo 31 Cepei3eMHOMOPCHKOTO 1HCTUTYTY HEWPOOiONOTiyHHUX

IIpodecop M. Jlepkau
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nociimkerb y Mapceni (®panitisl); HAyKOBHI CHiBPOOITHUK aMEPUKAHCHKHUX 1 €BPONEHCHKUX
yHiBepcuTeTiB Biktop Yaban; 3aBimyBau kadeapu wmeamdHoi Oiodisuku JIbBiBCHKOTO
HAI[IOHAJILHOTO MEIUYHOro yHiBepcutery imeni Jlanwmna Iamumupekoro mpodecop Poman
dadyna; nepmuii BUITyCKHUK KapeapH, SKAH 3aXUCTUB KaHIUAATChKY TUCepTallito B [HCTUTYTI
6iomoriunoi ¢izuku AH CPCP, Irop I'y3ap; mpodecop JIbBIBCHKOrO IEPKABHOI'O YHIBEPCHUTETY
¢isnynoi KynpTypu iMeHi IBama bobOepcekoro Mapis Cubins; OaraTofiTHIH IHUPEKTOP
JIbBIBCHKOTO IHCTHTYTY MICIISIAUILIOMHOI MEIAroriyHoi OCBITH, BIAOMHUHM pedopMaTop MIKOJIH
Poman IlIusts Ta iH. 3aranom Ha kadeapi 3a poku 11 iCHYBaHHsI 3aXHIICHO MOHA 30 TOKTOPCHKUX
1 KaHIUAATCHKUX JAUCEPTAIIii.

He3Bakaroun Ha BHIATHI JOCATHEHHS B OCBITHBO-HAyKOBiH Tamy3i, Mupon Jlepkau
3aBKIM CTaBUB Tiepes] co0010 HOBI MpodeciitHi 3aBaanHs. SIK CripaBXHil JbBIB’ SHUH BiH TOBOPHB
3 NPUEMHHUM TaIUIbKUM aKIIEHTOM, OJJHAK TAKOX BUILHO BOJIOJIB aHTJIHCHKOI0 MOBOIO, IO Y
1980-x pokax He O0yi0 normupeHnM. Llei GakT cTaB OHUM i3 BOKIMBUX YNHHHKIB Y TPU3HAYCHHI
rioro B 1982 p. Ha kepiBHi mocagu B FOHECKO. s mporo tpeba Oysio croyaTKy mepeMOrTH
Y CKIAAHOMY KOHKYPCI cepell IECATKIB TiTHUX MPETeHIEHTIB 13 MockBH, JIeHIHTpaga Ta iHIINUX
mict CPCP.

3 1982 mo 1992 pp. M. Jlepkau mpaIfroBaB MPOBiTHAM CHEIiaIicTOM 3 QyHIaMEeHTaTbHUX
Hayk Cexperapiatry FOHECKO (B Ilapuxi), nupexropom Perionansnoro 6:opo FOHECKO mist
[TiBnennoi ta [lenrpanpHoi A3ii (B Hero-Jleni) i mpeactaBaukom FOHECKO B Inmii. PoGora y
[[OMY ITOCTKOJIOHIATBHOMY PETI0HI1, HACHYCHOMY ITOJITHYHHUMH, PETITIHHIUMH, [eMorpadiaHuMH,
TeHICPHUMH, €KOJIOTTYHUMHU, EKOHOMIYHUMH Ta KYIBTYPHUMH IpodiieMaMu, He Oyia mpoCcToro.
[Ipore BoHa Oyna HAJI3BHYAWHO BAXKJIMBOIO 3 OMVISIAY HA ICTOPUYHY 3HAUYINICTh 1 KYIBTYpHY
craamuHy perioHy. I chorogsi, crocTepiraloud 3a €KOHOMIYHHMM, KYJbTYPHHM 1 HayKOBHUM
peHecaHCcOM a3iiChKUX KpaiH, MOXKEMO 3 TOPIICTIO BBaXKATH, IO JO IBOTO MPUYETHUHN 1 HaI
KpastHUH.

Ipod. M. [lepkau Ha MixxHapo/Hii koHepeHLii 31 ctBopeHHs opranizauii Women’s Agency for Generating

Employment (WAGE). Hero-Jlemi, [H7is1,1990 p.

Po6ora B FOHECKO norpe0yBaia it TUIIoMaTHdyHOTO XUCTY. € Jerenaa npo 3aKiIouHy
npec-koHpepeHio Mupona Jlepkaua y mrab-ksaprupi KOHECKO B ITapmxinepen noBepHEeHHIM
nmomomy. Kypramictu 3amuranu ykpainis: «IIpodecope, Bu x po3yMHa JIOAWHA 1 BIAOMUIA
BUCHHH, TOK HE MOXKETEe HE 0AYWTH, IO Ha 3aX0Ji Y Bac HabaraTo OLTBIIE MOXIIMBOCTEH, HixK
ynoma. YoMy Bu moBepTaetecsi?». [lutanHs Oyi0 MpOBOKaTHBHE, e YPOIKEHHUI JIbBIB’ THIH HE
PpO3TyOUBCS 1 3 YCMIIITKOO BiIMOBiB: «MEHi TaM IPOCTIIIe».
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[Ticns moBepHeHHs A0 JIbBoBa MupoH Jlepkad cTBOpHUB i 040 0BaB JIbBIBCbKHiT 001acCHUH
kiy6 FOHECKO. V 1ieit vac Mupon [TunumoBuy 3aifMaBcst TaKOXK MyOTIIUCTHYHOO AisUTBHICTIO
B TaTy31 €KOJIOTi, 0OXOPOHH NPUPOTHOT Ta KYJIBTYPHOI CIIQAIIMHK, IIPOOJIeMaMH YHIBepcali3my i
HAYKOBOI €THKH. 32 BHECOK Y PO3BUTOK Hayku mpodecopa M. Jlepkaua HoMiHyBaimu [lodecHrM
3BaHHSAM JOKTOpa Hayk MixkHapoaHoro yHiBepcutety OOH (1992).

IIpo Mupona [lepkaya nam’sitaioth ¥ JIbBOBI Ta Ha HOro
pinHomy ¢akynbreri. Ha 6a3i JIbBIBCHKOTO HalliOHAIEHOTO
yHiBepcuTeTy imeHi [Bana dpanka 27-29 kBiths 2020 p. BinOynacs
XVI MixHapoaHa HayKkoBa KOH(EpeHIlis CTYJCHTIB 1 acripaHTiB
«Momos 1 moctym 0iosorii», mpucesueHa 90-i piuHuI Bif JHS
HapokeHHs pod. M. I1. [lepkaua. Y pamkax kKoHbpepeHIii Oyu
MpeJICTaBICHI LiKaBi JOMOBII 3 pI3HOMaHITHHX Taly3ei cydacHOT
Oiosorii: OGiodisuku, Oioximii, OoTaHiku, (i3i0JOTIi pPOCIHUH,
TCHETUKH, O10TEXHOJIOrl, eKOJIOTii, 300J10Til, MOJEKYJIIPHOI Ta
KITHHHOT OiojIorii, MikpoOiosorii, Bipycosorii, iMyHOJIOTIi Ta
¢izionorii moaunuu 1 TBapuH [4]. YV 2024 p. yHiBepcuTeTchKa
criybHOTA 1 010(i3uKK YKpaiHU TOTYIOTHCS YPOUHCTO BiA3HAYUTH
50-piuusi cTBOpeHHs Kadenapu Oiodizuku Ha OloJOTIYHOMY
¢axyipreTi JIbBIBCHKOTO HAI[IOHAJIBHOTO YHIBEPCUTETY iMeEHI
IBana ®panka, mepmuM 3aBigyBaueM sSKOi OyB Haml BUAATHHHA
3eMiIsik MupoH Jlepkadu.
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MYRON PYLYPOVYCH DERKACH (1931-2012).
THE ONE WHO STARTED TO TALK TO THE COMPUTER...

A. Babsky, R. Humetsky

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: andriy.babsky@Inu.edu.ua; andriy.babsky@gmail.com.ua

Myron Derkach is a world-class scientist in the field of biophysics and informational
aspects of speech communication — analysis, synthesis and recognition of speech signals.
He is the founder of the scientific direction, who formulated the principles of the deductive
strategy of auditory language perception. In 1976, he created one of the first biophysics
departments in Ukraine on the basis of the biological faculty of Ivan Franko University
of Lviv. Dr. Myron Derkach is the author of the first university textbooks in Ukrainian on
biophysics and mathematical methods in biology, which have not lost their relevance to this
day.

Keywords: Myron Derkach, biophysics, verbal communication with the computer,
mathematical methods in biology
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FECI QUOD POTUI, FACIANT MELIORA POTENTES!
CBITJIA NAM’SITI TIPO®ECOPA, JOKTOPA MEJMYHUX HAYK
IPUHU BACUWJIIBHU NIOCTAKOBCBHKOI

C. K. TI'oppiii, I'. K. CtapocTtiok

JIvgiecokutl nayionanvuull yHieepcumem imeni leana @panxa
syn. I pywescokoeo, 4, Jlveie 79005, Vrpaina

Ipuna BacuniBHa IllocrakoBchka Hapommiacs 23 tpaBHA 1924 p. B M. Ilepemmmuri
(ITompma). bareko Ipumam BacmmiBan — Bacwme [loctakoBcbkuii — OyB BIIOMHM aJBOKaTOM
IMepemumnuist, MaTd AHHa — oMorocnonapka. barska Ipuan Bacumisum y gepBHi 1941 poky? miz
gac apTHIIePICEKOTO 00CTpiy MicTa Oyiio mopaHeHo. PaHa BUSBHMIIACS CMEPTENHHOIO.

[HouatkoBy ocBity IpmHa BacwmmiBaa 3m00yna y IlepeMummbChKifl KOOI iMeHi
Mapkisiaa [amkesuua®, y 1936-1939 pp. Oyia yueHuieo YKpaiHCEKOTO iHCTHTYTY IS IiBYat?,
y 1939-1941 pp. HaBuanacs B cepeHiii mkom Ne 2°. YV 1943 p. 3akinunia YKpaiHCbKY AepiKaBHY
mkony® B [Tepemumnui. [IpamoBana y «Coro3i koonepaTuBiB» Oyxrantepom, y 1944—-1945 pp. —
MTOMIYHIKOM pekncepa YKpaiHcekoro IlepeMunuibCcekoro Tearpy, 3 akuM y 1945 p. mepeixana
110 JIpBoOBa’.

VY 1945 p. Berynmmiia Ha JiKyBanbHUH (akymnbTeT JIBBIBCHBKOTO MEIMYHOTO iHCTUTYTY.
VY 1950-1953 pp. HaBuamacs B acmipanTypi kadenpu HopMmansHOI (izionorii. 3 1954 mo 1958
p. TpairoBana acwcTeHTOM IIi€i kadenpu. Y 1954 p. 3axucTuia KaHOUOATCHKY AMCEPTAIIIO
Ha TeMy «BIUTHB KOpH TOJOBHOTO MO3KY Ha 30BHINTHBOCEKPETOPHY (YHKIIIO MiAIUTYHKOBOI
samo3n»®. 3 1958 p. — nomenr kadempu diziomorii moanau i TBapuH JIEBIBCHKOTO YHIBEPCHTETY.

'« 3pobuna, mo 3Morna, Xail Ti, XT0 MOke, 3pO6ONATH GiblIe» — 1iclo (pa3olo 3aBeplInia CBill 3BiT
npo nepeOyBaHHs Ha 1MOCca/i 3aBigyBada Kadenpu ¢isiosorii moaunau i TBapuH JIBBIBCHKOTO JepiKaBHOTO
yHiBepcuTeTy iMeHi [Bana ®panka npod. Ipuna [llocrakoBebka. CTaTTs € nepeapykom myoumikanii Crenana
Toppis i 'anam CrapocTiok y MaTepianax MixHapomHol koH(epeHii, npucesdeHoi mam’sti npod. 1. B.
IocrakoBewkoi (JIpBiB, 2002. C. 5). Tyt i nani npumitkn Bonoxumupa Manbka.

2329 Bepecus 1939 p. 1o 28 uepBHs 1941 p. Ta 3 27 nunusa 1944 p. 10 1 sxostHa 1945 p. Tlepemuns 6ys
neHTpoMm [lepemMunuibchkoro paitony y ckmani YPCP.

3 IllamkeBuyiska — HapoHa (MPUBATHA) LIKONA 3 YKPATHCHKOK MOBOIO HaBdaHHs y [lepeMumi, 3acHOBaHa
y 1910 p., 3 1917/1919 H. p. — 7-piuHa.

4 Pycekuit (micns [epmioi cBiToROI BiltHM — Y kpaiHChKHit) iHCTUTYT /U1 1iBuaT y [lepemMunuii Biakputuii 18
xOBTHS 1985 p., sikuii misiB 3 1896 p. sik BuniikoBa BockMupivHa mkoia. Y 1903 p. nepeTBopeHuii Ha JileH,
3rofIoM Ha peajbHy riMHa3io, a B 1917 p. — Ha rymMaHiTapHy (KJacuyHy) riMHasitoo. B [HcTHTYTI Bummcs
JiBYAaTa i3 POAMH CBITCHKOI IHTENIreHII, CBAIIICHHUKIB, YYUTEIIB, CEJISH 1 MilllaH.

5 Cepennst mkona Ne 2 im. M. Cranina 3 yKpaiHChKOIO MOBOIO HAaBYaHHsI, yTBOpeHa y smcronami 1939 p.
4epe3 3MUTT mKoi iMeHi MapkistHa [lamkeBnya, 4onoBidoi ykpaiHchkoi TiMHa3ii Ta »iHOYOI riMHaszil
(YkpaiHChKOTO IHCTHTYTY U1 AiBYAT). Y IPUMIIIEHHIX YKpaiHCHKOTO IHCTUTYTY JUIS IiBYAT OPraHi30BaHO
cepennto mkony Ne 1 im. B. 1. JIenina 3 pociiicbkoro MOBOIO HaBYaHHSI.

¢ ToproenbHy mkony (mine#?) y Ilepemumuti 3 yKkpaiHCBKOIO MOBOIO HABUAaHHS 1 JepKaBHHM
¢inancyBannsaM. Ha BigkputTs ykpaincbkoi riMHasii y [lepemuinni HiMenbka oKymaliiiiHa Biiajia He gaBaja
sroau. Jlumre y sxoBTHI 1943 p. 6yno opranizoBaHo «MatypanbHHi Kypey UL KOJIHIIHIX YYHIB yKpaiHChKOT
riMHa3ii, pagsHCHKOT AECATHPIUKY UM IHIMX KT XoiaMIuay i BonuHi. Ienut 3pinocti BinOyBcst y TpaBHi-
4epBHi 1944 p. ¥V cnucKy KaHIUIATIB i KAHAUIATOK BiAAITy TyMaHicTHYHOTO A (0e3 3a3Ha4eHHs, XTO CKJIaB
iCIuT, a XTO Hi) i HomepoM 68 3HaunThes 3anuc «lllocrakoBebka Ipuna, 3 [lepeMunissy.

7 Vkpaincekuit Teatp y Ilepemunuii nmpairosas sk npogeciiinuii konextus npu HapogaoMy JJoMi 10 TpaBHS
1945 p.

8 HayxoBuii kepisnuk aupextop Inctutyty disionorii AH VPCP, ui.-kop. AH YPCP, n-p men. Hayk, npod.

© Topmiit C.K., Crapoctiok I'K., 2024; Mansko B., 2024
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Y 1960-1991 pp. 3aBigyBana Iii€ro k Kadeaporo.
Y 1968 p. 3axucTwia JOKTOPCHKY AMCEPTAIIO
«OKCIepUMEHTAIBHBIA aHAIN3 PabOTOCIOCOOHOCTH
HODKENTYI0YHOM KeNe3b’, y 1969 p. oTprMaia 3BaHHs
npodecopa. Y 1965-1968 pp. 1 1974—1990 pp. — nexau
6iooriunoro (akynbTeTy JIbBIBCHKOTO YHIBEPCHTETY.
3a yac ii poOOTH JeKaHOM 010JIOTTYHOTO (HaKyIbTETy
Oy;10 CTBOpPeHO HOBI Kadempu: Giomoridnoi Ximii',
Gionoriynoi disuku'' Ta renetrku'?. Ipuna Bacuisaa
JI0 KIHIIZ CBOTO XHTTSA TpalfoBaja mpodecopom
kadempu 1 HAYKOBUM KEpiBHHKOM J1abopaTopii
«bioeHepreTrky Ta 010JOTIYHO AKTHBHUX PEUOBHHY.
Ilig T KepiBHHUIITBOM CTBOPEHO HOBHI HAyKOBHI
HampsiM — JOCJI/DKEHHSI HeHpOryMOpajbHUX MeXa-
HI3MIB  peryjusimii MeTaOoiYHOro 3a0e3leucHHs
cekperii TpaBHux 3anmo3. IIpodecop 1. B. Illoc-
TaKOBCbKA CIIPHsJIa BIPOBA/UKEHHIO Yy HAYKOBHI
HampsiM Kadeapu IOCTimKeHb 3 eleKTpodizionorii
CEKPETOPHUX KIITHH'.

Jocmimkenns Ipuan BacHIiBHH OXOILTIOBAIN

Ipuna Bacunisna [locrakoschka BCi po3zimm ¢iziomorii TpaBIeHHS; BOHa PO3poOMIA

(opietoHo cepesuna 1980-x pp.) KiJIbKa OpUTiHAIBHUX METO/IB XipypriuHO1 HiArOTOBKM
TBapuH 10 (hi3i0JOTIYHOTO EKCIIEPUMEHTY, MOCTIIiIa POJib XOJIHEPTiHUX 1 aapeHepriiHuX
MEXaHi3MiB PEryJisiiii eHepreTHYHOro Ta IIACTHYHOTO OOMIHY IiIIITYHKOBOI 3aJI03H, BUKOHAIA
OpHTiHAJBHI JOCTIHKEHHS MEXaHI3MIB [ii 10HI3yI04ol pajiailii Ha OpraHd TPAaBHOIO TPAKTy, a
TaKOX 3’CyBaJia PoJib HEWPOMEIIaTOPIB Y PEeryIsillii eHepreTHIHUX MEPETBOPEHb B IHTAKTHOMY i
OMPOMIHEHOMY OpraHi3Mi.

IIpodecop 1. B. IllocrakoBchbka — aBTOp moHan 190 HayKoBUX Mpailb, y TOMY YHCII
KOJEKTHBHOI MOHOrpadii «COBEpIICHCTBOBAHHE YCIOBHM TpyAda Ha MPOMBIIUICHHBIX
peAnpUATHIX» !4 1 HaByaIbHOTO MociOHnKa «Di3ioNoriuHi MeXaHi3MHU KIIITHHHOI iHTErpamii»'.
3 1992 p. — milicHuit wien Akamemil Hayk Bumroi mkonn Ykpainu. [Tigrorysana 21 kanaugara

Amnaroniit Bopo6iios.

° HaykoBi KOHCYJHTAaHTH 3aBidyBau Kadeapu HOpManbHOI dizionorii JIbBiBCHKOro MEAMYHOTO iHCTHTYTY
I-p Men Hayk, npod. ki Cxusipos i 3aBigyBau kadeapu 0ioxiMii JIbBIBCBKOro MEIUYHOTO iHCTUTYTY I-p
6iout. Hayk, npo¢. bornan Co6uyk, konumHii criBpobiTHUK npod. SAxosa [TapHaca.

10 Kagenpa Gioximii BinHOBIeHa (BUOKpeMieHa 3 Kadeapy (isionorii momuuu i TBapuH) y 1963 p. min
KepiBHUITBOM J-pa Oion. Hayk bopuca CyxoMiiHOBa.

1 Kadenpy 6iodisuky Ta MaTeMaTHYHUX METO/IB y 6ioNoTii cTBOpeHO y 1974 p. mix KepiBHUIITBOM Npod.
Mupona [lepkada. TenepimHs Ha3Ba — Kadenpa 6iodizuku ta 6ioiHpOpMaTHKYL.

12 Kagenpy renetuxu (Tenep kadeapa reHETHKH Ta 6i0TEXHONOTIT) cTBOpeHo y 1976 p. Tij KepiBHUIITBOM
nou. Onenu BiokoHb.

13 O6uaga HanpsAMHU 06’ €IHAHO B paMKaX HaykoBoi Kok JIbBiBChbKoro yHiBepcuTeTy «bioeHepreTnka Ta
€JeKTPOQi3i0IOTist CEKPETOPHUX KIIITUH.

14 CopepureHcTBOBaHME YCIIOBHH TPy/a Ha IPOMBIIIEHHBIX NpeAnpusaTHsX / oTB. pea. H. H. TlokpoBckwuii.
K.: Hayk. nymka, 1979. 235 c.

15 Topaiit C. K., IlocTakoBchka 1. B. dizionoriuni MexaHi3Mu KIITUHHOI iHTerpariii. JIbBiB: Pem.-Bum.
rpyna JIeBiB. yH-TY, 1985. 82 c.
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Giosoriuaux Hayk'® i 3 MOKTOpIB GiojoriyHux Hayk!’.

Ipuna BacuniBHa 3aBxau Oyjia KUTTEPAAICHOIO JIFOAWHO0, aKTUBHOKO y IPOMAaICHKOMY
*UTTI. Byna 6aratopiunamm wienom «IIpoceiTm» it ToBaprucTBa « HaacsiHHsD». 3aBISKH ii BETHKHM
3YCHJUISIM MiZITOTOBaHO Ta BHJAHO ICTOPUYHI HAPHCU CTAHOBJICHHS 1 PO3BUTKY YKpaiHCHKOTO
niBouoro iHctutyTy B Ilepemurmmi'® ' ta icropist cranoBieHHs riMHasii B [TepeMuimmi?’,

1. B. [llocTrakoBchka Oyiia wieHoM 010po JIbBIBCHKOTO 00JaCHOTO TOBAPUCTBA «3HAHHSY,
MPaBIIiHHS YKPaiHCHKOrO (hi3i0J0TIYHOTO TOBAPHUCTBA Ta OaraThoX CIEIiali30BaHUX BUCHHX pajl
13 3axucTy aucepraiiiit. Y 1971 p. 3a Z0CATHEHHS Y HAYKOBIH 1 Tearoriyyiii po0oTi HaropoKeHa
opaenom Tpynosoro Yepsonoro IIpamopa, a y 1984 p. — menammo «Berepan mparti».

IIpodecop 1. B. IllocrakoBchbka Oyia He JHIE BH3HAYHUM II€JaroroM i HayKOBIIEM,
a ¥ opra”izaTopoM HayKOBHX HalpsMiB Ha kadeapi Ta B 11 miapo3aiiax, HayKoBOi poOOTH Ha
OiooriyHoMy (GakyibTeTi. Byaydd JTIOMHHOI BEIHMKOI IYIMi, IIMPOI 1 YYHHOI, CIIOBHEHOIO
TBOPYOI0 HECITOKOIO, BOHA BijIJaBaJia BCi CBOT CHJIH i €HEPTii0 BUXOBAHHIO MOJIOMX CIICI[IaIICTIB.
KonexktuB xadeapu Ta YHMCIACHHI y4YHI 3aB)KIH BiMIyBalid ii MOTYKHHI TBOPYHMU MOTEHINIA,
aKaJeMiYyHy epYyIOuIlifo, TOOpO3UWIHBE W
BUMOTJIMBE CTABJICHHS JI0 HAYKOBHX IOIIYKiB
1 BOJIHOYAC MaTEPUHCHKY TypOOTY.

SanpoBamkeHi IpuHOIO BacuiiBHOO
HAaIpsIMU HAyKOBUX JIOCIIKEHb IIPOIOBKYIOTh
IUTITHO PO3BUBATHUCS, 30arauyyroun BITUU3HAHY
HayKy 3HaYHUMH 3100y TKaMH.

He cTano Ipunn Bacunisau
[TocTakoBcrkoi 28 yepBHs 1999 p. IToxoBaHa
Ha SHiBceKOMY IBHHTapi?' v JIbBOBI.

1 33 inmuMu gaHEME — 19 Kauauaatis Hayk: W. /1. Knimancekuii (1967), Omens Toiina (criiBkepiBHUK
€. INonuapenko, 1968), 'anna Crapoctiok (1970), Xoanr Kao Taii (1970), Muxaiino Tumouko (1971),
Crenan [oppiit (1973), Jleonin Jdyounskuii (1985), Annpiii badcwkuii (cniBkepiBHuk M. Konaparuosa,
1985), Mukomna Jloni6a (1986), Mapis I'anbkis (1988), Mupocnasa ['punbkis (1989), JIoar Mpean Myctada
(1990), MI3BenicnaBa beprrpaym (1990), denip My3uka (1992), Adaynna Myxamen Axmen Jlakanb
(cmiBkepiBHuK M. Jlomi6a, 1994), Mapko Batamanrok (crmiBkepiBHuk M. loni6a, 1996), Oxcana ['opuHb
(cmiBkepiBruK M. [loni6a, 1996), Haranis Kypramtok (1996), bornan Jlyrosuii (cniBkepiBauk B. FOxaio,
2001).

17 3a iHmmMu JaHuME — 2 JOKTOpH Hayk: Mupon Kiesenps (criskoncysisTanT M. Ily6a, 1993), Muxona
Jomi6a (1993).

18 Illocmaxoscexa I. Yipaincekuii (Pychkuit) iHCTHTYT 11s AiBdar y Ilepemurni / YkpaiHChbKuil iHCTUTYT
quist aipuat y [Mepemunii. 1895-1995: FOBinelina kaura nam’siti 1o cropivqys 3acHyBaHHs. [Iporooud : Bix-
pomxkenns, 1995. C. 5-20.

1 Ilocmaxoscora Ipuna. Pycwvkuit (Ykpainchkuit) IHCTUTYT a1 aiuaT y Ilepemumuni — Horo pois B
KynbTypHOMY XHTTI ['annuunn // Ilepemunuis i ITepemucbka 3eMist mpoTsAroM BikiB: 30. HayK. mpamb i
MaT-1iB MixHap. Hayk. KoH(., opranizoBanoi HTII B ITombimi (24-25 vepBHs 1994 p. B [lepemumuri).
[epemunuis, 1996. C. 289-297.

20 YkpainchKa JepikaBHa 90NoBiua TiMHaszis y [lepemunuti. 1895-1995 / ynop. I. I'natkesuy; JIbBiB. per.
CYCIL-KyJBT. T-Bo “HancsHus”; Mane cninbHe Hayk.-Bup. mianp. “Hexponomnic”. Iporo6uy: BinpomxeHHs,
1995. 304 c. 1895-1995. Ipuna lllocTakoBchka BXOAMIA 10 CKIaAy peaakLiiiHol Kojerii.

21 Tlone 36 (wemanexo Bix Mexi Mixk monamu 34 i 35; 49°51°13.5"N 23°59'51.1°E) SIniBcbKOro LBUHTApSI
(Byn. IlleBuenka, 128).
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HAYKOBU TOPOBOK IPO®ECOPA 1. B. LIOCTAKOBCBHKOT'

JIvgiecokutl nayionanvuuli ynieepcumem imeni leana @panxa
syn. I pywescokoeo, 4, Jlveie 79005, Vrpaina

Ipuna Bacunina IllocrakoBchka 37100yna BUILYy MeIuuHy OCBiTY y JIbBiBChKOMY
MemuaHOMy iHCTHTYTI (1950), TyT ke 3aKinumia acripantypy (1953). Ti Bunrenem 6yB npodecop
A. M. Bopo6itos, skuit kepyBaB kadeaporo HopManbHoi diziornorii 3 1945 no 1951 p.> OcHoBHuiA
HampsiM HayKOBUX JOCIHIIKeHb Kadeapu MoiiraB y BHBYEHHI HEPBOBOI peryssimii opraHiB
IIJTYHKOBO-KHIIIKOBOTO TPakTy. ¥ paMKaxX HbOro HampsiMy IpmnHa BacunmiBHa Hamucana meprr
myOriKarii, 3aXuCTHIa KaHAUAATChKY Ta JOKTOPChKY AMcepTalii, copMyBanach sk HayKOBEIb.
VY 1954 p. BoHa 3axHCTHIa KAHAUAATCHKY TUCEPTAIliI0 HAa TeMy «BIIIMB KOpH roJIOBHOTO MO3KY
Ha 30BHIIIHBOCEKPETOPHY (YHKLIIO MigUUTYHKOBOI 3amo3u»’. Ilicis 3aKiHYeHHS acmipaHTypH
IpalfoBajga aCHCTEHTOM Kadeapu HopMallbHOT izionorii.

VY 1958 p. Ipuna BacuniBHa nepeiinuia Ha poGoTy 10 JIBBIBCHKOTO JEp:KaBHOTO
yHiBepcuTeTy iMeHi [Bana ®panka. Criouyarky BOHa IpamioBaia Ha IOcaji JOIeHTa Kadeapu
¢izionorii ironuHY 1 TBapuH, a 3 1960 no 1991 p. 3aBimyBana mi€ro x Kadenporo.

11106 3’sicyBaTn MexaHi3MH pealtialii HepBOBHX BILIMBIB HAa CEKPETOPHI OpPraHU TPAaBHOTO
Tpakrty, IpuHa BacuniBHa po3noyana y JIbBIBCbKOMY YHIBEPCHUTETI AOCIIKEHHS MeTaOOIIYHUX
MIPOLIECIB y IUX OpraHax i BIUIMBY Ha HUX HEHPOrOPMOHAJIBHUX YMHHHKIB. Lli mocimimkeHHs
IIPOBEAEHO 3 BUKOPHCTAHHSIM METOY MiYCHUX aTOMiB.

Ipuni BacuiniBHi Boamocss BCTAHOBUTH, IO Yy 30y/KeHill ceKpeTOpHil TKaHUHI 3pOCTae
piBeHb OlocuHTeTHUHUX HpoueciB, 00MiH AT® i kpearunpocdary. [lopiBHAHHS 3MiH 0OMiHY
HyKJIeTHOBHX KUCIOT, hocdomiminiB, ATD, kpearnHdocdary micis 3acTocyBaHHs 30y/THUKIB ce-
Kpeuii Ha (oHI aAPEeHOTPONHUX 1 XOJIHOTPOIIHUX PEYOBHH CBIIYHMTH PO y4acTh 000X JIAHOK
BEreTaTBHOI HEPBOBOI CUCTEMH Yy perymsiii Metadoinizmy. Lle nano migcraBu 3poOUTH BHCHO-
BOK, III0 CEKPETOPHUI INpoliec y MiANUTYHKOBIH 3a1031 PEryIIoeThCs K XOJMIHEpriiHO0, TaK i
aJIpeHEePriifHOI0 cucTeMaMu. 3a MaTepiajJaMHu IUX JociipkeHb y 1968 p. Ipuna BacuiiHa 3a-
XHCTHJIA TOKTOPCHKY JHCEPTAIlil0 HA TeMYy «DKCIIEpUMEHTAIBHbIH aHaIN3 paboTOCIIOCOOHOCTH
TIO/KEITYJOYHOH JKETIEe3bI».

umu nocnimkenasmu [puna BacuniBHa 3anouarkyBasia HOBHI HayKOBHH HAIIPSIM, CIIPsI-
MOBaHMH Ha 3’sICyBaHHS peaizallil KIITHHHIX MEXaHi3MiB HEHpOropMOHAJILHOTO PEryIIOBaHHS
MeTaboJIigHOTO 3a0e3MeYeHHs ceKpenii TpaBHUX 3a103. el HanpsM npogoBKye pO3BUBATHUCH 1
Ha CHOTO/IHI, y HOTO paMKax 3’SBHJIMCS HOBI MIXOIM, BUHILIO Oarato myOmikamiil i 3aXHIeHo
HU3KY KaHIMJATChbKHUX Ta JOKTOPCHKUX JUCEPTAIlii.

! Crarts € nepeapykom my6ikanii Mupona Knesig y matepianax MiskHapogHoi KoH(epeHIlii, TpUCBIYeHOT
nam’sti mpod. 1. B. IllocrakoBerkoi (JIbBiB, 2002. C. 6-7). Tyt i mani npumitku Bonogumupa Manbka.

2 Ticns 3aBigyBanHs Kadeaporo HOpManbHOI (izionorii JIbBIBCHKOro MEIMYHOTO iHCTHTYTY ui.-kKop. AH
YPCP Awnaroniit Bopo6iios mpotsirom 1953—1955 pp. (Ha yac 3axucTy KaHIUAATCHKOI qucepTarliii IpuHoro
IocraxoBcbkoto) 6yB nupekropoM IHcTuTyTy dizionorii AH YPCP (Kuis).

3 Jlucepralilo HANUCAHO YKPAiHCBKOIO MOBOIO, aBTopedepar mucepTamii — TpamuuiiiHo Ha Toil uac
POCIHCBHKOIO.

© Kuneseup M., 2024; Mansko B., 2024
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Puc. 1. AsTorpad* apyroi ctopiHkm pykonucy Ipunmn LocTakoBcbkoi «lcTopis kadenpu disionorii
nogvHn i TeapuH JIAY», Oe Bnepwe 3ragaHo 3anoyaTkoBaHWMA HE HOBUIM Hanpsm
pocniopkeHb

y

EN

Konektus kadpegpu 1968 p.
1 pag: cugatb . K. CtapocTiok, B. A. Kpelimep, |. B. WocTakoBcbka, B. @. emkis, M. M. PomaH
2 psg: C. K. Topginn, M. ®. Tumouko, M. H. BosHiok, npauiBHuk BiBapito, X. B. MaBpunuwnH, ?,
C. T. Bybapesa, XoaHr Kao Tan, M. IN. Oepkay

4 I apxiBy xaempu. Hanucanuit, Ma6yts, y 1960 p., xomu jou. 1. B. IllocTakoBchbka cTana 3aBigyBadeM
Kadenpu.



M. Kneeseupb
16 ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92

3HayHa KigbKicTh myOmikamii [puau BacwmiBam (moHanm 22) mpuCBSYeHA JOCTIHKEHHIO
JliT alleTUIIXOJIiHY Ta KaTeX0oJIaMiHiB Ha CEKPETOPHI OPTaHu, 3MiHH iIXHBOTO BMIiCTy B CEKPETOPHUX
TKaHWHAX, aKTHBHOCTI (DEPMEHTIB, IO TiAPOJI3yIHOTh MEMIaTOPHI PEYOBHHH, il XOMIHO- W
aZpEeHOMIMETHKIB, XOJiHO- 1 aApeHONiTHKIB. Taki MOCTIPKEHHS TiJ KEepPiBHUITBOM I[pwHH
Bacunisan npoBogwmm I. K. Crapoctiok, Xoanr Kao Tait, C. K. Topaiit, JI. O. yOounpkui,
M. O. I'anbkiB, sKi CTaJIM KaHIUAaTaMHU 010JIOTTYHUX HAYK.

Konektus kaceapu 1973 p.
1 pag : . K. CrapocTiok, B. @. lewmkis, |. B. LLocTakoBcbka, b. A. Kpevimep, C. K. lNopain
2 pap: J1. O. Oy6uubkun, M. ®©. Tumouko, C. T. 3ybapesa, X. B. MaspunuwunH, M. [. MenbHukoBa,
M. O. lanekis, ®ponsk, M. 0. Kneeeub

3apasku mpaisiv C. K. Topmis (1973)° meidt Hampsm 30araTvBest JOCIHIIKSHHSIMU
€HEPreTHYHOrO 3a0e3MEeUeHHS CEKPEeTOPHOTO TIPOILeCy, a MITOXOHIpii cramum 00’€KToM
inTeHcuBHOTO BUBUeHHA. A. M. BaOcpkmii (1985) 3’scyBaB agpeHepriliHy peryssmito OKHCHOTO
docoopumoanusn®, a M. M. [lomiba (1986) — xomiHepriiiHy. PerymoBaHHsS €HepreTHIHOTO
00MiHY B MITOXOHIpISIX Pi3HHX OpraHiB AociiKyBanu Takox [l6ar Mpean Mycrada (1990),
@. B. My3uxka (1992), A6mynina Moxamen Jlakans (1994), M. 3. Baramanrok (1996), O. B. lopuns
(1996), H. M. Kyprauiok (1996), I. T. CraBpoBceka’ (1998). ITix kepiBaunrsom Ipunn BacuniBau
IIocTakoBCHKOT BOHM MiATOTYBAIM KaHIWIAATCHKI muceprarii®, a M. M. Jloni6a — TOKTOPCHKY
(1993)°. 3aBasiku UM pobOTaM CTaO 3pPO3YMIIIO, IO ANETHIIXOMIH MiJICHITIOE OKUCIICHHS atbda-

5 TyT i fani mmicns npi3BHINA 3a3HAYEHO PiK 3aXMCTy KAHIUIATCHKOT UM TOKTOPCHKOT AUCEpTaLLii.

¢ Aunpiii BaGchkuil 3aXMCTUB JOKTOPCHKY aucepTaliio «DyHKIIOHATBHUN CTaH TKAHWH i 3MiHH BMICTY
iOHIB HATpiIO 32 YMOB IATOJIOTIYHOI TiMOKCii Ta KaHeporeHe3y» y 2009 p., HayKOBHUi KOHCYNBTAHT Mpod.
Mupon Knesenp.

7 IIpo¢. I1locTakoBchbka Oyiia HAyKOBUM KEPiBHUKOM aCTipaHTypH..

8 Haranis Kypramok 3axucTiia IOKTOPCHKY AucepTamiro «Pomb iHTepMmeniaTiB MUKTy TPUKApOOHOBUX
KHCJIOT y TIpolLiecax eHeprozabe3reueHHs] Ta aHTHOKCHUJAHTHOTO 3aXHCTy KIITHH NpH Aii Ha OpraHiam
excTpeMaibHuX (akropiB» y 2003 p., HayKoBHi KOHCYNBTAHT npod. Bomognmup Pubansuenko.

° JlokTopchka aucepTaris « XoJliHepridHa peryisilis eHepreTHIHOro 0OMiHy B MiOKap/li i TPaBHHUX 3aJ103aX»
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KETOITyTapary, a KaTexoJaMiHH — CyKIMHAaTy. Pe3ynbraTu 1iux JOCIIIKEeHb BUCBITICHO Y MOHA]
24 myOmiKamisx.

3a copusaas 1. B. locrakoBebkoi 3 1971 p.'% Ha kadeapi po3nodanucs I0CHiIKEHHS
eJIeKTpOo(i310JIOTIYHUX BIACTHBOCTEH CEKPETOPHUX KIITHH TPaBHUX 3aj03. IpuHa BacuiiBHa
po3yMisia JOIUIBHICTH IPOBEIACHHS TaKWX JOCHTIDKEHb, OCKUIBKH il  PEryJIIIunX
HeliporyMopanbHuX (HakTOpiB Ha CEKPETOPHI KIITHHH PEali3yeThCsA uepe3 IIa3MaTHUHY
MeMOpaHy 3a paxyHOK 3MiHH ii i0HHOT MPOHKUKHOCTI Ta MeMOpanHoro motenmiany'!. Ha kadenpi
Oy/I0 HaJaro/KEeHO'? CoYaTKy METOAHKY BHYTPINIHBOKJIITHHHOTO BiIBEACHHS MEMOPaHHOTO
MTOTEHI[ialy CeKPETOPHMX KIIITHH, a 3r00M — METOAMKY PEECTpallii TpaHCMEMOpPaHHHUX 10HHUX
CTpyMiB B yMOBax (hikcarii MeMOpPaHHOTO TOTEHIIIaIy Ta BHYTPIIIHEOKIIITHHHOT mepdy3ii.

3a J0MOMOTOFO IIMX METOMIB BCTAHOBJICHO BEIMYMHY MEMOPAHHOTO MOTEHIN ATy 0araTbox
THUIIB CEKPETOPHUX KIIITHH 1 HOTO 3aJI€)KHICTh Bifl IOHHUX I'PAJi€HTIB, BUMIPSHO €ICKTPHYHHIMA
Omip Ta €EMHICTh IJIA3MAaTHYHOI MEMOpaHH, BUSABJICHO €IEKTPOreHHHHM e(eKT HaTpii-KalieBoi
nomnd. J{OCHiKEHO TakoK pOlb KalbLilo, TEMIEPAaTypu Ta KUCIOTHOCTI B PEryJjsiuii i0HHOT
MPOHUKHOCTI IUIa3MaTH4HOT MeMOpanu. bymo imeHTrdikoBaHO Ta AOCTIMIKEHO BIACTHBOCTI
PI3HUX THITIB I0HHUX KaHATIB 1 HATPiii-KaabIi€BOr0 OOMIHHHKA.

IpvHa BacuniBHa LLocTakoBcbka (opieHToBHO cepeauHa 1970-x pp.)

EnexTpodizionoriyni oM NOEIHYBAIM 3 TOCIIIKEHHSIM CeKpellii TpaBHUX pepMEeHTIB
in vitro. i nocmipKkeHHsT 3aBepIIMIINCS 3aXKCTOM JoKTopchkoi aucepranii (M. 0. Knesernp,
1993)"3 .V pamkax enekTpodizioforiyHux J0CHiHKEHb CEKPETOPHUX KITITHH HEBIOB31 3aXMCTHIIH

(1993), naykoBuii koHCynbTaHT pod. I. B. IllocTakoBchbKa.

" icns npuxony Ha kadeapy kan. 6ion. Hayk Mupona Kineps (Ha 3anpommerss mpod. I. B. IllocTakoBehKof).
'V cekpeTopHHX KIiTHHaX (30KpeMma, eK30KPHHHHUX 3a/03) e(ekTH TEpPBUHHHMX aroHicTiB HE 3aBKIU
OMOCEepPENKOBaHi Yepe3 3MiHYy MEMOPaHHOTO TMOTEHINady. 3AeOUIbIIOr0 AaKTHUBAIlis MeTabOTPOIMHUX
PELenTOpiB 3MiHIOE BHYTPIIIHOKIITHHHI ITPOIIECH, BHACIIIOK YOTO 3MIHIOETHCS 1 MeMOpaHHHN MTOTEHITa
KITITHH.

12 Muponom Knesuem.

13 JToxTopchka aucepranisi «ENEKTpUYHI BIACTHBOCTI CEKPETOPHUX KIITHH TPAaBHUX 3aJ03 i MEXaHi3MH
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KaHauaarceKi qucepraiii B. B. Mansko (1995)', H. B. ®enipko (1997)', T. B. Kopous (2000)',
O. A. Jlapina (2002)".

3a cupustans Ipuau Bacumisau y 1985 p. Oyito po3movaro JoCiiKeHHs poiti Kationis Cat
SIK YHIBEPCAJIbHOTO BTOPHHHOTO MTOCEPEIHUKA Y peaizallil aii HeiiporyMmopanbHuX (hakropiB Ha
CEKpeTOpHI KITHHHU. 3a MarepiajaMu IuX HocaimkeHb y 1989 p. M. SI. I'puHBKIB 3axHCTHIIA
KaHIUJATChKy aucepraimito. BupdenHiro Ca’*'-TpaHCHOPTHHX CHUCTEM MeMOpaH CEKPETOPHHX
KJITHH IpUCBATHNN ¢BOi nocmimkents JI. O. youupkuii’®, B. B. Mansko'®, H. B. ®exipko'’,
JI. C. BoBkauuu'®.

Takum € 1opo0ok Ipuan BacuniBau Ta ii yuHIB y ramy3i QOCTIIKSHHS peati3arii Ha KJIi-
THHHOMY 1 CYOKJIITHHHOMY PIBHSX HEHPOT'yMOpajbHHUX BIUIMBIB Ha KJIITHHU TPABHUX 3aJ103. 3a
MarepiazaMu X OOCTIIKeHb Kadeapa BUITyCTHIIA TPU TeMaTHYHUX BicHukH JIbBIBCHKOTO yHI-
BepcuteTy: BUIL 9, 1975; Bum. 16, 1985; Bum. 19, 1989.1%20-2! [1i nocmimkeHHs MatOTh GyHIaMEH-
TaJbHUI XapakTep i OTpUMaIK MibKHApOoIHe BU3HAHH:. CBIIYSHHSIM I[OTO CIYTYeE TOH (akKT, 1o
il yaui M. M. Jloni6a??, A. M. Ba6ceknii®®, M. 3. Baramaniox® i O. B. TopuHbp? Ipog0BKYIOTH
nociimkenns y imaboparopisix CIIA. Ipuna BacuiiBHa mpuaiisiia yBary TakoX HMPUKJIaTHHM

[y6a i npoo. 1. B. llocTakoBchbKa.

14 HayxoBuii kepiBHHK — TIpo). Mupon Kneselrp.

15 Jloxtopceka mucepranis «EHeprosanexni Ca’-TpaHCHOPTYBabHi CHCTEMH CEKPETOPHHX KIITHH
xop. HAH VYkpainu Cepriit Koctepin.

16 JToxTopchka auceprarisi «CHCTEMH TpaHCMEMOPAHHOTO TPAHCTIOPTYBAHHS KAJBIIIO Y CEKPETOPHUX
KIITHHAX CIHHHUX 37103 TUYHHKA Chironomus plumosus Linnaeusy» (2008), HayKoBHi KOHCYJIBTAHT ITPOQd.
Mupon Knesenp.

17" lokTopchka mucepTalis «MexaHi3MH MiATPUMAHHS KaJbI[i€BOTO TOMEOCTa3y B Al[MHAPHHX KIITHHAX
Ti/AIIeNIeTHOT CITMHHOI 3ano3m» (2006), HaykoBi koHCynbranTH akaneMik HAH Vkpaiuu [Tnaton Kocrrok i
npod. Mupoun Kiesers.

8 Kampuparchka aucepralis «BIUIMB TyKHO3EMENbHUX i TEpeXiZHUX MeTamiB Ha (QyHKLiOHyBaHHS
MITOXOH/Ipil meuiHky mrypiB» (1999), HaykoBuil kepiBHHK jgou. JleoHin JyOunbkuii.

1 Bicn. JIbBiB. yH-Ty. Cep. 6ion. — 1975. — Bum. 9: HeliporopMoHanbHa pery/isilis KIiITHHHAX MEXaHi3MiB
CEKpETOPHOTO Iporecy. — 56 c.

20 Bicn. JIbBiB. yH-Ty. Cep. 6ion. — 1985. — Bun. 16: HeitporymopasibHas perysisius KIeTOYHBIX MEXaHU3MOB
CeKpeTopHoro npouecca. — 91 c.

21 Bicn. JIbBiB. yH-Ty. Cep. 6ion. — 1989. — Bun. 19: HeitporymopasibHas peryisius KIeTOYHBIX MEXaHU3MOB
cekpeTopHoro npouecca. — 70 c.

22 Tenep Mukona Jloni6a € mpodecopom i3 Hayku Biaainy Oioximii Ta 6iodisuxu IleHCHIBBAHCHKOTO
yHiBepcutety (Dinanensdis, CILIA).

2 Annpiit babcbkuit — HaykoBHil CHiBpOGITHHK Bimity 6Gioximii/Giogpisuku (1995-2001) i Bimmimy
pamioiorii (2001-2002) IleHCHIBBaHCHKOTO YHIBEpCHUTETY, HAayKOBHiI CHIBPOOITHUK BIAJIIY pajioiorii
(2002—-2006) i mpocdecop 3 HaykoBoi podoTtH (2006-2011) Inaiancekoro yHiBepcutety (CIA), mpodecop
kadenpu ¢izionorii moaunu i TBapuH (3 2012 p.) Ta 3aBixyBau kadenpu 6iodizuku Ta GioiHdpopmarukH (3
2016 p.) JIbBiBCHKOTO HalliOHAIBHOTO YHiBepcHuTeTy iMeHi IBaHa dpaHka.

24 Tenep Mapko BaTaMaHIOK € CTapIIMM HayKOBUM CHiBpoOiTHHKOM Koneky CillbChKOTo roCroaapcTsa Ta
Hayku 1po xuTTs Koprenscbkoro yHiBepcurety (Itaka, CILIA).

25 Tenep Oxcana [OpHHB € HayKOBUM CIiBPOOITHHKOM Bi/UTily AUTSYOTO PO3BUTKY Ta peabimiTaniiinoi Me-
nmurad  J{utsadoro rocmitanto ®inagensdii (CILA). A takox borman Jlyrosuii € mpodecopoM YHiBepcH-
tety ['opu Cesitoro Bincenra (Kanana), Ipuna CraBpoBcbka — HayKoBLIEM Bifiny Helipoxipyprii JKiHodol
nikapHi bpurama (bocton, CILA).
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TPYIOBBIX TIpoleccoB» y KHUTY «COBEpIICHCTBOBAaHHME YCIOBHI TpyAa Ha HPOMBIIUICHHBIX
npeanpustasax»>® (K., 1979). Bicim ii myGuikamiii mprcBsSYeHo il HITPUTIB Ha ¢izionoriuHi mpo-
necu. HaiiOinpiry KinbkicTs HaykoBHX myOstikamii Ipuau Bacunieau (51) nmprcBsyeHo pamiodio-
JIOTIYHIM TeMaTuIi.

Pamio6ionoriudy saboparopito Ha OiomoriuHoMy (hakyiIbTeTi opraHizoBaHo y 1957 p.
CrniBpoOiTHHKH Kadeapu Ta MpoOIEeMHOI J1abopaTopii MOCHIKYBaId BILIMB PEHTIECHIBCHKO-
IO ONPOMIHEHHS 1 PamiONMPOTEKTOPiB Ha (i3i0a0riuHi mpouecu B opradizmi TBapuH. CrovaTKy
MOCIIDKYBAIH JiF0 PEHTICHIBCHKOTO OMPOMIHEHHS Y BUCOKHX 103aX, a micist YopHOOUIbCHKOT
aBapii — y Majux g03ax. Y paaio0iosoridHux AociaimkeHHsx opamu ydacts [. K. CtapocTiok,
M. ®@. Tumouxo?’, C. K. I'opaiii, Xoanr Kao Tait, X. B. I'aspuummn, M. O. l'anekis, H. M. Kyp-
ramok. Pesynpraru gociimkens myoiikyBaau y 30ipHuKy «biomoriyna aist pamiamii». Y 1965 p.
Ha OioJoriuHOMY (haKyJIBTETI IPOBEACHO PECIyOIiKaHChKY KOH(PEPEHIIII0, IPUCBIUYCHY MEXaHi3-
MaM [ii 10HI3y 040l pafiamii Ha KuBiI cucTeMu. IpuHa BacuiniBHa Hamucaa CTaTTi Ipo PO3BUTOK
¢izionorii Ta BKJIaJ y el Ipolec OKpeMuX yueHuX. BoHa mMae myOstikaiii HaB4aIbHO-METOINY-
Horo xapaktepy. Cepen ycix myomikarriii I. B. IlloctakoBeskoi — 61 crarts, 113 Te3 gomosimeii,
160 myOmikariii y criBaBTOpCTBI, 73 yKpaiHChKOIO MOBOIO. 3a 45-piyHnii mepioq HayKOBOI mi-
SUTBHOCTI IIOPIYHO BHUXOAHIO MoHam 4 myOmikamii. Ha#Oinpma kinpkicts myOumikarriit (11) mo-
Oaunia cBiT y 1992 p. Ipuna BacuniBaa € cmiBaBropoM 29 my6mikaiiiii 3 C. K. Topziem, 29 — 3
H. M. Kypramoxk, 27 —3 A. M. ba6cekum, 26 —3 M. @. Tumoukom, 25 — 3 Xoanr Kao Taewm, 24 —3
M. M. Jloni6oro, 18 —3 X. B. 'appunuiuus, 18 —3 M. 0. Kitesriem, 17 —3 I. K. Crapoctiok, 15 —
3 JI. O. Jyounpkum, 13 — 3 M. O. I'anbkiB. I3 HaBemeHoro BuaHO, o npodecop 1. B. llocra-
KOBCBHKa Ta ii y4uHi 3p0o0nIM BAaroMuii BHECOK Y PO3BHUTOK (iziooriunoi Hayku. [puHa BacumiBaa
migrorysaia 17 kaHauaaTiB 010JOTIYHUX HAYK, 2 TOKTOPIB (intocodii Ta 4 TOKTOPIB O10J0TIYHUX
Hayk?®, kepyBajia 30-Ma HayKOBO-IOCTiIHUMH TeMaMu. Ha OCHOBI HAyKOBHX JOCTIKEHD MTPOQ.
1. B. IllocrakoBchkoi chopMyBaacss HayKoBa mkoia «bioeHepreTuku Ta enexTpodiziosorii ce-
KPETOPHUX KJIITHHY, SIKa MIPOJIOBXKYE PO3BUBATH 3aII0YaTKOBAH] HEIO HAYKOBI HAIIPSIMU.

26 CoBeplIEHCTBOBAHHE YCIOBHI TPy/ia Ha MPOMBIIUIEHHBIX MpeanpuaTHsx / ots. pea. H. H. [Tokposckmii.
K.: Hayk. nymka, 1979. 235 c.

27 Muxaito THMOUKO 3aXHCTHB JOKTOPCHKY JUCEPTaIito «MeTabomiuHi acekTH GopMyBaHHS TIepexiHuX
aJlanTaniiHO-KOMIICHCAaTOPHUX MPOLECIB MPpU eKCTpeMallbHil Ail rinokcii» y 2006 p., npaiotouu y JIbBiB-
CBKOMY JIep)KaBHOMY MEAUYHOMY iHCTUTYTI.

28 33 iHmuMyu nanuMu — 19 KaHAUAATIB i 2 TOKTOpH HayK (JIMB. IOCTOPIHKOBI MPUMITKU 10 MOMEPETHbOT
CTarTTi).
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BIOMETPAUYHUI AHAJII3 TOKA3ZHUKIB IPOOKCHUJAHTHO-
AHTUOKCHUIAAHTHOI'O CTAHY IIJIA3MMU KPOBI LI1YPIB
3A JIIi TICTAMIHY I KBEPHETUHY

H. Tapacum!, H. Toiities!, H. Bognapuyk!, A. 3unn’
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JocmimpkyBany 3aKOHOMIPHOCTI BIUIMBY TicTaMminy y KoHueHTpamiax 0,01; 0,1; 1;
10 MxM 1 kBepueTuny B koHIeHTpauisx 0,1; 0,3; 0,5; 1; 3; 5 MM, a Takox IXHIO OETHAHY
IiI0 HA MPOOKCHIAHTHO-aHTHOKCHIAHTHHUI CTaH IIa3MH KPOBI IyPiB, 32CTOCOBYIOUYH KJac-
TepHUil 1 pakTopHuil OioMeTpUuHi aHaNi3u. BcTaHOBMIH, IO €eKCIEPUMEHTAIBHI TPYIH 32
JOCTIHKyBaHUMH NoKa3HIKaMu (TBK-1o3uTuBHI MponyKTH, TiIpONepoOKCH N JiMidiB, Kap-
OOHUIBHI TPyNH MPOTEiHIB HEUTPAIBHOTO i OCHOBHOTO XapaKTepy, CYNEPOKCUIHUNA aHIOH-
pazukai, cynepoKCHIINCMYTa3a, KaTanasa, BiTHOBIeHHH rryTaTiod, AT®) po3noxinuimcs
Mix 13 xiactepamu (3riIHO 3 KIaCTEpHUM aHai3oM). B oqHiii rpymi mogiOHOCTI BUsSBHIIACS
nis ricraminy B koHneHTtpamisx 0,01 MM i 1 MmxM. [loniOHuil BIiIMB Ha OKa3HUKH MPO-
OKCHIQHTHO-aHTUOKCHUJIAHTHOTO CTaHy IUIa3MM KPOBI YMHSATH KBEPLETHUH y KOHLEHTpaLii
0,5 MM 1 rictamin y xonuentpauii 0,1 MmxM. [loeqnane nomaBaHHS 10 KpOBi riCTaMiHy B
xoHneHntpauii 10 MkM i kBepuetnHy B KoHUIeHTpauisix 0,1; 0,5; 3 MM 3yMOBIIOIOTE OfHA-
KOB1 3MiHHM 3a3Ha4Y€HHUX JOCTIKYBaHUX IOKa3HHKIB. KiacTepHuil aHami3 Takox 00’enHaB
Mo€eAHAHY Ao ricraminy B KoHueHTpauii 0,01 MkM i kBepueTnHy B KoHUEeHTpanisax 0,1 13
MM. BaxJIMBO 3a3HAYMTH, 10 Y THX KJIAcTepax, 10 eKCIEPUMEHTAIBHUX IPYIl KPOBI SKHX
JIO/IaBaJIM 1 ricTaMiH, 1 KBEpPIIETHH, BCTAHOBIICHO 3HI)KCHHS BMICTY KapOOHUIBHUX TPYII IPO-
TEiHIB, 1[0 CBIYUTH PO 3MCHIICHHS YPa)KeHHS MPOTEIHIB YHACTIIOK MPOLECIB BiIbHOPa-
IUKAJIBHOTO OKMCHEHHS. 3aCTOCOBYIOUH (DaKTOPHHH aHaNi3, BCTAHOBHIIM HAsBHICTh TPHOX
MIPUXOBAHUX (PAKTOPIB, AKI BILITUBAIOTH HA IPOLECH BUTbHOPAIUKAILHOTO OKHCHEHHS KPOB1
3a [ii ricramiHy 1 KBepueTHHY. BusBieHo BHCOKY Kopessuito (akropa I 3 kapOoHITBHUMEI
rpylamMy IpOTEiHiB, BiIHOBICHUM INIyTaTiOHOM, CYHEPOKCHIHUM aHiOH-paaukaioMm. Dak-
top II Haiibinpie xopenoe 3 AT®, cynepokCHIANCMYTa3010, TiIPONEePOKCHIAMH JIIMiiB.
Bucoka TicHOTa B32aeMO3B’s13Ky € Mik ¢akropom III i TBK-no3sutuBHIMHU TpoxyKTamu i
KaTana30i0. BpaxoByroun TiCHOTY B3aeMO3B 513Ky, (akToposi | Oymo HamaHO Ha3By «(dak-
Top aii Ha Outkm», paxTtoposi I — «daxrop nii Ha GioeHepreTHKy Ta iHIiIiaTOp MpPOLECiB
MEPOKCUAHOTO OKUCHEHHS JiMmiiBy, ¢pakroposi Il — «paxTop mocuneHHs npoLeciB mepok-
CH/IHOTO OKMCHEHHS JIiMiiB». BcTaHoBIeHO, 0 KBepUeTuH akTuBye (akrop | (BriuB Ha
Oinku, 3yMOBIIOI0YH iXHE OKHCcHEHH) Ta ¢axrop III (mocuneHHs mpoueciB NepOKCHIHOTO
OKHCHEHHS JIMiIiB) 3aJIe)KHO Bil KOHIEHTpauil nmpenapary. KBepLueTnHoBi y KOHIIEHTpaLii
1 MM Hanexatp BnacTuBocTi 000X ¢axropis (I 1 III).

Kurouosi crnosa: mina3ma KpoBi, TicTaMiH, TPOOKCHIAHTHO-aHTHOKCHIAHTHUH CTaH,
KBEPLETHH, KJIaCTePHUI aHaIIi3, (haKTOPHUH aHai3

AxruBaris nepokcunHoro okucHeHHs JimiaiB (ITOJI) BimOyBaeThes 3a mil pi3HUX MIKiI-

© Tapacum H., Totimies H., bomnapuyk H., 3uns A., 2024
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JIMBUX YMHHHKIB. [TyCKOBI MeXaHI3MH CTPECOBOTO IMOIIKO/PKEHHS TOPYUIYIOTh KIITHHHUI Me-
Taboi3M, ypaxyloTh KIITHHHI Ta CyOKIITHHHI MeMmOpanu. ManonoBuii mianbnerin (MZIA)
€ OCHOBHHMM KIHIICBUM TIPOAYKTOM Yy MpOIecax MEPOKCHIHOIO0 OKMCHEHHs JimiaiB. BiH Mae
TPHUBANUI TEPMIH «KUTTS» 1 BUCOKY peakiliiiHy 3/aTHICTh, IO Ja€ HOMY 3MOTY B3aEMOJIISITH 3
nporeinamu. 30ubIeHHs BMicTy MJIA y KITiTHHAX OB s13aHE 3 PI3HUMHU IPOLIECAMHU, SKi MOXKYTh
CHPUYUHATH TKAaHWHHI MTOLIKO/PKEHHS Yy pa3i 3amajeHHs, paky Ta ctapinns. Kpim toro, fioro Bu-
KOPHCTOBYIOTh SIK MapKep MOIIKOKEHHS, CIIPHYMHEHOTO OKHCHIOBAJIBHUM cTpecom [10, 11].

Monudikaitiss MPOTEIHIB MOXKe OyTH HACTIAKOM KITBKOX METaOOMIYHUX MPOIECIB i
4acTo IHAYKYEThCS HE30aJaHCOBAHOIO (DYHKINEI0 KIIITHH a00 3amajbHUMHU i OKHCHIOBAJIbHUMHU
¢axropamu. MonudikoBaHi MpoTeiHU HAKOITUYYIOThCS B epu)epuuHiii KpoBi, HMOBIpHO, uepe3
¢izionaronoriuni cranu. IliABUIIEHHH OKMCHIOBAJIBHUIA CTpec IHAYKYe HOCTTPAaHCIALIHHI
Moaudikaiii mpoTeiHiB, BKIFOYAKYH TITIKAIIi 0, TIIIKOKCH AL IO, JIITTOKCHIAIII 0 | KApOOHITIOBAHHS.
OKCUIaTHBHUIN CTPEC BU3HAYAIOTH SIK AUCOaTaHC MiXK KOHIICHTPAIIEI0 BUBUIbHEHUX OKCH/IAHTIB
1 aKTHBHICTIO aHTHOKCHIAHTHHX MpoleciB B opraHizmi. OTe, OKCHJIATHBHUII CTpeC CIIpUse
OKHCHEHHIO MoJeky, 30kpema, JIHK, minigiB 1 npoTeiniB. Y KpOBi OKUCHIOBAHHIO ITiAJAIOTHCS
anpOyMiHH, JIINONPOTETHW HU3BKOT IIibHOCTI [11].

Hns weirpanizanii Hagmumky [1OJ] ta migTpuMaHHs MOCTIHHOT BHYTPIIIHBOKIITHHHOT
KOHIICHTpAIlil BUIBHUX PaJMKaIiB 1 JIMONEPOKCHAY CIPAIbOBYE CHCTEMa aHTHOKCHIAHTHOTO
3axucty [12]. Cucrema aHTHOKCHIQHTHOTO 3axHCTy cgopmMoBaHa 3 (EepMEHTaTUBHHX 1
He()epMEHTATHBHUX aHTHOKCHAAHTIB. Jlo QepMeHTaTHBHMX aHTHOKCUIAHTIB HAaJIEKAaTbh
CYNEepOKCHIANCMYTa3a, KaTaiasa, NIyTaTIOHIIEPOKCHIa3a 1 IIyTaTiOHPeIyKTasa, sSKi BiIirparoTh
BUpINIAJIBHY POJb Y TOMEOCTa3l akTUBHHUX (OPM KHCHIO B opraHizmi. CynepoKCHIINCMyTa3a
karajisye nepersopenns O*~ no H,O,. I'myrarionnepokcuiasa i nIyTaTioHpeIyKTasa € 4leHaMu
poauuu GepMeHTiB TiryTationoBoi tanku (GSH). [myrationnepokcuaasza BukoprctoBye GSH sk
cy6eTpar, mo 3a6esnedye posknanands H O, no H,O, Toxi sk GSH mepeTBOproeThCst Ha OKUCHEHUI
miytarion (GSSG). GSSG 3romoMm 3HOBY mepeTBoproeThess Ha GSH 3a 10MOMOror0 MpOTOHIB,
o Hamaroteesit NADPH, mig miero miyrarionpenykrasd. HedepMeHTaTHBHI aHTHOKCHIAHTH B
OCHOBHOMY BKJII04ar0Th BitaMmin C, BitamiH E, B-kapoTHH, KapOTHHOIIH, CEJICH, [IUHK, TAYPHH 1
GSH, sKi BimirparTh BaXIJIHUBY POJb Y TOMEOCTa31 aKTHBHUX (OPM KUCHIO in vivo [16].

OcraHHIMU POKaMHU NPUAUISIOTH 0araTo yBarm pEe4OBHHAM POCIHHHOTO TOXO/DKEHHS
(monidheHONMM SIK AHTHOKCHIAHTH). Bimomo, 1m0 (h1aBOHONI KBEPIETHH MAa€ aHTHOKCHIAHTHY,
aHTHINMIEMIYHy, MeMOpaHO-CTa0lLT3yBaIbHY H IMyHOMOAYIIOBaIbHY [if0. KsepretnH €
QHTHOKCHUJIAHTOM, SIKUH €(EeKTUBHO PEryJIO€ SHEepreTHYHWH OOMIH y MioKap[i, 3HMXKye Horo
moTpedy B KHCHI, CTaOLIi3ye HUTOIUIA3MaTHYHI MeMOpaHH Ta CIPHYUHSIE AHTHAPUTMIYHI
anabomiuHi eextu. [Ipenapar 3maTHU 3HIKYBATH KOHIIEHTPAIII0 BHIIJICHHS BUTBHUX PaIuKaIiB
1 TOKCHYHUX MPOAYKTIB MEPOKCHIHOTO OKUCHEHHS [12].

[MonideHonm BBaxkaoTh €(heKTUBHIUMH [TPOTHATIEPTIYHUMHE 3aC00aMH, 37IaTHUMH BILTUBATH
HAa MHO)KMHY OIOJOTIYHMX HUIAXIB 1 (DYHKIIA IMyHHHX KIITHH I 4Yac aJepriyHoi iMyHHOI
BimnoBimai. Cepea HAWOUIBIT TOCITIKYBAHUX MMOMTI()EHOIBHUX CIIONYK POCIUHHOTO MOXOKEHHS
((pmaBoHOIIIB) € KBEPLETHH, KM Ma€ CHIIbHUM BIUIMB HA KIITHHHUI 1 TYMOPaIbHHIA IMyHITET.
B3aemogis mostiheHOIMIB i3 MPOTeTHAMU MOYKE MOYJTIFOBATH IIPOLIEC alieprivuHol ceHenOimizaliii Ta
IXHi# mPsAMHUIA BIUTHB Ha ajaepriudi e(heKTOpHI KIITHHH, TaKi sSIK TKAHKUHHI 0230} 11K, IPUTHIYYFOYH
BUBLIBHEHHS MEIiaTopa, 110 3abe3meuye mojerieHHs cummnroMis. [Tomidenonu, 30kpemMa, ¢ia-
BOHOIIM, MPUTHIYYIOTh BUBUIBHEHHS TicTaMiHy 3 0a30(iIiB JIOAWHHU 1 TKAHUHHUX 0a30(iniB
Muiin. OIaBOHOIIM TAKOXK MPUTHIYYIOTh BUBUIBHEHHS XIMIYHHAX MEAIaTOPiB; HOIATKOBO 3HIKY-
10Th cuHTe3 iHTepiueiikiniB (IL)-4 Ta IL-13 (uutokiniB Tumy Th2), CTUMYIbOBAHHX aJIEPTECHOM
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a0o anTutitamu 10 IgE KiTiTHH, 110 eKCIIpecyroTh penenTopu (Hanpukiam, 0asodinu mepude-
pudHOi KpOBi a00 TKaHWHHI 0a30(inn). BoHM TakoK MOXYTh BILIMBATH Ha AU()EPEHIIIOBAHHS
orikonporeiny CD4 (kiacrep mudepentiamnii 4) T-kaiTHH (JJSHKOLUTIB) Yepe3 iHr10y0unii BIUIHB
Ha aKTHBALiI0 apy BYIJICBOIAHEBOrO perenrtopa. [HriGiTopHa akKTUBHICTH (DJIABOHOIAIB HA €KC-
npecito miraaay [L-4 i CD40, iiMmoBipHO, OB’ s13aHa 3 IXHBOIO 1HT10ITOPHOIO TI€I0 HA AKTHBAIIIIO
simepHUX (hakTopiB akTuBOBaHUX T-KiaiTvH 1 AP-1 (6inok-aktuBatop-1) [9, 15, 23].

®dnaBoHONH, OTPUMAaHI 3 POCIHH, MPUTHIYYIOTh BUBUILHEHHS TiCTaMiHy Ta NESKHX IH-
TOKIHIB i3 6a30(iaiB 1 TKaHMHHUX 0a30(iaiB rpu3yHiB. ba3odinu KpoBi OLIBIIOK MIPOO Bif-
MOBiIa0Th 3a 0ajJaHC HASBHOCTI TiCTaMiHy Ha IIEBHOMY PIiBHI y KpPOBI, HI)K TKaHWHHI 0a30(i-
. OIaBOHOIM MOXKHA PO3TIISAIATH K TIOTYXKHI IPUPOIHI PEYOBHHM IS JIIKyBaHHs aneprii. Ha
CHOTOJHI YBary NpUIUISIOTh IMyHOMOIYTFOIOUYHM 1 MPOTH3aIaJIbHIM BIACTHBOCTSM KBEPIICTHHY,
TaKUM SIK CTUMYJISIIS IMyHHOT CUCTEMH, ITPOTUBIPYCHA aKTUBHICTH (11010 BipyCy repriecy THITY
I), inriOyBaHHs BHBUIBHCHHS TicTaMiHy, iHriOyBaHHs akTHBamii siaepHoro ¢akropa (NF-«kB),
Mpo3armagbHUX IUTOKIHIB 1 JISHKOTpieHIB. KBepreTHH iHIyKy€e 3HAUYHY €KCIPECio TeHiB 1 BUPO-
onenns inrepdepony (IFN)-g, mio npoaykyerscst Th-1 kiiTHHAME, a TAKOK MPUTHIYCHHS IPO-
nykmii IL-4, mo crumysoe nepersoperns T-xemmepis (ThO) va Th-2 kmituau. [IpoTu3anaipHa
Jlist KBEPIIETHHY 3yMOBJIEHA MPUTHIYEHHAM (PEPMEHTIB, TAKHX SIK JTIMOKCUTEHA3H, i 1HT10yBaHHIM
MeziaropiB 3ananeHHs. KBeplieTHH BILTUBAE HA IMYHITET i Ha MPOIIEC 3alaJIeHHs, 1iF0YH TOJIOBHO
Ha JICHKOIMTH ¥ HALIJFOIOYUCH Ha Oararo BHYTPIIIHBOKIITHHHUX CUTHAIBHUX KiHa3 1 pocdaras,
(dbepmeHTH, MeMOpaHHI O1IKH, 9aCTO Ba)JIUBI A1 KIITHHHOL crierudivynol GpyHkiil. Keepernn
MIPUTHIYY€E BUPOOJIECHHS Ta BUBIILHEHHS TiCTaMiHy M IHIMUX aJepriyHuX i 3alaJbHUX PEUYOBHH,
MOJKJIMBO, IIJISIXOM CTaOLTi3allil KIITHHHAX MEeMOpaH TKaHWHHUX 0a3o(diaiB. 30kpema, KBepiie-
THH € iHTi6iTopoM anepriuHoro (IgE-omocepenkoBaHOro) BUBUIEHEHHSI MeiaToOpa 3 TKAHMHHUX
6a3odimiB 1 6a30(hiniB KPOBi, IHIIOTO TUITY JISHKOIIMUTIB, SIKi 6€PYTh yUaCTh B IMyHHHX PEAKITisX.
KBepiieTrH TakoXx € iHri0iTOpOM TKaHWHHHX 0a30(isTiB JIFOAMHH, SIKi aKTHBYIOTHCS Yepe3 IpH-
rHiveHHs HagxomkenHs Ca®’, BUBUIbHEHHS TiCTaMiHy, JEHKOTPIEHIB Ta MPOCTArIaHANHIB 1 aKTH-
BaIlif0 IpoTeiHKiHa3K. TkaHUHHI 0230 1TH € BaKIMBUMH IMyHHHUMHU KIITHHAMH TSI TATOTCHE3Y
aJIePTIYHUX PEaKIil 1 ayTOIMyHHHMX 3aXBOPIOBaHb. BOHU TakoX 3MiHCHIOIOTH CBIiil eekT yepes
3allydYeHHs y 3alalibHi peakiil Takux nuToKiHiB 5K IL-8 i dakrop Hekposy myxmuu (TNF). Le
€ MPUYMHOIO MPHUIATHOCTI KBEPIETUHY JUIsl JIKYBaHHS alEpriuHUX 3alalibHUX 3aXBOPIOBAHb,
CIIPUYMHEHUX TKAHUHHUMHK 0a30(iTaMu, TAKUX K aCTMa, CHHYCHUT 1 peBMaToiqHuiA apTpuT [15].

CyuacHi HayKOBI JaHi CBiA4aTh, [I10 XBOPI HA paK, sIKi IPUAMaJIA aHTUTICTaMiHHI Ipenaparu
i1 yac IMyHOTepaItii, 3HaYHO MOKPAIIYBaIA BHKUBAHICTh. BUABIIEHO, 1110 KiJIbKICTh TICTaMIHY 1
H1 peuenTopiB [0 ricTamiHy 4acTo 30LIBIIYETHCS B MIKPOOTOUEHHI MyXJIuHU. KpiM 115010, BOHH
IHAYKYIOTh auchyHkiifo T-kmitud. Anepris uepe3 HI-pemenTop-ricTaMiH-0IOCEpEIKOBAaHHH
LULSIX CHOPHUsUIA POCTY MYXJIMHU Ta CHPUYMHSIIA PE3UCTEHTHICTH J0 IMyHOTepamil y Muiie i
moneil. BakiuBO, 110 XBOPI HA pak 13 HU3bKUM PIBHEM TiCTaMiHy Y IJIa3Mi KPOBI Maid OLIbIII
HIXK yTpU4i OUTBITY 00’ €KTUBHY BIAMOBIAb Ha JIIKyBaHHSA aHTU-PD-1, MOPIBHAHO 3 MallieHTaMH 3
BHCOKHM PiBHEM TicTamidy y uiasmi [13].

T'icramin [2-(4-iMixa30i1i1)-eTHIIaMiH | BXOIUTH 10 rpynu OioreHHuX amiHiB [22]. Kitouo-
BUM ()epMEHTOM, BIAMOBIAAIBHUM 33 PO3Ma riCTaMiHy, € JiaMiHOKCHaa3a. HakonndyeHHs ricta-
MIHY Yy IUIa3Mi MOJKE BIUTMBATH Ha YHUCJICHHI OpPTaHU 1 TKAHWHU 3aBISAKHU [Iii Ha YOTHPH TiCTaMiHO-
Bl PEIIETITOPH, YHACTIIOK YOro BUHUKAE O€3J1iY CUMIITOMIB, 30KpeMa, i IUTyHKOBO-KHIIKOBHX, 1
TO3aKHUINKOBHX (TOOTO I€PMATOJIOTIUHI, pECIipaToOpHi, HEBPOJIOTIYHI Ta TEMOAMHAMIYHI CKapTH).
Hedimrt giaMiHOKCHIa3d MOXKE MaTH TeHETHYHE MOXOPKEHHs Ta IOB’SA3aHHUM 13 OXHOHYKJIEO-
THAHUMH TOMIMOp(di3MaMH, 10 KOAYIOTh OLTOK 31 3HMKEHOKO 3IATHICTIO JO Jerpajaiii ricra-
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MiHy. 3 1HIIOTO OOKY, MOPYIIEHHSI aKTUBHOCTI JIIaMiHOKCH/IA3U TaKOK MOXKe OyTH THMYaCOBUM i
00OpPOTHUM, BHHHUKAE K MOOIYHA sl ASIKUX IIHPOKO 3aCTOCOBYBAHMX (hapMakKoJIOTIUHHX Mpe-
napariB (HarpuKJIa], KIaByJIaHOBOI KHCIIOTH a0 alleThII IIUCTEIHY) a00 BTOPUHHUM CUMIITOMOM
po37ajiB, 30KpeMa, i NITYHKOBO-KHIIKOBUX [21].

Omxe, TiCTaMiH CHPUYMHSE PI3HI IATOJNOTIYHI CTaHW, BKIIOYAIOYMH 1 MOPYIIEHHS
MIPOOKCHIAHTHO-aHTHOKCHIAHTHOTO TOMEOCTa3y, KBEpLETHH BHUCTYIA€ AaHTHOKCHAAHTHHM
YHHHUKOM, IKWI MaB O1 perysroBaTi BUTbHOpaINKaIbHi IIPOLIECH B OPTaHi3Mi, a TAKOXK 3HIKYBaTH
BUBUIBHEHHS TiCTaMiHy M IHIIMX OIOJOTiYHO aKTMBHUX CIOJYK TKAaHMHHMMH Oa3odimamu Ta
6azodinamMu KpoBi. BaykIMBO BHMBUMTH MOEIHAHWI BIUIMB TICTaMiHy Ta KBEPLETHUHY DI3HUX
KOHIICHTpAI[iff 1 BUSABUTH TOMIOHICTH 3MIH TOKA3HHUKIB MPOOKCHIAHTHO-aHTHOKCHIAHTHOTO
CTaHy KpOBI 3a pi3HUX KOMOiHaIlili KOHLIEHTPaIliil 3a3HaYeHNX YMHHHKIB | BCTAHOBUTHU XapakTep
BIUIMBY TiCTaMiHy il KBepLIETHHY Ha BIIbHOPAIUKAIbHI MPOLIECH, 3aCTOCOBYIOYH KJIACTEPHUHN Ta
(baxTopHMi aHAITI3H.

Mera: BHMBYMTH 3aKOHOMIPHOCTI BIUIMBY TiCTaMiHy 1 KBEpUETHHY Ha TOKa3HHKU
MIPOOKCHIAHTHO-aHTHOKCHIAHTHOTO CTaHy TIa3MU KPOBI IIypiB 3a JOMOMOTOIO KIIACTEPHOTO Ta
(akTOpHOTO aHaNi3iB.

Marepiaau Ta MmeToaH

VY nociiiax BUKOPUCTOBYBAIH IUJIBHY KPOB O€3MOPOJHHMX OUTHX IIypiB-CaMIIiB MAacoO0
tina 180-200 1, sKMX yTpHUMYBajHM Ha CTaHJAPTHOMY palioHi BiBapito. Jlo minbHOI KpoBi 10-
JTaBaJIM KBEPLETHH, 100K ocTarouyHi KoHieHTpariii craHoswu 0,1; 0,3; 0,5; 1; 3; 5 MM. Crin
3a3HaYMTH, 110 KOHLEHTpalil KBepueTHHy 1 Ta 3 MM € TepaneBTHYHUMH J03aMH I1i€] peUOBUHH
y ¢apmanieBTunux npenaparax («Quercetiny, «KBeptun»). KBeprieTus po34uHsuIM y TEIIOMY
¢izionoriunomy po3uuti (37 °C). Y nmpyriit cepii gociiiiB 10 KpOBi J0JaBaIy PO3UHH TiCTaMiHy
(0,01; 0,1; 1; 10 MmxM). Lli koHUEHTpaLil MU 00pajIH, ONUPAIOYHCH HA JITEPATypHI JlaHi, B IKUX
Haerbest Mpo eeKTH MOCUIICHHS! BUBIIBHEHHSI aKTUBHUX ()OpPM OKcHreHy HedTpodinamu. Pos-
YHHY roTyBaiu, BUKopuctoBytouu 0,9 % NaCl. Y tpersoMy BUnaKy 10 LiJIbHOI KPOBI J0/1aBaIIH
ricrami (y xoHuenrpauisx 0,01 i 10 MmxM) 1 kBepuerut (y koHueHrpauisx 0,1; 0,5; 3; 5 MM).
30Kpema, MMO€HYBaIM MiHIMAIBHY KOHIEHTPALIO TiCTaMiHy 13 3a3HaY€HUMH KOHLIEHTPaLisIMH
KBepIeTHHY. Te caMe CTOCY€EThCs | MAKCUMAaIbHOI KOHIIEHTpAIlil ricraminy. Tak, Oyino cdopmo-
BaHO Il BICIM eKCIIepUMEHTAIBHUX IpyIl. J[1s1 koMOiHOBaHOT Aii mpemapariB 0yja0 00paHO KOH-
nenrpariii ricraminy — 0,01 i 10 MM Ta kBepueruny — 0,1; 0,5; 3 1 5 MM. SIk KOHTPOJIb MU BHKO-
PHCTOBYBaJIU KPOB, 110 sik0i gofasanu 0,01 mu ¢izionoridynoro po3unny. [HkyOyBaam 5 XB, micis
yoro neHrpudyrysanu 3a 3000 06/x8 (1000 g) ynpomorxk 10 XB st 0CaPKEHHS] €PUTPOIIUTIB.
Jist aHanizy BinOupanu mia3My KpoBi. Y BiniOpaHuX 3pa3kax BUBYQJIM IHTEHCHBHICTH MpOLIe-
CIB NIEPOKCUIHOTO OKMCHEHHSI JIIMI/IIB 32 BMICTOM TiponepokcuiB dimifiB i TBK-no3uruBaux
npoaykTiB [2, 6], piBeHb okcHIaTHBHOI Moaudikauii nporeiniB 3a MerogoM I. ®@. Memmuinena
[5], (sxmit Gasyerbcst HA TOMY, IO KiHIEBI IPOAYKTH BUIBHOPaAMKAILHOTO OKMCHEHHS IPOTe-
{HIB MOXYTb KiJIBKICHO pearyBatu 3 2,4-1uHITPO(EHIITiAPa3HHOM 3 YTBOPEHHIM 2,4-TUHITPO-
(eHIIriIpa3oHiB, M0 MAIOTh XapaKTePHUH CIIEKTP MONIMHAHHS; ONTHYHY T'YCTHHY YTBOPIOBa-
HUX AuHITpo(deHTiapa3oHiB peectpyBain 3a 370 ta 430 HM NPOTH KOHTPOJIIO; albJAETi0- 1
KETOIIOX1/1HI HEUTPAJILHOTO XapaKTepy peecTpyroThes 3a 370 HM (kapOOHIIBbHI ITPYIH MPOTETHIB
HEHUTPaJbHOTO XapaKTepy), a OCHOBHOTO xapakrepy — 3a 430 HM (kapOOHLIBbHI ITPYIH MPOTETHIB
OCHOBHOTO XapakTepy), BU3HA4YaJIH BMICT CyNepOKCHIHOro aHioH-panukana [3], AT®D [1]. Cran
QHTHOKCHUJIAHTHOI CHCTEMH BHBYAJIM 32 aKTUBHICTIO CYNEPOKCHUATMCMYTAa3H 3a MeToloM B. A.
Kocrtroka [2], karanasu 3a metogom M. A. Kopostoka [4], BMiCTOM BiTHOBJICHOTO TIIyTaTioHy [8].
KoHreHTpariiro npoteiny Bu3Ha4amu 3a Metonom Jloypi [17].
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3a pe3ynpTaTamMul JOCTiPKEHHST OOYMCIIOBAIM CepellHi 3HaYeHHs, TOXHOKYy Ta CTyIe-
Hi BIpOTiAHOCTI Pi3HUII (p) MiX IMOKa3HUKAMH 3 BUKOpHUCTaHHSAM Tporpamu «Excel-2010» mst
Windows. st kimactepHoro ta (hakTOPHOro aHaji3y BCi aOCOIIOTHI 3HAYCHHS ITEPEePaxOByBajIH
Yy BimHOCHI MOKa3HUKH (y BimcoTku, %) momo koHTpomo. Kiactepamii i ¢akTopHHi aHAMi3H
BHKOHYBAJIH, 3aCTOCYBABIIIHA CTaTUCTUYHY Mporpamy SPSS.

Pe3yabTaTu i ixHe 00roBOpeHHs

Jnst BU3Ha4YeHHs 1oi0HOCT] BIUIMBY Ha IMOKa3HUKHU IPOOKCHIAHTHO-aHTHOKCHIAHTHOTO
CTaHy y IJIa3Mi KpPOBI LIypiB 3a Aii ricraminy, KBEpLETHUHY 1 ITO€JHAHOTO BILIMBY LIUX PEYOBUH
HaMH OyJ0 3aCTOCOBAHO KJIACTEPHHMU aHaii3. 3a KpOKaMH aJroMepH3allii BU3HAYAId YHUCIIO
KJ1acTepiB, TOOTO 3arajibHy KUIbKICTh NOAIOHNX €KCIIEPUMEHTAIBHUX IPYI B eKCIIEPUMEHTI 1010
3MiH BUBYCHHUX MMOKa3HUKIB. OTKe, IIsi BA3HAYCHHS KUTBKOCTI IPYI MOAI0HOCTI MU BiTHIMAJIH Bij
18-T1 (KUTBKICTH JOCIIDKYBAHUX TPYI) 5 (HOMEp eTairy, 3a IKoro Koe(ilieHT KPOKiB aritoMepartii
3MiHHMBCS cTpuOKononioHo) (Tadm. 1). Orpumanu 13 kiactepis.

Ta6mums 1
CepenHi 3B°13KH (MK €KCIIEPUMEHTAIEHIMU T'PYTIaMH)
Kpoku arnomepaunii
Kiacrep 06’ enanmii 3 Eran nepioi nosBu Kiiactepa

Eran | Knacrep 1 | Kmacrep 2 Koedirientu Knacrep || Knactep 2 Hacrynauii etan
1 15 17 1,902 0 0 6
2 8 10 1,943 0 0 7
3 3 9 2,814 0 0 7
4 11 12 3,508 0 0 5
5 11 13 5,211 4 0 8
6 15 16 6,167 1 0 12
7 3 8 6,218 3 2 11
8 11 14 6,835 5 0 13
9 2 4 7,096 0 0 14
10 5 6 7,974 0 0 13
11 3 7 8,077 7 0 14
12 15 18 9,204 6 0 16
13 5 11 11,089 10 8 15
14 2 3 12,665 9 11 15
15 2 5 19,251 14 13 16
16 2 15 20,327 15 12 17
17 1 2 30,575 0 16 0

VY T1abn. 2 mnpeicTaBIeHO TNPHHAIECKHICTh KOXHOI EKCIIEPUMEHTANIBHOI TPYyNmu 10
BIJMOBiTHOTO KJIacTepa (Tpynu MOMiIOHOCTI), SKWH TMo3Ha4eHHH Ludporo. BeranosneHo, 1o
nporpama 00’eJHasa B OUH KJIaCTEp IPYITH, 0 KPOBI SIKUX J10/1aBall KBEPLETUH Y KOHIIEHTpaIlii
0,5 MM, a Takox TinbkM TicTamiH y koHnentpauii 0,1 mMxkM (3-if kmactep). OnnHy rpymy
MOAIOHOCTI CKJIA/Ia€ BIUIUB ricTaMiHy y KoHIeHTpauii 1 MKM Ta He3aJe)XHUH BIUIMB TiCTaMiHy B
xouneHtpariii 0,01 MxM (8-it kinacrep). [Iporpama Takox 00’€IHANA B OMH KJIACTEP MOETHAHE
BBEJICHHS JI0 KPOBI ricraminy B KoHIeHTpauii 10 MkM Ta kBepueTuHy B KoHIeHTpanisx 0,1; 0,5;
3 MM (9-#1 knacrep). OnHy rpymny momiOHOCTI 3a moka3HukamMu TBK-MO3UTHBHHUX TPOIYKTIB,
T1JIPONIEPOKCUAIB JIIiIB, KapOOHUIBHUX TPYI NPOTEiHIB, CYNEPOKCHIHOTO aHIOH-pajuKala,
CYNEpPOKCHIINCMYTa3H, Karajnasu, BiIHOBJIEHOro mniyTarioHy, AT® crTaHOBIATH Tpynu 3
MO€IHAHUM BHJIMBOM Tictaminy B koHIeHTpanii 0,01 MkM Tta kBepuernHy B KoHueHtpaii 0,1 i
3 MM (11-# knactep) (Tadm. 2).

Hamu BcTaHOBieHO, mo y 3-Mmy Kkiactepi (IO HBOTO BXOAATH TPYIH: KBEPLUETHH Y
xoHnenTpauii 0,5 MM, ricramin y xonnentpauii 0,1 mMxM) BigOyBaeTbcsi 3HWKEHHS BMICTY
TBK-10o3uTHBHMX MPOAYKTIiB, 3HAYHE IMiABHUIIEHHS BMICTY CYNEPOKCHIHOTO aHIOH-parKaja Ta
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3HAYHEe 3HIDKCHHS aKTHBHOCTI Karanasu (Tabm. 3). Y 8-My kiactepi (10 0HOT rpyIH MoAiOHOCTI
BXOJSITH: TicTamiH y KoHIeHTparii 1 MxM, ricramid y konneHtpamii 0,01 MxM) BusBIEHO
3HWKeHHs1 BMicTy TBK-TO3UTHBHUX NPONYKTIB, 3pOCTaHHS BMICTY TiJIPONEPOKCHIIB JIiMiiB,
3HAYHE MiABHIICHHS BMICTY CYNEPOKCHUIHOIO aHiOH-paanKaia Ta 3HmkeHHs AT® i akTHBHOCTI
Karanasu (tadim. 3).

Ta6muigst 2

[TpuHanexHiCcTh EKCIIEPUMEHTAILHHUX IPYII 10 KI1aCTepPiB

CrocTepeKeHHsI \ Knacrepu
1: Kepuerun, 0,1 MM

2: KsepueruH, 0,3 MM

3: Ksepuerun, 0,5 MM

4: Ksepuerusn, 1 MM

5: KBepuetun, 3 MM

6: Kepuerun, 5 MM
7
8
9

: Ticramin, 10 MkM

: Ticramin, 1 MxkM

: Ticramin, 0,1 MM
10: Ticramin, 0,01 MM
11: Ticramin, 10 MM + Kseprierus, 0,1 MM
12: Ticramin, 10 MM + Kgepuerus, 0,5 MM
13: T'icramin, 10 MM + Ksepuetus, 3 MM
14: T'icramin, 10 MM + Ksepuerusn, 5 MM
15: TNicramin, 0,01 MmxM + Ksepuerus, 0,1 MM
16: T'icramin, 0,01 MxM + Kgepuetun, 0,5 MM
17: Ticramin, 0,01 MmxM + Ksepuerun, 3 MM
18: T'icramin, 0,01 MmxM + Ksepuerun, 5 MM

—
W—=N—= OO0V WO I WN—

Y 9-my knactepi (OO HBOTO BXOMSITH TPyNH 3 JI€I0 TICTaMiHy B KOHIIEHTpalii
10 MM, kBepuetuny B koHuentpaiisnx 0,1; 0,5; 3 MM) BUSBICHO 3HAYHE 3POCTAHHS BMICTY
CYNEPOKCHIHOTO aHiIOH-Pa/IMKalla, 3HAYHE 3HMKEHHSI aKTUBHOCTI KaTaja3u Ta 3pOCTaHHsI BMICTY
AT® y ruta3mi KpoBi 11ypis (Tadi. 3).

B 11-my knacrepi (noegHanuii BB ricraminy (0,01 MkM) Ta KBeplLeTHHY B KOHIIEHTpaIlii
0,1 i 3 MM) BinOyBaeThCsl 3HMIKEHHSI BMICTY BTOPMHHHUX IponyKTiB Jinonepokcunanii (TBK-
MO3UTHBHUX IPOMAYKTIB), 3HAYHE MIJBUILEHHS BMICTY NEPBHHHUX IPOAYKTIB MEPOKCHIHOTO
OKHMCHEHHSI JIMiJIB, 3HaYHE 3pOCTAHHS BMICTY CYNEPOKCHUIHOTO aHioH-paaukana, AT®, 3HauHe
3HIKCHHS aKTHMBHOCTI KaTalla3u, 3HKCHHS BMICTY BiTHOBJICHOTO IIIyTaTioHy (Tadm. 3).

Hamu BcTaHOBIIEHO, 110 TaKi JOCIIPKYBaHi BIUIMBH, sIK: KBEPLETHH Y KoHueHTpauisx 0,1;
0,3; 1; 3; 5 MM, ricramin y xoHientpamii 10 MKM, moegHaHa [ist TicTaMiHy B KOHIICHTpAIii
10 MkM Ta KBepUETUHY B KOHLEHTpauii 5 MM, MmoeaHaHUH BIUIUB TiCTaMiHy B KOHIIEHTpalii
0,01 MmxM Ta kBepueTHHY B KOHIIeHTpalii 0,5 MM, noeaHaHa ais rictaminy B konteHTpariii 0,01
MKM Ta KBEpLETHHY B KOHLEHTpalii 5 MM 3yMOBIIIOIOTh OPUTiHAIBHUN BIUIMB HAa MOKa3HUKH
MIPOOKCHIAHTHO-aHTUOKCUIAHTHOTO CTaHy IUIa3MH KPOBI IypiB, PO IO CBIAYMTh BHUBEACHHS
LUX BIUIMBIB y OKpEeMi HE3aJIe)KHI KJIaCTepH.

Otxe, y 3-my, 8-my, 9-my, 11-My kiacrepax BUSBICHO CIUIBHI 3MiHH, 30Kpema,
3HIKEHHS BMicTy TBK-TIO3UTHBHHUX MPOAYKTIB, MiABUINEHHS BMICTY TiAPOMIEPOKCHIIB JIITiIIB,
CYTIEpOKCHIHOTO aHIOH-pajiKalia, 3HauHEe 3HIDKCHHS aKTUBHOCTI Karaia3u. Ha ¢omi Takmx
3MiH € IHIMBIyallbHi 0COOIMBOCTI ISl KOXKHOTO KJIacTepa: y 3-My KIllacTepi 3HWKY€EThCS BMICT
BiJJTHOBJICHOTO IVTyTaTiOHY, TOJ SIK Y 8-My KJIacTepi BMICT BiJIHOBJIEHOT'O TNIyTaTiOHY ITiIBHIIYE€THCS,
npote 3HIKYeThCs BMicT ATD. V 9-My kimactepi BUSBICHO 3HIKEHHS BMICTY KapOOHUIBHUX TPYII
MIPOTETHIB HEUTPAIHLHOTO It OCHOBHOTO XapakTepy, a 11-if kactep xapakTepu3y€eThCsI 3HIKEHHIM
BMICTYy KapOOHUIBHHMX TPyl NPOTEiHIB OCHOBHOTO XapakKTepy, BIIHOBJIEHOIO IIyTaTiOHy Ta
IiIBUIIEHHSM aKTUBHOCTI CYyHEPOKCHIUCMYTa3H.
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Tabmurs 3
CepenHi 3HAYCHHS JTOCITIHKYBAHUX ITOKA3HUKIB 110 KJIacTepax
Cepenniit
3B’5130K (MiXk TEK-
EKCTIepHMEH- I Tl |KI'Max. | KITlo.x. CAP COJ | KAT BT ATD
TaILHUMH
rpynamu)

Mtm,p 188,440 169,240 122,140 107,940  5622,6+0 132,740 102,6£0 66,50 208,6+0
N 1 1 1 1 1 1 1 1 1
2 Mim,p 119,8+0 144,640 151,640 135940 24371,6+0 156,8+0 16,140 61,540 502,040
N 1 1 1 1 1 1 1 1 1
3 M:tm,p 36,5 4384 1267 1112 25923,0 100,4 7,743,5 62,1 2053

4251 42953  £16,5% £13,7% £3494%*x 1171 £0,8%%% 1333
n 2 2 2 2 2 2 2 2 2
4 Mtm,p 126940 200,040 194,440 169,640 28641,3+0 113,140 86,50 61,940 498,940
n 1 1 1 1 1 1 1 1 1
5 MEm,p 167,740 169240 87,140 22,940 3405230 81,8£0 15240 127,240 743,9+0
n 1 1 1 1 1 1 1 1 1
6 Mtm,p 97,940 303,140 73,140 39,640 37178,5+0 152,140 614+0 114440 406,5+0
n 1 1 1 1 1 1 1 1 1
7 Mim,p 70,840 569,240 199,840 121,140 38641240 942+0 3,540 124,140 498,0+0
n 1 1 1 1 1 1 1 1 1
8  Mztm,p 529 9053 1444 12455 208090 888 4,1+0,7 1228 71,6

+9,5 £285,3 +£17,1* +£13,3* +693,1*¥** +194 +34 +10,8

n 2 2 2 2 2 2 2 2 2

9 M+m,p 74,6 18287 34,4 23,8 301513 90,3 1,2+0,9 133,1 539,7
+28,0 £106,7*%*  £6,8%* +5,5  +4438,2%% £ 2*** +£5,2%*¥*  +132.7

n 3 3 3 3 3 3 3 3 3

10 Mim,p 69,140 1526,140 1830 10,8+0 49280240 79.4+0 0,940 97,740 498,840
n 1 1 1 1 1 1 1 1 1
11 M#m, p 763 2574,1  102,9 42,1  24282,6 225,7 0,8+0,4 722 11467

£1,5%F 4048 1% £ 1%F% L] 2% £5370,] £],6%** +6,8% +£873%*

n 2 2 2 2 2 2 2 2 2

12 Mtm,p 42240 2194,940 118,5£0 79,940 32734,4+0 136,140 2,040 79,50 1045,0+0
n 1 1 1 1 1 1 1 1 1

13 Mim,p 46,120 2366,8+0 146,940 127,240 14574,840 177240 1,840 67,40 507,9+0
n 1 1 1 1 1 1 1 1 1

Mpumirka: TBK-IIIT — TbK-no3urtuHi npoaykru; I'TI — rinponepokcuau nimigi; KI'TIH.X. — kapOoHIBHI
rpynH npoTeiniB HeiTpansHoro xapakrepy; KI'Tlo.x. — kapOoHiNbHI rpyIH MPOTeTHIB 0CHOBHOTO XapaKTepy;
CAP — cynepokcuanuii anion-paaukar; COJ] — cynepokcuanucmytasa; KAT — katanasa; BI' — BinHOBIEeHUI
miyTatioH; AT® — aneHo3uHTpH(OCHOpPHA KUCTOTA

3-it kimacTep 00’ €IHY€ BIUTUB KBEpLETHHY B KOHIeHTpalil 0,5 MM Ta rictaMiHy B KOHIICH-
tpauii 0,01 MxM. IToxiGHI 3MiHM 33 AOCIIIKYBAaHUMH MMOKa3HUKAMHU IPOOKCUIAHTHO-aHTHOK-
CHJIAHTHOTO CTaHy BiIOYyBaIOTHCS, KIMOBIPHO, B PE3yJIbTaTI MEBHOT MOMIOHOCTI BIUTUBY IIUX YHH-
HUKIB, SIKHIl BUpaXa€eTbCsl y Jii Ha CyAMHU (TiMOTEH3UBHHUH BIUTUB), OAKTEPUIUIHOMY edeKTi,
X04a MEXaHi3MH BIUIMBY € pizHuMH [ 14, 20]. 8-if kitactep 06’ €THy€E BIUTUB TiCTaMiHy Pi3HHX KOH-
neHTpariii, a came 0,01 i 1 MxM, Tomi sik ricramin y koHueHtpaiisnx 0,1 i 10 MkM BUSBISETHCS
y 30BCIM IHIIKX Kiaactepax. Lle BinOyBaeThcss TOMY, IO HA PI3HUX KIITHHAX KPOBI € JOMiHAIIiS
Y YHMCENBHOCTI PI3HUX PELENTOpPiB O TiCTaMiHy i, BIAMOBIIHO, Pi3HA KOHIEHTpALlS ricTaMiHy
Oyrie To-pi3HOMY aKTHUBYBATH I'iCTaMiHOBI pelleNTOPH, SIKi NOALIAI0Thes Ha ranbmiBHi (H3 1 H4)
it akruByrodi (H1 i H2). Bix nepeBakaHHs Aii TicTaMiHy Ha Ti 4 1HIII PEHENTOPU MPOSIBISETHCS
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pi3Ha BiAnoBiae kiiTHH [7]. Y 9-My kitactepi BUSIBJICHO MOAIOHUH BIUIMB CMJIBHOTL i ricTaMiHy
B KoHIeHTpauii 10 MKM 1 KBepleTHHY, SKUH BHPAKAEThCS y 3HMKEHHI BMICTY KapOOHITBHHX
TPy NPOTETHIB HEUTPAILHOTO i OCHOBHOTO Xapaktepy. Lle cBiTuuTh mpo Te, 110 3HUKYEThCS He-
raTHBHA OKCHIATHBHA JIis TICTaMiHy Ta KBEPLETHHY Ha ITPOTETHOBI MOJIEKYIHU. 32 He3aIekHOT Aii
ricraMminy, TIONPY aKTHBAIIIIO PEIEITOPIB 0 TiCTaMiHY, 3aJIy4aeThCsl B poOOTY 1 (hepMEHTAaTHBHA
cUcTeMa, CIpsSIMOBaHa Ha 3HHIIEHHsI rictaminy. Jlo 1i€l cuctemu HaneXuTh podoTa ricramiHasy,
ricramin-N-metuntpancdepasu, MOHOAMIHOKCHa3Hu. YHACIIIOK pOOOTH TicTaMiHa3M yTBOPIO-
I0ThCS WIKi MBI crionyku, Taki sk NH,, iminasonauneraransaerin, H,0,[18, 22]. Ticramin Takox
nie Ha akTHBaLi0 Gocdorinas, sKi BiAMIEIUTIOT eBHI yacTHHU Jimigie (depe3 H1 peuemntop),
3YMOBIIIO€ YIIIKODKEHHsI po00oTH MOHOamiHokcuaas [19]. Kepuerun aie na AT®-3B’s13yroui caii-
TH OKiB (AT®a3); KBepLETHH MOXKE HEPEXOAUTH Y PATUKAILHY (GOpPMY; KBEPILIETHH MOXKE aB-
TOOKHCHIOBATHCH 1 TIPOAYKYBaTH CyNEPOKCUAHUI aHIOH-paJuKaj, nepokcun BoaH. OTxke, 3a
HE3aJIe)KHOI i TiCTaMiHy 1 KBEPLUETHHY MOYIIMBI YTBOPCHHS IIKIUTUBUX CIIONIYK, SKi CIIPHYNHS-
I0Th YIIKOUKEHHS KIITHH. FIMOBIpHO, 32 HassBHOCTI riCTaMiHy Ta KBEpIETHHY B CEPEIOBHIIL Bifl-
OyBa€eThCsI TXHS B3a€EMOIIS ¥ YTBOPIOIOTHCS METa00IITH (1Mi1a30JIiIe THIITIAPOKCHII, 7-AeTiAPOK-
CUKBEPIIETHH), SIKi 3HIDKYIOTh HETATUBHY HE3aJIeXKHY M0 IIUX CHONYK. BaxkinBo 3a3Ha4uTH, 1110
B 11-my Kimactepi (3a oeaHaHOI aii rictaminy B konentparii 0,01 MkM i KBepIieTHHY) ¥ I11a3Mi
KPOBI BiI0YBAETHCS 3HUKECHHS BMICTY KapOOHIJIBHHUX TPYII IPOTETHIB OCHOBHOTO XapakKTepy, Ipo-
T€ BMICT KapOOHUIBHUX TPYII MIPOTETHIB HEUTPAIBHOIO XapakTepy nepedyBae B MeKax HOPMH.

3a mormoMoror (HaKTOPHOTO aHali3y MOJKHA BHSBHTH NMPHXOBaHI «(hakTopw», sKi Bif-
MTOBiIAIOTh 3@ HASBHICTH JIHIMHUX CTATHCTHYHHUX 3B’S3KIB (KOPEJSIIiA) MK TOCIIIKYBaHUMHU
MOKa3HUKAMHU Y JOCHIPKYBaHMX rpynax. J{Jis BHUSBIEHHS MPUAATHOCTI (aKTOPHOTO aHali3y
JUISL OTIPAIFOBAHHs PE3YJbTaTiB JOCHI/UKEHHS HAaMU IIPOBENEHO TECT, SKUH BH3HAYMB MIpy
BHOipKOBOI amekBatHocTi Kaiizepa-Matiepa-Onkina. 3HaueHHs anekBaTHOCTI Kaiitzepa-Maiiepa-
Orskida craHoBUTh 0,5, M0 CBITYMTH MPO MPUAATHICTH (PAKTOPHOTO aHAI3Y I ONPAIIOBAHHS
pe3yabTaTiB eKCIIEPUMEHTY (Taod. 4).

Tabmursg 4
IToka3HKKH aJeKBaTHOCTI (PaKTOPHOTO aHATI3Y
JUTSL OTIPAIIFOBAHHS PE3yJIBTATIB J0CIIIKSHHS
Kpurepiii chepranocTi [Mipa BuGipxoBoi anexsarHocti Kaiizepa-Maiiepa-Onkina 0,5
Baprierra Ha6mmx. Xi-kBagpar 96,693
Cr.cB. 36
3Hu. 0,000

Kpurepiit cpepuanocti Baprnerra, 3a pesympraramu excriepuMeHTy, nopisaioe 0,000
(TobTo P mermre 0,05), 10 CBITYUTH TAKOXK PO MOKITUBICTH 3aCTOCYBaHHS (PAKTOPHOTO aHAJI3Y
B KOMIUTEKCHOMY 0i0MeTpHYHOMY aHaui3i (Tabm. 4).

3a Tabn. 5 BU3HAYCHO KUTBKICTH BIACHUX (DaKTOPIB, SKi MEPEBHUINYIOTH OAMHUIO (IIUB.
mo kosoHmi «Pazom», sika 6a3yeTbes Ha BiACOTKY aucmepcii). KimpkicTh (akTOpiB CTAaHOBUTH
3 (tabm. 5). Y nmomanemomy nporpaMa Oyzme popMyBaTH JUIIE TPH MOIENbHI (PaKTOPH BILIUBY.

VY Ttabn. 6 BimoOpakeHa MaTpuil (HaKTOPHUX HABAHTAXKEHB, SAKi € KOPEIIiHHUMH
koedimieaTaMu MiK 3MiHHUMH 1 (pakropamu. OTxe, Qakrop I kopemoe HaWCHIBHIIIE 3
KapOOHIUTFHIMH TPyIIaMH MPOTETHIB OCHOBHOTO Xapakrepy (r = 0,917), kapOOHUTEHUMHE TpyIaMH
mpoTeiniB HeWTpampHOTO XapakTtepy (r = 0,88), BimHOBIEeHHMM TiyTarioHom (r = —0,719),
CYTIepOKCHIHUM aHioH-paaukaioMm (r = —0,584). @akrop Il maiibineire xopemroe 3 ATD (r =
0,859), cynepoxcuaancmyrazoro (r = 0,853), rinponepoxcugamu miminis (r = 0,715). @akrop 111
kopemtoe 3 TEK-mmo3utnBENME ipoxykTamu (r = 0,93), karanazoro (r = 0,844).



H. Mapacum, H. Todrnies, H. BooHapyyk, A. SuHb
28 ISSN 0206-5657. BicHuk JbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92

Tabmurs 5

[ToBHa mosicHeHa ucepcis

ITouaTKoBi BJIACHI 3HAYECHHSI
Kommnonenra Pasom | % npucrepcii | Kymynarusauii %
1 3,231 35,894
2 2,292 25,461
3 1,551 17,228
4 0,819 9,103 87,687
5 0,480 5,335 93,022
6 0,275 3,052 96,074
7 0,210 2,335 98,409
8 0,123 1,367 99,776
9 0,020 0,224 100,000
Meron BumiaeHHS: AHAII3 TOJOBHUX KOMIIOHCHT.

®daxrop | MoXxHA ITOB’13aTH 3 [II€F0 HA OKCUIATUBHY MOAU(DIKAIIiF0 IPOTEiHIB, BITHOBICHUN
DJIyTaTiOH 1 YTBOPEHHS CYNEPOKCHIOT0 aHiOH-paanKaia (yMOBHA Ha3Ba 1[oro (akropa «dakrop
nii Ha 6inku»). @akrop Il BrumBae Ha 3MiHy BMicTy AT®, akTUBHICTh CYIEPOKCHIIUCMYTA3H i
YTBOPEHHS MIEPBUHHMX IPOIYKTIB JIIONEpOKCH ALl (TiqporepoKCHIIB JIMiAiB) Y Iu1a3Mi KpoBi
(ymoBHa HazBa dakropa Il «dakrop aii Ha GioeHepreTuky W iHilianii MpoIeciB NEPOKCHIHOTO
OKHMCHeHHs uinizi»). ®akrop III BhniMBae Ha HAKONMYEHHS BTOPUHHUX HPOAYKTIB
ninonepokcuaanii (TBK-no3uTrBHI npoaykTH) it akTUBHICT Karanasu (YMOBHA Ha3Ba (akropa
1T «dakTop MOCHICHHS MPOIIECIB MEPOKCHIHOTO OKMCHEHHS JIIIiJIiB).

®axkrop | xapakrepHuii 115 TPy 32 BIUIMBY KBEpPLIETUHY B KOHLeHTpawisax 0,3; 0,5 ta 1 MM
(paxropni 3HaueHHs cTaHoByATH 1,01; 1,09; 1,31 BiNOBITHO), @ TAKOXK [T TPYIIH 32 OJJTHOYACHOT
nii ricraminy B koHueHtpauii 0,01 MkM 1 kBepueTHHy B KOHUEHTpawil 5 MM (tabm. 7). ®akrop I
BIUIMBA€E HA YIIKOKSHHS [TPOTETHIB.

Tabmurs 6
Marpurst GpakTOpHUX HaBaHTAKEHD (MATPHIIS TIOBEPHYTHX KOMITOHEHT)
3vinHi KommonenTa
MI1HH1 1 ‘ 2 ‘ 3

KapOoHinbHi rpynu npoTeiHiB OCHOBHOTO 0,917 -0,344 -0,012
Xapakrepy
KapGoHninpHi rpynu npoTeiHiB HEHTPaILHOTO 0,880 -0,180 -0,011
Xapakrepy
BigHoBJeHHI [IyTaTioOH -0,719 -0,401 -0,150
CynepoKcua-aHioH pauKa -0,584 -0,140 -0,258
ATD -0,211 0,859 -0,063
CynepokcuaancmyTasa 0,369 0,853 0,056
T'inponepoxkcuay mimiaiB -0,249 0,715 -0,502
TBK-no3utuBHI MpoayKTH -0,089 -0,002 0,930
Karanaza 0,306 -0,140 0,844

MeTOZ[ BI/I,Z[iJ'IeHHHZ Amnanis MCTOAOM I'OJIOBHHUX KOMITIOHCHT.
Meron obepranss: Bapimakc i3 Hopmanizaniero Kaiizepa.
a. OGepranns 3iiiutocs 3a 5 itepariil.

@akrop Il xapakTepHHii [UII TPyNH 32 OZHOYACHOTO BIUIMBY TICTaMiHy B KOHLECHTpALil
0,01 MxM Ta kBepueTHHy B KoHIIeHTpatlii 0,1 MM ta 3 MM. @axrop Il moB’ 13aHwMif 3 CHEPTETHIHIM
CTaHOM i yTBOPEHHSIM IIEPBUHHUX IPOIYKTIB IEPOKCUIHOTO OKUCHEHHS JITi/IiB.

®axrop Il xapakTepHmii IS TPYN 32 BIUIMBY KBEpPIUETHHY pisHUX KoHIeHTpamnii (0,1;
1; 3; 5 MM). ®axtop III BrnmBae Ha YTBOPEHHS BTOPHHHHUX NMPOAYKTIB JIIMONEPOKCHAALII Ta
MEXaHi3M 3HEHIKOKEHHS ITEPOKCH/TY BOIHIO.

Otxe, KBEPUETHH CIIPUYMHSIE aKTHBAML0 (hakTopa | (BIIIMBY Ha MPOTETHH, 3yMOBIIOIOYH
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Tabmurs 7

Pesynbraru ekcniepiMeHTaIbHUX IIOKa3HUKIB (BUpaXeH1 y BiJICOTKaX) 1 (haKTOpHI 3HAYEHHS

TbK- pp KITL KL cpp  copp KAT Br ATO
TIIT HX. O0.X.

Kgsepuerun 0,1 MM 188,47 169,23 122,07 107,97 5622,69 132,78 102,69 66,51 208,69
Ksepuetun 0,3 MM 119,90 144,62 151,64 135,99 24371,66 156,89 16,14 61,55 502,01
Kgsepuerun 0,5 MM 11,40 143,08 143,27 125,00 26272,43 117,52 11,21 62,90 171,96
Ksepuetun 1 MM 126,99 200,00 194,41 169,62 28641,34 113,19 86,55 61,92 498,94
Keepuetnn 3 MM 167,72 169,23 87,19 22,93 34052,34 81,82 1525 127,23 743,98
Ksepuerun SMM 9791 303,08 73,14 39,70 37178,53 152,07 61,43 114,46 406,52
Ticramin 10 MkM 70,88 569,23 199,81 121,05 38641,27 94,21 3,55 124,10 498,04
Ticramin 1 MkM 43,39 620,00 127,46 111,21 2011596 69,42 4,89 126,26 60,81
Ticramin 0,01 MkM 61,77 733,85 110,13 97,41 25573,61 83,37 4,19 61,26 238,65
Ticramin 0,01 MkM 62,43 1190,77 161,48 137,91 21502,13 108,37 3,41 119,42 82,52

T'icr, 10 MxM 57,61 192022 2749 18,61 2406237 89,43 3,05 123,08 788,37
+Ksepm.0,1 MM

T'ier. 10 MxM 36,90 1950,13 48,15 35,06 3878926 94,63 0,19 13575 496,31
+Ksepu.0,5 MM

Tier. 10 mxM 129,36 1615,85 27,75 18,00 2760232 87,06 0,56 140,57 334,57
+Ksepu.3 MM

T'ier. 10 MxM 69,17 1526,15 1831 10,87 4928024 7947 093 97,73 498,86
+Ksepu.5 MM

Tier 0,01 meM 0 oo 530600 10412 4338 2965272 22738 135 6534 1234.07
+Ksepu.0,1 MM

Tier 0.01 MM 1) oo 519402 118,56 79.90 3273445 136,07 2,02 79.52 104504
+Ksepu.0,5 MM

Tier. 001 MM ) o5 509010 101,86 4091 18912,51 224.16 037  79.09 1059.35
+Ksep.3 MM

Tier 0,01 MM 000 236686 146.92 127,30 14574.87 17721 1.87 6740 50791 126
+Ksepu.5 MM

Mpumirka: TBK-IIIT — TEK-no3utusHi npoayktu; I'Tl — rixponepoxcuau mininis; KI'TIH.X. — kapOOHINbHI
rpymu npoTeiniB He#TpansHoro xapakrepy; KI'Tlo.x. — kapOoHINbHI rpyIH MPOTETHIB OCHOBHOTO XapakTepy;
CAP — cynepokcuanwuii anion-panukan;, CO/l — cynepokcuanucmyrasa; KAT — katanasa; BI” — BigHoBneHHI
rytarion; AT® — aneno3untpudochopHa KucioTa

ixHe okucHeHHs) Ta dakrtopa Il (30kpema, MOCHIIEHHS MPOLECIB MEPOKCHIHOTO OKUCHEHHS
JIMiAIB) 3aJIe)KHO BiJM KOHIEHTpalil npernapary. BaxinBo BifI3HAUUTH, MIO KBEPUETHHOBI B
koHIeHTpaiii 1 MM Hajexuts BractuBicts 000x ¢axropis (I 1 I11). KBepuernn y koHueHTparrii
1 MM € TepaneBTHYHOIO Pa30BOI0 MIHIMaIbHOK /103010. [IpoTe MM B HAlIMX JOCIIIKEHHSIX,
3aCTOCOBYIOUHM (paKTOPHHII aHaINi3, BUSBIIM 11 HEraTUBHUI e(DeKT Ha MPOTETHHU 1 JIMIAN TIa3MH
KpOBI.

[oennane BBeeHHs rictaminy B koHIeHTpaii 0,01 MKM Ta KBepLeTHHY B KOHIIEHTPALIisAX
0,1 ta 3 MM axtuBye dakrop Il y kpoBi 1ypiB, A€ y Mia3Mi BHUSBISIOTH ITiJABUIICHHS BMICTY
AT®, 3pocraHHs aKTHBHOCTI (EepMEHTY CyNepOKCHAIMCMYTa3d Ta TMiJBUILEHHS BMICTY
TiIpONepoKCH B MimiAiB. Bizomo, 1o mix yac rimokcnvnux craHiB AT® BHCTyIae eHIOTeHHUM
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BHYTPIIIHbOKITITUHHAM 1 MDKKIITHHHUM PETYAATOpoM (YHKIH KIITHHH. 30KpeMa, BOHA
BIUTMBAE HA NUIAX Tepeaadi peenTopHOro CUTHaIY 1 Moaudikye MeTabomi3M KITIiTHHH.

Otxe, 3a pe3ylbTaTaMH KIACTEPHOTO aHali3y BCi AOCHimKyBaHi rpymu ¢gopmyrors 13
KJIACTEPiB MOMIOHOCTI 32 TTOKa3HUKaMH BiUTbHOpaauKamsbHUX mporieciB i AT®. [TonibHy mito Ha
JIOCITIKYBaHI TTOKa3HUKH TUIa3MH KPOBI YMHHTH TicTamid y koHmeHTpamisx 0,01 1 1 MxM, a
TAaKOXX OJTHOYACHUH BIUTUB TicTaMiHy B KOHIEHTpalii 10 MkM Ta KBEpIETHHY B KOHIICHTPAITisIX
0,1; 0,5; 3 MM. IlomiOHui edeKT HAa MOKAZHUKHA MPOOKCHIAHTHO-aHTHOKCHIAHTHOTO CTaHY
YUHUTH CyMicHA Aisl rictaminy B koHneHTpamii 0,01 MkM Ta kBepuetnHy B KoHueHTparmii 0,1 i
3 MM. dakropHuil aHami3 JaB 3MOTY BUSBUTH TPH NPUXOBaHI (PAKTOPH BILIMBY Ha MOKa3HUKU
MIPOOKCHIAHTHO-aHTHOKCUAAHTHOTO cTany, AT®: ¢akTop aii Ha npoTeinu, GhakTop BILIMBY Ha
0loeHepreTUKy H IiHII[ATOp MPOIECIB MEPOKCHIHOIO OKHCHECHHS JIMiAiB, (PaKTOp MOCHJICHHS
MIPOIIECiB MEPOKCUIAHOTO OKUCHEHHsI JTimiIiB. KBepieTnH aktuBye (akxTop I (BIIIMBY Ha MpoTEiHM)
Ta (axrop III (mocHIIeHHS MPOLECIB MEPOKCHIHOIO OKACHEHHS MimiAiB). OQHOYaCHE A0NaBaAHHS
rictaminy B koHnentpaiii 0,01 MkM Ta kBeprieTuHy B KoHieHTparisx 0,1 Ta 3 MM akTUBYIOTh
¢axrop I (BrutnB Ha GioeHEpreTHKY) y IU1a3Mi KPOBI ILypiB.

CITMCOK BUKOPUCTAHOI JIITEPATYPU

1. Bopoukosa I0. C. BioxXiMi4HI XapakTepHUCTHKH EPUTPOLMUTIB LIypiB MYyXJIMHOHOCIIB 3a
BBEJICHHS IMCIUIATHHY Ta KJIACTCPHHUX CIIOJNYK PEHIIO: JHC. ... Kaua. Oion. Hayk: 03.00.04.
Juinponerposebk, 2015. 161 c.

2. TapacumH.II., Bypa M. B., Foonapuyx H. O. Benukuii mpaktikym 3 0iodizuku. JlaboparopHuii
MPaKTHKyM: HaB4.-METOJ. 1OcCi0. 1yisi 3100yBayiB BUIIOI OCBITH 3a cnenianbHicTio 091 —
Biosoris. JIseis: JIHY im. I. ®panka, 2023. 200 c.

3. Henucenxo C. B., Kocmenxo B. A. VI3MeHeHUs NMPOAYKIMH aKTHBHBIX (opM KHcCiIopoaa B
CEMEHHHKaX OeNbIX KPBIC B YCIOBHSAX XPOHHUYCCKON HHTOKCHKALUHM HUTPATOM HATpus //
CyuacHi npotnemu Tokcukonorii. 2005. Ne 4. C. 44-46.

4. Egimenrxo H. B. NO-3anexHa peryssimis MOphodyHKI[IOHAIEHOTO CTaHy TPOMOOIUTIB Ta
EPUTPOLIUTIB KPOBI 32 YMOB aJIKOTOJILHOT IHTOKCHKALIT: JHC. ... A-pa Qinocodii (kana. 0iod.
Hayk): 03.00.04. JIpBiB, 2017. 193 c.

5. Mewuwen I. @. MeTon BU3HaUEHHSI OKMCHIOBaJIbHOT MoanGikauii O1IKiB 11a3mu (cuposar-
ku) kpoBi // BykoBuH. men. BicH. 1998. T. 2. Ne 1. C. 156-158.

6. Onexciox H. Il., Anoéuy B. I’ AXTHBHICTb NpPO- 1 aHTHOKCHAAHTHUX CHCTEM y IEYiHII
NPICHOBOAHUX PO y pi3Hi mopu poky // Ykp. 0ioxim. xxypH. 2010. Ne 82 (3). C. 41-48.

7. Paoduenko O. M. T'icramiH 5K )KUTTEBO BaXKJIMBUI yHIBEpcalbHUIA perymsarop // PanioHansHa
(dapmaxoteparis. 2017. Ne 4 (45). C. 5-9.

8. Cubipna H. O., Maescoka O. M., bapcoka M. JI. JlocmipKeHHS OKpEeMHX O10XiMIYHHX
MOKa3HHKIB 32 YMOB okcuyatuBHoro crpecy. JIbBiB: Bua. nentp JIHY im. 1. dpanka, 2006.
60 c.

9. Amalia Di Petrillo, Germano Orrui, Antonella Fais, Massimo C. Fantini. Quercetin and its
derivates as antiviral potentials: A comprehensive review // Phytother. Res. 2022. Vol. 36 (1).
P. 266-278. doi: 10.1002/ptr.7309.

10. Atze van der Pol, Wiek H. van Gilst, Adriaan A. Voors, Peter van der Meer. Treating oxidative
stress in heart failure: past, present and future // Eur. J. Heart Fail. 2019. Vol. 21. P. 425-435.
doi:10.1002/ejhf.1320

11. Carracedo J., Ramirez-Carracedo R., Martinez de Toda I. et al. Protein Carbamylation: A
Marker Reflecting Increased Age-Related Cell Oxidation // Int. J. Mol. Sci. 2018. Vol. 19.
P. 1495. d0i:10.3390/ijms19051495. https://doi.org/10.3390/ijms 19051495


https://pubmed.ncbi.nlm.nih.gov/?term=Di+Petrillo+A&cauthor_id=34709675
https://pubmed.ncbi.nlm.nih.gov/?term=Orr%C3%B9+G&cauthor_id=34709675
https://pubmed.ncbi.nlm.nih.gov/?term=Fais+A&cauthor_id=34709675
https://doi.org/10.3390/ijms19051495

H. Mapacum, H. Todnies, H. boOHapyyk, A. SuHb
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92 31

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Demkovych A. Effects of flavonol quercetin on activity of lipid peroxide oxidation in experi-
mental bacterial-immune periodontitis // Interv. Med. Appl. Sci. 2019. Vol. 11 (1). P. 55-59.
doi: 10.1556/1646.10.2018.48

Hongzhong Li., Yi Xiao, Qin Li. et al. The allergy mediator histamine confers resistance to
immunotherapy in cancer patients via activation of the macrophage histamine receptor H1 //
Cancer Cell. 2022. Vol. 40 (1). P. 36-52. doi: 10.1016/j.ccell.2021.11.002. Epub 2021 Nov 24.
Jinbong Park Anti-Anaphylactic Activity of Isoquercitrin (Quercetin-3-O-B-d-Glucose) in
the Cardiovascular System of Animals // Biomedicines. 2020. Vol. 8. P. 139. doi:10.3390/
biomedicines8060139

Jiri Mlcek, Tunde Jurikova, Sona Skrovankova, Jiri Sochor. Quercetin and Its Anti-Allergic
Immune Response // Molecules. 2016. Vol. 21. P. 623. doi:10.3390/molecules21050623
Junzhi Liang, Yingzhuo Gao, Ziyi Feng. et al. Reactive oxygen species and ovarian diseases:
Antioxidant strategies / Redox Biology. 2023. Vol. 62. P. 102659 https://doi.org/10.1016/j.
redox.2023.102659

Lowry O. H. Protein measurement with the Folin phenol reagent // J. Biol. Chem. 1951. Vol.
193 (1). P. 404-415.

Oriol Comas-Basté, Sonia Sanchez-Pérez, Maria Teresa Veciana-Nogués et al. Histamine In-
tolerance: The Current State of the Art // Biomolecules. 2020. Vol. 10. P. 1181. doi:10.3390/
biom10081181.

Rui-Qi Xu, Ling Ma, Timson Chen et al. Sophorolipid inhibits histamine-induced itch by de-
creasing PLC/IP3R signaling pathway activation and modulating TRPV1 activity // Sci. Rep.
2023. Vol. 13 (1). P. 7957. doi: 10.1038/s41598-023-35158-9.

Shangze Gao, Keyue Liu, Wenhan Ku et al. Histamine induced high mobility group box-1
release from vascular endothelial cells through H, receptor // Front Immunol. 2022. Vol. 5
(13). P. 930683. doi: 10.3389/fimmu.2022.930683.

Sonia Sanchez-Pérez, Oriol Comas-Basté, Adriana Duelo et al. Intestinal Dysbiosis in Pa-
tients with Histamine Intolerance // Nutrients. 2022. Vol. 14. P. 1774. https://doi.org/10.3390/
nul4091774

Wolfgang J. Schnedl, Dietmar Enko. Histamine Intolerance Originates in the Gut // Nutrients.
2021. Vol. 13. P. 1262. https://doi.org/10.3390/nu13041262

Yao Li, Jiaying Yao, Chunyan Han et al. Quercetin, Inflammation and Immunity // Nutrients.
2016. Vol. 8. P. 167. doi:10.3390/nu8030167.

Cmamms naoditiwna 0o pedakyii 13.05.24
doonpayvosana 28.06.24
nputinsma 0o opyky 01.07.24


https://pubmed.ncbi.nlm.nih.gov/?term=Xiao+Y&cauthor_id=34822775
https://pubmed.ncbi.nlm.nih.gov/?term=Li+Q&cauthor_id=34822775
https://doi.org/10.1016/j.redox.2023.102659
https://doi.org/10.1016/j.redox.2023.102659
https://pubmed.ncbi.nlm.nih.gov/?term=Gao+S&cauthor_id=36275732
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+K&cauthor_id=36275732
https://doi.org/10.3390/nu14091774
https://doi.org/10.3390/nu14091774
https://doi.org/10.3390/nu13041262

H. Mapacum, H. Todrnies, H. BooHapyyk, A. SuHb
ISSN 0206-5657. BicHuk JbBiBcbkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92

BIOMETRIC ANALYSIS OF INDICATORS OF PROXYDANT AND
ANTIOXIDANT STATUS OF BLOOD PLASMA OF RATS
UNDER THE EFFECT OF HISTAMINE AND QUERCETIN

N. Harasym!, N. Toyliev!, N. Bodnarchuk!, A. Zyn?

!Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
’Lviv Research Forensic Center of the Ministry of Internal Affairs of Ukraine
24, Konyushinna St., Lviv 79040, Ukraine
e-mail: garasymnataly@gmail.com, nataliya.harasym@Inu.edu.ua

The regularities of the effect of histamine in concentrations of 0.01; 0.1; 1; 10 uM
were studied and quercetin in concentrations of 0.1; 0.3; 0.5; 1; 3; 5 mM, as well as their
combined effect on the prooxidant-antioxidant state of blood plasma of rats, using cluster
and factor biometric analyses. It was established that the experimental groups according to
the investigated indicators (TBA-positive products, lipid hydroperoxides, carbonyl groups
of neutral and basic proteins, superoxide anion radical, superoxide dismutase, catalase, re-
duced glutathione, ATP) were distributed among 13 clusters (according to cluster analysis).
In one group of similarities, the effect of histamine in concentrations of 0.01 uM and 1 pM
was revealed. Quercetin at a concentration of 0.5 mM and histamine at a concentration of
0.1 pM have a similar effect on the indicators of the prooxidant-antioxidant state of the
blood plasma. Combined addition to the blood of histamine at a concentration of 10 uM
and quercetin at a concentration of 0.1; 0.5; 3 mM lead to the same changes in the indicated
studied indicators. Cluster analysis also combined the combined effects of 0.01 uM hista-
mine and 0.1 and 3 mM quercetin. It is important to note that a decrease in the content of
carbonyl groups of proteins was found in those classers whose experimental blood groups
were added to histamine and quercetin, which indicates a decrease in protein damage due
to free radical oxidation processes. Using factor analysis, it was established the presence of
three hidden factors that affect the processes of free radical oxidation of blood under the ac-
tion of histamine and quercetin. A high correlation of factor I with protein carbonyl groups,
reduced glutathione, superoxide anion radical was revealed. Factor II is most correlated
with ATP, superoxide dismutase, lipid hydroperoxides. There is a close relationship between
factor III and TBA-positive products and catalase. Taking into account the closeness of the
relationship, factor I was given the name “factor of action on proteins”, factor II — “factor
of action on bioenergetics and initiator of lipid peroxidation processes”, factor III — “factor
of enhancement of lipid peroxidation processes”. It was established that quercetin activates
factor I (influence on proteins, causing their oxidation) and factor III (intensification of lipid
peroxidation processes) depending on the concentration of the drug. Quercetin in a concen-
tration of 1 mM has the property of both factors (I and III).

Keywords: blood plasma, histamine, prooxidant-antioxidant status, quercetin,
cluster analysis, factor analysis
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BMICT TBK-ITIO3UTUBHUX ITPOAYKTIB Y 3APOJKAX B’IOHA
MISGURNUS FOSSILIS L. HA PI3BHUX ETAITAX PO3BUTKY 3A BILVIUBY
AMIHOKHUCJOTHHUX NOXIIHUX 1,4-HA®TOXIHOHY

*A. T'enera', A. TapHoBcbka', M. SIpemuyk!, A. bByneenu',0. Cemouko’

UTvsiscokuti nayionanvhutl ynisepcumem imeni leana @panka
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HadroxiHOHH BiirpaloTh BaXJIMBY pOJIb Cepell NMPHPOAHHUX PEUOBHH 1 IXHIX
CHUHTETUYHHX MOXITHUX, OCKUIBKA BOHHM MAlOTh NIMPOKHH CIEKTp 010JI0T19HOT aKTHBHOCTI.
AMIHOKNCIIOTHI OXi/HI 1,4-HaTOXIHOHY MAIOTh IEPCIIEKTUBH TPAKTHYHOTO BUKOPUCTaHHS
B MeIUIIMHI Ta apmakoorii. /Iy 3’acyBaHHS MOXKITBOTO MEXaHi3MYy JIiT aMIHOKUCIIOTHHX
noxigaux 1,4-nadroxinoHy nocimimkeHo BMicT TEK-1T03UTHBHUX MPOIYKTIB y 3apOKOBHX
KIiTHHAX B’roHa Misgurnus fossilis L. ynpomoex emOpioreHe3sy. 3apoiku MPiCHOBOIHOT
pudu B’roHa Misgurnus fossilis L. € 3py4HOIO il aJleKBAaTHOIO CHUCTEMOIO JIs 3’ SICYBaHHS
MeXaHi3MiB Jii (i3HYHNX 1 XIMIYHEX (haKTOpiB.

BcranoBneno, mo riryramiHoBe noxinHe 1,4-HadTOXiHOHY Mae HalKpalie BUpaXxeHi
OiosoriyHi eeKTH Ta BUKIIMKAJIO NOCTOBipHe 3pocraHHsS TBK-mosutMBHMX mpoxykTiB
YIIPOJIOBXK eMOpioreHesy II0J0 KOHTPOJO Ha cTaxii 2 Ta 256 Gxacromepis (60-ta i 270-
Ta XB PO3BUTKY 3apojkiB) Ha 47 % i 43 %, Bimnosigno (p>0,99). Ha cramisx 16 i 64
OIacTOMEpH CIOCTEPIraeThCs TSHICHIIIS 0 MiABUIICHHS BMicTy MJIA 3a j1ii rityTaMiHOBOTO
noxigHoro 1,4-HadroxiHoHy B KoHueHTpauii 10°M, mopiBHsSIHO 3 KoHTposieM. Takox
Ha crazii 10-ro moximy 3a BIUIMBY INTyTaMiHOBOTO MOXigHOro 1,4-HahTOXiHOHY BMiCT
M/IA 1070 KOHTPOJIBEHOTO 3pa3ka 3HIKYEThCS Ha 2 %, HMOBIPHO, 3a paXyHOK aKTHBAIil
(epMEHTAaTUBHUX CHCTEM AaHTHOKCHIAHTHOTO 3aXHCTy. IliBHINEHHS IHTEHCHBHOCTI
MPOIIECIB JTIMONEPOKCHIAINT CTUMYITIOE aKTUBAIII0 (PEPMEHTIB aHTHOKCHIAHTHOI CHCTEMH.
Tomy 1u1st aHamizy MPOOKCHIAHTHO-aHTHOKCHIAHTHOTO CTaHY 3apOJIKiB B’IOHA HEOOXiHO
JOCIIITUTH aKTHBHICTH (DEPMEHTIB, sKi 3a0€3Me4yr0Th aHTHOKCHIAHTHUH 3aXHCT.

OTpuMaHi pe3yiabTaTd JAlOTh 3MOTY IPHIYCTUTH, MO 32 Jif HOXiZHOTO
1,4-HadTOXIHOHY BiOYBAa€ThCS aKTHBAIlS IPOIECIB MEPEKHCHOTO OKHUCHEHHS B y
3apOJIKOBUX KIITHHAX B’10HA Misgurnus fossilis L. ynpomosx eMOpioreHesy.

Kniouosi cnosa: TBK-no3uTuBHI NPORYKTH, 3apOAKH, aMiHOKUCIIOTHI ITOXIiJTHI
1,4-HadTOXIHOHY, eMOPiIOHAIBHI KITITHHY, B’IOHH

OnmHuM 13 po3miNiB cy4acHOi (apMaleBTHYHOI Ta OpraHiyHol Ximil, SKUH aKTHBHO
PO3BUBAETHCS, € XiMisl XIHOITHHUX CIIOJYK, /¢ BaXIIUBE Miclle 3aliMaroTh HAPTOXIHOH i #Horo
noxinui. et kiac cnonyk npuBeprae yBary 3aBIsIKH IXHIM (izionoriuHuM, XiMidHUM, (i3HKO-
XIMIYHHM BJIACTHBOCTSIM, 30KpeMa, IXHii 3MaTHOCTI 10 3BOPOTHOI'O OKHCHO-BIJHOBHOTO IIPOIIECY,
1110 3a0e3reuye pi3HOMaHITHY BUCOKY O10JIOTTYHY aKTHUBHICTh MOXigHuX 1,4-Hadroxinony [10].

HadroxiHoHHM Ik TpyIa OpraHivHUX CHONYK BiZIrpaloTh BAXKIIUBY POJIb CEPE IPUPOIHUX
PEUOBHUH 1 IXHIX CHHTETUYHHX MOXITHHUX, OCKUILKM BOHHU MalOTh IIHPOKHUil CrIeKTp 0i0J0riqHOT
aKkTHBHOCTI [7, 8]. BueHi onucainy mpoTHpaKkoBy aKTHBHICTb aMiJHUX MOXIAHUX 1,4-HaTOXIHOHY
Ha KJIITHHAX pi3HUX JIiHiH, Takux sik KB (pak poroBoi nopoxxuunn), NCI-H187 (npiOHOKTI THHHUHA
pak nerenb), MCF-7 (pak Moyio4HOT 3aJ1031) Ta JiHii KiniTuH Vero (eniteniid Hupku masnu) [10].

© Tenera A., TapraoBcbka A., Spemuyk M. Ta iH., 2024
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MexaHi3MH, 3a JOIOMOTOIO SKAX Ha()TOXIHOHM MOXKYTh BUKJIMKATH I1i €()EKTH, TOCUThH CKIIA HI.
Bimomo, mo XiHOHM MarOTh BUCOKY BiTHOBHY aKTHBHICTH 1 MOXKYTh OpaTh y4acTh y PeIOKC-
LUK yepe3 IXHI CeMHUXIHOHOBI/TIAPOXIHOHOBI paauKaH, 110 3a0e3nedye YyTBOPEHHs aKTHBHUX
(hOpM KHCHIO, TAKHX SIK CYIEPOKCH, MMEPOKCH BOTHIO i, 0COONMBO, TiAPOKCHUIBHUN PaTHKaIl
[7]. 1,4-HadbToxiHOHH MOXYyTh BHCTYIIATH SIK aKIENTOPH y peakiii Mixaes, 110 3yMOBIIOE
AJIKITIOBAHHS JKUTTEBO BAKJIMBUX KIITHHHUX OinkiB Ta/ado JJHK [14].

Cunternuni  N-noxigai  1,4-HadTOXIHOHY MarOTh MEPCHCKTHBH  PAKTHYHOTO
BHKOPHCTAaHHS B MEAWIHMHI Ta (HapMaKoyorii, OCKUIbKH € HU3bKOTOKCUYHHMH, MPOSBISIIOTH
aKTUBHICTD Yy PEakilisfix SK 13 MEePOKCUIHUMH, TaK i 3 alKUIbHUMH paJuKallaMH, TallbMyIOTh
OKHCHEHHSI 38 HaJTUIIIKOBOT'O i HU3HKOT0 TUCKY O,, YaCTKOBO 3aXHILAIOTh JIiITi 1 ¥ pa3i TiImoKcii Ta
3a HeOe3MeKH BUHUKHEHHS iHbapkTy [8, 10, 12]. Y 3B 43Ky 3 0COOIHUBOIO IIIHHICTIO HAGTOXIHOHIB
1 aMiHOKHMCIIOT He3alepeyHmii IHTepeC CTAaHOBIIATh JOCIHKEHHS 31 CHHTE3Y CITOIYK, 110 MICTATh
OHOYACHO aMIHOKHCIOTHI (pparMeHTH 1 XiHOIIHY CHCTEMY 3B’SI3KiB, OCKIJIBKH BOHH MOXXYTh
OyTH OTCHIIHHUMH JTIKapChKUMH 3acobamu [12, 14].

Iepexucue oxucHenns minigie (ITOJI) y HOpMi € )KUTTEBO BAXKIUBOIO JIAHKOO B PETYJISIIIT
0araTboX MEMOpaHO3aJIeKHIX [IPOIIECIB — y PEryJISLii MPOHUKHOCTI 1 TPAHCIIOPTY PEYOBUH KPi3hb
MeMOpaHy, peryJisiii MeMOpaHOacOmiHOBaHUX (PEPMEHTIB Ta JIIMIAHOTO CKJIAAy MeMmOpaH, y
CHHTE31 IpPOCTarjaHIuHIB, JEHKOTPIEHIB, TPOMOOKCAHIB, CTEPOITHIX TOPMOHIB, XOJECTEPOIY,
B Merabomismi karexosamidiB [1-6]. IIpore Bimomo, 1o Imig yac 0Oararbox 3axBOPIOBAHb
MIICHIIOETHCS OKCHAATUBHEIA cTpec [1, 2, 5], y pe3ysbTaTi 4oro akTUBYIOThCs mporecu 1101,
a e CIIPUYHMHSE 3HAYHI 3MIHH B OOMIHHUX MpOLecax KIIITHHH Ta CTPYKTYPHO-(GYHKIIIOHATBHIH
HMUTICHOCTI KIITHHHUX MeMOpaH, CYIpPOBOUKYEThCSA mucOanmaHcoM (epMEHTaTUBHHX 1
He()ePMEHTATUBHUX KOMIIOHEHTIB CHUCTEMH aHTHOKCHJQHTHOTO 3aXHCTY, BHBUIbHEHHSIM
J30COMHMX (DEPMEHTIB, 3MiHOIO TpaHcHopty ioHis Ca*" [1-6].

Y MITOXOHIpPISAX YHACHIZOK BUIBHOPAJAMKAIBHUX PEaKlid MOXYTh ITOIIKO/KYBATHCh
K (pepMEeHTH MAaTPUKCY, TaK i KOMIIOHEHTH JUXAIBHOTO JaHIora. e mpu3BomuTh 10 BTpaTH
E€HEPreTHYHOrO MOTEHINAY, eIeKTPOo30yaIuBol (DYHKIII, MOPYIICHHS KOHTPOJIIO 3a IOHHUMH
MOTOKaMH Ta MEIIaTOPHUMHU cUcTeMaMu. Yepe3 Iie y TKaHWHaX MOXYTh BHUHHMKATH TaKi
MATOJOTIYHI CTaHW, SIK 3alajibHi, HEWPOJEreHepaTWBHI Ta 3JI0SAKICHI 3MIHH, IO MOXXYTh
MIPU3BECTH JI0 3aru0ei KITITHH.

{06 YHHKHYTH PO3BUTKY PI3HUX YCKJIaJIHEHb y XO/Ii 3aXBOPIOBaHb, BAXIIUBO CBOEYACHO
OJIOKYBaTH IyCKOBHH MEXaHi3M IMaTOJIOril, 3HWKYIOYHM IHTCHCHBHICTh BIIbHOPAIHKAILHUX
MPOIIECIB Yy OpraHi3Mi 3a JJOMOMOIOI0 AaHTHOKCHIOAHTIB. EKcliepuMeHTajgbHAa Ta KIiHIYHA
MeIMIIHHA MAOTh 3HAYHHUH JOCBII y pO3po0IIi Ta 3aCTOCYBaHHI IpenapaTiB i3 aHTHOKCHIAHTHOO
TERO TSt TIKYBaHHS PI3HUAX MATOJIOTIH.

OTxe, neTaabHE BHUBYCHHS BIUIMBY aMiHOKHCIOTHHX MHOXimHuX 1,4-HadTOXIHOHY Ha
IpoIecH O10JIOTIYHOTO OKHUCHEHHS JIIiAiB MeMOpaH 3apOJKOBHX KJIITHH MPICHOBOIHOI puOH
B’1oHa Misgurnus fossilis L. B epioq paHHbOr0 eMOpPIOTeHE3y € aKTyaJIbHUM 1 IIEPCIIEKTHBHUM.
Ie mOoCTiHKEHHS CIPHSTAME KPALIOMY PO3YMIHHIO MEXaHi3MiB 010JI0TIYHOI Ail IUX PEYOBHUH, a
TaKOX MOKPAIICHHIO IXHIX JIKYBaJIIbHHUX BIACTUBOCTEM, 1110 MATUME 3HAYCHHSI JIJIsI (hapMaKoJIorii
Ta MEAUIIHH.

Marepiaau Ta MmeToaH
VY xozi HmpoBeneHUX JOCHTIHKEHb BUKOPUCTOBYBAIU 3apOAKH B’roHa Misgurnus fossilis
L. OByJIAIif0 CTUMYJTIOBAIA BHYTPIIIHBOM SI30BUM BBEZICHHAM caMkaM 500 oJ1. XOpiOroHIYHOro
roHafgotporiny. CiM’SIHUKM BHIULSUIM ICJs JeKamitanii Ta po3THHY 4YepeBHOI MOPOXKHUHU
camiliB. [kpy orpumyBaiu dyepe3 36 roj micis CTUMYJIALIT Ta 3allIiiHIOBa M B yamkax [lerpi
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cycnensielo crniepMiiB 3a Hefidaxowm [2, 3, 6]. 3aponku B’foHa B yMOBaxX KOHTPOJIO 1HKYOyBaH
y Giziomoriunomy posumni [onbTdperepa; 3a ymMOBaMM JOCHIIIB — 3apOIKHM PO3BUBAIKCH Y
PO34MHI aMiHOKHCIIOTHOT oXiaHol 1,4-HadroxiHony (puc. 1) y BinnoBiAHIi KOHIEHTpaLil, Jai
BiZIOMpaJI KJIITHHU Ha JOCIIKYBaHUX cTafuisx (2, 16, 64, 256 ta 1024 oxactomepn). Cranii
PO3BUTKY KOHTPOJIIOBAJIH Bi3yaJbHO i OIHOKYISIpHUM Mikpockoriom MBC-9.

[MpuHnun wmerony Bu3HaueHHs BMICTY TBK-akTHBHHMX TpPOAYKTIB TIPYHTYEThCS Ha
aktuByBaHHi [1OJI ioHaMH JBOBAJCHTHOrO 3ali3a 10 PIiBHSI, KA MOYKHA 3apeecTpyBaTh
CIIeKTpOoPOTOMETPUIHO. 332 BIUCOKOI TEMIIEpaTypu B Kuciomy cepenouiti MJIA pearye 3 TBK,
YTBOPIOIOUH 3a0apBIICHIH TPUMETHHOBHI KOMIUIEKC 13 MAKCUMYMOM ITOTJIMHAHHA 32 532 HM [5].
KinbkicTs Oinka y mpobax BuzHauamu 3a merojom Jloypi.

Puc. 1. CrpykrypHa ¢opmyna kamieBoi comi 2-mryTamil-3-xiyop-1,4-HaQToXiHOH (IIyTaMiHOBE MOXiITHE

1,4-HadTOXiHOHY)

CratucTuyHe ONpaIfoBaHHs AaHHUX 3/1CHIOBAJIM 3 BUKOPHCTaHHIM IIPOrPaMHOTO MTaKeTa
JUIA TIEPCOHATBHHUX KOMIT'I0TepiB Microsoft Excel, MOCTOBIpHICTH 3MiH BCTAHOBJIIOBAIM 32
t-xputepiem CtplozieHTa. 30KpeMa, BU3HAYaIN cepeHe apupMeTHyHe 3HaueHHs (M), cranmapr-
Hy OXHOKY (m) Ta cepeqHe KBaapaTndyHe BiaxwmieHHs (o). Kputuyni piBHI JOCTOBIPHOCTI MiA
Yac MepeBipKU CTATUCTHYHHX TIMOTE3 y MOCTiDKeHHAX BiamoBimamm 3radeHHsM 0,95, 0,99 ta
0,999.

Pe3yabraTH i iXHE 00roBOpeHHs

BcranoBineHo, 110 [Jist JOCHIHKYBaHOTO [IIyTaMiHOBOTO IMTOXIAHOTO B KOHIeHTpaii 10° M
YIPOIOBX paHHBOTO eMOpioreHe3y Bele 10 BUPAKEHUX 3MiH BMICTy MAJOHOBOTO HiajIbJACTiITy
(MJA) (BTOpHHHOTO IPOIYKTY IMEPEKICHOTO OKUCHEHHS JIIIIB), IIOPIBHAHO 3 KOHTPOJIEM.

[lixg gac aHami3y OTpUMaHWUX JNaHUX BCTAHOBWIIH, IO Ha cTaii 2 O1acToMepiB 3a BIUIUBY
[JIyTaMiHOBOTO MOXiAHOTO y KoHIeHTpalil 10° M Bmict MJIA 11010 KOHTpoJII0 3pocTtae Ha 47 %
(p=0,99).

Ha cragisx 16 Ta 64 6mactomepH 3a BILIMBY AaHOTO MOXigHOTO BMicT MJIA Oinbmuii,
HDX Yy KOHTPOJIEHOMY 3HAa4YeHHi, IPOTE AaHI CTATUCTHYHO € HEAOCTOBIpHHMH. [locTOBipHE
nigsumeHas MJIA (5a 43 %, p>0,99) cnocrepiraemo Ha crazii 8 MoaiTy 100 KOHTPOITIO.

Takox Ha crazii 10 momiry croctepiraeTbesi TEHIACHIISA OO0 3HIDKEHHS BMicty MIA 3a
BIUIMBY TIyTaMiHOBOTO MOXimHOTO 1,4-HadTOXIHOHY IIO0 KOHTPOJIBHOTO 3pa3Ka.

Bimomo, mo migBWINEHHS IHTEHCHBHOCTI MPOIECIB JIMOMEPOKCHIAINI CTUMYIIOE
aKTUBAIi0 (EpPMEHTIB AHTHOKCHIAHTHOI CHCTeMH. TOMy IUIi aHami3y MPOOKCHIAHTHO-
AQHTHOKCHIAHTHOTO CTaHy 3apOJKiB B’I0Ha HEOOXITHO MOCTIIWTH aKTHUBHICTH (PEPMEHTIB, SIKi
3a0e31e4y0Th aHTHOKCHAAHTHHUI 3aXHUCT.

OTtpuMaHi 1aHi CBi9aTh PO aKTUBAIIIIO IPOIIECIB IIEPEKUCHOTO OKMCHEHHS JITi B 32 1ii
TITyTaMiHOBOTO moxifgHoTOo 1,4-HadroxiHOHY Ha 60-Ty (2 Gmactomepn) Ta 270-Ty XB pPO3BUTKY
3apokiB (256 6macromepiB). Hagmipua akrusarist npoueciB [10JI mpu3BoANUTE 1O MOPYIICHHAS
CTPYKTYpH MeMOpaH, AucOanaHcy y JiiniiHOMy 0OMiHi, TOKCHYHOT'O BIIMBY Ha TKaHUHHU. Bigomo,
o vyepe3 1,5 rox micns 3arutiJHeHHS SIMLIEKITITHH B I0Ha 3pOCTalOTh BIJIbHOPaIUKaIbHI POLIECH,
a 1e BigoOpaxaeTbes y 30umbmeHH BMicTy MJIA. 1le Moxe OyTH MOB’SI3aHO 3 IHTCHCHBHHUM
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Puc. 2. Bmictr TBK-nmo3utMBHMX NpOAYKTIB y 3apoAKiB B’IOHA 3a Aii INIyTaMIiHOBOTO IOXiJHOTO Yy
koHueHTpauii 10° M Ha pi3HHX cTafisx po3BUTKY (p=0,99)

mo1iitoM Ostactomepi. Ha 6-Ty To1 pO3BUTKY 3apO/IKiB COCTEPITa€THCSI 3pOCTAHHS IHTEHCHBHOCTI

MIPOIIECiB JIMOMEPOKCHIAMIi, IO OB’ SI3yIOTh 3 JECHHXPOHI3AMI€I0 MOAITIB 3aPOJKOBUX KIIITHH

B’1oHa. [TosgcHEeHHS MeXaHi3MiB BIUTMBY MOXimHUX |,4-HadTOXiHOHY Ha MMEPOKCHIHI TPOIIECH B

3apoakax B’toHa Misgurnus fossilis L. Ha pi3HHX eTamax MOALTy OJacTOMEpIB CIiJ IIyKaTH B

AKTHBAIll] aHTHOKCHUIAHTHOT EH3MMATHYHOT CUCTEMHU.
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THE CONTENT OF TBA-POSITIVE PRODUCTS IN EMBRYOS
OF LOACH MISGURNUS FOSSILIS L. AT DIFFERENT STAGES
OF DEVELOPMENT UNDER THE INFLUENCE OF AMINO ACID
DERIVATIVES OF 1,4-NAPHTHOQUINONE
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Naphthoquinones play an important role among natural substances and their syn-
thetic derivatives, as they have a wide range of biological activity. Amino acid derivatives
of 1,4-naphthoquinone have prospects for practical use in medicine and pharmacology. To
clarify the possible mechanism of action of amino acid derivatives of 1,4-naphthoquinone,
the content of TBA-positive products in embryonic cells of the loach Misgurnus fossilis L.
during embryogenesis was investigated. Embryos of the freshwater fish loach Misgurnus
fossilis L. are a convenient and adequate system for elucidating the mechanisms of action of
physical and chemical factors.

It has been established that the glutamine derivative of 1,4-naphthoquinone has the
most pronounced biological effects and caused significant changes in TBK-positive products
during embryogenesis relative to the control at stages 2 and 256 blastomeres (60 and 270
minutes of embryo development) by 47 % and 43 %, respectively (p>0.99). At stages 16 and
64 blastomeres, there is a tendency to increase the content of MDA under the action of the
glutamine derivative of 1,4-naphthoquinone at a concentration of 10-5 M compared to the
control. Also, at the 10th division stage under the influence of the glutamine derivative of
1,4-naphthoquinone, the MDA content decreases by 2 % compared to the control sample,
possibly due to the activation of enzymatic systems of antioxidant protection. Increasing
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the intensity of lipid peroxidation processes stimulates the activation of antioxidant system
enzymes. Therefore, to analyze the prooxidant-antioxidant state of loach embryos, it is nec-
essary to study the activity of enzymes that provide antioxidant protection.

The obtained results allow us to suggest that under the action of the derivative of
1,4-naphthoquinone, activation of lipid peroxidation processes occurs in embryonic cells of
the loach Misgurnus fossilis L. during embryogenesis.

Keywords: TBA-positive products, embryos, amino acid derivatives of 1,4-naphtho-
quinone, embryonic cells, loach
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BIIVIUB YEPBOHOI'O TA CUHBOI'O EJIEKTPOMAT'HITHOI'O
BHUITPOMIHIOBAHHSA HA KATAJIABHY AKTUBHICTD 3APOJIKIB B’IOHA
MISGURNUS FOSSILIS L.
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dorobiomomyIAIiiiHA Tepamist ITHPOKO 3aCTOCOBYETHCS 3 METOIO JTIKYBaHHS Pi3HHUX
MaToJIoTiYHNX cTaHiB. JlaHa Tepamist 0a3yeTbcss Ha BHKOPHCTaHHI MOHOXPOMATHYHOTO
CBITJIOBOTO BHIpOMiHIOBaHHS CBITJIO BHAMMOTO CIIEKTPY IHIYKy€e PI3HOMAHITHI — SK
TEpareBTHYHI, TaK i TOKCHYHI — O10JIOTIYHI e(eKTH Ha MOJEKYJSIPHOMY Ta KIITHHHOMY
piBHsAX. OTpuMaHUi e(QeKT 3aJISKUTh BiJ TOBKHHU XBHWJII BHIIPOMIHIOBAaHHS, €KCHO3HUIIT
Ta iH. OOWH i3 MOXIIMBHX MEXaHI3MIB IIbOIO BIUIMBY — PEryJSLis IPOOKCHIAHTHO-
AQHTHOKCHJAHTHOT'O TOMEOCTa3sy.

Jnst 3’sicyBaHHS MeXaHi3My Jil eleKTpoMarHiTHoro BumpoMminioBanHsS (EMB)
PI3HOTO CIIEKTPAIBHOTO CKJIAAy gociimpkeHo katanasHy (KAT) akTHBHICTE y 3apoJKOBHX
KIIiTHHAX B’toHA Misgurnus fossilis L. ynpomosx eMOpioreHe3y, OCKUTbKH 3apOJIKHA B’ IOHA
€ aJIeKBaTHOIO CHCTEMOIO, sIKa BimoOpakae (i3i0NOriuHUi CTaH KIITHHU SIK Y HOPMAJIbHIX
yMOBaX, TaKk 1 y pe3yibTaTi BIUIMBY PI3HOMAaHITHHX ()apMaKoJOTi4HuX, (i3ndHHX Ta
XIMIYHUX areHTiB.

Otpumani 3urotu onpominioBany (10 XB) cuHIM 1 4epBOHUM cBiTIOgionamMu (A =
460 Ta 660 HM BinnoBinHO). AkTuBHICTE KAT BU3Havany 3a 31aTHICTIO TiIPOTeH NEPOKCHIY
YTBOPIOBAaTH 31 COJSIMH MoOJiOneHy cCriiikuii 3abapBieHuii KomIuiekc. BcranosieHo,
mo EMB 4epBOHOTO CrieKTpy Mae HalOUIbIl BUpaKeHi O10JIOTivHI €()eKTH Ta BUKIUKAE
JOCTOBIpHI 3MiHHM KaTaJa3HOI aKTHBHOCTI YIPOZOBXK eMOpioreHe3y LIOJ0 KOHTPOJIIO Ta
CHHBOTO CBiTIa. MakCUMyM 3pOCTaHHs ITOKa3HWKa IPHIagae Ha CTafilo 16 GmactoMepis,
a Ha cramii 8 i 10 momimiB cHOCTEpPIraeThCsi IOCTYNOBE 3MEHIIEHHS EH3UMAaTHYHOI
akTHBHOCTI. CBITJIO CHHBOTO CIIEKTPY TpHBaNICTIO 10 XB HEe BUKJIMKAJIO JOCTOBIPHHUX 3MiH
KaTaJa3HOi akTHBHOCTI III0/10 KOHTPOJIIO Ha paHHIX eTanax eMopiorene3y B’1ona. OTpumani
pe3yJIbTaTH JaroTh 3Mory npurycTuTd, mo KAT, oauH i3 KitouoBUX (epMEHTIB CHCTEMHU
aHTHOKCHIaHTHOTO 3axucty (AO3), mignaerbess GoTOaKTHBALIT MMiJ BIUITHBOM YEPBOHOTO
CBITIIA.

Knouoei cnosa: xaranasza, 3apoikd, eMOpIOHaNbHI KIITHHH, EICKTPOMArHiTHE
BHIIPOMIHIOBAHHS, CBITJIOM10IH

OcraHHIMH pOKaMH ISl JTIKYBaHHSI PI3HOMaHITHHX ITaTOJOTIYHUX CTaHiB 3aCTOCOBYIOTh
(dboToaMHAMIYHY Teparito, B OCHOBI KO JIXKUTh BUKOPUCTAHHS MOHOXPOMATHYHOT'O CBITJIOBOTO
BUTIpOMiHIOBaHHS [5]. B oropuHOmapuHronorii, cTroMarojorii, JepMaroiorii, Kapiosorii,
HEBPOJIOTIi Ta iH. BUsBIEHO (POTOTEpaNeBTUYHI epeKTH HU3bKOIHTEHCHBHOTO BUIIUMOTO CBiTIa [ 8].

© Cemouxo O., ['enera A., Spemuyk M. 1a iH., 2024
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IMomryk 00’ €KTa TOCTIIHKCHHS 115l BCTAHOBJICHHS MOYKJIMBUX MexaHi3MiB nii EMB e aktyansHuM
MMUTaHHAM Ha ChOromHi. OMHUM I3 YyTIMBHUX TECTIB, IO BiZOOpa)karoTh (i3ioaoriuHuil craH
KIITHHH SIK Y HOPMaJIbHUX YMOBAX, TaK 1 y pe3y/IbTaTi BIUIUBY PI3HOMaHITHHX ()apMaKOJIOTIYHHX,
(Gi3MYHKMX Ta XIMIYHHUX areHTIB [6], € PO3BUTOK 3apOKiB B’IOHA.

JKuBi opranizaMu mocTiiHO TepeOyBaroTh Mif Ai€l0 aKTUBHUX (opM KucHIO [13], ixHii
HaJUTAIIOK CIPUIWHSIE YIIKOKEHH MeMOpanu kinituH [4, 9, 13]. PO3BUTKOBI OKHCHOTO CTpecy
MPOTH/IIE€ CHCTEMa aHTHOKCHJIAHTHOTO 3aXHUCTy, y sIKiii Karaia3za BHKOHYE BaXIIHBY pPOJIb Y
3HEIIKO/PKeHHI TiPOTEeH IMepoKCcuay 3a Horo HaamipHoi mpoxaykmii [9]. CBiTio BHIuMoOro
CIIEKTPY MOKe OyTH MOAYIATOPOM O10JOTIYHHMX MPOIECIB y KUBUX opraHizmax [11]. Brums
CHHBOTO CBITJIA CHPUYMHSAE 3POCTAHHS AKTHBHHX ()OPM KHCHIO y KyIbTypi (iOpobiacTis,
3HIDKEHHSI piBHA ekcmpecii karanasu [11], EMB Bumumoro miamazony (A = 460 uM Ta 660
HM) BUKIUKA€E J0303aJIe)KHE 3POCTAHHs IHTEHCHBHOCTI MPOIIECIB JIMONEPOKCHIAINT 3apOIKiB
B’IOHA Ha PI3HUX CTamisx po3BUTKY [4, 9, 13]. IIpore HemMae maHWX MPO HASBHICTH MillleHEH
nii EMB Buaumoro mianazoHy B 3apOJIKOBHX KIITHHaX. 3PYYHICTH 1 aJeKBaTHICTh TaKOl TeCT-
CHCTEMHU, SIK 3apOJKH pUOM B’IOHA, 3yMOBHJIH JOUUIBHICTh 11 BUKOPHCTAHHS y JOCHIDKEHHI
BBy EMB Ha gesiki meTaboiuHi mporiec eMOpioHanbHUX KIiTHH. Binrak, € HEOOXiTHICTh
OIIIHATH MOXIIMBI PEryJsaTOpHI e(EeKTH MOHOXPOMATHYHOTO CBITJa BHIMMOIO [ialma3oHy
HETEIUIOBUX IHTEHCUBHOCTEH 1010 3MiH KaTalna3HOi aKTUBHOCTI YIIPOIOBK PAHHBOTO PO3BUTKY
eMOpIOHATBHUX KJTITHH.

Marepiaau Ta MeToau

VY Xoni NMpOBEIEHUXK IOCHTIPKEHb BHKOPUCTOBYBAJIM SHLEKIITUHA Ta 3apOJKU B’IOHA
Misgurnus fossilis L. [2]. Cranil po3BHTKY KOHTPOJIFOBAJIM Bi3yaJlbHO MiJ{ OIHOKYISPHUM
Mmikpockorniom MBC-9.

OtpuMaHi 3UrOTH ONPOMIHIOBAIN CHHIM 1 4epBOHUM cBiTiomionamu (A = 460 ta 660
HM), notyxHicTio 1 Bt 3 pedunekropom «Fraen» — FC-M2-XR79-OR mns doxycyBaHHs
BUIIPOMIHIOBAaHHS y IUIONIMHI. 3apOJIKM B’I0HA B yMOBaxX KOHTPOJIO Ta JOCIiiB IHKYOyBajiu y
¢izionoriynomy po3uuHi ['onpTdperepa; 3a yMOBaMHU JOCIIIIB — ONPOMIHIOBAJIH OJHOPA30BO
o/pa3y Micisl 3aIuTiqHEHHS mpoTsaroM 10 XB, 3 BiZOOPOM KIITHH Ha JOCHTIHKYBAHHX CTalisiX.
KoHTponpHi 3apojxu mepe0yBajli B yMOBax OIPOMIHEHHS IMOBHOI'O CHEKTpy. TpHBalicTh
ekcno3uilii craHoBmIa 10 XB, 3BayKalO4M Ha HAIIll TONEPEIHI TOCTIKCHHS Ta IPYHTYIOUYHCh Ha
JIAaHUX, OTPUMAHUX aBTOpPaMH, GOTOMOAYIALINHI eeKTH BUIPOMIHIOBaHHS 3aJIe)KaTh BiJl JI03H
onpoMiHeHHs. Hanpukiaz, miJBUIIEHHs IHTEHCUBHOCTI CBITJIa YM HU3bKA €KCIIO3MIISI HE MalOTh
BIPOTiZIHOTO BILUTUBY Ha COMITOreHe3 eMOpioHiB nepenena [8].

J115 BUBYEHHS CTAHY IPOOKCHIaHTHO-aHTHOKCHIAHTHOT CHCTEMH BU3HA4aii aKTHBHICTD
KAT y mizari KJIITHH (rizporeH-nepokcuaasa: Ii[poreH-mepokcus okcuaopeaykrasa (KO
1.11.1.6)).

Ipunuun Metomy 6GasyeThea Ha 3patHocTi H O, yTBOproBath 3i consaMu MoniOaeHy
CTiliKuil 3a0apBiIcHUN KOMILUICKC. [HTEHCHBHICTh 3a0apBlICHHS MEPEKUCHUX CIIOIYK MONiIOICHY
3a1eKuTh Bia Kinbkocti H,O, y posuuni. Karanasa, po3kiasaiodu TiJporeH NePOKCHL, 3MEHLIYE
IHTCHCUBHICTH 3a0apBJCHHS y 3pa3ky [3, 4].

CratucTuyHe ONpamioBaHHs JaHUX 3/1HCHIOBAIM 3 BHKOPHCTAHHSIM IIPOrPaMHOTO MaKeTa
Ul TIEpCOHAJIBHUX KOMIT' t0TepiB Microsoft Excel, MOCTOBIPHICTh 3MiH BCTaHOBIIOBAJIH 32
t-kputepiem CThlozieHTa. 30KpeMa, BU3Ha4Yalu cepeiHe apudmernune 3HadeHHs (M), crannapTHy
noxuOKy (m) Ta cepenHe KBaaparuuHe BinxuieHHs (). KputnuHi piBHI JOCTOBIPHOCTI Mif yac
MEPEBIPKU CTATUCTUYHHUX TIMOTE3 Y HOCTIKSHHAX Biamosinanu 3uadeHdsM 0,95, 0,99 ta 0,999.
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Pe3yabraru i ixHe 00roBOpeHHs

3a gii EMB cunporo criektpy TpuBaiicTio 10 XB He CIIOCTEpirajiu JOCTOBIpHHUX 3MiH
KaTala3HOol aKTHBHOCTI INOAO KOHTPOJIO Ha pPaHHIX eramax eMOpioreHe3dy B’IOHaA, CTalisix
2, 16 omactomepiB i 8 (256 GmactomepiB) ta 10 (1024 Gmactomepu) MOAUTY (AWB.PUCYHOK).
He BuximroueHHM € TMposB iHTiIOYHOWOTO BIUIMBY CHHBOTO CBITJIa HAa KaTalla3Hy aKTHUBHICTP
3apOJKiB B’I0OHA, OCKITBKU Y JIITEpaTypi OMmucaHo 3HIKeHHA piBHs ekcrpecii KAT y xymbTypi
¢bibpobmactis moanHK yepes 24 rox micas ompominenHs (453 um, 80 J[x/cm?), Tomi AK depes
1 ta 4 rom 3Minu Oymu HemoctoBipHUMH [11]. CuHE CBITIIO, 3aJ€XHO BiJ IHTEHCHBHOCTI
BHITPOMIHIOBaHHS, BUSBJISIE BipOTIMHUI CTUMYIIOOYHNA (32 IHTCHCHBHOCTI CBITJIIOBOTO MOTOKY
0,1 MBt/cm?) i mpuraigyrouwnii (1 MBT/cM?) BIUIHB Ha eMOpiOHATBHU PO3BUTOK Ieperenia, GiIbi
BHPaKCHI CTUMYIIOIOUI eeKTH CIocTepirany 3a 3HmKeHoi TeMmnepatypu [8]. Ha BinMiHy Binx
CHHBOT'0, YePBOHE MOHOXPOMATHYHE CBIiTJIO CIIPUYHHSIO JOCTOBIPHE 3pOCTAHHS €H3UMATHYHOT
aKTUBHOCTI Ha BCIX JOCTI[KYBAaHHX CTaHisX PO3BHUTKY 3aponkiB. OUeBHAHO, IO OTPUMAaHI
3MiHH MOXYTh OyTH CIIPHYUHEHI (POTOAKTHUBAIIIEIO UM iHTOYBaHHAM aKTHBHOCTI Katanasn EMB
Ppi3HOrO Aiala3oHy, a TAKOX 3POCTaHHIM PIBHS TiIPOTeH MEPOKCHAY Ta MPOLECIB MEPEKHCHOTO
OKHACHEHHS JIITIIiB.

CBITJI0 y BUIUMI DUISHII CIIEKTPY MOTJIMHAETHCS EPEBAXKHO XPOMATO(DOPHUMHE IPyIIaMH
OLTKOBMX MOJEKYJ i YaCTKOBO KHCHEM, TOMY TeMOTNIOOiH, MEJaHiH Ta Migb- i 3aJi30BMiCHI
¢depmentu (KAT, cymepokcunaucMyTasa), JepMEHTH OKHCHO-BITHOBHOTO ITUKITY, IIATOXPOMH,
MrMEHTH 1 1HII peYOBUHHE MOXKYTh OyTH Mimensmu EMB [1].

VY 3MmiHax KaTajna3HOi aKTHBHOCTI 3apOJKiB B’I0Ha Ha paHHIX eTamax PO3BUTKY 3a Mii
yepBoHOro EMB BCTaHOBIECHO NEBHY 3aKOHOMIPHICTh: MAaKCHMyM 3pOCTaHHS IOKa3HHKa
NpUnazae Ha crafiro 16 OmacroMepiB, a Ha HACTYIHMX CTalisiX CHOCTEpIraeThcsi MOCTYMOBE
3MEHIIICHHS] aKTHBHOCTI €H3uMy. Lle Mo)ke BKa3yBaTH Ha PO3BHTOK aJaNTalliiHUX MpOLECiB
y 3apojiKax, a TaKOXX MOXKE ITOSICHFIOBATHCS MiJBUILECHHIM KOHIIEHTpALi TiIporeH MepoKCUIy
Ha (oni 3aranpHOI iHTeHCcH(DiKamii mpomeciB minonepokcunamii [13]. AHanoriyHi pe3ynbTaT
CIIOCTEpiraiy y MoNepeIHIX HAITNX JOCITIKSHHSX, 3a JIii CBiTIa CHHBOTO Ta 3eJICHOTO Jiama3oHy
tpuBaiictio 20 xB [4, 9, 13].
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VY ckenetHHX M’s3aX eMOpiOHIB OpoinepiB, iHKyOOBaHMX 3a Iii CHHBOrO CBITJIA,
crocTepiraiy 3pocTanHst akTUBHOCTI pepmenTiB AO3, 30kpema i KAT, a Takok 3HW)KEHHS piBHS
MaJIOHOBOTO mianmpaeriay [12].
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Bupaxene 3poctannst aktuBHOCTI KAT crnioctepiranu y kimitTuHax 38-ron nmeperneaTnHux
eMOpIiOHIB 32 Ji1 MOHOXpOMaTHIHOTO 4epBoHOTO cBiTiaa LED (A= 630 + 650 aM) mpoTsirom 180 ¢
ITiJT 9ac iHKyOaIlii, MOpiBHAHO 3 Ti€10 HU3bKOTHTEHCUBHOT'O €JIEKTPOMArHiTHOTO BUITPOMiHIOBaHHS
HaJBUCOKOYACTOTHOTO miana3oHy (cranmapty GSM 900 MIm), mo Bkasye Ha NMPOTEKTHBHI
BJIACTUBOCTI i anTHOKCUAauTHI epextr EMB [7, 14]. Y ckeneTHux M’si3ax eMOpiOHIB Opoiiiepis,
1HKyOOBaHHUX 32 Jii YepBOHOTO CBiTIIa, CIOCTEPIrain MPOTHIICKH] €PEeKTH, 3HMKEHHS aKTHBHOCTI
depmentiB AO3, 30kpema, 1 KAT Ha ¢oHi 3pocTaHHs piBHS MajJOHOBOro mianbaerimay [12], mo
MOXKE KOPEITIOBATH 31 CTalli€l0 PO3BUTKY 1 TPUBATICTIO €KCHO3MIIT mix yac inkyOarii. OauH i3
iMoBipHHX MexaHi3MiB aktuBailii KAT € goroakueniiist pepMeHTY BHACIIIOK MOTIMHAHHS HAM
€HEPrii BUIPOMIHIOBaHHS, 110 CIIPUIMHSIE HOTO TIEPeXiJ B aKTUBHUHN CTaH, 1 aKTUBAIIiSl CACTEMH
AHTUTIEPOKCHUTHOTO 3aXUCTy [1].
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THE INFLUENCE OF RED AND BLUE ELECTROMAGNETIC RADIATION
ON THE CATALASE ACTIVITY OF MISGURNUS FOSSILIS L.
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Photobiomodulation therapy is widely used to treat various pathological conditions.
This therapy is based on the use of monochromatic light radiation. The light of the visible
spectrum induces different biological effects at the molecular and cellular levels, both thera-
peutic and toxic. The obtained effect depends on the length of radiation, exposure, etc. One
of the possible mechanisms of such influence is the regulation of pro-oxidant-antioxidant
homeostasis.

In order to clarify the mechanism of action of electromagnetic radiation (EMR) of
different spectral composition, catalase (CAT) activity was investigated in germ cells of
loach Misgurnus fossilis L. during embryogenesis. Since, loach embryos are an adequate
system that reflects the physiological state of the cell both under normal conditions and as a
result of the influence of various pharmacological, physical and chemical agents.

The resulting zygotes were irradiated (10 min) with blue and red LEDs (A = 460
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and 660 nm, respectively). The activity of CAT was determined by the ability of hydrogen
peroxide to form a stable colored complex with molybdenum salts. It was established that
EMR of the red spectrum has the most pronounced biological effects and caused significant
changes in catalase activity during embryogenesis relative to control and blue light. The
maximum increase of the indicator occurs at the stage of 16 blastomeres, and at the stage of
8 and 10 divisions, a gradual decrease in enzymatic activity is observed. Irradiation by the
light of the blue spectrum lasting 10 min did not cause significant changes in catalase activi-
ty relative to the control at the early stages of loach embryogenesis. The obtained results
suggest that CAT, one of the key enzymes of the antioxidant defense system, undergoes
photoactivation under the influence of red light.

Keywords: catalase, embryos, embryonic cells, electromagnetic radiation, LEDs
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EFFECT OF ATHIAZOLE DERIVATIVE ON THE ACTIVITY
OF ANTIOXIDANT ENZYMES IN MURINE LYMPHOMA CELLS

Ya. Shalai', V. Koberenko', M. Ilkiv?, Yu. Ostapiuk’, A. Babsky'

!Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
’Ivan Boberskyi Lviv State University of Physical Culture
11, Kostiushko St., Lviv 79000, Ukraine
*e-mail: Yaryna.Shalay@lnu.edu.ua

Previous in vitro studies have demonstrated a pronounced cytotoxic effect of the
thiazole derivative N-(5-Benzyl-13-thiazole-2-yl)-35-dimethyl-1-benzofuran-2-carboxami-
de (BF1) on tumor cells. Additionally, it has been determined that scavengers of reactive
Oxygen species (ROS) significantly reduce the cytotoxic effect of BF1. In this study, the
influence of BF1 on the activity of superoxide dismutase (SOD) and catalase (CAT), both
normally and in the presence of ascorbic acid, in mouse Nemeth-Kellner lymphoma (NK/
Ly) cells has been studied to evaluate the possible role of antioxidant activity during the
action of this substance.

The experiments were performed using nonlinear male mice weighing 20-30 g. In-
traperitoneal inoculation of 10—15 million cancer cells into the mice induced the ascites form
of lymphoma. The thiazole derivative (BF1) was dissolved in dimethyl sulfoxide and added
to the test samples at 1, 10, and 50 uM final concentrations. Superoxide dismutase (SOD)
and catalase (CAT) activities were determined spectrophotometrically in a homogenate of
the lymphoma cells after incubation with the drug for 30 minutes.

The baseline level of SOD in the lymphoma of the mice was 0.33+0.02 activity
units/minxmg protein. BF1 significantly increased the enzyme activity by 35 % and 29 %
at concentrations of 10 (p<0.01) and 50 pM (p<0.05), respectively. The baseline level of
CAT activity was 4.61+0.17 nmoles H,O,/minxmg protein, and this significantly decreased
by 15 % (p<0.05) and 20 % (p<0.01) following the action of the thiazole derivative at a
concentration of 10 and 20 puM, respectively. The increase of SOD activity, coupled with a
decrease or absence of changes in CAT activity, may be cytotoxic to cancer cells. Simulta-
neously, upon the addition of ascorbic acid as a scavenger of ROS to the environment, the
activities of SOD and CAT did not change under the action of BF1 at any of the investigated
concentrations.

Therefore, the effect of the thiazole derivative BF1 has been canceled in the presence
of ROS scavengers in the environment. This may indicate the dependence of the cytotoxic
effect of BF1 on the presence of ROS in tumor cells.

Keywords: tamor, thiazole derivative, antioxidant enzymes, ROS scavengers

It is well known that disturbances in redox homeostasis can lead to the development of
various pathologies in the organism. Under these conditions, the ratio of lipid peroxidation (LPO)
and the activity of antioxidant defense enzymes are often disturbed. The antioxidant defense sys-
tem of the body controls all stages of free radical reactions, from their initiation up to the forma-
tion of end products, such as hydroperoxides and malondialdehyde. The intensity of free radical
processes is determined by the balance of prooxidant and antioxidant reactions in cells. This
balance can be affected by various factors: substances containing thiol groups and vitamins (A,
E, P, and C), chelating agents (e.g., deferoxamine), inhibitors of superoxide ions (e.g., xanthine
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oxidase), superoxide scavengers (e.g., flavonoids), scavengers of hydroxyl radicals, and drugs of
plant and synthetic origin. Catalase (CAT) and superoxide dismutase (SOD) are key conjugated
enzymes of antiradical defense, for which hydroperoxide (H,0O,) is both a substrate and a product,
respectively.

Oxidative stress-enhancing chemotherapeutic agents are toxic to cancer cells, as they are
involved in biological processes such as cell cycle arrest, DNA damage, and induction of apop-
tosis. Free radicals, which negatively affect the effects of anticancer drugs, can cause oxidative
stress in cells, damage DNA, and induce cell death [8].

At the same time, antioxidant enzymes can be targets for anticancer drugs, since changes
in enzymatic activity affect the levels of primary and secondary LPO products, which can be toxic
to cancer cells. Meanwhile, the level of reactive Oxygen species (ROS) and superoxide radical
products is regulated by the activity of antioxidant defense enzymes, it was important to deter-
mine the effect of the thiazole derivative BF1 on the activity of key enzymes of the antioxidant
defense system in lymphoma cells, both normally and in the presence of the ROS scavenger —
ascorbic acid.

Materials and Methods

The activity of antioxidant enzyme systems was estimated in non-linear male mice weigh-
ing 20-30 g (a total of 10 individuals, 5 for each series of experiments), with implanted NK/Ly
lymphoma. The animals were kept under stationary conditions in a vivarium at a constant temper-
ature on a standard diet. All animal manipulations were carried out by the national «General Ethi-
cal Principles for Animal Experimentation» adopted by the First National Congress on Bioethics
(Kyiv, Ukraine, 2001), which are consistent with the provisions of the «European Convention
for the Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes»
(Strasbourg, France, 1985). The ascitic form of lymphoma was induced by the intraperitoneal
injection of 10—15 million cancer cells into the mice. Ascitic fluid was collected by draining the
abdominal cavity with a sterile syringe under ether anesthesia on the 7th to 10th day after in-
oculation. Lymphoma samples were immediately frozen in a freezer at -20 °C and later used for
research. The protein content in each sample was determined by the method of Lowry et al. [5].

The 2,5-disubstituted thiazoles used in the study were synthesized at the Department of
Organic Chemistry of Ivan Franko Lviv National University (head — Dr. of Chem. Sci., Professor
M. Obushak). The synthesis steps are described in detail in [6]. From the number of synthesized
compounds N-(5-benzyl-1,3-thiazol-2-yl)-3,5-dimethyl-1-benzofuran-2-carboxamide (BF1) was
used as the most cytotoxic to tumor cells [4].

The derivative of thiazole BF1 was dissolved in dimethyl sulfoxide (final concentration
of DMSO did not exceed 5 %) and added to the test sample (liver homogenate or lymphoma ho-
mogenate) at active concentrations of 1, 10, and 50 pM and incubated for 10 minutes. Catalase
activity was determined spectrophotometrically according to the method of Bolann et al. [2] at
an absorbance wavelength of 410 nm. The enzyme activity was expressed in nmol of H,O,/min
x mg protein. SOD activity (U/min x mg protein) was determined according to the method of
Bournonville et al. [3].

Statistical analysis of the research results was performed using MS Excel 2013. To assess
the significance of the difference between the statistical characteristics of two alternative sets of
data, the Student’s t-test was calculated. A difference with p < 0.05 was considered significant.
The distribution of experimental data was normal. A two-way ANOVA is used to estimate the
dependance of the effect of BF1 on SOD and CAT activity in the presence or absence of ROS
scavenger.
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Results and Discussion

It is known that the levels of SOD and CAT activity differ between cancerous and normal
cells due to lower mitochondrial activity in cancer cells [1]. After examining the level of SOD
activity in mouse lymphoma, it was found that this activity was 0.324+0.02 U/minxmg protein
and significantly increased by 35 % and 29 % under the action of BF1 at concentrations of 10
and 50 pM, respectively (Fig. 1, A). At the same time, upon the addition of ascorbic acid (AA)
as a scavenger of ROS, the activity of SOD did not change under the action of BF1 at any of the
investigated concentrations (Fig. 1, B).

Fig. 1. SOD activity in mouse lymphoma under the action of BF1 without (A) and in the presence of AA (B).
M=+m, n=5. Significance: * — p<0.05, ** — p<0.01 vs Control
The control level of CAT was 4.61+0.17 nmol H,O,/min x mg protein (Fig. 2, A). It sig-
nificantly decreased by 15 % and 20 % under the action of BF1 at a concentration of 10 and 50
UM. In contrast, other concentration of the drug did not cause significant changes in the activity
of the investigated enzyme (Fig. 2, A). AA also nullified the effect of BF1 on CAT activity in
lymphoma cells (Fig. 2, B).
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Fig. 2. CAT activity in mouse lymphoma under the action of BF1 without (A) and in the presence of AA (B).
M:=+tm, n=5. Significance: * — p<0.05, ** — p<0.01 vs Control

Fig. 3 represents the data of variance analysis of the effect of BF1 on SOD (A) and CAT
(B) activity in the presence of ROS scavenger. It was established that in the presence of AA, the
share of influence of the scavenger was 72.9 %, and the share of influence of BF1 under investiga-
tion was 9.12 % for the study of the activity of SOD. According to the results of variance analysis,
it was established that the share of influence of AA was 64.2 % for the study of the activity of
CAT. The share of influence of BF1 was 21.2 %. It is important to note that the share of influence
of unaccounted factors did not exceed 5.37 %.

The activity of antioxidant enzymes can change under the conditions of tumor growth.
It is acknowledged SOD utilizes ROS, forming H,O,. Cell viability needs to establish a balance
between the activity of SOD and enzymes that oxidize H,O,, such as CAT. In particular, too rapid
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growth of SOD activity in the cell without corresponding activation of CAT or peroxidases is in
itself cytotoxic [1].

Fig. 3. Variance analysis of the effect of BF1 and ROS scavenger AA on the SOD (A) and CAT (B) activity
in NK/Ly cells. M+m, n=5 (for each series of experiments)

It is known that SOD activity in non-Hodgkin lymphoma cells leads to the activation of a
mitochondrial type of apoptosis [7]. That is why SOD and CAT, as key enzymes of antioxidant
defense, can be targeted for anticancer drugs since changes in enzymatic activity will affect the
level of primary and secondary lipid peroxidation products, which can be toxic to cancer cells.

It was previously established that under the action of BF1, the amount of hydrogen perox-
ide and superoxide radical in tumor cells increases [4]. It is also known that the cytotoxicity of the
substance to tumor cells decreased when scavengers of ROS were added to the medium. In our
study, we also observed a decrease in the effect of BF1 on the antioxidant enzymes of lymphoma
cells. This indicates a dependence of the cytotoxic effect of BF1 on the presence of ROS in the
cells. The results of this study also demonstrate that the activity levels of SOD and CAT differ
significantly between cancerous and normal cells, potentially due to the low mitochondrial activ-
ity in cancer cells. The variance analysis of the effects of BF1 on SOD and CAT activities in the
presence of ROS scavengers provided further insights. These findings suggest that BF1 exerts its
cytotoxic effects through modulation of oxidative stress by increasing SOD activity and decreas-
ing CAT activity, leading to an imbalance in ROS homeostasis. The presence of ROS scavengers
like AA moderates these effects, indicating the potential therapeutic application of ROS modu-
lation in cancer treatment. The low share of influence of unaccounted factors (<7.22 %) in the
variance analysis confirms the significance of the observed effects of BF1 and ROS scavengers.

Overall, this study highlights the critical role of ROS in the cytotoxic mechanism of BF1
and underscores the potential for antioxidant enzymes as targets for cancer therapy. Further re-
search is needed to elucidate the detailed molecular pathways involved and to explore the thera-
peutic implications of combining BF1 with ROS modulators in the treatment of lymphoma and
other cancers.
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Panime Oyno HOCHiIKEHO BHpPaKEHY IMTOTOKCHYHY [0 ITOXiTHOTO Tia3oiy
N-(5-6en3ui-1,3-riazon-2-in)-3,5-qumernn- 1 -6en3odypan-2-xkapookcamiay (b®1)
Ha TMyXJWHHI KITHHU in vitro. KpiMm Toro, Oyno BCTaHOBJIEHO, IO MEpPEXOILTIOBaYi
aktuBHUX (opM Oxcureny (ADO), 30kpema, acKOpOiHOBAa KHUCIIOTA, CYTTEBO 3HIKYIOTh
IUTOTOKCHYHY Aito B®1. YV npomy nocmimkenti 0yiao BuBueHo BrumB bd1 Ha akTHBHICTH
CYMEePOKCHINCMYTA3H Ta KaTajla3y y KiIiThuHax Mumradoi simpomu Hemera-Kennepa (NK/
Ly) 6e3 Ta 3a HassBHOCTI aCKOPOIHOBOI KHCIOTH B CEPEOBHILI, 100 OLIHUTH HMOBIPHY POJIb
(epMeHTIB aHTHOKCH/IAHTHOI CUCTEMH y MEXaHi3Mi il peYOBUHH.

ExcnepuMeHTH TpoOBOAMIM Ha HENIHIMHHX Mumax-camusx Baroo 20-30
r. AciutHy ¢Qopmy miMpoMH TPUIIEIUTIOBATH BHYTPIIIHBOUEPEBHHM BBEICHHSIM
mumam 10-15 wminbifoniB myxnuHHEX KiuituH. [loximae Ttiazomy (b®1) posumssimm B
JUMETHICYTb()OKCHII Ta JOAABAIH A0 JOCHIIKYBaHUX 3pa3KiB y KIHIEBHX KOHIIEHTPAIIAX
1; 10 1 50 mxM. Konuenrtpanisi ackop0iHOBOi Kuciotu craHoBmia 50 MKM. AKTHBHICTh
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CYNEPOKCHAMCMYTA3H 1 KaTaja3u BU3HAYAIHU CIIEKTPOGOTOMETPHYHO B TOMOT'€HATI KIIITHH
nimdomu micist iHkyOauii 3 mpenaparom mpotsirom 30 xB.

KoHTponbHHUI piBeHb AKTUBHOCTI CYHNEPOKCHAAMCMYTa3d B JiMpomi Mmumrei
cranoBuB 0,33+0,02 ox1. akTHBHOCTI/XB X Mr Oinka. PedoBuna b1 miaBuIyBaia akTHBHICTh
dbepmenty Ha 35 %129 % y koHuenTpauisx 10 i 50 MmxM, Bianosigno. KoHTponbsHuii piBeHb
aKTUBHOCTI KaTasnasu cTaHoBuB 4,61+0,17 amons H,0, /xBxMr 6inka i 3HMKYBaBCs Ha 15 %
Ta 20 % 3a 1ii JociaKyBaHOTo MOXiHOTO Tia3oiy B KoHUeHTpauii 10 i 50 MkM, BignosiaHo.
ITinBMIIEHHS AKTUBHOCTI CYNEPOKCHIJMCMYTAa3W 3a 3HWKEHHA a00 BiACYTHOCTI 3MiH
AKTUBHOCTI KaTasla3u Moke OyTH TOKCHYHUM IS PAKOBHX KJIITHH. BogHOUAC 3a 1o1aBaHHs
10 cepenoBuIIa iHKyOalii ackopOGiHOBOT KUCIOTH sIK mepexormioBada ADO akTHBHICTH
JOCITiKyBaHUX (QepMeHTIB He 3MiHroBamacs 3a il b1 y xomHiil i3 IOCTiIKyBaHHX
KOHIICHTpAIlii.

Orxe, mis moxigHoro Tiaszonmy B®d1 HiBemrOeTbCs 3a HAsSBHOCTI B CEpeIOBHILI
inKyOarii nepexormmoBauiB ADO. [{e Moke BKa3yBaTH Ha 3aJ€XKHICTh IUTOTOKCHYHOI il
B®1 Big HasBHOCTI ADPO y MyXJIMHHUX KITITHHAX.

Knouosi  cnosa: mnyxiMHa, TOXiZHE Tia30ly, AaHTHOKCHIAHTHI (epMeHTH,
nepexorutoBadi AOO
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MertaboniyHuii CHHAPOM — II€ CTaH, SIKOMY BIIACTHBI 1HCYIIHOPE3HCTEHTHICTh
1 HasgBHICTh ABOX i3 TakuX (PakTOpiB PU3UKY: OXKHPIHHSA, Tinepiimigemis (TimepTpuriine-
puzeMmisi, 3HIKEHHS BMICTY XOJECTEpOy JINONPOTEiHIB BHCOKOI IIINBHOCTI), TiMEPTOHIsA
abo mikpoansOymiHypis. baratrodakropaa mpupona MeTaboIi4HOTO CHHAPOMY YCKIIQIHIOE
CTBOPEHHS a/ICKBaTHOI EKCIIEPUMEHTAIBHOI MOJIENi, sSika OM HalKpalle MpeACTaBisia BeCh
cnexTp narogizionorii nporo crany. Omisa Mae Ha METi y3araJbHUTH Cy4acHi JiTepaTypHi
JaHi moA0 narodi3ioNoriyHNX MeXaHi3MiB BUHUKHEHHS METa0O0IiYHOTO CHHAPOMY B KOH-
TEKCT1 PO3BUTKY 1HCYJIIHOPE3UCTEHTHOCT1, OXKUPIHHS, JUCTINIAEeMii, TOPYIICHHS TOJIEPaHT-
HOCTI J10 IIIFOKO3H Ta 3alajieHHs. TakoX y cTarTi MiACYMOBAaHO Cy4YacHi MiAXOIU A0 IHAYKI]
MeTa0OMIYHOTO CHHAPOMY Y T'PU3YHIB, Cepell SKHX HAWMOIIMPEHIIIMMHU € MaHIMyIALii 3
Ji€TOI0, TEeHETUYH1 MoandiKamii Ta BUKOPUCTaHHS (papMalleBTHYHHX MpenapaTiB. Sk rene-
TUYHI MOJEN METa0O0IIYHOTO CHHAPOMY HaifuacTille BAKOPHCTOBYIOTh TPU3YHIB 13 1e(iru-
TOM JICITHHY a00 penenTopa A0 JESNTHHY, 30KpeMa, JenTHH-AedinuTHI Mumi (ob/ob), Mumii,
nedinuTHi 3a peuentopom ao jentury (db/db), nrypi minii Liykep 3 oxupinnsam (ZF), niabe-
TuyHi mrypi minii Lykep 3 oxxupinasam (ZDF) Ta inmi. o ¢papmaneBTHYHUX Tpenapartis, sSKi
MOXYTb OyTH BUKOPUCTaHi JUI IHAYKIII METaOOIIYHOrO CHHIPOMY, HaJeKaTh €HIOTCHHI
ITFOKOKOPTHUKOIM W aHTUICHXOTHYHI mpenapard. Llinmy HU3Ky MaHIMyIALii 3 II€TOI0 BU-
KOPHCTOBYIOTH JUIS IHAYKIi1 MeTabOIIYHOTO CHHAPOMY Y J1a00paTOpHUX TBAPHH. 30KpeMa,
3aCTOCOBYIOTh OJMH THII Ji€TH a00 KOMOIHALIIO TI€T, HANPUKIAM, JI€TH 3 BACOKHMM BMiCTOM
(GpyKTO3H, Caxapo3H Ta KUPY, 00 TIETy 3 BUCOKMM BMICTOM SIK (DPYKTO3H, TaK 1 KHUPiB, 4U
caxaposu Ta XHpiB. MaHImynsamii 31 CKJIaI0M IPOAYKTIB, SIKi BXKUBAIOTh IiIOCIiHI TBApU-
HU, JAI0Th MOXKJIMBICTD 3MOJICTIIOBATH PO3BUTOK META0OIIYHOTO CHHAPOMY, OCKIIBKH Ji€Ta
BIUTMBA€ Ha MeTa00JIi3M YChOTO OpraHi3my, MeTaboi3M IIIIOKO3U Ta MIISAXH JilliZHOTO 00-
MiHY, a TAKOX OIIOCEPEIKOBYE PO3BUTOK PE3UCTCHTHOCTI JI0 1HCYIMiHY.

Kuouosi  cnosa:  MeTabomiuHMH — CHHApPOM, Ji€Ta, TBapuHHI  Mojeri,
iHCYTIHOPE3UCTEHTHICTbh, TUCITIITiIeMisl, 3aaIeHHs

Merabomniuanii cuanpom (MetS) — 1e KiacTep MeTabONIIYHUX aHOMAIIH, SIKMH BKIIIOYa€e
TIEepPTOHII0, LEHTpaJdbHE OXHUPIHHA (BiIKIAJaHHS >KAPOBOI KIITKOBUHH B aOHOMiHANBHIN
JUISHI), 1HCYJIIHOPE3UCTEHTHICTh 1 aTeporeHHy nuciimizeMito. MetS TicHO acormiiffoBanuil 3
IiIBUIIEHUM PH3HKOM PO3BUTKY CEpIIEBO-CYIMHHHUX 3aXBOpIoBaHb [5]. OcTaHHIMH poKaMmHu B
ycboMy cBiTi MetS HaOyBae nexani OiIbIIOT aKTyaabHOCTI, IO 00YMOBJIEHO €KCIIOHEHIIaIbHUM
30UTBIICHAAM KUTBKOCTI JIFOIEH, SIKI CTPaXKIaroTh Ha OxXHpiHHAL. MetS cTpakaae oqHa m’sita abo
it Oinbire HacenenHs CIIIA Ta 6nm3bko uBepTi HaceneHHst €Bponn [19].

KoHnenist MmetabomigHOro CHHAPOMY icHYye moHaitmMenme 80 pokiB. Lls cykymHICTB mo-
pYLICHb OOMiHY PEHOBHH, yciX (DaKTOPiB PU3UKY PO3BUTKY CEPLEBO-CYAWHHHUX 3aXBOPIOBAHb,
Briepiie onucana y 1920-x pokax mencekum JikapeM E. Kylin sk ctaH 3i cykymHIM niepebirom
rineproHii, rinepriikemii Ta noxarpu. IlizHimme, B 1947 p., J. Vague onmcas, 110 0XXUpiHHS BEpX-
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HBO1 YaCTHHH Tia (aHIPOiTHUH, a00 YOIOBIYMI THI OKUPIHHSA) K 3araTbHUNA ()EHOTHUIT OXKHPIH-
HS TIOB’si3aHE 3 MOPYIICHHSIMH 0OMiHY PEYOBHH, 110 aCOI[iHOBaHE 3 I[yKPOBUM AiabeToM 2 THmy i
CepIIeBO-CYIMHHUMH 3aXBOPIOBAHHAMH [7].

Xova KOHIEMIisi MeTa0OoIiYHOTO CHHApOMY Oyiia pUHHATA i aKTUBHO OOTOBOpIOBANIACS
JNOCTIIHAKaMUA Ta KIiHIOUCTaMu, Jumie B 1998 p. Oylo BHCYHYTO iHIIIaTHBY pPO3POOUTH
BH3HaYeHHS 1boro cuHapomy. I1[o60 mocarHyTH meBHOi yHidikallii, a TakoX 3a0e3MeUnuTH
THCTpYMEHTH I KIiHIMUCTIB 1 gochigaukiB, BOO3 3ampomonyBana HaOip KpuUTEpiiB i
niarHoctyBaHHS MetS. [Ticns nporo HarionansHa OCBITHS Mporpama 3 XoJIecTepodTy: JIiKyBalbHa
nanens [11 g mopocaux (National Cholesterol Education Program’s: Adult Treatment Panel 111,
NCEP: ATP III) Ta €Bporeiicbka rpyIia 3 BABYCHHS PE3UCTEHTHOCTI 10 iHCY/IIHY C(HOPMYITIOBAIH
BusHadeHHst MetS. 1li Bu3Ha4eHHS y3ro/iKyIOThCs 32 BKIMBUMH KJIFOYOBUMHU KOMIIOHEHTAMH —
TIOPYIICHHS TOJIEPAHTHOCTI JIO TIFOKO3H, OXKHMPIHHSA, TiEPTOHIYHA XBOPOOa 1 qUCIimiaeMis, ane
BIIPI3HAIOTBCA Y NESKHUX ACTANAX Ta KpuTepisx (tadm. 1) [7].

Taomuus 1

[NopiBHAHHS BU3HAYCHb META0OIIYHOTO CHHAPOMY [7]
BOO3, 1999 MiabGet / mopymeHHs rimikeMii HaTiie / MOPYLIEHHs TOJIEPAHTHOCTI 10 ITIOKO3H /
IHCYJIIHOPE3UCTEHTHICTD (TiNepiHCyIIiHeMis)
[Tnroc 2 abo GinbIue 3 TakuX:
OxupiHHSA: iHICKC MacH Tiia >30 abo BigHOIIECHHS 00’ €My Talii 10 06’ €My cTerHa
>0,9 (go1n.) abo >0,85 (kiH.)
Hucnimigemis: Tpurmiuepuaun >1,7 MMOIB/T ab0 XOJIECTEPON JIIMOMPOTEIHIB
BHCOKOI 1mibHOCTI <0,9 (yoi.) a6o <1,0 (kiH.) MMOJB/T
lnepronis: aprepiansHuit THCK >140 / 90 MM pT. CT.
Mikpoaap0yMiHypisi: eKCKpelist anp0yMiny >20 MKI/XB
€Bporneiicbka rpyna 3|Pe3uCTEHTHICTb 10 IHCYiHY — rinepiHcylHeMis
BHUBUEHHs iHCyniHOBOI|[Imroc 2 abo Ginbie 3 Takux:
pesucteHTHOCTI, 1999 |OXUpiHHA: OKPYKHICTH Talii >94 cM (do011.) abo >80 cM (KiH.)
Hucninigemis: Tpurtinepuan >2,0 MMoOJib/1 abo XOJecTepos JNONpoTeiHiB
BHMCOKOI IIUTEHOCTI <1,0 MMOJIB/IT
l'imepronis: aprepianpHuii THCK =140 / 90 MM pT. CT.
I'nroko3a miasmu Harme >6,1 MMoJIb/J1
ATP 111, 2001 3 abo OiyblIe 3 TAKKX:
OxupiHHSA: OKPYKHICTB Tamil >102 cM (dom.), >88 cm (kiH.)
Jucninigemis: rinepTpuriinepuaeMis: Tpuriinepuan >1,7 MMOIb/JI, X0IecTepoi
JIIONPOTETHIB BUCOKOT MIibHOCTI: <1,0 MMOIB/I (9o1.), <1,3 MMONB/1T (KiH.)
lNmepronis: aprepianpHuil THCK =135/ 85 MM PT. CT.
I'mroxo3a maa3Mu HaTiie > 6,1 MMOJIB/JT

Iy HWM3KY OONATKOBUX IiarHOCTHYHUX KpHUTepiiB MetS, ski MOXHa BHUKOPHCTATH Y
KIIHIYHIA mpakTHili, OyJI0 3aIpOIIOHOBAHO TAKUMH JOCITITHUIBKAMHA TpynaMu: AMEepHUKaHChKa
acorianist eHgokprHonoriB (American Association of Endocrinologists — AACE), €Bpomnelicbka
rpyna 3 BUBUCHHs iHCyniHOBOI pe3uctenTHocTi (European Group for the Study of Insulin Resis-
tance — EGIR), Amepuxancpka Acomnianist Cepst / Harionansauit Inctutyt Cepus, Jlerenis ta
Kposi (American Heart Association/National Heart, Lung, and Blood Institute - AHA / NHLBI),
Typernrpka acomiamnis enpokpuHoiorii i merabomismy (Turkish Association of Endocrinology and
Metabolism — TEMD) Ta is. [2, 3].

[Ipore naiibinpmoro nomupeHHs HaOynao Bu3HaueHHs BOO3, srimHo 3 sikum MetS —
e CTaH, IO XapaKTePHU3YEThCS IHCYIIHOPE3UCTEHTHICTIO (3POCTaHHsS KOHLEHTpALii IIFOKO3U
HATIIE, MOPYIICHAS TOJEPAaHTHOCTI 0 TIFOKO3U abo IyKpoBHHU miabeT 2 TUIy) Ta HAsABHICTIO
JIBOX 13 TaKkuX (PaKTOPiB PH3HKY: OXKUPIHHSA (BiTHOIICHHS Talis/CTETHO abo iHAEKC MacH Tiia),
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JqucinigaeMis (TinepTpurTiLepuIeMisi, 3HHKEHHSI BMICTY XOJIECTEpOITy JIIMONPOTETHIB BHCOKOT
IITBHOCTI), TIePTOHIst a00 MiKpoansOyminypist [22].

IaTtodizionoriuni MexaHi3Mu po3BUTKY MeTa00Ji4YHOTO CHHAPOMY

MexaHi3mMu po3BUTKY MetS € CKITaHUMH 1 3aJTUIIAI0THCS HE TMTOBHICTIO 3’ sicoBaHMMH. Ha
CHOTOJIHI BCE IIE BIAKPUTE MUTAHHS MMPO Te, Y KIIIOUOBI MOpyIIeHHS MeTaboiizMy 3a MetS €
OKPEMHMH TATOJIOTISIMH, UM BC1 BOHM Pa30M € NPOSBAMHU 3arajIbHOTO MATOJIOTIYHOTO MEXaHi3My.
HesBakaroun Ha BENMKY yBary 10 BU3HaU€HHs PI3HHUX acIleKTiB po3BUTKY MetS, 1o TenepilHbo-
TO Yacy OCTaTOYHO HE BUPIIIEHO MpobieMy HOro natoreHeTHYHOT OCHOBH.

T'eorpadivHa MOMKPEHICTh BOTO 3aXBOPIOBAHHS, a TAKOXK TEHICHILSA IO 301IbIICHHS
KIJIBKOCTI XBOPHX Ha METa0ONIYHUI CHHAPOM y KpaiHaX, II0 PO3BUBAIOTHCS, IMiJKPECIIOIOTH
Ba)XJIMBICTh BIUTMBY SIKOCTI JKHTTSI HA PO3BHUTOK L[LOTO MATOJOTTYHOTO CTaHy. [IpuIycKaoTh, 1o
Taki (akTopH, SIK CIIOKMBAaHHS HAJMIPHUX KaJOpiil 1 BIACYTHICTh (hi3MYHOT aKTUBHOCTI € OCHO-
BHUMHU TIPUYMHAMH BUHHKHEHHs MeTa0oJiuHoro cuuapomy. [IpomeMoHCTpoBaHO, 1O iHCYITI-
HOPE3UCTEHTHICTD 1 BiCIlepaibHE OXKUPIHHSA € OCHOBHUMHM TPUTE€PAMHU OLIBIIOCTI MMATOJOTIYHUX
IUIAXIB, 3aJIy4eHUX y po3BUTOK MetS [22].

Haii6inbin npuiiHsATHA ¥ yHi(IKOBaHa rinore3a, Ky Ha CbOTOJIHI IPOIIOHYIOTh JUISl OIIHCY
marodi3ioorii MeTaboIIYHOTO CHHAPOMY, — [HCYMiHOpesucmenmuicms. TpamuIliitHO BU3HAYCH-
HS 1HCYJTIHOPE3MCTEHTHOCTI Jaf0Th i3 TIIOKO30I[CHTPHYHOI TOUKH 30pY, TOOTO B Pe3yibTarTi e-
¢bexty (QyHKIIOHYBaHHS 1HCYJIIHY HaTIle BUHUKAE TiIEePIiHCYIIHEMIs, CIIPSIMOBaHa Ha MiATPUMKY
eyniikemii. [Ipore mopy4 i3 po3BUTKOM TilepiHCYIiHEMIi CIIOCTEPIraloTh Iie i MOCTIPaHialbHy
rinepiHcyaiHeMito.

OCHOBHHUi1 BHECOK Y PO3BHTOK IHCYTIHOPE3UCTEHTHOCTI POOUTH HAIUTAIIOK IUPKYITIOI0UUX
KUPHUX KUCIOT. Y KPOB KHPHI KUCIIOTH, JIe BOHHU 3B’s3aHi 3 aIbOyMiHOM, HaAXO/SITh, TOJIOBHUM
YMHOM, 3 TPUDIILEPUIIB JKUPOBOI TKAaHMHU TWiJ KOHTPOJEM TOpMOHOUyTIMBOro HAMO-
3aIeKHOr0 (hepMeHTy Jinasu. JKepesioM >KHPHUX KHCIOT TaKOXK MOKe OyTH aKTHBAIlis
JITOMI3Y, 32 PaxyHOK (D)YHKIIOHYBaHHS JIIMOMPOTEIHOBOI JiMa3u y OaraTux Ha TPUDIIIEPUIH
TKaHWHaX. |HCYJIH BaKJIMBHH SIK JJIsI aHTHJIINOMNI3Y, TaKk 1 JUIsi CTUMYISIIT JIIONpOTeiHOBOT
ninazu. Bapro Haronocuty, 1110 HailuyTIMBIIIMM HIISIXOM il IHCYJIIHY € 1HTiOyBaHHS JIIMOMI3y B
KHUPOBIH TKaHWHI. TaKUM YUHOM, KOJI PO3BUBAETHCS 1HCYNIHOBA PE3UCTEHTHICTD, BiI0YBAEThHCS
MOCHJICHHS JIIMOMI3Y TPUDIILEPHIIB )KUPOBOT TKAHWHH, 3 BiIIOBIIHIM IPOAYKYBaHHSIM OO
KIUJIBKOCTI JKUPHHUX KUCIIOT, SIKi TaKOXK MOXYTh JIOAATKOBO MPUTHIYYBaTH aHTHIINONITHYHY IO
THCYITiHY, 3 TOJANBIINM TOCHJICHHSIM JIIMOi3Y.

VY 4yTIMBHUX 0 1HCYJiHY TKaHUHaX HAQ/UIMIIKOBA KUTBKICTh KUPHHX KHCJIOT 3yMOBIIIOE
PO3BHUTOK PE3UCTEHTHOCTI JI0 1HCY/IIHY IIJISIXOM MOSIBH JOAATKOBOTO METa0OIIuHOTO CyOCTpaTy i
3MIHH BHYTPIIIHBOKJTITHHHOTO CUTHAITIOBAHHS. Y M’SI30BHX KITITUHAX )KUPHI KHCIIOTH NOPYIIYIOTh
aktuBaiito nporeinkinazu C-A i nporeinkinazu C-{ [13]. Kpim TOro, yTBOpeHHsI HaUTUILIKY
ain-KoA abo moximuux amuia-KoA, Takux sk IiepamMif, MOXe 3yMOBIIOBAaTH NPUTHIYEHHS
aktuBamii Aktl [6]. YV CyKymHOCTI I1i 3MiHHA MPH3BOAATH IO 3HUKEHHS MOTIHHAHHS TIFOKO3U
M’sI30BUMH KiiTMHaMu [22]. YV mediHni mypis, siki nepeOyBajid Ha JI€TI 3 BUCOKUM BMIiCTOM
KHPIB, IHCYJITHOBA PE3UCTEHTHICTh MOXe OyTH 3yMOBJIEHA e(EeKTOM 1HCYIIIHOCTHMYIIHOBaHOTO
cybcTpary iHCyTiHOBOTO perentopa-1 i pochoprintoBaHHsIM THPO3UHY CYOCTPaTy IHCYIIHOBOTO
petenitopa-2. 11i mopyIieHHs MPU3BOITH 10 akTHBaIi nporeinkinasu C-g1ic-Jun N-repMiHaibHOT
kinazu-1 [12, 23]. Tlocunenus akTuBailii MPOTEIHKIHA3 y TMEYIiHIN MPU3BOAWTH 0 AKTHBAIIIi
[JIFOKOHEOT€He3y Ta JIoreHe3y. BiibHi )KUPHI KUCIOTH TaKOX € JIIMOTOKCHYHUMH 11100 OeTa-
KJIITHH MiJIUTYHKOBOI 3271034, 3yMOBJIIOIOYH 3HIDKEHHs cekpelii iHCyminy [22]. Y cymi Bei i
3MIHH PU3BOJIATH JJO BHHUKHEHHS MIIEPIHCYIIHEMIYHOTO CTaHy, CIIPSIMOBAHOTO Ha i ATPUMAaHHSI
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eyrikeMii. 3pemTor0, KOMIEHCATOPHUN MeXaHi3M BUUEPITY€ CBil MOTEHINI AN, [0 TPU3BOJUTH JI0
3HIDKEHHS CEKpeIlii iHCYITiHY.

AHaJIi3 MaTOJIOTIYHKUX 3MIH Y JIIOAEH 3 OKHUPIHHAM Ta/ab0 IyKpOBHM Iia0eTOM 2 THITY,
31 BCTAHOBJICHOIO PE3HUCTEHTHICTIO 10 1HCYJiHY, @ TaKOXK y JIIOAEH MOXWJIOTO BiKy, BUSBHB
neeKTH y MITOXOHAPIAIbHOMY OKUCHOMY (hOC(OPHIIIOBAHHI, 110 IPU3BOIUTD 10 HAKOMHYCHHS
TPUTITIIIEPUIIB Ta IHITUX JIITIIIB y M’ s13aX. BTk TOTO, Ha MUTIIAX 3 O)KUPiHHAM OYyJI0 BCTAHOBJIEHO,
10 €HI0TUTa3MATHIHUHA PETUKYITYM MOYKE OYTH 3JIyI€HUH Y PO3BUTOK 1HCYIIIHOPE3UCTEHTHOCTI.
Tak, y muireid, nediruraux no XBP1 (X-box binding protein 1) eHmomia3MaTiaHOTO pETHKYITYMY,
BCTAHOBJICHO TinepakTuBamiio c-Jun N-TepMmiHaabHOI KiHa3U-1, mocuieHHs (HOCHOPHITIOBAHHS
CcepuHy CyOCTpary iHCYJIiHOBOTO perentopa-1 i, BiAMOBITHO, pE3UCTEHTHICTh 0 iHCYmiHY [20].
Ili GioxiMiyHi 3MiHH, IO BigOYBAIOTHCS B IHCYTIH-OTIOCEPEAKOBAHUX CUTHAIBHUX IIIAXAX,
MIPU3BOIATH J0 MPUTHIYSHHSI TPAHCTIOPTY TIIIOKO3H 1 opyIeHHs MeTabomizmy 3a MetS [7].

3HauyHa yacTHHA (DaxiBIIB BBaXKA€, I10 TOJOBHA MPUYKMHA PO3BUTKY MetS — oorcupinns.
Xo4a nmepimui onmuc MeTaboIiuHOTO CUHAPOMY JaTyeThCs MOYaTKoM XX CT., emiieMist OKUPIHHSI
Yy BCbOMY CBITI CTaja HaWBa)KIHMBIIIOW PYIIIIHOIO CHUJIOI0 B MOUIMPEHHI I[OTO CHHApPOMY [7].
Mix pU3WKOM PO3BHTKY MetS 1 MOMMPEHICTI0O OKHUPIHHSA € YiTKHH KOPENSIIHHMIA 3B’S30K:
3pOCTaHHS 1HAEKCY MacH Tina 10 35 kr/m? migsuirye pusuk MetS y 42 pa3u B 4ONOBIKiB 1y 92
pasu — B kiHOK. JKupOBiii TKaHMHI BIIaCTHBA BUPAKCHA CHIOKPHHHA aKTHBHICTH, 1 aIUIIOKIHH,
sIKI BOHA MIPOAYKYE, 3aJIyUeHi Y BCI MPOIECH, KOTPi (POPMYIOTh OCHOBHI KOMIIOHEHTH CHHIPOMY
[1]. He3Baxkarouu Ha BaXKJIUBICTh OXKUPIHHS B PO3BUTKY MetS, BApTO HArOJIOCHTH, 10 Yy JIFOAEH 13
Baroro Tijia y MeXax HOPMH TaKOX MOYKe PO3BHBATHCH IHCYJIIHOPE3UCTEHTHICTb.

Oco0mmBa poJib y PO3BUTKY MetS HaJexXUTh BiCIepalbHOMY OKUPIHHIO Ta HAKOTTHICHHIO
JKHPOBHMX KITITHH Y EKTOIMYHHUX 30HAX: IHTpamepuKapiajbHO, HABKOJIO CYIWH, Y ICUiHIN Ta
ckeneTHUX M’s3ax [1]. 30UmbIIeHHS Macu iHTpaaOAOMiHAIBHOI abo BiCIlEpaNbHOI JKHUPOBOI
TKaHWHU TPU3BOAUTH JI0 3POCTAHHS LIBHKOCTI IMOTOKY BUIBHHX JKUPHUX KHCIOT i3 >KUPOBOI
30IBIICHHS KIJBKOCTI MIAMIKIPHOTO a0JOMIHAJILHOTO JKHPY IPHU3BOAUTH 0 IOCHJICHOTO
BHUBUIBHEHHS MPOAYKTIB JIMOMI3y B CHCTEMHHI KPOBOOOIT, TAKMM YHHOM YHHKA€ETHCS MPSMHIA
BILIMB Ha iXHill MeTa0o0IIi3M y MmediHI (TOOTO Ha MPOAYKIIiFO TIIFOKO3H, CHHTE3 JIIIIIIB 1 CEKPELio
MIPOTPOMOOTHYHHUX OLIKIB, TAKKX SIK (piOPHHOTEH Ta IHTIOITOp aKTHBATOPA IUIa3MIHOTEHY 1).

He3pakarouu Ha 111 MOTEHITii{HI BIAMIHHOCTI B MeXaHi3MaX BILIHBY Pi3HOI 3a JIOKAJIi3aIli€r0
JKHPOBOI TKAHUHM Ha PO3BUTOK MetS, i1 yac BCTAHOBJICHHS KJIIHIYHOTO MIarHO3Y Ii€i maTororii
HaifyacTilie Pi3HHUIIO BIUTUBY IMiIIIKIPHOTO Ta BICIEPATBHOTO )KHUPY HE BPaxoBYIOTH [7].

AJMITOIMTH BICIEPATBHOT )KUPOBOT TKAHWHH MAOTh IIABHIICHY JIMOJITHYHY 3IaTHICTb,
YHACJIJIOK YOT0 MACHBHHIA IOTIK BUTBHUX )KUPHHUX KHUCJIOT 1 3IUTIOKIHIB Yepe3 MOpPTaIbHYy CUCTEMY
MOTpaIUIsiE Yy MEYiHKY 3 MMOJANBIIMM PO3BHUTKOM IHCYIIHOPE3UCTEHTHOCTI W mucmimigemii [1].
301IbIICHHS PIBHS BUIBHUX YKUPHHUX KHUCIOT IMPU3BOIUTH 0 MOCUICHHS CHHTE3Y TPUIIIIICPHUIIB
1 YTBOPEHHS amoJiMmonpoTeiH-B-BMICHHX, OaraTuX Ha TPHUDIIICPUAN JIHIONPOTEIHIB IyXkKe
HU3bKOI IMIBHOCTI B TMEYiHI. 30UIBIICHHS BMICTY XOJIECTEPOJY JIIMOMPOTESIHIB HHU3BKOI
IITBHOCTI Ta 3HIKCHHS XOJIECTEPOJTY JIIMTOMPOTEIHIB BUCOKOT IIIBHOCTI — 1€ HEMpsIMi eheKTH
IHCYJIIHOPE3UCTEHTHOCTI, BUKJIMKaHI MOPYIICHHSM JIITIAHOTO 00MiHY B medinii [22].

3a yMOB BHpakeHOI rimeprpodii BicuepasbHOI KHPOBOI TKAHHMHH CIIOCTEPIraroTh il
iHDLIBTpaLi0 Makpodaramu, M0 CYMPOBOMKYETHCS MiIBUINCHAM BUAUICHHIM MPO3alalbHUAX
IUTOKIHIB.

KoHTposnb IMX MpPOIECIB y HOPMi BiZOyBaeThCS 3aBOIKH PELEHTOPY aKTHUBAIl
npouideparii mepokcrcom y (PPRA-y), skuif MiCTHTBCS, TOIOBHUM YHHOM, Y JKHPOBIH TKAaHHHI
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Ta peryiroe npoiidepario i AudepeHmiallio aJunonUTiB, BUCTYIAI0YM OCHOBHUM YHHHHUKOM
PO3BUTKY iXHBOI rimepruiasii ta rineprpodii. Kpim Toro, B abnoMiHaabHOMY JKHPOBOMY JETIO
YTBOPIOETHCS 3HAYHO MEHIIIE aIMTIOHEKTUHY — IPUPOTHOTO PETYIISATOPA OKHUPIHHS Ta Uy TIIMBOCTI
1o incyminy [1].

BicnepanbHa )1UpoBa TKaHWHA TAKOXK € METabOJIIYHO aKTHBHIIIIO 1 CHHTE3Y€E OUIbII BH-
COKI KOHIIEHTpallii 010aKTHBHUX CEKPETOPHUX O1JIKIB, HAPUKIIA, IHI10ITOp aKTUBATOPA I1a3Mi-
HOTEHY, IKUH crpusie po3BUTKY npoTpombotuuHoro crany, i HBEGF (heparin binding epidermal
growth factor like growth factor) dbaxtop pocry, sikuii cipusie mposmideparii [TageHbKHX M’ I30BUX
KIIITHH 1 peMOJIETIOBaHHIO CynuH [22].

Jlesiki eKCIepUMEHTATbHI H eITieMi0JIOTIUHI TOCIIKSHHS BKa3yIOTh HAa TCHETUYHY OCHO-
BY PO3BUTKY CHHJIPOMY, Cepe/l SKUX OJMHHUYHI Ne(eKTH TeHIB perentopa akTuBalii npomide-
pariii mepokcucom v, daminy A/C, 1-anunriinepon-3-docdary, O-anunrpanchepasu, ceiminy,
2-ampenepriunoro perenropa i agunonektuny [10].

AOnoMiHaJIbHE OKMPIHHA TOB’S3aHE 3 PO3BUTKOM Iuciinioemii, MO CYHPOBOMKYETHCS
3pOCTaHHSAM KOHILIEHTPALlil aTepOTeHHUX JIITOMPOTETHIB 13 BETUKOIO MOJIEKYJISIPHOIO Macor0, Ki
MIPU3BOAATH [0 MMiIBUIIEHHS B’SI3KOCTI KPOBI Ta 3yMOBITIOIOTH 3POCTAHHS apTepPiabHOTO THCKY.
B yMmoBax rinepincyniHeMil Ta 3HWKEHHS Yy TJIMBOCTI JI0 1HCYITIHY B )KHPOBiii TKAHUHI, 0COOINBO
y BicUepabHiii, BiI0yBa€ThCs MOCHIICHHSI O3y Ta 301IbIIECHHS HAJXOKEHHS BUTBHUX JKHP-
HUX KHCJIOT y TEYiHKY, 110 Bele A0 30UIBIICHHS MPOAYKIII XOIeCTEpOoy JIMONPOTEiHIB HU3b-
KOI IITBHOCTI, TIMEPTPUITILIEpHIEMii Ta 3HIKSHHS BMICTY XOJIECTEpOITy JIMONPOTEiHIB BUCOKOT
IIJIBHOCTI.

[MocuneHe HaAXOKEHHS! BUIBHUX KUPHUX KUCIIOT 13 mepudepii 10 MediHKd B yMOBaxX
IHCYJTIHOPE3UCTEHTHOCTI CTUMYJIIOE TEHiHKOBHIA CHHTE3 TPUIIIIEPHIIB, 110, ¥ CBOI Yepry,
MPU3BOANTL 10 30MpaHHS Ta CeKpelii TPUITILEPUABMICHUX JIIMONPOTEIHIB JyKe HH3BKOI
LIIBHOCTI ¥ MOCHJICHHS TPOAYKIi amojinonporeiny-B (apo-B) Oinka B mediHmi. Y iroauHu
32 HOPMOJIMIAEMIYHMX YMOB Ha CEKPEIiI0 JIIMOMPOTEIHIB MyXe HU3bKOI IIUILHOCTI BILUIMBAE
JOCTYIHICTh TPUTITILIEPHUIIB 1 XOJICCTEPOITY, @ OCTaHHI MTOCIIIKSHHS CBIIYaTh MPO 3B’SI30K MIXK
CHUHTE30M XOJIECTEPOJTY i YTBOPEHHSIM JIPIOHUX YaCTOK JIMONPOTETHIB Iy’Ke HU3bKOI IIILHOCTI.
ITpu 1pOMy IHCYJIH MPUTHIYYE YTBOPEHHS BEIMKUX YaCTOK JIMOMPOTEiHIB IyXe HHU3BKOI
LIIBHOCTI. 32 YMOB PE3UCTEHTHOCTI 10 1HCYIIIHY BUCOKA KOHIICHTpAIIis IIbOTO TOPMOHY POOUTH
MEeYiHKY CTIMKOIO 10 iHTiOyIO4Oro BIUIMBY IHCYJIHY Ha CEKPELII0 JIMOMPOTEiHIB ITyXKe HU3bKOI
miabHOCTI [14].

[HCyniH TakoX Mae JNOTeHHI BIACTHUBOCTI, 3yMOBIIOIOYM ITOCHWJICHHS TPAHCKPHUIIIi{
0araTboX TeHIB 1 aKTUBHOCTI (epMeHTIB, siki OepyTh y4yacTh y OlocuHTE3i Tpuniinepuis [8].
KpiM 11p0r0, pO3BHTOK PE3UCTEHTHOCTI A0 IHCYJIIHY MOXKE 3yMOBIIIOBAaTH 3HIKEHHS BMICTY
JinonpoTeinninas y nepupepuuHuX TKaHWHAX. 3MiHA BMICTY JIMOMPOTETHIIINA3 TaKOX POOUTH
BHECOK Y PO3BHTOK TillepTPUIIILIEPHUIEMil, X04 I MEHII BarOMHUil MOPIBHSHO 3 HAAMPOLYKIIEO
JITMONPOTETHIB AyKe HU3bKOI INUIbHOCTI. [imeprpuriinepuaeMis € YiTKUM BiJOOpaKeHHSIM
PO3BUTKY PE3UCTEHTHOCTI A0 IHCYNiHY W ONHMM i3 BaXJIMBUX KPHUTEPIiB JiarHOCTHKH
MeTa0O0JIIYHOTO CHHIPOMY.

BaxnuBuM MposiBOM JHCHiMizeMii 32 MeTaOOJiYHOTO CHHAPOMY € 3HIDKEHHS BMICTY
XOJIECTEPOJTY JIITOMPOTETHIB BUCOKOT IITBHOCTI, 1110 00YMOBJICHO 3MiHAMH Y CKJIa 1 i MeTabomi3Mi
JIMONPOTETHIB HU3BKOI NIIBHOCTI. 3a TinepTpUrIiLepuaAeMil 3MEHILIEHHSI BMICTY XOJIECTEpOITy
JITIOMPOTETHIB Ty»e BHCOKOI IIIJIBHOCTI BUHHMKA€E BHACIHIIOK 3HIKCHHS KOHIIEHTpAIll edipy
XOJIeCTepOoIy Ta 3OUIbIICHHS BMICTY TPUINILEPUIIB Y BHYTPIIIHBOMY SIpi JIIMOMPOTETHY.
Takuii mepepo3noain JimigiB pOOUTH JIMiIHI YACTKY MAJTUMU 1 IIUTBHUMH Ta CYIPOBOIKYETHCS
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BIAMOBITHUM TOPYIIEHHSM TPAaHCHIOPTYBaHHS edipiB XoyiecTepony. 3MiHa JIMOMPOTEiHOBOL
KOMITO3HIIIi TaKOX MPU3BOAUTH A0 30UIBIICHHS KIIPEHCY JIMOMPOTEiHIB BUCOKOT MIUTBHOCTI 3
nupKyssiii. [IpumyckaroTh, 110 Taki 3MiHE BMiCTY JIIONPOTEiHIB BUCOKOI IMIJILHOCTI, HMOBIPHO,
HE € TPSIMHUM HACTIJKOM PO3BUTKY IHCYJIIHOPE3UCTEHTHOCTI, 2 BHHHUKAIOTh YHACIITOK 3MiH
MeTaboi3My OaraTux Ha TPUIIINEPHIN JIMONPOTETHIB.

3a iHCYNIHOPE3UCTEHTHOCTI PiBEHB JIIMOMPOTETHIB HU3bKO1 IITFHOCTI 3a3BU4aii epeOyBae
Yy MeXaX HOpMaJIbHUX 3HaueHb, IPOTe IXHIH KOMIIOHEHTHHUH CKJIaJ MOIU(]IKYy€ETHCSI aHATIOTIYHUM
JIO JIMOTPOTETHIB BUCOKOT MIITbHOCTI YMHOM [ 14]. Taki 3MiHM JinonpoTeiHiB HU3bKOI MIUTLHOCTI
MOSICHIOIOTh BIMHOCHHM BHCH@KCHHSIM BMICTy HeeTepu(DIKOBAHOTO # eTepr]iKoBaHOTO
xoJecTepoy 1 (hochommaiB, Ipyu POMY KOHIIEHTPALS TPUIIILCPHU/IIB JTITOMPOTEIHIB HU3BKOT
HIIBHOCTI 3AJTMIIIAETHCS HA CTATIOMY piBHI a00 3pocrae [15]. Mauti miiibHi JiHONPOTEiHN HU3BKOT
ITITBHOCTI € O1TBIIT aTePOTEHHUMHU, TIOPIBHAHO 3 O1IBIIMMHU, HEMOAM(IKOBAHUMH JTIIOMTPOTETHAMHU
HU3BKOI MIIIBHOCTI. [le 3yMOBIeHO IXHBOIO BHIIIOK TOKCHYHICTIO 100 €HAOTENII0 Ta KPal[or0
3IATHICTIO JIO TPaH3WTY KPi3h €HAOTENialbHy 0a3anbHy MEeMOpaHy, a TaKoX Il JIIMOMPOTETHH
J00pe MPUKPITUTIOIOTHCS 10 TWIiKo3aMiHorTikaHiB. KpiMm 1p0ro, MoaudikoBaHi JTMOMPOTETHU
HHU3bKOI IIUIBHOCTI OLbIIE CXMIBHI 10 OKUCHEHHS Ta / a00 OULIBII CEJICKTUBHO 3B’ S3YIOTHCS 3
(daronuTapHUMH penenTopaMyd Ha Makpodarax. TakuM YHHOM, 3MIHEHI 332 KOMITO3HI[IHUM
CKJIJIOM JTITOMIPOTETHH € (haKTOpaMU PU3UKY PO3BUTKY CEPIIEBO-CYAMHHHUX 3aXBOPIOBAHb [7].

Ille omuuM KpuTepieM pO3BUTKY MetS € nopywenns monepanmuocmi 00 210KO3U.
JHebextHe (YHKIIOHYBaHHS IHCY/IIHY IIOAO METa0OMi3My IIFOKO3HW 3YMOBJIIOE IMPHUTHIYCHHS
3IaTHOCTI TOPMOHY JI0 iHT10yBaHH CHHTE3Y TITFOKO3H ME€YiHKOIO Ta HUPKAMH, & TAKOXK MTPUTHIYEHHS
OTIOCEPEAKOBAHOTO 1HCYJIIHOM TIOTJIMHAHHSI 1 MeTa0oNi3My TIIIOKO3W B I1HCYTIHOYYTIUBUX
TKaHWHAX (M’ S30Bii 1 )KUPOBiN TKaHWHI). [[71s1 KOMIIeHcaIii TAKOTO CTaHy Ta MiATPUMKH eyTITiKeMil
HEOOXITHOIO € peaiizailis neBHUX Momu(ikaiii y cekpemii Ta / abo KimipeHci iHCymiHy. SIKIo
TaKi KOMIIEHCATOPHI MeXaHi3MU BUYEPITYIOTh CBil MMOTEHIIiall, PO3BUBAETHCS PE3UCTEHTHICTD 10
THCYITIHY Ta MOPYIIYETHCS MOTO CEKPEIisl.

IHCymiHOBa  pE3WCTEHTHICTh Yy  P-KIITHHAX OCTPIBIIB  MiJIUTYHKOBOI — 3aJI03U
3yMOBJIIOE TPUTHIYEHHS BHYTPIIIHBOKIITUHHUX CHTHAJbHUX MEPEK, L0 ONOCEPEIKOBYIOThH
TTIOKO303JIC)KHY CEKpeIlito iHCYmHy. BCcTaHOBIEHO, 110 OCHOBHHUMH PEUYOBHHAMM, SIKI MOXKYTh
3YMOBJIIOBATH PO3BUTOK TAKOTO CTaHy, € BUIbHI KUPHI KHCAOTH. Y ()i310JIOTIYHO HOPMAIBHUX
KOHIICHTpAIliAX BIIbHI KHPHI KHCIOTH MOXYTh CTUMYJIIOBATH CEKpeIil0 iHCYIiHY, MpoTe
30UTBIIIEHa Ta TPOJIOHTOBaHA €KCITO3HIlis BUCOKUX KOHIICHTPAIlil )KUPHUX KHCIOT MPHU3BOIUTH
JIO IPUTHIYEHHS CeKpellii iHCcyminy [7].

OdeBuaHO, 1O MOpymIeHHS (YHKIIA B-KITHH 3a yMOB XPOHIYHOI rimepiimigemii
00yMOBJIeHa JIIMOTOKCHYHICTIO. MeXaHi3MH, SIKi OMOCEPEAKOBYIOTh IIi 3MiHH, 3aJIUIIAIOTHCS
OCTaTOYHO He 3’SICOBAaHMMH, aJie € YMCJICHHI TiMOTE3H, IO MPOJAOBKYIOTh BUBYATHCS. 30KpeMa,
MIPUITYCKAIOTh, 110 MOXKE BiIOyBAaTHCS aKTUBAITiS UKITY PeHia (1K III0KO3U-)KUPHHUX KUCIIOT,
MeTa0OIIYHHNA MPOIEC 3alydeHUH Y KOHKYPEHIIIO TIIFOKO3H Ta KHPHUX KHCIOT 3a cyOcTparu)
a00 MOXYTh BUHHUKATH JAePEKTH y (YHKIIOHYBaHHI KPUTHYHHX (DEPMEHTIB (TOPMOHOUYTIHBA
Jinasa, KapHITHHIAIbMiTOin TpaHcdepasa 1 i amun-KoA xapOokcwmiasa). Pemenrtop, 1mo
aKTUBYETHCs Tpoiideparopamu nepokcrcom (PPAR), i mitoxonapiansauii 6110k UCP2 (Uncou-
pling protein 2) MOXXyTh 3MiICHIOBAaTA HETaTUBHUH BIUIMB Ha [B-KIIITHHHW, aHAJIOTIYHUM YHUHOM,
SIK 1 TIABUIIICHWA BMICT TPUDIIEPUAIB Yy OCTPIBIEBUX KIITHHAX, 110, MOXIIUBO, TIPU3BOAUTH JI0
iXHBOTO anonTo3y. KpiM Toro, iHriOyBaHHs ekcnpecii reHiB IHCYIIIHY 3a PaxXyHOK ITiABHIICHOTO
BMICTy BUIBHUX XHPHHX KHCIOT TaKOX POOUTH BaroMuii BHECOK y PO3BUTOK METa0OJIYHOTO
CHHJPOMY, OIOCEPEKOBAHOTO I1HCYTIHOPE3UCTEHTHICTIO. OmHAK Ha CHOTOAHI TEpeBaKaE
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JIyMKa, 10 111 (aKTOpH HEe € B3a€EMOBUKIIIOYHHMU 1 11O Jesiki a00 BCi BHIE3railaHi MexaHi3MH
peaTi3yIoThCst OJJHOYACHO Ta MPHU3BOAATH 0 MOPYIICHHS CeKpertii iHCyIiHy [26].

JobOpe BcraHoBieHUM € (DakT B3a€MO3B’SI3Ky MK PE3HUCTEHTHICTIO JI0 IHCYJIHY Ta
2inepmonielo, 1 11e 00yMOBICHO KiJTbKOMa MeXaHi3MaM{. BakJIHMBO 3a3HAYWTH, II0 IHCYJIIH
€ Ba30JMJIATATOPOM TiJ Yac BHYTPIIIHbOBEHHOTO BBEICHHS JIOASM 3 HOPMAaJbHOIO MAacoro
Tija, KpiM IIOTO, BiH OMOCEPEAKOBAHO BILUIMBAE HA peabCOPOIi0 HATPII0 B HHUPKaX. 3a YMOB
IHCYJTIHOPE3UCTEHTHOCTI Ba30AMNIATYyIOUMi e(eKT I1HCYIiHy BTpA4aeThbCcs, aje BIUIMB Ha
peabcopOIiro HATPi0 y HUPKax 30epiraerbest. JKUpHI KUCIOTH, KUTBKICTh SIKHX 3pOCTAE 3a YMOB
THCYJTIHOPE3UCTEHTHOCTI, TAKOXK MOXKYTh OTIOCEPEIKOBYBATH BiJIHOCHY Ba30KOHCTPUKILi0. [HCYTiH
TaKOXK IiJBHUIIYE AKTHBHICTh CHMIATHYHOI HepBOBOi cucteMu [7]. [HCYNiHOPE3HCTEHTHICTbH
BUKJIMKAE 301IbIICHHS B’ SI3KOCTI CHPOBATKH, IHAYKIIFO TPOTPOMOOTHYHOTO CTaHy 1 BUBLILHEHHS
Mpo3anajbHUX UTOKIHIB 13 dKUPOBOI TKAHUHH, 110 I IBUIIYE€ PU3HK PO3BUTKY CEPLIEBO-CYANHHUX
3axXBOPIOBaHb [22].

AXTHBAIIisI PI3HUX MPOATEPOreHHMX LUIAXIB 32 MetS 3aBepuIyeThesl CIUIBHUM IIISIXOM
3anaienns, 1O BPEIITI MPU3BOAUTL A0 KITHIYHUX MPOSBIB IHOr0 IATOJIOTIYHOIO CTaHYy.
[TinBuIIEHHS PiBHS BUILHUX )KUPHHUX KHCIIOT Y KPOBI IIPOBOKYE PO3BUTOK CUCTEMHOTO 3aIIaIeHHS.
3ananieHHs Bilirpae BXJIMBY POJIb Y IATOreHe31 CeplieBO-CyIMHHNX 3aXBOPIOBaHb, a PiBEHb 11101
HU3KHU MpOo3alaibHUX MapKepiB MiABHIIYEThCS y TalieHTiB 3 MetS. Ha choroini 3anuimaersest
He3 SICOBaHUM, UM 3pOCTaHHS PiBHS Mpo3anaibHUX MapKepiB BiIOyBaeThCS BHACITIIOK PO3BUTKY
MetS, 4y BOHM HAATIPOMYKYIOTHCS BXKE ITijl yac MaHi(ecTarii 3axBoproBanus [22].

30kpema, 3a MetS BCTaHOBJIEHO 30UIBIIEHHST BMICTY TaKUX MPO3aNalbHUX IIUTOKIHIB, SK
iHTepJIelKiHK, pe3ucTuH, pakrop Hekpo3dy nyxiuuH (TNF) i C-peakruBnuii 6inok [7].

Makpodaru KUpoBOi TKAHUHH CEKPETYIOTh (hakTop Hekpo3y nyxiuuu anbda (TNF-a), i
HOro yTBOPEHHsI 3pOCTAE 31 30LIBIICHHAM MaCH KAPOBOI TKaHUHK. HaTHIIIOK BITBHUX JKUPHUX
KHCJIOT 3/IaTHUH aKTHBYBatu Makpodaru i agumouutu uepes toll-like penenropu (TLR4), mo
CYTIPOBODKYETHCS 3pOCTaHHAM cUHTe3y B HUX TNF-a, sKwuii peasi3ye cBiif BIUIUB OITOCEPEIKOBAHO
yepe3 aKTHBAIlO saepHOro (akropa KB 3 MOAAIBIIO EKCIPECIEI0 T'eHIB, BiIMOBITAIBHUX
3a po3BuTOK 3amajeHHsa. TNF-o mpuraiuye excrionyBanHa GLUT-4 TpaHcmoprepa IITIOKO3H
Ha MeMOpaHi IHCYTIHO3aJIeXKHHMX KIITHH, II0 € TOJIOBHOIO MPHUYMHOIO PO3BHUTKY IXHBOI
iHcymiHopesucteHTHOCTI [1]. TNF-o 3ymoBitoe pochoprintoBaHHs i iHAKTHBAIIO 1HCYIIHOBUX
pELenTopiB K y KIITHHAX JKUPOBOI TKAHWHHW, TaK 1 B KIITHHAX TIAJACHBKAX M’s3iB. Y HHUX
xiitaHax TNF-a iHayKye Jinomni3 i3 ofaiIbIIuM 3pOCTaHHSIM BMICTY BUIBHHX KHUPHHUX KHCIIOT,
SIKi IHT10YIOTh BUBUIbHEHHS QJIMIIOHEKTUHY [22]. AIMMOHEKTHH — 1€ POTH3aNalIbHUN IUTOKIH,
IO MPOJYKYETHCSI BUKJIIOYHO QIUMOIUTAMU. AIMIIOHEKTHH ITiBHIYE YyTIMBICTD IO THCYNIHY
1 IpUrHiYye Garato eTamiB 3amajbHOrO Mpolecy. Y MeviHIl aAuMOHEKTHH MIPUTHIYYE eKCIIPECito
(epMeHTIB TIIOKOHEOTeHe3y 1 IIBUJIKICTh YTBOPEHHS €HJIOTCHHOI DIIOKO3HW. Y M’si3aX BiH
301TBIITy€e TPAHCIIOPT IITFIOKO3U Ta TOCHIIIOE OKUCHEHHS JKUPHHUX KHUCIOT, é(heKTH, SKi YaCTKOBO
obymoBneni axtuparie;o AMP-kiHa3u [7]. TNF-0 TakoX € MOTYy>KHHUM iHIYKTOpPOM CHHTE3Y
OCHOBHOTO TMPO3anajgbHOTO IUTOKIHY — iHTepneiikiny 6 (IL-6) [1]. IL-6 € nuTOKiHOM, IO
CHUHTE3YETHCS AIUMONNUTAMU i IMyHHUMH KJITHHAMHU Ta OMOCEPEKOBYE CKIAIHI PEryJsITOpHI
MmexaHismu. Cunte3 IL-6 3pocrae 3i 30UIbIIeHHSAM 00’ €My KHPOBOI TKAHMHHU Ta 3 MOCHICHHIM
iHCcymiHOpe3ucTeHTHOCTI [22]. IL-6 mopymiye nito iHCYJIiHYy B JKUPOBIH TKaHWHI, 3HWKYIOUH
3[aTHICTh JMTOIKMTIB 3aX0IUTIOBATH i JIETIOHYBATH )KUPHI KUCJIOTH 1, HABIAKH, CIIPHSIE JITOII3Y
Ta BUBUIBHEHHIO BUIBHUX JXMPHHUX KHUCIOT y Iupkyssmiro [1]. Ile#f murokiH, BIUMBaio4Yd Ha
MEeYiHKY, KICTKOBUH MO30K 1 €HJIOTeiil, 3yMOBIIIOE 30UIbIIEHHST KUTBKOCTI O1NKIB rocTpoi ¢a3u
3amalieHHs B TIEUiHIIl, 10 TOJOBHHUX 13 sIKMX HaNexUTh C-peaktuBHuii 6iok. Takox IL-6 ingykye
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MIABHUILIEHHS PiBHS (iOPHUHOIEHY, 10 IPU3BOIUTH 10 PO3SBUTKY IPOTPOMOOTHYHOrO crany. IL-6
TaKOX CTPHUSE EKCIpecii MOJIeKy aare3ii eHA0TeMalbHUX KIITHH 1 aKTUBAIll JoKaTbHUX RAS
nuisxis [22].

YV tkanuHax nedinku TNF-o ta [L-6 akTUBYOTH JIioreHe3 i OJI0OKYIOTh OKUCHEHHS BITbHUX
JKUPHHUX KUCIIOT. Y pe3yibTaTi MOCUITIOEThCS MPOAYKINiS O1Ika apo-B 1 cekpertis mimonporeiniB
nyxke Husbkoi mrineHOCTi. IlapanensHo 3 muM TNF-a ta IL-6 NpUTHIYYIOTH aKTHBHICTH
JIMOTPOTETHOBOT JIiNa3u, 3aTPUMYIOTh KaTaboili3M X1JIOMIKPOHIB 1 JIMOMPOTEiHIB Ay»Xe HU3BKOT
ITTBHOCTI, 1110 TIPU3BOAMTH IO PO3BUTKY 3HAYHOI TinepTpuriinepuaemii [1].

OTxe, 3a HAAMIPHOTO HAKOIMYEHHS >KAPOBOI TKAHWHH BIiAOyBaeThCs ii MOCHIICHA
iHbTBTpaliss Makpodaramu, SKi, CBOEI0 4eProro, CIPHYUHIOITh XPOHIYHY aKTHBALIIO0 IMyHHOI
CHCTEMHU IUISIXOM IMTPOAYKIIi1 Tpo3anaibHuX CIONyK, TakuX ik TNF-a, [L-6, iHaynnbensHa cHHTa3a
okcuay HiTporeHy Ta C-peakTUBHHM O1J710K, 1110 3yMOBJIIOIOTH PO3BUTOK 1HCYIIIHOPE3UCTEHTHOCTI,
SIK Oe3mocepenHbo, TaK 1 4Yepe3 MOPYIICHHS OOMIHY JIMIAIB 1 JIMONPOTEiHIB 3 PO3BUTKOM
BHpaXEHO1 AUCIiMiaemii, 30kpema, rineprpuriinepuaemii [1]. Kpim toro, B rimeprpodoBaHux
aTUIIONNTaX, TIEPEBaHTAXKCHUX TPUTITIIEPUIAMH, aKTUBY€EThCs MeMOpanna HAJI®-okcumasa i
BHACJTIJOK [IbOTO MOCHUITFOETHCS MPOAYKIIiS aKkTHBHHUX (opM okcureny. ITinBUIIIEHHS KOHIICHTPAIii
BUIBHMX PaMKaJIiB OKCUT€HY akTUBYE simepHuii hakTop kB (NF-kB) y makpodarax, sikuit iHIyKye
aktuBaiito oubie 400 reHiB, BiANOBITATBLHUX 32 PO3BUTOK 3aMabHOT BiIOBIII, 3 TOAAIBITAM
PO3BUTKOM 1HCYTIHOPE3UCTEHTHOCTI ¥ I0MaTKOBOIO aKTUBAIli€0 timomi3y [11].

BigkpuTTsi E€HOOKPHMHHHMX Ta IMYHHHMX BJIACTHBOCTEH aJUIOLUTIB a0 3MOTY
3pO3yMITH MEXaHICTUYHUN XapakTep po3BUTKY MetS. AIWMOKIHU, IO BUBLIBHSIIOTHCS 3
BiCIIEpaIbHOI )KUPOBOT TKAHWHH, OE3[MOCEPEIHBO MOB’sSI3aHI 3 PO3BUTKOM MetS i 3 pO3BUTKOM
CEepUEBO-CYIMHHUX 3aXBOPIOBaHb. JIENTHH € aIUIOKIHOM, SKUil KOHTPOJIOE EHEepPreTH4HUM
TOMEOCTa3, OMOCEPEIKOBAHNN TIMOTAIAMYCOM, 1 CTUMYJIOE aKTHBAIlIO0 IMyHHHX KIITHHH. 3a
YMOB OKHPiHHS 301IBIIYETHCS PiBEHB JICITUHY, 1 HOTO BHUCOKI KOHIIEHTpamii Oe3mocepenHbo
KOPEJIIOIOTH 3 MI/IBUILIEHUM PH3HUKOM PO3BUTKY CEPLIEBO-CYANHHUX 3aXBOPIOBAHb. AJIMIIOHEKTUH
€ TPOTH3aNAIbHUM 1 aHTHATEPOTCHHUM aJMIOKIHOM, a HOro e(eKTH YacTKOBO MPOTHIICIKHI
10 edekriB jentuHy. 30UIBIICHHS MacH XKHPOBOI TKAHWHH KOPEIIOE 31 3HIKCHHSM DIBHS
aUTIOHEKTHHY 1 31 3pOCTaHHSM PiBHSI JICITUHY, 1110 BPEIITI TPU3BOJUTH J0 MiABUIIIEHOTO PU3UKY
PO3BUTKY CEpLIEBO-CYANHHHUX 3aXBOPIOBAHb.

AXTHBAIlisI pEHIH-aHT1OTEeH3UHOBOT CUCTEMH TAKOX CIIYT'Y€ BAXKIIMBUM HEHPOTyMOpaIbHIM
[IUISIXOM, SIKHH omocepenkoBye po3BuTok MetS [24]. AnriorensuH II (Ang II) yTBoproeTbes B
pe3yabTaTi aKTHBAIlil aHT10TEH3WH-TIEPETBOPIOIOUOTO (PEPMEHTY B )KUPOBii TKaHUHI. OXKUPIHHS 1
PE3UCTEHTHICTH 10 IHCYAiHY KOPENIOIOTh 3 miaBuieHuM piBHeM Ang II. Ang Il yepe3 akruBaiiro
perenitopa Tuy | akTHBYE HIKOTHHAMITaACHIHANHYKICOoTHA(OChAT OKCHIA3H, 0 IPHU3BOIUTH
JIo reHepyBaHHs akTUBHHUX GopM okcureny (ROS). 3pocranns pias ROS npoBokye 11iry HU3KY
e(eKTIB, cepel SIKHX OKHCHEHHS JIMONPOTEiHIB HU3bKOT IITBHOCTI, MOIMIKOKECHHS CHIOTEIIO,
MMOCHJICHHS arperarii TpomoonuTis, nocuwieHHs excrpecii NF-kB, i LOX-1 (lectin-like oxidized
low-density lipoprotein receptor-1) Ha eHgoTenii Ta KIITHHAX DIAACHBKUX M’s13iB cynuH. ROS 1
LOX-1 maroTh 3BOPOTHHH 3B’SI30K, SKHH 1HIIIIOE TIOPOYHE KOJIO 3allajieHHsI, €HI0TEIiaIbHOTO
YIIKO/DKEHH 1 mposideparii (ibpo0macTis, M0 COpUsAE POZBUTKOBI rinepTeHsii, quciimigemii,
niabeTy ¥ cepleBO-CyIMHHUX 3aXBOpIOBaHsb [18, 22].

TBapuHHi Moaesi MeTa00JiYHOTO CHHAPOMY

3pocrarwya KiTbKICTh JIFOACH, 110 CTpakaaroTh Ha MetS, morpedye morrykiB epeKTHuBHOT
npoTaKTHKKA 1 JIIKyBaHHSA IOIO MATOJOTIYHOrO cTaHy. bararodakropra mpupoma MetS
YCKIIQJIHIOE CTBOPEHHSI a/IeKBaTHOT eKCIIEpUMEHTAIbHOT MOJIElT], sika OM HallKpallie mpe/cTaBisuia
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Bech criekTp narogizionorii nporo crany. llypi Ta Mumi € HaUMOMMPEHIIUMHE MOJECIHLHUMHU
TBapUHAMH, SKUX BUKOPHCTOBYIOTH y nociimpkeHHi MetS. Ha choromHi € Kinbka migXomiB st
inaykuii MetS y rpusyHiB, cepel SIKMX HacamIiepel BapTO Ha3BaTH MaHINyJsMil 3 Ai€Toro,
reHeTn4Hi Moauikarii Ta BUKOpUCTaHHS (hapMalleBTUYHUX Mperaparis.

T'enemuuni mooeni MetS. 11i TBapHUHHI MOJIEITI YaCTO BUKOPUCTOBYIOTH JJISI HOCIIIKEHHS
naroreHe3dy MetS, cpUYMHEHOTO TeHETUYHUMH (hakTopamMu. BUKOpUCTaHHS TaKUX MOJETbHUX
00’€ekTIB 3a0e3redye €KOHOMIIO 4acy, OCKIJIbKH TPHUBAJICTh PO3BUTKY MetS y HUX 3HAYHO
KopoTiia mopiBHAHO 3 MetS, BukiMkaHuM MomudikamisiMu gietn. TakuMH MOJEIHHUMHU
00’€KTaMHU € TPU3YHHU 3 Ae(IIUTOM JISNTHHY ab0 perenTopa a0 JenTuHy. YacTo Taki mMomeni
TaKOK BUKOPHCTOBYIOTH ISl JIOCIIJUKEHHS TE€HETUYHOrO OXKHPIHHSA 1 I[yKpPOBOTO Iia0ery.
Haituacrime sk renetwyHi mMomeni MetS 3aCTOCOBYIOTH JienTHH-AedinuTHUX Muiel (ob/ob),
MHUILeH, [einnTHIX 3a perentopoM 1o sentuly (db/db), mypis minii Llykep 3 oxupinnsam (ZF),
niabetnuHux 1iypiB diHiT Llykep 3 oxupinasam (ZDF), DahlS.Z-Leprfa / Leprfa (DS/oxupinns)
mypiB, mypiB Goto-Kakizaki (GK), miypiB 3 OXUpIHHSM, IO CTPa)KJalOTh Ha CIIOHTaHHY
rinepronito (Koletsky), Ta mumeit POUND (C57BL/6NCrl-Leprdb-1b/Crl).

JlenTHH € TOPMOHOM AHTHOXHUPIHHSI, (QYHKIS SKOTO peani3yeThCs 3a PaxyHOK HOro
3B’s13yBaHHs 3 PELIENITOPOM JI0 JICITHHY. BiH CEKPEeTYEThCS 3pLITMMH aTUIOIUTAMH MTPOTIOPIIHHO
0 MacH JKHUPOBHX Jemno. L[upkymroroumii JeNTHH HAIXOOWTh Y TiNOTalaMyC i CTHMYJIOE
CUTHAJIM, CIIPSIMOBAaHI Ha 3HW)KEHHS alleTUTY, CMIOKUBAHHS 1Ki Ta 30UIbIICHHS SHEPreTHYHUX
BUTpar. TakuM YMHOM, BUHHKHEHHS OXXHPIHHS B LHUX MOJENSX B OCHOBHOMY OOYyMOBJICHO
aHOMaJIisIMM CHTHAJIIOBAHHS 32 y4acTl JIENTHHY, IO MPHU3BOIUTH A0 rinepdarii (HECTpUMHOTO
Oa)kaHHsI CIIO)KMBATH 1KY), HEKOHTPOJILOBAHOTO alleTUTY 1 3MEHIIEHHS €HePreTHYHUX BUTpAT.
Yci reHeTHUHI MOJIETII, B SIKUX TIOPYLICHUI CHHTE3 JISNTHHY, Y4 CUTHAJIIOBAHHSI 33 HOTO y4acTi €
XOPOIIUMH MOJCTIIMH MetS, OCKIJIBKH Y HUX BUHUKAIOTh yci 03Haku MetS [23].

Buxopucmanns gapmayeemuunux npenapamié oas  iHOykyii MetS. OpauMu 3
(bapMaleBTHUHUX MpernapariB, 1[0 MOXYTh OyTH BUKOPUCTaHI sl 1HIYKIii MeTaboiivyHOro
CHHJIPOMY, € €HIOTEHHI DIIOKOKOPTHKOinu. Lle mpupomHi TOpMOHM CTpecy, IO BUAUISIOTHCS
HaJHUPHUKAMHU. [ TIOKOKOPTUKOINN 3B’ S3YIOTHCS 3 BIAMOBITHUMH perienTopamu (perenTopu 10
TTIOKOKOPTHKOIIB 1 MiHEpaJIOKOPTUKOIAIB) Ta Peaji3yloTh CBii eekT Ha pi3Hi TkaHUHH. KpiMm
I[FOTO, €K30TCHHI TTIOKOKOPTHUKOIAN BUKOPHCTOBYIOTH Y JIIKyBaHHI IIMPOKOTO CHEKTPY XBOPOO
TIONMHM, cepell AKMX ayTOIMYHHI W OHKOJOTiUHi 3aXBODIOBAHHSA. IX TaKoX 3acTOCOBYIOTE,
100 3amo0irTé BiTOPTHEHHIO TPAHCIUIAHTOBAHHUX opraHiB. [lopsn i3 muM, IITIOKOKOPTHUKOIIH
IHAYKYI0Th HeOakaHi MoOiyHiI edekTH: 301TbIICHHS MacH Tijla, HEMEepeHOCHMICTh TITIOKO3H,
MOpPYIICHHSI TOMEOCTa3y KajbIlifo, OCTEONOpO3, KaTapakTy i CHCTEMHI MOPYIIEHHS 3 OOKy
LIEHTPAJIbHOI HEPBOBOI CUCTEMU.

[moxoKkopTHKOINM BUKIHKAIOTE MetS, BrmBaroun Oe3rmocepeHbo Ha Pi3HI TKAHUHHU H
opranu (’KMpOBY TKaHHHY, TE4iHKY, M 131 Ta HUPKH). PO3BUTOK MaTOI0Tii OITOCEpeIKOBY€ KibKa
MexaHi3MiB: (1) TIIOKOKOPTHKOIANM CTHUMYJIOIOTh AU(EPEHIIIOBaHHS Mpe-aJuIoluTiB y 3pimi
aTUTONNTH; (2) TIIFOKOKOPTHKOTAM TIOCHITIOIOT JIITTOJI3 i3 BUBIJILHEHHSI BITbHUX JKUPHUX KUCIIOT;,
(3) DIIOKOKOPTHUKOIMM TOCHIIIOIOTH MPOTEONi3 y M’S30BHX KIITHHAX, IO CYNPOBOKYETHCS
3pOCTaHHSIM KUIBKOCTI BIJIBHUX aMiHOKHCIOT, siki akTuBytoTh MTORC1 (mammalian target of
rapamycin complex-1), 1o 3ymoBiioe HochopHIOBaHHs CyOCTpary iHYIIHOBOTO perenTtopa- 1
(IRS-1) 3 momaIpIIMM BUHUKHEHHSIM 1HCYITIHOPE3UCTEHTHOCTI; (4) TITFOKOKOPTHKOIIN TTOCHITIOIOTH
ITIOKOHEOTEeHEe3 y MeUiHIi W BUKIMKAIOTH TimepriikeMito; (5) HecrenudiuHe 3B’s3yBaHHS
TTIOKOKOPTHKOIIB 13 perenTopaMy B HUPKaX MOCHUITIOE 3aTPUMKY HATPilO Ta eKCKPEIiio Kairo,
3aTPUMKY BOJIH 1, BIITIOBIZTHO, 3pOCTaHHS 00’ €My IUTa3MH 3 IMiABUIIEHHIM apTepiaJbHOTO THUCKY.
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Jnst iHAyKIii TIrOKOKOpTHKoinamMu MetS y 1abopaTOpHUX TBapUH BHKOPHCTOBYIOTH
KiIbKa Pi3HUX MIiXOJIB, TAKMX SK IXHE TepopajbHEe BBEIEHHS, MIOJCHHI BHYTPIIIHbOUEPEBHI
iH €Kil a00 XipypriyHO IMIUIAHTOBaHI TIIOKOKOPTUKOIMHI TpaHydd. YCi mi cocoOuW BBEACHHS
TTIOKOKOPTHKOI/TiB 3yMOBIIOIOTh MOAI0HI €(ekTh. 3poCcTaHHs PiBHS KOPTUKOCTEPOHY 3yMOBIIIOE
MOCWJICHE CIIOKWBAaHHS TKi, 30UIbIICHHS Bard, a0JOMiHAJIbHE HAKOMMYEHHS XHUPY, CHIbHY
TiNEeprIikeMit0 HaTIE, PE3UCTEHTHICTh 10 1HCYJiHY, TOPYIIEHHsI TOJEPAHTHOCTI 10 TIIOKO3H,
rinepTeH3iro, AUCTIMiAeMilo, a TaKOXK BIAKIATaHHS JiMiAIB y BicepasIbHIA KUPOBIM TKaHWHI,
TKaHWHAX TIEYiHKU Ta CKeJIETHUX M s131B y TBapuH [4, 23].

Jlo bapmaneBTHIHUX Mpemaparis, M0 3yMOBIIOIOTh PO3BUTOK META00IIIHOTO CUHIPOMY,
TaKOXX HaJIeXKaTh aHTHIICUXOTHYHI MpenapaTu, TOOTO peYOBHHH, sIKi 3aCTOCOBYIOTh Y JiKyBaHHI
HEHPOIICUXIaTPUIHUX PO3JIaiB, HAMPHUKIAJ, MU30(ppeHii, aenpecii Ta OIMOISIPHOTO PO3Tay.
3acToCyBaHHSl QHTUIICUXOTHYHUX IIpErapariB 4acTo CYIPOBOIKYEThCS PO3BUTKOM MetS, Ha
0 BKa3y€ 3pOCTaHHS MacH Tija, 30UIBIIEHHS KiTBKOCTI BICHEPATBLHOTO KHUPY, HMOPYIICHHS
TOJIEPAHTHOCTI JI0 TIIFOKO3U U 1HCYJAIHOPE3UCTEeHTHICTh. OIHAK TOUHWUH MEXaHi3M, IO JISKUTH
B OCHOBI TakWX IMOpPYyIIEHb METa0OJIIYHUX INUIAXIB, yC€ IIe 3alUIIAEThCS He3 SCOBAHUM.
[TpunyckawoTh, 10 3pOCTAHHS MacH Tijla, BUKIUKAHE aHTHUIICUXOTHYHUM JIIKYBaHHSIM, CIIPUSIE
pOo3BUTKOBI Aiabety i auciinigemii. OcTaHHIMU JOCITIHKEHHSIMH BCTAHOBJIEHO, IO 3aCTOCYBaHHS
npenapary APyroro MOKOJTIHHSI OJIaH3aITiHY 3yMOBIIIOE Y ITypiB i MUIIEH 301UIbIIEHHS MacH Tija,
3pOCTaHHS BMICTY BUIBHUX J>KHPHHUX KHCIOT y TUIa3Mi, iH(iIbTparito MakpodariB y KUpOBY
TKaHWMHY 1 BiAKIaIEHHS BiCIEpaIbHOTO XKupy [23].

Yacro mnst inaykiii MetS Ha TBapuHHHX 00’ €KTaX MOETHYIOTh BAKOPUCTAHHS TEHETHYHO
MOOM(IKOBAaHWX TBapUH 13 BBEACHHAM iM (papMalEeBTHYHHX MpermapariB. 30kpema, Oyiio
MOKa3aHo, IO BBEJEHHS TIIyTamary HaTpilo IIypaM 3i CIIOHTAHHOIO TimepTeHsi€ro (spontane-
ously hypertensive rat — SHR) y HeoHaraqbHOMY TeEpiofi 3yMOBIIOE TMOCTYIIOBE OKHUPIHHSI
TiJIa Ta 3pOCTaHHs PiBHsS TpUrIiNepuaiB. KpiM po3BUTKY pE3WCTEHTHOCTI JO IHCYNiHY, Taka
MOJIeIh XapaKTEPHU3YEThCS HU3BKUM PiBHEM XOJIECTEPOJY JIMOMPOTEIHIB BHCOKOI IIUILHOCTI
1 MOCUJICHHSIM TIPOIECy 3amajeHHs (BUCOKMMH KoHUeHTpamisimu C-peaktuBHoro Oinka, 1L-6,
¢daktopa TNF-a Ta HU3BKHUM piBHEM aJUIIOHEKTHHY). TBApUHH 3 MOAEIHOBAHUM TAKHM YHHOM
MEeTa0OIIYHUM CHHAPOMOM MArOTh IMiJIBUIEHUH CUCTONIYHHMNA apTepianbHuid TUCK. [loeHaHHS
rinepreHs3ii 3 iHyKOBaHUM [Ty TAMaTOM HATPit0 OKUPIHHAM IPU3BOAUTH 10 TIOPYIIICHHS HEPBOBOL
peryssimii QyHKIIOHYBAHHS CEPIIEBO-CYAMHHOI CHUCTEMH. AKTHBAIlisl CHMIATHYHOI HEPBOBOI
CHCTEMHU BiJIirpa€ BOXIIUBY POJIb Y MATOTE€HE31 PE3UCTEHTHOCTI JI0 IHCYTIHY ¥ aKTUBAaIlii peHiH-
aHT10TEH3MHOBOI CHCTEMH. YCi Il 3MIHU 3PEIITOI0 MPHU3BOAATH M0 MUCHYHKINT BEereTaTHBHOL
peryssimii GyHKIIOHYBaHHSI CEPLIEBO-CYIMHHOI cucTemu 3a MetS [16].

Jliemo-inoykosanuii memaoboniunui cunopom. Jliera Bifgirpae BaKIMBY pOJb Y POCTI H
PO3BHUTKY, aJie CKJIaJl XapuyBaHHs CYTTEBO BILUIMBAE HA HOPMasibHEe (DYHKIIIOHYBaHHS OpraHi3My.
CyuacHa JieTa, 0COOIMBO B 3aXiIHUX KpalHax, Oarara Ha BYIJIEBOIH, TaKi K (ppyKTO3a i caxaposa,
a TaKoXXK Ha HACUYCHI KUPHI KUCIOTH. Uepe3 HaaMipHe CIIOKUBAHHS KaJIopiil 3pocTae KiIIbKICTh
JIIOZICH, IO CTPaXKAAF0Th Ha METAOOIIYHUN CHHIIPOM 1 CEpIIeBO-CYAUHHI 3aXBOproBaHHs [21].

Taka 0coOIMBICTh BILTUBY AIETH HA PO3BUTOK METAOOTIYHOTO CHHAPOMY CTAaHOBUTEL OCHOBY
HACTYITHOTO MPHUHITAITY MOJIEITIOBAHHS IIHOTO MATOJOTIYHOTO cTaHy. [linia HU3Kka MaHIMysIIii 3
Ji€TOI0 371aTHA iHAYKyBaTn MetS y maboparopHux TBapuH. 30KpemMa, MO>KHA 3aCTOCYBATH OJWH THIT
nieTr a00 KOMOIHALIIIO TIET, HATPHUKIIA, TI€TH 3 BACOKAM BMICTOM (DPYKTO3H, CaXapo3H Ta XKHPY,
a00 JieTy 3 BUCOKUM BMICTOM SIK ()PYKTO3H, TAK 1 )KHPIB, YU Caxapo3u Ta KUPiB. MaHimysmii 31
CKJIAIOM MPOAYKTIB, SIKI BYKUBAKOTH ITiIOCITIHI TBAPUHHM, TOTTOMAral0Th 3MO/IC/IFOBATH PO3BUTOK
MetS, OCKiIBKH Ji€Ta BIUTMBAE HA META00III3M YChOI'0 OPraHi3My, 3MIHCHIOE PEryIATOPHUI BIUIHB
HA TOPMOHHM, METa001i3M [VIFOKO3U Ta IMUIAXH JIIITIHOTO OOMIHY.
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36acauena mna eyenesoou Oiema. ByrneBomHuIl OOMIH TOYHMHAETHCA 3 iXHBOTO
MIEPEeTPaBICHHS Y HUTYHKOBO-KHIIKOBOMY TPAaKTi 3 BUBLIBHEHHSIM MOJEKYJ INTIOKO3M Ta iXHIM
MTOTIIMHAHHAM Y KPOB 1 TPAHCIIOPTYBaHHAM Y IE€YiHKY Yepe3 BOPITHY BeHY. SIKIIO HaIXOMKEHHS
BYIVIEBOJIB CHJILHO MEpPEBHIYE JOOOBY MOTpedy B €HEprii, TO KOHUEHTPALls [JIFOKO3H B KPOBI
3aNUINAETECA BUCOKOIO, a I1HCYTIH MIIUTYHKOBA 3aJi03a BHIULIE IS KOMIIGHCAIll IBOTO
Hammmmky. Ha mpoMy erami i yTwii3alii DIIOKO3HM 3aTydeHi Taki MexaHi3MH: (a) posmaj
IJTFOKO3W Y TIPOIIECi TIiKOMi3y, (0) mepeTBOPeHHS IIIOKO3M Ha IIIKOTEH Y MEediHIl Ta M’s13aX, (B)
IHAYKLiS CHHTE3y KUPHHUX KHCJIOT 1 HMPUTHIYCHHS 1HCYTIHOM BUIUICHHS AOCTYITHHUX >KUPHUX
KHCJIOT i3 KHUPOBOI TKaHUHH. TpHBaje HaIMIpHE CIIOKMBAHHS BYIVIEBOIIB 3yMOBIIOE MOCTIHHO
BHCOKHH piBEHB ITFOKO3U Y KPOBi. 32 TAKWX YMOB 1HCYJIIH YTBOPIOETHCS y IPOIOPLIHHO BUCOKUX
KOHIIGHTPAIIisIX, a JI€THYHI BYIJICBOAM IEPETBOPIOIOTHCS HA JKUPU 1 HAKOIMHYYIOTHCSA. Yce Iie
CYTIPOBOKYETHCS 3HIDKEHHSM Yy TIMBOCTI 10 1HCYIiHY.

Yacro muis ingykuii MetS y 1abopaTtopHUX TBApHH BUKOPUCTOBYIOTH ppykmosy. Ppykro3a
cTaja BaXIUBUM 1 TOMIMPEHUM 1HTPEIIEHTOM y Xap4OBHX NpoaykTax. PazoM 31 301IbIIeHHIM
CIOXXHUBAaHHS (PPYKTO3H MPOTATOM OcTaHHIX 50 poKiB Gy10 BCTAHOBIICHO TPONOPIIiiHE 301TbIICHHS
3aXBOPIOBAaHOCTI Ha OXxupiHHA. OCHOBHMMH JpKepelaMu (pYyKTO3W B palioHI € caxaposa,
KyKYPYI3STHUH CHPOII i3 BHCOKHM BMicToM (pykTo3n, ¢ppykTu i mexn [21]. Kpim mporo, Temep
(PYKTO3y 4acTO 3aCTOCOBYIOTh SIK ITiICHIIFOBAY CMAaKYy, OCKIJIBKH 11 HASBHICTh POOUTH 1Ky OLIBII
aIeTUTHOIO, a OTXKE, MPOAYKTH 3 (PPYKTO30I0 JIFOIN CIIOKUBAIOTH y BENMKIN KiTbKOCTI. BykuBaHHS
(GpyKTO3M 3 NPOAYKTAMHU Xap4ayBaHHI, 3 O10JIOTIYHOI TOUYKH 30Dy, HE MA€E CEHCY, OCKIJIbKHA BOHA
€ JIUIIE IPOMIXKHOIO MOJIEKYIIOI0 MeTabomi3My IroKo3u. L{upKymoroda KoHIIEHTpatist ppyKkTo3n
(~ 0,01 mmonb / 1) y nepudepudHiii KpoBi € HabAraTo HUXKYOIO MOPIBHSHO 3 [IIOK03010 (~ 5,5
MMOJIb / J1).

HaamipHe ciokuBaHHs (PPyKTO3H MPU3BOAUTH 0 TOCUIICHOTO 11 MOTIMHAHHS KT THHAME
MediHkd. Y [HX KITHHAX (PyKTO3a TEepeTBOPIOETHCS Ha (pykro3o-1-pocdar y peaxii,
0 KaTalizyeTsCcsi (epMeHTOM (pyKTOKiHa3010 3a HasBHOCTI AT®. Ha nHactymHOMy etami
BiZIOyBa€eThCs po3uierieHHs Gpykro3o-1-hocdary Ha riinepanbaeriz i qurigpokcianerondocdar.
PosmeruieHHst ppyKTO3M 10 TBOX TPio3 BinOyBaeThCs Oe3 MepeTBOPEHHS IITIOKO3U Ha (PPyKTO3Yy-
1,6-06icocdar Ha TMOYATKOBUX PETYIATOPHHUX eTamax mikomidy. Takuil oOXix peryiasTopHUX
eTamiB IJIIKOMI3y Ja€ (PpPyKTo3i 3MOTYy HAAXOOUTH y DIIKOMITHYHUN IUIIX Oe3mepepBHO. Bes
(bpyKTOo3a, 110 HAXOAUTH Y KIIITHHY, HIBUAKO MeTabomi3yerhes a0 auneriin-KoA. Komu kiituna
JIOCTaTHBO 3a0e3medueHa eHeprieto, aneTui-KoA He HaIXOIUTh Y MUK TPUKAPOOHOBUX KHUCIIOT, a
BHKOPHCTOBYETHCS JIJISI CHHTE3Y )KHPHUX KUCIOT [2, 17].

Ha upomy erami ¢pykrosa Oepe y4acTb y KUIBKOX OIHOYACHUX Mpolecax: (a) yacTuHa
(bpyKTO3M MEPEeTBOPIOETHCS HA JIAKTAT i3 mipysary, (0) iHIIa 4acTuHa (QPYKTO3H € JHKEPEIOM
Tpio3odocdaris, sIKi JIErko MepeTBOPIOIOTHCS Ha IITFOKO3Y 200 IIIIKOTeH Y MPOIIeCi INIIOKOHEOTeHE3Y,
(B) BymieueBi aroMu (PyKTO3M MOXYTh OyTH BHUKOPUCTaHI AJIsI CHHTE3Y XHPHUX KHCJOT, (T)
1HriOyBaHHsS OKMCHEHHS JIIIIIB MEYiHKK 332 YMOB BHCOKOI KOHIEHTpamii (pyKTO3u crpuse
CHHTE30BI JIIMONPOTEHIB Ay>Ke HU3bKO1 MIIIFHOCTI ¥ TPUIIILEpUIIB 1 mepeeTepudikarii >KupHUX
KHCJIOT.

VY rnabGopaTopHHX TBapHMH BCTAHOBIECHO HE3alepeuHy KOPENALil0 MK CHOKHBAaHHIM
BUCOKO(PYKTO3HOT JI€TH 1 MiJBUIICHUM EHEProCIOKHBAHHIM, 3pPOCTaHHSIM Macd Tila,
OXKHUPIHHAM, TIIEPTPUNTIIEPHAEMIEI0, TUCIIIIIEMI€T0, TITEPTOHIET0, TOPYIICHHSIM TOJICPAaHTHOCTI
IO TJTFOKO3M 1 3HIKSHHSAM YyTIMBOCTI 110 iHCyMiHYy [23].

MopenroBanHs MetS HagMIpHUM CHOXKHBAaHHAM (PYKTO3W Y MUIIEH NPH3BOAHUTE [0
MOCHJIEHOTO (DYHKIIOHYBaHHS CHMIIATUYHOI HEPBOBOI CHUCTEMM 3 BIAINOBIJHAM BIUIMBOM Ha



M. Hazanescbka, H. CubipHa
62 ISSN 0206-5657. BicHuk JbBiBCcbkoro yHiBepcutety. Cepis 6ionoriyHa. 2024. Bunyck 92

cepreBo-cynmuHHy cucteMy [16]. HaamipHe cnokuBaHHS (DPYKTO3M 3yMOBIIOE TimepTpodiro
[UTYHOYKIB, MPUTHIYCHHS CKOPOYYBaIbHOI (DYHKIII HUTYHOUYKIB, OKHPIHHS CEpIsl Ta CTEaro3
MEYiHKKA 3 OJHOYACHOIO 1HQUIBTpAIi€l0 IMX TKAHWH KIITHHAMU 3ananeHHs. Ppykroza y
J1a00paTOpHUX IIYpPiB BUKIMKAE MMONIKOMKEHHS HUPKOBUX KaHAJBIIIB, BIIKIAJaHHS KOJAreHY
B IHTEPCTULIATbHIA TKaHWHI, MiABUIICHHS iHGIIBTparii Makpodaris, mo CynpOBOHKYETHCS
npodidepalie€ro Ta Tinepria3iclo HIPKOBUX MPOKCHMAIBLHUX KaHAIBIIB. TakoX y TBapuH, IO
CIIOXKMBAJIM HAJMIPHY KUIBKICTh ()PYKTO3H, BCTAHOBJICHO PE3UCTCHTHICTb 10 JICTITUHY, 3pOCTaHHS
y TUTa3Mi KOHIIEHTpaIlii TpUIITiepuIiB 6e3 3MiH y BMICTi X0JIlecTepoiy B miasmi [21].

VY KIITHHAX TOHKOTO KHIICYHHMKA Ta MEYiHKH (QPYyKTOKiHA3a Karajii3ye peakiiro ¢ocdo-
PHITIOBaHHS (DPYKTO3H IO IEPIIOMY aroMy KapOOHY 3 yTBOpeHHSIM (Gpykro30-1-hocdary. Ak-
THBHICTh ()PYKTOKIHA3H HE PETYITIOETHCS 32 MEXaHI3MOM HEraTHUBHOTO 3BOPOTHOTO 3B’SI3KY 1 K
HaCJII0K 32 HaHIIKY (GpykTo3u myn AT® BUCHAXKY€EThCS, 1110 IIPU3BOIUTD IO 3HUKEHHS BMICTY
¢docdaris, aktupamii AM®-ae3amiHasu Ta MiABUINCHHS KOHIIEHTPAIlIi CEY0BOI KUCIOTH y IUTa3Mi
KpOBi. 3pOCTaHHS BMICTY CE€YOBOI KHCIIOTH 3yMOBIIO€ PO3BUTOK TiMEPTEH3il, TinepiHcyaiHemil,
PE3UCTEHTHOCTI 10 1HCYMiHY 1 TinepTpuriinepuaeMii [2].

®pyKTO32, Ha BiIMiIHY BiJl IJTIOKO3H, HE BUKIIMKAE CEKPEIII0 1IHCYMiHY 3 B-KITITHH TAIUTYH-
KOBOI 3aJ1031, MOJKJIMBO, Yepe3 BiACYTHICTh TpaHcmoprepa ¢ppykrosu (GLUTS) Ha B-kaiThHAX
T LTy HKOBOT 3aJ103U. BilMOBIAHO, KON CIIOKUBAETHCS HAMiIpHA KUTbKICTh ()PYKTO3H, CUTHATIH
PO BiAYYTTS CUTOCTI HE HAJXOJATh y TOJOBHUNA MO30K, sikuid Takoxk He Mae GLUTS tpancmop-
Tepa. Taka BiACYTHICTh BIIYYTTSI CUTOCTI MPU3BOAMTD J0 MIOCHIICHOTO CIIOYKUBAHHS TKi i, TAKUM
YUHOM, JI0 pO3BUTKY MetS [2].

®pyKTO3a TAKOK HE CTUMYITIOE CEKPEITIO0 JICITHHY, HATOMICTh aKTUBYE JIITOTE€HE3 de novo
B meuinii. Ile 00ymMoBiIeHO TuM, 110 (PYKTO3a OMUHAE JIMITYIOUl peakmii mIiKom3y i, BiArmo-
BiJIHO, IPU3BOAMTH JI0 HEKOHTPOJIBOBAHOIO MOCTAYaHHsI BYIJICLEBOIO CKeJeTa /s JIIMOoTreHe3y B
nevinmi [21].

[{omo peHiH-aHrIOTEH3UHOBOT CHCTEMH, TO JIETA 3 BUCOKUM BMICTOM (DPYKTO3M 1HAYKYE
MiABUIIEHHSI PiBHsI aHTioTeH3uHy Il y 1mia3wmi, 1mo cripuse po3BUTKOBI TiMEPTOHII, 1HCYIiHOpE-
3UCTEHTHOCTI, AMCIIMmiAeMil Ta MOXKe 3pOOHMTH TEBHHIA BKJIAJ Y MOPYIICHHS (YHKIIIOHYBaHHSI
cepueBo-CynuHHOI cuctemu. AHriorensuH I crpusie mpostideparii $GiOpo0IacTiB 3a paxyHOK
aKkTHBalii pernenropa A0 aHrioTer3uHy Il tumy 1, 0 TPU3BOAUTH 10 MMOCWJICHHS €KCIpecii Ta
HakommueHHs konareny tumy Il y cepui. HanmipHa akTuBaliis peuenTtopiB A0 aHrioreH3uHy II
Ty 1 TPU3BOAUTH 0 3pOCTaHHA KoHIEHTpalii ROS, mo, iMOBipHO, 3yMOBIIEHE TIOCHIEHUM
¢yukuionyBanasM NAD(P)H-okcrnnasu y kinituHax mrypis [16].

TakuM 9uHOM, METa0O0III3M HAIUINKY (PYKTO3W OlIbIle HAraaye MeTabosi3M JIImidiB,
HDK BYIJICBOJIB, SIK Y JIFOJMHU, TaK 1 y TBapuH. Husbka no3a ¢ppykrosu y nutHii Boxi (10 %) €
JIOCTaTHBOIO I 1HAyKyBaHHs MetS y TBapuH [23].

IIle ogauM miaxomaoMm a0 MojemtoBaHHs MetS € gucoxocaxaposna diema. Caxapo3sa — e
JECaxapul, IO CKIAJAEThCs 3 OAHi€l MojeKyau (Gpykro3u i ofHiei Monekyau riroko3u. Caxa-
po3a mix giero GepMeHTy caxapasd PO3MICILIFOETHCS Ha TIIFOKO3Y 1 ppykrozy. OOuaBI MOIEKyIH
MeTa0OoMi3yI0Th TPOXU PI3HUMH NUIIXaMU. SIK 3a3Hadaocs paHimie, HaIXOMKCHHS TIIIOKO3H B
MeTa0OJIIYHI [IUIIXW HETaTHBHO PETyIOETHC (hochodpyKTOKIHA30F0, Bi (DYHKIIIOHYBAHHS SKOT
HE 3aJICKUTh MeTa00:1i3M (pyKTO3u. Taka pi3HULS B pery/IIOBaHHI 00YMOBIIIOE Oe3MepepBHE BBE-
JNeHHS (PPYKTO3M y TIIKOMITHYHUAHN IIISX. BiqmoBigHo, HATHIIOK (PYKTO3U B MIEUIHII IIEPETBO-
PIOETBCSI HA KHP, OCKUIbKU (DPYKTO3a € KpaluM CyOCTpaToOM Ul CHHTE3y JKUPHHUX KUCIIOT MO-
PIBHSIHO 3 IVTIOK03010. Takum 4rHOM, (PPYKTO3a € OCHOBHUM aKTUBHUM IHIPEIIEHTOM, IO CIIPHUSIE
po3BUTKOBI MetS y TBapWH MiCIIsI CIIOKUBaHHS CaXxapo3Hu.
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JocaimkeHHs Ha TBapUHAX MOKa3ajo, [0 BBEICHHS PO3UMHY CaXxapo3u 3 IMUTHOIO BOJOIO
MIPU3BOIUTE 10 PO3BUTKY MetS 1 CympoOBOMKYEThCS 301IBIIEHHSIM MacH Tijla, IMiJIBUICHHIM
CHCTOJIIYHOTO apTepialbHOTO THCKY, PIBHS IHCYJIHY, JIENTHHY, TPUALMIIITILEPOIIB, 3aralibHOTO
XOJIECTEPOITY, JIMONPOTEiHIB HU3bKOT IIUILHOCTI ¥ BUIbHHUX KUpHHUX kucioT [23]. Hammiphe
CHOXKMBAHHSI Caxapo3u MPU3BOAMTH J0 HIIBUILEHHS CUCTOIIYHOTO apTepialIbHOTO TUCKY B IIYPiB
13 MIABHMIIEHHSIM MacH JIIBOTO IIIYHOYKA T4 BHKIMKAE PO3BUTOK CTEAaTo3y MediHKH. BomHouac
He OyJI0 BCTaHOBJICHO 3MiH y HUpKax IIypiB, sIKI OTPUMYBalK BHCOKHH BMICT caxaposu [21].
Caxapo3a 3HIKYE MOIIMHAHHS KaJBII0 CapKOIUIa3MaTHYHUM PETYKYITyMOM Kap/iOMiOIUTIB.
ByxuBaHHS caxapo3d MO)XKE CTHMYNIOBATH BEHTPOMEIalbHUI TilmoTanamMyc i3 MOJalbIIuM
MiIBAIIEHHSAM aKTHBHOCTI CHMIIaTUYHOI HEPBOBOI CHCTEMH Ta, BIAMOBIIHO, IiBHICHHIM
KpOB’SIHOTO THCKY B ITypiB [16].

TakuM Y4WHOM, BUCOKHH BMICT Caxapo3d B JI€TI 3yMOBJIIOE PO3BUTOK MetS y TBapuH.
Ipote mist iHaykiiii MetS Gppykro3a € ePeKTUBHIIIO B IEpepaxyHKy Ha €KBIBAICHTHY KiJIbKICTh
caxaposu [23].

bazama na ainiou diema. IIpoTarom 0araTboX ASCATHIITH IJIsI MOICTIOBAHHS OXKHPIHHS,
JMCITIMAeMIT Ta pe3UCTEHTHOCTI JI0 IHCYJIIHY Y TpU3YHIB BUKOPHCTOBYBAJIM II€TH 3 BUCOKUM
BMICTOM JKUPIB. YCKIaJHEHHs, 10 PO3BUBAIOTHCS 33 BUKOPHCTAHHS TaKWX MI€T, CXOKI Ha
METa0OIIYHUIT CHHPOM JTFOJIHU.

Bararo nocnigHuKIB Ui MoJieIoBaHHs. MetS y TBapHH 3aCTOCOBYIOTH Pi3Hi 32 BMICTOM
1 CKIIaJI0M KHpIB mieTH. BMicT sxupiB y 1ux mietax Bapitoe Big 20 mo 60 % 3araibHOi eHeprii,
SKy CHOXMBae TBapuHa. J[KepeaoM >KMPOBOTO KOMIIOHEHTAa MOXYTh OyTH SIK POCIHHHI OJii
(KyKypyA3siHa, COHSIIIIHUKOBA 200 OJIMBKOBA), TaK 1 dKMPH TBAPHHHOTO MOXO/KEHHsI (HAPUKIIa,
SUTOBMYMHA kHp 1 cajo). JlieTh 3 BHCOKMM BMICTOM JKHPIB IIUPOKO BHUKOPHUCTOBYIOTH JIJISI
IHIyKyBaHHS OXKUPIHHA Yy TBapuH. J{0CiIiPKeHHs OKa3aJiu, 10 Ji€Ta 3 BACOKUM BMICTOM XHPIB €
e(eKTUBHOIO JUIs IHAYKIT TineprimikeMii, iIHCYIIHOPE3UCTEHTHOCTI, JUCITIMiAeMIT Ta 301IbIIeHHS
BIJIBHUX JKHUPHHUX KHUCJIOT y KpoBi. Hammuiiok kupiB y XapuyBaHHI 3yMOBJIOE 301bLICHHS
JKHPOBOI MacH, 3pOCTaHHsI KOHIIEHTpaIlii X0JeCTepoIly, TPUIIIEPHIiB, JIMONPOTEIHIB HU3bKOT
LIUIBHOCTI, JIEITHHY, IHCYJIHY Ta 3HIDKSHHS KOHIIGHTpaIii JIMONpOTeTHIB BUCOKOI HIUTBHOCTI
W agunoHekTHHY y Tuia3Mmi. [locuseHne (opmyBaHHS JIMONPOTEIHIB My)Ke HU3BKOI HIUTBHOCTI
00yMOBJICHE HEOOX1THICTIO PO3MOALTY BEJIMKOI KITBKOCTI CHHTE30BaHHX MEYIHKOK TPUIJIIIICPHIIB
y pe3yJbTari HaMipHOTO CIIOKUBAHHSI KHPIiB. BUCOKHII piBEeHB X0JIeCTepOITy JITOMPOTETHIB AyKe
HU3bKOT IIIJIBHOCTI BUKIIUKAE OXKHPIHHSI, AUCITIMIAESMII0 1 HAKOTIMUYCHHS X0JECTEPOIY B apTepisX.
HakomudaeHHs TPUIIIHEPUIIB Y TEUiHII € OMHUM i3 MEXaHi3MiB, 1[0 OITOCEPEAKOBYIOTh PO3BUTOK
Pe3UCTEeHTHOCTI 70 iHCymiHy [23].

Jiera 3 BHCOKMM BMICTOM JKHpPIB y MHIIEH 1HAyKye 30iIbIICHHS CHCTOJIIYHOTO
apTepiadbHOTO THCKY 1 CHJIOTEeNiaJbHy TUCQYHKINIO, TAaKOK Yy TAaKUX TBAapUH BHIBICHO
anbpOyMiHYpiI0, HAKOTIMYECHHS JIIMIAIB y HUPKAaX, BIKIaJeHHS KOJIaTeHy B HUPKOBUX KIyOOUKax i
MiABHUIIEHY iH(iMbTpalito MakpodariB y MO3KOBHH mmIap HUPOK [21].

VY KpomiB, SIKi OTpUMYyBald AI€TYy 3 BHUCOKHM BMICTOM JKHPIB TNPOTAroM 3 THXKHIB,
BUSIBIIEHO MOPYLICHHS YyTJIMBOCTI JIO0 JIENTHHY (BOHO CYIPOBOJKYBAJIOCS ITiIBHICHHSIM
apTepiadbHOTO THCKY, YaCTOTH CEPIIEBUX CKOPOUCHb) 1 3pOCTaHHS KOHIICHTpAIlil HOpaApeHATiHY
y wia3mi. KoHnieHTpaltis JenTHHY y TUTa3Mi KOPEIoe 3 TiABUIEHO0 aKTUBHICTIO CUMITATHYHUX
HepBiB HUPOK. Taka MiABHIIEHA aKTUBHICTH 00YMOBIIOE OapoperenTOpHy AUCQYHKINIO, 10 B
CYKYITHOCT1 MOXk€ Oy TH IPETUKTOPOM CUMITATO30y/IXKEHHS 1 TIePTOHi1, OB’ 13aHO1 3 OKUPIHHAM.

Cucrema peHiH-aHT10TeH3UHY 3allydeHa B TeHEe3HUC TiNepTeH3ii, OB’ A3aH01 3 OKUPIHHIM.
VY mypiB, SKUX YTpUMYBald Ha OaraTiii Ha JIMiAX AI€Ti, BCTAHOBIEHO MOCHIIEHHS eKcrpecii
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TeHAa aHTIOTCH3MHOTEHY B JKHPOBIH TKaHUHI PETPOIIEPUTOHIATBHOTO MPOCTOPY i 3pOCTaHHA
KOHIIEHTpAIlil aHTiOTeH3WHOTeHY y IIa3Mi, IO BKa3ye€ Ha IiJBUINEHY AaKTHBHICTH >KHUPOBOI
TKaHUHH Ta pEeHIH-aHT10TeH3WHOBOI cucTemu [16].

TaxuM 9UHOM, BUKOPUCTAHHS 0aratoi Ha JIMiAX AI€TH Ja€ 3MOTY 3MOJIENIOBATH OCHOBHI
MeXaHi3MH PO3BUTKY META0O0IITHOTO CHHAPOMY.

[HImmM migxomom 10 MoperoBaHHA MetS € BUKOPUCTAaHHS KoMOiHO8aHuX Oiem. 30Kpema,
JIi€Ta 3 BUCOKMM BMICTOM SIK BYTJICBO/IB, TaK i JIiIiAiB (TBAPHHHOTO 00 POCIMHHOTO ITOXOKEHHS )
Oinpre imiTye mrogcbkuid parioH. OYeBHIHO, IO Taka KOMOIHOBaHA [i€Ta Ma€ BUKIUKATH
MeTaOOoIYHNI CHHAPOM 1 y TpU3yHIB. J[7Is1 MOIEMOBaHHS MATOJIOTIYHOTO CTaHy 3aCTOCOBYIOTH
pi3Hi KoMmOiHamii Ta KiUTBKOCTI BYIJIEBOAIB 1 miminiB. HalmommpeHImuME ByIIeBOIAMHU TYT €
¢bpyKTO3a i caxapo3sa, ToIi K JyKepea JIMiIB Y pi3HUX JOCTIHKSHHIX 3HaYHO BapifOIOTh.

VY TBapwH, SKi BXHMBaJH HAUIAIIKOBY KIUTBKICTH Caxapo3W Ta JKHPIB, CIIOCTEpiraid
30UTBIIICHYy Macy Tijla, abJoMiHaJbHE HAKONMYEHHS JKHUPIB, TIMEPIHCYIIHEMIIO, TIMEPIITIKEMI0
Ta rinepuimigemito. g komMOiHOBaHa Ai€Ta BUKIMKAE CTEATO3 MEYIHKH i 30UIBIICHHS BMICTY
JMNOTeHHUX (PepMEHTIB MediHkKu [9].

[NapanensHe BUKOpHUCTaHHA (QPYKTO3M Ta JKHPIB U IHOYKYBaHHA METaOOJIIYHOTO
CHHIPOMY TMPHU3BOAWTH A0 30UTBIICHHS MacH Tijla TBApHH, 3POCTAaHHSI BMICTYy Y IDIa3Mi
TPUDIIIEPUAIB, XOJIECTEPOIY, BUTPHIX JKUPHHUX KHUCIOT 1 yentuHy. KombiHamis ¢pykTo3n Ta
KHPY TaKOXK 3yMOBITIO€ BHHUKHEHHS TiIIePiHCYTiHEMI1, pE3UCTEHTHOCTI 0 1HCYIiHY, TOPYIICHHS
TOJICPAHTHOCTI JI0 TJIFOKO3H, TiIBUIICHHS aOIOMIHATBHOTO BiKIaJaHHS JKUPY, CTEaTo3 MEYiHKH
1 3ammaeHHs. 3MOICTbOBAHMH 32 BUILE3ralaHOI0 cXeMOoro MetS cympoBomKyeThCs TimepTpodieio
cepus, MiABHINEHOI JXOPCTKICTIO HUTYHOUYKIB, NUTYHOYKOBOIO IHJIATAIl€I0, 3aIlajieHHAM i
¢iOpo3oM MioKapaa, TIMEPTeH3IEI0 i CHIOTEeNiadbHOI IUCOYHKIIE, MOPYd i3 MOMIPHUM
YpaXXeHHSAM HHUPOK 1 iIBUIMIIEHOIO MAaCOI0 MAaHKPEaTHIHHX OCTPiBIiB [21].

Ille omgauM mpHKIaZOM KOMOIHOBaHOI Hi€TH € T. 3B. Ji€Ta KadeTepio, SKy MOXKHA
BHUKOPHCTATH JJISi MOJENIOBAHHS METaOONIYHOTO CHHIpOMY. Y Mi MOAEN TBapMHH MAroTh
BUIBHHI OCTYII 10 CTAaHAAPTHOIO KOPMY Ta BOAM i OJHOYACHO MEPIOIUYHO CIIOKHBAIOTH JIyKe
CMa4Hi, BUCOKOCHEPTeTHYHI, IIKi[JIABI JJIS 3OPOB’S Xap4doBi NPOAYKTH IONWUHU ad libitum,
mo crpuse NoOpoBineHilM rimepdarii. Lig mieta mpu3BoanTs 10 30iTbIICHHS Bard, 3pOCTaHHS
KUTBKOCTI KHPOBOI MacH, MOPYIICHHS TOJEPAHTHOCTI J0 TIIIOKO3H 1 PO3BUTOK PE3HCTEHTHOCTI
no iHCymiHy. Y mrypiB Wistar, sIKi CIIOXXHBAJIN TaKy Ii€TY, BCTAHOBJICHO KJIACHYHE MOPYIICHHS
00MiHY PEYOBHH, CEPIIEBO-CyIWHHI 3MiHH, Taki SK IiABHIIEHA YaCTOTA CEPIIEBHX CKOPOUYCHD i
MiABUINEHUN apTepianbHuil THCK [16].

[lepeBaroro BUKOPHCTAaHHS TBApUHHHUX MOZENEH y mocimimpkeHHI MetS € MOXIUBICTH
KOHTPOJIIOBATH TiCTOJIOTi4HI, (YHKIIOHAJbHI, OioXiMidHI Ta MOpQOJIOTiuHi 3MiHH 3a i€l
TIATOJIOT 1, IO BAYKKO 3MIMCHUTH y JFOIEH.
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Metabolic syndrome is a condition characterized by the presence of insulin resis-
tance and the presence of two of the following risk factors: obesity, hyperlipidemia (hyper-
triglyceridemia, decreased high-density lipoprotein cholesterol), hypertension, or microal-
buminuria. The multifactorial nature of metabolic syndrome makes it difficult to create an
adequate experimental model that would best represent the entire spectrum of the patho-
physiology of this condition. This review aims to summarize current literature data on the
pathophysiological mechanisms of metabolic syndrome in the context of the development
of insulin resistance, obesity, dyslipidemia, impaired glucose tolerance, and inflammation.
The article also summarizes modern approaches to the induction of metabolic syndrome in
rodents, among which dietary manipulation, genetic modifications, and the use of pharma-
ceuticals are the most common. As genetic models of metabolic syndrome, rodents with
leptin or leptin receptor deficiency are most often used, in particular leptin-deficient mice
(ob/ob), leptin receptor-deficient mice (db/db), Zucker obese rats (ZF), diabetic rats lines
Zucker with obesity (ZDF) and others. Pharmaceutical drugs that can be used to induce
metabolic syndrome include endogenous glucocorticoids and antipsychotic drugs. Several
dietary manipulations are used to induce metabolic syndrome in laboratory animals. In par-
ticular, one type of diet or a combination of diets can be used, such as diets high in fructose,
sucrose and fat, or a diet characterized by a high content of both fructose and fat or sucrose
and fat. Manipulations with the composition of products consumed by experimental animals
make it possible to simulate the development of metabolic syndrome, since the diet affects
the metabolism of the entire body, and has a regulatory effect on hormones, glucose and lipid
metabolism pathways.

Keywords: metabolic syndrome, diet, animal models, insulin resistance,
dyslipidemia, inflammation
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The article discusses the relevance of the problem of invasive alien species (IAS) in
Europe, highlights the bioecological characteristics of invasive species of the genus Hera-
cleum (H. mantegazzianum, H. persicum, and H. sosnowskyi) and historical ways of intro-
duction. Statistics on the spread of these species and their negative impact on biodiversity
and ecosystem resilience are presented. The spread of invasive species of the genus Hera-
cleum has far-reaching consequences, affecting ecosystem sustainability, the economy, and
healthcare. It has been shown that the ecological consequences of the impact are manifested
not only in the ability of these species to displace native flora and disrupt natural ecosystems,
but also in various areas of economic activity. These plants’ aggressive growth and allelo-
pathic effects lead to significant economic costs associated with land management and agri-
cultural productivity. The examples of different mechanisms of impact of invasive species of
the genus Heracleum highlight their detrimental effects on ecosystems and human health. In
particular, the phototoxic substances of Heracleum spp. pose severe risks to human health,
causing skin inflammation and long-term photosensitivity. Various methods of controlling,
eradicating and preventing the spread of Heracleum spp. species in Europe are discussed in
detail, including mechanical, biological, and chemical methods and preventive strategies.
Attention is also focused on post-eradication control methods, disposal of plant waste gene-
rated during eradication, and restoration of natural vegetation. The key steps of an integrated
approach to effectively reduce the invasion of Heracleum spp. in new areas are analysed.

The urgent need for integrated management strategies to mitigate the impact of in-
vasive Heracleum species and prevent further spread is shown. It is noted that IPM control
is an important international issue that requires coordinated efforts at the EU and UN levels.
The conclusion is drawn about an integrated management approach that combines physical,
chemical and biological methods adapted to specific regional conditions and aligned with
international biodiversity goals. The article also discusses the role of public awareness and
education in preventing the spread of invasive species. Public involvement in early detection
and rapid response initiatives is emphasised, which is crucial for the successful management
of alien invasive plant species.

Keywords: Heracleum mantegazzianum, Heracleum persicum, Heracleum sosnow-
skyi, invasive alien species, control of Heracleum species, biodiversity

Invasive alien species (IAS) represent one of the five principal drivers of global biodiver-
sity loss, along with land and water use change, direct exploitation of organisms, climate change
and pollution [107]. The introduction of more than 37,000 alien species as a consequence of hu-
man activities has occurred across all regions and biomes of the Earth. Furthermore, the rate of
new alien species being recorded is approximately 200 per year, representing an unprecedented
change. A review of the scientific literature reveals that more than 3,500 of these species, includ-
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ing the invasive Heracleum species, have been classified as IAS due to their documented negative
impacts. The proportion of alien species identified as invasive varies across taxonomic groups,
with rates ranging from 6 % of all alien plants to 22 % of all alien invertebrates. Invasive alien
species have been identified as the primary cause of 60 % of recorded global extinctions, with a
further 16 % of documented extinctions of animals and plants attributed to this factor alone [107].

In 2019, global annual expenditure on biological invasions exceeded 423 billion US dol-
lars. Most of these expenditures (92 %) were directed towards addressing the adverse effects of
integrated pest management on the natural environment and quality of life. In comparison, only
8 % were allocated towards controlling and managing biological invasions [70]. The economic
consequences are equally significant, with annual costs estimated at least €12 billion in Europe
[107]. The acceleration of globalisation in trade and travel has facilitated the spread of invasive
species, resulting in profound environmental and socio-economic impacts worldwide. The un-
precedented spread of alien species, including invasive Heracleum spp., is a consequence of
human activity. These species are now present in all regions and biomes of the world, with nega-
tive and, in some cases, irreversible impacts on nature, including the loss of unique biological
communities.

The introduction of invasive alien species has the potential to impede the efficacy of
conservation and restoration initiatives significantly. In addition to causing significant damage
to the natural environment and the economy, many invasive alien species also contribute to the
emergence and spread of infectious diseases, which threaten humans and wildlife. The rate of
spread of invasive alien species has increased in recent years. Of the 1,872 species currently con-
sidered threatened in Europe, 354 are threatened by invasive alien species (IAS). Without effica-
cious control measures, the rate of invasion and the associated risks to our natural environment
and human health will continue to increase [20].

The necessity for the control of invasive alien species (IAS) is acknowledged in the United
Nations Convention on Biological Diversity. “It is imperative to prevent the spread, control or
eradicate those alien species that threaten ecosystems or species” [86]. The Kunming-Montreal
Global Biodiversity Framework (2022) sets out one of the global targets for reducing threats to
biodiversity, as follows: “Eliminate, minimise, reduce and mitigate the impact of IAS on biodi-
versity and ecosystems by identifying pathways for the introduction of alien species, preventing
the spread and establishment of IAS by at least 50 per cent by 2030 [46]. The European Green
Deal 2050 asserts that ecosystems are indispensable for sustaining life, providing essential re-
sources such as food, fresh water, clean air, and shelter. They play a role in mitigating the impact
of natural disasters, pests, and diseases and regulating the climate. The document emphasises the
importance of conserving and restoring ecosystems and biodiversity [13].

The EU Biodiversity Strategy 2030 underscores the necessity to address the issue of in-
vasive alien species. One of the principal elements of the EU’s Nature Recovery Plan for the
restoration of terrestrial and marine ecosystems represents a crucial aspect of the fight against
invasive alien species. The implementation of the EU Invasive Alien Species Regulation and
other pertinent legislation and international agreements has been intensified. The objective is to
minimise and, where feasible, eradicate the introduction and proliferation of invasive alien spe-
cies within the EU’s natural environment. The aim is to regulate the existing invasive alien spe-
cies and reduce the number of Red List species threatened by them by 50 % [86].

Both Heracleum mantegazzianum and Heracleum persicum were initially introduced to
Europe as ornamental garden plants, a pattern common to many invasive alien species. Europe
is home to approximately 800 botanical gardens, which have played a key role in introducing
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and spreading non-native plant species over the past 500 years [31]. While these gardens have
provided numerous economic and social benefits through agriculture, horticulture, and medicine,
they have also unintentionally contributed to the escape and naturalization of various IAS into
local ecosystems. Recognizing the significance of this issue, the Council of Europe developed the
European Code of Conduct for Botanic Gardens in 2013 to address the risks posed by IAS [31].
This Code provides essential guidelines for botanic garden staff, emphasizing the need for aware-
ness, prevention, and control measures to manage non-native species responsibly. The main com-
ponents of the Code include conducting audits of plant collections, preventing the introduction
of invasive species, ensuring compliance with national and international regulations, and sharing
information with other institutions. Outreach and public education also form critical parts of the
Code, as botanic gardens play a crucial role in raising awareness about invasive plants’ ecologi-
cal and economic dangers. By implementing these guidelines, botanic gardens can significantly
reduce the spread of IAS and contribute to global biodiversity conservation efforts.

Materials and methods

A comprehensive review of the last scientific publications, other literature, and online
sources from numerous European countries, including Belgium, Bulgaria, the Czech Republic,
Denmark, Estonia, Finland, Ireland, Latvia, Lithuania, Luxembourg, Germany, Norway, Po-
land, Switzerland, Ukraine, and the United Kingdom, was conducted. The analysis encompassed
various sources, including scientific articles, monographs, dissertations, recommendations from
international organisations and government agencies, online resources, databases, etc.

Furthermore, the literature review assesses the legislative and regulatory measures adopt-
ed by the EU and the UN to manage and mitigate the impact of invasive species. This comprises
an examination of the efficacy of existing control strategies and recommendations regarding opti-
mal practices for managing invasive species of the genus Heracleum. The combination of policy
analysis and scientific research offers valuable insight into the complex challenges posed by
Heracleum species, emphasising the necessity for coordinated action to address these issues.

Ecobiotic prerequisites for the invasion of species of the genus Heracleum
The primary biological and ecological prerequisites that contribute to the invasiveness of
species of the genus Heracleum are listed in Table 1 [23, 37, 55, 62, 77]. These characteristics
render the Heracleum spp. particularly adept at spreading and establishing themselves in new are-
as thereby posing significant challenges to biodiversity conservation and ecosystem management.

Table 1

Biological and ecological prerequisites for the invasion of the species of the genus Heracleum
Environmental prerequisites
Flexibility in terms |Thrive in disturbed habitats such as roadsides, riverbanks and abandoned fields.
of habitat Withstand a wide range of soil types, moisture levels and light conditions
They are adapted to different climatic conditions from temperate to subarctic regions
Effective disruption of the dormant period by low winter temperatures

Climate adaptability

Lack of natural Often lack natural herbivores or pathogens in non-native ranges that could control
predators their populations in their native habitat
Biological background

Early spring germination, preceding the emergence of the root system. High seed
Reproductive stra- |productivity, seed viability for several years, seeds are dispersed by wind, water,
tegy snow and human activity

Opportunities for self-pollination for viable seeds
Growth and com- |Rapid growth, ability to compete with native vegetation for light, nutrients and

petitiveness space, possible allelopathy, which inhibits the growth of surrounding plants
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Ecological and biological mechanisms of the impact of invasion of species of the genus Hera-
cleum. The introduction of invasive species of the genus Heracleum has been observed to exert
a considerable influence on the ecological and biological characteristics of the ecosystems in
which they become established [37, 38]. This impact is manifested in a number of ways, includ-
ing changes to trophic levels, genetic diversity, habitats, modifications to nutrient regimes and
disruption of succession patterns [41, 49].

Recent experiments in Slovakia (2024) have demonstrated the allelopathic influence of
the invasive Heracleum mantegazzianum on native plant species. Research revealed that extracts
from H. mantegazzianum—particularly those derived from leaves collected in April—signifi-
cantly impacted barley (Hordeum vulgare) and summer wheat (Triticum aestivum) germination
and growth. The study found variability in the extracts’ effects depending on the plant material’s
collection period and the model plant species tested [25].

In addition to the ecological consequences, the introduction of invasive Heracleum spe-
cies can have direct negative implications for human health and socio-economic activities. [16,
17, 50]. As an illustration, the sap of Heracleum spp. can induce dermatological irritation and al-
lergic reactions, impacting recreational activities and agricultural practices. Furthermore, H. per-
sicum has the potential to negatively impact fisheries and aquaculture, reduce tourist attractions,
and contribute to negative impacts on local economies, thereby exacerbating the broader socio-
economic impacts of invasive species. It is of the utmost importance to understand the mecha-
nisms and effects to develop effective management strategies that will mitigate the detrimental
impacts of invasive Heracleum spp. and protect local biodiversity and ecosystems [15, 22].

Table 2 outlines the various mechanisms through which invasive Heracleum species harm
ecosystems and human health. Each impact mechanism is accompanied by specific examples that
illustrate how these species disrupt natural habitats, displace native flora, and pose significant
health risks [28, 55, 59, 61].

Table 2

Mechanisms of impact of Heracleum species invasion

The mechanism of influence Examples
. H. mantegazzianum produces allopathic chemicals that inhibit the
Allopathic

growth of other plants
The juice of Heracleum spp. can cause severe skin irritation, burns and

photodermatitis

Poisoning and allergic reactions

Competition - monopolisation of]

H. persicum can form dense thickets, displacing native vegetation
resources

H. mantegazzianum shades out native species, reducing their access to
sunlight

H. persicum hybridises with native Heracleum species, potentially alter-
ing their genetics

Rapid growth H. mantegazzianum grows rapidly, dominating the areas it enters

Competition - shading

Hybridisation

Distribution of invasive species of the genus Heracleum in Europe

For this study, three of the 20 representatives of the genus Heracleum present in Europe
[55] were selected: H. mantegazzianum, H. sosnowskyi and H. persicum, commonly known as
giant hogweed. They represent the most prominent examples of highly invasive and aggressive
plants that have spread across Europe in recent decades. All three species (H. sosnowskyi, H.
persicum, and H. mantegazzianum) are included in the European list of Invasive Alien Species of
Union concern (Commission Implementing Regulation (EU) 2022/1203 of 12 July 2022 amend-
ing Implementing Regulation (EU) 2016/1141 to update the list of invasive alien species of Union
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concern), with H. sosnowskyi and H. persicum added in 2016 and H. mantegazzianum in 2017.
Together, they represent 7.3 % of the invasive alien plant species on the list (i.e., 3 out of 41 in-
vasive plant species listed as of today) [12]. These species are also listed as invasive alien species
nationally in many EU countries.

H. mantegazzianum Sommier & Levier — originally from the western part of the Greater
Caucasus in southern Russia and Georgia [100, 105]. It was first introduced to the UK as an
ornamental garden plant at Kew Botanic Gardens in 1817. By 1862, it was already recorded in
Ireland, Denmark, the Netherlands, and Germany [34]. It is the most widespread invasive Hera-
cleum species in the world, from the USA to New Zealand. It is registered in 33 European coun-
tries, including Austria, Belarus, Belgium, Bosnia and Herzegovina, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Georgia, Germany, Hungary, Iceland, Ireland, Italy, Latvia,
Liechtenstein, Lithuania, the Netherlands, Norway, Poland, Portugal, Russia, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Ukraine, and the United Kingdom (Fig. 1.) [9, 26, 39, 54, 60, 85,
100, 101]. Studies show that with global climate change [67], the range of H. mantegazzianum
could expand by 20 % in Northern Europe. It is expected that most range changes predicted for
2100 may occur as early as 2041 [4].

Fig. 1. Distribution of Heracleum mantegazzianum Sommier & Levier in Europe [101]

H. sosnowskyi Manden is native to the eastern portion of the Main Caucasus Range and
the southwestern and eastern Transcaucasian regions. The species was first described in 1944
by Mandenova from the Meskheti region of Georgia. The species was first introduced to Russia
in 1947, where it was cultivated as a highly productive fodder crop for livestock. Subsequently,
it was introduced to other countries: Belarus, Poland, Ukraine, the Baltic States and the eastern
part of Germany [59, 99]. It is currently undergoing a period of rapid dissemination throughout
Europe, with registration in 20 countries on the continent: Austria, Belarus, Bulgaria, Denmark,
Estonia, Finland, France, Georgia, Germany, Hungary, Italy, Latvia, Lithuania, Poland, Romania,
Russia, Serbia, Spain, Ukraine, and the United Kingdom (Fig. 2) [7, 9, 27, 39, 47, 82, 90, 99,
101, 102].
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Fig. 2. Distribution of Heracleum sosnowskyi Manden in Europe [102]

H. persicum Desf. ex Fisch - originally from Iran, Iraq and Turkey [21]. It was first in-
troduced to the UK as an ornamental garden plant in 1829 and then to northern Norway in 1836
[34]. Subsequently, the species expanded its range southwards across Northern Europe, and is
currently registered in nine European countries. The species is present in the United Kingdom,
Norway, Sweden, Denmark, Finland, Iceland, Estonia, the Czech Republic and Hungary. Some
sources report isolated cases in Germany and France (Fig. 3) [9, 14, 39, 68, 69, 94].

Fig. 3. Distribution of Heracleum persicum Desf. ex Fisch in Europe [103]
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Table 3 illustrates the principal impacts of the invasive species of the genus Heracleum
in Europe.

Table 3

Environmental impacts of invasive Heracleum species

Consequences of exposure Examples
Disruption of food chains caused by the dominance of Hera-

Changed trophic level .
cleum spp. in the ecosystem
Altered gene pool / selective loss of gen-|Reduction of genetic diversity in plant populations due to hybri-
otypes disation of H. persicum
Ecosystem change/habitat alteration The loss or transformation of habitats changes local ecosystems

Changes in soil nutrient availability due to the growth of]
H. mantegazzianum

Modification of succession models Disruption of natural succession due to H. sosnowskyi invasion
The dominance of H. mantegazzianum, which leads to the for-
mation of a monoculture

Negative impact on human and animal|Skin irritation and allergic reactions caused by the juice of He-
health racleum spp.

Damage to fish populations and disruption of aquaculture due
to H. persicum

Reduced tourist attraction and negative impact of]
Heracleum spp. on the local economy

Reduction of aesthetic appeal of the territory due to H. man-
tegazzianum infestation

Extinction of native plant and animal species caused by Hera-
cleum spp.

Negative impact on agriculture Yield reduction and competition with H. persicum

Disruption of natural processes, such as pollination and nutrient
cycling, due to Heracleum spp.

Creates conditions favourable for the penetration of other in-

vasive species

Modification of the nutritional regime

Formation of a monoculture

Negative impact on aquaculture/fisheries
Negative impact on tourism
Reducing the value of comfort

Decrease in local biodiversity

Impacts on ecosystem connectivity

Vulnerability to intrusion

Control, eradication and prevention of Heracleum species in Europe

In Europe, the control and management of Heracleum species is based on a multi-facet-
ed approach, encompassing prevention, eradication and post-eradication strategies. A variety of
approaches are employed by different countries in their efforts to combat the invasive nature of
these species, with numerous studies being conducted to this end.

The principal methods employed to control Heracleum species are mechanical and chem-
ical [32]. The application of mechanical control methods, such as the cutting of roots, does not
result in the immediate death of the plant. Rather, the plant dies only after repeated treatments
over several seasons due to the depletion of its nutrient reserves. The use of ploughing as a control
method on farmland has been demonstrated to be effective, with deep ploughing resulting in a
significant reduction in infestations. This is due to the destruction of seed germination in the top-
soil, where most seeds are concentrated. The most productive results are achieved when invasive
vegetation is controlled mechanically or chemically before ploughing.

The successful eradication of invasive species often necessitates the implementation of
comprehensive and persistent measures over a period of seven to ten years. Nevertheless, manag-
ing populations on steep slopes and in inaccessible areas continues to present a significant chal-
lenge for manual treatments. Preventive strategies are oriented towards maintaining dense veg-
etation cover, to prevent gaps and increase the diversity of endangered plant communities [48].

While mowing is an effective method for large-scale vegetation management, it necessi-
tates two to three repeated applications during the active growth season to prevent regrowth [88].
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This is true regardless of whether the mowing is done manually or with mechanical cutting tools.
Some guides suggest that mowing should be performed as frequently as every two weeks. To
prevent the dissemination of seeds, mowing should be conducted prior to the maturation of the
plant. It is not advised to cut plants exceeding a height of 1.5 metres, due to the elevated difficul-
ty and risk of contact with the sap. Adhering to the prescribed safety protocols and utilising the
appropriate personal protective equipment is of the utmost importance. It is recommended that
hand mowing with tools such as scythes or trimmers be employed for small areas or in situations
where mechanical mowing is not available [4, 43, 45, 53, 55, 62].

The aforementioned mowing methods can potentially expose workers to health risks due
to direct contact with the plant. Consequently, as a more secure alternative, agricultural machin-
ery manufacturers provide remote-controlled mowers that permit operation at distances of up to
300 metres and facilitate the management of challenging terrain, in addition to mulching plants.
Equipment manufacturers assert that mulching represents the most productive methodology for
large populations, necessitating the initial trimming of juvenile plants and subsequent mowing at
ten-day intervals to forestall the regrowth of shoots. This process should be repeated for a period
of ten years, with regular monitoring to ensure the complete destruction of all plants and the ab-
sence of viable seeds [98].

Root cutting represents an efficacious mechanical control method, particularly when ini-
tiated at an early stage. For plants up to five years old, aAn effective cutting depth of 15 cm has
been observed, while for younger plants, a depth of 10 cm has been found to be sufficient. The
results of field research conducted in Poland indicate that cutting roots in late April proved more
effective than cutting them in mid-June. The most productive strategy for biennial plants was the
repeated cutting of roots three times during the growing season (April, June and August) over a
five-year period, which destroyed 97.2 % of the initial number of plants.

It was determined that cutting the roots of three-year-old H. sosnowskyi plants at a depth
of 10 and 15 cm resulted in their complete destruction. The complete eradication of five-year-
old plants necessitated a deeper cut, whereas seven-year-old plants were not entirely eliminated,
indicating that a deeper cut was more effective. It is noteworthy that the seven-year-old plants
exhibited considerably higher root biomass and longer crown roots than the three-year-old plants,
which may have contributed to their enhanced resilience.

This method is most effective for young plants growing in moist soil. For larger plants,
using loppers to cut off the upper parts is recommended, as this provides better access to the stem
and taproot. To prevent regrowth effectively, the roots should be cut to a depth of 20 cm. Fur-
thermore, a shovel angled at 45 degrees can sever the taproot at a depth of approximately 15 cen-
timetres below the soil surface. In areas susceptible to erosion or with pronounced topography,
excising the taproots to a depth of 25 cm may be advisable. It is recommended that the cuttings
be removed or allowed to dry off-site [6, 29, 55, 63, 89].

The practice of ploughing is an effective method for cultivating agricultural land. How-
ever, deep ploughing has been observed to have a detrimental impact on seed germination in the
topsoil. In areas with no sensitive species, deep ploughing, reaching depths of up to 24 c¢cm, can
be an effective control measure for Heracleum species. This method simultaneously excises the
taproot and interreds the majority of the seeds to a depth that precludes germination. The optimal
results for H. mategazzianum are achieved when existing vegetation is first controlled by me-
chanical or chemical means before ploughing. The optimal time for this procedure is during the
autumn months, as subsequent frosts and low temperatures facilitate the degradation of shoots.
Removing large roots from the ploughing area is crucial to prevent their regrowth [6, 29, 35, 54,
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55, 62, 63]. Conversely, research conducted in Latvia suggests that ploughing or disc harrowing
has a comparatively limited impact on H. sosnowskyi and may even have a detrimental effect on
the growth of the local flora, reducing diversity and number of plants [36].

The removal of inflorescences is an essential procedure in the control of plant popula-
tions. One of the most common methods employed is the removal of flower heads, which should
be carried out before the formation of seeds in order to prevent further spread. Experimental evi-
dence from the Czech Republic indicates that the removal of all flower heads of Heracleum spe-
cies during peak flowering results in a significant reduction in seed production. Pruning the plants
during the middle of the flowering period prevents the formation of new seeds. However, if this is
done too early, it can stimulate the formation of secondary stems that may also flower. Removing
flowering heads in early or late summer represents a short-term, interim method of preventing
further seed spread, particularly when other methods have been exhausted. It is important to note
that this method does not result in the death of the plant [29, 55, 62].

Using chemical control methods is regarded as an efficacious and cost-effective approach
for managing species belonging to the genus Heracleum.

The efficacy of glyphosate and triclopyr against H. mantegazzianum has been demon-
strated, indicating potential vulnerability to other species of Heracleum. Nevertheless, the prolif-
eration of H. persicum through vegetative growth can diminish the efficacy of glyphosate, as it
solely targets the aboveground portion of the plant [5].

Studies conducted in Lithuania, Latvia, and Finland have evaluated the efficacy of herbi-
cide mixtures comprising tribenuron-methyl and methylsulfuron-methyl in controlling H. sos-
nowskyi, showing positive results [92]. Glyphosate applied alone did not give the expected results,
but the combination with triasulfuron was effective [36]. However, the use of these herbicides is
restricted in certain areas, such as near water bodies and forest edges, to ensure environmental
safety.

Polish researchers have found that triclopyr mixtures provide 90-95 % control of H. sos-
nowskyi, including triclopyr + fluroxypyr + clopyralid, as well as mixtures of propoxycarbazone
sodium + iodosulfuron methyl sodium + amidosulfuron [36]. Latvian researchers recommend
applying glyphosate, triclopyr and imazapyr in March-May to control H. sosnowskyi. The ap-
plication of glyphosate after spring germination in combination with deep ploughing has been
demonstrated to be an effective method in Latvia [36].

A five-year study conducted in Poland substantiated the efficacy of herbicide treatments in
controlling the growth of H. sosnowskyi. A single application of glyphosate was observed to be
less effective than a mixture of glyphosate and flazasulfuron, with the latter exhibiting superior
control with an increased frequency of treatments. The most effective approach was a three-time
application of a mixture of glyphosate and flazasulfuron, which resulted in 91 % control in the
second year and 100 % control in the fifth year. Furthermore, it was observed that plants treated
on three occasions during each growing season did not produce any generative shoots, indicat-
ing the importance of sequential and repeated treatments for the successful eradication of H.
sosnowskyi. From a chemical perspective, the most effective approach is a three-time application
of a herbicide mixture containing glyphosate and flazasulfuron over a five-year period, which
provides complete control of H. sosnowskyi [43].

An integrated approach incorporating chemical, mechanical, and biological methods is the
most effective for controlling H. sosnowskyi. The mixtures tribenuron-methyl + methyl sulfuron-
methyl and fluroxypyr + methyl sulfuron-methyl demonstrated rapid efficacy, with only a few
plants remaining in the plots following application. The selection of an appropriate herbicide
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combination, with due consideration of environmental factors, is of paramount importance for
the effective management of invasive species.

By UK guidelines, the optimal time for herbicide application is when the plant has reached
a height of approximately 50 cm with fully developed leaves, typically in mid to late April (or
March if the spring is early). It is recommended that the site be monitored in May and early June
to identify any new plants or those that were missed during the initial treatment. If re-treatment is
required, this should be conducted using a spot or continuous spraying method. It is important to
note that the combination of aminopyralid and triclopyr is permitted for use only once per year.
It is therefore recommended that glyphosate should be used should further spot treatments be
required [29].

A five-year field experiment (2018-2022) was conducted to assess the effectiveness of py-
rolysis liquid mulch (PLM), biodegradable mulches, and glyphosate in controlling Heracleum
mantegazzianum, an invasive plant species spreading across Europe. The study found that PLM
had limited success in reducing mature H. mantegazzianum populations, while traditional plastic
and biodegradable mulches, as well as glyphosate, were more effective. These results highlight
the need for improved biobased weed control methods in managing the spread of this species
[33].

The study on the use of gibberellic acid (GA,) on flowering H. sosnowskyi was con-
ducted in Lithuania between 2020 and 2022. The findings demonstrated that a double treatment
with GA, during the flowering phase of the invasive plant H. sosnowskyi exhibited a consistent
dose-response relationship, effectively reducing seed germination. Furthermore, two factors con-
tributing to the reduction in the viability of mericarps resulting from the application of GA, on
flowers were identified. (1) an increase in the proportion of seedless mericarps and (2) a decrease
in the germination capacity of well-formed mericarps in the field. The study spanned a period of
two years, during which time different dominant mechanisms were identified each year. It is an-
ticipated that the reduction in seed viability resulting from applying GA, will impede the annual
replenishment of the soil seed bank, thereby limiting the potential for further plant spread [92].

This approach may also prove effective for controlling other closely related invasive spe-
cies, such as the monocarpic H. mantegazzianum. Nevertheless, further research is required to
fully elucidate the mechanisms underlying the effects of exogenous GA, on the germination of
well-formed mericarps under different climatic conditions. This research should encompass both
the expansion of application methods and the investigation of underlying mechanisms. Before
implementing this approach for commercial plant control, it is essential to gain a comprehensive
understanding of the factors influencing its efficacy [92].

Microwaves, a form of electromagnetic radiation, could serve as an environmentally
friendly method for controlling this species. A field experiment utilising microwaves was con-
ducted in Poland in 2022. A 15-minute microwave exposure resulted in 100 % mortality of the
plants, which was confirmed 7 and 75 days after the treatment. This indicates that longer mi-
crowave irradiation periods may be more efficacious in ensuring the complete eradication of
Heracleum spp. during the flowering phase [78]. The study continued in 2024 and proved that
microwaves do not affect soil ecotoxicity, as proved by the three biotests, which is a vital envi-
ronmental benefit of this method [79]. The study found that microwaves effectively prevented
hogweed regrowth for up to 14 days, with higher treatment times (up to 15 min) reducing root
biomass by 55-67 %. The method also altered the biochemical composition of the plant, increas-
ing sugar and saturated fatty acid levels, while having no adverse effects on soil ecotoxicity. Es-
sential oils extracted from the roots showed increased diversity, with no highly photosensitizing
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compounds detected. These findings highlight MWT as a promising, sustainable approach for
managing invasive species [79]. If proven to safely impact human health and surrounding eco-
systems, this method could represent a promising new approach

The use of sheep grazing has been demonstrated to be an effective control method, par-
ticularly when employed for a minimum of ten years in areas with a high degree of infestation
where machinery cannot be used [3]. This method has been employed in Denmark, the United
Kingdom, Ireland, and Germany [3, 8]. An extensive experimental study on the efficacy of sheep
grazing as a biological control method was conducted by the Scottish Invasive Species Initiative
(SISI). The organisation posits that sheep are immune to the toxic sap of Heracleum spp. SISI
is currently undertaking a practical experiment to identify the most effective strategies for land
managers to utilise sheep in the control of the spread of Heracleum species [104]. This approach
shows promise and warrants further investigation.

In addition to grazing, no evidence currently suggests that any other biological control
method is effective. The surveys were conducted in the Caucasus, the native range of Heracleum
mantegazzianum, to identify potential biological control agents. Numerous fungal species were
discovered associated with the plant, many of which were newly recorded on this host. However,
none of the surveyed pests, including insect species and fungal pathogens, demonstrated the
necessary host specificity to be deemed safe for introduction into Europe as biological control
agents [19]. At present, the impact of natural enemies on H. mantegazzianum is minimal, with the
localised damage caused by certain fungal pathogens serving as an illustrative example. While
different insects and fungal pathogens attack different parts of the plant, none of the natural en-
emies has demonstrated sufficient efficacy to be considered a viable biological control method in
Europe. In the Caucasus mountains, where Heracleum species are found, the associated insects
were either polyphagous or oligophagous, feeding on multiple Heracleum spp. and potentially
other plants in the Apiaceae family. Laboratory studies demonstrated that certain oligophagous
insects exhibited a broader dietary range encompassing a variety of Apiaceae plants. However,
none of the insect species studied exhibited monophagous behaviour, feeding exclusively on
H. mantegazzianum. A number of natural insect enemies were identified, including the weevil
(Nastus fausti Reitter), the ceramide beetle (Phytoecia boeberi Ganglbauer), the small butterfly
(Agonopterix caucasiella Karsholt) and the agromyza fly (Melanagromyza heracleana Zlobin).
However, none of these were considered suitable for biological control due to their lack of signifi-
cant impact on the plant. Similarly, studies of pathogens associated with Heracleum mantegaz-
zianum have demonstrated that all known Heracleum species share a common mycobiota [11].

The biological control of invasive Heracleum species, in particular H. sosnowskyi, has
been the subject of extensive research in Poland. Despite considerable efforts, no effective agent
with a narrow enough spectrum of action to be considered safe has been identified for any inva-
sive Heracleum species. Intensive research has explored the potential of natural enemies such
as insects and pathogens. However, difficulties remain in identifying agents that do not damage
other plants of the Apiaceae family, such as parsnips (Pastinaca sativa) [53].

Hybridisation poses additional challenges for the control and management of Heracle-
um species hybrids are frequently unidentified and may display an enhanced capacity for inva-
sive growth. Hybridization within the genus Heracleum is documented [76]. Hybrids between
H. mantegazzianum and the native H. sphondylium have been reported in Great Britain and
Germany [56], occurring in areas where both species co-occur, though they remain relatively rare
[24, 81]. Additionally, hybridization between H. mantegazzianum and H. sosnowskyi with the
native H. sibiricum is anticipated in Lithuania. While hybridization between H. sphondylium and
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H. mantegazzianum is considered possible [57], it occurs infrequently. Hybridization between
H. mantegazzianum and H. sosnowskyi is also feasible [76]. H. persicum commonly hybridises
with H. sphondylium, potentially complicating control efforts due to the increased invasiveness
that hybrids can exhibit as a result of interspecific hybridisation. Such hybrids can have an impact
on local biodiversity. Therefore, the identification and control of hybrids using developed mark-
ers is crucial for the conservation of local plant diversity [18, 74]. It is important to note that H.
persicum and H. mantegazzianum are not sympatric in their natural ranges, and their distribution
areas in Europe rarely overlap. This raises questions about the occurrence of hybridisation be-
tween these two species [21].

However, management of species of the genus Heracleum is complicated by a number
of factors, including their morphological similarity, the uncertainty surrounding their taxonomic
classification, and the possibility of hybridization. In such cases, a comprehensive understanding
of the population genetics of Heracleum species may prove beneficial.

The utilisation of unmanned aerial vehicles (UAVs) and remotely operated machinery
for implementing mechanical, chemical and other control measures represents a promising av-
enue for the management of Heracleum species. However, further investigation and testing are
necessary to ascertain the efficacy and feasibility of these approaches. Thus far, unmanned aerial
vehicles (UAVs) have been employed primarily for the detection and monitoring of invasive spe-
cies [80]. However, with the advancement of the industry, they are poised to become a valuable
tool in combating local and global Heracleum species invasions.

These findings thus emphasise the importance of implementing prompt and consistent
control measures, as well as considering the age of the plant, its root development and the specific
infestation sites when devising eradication strategies [58].

Control methods after eradication of invasive species of the genus Heracleum

Following the eradication of the species, it is of the utmost importance to implement
programmes designed to facilitate the regeneration of dense vegetation cover, thereby preventing
the re-infestation of the area by Heracleum species. For instance, the utilisation of grass mixtures
and reforestation techniques may prove beneficial. It is also crucial to raise public awareness and
encourage their involvement.

It is of the utmost importance to exercise caution when handling the disposal of plant
waste from eradicating invasive species of the genus Heracleum. This is to prevent environmen-
tal contamination and the further dispersal of seeds. Waste material comprising inflorescences
or seeds should be meticulously stacked, taking care to prevent contact with water and soil [51].
The aforementioned piles should subsequently be collected in bags and disposed of in accord-
ance with the recommendations set forth below. It is not advised to leave plants with herbicide
residues in the environment or to compost any Heracleum plant material containing seeds. In the
event that the removal of waste in its current state is necessary, it can be done so in large bags. It
may be feasible to utilise controlled burning as a method to prevent the dispersion of seeds by the
application of heat. Heat treatment of seeds from invasive Heracleum can be crucial in slowing
their spread and is particularly relevant for professionals such as road maintenance workers and
farmers. Laboratory experiments in 2024 showed that Heracleum seeds are highly resilient to
dry heat even with temperatures of 90—100 °C for several hours but more effectively destroyed
by hot water or steam. Implementing efficient seed control measures could significantly reduce
the dispersal of IAS and prevent costly management efforts [30]. Incineration is also a potential
option, although it may prove costly. An alternative disposal method is the transportation of the
waste to an authorised landfill site in closed containers, which will prevent seed dispersal. Upon
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arrival, the containers should be covered immediately. It is of the utmost importance to conduct
a thorough assessment of the safety of the proposed waste disposal methods in order to minimise
any potential environmental impacts [29, 59].

The pyrolysis of Heracleum biomass was studied in Poland for the first time in 2024
at temperatures ranging from 200 to 600 °C. Biochar produced at 200-300 °C showed strong
hydrophobic properties and high heating values, making it suitable for solid fuel. When pyrolysis
temperatures exceeded 400 °C, the biochans fertilizing properties improved due to increased
nutrient content, particularly potassium. The study demonstrated that pyrolysis can efficiently
convert Heracleum biomass into biochar without external energy input under specific conditions.
These findings suggest the potential for sustainable utilization of Heracleum biomass as a valuable
feedstock [83, 84].

The restoration of vegetation is a crucial subsequent phase following the successful
eradication of invasive Heracleum species. Once the invasive species has been removed, the land
is susceptible to soil erosion and the potential for re-spread. The optimal solution is the regular
utilisation of the land, such as the cultivation of crops or the grazing of livestock [52]. The result-
ing vegetative cover will serve to protect the land from erosion and prevent the reintroduction of
invasive Heracleum species.

Sowing grass. The restoration of natural grass cover is of paramount importance
for the effective management of land previously occupied by invasive Heracleum species. It
is recommended that grass mixtures with higher seeding rates and species resistant to frequent
mowing be sown. The optimal approach is to seed grass species that are indigenous to the region,
demonstrate tolerance to flooding, possess well-developed adaptations, and exhibit competitive
superiority over Heracleum spp. Mixtures that have been demonstrated to be effective include
Dactylis glomerata, Festuca rubra (50:50) and F. arundinacea, F. rubra (35:65). It is advised that
the seedlings be mown frequently when they reach a height of 20-30 cm [29, 55, 70].

One approach that has been investigated in Poland involves the utilisation of competitor
plants, in particular certain grass species that are capable of producing 4000 seedlings per square
metre, with the objective of eradicating Heracleum spp. Grasses such as Dactylis glomerata, a
hybrid of Festuolium, Lolium perenne, L. multiflorum, Polypogon viridis, Arundinum arundi-
num, Festuca rubra, F. arundinacea, and F. pratensis have been demonstrated to be effective in
the removal of Heracleum spp. from infested cereal pastures. Furthermore, native plants such as
Petasites albus and Petasites hybridus have demonstrated the capacity to compete with invasive
Heracleum species [53].

It is imperative to refrain from sowing grass mixtures on sandy floodplain soils and along
riverbanks, as these areas are susceptible to the deposition of invasive Heracleum spp. seeds dur-
ing floods. It is recommended that root cutting and pruning be undertaken prior to flowering as a
more effective control method in these areas. The practice of mowing, particularly of native grass
species such as Elymus repens and Poa pratensis, has been observed to facilitate the growth of a
competitive grass cover, which in turn serves to reduce the density of invasive plants.

These integrated management practices are of great importance to the restoration of for-
mer agricultural land, employing mechanical, chemical and biological methods to effectively
control and prevent the re-spread of invasive species. The diversity of grasses will increase as
native broadleaf species repopulate the grassland. Following the revegetation process, the areas
in question can then be utilised for agricultural or recreational purposes.

Afforestation represents a distinct approach within the field of cover crop strategies, spe-
cifically designed to control the proliferation of tall invasive Heracleum species. In instances
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where openings are created in a beech forest as a result of windfall or tree felling, these openings
can be colonised by invasive Heracleum species. The implementation of further reforestation
initiatives results in a gradual shading effect, which ultimately inhibits the growth of invasive
Heracleum species. The efficacy of shading is contingent upon the species of trees involved.
Beech forests (Fagus sylvatica) have been demonstrated to be highly effective at shading the
plant, while firs (4bies species) and willows (Salix species) have been found to be less effective
in this regard. Furthermore, different invasive species of Heracleum spp. demonstrate varying
degrees of shade tolerance. For instance, H. mantegazzianum exhibits a lower tolerance than H.
sosnowskyi [55, 59].
Minimising intrusion into new territories

Methods of prevention:

To effectively reduce the invasion of tall invasive species of the genus Heracleum into new
areas, a comprehensive approach focusing on prevention, early detection and rapid response is
needed. Here are the key steps to consider:

*  Mapping existing populations, especially in regions adjacent to infested areas, is crucial.
Due to their size, stands of Heracleum species are visible for most of the year and can be eas-
ily detected during flowering in early summer, making it relatively easy to track their spread.

*  Recent field studies and experiments have demonstrated that Sentinel satellite time series
and UAV data enable the characterization of vegetation classes at unprecedented spatio-
temporal scales. The integration of data from multiple sensors, such as optical and synthet-
ic-aperture radar (SAR) [64, 75], has significantly improved classification accuracy. Multi-
spectral sensors on UAVs have proven effective in mapping invasive species and can serve
as a valuable alternative to traditional field data for fitting and validating OCCs (one-class
classifiers) based on satellite imagery [24]. However, the limited area coverage of UAVs,
typically a few hectares, restricts their utility for extensive monitoring. Hyperspectral im-
aging offers greater precision by refining spectral distinctions between invasive species and
their surrounding vegetation. Additionally, real-time kinematic (RTK) positioning of global
navigation satellite systems (GNSS) [42, 71, 97] has been widely adopted to achieve precise
relative positioning, further enhancing the accuracy of remote sensing applications [2, 40].

* Involvement of the public and volunteers can be a powerful tool in identifying Heracleum
species. Informing the public about the problems caused by invasive species and enlisting
their help in identifying populations can be achieved through social media, local media and
targeted information campaigns. This method is well established in the UK [93].

»  Citizen Science (CS) plays a significant role in shaping societal values towards biodiversity
by facilitating valuable data collection. Public participation in recording invasive alien spe-
cies (IAS) through innovative smartphone applications is already complementing official
surveillance systems across EU Member States. However, the accuracy of data generated by
these initiatives may limit their use for early warning, management, and control of IAS. In
response, the Joint Research Centre (JRC) developed the “Invasive Alien Species in Europe”
app, enabling users to report IAS of Union concern under EU Regulation 1143/2014. Addi-
tionally, the European Alien Species Information Network (EASIN) provides a centralized
repository of IAS data, supporting EU Member States in implementing IAS-related policies
and management strategies [1].

» Aurtificial intelligence (Al) is increasingly integrated into citizen science (CS) applications,
particularly for taxonomic identification, where deep learning models are used to automat-
ically identify species from uploaded images [10, 91]. These models not only identify the
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species but also determine the confidence level of the identification [73]. Although conver-
sational Al tools, like chatbots, are gaining traction for user interaction, simpler CS applica-
tions with structured databases and clear protocols do not necessarily require such complex
systems. Instead, a straightforward system that provides real-time identification guidelines
after a species name is entered can effectively assist observers. Al can also be employed to
automate feedback once an expert validates a report. As an example of Al for species recog-
nition tool is worth to mention Seek application based and integrated to iNaturalist platform.
iNaturalist includes an automated species identification tool, and users further assist each
other in identifying organisms from photographs. As of 9 July 2024, iNaturalist users had
contributed approximately 197,660,888 observations of plants, animals, fungi, and other or-
ganisms worldwide [95].

* Use the online reporting platforms for mapping of invasive species, like the following
list available in Europe which include both Al and expert recognition tools: UK- iRecord
(https://www.brc.ac.uk/irecord/resources-verify); Germany — Naturgucker (naturgucker.
de); Netherlands — Netwerk Ecologische monitoring invasieve vaatplanten (www.floron.
nl/meedoen/exoten-melden); Switzerland — InvasivApp (https://www.infoflora.ch/invasiv-
app); Norway — Artsdatabanken (https://www.artsobservasjon er.no/Home/About); Alpine
space region — ALPTREES (https://www.alpinespace.eu/projects/alptrees/en /home) [1].

« It is necessary to develop targeted information programmes aimed at groups engaged in
outdoor activities, such as fishing, agriculture, hunting and tourism [4].

*  Reporting mechanisms should be clear and accessible so that the public knows where to
report sightings of invasive Heracleum species.

e Outreach campaigns, outdoor and internet advertisement, video production are powerful
tools for raising awareness and public engagement in monitoring, controlling and eradicat-
ing Heracleum spp.

+  Rapid response by local authorities. Upon receiving reports of new infestations, the relevant
authorities should have the resources to quickly confirm the identification, assess the situa-
tion and determine the appropriateness of control methods.

Conclusions

The current range of control methods is diverse, encompassing chemical, biological, and
mechanical approaches. Despite the spread of the three invasive Heracleum species across dif-
ferent regions of the European continent, the control methods employed in various countries are
largely similar. In recent years, novel control and management methods, such as the use of mi-
crowaves and pyrolysis, have also been studied. In this context, the involvement of EU projects,
non-governmental organizations (NGOs), and volunteers in the identification, monitoring, and
direct control of harmful species is of significant importance.

Outreach and public engagement play a critical role, supported by the production of vari-
ous types of information resources, including short social media videos, posts, long educational
videos for schools and broader audiences, and information banners, particularly in areas of high
invasion. Additionally, tailored mobile apps that allow easy detection and reporting of invasions
are worth mentioning. Ideally, the collected datasets would be integrated or made accessible to
local authorities responsible for controlling and eradicating invasive species.

The selection of an appropriate control method is also contingent upon a number of factors,
including the size of the plant population, its density and the accessibility of the area in question.
The most prominent tools in this regard would be the use of Al and deep learning, particularly for
detecting, mapping, and reporting Heracleum invasions, both by individuals and through UAVs.
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Regardless of the method employed, the importance of repeated and correct application cannot
be overstated, as this is crucial to obtaining satisfactory results. Therefore, treatments should be
initiated at the earliest opportunity in the growing season and continued for several years until
the soil seed stock and root system are depleted. The financial implications of controlling tall in-
vasive Heracleum species are highly variable, contingent upon the availability of equipment and
the cost of labour. It is evident that an efficacious strategy for the control of invasive Heracleum
species necessitates a multi-year approach, encompassing both immediate eradication and long-
term prevention of the spread.

The development of new guidelines based on modern technology and scientific research is
a priority for enhancing the efficiency of eradicating, controlling, and managing invasive Hera-
cleum species. An integrated strategy for controlling Heracleum species should aim to optimize
efficiency, ecology, and economic management. This requires implementing flexible methods
tailored to the specific needs of the area in question.
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O]l CYHACHHUX IIAXOAIB 10 YIIPABJIIHHSA
IHBA3IMHUMU BUJAMMU POLY HERACLEUM Y €BPOIII
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eyn. I pywescvroeo, 4, Jlvsie 79005, Vkpaina
e-mail: zvenyslava.mamchur@lnu.edu.ua,; dzvinkamamchur@gmail.com

VY cTaTTi pO3MNISHYTO aKTyaJIbHICTh HMPOOJIEMH 1HBAa3WBHHX UYXKOPITHHX BHIIB
(IYB) y €Bpomi, BHCBITIIEHO O0i0€KOIOTiYHI XapaKTEPUCTHKH IHBAa3UBHHUX BHIIB DPOIY
Heracleum (H. mantegazzianum, H. persicum, ta H. sosnowskyi) Ta iCTOpHYHI IUIAXH
iHTpoayKuii. HaBeaeHo CTaTUCTHKY MOLIMPEHHS KX BUIIB Ta IXHi HEraTHBHUI BIUIMB Ha
010piI3HOMAHITTS 1 CTIMKICTh €KOCHCTEM.

[ommpenns iHBa3sMBHHX BUAIB pony Heracleum mae naneKoCsHKHI HACHiAKH,
BIUIMBAIOYM HE JIMIIE HA CTIHKICTh €KOCHCTEM, a i HAa €KOHOMIKY Ta OXOPOHY 3I0POB’S.
[TokazaHo, 1110 €KOJIOTIYHI HACIIAKH BIUTMBY BUSBIIAIOTHCS y 3IATHOCTI IIMX BUIIB HE JIUIIE
BUTICHATH MicLeBy (IIOpY Ta MOPYIIyBaTH MPUPOAHI EKOCHCTEMH, a i BIUIMBATH Ha Pi3Hi
cthepu rocrnogapchKoi AiSIIBHOCTI. ATPECHBHUI XapakTep POCTy H anenomatuuHi edexta
LIUX POCIMH MPU3BOIATH 10 3HAYHUX EKOHOMIYHHX BHUTPAT, MOB’SA3aHHX 3 YIPABIIHHIM
3eMEeNBHIMH pecypcaMl Ta TPOAYKTHBHICTIO CUIBCBKOTO rocmomapcTBa. Hasenmeni
MPUKJIAIN PI3HUX MEXaHi3MiB BIUIMBY 1HBa3MBHHUX BHIIB poay Heracleum migxpecioOTh
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TXHIll 3ryOHMI BIUIMB Ha EKOCHCTEMH Ta 3/0pPOB’s JIIOAWHU. 30Kpema, (HOTOTOKCHYHI
peuoBunu Heracleum spp. CTBOPIOIOTH CEPHO3HI PU3UKH IJIsI 340POB’ s TF0/IeH, 3y MOBIIOI0UH
3aMaJieHHs MIKIpY Ta JOBrOTpUBaly GOTOUyTIMBICTh. JleTalbHO PO3MIISHYTO Pi3Hi METOaM
KOHTPOJIIO, BUKOPIHEHHs Ta MPoQiIakTHKy moummpeHHs BuaiB Heracleum spp. y €spori,
a camMe MexaHiuHi, OiojoriuHi ¥ XiMiuyHI METOAM, a TakoX Npo(iNaKTH4HI cTpaTerii.
AKIICHTY€EThCSI TaKOX yBara Ha METOJaX KOHTPOJIO IMiCs BHUKOPIHGHHS, YTHIIi3awil
POCITHHHHX BiJXOiB, IO yTBOPIOIOTHCS TiJ Yac JIKBialil, BiAHOBJICHHS HPHUPOAHOI
pocmunHOCTI. [IpoaHasi30BaHO KITFOYOBI KPOKH KOMIUIEKCHOTO MiAXOMy isi e(heKTHBHOTO
3MEHILEHHS BTOPTHeHHs Heracleum spp. Ha HOB1 TEpUTOPIi.

[lokazano roctpy moTpedy B KOMIUIEKCHHX CTpaTerifiX yHOpaBliHHA Ui
MOM’SIKIIIEHHST BIUIMBY IHBa3WBHHX BUJIB pony Heracleum i 3amoGiraHHsi MoJanbIIOMy
MOLIMPEHHIO0. 3a3Ha4yaeThes, 0 KOHTposb [UB € BaknnBoO MiXHapOAHOO MpoliIeMolo,
sika MoTpedye CKOOpAMHOBaHUX 3ycwib Ha piBHI €C ta OOH. 3po6ieHo BUCHOBOK IPO
IHTETPOBAHUM MK/ 10 yIIpaBIiHHSA, KMl moeAHye (i3nuHi, XiMidHi Ta 610JI0TiYHI METOAH,
MPUCTOCOBaHI 10 KOHKPETHUX PEriOHATbHUX YMOB 1 Y3TO/DKEeHI 3 MIKHAPOIHUMH IIISIMA
oo 6iopizHoMaHiTTs. OGroBOpeHO PoIIb IPOMAICHKOT 0013HAHOCTI i OCBITH B 3amobiranHi
MOIIMPEHHIO 1HBa3WBHHUX BUIIB. IliKpecIeHO BaXKIHMBICTh 3aMy4eHHS TPOMAICHKOCTI
[0 iHIL[IaTUB i3 PaHHHOTO BHUSIBICHHS Ta IIBHIKOTO pearyBaHHs, SIKi MAlOTh BHUpilIagbHE
3HAUEHHSI IS YCHIIIHOTO YIPaBIiHHs 4y)KOPIAHUMHU iHBa3MBHUMH BUIAMU POCITHH.

Kouosi cnosa: Heracleum mantegazzianum, Heracleum persicum, Heracleum
sosnowskyi, IHBa3UBHI 4y>KOpiHI BUIH, KOHTPOJIb BUAIB pony Heracleum, Gi0pi3HOMaHITTS
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norJjasaa YCEPEAUHY: THI3AOBI MATEPIAJIN
I IEAKI 3AKOHOMIPHOCTI I'HI3IOBOI BIOJIOTI'TI KOHOIJISHKA
LINARIA CANNABINA (LINNAEUS, C 1758) HA JIbBIBIIIUHI

O. I'naruna, T. MakiTpa

Jlveiecokuil Hayionanvhull yHieepcumem imeni leana @panxa
syn. I pywescvroeo, 4, Jlvsie 79005, Vkpaina
e-mail: oksana.hnatyna@lInu.edu.ua

VY crarTi po3rIIAHYTO AESAKI acleKTH THi3A0BOi Oiosorii KOHOIUIAHKY Linaria can-
nabina (Linnaeus, 1758) na JIpBiBumHI. PO3kpuTO MUTAaHHA PO3MIILEHHS, CKIaLy THI3L 1
(axTopiB, SKi HA e BIUIMBAIOTh. MaTepiasioM ciIyryBaiu JaHi baHky aHkeT Ha THi3ga i
KJIaJK{d NTaxiB 3axigHOyKpaiHChKOro opHiTonorigyaoro tosapuctBa (3YOT) (n=181) Ta
BiacHi 30opu (n=18) mpotarom 40 pokis (3 1973 o 2012 pp.). ['Hi3na 3i6pano B pi3HHX
OloTomax 1 3aJeXHO BiA BIICTaHI O HACENEHOro HMyHKTY PO3IICHO Ha Tpu rpynu (B
MeXaxX HACEJICHUX ITYHKTIB, Ha IXHIX OKOJIMIIIX 1 JaJIeKO 32 MEKaMH B YMOBHO IPUPOIHHUX
OiloTomax). BusiBieHo, mo s po3MilLCHHS THi3[ KOHOIUITHKA OOMpae YacTime XBOWHI
nopoau (IepeBaXHO MONOAI sUMHM, Tyi 4ym suriBmi). Cepex MUCTSHHMX TOPiJ BUSBICHO
JepeBa, 3HauyHEe PI3HOMAHITTS YarapHUKiB 1 BUTKI Jjianu (mwiromr). Y BHOOpT Micms
pO3TalllyBaHHS THi3Ja U1 KOHOIUIIHKM BajKJIMBOIO € apXiTEKTOHIKa HaJ3eMHOI YaCTHHH
pocnuHU, TOMY HaBiTh AepeBa Oymu oOpaHi Ti, Aki moxiOHI 1o yarapHHKIB. [lyxe gacto
KOHOIUTSIHKA PO3MILIY€E THi3a B Pi3HOMaHITHHX JKUBOIUIOTaX (CIIipest, akallist )KOBTa TOIIO).
MOBipHO, 3aBISKM TOMy, IO THI3Z0 A06pEe 3aMACKOBaHE, BHCOTA HOTO PO3MIIICHHS
Hesenuka (0,2-2,2 M, y cepeaapomy Ha 1,10+0,03 m). OcHOBHI MaTepiaiy, sIKi KOHOIUITHKA
obupae 11 moOynoBU THI3M, TUIOBI I NTaxiB IbOT0 BUAY y €Bpomi. ['Hi3ga micTimu
pocnunHi (y 100 % nocnimkenux raisn), TBapuaHi (98,4 %) ta inoxi (23,2 %) KOMIIOHEHTH
anTponorenHoro noxomkeHHs (KAII). I3 pocnuaHuX MaTepiaiiB KOHOIUIIHKA HaldacTime
obupae 1 THi3Aa KOpiHI Ta cTebia TpaB'SHUCTUX POCIUH, PiJIIe TUIKH Ta JIUCTS ACPEB,
pocnuuHMK myXx 1 Mox. Cepen MaTepiaiiB TBapUHHOTO MOXOPKCHHS Y BUCTWILI THi3za
4acTo TPAIUBLIMCA MIepCTh 3BipiB 1 mip’a mraxiB. Yactuna ruizx mictuina KAII y pisHiit
KimpKocTi (HalwacTime BaTa). ba3oBMMHU THI3TOBMMH MaTepiajaMyd KOHOIUISTHKH Ha
JIpBiBIIMHI Oynu 1piGHI KOpeHi Ta cTebia OAHO- 1 BOJONBHUX TPaB’SIHUCTHX POCIHH, & Y
JIOTKY — LIEPCTh 1 BOJIOCCS CCaBIIiB, mip s nTaxiB, Bata. HasBricts KAII y ruiznax nraxis
3aJIeKHUTH BiJl CTYNEHS BiLIaJICHOCTI HACEJICHUX ITyHKTIB 1 4acy moOyJ0BH rHi3za. 3a KiJIbKa
OCTaHHIX JeCATHIIITh YacToTa Bukopuctanaa KAIl y rHi3nax KOHOIUISHKY CTPIMKO 3pocia,
10 MOYKE CBIAYMTH HpO Oiblle 3aCMiYeHHS JOBKIUIS, @ TAKOX, MOXKIMBO, IPO 3BUKAHHS
BHUKOPUCTOBYBATH TaKi MaTepiajm.

Kuouosi crosa: koHolnsHKa Linaria cannabina, martepiaau THi3#a, BIUIUB
CepeoBHIIa Ha CKJIa]| THI3/1a, eKOJIOTiUHa IIACTHYHICTh, JIbBIBIIMHA

Konomsiaka Linaria cannabina (Linnaeus, 1758) € omHiM 13 BHIIB NTaxXiB, IO 3acelse
SIK TIPEPOJTHI, TaK 1 aHTPOIIOTEHHO 3MiHEeHI TEPUTOPIi, JISTKO MPUCTOCOBYETHCS JI0 THI3AyBaHHS y
3MIHEHOMY JIFOIUHOIO CEPEOBHILII, TOMY € XOPOLINM MOJCIBHUM BUIOM JJIsS JOCIIDKEHHS TOTO,
HACKLIBKH 1 SIK ITaX! MPUCTOCOBYIOTHCS 0 3MiH CEPEAOBHILA.

3aranom, iHQopMmamis NMpo THI3IOBI MaTepiajy KOHOIUIIHKU IIPEACTaBlICHA B Pi3HUX

© T'maruna O., Makitpa T., 2024
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myomikamisx. Bimomo, 1mo ans moOyloBH THi3Na KOHOIUISTHKA BUKOPHUCTOBYE CTeOia M JTUCTS
3J1aKiB, KOPIHHS, MOX, JIy0 siHI BOJIOKHA, @ JIOTOK BHUCTEJISIE€ IIEPCTIO 1 BOJIOCCSIM CCABIIB, MMip’ sIM
NTaxiB, IHOI TPAIISIOThCS Bata ¥ HUTKH [8, 11, 12]. € Takoxk iHdopMallis mpo CKJIaz rHi3na
KOHOIUISIHKH 1 3 PI3HUX YaCTHH 3aX0lly YKpaiHH, OT)Ke, MOKHA MOPIBHATH MaTepiaiii THi3/ [[bOTO
BH/Y Ha PI3HUX TEPUTOPISIX.

Mu 30cepenuiii yBary Ha JOCIHIIDKeHH] JAEsSKUX MUTaHb THI30BOI 610I0Til, aJke THI3I0
€ KJIIOYOBOKO KOHCTPYKIIEIO JUIS YCIINIHOTO PO3MHOMKEHHS NTaxiB. MeTa IOCHIKeHHS —
MPOaHaITi3yBajl 3aKOHOMIPHOCTI I'Hi3/10BOT 010JI0TIT KOHOIUISTHKH: BUOIp MICIsl pO3TalllyBaHHS
THi3[a, BUCOTA HOT0 pO3TallyBaHHs, CKJIaJ THI3J0BOTO MaTepiany i BIUIMB CEpEIOBHINA Ha IIi
3aKOHOMIPHOCTI. [IuTaHHS, 1110 BUCBITIIOETHCS Y CTATTI, BAXKJIMBE 3 OMIIALY Ha TpaHCGHOPMAIIit0
CepeoBHUIIIA i OXOPOHY TBAPHHHOTO CBITY.

Marepiaau Ta MmeToau

MarepiaioM [Uisi HAMCAaHHS CTATTI CIyTyBajia iHopMalis PO rHi3/la KOHOIUISHKY Lina-
ria cannabina 3 Teputopii JIbBiBIIMHY, 310paHa WieHaMH 3axXiIHOYKpaTHCHKOTO OPHITOJIOTTYHOTO
toBapuctBa (bauk rHi3x, n=181) [7] ta Bnacui 30opu (n=18). I3 HuX iHOpMaLi0 Npo rHI3I0BI
Mmarepianu mictwin 193 ankeru. [Hdopmauito npo ruizna Oyjao oTpUMaHO 3 aHKET 1 BIIACHUX
cnocrepexenb: 1. M. T'opbanst (140 anker), JI. M. [posna (12), O. C. I'matunu (11), A. A.
[Mayka (6), A. A. bokores (5), A. 1. I'yzis (4), A.-T. B. bamru, O. A. MansoBanoro (3), K. A.
Tartapunosa, B. O. [Torpanuunoro, O. B. Cantoka, M. A. Cenuk, S. €. Hltupkana, I'. B. boiika,
JI. 1. JaBunoBuy, 0. b. Crenummuna, H. }O. Cokonosa, M. B. Xumuna (menme 3-x).

Indopmarito npo rHi3ga OTpUMaHO SK y MPOLECi THI3TyBaHHS KOHOIUIHKU (KBITEHb—
JIMIEHb, KOJIM TaM MICTHIIUCH S abo mTallleHsaTa), TaK 1 B pi3HI Mepiogy Micis 3aBepLICHHS
rHi3nyBaHHs (Oepe3eHb, BepeceHb—TpyleHb). Yac 300py MOKe MaTH BIUIUB Ha BHSIBJICHHS
PI3HOMaHITHOCTI THI3Z0BUX MaTepiaiiB. Hampukian, konu y THi3Al nepeOyBaiu NTalICHSTa,
TO, HMOBIPHO, CKJIa/I MaTepiaiB JIOTKA BUCBITICHO HE MTOBHICTIO, 11100 HaAMiIpHO He TypOyBaTH
nTameHsT. TakuM YMHOM, MOXYTh OyTH He BUSIBICHUMH, HAIPHUKIIA/, IITYYHI Y4 KOMIOHEHTH
TBAapUHHOTO MOXOJPKEHHS, SIKI Hal4yacTille TparvIsiioThest Y JOTKY. Llfo oOcTaBiHy BapTo B3STH
JI0 yBaru.

I'Hi3na BUSIBIEHO MPOTATOM YOTUPHOX JECATKIB pokiB 3 1973 no 2012 p., npu upomy B
1973-1980 pp. 3i6pano indopmariito mpo 131,y 1981-1990 pp. —mpo 33,y 1991-2000 pp. — npo
15, y 2001-2012 pp. — npo 20 rHi3A. ButkiiicTs rHi3m 310paHO B OKOJUISIX HACEICHUX IMYHKTIB
(56,2 %), y nacenenux nmyHkrax (23,7 %) i majeko 3a MexaMu B YMOBHO MPUPOIHUX Oi0TOMax
(20,1 %).

PesysbTaTH i iXHE 00rOBOpeHHS

KoHomisiHKa MpHUCTOCOBYETHCS 10 3MIHEHHMX JIIOJUHOI0 OioromiB. ['HI3AMTHCS SIK 1M03a
ME)KaMH HaCEJICHUX ITyHKTiB B YMOBHO ITPUPOIHUX 010TOMAX, TaK 1 B Me)KaX HACEIEHHUX MYHKTIB,
Jie 3acelisi€ SIK O1IbII YM MEHIII OCTPIBIl POCIMHHUX HAacaJUKEHb (TIApKH, Cajd, ajiei, IBUHTAapi),
TakK 1 OKpeMi YarapHUKH 4M JiepeBa 3 BiJIIOBIIHOIO0 CTPYKTYporo KpoHH. Lleit nTax 31aTeH HaBiTh
BIZIXOJIUTH BiJl 3BUYHOTO CTEPEOTHUILY THI3AyBaHHS 1 pO3MIIyBaTH THi3a B HETUIIOBHUX IITYYHO
CTBOpEeHHX MicIyix [1].

Yacrime rHi3ga Oyau 30ynoBaHi Ha XBOMHHUX MMOpOAax (sMHA, TYs, sUTIBELb), HIXK Ha
JUCTSHUX (Pi3HI BUAM YarapHUKIB 1 JepeB, a Takox jianu) (tabin. 1). JIBa THi3Aa B OKOMUIAX
MicTa Oynu po3MillieHi Ha aHTPOIIOT€HHUX KOHCTPYKIIISIX: OJJHE THI3/I0 — Ha MOCTi aBTOMOO1JIS Ha
CTOSIHIII aBTOMAIIIMH Cepe/ JIYKH, Ipyre — Ha MeTaJIeBil Mi/ICTaBIi MAIIMHK HA JIOBrOCTPOKOBIH
CTOSIHIII BIHCHKOBMX MAaIIWH. BapTo 3ayBakuTH, IO B IIMX YMOBaxX HE OpaKyBaJlO MICI IS
po3TanryBaHHs THi3a IOPyY, y HE 3MIHEHOMY JIFOJIMHOIO CEPEIOBHIII.
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Konomnsinka Ha JIpBIBIIMHI po3MilllyBalia 'Hi3[a HEBUCOKO Hax 3emieto — 0,2-2.2 m, B
cepennbomy Ha 1,10+£0,03 M (n=175) (kpim aBOX THI3A Ha BrcOTi 3 14 M). [Ipu pomMy OLIBIIICTD
(89,8 %) rui3n 30ynoBani Ha BucoTi Bix 0,5 mo 2,0 M, i3 Hux 46,3 % na Bucoti Bix 0,5 x0 1,0
M (puc. 1). Cepemsst BUCOTa pO3MIIIECHHS THI3Aa HA 3eMJIC0 HrK4a i ucTsHux 1,03+0,06
(n=69, Bix 0,2-2,0, KxpiM OZHOTO THi3Aa HA BUCOTI 3 M), HiX 1 XxBowHUX 1,1440,04 (n=112, Bixn
0,5-2,2, KpiM OJJHOT'O THI3/1a Ha BUCOTI 4 M), X04a CTATHCTUYHO JOCTOBIPHOT PI3HUII HE BUSBJICHO.

50,0
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ﬂ.-ﬂ T T T T
1 1,25 15 2
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Puc. 1. Bucora po3miliieHHs rHi3[ KOHOIUITHKH Ha JIpBiBuMHI (n=177)

CepeHst BUCOTa PO3MIIIICHHS THI3J Ha YarapHUKax i JepeBax Oyja oJHaKOBOK (TalIl.
1). Lle o3Hauae, o0 KOHOIUIIHKA BUOMpPAE Ti AepeBa, KOTPi MOIIOHI 32 CTPYKTYPOIO PO3MILLIEHHS
r'JIOK /10 YarapHUKiB (MarOTh TYCTIIly KPOHY HEBHCOKO Haj 3emiiero). O4eBUaIHO, BUOIp MiCIs
JUISL PO3TAlllyBaHHS T'Hi3Jla HE TaK 3aJIe)KUTh Bl BUAY POCIHMHHU, SIK BiI CTPYKTYpH PO3MiLlIEHHS
il Ha/I36MHUX YaCTHUH.

Ta6mums 1
Bucota po3MimieHHs rHi3 KOHOIDIIHKY (n=178) Ha pi3HUX pocnuHax Ha JIpBIBIIKHI
. Cepenns
HKurresi Gopun Pig pocnmam (n) pucora | Min—max, M
pociuH Mem, M

Tys 3axinHa Thuja oxidentalis (n=21) 1,60+0,10 1,1-2,2 (i ogne
Xgoiini Ha BUCOTI 4 M)
60,7 % sUTHHA 3BUYaitHa Picea abies (dacto monozi) (n=74) 1,03+0,04 0,5-2,0

siBens Juniperus sp. (n=13) 0,93+£0,12 0,4-1.,5
Jluctani nepeBa poOiHis 3BuUaitHa Robinia pseudoacacia (1), amuaa Prunus  0,96+0,32 0,25-2,00
1,7% cerasifera (1), xen Acer sp. (1)
Jlucrani cMmopoauHa Ribes nigrum 23, cuipes Spiraea sp. 14, ammua  0,96+0,05 0,25-2,00
yarapHUKu* Prunus divaricata 3, 6y3una yopna Sambucus nigra 3, tain
31,5% Crataegus sp. 2, akaris xxoBta Caragana arborescens 2,

munmuuHa Rosa canina 1, Tepen Prunus spinosa 1, canoBuit

JKacMuH 3Bu4aiiHuit Philadelphus coronarius 1, BuHOTpan

Vitis vinifera 1, xanmuna Viburnum opulus 1, rpad 3BuuaiiHuii

Carpinus betulus 1, i1 (OKMBOILTIT i YarapHUKH 3)
Jlianu rwtron 3pudaninuii Hedera helix (10), 1,55+0,13 0,9-2,0 m (i
6,2 % JMMOHHUK KUTaWChKUH Schisanra chinensis (1) OJIHE Ha BUCOTI

3 M)

Hpumitkn: * — pocarHu OyiH B )KUTTEBIH (HOPMI HarapHUKa; HA3BU POCIHH ITOIaHO 3TiHO 3 3. I. Mamuyp,
A. B. Oninnogoro [2]



O. MNamuHa, T. Makimpa
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92 93

OcHOBHI MaTepiaiH, siKi KOHOIUISIHKA oOupae /1t o0y JOBHU THI3/, TUIIOBI ISl ITaXiB y
€Bpori. [IpoananizoBaHi THi3Aa MIiCTHIM pociuHHI (BusiBieHo y 100 % mociimkeHUx THI3N),
tBapunHi (98,4 %) Ta wryuni (23,2 %) (tabxa. 2). I3 pociaMHHHX MarepialiB KOHOIUISTHKA
Haifyacrime oOupaia uis THi3/1a KOPiHIi Ta cTe0Jia TpaB’ SIHUCTUX POCIIHMH, X04 Oy IpeJicTaBlIeH]
TaKOX T'UTKU Ta JINCTS IepeB, POCIMHHMNI MyX 1 MoX. Cepes MaTepialiiB TBAPHHHOTO MOXOKEHHSI
Yy BUCTHIIII THi3/la HEBiJ' éMHUMH OyJM HIepCTh 3BIpiB 1 mip’s mraxiB. BapTo 3ayBaxkuTH, 1110
yactuHa rHi3n Mictiiaa KAII y pisHiil kinbkocTi. Cepell HUX TepeBayKald BaTa i TPOXH pifie
HUTKH i BostokHa (Tabu. 2). Tomy 6a30BUMH THI3OBMMHU MaTepiajiaMy KOHOIUISHKHY Ha JIbBIBIIUHI
Oy ipiOHI KOpeHi Ta cTeblia OJHO- 1 JBOJOIBHHUX TPAB’SIHUCTHX POCIHWH, a y JIOTKY — IIepCTh
1 BOJIOCCSI CCaBIIiB, Iip’s MTaxXiB, BaTa, M0 30iracThes 3 pesyabTataMu A. BokoTes I 3axX01y
VYxpainu [6].

Taomuis 2

I'Hi3moBi Matepianu KOHOIUIAHKH Ha JIbBiBIIKHI (n=193)

YacTka TparuIsiHHS y TpymHax
Yactka . . YacTtka TparissHHS
Marepianu rizzn n . . (3 pOCIMHHUMH, TBAPHHHHUMH,
TPaIUITHHS (3 ycix 193 rizn), % o
ITYYHUMH), %
Pocnuuni  KOpiHII TpaB’sTHHUX

n=193 pocnuH 165 85,5 85,5
100 % cTebia TpaB’sIHUX POCIMH 65 33,7 33,7
rinku gepes (api6Hi) 18 9,3 9,3

MOX 16 8,3 8,3

POCIUHHHHI TyX 12 6,2 6,2

JIUCTKH JIEpeB 8 4,1 4,1
TBapuuHi  mIepcTh 152 78,8 80,0
n=190 BOJIOCCS 50 259 26,3
98.4 % TBapUHHHH ITiJIIEPCTOK 12 6, 6,3
’ mip’s (nTaxiB) 141 73,1 74,2
[ Tyuni BaTa, INTYYHUH IMyX 28 14,5 62,2
n=45 HUTKU 17 8,8 37,8
0 BOJIOKHA 10 5,2 22,2
23.2% MOTY3KH 6 3,1 13,3
TKaHUHA 6 3,1 13,3

GbinbTpy Urapok 3 1,6 6,7

nenodan 2 1,0 4.4

narip 2 1,0 4.4

ZIpiT 1 0,5 2,2

pubanbchKa BOJIOCIHBb 1 0,5 2,2

HiHOIIACT 1 0,5 2,2

Ipumitkn: «dactky TpamwsiHHS» (3 ycix 193 rHi3Q) po3paxoBaHO SIK BiCOTOK THI3A, L0 MICTHIIN
NIEBHUH Marepiai, BiJl yCiX THI3M; «4acTKy TPAIULTHHSA Y TPYIax» po3paxoBaHO SK YaCTKY THi3[ i3 IIEBHUM
MarepiajoM Bif yciX THi3X i3 rpyn (pociunHi — 193, TBapuHHI — 190, mTy4ni — 45)

OnHe i3 OBOX THI3/, PO3MIIIEHUX Ha aHTPONOTEHHHX KOHCTPYKLISX B OKOJIHII MiCTa,
MICTMJIO MEHII HDK 3BHYaWHO POCIMHHUX MarepiaiiB, HAaTOMICTh Oilblle aHTPOIOI€HHHX
(TOBCTI ¥ TOHKI MOTY3KH, IIIMaTKH TKaHWHH, 0arato BaTH), a TBApWHHI MaTepialk CTaHIapTHO
OyJIM TIpeJICTaBJICH] IEPCTIO CBIMCHKMX TBAapWH 1 KIHCHKUM BOJIOCCSAM. BapTo 3ayBakuTH, 10
B I[bOMY pa3i He OpaKyBaJlo MPUPOJHHUX MaTepiaiiB Uil THiI3#Aa B HE 3MIHEHOMY JIIOJIHOIO
cepenoBuin HaBkoyo. A. bokoteit [1] Bkasye, 10 THi3Na Ha aHTPOMOTCHHHX KOHCTPYKIIIAX
PpOOMIIM KOHOIUISIHKY Ha IOYaTKy THi3/I0BOTO CE30HY.

Hacinns cknagHonBiTux (Jetioue; 0yp’sauu, Oymsaku Carduus) pinko (5 THI3M) Tparusuiocs
B THI3J]aX KOHOIUISIHKU SIK y CBIXKO30Yy/IOBaHMX, TaK 1 y THi3Jax Micisl 3aKiHYEHHsI THi3I0BOTO
CE30Hy U y MUHYJIOPIUYHUX THi3aax. Hackiabku Takuii MaTepian siK HACIHHS € BaKIHBHM IS
T'Hi3/1a KOHOTUISTHKH, BJKKO CKa3aTH, ajle SKIIIO B3SITH JI0 yBar, 1110 HACIHHA Oy/Is1Ka MOIIHPIOETHCS
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BITPOM 1 JUIs IIbOTO Ma€ 100pe PO3BHHEHI HAIyCH, TO MOXKHA MPUITYCTUTH, 1[0 BOHO 3aHOCHTHCSI
y rHi3aa BitpoM. To# ¢axt, 1o HaciHHs Oy/sika BUsIBJICHE Y 3-X CBIXKHX THi3/aX (3 KIAIKOIO) i
MEPEBAXKHO B JIOTKY, MOXKE TAKOXK CBIIYHUTH PO Te, 1[0 NITaX LJIECIPIMOBAHO 30UPa€e MUHYIOPIYHI
JeTioukH (y KBITHI-TpaBHI CBDKHX Ie HEMae), ajke 100pe po3BHHEHI nanycH (yHKIIOHYIOTH
SIK IyX JUIsS BACTWIIKY THi3/a (TOMY HACIHHS 3 MalycaMy MU 3aJy4dJId 10 KaTeropii poCIuHHUH
myX).

Y 23,2 % rHI3A BUSBIEHO HENpUponHi (WITY4YHI) YU 3MiHEHI/3aHECEHI JIIOAMHOI0
Mmarepianu (tadin. 2). lle HaliuacTimie Bara, ITyYHUN MyX, HUTKH, BOJIOKHA, MOTY3KH, TKaHHHA.
Piame xoHOIUIIHKA BIUTITANA Y THI30 QIIBTPH LMIrapok, HenodaH i namip, mooJANHOKO — JPIT,
pubabChKy BOJIOCIHB 1 MiHOIUIACT. SIK 3rajyBanocs Bullle, THi3/a KOHOIUISTHKY 310paHi y Tphox
rpymnax 0ioToriB 3a BiIAJICHICTIO Bijl HACEICHHX IyHKTIB: Ha OKoNuUIIX (56,2 %), y HaceneHux
nyHkrax (23,7 %) i janeko 3a MexaMd B YMOBHO mpupoxaHux Oioromax (20,1 %). Yactka
THI3J 31 ITYyYHUMH MaTepiajlaMd OYiKYBaHO BHUSIBHJIACS HAWMEHIIOIO Y MPUPOIHHUX OioTomax
(12,8 % 13 ycix rHi3n y npupoaHux 6ioromnax), 6ibiio B okonuisx (22,0 %) i Hailb1nbIIo0 B
Mexax HacesjeHux myHKTIB (34,8 %) (puc. 1), 110, 0O4€BUIHO, OB’ SI3aHO 3 JOCTYIHICTIO TAKUX
MarepiaiiB, TOOTO i3 3aCMIYEHICTIO IOBKULISA HOOYTOBUMH Binxonamu. KOHOIUISTHKY 3HAXOTHITH
HETUIOBI MaTepiaiy JUisl THI3]] HaBiTh JaJIeKO 3a MEXaMM HaceJeHUX MyHKTIB. Lle cBiguuTh sik
PO Te, LIO TaKi Marepialii MOTPAIUIIOTh y CEePEeIOBHIIE, TaK 1 PO T, 10 HE 3aBXKIU MTaxH
BUKOPHCTOBYIOTh TaKi MaTepiajd 3a BIJACYTHOCTI NMPUPOAHHX. Y IbOMY pa3di MH MOXEMO
MOSICHUTH (DaKTH HASBHOCTI BaTH y THI3[aX KOHOIUISTHKH THM, 1110 Ha BUIJIS BOHA Jly)K€ HAraaye
POCIIMHHU MyX 1 IIEPCTh CCaBLIB, a 32 MOXO/KCHHIM K LITyYHHH, TaK 1 POCAMHHHUN (X0Y i
He xapakTepHuil st JIBBIBIIMHK) MaTepiai i HOro MOTPAIUISHHS B CEPEIOBHIIE IOB’SI3aHi 3
JISUTBHICTIO JIFOAMHU (3aCMIYCHHS).
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Puc. 2. Yactka rHi3n (%) i3 KAII y pisHnx THmax OiOoTOMIB 3al€XHO Bifl IXHBOTO PO3TAIIyBAaHHS IOIO
HACEJICHNUX IyHKTIB

Yactora Bukopucranss KAIl y rai3nax KOHOIUITHKM Moxe OyTH me Bumor (85,7 %
rai3x) [10], mo B KinbKa pa3iB Oinblie, HIX y IIFOMY JOCITIKEHH] 3a Bech mepio. Taky pi3HHIO
MOJKHA TIOSICHUTH SIK MICIIeM, TaK i 9acoM 300py THI3A. Y 3rafaHoMy JOCIIIKEHHI aHaTi3yBaH
CKJIaJ THi3x, 310paHMX 3a [Ba OCTaHHIX NECATHIITTSA, IEPEBAXHO B MEXKaX HACEJIEHUX ITyHKTIB.
Taky 3aKOHOMIpHICTh BUSBIIIM 1 B HAIIOMY JOCIIDKEHHI U THi3M, 310pannx ynpomosx 2001—
2012 pp. (Tabmn. 3).

BazoBuit ckian rHi3g, 30yIOBaHWX Ha XBOMHHX 1 JHCTSHUX BHIAX JIEPEB, BiIPi3HIBCS
He3HauHo. IIpore t-rect (mapHUil MBOBUOIPKOBHWH t-TECT IUIsl CEPENHIX) BHSIBHB Pi3HHIIO
(p=0,97) B yacTOTi TpaIUITHHI POCIMHHUX MaTepiaiB. YacTilie BUSIBICHO JIUCTS JAepeB i crebna
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JIBOJIOJIbHUX Y THI3AaX, PO3MIIIEHUX Ha JTUCTSIHUX MOpoaax. PisHuils Oyina Takox y ckiazi KATI,
xo4a t-TecT He BU3HauuB ii qocroBipHOto (p=0,60).

SIKmo TMOpIBHATH CKJIQA MaTepiaiiB THi3Aa y OloTomax i3 pi3HMM aHTPOMOTeHHHM
HaBaHTKEHHSIM, TO B YMOBHO MPHPOAHUX 010TONAaX y CKJIa/i THI3J YacTile 3’ sBisIucs credoia
TpaB’SIHUCTHUX POCIHMH, MOX, POCIIUHHUI 1 TBApUHHUH TyX, a cepen KAII BUsBIEHO TITBKH BaTy.
HarowmicTs, y THI3aX B OKOJHIISIX HACEJICHUX MYHKTIB MITaX1 YaCTillle BUKOPHCTOBYBAIH KOPIHHS
(npibHE) TpaB’STHUCTHX POCIIMH 1 PI3HOMAaHITHI MaTepiajin aHTPOIIOT€HHOTO MOXOXKeHHS (BaTa,
HUTKH, BOJIOKHA, MOTY3KH, TKaHWHa, (QIIBTpU LUTapok, Ileiodan, mamip, ApiT, puOaibchka
BOJIOCIHbB, TiHOMIACT). OCTaHHE CHpaBeJIUBE 1 JUI THI3J y HACEJICHUX IyHKTaX. BHUSBIEHO
JIOCTOBIPHY Pi3HUINO B yacToTi Bukopuctanus KAII y nmpupoanux 6ioTomax i B Mekax HacelleHUX
nyHKTIB (p=0,95) Ta y npuponHux 6i0TONAax i B OKOJIHIAX HAceNeHHX MyHKTIB (p=0,98).

11061 3po3yMmiTH BILUTHB Yacy 300py Ha yacToTy Bukopucranns KATL, Mu po3risHysu Tpu
yacoBux nepioau (tadm. 3). Y nepmomy (1973—1980 pp.) BusiBIeHO HaiMEHINHI BIICOTOK THI3A
13 KATIL. OpHi€ro 3 mpu4HH € Te, 110 KUTbKICTh THi3J, 30yJ0BaHUX Y [[bOMY II€pioJii B HACEICHUX
MYHKTax (Je HaivacTime nrtaxy 30UparoTh MITYYHI MaTepiaiu), € HAiIMEHIIIO 3 TPhOX YaCOBUX
BIJIpI3KiB, MPOTE € Oarato THi3/ 3 OKOJNHUIlh HACEIEHHUX MyHKTIB.

Yacori nepioan 1981-1990 pp. i 1991-2000 pp. Mu 00’ eaHAIH, OCKIIBKH YacTKa THI3[
i3 KAII y ueit mepion € maibke omHakoBoro (28,1 % Ta 28,6 %) 1 yaBiui OLIbIIOIO, HIK 32
nonepenHe aecaTniTTa. OIHIEI0 3 IPUYUH € Te, MO0 OLIBIIICTh THI3 i3 IIbOTO Tepioay 3i0paHi y
HaceJeHuX MmyHKTax. [IpoTe KUIbKICTh THI3l B YMOBHO IIPUPOJHUX OioTOMax yBidi Oliblia, Hixk
y MOTIEPEAHBOMY.

Y tperboMy uacoBomy Bimpi3ky (2001-2012 pp.) dbacTka THI3A 31 IITYYHUMH
KoMIoHeHTamu Haiioutbiia (90 %), a KinbKIiCTh THI3J 13 HACENEHUX MYHKTIB HE3HAUHO Oilblia,
HIX Y TOTIEPEIHBOMY.

Tabmurs 3
Yacrka rui3z i3 KAII y pi3ni yacoBi nepioau B pisHUX OioTOINax
Poku | 1973-1980 \ 1981-2000 \ 2001-2012

% ruizn 3 KAIT 11,0 28,3 90,0

BioTomn n % n % n %
Ipuponni 22 17,2 18 39,1 1 5,0
Oxounuii 88 68,8 9 19,6 10 50,0
Haceineni nyskru 18 14,1 19 413 9 45.0

CraTHCTHYHUI aHaNli3 JAaHUX BHUSBUB ICTOTHUH CHIIBHUN KOPEISIIHHUN 3B 30K
(r=0,882) Bucokoro crymeHs moctoBipHOCTi (p>0,97) MiX BiACOTKOM THI3H i3 HasSBHICTIO
IITYYHUX MaTepiamiB i vacoM moOymosu rHi3Aa (n=8). OTxe, 6aunMO pi3Ke 3pOCTaHHS YaCTOTH
BukopucTtanHs KAII ynpomoBx oCTaHHIX TECATHIITB.

3 IbOT0 MO’KHA 3pOOHMTH BHCHOBOK, IO KOHOIUISIHKH YACTIIIE BUKOPHUCTOBYIOTH IITYYHI
MaTepialy B HaCeIICHUX MyHKTaX 1 3a OCTaHHI JeCATHIITTA. L{e MoXe CBIMUUTH TIPO TCHACHIIIIO
IO 3pOCTaHHsS 3a0pYyAHEHOCTI JOBKLISA CMITTSAM, a, MOXIHBO, i IPO T, IO KOHOIUISTHKH
MIPUCTOCYBAITUCS JO BUKOPUCTAHHS TaKUX MaTEepialiB.

Hattgacrime ass moOy/1oBH THi3a KOHOIUITHKY Ha JIEBIBITIMHI BAKOPHCTOBYBAIH KOPIiHIII
Ta cTe0Ia TpaB’ SHUCTHUX POCIHH, IIEPCTh 1 BOJIOCCH 3BipiB, mip’st mTaxis, a 3 KAII — Baty i HUTKH.
BasoBuii cximaj rHi3I KOHOIUITHKY B Pi3HHUX reorpadivHuX perioHax 3axoxy Ykpainu ([Tomices,
[pukapnarrs, Kapnatn) OyB momiOHWMIA 1 Bipi3HSABCS JIMINE HASBHICTIO NESKUX JAOAATKOBUX
MaTtepiainis [3—6].

Po3mimenns rHi3 y 6ioTomax i3 HasSBHICTIO XBOWHUX IOPIJ Majo BIUIMBAJO Ha CKIIAJ
rHi3ga. HaTomicTh, KOHOMUITHKA OLNBIOIE TSKia A0 PO3MIIICHHS THI3J HA XBOWHHX BHUAX,
TTOPIBHSHO 3 JINCTSIHAMH.



O. l’HamuHa, T. Makimpa
96 ISSN 0206-5657. BicHuk JbBiBcbkoro yHiBepcutety. Cepis 6ionoriyHa. 2024. Bunyck 92

BusisiieHo, mo s po3MIIeHHsI THi3 KOHOIUISTHKYA Ba)KJIMBOKO € apXiTEKTOHIKa KPOHHU
pPOCIIMHY, Ha SIKiid PO3MIIIEHO THi3H0. 3a3BUYail 1ie OUIBII-MEHIN TyCTe PO3TaTy>KEHHSI KPOHHU
HEBHCOKO HaJl 3eMJICIO.

I'nizna koHOIUISIHKA OyayBaja HEBHCOKO HAJl 3eMJICI0 — Ha KyIIax i iepeBax Ha Tiid caMiid
BHCOTI, IIPH IIbOMY OOHpasia AepeBa, MOAIOHI 32 apXITEeKTOHIKOI 10 YarapHHUKiB. BUTKI jiaHu
TIJTIONIA TEX MPUAATHI ISl PO3MIIICHHS THi3]] KOHOTIISTHKHY.

VY ckiaji 6a30BUX MaTepiaiiB THi3/] KOHOTUITHKH POCIUHHOTO 1 TBAPUHHOTO TIOXOIKEHHS
3HAYHOI piI3HUIII B Pi3HUX Oi0TOMAaX I Y pi3Hi pOKH HE BUSBIICHO, 3aT€ TaKa Pi3HUILSI IPOCTEKYETHCS
B HassBHOCTI INTYYHUX KOMIIOHEHTIB. 3a OCTaHHI JECATHIITTS BHUSABICHO 30UIBIIEHHS 9aCTOTH
BUKOPUCTaHHS MTYYHUX MaTepiajiiB y MoOyI0Bi THI3, IO MOXKE CBITIUTH SIK TIPO 301TbIICHHS
iXHBOI KUTBKOCTI y MOBKULII (3acCMideHHS), TaK i1, MOKIJIMBO, MPO 3BHKAHHS KOHOIUISHKH IO
BUKOPUCTaHHS TaKUX MaTepialiB. BapTo BHOKpeMuTH BHOIpKOBE BUKOPHUCTAHHS KOHOTUISTHKOIO
CMITTS AJi1 TOOYOBH THI3, a I1e MePEeBAKHO MOAIOHI 0 MPUPOTHUX MaTepianu (BaTa, HUTKH
Ta iH.).

IIpo BIIMB MOBKIJUIA HA CKJIAJ THI3 KOHOTUITHKY Ha miBaHI Icnanii BkasywoTs J. C. Cas-
tro-Caro, I. C. Barrio ta F. Sanchez Tortosa [9]. Mu BusBWIH, IO PiBEeHb aHTPOIOICHHOI
TpaHcdopMarlii cepenopuia (y BUTIISAA1 3aCMiu€HHS ) Ma€ BIUIMB Ha HAsIBHICTH Y THI3/II IITYYHUX
marepiaini. Tak, HAHOIIBITY KiITBKICTh TAKWX THI3/ BUSBIEHO CaMe B ME)KaxX HaCEeJIEHUX ITyHKTIB.
Bruseko Tpetnnn (34,8 %) rHi3A y HACENCHNUX MyHKTaX MICTIUIM IITYYHI MaTepiay, [0 MOXe
CBITYUTH SIK TIPO TXHIO HASIBHICTH y JIOBKIJUII, TaK 1 PO Te, 10 TaKe SBUIIE B KOHOIUISTHKH JTOCUTh
nomupeHe. OdikyBaHO, HaMEHIIy YacTOTY BHKOPHCTAHHS INTYYHUX MaTepialliB BHSBJICHO
B YMOBHO TNpPHUPOJHUX OioTOmax majeKko 3a MeKaMH HaceleHHX MyHKTiB. lle cBimumTh mpo
HalMEHIIy KUTBKICTh iX y MOBKUUT Ta MPO Te, IO CMITTS BCE-TaKH MOTPAIUIIE B CEPEIOBHUIIE
HaBiTh JJAJIEKO 32 MEKaMU HACEJICHUX IyHKTiB. KOHOIUIsTHKA BUKOPUCTOBYE IMITY4YHI MaTepiaiu He
TOMY, IO 1 Opakye IPUPOTHUX MaTepiaiiB, a, MOXKIHBO, TOMY, III0 BOHH MOAI0H1 10 MPUPOTHUX,
a00 1 TOMY, 1110 € JOCUTh THYYKOIO MO0 BKIIOUCHHS HETHIIOBUX MarepiaiiB 0 CKJIamy THi3za,
MIPOTE HE 3MIHIOE 0a30BUX KOMIOHEHTIB. [IITydHMM MaTepiaioM B yMOBHO MPUPOAHKX OioTOMax
Oyna Bara, 1o AyXe Haraaye mepcTh 3BipiB Ta IMyX POCIUHHUY 1 TBApUHHUK. Maiike BCi IITY4HI
MaTepiaiy HoAi0HI 10 MPUPOTHKX, OKPIM Iestodany (y IBOX THI3Aax) i MHOIIACTY (B OMHOMY).
TakuM YMHOM, MOXKHA CTBEPJIKYBATH, IO CKJIa]] FHi3la (PaKTHYHO MOXKE 3MIHIOBATUCS 3aJI€XKHO
BiJl yMOB JOBKIJUISA, IPOTe 0a30BUI CKJIa THi3/a 3MiHIOETHCS MaJIo.

BucHoBku

bazoBuMu CKJIaJOBUMHM THI3a KOHOIUIIHKY Ha JIbBIBIIMHI OyjM POCIHHHI (BUSBICHI Y
BCIX JTOCIIDKCHHX THI3[aX) — KOPIHII Ta cTebja TpaB’sSHUCTHX POCIHH, TBapuHHI (98,4 %) —
LIepCTh 1 BOJIOCCS 3BipiB, Mip’a NTaxiB Ta yacto (23,2 %) mry4yHi Marepiaiu — Bata i HUTKH.
Jlst po3MillieHHs THi3/1 KOHOIUISTHKA YacTilie oOupalia XBOHHI MOpOY 1 YarapHUKHU Ta JepeBa 3
T'YCTOIO KPOHOIO HEBUCOKO HaJl 3eMJICIO.

CepenoBuiie TEBHOIO MIPOIO0 BIUIMBA€ Ha CKJIAJ THI3Ja KOHOIUITHKH. Takuii BIUIMB
HEBEJIMKHHI 1010 0a30BHUX CKJIAJJOBUX POCIMHHOTO 1 TBAPHHHOTO [TOXOKEHHS, IPOTE HOMITHUH
L1010 KOMIIOHEHTIB aHTPONOT€HHOT0 MOXOJKEHHsI, OCOOJMBO OCTaHHIMHM pokaMmu. BusiBiena
BUOipkoBicTh y BukopuctanHi KAII. 3 ocranHix L. cannabina Bxmoyana 10 cKiaay THi3Aa
Marepianu, noAiOHi 10 NPUPOJHHX, XOU Y KUIBKOX BUIIaJKaX BUSBICHO i HETHIIOBI MaTepialiy.
3a ocTaHHI POKM 4YacTOTa BUKOPHCTAHHS IUTYYHUX KOMIIOHEHTIB y THi3/i KOHOIUITHKH B
aHTPOIIOI€HHO 3MIHEHOMY CEpEOBHILI 3HAYHO 3pOCIa, OCOOJUBO B HACEJCHUX IMyHKTaX, IO
CBIIYMTH SIK [TPO 3aCMIUCHHS CEPEOBUILA, TAK 1 PO THI3I0BY IIACTHYHICTh KOHOIUISTHKH.
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LOOK INSIDE: NESTING MATERIALS AND SOME PATTERNS
OF NESTING BIOLOGY OF THE COMMON LINNET
LINARIA CANNABINA (LINNAEUS, C 1758) IN THE LVIV REGION

O. Hnatyna, T. Makitra

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: oksana.hnatyna@lnu.edu.ua

The article deals with some aspects of the nesting biology of Linnaria cannabina
(Linnaeus, C 1758) in Lviv region. The question of placement, the composition of the nests
and the factors that affect this is revealed. The material for writing this article was the data
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of the Bank of bird nests of Western Ukrainian Ornithological Society (ZUOT) (n=181) and
own data (n=18) for 40 years (from 1973 to 2012). Nests were collected in different biotopes
and, depending on the distance to the human settlement, were divided into three groups
(within settlements, on their outskirts and far beyond in natural biotopes). It was found
that for the placement of nests, the common linnet often chooses coniferous (mainly young
spruce, thuja or juniper). Among deciduous found trees, a significant variety of bushes and
twisted vines (ivy). To choose a place for linnet nest, the architectonics of the aboveground
part of the plant is important, so even trees were chosen that are similar to bushes. Very often
common linnet places nests in various hedges (spirea, acacia yellow, etc.). Probably due to
the fact that the nest is well disguised, its placement height is small (0.2-2.2 m, on aver-
age 1.10£0.03 m). The main materials that L. cannabina chooses to build nests are typical
of birds of this species in Europe. Linnet nests consisted of plant (in 100 % of the studied
nests), animal (98.4 %) and sometimes (23.2 %) materials of anthropogenic origin. From
plant materials, linnet most often chose for the nest the roots and stems of herbaceous plants,
less often the branches and leaves of trees, plant fluff and moss. Among the materials of
animal origin, animal hair and bird feathers were often found in the lining of the nest. Some
of the nests contained components of anthropogenic origin (CAO) in different quantities
(most often cotton wool). The basic nesting materials of the linnet in Lviv region were small
roots and stems of single- and dicotyledonous herbaceous plants, and in the inner part — hair
of mammals, feathers of birds, cotton wool. The presence of CAO in bird nests depends on
the distance to human settlements and the time of nest construction. In the last couple of
decades, the frequency of use of CAO in the nests of the linnet has increased rapidly, which
may indicate a growing environment pollution, as well as, perhaps, the habituation to use
such materials by common linnet.

Keywords: common linnet Linaria cannabina, nesting materials, influence of the
environment on the composition of the nest, ecological plasticity, Lviv region
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BIIJIUB EKCTPAKTIB 3 PHYSOCARPUS OPULIFOLIUS (L.) MAXIM.
ISTACHYS PALUSTRIS L. HA CANDIDA PARAPSILOSIS

I'. SIopcrkal, H. Bopodens?, O. Mopo3!

! Tvsi6coruil nayionanonuil ynieepcumem imeni lsana @panxa
syn. I pywescvroeo, 4, Jlvsie 79005, Vkpaina
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Henani yacrime A0 pi3HOMaHITHUX 3aXBOPIOBaHb MPU3BOIATH YMOBHO-NIATOTCHHI
rpubu Candida parapsilosis. Bonn MoxyTb OyTH KOMEHCAlIaMH, ajle, MalOYH YHiKaJIbHI
BJIACTHBOCTI 1HBa3UBHOCTI, BIpyJIEHTHOCTI Ta CTIMKOCTI 1O MPOTUTPHOKOBUX Mpemnaparis (e
XapaKTepHO 3arajoM AJIs IpudiB 3 IIbOTO POAY), Y HOBOHAPOMKEHHUX 1 JIFOAEH 3 0cIabIeHuM
IMyHITETOM a00 y THX, XTO BUKOPUCTOBYE KaTeTepH, i TpuOU CTAIOTh pyHHATOpaMH TKAaHUH
opraHizMy. Bonu 31aTHI yTBOpIOBaTH MilHi OiOIUTIBKM Ha KareTepax Ta IHIIMX MEIMYHHX
IMIUIAHTOBAaHUX MPHUCTPOSIX, 3arPOXKYIOUH KHUTTIO MAIIEHTIB, AKi 3a3HAJIM 1HBa3UBHHUX Me-
JMYHHUX BTPy4YaHb. B ernoxy momMpeHHs aHTHOIOTHKOPE3UCTEHTHOCTI aKTyaJlbHHUM € IIO-
LIyK JOTIOMDKHUX 1 aJJbTEepHATHBHUX 3aC001B 3317151 yHUKHEHHS TUceMiHamii a0o JIiKyBaHHS
XBOpOOU Micisl BUSBIEHHA 30yIHUKA. TaKUMU MOXXYTh OyTH PEYOBHHH POCIMHHOTO HOXO-
JDKEHHS, 30KpeMa, MAJIOBHBYEHI, 3 TOYKH 30pY aHTHIPUOKOBHX BIACTHBOCTEH, a came 3 YHC-
Tewto OonoTsHoro (Stachys palustris) Ta MyXUpOILTIIHUKA KalMHOMUCTOTO (Physocarpus
opulifolius). BctaHOBIEHO, 10 BOAHO-ETAHOJIBHI €KCTPAKTH 3 IIUX POCIUH MAIOTh HOTEH-
LifHI aHTUKaHAXIO3H] BiactuBocti mono Candida parapsilosis, ski BU3SHaUCHO METOAAMHU
mudysii B arap Ta 1ogaBaHHA B cepenosuiie. Bonno-eranonsHi (BE) excrpaktu 3 ux poc-
nuH npurHidyBanu pict C. parapsilosis Oinpiie, Hix BonHi. JliaMeTpu 30H 3aTPUMKH POCTY
([133P) 6inbmre 13 MM CIpUYUHSIIN €KCTPAKTH 31 Stachys palustris, BATOTOBIICHI 3 BUKOPHC-
tauHaM 70 % 195 % BE, i exctpaxrtu 3 Physocarpus opulifolius, BATOTOBIIEH] 3 BAKOPUCTAH-
HsM 60 % 1 95 % BE, oxgnak ixHiif BimB OyB yJBiui MEHIINM, MOPIBHSIHO 3 (QIIOKOHA30JIOM,
1 TpOXHu OUTBIIUM, MOPIBHIHO 3 HACTOMKAMH IIABIii Ta eBKaminTy. HalicyTTeBime BrumBas
€KCTPaKT 31 Stachys palustris, BurotoBnenuii 3 Bukopuctanasam 95 % BE, cnpuunnsioun
H33P no 20 mm. Excrpaxr 31 S. palustris, BurotoBnenuii 3 BukopuctanssM 95 % BE, npu-
THIYY€ PiCT AOCIHiAKYBaHOI KyJbTYPH 32 BMICTY B CEPEAOBHILI Y cliBBiAHOmMEHHX 1:2, 1:4
i 1:6, a 31 Physocarpus opulifolius — 1:2 Ta 1:4. IlIBunkuii MiKpOIUIAaHIIETHHUI METOJ BU-
3HAUCHHS BIUIMBY POCIMHHHUX CKCTPAKTiB Ha MIKPOOPraHi3MHU 3 Pe3a3sypHHOM MOXe OyTH
BHUKOPHUCTAHUH TUIBKH ITICIIS JOAATKOBOTO MiATBEPKEHHS, OCKUIBKY caMi eKCTPAKTH 34aTH1
BiHOBIIIOBATU 1HIUKATOP.

Kuouosi cnosa: Candida parapsilosis, excrpaktu Stachys palustris i Physocarpus
opulifolius, aHTUKaHANWMO3HUH BIUTMB, METOJM BH3HAYCHHS J1ii €KCTPAKTIB

3rigao 3 manmmu BOO3, mo 1 muipx moneit y BcboMy CBITI 0e3IMocepeTHRO0 XBOPIIOTh Ha
onHe abo Kinbka iHpekuiiHux 3axsoproBanb [17]. C. parapsilosis € npyruMm 3a MOIIHPEHICTIO
BunaoM Candida, Bupineanm B A3zii, IliBmenni# €spomi Ta JlaTmHCBKIH AMepwuli, i 9acto
CHpUYUHAE 1HBa3MBHI iH(EKI], SIKi CepHO3HO BIUIMBAIOTH HA 370poB s monuHu. C. parapsilosis
IIMPOKO PO3MOBCIOMKeHNH Y riprpoi [16]. Li ApikpKi YCIIIIHO KOJTOHI3YIOTh MIKIPY Ta CIM30Bi
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000JIOHKH JIIONUHU SIK KOMEHCATBHUA MIKPOOPTaHi3M, IPH IbOMY PYKH MEIWYHUX MPaIliBHUKIB
BH3HAHO OCHOBHOIO MPUYHMHOIO HO30KOMianbHOTO 3apaxkeHHs C. parapsilosis [4]. C. parapsilosis
CTaHOBUTH BUCOKUU PU3HK JUISI JTFOJEH 3 0CIa0IeHUM IMYHITETOM 1 MAIliEHTIB, SKi MOTPEOyIOTh
TPHBAJIOTrO BUKOPHCTAHHSI LIEHTPAJIBHOTO BEHO3HOTO KaTeTepa abo IHIIUX MOCTIHHUX MPUCTPOIB,
4yepe3 3MaTHICTh UX APDKIDKIB IPHITUIIATH 10 TIOBEPXOHB MPOTE3iB T4 IMIUTAHTOBAHMX MEIUIHUX
MIPUCTPOIB 1 yTBOpIOBaTH OiOILTIBKK [6], a 1€ CYTTEBO 3MEHIIY€E 3[aTHICTh MPOTUTPUOKOBUX
mpenapariB gocAraTy KiIiTuH [7].

Hpixmxosi knituau C. parapsilosis MalOTh OBaJIbHY, KPyrily a00 HMUIIHAPHYHY (HOPMY.
Ha Biaminy Bin C. albicans, C. parapsilosis He yTBOPIOE CIIPaBXKHIX Tid, a iCHye y APIXIKOBIH
¢asi Ta ncesnoridaipHii hopmi [9].

PocnuaM po3rsaaroTh K MOTEHIIHHI Kepeia BTOpUHHUX META0OMITIB ISl TEPaIreBTHY-
HUX BTPYYaHb, IO BiIKPUIIO MOYKITMBOCTI IS iXHHOTO BUKOPUCTAHHS SIK aKTUBHUX 1HIPEIEHTIB
y Xap4oBiid, papMareBTHUHIN 1 MEIUYHIN TPOMHUCITIOBOCTI. Bi0aKTHBHICTh XIMIYHUX PEYOBHH, K1
BHPOOIISIFOTH POCTUHH, POOHUTD X BUCOKOIIIHHUMH, CTIOHYKAIOUW IHBECTYBAaTH B iXHE BUPOIITYBaH-
HS, EKCTParyBaHHs i aHami3. € MOBiAOMIICHHS MMPO aHTHOAKTEPIHHY 1 AHTUTPUOKOBY aKTHUBHICTh
Oarathox BHIIB pocnuH [1, 5, 13, 15, 18], cepen sikux Stachys palustris L. [19]. S. palustris € on-
Hi€10 3 ICTIBHUX POCIHNH, SKY BUKOPHUCTOBYIOTh Y TPAAULIIHHIA MEAUIIMHI, OCKIJIBKH ii JUCTKH Ta
KBiTH 0arari Ha MPUPOIHI AHTUOKCHJIAHTH 3 BUCOKOIO 0i0JI0TiuHOI0 akTUBHICTIO [8]. 11i kxopucHi
JUTSL 370POB’Sl IHTPENIEHTH BapTO JOAATKOBO JOCIIHKYBaTH 3 MEPCIEKTHUBOIO BUKOPUCTAHHS y
(YHKIIOHAIBHOMY XapuyBaHHI, CIIEIiaIbHOMY Xap4yBaHHi, KOCMETHUIl Ta/abo MeauuHiii 1 dhap-
MareBTH4HIA npomucioBocti [11]. VY muctkax Physocarpus opulifolius (L.) Maxim. € Benuka
KUIBKICTh aHTOI[IaHIB, II[0 HATa€ TM HACHYCHOTO (hi0JIETOBOIO KOJIBOPY 1 POOHTH TX BaXKITUBUMHU
KOMITOHEHTaMH JaHmmadtHoro ausainy. Kopa P. opulifolius Garata Ha TPUTEPIICHOIIHI CIOMY-
KM, SIKi MalOTh MPOTHITYXJWHHI ¥ 1HII BIACTUBOCTi, TOMY € MEPCIEKTUBHU 1i METUYHOTO 3aCTO-
cyBanss [10]. OgHak BimoMocTel PO aHTUTPUOKOBY aKTHBHICTH €KCTPaKTiB Stachys palustris
L. i Physocarpus opulifolius (L.) Maxim. copty RedBaron nemae, Tomy MeTa 1i€i podboTu — 10-
CIIINTH BIUIMB BOAHO-ETAHOIBHHUX EKCTPAKTIB 13 IUX POCIHH Ha npixmxi Candida parapsilosis.

Marepiaau Ta MmeToaH

J1J1s BUTOTOBIICHHS €KCTPAKTIB BUKOPUCTOBYBAJHU JINCTKU pOoCIuH Physocarpus opulifolius
(L.) Maxim. copty RedBaron, sixi BupouyBanu B okonuisix JIbBoBa, 1 HaA3eMHY YacTHHY Stachys
palustris L. 3 okomuis M. Cxiguuns. Ix BinGupanu Ha cTaii UBiTIHHA POCIHH i BUCYIIYBAIM 110
MOBITPSHO-CYXOTo cTaHy. BonHo-etanonbHi ekctpakté (BEE) roryBamm meromom marepamii 3
Bukopuctanasim 20-, 50-, 60-, 70- ta 95 % Bognoro eranony (BE) y Tempsii ynponosx 14 ni6
3a temmeparypu 25 °C. ExcTparyBaHHs MpOBOAMIN BiAMOBiIHO 10 BUMOT JlepkaBHOi (apma-
xorrei Ykpainu [3] (cmiBBiIHOMIEHHS HaBaXkKka:ekcTpareHT = 1:20 (maca, 1/00°eM, mir, ToOTO 1 T
cupoBuHH 3anuBaiy 20 M ekcTparenTa). BonHi ekctpakty y ciBBigHOmeHH] 1:10 rotyBanu Ha
ci1abo KUIIIsTgii BonsHil 6aHi (3a 65—-80 °C) ynpomosx 30 xB 3 00epHEHNM X0MoauasHUKOM. ITic-
JISl OXOJIOJKEHHSI KOXKEH EKCTPAKT (PUIbTPpyBaIM Kpi3b MarnepoBHidl GpuIbTp, ogepkaHi GpuibTparu
BUKOPUCTOBYBAJIU B €KCIIEPUMEHTAX.

TectoBy kynbrypy apikmxkiB Candida parapsilosis J1-35-C (ATCC 22019=UKM
Y-731=VKM Y-58) Bupomrysanu Ha cepenonuini Cadypo ympomosx 48 rom B TepMOCTaTi 3a
temrneparypu 28 £ 1 °C. BUroToBisiiM CyCIeH3il0 y AWCTWIBOBaHIM BOJI, CTaHAAPTH3YIOUYH
3a cranmaproM mytHOcTi (0,5 McFarland, 108 kimitus/min), posnogimsiroun 0,2 MIT TOBEpXHEIO
arapusoBanoro cepenosuiia. Kpim Candida parapsilosis, 11 TOPIBHSIHHS BHKOPHUCTOBYBAJIH
Bacillus subtilis VKM B-408, Pseudomonas fluorescens VKM B-894 (ATCC 13525), Micro-
coccus luteus VKM B-109 i Candida kefyr (Kluyveromyces marxianus VKM Y-459) i3 xonekiii
KyJIBTYp MiKpoopraHi3miB kadenpu Mikpooiosorii JIHY im. IBana ®@panka.
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Mertoau TyHKOBOT Ta TUCKOBOT Andy3ii CTaHAapTU30BaHI [HCTUTYTOM KIIHIYHHX 1 J1a00-
paropuux cranaapriB (CLSI) mist TecTyBaHHS aHTHO10THKIB. AHTUKaHAMIO3HY 0 €KCTPAKTIB
BH3HaYaM MeTomoM audys3il y IIiIbHE CepeloBHIle, B MOAMMIKAIIl JYHOK 1 IHIIHAPUKIB [2].
Yamku iHKyOyBaiu /Bi 100M 3a Temreparypu 28+1 °C. BumiproBanu giaMeTp 30HH 3aTPUMKH
pocty ([33P) y miniMeTpax 3a JTOMOMOTOF0 JIIHIHKK 3 TOYHICTIO 10 1 MM. JloCmikeHHS IPOBO-
JMJIM Y TPHOX MOoBTOpax. Hapasi HeMae 4iTKUX KpUTepiiB iHTepIpeTallii pe3ysbTaTiB TeCTyBaHHS
HaTypaJbHUX MPOIYKTIB y pa3i BUKOPUCTAHHS METONy IUCKOBOI andys3ii. st oriHIOBaHHS aH-
TUKaHIUJO03HOI aKTUBHOCTI JTOCITI/DKEHUX POCIMHHHUX €KCTPAKTIB BUKOPHCTOBYBAIN KPHTEpIi,
ommcani B Cappelli et al. [5].

SIK KOHTpOITi BUKOPHCTOBYBANH (ItokoHA301 (150 MT), eTHIIOBHHA CITUPT AOCITIHKYBaHIX
KOHIIEHTpAIIii. Ji1st HOpIBHSIHHS TaKoX 3aCTOCOBYBaJIM HacTOiKy eBkaiinTa (Tinctura eucalyp-
ti, 1:5 3 70 % eranonom) i HacToiKy nmcts masmii (Salviae tincture, 1:5 3 70 % eranonom)
TOB «JIKIT ®apmanestruna ¢adpuka», Kutomup; Xnopodimint couprouit (1:15,3 3 96 %
eranosiom) [TAT «[anuudapmy», JIsgis; Omito naBangoy TOB Apomarrka, Kuis.

Jlns BU3HAYEHHS BIUIMBY POCIMHHUX E€KCTPaKTIB Ha JIOCIIJKyBaHI MIKpOOpraHi3mMH 3
BUKOPUCTAHHSIM pe3a3ypuHy B JIYHKOBHX IUIAQHIIETaX BHKOPHCTOBYBaJM ceperoBumle Luria-
Bertrani, r/n: nenton — 10, NaCl — 5, npixmpkoBuit ekcrpakt — 10. MeToz JTyHKOBHX IIIaHILIETIB
3 BUKOPHCTaHHAM pe3a3ypHuHy onucanui [ 14]. AKTuBHI 6akTepialibHi KIITHHU BiJHOBIIOIOTH He-
(yopecueHTHHI pe3asypuH (CHHIN) 10 QiIyopeceHTHOro pe3opydiHy (poKeBHi), SIKHH MOX-
HA JaJli BiTHOBUTH IO Tinpope3opydiny (He3abapeieHnil i HEQIyOpPECIEHTHH), IO A€ 3MOTY
SIKICHO CTIOCTEpiraTH HasBHICTb METa0OJITHO aKTUBHUX KIITHH. Pe3a3yprH na€e 3MOTy BHUSBISTH
picT MikpoOiB y HaA3BUYAHO MaMX 00’ €Max pO3YMHY B MiKpOIUIaHIIETaX. Y JOCIIIKCHHI BU-
KOPHCTOBYBaJIN BOJHO-eTaHOBHI ekcTpakty (BEE) 3 Hag3zemHoi wactunu S. palustris 1 TUCTKIB
P opulifolius (3 po3senennsam 1:20), 0,015 % po3unH pe3a3ypuHy Ta CYCIEH31I0 TOCIiIKyBaHOT
kyaetypH — C. parapsilosis. Cycniensito 3 1Bomo6oBoi kynerypu C. parapsilosis ToTyBaJid, CTaH-
JIapTU3yroun 10 KoHieHTparii 5% 10¢ KYO/mi (sx omucano B Sarker et al., 2007). 11st KOHTPOJIIO
BUKOpucTOBYBaH mtokoHaszou (150 mr/10 M Boan). JlocnipkeHHs IPOBOAHUIH B 96-TyHKOBOMY
IUTAHIIETI, B IYHKU SIKOTO 3aKaIlyBali TOCIIKYBaHi po3unHu (Taom. 1).

Ta6mums 1

Cxema eKCIIepUMEHTY

BHeceHi KOMITOHEHTH, MJI
Psn nnanmery,

Kynsrypa

. . . AHTHMIKOTHK
(Candida | Pe3azypun | JlocmimKyBaHUIH EKCTPAKT

KUTBKICTB CepenoBuiiie

JYHOK Luria-Bertrani o (¢prrroxonazom)
parapsilosis)

1 8 0,05 - 0,05 0,1 S. palustris 3 50 % BE -
2 8 0,05 0,05 0,05 0,1 S. palustris 3 50 % BE -
3 8 - - 0,05 0,1 S. palustris 3 50 % BE 0,05
4 8 - 0,05 0,05 0,1 S. palustris 3 50 % BE 0,05
5 8 0,1 0,05 0,05 - -
6 8 0,1 - 0,05 - -
7 8 0,05 - 0,05 0,05 S. palustris 370 % BE -
8 8 0,05 0,05 0,05 0,05 S. palustris 370 % BE -
9 4 0,05 - 0,05 0,15 P. opulifolius 395 % BE —

4 0,05 - 0,05 0,15 S. palustris 370 % BE -
10 4 0,05 0,05 0,05 0,01 P. opulifolius 395 % BE —

4 0,05 0,05 0,05 0,01 mn S. palustris 370 % BE —
11 2 0,05 - 0,05 - -

2 0,05 - 0,05 0,2 P. opulifolius 360 % BE ~ —

4 0,05 — 0,05 0,2 S. palustris 3 95 % BE —
12 2 0,05 - 0,05 - -

2 0,05 - 0,05 0,1 P. opulifolius 360 % BE ~ —

4 0,05 - 0,05 0,1 ma S. palustris 395 % BE —
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ITicns 1pOTO XapyoBOIO TUTIBKOIO MIUTPHO 3aropTayid IUIAHIIETH, MI00 YHHUKHYTH
3HEBOJIHEHHS OaKTepialibHOT KyNbTypH, 1 iHKyOyBanu 3a 37 °C ynponosx 24 roa B iHKyOaropi,
Gikcyroun 3MiHU 3a0apBiCHHS Yepe3 TOMUHY Ta 00y. 3MiHYy KOJBOpPY B JYHKaX CIOCTEpiraiu
Bi3yaJIbHO, JIe 3MiHY BiJi (hiOJIE€TOBOTO 10 POKEBOTO KOJIBOPY a00 0e30apBHICTh OI[IHIOBAIU SIK
no3utuBHYy. [licist iHKyOawii 3 JIYHOK, 10 SKHX OyJi0 JA0maHO cycreH3ito Kynsrypu C. parapsilo-
Sis 1 JOCHIPKYBAaHUH €KCTPaKT, poOMIIM ITOCIB Ha arapn3oBaHE CEPEeOBHUINE 1 crocTepirany 3a
TIOSIBOIO POCTY.

JocnimKkeHHsT BIUIMBY TOTOBHX alTEYHUX MpEnapariB — OJNii JaBaHAM 1 XJIOPODLTinTy
CIHPTOBOIO — MPOBOAMIIN METONOM AU(Y3ii B arap i 3 BUKOPHCTaHHSM 12-TyHKOBHX IUIAHILIETIB,
3aCTOCOBYIOUH SIK TeCT-KynbTypy C. parapsilosis.

VY IIyHKH 3aKaIyBaji KOMIIOHEHTH 3a CXeMOIo (Tabi. 2).

Ta6muigt 2
CxeMa eKCIIepUMEeHTY

Psn nuianmiery, BHeceHi KOMIIOHEHTH, MJI

kisbkicTh nyHok | Kymerypa (Candida parapsilosis) ‘ Pesazypun ‘ JocmimkyBaHuUiT €KCTpaKT
1 2 - 0,03 -
2 2 - 0,03 0,01 omii 1aBanu
3 2 - 0,03 0,05 xsopodininTy cimpTOBOrO
4 2 0,01 0,03 -
5 2 0,02 0,03 -
6 2 0,05 0,03 -
7 2 0,01 0,03 0,01 omii 1aBanu
8 2 0,05 0,03 0,01 xsmopodininTy CimpTOBOTO
9 2 0,05 0,03 0,02 omii maBangu
10 2 0,05 0,03 0,02 xmopodiminTy cimpToBOTO
11 2 0,05 0,03 0,05 omii maBangu
12 2 0,05 0,03 0,05 x0podininTy CIUPTOBOrO

Criocrepiraiu 3a 3MiHaMH KOJIbOPY B JIVHKaX 4epe3 ToAuHy Ta J00Y.
Yei uudpoBi 3HAYCHHS IMMIAAABAIA CTAaTUCTHYHOMY OOpPOOJICHHIO 3 BHKOPHCTAHHIM
nporpamu «Excel-2010» o Windows.

Pe3ynbTaTu i ixHE 00roBOpeHHs

Meronom audysii B arap BcraHoBineHo, mo Ha C. parapsilosis BIUIMBaJM €KCTPaKTH
P. opulifolius 3 95 % ta 60 % BE (Tabn. 1), aie 3aje:xHo BiJf METOy BU3HaueHHs. BonHuit ekc-
TpakT 3 po3BeaeHHsM 1:10 ta 1:20 i3 P. opulifolius He BIUIMBaB Ha picT IOCIIDKYBaHUX KYJIBTYD
(A33P: Big 6,6 mo 9,6 mm). Ha mociimkyBaHi APKIK] BIUTMBAINA BOIHUH €KCTPAKT 1 EKCTPAKTH 31
S. palustris 3 50,701 95 % BE (Tabmn. 3), ane 3anexHo Big MeToxy BU3HaUeHHs. [IpoTe eKkcTpakTH
3 20 % BE He BusBIsumM iHriOy104oro BIUIUBY.

3onu 3arpuMku pocty C. parapsilosis 3a BIUIUBY €KCTPaKTiB 31 Stachys palustris Oymm
3HauyHUMH (puc. 1). BcraHOBNIEHO, 1110 €KCTPaKTH, BUTOTOBJIEH] 3 BUKopucTaHHaM 70 ta 95 % BE
BIUIMBAJIHM Ha PicT Ii€l KyJapTYpH, HA BiAMIHY BiJl €KCTPAKTiB, BUTOTOBJICHUX 3 BUKOPHCTAHHIM
20 1a 50 % BE.

JlocnimKeHi BOTHO-€TaHOJIbHI €KCTPAKTH 13 S. palustris, BATOTOBJIEHI 3 BUKOPUCTAHHIM
70 % Tta 95 %, 3 po3senenusM 1:20 ta 70 % BOAHO-€TAHOJBHOT HACTOWKH 3 JIMCTKIB IIABIIIi
(po3zBenenns 1:5) TOB JKII «®apmanestnyna (adpuka» (Kutomup) MaroTh NpPakTHYHO
OJTHAKOBHI 1HT10YIOUMI BILUTUB HA PIiCT JOCHIHKEHUX KYIBTYp (IuB. Ta01. 3).

1100 mocmiauTH BIUIMB €KCTPAKTIB 3 Physocarpus opulifolius 1 Stachys palustris 3 95 %
BE Ha MikpoopraHi3Mu, eKCTpaKT J0JaBalii y KUBHIbHE cepenoBuile Luria Bertani y pisHux
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criBBigHoreHHsx: 1:2, 1:4, 1:6 ta 1:10. Ha moBepXHI0 JKUBHIILHOTO arapy mITaMyd MiKpOOpTraHi3-
MiB 3aciBaju MetonoM mrpuxa. Kpim kynsrypu Candida parapsilosis, BAKOPUCTANA IJ1s1 TIOPiB-
usHHs Bacillus subtilis, Pseudomonas fluorescens, Micrococcus luteus 1 Candida kefyr. TlociBu
iHKyOyBanu 48 rox 3a remneparypu 28+1 °C. PesynbraTi OLiHIOBaIH Bi3yaJlbHO.

Tabmurst 3

Jist exkcrpakriB 3 Physocarpus opulifolius i Stachys palustris wa Candida parapsilosis (n=3)

JliamMeTp 30HU 3aTPUMKH POCTY, MM
ExcTpakT, KOHIIEHTpalisl eTaHoIy eKCTparenTa, % Momudikanis Merony
JIyHku Iumiaapuku

KonTpons Di1r0KOHA301 44,3+6,6 43,5+5,6
Hacroiika eBkajinra 15,5+1,1 15,4+1,1
Hacroiika masmii 12,0+0,8 11,6+0,8

Bwicr 20 % 6,0+0,5 6,0+0,5

eTAHONY y 50 % 6,0+£0,5 6,0+0,5

Boxi 60 % 6,1+£0,3 6,1+0,5

70 % 7,2+0,5 7,2+0,5

95 % 9,1+0,3 9,0+0,2

Stachys palustris Boauwuit, 1:10 10,0+0,0 10,0+0,0
320 % BE, 1:20 8,0+0,0 7,5+0,5

350 % BE, 1:20 11,0+1,0 10,0+0,0

370 % BE, 1:20 19,0£1,0 12,5+£2,5

395 % BE, 1:20 20,0+0,0 11,0£1,0

Physocarpus Bonnwii, 1:10 6,6+0,5 9,6+0,5
opulifolius Bomuwmit, 1:20 7,3+0,5 7,3+0,5
320 % BE, 1:20 7,0+1,4 7,6£1,2

360 % BE, 1:20 19,0+5,3 8,6+0,5
395 % BE, 1:20 16,6+1,2 12,64+2,0

Puc. 1. 3onu 3arpumku pocty Candida parapsilosis (MeTox JTyHOK) 3a BIUIMBY €KCTpPakTiB 31 Stachys
palustris (6 — Bomuwmii, 7—3 20 % BE, 8 —3 50 % BE, 9 —3 70 % BE, 10 —3 95 % E)
SIk BUZIHO 3 pHC. 2, €KCTPAKTH BILIMBAJIM 3aJISKHO BiJl CIIBBIJIHOIICHHS BMICTY €KCTpa-
KTy JI0 cepeoBuIla. Y BUCOKHX KOHILEHTpAILsX (CMiBBIAHOMIECHHS 1:2) BOHM MaJll BUPAKCHUH
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1HT10yI0unii e(heKT, MPUTHIYYIOUM PICT KyJAbTyp MiKpoopraHizmiB. OJHAaK 3MEHIICHHS BMICTY
€KCTPAKTy B CEpPEAOBHUII MPUTHIUYBAJIO PICT JOCTIHKYBAHHX KYIBTYp TO-pizHOMY. ExcTpakt
Stachys palustris 3 95 % BE y cuiBBigHOmeHHi 1:4 npurHidyBaB picT yCiX KYJIBTYp, @ €KCTPAKT
Physocarpus opulifolius 3 95 % BE Ttinbku nsox (Candida kefyr i1 Candida parapsilosis). Y ciiB-
BigHomeHHi 1:6 Ta 1:10 excrpakt Stachys palustris 3 95 % BE npurniuysas tineku Candida
parapsilosis, a excrpakt Physocarpus opulifolius 3 95 % BE — Candida kefyr (puc. 2, A, B).

b
Puc. 2. Brutu exctpaktiB Physocarpus opulifolius (A) i Stachys palustris (B), BurotoBnenux 3 95 %
BOZHUM €TaHOJIOM, Ha PicT TecT-KynbTyp (1 — Bacillus subtilis; 2 — Pseudomonas fluorescens; 3 —
Micrococcus luteus; 4 — Candida kefyr; 5 — Candida parapsilosis) y pi3HHX CIiBBiIHOIICHHSX 13
KUBHJIBHAM CEPEe/IOBHILEM

Jiis BU3HAYCHHS BIUTUBY POCIMHHMX €KCTPAKTIB 13 HAA3EMHUX YaCTUH POCHHHU S. palus-
tris (BOIHO-ETaHOJIBHI €KCTPAKTH 3 po3BeneHHsIM 1:20) BUKOPHCTOBYBAIM METOA 96-ITyHKOBHX
wranmeriB. Ha puc. 3 moka3ano ¢oto, Ha SKOMY BHIHO, IO JOJABAaHHS POCIHMHHUX €KCTPAKTIB
3MiHIO€ BIIACTHBOCTI pe3a3ypHHY 1 10 BiH (aKTUYHO Ofpa3y BTpayae CBiil Komip (auB. puc. 3,
A). Iicns iaxy6anii (1 rox) xomip ayHOK, ski Mictrm BEE nociimkyBaHHX pOCTHH, TPAaKTHIHO
He 3MiHeThea (puc. 3, b). Ile cBimunTh mpo Te, M0 Bi3yadbHO OIIHUTH BIUIMB HEMOXIIHUBO.
3a 100y BimOyBaeThCS MPAKTUYHO MOBHE 3HEOAPBICHHSA CyMillled, OKPIM JIYHOK, SIKi MICTSTh
TIJIBKU cepefoBuIne 1 pe3asypuH (6 psx i mepmri aBi ayHkH psagiB 11 1 12), a Takox eKCTpaxTy,
¢moxoHazomy i pesasypuny (3 pan) (puc. 3, B).

[Micna iaKyOarii 3 JIyHOK, 10 AKUX Oyn0 nomaHo cycmueHsiro Kynerypu C. parapsilosis,
poOwin mociB Ha arapu3oBaHe cepenouiie Jlypis—bepTpaHi Ta coctepiraiu 3a MOsBOIO POCTY.
Jlmme y pany 12 (ayska 3) BHSBIIN picT micns mociBy (puc. 4). Y 1o myHky nomamu 0,1 mu
P. opulifolius 3 60 % BE.



I. Asopcbka, H. Bopobeup, O. Mopos
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92 105

B

Puc. 3. BruuB exctpaxris 3i Stachys palustris i Physocarpus opulifolius na Candida parapsilosis 3a 5 xB
(A), 3a 1 rox (b), 3a 1 noOy (B): p — psin, 1 — iyHKa
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Puc. 4. Pict C. parapsilosis micns nociBy 3 nyHk# 3 (12 psm)

s mepeBipku 3aatHOCTI C. parapsilosis 3a BIUIMBY POCIMHHKX ITpenaparis (0J1ii JaBaHaAn
Ta XJIOPOQITINTY €TaHOIHHOTO) 3MIHIOBATH KOJIp pe3a3ypHHY BHKOPHCTOBYBaiW |2-TyHKOBI
taHmery, cepenosuiue Jlypis—beprpani ta 0,015 % po3uun pezazypuny.

Sk BUOHO 3 pHC. 5, michsA IOAaBaHHS POCIMHHHUX EKCTPAKTIB BOHHU LIBHIKO 3MiHHIIH
BJIACTHUBOCTI pe3a3ypHHY, 1 BiH 0ipa3y BTPATHB CBiH Kolip (JIyHKH 2, 3), aHAIOTIYHO 5K i B TyHKAX,
ne Oynau KyabpTypu 3 MU npenaparamu (myHka 7, 8, 9, 10, 11 1 12). A BHeCeHHS KyJIbTypH
0e3 mpemnapariB CIpUIMHSUIO 3HeOapBIICHHS pe3a3ypuHy TUIbKK depe3 24 rox (myHkH 4, 5 1 6).
VY nynkax 1 (ge He Oyno Hi KynbTyp rpu0iB, Hi POCIMHHHUX IpeETapariB) KoJip pe3asypuHy He
3MIiHMBCS.

> 4
A b B

Puc. 5. Brmus omnii n1aBanau ta xnopodininty eranonsHoro Ha C. parapsilosis 3a BAKOPHCTaHHS METOY 3
pe3a3yprHOM Y JYHKOBHUX IuTaHIIeTax (3a 1 X8 — A, 3a roquny — b i 3a o6y — B): p — psiz, 1 — nyHka
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Metomom audysii B arap Oys10 BCTAaHOBJICHO (pHC. 6), 110 OJis JaBaHIM MPUTHIYYE KYJIb-
1ypy C. parapsilosis 31 3oHamu 3arpuMku pocty 40,6+0,4 mm.

Puc. 6. BrutuB onii naBanau Ha npixkmki Candida parapsilosis

AHanorivao xmopoiminT eraHodpbHHN Takok npurHiuyBaB Candida parapsilosis 3i
30HaMH 3aTpuMKH pocty 10,24+0,2 mm (puc. 7).

Puc. 7. Brutus xiopodininty eranonsoro (5) Ha apixmxi Candida parapsilosis (3a nopaBanus 0,2 mi/
JIYHKY)
OTox, BCTaHOBIICHO iHTi0yBanbHY ait0 Ha Candida parapsilosis BOTHO-€TaHOIBHHUX CKC-
TPaKTiB TUCTKIB Physocarpus opulifolius 1 Ha3eMHoi yacTunu Stachys palustris MeTonoM nudy3ii
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B arap 1 JIoJjaBaHHs JI0 CEPE/IOBUIIA BUPOIyBaHHs. BOAHO-€TaHOJIBbHI EKCTPAKTH 3 LUX POCIUH
npurHiuyBaimu pict Candida parapsilosis Ginpie, HiX BogHi. Bomauit exctpakt Physocarpus
opulifolius Mano BITMBaB Ha TOCIIIKyBaHY KynbTypy. Cepen JOCTiIKEeHUX BOTHO-ETaHOIBHUX
eKCTpaKTiB HaWCyTTEBIIIE BIUIMBAB €KCTPAKT 31 Stachys palustris, BATOTOBIIEHUH 3 BUKOPUCTAH-
HaM 95 % BoxpHoTO eranony (A33P mo 20 mm). JI33P Ginbmie 13 MM CIpHUMHSIIN €KCTPAKTH 3i
Stachys palustris 3 70 % 1 95 % BE i Physocarpus opulifolius 3 60 % i 95 % BE, onnax ixHii
BIUIHMB OyB yABIYi MEHIIIMM, TIOPiBHSHO 3 (pIIFOKOHA30JIOM 1 TPOXH O1NTBIINM, TOPIBHSAHO 3 HACTOH-
KaMu maBiii Ta eBkaminrty. Exkcrpakr 31 S. palustris 3 95 % BE npuraidye pict nociimKyBaHOi
KyJBTYPH 32 BMICTY B CepeIoBHII y criBBinHOmEHHAX 1:2, 1:41 1:6, a 31 Physocarpus opulifolius
—1:21 1:4. IloxiOHMIT eeKT ETAHOTBFHOTO EKCTPAKTY cTebe i KopeHiB Stachys palustris Sk aHTH-
OakTepiHUX TpemnapariB (MMPOTH TPaMIIO3UTUBHUX B. subtilis, S. aureus i TpaMHETaTUBHUX OaK-
tepiit P. vulgaris, E. coli, P. aeruginosa), mo Moxxe OyTH 1OB’13aHUH 13 BTOpUHHIMH MeTa0oITi-
TaMHM, TAKUMH SIK aJIKaJIOIIH, TIIIKO3MIH, CAIIOHIHH, ITOII0/IM, CMOJIU M aMiHOKHCJIOTH, BUSBJIEHO
nestkumu fociigaukamu [8]. Lomo BmmmBy noxiOHMX exctpakTiB Ha Candida parapsilosis, Ak i
eKCTPAaKTiB 3 MUCTKIB Physocarpus opulifolius Ha MIKpOOpraHi3MH, TO B JITepaTypi HE 3HAHIEHO
TaKoi iHpopmarrii.

Bukopucranus pe3a3ypuHy SK iHIHUKATOpa pOCTY B aHANi3aX MIKPOPO3BEICHHS IS BH-
3HAYCHHsI MiHIMaJIbHOI KOHIIEHTpAaIlli aHTUOIOTHKIB € e(DEeKTHBHUM 1 3/aTHE 3a0€3MEUNTH Bill-
TBOpIOBaHi pe3ynprati [12]. Jleski aBTopu 3a3HA4YaIOTh PO MOXIIMBICTH BUKOPUCTAHHS MIKpO-
IUTAHIIETHOTO METOAYy 3 pe3a3ypHHOM JJisi METaHOJIBHHX POCIMHHHX ekcTpakTiB [13]. Harmri
JOCTI/KSHHS TI0Ka3ajH, 10 BHECEHHS BOIHO-CTAHOIBHUX €KCTPAKTiB Physocarpus opulifolius
1 Stachys palustris 1o cepeOBHIIA 3 Pe3a3ypPUHOM Opa3y 3MIHIOE KOJIp CepeIOBHUINa, 5K i OJis
JIABaHIM Ta XJIOPOQLIINTY eTaHOIBHOTO. TOMY Ieif MeTO MOYKHA 3aCTOCOBYBATH 3 TIOCIBOM ITiCIIS
1HKyOyBaHHS JJIS i ATBEpIKEHHS 1HT10yBanbHO [ii BOTHO-€TAHOJIBHUX €KCTPAKTIB 13 POCIHH.

[lincymoByto4H, BapTO 3ayBasKUTH, 1[0 BOAHO-ETAHONBHI eKCTpaKkTu Physocarpus opulifo-
lius 1 Stachys palustris 3a BUKOpUCTaHHSA MeTOxy Audy3ii B arap MpOSBIAIOTH aHTHKAHIUI03HY
nito moxno Candida parapsilosis. OgHak MeTOI TYHKOBHX IUIAHIIETIB 3 pe3a3ypuHOM HE HaJa-
€THCS 71 Bi3yaJIbHOTO OIIHIOBAHHS 31aTHOCTI BOJHO-ETaHOJIBHHUX €KCTPAKTIB Physocarpus opu-
lifolius 1 Stachys palustris, s 1 onii 1aBaHAM Ta XJIOPODITINTY €TAHOIBHOTO, IPUTHIYYBATH PiCT
Candida parapsilosis 1 morpedye 101aTKOBOTO MOCIBY Micis iHKyOyBaHHS.
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ASSESSMENT OF PHYSOCARPUS OPULIFOLIUS (L.) MAXIM.
AND STACHYS PALUSTRIS L. EXTRACTS INFLUENCE
AGAINST CANDIDA PARAPSILOSIS

H. Yavorska!, N. Vorobets?, O. Moroz!

'Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
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The opportunistic fungi Candida parapsillosis are increasingly causing various
diseases. They can be commensals, but, having unique properties of invasiveness, virulence
and antifungal sensitivity, which is characteristic of fungi of this genus in general, in
newborns and people with weakened immunity or those who use catheters, they become
destroyers of body tissues. These fungi are capable of forming strong biofilms on catheters
and other implanted medical devices, threatening the lives of patients undergoing invasive
medical procedures. In the era of the spread of antibiotic resistance, the search for auxiliary
and alternative means to avoid dissemination or treatment of the disease after the detection
of the causative agent is urgent. These can be substances of plant origin, in particular, little-
studied, from the point of view of antifungal properties, Stachys palustris and Physocarpus
opulifolius. Aqueous-ethanol (AE) extracts from these species have been found to have
potential anti-candidal properties against Candida parapsilosis, which were determined by
agar diffusion and media addition methods. AE extracts of these species inhibited the growth
of Candida parapsilosis more than aqueous extracts. Stachys palustris extracts made with
70 % and 95 % AE and Physocarpus opulifolius extracts made with 60 % and 95 % AE
caused diameter of inhibition zone (IZ) greater than 13 mm, but their effect was half that
of fluconazole and slightly more, compared to tinctures of sage and eucalyptus. An extract
of Stachys palustris made with 95 % aqueous ethanol was most effective, causing 1Z, of
up to 20 mm. The extract of S. palustris prepared with 95 % ethanol suppresses the growth
of the culture when present in the medium in ratios of 1:2, 1:4 and 1:6, and the similarly
prepared extract of Physocarpus opulifolius — 1:2 and 1:4. The rapid microplate method
for determining the effect of plant extracts on microorganisms with resazurin can be used
only after additional confirmation, since the extracts themselves are able to regenerate the
indicator.

Keywords: Candida parapsilosis, extracts of Stachys palustris and Physocarpus
opulifolius, anti-candidal effect, methods of determining the action of extracts
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MOPIBHSJIbHUIM AHAJII3 3MIH JIAKTATY I CEHOBUHHU
Y CEYI CIIOPTCMEHIB-JIYYHHUKIB 3A PI3HOI'O ®I3UYHOT'O
TA ICUXOJIOTTYHOI'O HABAHTAKEHHSA
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[ligroroBka kBami()ikoBaHUX CIOPTCMEHIB BKIIOYAE, KPiM (DI3UYHUX TPEHYBaHb,
TaKOXX BJIOCKOHAJICHHS IICHXOJIOTIYHOTO CTaHy, CIpSMOBaHOro Ha (OpMyBaHHS Y
CIIOPTCMEHA CTaHy TOTOBHOCTI IO 3MarajibHOi AisUTBHOCTI. 3BaXKal04YH Ha 1€, aKTyaJbHUMHU
€ TOIIYKH HEIHBa3WBHHX METOIIB OIIHKM MOHITOPUHTY (i3M4HOI Ta MCHXOJOTIYHOI
JiSUTBHOCTI CHOPTCMEHIB. PO3yMiHHS LBOTO CTaHy MOXKE JOMOMOITH CTBOPEHHIO METOIIB
Ta 3aco0iB Ui afganTamii 10 €KCTPeMalbHUX YMOB Takoi AisUIBHOCTI. 3TiIHO 3 TEOpi€ro
«3aCMi4EHHs», BTOMA — I1¢ TIOHaJHOPMOBE HarpoOMaKEHHS Pi3HIX MeTaboIiTiB (30KpeMa,
MOJIOYHOI KHCJIOTH, CEYOBHHH TOILO) Y 010JI0TUHHX piAnHaX opranizmy. Tomy mociimkenHs
OyJo crpsMOBaHE Ha OLIHKY BIUIMBY CIICLiasli30BaHOI METOIUKH ayTOTPEHIHTY 3a Pi3HUX
NICUXOJIOTTYHUX (TPEHYBaJIbHI Ta 0QiliiHi 3MaranHs) Ta Gi3UUHEX (IO Ta micasd Gpi3HYHOTO
HABaHTA)XKEHHS) CTAHIB HA 3MiHU €KCKpelii MeTaboIiTiB cedi CHOPTCMEHIB-JTyYHHKIB.

VY nmocnimkeHHi B3IM y4acTh 16 criopTeMeriB-toHakiB (5 MC 3i cTpinsbu 3 myka Ta
11 cnopremeniB KMC). CnopTcMeHiB paMIOMHO PO3IOALICHO 32 BIKOM Ta KBamidikaliero
Ha JIBi IPYIN: KOHTPOJIbHY (3alMaJIics 3a CTaHIaPTHUM IIPOTOKOJIOM) T2 €KCIIEPUMEHTAIIbHY
(oIaTKOBO 3aCTOCOBYBAJIM METOAUKY ayTOTPEHIHTY). JlocmimKkeHHS MPOBOAMIM 32 PI3HUX
¢i3nuHuX (TIepex 1 micis TPeHyBaHHSA) Ta MCHXOJOTIYHMX (TPeHYBaJIbHI (€Tal CIOKii) Ta
odimiiiHi 3MaraHHg (etam ctapT)) yMmoB. [IpenmeroM 0ioXiMIYHOTO MOHITOpUHTY Oynu
METa0OITH JIAKTAT 1 CEYOBHHA, IKi BU3HAYAIH Y BiIIOpaHUX 3TiTHO 3 MPOTOKOJIOM 3pa3Kax
cedi JIyYHHUKIB [0 Ta TicAs BUKOHAHHS (I3SMYHMX HABAaHTAXEHb IiJ 4Yac PEryJIPHUX
TpPEeHyBaHb Ta OQIIIIfHUX 3MaraHb.

KonuenTpamiss MOMOYHOI KHCIOTH, SK 1 CEYOBMHH, Y C€Yi JIyYHHKIB IIiJ dYac
TpeHyBaJIbHUX 300piB CHOPTCMEHIB MiCIs BUKOHAHHS (Di3MYHOTO HABAHTAXKEHHS 3BUKIIOTO
TUMy He 3MiHIoBanacsa. ToOTO 3acTocyBaHHS METOMUKH ayTOTPEHIHTY MiJ Yac 3BHYAHUX
TpeHyBaJIbHUX 300piB HE BIUTBAE HA HATPOMAHKEHHS B CeUi JOCTIHKyBaHHX MeTa0OiTiB, 1110,
HMOBIpHO, 00YMOBIIEHO KOPOTKOTPUBAIMM 3aCTOCYBAHHIM CaMOi METOAUKH. 3a IOTIOMOTOI0
JUCHEPCIHHOrO aHaji3y BCTaHOBJIEHO, IO 3MiHM KOHIIEHTPALil MOJOYHOI KHUCIOTH y cedi
oOymoBieHi B ocHoBHOMY ¢izmuauM (80 %) 1 mcuxonoriyaum (3,6 %) HaBaHTaKEHHAM
CIIOPTCMEHIB, @ CEYOBHHHU — HEBPAXOBAHIMH YHHHHUKAMH (B cepeqHpoMy 88,8 %).

Ha erami odiuifiHux 3MaraHp micis CHCTEMAaTHYHOTO 3aCTOCYBAaHHS METOAWKU
ayTOTPEHIHIy KOHIEHTpAIIid JAKTaTy JOCTOBIPHO 3HIKyBanack Ha 9,7+0,4 % (p>0,95) y
cedi JyYHHUKIB MOPIBHSIHO 3 KOHTPOJIFHOIO TPYIIO0 MICHS BUKOHAHHS 3BUKIOTO (Pi3HYHOTO
HaBaHTaXeHHA (BOpaB). 3a ymMoB CTapTy 3MiHM KOHLEHTpawii MOJIOYHOI KHCIOTH y cedi
CIIOPTCMEHIB 3a5eKaTh B OCHOBHOMY BiJl 3aCTOCYBaHHSI METOAUKH ayTOTpeHiHTY (68,2 %)
Ta rcuxonorigyaoro (6,4 %) HaBaHTa)KeHHs Ty4HHKIB. ClIif 3a3HAYNTH, IO YAaCTKA BIUIUBY
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HEBPaXOBaHUX YMHHUKIB AL 000X TpyIl CIOPTCMEHIB Oyiga MOMIpHOIO Ta CTAaHOBHJIA B
cepeaabomy 20,4 %. PiBeHb ce€4OBMHM JOCTOBIPHO HE 3MiHIOBaBCSA MICNsl BUKOHAHHS
CHOpPTCMEHaMH 000X rpyn (i3MYHOr0 HaBaHTAXKEHHS, SIK MiJ Yac TPEHYBaJbHHUX 300DiB,
TaK 1 mig 4ac oQiliifHUX 3MaraHp, a TaKOX He 3aJIeXaB Bill 3aCTOCYBaHHS CIIOPTCMEHAMHU
METO/IMKH ayTOTPEHIHTY.

Knouosi cnosa: MOJI0YHA KHCIIOTA, CEYOBUHA, JIYYHHKH, Ay TOTPEHIHT, TPEHYBaHHS,
3MaraHHs

OpmHUM i3 BUpIMIATFHIX YUHHUKIB YCITIXY 1 pe3yJIbTaTHBHOCTI CIIOPTCMEHA 32 BiTHOCHO
OJTHAKOBHX PIBHIB (hi3WYHOT Ta TEXHIKO-TAKTHYHOI MiATOTOBICHOCTI [2, 7, 16] € #ioro nmcuxiyna
TOTOBHICTH JIO 3MaraHb, ika (POPMYy€eTHCS B MPOIIEC] IHANBIAYATbHOI IICHXOIOTIYHOT i ATOTOBKH
ocobu [10]. TlcuxiuHi SKOCTI CIOPTCMEHA CIPSAMOBaHI Ha aIeKBaTHY UM TICHXOJOTi9HIM
YMOBaM CaMOPETYJISIII0 BIACHHUX Mild, AYMOK, MOYYTTIB, MOBEHiHKHA B mitomy [34, 38], mpo
OB’ sI3aHi 3 PO3B’SI3aHHIM OKPEMHX 3MaraJlbHHUX 3aB/IaHb Ta BEAYThH 10 JOCSITHEHHS IOCTABICHO]
MeTH. 3BaXalouy Ha I, ICUXOJIOTIYHA IiIrOTOBKA CIIPIMOBaHa HA ()OPMYBAHHS Yy CIIOPTCMEHA
CTaHy TOTOBHOCTI JIO 3MaraibHOI JisSUTEHOCTI Ta HA CTBOPEHHS METO/IIB 1 3aCO0IB /IS 1anTaIlii 10
EKCTpeMabHIX YMOB Takoi AisubHOCTI [18]. Lle 3ymoBieHo, 3 o1HOTO OOKY, BUHATKOBICTIO YMOB
3Maradb, a 3 IHIIOTO — HETOBTOPHICTIO, 1HIUBITyaNbHICTIO OCOOMCTOCTI CaMOTO CIIOPTCMEHA
[15]. V¥ cdepi ciopty icHye cTilikuii iHTepeC 10 MOBEAIHKOBUX CTPATETii CIIOPTCMEHIB, B TOMY
YHUCII Y CTPINCHBKAX BHAAX CIIOPTY, TOMY JIOCTI/UKEHHS ICHXOCOWIATbHUX XapaKTEPUCTHK
KBaJTi(hiKOBAHUX JIyIHUKIB € JJOCUTH aKTyaJThbHOIO TEMOIO.

OnHIM 3 pEKOMEHIOBaHUX METO/IB YIIPaBJIiHHS Ta TPABMIIbHOI OpraHi3allii ICHXoI0TigHOT
MiATOTOBKH CIIOPTCMEHIB € METOAWKA IIiBUIICHHS PiBHS ICHUXOJOTIYHOI roToBHOCTI [1, 15].
AyTOTeHHUIT Ta iIEOMOTOPHUI METOJ 3a BINIOBITHOI OpraHi3alii B KO)KHOMY BHII criopTy |1,
2] MOXe ICTOTHO MiABHIINTH «M S30BY BUTPHBAIICTHY», CHIOPTUBHY IPALE3AaTHICTD Ta CIIPHSATH
30epeKeHHIO TEXHIKU CKIIaJHUX BIIPaB ITiCII IepepBH B TpeHyBaHH:X [ 13, 18, 34]. IneomoToprka
e(heKTUBHA 3a MCUXOPETYILAIIT eMOIIfHAX CTAaHIB CIIOPTCMEHIB TIepe/T 3MaraHHsIMH.

Ceua € BaXXITUBOIO O10JIOTIYHOIO PIHOIO OPTaHi3MYy, SKY JITKO OTPHMAaTH HEIHBa3HBHUM
nuITxoM. AHajii3 cedi Hagae iH(opMariiio mpo cTaH MeTaboi3My OpraHi3My CIIOPTCMEHa Ta
(YHKIIOHYBaHHS BUALIHFHOT CHCTEMH HUPOK, 1110 BAYKITBO JIJIS JIarHOCTHKH PiI3HUX METa0OTIIHUX
3aXBOpIOBaHb [35], a TaKoX AJIsl OLIHKHM CTAHy TPEHOBAHOCTI Ta BUTPUBAJIOCTI CIIOPTCMEHIB.
Jlo ocHOBHMX MeTaloIITIB cedi y HOpMi 3aly4aroTh CEYOBHHY, KPEaTHHIH, MOJIOYHY KHCIIOTY,
MPOIYKTH BUTFHOPAIUKAIEHOTO OKHUCHEHHS [8, 9] Ta HHM3Ky HeopraHi4HHX coiieil. 3oKpema,
B33a€MO3B’SI30K MIXK (DI3MIHUMH BIIPaBaMH Ta OKHCITIOBATEHIM CTPECOM HAJ3BUUANHO CKIIATHUH
1 3aJIC)KUTH BiJl pEXKUMY, iIHTCHCHBHOCTI Ta TpUBAIOCTI (pi3myHMX Bripas [8, 29]. OmHak TKaHUHHA
TIMOKCis Ta pi3Hi MATONOTIYHI CTAaHU OPTaHi3My PU3BOIATH 0 3HAYHOTO i ABUIICHAS POAYKIIii
MeTa0oMITIB 1 IXHPOT0 HAarPOMADKECHHS B CE€Ui Yepe3 MOPYIICHHS TPAHCIIOPTY YU €KCKPETTii.

LixxoM BiAMIHHY KapTHHY HAIpOMaPKEHHS METa0OIiTiB BUSBICHO Yy O10JIOT1YHUX piIHHAX
OpraHi3My COPTCMeHiB. BuMiproBaHHs piBHIB MeTa0OOITIB y 010JIOTIYHHX 3pa3KaX CIIOPTCMEHIB
y pi3HI 9acoBi MPOMDKKH Micisi BHUKOHAaHHS (i3WYHHX BOpaB Ta IIiJ] 9ac IICHUXOIOTIYHUX
HABAaHTAXXCHb HaJgac IHQOPMAIIIO MO0 META0ONIYHUX 3MiH (i3i0JOTIYHOTO CTaHy IXHBOTO
opranismy. Wang L. Ta cmiBaBropm (2021) cmoctepiranui 30UTbIIEHHS OKPEMHX MPOMIKHUX
MeTa0oITIB MUKy TPUKAPOOHOBHX KHUCIOT Y TIa3Mi KpoBi amaTopiB-OiryHiB BocToHCBKOTO
MapadoHy (2-4-kpatHe 30UTBIICHHA I8 (QyMmapary, JIaKTaTy, MalaTy Ta CYKIUHATY), 3
OUTBII TOMipHAM 30LUTBIICHHIM IUTPATy/i30IHUTPaTy Ta 0e3 3MiH I o-KeToriyrapary [35].
Mertabomiti, SKi CHIBHO KOPENOIOTH 3 MapameTrpamu (izumuHOoi (opmu, Oymu BHUSBICHI Y
OiryHiB, SKi IPOXONWIN IHTCHCHUBHE (Pi3MUHE TpeHyBaHHA Ta MapadoHCBHKHl Oir. Stander ta
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criBaBTopu (2018) moBenu, 1m0 KOHIEHTpalii TPOMDKHUX MPOIYKTIB IIHKIY TPUKApOOHOBUX
KHCJIOT Ta KETOHIB Y CHPOBATIII KPOBI MiJBUIMIKCS Y OIryHiB came miciisi MapadoHy, TOJl K
PIiBHI aMiHOKHCIIOT, HaBNaKkH, OyJu 3aHimkeHi [32].

HaykoBui yxe omucyBaiy 30UIbIIEHHS JIAKTAaTy MiJ Yac BUKOHAHHS (Di3UUHHX BIIPaB
pI3HOT IHTEHCHBHOCTI Yy OpraHi3mi CIHOPTCMEHIB Ta BOJIOHTEepiB (HeTpeHoBaHuX oci0) [11,
27]. BcraHoBieHO, 110 TpW 30UIBIIEHHI MMTOMOI Bard aHaepoOHOTO MpOIECY B OpraHi3mi
MIIBUIIY€ThCS KOHIIEHTPAIliSl JIAKTATy B KPOBI CIIOPTCMEHIB HAMBHIIIOTO PIBHS 3 BECITyBaHHS,
BEJIOCIIOPTY Ta TXCKBOHIO [9], CEUOBHMHH y IyYHHKIB [22] Ta KOHIIEHTpAIIisl 00HIBOX METa0OITiB
y IUIa3Mi KpoOBi Ta CEKpeTi MOTOBUX 3aJ03 eNiTHUX perdicriB-amaropiB [5]. Y mocimimkeHH]
Nix C. ta cniBpoOiTHukiB (2021) Oys0 BUSBIEHO, IO KOHIEHTPAIiS MOJIOYHOI, SI0IyYHOI Ta
2-0KCOTIIyTapoBOi KHCIIOT, NMPOMDKHHUX MPOAYKTIB IHKIY TPUKapOOHOBUX KHCIIOT, 3HAYHO
MiABUIIY€EThCs i 4ac (izudnux Brpas (0iry) y KpoBi BonoHTepiB (6e3 (i3HyHOT MiATOTOBKH)
sSIK JKIHOYO1, Tak 1 yosoBiuoi crari. Yepe3 30 XB micist 3aKiHueHHs (I3UYHOTO HABAHTAXKECHHS
KOHLIEHTPALLis JTAKTaTy 3HU3HJIACs JI0 KOHLIEHTPaIli1, 0113bK01 10 HoMiHanbHOi [23]. Lleii BUCHOBOK
BIZINIOBIIa€ pe3ysibTaTaM, OTPUMAHKM PaHille B A0CTimkeHHsx Stander Z. ta cmiBaBTopis [32].

3a 3MiHaMH KOHIIEHTpAIil MOJOYHOI KHUCJIOTH y TKaHHHAX Ta OI10JIOTIYHHMX piAMHAX
BH3HAYAIOTh aHACPOOHY YaCTKy CHEPreTHYHOro OOMiHY, a 3a 3MiHAMHM CEYOBHHH — CTYIIiHb
MEPEHOCHMOCTI Ta BHUTPUBAIOCTI CIOPTCMEHIB A0 pI3HOTO TUNy (GI3UYHUX HaBaHTaXEHb
aepoOHOi cripsiMmoBaHoCTi [1]. Bu3HaueHHS KOHIIEHTPAIIiT JIAKTaTy Ta CCYOBHHH B IJIa3Mi KPOBI €
TpaauIiiHIM METOZIOM BUSBIIEHHS NIATOJIOT1YHIX 3MiH opraHi3My. IIpote neit iHBa3uBHUIT MeTOA
CTBOPIOE IOJATKOBHM MCHXOJIOTIYHUIT CTpeC AJIsl CHOPTCMEHIB Ta YMHUTH (BI3HUUHI MEPEIIKoIH
B MpOIIECi peaizalii 3aBAaHb IiJ] 4ac MiArOTOBKU UM MOKPAIICHHS Pe3yJIbTaTiB 3Maranb. Came
TOMY HCiHBa3HBHE BHM3HAYCHHS 3a3HAYCHHMX METa0OMiTIB (I Yac eKCKperli iX 31 ceuero) €
ONTHUMAaIBHUM METOJOM OiOXIMIYHOTO MOHITOPUHTY IiSUILHOCTI CHOPTCMEHIB JIyYHHKIB Ta
IXHBOT'O TICHXOJIOTTYHOTO CTaHY.

Mera gaHoi po6oTH moJisiraia y aHaii3i BIUIMBY CIIEIiali30BaHOT METOJUKH ayTOTPEHIHTY
3a pI3HHUX ICUXOJIOTTYHHX Ta (DI3MYHUX CTAHIB Ta KUIBbKICHIH OIHI BINTUBY YMHHHKIB (i3HYHOTO
Ta TICUXOJIOTIYHOTO HaBaHTa)XEHHS Ha 3MIHM eKCKpelii MeTabojiTiB y cedi CHOPTCMEHiB-
JIYYHUKIB.

Marepiaau Ta MeToau

VYuacHuku. B ekcniepiMeHTanbHOMY JIOCHIPKEHI B3sUIM y4acTh 16 CIIOPTCMEHIB-IOHAKIB
(5 maiicrpis ciopry (MC) ta 11 kanaunariB y maiictpu cnopry (KMC)), Bik sikux craHoBuB 19—
22 poku (cepenniit Bik M=19,8+0,27)). Crax 3aHATh CHOPTOM YCIX Y4aCHHKIB €KCIIEPUMEHTY
CTaHOBUB 5—7 POKIB. 3Ti{HO 3 paBUIaMu 0I0ETHKH, CIOPTCMEHH HAIaJIA MUCHMOBY 3TOJTY 100
y4YacTi B €KCIICPUMEHTAIBHHUX JOCHKeHHSX. CIOPTCMEHH TaKOXXK 3000B’si3aHi 3a0€3MCUUTH
BIJINOBITHUI CTaH 3/J0poB’sl, 0€3 TpaBM, OOIBOBOTO CHHIPOMY Ta NPUIOMY MOCTIIHUX JIIKiB.

Jns Bu3HaueHHs e(EeKTHBHOCTI METOAMKU AyTOTPEHIHTY CIIOPTCMEHIB IOJICHO Ha
IBl Tpynu (eKCliepUMEHTaJbHy Ta KOHTPOJbHY, N=8), siKi c()OPMOBaHI BHIAJKOBUM YHHOM.
BennunHM OCHOBHHMX mHapaMmeTpiB, a came BiK, KBaiigikauis (piBeHb MOTOYHOI CIIOPTHBHOI
Pe3yJIbTAaTUBHOCTI), CHeLiaIbHa MiATOTOBJIEHICTh (PIBEHb CHUIIOBOT BUTPUBAJIOCTI Ta CTATHYHOI
CTIMKOCTI) y CHOPTCMEHIB-JIyYHHUKIB ITI0YaTKOBOi, a TaKOXX B YTBOPEHHX €KCHEPHUMEHTAJIbHIH
Ta KOHTPOJBHIM Ipynax, HE Malud CTATHCTHMYHO 3HAa4ymMX pi3HHLb (p=0,95). Otpumani
BHUOIPKHM XapaKTepH3yBaJKMCs HOPMAaJIbHAM PO3MOALIOM PO3CIFOBaHHS 3a3HAYEHHUX OCHOBHHUX
rapameTpiB MiJ 4ac PO3paxyHKY CepeAHbOKBAJPAaTUYHUX BiaxwieHb. [licns panpgomizauii 1o
eKCIepuMeHTalIbHOI rpynu notpamwio 2 syunuku MC i 6 KMC, a 1o konTponsHoi —3 MC i 5
KMC, onnHak cepenHiii pe3ynbTar y Bripasi 70x2 OyB 614+3 ouka B 000X BUOIpKax.
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Iepen KOXKHUM TPEHYBaHHSIM CIIOPTCMEHH E€KCIEPHUMEHTAIBHOI IPYIH 3aCTOCOBYBAIM
3aMpOTNIOHOBAaHY METOJIUKY ayTOTpeHiHTY. J[OCHipKeHHs TpUBaJIM 3 BepecHs Mo Oepe3eHb i
MIPOXOJIMIIM B JiBa eTanu. Ha mepimomMy ertamni (yMOBHO MO3HAYEHO €Tam CHOKiN) JOCIiKyBaan
010XIMIYHI TIOKAa3HHKH YIIPOMOBXK TPEHYBAJILHOIO HABAHTAKCHHS 3BUKJIOIO THIYy 3a YMOB
JIOBE/ICHHS 300y TUX HABUYOK JI0 aBToMaru3my. Jlpyruii etan gociikeHb (YMOBHO I03HAYECHO
€TaIl CTapT) — 1€ 3MarajibHi HABAHTAXKCHHS, SIKI IPOBEICHO i Yac OQiliifHUX 3MaraHb Pi3HOrO
PiBHAL.

JlocmimKeHHsT NpOBOAMIM Ha 0a3i kadempw CTpUIbOM Ta TEXHIYHOTO CIIOPTY W
kadenpu Oioximii Ta ririean JIBBIBCHKOTO JEpKaBHOTO YHIBEPCUTETY (i3HMUHOI KYIbTYpPH
iMeHi IBana bobepcrkoro. [lcuxomoro-neaarorivHuil eKCIIepUMEHT TOJIATAB Y BIPOBAHKECHHI
ayTOTPEHIHTOBOi CIeNiaai30BaHOi METOAMKH PEryJsllii MCUXOJOTiYHUX CTaHiB JTydHUKIB [1];
TIPOBOIMIIN YIIPOJIOBXK 2 MicsiiB. CremianizoBaHa METOIMKA IMiIBULIIEHHS PiBHSI TICHXOJIOTIYHOL
MiATOTOBJICHOCTI JIyYHUKIB (METOJIWKAa ayTOTPEHIHTY) BKIIOUA€ KOHIICHTPAII0 YBard Ha
KOYKHOMY €JIEMEHTI TEXHIKHM Ta XapaKTepi eMOIIHOrO MEepeKWBaHHSA CIOPTCMEHA Tia 4ac
BHKOHAHHS MOCTPiy 3 Jiyka [1]. 3acTocyBaHHS METOIWKH ayTOTPEHIHTY IOJIATANIO0 B TOMY, IO
repes KOXKHUM TPEHYBaHHSM CIIOPTCMEHH-TyYHUKH CIIOYaTKy BUKOHYIOTh 3aCIIOKIHITBY YaCTHHY
(B omHOMY 3 MOJIOKEHB: JIeXKauu Ha CIHHI, HAIMBIIEkKA4u B M’ IKOMY Kpicii abo B 1mo3i Ky4depa).
[Ticns mepmoi 9acTHHU AyTOTPEHIHTY JIYYHHKH TEPEXOIWIH 10 BUKOHAHHS iMMOOLTi3yr04u0i
YaCTHHHM MICUXOPETYIATOPHOTO TpeHyBaHHs. [10TiM CITOpTCMEHHU pO3MOYMHAIH CTPUTLOY 1 Tepe
CcaMUM TTOCTPiJIOM (B MOJIOKEHHI CTOSYH) 3aCTOCOBYBAIIN 3 YaCTHHY 11€OMOTOPHOT MiArOTOBKH.
CHOpTCMEH 3aKpHWBa€E O4Yi 1 YITKO YSBISE cO01 CXeMy MPaBWIIBHOTO TOCTpiiy. | juime micis
17IEOMOTOPHOT MATOTOBKM Ta MIPOKPYUYYBAHHS E€JIEMEHTIB IMOCTPUTy BimOyBaeThcsi O0iOBHIA
MTOCTPII.

bioximiyamii anamiz. Ceda € BaXIWBOIO PIAMHOIO OpraHi3My, SIKy JIETKO OTPUMATH
HEIHBa3MBHUM IIUISIXOM, 110 HAaJa€ IMiHHY iH(GOPMAILi0 A AiaTHOCTUKH PI3HUX METaOOIIYHUX
3axBOproBaHb [35]. bioxiMiuHe OOCTEXEHHS JIYYHHKIB TaKOXK MPOBOAMIN B JBa €Tald IijJ 4ac
TpEHYBAJIbHUX HaBaHTKEHb (CMOKiH) Ta oiliifiHUX 3MaraHb (CTapT) mepen Ta micias Qi3UuIHuX
HaBaHTaxeHb. Bindip 3pas3kiB 010JOTiYHOI piguHU (Cedi) MPOBOAWIM TiJ 4Yac BiJHOCHOTO
CITOKOIO CITIOPTCMEHA IMicisl KOYKHOT KOHKPETHOI MOJii; BiAOip 3pa3kiB OyB iIECHTUYHUN HA ABOX
JIOCITIKYBaHUX eTanax. KoHIeHTpallito JIakTaTy B Ce€4i BU3HAYalld 32 KOJHOPOBOIO PEAKIIEI0
[Itpoma [6], a ceuoBuny [19, 24] — KOTOPUMETPUIHIM METOIOM.

CratuctuaHud anHami3. [ KoXKHOTO mapameTpa OIHIOBAIM cepeaHi 3HadeHHs (M),
CTaHAAPTHY TOMHJIKY CEpPEeIHbOro (M) Ta CTaHAAPTHI BiAXWICHHA (C), sKi BHU3HAYadd 3a
nmoromororw Microsoft Office Excel. Cratuctuunuii aHamiz maHux (HMOBIPHICTH Pi3HHII
BH3HAYCHUX MOKa3HUKIB (t-kKpuTepid CThIOJEHTa) Ta HOPMAILHICTh posnoainy (tect Ilamipo-
Binka)) nposoauiu 3a gormomororo mporpamu SPSS Statistics Base (https://www.ibm.com/pro-
ducts/spss-statistics); s BU3HAYEHHS 4aCTOK BIUIUBY (Di3MUYHOTO Ta ICHUXOJIOTTYHOIO YHHHHKA
y 3MIHHM JOCTIKYBaHMX OIOXIMIYHHX MOKAa3HUKIB OyJO MPOBEICHO OMHO- Ta IBO(GAKTOPHHIA
mucnepciianii anamiz [12]. Jas OIiHKK KOpeJsmil po3paxoByBaid KOe(IieHT KOpessil
ITipcona (1), xe 3Hadenns 10 0,5 BKa3zyBajao Ha cilabKy Kopesiito, Big 0,5 10 0,7 — Ha mOMipHY
Kopesnito, a Big 0,7 1o 1 — Ha cuinbHY Kopensmiro. CTaTUCTHYHY 3HAYYIIICTh BU3HAYAIN 3a
p=>0,95.

Pe3ynbTaTu i ixHE 00roBOpeHHs

Crpec i1 ncuxosoriyHe HaBaHTaKEHHS ITij] 4ac 3MaraHb, a TAKOK TPEHYBAILHHUX 300DiB,
MOTIPINYIOTh PE3yJIbTATUBHICTH CIIOPTCMEHIB y cnopti [25]. Bigomo, 1o momipHuil piBeHb
CTpecy OB sI3aHUH 13 MOKPAIEHHSIM KOTHITUBHUX 3710HOCTeH 1 diznyHol npauesznaTHocri [16,
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25] criopTcMeHiB, TOAI SIK BUCOKHI PiBEHb CTPECY 3yMOBITIOE MOPYILIEHHS! KOTHITUBHOT THYYKOCTI
[14] Ta BukoHaBYoi misbHOCTI [37]. KpiMm TorO, sk (hi3uuHi 3MI0HOCTI, TaK 1 KOTHITUBHI HABUYKH
CIIOPTCMEHIB (CIPUAHSTTSA, yBara, KOHIICEHTPAI[is, OTIepaTHBHA MaM’ITh 1 BYACHICTh MPUUHATTS
piiens) [26] € BHUpIIATBHUMH JUIs YCHIXy Ta pe3yJbTaTUBHOCTI croprcMeHiB. Lu Q. Ta
cniBaropu (2021) mpuiIuIK 10 BUCHOBKY, IO IPAKTHKY YCBIJIOMIICHOCTI (CBOEPITHY METOTUKY
AYTOTPEHIHTY) CJIiJ] PO3IIISATH SIK KOPHCHE TOTTOBHEHHS 10 I[OJICHHUX TPEHYBaHb CIIOPTCMEHIB,
30KpeMa ¥ ays ayuynukis [21]. BiacHe Ha cTabimizalliio Ta 3aKpIlICHHS KOTHITUBHUX HABHYOK
ITiJ1 9ac BUCOKOT'O PIBHSI TICHXOJIOTIYHOTO HABAHTAXKEHHSI CIIPSIMOBAHE 3aCTOCYBaHHS JIyYHUKaMH

METOJIMKH ayTOTPEHIHTY.
A b

Puc. 1. TlopiBHSHHS KOHIEHTpAIil MOJIOYHOI KUCIOTH MiJ Yac TpeHyBalbHUX (A) Ta opiliifHUX 3MaraHb
(B) y xourpomnbHiit (K) Ta excnepumenTaiphiit ([I) rpynax nyunukis (n=8): 3a 100 % mnpwuiinsto
3HAYEHHS [TOKA3HMKIB 70 (hi3MYHUX HABAaHTAXXCHb 3a CTaHy CIIOKOIO; TyT i Hajgami: *— p>0,95;** —
p>0,99; *** — p>0,999. * — BiporisHi 3MiHH TOPIBHSHO 3 KOHTPOJIBLHOIO TPYIIOI0

VY pe3ynbTaTi MPOBEIECHHUX JIOCHTIPKEHb BU3HAUYCHHS MOJIOYHOI KUCIIOTH B CEl JIyYHUKIB
BCTaHOBJICHO TaKi OCOONMBOCTI BHIINICHHS MPOMDKHOTO MeTaboIliTy OOMiHY BYTIJICBOJIB.
KoHneHTpamiss makrtaTy B cedi JIYYHHKIB TiJ 9Yac TPEHYBAIBHUX 300piB 10 (i3UTIHOTO
HaBaHTaKEHHS BIIIOBIAA€ [iara30Hy KOHICHTPALI MOJIOYHOI KUCIIOTH B CE€4i y 3JJ0POBHX JIFOJICH
0e3 HaaAMIpHOTO (DI3MYHOTO HaBaHTaXKEHHS [28] Ta CTAHOBUTH y cepeAHbOMY | MMOIB/T (Ha
pucyHkax npuiiHsTo 3a 100 %, puc. 1, A). ITicst BUKOHaHHS 3BUKJIOTO (Di3MYHOTO HABAHTAXKEHHS
y 3pa3Kax cedi JIy9HUKiB HEe BUSABJICHO 301IbIICHHS KOHIICHTPAIIi1 JIAKTATy B KOHTPOJIBHI TPYII.

[Ipu mopiBHSAHHI 3MiH PiBHS JIAKTATy B CeUi CHOPTCMEHIB €KCIIEPIMEHTAIBFHOI TPYTIH i
Yyac TPEHYBAJIBHUX 300piB TAKOX HE BHSIBICHO 3MiH JIOCHTIIPKYBaHOTO ITOKAa3HUKA ITOPIBHSIHO 3
KOHTPOJILHOIO TPYIOIO CIOPTCMEHIB, sIKi HE BUKOPHCTOBYBAJIM ITiJ] 9aC TPEHYBaHb METOIMKH
NICUXOPETyJII0I040oro TpeHyBaHHA. OTXe, 3aCTOCYBaHHS METONUKH ayTOTPEHIHTY IIif dYac
TPEHYBAJILHUX 300DiB JIYYHUKIB HE BIUTMBAE HA HATPOMAKCHHS B CEi IIPOMIDKHIX METa0OIIITIB,
mo, MaOyTh, OOYMOBICHO KOPOTKOTpHBaIMM (1 TIDKICHB) 3aCTOCYBaHHSAM JOCHIJKYBaHOI
METOJUKH ayTOTPEHIHTY.

[ig gac odimiiHUX 3MaraHp 3MiH PIBHS JIAKTATy Y Cedi JYYHHKIB TPYIH KOHTPOIIO
TakoX He BUsBIeHO (puc. 1, b). OxHak y 3pa3kax cedi CIIOPTCMEHIB eKCIIEpUMEHTAIBHOI TPYIIH
3a(piKCOBAaHO HIDKYY KOHIICHTPAIIF0 MOJOYHOI KucinoTH. [loBrorpuBane (MiHIMyM 8 THIXKHIB)
3aCTOCYBaHHS METOJUKH IICHXOPETYIIOI0YOT0 TPEHYBAHHS JIyYHHKAMH EKCIePHUMEHTAIbHOI
IPYII BEJIO JI0 I0CTOBIPHOTO 3HIKCHHS KOHIIEHTpanii takrary Ha 9,7+0,4 % (p>0,95), mopiBHsIHO
3 TPYIOI0 KOHTPOJIIO.
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ITomipHi HaBaHTaXKEHHS Ha OPTaHi3M CIIOPTCMEHIB, SIKi 3a3BUYail 3aCTOCOBYIOTh TyYHUKH,
HE BILIMBAIOTH HA IPOLIECH peadcopOIii y MPOKCHUMAIbHIX KaHAIBIIX HE(PPOHIB, OCKIIBKH CamMe
B NPOKCUMAJIbHIN MemOpani HedpouuTis HamiBdikcopani merabomnitu (NH,, nakrar, nipysart,
KETOHOBI Tijia) peabcopOyIOTHCS 3a MEXaHI3MOM BTOPHMHHO aKTHBHOTO TpaHcmopty. Kistner S.
Ta crmiBpoOiTHHKH (2023) BCTaHOBHIIH, 1110 Oe3MepepBHI IHTCHCHUBHI BIIPaBH 3yYMOBJIIOIOTH OLIBIII
BHU3HAYaJIbHI 3MIiHH B METa0OJIITax ceul, Hik Oe3nepepBHi MoMipHi Bripasu [17], MOBepTarOuUChH
IO BUXITHOTO PiBHS YIIPOIOBXK 24 roa. BiibImicTs BIIMIHHOCTEH MK BHIIPOOYyBaHHAMHU (Hi3ud-
HUX HaBaHTa)XCHb, HMOBIPHO, BiZOOpa)kalOTh BHIII MMOTPeOM B eHeprii mix yac Oe3mepepBHUX
IHTCHCHBHUX HaBaHT)KCHb, IO IMIATBEPHKEHO OUIBIIMMH BUPAKCHUMH 3CYBAMH METa0OIITIB,
TOB’sI3aHUX 3 TUTIKOJI30M (HAIPUKJIAJ, JIAKTAT, IMipyBaT), [IUKJIOM TPUKAPOOHOBHX KHCIIOT, PO3-
MaJ0M MyPHHOBUX HYKJICOTHIIB, a TAKOK MOOLTI3aIliero abo Jerpaaailiro aMiHOKHCIOT. Takox
Caenko B. ta cmiBaBropamu (2015) mpoaeMOHCTPOBAHO, 110 y mayepridTepiB BUCOKOI KBaIi-
¢ikamii MpU BUKOHAHHI 3BUKJIOTO TPEHYBAJILHOTO HAaBAaHTA)KEHHS Ta BIPOJOBXK 3MarajbHUX
MepeBaHTAKEHb y Ceul 3 SIBISIOTHCS META0OITH, HE XapaKTepHI I HOPMH (KETOHH, TIFOK03a
Ta IPOTEiH), AKI B IPOIIECi OCTYIIOBOr0 ab0 IIOBHOTO BIHOBJICHHS OpraHi3My 3HHKAIOTh [3].

HactynauM 3aBmaHHSIM poOOTH Oyji0 BH3HAYUTH Ta IMPOAHAII3yBaTH KOHIICHTPAIIiO
CEUOBHHHM B C€Yi JIYUYHHKIB JO Ta MICIS 3BHUKIOrO (Hi3MYHOIO HABAHTAXKEHHS 32 PI3HHX
MICUXOJIOTIYHUX cTaHiB. SIK 1 odikyBanocs [19, 31], BUSABICHO TCHICHIIIO 10 3POCTAHHS PiBHS
CEUOBHHH SIK 32 TICHXOJIOTIYHOTO, TaK 1 3a (i3MYHOr0 HABAaHTAXKEHHS y CIIOPTCMEHIB 000X TPy,
OJIHAK ITi 3MiHH HE MiATBEPKEHI cTaTHCTUYHO (puc. 2, A—B). 3a 1aHuX yMOB HE BUABJICHO 3MiH
PIBHSI CEYOBHHH IICIISI 32CTOCYBaHHSI METOJMKH ayTOTPEHIHTY, 1110 B MEpIILy Yepry 3yMOBIICHO
TUIIOM, PSKHUMOM XapuyBaHHs Ta PIBHEM BXKHMBAHHS MPOTEIHY CIOPTCMEHAMH, a TAKOXK PiBHEM
TApeHOBaHOCTi OpraHi3My CIIOPTCMEHIB. .

120 ¢ 5
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Puc. 2. IlopiBHSHHS KOHIEHTpAMLii CEYOBHMHH IIiJ| 4ac TpeHyBalbHHX (A) Ta odiniiinnx 3maraub (b) y
xoHTpoibHii (K) Ta excriepumenTanbHii ([1) rpynax mydHukis (n=8): 3a 100 % npuitHATO 3HAYCHHS
MMOKA3HUKIB 10 (Pi3MYHUX HABaHTaKEHb 32 CTaHY CIIOKOIO
OpmHUM 13 afeKBaTHHUX CHOCOOIB OIIHKM BIUIMBY YWHHHKIB (32 BIZHOCHHMH YacCTKaMU

BIUIMBY Y MIHJIMBICTh 3HAYCHH JOCIIIKYBAHOTO MOKA3HHUKA), a TaKOXX MiATBEPHKEHHS LBOTO

BIUIMBY Ha (YHKIIOHYBaHHS OpraHi3My € Aucriepciitamii aHamiz [12].

Pesynbrati 0mHO(AKTOPHOTO MUCTIEPCIMHOTO aHami3y HaBeneHO Ha puc. 3. Ha erami

CIIOKOIO BHSBJICHO HEIOCTOBIPHUI BHECOK BIUIMBY 3aCTOCYBAaHHS METOAWKH ITiJIBHIICHHS

PiBHS TICHXOJIOTIYHOI TOTOBHOCTI CHOPTCMEHIB-TyYHHKIB Ha PE3yIbTATHBHICTH (CHOCTEpirain
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MOKpAIICHHS Pe3yIbTaTHBHOCTI JIyYHHKIB €KCIIEpUMEHTaJbHI Irpynu B cepeanboMy Ha 10-—11
0atiB; pe3y/bTaTd He HABEICHO) Ta HAarpOMaKEHHS MOJIOYHOI KUCITOTH B ceui (12,5 %).

YacTka BIUIMBY IHIIUX HEBPaxOBaHMWX YMHHHKIB IepeBuiryBana 85 %. Orxke, Ha erari
CIIOKOI0 OCHOBHMMH YMHHUKAMH, SIKI BU3HAYAIOTh PE3yJIbTaTUBHICTb JIyYHHKIB ITijl YaC 3BUKIIHUX
TpeHYBaHb, € HEBpPaxXOBaHI YMHHHMKH, A0 SKUX HAWBIPOTiJHINIE MOXHA BigHeCTH (i3MdHYy
MATOTOBKY Ta 1H/MBiqyBaJlbHY BUTPUBAIIICTh CIIOPTCMEHA.

OnHak [TOBrOTpUBajie 3aCTOCYBAaHHS METOIMKH ayTOTPEHIHry (MiHIMyM JIIBa MiCsIli)
JIOCTOBIPHO 301IBLIMIO BHECOK YAaCTKM BIUTMBY Ii€] METOAWKH B 3MIHM €KCKpEIii MOJOYHOI
KHCJIOTH B Ceul JlyYHHUKIB.

A b

Puc. 3. OnnodaxropHuii AuCTIepciiHKi aHai3 3aCTOCYBAHHS METOIMKH MiJABUIICHHS PiBHS ICUXOJIOTTYHOT
TOTOBHOCTI 10 MeTaboiTiB (A — nakrat, b — ceuoBHHa) y JIyUHHKIB Ha e€Tamax CIIOKOK Ta CTapTy:
*_p>0,95
Ha erami cTapTy BHECOK cCHemiami3oBaHO! METOAWKH Y 3MIiHH EKCKpeIlil JaKTary

cranoBuB 21,4 % (p>0,95; puc. 3, A). Cnig 3a3Ha4nTH, [0 BHECOK HEBPAXOBAHMX YMHHHKIB Y

MIPOAYKTHBHICTD CIIOPTCMEHIB 3anmiaBcst BaromuM (78,2 %).

[Momo amamizy 3MiH CEYOBHHH y Cedi JYYHHKIB, TO 3a IOCTI[DKYBAaHHX CTaHiB HE
BCTaHOBJICHO JOCTOBIPHOT'O BHECKY METOIMKH IiIBUILICHHS PIBHS IICHXOJIOT1YHOT TOTOBHOCTI Ha
3MiHM TOKa3HHUKa. YacTka BHECKY METOJVMKH ayTOTPEHIHTY Ha 3MiHM €KCKpellii ceyoBUHH OyJIa
HEJIOCTOBIPHOIO i CTaHOBMIIA B cepenHbomy 1,1 %.

Sk BimoMo, MUCTIEpCIHHUI aHAaJi3 Ja€ 3MOTY HE JIAIIE OI[iHUTH JOCTOBIPHICTH BIUTHBY
PI3HUX YMHHHKIB Ha IOCTI/KYBaHUI MOKAa3HWK Ta iXHIH BHECOK Y 3aralleHy MIiHJIUBICTP
nokasHuka (y mexax 100 %), a 3a 3HaUEHHAM BiIHOCHHUX (BiJCOTKOBHX) YacTOK BILJIHMBY
YMHHHKIB OPIBHIOBATH i BIUIMBH [12]. i BUOKpEMIIEHHS YaCTOK BIIMBY YMHHHKIB Ha 3MiHH
KOHIICHTpAIlii METa0OJITIB Y ceUi CIIOPTCMEHIB 32 Pi3HUX CTaHIB Ta MOPIBHAHHS YaCTOK IXHBOTO
BIUIUBY NPOBEICHO ABO(GAKTOPHHUN AWCIEPCIHHMN aHalli3 3MiH JAaKTaTy Ta CEYOBHHHU Y cedi
JIYYHUKIB 3a PI3HUX CTaHIB, pe3yJIbTaTH SIKOTO HaBeJCHO Ha puc. 4 Ta 5.

BcranoBneHo, mo 3MiHM KOHLEHTpALil JIaKTaTy B cedi BU3HAYAIHMCA B OCHOBHOMY
(I3UYHOI0 aKTHBHICTIO Ta NCHXOJIOTIYHUM HaBAaHTAXXCHHSIM CIOPTCMEHIB KOHTPOJIGHOI TPYIH.
YacTku BHECKY 3a3HAUE€HMX YMHHHKIB Oynu nocroBipHmMmu Ta craHoBwim 80,0 % Tta 3,5 %
BimnoBigHO (puc. 4, A).

HaiiBaromimmii BHECOK Ha 3MIiHH piBHA JIaKTaTy y Ce€4Yi CIIOPTCMCEHIB-TYYHHKIB
eKCIIEPUMEHTAIbHOT TPpynH IBO(AKTOPHUM JIUCTIEpCiiHMI aHami3 BHSABHB JUIl YMHHHUKA
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METOJIMKH ayTOTPEHIHTY (68,4 %) Ta YNHHMKA IICUXOJIOTTYHOTO HaBaHTaXeHHS (puc. 4, b). Bapto
3a3HAYMTH, 10 KOMIUIEKCHE ITOE€JHAHHS 3a3HaUeHUX YMHHUKIB 1151 000X rpyn (puc. 4, A-b) He
HPOSIBIISUIO TOCTOBIPHOTO BIUIMBY Ha JOCIHI/KyBaHUH MOKa3HUK. YacTKa IJIMBY HEBPaxXxOBaHUX
YUHHUKIB 1711 000X I'PYIl CHOPTCMEHIB OyIa MOMipHOIO Ta CTaHOBHIA B cepenHbomy 20,4 %.
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Puc. 4. Oninka BIUITMBY METOAWKHY ITiIBUIIIECHHS PiBHS IICHXOJIOTIYHOI TOTOBHOCTI Ha PiBEHB JIAKTATY y cedi
JMYYHHKIB; ** — p>0,99; *** — p>0,999, BITUB IHIINX YNHHHUKIB HECYTTEBUI
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Puc. 5. OuiHka BIUIMBY METOJMKH ITiJIBUILCHHS PiBHS MCHUXOJOTIYHOI TOTOBHOCTI HA PiBEHb CEYOBHHU y
cedi JiydHHKiB; * — p>0,95; BIUIUB 1HIINX YHHHUKIB HECYTTEBUI
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[Ilono OLIHKK BIUIMBY IepepaxOBaHUX YMHHHUKIB Ha 3MIHM HArpOMa/DKEHHS CEYOBUHU
y cedi JY4HHUKIB, TO BHECOK 1X OyB MiHIMaJbHUM Ta HEIOCTOBIpHUM (puc. 5, A — 5, b), okpim
YACTKH BIUTMBY YHMHHHKA TICUXOJIOTIYHOTO HaBaHTaxeHHs 12,9 %, p>0,95. B ocHOBHOMY 3MiHH
CEUOBHHH y Ceui CIIOPTCMEHIB 3aJie)Kalli BiJ| IHIINX HEBPAXOBaHUX YMHHHKIB B €KCIIEPUMEHTI
(THT Ta pexHUM XapuayBaHHS, IKICTh Ta CKJIaJ iXki [22], IHTEHCHBHICTH MEeTa00i3My TOIIIO).

Mu He BHSBWIM JIOCTOBIPHOTO KODENAIIHHOTO 3B’S3KY MIiX DPIBHEM JOCIIIHKYBaHUX
metabomiTie (r=0,02, p<0,95, n=16) mo Ta micias GI3UYHOrO HABAHTAXKEHHS IMiJ 4Yac
TPEeHYBaIbHUX 300piB y 000X rpymax crnoprcMmeHiB. Takox i mia yac oQilliiHUX 3MaraHb JI0
¢i3uuHOrO HaBaHTaKeHHs (pUC. 6) MK JOCTIDKyBaHUMH IIOKa3HMKaMH HE BCTaHOBJICHO
JIOCTOBIPHOTO KOpeJsiniiHoro 3B’s3Ky (1=0,4, p<0,95, n=16) y KOHTPOJIbHIl IrpyIli CIIOPTCMEHIB
(HE 3aCTOCOBYBAJIM METOJIUKU ayTOTPEHIHTY).

OtpuMaHi pe3ysbTaTH CBiAYaTh MPO T, IO 3aCTOCYBaHHS METOJIUKH ayTOTPEHIHTY
CYTTEBO HE BIUIMBAa€ Ha MOKA3HWKU JIAKTATy Ta CEYOBHHM B C€Yi JIYYHHKIB JI0O BHKOHAHHS
¢bi3uuHEX BOpaB 3a 000X MOCIIHKYBAHUX TMCHXOJIOTIYHUX CTaHIiB. Lle TakoX miaTBEpIKYIOTh
HU3bKI YaCTKH BIUTUBY YMHHHKA METOAMKH ayTOTPEHIHTY, BU3HAUCHI JTUCTIEPCITHUM aHai30M,
Ta HEIOCTOBIPHHM KOpPESMIHHUI 3B’sI30K. BCTaHOBIIEHO, 1110 3MiHM KOHIIEHTPAIl MOJOYHOT
KHCJIOTH Yy Ce4i CHOPTCMEHIB 00yMoBIieHI B ocHOBHOMY (hiznunum (80 %) Ta MCHUXONOri4HUM
(3,6 %) HaBaHTAXXCHHSM.

Puc. 6. Kopemsuiitauii ananiz MiXk piBHEM JIAKTaTy Ta CEYOBUHHM Y CE4i JIyYHHKIB 3a Pi3HUX CTaHIB: [0 Ta
nicis Gi3MYHOr0 HAaBaHTAXKEHHS; CIIOKIM — TPeHyBalbHI 3MaranHs, crapT — o(ililiHi 3MaranHs

TpuBasime 3acTocyBaHHS METOAWKH ayTOTPEHIHTY CIIOPTCMEHAaMH Ha eTalli CTapTy
JIOCTOBIPHO 3HIYBaJIO KOHIIEHTpamito JakTaty Ha 9,7+0,4 % (p>0,95) y cedi iy YHHKiB TOPiBHSIHO
3 KOHTPOJIEM ITiCJIsi BUKOHAHHS (Pi3MYHMX BHpaB. 3a HUX YMOB PiBeHb MOJIOYHOI KHUCIIOTH Y cedi
CHOPTCMEHIB €KCIIEpIMEHTAIBHOI TPYIIH BU3HAYAETHCSI B OCHOBHOMY 3aCTOCYBAaHHSIM METOIUKH
aytorpeHiHry (68,2 %) ta ncuxonoriunuM (6,4 %) HaBaHTaxeHHsAM. CItijl 3a3HAYMTH, 1110 YaCTKA
BIUIMBY HEBPAaXOBaHUX YMHHHKIB JUII 000X IPyH CIIOPTCMEHIB OyJjia IIOMiIpHOIO Ta CTAHOBMJIA B
cepenubomy 20,4 %.

Mu TakoXX BCTaHOBWIJIM, IO PiBEHb CEUYOBMHM HE 3MIHIOBAaBCS IIiCJII BHUKOHAHHS
(i3UYHOTrO HaBaHTa)XXEHHS y 000X TpyIax CIOPTCMEHIB, K ITiJ] 4ac TPeHYBaIbHUX 300piB, TakK i
i 9ac oQiliiftHuX 3Maranb. BomHOYac HEe BUSBIICHO i 3MiH PiBHS CEYOBHHMU ITICIIS 3aCTOCYBaHHS
METOJMKH ayTOTPEHIHTY 3a pI3HHX JOCIIUKYBaHHX CTaHIiB, IO B IEPLIy Yepry 3yMOBJIICHO



M. Cubinb, A. Ceuw, b. BuHoepadckbkull ma iH.
120 ISSN 0206-5657. BicHuk JlbBiBcbkoro yHiBepcutety. Cepis 6ionoriyHa. 2024. Bunyck 92

THIIOM, PEXUMOM XapuyyBaHHS Ta PiBHEM BXHBaHHS OLIKOBHX IMPOIYKTIB CIIOPTCMEHaMH, a
TaKOX IICUXOJIOTIYHIM HaBaHTaxeHHIM (12,9 %, p>0,95).

Crpineba 3 nyka € yHIKaJIbHUM CIIOPTOM JJIs BIOpaB 1 TOYHOCTI, KIIOYaMH JI0
PEe3yNbTaTUBHOCTI SIKOTO € EMOIIIMHUNA KOHTPOJIb, YBara Ta KOHIIEHTpAaIlis, a He pylIiiiHa eHepris,
cuia M’s3iB 1 BuTpuBamicth [33]. Ilix yac BUKOHAHHS CTPLIBOW 3 JyKa YBaXKHICTh € OCHOBOIO
10 TPOAYKTUBHOCTI/PE3yJITATUBHOCTI EIITHUX TPABIiB, 0COOJIMBO B MMOYATKOBHUH MEPiof Iii
4ac eTary HaTATYBaHHS JIyKa. A IJIs bOTO CIHOPTCMEH MMOTPeOy€e CTabLIBHOrO €MOIIIHHOIO Ta
TICUXOJIOTIYHOTO KOHTPOJTIO0 OallaHCy Tija, KOOPAWHAIIT CBOIX PYXiB 1 KOTHITUBHUX HABUYOK [21,
26] 3a OyIb SIKHX YMOB.

JlocmiIKeHHS BIUTMBY YaCTOTH CEPLIEBUX CKOPOYCHD Ha €(DEKTUBHICTD CTPLIBOU y €ITITHUX
JyYHUKIB TIOKa3ano [4], 0 B CUMYJIbOBAaHOMY CEPENOBHIN 3MaraHb BHCOKi 3HadeHHsI YCC
(KOpPOTKOTO CEPIIEBOTO IMUKITY) MTPH TOPOTOBOMY PiBHI JJAKTaTy B KpOBi (3pa3Ku BifiOpaHi B cTaHi
BIIHOCHOTO CIIOKOIO 4epe3 10 XBWIMH miciis BUKOHAHHS (Di3UYHUX BIpaB (0iry)) y cTpiibiiB
€ITHOTO PiBHsI PI3HOI CTaTi HE MAaOTh HETaTUBHOTO BIUIMBY Ha PE3yJbTATHBHICTH CTPiIHOU B
npuminieHHi [4]. Y craHi BiIHOCHOTO CITOKOFO IMiCJIsl BUKOHAHHS MOCTPLTY 3HAYEHHS MOJOYHOL
KHCJIOTH B KPOBI JIy4HHKIB CTaHOBHIO 0,9—2,6 MMOJIB/JI, TOAI SAK MIiC/IsI BUKOHAHHS (hi3HIHUX
BIIpaB — Oiry, 1110 iMiTyBaB (i310JI0TIYHHUN CTAHIAPTH3OBAHUH PIBEHB CTPECY, — SHAUCHHS JIAKTATY
B KPOBI CHIOPTCMEHIB imeHTH(]iKOBaHO y miama3oHi 1,3—7,0 MMob/i1.

Jlani meTabonoMii cedi BaTepIoMicTiB BCTAHOBIJIN 3MiHH METa0OJIYHIX XapaKTEPUCTHK
ozpasy Miciist OQiliifHIX 3MaraHb MOPIBHSHO 3 pe3yJIbTATaMH IIepe T 3MaraHHsaMu. [1i1BUIIyBaBCS
PiBEHb NESIKMX OpPTaHIYHUX KUCIOT (MOJOYHA Ta OypIITHHOBA KUCIIOTH) 1 TJIFOKO3H, i BOJHOYAC
3HIDKYBABCS BMICT XOJIIHY Ta aMiHy, sIKi O€pyTh y4acTh y MeTa0oJi3Mi TIFOKO3H, JIMiJiB Ta
aMmiHokuciaoT [36]. OgHak Taki 3MiHM MeTa0OJITiB CIIOPTCMEHIB IIBUAIIE 32 BCE TMOB’s3aHi 3
3aCTOCYBAHHSM aKTHBHHX BHUJIIB TPEHYBAJIbHUX BIIPAB Ta NOTY)KHUM HaBAaHTAXKEHHSIM Ha aKTUBHI
M’s13¢ i yac oQiiifHUX 3Maralb 3 BATEPIIOJIO.

HarpomamkeHHsT MOJIOYHOT KHCJIOTH B OIOJOTIYHMX piAWHAX OpraHi3My BimoOpakae
nepexig Bi aepoOHOI A0 aHaepoOHOI cHUCTeMH BUPOOHMITBA eHeprii. MOHITOPHHT ILOTO
3CYBY € BaXJIMBHM IMapaMETPOM IJIsl afamnTailii MiATOTOBKH CIIOPTCMEHIB JI0 BUIIB CIIOPTY Ha
BuTpuBaiicte [10]. Y HamoMy HOCHiIKeHHI OyJ0 BCTAHOBJICHO, IO KOHIEHTPAIii MOJIOYHOL
KHUCJIOTH T4 CEYOBUHU B CE€Yi JIYIHHKIB MAIOTh TEHCHIIIO 0 3pOCTAHHS SK 3a IICUXOJIOTTYHOTO,
TaK i 32 (PI3UYHOTO HABAHTAXXEHHS Y CIIOPTCMEHIB KOHTPOJIBHOI Ta €KCIIEPUMEHTAIILHOI TPYII,
OJTHAK I1i 3MiHH HE MiATBEPIKEHI CTATUCTHYHO. BiJJoMO, 1110 KOHIIEHTpAITis TOCIiHKYBaHUX HAMHU
MEeTa0OJIITIB Y KPOBi CTPIMKO MiABUIIYETHCS 1] Yac BUKOHAHHS IHTEHCUBHUX 200 Oe3mepepBHUX
¢isnyaux Brpae croptMmenamu [3, 17]. Tomi sK CTpiabIi MM 9ac TPEHYBaJIbHHUX BIIPaB B
OCHOBHOMY HE 3aCTOCOBYIOTh IHTEHCHBHOI'O HABaHT&)KCHHS, IXHE TPEHYBaHHS CHpPSMOBaHE Ha
KOHTPOJIb PIBHOBArd Tijia, KOOPAXHALII PyXiB, KOTHITUBHUX HaBHYOK [21] Ta mcuxomoriaHoro/
€MOIIIMHOrO cTaHy. Y pe3ylsbTari MPOBEACHHUX JOCHTIPKEHb BCTAHOBJEHO, 1[0 CHCTEMaTHYHE
3aCTOCYBAHHsI 3alpPOTIOHOBAHOI METOJMWKH ayTOPEHIHTYy BIPOJOBXK 8§ THXKHIB JOCTOBIPHO
TTO3UTUBHO 3HU3WJIO KOHIICHTPAIIIIO JAKTaTy y cedi JIydHUKiB. OTKe, MOKEMO MPHUITYCTUTH, 1110
MapKepOM OL[IHKH MCOXOJOTTYHOTO HABAHTAXKCHHS MOYKE BUCTYINATH MOJIOYHA KUCIIOTA.

BupoOnenns nakraty y ccaBliB Ta JIIOJAMHH 3011bLIyeThCs, Konu nortpeda 8 AT® i O,
MIEPEBHUIIYE HAIXOMKCHHS CyOCTPATIB, SIK I1€ BiAOYBAETHCS ITiJ] YaC IHTCHCUBHUX (DI3MUHKX BIIPAB
1 3aXBOPIOBaHb, 30KpeMa, irreMii i oHkomartosorii [30]. HakonmudyeHHs 1aKTaTy B CTPECOBHX
M’s3aX Ta IMEeMIYHUX TKAaHWHAX 3aKpiMMiIo PEryTalilo JaKTaTy sK LIKIIMBOTO MPOLYKTY
)uTTeRisIbHOCTI [20]. BogHovac 3abe3medyoyn KIITHHH 3I0POBOrO OPraHi3My sIK 3pyYHHM
JOKEPEJIOM, TaK 1 TIOTJIMHAYEM CIIOJIYK BYTJICII0, MOJIOYHA KHCJIOTa B KPOBI JJ03BOJISIE BIIOKPEMUTH
MITOXOHpIaNbHY TeHEpaIlito eHeprii Bif riikomidy. JIakTar i mipyBaT pa3oM € IHUPKYIOYHM
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OKHCHO-BITHOBHUM Oydepom, sikuii BpiBHOBaxye criBBinHomenus HAJTH/HA/T" y kiniTuHax i
TkanuHax [30]. TpuBaIiCTh BIAHOBICHHS PI3HUX CHEPreTHYHKUX CyOCTpaTiB B OpraHi3mi Bimirpae
Ba)XXJIUBY pOJIb Y MNPaBUJIbHIA MOOYIOBI TPEHYBAJILHOIO MPOIECY Ta BIIHOBICHHI PeCypciB
OpraHi3My, SIK Iiciis (hi3UIHOTO, TAK 1 MICIIS ICHXOJIOTIYHOTO HAaBAHTAKECHHS.

AHaNI3yIOUd pe3yasTaTd ABOGAKTOPHOTO IUCIEPCIHHOTO aHaji3dy, BCTAHOBJICHO, IO
BHECOK YMHHHMKa METOJHMKH ayTOTpeHiHry (68,4 %) Ha 3MiHM KOHLEHTpalil JIaKTaTy B cedi
JIyYHHKIB € HalOUIBIIMM Ta BArOMHUM JIMIIIE BJACHE IiJ Yac MaKCHMAJIbHOTO MCHXOJOTIYHOTO
HABAHTAXCHHS CIIOPTCMEHIB — O(imidHMX 3Maranb. Tomi SK 3a 3BHYAMHOTO TPEHYBAIBHOTO
PeKUMY DPIBEHb JIAKTAaTy Ta CEYOBHHM Y C€Yi JIYUHHKIB 33 DI3HUX JOCHIDKYBaHUX CTaHiB
BHU3HAYAIOTHCSA 200 (Di3MYHMM HaBaHTAKCHHSIM, a00 HEBPaXOBAHUMHM YHHHHMKAMHU BiIIOBITHOI
rpynu. BpaxoByroud OTpHMaHi JaHi Ta pPe3yJbTaTH MPOBEICHOIO IMCIIEPCIHHOIO aHaTi3y
MOXEMO PEKOMEHIYBaTH SK MapKep OLIHKH IICHXOJOTIYHOTO CTaHy CHOPTCMEHA-Ty4yHHKa
BUKOPHUCTOBYBATH PiBEHb MOJIOYHOI KUCIIOTH y ceui. Ha BimMiHy Bij T1akTaTy, piBeHb CEYOBHUHU
Kpalle BUKOPHCTOBYBATH SIK TIOKa3HUK BTOMH Ta BiJJHOBJICHHS CIIOPTCMEHIB.
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COMPARATIVE ANALYSIS OF THE LACTATE AND UREA CHANGES
IN THE ATHLETES-ARCHERS URINE UNDER DIFFERENT
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The qualified athletes training includes, in addition to physical training, also the
improvement of the psychological state aimed at the formation of the athlete’s state of the
readiness for competitive activity. Considering this, the search for non-invasive assessment
methods for monitoring the physical and psychological activity of athletes is very urgent.
Understanding this condition can help create methods and tools to adaption to the extreme
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conditions of such activities. According to the “clogging” theory, fatigue is an overtime
accumulation of various metabolites (in particular, lactic acid, urea, etc.) in the body’s bio-
logical fluids. Therefore, the study was aimed at evaluating the impact of a specialized
self-training technique under different psychological (training and official competitions) and
physical (before and after physical exertion) states on the changes in urinary metabolite
excretion of the archers.

In the study, 16 young athletes (5 masters of archery and 11 candidates for master
of sports) participated. Athletes were randomly divided by age and qualification into two
groups: control (worked out according to the standard protocol) and experimental (auto-train-
ing methods were additionally used). The research was conducted under different physical
(before and after training) and psychological (training (rest stage) and official competitions
(start stage)) conditions. The subject of biochemical monitoring was the metabolites lactate
and urea, which were determined in urine samples of archers taken according to the protocol
before and after physical exertion during regular training and official competitions.

The lactic acid concentration, as well as urea, in the urine of archers did not change
during training sessions of sportsmen after performing physical activity of the usual type.
That is, the use of the auto-training technique during regular training sessions does not affect
the accumulation of the studied metabolites in the urine, which is probably due to the short-
term use (one week) of the technique itself. With help of two-way ANOVA analysis, it was
established that changes of the lactic acid concentration in urine are mainly due to physical
(80 %) and psychological (3.6 %) loadings of athletes, and urea changes — the unaccounted
factors (88.8 % on average).

At the official competitions stage, after the auto-training method systematic applica-
tion, a concentration of the lactate significant decreased by 9.7+0.4 % (p>0.95) in the urine
of archers compared to controls after the usual physical exercises implementation. Under
these conditions, the lactic acid level in the urine of athletes is mainly determined by the
using of auto-training technique (68.2 %) and the psychological (6.4 %) load. It should be
noted that the share of influence of the unaccounted factors for both athlete’s groups was
moderate and amounted to 20.4 % on average. The urea level in the urine insignificant in-
creased after training in both athlete groups, both during training sessions and during official
competitions, and was also independent of the athletes’ use of auto-training technique.

At the official competitions stage, after the systematic application of the auto-train-
ing technique, the concentration of lactate in the urine of archers significant decreased by
9.7£0.4 % (p>0.95) compared to the control group after performing the usual physical ex-
ercises implementation. Under these conditions of the Start stage, changes of the lactic acid
concentration in the urine of athletes depend mainly by the using of auto-training technique
(68.2 %) and psychological load of archers (6.4 %). It should be noted that the share of
influence of unaccounted factors for both groups of athletes was moderate and amounted to
20.4 % on average. The urea level in the urine insignificant increased after training in both
athlete groups, both during training sessions and during official competitions, and was also
independent of the athletes’ use of auto-training technique.

Keywords: lactic acid, urea, archery, auto-training technique, physical activity
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KJIIHIYHA XAPAKTEPUCTHUKA TA OCOBJIUBOCTI XIPYPITYHOI'O
JIKYBAHHSA MAIIEHTIB I3 TIPOCTUMH KICTAMUW HUPOK
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IpocTi KicTH HUPOK JOCHTH MOIIMPEH] y TOPOCIHX, 1 4aCTOTa IXHHOTO BHHUKHEHHS
3pocrae 3 BikoMm. Kicta HHUpOK — 1€ piAMHHE TOHKOCTiHHE, 00’€MHE yTBOPEHHS, SKe
PO3BUBAETECS y TOBIIII HUPKOBOI TKAHIHU 200 MiAKAIICYIILHO 1 MICTUTB, K PABHIIO, CEPO3HY
pimuny. KicTy 3a3Buuail BUSBISIOTH MiJ Yac yJIbTpacOHOrpadiyHOro 0OCTEXEHHS OpraHiB
YepeBHOI MOPOKHWHH Ta HUPOK. MeTra JOCIHi/KEHHSI — MOPIBHATH KJIiHIKO-TabopaTopHi
XapaKTepPUCTUKH MAI[IEHTIB i3 MPOCTHMHU KiCTaMH HHMPOK, SIKMX MiJIaBajy acmipaniitHiit
cKJIepoTeparii abo JanapOCKOMiYHId pPe3eKIilii, Ta BCTAHOBHTH B3aEMO3AJICIKHOCTI Mik
LMU NTOKa3HUKaMH. J{OCITiPKeHHs IPOBOAMIIN Ha 0a3i ypoIOTiYHOrO BiJIUICHHS JiKapHi
Castoro [lanrteneiivona B mepion 2021-2023 pp. IIpoananizoBano 46 namieHTiB, SKUM
MIPOBOIWIIN XipypriuyHe BUAAIEHHS KicTH HUPOK. OCHOBHMMH METOaMH JIIKYBaHHS KiCTH
HUPKHU Oynu acmipaliiiiHa cKJiepoTepartis Ta JanapocKomiyHa pe3ekiris. [TarieHTiB moaiTmmm
Ha TpyIIH 3aJIeXKHO BiJ] METOY JTiKyBaHHs (acmipariifHa ckiepoTepartis a0o J1arapocKoIiyHa
pesekuis). s BCTAaHOBJIEHHS BiMIHHOCTEH NpOBENN MOPIBHSUIBHUHA aHalli3 3a BIKOM,
CTaTTIO, pe3yNbTaTaMU KJIIHIKO-Ta0OpaTOpHUX JIOCHI/KeHb, JIOKAi3aIli€o KicTH i
peuuauBamMu. B3aemMo3anexHICTh Mk KITIHIYHUMH TTOKa3HUKAMH Ta METOJAMH JTiKyBaHHS
OLIIHIOBANIN 3a JONOMOroro kputepito y2 Ilipcona. CtaTuCTHYHNMIT aHANI3 OTPUMAaHUX JaHUX
3IICHIOBAIN 32 JIONOMOTO0 mporpaMuux naketiB SPSS v. 25.0 ta EXCEL.

Cepen mpoonepoBaHNX MHAaIliEHTIB METOJOM JIaapoCKOMmiuHOI peseknii Oymo 13
4oNoBiKiB (62 %) Ta 8 xkiHoK (38 %). Y 8 mamieHTiB BUsBICHO KicTy npaBoi HUpKH (38 %),
a y 13 nanieHTiB BUsBIEHO KicTy jiiBol Hupku (62 %). Bik mamieHTiB craHOBHB 56+2,6
pokiB. Cepen Malli€eHTiB, SKUX MiIaBaIU acmipamiiHiil ckieporepanii, 6yno 11 4onoBikiB
(44 %) 1 14 xinok (56 %). Y 14 namieHTiB BUSBICHO KiCTy npaBoi HUPKH (56 %), a y 11
TanieHTiB — KicTy JiBoi HUpKH (44 %). Bik mamienTiB 63+2,2 poku. Po3mip kict HUpOK y
MAI€HTIB, SKi MPOONEPOBaHI METOJOM JIAMTAPOCKOMIYHOT pe3eKilii, cranoBuB 704+3,6 MM.
V nauieHTiB, SKUX MiAJaBald acHipalliifHii ckiepoTeparii, po3Mip KiCT HUPOK CTAHOBUB
72+5,4 Mm. CTaTHCTHYHO JOCTOBIPHOI Pi3HHUIII 3a BIKOM, CTAaTTIO, PO3MiPOM KiCT HHPOK y
TMaLi€HTIB, SKUX MiATaBAIN acHipaniiiHiil ckiepoTepanii Ta JTanapoCcKOMiYHii KicTeKToMil,
He BHsIBJICHO. HaM¥ BCTaHOBIIEHO, IO Y XBOPHX MICIIS JIANAPOCKOMIYHOT pe3eKil peruanBiB
y KiiHIini He Oyno. OJHaK YacTOTa PELMANBIB Y XBOPUX Micis acHipaniiiHoi ckieporepartil
cTaHOBUTH 7449 % Bin 3araqbHOI KiJBKOCTI XBOPHX 1 € JIOCHTH BHCOKHM ITOKa3HHKOM
PEUMINBIB KiCT HUPOK.

Ortxe, TarapoCKOIiYHa pe3eKiis — OUTbII eheKTUBHMI METOA JTiIKyBaHHS, OPiBHSIHO
3 acmipaiiifHor CkiepoTepariero. TakKuM YHHOM, JIAAapOCKOIis € CYYacHHM IMiJX0J0M
N0 Xipypril KicT HHpPOK, IO Ja€ 3MOTY He JIMIIe 3MEHIIMTH TPaBMaTH3M, IPHCKOPHTH
BiZTHOBJICHH NAIII€HTIB, ajie i 3a0e3MeYnTH BUCOKY TOUHICT | €)eKTUBHICTD JIIKyBaHHSI.

Kniouosi cnosa: KicTa HHpPOK, acImipaliiiHa CKJIepoTeparis, JIanapocKoIivyHa
pe3exiis

© Ilucko O., luxa M., 2024
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IIpocra kicta HEPOK (HeporeHHa KiCTa) € OJHIEI0 3 MATOJOTIH OpPraHiB CEYOBUIITBHOI
cuctemu. Ii miarnoctyiots y 50 % moneii Bikom Ginbme 50 pokis. L[ cTpykTypHa aHOMAIis
4acTo O6€3CMMNTOMHA, IEPEBAKHO HE HECE 3arpOo3| KHUTTIO JIIOAWHHM, ajie oTpedye JTiKyBaHHS,
OCKIIbKM MOKE IPOBOKYBATH PO3BHTOK CYIYTHIX 3aXBOPIOBaHb (Mi€IOHEPPUTY 1 HHUPKOBOI
HEIOCTAaTHOCTI, HEYPOreHHOI apTepiaibHOI TimepTeH3ii), a TAKOXK MPHU3BECTH 0 YCKIAIHCHHS
HarHO€HHs Ta po3puBy KicTh. KicTa HUPKH MOXe BUHHKATH Y OyJb-sSKOMY BiIll Ta MaTH pi3Hi
MPUYUHNA TIOXO/DKEHHsI, M0 POOWTH ii MpPEeaMETOM IHTEHCHBHHMX JOCHTIKEHb. OCHOBHUMH
(haxkTOpaMy BUHUKHECHHS KICT HUPOK € CIIAJKOBa CXMIIbHICTh, TPABMH HUPOK, XPOHIYHI 3aIalbHi
3aXBOPIOBAaHHS HUPOK, IO TPOBOKYIOTh MOCHJIEHE 3pPOCTAaHHS eIMiTeNil0, BHACTIJOK YOTo
3a0MBAOTHCS HUPKOBI KaHAJBII [7].

AcrmipariiiiHa ckJIepoTeparisi 1 JiaapocKoIligyHa pe3eKilisi € OCHOBHHUMH METOJaMHu
JiKyBaHHA KicTd HUPKH [3]. JlamapocKomiuHy pe3eKIlito 3a3BUYail 3aCTOCOBYIOTh ISl BETUKUX
KicT abo KIiCT, [0 IBHAKO 30UTBIIYIOTHCS B PO3MIipi, TOAI AK 10 TepeBar acmipariiiHoi
CKIIepoTepamii CIIij 3aJyduTH HECKJIaJHE TeXHIYHE BUKOHAHHS MaHIMyJsAIii, KOPOTKiI TePMiHU
BITHOBHOTO JIIKYBaHHS ITiCJIs Omeparlii, MiHiMaibHi (piHAHCOBI BUTPATH, aj€ HAMIWHICTH LBOTO
METOJy He rapanToBaHa [3].

Jlamapockoniuaa pe3exiis KicTH (KiCTEeKTOMisI) — paAuKaIbHAN XipypriuHuid METOM, i
4ac SIKOTO BUIAJISAIOTH (BUCIKAIOTh) CTIHKH KICTH Y M&Xax 37J0pOBOi TKaHWHU HUPKH. L{eit meTox
3aCTOCOBYIOTH JIJISl KICT BEIMKHUX PO3MIpiB, PEIUANBHHAX KICT, & TAKOX KICT, IO JIOKATI3yFOThCS
Yy BOpOTax HUPKH [6].

AcrmipariiiiHa ckJepoTeparis MPOCTHX KICT HHUPOK € MaJOiHBa3UBHUM METOAOM
nmikyBaHHsA. CyTh METONy: B HUPKY BBOJATH TOHKY TOJIKY 4epe3 IIKipy B HaMpsIMKy J0 KiCTH,
KEpYIOUYHNCh 300paXCHHSAMH 3 YIBTPa3BYKOBOro amapara. Koiu ronky BBEIEHO B IOPOXKHUHY
KICTH, TIPOBOIATH TOBHY acIipallifo piguHHOro BMicTy. Ilicis I1bOoro BcepenuHy BBOJSTH
CKIIEpPO3YIOUHWi Ipemnapar, SKHid CKICI0€ CTIHKA HOBOYTBOPEHHS.

O1xe, € moTpeda y3araJlbHUTH HAsBHUU JOCBIJ 1 BUBHAYUTH KIiHIYHI XapaKTePUCTHKH
MaIli€HTIB, SKAX MIJAI0Th PI3HUM METOJaM OIEPAaTHBHOTO BTPyYaHHs. MeETOH aHOTO
JOCITIKEHHsT OYyJI0 TIOPIBHATU KJIiHIKO-Ta00paTOpHi XapaKTEPUCTHKHU TAIIE€HTIB 13 MPOCTUMH
KiCTaMH HHUPOK, SKHX MiJJaBIA XipyprivHOMY JIiKyBaHHIO. AHAII3 mepeadadaB MOpiBHIHHSI
PO3MIpy KIiCT, pO3TallyBaHHS iX Y HUPII, pEIUAUBIB KiCT y TpyIax HaIli€HTiB, SIKUX ITi1aBaan
acriparniiHii ckiaepoTeparii Ta J1anapoCKOMIvHIA KiCTEKTOMIT, Ta BCTAHOBHTH B3a€MO3ICKHICTh
MDX OUMH ITOKa3HUKaMH.

Marepiaau Ta MmeToaH

VY nocinijpkeHHi npoaHaiizyBaiu AaHi 46 MpoonepoBaHuX MAIEHTIB i3 TPOCTUMHU KicTaMU
HUPOK, 0e3 BaKkoi cynyTHbOI narosorii B nepiox 2021-2023 pp. JlikyBaHHS Ta ClIOCTEpEKEHHS
MAIIEHTIB MPOBOAMIH Ha 6a3i yposoriunoro Bigaiieaas 1| TMO wm. JIseosa, BII Jlikapus Cestoro
[ManreneiiMona. [TopiBHsUIbHUI aHATI3 TPOBOAMIIM MiX I'PYIIaMH MAIi€HTIB 3 IiarHO30M IIPOCTa
KicTa HUPKH, SKUX MiJJIaBajk aclipaliifHid ckiepoTeparii Ta JanapoCKOIiYHid KiCTeKTOMIil.
JloaaTKoBO OLIHIOBAIIM KIIIHIYHI aCTEeKTH, J1abopaToOpHi MoKa3HUKU QyHKUIT HUpoK. [IpoBoauu
aHaJI3 peluanBY KiCT HUPOK.

YciM XBOPHM Ha MepenonepaniiHoMy eTarli MPOBOIMIIN 3arajbHe KIiHIYHE 00CTEIKEHHS,
110 BKJIIOYAJIO: aHaJIi3 CKapr, OIS i MayibNallito, 30ip aHaMHe3y, BUMIPIOBaHHS apTepiaibHOTO
TUCKY, J1adOpaToOpHi HOCIHi/DKCHHsS (3arajibHAN aHaji3 KpoBi, OiOXIMIYHMH aHaji3 KpoBi,
3araJibHUM aHalli3 cedi), eleKTpoKapaiorpadiro Ta MpoBeACHH MUEPEHIaATBbHOI JiarHOCTHKH
i3 3aXBOPIOBaHHSMHM, 3JaTHUMH BUKJIMKAaTH CHMITOMATHKY, CXO0XY 3 KICTAMH HHUPOK.
VYibTpa3sByKOBE CKaHyBaHHS OyJIO OCHOBHHM J[IarHOCTUYHHM METOJIOM BCT@HOBJICHHS J[IarHO3y
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MPOCTOI KiCTH HUpPKH. Lle mBUAKWIA, HEIHBAa3IMHUHN 1 TOCUTh €(PEKTUBHUI CIIOCIO MIarHOCTHKH
TaKUX YTBOPEHb, IO A€ 3MOTY TOYHO JIOKAJi3yBaTh il OLIHUTU po3Mip KicT. [y oTpumaHHs
J01aTKOBOI iH(OopMaIlii TPOBOIHIIN OTJISIOBY pEHTTeHOrpadio Ta eKCKPETOPHY yporpadiro, sKi
3aCTOCOBYIOTH JIJIsl OIIHKK (DYHKIIIT HUPOK 1 MOMJIMBHX aHATOMIYHMX aHOMalii OyZ0BH HUPOK,
a TaKoX KOMIT'FOTEpHY TOMOrpadiio OpraHiB 3a04epeBHHHOTO MPOCTOPY i3 KOHTPACTYBAaHHSIM,
110 3a0e3neuye JOKJIAJAHY TPUBUMIPHY iH(oOpMaIilo PO CTPYKTYpy HUPKHU Ta 11 0TO4YeHHs. Yci
i METOJM MOYXHAa BHKOPHCTOBYBATH SIK JIOTIOBHEHHS JI0 YJBTPa3ByKOBOTO CKaHYBaHHS JJIst
OTpPHMAaHHS MIOBHOT KAPTUHH CTaHY HUPOK 1 BUSIBIICHHS IIPOCTHX KiCT.

s JiKyBaHHS —TMAI[iEHTIB BHKOPHCTOBYBAIM acIHipalliifHy CKICpOTEpaIiio Ta
JIATIAPOCKOIIYHY Pe3eKIio. AcmipariiHa ckiepoTepartis — Iie Ipoleaypa, Ky BUKOPUCTOBYIOTh
JUISl JIKYBaHHS LUCT Ta IHIIMX PO3IIMPEHUX MOPOKHUHHUX YTBOPEHb, BKIIOYAIOYH IIPOCTI
kictu HUpKH. [1ix vac 1iel mporeaypy BBOIWIN CIEHiaTbHUN PO3UYHH (CKIEPO3YIOUy PEUOBHHY)
Oe3nocepeIHbO0 B MOPOKHUHY KICTH 4epe3 TOHKY TOJIKY il KOHTPOJEM YJIbTPa3ByKOBOTO
CKaHyBaHHSA. SIK CKJIEPO3aHT BUKOPUCTOBYBaTH 96 % ermnoBuil cnupT y KinmbkocTi 10-15 %
BiJl IEpBUHHOTO 00’eMy KicTH. Lleil po3uuH iHiLiIOE 3amajbHy peaxiiifo B MOPOXKHHHI KIiCTH,
JeHATyparllifo OiIka, 3arubesb KIITHH, M0 MPHU3BOIWTH J0 3MEHIICHHS ii po3Mipy Ta [0
3MEHIIICHHS CUMIITOMIB TarienTa [1, 3, 9].

JlamapockomiyHa pe3eKilisi KICTH HUPKH — Il MiHIMaJbHO-IHBa3WBHA XipypriuHa
MpoLeaypa, IKa BKIII0YAE BUAATICHHS KiCTO3HOTO YTBOPEHHS 3 HUPKH 32 IOMIOMOTOIO JIAapoCcKoIa
(ToHKa TpyOKa 3 KaMepoIo 1 CBITIIONIOIOM Ha KiHIIi, 10 Ja€ 3MOTYy 0a4nTH BHYTPIIIHI CTPYKTYpH
YepeBHOI MOPOXKHUHHU Yepe3 HeBEJIHKI po3pi3u y mikipi). [Ipoueaypy npoBoasTh Mmij 3arajbHO0
anectesiero. [lin 4ac omepaiii CTiHKY KICTH BHCIKaJd y MeXax 370pOBOI TKaHWHH HHUPKH.
TakoX IPOBOIIIN KOATYJISIIIIO ,,JT0Ka’” KICTH HUPKH, 1 1eeKT 3aMilyBaBcs mapaHedpaibHO0
YKUPOBOIO KITITKOBUHOIO [4—6].

I3 46 npoonepoBanux nauieHTiB y 22 nauieHTiB (47,8 %) KicTy HUPKU OYJIO BHSBICHO
BUIIAJIKOBO, IIiJi Yac YJbTPa3BYKOBOTO JIOCITI/DKEHHS OpraHiB YepeBHOI MOPOXHHHU Ta
3a04epeBUHHOrO mpocropy. OnHak y mporeci OLTBII PeTeNbHOro 300py CKapr i IXHBOrO
aHaJIi3y BCTAHOBJICHO, 10 Y MAI[IEHTIB OYJIHM emi30JiHuHi 001 B MOMEPEKOBIN MUISHII MTOMIpHOT
iHTeHCHBHOCTI. [lalieHTH TakoXX 3BEpTalM yBary Ha MOYYTTS AMCKOM(OPTY B MOMEPEKOBIii
JUISTHINI, TIPOTE TMOB’S3yBaJM iX 3 OCTEOXOHAPO30M, MIO3UTOM YH IHIIUMH HEBPOJOTIYHUMHU
3axBoproBaHHsMH. OCHOBHOIO ckaproto pemtu 24 (52,2 %) marieHTiB, HE3aJeKHO BiJl BIKY
Ta crari, Oyna ckapra Ha AUCKOM(OPT y IUISHII HUPOK, IO MOCHIIIOBABCS TiJ Yac (i3HYHOTO
HaBaHTKEHHS, PI3Kol 3MIHM TMOJIOXKEHHs Tina. HasBHiCTh aprepianbHOi TinmepTeH3ii He
BUKJIMKaNa 3aluTaHb 3 OOKy MAalli€HTiB, TOMY BOHHM OyJM BIIEBHEHI, II0 y HHUX TiMEpTOHIYHA
xBopoOa, MpuTaMaHHa IXHOMY BiKY (42 marienTs y Bini >50 pokiB). 3arajioM rpymu naiieHTiB
HE MaJlM CTaTUCTUYHO 3HAYYIIMX BIIIMIHHOCTEH 3a BIKOM, CTAaTTIO, piBHEM KpeaTHHIHY B KPOBi
Ta ce4yoBUHHM B cedi (Tabu. 1). JIume y 6 marieHTiB MOKa3HUKU PiBHS KPEATHHIHY y KPOBI OyIH
MiABHIIEHI (4 YONOBIKK Ta 2 KIHKH).

Icronoriune IOCHTIIPKEHHS TPOBOIMIM Ha 3pa3kax CTIHKM KICT HHPOK, 3a0ip sSKUX
3IIACHIOBAJIH i1 yac ornepartii. ['icTosoriuauii aHasi3 MPOBOAMIIH 111l MIKPOCKOIIOM, OIIiHIOBAJIH
OyIOBY CTIHKH KICTH, THII CIITSIIATBHUX KIITHH, HASBHICTh KAJIbIMHATIB, CKICPOTHUIHHUX 3MiH
Ta 1HII TOKa3HUKH. 3pi3u papOyBaIn reMaToKCUIiH-e031uHOM [1].

CraTUCTHYHUIA aHAai3 OTPUMAaHMX NAHWUX 3IIHCHIOBAJIM 3a JOMOMOTOK MPOrPaMHHUX
naketiB SPSS v. 25.0 (Armonk, NY: IBM Corp., CIHA) ra EXCEL. J]ns KiTbKiCHUX TOKa3HHUKIB
(po3Mmip KiCTH, BiK MAI[iEHTIB) BU3HAYAIN cepeaHe apudMeTHIHE 3HAUYCHHS. SIKICHI OKa3HUKU
MPECTaBICHI y BUTJISAI aOCOIOTHOT a00 BiHOCHOT YaCTOTH BUSBJICHHS. AHAaJII3 BIAMOBIAHOCTI
PO3MOTYy KUIBKICHHX O3HAaK J0 3aKOHY HOPMAJIBHOTO PO3IMOJLUTY MPOBOIMIHN 32 IOTOMOTO0
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W-tecty lllamipo-Binka. ¥ 3B’43Ky 3 THM, IO PO3MOALT KiTbKICHUX O3HAK BiAPI3HABCS Bif
HOpMaJbHOTO, iX TOpiBHIOBaNM 3a nomoMoror U-kputepito Manna—BitHi. [lopiBHSHHS
a0COJIOTHOI Ta BIIHOCHOI YacTOT BUSBIEHHS SIKICHUX MOKA3HUKIB MPOBOIWIH 33 TaOIUISIMHU
crpsbkeHHs (KpocTalynsiii) 3 omiHioBaHHAM Kputepito y2 Ilipcona. PiBHeM craTucTuyHOL
3HauymocTi BBakanu P<0,05.

Taomuus 1
KiiHiyHi XapaKTepUCTHKY NaLli€HTIB Yy Tpymnax, SKUX IiJIaBaJli XipypridyHOMY JIiIKyBaHHIO
JlanapockomiyHa AcmipariiiHa JocToBipHICTh
INoxa3Huk . . .
pe3ekiis (n=21) ckiieporepariis (n=25) 3MiH
Bik, pokis 56+2,6 63+2, P>0,05
Yomosikn, n (%) 13 (62 %) 11 (44 %) P>0,05
Kiukn, n (%) 8 (38 %) 14 (56 %) P>0,05
Kpeatusin y kpoBi (hopma), n (%) 20 (95 %) 20 (80 %) P>0,05
CeuoBuna (ropma), n (%) 20 (95 %) 22 (88 %) P>0,05

Pe3yabTaTu i ixHE 00roBOpeHHS

Xipypriuae JTiKyBaHHS KICTH HHPOK 3a3BHYail BHKOHYIOTH y BHIAaJKaX, KOJH KiCTa
BENUKUX po3MmipiB (Oinbme 7-10 cM y niameTpi), peluIBHA KiCTa IICis JIKYBaHHSI METOIOM
acmipatii, HasBHUHM KaJbLIIMHO3 a00 HEpIBHOMIpHA TOBIMHA CTIHKH KicTH [4, 10].

I3 46 nocnimKeHNX NMalieHTiB JanapoCKONiYHii pe3exiii mianasanu 21 nauienra (45,7 %),
a MyHKIIITHOMY CKJIepo3yBaHHIO — 25 namieHTiB (54,3 %).

Cepen mpoorniepoBaHKX MAI[iEHTIB METOIOM JIAITAPOCKOIIYHOI pe3ekilii 0yiio 13 4omoBikiB
(62 %) ta 8 xiHok (38 %). Y 8 marieHTiB BUsIBICHO KicTy nipaBoi HUpkH (38 %), a y 13 nauieHTiB
BUSIBIICHO KicTy JiBOi HUPKHU (62 %). Bik maiieHTiB cTaHOBUB Bix 28 10 75 pokiB, cepenHiit —
56+2,6 pokis (Tabm. 1).

Cepen mami€eHTiB, SKMX MiJJaBajk aclipauiiiHid ckieporepanii, Oyyno 11 domoBikiB
(44 %) 1 14 xiHOK (56 %). Y 14 nanieHTiB BUABIEHO KicTy paBoi HUPKH (56 %), y 11 marieHTiB —
Kicty niBoi HupKH (44 %). Bik narienTiB nepeOyBaB y niana3oHi Big 26 1o 76 pokiB, cepenHii —
63+2,2 pokiB. CTaTUCTUYHO JOCTOBIpHOI PI3HMII 3a BIKOM, CTAarTIO, PIBHEM KpEaTWHIHY Ta
CEUOBMHH B KPOBI Y MAIli€HTIB (0 JIKyBaHHS), SKUX MiJJaBajd acHipaliiHii ckieporeparrii
Ta JIAapOCKOIIYHIN KicTeKToMil, He BcTaHOBIEeHO (Tabm. 1). HaMu Takox mpoBeleHO aHai3
3aJIeKHOCTI BiKy, CTaTi Bil METOAY XipypridyHOTro JIiKyBaHHs, Ky OLIHIOBAIHM 32 JIOIIOMOTO0
kputepito ¥2 Ilipcona. He BCTaHOBIEHO CTAaTHCTHYHO 3HAYYNIMX 3aJCKHOCTEH MK ITUMH
MOKa3HUKAMHU.

Tabmuist 2
XapakTepHcTHKa KiCT HUPOK y Mali€HTIiB, AKUX MiIaBald XipypriqdHOMY JKYBaHHIO

IToxazuuk JlamapockomniuHa pe3eKiis AcmipariiitHa JloCTOBIpHICTH 3MiH
(n=21) cKireporepariis (n=25)

Po3mip kict Hupox, MM 72+54 70+ 3,6 P>0,05
JlokaJizanisi KicTu HHUPOK

Bepxuiii cerment, n (%) 8 (38 %) 7 (28 %) P>0,05

Cepenuiit cerment, n (%) 6 (29 %) 6 (24 %) P>0,05

Huxwiit cerment, n (%) 7 (33 %) 12 (48 %) P>0,05

IIpaBa Hupka, n (%) 8 (38 %) 14 (56 %) P>0,05

JliBa Hupka, n (%) 13 (62 %) 11 (44 %) P>0,05

Peunausm (% namienris) 0 % 74+ 9% P<0,001

Po3mip KicT HMpOK y Malli€HTIB, IPOOIEPOBAHMX METOJIOM JIaNapOCKOIIYHOI Pe3eKIli,
nepeOyBaB y Mexax Bing42 no 100 MM, cepenniit po3mip —7043,6 MM. Y malieHTiB, SIKUX MTi/1/1aBaJIH
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acmiparliifHii ckjiepoTepartii, po3Mip KiCT HUPOK KOJIMBABCs B Mexkax Bix 25 mo 120 MM, cepeaHiit
po3Mip — 7245,4 MM. 3HauymuX BiAMIHHOCTEH MK cepenHIMU apru(pMETHIHUMH 3HAUYCHHSIMH
PO3MIpIB 1 TUCTIEPCIsIMU KiCT HUPOK Yy MAI[IEHTIB MOPiBHIOBAHUX TPy He 3apeecTpoBano (P>0,05)
(tabm. 2).

Kicra moxe OyTH JOKaii30BaHA y BEPXHBOMY, CEpeIHHOMY a00 HIDKHBOMY CETMEHTaX
HUPKH. Y MAIi€HTIB, SIKUX ITi1/1aBaJIH JTaNapOCKOIIYHi i pe3eKilii, JiarHocTyBaJIH KiCTY HIKHBOTO,
CepeHbOTO Ta BepXHboro cerMeHty (33 %; 29 %, 38 %, BinmoBiaHo). Y 48 % mnarieHTis, sKi
MPOOTIEPOBaHI METO/IOM acHipalliiiHoi ckiiepoTeparii, Kicta Oyia JIOKali30BaHa Yy HUKHBOMY
cerMeHTi, a y 24 %, 28 % naiieHTiB qiarHOCTyBaJH KICTY CEPeIHbOrO Ta BEPXHHOTO CETMEHTY,
BiAmoBinHO. CTAaTHCTHYHO 3HAYYIIOI PI3HMII MDK BIJICOTKAMH JIOKalizamil KICTH HHUPOK Y
MAIIEHTIB TAKOX HE BCTAHOBJICHO (Tabj. 2). AHami3 3aJeKHOCTI PO3MIpY Ta JIOKai3allii KiCTH
BiJl METOMy XipypridyHOIO JIIKYBaHHs HE BCTAHOBHMB CTATHCTHYHO IOCTOBIPHHUX B3a€MO3B’SI3KiB
MiX MU nokasaukamu (P>0,05).

VY BCiX NAIli€HTIB 13 MPOCTUMHU KiCTaMH, SIKUM ITPOBOAMIN acHipallifo BMICTY, BUSBJICHO
MIPO30PY, COJIOM’STHO-)KOBTY PiauHy. ['iCTONOTIYHE HOCITIIKEHHS TPOBOIUIIN ISl 3pa3KiB CTIHKH
KICT MAaIi€HTIB, SKUM MPOBEICHO JIAMapOCKOIIYHYy KiCTeKTOMio. [lepeBakHO TpocTa KicTa
HUPKHU BUCTEJIEHA OJHOLIAPOBUM IJIOCKHUM a00 KyOIYHUM emiTellieM (emiTeNiid po3BUBAEThCS 13
HUPKOBHX KaHAJBIIIB, 1[0 BTPATHIIM 3B’S30K 31 ce4OBUMH nuisixamu). Came Take emitenianbHe
BUCTEJICHHS KICTH BCTAHOBJICHO Y 15 ricTONOTYHMX 3pa3kax CTIHKH KicTH HUPOK. CKIEpOTHYHO-
¢$i0po3Hi 3MiHHM i3 KaJlbI[MHATaMHM BKa3ylOTh Ha 3amalibHi 3MIHM Yy CTIHI[ KicTH (HACHiIKu
MepeHeCeHHX 3alalbHUX 3MIH HUPKH, 30KpeMa, ieToHe(pUTY) Ta BUSBIICHI Y 5 TICTOJOTTYHUX
3paskax. Y OfHIi€l MAIli€HTKH, 3a JAHHMH TiCTOJOTIYHOTO aHaii3y, emiTeaiaJbHe BUCTCICHHS
BHYTPIIIHBOI MOBEPXHI BificyTHE. Takuii BUA KicTH (TICEBIOKICTa) BUHHUKAE, 3a3BHYAM, BHACIIIOK
TpPaBMH HUPKH.

AcmipariiiiHa ckiiepoTeparisi POCTUX KICT HUPOK € e(heKTHBHUM METOJIOM JIKYBaHHS
TMAIi€HTIB 13 TPOCTUMH KiCTaMH HUPOK, ajie Ma€ MeBHI HeJomiKu. 30Kpema, micis acmipariiHoi
CKJIepOTepartii € pU3uK MOBTOPHOTO 3allOBHEHHS KICTH PIAMHOIO Ta BIAHOBIEHHS ii po3Mipy.
Le Morxe pU3BECTH 10 HEOOXITHOCTI MOBTOPHUX Tmpolienyp. Y 17 i3 23 namienTiB (2 naiieHTH
He 00CTE)KeHi) JIarHOCTYBaJIM PELMIUBU MPOCTUX KICT HUPOK, a y 6 MAII€HTIB PELUIUBY HE
BcTaHoBjIeHO. OTKe, YacTOTa PEIUANBY CTAHOBUTH 7419 % Bia 3arajibHOI KUIBKOCTI MAIIEHTIB
1 € JOCUTh BUCOKWM TMOKa3HUKOM MMOBTOPHOTO BUHUKHEHHS JOCIIKyBaHOI MaToorii (Tadim. 2).
AcmipaniiiHa ckjepoTepariisi MOXe CIPUYMHATH PEUUANBH 3 KUIbKOX MPHYHH, SK CTBEPIKYE
Huska aBropis [11]. [To-mepiie, CKIEPO3yIOUNil areHT MOXKE HE MOBHICTIO 3pYyWHYBATH CTIHKH
KIiCTH, OCOOJIMBO SIKIIO KicTa Mae CKJIaJHy abo OaraTokamepHy cTpykrypy. lle nae xicTi
MOXIIUBICTh pEreHepyBaTH Ta 3HOBY 3allOBHIOBATHCS piAMHOK. I[lo-Apyre, BHKOpHUCTaHHS
HEIOCTAaTHBOI JT03H CKJIEPO3YI0YOro areHTa abo Hee(eKTHBHOTO CKJIEPO3aHTa MOXKE TPU3BECTH
JI0 HETIOBHOTO CKJIepo3yBaHHsI KicTH. OTKe, BAKOPUCTaHHS e()eKTHBHOTO CKJIEpO3aHTa 1 miaoip
ONTUMAIBHOI JI03U CKIIEPO3YIOUOTO areHTa — KJIIOYOBI YMOBH JJIsl YCIHIIIHOTO HPOBEACHHS
acmipariiinoi ckieporeparii [11].

VY mamieHTiB Miciis JIAMApOCKOMIYHOI KICTEKTOMIT pelMANBIB y KIIHII[I HE BCTAHOBJIECHO
(P<0,001), mo He cymepeunTh AaHUM IHMHX aBTOpiB [11]. ABTOpamMM BCTaHOBIEHO, IIO
JIAMapOCKOIiYHa KICTEKTOMIsl TOB’si3aHAa 3 MEHIIOK YacTOTOI PELUIUBIB, TOPIBHSIHO 3
acmipariiitnoro ckieporeparmiero (OR: 6,08; p<0,01) [11]. Omxe, namapockomiyHe BUAAICHHS
KiCTH € OlNbII nepeadadyBaHiM 1 Mae Kpallli pe3yJibTaTH, HiXK achipaliiiHa cKiepoTeparnisi.

Hamu BcTaHOBJIEHO, 1[0 TPYNHU MAIIEHTIB, SKUX IMiAIaBaid JamapoCKOMYHIN pe3eKiil
Ta MYHKI[IHHOMY CKJIEPO3yBaHHIO, HE MM CTATHCTUYHO 3HAYYIIUX BiIMIHHOCTEH 3a BIKOM,
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CTaTTIO, PO3MIPOM KiCT HUPOK Ta IHIIMMH MoKazHuKaMu. OHAK JTamapOoCKOMIYHA PE3EKIIis Mae
MEHIIHUN PU3UK PELUINBY, TOPIBHIHO 3 MYHKIIHHIM CKIIEPO3YBaHHSIM.
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OF PATIENTS WITH SIMPLE RENAL CYSTS
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Simple renal cysts are quite common in adults with an incidence that increases with
age. Renal cysts are composed of enclosed liquid or semisolid fluid and are commonly iden-
tified through abdominal imaging.

The purpose of this study was to compare the clinical and laboratory characteristics
of patients with simple renal cysts who underwent aspiration sclerotherapy or laparoscopic
resection and establish the association between these parameters. The research was conduc-
ted on the basis of the urology department of the St. Panteleimon Hospital between 2021 and
2023, 46 patients who underwent surgical removal of a renal cysts were analyzed. The main
methods of treating kidney cysts were aspiration sclerotherapy and laparoscopic unroofing.
Patients were divided into groups depending on the treatment method (aspiration sclerothe-
rapy or laparoscopic unroofing). In order to establish the differences, a comparative analysis
was carried out by age, sex, results of clinical parameters, cyst localization and recurren-
ces. The association between clinical parameters and treatment methods was assessed using
Pearson’s %2 test. Statistical analysis of the obtained data was carried out with the help of
software packages SPSS v. 25.0 and EXCEL.

There were 13 men (62 %) and 8 women (38 %) among patients who underwent
laparoscopic unroofing. Right renal cysts were found in 8 patients (38 %), and left renal
cysts were found in 13 patients (62 %). The mean age of the patients was 56+2.6 years.
Among the patients undergoing aspiration sclerotherapy, there were 11 men (44 %) and
14 women (56 %). The right kidney cyst was found in 14 patients (56 %), and the left
kidney cyst was found in 11 patients (44 %). The mean age of the patients was 63+2.2
years. The mean size of kidney cysts in patients who underwent laparoscopic unroofing was
70+3.6 mm. In patients undergoing aspiration sclerotherapy, the size of kidney cysts was
72+5.4 mm. There was no statistically significant difference in age, sex, and size of kidney
cysts in patients who underwent aspiration sclerotherapy and laparoscopic unroofing. It was
established that there was no statistically significant difference in age, sex, or size of renal
cysts in patients undergoing surgical treatment.

In patients after laparoscopic unroofing, relapses have not been established in the
clinic. However, the frequency of recurrence in patients after aspiration sclerotherapy is
7449 % of the total number of patients, which is a fairly high rate of recurrence of renal
cysts. We found that laparoscopic unroofing was associated with a lower recurrence rate
compared with aspiration sclerotherapy.

It should be noted that laparoscopic unroofing is a more effective method of treat-
ment compared to aspiration sclerotherapy. We emphasize that laparoscopy is a modern
approach to renal cyst surgery, which not only reduces trauma, shortens the recovery time of
patients, but also ensures high accuracy and efficiency of treatment.

Keywords: aspiration-sclerotherapy, laparoscopic de-roofing, renal cysts
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EFFECTS OFACUTE ALCOHOL INTOXICATION ON THE RESPIRATION
AND DEHYDROGENASE ACTIVITY OF RAT PANCREATIC ACINI
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The exocrine function of pancreatic acini cells is a highly energy-intensive process.
A cell always needs to maintain a stable level of ATP balancing between states of activation
and rest. Low-energy is one of the possible mechanisms contributing to the development
of pancreatic diseases. The most commonly encountered disease of the pancreas is acute
pancreatitis. It is known that excessive alcohol consumption causes the development of
pancreatitis. The pathogenesis of this disease is linked to the cellular loss of energy, but
the mechanism of alcohol’s effect on the mitochondria in pancreatic acini is unclear. This
study’s main aim is to assess the impact of acute alcohol administration on the mitochondrial
function of rat pancreatic acini.

Wistar rats were administered ethanol (6 g/kg body weight) by oral gavage for 3
h before the experiment. A suspension of isolated pancreatic acini was obtained following
collagenase digestion. Respiration of isolated pancreatic acini was studied with a Clark elec-
trode. The maximal respiration rate was studied at different concentrations of protonophore
FCCP (0.5-2 uM) in solutions containing glucose combined with oxidative substrates (py-
ruvate and glutamine, monomethyl-succinate or dimethyl-a-ketoglutarate). Dehydrogenase
activity was measured by colorimetric method.

Ethanol administration caused a significant increase in the activity of pyruvate de-
hydrogenase. It was confirmed that FCCP induced an increase in the respiration rate of
pancreatic acinar cells in each experimental group. The addition of 1.5 uM FCCP reduced
the respiration rate of pancreatic acini during the oxidation of glucose and monomethyl
succinate or dimethyl-o-ketoglutarate, but not during the oxidation of glucose, pyruvate and
glutamine substrates. The administration of ethanol had no impact on the basal or FCCP-un-
coupled respiration of isolated pancreatic acini. The observed data are consistent with the
findings of other researchers. However, alcohol exposure is not sufficient to cause mitochon-
drial damage in pancreatic acinar cells.

In conclusion, acute ethanol administration does not cause mitochondrial dysfunc-
tion in the pancreas of rats but causes an increase in pyruvate dehydrogenase activity.

Keywords: pancreatic acini, alcohol, dehydrogenase, glucose, pyruvate

Introduction

Ethanol consumption is a major factor causing acute pancreatitis. The pathogenesis of
pancreatitis is considered to be associated with mitochondrial damage [1]. At the moment it is not
clearly understood if mitochondrial damage is the cause or effect of pancreatic acinar cell dama-
ge in the early pancreatitis events. It has been established that ethanol in vitro leads to changes
in the functioning of mitochondria [20], Ca*" signalling [6, 19] and the generation of ROS [8]
in pancreatic acini. Nevertheless, these outcomes were not verified in vivo, and it is most likely
that ethanol requires additional factors to cause pancreatitis [12, 15, 17]. In our previous study,
we found that while a combination of ethanol and cholecystokinin administration to rats caused
a significant decrease of both basal and uncoupled respiration rate of isolated pancreatic acini,

© binonora O., Mansko b. O., Mazyp I'., Mansko B., 2024
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ethanol alone did not affect the uncoupled respiration and its effect on basal oxygen consumption
was less convincing [16] due to a complex experimental design.

The aim of this study was thus to re-assess the effect of acute ethanol administration on
mitochondrial respiration of rat pancreatic acini, supported by the dehydrogenase activity inves-
tigation.

Materials and Methods

All manipulations with animals have been performed by the EU Directive 2010/63/EU for
animal experiments and laws of Ukraine. Experimental protocols were approved by the Animal
Care and Use Committee of Ivan Franko National University of Lviv.

Experiments were carried out on Wistar white male rats (250-300 g). All animals were
kept under the standard conditions of a vivarium at room temperature (18—20 °C) on a standard
diet. Three hours before decapitation the animals were administered ~ 4 ml of water (control) or
40 % alcohol solution (6 g per kg of animal weight).

A suspension of isolated pancreatic acini was obtained following collagenase digestion
(Sigma, type IV, 0.2 mg/ml) according to the previously reported method [14].

Acini were obtained and stored in extracellular solution containing (mM): 140.0 NacCl,
4.7 KCl, 1.3 CaCl,, 1.0 MgCl,, 10.0 HEPES, 10.0 glucose, 2.0 glutamine, 2.0 sodium pyruvate,
0.01 % (wt/vol) soybean trypsin inhibitor, 0.25 % (wt/vol) BSA and MEM amino acid supple-
ment; pH 7.4 (NaOH). Cell viability was evaluated with the trypan blue test (0.1 %). Cell count-
ing was performed using a haemocytometer.

Oxygen consumption was measured with a Clark oxygen electrode at 37 °C using S1929
6-channel Oxygen Meter (Strathkelvin). Before respiration measurement, suspension of pancre-
atic acini was pre-incubated (15 min, 37 °C) in respective solutions with glucose (10 mM) with
oxidative substrates (2 mM pyruvate and 2 mM glutamine or 2 mM monomethyl-succinate or
dimethyl-a-ketoglutarate). Maximal uncoupled respiration was studied with protonophore FCCP
added step-wise to reach the final concentrations 0.5, 1, 1.5, and 2 uM as previously described
[15].

The activity of selected dehydrogenases was studied by a colorimetric method with ni-
troblue tetrazolium [11, 22]. Cells or lysate were incubated with 200 pl of either the complete
assay mixture or the assay mixture without substrate for 40 min at 37 °C [11, 22]. A separate al-
iquot of acini in suspension was homogenized in a lysis solution, containing 0.1 % Triton X-100
in addition to the basic solution. Enzyme activity was studied with colorimetric assay using a
DENOVIX spectrophotometer DS-11 FX+ in the 1 cm cuvette at a wavelength of 540 nm at
37 °C. Activity is calculated by subtraction of the absorbance of the containing the blank control
(without lysate).

All reagents used in experiments were of high purity and usually manufactured by Sigma
Aldrich. Each experiment was repeated on at least four separate preparations of isolated acini
from different animals (n>6). Statistical analysis was performed using Microsoft Excel software.
Data are presented as mean + standard error of mean. Statistical significance (P) of the difference
between the means was assessed in each case with a paired t-test.

Results and Discussion
In the first experiment, the suspension of isolated pancreatic acini was incubated for 15
min at 37 °C in the basic solution containing glucose and some of the substrates: monomethyl
succinate, dimethyl-a-ketoglutarate, pyruvate and glutamine.
Upon glucose and monomethyl succinate oxidation, adding 0.5 and 1 uM FCCP to the
respiration chamber caused an increase in the respiration rate to 1.8+0.24 and 2.4+0.27 r.u., re-
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spectively. At higher concentrations, FCCP caused a gradual decrease in respiration rate during
the oxidation of glucose and monomethyl succinate or dimethyl-a-ketoglutarate (Fig.1 4 and B
P<0.001) which is consistent with previous data [15]. When glucose, pyruvate and glutamine
were used as substrates, all concentrations of FCCP increased the respiration rate of isolated pan-
creatic acini (Fig.1 C, P<0.05 — 0.001). There was no statistically significant difference between
the alcohol and control groups. Alcohol caused no effect on the basal and maximal FCCP-un-
coupled respiration of isolated pancreatic acini when tested substrates were used (Fig. 2). These
results suggest that acute alcohol administration does not damage mitochondria in pancreatic
acinar cells, which might lead to acute pancreatitis [18]. Only a combination of ethanol with an
additional factors impairs pancreatic acinar cells in animal models [9, 12, 16].
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Fig. 1. The effects of in vivo ethanol administration (3 h) to rats on respiration of pancreatic acini: [glucose] =
10 mM, [pyruvate] = 2 mM, [glutamine] = 2 mM, [monomethyl-succinate] = 2 mM, [dymetyl-a-
ketoglutarate] = 2 mM, [FCCP] = 0.5-2 uM; * — statistically significant difference compared to

basal rate with P<0.05; Mean + SEM, n=6—8

Fig. 2. The effects of in vivo ethanol administration (3 h) to rats on basal and maximal FCCP-uncoupled
respiration of isolation pancreatic acini: [glucose] = 10 mM, [pyruvate] = 2 mM, [glutamine] =
2 mM, [monomethyl-succinate] = 2 mM, [dymethyl-a-ketoglutarate] = 2 mM, [FCCP] = 0.5-2 uM,;
Mean = SEM, n=6-8
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Fig. 3. The effects of in vivo ethanol administration (3 h) to rats on enzyme activity of pancreatic acini:

A — lactate dehydrogenases, B — glutamate dehydrogenases, C — a-ketoglutarate dehydrogenases,

D — isocitrate dehydrogenases, £ — pyruvate dehydrogenases; * — statistically significant difference

compared to control with P<0.05; Mean + SEM, n=7-8

It is known that ATP levels decrease in pancreatic acinar cells following various pancreatic
injuries [5], but the mechanism has not been fully studied. In the next experiment, we investigated
the activity of dehydrogenases, which play an essential role in producing ATP in cells.

It was found that alcohol administration caused a significant 2.3-fold increase in the pyru-
vate dehydrogenase activity in isolated pancreatic acini (1.22+0.27 vs 0.52 £ 0.07 r.u., Fig. 3, E,
P=0.02). The activities of other tested dehydrogenases were unchanged.

It is known that pyruvate oxidation under the influence of secretagogues occurs through
the activation of pyruvate dehydrogenase by Ca?". In vitro studies have shown that only high con-
centrations of alcohol lead to short-term alterations in Ca?" levels in pancreatic acini [4]. Other
studies have shown that ethanol concentrations ranging from 1 to 50 mM trigger the release of
Ca?" from stores in pancreatic acini [7]. In light of these, it seems that alcohol alone in a studied
concentration should not be enough to activate pyruvate dehydrogenase. However, non-oxidative
ethanol metabolism, which involves the formation of ethyl esters of fatty acids (FAEE), is domi-
nant in pancreatic acini in vivo [9]. In humans, 2 mM FAEE was detected at a concentration of 30
mM alcohol in the blood [2]. Data from in vitro experiments show that 10-100 uM FAEE induces
arise in intracellular [Ca?"] [4, 13]. Our previous experiments have shown that pyruvate supple-
mentation improves the survival of pancreatic acini when they are exposed to ethanol and CCK
[16]. We can assume that alcohol consumption to leads the formation of FAEE, which triggers
Ca?' release and the activation of the pyruvate dehydrogenase in rats. Consequently, acute alcohol
administration does not impact the maximal respiration rate of pancreatic acinar cells upon the
oxidation of each experimental substrate in vivo. Only the activity of pyruvate dehydrogenase in-
creases in pancreatic acini under the influence of alcohol, unlike other analyzed dehydrogenases.
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Ex30kprHHa QyHKIISI KIITHH alMHYCIB MiIUTYHKOBOI 3aJI03U € €HEePro3aJIeKHUM
nporecoM. KiiTwHI mocTiHHO HEOOXiZHO WiaTpUMyBath cralOutbHHME piBeHb ATO,
OaJaHCyrOUM MDK CTaHaMM akTWBamii Ta CHOKOI0. HM3BKWH piBEeHb E€HEPreTHYHOTo
3a0e3NeyeHHss € OJHUM 13 MOTCHIIMHUX MEXaHi3MiB, SKi CIpPUSIOTH PO3BUTKOBI
3aXBOPIOBaHb IMIANUIYHKOBOI 3ay03u. HaiimommpeHinmM 3aXBOPIOBaHHSIM ITiAIITYHKOBOT
3aJI03H € TOCTPHIl MaHKpeaTHT. BigoMo, 1m0 HaaMipHEe CHOXKMBAHHS aJIKOTOJIIO € YNHHIKOM
PO3BUTKY HaHKpeaTtuTy. [laToreHes IbOro 3axXBOPIOBAHHS IIOB’SI3YIOTH i3 IMOPYIICHHSIM
KIITUHHOI €HepreTHKH, IIPOTe MEXaHi3M Jii eTaHoJIy Ha MITOXOHJpIl alMHApHUX KIITHH
IAIDTYHKOBOT 3QJI03M 3aJIMINAETHCS HEOCTaTHRO BHBYEHHMM. lle nocimijukeHHs Mano Ha
METi OIIHUTH BIUIUB OJTHOPA30BOTO BBE/ICHHS AJKOTOMI0 Ha (QYHKIIOHYBaHHS MITOXOHPIH
aIMHAPHUX KIIITHH MiAIDTYHKOBOT 321031 Iy PiB.

lypam ninii Wistar nepopajbHO BBOAWIM aJKOroib (6 TI/Kr Macu TBapHHH)
OJTHOPA30BO 3a 3 ToJ1 10 MPOBEICHHS eKCIIepUMEHTY. [laHKkpeaTHHI alHyCH 130JTI0BAH 32
JIOTIOMOTOI0 KoJlareHasH. JIMXaHHs 130Jb0BaHMX HMaHKPEATHYHHUX allHYCIB JOCII/PKYBAIN
3 BHKOPHUCTAaHHAM enektpony Kiapka. MakcumaiabHy HDIBHAKICTH JUXAHHS OLIHIOBAIH,
BHUKOPHUCTOBYIOUH pi3HI KoHIeHTpanii npotoHohopy FCCP (0,5-2 MxM) y cepenosuiii,
110 MICTWJIO TJIFOKO3y B KOMOIHAIIT 3 IHIIMMH OKHCIIOBAJIBHUMU cyOcTpaTamu (ipyBaToM
I TIIyTaMiHOM, MOHOMETHJCYKIMHATOM a00 JMMETHI-0-KeTOINyTapaTtoM). AKTHBHICTH
JeT1IporeHa3y BUMIpIOBAIM KOJOPUMETPHIHUM METOIOM.

BBemennst ankoromo (3 rom) miypaM CHPHYMHUIO CTaTHCTHYHO JOCTOBipHE
3pOCTaHHSl aKTUBHOCTI mipyBataeriaporenasu. byno migrsepmkeno, mo FCCP mpussis
JI0 30UTBIICHHS MIBUKOCTI TUXaHHS allMHAPHUX KJIITHH MiAIUTYHKOBOI 3aJI03M B KOXHIH
ekcniepuMmeHTanbHid Tpymi. JonaBanus 1,5 MkM FCCP 3HU3WIO NIBHIKICTH JUXaHHS
MAaHKPEATHYHUX alWHYCIB IIiJl 9ac OKWUCHEHHS TJIOKO3M Ta MOHOMETHJICYKIIMHATY abo
JMMETHII-0-KEeTOITyTapary, ajge He IIiJ] 4ac OKHUCHEHHS CyOCTpaTiB TIJIOKO3M, IipyBaTy
i TIyTaminy. BBeneHHs1 eTaHONIy He BIUIMHYJIO Ha 0a3aJibHy Ta MaKCHMaJIbHY IIBHAKICTDH
JIMXaHHS 130JIbOBAHUX Aal[MHYCIB IiIUTYHKOBOI 3ayi03u. OTpUMaHI JIaHi Y3rO/UKYHOTHCS
3 pe3yabTaTaMu IHIOIMX JOCTipKeHb. OYeBHIHO, IO BIUIMBY TUIBKHM JIMII AJIKOTOJIO
HEJIOCTaTHBO, LIOOM CHPUYMHUTH MITOXOHJApPiaNbHE HOIIKO/DKEHHS AlMHAPHUX KIITHH
I AIITYHKOBOT 3aJI03H.

OTKe, 0THOPa30Be BBEACHHS aJKOTOJIO IIlypaM He CIPHYMHIIIO MITOXOH/IPialbHOT
mucyHKIII B alMHAPHUX KIITHHAX MiANUIYHKOBOI 3aJI03U IIMypiB, MPOTE JOCTOBIPHO
ITiIBUIIYBaJIO aKTUBHICTH MipyBaTACTiAPOTreHa3N.

Kniouosi cnosa: maHKpeaTWdHI aIMHYCH, AJNKOTONb, NIETiAPOTCHA3H, INMIOKO3a,
mipyBaT
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BIIIUB TPUBOXXHOCTI il HABYAJIBHOTO CTPECY HA IIOKA3SHUKH
®I3I0JIOTTYHOI'O TPEMOPY KUCTI OCIB ) KIHOYOI CTATI

L. FHaTuyk, C. Buukosa, T. KopoJs®, JI. BaunHcbka, JI. Cepounn

JIvgiecvkutl nayionanvuull ynigeepcumem imeni leana @panxa
syn. I pywescvrozo, 4, JIvsie 790035, Vkpaina
e-mail: tetiana.korol@lInu.edu.ua

Ctpec € MpUYMHOIO IMOSBY MOCHIICHOTO (izionoriynoro Tpemopy [4]. HaBuanbHa
JISUTBHICT cama Mo co0l € HampyXEHOK Ta CTPECOTCHHOK [6], 0cOOMMBO y mmepiof
HaNUCaHHS MOIYJBHUX KOHTPOJNBHUX pOOIT UM CKJIAJaHHS iciuTiB. TpPUBOXHICTH
MOXE ITOCHIIIOBATH TPEMOP 4Yepe3 MiABUINEHHS 30yUIMBOCTI HEPBOBOI CHCTEMH, IO
TIPOSIBIISIETHCS MiABUILECHOIO PEAKTHBHICTIO MOTOPHUX HelpoHiB. Lle 3011bInye cXmbHICTh
JI0 HEKOHTPOJILOBAaHMX M SI30BUX CKOPOYEHb i, BIAMIOBIAHO, TpeMopy. MeToto po6otu Oyiio
JOCIIIUTH BIUIMB HAaBYAIBHOTO CTpecy (MOJIYJIBEHOI KOHTPOJIBHOI POOOTH) HAa MOKa3HUKU
(i310JI0T1YHOTO TPEMOPY BEPXHIX KIHI[IBOK CTYJACHTOK 3arajioM i 3aJIe)KHO BiJl piBHS iXHBOT
TPUBOXHOCTI 30KpeMa, a TaKOX BUSIBUTH B3a€MO3B’S30K MiX ITOKa3HHUKaMH TPEMOpy Ta
YaCTOTOIO CEPLEBHX CKOPOUYEHB 1 apTepialIbHUM THCKOM OOCTEXKYBaHHX.

Mu npoaHaii3yBajll aMIUIITyJHO-4aCTOTHI ITOKa3HUKH TPEMOpY KHCTi IpaBoi Ta
JBOT PyKH, a TAaKOX piBeHb TPUBOXKHOCTI 14 cTyneHTok BikoMm 19-20 pokiB. OGcTexyBaHi
HaJIali MUCBMOBY 3TO/Iy IIIOJIO Y4YacTi y JOCHTI/PKEHHI. YCi CTYJICHTKH HE MaJId B aHaMHe31
HEBPOJIOTIYHMX 1 pyXOBUX po3namiB, 93 % (13/14) i3 Hux Oynu NpaBOPYKUMH.

YactoTy ¥ aMIUIITYyZy TpEeMOpy PEECTpyBaIM y ABOX MO3ULISAX — Y BUIBHOMY
TIOJIOKEHH] (KUCTh 3BHCaja 3 OMOPHOI MOBEPXHI JOJIOHEIO IOHU3Y) Ta Y TOCTYPaIbHOMY
MOJIOKEeHH] (KHCTh Oyi1a po3MillieHa MapajeibHO OIOpHil MOBEPXHI JOJIOHEO JOHU3Y) 3a
nonomMororo akcenepomerpa MPU6050 (InvenSense, Kurait). st 34nTyBaHHS pe3ynnbTaTiB
3 aKceJepoMeTpa BUKOPHUCTOBYBAIN aBTOPCHKY MporpaMy. ApTepiabHUH THCK BU3HAYAIN
3a MmerogoMm KoporkoBa. BuMiproBaHHsS apTepiabHOrO THUCKY i YacTOTH CEpLEBHX
CKOPOYCHB 3/IHCHIOBAIN 3a JOMOMOTOI0 ocmiIoMeTpudHoro Tonomerpa Microlife BP N1
Basic (Switzerland). /Iyt Bu3HaueHHS PiBHS TPUBOXKHOCTI 3aCTOCOBYBAIM OIMHUTYBAaJBHUK
DASS-21, Ha OCHOBI SIKOTO TOMUTHIIM JOCIPKYBaHHX OCI0 Ha TPU TPYIHH BiAMOBIIHO JO
PiBHS TpUBOXHOCTI: oMmipHuit (1-5 GaniB), cepenniii (6—7 6axiB) i crubHuit (820 Gaiis).
o mepmof rpynu yBiHInIO 5 cTyneHTOK (OHA 3 HHX JIBOPYKa, pemita IpaBoOpyKi), IO
Jpyroi Tpymu yBidmum 4 crymeHTKH (yCl IMpaBOpyKi) Ta IO TPEeThOI Ipymu yBiHmuM 5
CTYZICHTOK (yci IPaBOpyKi).

BiporigHicTe pi3HHLI cepenHiX apu(METHYHHMX IBOX BHOIPOK OIHIOBAIHM 3a
kputepieM CThIOICHTA 32 YMOB, 110 JIaHi OyJTH PO3MOAUICHI HOPMAITBHO. Y pasi BiIXUICHHS
PO3MOAINTY BiJl HOPMaJBHOTO JUIsl MOPIBHSHHSA BHOIPOK BHKOPHCTOBYBaJIM TecT MaHHa—
BitHi.

Jst yciel rpymu ctyaeHTok (n=14) noka3HukH (i3ioioridyHoro Tpemopy npasoi Ta
JiBOT KiHIIBKY SIK y BUTBHOMY, TaK 1 y MOCTYPaJIbHOMY ITOJIOXKE€HHI KUCTI He BiIpi3HSUTHCS
nepe]; MOJYJIbHAM KOHTPOJIEM Ta y 3BUYaiHUH HAaBUAJIBLHUH JA€Hb.

[Ticnst po3nopiny CTYAEHTOK 3a piBHEM TPHBOXKHOCTI 3’SCyBallM, IO y Tpymi
3 MOMIPHMM pIiBHEM TPUBOXKHOCTI OyJIO 3HIDKEHHS YacTOTH TPEMOpY HpaBoi pyKH y
BiIBHOMY TostoxkeHHi kucTi Ha 10,2 % (p<0,05) nepen MOIyIbHUM KOHTPOJIEM MOPIBHSHO
i3 HaBYAJILHUM JHEM Oe3 3aMmipy 3HaHb. Y JHI 6€3 MOIYJHHOTO KOHTPOJK 3HAHb Y 0Ci0
31 CHJIBHUM piBHEM TPUBOKHOCTI BCTAHOBIJIM MPSIMHN KOPEISIIHHIN 3B’ 30K MIXK piBHEM
TPUBOXKHOCTI i 4acTOTO (i3ionoriyHoro tpemopy aiBoi pyku (1=0,99; p<0,05), a Takox

© Tnaruyk l., buukosa C., Kopons T. Ta in., 2024
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MiX piBHEM TPUBOXKHOCTI i aMILIITY 1010 TpeMopy IpaBoi pyku (1=0,95; p<0,05) y BizbHOMY
nosnokeHHi. YactoTa Tpemopy JiBoi pyku y il rpymi 6yna Himkgoro Ha 12,87 % (p<0,05),
MOPIBHAHO 3 0co0aMM 31 cepelHiM piBHEM TPUBOXKHOCTI. Y 0cCi0 i3 MOMIpHHM piBHEM
TPUBOXKHOCTI CIOCTEPIrajil CHJIbHY KOPENALiI0 MDK piBHEM TPHBOXKHOCTI M 4acTOTOIO
TpeMopy aiBoi (1=0,84;p<0,05) Ta mpasoi (r=0,76; p<0,05) pykxu y BUTbHOMY HOJIOKEHHI 32
BiJICYTHOCTI MOAYJIFHOTO KOHTPOJIIO 3HAHb.

Y Bciif BUOIpII CTYJEHTOK 3a YMOB HaBYaJbHOTO CTPECY BCTAHOBWIM CHIIBHHUN
kopemauiitauit 3B>s130k Mk YCC 1 wactoTtoro Tpemopy (1=-0,70; n=14; p<0,05), a Takox
ammtiTynoro Tpemopy (1=0,75; n=14; p<0,05) npaBoi pyku y nocTypaibHil MO3UIIT KUCTI.
Besnocepennpo nepea HanMCaHHAM MOIYJIbHOI KOHTPOJIBHOI pOOOTH HEraTHBHA CEPEIHbOT
CHJIH KOpeJtALis Oyia MiX aMIUTITYIOI0 TPEMOpPY NMPaBoi pyKH y BUIBHOMY IOJIOKEHH] KHCT1
AAT _ (r=-0,62; p<0,05)i AT (r=-0,63; p<0,05).

Orxe, ammiiTyaa i vacrora (i3ioJOTiYHOrO TpeMopy MpaBoi Ta JiBOI PyKH
CTYICHTOK Yy BUIPHOMY IOJIOKEHHI KHCTI YacTKOBO 3aJIC)KUTh BiJ PIBHSA TPHUBOXKHOCTI
ocobu. 3a BiACYTHOCTI KOHTPOJBHOI POOOTH B 0Ci0 31 CHIBHMM piBHEM TPHBOXKHOCTI
YyacToTa TpeMopy JIiBoi pyku Oyia CTATUCTUYHO 3HAYYIIe HIXKYOIO, IIOPIBHSAHO 3 0COOaMu
31 cepeZiHiM piBHEM TPHUBOXKHOCTI. Y 0Ci0 i3 MOMIpHUM piBHEM TPUBOXHOCTI CIIOCTEpiraau
3HIDKEHHSI 9aCTOTH TPEMOPY MPaBoi PyKH y BUTBHOMY TOJIOKEHHI KUCTI Iepe] MOAYIbHUM
KOHTPOJIEM, TIOPIBHSAHO 3 HABYAJIBHUM JHEM 0e3 3amipy 3HaHb. Y BCilf BUOIPIIl CTYIEHTOK
32 YMOB HaBYaJIbHOI'O CTPECY BCTAHOBUIIM KOpessiuiiHui 38’ 130K Mk UCC 1 ammiTy oo i
4acTOTOO TPEMOPY NPABOi PYKH y MOCTYPaTbHOMY CTaHi KHCTi, a Takoxk Mk AT 1 AT
# aMIITTyJOI0 TPEMOpPY MPaBOi PyKH Y CTaHi COKOO KHCTI.

Kurouosi cnosa: crpec, TpeMop, TPUBOXKHICTb, aKCEIePOMETPis

Y 3110pOBOi JTIOAMHI MOXHA 3apEECTPYBATH (i310T0TIIHII TPEMOD, SIKHH XapaKTepHU3yIOTh
SIK HI3bKOAMILTITY IHI pyxu 3 9acToToro 8—12 T'11[10,21]. 3a neBHUX yMOB (TPHBOTa, XBHIFOBAHHS,
M’s130Ba BTOMA, BIUIMB NESIKUX JIiKiB, KoeiHy Tomo) aMmrutityna (i3ionorigHoro TpeMopy
MOXE 3POCTH IMOHaA HopManbHe 3HadeHHs [4, 16.]. Takuil TpemMop Ha3MBalOTh NOCHIEHUM
(i310JIOTIYHAM TPEMOPOM.

HaBuanpHa AisUTBHICTE € HAmpy>KEHOI0 Ta CTPECOTeHHOI0 [6], ocoOmmBO y mepion
BUKOHAHHS MOIYJIBHAX KOHTPOJBHHUX POOIT UM CKIAJaHHA ICHHTIB. Y CTYACHTIB BHIIUX
HaBYAJIBHUX 3aKJIa/liB CTPEC MOXKE OyTH CYKyITHUM €MOLIIITHNM pe3yIbTaTOM HaBYAIEHOI pOOOTH,
HEBU3HAYCHOCTI B MalOyTHhOMY, TPYAHOIIIB y (OpMyBaHHI Mi>KOCOOHCTICHHX CTOCYHKIB,
HeBIEeBHEHOCTI B co0i Tomo [3]. JoBeneHo, Mo eMOUWiHHUI CTpeC MPU3BOAMTEH O SKICHUX i
KUTBKICHUX 3MiH TIOKa3HHKIB TpeMOpy Y 3mopoBux oci6 [23]. HaBuanpHuil, 4 akaneMidHUi,
CTpec BIUIMBAE Ha EMOIIifHE OIaromoIyds, IKiCTh JKATTA W YCIINTHICT CTYACHTIB. BcTaHOBIEHO
MTO3UTHBHUI KOPEISAIIHHIN 3B>S30K MIXK TAKIMH BUAaMH HaBYAIIbHOI AiSTIBHOCTI, STK BHKOHAHHS
JIOMAITHBOTO 3aBJaHHS, IPOXOPKEHHS TECTYBaHHS, po00Ta B ayJUTOPii, Ta pIBHEM XPOHIYHOTO
CTpecy y CTYICHTIB yHiBepcuteTy [13].

Ha croromni HaBYanpHHi cTpec i3 HOTro MposBaMH Ta HACHiAKaMH OUTBIIOI0 MipOIO
BHUBYEHO 3 TOYKH 30pY ICHXOJOTIi Ta memaroriku. ToMy NOCHIIPKEHHS BIUIMBY HaBYAJIBHOTO
cTpecy Ha (i3i0ONOTIUHI TMOKA3HUKH CTYICHTIB 3aJICKHO BiJl PIBHSA iXHBOI TPHUBOXKHOCTI €
aKTyaJbHOIO ITPOOIEeMOI0 BUBUCHHS peakilii opraHizMy 37100yBadiB OCBITH Ha Jif0 aKaJeMidHUX
cTpecopiB. Y 3B)A3KY 3 IIMM MU BUPILIITH JOCTITUTH TOKa3HUKH (i310JIOTIHIHOTO TPEMOPY KUCTI
CTYACHTOK Y BIIbBHOMY MOJIO’KCHHI (KHCTh 3BHCAE 3 ONOPHOI MOBEPXHI JOJOHEI0 AOHH3Y) Ta Y
MOCTYPaIbHOMY TTOJIOXKEHHI (BHTATHYTa KHCTh, SIKa PO3MIIIEHA MapaelbHO OMOPHINA MOBEPXHI
JIOJIOHEIO TIOHN3Y) Oe3MmocepeIHbO Mepes MOAYJIFHOI0 KOHTPOIBHOIO POOOTOIO.

[linBuimeHne HepBOBO-eMOIifHE ¥ IHTENEKTyaJdbHE HABAHTAKEHHA OB s3aHE 31
30UTBIIICHAAM TPEMOpPY KiHIIBOK. Tak, po3ymMoBa MisUIbHICTH, a caMe BHKOHAHHS BIPaB Ha
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OOYHMCIICHHS, TOCWIIOBAIA TOCTYypajJbHUI TPEeMOp KiHIIBOK 3I0pOBUX JOOpOBOJBIIB [2].
Hefipodisionmoriuni 3MiHHM, a BIATaK MOCHICHHS aMIUNTyad (i3i0JI0OTIYHOIO TpPEMOPY B
MOCTypaIbHOMY CTaHi KiHmiBku, Budini et al. crocrepirany mia yac BUKOHAHHS KOTHITHBHHX
3aBIaHb. MU JK BUPIIIMIN JOCTIIATH TOKA3HUKH (Pi31070ri4HOrO TPEMOPY CTYACHTOK B YMOBaX
MiIBUIIIEHOT TPUBOXHOCTI TIEpe]T KOHTPOJIEM 3HaHb.

Hanmcanust KOHTPOJBHOI pOOOTH TIOB’sI3aHE 3 IIJBUIIEHHM HEPBOBO-EMOILIHHIM
HaIpY>XEHHSIM CTYJIEHTiB. AKTHBHA PO3YMOBa IisJIbHICTh, MOCHJIEHA KOHIIEHTpAIlisl YBarw,
CTHUCITi YaCOB1 pAMKH Y CYKYITHOCTI € CTPECOTEHHIUM YHMHHUKOM JJIs1 O1TIIOCTI 3 HUX. BU3HaueHHs
YUCC — onuH i3 00’€KTUBHUX METOJIIB OIIHIOBaHHS piBHA cTpecy [18]. Tomy meroro poboTu
OyJI0 TOCHIIUTH, YU 3MIHIOIOTHCS TIOKa3HUKHU (dizionorignoro tpemopy Ta UCC sk iHAUKATOpH
aKTHBaIlli CHMIIATUYHOT HEPBOBOI CHCTEMH I 9ac CTPECOBOi cHTyallil (y HAIIOMY BUTAAKY
nepen MOAYJIBHOI KOHTPOJIEHOIO POOOTOI0) 3arajoM Ta 3alie’kKHO BiA PiBHA TPUBOKHOCTI
o0cTexyBaHHX 0ci0 30Kpema.

TpUBOXKHICTH — I1€ TICUXOJIOTIYHUH, (i310JOTIYHUN 1 TOBEIIHKOBUN CTaH, CIPUIMHEHUN
y JIFOJIMHHM 1 TBAPUH 3arPO3010 0JIAromony4dio ad0 BIKHBAHHIO, (DAKTUYHOIO 200 MOTEHIIIHOIO.
Bin xapakTepusyeThCsl MiIBHUIIEHUM 30Y/DKCHHSM, OUiKyBaHHSM 3arpo3d 4Yd HeOe3MeKw,
BEreTaTUBHOIO Ta HEHPOCHJIOKPUHHOKI aKTHUBAIIEI Ta CHEUU(DIYHUMH MOJAEISIMHU HOBEIIHKH.
DyHKIIISA MUX 3MIH [TOJISTa€ y TOMY, 1100 ITOJICT M TH IT010JIAHHS HECTIPUSITIMNBOI 00 HECITOIIBAHOT
cutyarii [17]. TpuBora 4acto CynpoBOKYETbCS COMAaTHIHUMH IMPOSBAMHM, SKi CBi4aTh PO
aKTHBAIII0 CUMIIATHYHOI HEPBOBOI cucTteMu, a came minBuiieHHsS YCC, 30iIbIIeHHS 9acTOTH
JIUXaHHA, TTOCHJIEHHS TOTOBUAUICHHS TOIIO. BiNBIIOI Mipoo 3B’S30K MiX TPHUBOXKHICTIO Ta
(YHKIIOHAJLHIUM CTaHOM aBTOHOMHOI HEPBOBOI CHCTEMH IOCIIIKEHO B OCIO 3 mempeciero,
MaHIYHUMH aTakaMH Ta TeHepali30BaHUM TPUBOXKHHM po3ziamoMm [15, 8]. TpuBora mocuiroe
Tpemop. JlocimKeHHST B3aEMO3B)SI3KY MiXK TPUBOXHICTIO 1 TPEMOPOM aKTUBHO BUBYAIIN Y 0Ci0,
npodeciiiHa TisUTbHICTh SIKUX MTOB)SI3aHa 3 APIOHOI MOTOPHKOIO PYK. SHIKECHHS IHTEHCHBHOCTI
TPEMOPY Y XipypriB-cTaxkepiB Moke OyTH 3yMOBJIEHEe 3MEHIICHHAM TPUBOKHOCTI [20]. Bimomo,
110 paHiie T0CTiHKYBaan e)eKTHBHICTh BIUTMBY B-aApeHOOIOKATOPIB HA 3MEHIIICHHS TPEMOpY,
CIIPUYMHEHOTO XBIJIIOBAaHHIM y XipypriB-CTaXepiB [5] UM CIIEHIYHUM CTPaxoM Y My3HUKaHTiB [9].

Mu npunmycTwiIH, 1Mo 3MiHa MOKa3HUKIB (Di3i0J0TIYHOTO TpeMOopy Tepes MOIYJIBHOIO
KOHTPOJBHOIO POOOTOI0, KA € CTPECOTeHHMM YHHHUKOM, MOXE BiJIPI3HATHUCS 3QJICKHO BiJ
piBHS TpuBOXHOCTI. OCKIJIPKM Y HAYKOBiM JiTepaTypi HEIOCTaTHBO NaHUX IPO B3aEMOJIIO
MDK piBHEM TPHBOXKHOCTI Ta TPEMOPOM Yy KOHTEKCTI HAaBYAJIBLHOTO CTPECY 3 aKIEHTOM Ha
(i310JI0TIYHI TOKA3HUKK y PI3HUX MOJIOKEHHSIX KUCTI PYK, HOCIIIKEHHS TPEMOPY Y BIIBHOMY
Ta MOCTYypPAIIbHOMY TIOJIOKEHHSIX HaOyBa€ Ba)KJIMBOTO 3HAUYEHHS. Take MOPIBHSAHHS Ja€ 3MOTY
mHOIIe 3pO3yMITH MEXaHi3MHU BILTUBY TPUBOXKHOCTI H HaBUAIBHOTO CTPECY Ha TPEMOp PYK i
OIIIHUTH Pi3Hi aCMIEKTH PyXOBOi aKTUBHOCTI Y BiAMOBIIb HA CTPECOB1 YNHHUKH.

JlocnmipkeHHsT BIUIMBY HaBUYAIBHOTO cTpecy Ha (izionoriunuii tpemop, YCC i AT,
SIKI KOHTPOJIIOE aBTOHOMHA HEPBOBA CHUCTEMa, JOMOMOXKE 3PO3YMITH BiAMOBIAL OpraHi3zMy
CTYyJIGHTOK Ha akaJeMidHi CTpecopu 3arajioM. ToMy MeTOr poOOTH OYyJo IOCHTITUTH BIUIMB
HaBUYAIBHOTO CTpecy (MOMYIBHOI KOHTPOJIBHOI POOOTH) HA MTOKA3HUKH (Pi310JIOTIYHOTO TPEMOPY
BEpPXHIX KIHIIIBOK CTYACHTOK 3arajoM i 3aJie)KHO BiJl PiBHS IXHBOI TPUBOXHOCTI 30Kpema, a
TaKOX 3’sICYyBaTH HassBHICTh B3a€EMO3B 3Ky MiXk rokasHukamu Tpemopy Ta UCC i 3HaueHHsM AT
00CTeXKyBaHHX.

Marepiaau Ta MmeToaH

VY nmocnimkeHHi B3sM y4acth 14 cryseHTOK OiosoridHoro Qakyiabrery JIBBIBCHKOTO

HAIlIOHAJIBHOTO YHIBepcuTeTy iMeHi IBana ®panka Bikom 19-20 pokiB. J{oCmiKeHHS BUKOHAHO



I. THamuyyk, C. budkosa, T. Koponb ma iH.
ISSN 0206-5657. BicHuk JlbBiBcbKkoro yHiBepcuteTy. Cepis 6ionoriyHa. 2024. Bunyck 92 141

srimHo 3 ['enbCiHCHKOIO Jekiapariiero BcecBiTHROI MeauuHol acoriiamii «ETHYHI TpUHIATH
MEINYHUX JOCHI/DKeHb 3a Y4YacTIO JIIOAMHM SK 00’€kTa JociuipkeHHs». CTyIeHTKH HaIaid
MICHMOBY 3T0JTy IIOJI0 Y4acTi y HboMy. JlOCIi[PKEHHSI IIPOBOIMITH Y KOBTHI—HCcTONaal 2023 poky.

Peecrpariito Tpemopy 3ailCHIOBaNIN 0€3MOCEPEIHbO TEepe]] MOAYJIbHOI KOHTPOJIBHOIO
poboTOI0 Ta Y 3BUUAiiHI HABYAJIbHI JIHI, KOJIM Y CTYJICHTIB HE OyJI0 KOHTPOJIbHUX 3aMIpiB 3HAHb.
OO0cTexxyBaHi He BXKUBAIM KaBy M MIIHUI Yaii, He BUKOHYBaJIM BaXKy (i3udHy poOoTy mepen
nmocimkerasaMu. 93 % crymentok (13/14) Oynu npaBopykumu, 100 % CTyIEHTOK HE Maju
HEBPOJIOTTYHUX PO3JIA/IiB, IKi CYIPOBOIKYIOTHCS TPEMOPOM PYK, ane y 14 % niByar (2/14) 6:1u3bki
poAMYl MarOTh HEPBOBO-M’SI30Bi MATOJIOTIi, MOB’s3aHi 3 TPEMOPOM BEPXHiX KiHIIBOK. [lepen
peecTpariiero TpeMopy y 3BHYaliHHMI HaBualbHHUH jaeHb 86 % cryneHTok (12/14) nmosigommiy,
110 Ha HUX HE JiI0Th JKOJIHI CTPEeCOBl YMHHUKH, a 14 % cTyneHTok (2/14) — 0 Ha HUX CTPECOBI
YUHHHUKH JiI0Th. HaToMicTh nepen MoaynbHUM KOHTposieM 86 % crynenTtok (12/14) BimuyBanu
BIUIMB CTPECOBHMX YMHHHKIB, a 14 % ctyneHTok (2/14) — Hi.

YacToTy # aMILITyly TPEMOpY PEECTPYBAIM Y JBOX ITOJIOKEHHSX KUCTI — y BUJIBHOMY
MOJIOKEHHI (KUCTh 3BUCAja 3 OIOPHOI MOBEPXHI JOJIOHEIO JOHM3Y) Ta Y HOCTYPaIbHOMY
MOJIOKEHHI (KHCTh Oylia po3MillleHa MapajeilbHO OMOPHIH MOBEPXHI JOJOHEI IOHM3Y), SK
e onucano pawime [1]. JlocmimkeHHsT TPOBOIMIN 32 IOMOMOror0 akcerepomerpa MPU6050
(InvenSense, Kurait). BinkaniOpoBanuii akceaepoMeTp po3MilyBalu Ha 2 CM HPOKCUMaJIbHIIIIe
JIPYTOTO I’ ICTKOBO-(haslaHroBOro cyriio0a. TpusaiicTs 3amucy cranoBmia 30 ¢ y KOXKHIH MO3HUIIIT
kucTi. Tpemop, CpUYMHEHNH 3rMHAHHSIM-PO3TMHAHHIM IMPOMEHEBO-3aIl’ ICTKOBOTO Cyriooa,
peecTpyBaid HaBKOJIO (hPOHTAIBHOT OCI (BiCh Z aKCcenepoMeTpa).

IMix yac 3anmcy oOCTeXyBaHi 3pY4HO CHAUIM Ha CTUIBII BHCOTOI 46 CM 3 MPSMOIO
cnuHKOW. [lepeamiiuus po3TanioByBaid Ha Py4Kax CTUIbLS TaK, 100 JIKTHOBHH BiIPOCTOK
OyB Ha pIBHI KiHIIS OBEPXHI PYYKH CTUIBISL. Y Iii MO3MILIT KyT 3rUHAaHHS JIKTHOBOTO CYrio0a
cranoBuB 90°. [lmedoBuii cyrnob OyB 3merka BigBeAceHWA. [1o0KeHHS Tisla 3arajgoM i BEpXHBOT
KIHIIIBKM 30KpeMa IiJ Yac peecTparii TpeMopy Mae€ BHpilladbHE 3HAYCHHS IS TOTO, MI00
13011t0BaTH (i310JIOTIIHUN TPEMOP PYK Bi OyIb-sIKUX 1HIINX PYXiB Tija, SIKi MOTEHIIIITHO MOXYTh
CIIOTBOPUTH CUTHAI akcenepomerpa [21].

Jlnst 3UuTyBaHHS pe3yJbTaTiB 3 aKcelnepoMeTpa BUKOPUCTOBYBAJIM aBTOPCHKY MPOrpamy.
OTpHuMaHi NMOKa3HUKU MPHUCKOPEHHs y neBHU MOMeHT 4yacy (0—30 c) BHECEHO B CepeloBHIIE
nporpamu «OriginPro» i moOynoBaHo rpadiky 3aeXHOCTI 3MIHM MPHUCKOPEHHS Bij vacy. 3a
noroMororo GyHKIIT mBuake neperBopenHs Dyp’e wiei nporpamu (poBipunii intepsan 0,05)
OTPMMAaHO YaCTOTHI i aMIUTITY/IHI XapaKTEPUCTUKN KOJIMBaHb. [ MOAaIbIIOro OnpafoBaHHs
BHKOPHCTAHO YaCTOTY 1 aMILIITy Ly nepiunoi rapMoHiku [1].

AHaJi3 TPOBOIWIM B 4YacTOTHOMY miama3oHi 2—30 I'm, mio mae 3MOry BiZOKpPEMHUTH
KOMIIOHEHTH (i310JI0TIYHOr0 TPEMOPY Bif OaiCTHYHOIO CEPIIEBOTO IMITYJIbCY, TAKUM YHHOM
CKOPOYEHHSI CepIis 1 KPOBOTIK HE BILUIMBAJIN Ha BUMIPIOBaHI TOKAa3HUKU.

Besmnocepennbo mepes peectpariielo TpeMopy BUMiptoBanu aptepianbhuii THcK (AT) i
gactoty cepiieBux ckopouers (HCC). AprepiaabHuii TUCK BU3HAYAIU 32 MeTo0M KopoTkoga.
BumiproBaruas AT 1 UCC 3aiiicHuIM 3a TOMOMOTOI0 OCIHIIOMETPUYHOrO ToHOMeTpa Microlife
BP N1 Basic (Switzerland).

VYci obcrexeni 14 CTyneHTOK MPOMIIUIM aHKETYBaHHS 32 BaJiJJOBAHHUM ONUTYBAILHUKOM
«DASS-21» [7], sxuit OyB 3ampomoHOBaHMi M y BUIIAAI Iyrn-¢opmu. Ilig gac 3amoBHEHHS
ONUTYBAJILHUKA CTYICHTKH MaJM OI[IHUTH CBOI eMOIIii Ta Iii B CHTyaIlisIX, HABEACHUX y ITyHKTaxX
3anMTaHb. 3a BIAMOBIAI MO KOXHIM i3 TpbOX Mimmkan HaOupanmucsi Oanu, 110 OIHIOBAIH
TPUBOXKHICTh SIK HOpMalibHUI piBeHb (1-4), momipuuii (4-5), cepenniit (6—7), Baxkuii (8-9) i
Haa3Bu4aiiHo Baxkkuit (10 1 Buie). I MOAANBIIOro aHamizy MH 3rpYIyBald CTYACHTOK y TPH
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TpynH: 3 TOMIPHUM piBHEM TpUBOXKHOCTI (1-5), cepeanim (6—7) i cumpHuM (8 1 Buie). Jlo mepmoi
TPyNH YBIHIIUIA 5 CTYAEHTOK (0JJHA 3 HUX JIIBOPYKA, PeIlTa MPaBoOpyKi), 0 IPpyToi TpyIy yBIAILTH
4 crynentku (yci mpaBOpyKi) i 10 TPETHOI TPYIH YBIUILIHN 5 CTYJEHTOK (yCi IPaBOPYKi).

CratucTHYHUI aHaTi3

[lepeBipky po3mojiiy Ha HOpMAIBHICTb 3AIHCHIIM 3a joroMoroo tecty lllanmipo—Binka.
OuniHtoBasy cepeiHe 3HaueHHs (M), cTaHIapTHY MOXMOKY cepeTHBOr0 (M) Ta CEPEAHE KBaIpaTHIHE
BIAXWIEHHS (G) Ul KOXKHOTO IMOKa3HWKa. BiporiiHicTh pi3HUILI cepeHix apu(pMETHYHHUX IBOX
BUOIPOK OIiHIOBaNM 3a KpuTepieM CThIO/ICHTa 3a YMOB, 110 JIaHi OyJIM pO3MOALICHI HOPMAIBHO.
VY pasi BiOXWIeHHS PO3MOAUTY BiJl HOPMAJIBHOTO IJIsi TOPIBHSHHS BHOIPOK BHUKOPHCTOBYBAJIH
tect Manna—BirtHi. [IpoBomimy kKopensmiiHuA aHai3 Uil BU3HAYCHHS KOe(ilieHTa KOPEISIii
[ipcona. 3nauenns koedimienTa kopemsmii [Tipcona inTepnperyBanu Takum giHOM: Big 0,5 10 0,69
cepenHiil piBeHp Kopemsmii; Bixg 0,7 mo 1 — cuipHMIT Kopesmiitanii 38’ a30K. [103uTHBHI 3HAYEHHS
KoediIieHTa KOpelsIlii CBiI4aTh Mpo MPsIMHIA 3B’ 30K, & HETATHBHI — MPO 0OEPHEHUI 3B’ 30K MK
JIOCII[UKYBaHUMH MToKazHrKamu. OLiHIOBAITM 3HAYYIIICTh Kopesiiii 3a p<0,05: Ko po3paxoBaHe
3HAYCHHS t-KPHUTEPit0 OyJI0 OUIBIINM 32 KPUTHYHE 3HAYCHHS LIS BiAMOBIqHOT BUOipKku. HeoOxinHi
CTAaTHCTUYHI PO3paxyHKH BUKOHYBAIIH 32 JorioMororo nporpamu Microsoft Office Excel.

PesyabTarH i ixHe 00roBOpeHHs

Mu 30cepeannucs Ha BHBYCHHI TPEMOpY KHUCTEH pPYK, OCKIIBKM IS YacTHHA Tijla
HaiyacTime ypaxaeTbcss TPEMOPOM 32 MATOJOTIYHMX CTaHIB 1 y CTPECOBHX CHTYAIisX.
3a IOTIOMOTOI0 aKcellepoMeTpa 3apeecTpyBald 1 IpOaHATI3yBaJM YacTOTy H aMILITYyIy
(i3107I0TIYHOTO TPEMOPY KUCTEH PyK CTYAEHTOK (n=14) y ABOX MOJIOXKEHHX (MO3UIIISIX ) KUCTI —
BiJIbHOMY (KHCTh 3BHCA€ 3 ONOPHOI TIOBEPXHI JIOJIOHEIO JIOHM3Y) 1 MOCTYpalIbHOMY (BUTATHYTA
JIOJIOHSI yTPUMY€THCS ITapaJIeIbHO OMTOPHIN MOBEPXHI JIOJIOHEI0 JOHKU3Y). Y BUIEHOMY ITOJIOXKEHHI
KHCTI yacToTa (i3i0J0riyHOTO TPEMOpY MpaBoi Ta JIiBOT PyKH 32 BiZICYyTHOCTI KOHTPOJILHUX POOIT
cranoBmia 8,92+0,33 ta 8,15+0,26 I'n BigmoinHo (puc. 1). beanocepennso nepen MoayIbHUM
KOHTPOJIEM YacTtoTa Tpemopy ctanoBmia 8,47+0,32 ta 8,01+£0,21 I'm BiAMOBIAHO AN KHUCTEH
IIpaBoi 1 JIiBOI PyKH.
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Puc. 1. YactoTa Tpemopy kucreii npaBoi (A) ta niBoi (B) pyku y BiIbHOMY HOJIOXKEHHI [isl yciei BUOIpKU

ctyneHTok (n=14): (-) MK — 6e3 MoaysibHOr0 KOHTPOIIO 3HaHb; (+) MK — 3 MOy IbHUM KOHTpOJIEM
3HaHb

[epeBenennst KUCTi y MOCTYpajbHY IMO3MILII0, TOOTO HapajelbHO ONOpHIN IOBEpXHI,
HE 3yMOBMJIO CTaTUCTUYHO-IOCTOBIPHUX 3MiH YaCTOTH TPEMOPY IPaBoi Ta JiBOI PyK Hi y J€Hb
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KOHTPOJILHOT pOOOTH, Hi Y 3BUYAitHNIT HABUAIBHUI JIEHb.

VY BUIBHOMY TMOJIOKEHHI KHCTI, KOJIA BOHA 3BHCajla 3 OMOPHOI MOBEPXHI, aMILTITYIa
¢izionoriyHoro TpemMopy npasoi pyku cranoBmia 0,44+0,12 mM, a niBoi pyku — 0,27+0,04 MM y
JleHb 6€3 MOAYJIBbHUX KOHTPOJILHUX PoOiT (pHc. 2). Ilepea koHTposieM 3HAHBb aMILTITYIa TPEMOPY
npaBoi pyku 3meHmmnacs Ha 41 % i cranoBuna 0,26+0,03 MM, npore i 3MiHH BHSBUIIUCS
HEIOCTOBIPHUMH. Y TOCTYpalbHOMY TIIOJIOKEHHI KHCTI HE CIOCTepiraid CTaTHCTHYHO-
JIOCTOBIPHUX 3MiH aMILIITyI1 TPEMOPY NPaBoi Ta JiBOT PyKH MOPIBHSHO 3 BUTBHUM ITOJIOKESHHSIM
KHCTI SIK y 3BUYAiiHWII HaBYaNbHUUN JEHb, TaK 1 Mepe] KOHTPOJIbHOIO pobororo. He BusSBHIM
TaKOX 3MIH aMIUTITYAH TPEMOpPY Yy MOCTYpajbHii MO3MII KUCTI MpaBoi Ta JBOI PyKH Nepen
MO/IyJIeM, IOPIBHSHO 13 THeM 0e3 3aMipy 3HaHb.
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Puc. 2. Ammityna tpemopy kucreii mpasoi (A) ta s1iBoi (Bb) pykn y BiIbHOMY IOJOKEHHI 11 yciel BUGIpKH
cryneHTok (n=14): (-) MK — 6e3 MoayJIbHOTO KOHTPOIIO 3HaHb; (+) MK — 3 MOy TBHUM KOHTpOJIEM
3HaHb

OTxe, aMIUTITYJHO-4YaCTOTHI TTapaMeTpH (i3i0JIOTIYHOTO TPEMOpPY MPaBoi Ta JIiBOT PyKH
CTYAEHTOK HE 3MIHWINCS 3aJEXHO BiJ HaBYAIbHOTO HABAHTA)XXEHHSA SK Yy BUIPHOMY, Tak i1 B
MTOCTYPATbHOMY TIOJIO’KEHHI KHCTI.

Mu Tako BCTaHOBHIH, WO ycepenneni mokasaukn AT i AT . nos yciei BuGipku
CTYIEeHTOK (n=14) mpakTUYHO HE BIAPI3HSUIMCSA y IHI HANHMCAaHHSI MOIYJIBHHUX KOHTPOIBHUX
poOiT i y 3BUYaliHi HaBYaNbHI JHI. AHAJIOTIYHO HE OYyJI0 CTaTHCTHYHO AocToBipHHX 3MiH UCC
y A€Hb KOHTPOJIBHOTO 3aMipy 3HaHb, MOPIBHSAHO 31 3BUYafHIM HaBYAJIILHUM JHEM. Y cepeJHEHa
UCC nepen moxynem craHoBmiIa 91+4,8 yi/xB, a 0TXKe, MU CIIOCTEpirany He3HAUYHy TaXiKap/aio
BHACJIIJOK XBITIOBaHHS, III0 € HOPMAJIBFHOIO ()i310JIOTIYHOIO PEaKIli€r0 OpraHi3My.

[Ipo HasiBHICTH 3B’SA3Ky MiX MOKasHHKaMH TpeMopy Ta 3HaueHHsM AT un YCC B yciit
BHOIpIIi CTYJEHTOK POOMIIN BUCHOBOK Ha IiJicTaBi KoedimienTa kopemnsmii [lipcona. 3’scysanm,
10 y 3BUYalHUI IeHb 6€3 MOAYIHHOTO KOHTPOIIO MK TTOKa3HUKaMK TPEMOpPY TPaBoi Ta JiBOi
pyKH B 000X MOJOXKEHHAX KUCTI (BimbHOMY i mocTypaneHoMy) Ta UCC, AT i AT, me Oyno
JTIOCTOBIPHOTO KOPeJALiiHOrO 3B’ sA3Ky. HaToMicTs mepen KOHTPOIBHOIO pOOOTOI0 BCTaHOBHIIH
obepHeHH Kopemnsmiifanii 38’ 130K cepenupoi cumm Mk YCC 1 9acTOTOI0 TpeMOpy IpaBoi pyKH
y BimpHOMY mosiokeHHI kucTi (r=-0,60; p<0,05) Ta y moctrypaimpHOMYy monoxkeHHi (r=-0,70;

p=<0,05) (puc. 3; 4).
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Puc. 3. Jliniiina 3anexuicts mMixxk YCC i gacToTor0 TpeMopy npaBoi pyKH y BibHOMY nonoxenHi (r=-0,60;
p<0,05) mepe MOAYIHLHOK KOHTPOJILHOK POOOTOIO

Puc. 4. Jliniiina 3anexsicte Mk YCC 1 94acTOTOO TpeMopy MPaBOi PyKH y HOCTYPaITbHOMY MOJOKEHHI
kucri (r=-0,70; p<0,05) nepen MOIyIbHOIO KOHTPOIBHOIO POOOTOIO
Besmocepennbo mepen HamMCaHHAM MOAYJBHOI KOHTPOJBHOI pOOOTH HEraTHBHA
CepeHbOI CHITH KOPEIALlis OyiIa MiXK aMILTITYI0I0 TPEMOpPY MPaBoi PYKH y CTaHI CIIOKOIO KUCTI
I\/'I.ATMaKC ('r=—0,62; p<0,05) i AT (r=-0,63; p<0,05). Cumbny NpAMY KOPEJAILLIIO COCTepirau
Mk UCC i amIniTy 1010 TpeMOpy IpaBoi pyKH y IIOCTypajibHOMY CTaHi i/l Yac yTPUMaHHS KHCTI
mapajensHO omopHii mosepxHi (r=0,75; p<0,05) (puc. 5).
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Puc. 5. Jliniiina 3anexuicts Mixk YCC i aMIUTiTy 1010 TpEeMOpY MPaBoi PyKH y MOCTYPAILHOMY MOJIOKEHHI

(r=0,75; p<0,05) nepen MOAYILHOI KOHTPOJILHOI POOOTOIO

Otxe, 32 yMOB HaBYAJIBHOI'O CTPECY HaWOUIBbII BUPAKECHUI B3a€MO3B’SI30K CIIOCTEPIraiu
JUIS TIPaBOT PYKH MK TAKMMH AOCIIKYBaHUMHE NokazHUKaMu: a) YCC i aMIIIiTy 1010 T2 4aCTOTOO
TPEMOPY KHUCTi y TIoCTypanbHoMy nonoxenni; 6) AT i AT . # aMIuiTy 010 TPEMOpY KHCTI
y BiTbHOMY TOJIOKeHHi. J{Jist J1iBOT pyKH po3paxoBaHuil Hamu KoediuieHT IlipcoHa Bianosinas
npsAMil cepeanboi cumu xopensaii Misk AT, AT . 19acT0OTOI0 TpeMOpY KHCTi y MOCTypaibHik
no3uii (r=0,56 Ta r=0,50 BixNOBiZAHO), IPOTE 11i IaHi BUSBUIIUCS CTATUCTUYHO HEZOCTOBIPHUMH.

Sk cBiguats niTeparypHi Jukepena, Morrison et al. (2013) BusiBuIIM CHIIBHUIN 3B’ I30K MiXk
YCC Ta $i31070TIYHUM TPEMOPOM B 0Ci0 Pi3HMX BIKOBUX I'PYI 3 HOPMOTEH3IEIO Ta TEPTEH3IE0
[11]. ABTOopu TakoX BCTAHOBWJIM CHJIBHHI 3B’S30K MK 3HAUCHHSIM apTEpiaJbHOrO THUCKY Ta
MOKa3HUKaMH (Hi310JIOTTYHOTO TPEMODY.

Mu moxinuim JOCHiKyBaHUX OCi0 32 piBHEM TPUBOXKHOCTI Ha TPH TPYyNU: NOMIpHHUNA
(1-5 6amniB), cepenniii (6—7 6axiB) i CHIIbHUIA piBeHb TPUBOXKHOCTI (8—20 GasiB) Ta IMOCIIHUIH,
SIK TTOKa3HUKH (Di310JI0TTYHOTO TPEMOPY 3aJIeXkaTh BiJl TPUBOIKHOCTI OCi0.

BcranoBuin (puc. 6 i 7), mo 4acrora TpeMopy JiBoi pyku ctaHOBUTH 8,28+0,52 'y y
0ci0 i3 MOMIPHUM piBHEM TPUBOXKHOCTI (2—5 OaiiB 3a onutyBajgbHUKOM) (puc. 6). Y wiit rpymi
BUSIBIJIM HasBHICTh CHJIBHOI KOPEJALii MK PIBHEM TPHBOXKHOCTI M 4acTOTOIO TPEMOpY JIiBOi
pyku (r=0,84; p<0,05) (quB. Tabnuiyo). st mpaBoi pyKH yactora TpemMopy craHoBmia 9,11+0,59
', 110 TaKoX CHIILHO KOPENIOBANIO 3 piBHEM TpUBOXHOCTI (1=0,76; p<0,05). Y 0cib i3 moMipHuUM
PiBHEM TPUBOKHOCTI BCTAHOBJICHO, 1110 aMILIITYy1a TPEMOPY JiBOI PyKH Y CEpEeJHbOMY CTaHOBHJIA
0,21£0,02 mm, a mpaBoi pyku — 0,31+£0,05 MM, 110 HE KOpENIOBAjIO 3 PIBHEM TPUBOXKHOCTI
(rnpm.l,——O,B; r. .=0,19) (puc. 8 i 9) (muB. TabauIHO).

Besmnocepennbo niepen MotysieM y TpyIi oci0 i3 MOMipHUM piBHEM TPHBOKHOCTI 4acTOTa
TpPEeMOpy JIiBOI pyKH HE BiApi3HsUIacs CTAaTUCTUYHO JOCTOBIPHO BiJl 4aCTOTH TPEMOpy B JHI 0e3
MOJYJIBHOTO KOHTpoito. [IpoTe Ha mpaBiil pyli MU crocTepirand CTaTUCTUYHO JOCTOBIpHE
(p=<0,05) 3umxeHHst yacToTH TpeMopy Ha 10,2%. Ge3nocepeiHbO Mepes MoayJieM y Tpyi ocib i3
MOMIpHUM pIBHEM TPUBOKHOCTI. Y Wiil rpymi JIMIIe O/HA CTyIEHTKa OyJia JIiBOPYKOIO, OJIHAK Y
Hel crocTepiraiy Taki * 3MiHU 4acTOTH (i310JI0TTYHOTO TPEMOPY, K 1 B IHIIHX.
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[Noxasnuku koedinienrta kopessiuii [lipcona (r) Mi>k piBHEM TPHBOXKHOCTI i ITapamMeTpamu
(i310JI0TTYHOTO TPEMOPY CIOKOIO Y BUIBHOMY TosIokeHH1 pyku (* p<0,05)

Tpemop
TpuBOKHICTD AmmutitTya YacrtoTa
I[TPABA pyxka ‘ JIIBA pyxka [TPABA pyxka ‘ JIIBA pyka
HopmanbHuit i moMipHuii piBeHb -0,13 0,19 0,76* 0,84*
CepenHiii piBeHb N\A N\A N\A N\A
Hapm3Buyaiino Baxkuii piBeHb 0,95% 0,07 0,26 0,99*

Awmriityna TpeMopy J1iBoi pyku 0e3nocepeiHbo nepe/] MOy IeM NPOsBIIsiiia CTAaTUCTUYHO
HEIOCTOBIPHY TEHICHIII0 10 3poctanus Bix 0,21+£0,02 mm mo 0,34+0,06 mm, a mipaBoi pyku —
1o 3HmkeHHst Tpemopy Bin 0,31+0,05 mm 5o 0,2340,02 MM y rpymni ocib i3 MOMIpHUM piBHEM
TPUBOXKHOCTI. X04a OOM/BI 3MIHM HE OYJIM CTATUCTUYHO JOCTOBIPHUMH, OJIHAK CIIijl 3BEPHYTH
yBary Ha 4iTKi BIIMIHHOCTI Mi>X IIPaBOIO Ta JiBOIO pyKoto. Clliji cka3aTH, 110 Y TPhOX IPABOPYKUX
JIiBYaT 13 Li€l TPyNH aMIUIiTYAa TPEMOpYy JIBOI PyKH MiIBHUILYBalach y JHI 3 MOJIYJIbHUM
KOHTpOJIEM, & y OJIHI€T IPaBOPYKOI Ta y O/HI€ET TIBOPYKOT CTYAEHTOK — Hi.

VY rpymi oci6 3i cepeaHiM piBHEM TPUBOXKHOCTI (6—7 OaiiB) 4acToTa TPEMOPY JiBOT pyKH
cranoBmia 8,87+0,23 ', a 111 paBoi pyKH 1eH MoKa3HUK aopiBHIOBaB 8,09+0,19 I'ti y 3Buuaiini
JIH1 63 HalMCaHHs MOYJIbHOT KOHTPOJIbHOI po0oTH (puc. 6). Y 1iii rpymi MU He MOIJIM BpaxyBaTH
KOpEJISIIMHUX 3B’5I3KiB M)XK TPUBOXHICTIO 1 TOKa3HUKaMH TPEMOPY, OCKLIBKU BCI CTYIEHTH B I
rpyIi Majad OJHAKOBHU PiBEHb TPUBOMKHOCTI 3TiJTHO 3 OMHUTYBaJbHUKOM. AMIUIITY/Ia TPEMOPY
cranoBmia 0,41+0,07 mm aust ipaBoi pyku 1 0,27+0,04 MM Juist 1iBoi — y rpymi oci0 3i cepenHim
piBHEM TPUBOXKHOCTI y 3BHYAiHI AHI 0€3 HAITUCAHHS MOAYJIbHOI KOHTPOJILHOI poboTH (puc. 7).

BesnocepenHbo mepes HAMKMCAHHSIM MOIYJIbHOI KOHTPOJIHOI poOOTH y TpyImi ocid
31 cepeiHIM piBHEM TPUBOXKHOCTI (6—7 0OajiB) 4acToTa TpPEeMOpY NpaBoi pyKH 3pocTaina Bif
8,15+0,55 't 1o 9,11+£1,98 I't1, mpoTe 1€ MiABUINEHHS € CTATUCTHYHO HeA0CTOBipHUM. Tak camo
JUIsL JIIBOi pYKH HE 3a(iKCOBaHO CTATUCTUYHO JOCTOBIPHHMX 3MiH 4aCTOTH TPEMOpPY Y 3BHYAliHI
JIHI Ta JIHI 1epe] HalMCaHHsIM MOJYJIbHOI KOHTPOJIbHOT poOOTH. AMILIITY/Ia TpEMOPY [UIst J1iBOT
pyku 3Hu3MIacs (puc. 7) cratucTHuHO HenocToBipHO Bix 0,27+0,04 MM y nHI 0e3 KOHTPOIIIO
sHanb 10 0,18+0,02 MM mepea HamMCaHHSIM MOIYJISA, a Ha mpasii pymi — Big 0,41+0,07 MM 10
0,28+0,12 mm. Yci cTyneHTH B Ll rpymni Oynu npaBopykumu. OTike, y 0ci0 3i cepeHiM piBHEM
TPUBOXKHOCTI MM HE 3a(iKCyBasll CTATUCTUYHO JIOCTOBIPHUX 3MiH HOKA3HHKIB ()i310J0TTYHOTO
TpeMopy 3a il HaBYaJILHOTO CTpeCy.

VY oci0 31 cuibHEM piBHEM TpUBOXKHOCTI (8—20 OamiB 3a ONWUTYBAJILHUKOM) Yy [HI
0e3 MOJAYJIBHOTO KOHTpPOJIO 4YacTOTa TPEMOpy JiBOI PyKH Oyla CTaTUCTUYHO 3HAUYIIE
Hwkuoro Ha 12,87 % (p<0,05), nopiBHsAHO 3 ocobamu 3i cepeqHiM piBHEM TPUBOMKHOCTI i
cranoBmwia 7,86+0,35 I'u. Y wiil rpymi yactora TpeMOpY BHUSBUIACS MPSIMO MPOMOPIIHHOO
piBHIO TpHBOXKHOCTI (1=0,99; p<0,05). BapTto 3a3Ha4yuTH, O BCi CTYJCHTH B Wil rpymi Oyiau
npaBopykumu. [yt mpaBoi pyku 4actora Tpemopy y rpymi cranoBwia 9,05+0,49 T'm, o
c1abKo KOPEIIoBaNIO 3 piBHEM TPUBOXKHOCTI (1=0,26). Amrutityqa TpeMopy y AHI 0e3 3amipy
3HaHb I 0Ci0 31 CHJIBHUM piBHEM TPUBOKHOCTI cTtanoBmia 0,33+0,07 MM [y1s J1iBOT pyKH, 110
HE KOpeJoBaio 3 piBHeM TpuBokHOCTI (1=0,07) (auB. TabIuUI0), a HA MpaBiil Pyl aMIUTITya
TpPEMOpY B cepeHboMy AopiBHIoBana 0,52+0,23 MM Ta psMo IPONOPLIHHO 3aexaia B piBHs
TPUBOXKHOCTI, BU3HAYEHOTO 32 onuTyBanbHUKOM (1=0,95; p<0,05) (puc. 7).
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INepen HammcaHHSIM MOIYJIBHOI KOHTPOJIBHOT pOOOTH y TpymHi 0oci0 3i CHJIBHUM piBHEM
TPUBOXKHOCTI TPOCTEKYEMO TEHJEHIIIO 10 3HMXKEHHS 4acTOTH TPEMOpY Ha JiBid pymi Bif
9,05+0,49 T'y no 8,68+0,33 T'1, a Ha mpaBiii pyii 4acToTa TpeMopy 3MiHmiacs Bix 7,86+0,35
I'1 32 BiACYTHOCTI KOHTPOJIIO 3HaHb 10 7,954+0,44 I'l y eHb, KOJIH CTYACHTH MHCATH MOLYIbHY
KOHTpOJIbHY poborty. IIpoTe 1i 3MiHM HE € CTATUCTUYHO JOCTOBIPHHMH. AMILIITYIa TPEMOPY
JiBo1 pyku 3uM3MIach Bix 0,33+0,07 MM y aui 63 Momyitio 1o 0,26+0,05 MM niepea HamMCaHHIM
MOJIYJIbHOI KOHTpOJbHOI poOoTu. Ha mpaBiii pyni Mu crocTepiraiv 3HW)KEHHS aMILTITYIH
tpemopy Bin 0,52+0,23 mm nmo 0,25+004 mwm. Ilpore 1i 3MiHM aMIUTITYAW TpeMopy Oyiu
CTaTUCTUYHO HEJOCTOBIPHUMH.

Ha ocHOBI oTpuMaHMX JaHMX MOXKHQ HPHUITyCTUTH, IO B OCIO i3 MOMIPHUM piBHEM
TPUBOXKHOCTI, SIKI MEHIII CIIPUHAHSTIIMBI JI0 CTPECY, OpPraHizM MoKe e)eKTUBHIIIE aIanTyBaTUCS
JI0 HAaBYAIBLHOTO HABAaHTAXXEHHS, 10 3YMOBIIIOE 3HIDKCHHS 4acToTh Tpemopy. Lle Moxe OyTu
Pe3yaBTaTOM KpAIIol PeryJsiiii CHMIATHYHOT HEPBOBOI CUCTEMH a00 e(peKTHUBHOTO YITPABIIIHHS
ropMoHamu crpecy. [liIBUIIEHHS aMIUTITYJJi TpEeMOpY NpaBoi KiHI[IBKM MOXeE CBIIYMTH PO
Oinbllle HATPYKEHHsI M’sI31B Ha JOMIiHAHTHIM pyui. Ha KOpUCTh 1[bOTO MPHITYLIEHHS CBIIYUTH
TOM (aKT, IO Y JIIBOPYKOI CTYACHTKH aMILTITY/[a TPEMOPY NPaBoi pyKH HE 3MiHHJIACH.

BusiBiieHe HaMHM 3MEHIIEHHsI YaCTOTH TPEMOpY JIiBOI pyKH Yy 0Ci0 3i CHJIBHHUM piBHEM
TPUBOXKHOCTI MOXKHA MOSICHUTH CKJIQJHOIO B3aEMOIIEI0 (hi310IOTIYHUX, ICUXOJIOTIYHUX 1 HEHpo-
OioJIOTIYHUX YMHHHKIB. BimomMo, 1o € ¢izionoriuni BiIMIHHOCTI y KOHTPOJI PyXiB pi3HUX PYK
MO3KOM. Y MPaBOPYKHUX JIIOJIel TOMIHAHTHA TIpaBa pyKa KepyeThCs JiBOIO MiBKYJISI0 MO3KY, SKa
BIZINIOBia€ 3a OLIBLIICTh MOTOPHUX (yHKIIH. JliBa pyka, KepoBaHa MPABOIO MIBKYJICIO, MOXE
JIEMOHCTPYBATH 1HIII MAaTEPHU peakiil Ha CTPeC 1 TPUBOXKHICTD, SKi BIUIUBAIOTH HA HEPBOBY
CUCTEMY Ta M’s130BY aKTHBHICTb IIO-pi3HOMY. 30KpeMa, JI0BEJICHO, 1110 TPUBOXKHICTH BiJIPi3HAETHCS
y NMPaBOPYKHUX 1 JTIBOPYKHUX 0ci0 [22].

10
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Puc. 6. Yactora Tpemopy niBoi (A) Ta npasoi pyku (B) 3anexxHo Bix piBHS TPUBOXKHOCTI (TIOMipHHH,
cepenHil 1 cupHUN) y THI 6e3 MoxybHOTO KoHTpoto (MK-) Ta y qHI 3 MOIYIBHUM KOHTPOJIEM
(MK+): # — P<0,05 monmo rpynu 3i cepeqHiM piBHEM TPUBOXXHOCTI y AHI 0€3 MOAYJIHEHOTO
koHTpoio. *P<0,05 y rpymi 3 NOMipHUM piBHEM TPHUBOXKHOCTI y AHI 3 MOAYJIbHUM KOHTPOJIEM
II0JI0 AHIB 0€3 MO/YJIEHOTO KOHTPOITIO

3araJbHONPUIHATAM TIOJIOXKEHHSM € Te, IO JIBOPYKi OuIblle TpHUBOXKATbCA Ta
XBHIIIOIOTBCS, HK mpaBopyki [22]. Taxki x BigMiHHOCTI Oyim xapakrtepHi i juist 6abakis [19]. ¥
bOMY JIOCITIKEHHI, 30KpeMa, TI0Ka3aHo, L0 JiBOPYKi JEMOHCTPYIOTh MEHII aKTUBHY COLIiabHY
MTOBEJIHKY Ta MAIOTh HIDKYMH 0a3aIbHAHN PIBEHb KOPTHU30ITY, HiXK aMOiIeKCTpH Ta paBopyki [19].
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IIpaBopyKi 101 3a3BUYail OLIbIIE BUKOPHUCTOBYIOTH MIPaBy PYKY, IO MOXKE pOOUTH Tl
MEHIII YyTJIHBOIO J0 3MiH Yy HEPBOBii CHCTEMI, COPUYMHEHHX TPHUBOXKHICTIO. JliBa pyka, MEHII
TPCHOBAHA 1 MEHIII 3a[isHa B MOBCAKICHHOMY JKHTTI, MOYKE OyTH OLTBII YyTIHBOIO IO TAKUX
3MiH, 110 IPU3BOJUTH 0 Kpallle BUPAKEHUX 3MiH 4acTOTH TpeMopy. OKpiM TOro, TyT 3aiydeHi
[ICUXOCOMATHYHI MEXaHi3MH, a/PKe BHCOKHH DPIBEHb TPHBOXKHOCTI MOJKE BIUIMBATH Ha Pi3HI
CHCTEMH OPraHi3My, 30KpeMa, Ha CEepLEeBO-CyIUHHY Ta HEPBOBY CHCTEMHU.

[[{oOu MOSICHUTH 3B’SI30K MIX TPHUBOXKHICTIO 1 CEpPIIEBO-CYJHHHUMH MOPYIICHHIMH,
OyJI0 3aIpPOIIOHOBAHO KiIbKAa MPOMDKHHUX MEXaHi3MiB, Y TOMY YHCIII CHMIIATHYHY aKTHBAIIIIO,
MOPYILEHHSI BaryCHOTO KOHTPOJIIO, 3HIKEHHSI BapiabesIbHOCTI CepIIeBOr0 PUTMY, CTUMYJISILIO
rimotanamo-TinodizapHoi 0ci, OKHCIOBAIBHUI CTPEC, MiABUIICHHS MEAIaTOPIB 3aMajeHHS TOIIO
[12].

Ile Moke NMPU3BOAUTH NO KOMIICHCATOPHHUX MEXaHi3MIB, SIKi 3HMXKYIOTh aKTHBHICTH B
OJIHUX YaCTHHAX Tija (HAIPHKIIA, JIiBa pyKa), 100 3MEHIIUTH 3arajbHUHA CTPEC HA OPraHi3M.
Bapro Takox BpaxoByBaTH, 1110 KOXKHA JIFOJMHA Ma€ YHIKallbHI 0COOIMBOCTI HEPBOBOI CHCTEMH,
SIKI MOXKYTh 3MIHIOBATH PEAKIlI0 PI3HUX YaCTHH TijIa Ha CTpec. Y MpaBOPYKUX 0cib JiiBa pyka
MOJKe OyTH OLIBII YyTIMBOIO JO 3MiH PiBHS TPUBOKHOCTI Yepe3 IHAMBIAyal bHI BIAMIHHOCTI Y
(YHKIIOHYBaHHI HEPBOBOI CHCTEMHU.

He BHKIIIOYEHO, IO JIFOIU MOXKYTh HECBIZIOMO KOHTPOJIIOBATH PYXH CBOEI JOMIHAHTHOI
PYKH Kpalile, HiK HEIOMIHAHTHOI, OCOOJIMBO B yMOBax CTpecy abo TpHBOXKHOCTI. Ile mMoxe
MIPU3BOJKMTH 0 PI3HUX MPOSBIB TPEMOPY IPaBoi Ta JIBOI PyKH.
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Puc. 7. Ammityna Tpemopy mpaBoi (A) Ta niBoi pyku (B) 3amexxHo BiJ piBHS TPHBOXKHOCTI CTYICHTIB
(oMipHUH, cepenHiii i cubHHN) Y nHI 0e3 MoxynsHOTO KoHTpomo (MK-) Ta y aHI 3 MOAyIEHIM
koHTposeM (MK+): *— P<0,05 momo rpymnu 3 HOMipHHM piBHEM TPUBOXHOCTI y IHI 3 MOLYJIBHUM
KOHTpOJIEM
Otxe, OTpUMaHi pe3yJIbTaTH MH MOSICHIOEMO (DYHKIIOHAIILHOIO aCUMETPIEI0 MO3KY, TIPO

110 B)X€ TOBOPHJIOCS paHille, Ta ICUXOCOMAaTUYHUMH MeXaHi3MaMH. Y MpaBOPYKUX ocib mpasa

pYKa € TOMIHAaHTHOIO i KOHTPOJIIOETHCS JIIBOKO MIiBKYJIEI0 MO3KY. [liBHIIIEHa aKTHBHICTbH JIiBOT

MiBKYJII B yMOBaxX CTPECY i TPUBOXKHOCTI MOXE NPHU3BOAUTH JO OUIBII BUPAKEHOI'O TPEMOPY

came y mpagiii pyii. JliBa pyka, ska KOHTPOJIFOETHCS MPABOIO MIBKYJICIO, MOXKE JEMOHCTPYBATH

IHIIly PEakKIif0 Ha CTPecoBi (DaKTOpH, MO BiJOOpPAKAEThCS y MEHININA aMIUTITYAl TPEeMopy.

TpUBOXHICTh MOXKE BIUIMBATH Ha pi3HI (i3i0JOTIYHI TpoOLEecH, 30KpeMa, Ha M’SI30BHI TOHYC

1 HEpBOBY aKTHBALlilO, SKi [TO-PI3HOMY JIIOTH Ha TpeMop JiBoi Ta mpaBoi pyk [14]. B ymoBax
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MIBUIIEHOI TPHUBOXKHOCTI OpPraHi3M MOXE 3aCTOCOBYBATH KOMIICHCATOPHI MEXaHI3MHU IS
miaTpuMaHHs crabiipHOCTI pyxiB. Lli MexaHi3MH MOXYTh OyTH OUIbII €(EKTUBHUMH ISt
HEJIOMIHAHTHOT PYKH, 10 3a0e3redye MeHIIUi TpeMop. TakuM YHHOM, Pe3yJIbTaTH J0CIIIKESHHS
JIEMOHCTPYIOTh CKJIQJIHY B3a€MOJII0 MK TPHBOXHICTIO 1 (hi310JOTIYHUM TPEMOPOM, 30KpeMa,
Ppi3HY peakIifo IpaBoi Ta JIiBOi pyK Ha MiABUIIEHHS PiBHSA TPUBOXKHOCTI Y CTYIE€HTIB.

Just yciei rpynu ctyneHTok (n=14) moka3HuKH (i3ioNorivHoro TpeMopy MmpaBoi Ta JIiBoi
KIHI[IBKM y BUJIBHOMY 1 TIOCTYypallbHOMY IOJIOXKEHHI HE 3MIHUIIUCS Tepell KOHTPOJIEM 3HaHb,
MOPIBHSAHO 31 3BMYAWHWM HaBYAJIbHHUM THEM. AHami3 mapamerpiB (i3iojoriyHOro TpeMopy
OKpEeMO y Ipymax oci0 i3 pisHUM piBHEM TPUBOKHOCTI MIOKA3aB, 1110 3a BiICYTHOCTI KOHTPOJILHOT
poboTH y 0oci0 3i CHJIBHUM piBHeEM TpuBOXHOCTI (8—20 OaiiB 3a ONMUTYBaJbHUKOM) 4YacTOTa
TpeMopy JiBOi pykd Oyja CTaTUCTHYHO 3Hauymie Hwk4oro Ha 12,87 % (p<0,05), mopiBHSAHO
3 oco0aMu 3i cepeqHiM piBHEM TPUBOXKHOCTI. Y JeHb, KOJNU OyB MOIYJIbHHI KOHTpOIIb,
BCTaHOBJICHO 3HI)KEHHS YaCTOTH TPEMOPY IIPpaBoi pyKH y BiIbHOMY TosioxkeHHi kucti Ha 10,2 %
(p<0,05) nmuire y cTyIeHTOK i3 MOMIPHUM PiBHEM TPUBOKHOCTI, IOPIBHIHO 3 HABYAJIBHUM JHEM
6e3 3amipy 3HaHb.

YV Bciit BHOIpII CTYIEHTOK Mepea MOTyJIeM BUSBUIIM CHIIBHUNA KOPETISAIIHIN 3B’ 130K MiXK
YCC Ta gactororo tpemopy (1=-0,70; n=14; p<0,05), a Takoxx aMIuIiTYI010 Tpemopy (r=0,75;
n=14; p<0,05) npaBoi pyku y nmoctypajibHOMY NOJI0KeHHI KUCTi. [Tlepen MOy IbHUM KOHTPOJIEM
CIOCTEpIrajy HEraTUBHY CepelHbOT CHIIM KOPEJISIII0 MK aMILIITYIOI0 TPEMOpY MPaBoi pyKH y
BiIbHOMY monioxkeHHi kucti # AT (r=-0,62; p<0,05) i AT , (r=-0,63; p<0,05).
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THE INFLUENCE OF ANXIETY AND ACADEMIC STRESS ON PHYSIOLOGI-
CAL TREMOR INDICATORS OF THE HAND IN FEMALE INDIVIDUALS

I. Gnatchuk, S. Bychkova, T. Korol, L. Bachynska, L. Serbyn

Ivan Franko National University of Lviv
4, Hrushevskyi St., Lviv 79005, Ukraine
e-mail: tetiana.korol@lInu.edu.ua

Stress is the cause of increased physiological tremor [4]. Educational activity in
itself is intense and stressful [6], especially during the period of writing modular test papers
or passing exams. Anxiety can increase tremor due to increased excitability of the nervous
system, which is manifested by increased reactivity of motor neurons. This increases the
tendency to uncontrolled muscle contractions and, accordingly, tremors. The purpose of the
work was to investigate the effect of educational stress (modular control work) on indica-
tors of physiological tremor of the upper limbs of female students in general and depending
on their level of anxiety in particular, as well as to find out the existence of a relationship
between indicators of tremor and heart rate and blood pressure of the subjects.

We analyzed the amplitude-frequency indicators of the tremor of the right and left
hand, as well as the level of anxiety of 14 female students aged 19-20 years. Subjects pro-
vided written consent to participate in the study. All female students had no history of neu-
rological and motor disorders, 93 % (13/14) of them were right-handed.

Tremor frequency and amplitude were recorded in two positions - in a free posi-
tion (the hand hung from the support surface with the palm down) and in a postural posi-
tion (the hand was placed parallel to the support surface with the palm down) using an
MPU6050 accelerometer (InvenSense, China). The author’s program was used to read the
results from the accelerometer. Blood pressure was determined by the Korotkov method.
Blood pressure and heart rate were measured using an oscillometric tonometer Microlife
BP N1 Basic (Switzerland). To determine the level of anxiety, the DASS-21 questionnaire
was used, on the basis of which the subjects were divided into three groups according to the
level of anxiety: moderate (1-5 points), medium (67 points) and strong (8-20 points). The
first group included 5 female students (one of them left-handed, the rest right-handed), the
second group included 4 female students (all right-handed), and the third group included 5
female students (all right-handed).

The probability of the difference between the arithmetic means of two samples was
estimated by the Student’s test under the condition that the data were normally distributed.
If the distribution deviated from normal, the Mann-Whitney test was used to compare the
samples.

For the entire group of female students (n=14), indicators of physiological tremor of
the right and left limbs both in the free and in the postural position of the hand did not differ
before the modular control and on a regular school day.

After dividing female students according to the level of anxiety, it was found that in
the group with a moderate level of anxiety there was a decrease in the frequency of tremor of
the right hand in the free position of the hand by 10.2 % (p<0.05) before the module control
compared to the school day without measuring knowledge. On days without modular control
of knowledge in persons with a strong level of anxiety, a direct correlation was established
between the level of anxiety and the frequency of physiological tremor of the left hand
(r=0.99; p<0.05), as well as between the level of anxiety and the amplitude of tremor of the
right hand hands (r=0.95; p<0.05) in a free position. The frequency of left hand tremor in
this group was lower by 12.87 % (p<0.05) compared to individuals with an average level of
anxiety. In persons with a moderate level of anxiety, a strong correlation was observed be-
tween the level of anxiety and the frequency of tremor of the left (r=0.84; p<0.05) and right
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(r=0.76; p<0.05) hands in a free position in the absence of modular control of knowledge.

In the entire sample of female students under conditions of academic stress, a
strong correlation was established between heart rate and tremor frequency (r=-0.70; n=14;
p<0.05), as well as tremor amplitude (r=0.75; n =14; p<0.05) of the right hand in the pos-
tural position of the hand. Immediately before writing the modular control paper, there was
a negative correlation of average strength between the amplitude of tremor of the right hand
in the free position of the hand and Amax (r=-0.62; p<0.05) and Amin (r=-0.63; p<0, 05).

So, the amplitude and frequency of the physiological tremor of the right and left
hand of female students in a free position of the hand partially depends on the level of anxi-
ety of the person. In the absence of a control task, individuals with a high level of anxiety
had a statistically significantly lower frequency of left hand tremor compared to individuals
with an average level of anxiety. In persons with a moderate level of anxiety, a decrease in
the frequency of tremor of the right hand in the free position of the hand was observed before
the modular control compared to the educational day without measuring knowledge. In the
entire sample of female students, under conditions of educational stress, a correlation was
established between heart rate and the amplitude and frequency of tremor of the right hand
in the postural state of the hand, as well as between ATmax and ATmin and the amplitude of
tremor of the right hand in the resting state of the hand.

Keywords: stress, tremor, anxiety, accelerometry
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