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Kadbeapa Gionorii pocnuH

HOgineli — ye He cessmo cmapocmi,
roginell — ye 3pinicms xummsi!
Bin dapye eam mope padocmi 6e3mexksi 1l0dcbko2o0 6ymms

MYCIEHKO MUKOJNA MUKONANOBWY
(0o 80-pivysi e4eHO20)

BugaTHoMy BYeHOMy i negarory, oobpe 3HaHOMY B YKpaiHi i 3a ii Mexxamu, NpoBigHOMY oaxiBLito B ranysi ditodisionorii,
JoKTopy bGionoriyHmx Hayk, npodecopy, akaaemiky HaujioHanbHOT akageMii arpapHux HayK, 3acnyXeHoMy fisdy Hayku | TEXHIKM
Ykpainu, 3acnyxxeHomy npodecopy KuiBCbKoro HauioHanbHoro yHisepcuTeTy iMmeHi Tapaca LeBueHka Mukoni Mukonanosuuy
MycieHky BunosHunocs 80 pokiB Bif AHA HApoOXeHHs | 55 pokiB HaykoBOi Ta neaaroriYHoi GisnbHOCTI.

Hapogunecs Mukona Mukonarosud 11 ciuna 1941 poky B ¢. Cmouw, Mpunyubkoro parioHy, YepHiriscbkoi obnacTi B cens-
HCBbKi POAMHI N BUXOBYBABCS Ha KpaLLux Tpaamuisx ykpaiHcbkoro cena. icnsa 3akiH4eHHs wkonu BeTynus 40 COKMPUHCHKOro
CiNbCbKOroCcnoAapCchLKOro TEXHiKkymy, oTpumaB AMNMOM i3 Big3Hakot 3a paxom "ArpoHomis” i Bxxe 3 BecHn 1961 poky noyas
npautoBaTi arpOHOMOM-EKOHOMICTOM konrocny imeHi XKaaHosa B cMT Kynukiska, YepHiriscbkoi obnacTi. [lani BiH npogoBxye
CBOI MPOECiNHY OCBITY Ha 3a04HOMY BifAiNEHHI YKPaiHCLKOI CiNbCbKOrOCNOAAPCLKOI akageMii, a micnsa 3akiHYeHHs1 4BOX
KypCiB arpOHOMiYHOro ghakynbTeTy BCTynae Ao KuiBcbkoro gep)xaBHoro yHiBepcuteTy iMeHi T. I, Le4yenka (KOY), oe B 1963—
1968 pp. HaB4aBCst HA AeHHOMY BigAineHHi bionoriyHoro dakynbTeTy.

lMicnsa ycnilwHoro 3aBepLUeHHs HaBYaHHSA B YHiBepcuTeTi BCTynae Ao acnipaHTypu kadeapw disionorii pocnuH KAY, aky
3aKiH4YMB YCMILUHMM 3aXMCTOM KaHAMOATCLKOT AncepTalii Ha Temy "CopToBble 0cO6EHHOCTM MeTabonuama 1 TepMoyCTONYK-
BOCTM 03uMoW nweHunubl” (1971 p.). MoxHa BeaxaT, wo 1971-1976 pp. 6ynu nepiogom craHoBneHHs M. M. MycieHka sk
negarora, y Ui pokv HUM nNigroToBreHo 1 anpoboBaHO NporpaMm HOBUX CMELKYPCIB, HaBYanbHO-METOANYHI PO3POOKN NEBHUX
po3ainis cneunpakTukymiB i3 ditodisionorii. BogHo4ac 1Moro 3anyyalTb A0 HayKOBO-OpraHidauiiHoi poboTtu. I3 cepnHs
1972 poky Mukona MukonamoBu4y npu3HayeHUin Ha nocagy 3acTynHuWka AekaHa GionoriyHoro dpakynbtety KOY. Y XKOBTHI
1976 poky MinBy3 CPCP komaHaupye goueHta M. M. MycieHka B Pecny6niky Kyba, cnovaTky sk KoHCynbTaHTa LieHTpy »xun-
BIEHHS LyKPOBOI TPOCTUHM ["aBaHCLKOro yHiBepcUTETY, a Mi3Hille, nicns peopraHizauii CTPYKTYpU YHIBEpPCUTETY, BiH 3aiMae
0o 1979 poky nocagy pagHuka. Mukona Mukonanosuy chopMyBaB HayKoBY LLKOMY diTodisionoris y MaBaHCbKOMY yHiBep-
CUTETI, Ika cTana HayKoBO-MeTOAUYHUM LIeHTpOM He nuwe ansa Kybu, a i ons daxiBuiB 3 iHWKX KpaiH JlTaTMHCLKOT AMEPUKN.
3a nponosuuieto pagHuka M. M. MycieHka, yneplue Ha Kybi 3aTBepaxeHo CneujianizoBaHy BYeHY pagy ANns 3axuCTy aucep-
Tauin Ha 30006yTTA BYEHOro CTyneHsa kaHamaaTta GionoriyHnx Hayk 3a daxom "disionoria pocnuH" B iHTEpHaUioHansLHOMY
cknagi, Kyau BBINLLNW BYEHi pi3HMX kpaiH ceiTy. CniBnpaus M. M. MycieHka 3 KyOMHCbKMMU KOneramu He NpunuHUnach i3
3aKiH4YEeHHSIM LIbOro KOHTPaKTY i OHWHI. BiH npogoBXxye KoopauHaLito HaykoBO-4OCHiAHMX pobiT genapTamMeHTy, NpoBOANUTb
KOPOTKOTEPMIHOBI Kypcu 3 MiaBULLEHHS KBanidikauii Buknagadie ans iHwmx By3iB Kybu, opranisoBye CTBOpeHHs1 GioTexHorno-
rivHoro LeHTpy Kybu. 3 BepecHst 1979 poky Mukona MukonanoBuy noBepTaeTbCs B PigHWUIA YHIBEPCUTET i NPOJOBXYyE npa-
LtoBaTh AoueHToM Kadenpw dpisionorii pocnvH, 3acTynHMKoM AekaHa, aekaHoM (1982—1985 pp.) GionoriyHoro cakyneTteTy
KuiBcbKkoro HauioHansHoro yHiBepcuTeTy iMeHi Tapaca LLleBueHka. 1985 poky BiH 3axMcTnB AOKTOPCHKY AncepTaldiio ("Kapo-
YCTOMYMBOCTb O3UMOW MLUEHULbI U €€ AnarHocTuka").

1990 poky Mukona Mukonanosuy ovontoe kadeapy isionorii pocnunH i CTBOPIOE NPU Hill HAayKoBO-AoCNiAHY nabo-
paTopito "®izionoriyHi OCHOBU NPOAYKTUBHOCTI i CTIMKOCTI pocnuH". Y Hawin KpaiHi i ganeko 3a ii Mexamu akagemika
M. M. MycieHka 3HatoTb sk pyHAaTopa i kepiBHMKa HaykoBOi KoK "Pizionoro-6ioximMmiyHi ocHOBM hoOpMYyBaHHS CTIMKOCTI Ta
NPOAYKTUBHOCTI POCIIMH Y CTPECOBUX YMOBaXx", 3aTBepakeHoi MiHicTepcTBOM Hayku YkpaiHm 1996 poky, sik kepiBHMKa CMifnb-
HWMX HayKOBO-AOCMiIAHMX NPOEKTIB 3 ydyeHumun Pecnybnikn Kyba, Monbui, Benbrii, Lsenuapii, CLUA, KaHaaw.

Mwukona Mukonarosuy nigrotysas noHaa 30 kaHAuAaTiB | AOKTOPIB HayK, SKi yCMiLLHO pO3BMBalOTb OOCHIAXEHHS B ranysi
eKornorivyHoi iToisionorii, NPoAoBXye kepyBaTh acnipaHTaMmn i JOKTOPaHTaMMm.
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Y4eHui 3aBxam nparHys 4o iHTerpadii B MiXKHapOAHi HayKoBi opraHisadlii. 3 nepLumMx pokieB He3anexHoCTi YKpaiHu 3 Bnac-
HOI iHiLiaTMBK NpoBiB poboTy WoAo BCTyny YKpaiHcbkoro Toeapuctea disionoris PocnuH o €sponencebkoi Acouiauii disio-
noris pocnuH (FESPP), a 3 1992 poky Bnpoaosx 8—11 KoHrpecis FESPP npautoBas y Ui MiHapOAHin opraHisadii, Sk Haui-
OHanbHUI generar Big isionoris pocnvH YkpaiHu.

Mpodecop M. M. MycieHko gobpe po3yMiB, L0 ANs PO3B'A3aHHA akTyarnbHMX Npobnem ekonorii NoTpibHi kBanidikoBaHi
kagpu. Tomy BiH 0BrpyHTyBaB BigKpUTTs cneianisauii 3 ekonorii pocnvH y KniBcbkomy yHiBepcuTeTi, nigrotysas i BuaaB
nepLunin Ha TepeHax kpaiH CHJ nigpy4Huk "Ekonoris pocnvn" — K., JIn6igb, 2006, 428 c. 3a nponosuuieto Mukonu Mukona-
noBunYa, pileHHaM yyeHoi pagu Kniscbkoro yHiBepcuteTy imeHi T. . LleBueHka 1995 poky ovonioBaHy HUM kadeapy nepen-
MEHOBYIOTb Ha Kadbeapy disionorii Ta ekonorii pocnuH. Yneplue 3a noro nponoauuieto B KUIBCbKOMY YHIBEPCUTETI BiAKPUTO
acnipaHTypy 3a ¢axom 03.00.16-"Ekonoris".

Mwukona MukonanoBwmy nigrotyBas nepLunii B YKpaiHi HaB4ansHO-MEeTOANYHUIA KOMNNEKC i3 disionorii pocnuH, Kyamn BBin-
wnm nigpyyHukn: "KopHeBoe nutanme pacteHun” (1989), "®isionorisa pocnumn” (1995), "®otocunTtes" (1995), "disionoria poc-
nuH. Mpaktukym" (1995), aki Oynun 3aTBepaxeHi MiHicTepcTBOM OCBITV ANS BCiX BY3iB YKpaiHW, A€ BUBYAETbCA HOPMAaTUBHUMN
Kypc "®isionoria pocnun". Lo poboTy BigsHaveHo MNpemieto Tapaca LleByeHka KWiBCbKOro HauioHanbHOrO yHiBEpcUTETY
(1998). Csint baraTuii negaroriyHMin 0OCBIA BiH y3araneHuB y mavxe 30 nigpyvyHukax, HaBYanbHUX NocibHMKax i3 rpudom
MOH VYkpaiHnu, pekomeHOoBaHUX ANs BCiX BY3iB i 3ararnbHOOCBITHIX 3aknajis, e BUBYalOTb HOPMATMBHI Ta crieujianbHi guc-
umnniHk 3 Gionorii, ekonorii, diTodisionori.

MpodecinHi ycnixu M. M. MycieHka B HayKOBO—MegarorivHin isnbHOCTI BiA3HAa4Y€HO HayKOBOK rPOMAACHKICTIO Ta AepXa-
BOO: 3onoTa i cpibHi megani BOHI CPCP (1984, 1986), noyecHa Big3Haka "BigmiHHUK HapoaHoi ocsiTn" MO Ykpainu (1986),
Haropopa Apocnasa Mygporo AH BLL Ykpainu (1995); mixxHapogHe 3BaHHs "Copociecbkuin npodhecop” (1996); llaypeat npe-
Mii imeHi Tapaca LUeB4yeHka KuiBcbkoro HauioHanbHoro yHiBepcuteTy (1998), npewmii Mpeauaii HAH Ykpainm imeHi M. T. Xo-
nogHoro (1999), 3acnyxeHuw fisy Hayku i TexHikn Ykpainm (2000), 3acnyxeHuin npodecop KuiBCcbkoro HauioHanbHOro yHi-
BepcuteTy iMmeHi Tapaca LLeB4yeHka" (2008).

LLacnusi roro yuHi, 60 3Hal0Th, L0 3aBX4W 3HaNAYTb PO3YMiHHS, OPYKHIO MiATPUMKY, KOHCTPYKTMBHI nopagu cBoro Bum-
Tensi, NOCTiliHe CNifNlkyBaHHS 3 SIKUM MOPOOXKYE HATXHEHHS, iHTenekTyaneHo 36aradvye. Yci, xTo 3Hae Mukony Mukonaiosuya
MycieHka, 6axaloTb NOMY CUNK i HacHaru, BENUKOro wacTs e 6arato pokiB 6aunTu, sk Npaus po3yMy, cepus 1 pyk iae Ha
[o6po pigHin Ykpaini. Lnpo BiTaloTh toBinsgpa, 6axatoTs MiLHOro 340pOB's, TBOPYOro AOBroniTTA M yCNiXiB y HAyKOBO-Neda-
roriYHin gisnbHOCTI.

MM Mgcions
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MAPIrAHUEBA EHLIE®QANONATIA | MDKNIBKYJNIEBA ACUMETPIA
ronoBHOro MoO3Ky

Xeopi, sski cmpaxdaromb Ha Map2aHUyesy eHyegasionamiro, w0 po3susaemncsi Ha (hoHI NPuUliMaHHSI cypo2amHux HapKoOMukis,
cmpaxdaromb eupaXKeHUM MnioKipkoeuM rceedobysib6apHUM CUHOPOMOM, NnipamiOHO HedocmamHicm i KOMI/IEKCOM eezema-
mueHux nopyuweHb. Halibinbw supaxeHUMuU 3 HUX € MOPYWeHHs1 pyxoeux hyHKyill. Po6oma npucesiyeHa sue4yeHHIo 6ioenekmpu-
YHOI akmueHoOcmi 20/108HO20 MO3KY ¥ Xe0opux i3 Map2aHUueeor eHyegasionamiero 3 Memoro po3pobrieHHs1 EEl-kpumepito diaz-
HOCMUKU makoz20 3axeoproeaHHs. O6cmexyeaHum npoeedeHo 3anuc EEI i3 eukopucmaHHsM 16-kaHanibHO20 eflekmpoeHyega-
nozpagpa "NeuroCom standart” (XAl-Meduka, YkpaiHa) eionogioHo o mixHapodHoi cucmemu 3anucy "10-20". AHanizyeanucs no-
my)Hocmi cu2Hanie ocHoeHux pummie ¢gpoHoeux EEI, iOHOCHI mokasHUKU nomyxHocmi cueHasie ocHoeHux pummie EEI, 30k-
pema koegbiyieHm akmueauii kopu, koegiyieHm akmueauii niokipku, MoKa3HUKU MixnieKyneeux acumempit, 3a nomyxHicmto 6io-
esleKmpuYHUX cu2Hanie y GinamepasbHO-CUHXPOHHUX MOYKax 20/108U. YCMaHOBJIEHO, W0 ¥ X80PUX i3 Map2aHye8oro eHyegaso-
namiero KoegpiyieHmu akmueauii kopu i koegbiyieHmu akmueaujii nidkipku Manu 3Ha4eHHs, SKi MOXXymb crocmepizamucsi Y Xeopux 3
iHWuUMu 3axeoprosaHHsIMU. Y €800 yepay, MiXrieKysieea acumempisi 3a MOMYXXHICMIO CU2Haslie oKpeMux pummie i Mixniekyneea
acumempisi 3a cymapHOI MomyXxHicmro cuzHarnie y 6inamepanbHO-CUHXPOHHUX IMOYKaxX 20J108U y X80PpUX i3 Map2aHueeor eHuega-
Jsionamiero Masiu 3Ha4eHHsI, WO cymmeso 8iOpi3HsAIUCs 8id maKux y xeopux 3 iHwumu eudamu namouiozii. Tak, npu nokasHukax 16—
18 mixniekyneeux acumempiti y 30opoeux nrodel i 9-25 mixniekynesux acumempili y X@opux y KOMi, ¥y Xeopux i3 Map2aHye80r
eHyegbasnionamiero criocmepizanocs: 8 00H020 xeopozo — 12 mixniekyneaux acumempiti, y pewmu xeopux -9, 7, 3 i 2 mixniekyneeux
acumempili 3a nomyxHicmro cuaHaslie okpeMux pummie y 6inamepasbHO-CUHXPOHHUX MoYkKax 2osioeu. [Ipu4uHoro makoi eupaxkeHor
32nadxeHocmi MiXnieKyieeux acumempill y xeopux i3 Map2aHUue8or eHueghasionamiero, o4eeudHo, MOXXymb 6ymu mi decmpykmu-
8Hi 3MiHU e nidkipkosux eiddinax I'M, siki € y eka3aHill 2pyni nayieHmis.

Knrouoei croea: mapzaHyeea eHuyeghanonamisi, Mixxniekyneea acumempisi, 6ioennekmpuyHa 6yghepHa cucmema 20s108-

HO20 MO3KY.

Bctyn. Y cratTi "About bioelectric buffer system of the
brain" [1] posrnaganocsa NUTaHHA MiXNiBKYNeBOi acumeTpii
3a NOTYXHiCTIO BioeneKkTpu4HOro curHany B binatepansHo-
CMHXPOHHMX TOYKax ronosu. MNpoBeaeHi AocnigXeHHs noka-
3anu, Wwo y HopMarnbHOI 340POBOI MIOAMHU Y CTaHi HeCnaHHS
y cnokoi Ha ¢oHoBii EEIN moxe cnocTepiratuca Big 16 o
18 3Hauvywmx (pisHWMUA Yy 3HaYeHHAX OinbWw  HiX B
1,4 pasun) MixXniBKYNeBMX acUMeTPil 3a NOTYXKHICTIO cUrHa-
niB okpeMmx puTMmiB. Takox yCTaHOBMNEHO, L0 Npu 3MiHe-
HOMY (DYHKUIOHaNbHOMY CTaHi FONOBHOrO MO3KY (Hamnpwu-
Knag, y KoMi), KinbKiCTb 3Ha4yLLMX MiXKNiBKYNEBMX aCUMETPIN
3a NOTYXHICTIO CMrHamMiB OKPEeMUX PUTMIB MOXeE SIK 3Ha4HO
3HMXyBaTuca (Ao 9), Tak i 36inbwysaTnca (4o 25). YcraHo-
BJIEHO, LLIO MiXNIBKYNEBi acMMeTpii 3a MOTYXKHICTHO CUrHaniB
OKpEMMX PUTMIB He 3aBXAW NPOCTEXYTbCA Nig Yac aHanisy
MDKMIBKYNEBUX aCMMETPIN 3a MOTYXHICTIO cymapHoro 6io-
€NeKTPUYHOro curHany B 6inatrepanbHO-CUHXPOHHMX TOYKaXx
ronoBu. MexaHiamu, siKi cnpssmMmoBaHi Ha KOMMNEeHcaL,ito MixXni-
BKYNEBUX acUMETPI OKPEMUX PUTMIB i 3AINCHIOITb 3rna-
OKyBaHHA abo ypiBHOBaXXEHHS1 aCMMETPIA CyMapHUX NoTy-
XXHOCTEN BioenekTpu4HuX curHanie y GinarepanbHO-CUHX-
POHHMX TOYKax ronosu, Oynu HasBaHi "bioenekTpuyHoo by-
depHoto cuctemoro mosky" (6ebCM) [1].

XBopi 3 MapraHLUeBol eHuedanonarieto, Lo po3BuBa-
€TbCA Ha TNi NPUAMaHHA CyporaTHUX HapkoTukis [3, 6, 8, 9],
CTpaXagalTb BUPaXeHUM MigKipkoBUM nceBaobyns6apHumM
CYHOPOMOM, MipamigHOK HEOOCTATHICTHO | KOMMIIEKCOM Bere-
TaTUBHMX nopylleHb [4, 5, 7]. Ockinbkn OeCTPYKTMBHI Nopy-

LLIEHHS 3a Takoi naTornorii crnocTepiraloTbCs B NiAKiPKOBUX Big-
ginax ronosHoro Mo3ky (M), 3MiHun Ha cpoHoBIn EEI" MoxyTb
OyTn cnabko BUpaxeHi abo 30BCiM BiACYTHI.

3 BMKOPUCTaHHSAM 3a3Ha4veHoro nokasHuka bebCM, a
TakoX A0AaTKOBMX AiarHOCTUYHUX KpUTEepiiB OLiHIOBaHHS
dyHkuioHanbHoro ctaHy (PC) M nogunHu — koeddilieHTa
aktuBauii kopu (KAK) i koedpiuieHTa aktuBauii nigkipku (KAI)
[2], npoBeneHo aHaniz ®C 'M y rpyni xBopux i3 giarHo3om
"mapraHueBsa eHuecdanonaris" (MEM).

MeTta po6oTtu. Po3pobneHHs EE-kputepito giarHoc-
TUKM MapraHueBoi eHuedanonartii 3 BUKOPUCTAHHAM Joda-
TKOBUX MeTofiB aHanizy aaHux EET.

Marepianu Ta metoau. byno obcrexxeHo 5 xBopux i3
niarHo3oM "MapraHueBa eHuedanonartia”, Yonosikn BiKOM
Bia 36 0o 43 pokis (cepeaHin Bik 39 pokiB). XBopi 6ynu iHBa-
nigamu 2-i (4 yonosiku) i 1-i (1 Yonosik) rpyn i manu Bupa-
XEHi NOpYLUEHHSA PyXOBUX (DYHKLIN BEPXHIX i HWKHIX KiHLi-
BOK. XBopuM Byno npoeneHo gocrimkeHHs ®C 'M meTo-
gom EEI 3a gonomoroto 16-kaHanbHOro enekrpoeHueda-
norpada "NeuroCom standart" (XAl-Meguka, YkpaiHa) Bia-
NoBiAHO 40 MiXXHapoAHOoi cuctemum 3anmcy "10-20". MNig vac
[ocnigXeHHst obcTexyBaHi 3Haxo4unucst B TEMHOMY ekpa-
HOBaHOMY NPUMILLLEHHI B CUASIHOMY MOOXEHHI i3 3aKpUTUMU
ounma. bynu npoaHanisoBaHi NOTYXHOCTi CUrHasniB OCHOB-
HUx puTmiB poHoBmx EEIN, nokasHuku KAK, KA ta beBCM.
Enoxa aHanisy — ogHa xBunuHa.

Pe3ynbTatn Ta 06roBopeHHsA. PesynbtaT npoBeae-
HOro AOCHNIMKEHHA Taki: y ABOX 06CTeXyBaHUX Ha DOHOBIN
EEl nepeaxana ©OeTa-akTuBHiCTb (puc. 1), y OBOX —
anba-akTUBHICTb (puc. 2, 3).

© Bepe3oBuyk J1., Makapuyk M., 2021
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Puc. 2. ®oHoBa EEI xBoporo B. I1., yon., 37 pokis
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Puc. 3. ®oHoBa EEI xBoporo X. A., yon., 38 pokiB

Y 0QHOro XBOporo peectpyBanacsi 6e3gomMiHaHTHa aKTUBHICTb i3 BUPAXXEHUMW 30HANbHUMU BiAMIHHOCTSIMU (NepeBaXaH-
HAM 6eTa-akTUBHOCTI B MepeaHix Bigdinax ronoBHOro Mo3sky 1 anbga-akTMBHOCTI B TiM'SSHO-NOTUIIMYHKX BigAinax rofioBHOMoO

MO3Ky) (puc. 4).

T

ek L

Puc. 4. ®oHoBa EET xBoporo C. |., yon., 36 pokiB

MokasHukn KAK y xBopux i3 Uieto natonorieto Mmanu 3Ha-
YeHHs i GinbLue 1, | MeHWe 1 3anexHo Big CTyneHs BUpaxe-
HOCTi anbga- abo 6eTa-puTmy, i Bynu B Mexxax HOpMU.

MokasHuku KAI y Bcix obCcTexyBaHMX Uiei rpynu B ycix
BiABEOEHHAX Manu 3HadeHHst MeHwwe 1. Lle cBigumTb npo Te,
LLIO Y UuMxX XxBopux Ha coHoBIn EEI" genbTa-akTuBHICTL nepe-
BaXKa€ 3a NOTYXHICTIO CUMrHany TeTa-akTUBHICTb, L0 € NoKas-

Hukom noripweHoro ®C M. OgHak KAl He € ronoBHUM Kpu-
Tepiem nig yac ouiHoBaHHa ®C M noguHW y cTaHi He-
CNaHHs, i 3Ha4YeHHs MeHLLe 1 MOXyTb CrnocTepiraTnest y Xeo-
pux i3 pisHoto naTonorieto. CniBBIAHOLLIEHHS CyMapHOi NOTy-
XKHOCTIi curHanie LWBMAKMX puTMmiB (6eTa + anbga) 4o nosinb-
HUX pPUTMIB (TeTa + AenbTa) € HaNBaXUBILLMM KpUTEpiem
ans ouiHoBaHHsa ®C 'M y ntofen y cTaHi HecnaHHs. Y Bkasa-
Hil rpyni 06CTeXyBaHMX NepeBaXkaHHsi MOTY>KHOCTI cuUrHanis
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LWBMAOKMX PUTMIB Hag MOBIMbHUMK CrocTepiranocs y ABOX
xBopux y 9 BigBeaeHHsX i3 16, y ogHoro xsoporo y 8 BiaBse-
OEHHSIX | Yy OIHOrO XBOPOro B 6 BiABEAEHHsIX. Y OOHOro XBO-
poro y BCiX BiABeOEHHSX nepeBaxarna noTyXHICTb curHanis
NOBINbHUX PUTMIB HaJ, NOTYXXHICTIO CUTHanMIB LUBUAKMUX PUTMIB.
Lle cBiguMTb NPO HasiBHICTb Y XBOPUX LiET kKaTeropii 03Hak ri-
MOKCIl Pi3HOro CTYNeHsi BUpaXKeHOCTi. Taki 03Haku rinokcii cno-
cTepiraloTb NPY BENUKIN KiNbKOCTi NATONOMYHNX CTaHIB | BOHN
He MOXyTb OyTu xapaktepHumu EElM-o3Hakamun came mapra-
HUEBOI eHLedanonarii.

Y xoAi BUBYEHHSI MMTAHHA NPO MiKMIBKYNEBY acuMeTpito
(MMA) ronoBHOro MO3Ky 3a MOTYXHICTIO CUrHariB OKpeMmx
puTMiB y BinatepanbHO-CMHXPOHHMX TOYKax rofiloBM BCTaHO-
BMIEHO, WO Yy 340pOoBUX nofen i3 HopmaneHum ®C M y
CTaHi HecnaHHA y cnokoi Ha oHoBin EEI peecTtpyeTbea Big
16 oo 18 MITA 3a noTyxHICTIO curHanis okpemux putmis [1].
Y BKpan BaXXKOMY CTaHi, y XBOpUX B KOMi, Ha ¢poHoBoi EEI
peecTtpyeTbes Big 9 Ao 25 MIA 3a NOTYXHICTO curHanis ok-
pemux putmiB. Lle cBiguntb "npo 3HayHy HecTabinbHICTb
OC 'M y uiei kaTeropii XBOpUX, WO NPOSIBMSIETLCS K Y 3HAY-
HOMY 3HWXXEHHI, TaK i B 3Ha4YHOMY MiaBULLIEHHI OYHKLiOHamb-
Hoi nabinbHocTi LIHC" [2].

PesynbTatn aHanizy MIMA MO3Ky 3a NOTYXHICTIO CUrHa-
niB okpemmx puTmiB y BinatepanbHO-CUHXPOHHMX TOYKax Y
rpyni xsopux 3 MEI 6ynu takumm. Y xsoporo C. |. cnocte-
piranocs 12 MIMA, y xsoporo X. A. — 9 MIA, wo Bianosigae
HaNMEeHLUOMY YUCIYy aCUMETPIN, O CNOCTEPIracTbCH y XBO-
pux y komi. ¥ xsoporo B. . cnoctepiranocs 7 MIMA, i y xBo-
pux X. A.iB. B. —no 3 i 2 MINA BignosigHo.

MokasHukn BeBCM y xBopux 3 MEIN manu Taki 3Ha-
YeHHsi: B obcTexxyBaHoro C. |. = 12:1 (1abn. 1), B obcTexy-
BaHoro X. A. = 9:2 = 4,5:1, B obcTexxyBaHoro B. . = 7:2
= 3,5:1 (tabn. 2), B obcTexysaHoro X. A. = 2:0 (tabn. 3), B
ob6cTtexxyBaHoro B. B. = 3:0 (tabn. 4).

MokasHnk bebCM 12:1 mMoXHa po3uiHioBaTh SK OyXe
XOPOLLUMI, NO3askK i3 12 MiXNiBKyneBnx acMMeTpiil 3a NoTy-
XHICTIO cUrHaniB oKpeMux pUTMIB, Y XOAi aHanidy Mixnis-
KyNeBMX acMMETPI 3a CYMapHOI MOTYXHICTIO curHany B
GinaTtepanbHO-CUHXPOHHMX TO4YKax ronoBwW, 3anuimnacs
Tinbku ogHa. MNoka3Huk 6ebCM 4,5:1 € nokasHukom cna-
Oko BupaxeHoi 6ebCM.

Ta6nuys 1. 3Ha4YeHHsA NOTYXHOCTI cCUrHaniB ocHoBHMX puTtMmiB EEI, nokasHuku KAK, KA i MIMA
3a NOTYXKHICTIO CUrHaniB oKpeMux puTMIB i 3a CymMapHOI NOTYXHICTIO curHany
B GinaTepanbHO-CUHXPOHHUX TOYKax rornoBu y o6ctexxysaHoro C. |.

BinsepeHHA B, MMNA a, MMNA 0, MMNA d, MMNA KAN B+a/0+5 MMNA KAK

MKB? no B MkB? no a MKB? no o MKB? nod 0/5 no Ip Bla
Fp1 47 27 45 449 0,10 0,15 1,73
Fp2 43 1,09 26 1,04 36 1,25 302 1,5 0,12 0,21 1,39 1,62
F3 24 8 9 54 0,18 0,51 2,76
F4 33 1,37 14 1,8 10 1,11 46 1,17 0,22 0,84 1,07 2,27
F7 200 33 19 96 0,20 2,01 6,03
F8 58 3,5 36 1,09 24 1,26 146 1,5 0,17 0,55 1,35 1,64
T3 511 78 28 140 0,20 3,49 6,51
T4 118 4,3 47 1,7 29 1,03 205 1,5 0,14 0,70 1,9 25
C3 183 32 13 64 0,21 2,76 5,64
C4 100 1,8 29 1,1 16 1,23 97 1,5 0,16 1,14 1,21 3,44
T5 316 149 36 241 0,15 1,68 2,12
T6 215 1,5 90 1,7 38 1,06 249 1,03 0,16 1,06 1,25 2,39
P3 81 170 25 180 0,14 1,23 0,48
P4 56 1,5 133 1,28 26 1,04 209 1,16 0,13 0,80 1,08 0,42
01 75 575 35 256 0,14 2,23 0,13
02 103 1,37 561 1,02 47 1,34 351 1,37 0,14 1,66 1,13 0,18

lMpumimku. 1) £ p — cymapHa MOTYXHIiCTb curHany; 2) uudpm,
3) nokasHukun KAK ta KA, siki MatoTb 3HaYeHHs Binblue oanHWLi, BUAINEHO XUPHUM LPUTOM.

SKi BUAINEHO XUPHUM WpKUdTOM, BignosigaTb 3Havywmnm MIIA;

Ta6nuys 2. 3Ha4eHHA NOTYXXHOCTiI cUrHaniB ocHoBHMX puTMmiB EEI, nokasHuku KAK, KA i MIMA
3a NOTYXKHICTIO CUrHaniB oKpeMux puTMIB i 3a CymMapHOI NOTYXKHICTIO curHany
B GinaTepanbHO-CMHXPOHHUX TOYKax rorioBu B obcTexxyBaHoro B. .

BigseaeHHs B, MMA a, MMA 0, MMA o, MMA KAN B+a/0+5 MMA KAK

MkB? no MKB? no a MKB?2 no 0 MKB? nod 0/d nozp B/o.
Fp1 38 59 46 275 0,17 0,30 0,63
Fp2 104 2,78 81 1,35 94 2,09 360 1,31 0,26 0,41 1,53 1,29
F3 19 27 22 66 0,34 0,52 0,72
F4 17 1,18 21 1,3 20 1,1 51 1,29 0,39 0,53 1,24 0,81
F7 62 132 67 182 0,37 0,78 0,47
F8 50 1,22 112 1,19 56 1,22 135 1,35 0,41 0,85 1,25 0,45
T3 91 249 91 149 0,61 1,42 0,37
T4 79 1,15 235 1,06 83 1,09 147 1,02 0,57 1,36 1,07 0,34
C3 31 41 31 40 0,77 1,01 0,74
C4 42 1,36 66 1,6 41 1,32 69 1,7 0,60 0,99 1,52 0,63
T5 120 380 126 194 0,65 1,56 0,31
T6 134 1,12 479 1,25 157 1,23 349 1,79 0,45 1,21 1,36 0,28
P3 80 149 70 103 0,68 1,33 0,54
P4 96 1,21 231 1,55 81 1,16 146 1,43 0,55 1,44 1,38 0,42
o1 157 576 159 233 0,69 1,87 0,27
02 174 1,11 609 1,06 179 1,12 260 1,12 0,69 1,78 1,08 0,29

lMpumimku Taki, Ak go Tabn. 1.
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Ta6nuys 3. 3Ha4YeHHs NOTYXHOCTI cCUrHaniB ocHoBHMX puTtMmiB EEI, nokasHuku KAK, KA i MIMA
3a NOTYXKHICTIO CUrHaniB oKpeMux puTMIB i 3a CymapHOI0 NOTYXKHICTIO curHany

B 6inaTepaano-cupr0HHMx TOYKax ronoBu 'y OGCTe)KyBaHOFO X. A

BipBepeHHsa B’ MnA o, MnA 6, MMA 5, MNA KAMN B+ a/6+d MMA KAK
MkB? no B MKB2 noa MKB? noo MkB? nod 0/5 nop Bla

Fp1 40 84 96 514 0,19 0,20 0,48
Fp2 43 1,05 82 1,01 97 1,01 353 1,45 0,28 0,28 1,28 0,52
F3 23 36 38 51 0,76 0,65 0,64
F4 21 1,04 40 1,1 33 1,15 44 1,16 0,76 0,79 1,06 0,53
F7 93 109 99 142 0,70 0,84 0,85
F8 53 1,76 112 1,02 102 1,03 156 1,09 0,66 0,64 1,05 0,47
T3 65 201 122 159 0,76 0,95 0,32
T4 65 1,01 181 1,12 121 1,01 203 1,27 0,60 0,76 1,04 0,36
C3 36 130 63 79 0,79 1,17 0,28
Cc4 38 1,06 140 1,08 62 1,02 95 1,19 0,65 1,14 1,09 0,27
T5 119 564 186 229 0,81 1,65 0,21
T6 90 1,31 444 1,27 179 1,04 223 1,03 0,80 1,33 1,17 0,2
P3 76 633 139 181 0,77 2,21 0,12
P4 63 1,19 515 1,23 114 1,22 167 1,08 0,68 2,06 1,2 0,12
o1 151 1648 260 388 0,67 2,77 0,09
02 123 1,22 1509 1,09 258 1,01 331 1,17 0,78 2,77 1,1 0,08

lMpumimku Taki, sk go Taén. 1.

Ane cam ¢akT HeBenuKoi KinbKOCTi MiDKNIBKYNEeBUX acu-
METPIN 3a NOTYXKHICTIO CUrHaniB OKPeMMX pUTMIB Y Ui€T Ka-
Teropii xBopux i Taki nokasHmkn 6ebCM sk 3:0 i 2:0, gaoTb
nigctasy NpunycTuTu, Wwo y xsopux i3 MEI He npocTo BU-
paxeHa bioenekTpuyHa bycdepHa cuctema Mo3ky, a B3arani

CNOCTEPIraeTbCs 3HaYHE 3HMKEHHS MiXKNIBKYIIEBMX acumeT-
pin 3a reHepauieto GioenekTpuyHux curHanis y Ginatepa-

JTIbHO-CUHXPOHHUX TOYKaXx royioBu.

Ta6nuys 4. 3Ha4eHHA NOTYXHOCTI curHanis ocHoBHux putmis EET, nokasHukn KAK, KAMN ta MMNA
3a NOTYXKHICTIO CUrHaniB oKpeMux puTMIB i 3a CymapHOIO NOTYXKHICTIO curHany
B 6inaTepanbHO-CUHXPOHHUX TOYKaX rofioBu y o6cTexxyBaHoro B. B.

BigseaeHHs B, MMA a, MMA 0, MMA S, MMA KAN B+o/0+5 MMNA KAK
MKB? no B MKB? no a MKB? noo MKB? nod 0/d nozp B/
Fp1 41 21 75 707 0,11 0,08 1,95
Fp2 39 1,02 16 1,31 55 1,37 664 1,06 0,08 0,08 1,1 2,39
F3 13 6 20 76 0,26 0,20 2,26
F4 16 1,15 7 1,4 18 1,11 56 1,37 0,32 0,31 1,2 2,24
F7 33 19 53 163 0,33 0,24 1,71
F8 39 1,18 19 1,05 49 1.1 159 1,02 0,31 0,28 1 2,08
T3 43 24 58 234 0,25 0,23 1,76
T4 49 1,14 24 1,14 59 1,01 188 1,24 0,31 0,29 1,1 2,02
C3 17 8 15 47 0,32 0,39 2,06
C4 24 1,4 12 1,37 21 1,33 56 1,17 0,38 0,46 1,3 2,03
T5 65 33 70 330 0,21 0,25 2
T6 64 1,03 30 1,06 78 1,13 234 1,41 0,33 0,30 1,2 2,12
P3 39 18 30 95 0,31 0,45 2,15
P4 37 1,02 18 1,05 34 1,17 101 1,05 0,34 0,41 1 2,05
01 83 36 58 191 0,30 0,48 2,29
02 65 1,27 32 1,16 71 1,22 222 1,16 0,32 0,33 1.1 2,05

lMpumimku Taki, Ak go tabn. 1.

MpuymnHoto Takoi arnagxeHocTi MIMA, MoXnMBo, € came
Ti AereHepaTMBHI Nnpouecy B NiAKipKoBux cTpykTypax 'M, Ha
AKi CTpaxaatTb Li XBOPI.

BucHoBkuU. MoXxHa npunycTuTh, WO BMpaxeHa 3rna-
[XEeHiCTb MXMNIBKYNEBUX acUMeTpil 3a reHepauieto bioene-
KTPUYHMX curHaniB y BinatepanbHO-CUHXPOHHMX TOYKax ro-
nosun € giarHoctuyHum EE[-kputepiem gereHepaTMBHUX
3MiH NigKipKOBMX CTPYKTYP MO3KY, Y LibOMY BUNagKy — mMap-
raHueBoi eHuedanonarii.
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J1. Bepe3oBuyk, kaHA. 6uon. Hayk, H. Makapuyk, a-p 6uon. Hayk
KneBckuit HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLleBuyeHko, Kues, YkpauHa

MAPIrAHLEBASA SHUE®ANOMNATUA U MEXTMONYLWWAPHAA ACUMMETPUA
ronoBHONO MO3rA

BonbHble, cmpadarouwue mapzaHyeeoli 3Hyeganonamuel, komopasi pa3gueaemcsi Ha ¢hoHe npuema cyppo2amHbIX HapPKOMuUKo8, cmpa-
Odarom ebipaKeHHbIM MoOKOPKO8bIM rceedo6bynb6apHbIM CUHOPOMOM, NUPamMudHol Hedocmamo4YHOCMbIO U KOMITJIEKCOM ee2emamueHbIX Hapy-
weHul. Haubonee ebipaxkeHbl U3 HUX HapyweHuUs1 dsue2amenbHbix hyHKyul. Paboma nocesiwyeHa usyyeHuro 6uoanekmpudeckol akmueHocmu
20/108H020 M032a 60/1bHbIX C Map2aHyeeol 3Hyeganonamuel c yenbto paspabomku 33M-kpumepuss duacHocmuku daHHo20 3aboneeaHus. 06-
cnedyemMbiM 6bia npoeedeHa 3anucb 33l ¢ ucnonb3oeaHueM 16-kaHasIbHO20 3nlekmpo3Hueganozpaga "NeuroCom standart” (XAU-Meduka,
YkpauHa) 8 coomeemcmeuu ¢ mexdyHapodHol cucmemol 3anucu "10-20". AHanu3zupoeanucb MOWHOCMU CU2HasI08 OCHOBHbIX pummMos ¢o-
Hoebix 33, omHocumesnbHbie xapakmepucmuku MOWHOCMU CU2Hallo8 OCHOBHbIX pummoe 33, 8 momM 4qucne KoaghgpuyueHm akmusayuu
KOpbl, KO3ghhuyueHM akmueayuu NoOKOPKU, MoKasamesiu MeXnosywapHbIX acuMmempull No MowHocmu 6uoanekmpu4eckux cusHanoe e 6u-
JlamepasnibHO-CUHXPOHHbIX MOYKax 20/108bl. Bbl10 ycmaHoesieHo, Ymo y 60/1bHbIX ¢ Map2aHyeeol 3HUyeganonamuel u KoaggpuyueHmsl akmu-
e8ayuu Kopbl, U KO3ghghuyueHmsbl akmueayuu MoOKOPKU UMeu 3Ha4YeHusl, Komopbie Mo2ym Habntodambcs y 605bHbIX ¢ Opy2umu 3abosiesaHu-
Amu. B ceoro o4epedb, makue nokasamersiu, Kak MeXroJsiywapHasi acuMMempusi o MOWHOCMU Cu2Hasi08 omaesibHbIX PUMMOS U MeXoJlywap-
Hasi acuMMempusi No cyMMapHoU MOWHOCMU cu2Hasnoe e 6unamepanbHO-CUHXPOHHbIX MOYKax 20/108b1 y 60/1bHbIX C Map2aHyeaol 3Hyegasno-
namueli umesnu 3Ha4eHusi, KOMopble 3Ha4UuMesIbHO OMJUYanucb om makoebix y 605bHbIX ¢ Opy2uMu eudamu namosioauu. Tak, Npu nokaszame-
nsix 16-18 mexnonywapHbix acummempuii y 30opoebix ntodeli u 9-25 y 6051bHbIX 8 KOMe, y 60/IbHbIX ¢ Map2aHyeesol 3Hyeganonamuel Habo-
danocb: y 00H020 60/1bHO20 — 12 MeXnonywapHbIX acuMMmempul, y ocmarsnbHbIX 60/bHbIX — 9, 7, 3 U 2 MeXnonywapHbIx acuMmempuli Mo Mo-
wHocmu cuzHasnoe omaAesibHbIX PUMMO8 8 6uslamepasibHO-CUHXPOHHbIX MOYKax 20/108bl. [Ipu4yuHol makol ebipaXeHHOU callaXeHHOCMU MeX-
nonywapHbix acuMmempull y 60bHbIX ¢ Map2aHyeeol 3Hyeganonamuel, o4egaudHO, Mo2ym 6bimb me decmpyKmueHble U3MeHeHUs! 8 MoOKOo-
pkoebix omdenax 'M, komopbie umeromcsi y OaHHOU 2pynnbl NayueHmos.

Kntoqeenie cnosa: mapaaHyesasi aHyeghasonamusi, MeXrosywapHasi acummempusi, 6uoanekmpu4eckasi 6yghepHasi cucmema 20/108HO20 MO32a.

L. Berezovchuk, PhD, M. Makarchuk, Dr Hab.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

MANGANESE ENCEPHALOPATHY AND INTERHEMISPHERIC ASYMMETRY
OF THE BRRAIN

Patients suffering from manganese encephalopathy, which develops while taking surrogate drugs, suffer from pronounced subcortical
pseudobulbar syndrome, pyramidal insufficiency and a complex of autonomic disorders. The most pronounced of them are disorders of motor
functions. The work is devoted to the study of the bioelectrical activity of the brain of patients with manganese encephalopathy in order to develop
an EEG-criterion for diagnosing this disease. The subjects underwent EEG recording using a 16-channel electroencephalograph "NeuroCom standart”
(KhAl-Medika, Ukraine) in accordance with the international recording system "10-20". The following were analyzed: the power of the signals of the
main rhythms of the background EEG, the relative characteristics of the power of the signals of the main EEG rhythms — the activation coefficient of
the cortex, the activation coefficient of the sub cortex, the indices of interhemispheric asymmetries in terms of the power of bioelectric signals in
bilaterally synchronous points of the head. It was found that in patients with manganese encephalopathy both the cortical activation coefficients and
the sub cortex activation coefficients had values that can be observed in patients with another diseases. In turn, such indicators as interhemispheric
asymmetry in the power of signals of individual rhythms and interhemispheric asymmetry in the total power of signals at bilaterally synchronous
points of the head in patients with manganese encephalopathy had values that significantly differed from those in patients with other types of
pathology. So, with indicators of 16-18 interhemispheric asymmetries in healthy people and 9-25 in patients in coma, in patients with manganese
encephalopathy, it was observed: in one patient — 12 interhemispheric asymmetries, in the other of the patients — 9, 7, 3 and 2 interhemispheric
asymmetries in signal power of individual rhythms at bilaterally synchronous points of the head. The reason for such a pronounced smoothing of
interhemispheric asymmetries in patients with manganese encephalopathy, obviously, may be those destructive changes in the subcortical parts of
the GM that are present in this group of patients.

Keywords: manganese encephalopathy, interhemispheric asymmetry, bioelectrical buffer system of the brain.
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THE CONTENTS OF GANODERIC ACIDS IN MYCELIUM
OF DIFFERENT GANODERMA SPECIES (GANODERMATACEAE) OBTAINED
BY DIFFERENT METHODS OF CULTIVATION

The effect of different cultivation methods on the content of ganoderic acids of 7 species, 10 strains of the Ganoderma genus
(Ganoderma applanatum 1899; Ganoderma carnosum 2502; Ganoderma lucidum 1904; Ganoderma resinaceum 2477, 2503;
Ganoderma sinense 2516; Ganoderma tsugae 1848, 2024, 2566, Ganoderma oregonense 2560) genus fungi from the IBK Mushroom
Culture Collection M.G. Kholodny Institute of Botany of National Academy of Sciences of Ukraine was investigated. It has been shown
that the submerged cultivation method is more efficient for the accumulation of ganoderic acids for five strains. In the mycelium of the
strain G. sinense 2516 was the highest content of ganoderic acids — 25.2 + 1.5 mg / g. The productivity (yeld) of ganoderic acids
synthesis is much higher with using the submerged culture cultivation method for mycelium of all used species and strains since the
use of this method provides the accumulation of much more biomass in comparison with the static liquid cultivation method. The
highest yield amount of ganoderic acids was in the mycelium of the G. tsugae 2024 and G. tsugae 2566 species, namely: 0.35 * 0.019
and 0.36 + 0.028 g/ I. It was proved that the modified extraction method significantly reduces the extraction time of ganoderic acids.
Extraction time is reduced from 14 to 2 days. For the G. sinense 2516 and G. tsugae 2024 strains was determined content of the
ganoderic acids and their yield in dynamics of grows in the submerged culture on 6, 8, 10, 12, 14, 16, 18 and 20 day of cultivation. The
highest amount of the ganoderic acids content was accumulated by the mycelium of the strain G. sinense 2516 — it was 26.4 *1.5mg/g
on the 14th day of cultivation. The highest yield of the ganoderic acids was in G. sinense 2516 on 14th day, and G. tsugae

2024 mycelium on the 16th day of cultivation with the next numbers 0.6 £ 0.031, 0.62 % 0.033 and 0.62 £ 0.027 g/I.
Keywords: Ganoderma, ganoderic acids, submerged cultivation, Ganoderma tsugae, Ganoderma sinense.

Introduction. Ganoderma P. Karst. is a genus of
polypore fungi, growing on different types of both conifers
and deciduous trees. Species of Ganoderma are well-known
for their medicinal effects, and in Asian countries they have
been used in traditional medicine for over 2000 years [1]. It
was discovered that not only fruit bodies, but also mycelium
of fungi of this genus contain biologically active compounds
[2]. Among them are polysaccharides, proteins, amino acids,
cytokines and more than 150 different triterpenoids, including
ganoderic acids [3, 4, 5]. According to the PubChem
database, there are currently over 60 types of ganoderic acids
[https://pubchem.ncbi.nim.nih.gov]. Ganoderic acids show
antitumor, antiviral (including HIV), anti-inflammatory,
antihistamine activity [6, 7]. Such properties make these
substances promising for medical and pharmaceutical
applications. However, most of the global studies were
focused on Ganoderma Iucidum (Curtis) P. Karst. as a
source of ganoderic acids, while other species have not
been sufficiently studied [8]. Therefore, the study of
ganoderic acids from different species and strains of
Ganoderma and the effect of cultivation conditions on their
amount in the fungal biomass is promising and necessary.

Material and methods. Strains from the IBK Mushroom
Culture Collection of the M.G. Kholodny Institute of Botany
NASU [9] cultivated by static and submerged cultivation
methods were selected for the study: Ganoderma
applanatum 1899 (Pers.) Pat., G. carnosum 2502 Pat.,
G. lucidum 1904 P. Karst., G. resinaceum 2477, 2503 Boud.,
G. sinense 2516 J.D. Zhao, LW. Hsu & X.Q. Zhang,
G. tsugae 1848, 2024, 2566 Murrill, G. oregonense 2560 Murrill.

The inoculum was initially prepared by cultivating
mycelium on a glucose-yeast-peptone agar medium at 26 +
0.1 °C containing (g/l): glucose — 25, peptone — 3, yeast
extract — 3, MgSO4 — 0,25; KH2PO4 — 1; K2HPO4 — 1; agar-
agar — 22; pH — 6,0. Glucose Peptone Yeast (GYP) was
used for static and submerged cultivation (g/l): glucose — 25,
peptone — 3, yeast extract — 3, MgS0O4 - 0,25; KH2PO4 — 1;
K2HPO4 — 1; pH - 6,0.

Liquid static cultivation was conducted under the
following conditions: temperature 26 + 0.1 °C, 50 ml of GYP
in 250 ml Erlenmeyer flasks for 14 days. Inoculation was
performed with 5 discs of mycelium grown on a glucose-
yeast-peptone medium. Mycelium discs 5 mm in diameter
were cut out with a sterile steel tube at a distance of 8-10
mm from the edge of active colony growth.

Submerged cultivation was conducted on a laboratory
shaker under the following conditions: temperature 26 + 0.1 °C,
agitation speed 120 rpm, 100 ml of GYP in 500 ml Erlenmeyer
flasks for 14 days. Inoculation was conducted with
homogenized inoculum, which was grown in Petri dishes on
a glucose-yeast-peptone agar medium. The inoculum was put
into flasks in the amount of 10% of the nutrient medium.

To study the dynamics of biomass and productivity of
synthesis of ganoderic acids, mycelium was grown by
submerged cultivation method. Biomass was taken on 6, 8,
10, 12, 14, 16, 18, and 20 days of cultivation. After
cultivation, the mycelium was separated from the nutrient
medium by filtration through a nylon filter and washed with a
potassium-phosphate buffer. The mycelium was dried to a
constant weight at 60 + 0.1 °C. The amount of dry biomass
was calculated in g/l considering the mass of inoculum.

Ganoderic acids (GAs) were extracted from biomass by
two methods — according to the classical method [10]: in the
initial stage, the mycelium biomass (0.1 g) was extracted in
3 ml 70% methanol by temperature 4 + 0.1 °C for 7 days;
the procedure was repeated twice; after mycelium removal
by centrifugation, the supernatant was evaporated at 50 °C
under vacuum. The residue was dissolved in distilled water,
after which chloroform extraction was performed. GAs from
chloroform extract were further extracted with 5% NaHCOs.
At the next stage, the pH of the NaHCOs-phase was brought
to 2.5 with 2N HCI, after which GAs were extracted from
NaHCO3-phase with chloroform. After chloroform removal on
vacuum evaporator, the residue containing GAs was
dissolved in absolute methanol. Concentration of GAs was
measured at 245 nm on spectrophotometer SF 46 LOMO
(USSR). A modified version of the classic extraction method
was also used. At the initial stage, the mycelium biomass (0.1 g)
was extracted in 3 ml 70% methanol at 26 + 0.1 °C and 120 rpm,
for 24 hours. The procedure was repeated twice. Further
stages of extraction were carried out according to the classical
method. The productivity of GAs synthesis was determined as
the amount of ganoderic acids in biomass (g) per unit of
nutrient medium (l) during the time of cultivation [11].

The number of repeats was 4. Statistical analysis was
performed using Microsoft Excel software.

Results and discussion. When comparing the amount
of GAs in mycelium of different species and strains of
Ganoderma fungi in different cultivation conditions, the
higher concentrations were generally observed while using
submerged cultivation methods (Fig. 1).

© Boromenskyi D., Bisko N., Al-Maali G., 2021
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The strains of G. tsugae 1848 and G. sinense 2516
contained 58% and 42.9% more GAs, respectively, when
cultivated by submerged method, as compared to static liquid.
Strains of G. resinaceum 2477, 2503, G. oregonense 2502
and G. carnosum 2502 produced approximately the same
amount of GAs under static liquid and submerged cultivation
conditions (the values are within statistical error limits).
Mycelia of G. tsugae 2024, 2566, G. applanatum 1899, and
G. lucidum 1904 grown by submerged -cultivation had
significantly higher amounts of GAs then those grown under
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static liquid conditions (Fig. 1). The highest level of GAs,
25.2 + 1.5 mg/g, was found in the mycelium of G. sinense
2516, grown by submerged cultivation. As for the strain
diversity of species, the GAs content of both strains of
G. resinaceum was practically the same under both cultivation
conditions. At the same time, G. fsugae strains had
differences in the GAs content in the mycelium grown under
static liquid conditions. Namely, the mycelium of G. tsugae
strain 2566 accumulated 23.3% more GAs than G. tsugae
2024 and 56.7% more than G. tsugae 1848 (Fig. 1).
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Fig. 1. The content of ganoderic acids in the mycelium of various species and strains of Ganoderma fungi under static
and submerged cultivation conditions

All strains, except G. oregonense 2560, had a significant
advantage in the productivity of GAs synthesis by mycelium
when grown under submerged cultivation conditions (Fig. 2).
This is due to the fact that most species and strains
accumulate significantly higher amounts of biomass in
submerged culture, which was described in our previous
study [11]. The highest productivity of GAs synthesis
= 0.35g /1, was in G. tsugae 2024 and 2566 strains grown
in submerged culture, with the difference between them
being in the range of statistical error (Fig. 2). Also the highest
yield of endopolysaccharides synthesys was in mycelium of
G. tsugae 2024, that was demonstrated in our previous
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experiment [11]. These results are due to the fact that strain
G. tsugae 2024 acummulated the highest level of biomass,
than other strains.Based on the results of this part of the
study, strains of G. sinense 2516 (with the highest GAs
content) and G. tsugae 2024 (with the highest biomass
accumulation and productivity of GAs synthesis) in
submerged culture were selected for further research. The
application of the modified method of GAs extraction
allowed to significantly reduce the total time of GAs
extraction without loss of substance in comparison with the
classical method. Therefore, in our further research a
modified method was used.
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Fig. 2. Productivity of synthesis of ganoderic acids by the mycelium of various species and strains of Ganoderma fungi
under static and submerged cultivation
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As the diagram in Fig. 3 shows, the mycelium GAs
content of G. tsugae 2024 and G. sinense 2516 strains
increased gradually from the 6th day to a peak on the
14th day of cultivation, and after that, it began to decline. On
the 6th day of cultivation, the amount of GAs in mycelium of
both species was almost equal, and increased significantly
already on the 8th day of cultivation, by 56.5% and 63.3% in
G. tsugae 2024 and G. sinense 2516, respectively. In all
other days there was a gradual increase in the content of
GAs, with a dominant strain of G. sinense 2516. On the 14th
day, the GAs content in the mycelium of both strains

15

10

Content, mg /g

(9]

6 day 8 day 10 day

| G. tsugae 2024

12 day

reached its maximum, while in G. tsugae 2024 this
parameter was 9% lower than for G. sinense 2516. After that
the trend of higher content of GAs was maintained in
G. sinense 2516 (Fig. 3) In addition, on the 16t, 18" and
20" day of cultivation, the content of GAs in G. sinense
2516 mycelium varied within the statistical error and was
lower than that on the 14th day of cultivation. On the
16th day of cultivation, the GAs content in mycelium of
G. tsugae 2024 was as high as on the 14th day of
cultivation, but decreased and remained almost
unchanged on the 18th and 20th days of cultivation.

14day 16day 18day 20day

OG. sinense 2516

Fig. 3. The dynamics of ganoderic acids content in the mycelium of G. tsugae 2024 and G. sinense 2516

Data analysis in Fig. 4 indicates that both studied strains,
G. tsugae 2024 and G. sinense 2516 showed extremely low
yield of GAs synthesis on the 6th day of cultivation. This is
related both to the small amount of biomass and the low
level of GAs. On the 8th day of cultivation, the yield of GAs
synthesis by both strains increased remarkably, although in
G. sinense 2516 this value was almost twice as high as in
G. tsugae 2024. However, on the 10th, 12th, and 14th days
this parameter was almost the same for each of the strains
(the values lied within the statistical error limits). The peak
of productivity in G. sinense 2516 occurred on the 14™ day
and gradually decreased up to the 20" day of cultivation,

0,7

0,6

Yield g/I
HH

0,1 '
0 . T

6 day 8 day 10 day

m G. tsugae 2024

12 day

which was related to the reduction of biomass and GAs
content. The difference between the yield of G. sinense
2516 on the 14th and 6th days of cultivation (the highest and
lowest value) was 98% (Fig. 4). For the mycelium of
G. tsugae 2024, the peak of productivity occurred on the
16th day of cultivation, but on the 14th, 18th, and 20 days of
cultivation the value varied within the statistical error, which
was associated with an increase in the biomass
accumulation of the mycelium of this strain. The difference
between the synthesis productivity of G. tsugae 2024 on the
14th and 6th days of cultivation (the highest and lowest
value) was also 98% (Fig. 4).

14 day 16 day 18day 20day

OG. sinense 2516

Fig. 4. Dynamics of synthesis productivity of ganoderic acids by G. tsugae 2024 and G. sinense 2516
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Analysis of literature data on the content and productivity
of GAs in the mycelium of different species and strains of
the genus Ganoderma, including the impact of different
cultivation conditions shows that the majority of researchers
used strains of G. lucidum in their studies [14].

Fang and Zhong report GAs content of 18.6 mg/g and
GAs synthesis yield of 0.267 g/l under submerged cultivation
conditions for G. lucidum [12], which is 29.5% and 57.1%
lower, respectively than similar parameters in the highest
results, what we got in our study: GAs content of
G. sinense 2516 is 26,4 mg/g, and productivity of G. tsugae
2024 is 0.623 g/I. In another study, Zhang and Tang [13]
published the results on the positive effect of light exposure
on G. lucidum mycelium in submerged culture and GAs
content was 31 mg/g, which is 14.8% more than the same
parameter in our experiment, but the productivity was
0.466 g/l [13], which is 25% lower than the maximum value
in our study. According to Tang et al. [15], the GAs content
and productivity were higher, but they were using a
bioreactor for G. lucidum cultivation. The two-stage
cultivation method in flasks allowed to obtain very high
values for the specified parameters, GAs content was
44.7 mg/ g, and the productivity of GAs synthesis was 1.427 g/l
in mycelium of G. lucidum [16], which was 50% and 56.3%
higher than the maximum values obtained in our study.

Wei et al. [8] in their study screened different species
for GAs content and optimized cultivation conditions for the
selected G. lucidum strain. As a result, after selecting the
optimal nutrient medium and using 300 | bioreactor, the
values of 20 mg/g on the GAs content and productivity of
0.677 g/l were obtained. Therefore, the highest GAs
content of G. sinense 2516 strain we used in the study was
24.2% higher than that of the above researchers, but the
maximum yield what we got was 7% lower. It should be
noted that the cultivation time in our study was 5 days
longer. It was, because using a bioreactor is better way to
cultivation mycelium biomass then the Erlenmeyesr's
flasks with laboratory shaker.

Based on the results of the experiment, it is advisable to
consider strains G. tsugae 2024 and G. sinense 2516 from
the IBK Mushroom Culture Collection of the M.G. Kholodny
Institute of Botany NASU as promising producers of valuable
biologically active substances — ganoderic acids.

Conclusion. It was found that the submerged cultivation
method has an advantage over the static cultivation method
in terms of GAs accumulation parameter for 5 out of
10 studied strains and species (for 2 strains of G. tsugae,
G. sinense 2516 as well as G. lucidum 1904 and
G. applanatum 1899).

It was proved that the submerged cultivation method has
a significant advantage over the static culture in terms of
GAs synthesis productivity for all strains and species used
in the study, except G. oregonense 2560.

It was established that our modified method of GAs
extraction allows to significantly reduce the total time of their
extraction from mycelium.

It was proved that the mycelium of the different strains of
one specie (G. tsugae) could accumulate different number
of GAs in the same conditions of cultivation.

References

1. Wasser S. P. Reishi or Ling Zhi (Ganoderma lucidum) / S. P. Wasser
/I Encyclopedia of Dietary Supplements — 2005; 603-622, doi: 10.1081/
E-EDS-120022119

2. Wasser S. P. Medicinal mushrooms science: history, current status,
future trends and unsolved problems / S. P. Wasser // International Journal of
Medicinal Mushrooms. — 2010; 12(1): 1-16.

3. Al-Maali G. A. The influence of the metal citrates, obtained using
aquananotechnology, on the biology of Ganoderma lucidum (Curtis)
P. Karst. and Trametes versicolor (L.) Lloyd. in culture: Cand. Sci. Diss. /
G. A. Al-Maali. — Kyiv, M. G. Kholodny Institute of Botany NAS of Ukraine. —
2016. — Ukraine.

4. Belova N. V. Lanostane triterpenoids and steroids of higher fungi /
N. V. Belova // Advances in Biology & Earth Sciences. —2016; 1(1): 111-114.

5. Comparative Analysis of Cytokinins in Mycelial Biomass of
Medicinal Mushrooms / N. P. Vedenicheva, G. A. Al-Maali, N. A. Bisko,
N. Yu. Mytropolska // International Journal of Medicinal Mushrooms, 2018;
20(9): 837-847, doi.org/10.1615/IntJMedMushrooms.2018027797

6. Mizuno T. G. lucidum and G. tsugae: bioactive substances and
medicinal effects / T. G. Mizuno // Food Rev Int 1995; 11(1): 151-166.

7. Ganoderma lucidum and its pharmaceutically active compounds /
B. Boh, M. Berovic, J. Zhang, L. Zhi-Bin. Biotechnology Annual Review. —
2007; 13: 265-267, doi.org/10.1016/s1387-2656(07)13010-6

8. Screening of Ganoderma strains with high polysaccharides and
ganoderic acid contents and optimization of the fermentation medium by
statistical methods / Z. Wei, Y. Duan, Y. Qian et al. / Bioprocess and
Biosystems Engineering/ — 2014; 37(9): 1789-1797, doi.org/10.1007/
s00449-014-1152-2

9. The IBK Mushroom Culture Collection. Version 1.1. / N. A. Bisko,
M. L. Lomberg, O. B. Mychaylova, N. Yu. Mytropolska // The IBK Mushroom
Culture Collection. — 2020, M. G. Kholodny Institute of Botany, doi.org/
10.15468/dzdsqu

10. Manufacture of ganoderic acid by fermentation of Ganoderma
lucidum (in Japansese) / Y. Tsujikura, T. Higuchi, Y. Miyamoto, S. Sato // Jpn
Kokai Tokkyo Koho. — 1992; JP 04304890

11. Boromenskyi D. O. Influence of cultivation conditions on biomass
and endopolysaccharide production by species of the genus Ganoderma
(Ganodermataceae) / D. O. Boromenskyi, N. A. Bisko // Ukrainian Botanical
Journal. — 2020; 77(2): 117—-124, doi.org/10.15407/ukrbotj77.02.117

12. Fang Q. H. Two-Stage culture process for improved production of
ganoderic acid by liquid fermentation of higher fungus Ganoderma lucidum /
Q. H. Fang, J. J. Zhong // Biotechnol Prog. — 2002; 18: 51-54.

13. Zhang W. A novel three-stage light irradiation strategy in the
submerged fermentation of medicinal mushroom Ganoderma lucidum for the
efficient production of ganoderic acid and Ganoderma polysaccharides /
W. Zhang, Y. J. Tang // Biotechnol Prog. — 2008; 24: 1249—-1261.

14. A Comprehensive Review of the Structure Elucidation and
Biological Activity of Triterpenoids from Ganoderma spp / Q. Xia, H. Zhang,
X.Sun et al. // Molecules. — 2014. — 19(11), 17478-17535, doi: 10.3390/
molecules191117478

15. Tang Y.J. Performance analyses of a pHshift and DOT-shift
integrated fed-batch fermentation process for the production of ganoderic
acid and Ganoderma polysaccharides by medicinal mushroom Ganoderma
lucidum /Y. J. Tang, W. Zhang, J. J. Zhong // Bioresource Technol. — 2009;
100: 1852-1859.

16. Zhang W. X. Impact of oxygen level in gaseous phaseon gene
transcription and ganoderic acid biosynthesis in liquid static cultures of
Ganoderma lucidum / W. X. Zhang, J. J. Zhong // Biprocess Biosyst Eng. —
2009; 33(6): 683-690, doi: 10.1007/s00449-009-0379-9

Referenses (Scopus)

1.  Wasser S.P. Reishi or Ling Zhi (Ganoderma lucidum) / Wasser S.P//
Encyclopedia of Dietary Supplements, 2005; 603-622. DOI: 10.1081/E-EDS-
120022119

2. Wasser S.P. Medicinal mushrooms science: history, current status,
future trends and unsolved problems. / Wasser S.P // International Journal of
Medicinal Mushrooms, 2010; 12(1): 1-16.

3. Al-Maali G.A. [The influence of the metal citrates, obtained using
aquananotechnology, on the biology of Ganoderma lucidum (Curtis) P.Karst.
and Trametes versicolor (L.) Lloyd. in culture] Cand. Sci. Diss. Kyiv, / Al-Maali
Galeb Adnanovych // M.G. Kholodny Institute of Botany NAS of Ukraine.,
2016. Ukraine.

4. Belova N.V. Lanostane triterpenoids and steroids of higher fungi.
Advances in Biology & Earth Sciences, / Belova N.V // 2016; 1(1): 111-114.

5. Vedenicheva N.P. Comparative Analysis of Cytokinins in Mycelial
Biomass of Medicinal Mushrooms. International Journal of Medicinal
Mushrooms, / Vedenicheva N.P., Al-Maali G.A., Bisko N.A., Mytropolska N.Yu.
/1 2018; 20(9): 837-847.

6. Mizuno T. G. lucidum and G. tsugae: bioactive substances and
medicinal effects. / Mizuno T. // Food Rev Int 1995; 11(1):151-166.

7. Boh B.. Ganoderma lucidum and its pharmaceutically active
compounds. / Boh B., Berovic M., Zhang J., Zhi-Bin L // Biotechnology Annual
Review, 2007; 13: 265-267.



~18 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleBueHka ISSN 1728-3817

8. Wei Z. Screening of Ganoderma strains with high polysaccharides
and ganoderic acid contents and optimization of the fermentation medium by
statistical methods. / Wei Z., Duan Y., Qian Y., Guo X., Li Y., Jin S., Zhou X.,
Shan S., Wang C. Chen X., Zheng Y., Zhong J.// Bioprocess and Biosystems
Engineering, 2014; 37(9): 1789-1797.

9. Bisko N.A.. The IBK Mushroom Culture Collection. Version 1.1./
Bisko N.A., Lomberg M.L., Mychaylova O.B., Mytropolska N.Yu. // The IBK
Mushroom Culture Collection M.G. Kholodny Institute of Botany. 2020

10. Tsujikura Y. Manufacture of ganoderic acid by fermentation of
Ganoderma lucidum (in Japansese). Jpn Kokai Tokkyo Koho / Tsujikura Y,
Higuchi T, Miyamoto Y, Sato S // 1992; JP 04304890

11. Boromenskyi D.O. Influence of cultivation conditions on biomass
and endopolysaccharide production by species of the genus Ganoderma

14. Xia, Q. A Comprehensive Review of the Structure Elucidation and
Biological Activity of Triterpenoids from Ganoderma spp. / Xia, Q., Zhang, H.,
Sun, X., Zhao, H., Wu, L., Zhu, D. She, G. // Molecules 2014; 19(11): 17478—
17535.

15. Tang Y.J. Performance analyses of a pHshift and DOT-shift
integrated fed-batch fermentation process for the production of ganoderic
acid and Ganoderma polysaccharides by medicinal mushroom Ganoderma
lucidum. / Tang Y.J., Zhang W., Zhong J.J. // Bioresource Technol 2009;
100:1852-1859.

16. Zhang W.X. Impact of oxygen level in gaseous phaseon gene
transcription and ganoderic acid biosynthesis in liquid static cultures of
Ganoderma lucidum. / Zhang W.X., Zhong J.J.// Biprocess Biosyst Eng. 2009;
33(6):683-690 doi:10.1007/s00449-009-0379-9

(Ganodermataceae) / Boromenskyi D.O., Bisko N.A. // Ukrainian Botanical
Journal, 2020; 77(2): 117-124.

12. Fang QH. Two-Stage culture process for improved production of
ganoderic acid by liquid fermentation of higher fungus Ganoderma lucidum. /
Fang QH, Zhong JJ. // Biotechnol Prog 2002; 18:51-54.

13. Zhang W. A novel three-stage light irradiation strategy in the
submerged fermentation of medicinal mushroom Ganoderma lucidum for the
efficient production of ganoderic acid and Ganoderma polysaccharides. /
Zhang W, Tang Y.J // Biotechnol Prog 2008; 24:1249-1261.

Hapivwna po peakonerii 06.01.2021
OTpumaHo BunpaBneHun BapiaHT 03.01.2021
NipnucaHo go apyky 03.01.2021

Received in the editorial 06.01.2021
Received a revised version on 03.01.2021
Signed in the press on 03.01.2021

. BopoMeHcbkui, acn., H. Bicbko, A-p 6ion. Hayk, I'. Anb-Maani, kaHA. 6ion. Hayk, O. Moniwyk, kaHA. 6ion. Hayk
IHcTUTYT GoTaHiku iMeHi M. I". XonogHoro HauioHanbHoOi akagemii Hayk Ykpainu, KuiB, YkpaiHa

BMICT TAHOOEPOBUX KUCJTIOT
Y MILERNIT PI3HUX BUAIB POOY GANODERMA (GANODERMATACEAE),
OTPUMAHOI'O PIBHUMU CITOCOBAMU KYIIbTUBYBAHHSA

Y x0di docnidxeHHs1 nepeeipeHo eannue pi3Hux crnocobie KynbmueyeaHHsI Ha eéMicm 2aHodeposux kKucriom 7 eudie, 10 wmamie 2pubie pody
Ganoderma 3 Konekuyii kynbmyp wanuHkosux 2pubie (IBK) Incmumymy 6omatiku imeHi M. I. XonodHozo HAH YkpaiHu: Ganoderma applanatum
1899; Ganoderma carnosum 2502; Ganoderma lucidum 1904; Ganoderma resinaceum 2477, 2503; Ganoderma sinense 2516; Ganoderma tsugae 1848,
2024, 2566, Ganoderma oregonense 2560. [JogedeHo, w0 9ns1 5 sudie anubuUHHUL crnoci6 KynbmueyeaHHs1 € egheKmusHiwuUM Onsi HaKONMUYeHHs 2a-
Hodepoeux kucsiom. BuzHavyeHo, wo Hali6inbwuli eMicm 2aHodepoeux kKucsiom 6ye y miyenii wumamy G. sinense 2516 — 25,2+1,5 me/2. [podykmue-
Hicmb cuHme3y 2aHoOeposuxX Kucsiom Habazamo euuja 3a 8UKOpPUCMaHHS 2/TUGUHHO20 crocoby KynbmueyeaHHs1 05151 Miyeniro ecix eudie i wmamis,
3aedsiku moMy, W0 3acimocyeaHHs1 8kazaHO20 crocoby 3abesneyye HaKOMUYeHHsI 3Ha4YHO Ginbwor kinbkocmi 6ioMacu NopieHsIHO 3 MeMOoAOM Mo8epXx-
Hes020 KynbmueysaHHsi. Halibinbwa npodykmueHicmb cuHme3y 2aHodeposux Kucsiom 6yna ompumaHa 0ns miyesniro sudie G. tsugae 2024 ma G. tsugae
2566 3i 3HayeHHsIMu 0,35%0,019 ma 0,360,028 2/n. [JoeedeHo, wyo ModugpikosaHuli crnoci6 ekcmpakuii 003e0sisie 3Ha4YHO CKOPOMUMU Yac eKcmpakuii
2aHodeposux Kucsiom. [NopieHsIHO 3 KnacuU4HUM MemodoM Yac eKkcmpakyii 3meHwyembcs i3 14 do 2 0i6. [MepesipeHo emicm 2aHOOeposux Kucsom i
npodyKkmueHicms ixHb020 cuHme3y Ons wmawmie G. sinense 2516 ma G. tsugae 2024 e duHamiuyj, eupowjeHux y 2iTubUHHIl Kynbmypi, Ha 6, 8, 10, 12, 14, 16,
18 ma 20 9doby KynbmueyeaHHsi. Halisuwly kinbkicmb 2aHOOeposux Kuc/iom Hakornu4yyeas Mmiyeniti wmamy G. sinense 2516 — 26,4%1,5 m2/z Ha
14 o6y kKynbmueyeaHHsi. Halibinbwa npodykmueHicme cuHme3sy 2apodeposux Kucsiom 6yna y G. sinense 2516 ma G. tsugae 2024 Ha 14 006y Kynbmu-
sysaHHs ma G. sinense 2516 Ha 16 doby, i cknadana 0,610,031, 0,62+0,033 ma 0,62+0,027 2/n 8idnosidHo.

Knroyoei cnoea: Ganoderma, 2aHodepoei kucriomu, 2nu6uHHe KynbmueyeaHHsi, Ganoderma tsugae, Ganoderma sinense.

. BopomeHckun, acn., H. Bucbko, a-p 6uon. Hayk, I'. Anb-Maanu, kaHg. 6uon. Hayk, O. Monuwyk, kKaHa. 6uon. Hayk
WHcTuTyT 60TaHnkn umeHn M. I'. XonogHoro HaunoHanbHow akagemun Hayk YkpauHbl, Kues, YkpauHa

COOEPXXAHUE rAHOOEPOBbIX KUCNOT
B MULIENTUN PA3NTINYHbIX BUOOB POOA GANODERMA (GANODERMATACEAE),
NOJTYYEHHOI'O PA3JIMYHBIMM CMOCOBAMU KYNIbTUBUPOBAHUA

B xo0e nposedeHH020 uccredogaHusi 6b1710 MPOBEPEHO 8IIUSHUE Pa3IuUYHbIX Cr10co608 KyfibmueupoeaHusi Ha codepXaHue 2aH00epo8bIX KUC-
nom 7 eudoe, 10 wmammoe 2puboe poda Ganoderma u3 KoJIeKUuu Kynbmyp WisinoyYHbix 2pu6boe (IBK) MHcmumyma 6omaHuku umeHu
M. I". Xonoduozo HAH YkpauHbi: Ganoderma applanatum 1899; Ganoderma carnosum 2502; Ganoderma lucidum 1904; Ganoderma resinaceum 2477,
2503; Ganoderma sinense 2516; Ganoderma tsugae 1848, 2024, 2566, Ganoderma oregonense 2560. [Joka3aHo, Ymo 05151 5 eudoe 2s1y6UHHbIU cr1oco6
KynibmueuposeaHus sienisiemcsi aghghekmueHbIM 01151 HakonseHus1 2aHodeposbix kucsom. OnpedeneHo, Ymo Haubosbuwee codep)xaHue 2aHO0epPo8bIX
Kucsiom 6bin10 8 Mmuyenuu wmamma G. sinense 2516 — 25,2+1,5 me/y. [lpouzeodumenbHOCMb cUHMe3a 2aHO0epPoe8bIX Kucsom 2opa3do ebiwe npu
ucrnosnib308aHuU 251y6UHHO20 criocoba KynibmueupoeaHusi 0151 Muyenusi ecex eudoe U wmammos, 61azodapsi MoMy, Ymo UCnosib308aHuUe yKa3aH-
Ho20 crnocoba obecrneyusaem HakorneHue 3HayumesibHo 6osbuwie2o Konuyecmea 6uomMacchl Mo CPasHeHUD ¢ MeMOAOM M08ePXHOCMHO20 KyIlb-
mueupoeaHusi. Haubonbwas npou3zeodumesibHOCMb cuHMe3a 2aHodepoebix Kucsom 6bina nosnyveHa Ons muyenusi eudoe G. tsugae 2024 u
G. tsugae 2566 co 3HayeHusimu 0,350,019 u 0,360,028 2/n. [JokazaHo, Ymo MOOUGpULUPOBaHHbIl cMOCco6 IKcmpakyuu no3eoJsisiem 3Ha4umesibHO
CoKpamumb epeMsi IKcmpakyuu 2aHodepoebix kucrom. [1o cpasHeHUI C KiaccuyeckuM MemoOdoM 3Kcmpakyuu epemsi ymeHbwaemcsi ¢ 14 do
2 cymok. Bbino npoeepeHo codepxaHue 2aHOOepoe8biX KUCI0m U npou3eodumesibHOCMb UX cuHme3a 0nsi wmammos G. sinense 2516 u G. tsugae
2024 e OuHaMuKe, eblpaWieHHbIX 8 2iy6uHHoU Kynbmype, Ha 6, 8, 10, 12, 14, 16, 18 u 20 cymku KynbmueupoeaHusi. Hauebicwee konu4ecmeo 2aHo-
depoebix Kucsom Hakannuean muyenuli wmamma G. sinense 2516 — 26,4+1,5 me/2 Ha 14 cymku KynbmueupoeaHusi. Haubonbwasi npouzeodumerb-
Hocmb cuHme3a 2apodeposbix Kucsiom 6bina e G. sinense 2516 u G. tsugae 2024 Ha 14 cymku KynbmueupoeaHusi u G. sinense 2516 Ha 16 cymku, u
cocmaensana 0,6+0,031, 0,62+0,033 u 0,62+0,027 2/1 coomeemcmeeHHO.

Knroueenie cnosa: Ganoderma, 2zaHodepoesbie Kucsiomsl, 2ly6uHHoe KysibmueupoeaHue, Ganoderma tsugae, Ganoderma sinense.
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AHARI3 CNIN3Y CAQOBOI0O PABINUKA (Helix aspersa Mullen
HA MPUCYTHICTb NOTEHLINHUX E®EKTOPIB CUCTEMU FEEMOCTA3Y

HuHi icHye 6a2zamo nidxodie Ao cmeopeHHs1 HO8UX JliKapCbKUX npernapamie, 0OHaK XXOO€H i3 HUX He MOJxe 3aMiHuUMu eaxuey
posib NPUPoOHUX Npodykmie y eidkpummi U po3pobui nikie. MpupodHa cuposuHa 3anuwiaemscsi Had3eu4aliHO 8aX1usuM Oxepe-
J1IoM slikapcbKux 3acobie. bazamo 6ios102i4HO akmueHUX MOJIeKy1 MPUPOOGHO20 MOXOOXXEeHHS exxe 3Haliwsiu 6e3nocepedHe nikap-
CbKe 3acmocyeaHHsl, iHWi MOXymb ciyXumu xiMiyHuMu modensimu abo wabrnoHamu Oisi NPOEKMyeaHHsI ma cuHme3sy Hoeux ¢ha-
pMauyeemu4HuUx azeHmie. Cnu3 paesukie yxe 6azamo pokie npueepmae yea2y Haykoeuie, sik Oxxepesio NpupoOHuUx 6ioso2iyHo
akmueHux pe4osuH. KomnoHeHnmu cnu3y paesukie HeodHopa3080 A0cC/1idXeHO Ha aHMUMIKPO6GHY, aHmuoKcudaHmHy, npomusa-
nanbHy i npomupakosy akmueHocmi. Y yili po6omi docnioxeHo 6ionoziyHi e¢hekmu KoMnoHeHmie cnu3ly cadoeoz20 paesiuka
Helix aspersa, nowupeHo2o Ha mepeHax YkpaiHu. Pesynbomamu docnidxeHb dogenu npucymdicme 6inkosux mMorsnekys, ceped
AKUX YacmuHa Marsna eupaxeHull npomeosiimu4Hull momeHyian 3i cneyugiyHicmro Ao xenamuHy, KonazeHy ma hi6puHozeHy.
lMicnsi dod0aeaHHs cnu3y Ao nna3mu Kposi io2o cknadoei iHiyitoeanu ymeopeHHs1 akmueHo20 mpomMb6iHy, a makox nodoexyeasnu
qac 3cifaHHA nna3mu y koaz2ynsayitiHomy mecmi AYTY. Kpim mozo, komnoHeumu cnu3y H. aspersa nocunreanu egpekm iHOYK-
mopa azpezayii mpom6oyumie U iH2i6yeanu ixHro dezazpezayiro. [JloeedeHo, uyo kKomnoHeHmu cnusy H. aspersa He Manu yumo-
mokcuyHo2o egpekmy. OmpumaHi pe3ysbmamu eKa3yromb Ha nepcrneKmueHicmb i eaxnueicmb ModanbWux eKkcrepumMeHmia i3
8UBYEHHS OKpeMux b6inkoeux ¢hpakuili cnusy 3 memoro idenmudbikayii okpemux 6io/102i4HO akKmMueHUX MoJIeKysl, w0 eidnoeioa-
romb 3a nposie nokasaHux egekmie. [emanbHuli aHani3 cknady ma eue4YyeHHs eslacmueocmel c/u3y paeJiukie cry2yeamume
niorpyHmsim Ansi ompumaHHsI MTOMeHUiliHO HO8UX Pe4YO8UH i3 YiflbOBUMU aKmueHOCMSAMU i iXHb020 N00asIbUI020 3aCMOCy8aHHsI
8 pi3HUX cghepax NPomMuUc/I080CMi, 8KITIOYaIO4YU hapMayeemuyHy.

Knro4oei crioga: paenuk, cius, npomeosiimu4yHa akmueHicmb, cucmema 2emMocmaasy, XpOHOMempu4Hi mecmu, 2eMoslimu4Ha

akmueHicmeo.

BceTyn. [MpoTarom cToniTe M'ACO paBnukis, Yepes Noro Bu-
LLyKaHi CMaKoBi BIacTUBOCTI, @ TAKOX MOXUBHY LiHHICTb, BUW-
KopucToByBanm B iXy. OfHaK paBnvkv TakoX KOPUCTYHOTLCS
niaBMLWEHNM nonuToM y dhapmalii Ta KOCMETONOrii, OCKINbKM
€ BiMIHHOIO CMPOBMHO BIONOriYHO aKTMBHUX PeYoBUH. PaB-
TMKW 30aTHI BUPOBNATH B'A3KO-eNnacTU4Hy pevoBuHY, Ska Ha-
31BaETbCA CNM30M, WO Mae agre3viBHi, 3BONOXyBasbHi, 3a-
XWUCHI Ta penapaTuBHi BacTUBOCTI 1 BUKOHYE PiZHOMaHITHI
dyHKLUIT, BKNOYaOYM MomnerweHHs pyxy no 3emni, Chinky-
BaHHs1 Ta HecneuudiyHy, 3aX1CHY peakuito Ha disndHe abo
ximiyHe nogpasHeHHs [1, 2]. Cnua paBnukie € 6aratum gxe-
penom GioNoriYHO aKTUBHWX NPUPOOHUX PEYOBUH, LLO BXEe
AaBHO BBIVLLNW A0 cKnaay psgy KOCMEeTUYHNX 3acobis, npu-
3HavYeHnX AN AOrNsAy 3a LWKIPOoK Ta ANs NikyBaHHSA LWKip-
HUX 3axXBOpIOBaHb, HaNpWknag, paH, onikis, pybuis, kepa-
TO3Yy, ncopiady Ta Byrpis [1, 3]. binblwe Toro, cnu3 cnumakis
nobpe Bigomuii CBOIMM aHTMBIKOBUMW BNacTUBOCTAMMU, a
OCTaHHIM 4acoM MOro KOMMOHEHTW LUMPOKO AOCHIAXKYIOTb
Loao aHTnbakTepianbHOi akTUBHOCTI [4, 5].

3Baxaloun Ha Te, WO TepuTopis YKpaiHu Mae cnpusT-
nYBI KNiMaTUYHi YMOBMW ANS BUPOLLYBaHHSA ICTIBHUX paBmu-
KiB i 6epyun 4O yBary BUCOKUIA MOMUT HA L0 CUPOBUHY Ha
CBITOBOMY PUHKY, HE AMBHO, WO B YKpaiHi akTMBHO chopmy-
€TbCA HOBa rany3b TBapMHHWUTBA — PaBnWKIBHULTBO. Y
3B'A3KYy 3 NoNynspu3aLieto BUPOLLYYBaHHS paBfuKiB akTyasb-
HVMM Hapasi € NOoLUYK i PO3BUTOK cchep 3acTocyBaHHSA Npoay-
KTiB IXHbOI nepepobku. Tak, cborogHi ykpaiHcbki hepmepu
aKTMBHO BMPOLLYIOTL paBnukiB Buais Helix aspersa Muller Ta
Helix aspersa Maxima, excnoptytoun 6nnsbko 400 T cupo-
BMHM 0 KpaiH €BPpOnu LWOPIYHO, a OTXe Ui BUAK, a TOYHIWe
NPOAYKTU iXHbOT XXUTTEQIANBHOCTI, 30KpEMa CNK3 i NPoAYKTH
nepepobKu iXHbOI HEICTIBHOI YacTuHM (MyLni), € nepcnek-
TUBHOI CMPOBMHOIO, LLO BiAMOBIAAE KIOYOBUM BMMOram 6i-
OTEXHOSOrYHOro BUPOGHMLTBA — AOCTYMHICTb | BApTICTb.

Helix aspersa ta Cornu aspersum — OBi anbTepHaTUBHI
Ha3BW OAHOrO i TOr0 CaMoro BMAY paBmukiB. TakCOHOMIYHO
npasunbHa Hasea — C. aspersum, ane nonepeaHs Ha3sa
H. aspersa BukopucToByeTbCs WwnpLue. My nposenu aHanis
niTepaTypHUX SXXepen i JaHUX Mepexi iIHTepHEeT LWoado noTe-
HUIMHUX UiNbOBUX aKTUBHOCTEW cnuay pasBnukis Helix
aspersa Muller Ta Helix aspersa Maxima Ta ix Hakbnmxunx
TaKkCOHOMIYHO-CMOpiAHEeHNX BUAiB. 3rigHO 3 pesynbTaTtamu

KiNbKOX HeloaaBHixX gocnigkeHb, Crnu3 paenukis Buay Helix
aspersa MiCTUTb psi NPUPOAHUX PEYOBUH, LLIO MaloTh BUpa-
XKEHi KOPWCHI Ta nikyBanbHi BNaCTUBOCTI ANS LWKIpW NIOANHN
— anaHToiH i rnikonesy KMCMOTY [6]. Takox i3 cnudy pasnuka
H. aspersa BuAinNeHo Kinbka dpakuin nentugis, Wo manu
aHTnbakTepianbHi [7, 8] 1 aHTMOKCUAaHTHI [9] BNacTUBOCTI.
Tak nokasaHo, Lo KOMMOHEHTU cnu3dy H. aspersa 0emoH-
CcTpyBanu epekTMBHY aHTnbakTepianbHy Aito Woao ABOX pi-
3HKX WTamiB Pseudomonas aeruginosa [3]. AHTUMIKPOOHI
nentuaun, Wwo 6ynu igeHTudikoBaHi Ta BuAineHi 3i cnuay
H. aspersa — ue miTumauuH-AF [3] Ta remouiaHiH B c-HaH
[3]. We pBa rniko3vnboBaHi nenTuam, wo oynu Buginexi 3i
cnunay H. aspersa, 0eMOHCTPYBanu iHridytounii edpekT woao
pocty Propionibacterium acnes, Escherichia coli Ta
Helicobacter pylori [5]. Cepep UinboBMX MOreKyn ocobnuey
yBary 3acnyroByloTb Ti, LL|O BiANOBigal0Tb 3a pearnisayito aH-
TMoKCnaaHTHUX edpbekTiB. Ockinbkn paBnukn H. aspersa me-
LIKaKTb Y NPUPOAHOMY CepefoBULLI, IXHIN CekpeT Mae [o-
Ope pO3BUHEHY CUCTEMY @HTUOKCUAAHTHOrO 3axMCTy, LUO
BKINtoYae dpepmeHTaTuBHY i HedpepmeHTaTuBHy naHku [10,
11]. YcraHoBneHo A. Brieva Ta cniBaBTopamu [12], wo cnus
H. aspersa MicTUTb hePMEHTH i3 CynepoKCUaaMCMyTa3HO
Ta rnyTaTioH-TpaHCHEPas3HO aKTUBHOCTAMU. TakoxX i3
cnu3y BuaiB H. aspersa Ta H. pomatia BuaineHo gekinbka
nentugis [5] Ta rnikonpoTeigis [13], Wo Manu BUpaKeHUR
aHTUOKCMAAHTHUI MNOTeHUian; aHTMOKCUAAHTI BracTUBOCTI
CNN3y TaKoX NOSACHIOTb HAsSIBHICTIO anaHToiHy [14].
MokasaHo, Lo ekcTpakTu 3 TKaHWH H. aspersa Miiller ma-
H0Tb BUPaXXEHY NPOTUMYXIIMHHY aKTUBHICTb, Lo Oyna aose-
[eHa eKcrnepyMMeHTamu Ha KNniTUHax paky MOSIOYHOI 3aosu
(Hs578T) [15]. Memouianinn, oTpumaHi 3 H. aspersa Miiller
Ta H.lucorum, i cTpykTypHa cyboauHuusa remMouiaHiHy
H. aspersa Miiller 3HwKyBanu >UTTE30ATHICTb KIITUH paky
ce4yoBoro Mmixypa (T-24 ta CAL-29) [16]. binbLwe TOro, remo-
LiaHiHW, BuAineHi 3 H. aspersa Miller, 3HnxyBanu xuTTe3ga-
THICTb pakoBWX KMiTUH sieqHukiB (FraWu), pakoBux KniTuH
npoctatn (DU-145), kniTH rocTporo MOHOLUTapHOro nen-
ko3dy (THP-1), knituH nimcomn BypkitTa (Daudi) Ta pakoBumx
kniTvH rniomu (LN-18). B ekcrniepMeHTax in vitro Ha KynbTy-
pax ¢ibpobnacrTiB, BUSIBIEHO, LLO eKcTpakT 3 Helix aspersa
He MaB LUMTOTOKCUYHOCTI, 3axuLLaB KIiTUHM Big anonTosy i,
LLIO BaXXNMBO, CYTTEBO iHAYKYBaB nponidpepadito Ta Mirpadito
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KNiTUH 3a AOMOMOrOK MPAMMUX | HEMPAMUX MeXaHi3MiB, Lo
CMoCTepiraloTbCs 3@ YMOB paHo3axuerneHHst [17]. YkasaHi
edekTn 6ynun nos'azaHi 3 MopdponoriYHNMmM 3miHamn, peopra-
Hi3aljier uMTockeneTa Ta BUBINTIbHEHHSM LUTOKIHIB.

OTxe, 3ayBaXNMO TaKe: X04a paBlUKOBUIA CINU3 HWHI € iH-
rpeqieHToM OeKiNbKOX KOCMETUYHMX i NapadapMaLeBTUYHNX
NpoAyKTiB, OOCNIMDKEHHSA LWOAO0 XapaKTepUCTUKM NOro XiMid-
HOro cknagy Ta 6ionoridHnx edekTiB MOro KOMMOHEHTIB NnLLE
HabyBatoTb nonynsipHocTi. Bepyyun 0o yBaru nepcnekTue-
HICTb yKa3aHOi CMPOBWHW SiK NOTY>KHOTO AKepena 6ionoriyHo
aKTUBHMX PEYOBMWH, METOIO L€l poboTu Byrno npoBedeHHs no-
nepegHbOro aHanisy cnudy H. aspersa oo NpUCYTHOCTI
KOMMOHEHTIB i3 MOTEHUINHOK e(heKTOPHO (OYHKLIE BigHO-
CHO CUCTEMW remMocTasy.

Marepianu Ta MeToau. Y gocnigax BUKOPUCTOBYBanu
cTaTteBo3pinux ocobuH Buay H. aspersa (n = 50) BupoLLe-
HWUX Ha paBnukosin pepmi "Binna MNpeuia" (dbepmepcbke ro-
cnogapcTteo "3apasnuk”, c. [pedaHe, NeTpuKiBCbKMI p-H,
[HinponeTpoBcbka 061., YkpaiHa). Cnuns paenukis oTpumy-
Banu npauiBHMKM bepmu 3a iXHbOI BMACHOK TEXHOMOTIED
"3apaBnuk-myumH". Yncty cupoBuHy (6e3 gogaBaHHst BOau
YN IHLWMX PO3YMHHUKIB) hinbTpyBanu, nicns 4oro niodinsHo
Bucywysanu (Telstar LyoQuest). Cyxun matepian 36epi-
ranu npu 4 °C. JlioginizoBaHun cekpeT nepea BUKOPUCTaH-
HSAM PO3YMHANN 3 PO3PaxyHKy 5 Mr cyxoi peqoBuHU Ha 1 mn
50 mM Tpic-HCI 6ydepa (pH 7,4), wo mictus 0,13 M NaCl.
3 MeTOH0 BifOKPEMIEHHSI HEPO3YMHHMX KOMMOHEHTIB Cycre-
H3ito ueHTpudpyrysanu npm 3000 g npotsarom 5 xB. KoHLEH-
Tpauito 6inka y cynepHaTaHTi BU3Ha4yanu 3a metogom bpe-
adopa [18]. binkoBo-nenTuaHUM cknag cruvay AOCRioXY-
Banu MeTofom auck-enektpodopesy y 10%-My noniakpu-
namigHomy reni 3rigHo 3 onucaHoo MeToankoto [19]. EH3nM-
enekTpodopes nposoauny BiAnoBiaHoO Ao metoauku [20].
Posginsatounii renb noniMepmnsysanu 3a NPUCYTHOCTI ena-
TUHY, KonareHy Ta ibpuHoreHy 3 po3paxyHky 1 mr Bignosi-
AHoro cybctpaTtHoro 6inmka Ha 1 M po3ginslyoro reso.
AHanis ogepxxaHnx enekTpodoperpam 34incHoBanm 3 BUKO-
puctaHHaMm nporpamu TotalLab 2.04. MNMpeacTtaBneHi enekr-
podhoperpamu € TMNOBUMM NS Cepii MOBTOPHUX AOCHIiAiB.

FeMoniTMYHY aKkTMBHICTb KOMMOHEHTIB cnu3y H. aspersa
Jocnigxysanu B yMOBax in Vvitro 3a paHiwe po3pobrneHum
mMeToAom [21]. Ans uporo ekcnepMMeHTy BUKOPMCTOBYBanu
cBixonpurotoBneHy 2%-By (06./06.) cycneHsito eputpoum-
TiB kpona B Na-cpocdatHomy 6ydepi, pH 7,2. Pi3Hy Kinb-
KicTb GinkoBoro martepiany cnuay H. aspersa nogaesanu oo
cycneHsii eputpouunTiB (KiHUEBI KOHLEHTpaUii 3aransHoro bi-
nka cknaganu — 100; 50; 20 i 5 Mkr Ha 1 Mn cycneHaii kNiTuH)
Ta iHkybyBanu 3a +37 °C npotsarom 30 xB. lMicnsa iHky6auii
BCi 3pasku LeHTpudyrysanu npotsarom 6 xe npu 2500 g.
CynepHaTaHT! BMKOPMCTOBYBanu ANS BU3HAYEHHS BiMb-
HOro remornoBiHy, Lo 3'ABNsBCA B PO34MHi 3@ YMOB fi3uncy
KMiTUH. BuMiptoBaHHA npoBOAMAM NPU  OOBXWHI  XBUII
541 um (MQuant, BioTek Instruments, CLUA). Y pocni-
[OXEHHi BUKOPUCTAHO [iBa KOHTPOSi: HEraTUBHUIA KOHTPOIb
— CycneHsig epuTpoumTiB, ka mictuna nuwe Na-cocdart-
Huin Bydep, pH 7,2, Ta NO3NTUBHMIA KOHTPOSIb — CYCMNEH3is
KNiTuH, wo mictuna 1%-n TputoH X-100. ONTKYHI nokas-
HUKM MO3UTMBHOIrO KOHTPOSO BUKOPUCTOBYBaNWU SK 3Ha-
YEeHHS, L0 XapaKTepu3ye KifbKiCTb BUBINIbHEHOrO reMorno-
6iHy 3a ymoBu 100%-ro ni3ucy KniTuH.

MpoTeoniTUYHY akTMBHICTb BM3HaYanu 3a 34aTHICTHO Ti-
JponisyBatu aMigHUIN 3B'A30K Y CKradi TakMx CUHTETUYHUX
XpoMoreHHux cyoctparis: Phe-Pip-Arg-pNA (S223s, cybcT-
paT go TpombiHy), Val-Leu-Lys-pNA (Sz22s51, cybecTpat no
nnasmidy), lle-Glu-Gly-Arg-pNA (S2222, cybecTtpat go dak-
Topy Xa), pyroGlu-Pro-Arg-pNA (Sz36s, CybCTpaT 40 aKTUBO-
BaHoro npoteiHy C) [22]. Peakuito npoBogunu B NyHKax

96-nyHkoBoro mikponnaHwerty. KiHueBuii o6'em iHkybauin-
Horo cepepgosua ckrnagas 250 mkn. Y xofi AOCNIoKEHHSs
o 0,05 M Tpic-HCI 6ydepa, pH 7,4, nogaBanu 3pasok
cnnsy H. aspersa, 3 BMmicToM 3aranbHoro 6inka — 20 mkr. Ii-
cns 5 xB iHkybauii 3a 37 °C peakuito iHilitoBanu gogaBaH-
HsIM BiQMNOBIAHOMO cneundiYHOro XxpoMoreHHoro cybeTpary,
KiHLeBa KOHLEHTpaLisi KOXHOro 3 Hux ctaHosuna 0,3 mM.
KoHTponbHWI 3pa3ok BKNoYaB Ti caMi KOMMNOHEHTHU, ane 3a-
MiCTb BiONOBIAHMX (hpaKLii cekpeTy MICTUB piBHUIA 06'em
50 mM Tpic-HCI 6ydepa, pH 7,4. IHkybauito npoBoamnu 3a
37 °C npotdarom 120 xB. ONTUYHY LWiNbHICTE NPo6 BM3Ha-
Yyanu yepes piBHi MPOMIKKM Yacy npu AOBXMHI XBUAi 405 HM,
BMKOPUCTOBYIOUM MIKPOMMaHLLETOYHUA CMeKTPodoTOMETP
(uQuant, BioTek Instruments, CLUA).

Ona BMBYEHHA 34aTHOCTI  KOMMOHEHTIB  crnusy
H. aspersa akTuByBaTu NEBHi NPOEPMEHTU CUCTEMU FEMO-
cTasy, BUKOPUCTOBYBanu iHkybauiiHe cepeaoBuLle aHarmno-
riYHOro ckrnagy sk OnNncaHo BULLe, KyaW KpiM 4OCMioKyBaHMX
3paskiB Takoxx BHocunun 20 MK nNna3mu KpoBi kpons. Peak-
Lito iHiuitoBanu gogaBaHHAM BigMNoOBIAHOMO XPOMOrEHHOro
cybcTpaty 3 KiHueBow koHueHTpauieto 0,3 MM. KoHTponb-
HWIM 3pa3oK BKMOYAB Ti CaMi KOMMOHEHTU, ane 3aMicTb JOC-
nigKyBaHUX 3paskiB cekpeTy MICTMB piBHWMIA 06'em 50 MM
Tpic-HCI 6ydepa, pH 7,4. 3a guHamikow po3LLENEHHS
XPOMOTreHHMX cybcTpaTiB cnigkyBanu 3a TOTOXHMX YMOB,
onuncaHux Buwe. AHaniayroum NoTEHUINHWUIN ePeKT KOMMOHe-
HTIB cnnay H. aspersa Ha NPOEH3MMU NnasmMu, OTpMMaHi pe-
3ynbTatv obuncrnoBany TakuM YMHOM: 3HAYEHHS OMTUYHOI
LWiNbHOCTI Npo6 y eKcnepuMeHTi Woao AOCHIAKEHHS NPAMOi
rigpoNiTUYHOI Aii KOMMOHEHTIB CEKpPeTy, BigHIManu Big Bia-
NoBigHMX 3Ha4YeHb NPob y eKCNepUMEHTI 3 AO4aBaHHAM [0
iHKybauinHoro cepegoBuila nna3mu. Taka MaHinynsuis go-
3BOMUIa BUOKPEMUTU aKTMBHICTb aKTMBHUX EH3UMIB Mna-
3MMU, O NOTEHLIHO MO YTBOPUTUCS BHACNIAOK Aii KOM-
MOHEHTIB CeKpeTy Ha BiAMOBIAHI NPOEH3MMM.

MoTeHUiNnHi eheKkT KOMNOHEHTIB CNM3Y Ha Yac 3cigaHHs
nnasmu KpoBi AOCMIMKYBanu y XPOHOMETPUYHMX TecTax:
"TpombiHoBMI Yac" (TH), "npoTpombiHoBui Yac" (MY) Ta "ak-
TMBOBaHWUIA 4YacTKOBMI TpombonnactuHosmin Yac" (AUTY) 3
BWUKOPUCTAHHSM FOTOBUX peakTUBIB BiAMOBIAHUX KOMepLin-
HUX Habopis (PeHam, P®) [22]. Y kioBeTi koarynomeTpa 3Mi-
wyBanu 45 Mkn nnas3mu KpoBi Kponsi Ta 5 MKN 3paska crnmay
H. aspersa 3 BmicTom 6inka 20 mkr. [ins Bu3HaveHHs TH go
cyMmiwi BHocunn 50 MK po3ynHy TPOMOGIHY 3 aKTUBHICTIO
3 MO/mn; ans Bu3HadeHHs MY — 100 mkn TpombonnacTuH-
KanbLuieBoi cymilli; ansa Bu3HayeHHs AYTY — 50 mkn AYTY-
peareHTy 3 nojanbwunM AofaBaHHAM 50 MKN  po3ynHy
0,025 M CaCl.. Yac 3cigaHHs B cekyHaax goikcyBanu Ha Ko-
arynomeTpuyHomy aHanizatopi (Rayto RT-2201C, Kutan).

Arperauito TpombouuTiB AocniaXyBanu BNPOAOBXK Nep-
wmnx 3 roavH nicnsa 3abopy KpoBi Ha POTOONTUYHOMY arpe-
romeTpi AT-02 (Medtech, Pocis) 3a meTogukoto onvcaHoto
paHiwe [22]. Mna3my, 36arayeHy Tpombountamu (M3T), 3
BMicTOM KniTuH 230-250 Tnc. Ha 1 MK iHKyOyBanu 3i 3pas-
KaMun cnudy H. aspersa (KiHUEBi KOHLEHTpaLii 3aranbHoro
6inka ctaHoBunu: 50; 35; 25i 15 mkr Ha 1 mn M3T) npoTarom
2 xB8 npu *37 °C Ta nocCTiHOMY nepeMmillyBaHHi npu
600 06./xB. Arperauito TpoMGOUUTIB iHAYKYBanu, goaawuu
£0 3paskiB A® y kiHuUeBin kKoHUeHTpauii 5%x10~° M, a npo-
uec arperauii KOHTPOMOBanNM MNPOTArOM HacTynHuX 8 xB.
KpwBi arperadii aHanisyBanu 3a 4ONOMOrol KOMM'toTEPHOro
nporpamHoro 3abe3nedeHHst AT-02 (Medtech, Pocis). Kpusi,
Lo Bigobpaxanu npouec arperadii TpomboumTis y M3T, iH-
KyboBaHoi npoTarom 2 xB i3 piBHMM 06'emom 50 MM Tpic-
HCI 6ydepa, pH 7,4, 6ynn BUKoOpUCTaHi sIK KOHTPONb Ans
LibOro EKCMEPUMEHTY.

OpnepxaHi faHi o6pobneHo MeTooM BapiaLiiHoi cTaTu-
cTukn. PisHuua BBaxkanacst goctoipHoto npu p < 0,05.
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Pe3ynbtatn Ta o6roBopeHHs. Cagosuii pasnuk Helix
aspersa € baraTum gxepenom GioNoriYHO akTUBHUX Mpu-
POOHUX PEYOBUH, SKi MOXYTb CTaTW BaXIMBOK BUXIAHOK
CYPOBWHOI AN OTPUMaHHSA HOBUX MOMEKYI i3 PisHUMH Lii-
NbOBVMMUW aKTUBHOCTSIMU, cepen SKUX MOXyTb ByTu i nepc-
NeKTUBHI dhapMaueBTUYHI areHTU. B ocTaHHi poku nikapi Ta
KOCMETONOr1 BUKOPWUCTOBYHOTE MpenapaTu cnuay y cknagi
KpeMiB, NOCbNOHIB Ta aeposonis. 3a paxyHOK BUCOKOro
BMICTy 6ionoriyHO akTMBHUX PEYOBWH Li npenapaTu cnpwu-
S0Tb LUBMAKOMY 3aro€HHIO paH, pereHepadii Wwkipu, 3depe-
XKEHHI0 11 enacTu4HocTi 1 3anobiraHHI0 YTBOPEHHS 3MOp-
LWOK. 3Bakaloumn Ha Hall nonepeaHini Aocein y cdepi inex-
Tndbikauii edpekTopiB cucTeMm remocTasy cepes KOMMoHe-
HTIB CMPOBMHU NPUPOLHOIO NOXOAXEHHSA, HaM Byno uikaBo
npoaHanisyBatu cnu3 H. aspersa o4o npucyTHocTi Gio-
NOTYHO aKTUBHUX MOJEKYn i3 NOTeHUiIMHMMK LinboBUMMU
aKTUBHOCTSIMMW, Cepef, SKUX NpPoTeorniTMYHa Jisl, remonitu-
YHUI edpeKT, edpekTopHa AiF Ha NPOEH3UMU Nnasmu, BNNnB
Ha KoarynsuinHy Ta TpombounTapHy naHku remocraay.

AxicHuin anania GinkoBoro cknagy cnvsdy H. aspersa i3
3aCTOCYBaHHAM MeTO4Yy OAHOBUMIPHOIO AUCK-enekTpodo-
pes3y B noniakpunamigHoMy reni 3a NpUCyTHOCTI gogeuunn-
cynbdaTty HaTpilo NokasasB NPUCYTHICTb Y CKNaAi crnuay wu-
poKoro cnektpa GinkoBKUX MOMEKYI, L0 Pi3HSATLCSA 3a Mose-
KynspHumMuM macamu. [Moganbluunin aHania enektpodpope-
rpam 3a ponomoroto nporpamu TotalLab 2.04 possonus
ineHTudikysatn 11 6inKOBUX 30H, NoKanisauis sK1x BianoBi-
dana noninentugam i3 monekynsipHot macotwo 17, 19, 21,
25, 28, 31, 45, 60, 82, 101 Ta 122 k[a (puc. 1).

e

66

31

21
14

Puc. 1. TunoBa enekTpocoperpama po3gineHHA Ginkis
cnu3ay H. aspersa.
Tpek M — mapkepu monekynsipHux mac (ka)

lMpoTeoniTMyHy  aKkTUMBHICTb  KOMMOHEHTIB  CRM3y
H. aspersa pocnigxyBanu METOLOM €H3UM-eNeKTpodopesy.
[MosiBa CBITNMX 30H rigponi3y y NMOLWHI po3ainsloymXx renis,
LLIO MICTUNW enaTuH, KonareH i habpuHoreH sk cybcTpaTHi
Oinku, cnyryBana Aoka3oM NPUCYTHOCTI y cnusi H. aspersa
aKTUBHUX hEPMEHTIB, O BUSBNANK cneundivHicTb 4o Bia-
noBigHMX cybcTpaTiB (TUMNOBI eH3UM-enekTpodoperpaMmm He
npeacrasneHo). OTpuMaHi eH3uM-enekTpodgoperpamm npo-
aHanisoBaHo 3a gonomoroto nporpamu TotalLab 2.04, wo
[03BOMUITO BU3HAYNTM MOMEKYNSPHI Macu akTUBHKX NpoTe-
ONITUYHNX hepMeHTIB y cnusi H. aspersa (tabn. 1).

Ta6nuys 1. MonekynsipHi Macu npoTeoniTU4HMX chepMeHTiB, ineHTUdikoBaHux y cnusi H. aspersa

Cy6cTpaTHUM 6inok

MoneKkynsipHi Macu ineHTudikoBaHMX eH3uMiB, ka

YKenaTtuH
KonareH
PibpuHoreH

15, 33, 47, 59, 70, 83
73,93
31, 50, 81, 96, 109

CneumngivyHy NpoOTEONITUYHY aKTMBHICTb KOMMOHEHTIB
cnuay H. aspersa Bu3Havanu 3a 3gaTHICTIO rigponisyBaTtu
amigHWI 3B'A30K Y CUHTETUYHUX XPOMOreHHUX cybcTparax,
cneumdiyHnx fo nnasmiHy (Sz2s1), TPOMBIHY (S2238), dak-
Topa Xa (S2222) i npoTeiHy C (Sz3s6). Mn Takox gocnignnm
NOTEeHUIHUI edPekT KOMMNOHEHTIB cnu3y H. aspersa Ha Bigno-
BiAHI NpoeH3nMu nnasmu. [Ina npoBedeHHs LbOro ekcnepu-
MEHTY B iHKybaLinHe cepeaoBuLLe, WO MICTUMO 3pa3okK Cek-
peTy H. aspersa pogasanv nnasmMy KpoBi Kporns, a nicns 5-

0,2
A —e—52238
0,16 —8—52251
52366
0,12
313 52222
3 008
0,04
0
0 30 60 a0 120
yac, XB

XBWUIMMHHOI iHKyGauii BHocunu BignosigHuii cybeTpar. Pe-
3ynbTaT AOCHIAXEHHS HaBEAEHO Ha puc. 2. YCTaHOBIEHO,
L0 KOMMOHEHTUN Crn3y, He3BaXaroun Ha CBill NPOTEoNiTNY-
HWIA noTeHuian (Tabn. 1), He YMHUNKU 3HAYHOro edekTy Ha
po3LensieHHs BiANOBIAHNX CUHTETUYHNX XPOMOTrEHHMX Cyb-
ctpatiB (puc. 2, A), ogHaK BOHM akTUByBanu npoTpoMGiH
nnasmu i iHiuiroBany yTBOPEHHSI akTUBHOTO TPOMOIHY, L0
BMpaxanocs B iHTEHCMBHOMY po3slienneHi cybctpaty —
S2238 (puc. 2, B).

0,2
b

—e—52238
0,16 —0—52251
$2366
ﬁg 0,12 $2222
© 0,08
0,04
0
0 30 60 90 120

4ac, XB

Puc. 2. [luHamika po3wenneHHs cneundivyHMX nenTMAHUX cy6eTpaTiB KoMNnoHeHTaMu cnu3y H. aspersa (A)
Ta AVHaMika po3LenneHHA cneundiyHMx nenTMaHUX cyo6cTpaTiB eH3MMaMu nNna3Mm 3a yMoB ii nonepeaHboi iHKy6auii
3 KomnoHeHTamu cnu3y H. aspersa (B); AaHi npeacTaBneHo AK 3MiHY ONTUYHOI LWiNbHICTI Npo6 npu 405 Hm (OLLI405)



~22 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleBueHka ISSN 1728-3817

OckinbKkv OTpMMaHi pesynbTaTh BKa3yloTb HA MOXIMBI
edekTopHi aii 6iomonekyn cnuay H. aspersa Wwoao KoMmno-
HEHTIB KoarynsauinHoro remocrasy, My A4OCniannmn 4yac 3ro-
pTaHHA Mra3mu KpoBi y KoarynomeTpuyHux Tectax — MYy,
TY i AYTY, wo pasom fal0Tb MOXIIMBICTb OLHUTU OYHKLIi-
OHYBaHHS BHYTPILUHBOro Ta 30BHILUHBbOMO LUMAAXIB Koaryns-
LiiHoro remocta3dy. Ham He Bganocs BUSBWTM CTaTUCTU-
YHO 3HaYyLLMX 3MiH Yacy 3CifaHHsi Nna3mu KpoBi y TecTax
MY ta TY 3a ymoB iHkyGauii nnasmu 3i 3paskamu cnunsy
H. aspersa (Tabn. 2). Togi sk y xoai iHkyOauUii nnasmu KpoB.i

Kpons 3i 3paskom cnu3y H. aspersa, 4ac 3ropTaHHs nna-
3mn y Tecti AYTYH nepeBULLMB KOHTPOIbHI 3HAYEeHHS Ha
75 %. Ockinbkn cepen KOMMNOHEHTIB cnudy H. aspersa Bia-
MiYEeHO LOCUTb BUCOKWUW PiBEHb NMPOTEONITUYHOI aKTUBHO-
CTi, OTpUMaHi pe3ynbTatu MOXyTb OyTn obGymoBneHi ae-
rpagadieto akTopiB BHYTPILIHLOrO LWAAXY KoarynsauinHoro
remocTtasy nig BMAMUBOM KOMMOHeHTIB cnu3dy. OpHak ue
npunyLweHHs Mae ByTu nepesipeHe y noganblumMx [OCHi-
[PKEHHAX i3 BMKOPUCTaHHAM OKpemux GinkoBux dpakuin
abo, HaBiTb, OKPEMMX KOMMOHEHTIB CNnay.

Ta6nuys 2. Yac 3cipaHHA nnNa3mm KpoBi y koarynsauiiHMX TecTax,
3a yMOBM nonepenHbOi iHKybauii nna3mm 3i 3pa3kom cnusy H. aspersa

KoHTponbHi NOKasHUKK

Hasea TecTy (y cekyHaax)

MNMoka3HukK 3a Aii koMnoHeHTIB cnuay H. aspersa
(y cekyHAaax)

ny 7,8+0,2
Td 84+0,3
AYTY 20,8+1,3

7,2+0,3
8,3+04
36,7 +£4,6"

* p < 0,05 — pi3HMLi 4OCTOBIPHI, MOPIBHAHO 3 KOHTPONBHUMW MOKA3HMKaMM.

Y HawoMmy JoCrigjKeHHi MU OLHUN MOTEHUINHUIA edekT
KOMMOHEHTIB cnndy H. aspersa Ha npouec AJd-3anexHoi ar-
perauii TpombouunTiB. AK BUOHO 3 OTPMMaHUX pe3ynbTarTis,
KOMMOHEHTN cnu3dy H. aspersa He unHuUNu Gesnocepen-
HbOTO IHAYKYYOro edpekTy Ha npouec arperadii Tpomboum-
TiB, OQHAK Manu BMpaXKeHui NoTeHLian nocunoBaTy edpekt
iHaykTopa — 5x108 M Al (pwc. 3). MokasaHo, Lo NoKasHuK

cTyneHsa makcumanbHol A®-iHaykoBaHOI arperauii 3poc-
TaB MPOMNOPLINHO KinbkocTi BinkoBoro meTtepiany 3i cnuasy
H. aspersa y 36aradveHin Tpombouutamu nnasmi (puc. 3).
BigmiyeHo BupaxeHwii iHribytounii ecpekT Ha npouec aesa-
rperauii TpombouuTie. Taki pesynbTatv, Ha Hally AYMKY,
npeacTaBnsAlTb COO0K NPaKTUYHUIA iHTEpecC i NoTpebyroTb
AeTanbHiLIOro BMBYEHHS i3 3any4eHHsaM ounleHnx Binko-
BUX dpakui cnnay.

B onpoas;
905 | RERINVORR
‘33 80! B 25 vkr/v B e S
Wt 70' B 35 vkr/a y"'h) VA A Al
= " S0 MKD/MI ; R s
= 60 -
) : - I
- .
= 40
2 30!
- - '
E‘ 20
E" 10,
0 T
3 4 ) 6 7 8 9
yac, XB

Puc. 3. Tunosi arperatorpamu, wo Bigo6paxatots AP-iHaykoBaHy arperadito Tpom6ouutie y N3T
3a ymoBM ii nonepeAHbOI 2-XBUNMHHOI iHKy6aLii 3i 3pa3komM cnu3y H. aspersa

AHania remoniTMYHUX edqeKTiB KOMMOHEHTIB Cnusy
H. aspersa € wBugknm cnocobom AOCAIANTN NOrO LUTOTOK-
cnyHM noteHuian. CTyniHb Ni3ucy epuTpouuTiB (remonis)
BM3HaYyanm cnekTpoOTOMETPUYHUM METOAOM, LUMIAXOM BU-
MipIOBaHHS BUBINbHEHHSA reMornobiHy B eputpouuTapHin
cycneHsii nicns ii niBroamMHHOI iHKybauii 3i 3paskoM cnuay

H. aspersa (100, 50, 20, 5 mkr 3aranbHoro 6inka Ha 1 mn
cycneHsii knituH). FeMoniTuyHWI edeKkT nopiBHIOBaNM 3
ecektom 1% TpuToHa X-100 (Tabn. 3). MNokasaHo, Lo KoM-
NOHEHTW cnndy H. aspersa He Manu BUPaXXeHoro reMonitmy-
HOro edekTy, Lo MOXe CIyryBaTu [JOKa3oM BigCyTHOCTI Uu-
TOTOKCUYHOrO MoTeHLiany.

Ta6nuys 3. Moka3HUKKM reMoriTUYHOT akTUBHOCTI KOMNOHEHTIB cnu3y H. aspersa

OnTUYHa WiNbHICTb 3pas3kiB

CTyniHb remonisy B eputpoLuTapHin

3pasok npu 541 Hm cycneHsii
HeraTuBHUiA KOHTPOIb 0,050 + 0,001 -
[M03UTUBHMI KOHTPOSb 1,016 + 0,004* 100 %

3 100 mKr/mA 0,051 + 0,001
Qo
E & 50 mKr/Mn 0,052 + 0,001
® 20 MKr/MA 0,050 + 0,001
T 5 MKr/Mn 0,053 + 0,001

edekT BiACYTHIN

Te came

* p < 0,05 — pi3HMLi OCTOBIPHI, NOPIBHSAHO 3 HEraTUBHUM KOHTPONEM.

BucHoBkn. OTXe, yHacnigok MonepeaHboro CKPUHIHMY

NOTEHUIHNX edeKTIB KOMMOHEHTIB

cnuay H. aspersa Ha Ok-

pemi napameTpu CUCTEMM remMocTasy nokasaHo, Lo BKazaHa

npupogHa cUpoBUHA Moxe B6yTV NEPCNEKTUBHUM [KEPENOM
BiONOriYHO aKTMBHUX PEYOBMWH i3 BUPAXEHOK NPOTEOoNiTUY-
HOK aKTUBHICTIO, 3OaTHICTIO BNAMBaTW Ha KoarynsuiviHy Ta
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TpomboumnTapHy naHkvM remocTas. Ha Hally AymKy, nepcnek-
TMBHUM € nofanbLuUi 4OCNIMKEHHS, CIPAMOBaHi Ha igeHTudi-
Kaujto okpemux GinkoBmx monekyn cnudy H. aspersa Ta Bu-
BYEHHS MeXaHi3My iXHbOi Aji. PO3B'A3aHHA LMX NUTaHb Cnpu-
ATMME LiNbOBOMY BUKOPUCTaHHIO NPOAYKTIB Nepepobku Heic-
TIBHUX YaCTWH PaBMMKIB i MPOAYKTIB iXHBOI XUTTEAIANBHOCTI,
30Kpema Crusy, LLO € LiKaB1M i NEPCMEKTUBHUM 3 HAYKOBOI 1
€KOHOMIYHOI TOYOK 30py, 3abe3nevyoum "paBnmnkoBe rocrno-
4apcTBO" 404ATKOBUM OOXOLOM.
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AHATIN3 CNU3U CAQOBOW YNUTKMW (Helix aspersa Muller)
HA NMPUCYTCTBUE NOTEHUUAIBbHbIX 3®®EKTOPOB CUCTEMU TEEMOCTA3A

Ha ce2odHswHuUll deHb cyujecmeyem MHO20 M00x0008 K co030aHUI0 HOBbIX JIeKapCmMeeHHbIX npenapamos, 0OHaKo HU OOUH U3 HUX He Mo)xem
3aMeHUMb 8a)XXHYIO POJib NMPUPOOHbLIX MPOOYKMO8 8 omKpbimuu u paspabomke siekapcme. [IpupodHoe cbipbe ocmaemcs 4Ype3eblyaliHo 8aXHbIM
UCMOYHUKOM JleKapcmeeHHbIXx cpedcme. Ps10 6uosio2uyecku akmueHbIX MOJIEKY1 MPUPOGHO20 NMPOUCXOXOEHUs ye Hawsu HernocpedcmeeHHoe
JleKapcmeeHHoe NpuMeHeHue, MHozue dpyaue Mo2ym CJIyKUmb XUMUYE€CKUMU MOOeisiMu unu wabnoHamu 07151 IPOEKMUPO8aHUsi U CUHMe3a HO8bIX
gapmayesmuyeckux azeHmos. Cnusb y/IUMOK y)Xe MHO20 Jlem npuesiekaem eHUMaHue y4eHbIX Kak UCMOYHUK NPUPOOHbIX 6U0/I02u4ecKu akmue-
HbIx eeuwyecme. KoMnoHeHmMbI criu3u yaumok 6biiu HeOOHOKPamHoO uccriedoeaHbl Ha aHMUMUKPOGHY0, aHMUOKcUGaHMHyo, npomueoeocnanumerb-
Hyl0 U npomueopakosyto akmueHocmu. B daHHoli pabome 6binu uccnedosaHbl 6uosiozudeckue aghghekmnbl KOMIMIOHEHMO8 c/u3u cadoeoll yumKu
Helix aspersa, pacnpocmpaHeHHOU Ha meppumopuu YKpauHbl. Peaynibmamsl uccsiedoeaHull nokasanu npucymcmeue 6es1KoebiX MoseKy s, cpedu Ko-
MopbIx Yacmb UMeria 8bIpaXkeHHbIU MpomeosiumuYeckuii MomeHyuan co crneyuguyHOCMbIO K XXe/lamuHy, KosinazeHy u ¢pubpuHozeHy. [pu dobaeneHuu
C/1u3U K nia3me Kpoeu ee cocmassisilowue UHUYuuposasnu obpasoeaHusi akKmueHo20 mpom6uHa, a makxke npoodsiesanu epemMsi ceepmbig8aHusi nnasmMbl
8 KoazynsiyuoHHom mecme AYTB. Kpome mozo, komnoHeHmsbI cnu3u H. aspersa ycunueanu aghgpekm uHdykmopa azpeaayuu mpombéoyumos u uHa2ubu-
poeanu ux desazpezayuro. [JokazaHo, YMo KOMMOHeHMbI cnu3u H. aspersa He umenu yumomokcu4Yecko2o 3ghgpekma. lMonyyeHHble pe3ysbmamsi
yKa3blealom Ha nepcrieKmueHoOCMb U 8aXHOCMb daslbHellWUX 3KCMePUMEHMOo8 10 U3y4eHur0 omoesbHbIX 6e/1koebix ¢hpakyull Cru3u ¢ yesbio udeH-
mudgbukayuu omadesnibHbIX 6UOI02UYECKU aKMUBHBIX MOJIEKYJl, OmeeyYarowjux 3a rposiesieHue nokaszaHHbIx aghgpekmoe. [JemanbHbili aHanu3 cocmaea u
usyyeHue ceolicme CJIu3U yJIUMOK CIIyXum 0CHO8oU OJ1s1 oJlyYeHUs1 MoMeHyuasibHO HOBbIX 8eU4ecme C uyesieebIMU akmueHOCMSAMU U ux dasnbHelweao
NpUMeHeHUs1 8 Pa3IuYHbIX cghepax NPOMbIWIIEHHOCMU, 8K/T0Yast (hapMayesmuyecKyHro.

Knioyeenie cnosa: ynumka, cnusb, npomeosiumuyeckasi akmueHoOCmb, cucmema 2eMocmasa, XpoHoMempu4eckue mecmal, 2eMosIUMuYyecKasi
aKkmueHocmb.
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ANALYSIS OF GARDEN SNAIL (Helix aspersa Muller)
MUCUS FOR THE PRESENCE OF POTENTIAL EFFECTORS OF HEMOSTASIS SYSTEM

Today, there are many approaches to new drugs development, but none of them can replace the important role of natural products in the discovery
and development of drugs. Natural raw materials remain an extremely important source of medicines. A number of biologically active molecules of natural
origin have already found a direct medicinal use, while many others can serve as chemical models or templates for the design and synthesis of new
pharmaceutical agents. Snail mucus has been attracting the attention of scientists for many years as a source of natural biologically active substances.
The components of snail mucus have been repeatedly tested for antimicrobial, antioxidant, anti-inflammatory and anti-cancer activities. In this work, the
biological effects of components of the mucus of the garden snail Helix aspersa, distributed in Ukraine, were studied. The research results proved the
presence of protein molecules, some of which had a pronounced proteolytic potential with specificity for gelatin, collagen and fibrinogen. When mucus
was added to blood plasma, its components initiated the formation of active thrombin, and also prolonged the clotting time of plasma in the coagulation
test APTT. In addition, the components of H. aspersa mucus enhanced the effect of platelet aggregation inducer and inhibited their disaggregation. It was
proved that the components of H. aspersa mucus had no cytotoxic effect. The obtained results indicate the prospects and importance of further
experiments on the study of mucus protein fractions in order to identify individual biologically active molecules responsible for the manifestation of these
effects. A detailed analysis of the composition and study of the properties of snail mucus will serve as a basis for obtaining potentially new substances
with targeted activities and their further use in various industries, including pharmaceutical.

Keywords: snail, mucus, proteolytic activity, hemostasis system, plasma coagulation tests, hemolytic activity.
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ANALYSIS OF FUNCTIONAL CHANGES UNDER USING
OF CANDESARTAN CILEXETIL WITH RESVERATROL IN ANIMALS

Cardiovascular diseases are widespread throughout the world. The incidence of diseases of the cardiovascular system has
increased several times. Cardiovascular diseases have become the leading cause of death in many countries. Currently, the efforts
of many researchers are aimed at studying and creating new, more effective and safe drugs and their combinations for the treatment
of pathology of the cardiovascular system. Candesartan cilexetil is an angiotensin Il receptor antagonist. It is used medicinally as
a long-acting antihypertensive agent. However, this drug has a number of side effects. Resveratrol is a natural antioxidant. This
substance exhibits pleiotropic effects, including antioxidant, anti-inflammatory, anti-aging, cardioprotective, and neuroprotective
activities. The aim is investigation of acute toxicity of candesartan cilexetil and resveratrol in combination in vivo. Male and female
ICR mice were used for the experiment. Animals received candesartan cilexetil and resveratrol intragastrically once. Evaluation of
the effects of substances on internal organs (heart, spleen, kidneys, lungs, liver and brain) was carried out in 2 weeks after the
introduction of the substances. It was shown that candesartan cilexetil with natural resveratrol did not lead to functional changes.
There were no changes of behavior during the observation period. The combination of candesartan cilexetil with resveratrol did
not lead to the death of mice, therefore the mean lethal dose (LD50) was not determined. The new combination of substances was
safe. No side effects have been reported. The combination of candesartan cilexetil with resveratrol is non-toxic, and the use of
these substances is safe for animals.

Key words: Cardiovascular diseases, candesartan cilexetil, resveratrol, acute toxicity.

Introduction. Cardiovascular diseases are widespread
in the world. The incidence of diseases of cardiovascular
system has increased several times in many countries.
Cardiovascular diseases have become the leading mortality
reason in many countries. At present many scientists and
doctors try to study and create new more effective and safe
drugs and their combinations to treat this pathology. It's
necessary to investigate new methods of treatment of
cardiovascular diseases.

Candesartan cilexetil is an angiotensin Il receptor
antagonist. Now it is used as a long-term antihypertensive
agent [1]. Candesartan cilexetil increases resistance to
stress and endurance during exercise in people with
hypertension [2]. However, it is shown that candesartan has
also a number of side effects, such as dizziness, weakness,
headache. High doses of candesartan cilexetil influence the
formation of separate subpopulations of cells in bone

© Beliayeva A., Garmanchuk L., 2021
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marrow [3]. Resveratrol, a naturally occurring polyphenol,
shows pleiotropic health beneficial effects, including anti-
oxidant, anti-inflammatory, anti-aging, cardioprotective and
neuroprotective activities [4-6]. It's known that this
substance decreases the synthesis of lipids in liver and
eicosanoids in leukocytes in animals, inhibits platelet
activation/aggregation, decreases the activity of protein
kinases, inhibits formation of reactive oxygen species [7].

The aim of this study is investigation of acute toxicity of
the combination of candesartan cilexetil and resveratrol in
vivo using mice.

Materials and methods. Male and female ICR mice
were taken for the experiment. Animals were divided into
4 groups: control 1 (male), experimental group 1 (male),
control 2 (female), experimental group 2 (female).

Mice of the experimental groups received once
intragastrically studied substances containing candesartan
cilexetil and resveratrol: 1.5 mg per 1 kg (average
therapeutic dose for treatment of hypertension according to
the instruction) and 50 mg per 1 kg of animal body weight
[8], respectively. Animals of the control groups received 1%
starch solution once intragastrically. The administered
doses of the studied substances were calculated using the
interspecific conversion formula: [8]:

Bx«(B)
k(A)

3

A —required dose; B — known dose; k (B) — conversion factor
for weight B; k (A) — conversion factor for weight A.
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Evaluation of the effects of substances on internal organs
(heart, spleen, kidneys, lungs, liver and brain) were carried
out in 2 weeks after administration of candesartan cilexetil and
resveratrol. The following indicators were further evaluated:
body weight of animals, weight of internal organs and relative
weight coefficient of internal organs (RMC).

A

RMC= — x1000,
B

RMC - relative weight coefficient of internal organ; A — weight
of internal organ; B — body weight.

Results and discussion. Creating drugs consists of
investigation of efficiency and safety of new medicines [9].
Acute toxicity of candesartan cilexetil and resveratrol in
ICR mice was studied. The results of the experiment are
shown in Fig. 1 and Fig. 2. Using candesartan cilexetil at
1.5 mg/kg dose and resveratrol at 50 mg/kg dose did not
cause the death of mice, so the median lethal dose (LD50)
was not determined. Behaviour changes in the control 1, 2
and experimental groups 1, 2 of mice during the
observation period were not detected. There were no
visible changes in the macroscopic picture during the
autopsy. There were no significant differences between
RMC of internal organs (heart, spleen, kidneys, lungs,
liver, and brain) of the control and experimental groups of
male and female ICR mice (Fig. 1 and Fig. 2).

RMC of lungs RMC of liver RMC of brain

m experimental group 1 (male)

Fig. 1. RMC of internal organs under using combination of candesartan cilexetil
and natural resveratrol in male ICR mice

Thus, it was established that the effect of the selected
substances in the combination is not toxic. The first evidence
was recorded that the combination of candesartan cilexetil
with natural resveratrol is safe for animals.

Conclusions. It was found in the experiment of
investigation of acute toxicity that new combination of

candesartan cilexetil and resveratrol didn't lead to death of
animals in the experiment. There were no functional
changes after using candesartan cilexetil with resveratrol.
These results can be used in further studies aimed at
elaboration of novel complex drug for treatmemt of
deseases of cardiovascular system.
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Fig. 2. RMC of internal organs under using combination of candesartan cilexetil and natural resveratrol in female ICR mice
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KviBcbkui HalioHanbHUI yHiBepcuTeT imeHi Tapaca LUeBueHka, KuiB, YkpaiHa

AHATNI3 ®YHKUIOHAJIbHUX 3MIH Mi4 YAC 3ACTOCYBAHHA KAHOECAPTAHY LUMNEKCETUNY
3 PECBEPATPOJIOM Y TBAPUH

Bunadku wupoko nowupeHux y ceimi 3axeoproeaHb cepyeso-cyOUHHOI cucmemMu 36inbwunucs e Kinbka pasie. Cepyeeo-cyOuHHi 3axeopto-
8aHHsI cmaJiu npuYyuHamu, wo € nidepamu 3i cmepmHocmi 8 6azambox KpaiHax. HuHi 3ycunns 6azambox docnidHukie cnpssMoeaHoO Ha 8UBYEeHHS i
CcmeopeHHs1 HoeuXx eghekmueHiwux i 6e3neqHiwux npenapamie ma ixHi kKom6iHayii dns nikyeaHHs namonoeii cepyeeo-cyduHHoi cucmemu. KaHdecapmaH
yunekcemusn — aHma2oHicm peyenmopie aHziomeH3uHy ll. BiH eukopucmosyembcsi 8 MeOUUUHI ik aumuzinepmeH3ueHuli 3aci6é mpueasnoi 9dii. 09-
Hak yel npenapam mae no6iyHi egpekmu. Peceepampos € npupodHUM aHmMuokcuGaHmMoM i nposiensie nneliomponHi eghekmu, éK/1F04ar0Yu aHMUOK-
cud@aHmHy, npomus3anasbHy, OMOI00)XyeasibHY, KapOionpomeKkmopHy i HeliporpomeKkmopHy akmueHocmi. M C i — docnidxeHHs1 20cmpoi
mokcuyHocmi kaHOecapmaHy yunekcemusy i peceepamposly 8 Komb6iHayii in vivo. [ns ekcnepumeHmy sukopucmosyeasnu camyie i camok muweli
ICR. TeapuHu ompumysanu 0OHOpPa3080 8HYMPIiWHLOWITYHKOBO KaHOecapmaH yunekcemusn i peceepampoJi. OyiHo8aHHSI eniuey pe4yoeuH Ha
eHympiWHi op2aHu (cepuye, cenesiHKy, HUPKU, J1e2eHi, neyiHKy i Mo30k) npoeodusiu Yepe3 0ea MUXHi nicsisi eeedeHHs1 pe4oeuH. [Moka3aHo, wo kaHOeca-
PpmaHx yunekcemun i3 npupodHUM peceepamposioM He npusie o pyHKUioHanbHUX 3MiH. 3MiH y noeediHyi 3a nepiod crnocmepexeHHs1 He 8USIBIIEHO.
Kom6iHayis kaHOecapmaHy yunekcemusy, w0 Micmums peceepampoJi He npueena do 3azubeni muwel, momy cepedHbocMepmesnbHa do3a (/1450)
He su3Ha4anacsi. Hoea kom6iHayisi peyosuH 6yna 6e3neyHoro. [106iyHi e¢hekmu He 3apeecmposaHo. [ToedHaHHs kaHOecapmaHy yuneKkcemusny, Wo
micmumsb peceepampoJsi, HEMOKCUYHE, i BUKOPUCMAaHHS YUX pe408UH € 6e3rne4YHUM Osis1 meapuH.

Knroyoei cnoea: cepyeso-cyOuHHi 3axeoproeaHHsl, kKaHOecapmaH yusiekcemursi, peceepampori, 20cmpa MoKCUu4Hicmsb.




ISSN 1728-2748 BIONOris. 1(84)/2021 ~ 27 ~

A. BensieBa, ctaxep, Jl. FTapmaHuyk, A-p 6uon. Hayk
KneBckui HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLleBueHko, Kues, YkpanHa

AHAIU3 ®YHKUMOHANBbHbIX U3MEHEHWA NPU MNPUMEHEHUW KAHOECAPTAHA LIUNEKCETUNA
C PECBEPATPOIJIOM Y XUBOTHbIX

Cnyyau wupoko pacrnpocmpaHeHHbIX 8 Mupe 3abosieeaHuli cepdeyHo-cocyducmoli cucmeMbl y8eiu4yusiuchb 8 HecKosbKo pa3. CepdeyHo-cocy-
ducmeblie 3a6onesaHusi cmasnu nUAUPYyUWUMU MPUYUHaMU CMePIMHOCMU 80 MHO2UX cmpaHax. B Hacmosiujee epemsi ycunusi MHoaux uccredosame-
neli HanpaeseHbl Ha usy4yeHue u co30aHue HoebIx 6osiee aghhekmueHbIX U 6e30MacHbIX MNpenapamoe U ux KoM6uHayuu Ons1 ie4eHUs1 namoJsio2uu
cepde4yHo-cocyoucmoli cucmemMbl. KaH0ecapmaH yunekcemusn — aHma2oHucm peuyenmopos aHauomeHsuHa ll. OH ucnonb3yemcsi 8 MeduUyuHe 8
Kavyecmee aHmuaunepmeH3ugHoz2o cpedcmea dnumenbHo20 delicmeusi. OdHako amom npenapam o6nadaem no6o4HbIMU 3ghghekmamu. Peceepa-
mpos1 — ecmecmeeHHbIl aHmuokcudaHm. 3mo eeujecmeo nposiesisiem nieliomponHbie 3¢hghekmbl, 8KIHOHasi aHMUOKCcUOGaHMHYyIo, MPomueoegocna-
JlumenbHYI0, OMOTaXXu8alowyto, KapouONPOMEKMOPHYI0 U HeliponpomeKkmopHyto akmueHocmu. Ljens cmambu — uccnedoeaHue ocmpoli MoKcuY-
Hocmu kaHOecapmaHa yusiekcemursa u peceepamporsna e koMm6uHayuu in vivo. [insi akcnepumeHma ucnosb3oeasnu camyoe U caMok mbiwel ICR.
XueomHble nonyyanu oOHOKpamHO 8Hympuxesydo4yHO kaHOecapmaH yusnekcemus u peceepamposi. OUeHKy e/usiHUsi eeu,ecme Ha 6 HympeHHue
opzaHbl (cepduye, cene3eHKy, MOYKU, le2Kkue, NeYyeHb U Mo32) npoeodusiu Yepe3 2 Hedenu nocne esedeHusi seuwjecms. bbino nokazaHo, Ymo KaHOe-
capmaH yusekcemusi ¢ MPUPOOGHbIM peceepamposioM He Npusest K (hyHKYUOHaIbHbIM U3MeHeHUsIM. U3meHeHul 8 nogedeHuu 3a nepuod Habnrode-
Husi He o6HapyxeHo. KombuHayus kanGecapmaHa yusiekcemursa c peceepamposioM He npueesa K 2ubenu mbiwel, Mo3amomy cpedHecMepmesibHas
do3sa (/1450) He onpedensinack. Hosasi kom6uHayus eewjecme 6bina 6e3onacHol. lMo6oyHbie aghghekmbl He 3apeaucmpuposaHbl. CoyemaHue KaH-
decapmaHa yusiekcemusia ¢ peceepamposioM He IMOKCUYHO, U UCMoJ/Ib308aHUe amux eeujecme 6e30nacHo OJisl )XUBOMHbIX.

Knroyesnie cnosa: cepdeyHo-cocyducmsbie 3abonesaHusi, kaHd0ecapmaH yusieKkcemurs, peceepamposi, ocmpasi MOKCUYHOCMb.
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HauioHanbHuin npupoaHui napk "BepxoBuMHCbKUI", c. BepxHin fceHiB, YkpaiHa

PAPUTETHUU ®ITOFrEHO®OHA HALIOHANBHOIO
MPUPOOHOIO NAPKY "BEPXOBUHCbKUMX" | OO AHANI3

Mpo eaxnueicmb 36epexeHHs1 6iomuYHO20 pi3HOMaHimMms 3a3HayeHo y 6a2amboOXx MiXXHapoOHUX OOKyMeHmax, 30Kkpema y
"KoHeeHuii 3 6ionnoziyHo2o pizHomaHimms" (Pio-Oe-XKaHelipo, 1992). ¥ ybomy koHmekcmi Ha ocobnuey yeazy 3acnyzoeyoms pi-
OkicHi eudu, sKi € Haliepa3nueiuwumu, ocKinibKu papumemHicms nepedye eumupaHHto (Darwin, 1859). Ocobnueo akmyanbHUMU €
docnidxeHHs1 piokicHuUx eudie e YkpaiHcbkux Kapnamax, wjo € HaliMeHWw aHmMpPono2eHHO 3MiHeHO mepumopiecto YkpaiHu. 36epe-
JKeHHs1 6iomu4YHO20 pi3HOMaHimms y UboMmy pez2ioHi Mae 3a2asibHOegpornelicbke 3Ha4YeHHsl, W0 8i006paxxeHo Yy MiXHapOOHiIl
"Pamkoeili KoHeeHUii Mpo oxopoHy i cmanuti pozeumok Kapnam"” (Kuie, 2003). KinbkicHa i sikicHa xapakmepucmuKu papumemHo20
¢imozeHopoHAy Ao3eonssromb oxapakmepu3yeamu pieeHb YHikasibHOCMI ¢hsiopu, crly)amb OCHO800 01151 hopmyeaHHsI Pezio-
HanbHux YepeoHux cnuckie i 0o3sossiromb op2aHizyeamu adekeamHi Npupod00XOpPOHHi 3axodu. Co3os102iyHa xapakmepucmuka
¢hriop pizHoz20 pieHs nepedbayae, nepw 3a ece, aHaJli3 npedcmassieHocMi makcoHie, wo € e i cknadi i 3aHeceHi 00 4epPB8OHUX
crnuckie pi3HO20 pieHs — MiXXHapOOHUX, HauioHallbHUX, pe2ioHanbHUX. PapumemHul komnoHeHm ¢hsiopu HayioHasnbHO20 npupo-
OHo20 napky "BepxosuHcbkul" micmumb 125 eudie cyOUHHUX POCIIUH, SIKi MalOmMb MiXXHapoOHuUl, HayioHanbHUl i pe2ioHanbHUl
co3oso2iyHi cmamycu. 3 Hux 64 eudu pocnuH 3aHeceHi 0o YepeoHoi kHuz2u YkpaiHu, 3 eudu — do YepeoHozo cnucky MCOIl, 7
esudie 3aHeceHi do €egponelicbko20 YepeoHoeo cnucky, 2 eudu — do fJodamky | BepHcbkoi KoHeeHUil, 2 eudu — do fodamky IIb i
IVb fQupekmueu €C npo 36epexeHHs munie ocenuuw, i audie npupodHoi ¢hayHu i pnopu. 21 eud 3aHeceHuli do fJodamky Il CITES,
26 sudie — do PezioHanbHo20 YepsoHozo cnucky. TakumM YuHOM Ha mepumopii [MapKy oxopoHsiembcsi mpemuHa (32,3 %) "4ep-
BOHOKHUXHUX" audie cyOuHHuUX pocnuH leaHo-PpaHkiecbkoi o6nacmi, a ye cknadae 29,9 % "4ep8OHOKHUXHUX" eudie poc/uH
YkpaiHcokux Kapnam. [MpoeidHi poduHu papumemHo20 KkoMnoHeHma ¢pniopu lNapky "BepxoeuHcbkul" — Orchidaceae. [fpyay i
mpemro no3uyii 3alimaroms poduHu Ranunculaceae i Asteraceae. 3a2asom Ha Yacmky nepwux mpbox poOuH npunadae 39,6 % eu-
doeozo cknady cnucky. 3azanom nepwi des’amb MakcoHie oxonntooms 6inbwe deox mpemuH (64,9 %) sudoeozo ckady Cnucky.
3a pesynbmamamu XopoJsi02i4H020 aHasi3y ecmaHoe8sIeHo, Wo Halbinbwa KinbKkicmb piokicHux eudie ma ixHix nokanimemis 30-
cepedxeHa Ha 2ipcbkux macueax: Hemeca-®amiss BaHynyi, lpenyku-Xumarka, JlocmyH-Fnucmyeama, lNaneHuys-KomaHosa,
HalipapumemHiwi eudu npuypo4eHo Ao cepedHbO2iPCHLKO20 MosiCy.

Knroyoei cnoea: nowupeHHs, piokicHi eudu, 36epexeHHsI, ¢priopa, papumemHuli komnoHeHm, HII1 "BepxoeuHcbKuli",
Yue4uHo-IpuHsiecbKi 2opu.

Bceryn. HauioHansHuin npupoaHuin napk "BepxoBUHCH-
kun" (aani — HMMNB) cTBopeHo Ykasom MNpe3naeHTa Ykpainu
Bifg, 22 ciyHs 2010 p. (Ne 58/2010) B agMiHiCTpaTUBHMX Me-
Xax BepxoBuHcbKOro pawvioHy IBaHo-PpaHkiBCcbkoi obnacri,
3aransHoto nnoteto 12022,9 ra.

YHikanbHi NpupoaHi NOPUCTUYHI KOMMMEKCU PEFiOHY €
pe3sepBatamn HaraTbOX papuUTETHUX BUAIB, LUO OXOPOHS-
H0TbCS HA MiXKHApOZHOMY, AepXXaBHOMY Ta perioHarnbHOMY pi-
BHsIX. Lle 3ymoBneHo Hacamnepes ocoGnmBoCTSMM reonoriy-
HOI 6y,0BU — MOPIBHAHO 3HAYHOI MPUCYTHICTIO TYT BanHsKIB,
SKi € BKpam PigKiCHUMK B YKpaiHCbKi YacTuHi CxigHux Kap-
nat. YMBYMHCBKI ropy po3TalloBaHi Ha MPUKOPAOHHI 3 Pymy-
Hieto. Mamxe Bcsa yKpaiHCbka YacTMHa YMBUMHCBKUX Fip Npu-
ypo4eHa 40 NOMIpHUX BMCOT, SiKi BignoBigatoTb NicoOBOMY no-
ACOBI, | N1LWe okpemi BepLunHu (Macwem rip KomaHosa-lNane-
HUUA-MHeTeCa Ha Moro NiBAEHHO-CXIQHOMY Kpai) Hanexarb 40
BMCOKOrip's. 3 ornsigy Ha NeBHi kniMaTuyHi ocobnmBocTi nep-
BVHHWUIA NiCOBMI MOKPMB TYT NpeacTaBneHO Maike BUHAT-
KOBO XBOWHMMM flicaMu 3 AOMiHYBaHHAM CMepeku i anuui 3a
BiACYTHOCTI cMyri BykoBUX icCiB. Y YMBUMHCBHKMX ropax YiTko
BMPaXXEHO MOSICHWI pO3MoAin pPocnmnHHOCTI. CneundiyHmM €

Te, L0 Y 3B'sA3KY i3 3ararnbHUM NiZHATTSM LibOro panoHy nepea-
ripHWN NOSC, AKAN MW CMOCTEPIraEmo B iHLUMX panoHax YkpaiH-
cbkux Kapnat, Tyt BigcyTHin. Lis obctaBnHa 3yMoBIioe BMO-
KPEMITEHHS! TYT ABOX MOSICIB — MPCHKWIA MICOBUN (MOHTaHHWUIA) i
cybanbnificbkuin Nosicu. Xo4a Ha okpeMmx BeplunHax MHeTeca
(1769 m), KomaHoga (1734 m) 3ycTpidaloTbCs xapakTepHi Buam
POCIWH, Lo NpUypOoYeHi 4o anbniicbkoro noscy [10, 13].

YHacnigok 6araTtoBikoBOro BMNacaHHsi i CynyTHbOI aH-
TPOMOreHHoi AiANbHOCTI NICOBY POCAMHHICTL Ha 3HAYHUX
nnoLuax, nepeBaxHo Ha BepXxiBKax ripcbkux xpeobTis, nepeT-
BOPEHO Ha BTOPWHHI MOMOHWHW, SIKi 3aCenuiin BUCOKOTIPHI
NyYHi BUAW. HWHI @aHTPONOreHHy AianbHICTb TYT NpakTU4HO
NPUNUHEHO, a POCMVHHICTL i chriopa perioHy 3asHatoTb J0-
CUTb MOMITHUX AeMyTauilnHuX 3MiH. [MpuyoMy umcenbHicb
OfHUX BMAIB 3pOCTA€, HATOMICTb IHLIMX — 3MEHLUYETLCA.
Tomy 06r'pyHTyBaHHS i po3pobneHHs 3ax0fiB OXOPOHU pa-
puteTHux Buais pocnuH HIMMB Ha niacTasi BcebiuHoro goc-
nigKeHHs1 ixHix GioekonoriyHMx ocobnmeocTen, iHBEHTapW-
3auii BCix NnokaniTeTiB Ta OUiHIOBaHHS pearnbHOro CTaHy pe-
rioHanbHUX NONYNALUIN € aKkTyanbHUMM.

© Mauan'sik J1., 2021
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3a ghisnko-reorpadivH1M panoHyBaHHSIM NepeBakHa binb-
LiCTb TepuTopil Napky "BepxoBUHCLKUIA" po3MilLleHa B Mexax
PaxiBcbko-YnBUMHCHKOI, a YeTBepTa YacTMHa — [NonoHMHCBHKO-
YopHoripcekoi obnacten YkpaiHcbkux Kapnat [10].

3a reoboTaHiYHMM palrioHyBaHHAM (HauioHanbHUA at-
nac Ykpainu, 2008) teputopis HanexuTb 0o CBMOOBELbKO-
MokyTcbko-Mapmapockkoro okpyry CxigHo-KapnaTcekoi rip-
CbKOI NignpoBiHLii LieHTpanbHo-eBponencbkoi NpoBiHLii €B-
pOnenchKOT LUMPOKONMUCTAHO-NICOBOI obnacrTi[2].

IcTopiss GoTaHiyHMX JocniopkeHb Uiei Teputopii 6epe
CBiln noyaTok B 80-X pp. MUHYNOro cToniTTs. MNepwunm 3Ha-
YHUM JOOCRIMKEHHSIM BUOOBOrO cknagy YvMBYMHCBKMX Tip
6ynu npaui I'. 3ananosuya (Zapalowicz, 1889; 1906; 1908;
1911). BiH yBiB y nitepaTtypy 1 Ha3By LbOro perioHy — Yu-
BYMHCbKI ropu. Y cBoii npaui "Poslinnas zlata gor Pockuko-
Marmotoskich" (1889) aBTop peTensHO onvcas po3TaLlyBaHHS
ocenuLy, piakiCHMX BMAIB Ha OOCNiMKyBaHin TepuTopii [23].

MogibHi 3a dopmoto BMKNady OOCHIAXKEHHS HanPUKiHLI
XIX ct. npogie E. Bonowak (Woloszczak) [22].

Ha noyatky XX cT. UikaBi (priopuUCTUYHI BiGOMOCTi NoAaB
nonbcbkuin 6otaHik M. Pauibopcbkuin Y 20-x pp. MUHYNoro
cTonitts B YuBumMHax ekckypcyBaB T. BinbumHcbkuiA
(Wilczynski, 1928), sikuii yneplue BiOKPUB 3POCTaHHS TyT
Saussurea porcii Degen (1928) Tta Erigeronalpinus L.
Y 30-X pp. POCMMHHICTL yka3daHoi TepuTopii AOCnigKyBaB
I. B. Kosin (Kozij, 1934) [12].

Y cepeguHi 30-x pp. rpyna MNonbCbKUX AOCAIOHWKIB —
B. MaBnoecbkun, C. Maenoscbka, A. Banac, T. Cynbma,
C. CbpopoHsb i LI. MoHaanbcbkuiA po3noyanu goknagHe i Bce-
OiYHEe BUBYEHHSI POCIMHHOMO MOKPUBY LIbOrO panoHy. Y pe-
3ynbTaTi umx gocnigxeHs 1948 p. b. NaBnoscbkuii onyoniky-
BaB UikaBy npauto "Ogolna charakterystyka geobotaniczna
Gor Czywczynskich", oe mictutbca 6arato BigomocTel Npo
pigkicHi Bugn [18].

Y NOBOEHHUI Yac YMBYMHCBKMM ropam 6GoTaHiku npugi-
NN Maro yBaru, OCKIifNlbKN TEPUTOPIS XapakTepunsyeTbCa 3Ha-
YHOIO BiJANEHICTIO Ta BAXXKOK AOCTYMHICTIO, LLO 3anuLuarno ix
OCTOpPOHb Bif, "TpaguLinHuX 60TaHiYHUX MapLUpyTiB".

HarBaxnusiwmnin BHECOK Yy AOCAIAKEHHI piaKiCHUX BUAIB
YkpaiHcbknx KapnaT Hanexutb 6oTaHiky K. A. ManumHoBcb-
komy (1950-1960 pp.), pe3ynbTaTn OOCNIAXKEHb SIKOrO Ha-
BeeHO Y pyHAaMeHTanbHii MoHorpadii "PocnuHHicTb Bu-
cokorip'a YkpaiHcbkux Kapnat" [6].

BuBuyeHHsa BucokoripHoi ¢nopu y 60-x pp. nposoaus
B. I. Yonuk [10]. Hagani 3'aBns0TbCA TiNbK1 NOBIOMITEHHS
LLOAO 3HaXiAOK OKPEMMX BUAIB UM XapakTepucTvka MoLuu-
peHHs NpeACcTaBHUKIB OKPEMUX TaKCOHOMIYHMX rpyn. Bigo-
MOCTi OCTaHHIX pokiB Npo ¢riopy i POCANHHICTE YNBUYNHCH-
KMX Fip MICTATbCA Y Npaudax ykpaiHcbkux 6oTtanikis |. 1. Hop-
Hewn i B. B. Bympkak, M. B. Benunuko [12, 13], a Takox y pis-
Hux "®nopax", "BusHadHukax", "YepBoHux kHurax". OgHak
yce e 6pakye KOHKPETHMX AaHWX LWoao GaraTbox pigkicHMX
BWAIB, WO Morno 6 criyryBaTn OCHOBOIO A1 OKPECIEHHS ne-
PCNEKTUB iXHbOro 30epeXXEeHHS.

06'ekTn Ta MeTOoAM AocnigkeHHsA. MeToto nybnikauii €
BCTaHOBJIEHHS BUAOBOIO CKMagy papuUTETHOrO KOMMOHEHTa
dnopu HIMB i3 noganbwWmnM 34iMCHEHHAM KPUTUKO-TaKCco-
HOMiYHOro, GioMopdONOriYHOro,eKoNoro-LEHOTUYHOTO aHa-
ni3iB, BU3HAYEHHSA CO30M0rYHOI LiHHOCTI ¢briopy papuTeT-
HOro KOMMOHEHTAa NapKy, YCTAHOBINIEHHS] OCHOBHUX BUAIB 3a-

rpos, WO iCHYI0Tb ANs papuTeTHMX BMAIB hNopu Ha TepuTo-
pii HIIM "BepX0oBUHCBKMI", BUBHAYEHHSA MiCLS Aii KOXHOI i3
3arpos, NPonoHyBaHHA 3axOA4iB OO0 3MeHLUEHHS Ail YMH-
HWKIB HEraTUBHWX BMNNMBIB Ha TepuTopii HIMMB.
HocnigxeHHs npoBoaMnn HaniBcTauioHapHUM i MapLu-
pyTHUM MeTogamu npotarom 2013-2019 pp. Mapuwpy-
Tamu 6yna oxonneHa Bca Teputopis HIMMB. Hanbaratwi y
rIopMCTUYHOMY BiAHOLIEHHI OiNgHKW BigBigyBanu no ge-
Kinbka pasiB y pi3Hi nepioam NnonboBoro ce3oHy. Ainsa ckna-
OaHHA  (PropUCTUYHOrO CNUCKY BUKOpUCTaHi repbapHi
360pw i3 LbOro perioHy, siki 3depiratoTbcs B repbapisx Ye-
pHiBELbKOro HaLioHanbHOro yHiepcuteTy imeHi FO. ®efpb-
KoBuYa, [lepxaBHoro npupogo3sHasyoro myseto HAH Ykpa-
THM (M. J1bBIB), @ TakoX MaTepianu niTepatypHux axepen.
HomeHknatypa TakcoHiB HaBegeHa 3a S. Mosyakin,
M. Fedoronchuk (1999) [16]. AHani3 6iomopdonoriyHoi
CTPYKTYpW chriopy npoBeAeHno 3 BUKOPUCTaHHAM knacudi-
Kauii 6ionoriyHmx TMniB [20] (Raunkiaer, 1934). Onsa pos-
NS4y eKonoriyHux ocobnvMBOCTEW BUAIB ypaxoByBanucb
Taki obmexyBanbHi hakTopu: Borora, TPOHICTb i Ximi3m
cybetpaty metogom ditoiHamkadii (Qigyx, Mniota, 1984)
[3]. CosonoriyHy OuiHKY ¢hnopun 34iNCHEHO 3 ypaxyBaHHAM
nigxopis K. A. ManunHoBcbkoro 3i cnisaBTopamm (2002) [6] i 3
BUKOPUCTaHHSIM KpUTepiiB, po3pobneHnx MixxHapogHuM coto-
3om oxoponu npupoam (IUCN Red List categories, 1994) [15].

Pe3ynbTaTti Ta 06roBopeHHs. 3a pesynbTaTtamu Bna-
CHMX MONbOBUX OOCAIMAXeEHb, NiTepaTypHUX maTepianis Ta
onpautoBaHHA repbapHunx 360piB yCTaHOBMNEHO, LLIO papuTe-
THUIM komnoHeHT cnopu HIMB npeactasneHo 125 sugamu.
3 H¥x 64 BUAM pOCnnH 3aHeCeHo A0 YepBOHOI KHUMM YKpaiHu,
3 Buam — po YepeoHoro cnucky MCOI, 7 Bugis — oo €Bpo-
nevicbkoro YepsoHoro cnucky, 2 suaun — go fdopatky | bep-
HCbKOI KOHBeHLT, 2 Buan — ao Ooaatky b i IVb Oupektusu
€C npo 3bepexeHHsa TUNiB ocenuiy, i BUAiB NPpUPOAHOI ha-
yHu i priopun. 21 Bug 3aHeceHo go fopatky |l CITES, 26 Bu-
Aais — go PerioHanbHOro YepBoHOro Cnmcky.

3a nitepaTtypHumMun gaHumu YepBOHWUIA CNUCOK CYOMUH-
H1x pocnuH Kapnat Hanivye 307 sugis i 37 niaBuAiB, 3 HUX
Ha TepuTtopii YkpaiHcbkux Kapnat pocTtyTe 125 Bugis
(36,3 %). Y cropi YmBumHCcbKMX rip npeacTasneHo 35 Bu-
[iB i3 uboro cnucky, wo cknagae 10,2 % 3aranbHoi KinbKo-
cTi umx BuaiB y Kapnatax i 28 % kinbkocTi uux BuAaiB B YK-
paiHcbkin Yactuhi Kapnat [12, 21].

[o YepBoHOi kHUrM YKpaiHn 3aHeceHo 141 Bua dnopu
YkpaiHcbkux Kapnat. 3 Hux Ha TepuTtopii lMapky pocTyTb
64 Buan (45,3 %).

[o €sponeicbkoro YepBoHOro cnuncky 3aHeceHo 7 Buais
dnopwu Mapky. Ha Teputopii YkpaiHcbknx KapnaTt poctyTb
11 BMAiB i3 LbOrO CMMCKY.

o YepoHoro crnncky MCOI Ha TepuTopii napky 3aHe-
ceHo 3 Buaun. Ha Teputopii YkpaiHcbkux Kapnat pocTyTb
7 BMAIB i3 LUbOro CrUCKY.

[o nepeniky Bugis, WO nNigngaraloTb OXOPOHi 3a gonat-
koM | BepHcbkoi KoHBeHLT, B YKkpaiHcbkux KapnaTtax BigHe-
ceHo 11 Bugis. Y napky pocTyTb 4 3 HUX.

HaBepgeHi Buwe paHi ceBigyaTb, WO Ha TepuTtopii
HIM "BepxoBuHcbkM" npeactaBneHa BinbluicTb BUAIB, SKi
B YKpaiHcbkux KapnaTtax 3aHeceHi 40 odiLiiHMX MiXXHapoa-
HWX CO30M0rMYHUX NepenikiB BUAIB, WO € CBiAYEHHAM YHika-
NbHOCTI Lboro perioHy YkpaiHcbkux Kapnat (tabn. 1).

Ta6nuys 1. NpencraBneHictb BuAie cpnopu HIMM "BepxoBUHCLKUN" B 0pilliiHUX CO30M0riYHNX CNMCKax

HasBa odpinjinHoro KinbkicTb BUAiB y napky BipcoTok 3aranbHOI KinbKoCTi BUAIB
CO30JI0Ti4YHOrO CNUCKY BUAIB "BepxoBUHCbKUIA" B YKpaiHcbkux Kapnartax
CaiToBMI YepBOHMIA CNNCOK 3 42,8
€Bponencbknin YepBoHUiA CNMCOK 7 63,6
Hopatok | BepHCbKOi KOHBEHLUIT 4 36,3
YepBoHui cnucok Kapnat 35 28,0
YepsoHa Knura Ykpainu 64 45,3
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Cepen unx BugiB € Ayxe piakicHi, BiaoMi 3 NOOAMHOKUX
rnokaniTeTiB, SKi € KOMMOHEHTaMW YHikanbHuUX GioTonis
(Elisanthe zawadskii — engemik lNMiBgeHHnx i CxigHnx Kapnar,
Saussurea porcii — engemik CxigHux Kapnat, oauvH i3 Hampia-
KiCHILLMX BMAiB kapnaTcbkoi coropw, Ptarmica tenuifolia — eH-
aemik MNisgeHHnx i CxigHux Kapnat, Botrychium multifidum —

OyXe pigkicHUA BUAa), ane € v 4oCUTb NOLUMPEHI, Biaomi 3 6a-
ratbOX OcCenuly, y pi3HUX perioHax YkpaiHcbkux Kapnat
(Primula poloninensis, Pulmonaria filarszkiana, Silene dubia,
Campanula abietina).

AHania cuctemaTuUYHOI CTPYKTYpW BUAiB dnopwu Mapky,
3aHeceHmMx 4o OQiLiNHNX CO30M0riYHMX Nepenikis BUAiB, No-
faHo B Tabn. 2.

Ta6nuys 2. MpoeigHi poauHn paputeTHoro komnoHeHTa conopu HMM "BepxoBUHCbkUn"

Ne 3/n PoauHu KinbkicTb Bugis BigcoTok 3aranbHOI KiNlbKOCTi BUAIB
1 Orchidaceae 20 25,6
2 Ranunculaceae 6 7,6
3 Asteraceae 5 6,4
4 Caryophyllaceae 4 51

5-8 Cyperaceae 3 3,8
5-8 Cystopteridaceae 3 3,8
5-8 Campanulaceae 3 3,8
5-8 Poaceae 3 3,8
6-9 Gentianaceae 2 2,5
6-9 Ophioglossaceae 2 2,5

YcTaHoBMNEeHo, Wo HanbinbwuMm BMOOBUM GaraTCTBOM
Big3HavaeTbes poamHa Orchidaceae, Wo € HACNiAKOM BUCO-
KOro piBHSI NpenCcTaBreHOCTi B perioHi 6bopeanbHux Buais
opxigen — Corallorhiza trifida Chatel., Dactylorhiza fuchsii
(Druce) So6, D. maculata (L.) Sod, Coeloglossum viride (L.)
C. Hartm., Epipactis atrorubens (Hoffm. exBernh.) Besser,
E. helleborine (L.) Crantz, Goodyera repens (L.) R. Br.,
Gymnadenia conopsea (L.) R. Br., Listera cordata (L.)

3,8 2,5 2,5

R. Br., L. ovata (L.) R. Br., Malaxis monophyllos (L.) Sw.,
Pseudorchis albida (L.) Ta gesiki iH. Yci npeacTaBHUKK LiET
poaunHu y dnopi YkpaiHu 3aHeceHi oo YepBoHOI KHUMM Yk-
paiHu. [Opyry i TpeTio no3uuii 3ammaioTb BMAM POAUH
Ranunculaceae i Asteraceae. 3aranom Ha [OMI0 nepLimx
TpbOX poauH npunagae 39,6 % (Tabn. 2.) BugoBoro cknagy
cnucky. 3aranom nepLli AeB'ATb TakCOHIB OXOnmnotoTb bi-
nblue ABOX TpeTuH (64,9 %) BUAOBOro cknaay Crucky.

= Orchidaceae

= Ranunculaceae
Asteraceae

= Caryophyllaceae

= Cyperaceae
Cystopteridaceae

= Campanulaceae

= Poaceae

= Gentianaceae

= Ophioglossaceae

Puc. 1. CnekTp npoBigHMX poAuH papuTeTHOro kKomnoHeHta ¢gpnopu HIMM "BepxoBUHCLKUI"

OTxe, CMeKTpW NPOBIAHUX POAWMH PapUTETHOro KOMIMO-
HeHTa dnopu HIMMB (puc. 1) ceigyatb nNpo ii MOHTaHHO-
6opeanbHuin xapaktep [13]. Kpim uboro, cnig 3a3HaunTy, Wwo
Bci Buan poauHu Orchidaceae, a Takox Galanthus nivalis L.
BkMtoyeHo Ao nepeniky CITES, Ha TepuTopii HIIMB ix 3adi-
kcoBaHo 21 Bupg [14].

AHani3 6iomopdonoriuyHoi cTpykTypmu. 3rigHo 3 pe-
3ynbTataMm 6ioMopdooriYyHOro aHanidy 3a Tunamm XuTTe-
Bux goopm |. .CepebpsikoBa [8] cepen piakicHux Buais ne-
peBaxatoTb BaraTopiyHi TpaB'aHUCTI pocnuHn 72 (92,3 %),

ManopiyHukM cknagaTb 2 (2,5 %) suan, kywi — 3 (3,8 %),
nepea —1 (1,2 %).

Y cnekTpi 6ionoriyHnx TuniB (Raunkiaer, 1934) nepesa-
XatoTb remikpuntoditm — 38 Buais (48,7 %), Ha gpyromy mi-
cui reoditn — 24 Buam (30,7 %), HaCTynHi No3uuii 3anmaroTb
xameditn — 7 (8,9 %) kpuntoditn — 5 Buais (6,4 %), baHe-
poditn — 2 Bunam (2,5 %) n eHtomodpinm — 2 (2,5 %) [20].

Y uinomy cnektp xuntteBux popm cpropu HMMB (puc. 2)
[OCUTb TUMOBUIN Ans prop MOMIPHOT 30HM N aHanOriYHUX
naHgwagTHO-KMiIMaTUYHNX YMOB i koperntoe 3 disnko-reorpa-
iYHUMK, 'PYHTOBO-KMIMATUYHUMKU  Ta  (DITOLLEHOTUYHUMM
ymMoBaMu JOCTimKyBaHoi TepuTopii [6, 10, 21].
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Puc. 2. CnekTp XutTeBux dpopm pigkicHnx Bugis conopu HMM "BepxoBuMHCbKUn"

ExkonoriyHnn aHanis. MNpoBeaeHnii ekonorivHvim aHanis
LLOAO PEXUMY 3BOSIOKEHHS BKa3ye, LLO MepeBaXxHa Kinb-
KiCTb pigKiCHUX BuUAiB 3poCTaloTb B yMOBaxX 3 cepefHiM Ta
NiABULLLEHUM PiBHEM 3BONOXEHHS: Me30ciTh cknagatoTb 46
(58,9 %) Buais, rirpocbitn — 9 (11,5 %), rirpomesoditTn — 8

Ta6nuys 3. KinbkicHui po3nogin paputetHux Buais cdonopu HMM "BepxoBUHCbKUM

(10,2 %), mesorirpoditn— 6 (7,6 %), kKcepomesoditn — 2
(2,5 %), mesokcepoditn — 1 (1,2 %) [3,9].

Posnogin paputetHux suais conopu HIMM "BepxoBuHch-
KMA" 3a €eKOmNoro-LeHOTUYHOK MPUYPOYEHICTIO NpeacTaB-
neHo B Tabn. 3.

3a eKOMoro-LeHOTUYHOK NPUYPOUEHICTIO

Ekonoro-ueHOTUYHI rpynu KinbKicTb paputeTHUX BUAIB BiacoTok 3aranbHoi KiNbKOCTi papUTeTHUX TaKCOHIB
CunbBaHTU 14 14,7
[NpataHTn 40 42,1
MantopaHTn 15 15,7
MNeTpodaHTtn 26 27,3
AKBaHTU - —

Ak cBiguaTb AaHi Tabn. 3, HanbinbLua KinbKiCTb paputeT-
HMX BUAIB HANexuTb A0 rpyny npaTaHTiB — POCTYTb Y cknagi
NYYHUX ekocucTeM. HanuiHHIWI cepen HKX, sKi B nepLuy Yyepry
noTpebytoTb yBaru Co300riYHOro Xapakrepy, € Taki.

YopHsiHka (HirpiTens) kapnatcbka (Nigritellacarpatica
(Zapat.) Teppner.) — oyxe pigkicH1iA penikToBUA eHaeMiy-
HUA BWA, BY3bKOMOKaNbHUIM CXiOHOKAPMATCbKUM eHAEMIK,
OOMH i3 HaWpiAKICHILLMX BUAIB CBITOBOI riopu, BigoMuUiA i3
wectun nokanitetis [9, 11, 19], oANH 3 AKMX PO3MILLLEHO Ha
TepuTopii napkyHa nonoHwHu lpenyka, LeHononynsAuia y
cknagi yrpynoBaHHsi Festucetum saxatilis Hanivye 6nm3bko
20 reHepaTMBHMX o0cobuH, a B cknagi Caricetum
sempervirentis — noHag 50 ocobuH;

Kpim TOro, 3 NOOAMHOKMX MiCLe3HaxXoaXeHb Ha TepuTopii
Mapky BigOMi Taki npeacTaBHWKM TPyNU  MpaTaHTIB:
Botrychium multifidum (S. G. Gmel.) Rupr., Ophioglossum
vulgatum L., Allium victorialis L., Platanthera bifolia (L.) Rich.,
Centaurea kotschyana Heuffel ex Koch, Tephroseris papposa
(Rchb.) Schur, Lathyrus laevigatus (Waldst. et Kit.) Fritsch,
Gentiana acaulis L., Aconitum lasiocarpum (Rchb.) Gayer.

JlyyHi yrpynoBaHHs i papuTeTHi BUAK, SKi pOCTYyTb Yy iX-
HbOMY ckNnagi, noTpebyoTs 0cOGNMUBOI yBaru Ha TepuTopii Na-
PKy Yy 3B'A3Ky i3 3aHenagoM TBapuUHHMLUTBA B perioHi i npunu-
HEHHSAM BMKOLLYBAHHS Ta BUMACaHHA 3HAYHOI YacTuHM nyk. B
OCTaHHi POKWN BOHW iHTEHCMBHO 3apOCTaloTb NiCOM, L0 Npus-
BOAUTbL A0 3MiHM EKOSOriYHMX napameTpiB MicLe3pocTaHb
(OCBITNEHOCTI, KMCMOTHOCTI, TPOMHOCTI), 3MiHM BMOOBOrO
cknagy i, 30Kpema, CKOpOYeHHs ymcenbHocTi abo 1 Buna-
OaHHS 3 TPaBOCTOK papUTETHUX BUAIB. Y 3B'A3KY i3 UMM NoT-
piGeH NOCTINHWIA MOHITOPWHT CTaHy NONyNSLiN Lux BUAIB i 3a-
CTOCYBaHHS1 aKTUBHUX METOZIB OXOPOHMU.

[pyra 3a umMcenbHicTIO rpyna ue netpodaHTu — BUau Ha-
CKenbHWX yrpynoBaHb. Y cknagi L€l rpynm pocTyTb YHika-
NbHi B CO30M0r4YHOMY BiHOLLEHHI BUAW, SKi NpuypoYveHi 0o

KapOOHaTHMX BiACMOHEHD i BigOMi B YKpaiHi 3 MOOAMHOKMX
MmicuespocTtaHb. Cepen Hux: Cystopteris montana (Lam.)
Bernh. Ex Desv., Silenanthe zawadskii (Herbich) Griseb. et
Schenk., Jovibarba hirta (L.) Opiz.

Cepepn neTpoaHTiB, Lo NoTpebyroTb MNOCTIMHOMO KOHT-
pornto 3a CTaHOM MNonynsuin, HanexaTb: Epipactis atrorubens
(Hoffm. ex Bernh.) Besser, Festuca saxatilis Schur,
Carduusdefioratus L. subsp. Glaucus Nyman, Campanula
kladniana (Schur) Vitasek, Scabiosa lucida Vill. subsp.
Barbata E.l. Nyarady, Aconitum lasiocarpum (Rchb.) Gayer.
OcHoBHa 3arpo3a iXHbOMy iCHYBaHHIO — 3apOCTaHHs Kap6o-
HaTHUX BIACNOHEHb AepPeBHO-YarapHWKOBOK POCIUHHICTIO,
LLO NPV3BOAWTE OO CKOPOYEHHS NIOLLi NpuaaTHUX Ans ix-
HbOrO iCHyBaHHS eKOTONIB. Y 3B'sA3KY i3 MM, TakoX noTpibeH
NOCTINHMIA MOHITOPWHT 3a CTaHOM MONYMAUiA UUX BUAIB i 3a-
CTOCYBaHHS aKTUBHUX METO/B OXOPOHM.

Maixe ogHakoBa KinbKicTb pigkicCHUX Buais Napky Ha-
nexarb [0 naniogaHTie Ta cunbeaHTie. Cepen nanogaHTis
— BMAIB, AKi POCTYTb Y cknagi 60NMOTHNX eKOCUCTEM, TaKoX
NPUCYTHI AyXe LiHHI Y NPUpPOAOOXOPOHHOMY BiAHOLUEHHI
Buaun. [1o HUX HanexuTb TOBCTSAHKA anbnincebka (Pinguicula
alpine L.) — BUCoKoripHUin BUA, sikum Ha Teputopii MNapky
MICTUTBCS Ha HWXKHIN MeXi 3pOoCTaHHS. A TakoX Taki Buam
ak: Gymnadenia densiflora (Wahlenb.) A.Dietr., Listera
cordata (L.) R.Br., Sparganium minimum Wallr, Menyanthes
trifoliatea L., Swertia perennis L., Tozzia carpatica Wot.

HanmeHwe paputetHux sugis HIMB Hanexuts ao
rpynu cunbBaHTIB — MICOBUX BUAIB, HE3BaXKaloun Ha Te, Lo
NiCOBMI TUN POCIIMHHOCTI 3aMae JOMIHAHTHE NMONOXEHHS
Ha TepuTopii Mapky. Cepea unx BUAIB CNia 3BepHYTH yBary
Ha rygiepy nosaydy (Goodyera repens (L.) R.Br.) — HeBe-
nuKa i3onboBaHa nonynsuis skoi Bigoma 3 ypoumwa "lMpe-
nykn" (puc. 3).
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Puc. 3. KinbkicHui po3noain paputetHux BuaiB c¢onopu HIMM "BepxoBUHCLKMIK"
3a eKoNoro-LeHOTUYHOK NPUYPOUEHICTIO

Mopamo B Tabn. 4 po3noain paputeTHnx Buais dnopu HIIM "BepxoBrUHCHKNIA

3a OKpeMummn FipCbKVIMVI MacuBamMu.

Ta6nuys 4. Po3noain paputetHux Buais cdonopu HMM "BepxoBUMHCbKN"
3a OKpeMMMU FipCbKUMU MacuBaMm

lipcbki macueu KinbKicTb papuTeTHUX BUAIB KinbKicTb papuTteTHUX BUAIB 3rigHo 3i cnuckamm
CuycC €eyc BEPH YKY
HeTeca-Partia banynyi 44 2 4 1 37
Mpenykn-XutaHka 42 2 5 3 32
muctyBaTa 18 - 2 1 15
Manenuuys-KomaHosa 21 1 3 1 16
PotyHayn 24 - 3 1 20
JlocTyH 26 2 4 1 19
Monagas 24 1 4 2 17
MokpuH 26 2 4 1 19

BignosigHO 40 UUX AaHMX MOXHa BUAINWUTK 4 rpynu rip-
CbKWX MacuBiB:

| rpyna — HavBWLWOi cO30M0riYHOI LiHHOCTI — (MHeTeca-
®arig banynyi) — 44 papuTeTHUX BUAW, BOHW JOCUTb BENUKI
3a NIoLWel N OXONIIOKTL ABa BUCOTHI NOACK — BEPXHIN Ni-
COBUN i cyGanbniicbKui.

Il rpyna — B1cokoi co3onorivHoi LiHHoCTI — (Mpenyku-Xu-
TaHka) — 42 Buan. PiBeHb eKOTOMIYHOro Pi3HOMaHITTA HUX-
4Yumin, ocobnueo Woao 60noTHUX ekoTomiB.

Il rpyna — cepegHbOi co3onorivyHoi uiHHocTi (PoTyHayn,
Monaas, JloctyH, MokpuH) — 24-26 Buais. MNnowa, sky 3an-
MalThb Li MacuBK, Malke OgHAKOBa, BOHU MICTSATbLCS B OC-
HOBHOMY B MeXax BEPXHbOrO iCOBOro Nosicy, BUXOAMW Ban-
HSIKIB MalOTb fIOKanbHUIN XapakTep.

IV rpyna — HM3bKOi co30moriYHOT LiHHOCTI — (FnucTyBaTa,
ManeHuus-KomaHosa) — 18-21 Bua. MnuctyBaTta — ue 60-
nota i nacoBuLLHI Nyku, a MNaneHuus i KomaHoBa — ripcbko-
COCHOBE KpMBOMICCS i NAacOoBULLHI Nykn. Buxoau BanHAKOBUX
nopig BiACYTHI.

3a kinbkicTio BuAiB i3 CeiTOBOro YepBOHOro Crnucky B
yCiX rpynax ripCbKnx macuBiB Hanivyyetbca no 1-2 suaw.
Bugn 3 €Bponencbkoro YepBOHOro CNuCKy TpanmnsoTbCs

npakTnyHo y Bcix MacuBax (Pulmonaria filarszkyana,
Primula poloninensis, Silene dubia) iHWwi (Saussurea porcii,
Heracleum carpaticum, Elisanthe zawadskii) TpannsioTbcs
y 2-5 macuax.

Llooo pocnuH 3 YepBOHOI KHUIMK YKpaiHW 3a KifbKiCTHO
Takux BMAIB MOXHa BuAinuTK 2 rpynu. lMNMepwa — MNMpenykn-
XutaHka i MHeTeca-PaTia banynyi, aki HanivyoTe 32-37 ve-
PBOHOKHWXHI BUAW, Apyra rpyna — peLuTa ripCbknux Macusis,
[Ki HanivyoTb Big 15 go 20 Buais [9, 11].

Y 1abn. 5 nokasaHo piBeHb CO30MO0r4YHOI 3HaYYLLOCTI pi-
3HMX MacuBiB AOCMiAXyBaHOi TepuTopii Mapky 3a KinbkicTio
B IXHIX MeXax papuUTETHUX BWAIB Pi3HUX rpyn PiaKiCHOCTI.
BuaineHi Taki rpynu pigkicHocTi [12]:

1) nyxe pigkicHi Buan, Bigomi B perioHi Tinekn 3 1 mic-
Lie3HaXOXKEHHS;

2) pigkicHi BMaw, Bigomi 0o 5 micLie3HaxoaKeHb;

3) nowwupeHi cnopagnyHo, BigoMo Ao 10 micue3Haxo-
[PKEHB;

4) TpannanTbCsa 4acTo, Bigomo Ao 20 MicLLe3HaXo4KeHb;

5) 3Bu4aliHi B perioHi Bugu, Binomi noHag 20 micuesHa-
XO[KEHb.

Ta6nuys 5. PiBeHb co3onoriyHoi 3HavywocTi okpemux macuiis HIMM "BepxoBUHCbkuin"

. - KinbkicTb Ipynu piakicHocTi
FipceKi Macueu . . " =
papuTeTHUX BUAIB Lyxe 3pigka 3pigka CnopaguyiHo Yacto 3BuU4ailtHo
IHeTeca-Paris banynyi 44 4 24 4 6 6
Mpenykn-XutaHka 42 4 21 4 7 6
nuctyBaTa 18 2 5 1 1 9
ManeHuus-KomaHosa 21 1 9 1 2 8
PotyHgyn 24 1 8 1 7 7
JlocTyH 26 3 12 1 4 6
Monags 24 1 9 2 4 8
MokpuH 26 1 13 2 4 6
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3a UMM NOoKa3HNKOM Ha KOXXHOMY i3 LIMX MacuBiB € BUIM,
Aki Oinblwe Hige B YuBuMHax He pocTyTb. YoTupun BuMan Bi-
Oomi Tinbkn 3 MacueiB [HeTeca-®artia Bbanynyi (Pulsatill
ascherfelii (Ullep.) Skalicky, Primula halleri, Cirsium hetero-
phyllum, Carex rupestris All.) i [Npenykn-XutaHka
(Botrychium matricariifolium (A. Braun ex Doll) W. D. J. Koch,
Lathyrus subalpinus, Aster alpinus L., Erigeron alpinus L.).
Tpu gyxe pigkicHi Buan poctyTtb Ha r. JloctyH (Erysimum
hungaricum Zapal., Conioselinum tataricum Hoffm, Gagea
fistulosa Ker-Gawl.), gBa — Ha nonoHuHi [nuctyearta
(Dactylorhiza incarnata (L.), Care xhartmanii Cajander), no oa-
HOMY — Ha MacuBi MNManennusa-KomaHoBa (Aira caryophillea L.),
xp. Potynayn (Drosera rotundifolia L.) [5,10, 11, 13].

TakuM 4MHOM, 3a piBHEM CO30MOrYHOI 3HAYYLLOCTi Ha
TepuTopil HMIM "BepxoBUHCLKMI" BUAINSAOTL YOTMPW FipChKi
MacuBWU, fie 30cepeKeHa HanbinbLua KinbKiCTb papuTeTHUX
Buais dnopu: MHeteca-Patia banynyi, Mpenykn-XutaHka,
JloctyH-Tnnctyesata, lManeHuuysa-KomaHoBa. BogHouac, y
MexXax KOXXHOro MacuBy 30cepepkeHa 3HayHa KinbKiCTb pi-
OKiCHUX BMAIB, 30Kpema 1 yHikanbHuX. Lle € ceigvyeHHAM Bu-
COKOro PiBHsI CO30510riYHOI LiHHOCTI Bciei Teputopii HMM
"BepxoBuHcbkuin" [11, 13, 19, 23].

OcobnuBicTio chnopu cyamHHmx pocnuH HIMTM "Bepxosu-
HCbKMIN", Nepenycim Tiel NOro YacTUHM, O HaneXuTb 4o Yu-
BUYMHCBKUX Fip, € BENUKa KiNbKiCTb eHAEeMiYHUX TakcoHiB. Ce-
pen Hux eHaemikn CxigHux Kapnart, eHgemiku lNiBoeHHUX i
CxigHux Kapnart, eHgemikn 3axigHux i CxigHux Kapnar, 3a-
ranbHoKapnaTcbki eHaemiku [6, 11, 12].

Y cknagi gocnigxysaHoi nopu BusierneHo 54,3 % eH-
OEeMiYHNX TaKCOHIB i3 3BeJ€HOro CNMCKy eHaeMikiB YKpaiH-
cbkux Kapnat [21]. IxHint posnoain 3a apeanoriyHumu rpy-
namu Takui: nepesaxatoTb NiBAEHHOCXiQHOKapnaTCbKi eH-
AeMiku, a HaiMeHLLa YacTKa npunajae Ha 3aranbHokapnar-
CbKi Ta 3axigHocxigHokapnaTcbki. HanbaraTwmmm Ha eHae-
Mikn € poauHu Asteraceae, Rosaceae, Ranunculaceae,
Campanulaceae, Rubiaceae [6, 11].

Ha tepuTopii HMIM "BepxoBuHcbkMiA" HasBHi: Delphinium
elatum subsp. nacladense, Minuartia verna subsp.
oxypetala, Silenanthe zawadskii, Armeria pocdutica,
Erysimum wittmannii  subsp. transsilvanicum, Thlaspi
pawlowskii, Galium pawlowskii, Gymnadenia carpatica, w0
CBiAYMTb NPO BUCOKMI CTYNiHb iHAMBIAyanbHOCTI propun Yu-
BYMHCBKMX rip [11].

I3 3aHenagomM NONMOHMHCBLKOro rocnoaapcTea i 06eanto-
OHEHHSAM TepuTopii, Ae posTtawoBaHuin HIMM "BepXxoBUHCL-
KUR", Yepes NPUNUHEHHS BUKOLLYBAHHS i BUNacy nydHi gins-
HKM 3apocCTaloTb IICOM, WO € MNPUYMHOK BUMNAAaHHSA 3i
cknagy Ny4yHux yrpynoBsaHb paputeTHuX BuaiB dnopu. Pa-
30M i3 TUM B OCTaHHi AeCATUNITTS Yepe3 306iMblUEHHS TeM-
nepaTypu BigbyBaeTbCsA NiABULLEHHS BEPXHBbOI MeXi nicy,
yepes Lo 3apoCcTalTb i 3aTiHIOTLCA BiACMTOHEHHS i OCU-
nva kapboHaTHUX nopiAa, SKki MICTATLCA Ha BepLunHax lMNpe-
nykn, MHeteca, ®atia banynii, MokpuHiB KamiHb, JTOCTyH,
MiHyenb Ta iH. Y cknagi yrpynoBaHb, AKi NpuypoYdeHi 40 Lmx
BiCMOHEeHb, pocTe 6araTo papuTeTHUX Bugie dnopu, oeski
3 HUX YHiKanbHi Ans cdnopu Ykpainu. MNpoTe nopyLieHHs ri-
OPOIOriYHOro pexumy, noe's3aHe B OCTaHHiI poku 3 TpuBa-
nuvmu 6e3goLWoBMMK NepiogaMu, NpU3BOAUTbL [0 CKOpO-
YEHHS NoLWi N YMCEeNbHOCTI NONYNALIN UUX BUAIB.

Kpim TOro, € noTeHUiHi 3arpo3un Ans papuTeTHUX BUAIB
dnopu, Lo 3yMOBEHI 0COBNMMBOCTAMM MOLUMPEHHS LIMX PO-
CIWH Y PETiOHi, YNCESBHICTIO, LWiMBbHICTIO 1 €KOSTOro-LLeHOTU-
YHOI NPUYPOYEHICTIO TXHIX NOMYNSLN.

Ons 6inbwocti paputeTHux Bugi (36) Ha TepuTopii
HIMMNB HanbinbLIo NOTEHLINHOK 3arpo30to € By3bKocmneLlli-
anisoBaHi BUMOr1 40 eKonorivyHoi Hiwi. Ana 27 suais — ue
ckenbHi kKapboHaTHI BiACNOHEHHS, ANS peLuT BUAIB — Le Ka-
pboHaTHi npuaxepenbHi Ta Nnpupycnosi 6onoTa. 33 papute-

THi Buan npeacraeneHo Ha Teputopii HMMB oaHieto abo ne-
KinbkoMa nonynsuiamu. 4nsa 27 suais, Aki TpannsaoTbes ne-
peBaxHo y cknagi yrpynoBaHb CiHOKICHMX MyK, OCHOBHa 3a-
rposa — ue NPUNMHEHHs1 BUKOLLYBAHHSA. 25 papuTeTHUX BU-
AiB NpeAcTasBneHi HeBENMKMMN 3a po3MipamMu NonynauisiMun.
Onsa 19 Bnais, NoWMpPeHNX B OCHOBHOMY Ha MONTOHWHAX i Ny-
Kax, OCHOBHa 3arpo3a — Le cunbBaTu3aLis iIXHiX ocenuu,
16 — ue By3bkoapeanbHi Buan, ans 14 BnactuBa HU3bka
WineHicTe nonynsui, Ana 12 60noTHUX BUAIB — Le Mopy-
LLIEHHS TiAPOMOriYHOro pexumy, Ans 8 — npoBeAeHHs nico-
rocrnofapcbK1x 3axonis.

3annaHoBaHi 3axoau:

* MPOPIOKEHHS NiCOBMX 3apocTen nobnunay kapboHar-
HWMX BigcnoHeHb (BepwwwuHu rip MHetecwn, Mpenyk, POTyH-
ayna, MokpuHosoro KameHst) y 3umoBuii nepio 3a HasgBHO-
CTi CHIrOBOro NoKpuBYy;

e perynspHe CiHOKOCIHHS, pernameHToBaHW Bunac
Xyao6u, BupybyBaHHSA YarapHUKOBKX 3apOCTeN;

e KapTyBaHHA MONYMsUiN, MOHITOPUHI iXHBOI Yncenb-
HOCTI, LWINbHOCTI 1 XXUTTEBOrO CTaHy;

e BUPOLLYBaHHsI NOCAfKOBOro martepiany exsitu 3 no-
[anbLUOoK PeiHTPOAYKUiED ANs NiATPUMaHHS i 36inbLUeHHSN
YMCENbHOCTI NONYNALIN;

e MpOBeAEHHS NiCOrocrnofapChbknx 3axoAiB (CaHiTapHi
1 iHWi BUaW pybokK) TiNbKW 3a HAssBHOCTi CHIFOBOrO MOKPWUBY;

e 3abopoHa byab-AKMx MeniopaTUBHMX 3axogis, obna-
LWTYBaHHA BOAO03abopiB, BUPYOYyBaHHS HABKOJULLIHIX Fico-
BUX AiNSAHOK.

OuikyBaHi pe3ynbTaTy:

e 30epexXeHHsi Ta MiATPUMaHHS BUAOBOro baratcTea i
CTPYKTYPW NyYHUX YIPYNoOBaHb, NONepeKeHHS 3apOCTaHHS
X NICOBOIO POCIIMHHICTIO;

e 30epexeHHs Nonynsuin papuTeTHUX BUAIB y MicLes-
POCTaHHSX, L0 BignNoBiAaTb ixHiM noTpebam.

Mp1poOoOXopoHHi 3axoam B mexax Teputopii HMMB
CNpsIMOBaHO Ha 3MEHLLEHHSI BMNIIMBY aHTPOMOreHHWX i Hera-
TMBHUX NPUPOAHMX YNHHUKIB HA POCIIMHHWIA MOKPUB, SIK Hal-
GinbLLU Bpa3nuBuUiA KOMMOHEHT NPUPOAHMX ekocucTeM. Me-
TO LMX 3axogiB € 3anobiraHHs 36igHeHHI0 BMAOBOro, nomny-
NALINHOIO 1 eKOCUCTEMHOro (DITOPIBHOMAaHITTS, CNPOLLEHHS
CTPYKTYpW (DiTOLIEHO3IB, MiATPUMKA YNCENBHOCTI, LWiNbHOCTI
W XXUTTEBOrO CTaHy Nonynsuin paputeTHUxX BUAIB ropu.

BucHoBKku.

1. Posnogin pigkicHnx Ta Tux, Wo nepebyBalTb Ha
MeXi 3HUKHEHHS, BuaiB dnopu HIMM "BepxoBuHCbkMI" cTa-
HOBUTb 78 BUAiB, AKi HanexaTb 40 3 Biaginis, 28 poawH,
71 pogis. 3a pesynbTatamu aHarnisy cuctemaTu4Hol CTpykK-
TYpV 3a3HA4YaeTbCA, WO Hanbinblue BMAIB i3 HUX HANEXuTb
0o poauHu Orchidaceae. Opyry i TpeTio no3uuii 3anmaTb
poaunHu Ranunculaceae i Asteraceae. 3aranom Ha gornto ne-
pWwuX TpbOX poauH npunagae 39,6 % BWMOOBOro ckragy.
OTXe, CNekTpu NPOBIAHUX POOUH PAPUTETHOTO KOMMOHEHTA
dnopu HIMIM "BepxoBUHCEKMIA" cBig4aTaTb NPO Ii MOHTAHHO-
GopeanbHuiA xapakTtep.

2. Ha ocHoBi BMBYeHHSI BioMOpchonorivyHOi CTPYKTYypU
papuTETHOro KOMNOHEHTa hriopu BCTaHOBMNEHO, L0 cepen
pigkicHMX BMAIB nepeBaaloTb HaraTopiyHi Tpas'aHUCTI poc-
nman 72 suam (92,3 %), ManopiyHKK cknagaroTb 2 BUOU
(2,5 %), kywi — 3 (3,8 %), nepea — 1 (1,2 %). Y cnekrpi
GionoriyHnx Tunis [20] (Raunkiaer, 1934) nepeBaxatoTb re-
MikpunTodiTh — 38 BUaiB (48,7 %), Ha gpyromy MmicLi nepe-
6ysatoTb reoditv — 24 Buam (30,7 %), Wo B Linomy Biano.i-
[ae KoMMnekcy NpUpoaHMX YMOB AOCHIAKYBaHOI TepUTOPIT.

3. AHani3 ekonoriyHoi CTPyKTypu papuTeTHOro KOM-
noHeHTa riopu BKa3ye Ha nepeBaxaHHsa y ii cknagi me-
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300hiTiB, @ TaKoX 3HA4YHOI y4yacTi rirpodiTie, Wo Bigobpa-
Xae perioHanbHy cneumndiky BepTMKanbHOi NOSCHOCTI 0-
CnifXXyBaHOi TepuTopii.

4. KinbkicH1i posnogin paputeTHux suais nopu HIMM
"BepXOBMHCBKNIN" 32 €KOSTOro-LEHOTUYHOK NMPUYPOYEHICTIO
HanbinbLle papuTeTHUX BUAIB HanexaTb A0 rpynu npartaH-
TiB — pOCTYTb y cknagi ny4yHux ekocuctem — 42,1 %. Opyra
3a YmcenbHicTio rpyna ue netpodantn — 27,3 %. Maixe oa-
HaKOBa KiNnbKiCTb pigkicHUX BUAiB MNapky Hanexutb 4o nanto-
AaHTiB | cunbBaHTiB (14,7—15,7) %. HarimeHwwe papuTeTHuX
Bugie HMIM HanexaTb OO rpynu CMnbBaHTIB — NICOBMX BUAIB,
He3BaXkaloumn Ha Te, WO MiCOBMI TUMN POCIIMHHOCTI 3anmae
OOMiHaHTHe NonoXeHHs Ha TepuTopii napky — 14,7 %.

5. Tpo Bucoky co3onoriyHy UiHHiCTb TepuTopii HIM
"BepXOBMHCLKUI" CBIig4YNTb 3pocTaHHsA TyT 3 Buais 3i Cai-
ToBOro YepsoHoro cnucky, 7 — 3 €sponericekoro Yepso-
HOro cnucky, 4 — 3 bepHcbkoi kOHBeHLUi, 64 — 3 YepBoHOi
KHUrn YkpaiHu. [Jo perioHanbHO PpigKicCHUX BigHeceHo
26 suais cnopw.

6. 3a pesynbTatamyM perioHanbHOro XOPOMOriYHOro
aHani3y BCTAHOBMEHO, WO HanbinbLua KinbKicTb pigkiCHUX
BUAIB Ta iHiX nokaniteTiB 30cepea)XeHa Ha ripCbKUxX Macu-
Bax: [HeTeca-®arTia banynyi, MNpenyku-XutaHka, JlIoCTyH-
muctyBaTa.

7. YcTaHOBMEHO, WO B Mexax Teputopii [Mapky pocTyTb
71,4 % Byuam dnopu YkpaiHcbknx Kapnar, skum 3arpoxye
3HUKHEHHS y rmobanbHoMy macwtabi, 36,4 % — B eBponen-
cbkoMy macltabi, 47,8 % engewmiki i 54,2 % cybeHaemikis
YkpaiHcbkux Kapnar.

8. OcobnuBy 3arpo3y BTpaTh BMOOBOrO Pi3HOMAHITTS
CTaHOBUTbL AeMyTauis ayxe pigkicHUX i ona teputopii goc-
nigpKeHb, i i Ans YkpaiHcbkux KapnaTt y uinomy, BTOPUHHUX
nicnsanicoBmx KanbLedinbHUX Ny4YHUX yrpynoBaHb, Ae Tpan-
NATLCA pigkicHi NyyHi Buawn, Takux sk Nigritella carpatica,
Minuartia oxypetala Ta iH.
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J1. Mauanbsk, BeA. Hay4. cOTpyA.
HaumoHanbHbIM NpupoaHbIA Napk "BepxoBuHckuin”, BepxHuii ficeHeBo, YkpauHa

PAPUTETHbIA ®UTOFEHO®OHA .
HALMOHAIIbHOIO NMPUPOOHOIO NAPKA "BEPXOBUHCKUAN" U EFO AHAININ3

BaxxHocmb coxpaHeHusi 6uomuyecko2o pa3Hoobpa3usi, ompaxaemcsi 8 psioe MexdyHapoOHbIx AoKyMmeHmos, 8 YacmHocmu "KoHeeHyuu no 6uo-
Jf1l02u4eckoMy pasHoobpasuro”. B amom koHmekcme oco6020 8HUMaHUs1 3acyyxuearom pedkue eudbl, KOMoOpbIe S8/SIFOMCS Ys138UMbIMU, MOCKOJIbKY
papumemH+ocmsb npedwecmeayem ebiMupaHuro. OcobeHHO akmyarbHbl uccredosaHusi pedkux eudoe 8 YkpauHckux Kapnamax, komopbie siensiromcsi
HauMeHee aHMPOINO2eHHO U3MeHeHHOU meppumopuell YkpauHbl. CoxpaHeHuUe 6uomu4ecKko20 pa3Hoob6pa3usi 8 IIMoM pe2uoHe umeem obujeespornedi-
CKoe 3Ha4YeHue, omobpakaemcsi 8 MexAyHapoOHoU "PaMo4HOU KOH8EHUUU 06 oxpaHe u ycmoliyueomM pazeumuu Kapnam". KonuyecmeeHHas u kayec-
meeHHasi XxapaKmepucmuku papumemHoz0 ¢ghumozeHoghoHAa N10380J15110m oxapakmepu3zoeams ypo8eHb yYHUKasIbHOCMU ¢byiopbl, Cr1yxam ocHoeou onsi
ghopmupoeaHusi pecuoHanbHbix KpacHbix crnuckoe u rno3eorsisirom op2aHu3oeams adekeamHble npupodooxpaHHbie meponpusimusi. Co3ono2uyeckast
Xapakmepucmuka ¢hsiop pa3Ho20 ypoeHs npedrosazaem aHanu3 Halu4yusi 8 ee cocmaee MaKCOHO8, 3aHEeCEeHHbIX 8 KpacHble CMUCKU pa3HO20 YPOBHSI —
MexdyHapoOHble, HayUOHaNbHble, pe2uoHasnbHble. PapumemHasi cocmaensitowasi ghnopbi HayuoHansHo20 npupodHo20 napka "BepxoeuHckull” ekto-
4aem 125 eudoe cocyducmbix pacmeHul, uMerowux Mexx0yHapoOHble, HAYUOHasIbHbIEe U pe2uoHallbHble co3osio2uyeckue cmamychbl. U3 Hux 64 euda
pacmeHul, 3aHeceHHbIx 8 KpacHyro kHu2y YkpauHbl, 3 euda eknroveHbl 8 KpacHbili cnucok MCOIT, 7 eudoe 3aHeceHb! 8 Eeponetickuli KpacHbil crnucok,
2 guda - e lMpunoxeHue | BepHckoli kOHeeHYuu, 2 esuda — e lMpunoxenue lIb, u IVb lupekmuesi EC o coxpaHeHuu cpedbi o6umaHusi u 8udoe npupodHol
¢gpayHb! u ¢pniopbl. Takum o6pa3om, Ha meppumopuu lMapka oxpaHssemcsi mpems (32,3 %) "KpacHOKHWKHbIX" eudoe cocyducmbix pacmeHuli MeaHo-
®paHkoeckoli obnacmu, kpome mo20, 3mo cocmasssiem 29,9 % "KpacHOKHWKHbIX" eudoe pacmeHuli YkpauHckux Kapnam. Bedyujue podbi papumem-
Ho20 komnoHeHma ¢piiopbl HII "BepxosuHckull” cocmaensitom Orchidaceae. Bmopyro u mpembto no3uyuu 3aHumarom podbl Ranunculaceae u
Asteraceae. Bcez2o Ha dosto nepebix mpex podos npuxodumcs 39,6 % eudoeozo cocmasa crnucka. B o6wem nepsbie deesimb MaKCOHO8 Oxeambiearom
6osiee dsyx mpemeli (64,9 %) eudosozo cocmasa cnucka. 1o pe3ynbmamam xoposi02u4ecKo20 aHasu3a ycmaHoeJsieHo, Ymo Haubosbuliee Kou4yecmeo
pedkux eudoe u ux JIoKkasumemos cocpedoImoYeHo Ha 20PHbIx Maccusax: FHemeca-®Pamusi BaHynyu, Mpenyku-Xumanka, JlocmyH-Inucmyeama, lNane-
Huya-Komanoea. Hau6onee papumemubie 8udbl MpuypoYeHbl K CpeOHe20PHOMY M0sICY.

Knroueenie cnoea: pacnpocmpaHeHue, pedkue eudbl, coxpaHeHue, ¢hsiopa, papumemubili komnoHeum, HIIM "BepxoeuHckuli”, Yue4uHo-IpuHs-
8CKue 20pbl.

L. Matsapiak, Conduction, Sci. co-worker
National Park "Verkhovyna", Upper Ash, Ukraine

RARE PHYTOGENOFUND OF VERKHOVYNSKY NATIONAL NATURE PARK AND ITS ANALYSIS

The importance of conserving biodiversity, reflected in a number of international instruments other than the Convention on Biological Diversity. In
this context, rare visions deserve special attention, which are the most understandable, because rarity precedes extinction. Especially relevant are the
studies of rare views in the Ukrainian Carpathians, which is the smallest anthropogenically altered territory of Ukraine. Conservation of biotic diversity in
this region is of European importance, which is reflected in the international "Framework Convention for the Protection and Sustainable Development of
the Carpathians”. Quantitative and qualitative characteristics of the rare phytogenus fund allow to characterize the level of uniqueness of flora, serve as
a basis for the formation of regional Red Lists and allow to organize adequate environmental measures. Sozological characteristics of flora of different
levels imply, for all, the analysis of representation is transformed into its composition of taxa listed in the "red” lists of different levels — international,
national, regional. A rare component of the flora of the Verkhovynsky National Nature Park includes 125 species of vascular plants with international,
national and regional sociological status.Of these, 64 species of plants listed in the Red Book of Ukraine, 3 species listed in the IUCN Red List, 7 species
listed in the European Red List, 2 species — in Annex | of the Bern Convention, 2 species — in Annexes Illb and IVb of the EU Directive on the conservation
of population and species of natural fauna and flora. 21 species — listed in CITES Appendix Il, 26 species in the Regional Red List.

Thus, a third (32.3%) of the "Red Book" species of vascular plants of the Ivano-Frankivsk region are protected on the territory of the Park, in
addition, it is 29.9% of the "Red Book" species of plants of the Ukrainian Carpathians. The leading families of the rare component of the flora of
Verkhovynsky National Park are Orchidaceae. The second and third positions are occupied by the breeds Ranunculaceae and Asteraceae.In general,
the first three families account for 39.6% of the species composition of the list. In total, the first nine taxa cover more than two thirds (64.9%) of the
species composition of the list. According to the results of good analysis, it is established that the number of rare species and their localities located
on the mountain massifs: Gnetesa-Fatiya Banului, Preluky-Hitanka, Lostun-Glistuvata, Palenytsia-Komanova, and attached to the largest rare species
to the mid-mountain phenomenon.

Keywords: distribution, rare species, preservation, flora, rarity component, Verkhovynsky National Park, Chivchyno- Hryniavsky Mountains.

YK 582.582.3:502.172(477.43-751.3)
DOI 10.17721/1728_2748.2021.84.34-38

|. Opykaneub, CT. HayK. cniBpo6.,

0. Unmbantok, Hayk. cniBpob6.,

A. Tpuropuyk, Hayk. cniBpo6.

HauioHanbHui npupoaHui napk "Moainbcbki ToBTpn”, Kam'siHeub-NMoaginbcbknin, YkpaiHa

MOP®OJOrYHA XAPAKTEPUCTUKA WA®PAHY FEEM®OENSA
(CROCUS HEUFFELIANUS HERB.) B YMOBAX HALLIOHANBHOIO NPUPOOHOIO NAPKY
"NoAINbCbKI TOBTPU"

lpedcmaeneHo pe3ynbmamu docnidXeHHs1 MOpghomempuYHUX napamempie ocobuH nonynsauii Crocus heuffelianus Herb. Ha me-
pumopii npupodHo-3anoeidHoz2o ¢hoHAy e ymoeax HayioHanbHo20 npupodHozo napky "lModinbceki Toempu”. Mema po6omu — doc-
nidXeHHs1 adanmauyiliHux Mosxnueocmel 8udy 8 palioHi eaug4yeHHs. BionogioHo do memu 3dilicHeHo Mopghomempito 50 2eHepamue-
Hux ocobuH Crocus heuffelianus, siki 3pocmaroms y 10-my keapmani Yemepoeeybko20 NMPupPoA0OXOPOHHO20 HayKo80-G0C/1iGHO20
eiddineHHs. Ha ocHoei npoeedeHux 2eobomaHriyHux onucie ¢himoyeHosie 3a yyacmi Crocus heuffelianus Herb. HagedeHo 3azanbHy
Xapakmepucmuky pOc/IUHHO20 rokpuey docidxyeaHoi mepumopii. Y mexax 10 keapmany Crocus heufellianus 3pocmae e nicosux
Kynbmypax Quercus robur L. 25-piyHo20 8iky, HacadxeHHsix Pinus sylvestris L. (40 pokie) ma Ha dinsiHyi 3 yepynoeaHHsim QUERCO-
FAGETEA BR.-BL. ET VLIEGER 1937, Fagetalia sylvaticae Pawi. 1928, Carpinion betuli Issler 1931 em. Mayer 1937, de nepesaxaromsb
80-piuHi Carpinus betulus L., Quercus robur L. Y docnidxeHili nonynsayii eudy npoeedeHo aHai3 3amipie: eucomu pocsiuHU pa3oM i3
cyuyeimmsiM; G08)XXUHU i WUpPUHU nlucmkie. 3a pesynbmamamu Haulo20 A0CJ1i0KeHHsI 8CMaHOBJIEHO, W0 8UCOIMa POCIIUH y nonynsayii
kKonueanacs 8id 7,6 cm do 14 cm. Y cepedHbomy yeli nokasHuk cmaHosue 10,3%2,0 cm. Po3mipu nucmkie nepegaxHoi Kinbkocmi oco-
6uH nonynsayii xapakmepu3syeasniucsi makumu MopghoMempu4yHUMU rMokasHukamu: wupuHa 0,2-0,7 cm, doexuHa 4,9-10,7 cm. Moka-
3aHo, W0 nepesaxHa binbwicmes 0cO6UH 8udy Matomb 1o odHill keimuyji. ¥ docnidxeHil nonynsyii Crocus heuffelianusmae mae He-
3HayHy MiHnueicme MopgbonozidHux o3Hak. Lje ceioyums npo 3HayHi nomeHyjiliHi Moxiueocmi eudy Ao 3pocmaHHs1 8 Pi3HUX eKoJlo-
2iYHuUX yMoeax, siki He MoXXymb 6ymu peasizoeaHi 3a yMoe8 NocusieHo20 aHMpPOono2eHHO020 HaBaHMAaXeHHS. YHiKanbHi pieHUHHI noka-
nlimemu Yb020 MOHMaHHoO-anbilickko2o 8udy Ha mepumopii HayioHanbHo20 npupodHozo napky "lModinbcbki Toempu” maroms 8u-
COKe co30J102i4He i HayKoee 3Ha4YeHHsI ma nompebyroms CUCMEMHO20, MPUBasio20 MOHIMOPUHaY.

Knroyoei cnoea: wagppaH letighenie, mopgpomempisi, HIMIM "Modinbcuki Toempu".

BcTyn. YnpoaoBx OCTaHHIX AeCATUNITE MUTaHHA 36epe- Ha NPUPOLHI eKoCUCTEMU Ta, sIK HACNiOOK, iIHTEHCUBHUM 30i-
YKEHHs1 HaBKOMUWLLUHbOIO cepefoBuLla HabyBae Bce BinbLUoOT OHEHHAM Pi3HOMaHITHOCTI 6i0TK 3aranom i pPOCAMHHOIO CBITY
aKTyanbHOCTI Y 3B'A3KY 3i 3Ha4HUM aHTPOMOreHHNM BMNBOM 3okpema. Cepef BpasnvBmMX TAKCOHIB TakoX 3yCTpivaloTbCs

© Opykaneusb l., Lumbantok ., Fpuropuyk A., 2021
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npeacTaBHUKN iTOGIOTH, WO MalTb HAYKOBE i NpakTUyHe
3HAYEHHs1, a Micus IXHbOro 3pOCTaHHSA 3a3HaKTb HeraTue-
HOro BMNAMBY BHACMIQOK rocnogapChbkoi AiAnbHOCTI NIOOUHN.
3arposa 3HUMKHEHHSI POCMWH BMHUKAE 4epe3 MOpYLUEHHS
YMOB MiCLL€3POCTaHb, AKi CNPUYMHEHI BUPYOYBaHHSAM ficCiB,
PO30PHBaHHSIM 3eMenb, OCYLIyBanbHOK MeniopalLieto, po-
3pobkoto Haap Towo. Taki npouecu, siKk pekpeauiiHe HaBaH-
TaXEHHS, HEKOHTPONIbOBAHWUNA Typu3M CMpUsiOTb 3MEH-
LLIEHHIO YNCENBHOCTI Ta 3arpoXyrTb 3HUKHEHHAM GaraTbox
BWAIB POCMVH, 0COBMMBO 3 OEKOPaTUBHUMM i MikapCbknMmn
Bnactmsoctamu [2]. o HUX HanexaTb i edpemepoifHi reo-
iTK, Bionoro-ekonorivyHi BNacTMBOCTI AKX 0OYMOBIIOOTb
iXHIO BpasnueicTb. [lepeBaxkHa OinblWicTb BUAIB poay
Crocus L. (Iridaceae) y 3B'a3ky 3 ixHiMU BUCOKMMU AeKopa-
TMBHUMW BNAcTUBOCTSIMU NpepebyBatoThb MiJ 3arpo30to 3HK-
KHEHHS1, yHacnifok ix 6e3KOHTPONbHOro BUKOPUCTaHHS. Bo-
OHOYac BMCOKa aTPaKTUBHICTb, 0COBNMBI TEPMIHM LBITIHHS
(IK paHHBLOBECHSIHOTO, TakK i OCIHHBOr0) 06YMOBIIOOTL NOMY-
NAPHICTb | NepcnekTuBHICTb BUAiB pogy Crocus y aekopaTtu-
BHOMY KBIiTHUKApPCTBi 1 O3eNEeHEHHI.

Mg OXOpPOHOK PIAKICHMX | 3HUKaKYUX BUAIB PO3YMIEMO
He nuwe 30epeXeHHs1 Ha 3anoBigHUX TePUTOPIAX Ta iXHI0
iHBEHTapu3auito, ane 1 BMPOLLYBaHHSA y GoTaHiYHUX cagax
LUMAXOM iHTPOAYKLUIT, @ TakoX 36iNbLUeHHS KiNbKOCTi pigkic-
HUX BUAIB y NpUpOoAi LWNAXOM MiAciBaHHSA HaCiHHA Ta BUCa-
JXXYBaHHSA POCMVH, OTPUMaHMX 3a YMOB KynbTypu. [Jocutb

aKTyanbHUM CTa€ NEPEHECEHHS LUTYYHO PO3MHOXEHUX POC-
NVIH Y NPMPOAHi YMOBW, L0 Ha3uBatoTb penartpiadieto, 4n pe-
iHTpoaykuieto [5].

MeTtoawm i matepianu. MeToto Hawoi po6oTtu 6yno goc-
NiMKEHHs aganTauilHMX MOXnuBoCcTen wadppaHy [enb-
dena Ha Tepwutopii HauioHanbHOro npupogHoOro napky
(HMM) "Mopinbcbki ToBTpU" LWISXOM BMBYEHHS W aHanisy
Noro MOpOMETPUYHMX i KiNTbKICHNX MOKa3HUKIB.

HauioHanbHuin npupoaHuin napk "lMoginbcbki ToBTpn" —
oovH i3 Hambinbwmnx HIM YkpaiHu 3aranbHO MroLLeto
261316 ra i posTawioBaH1n Ha TepuTopii XMeNbHULIbKOI 06-
nacTi. 3a reob0TaHiYHUM paloHyBaHHSAM OdHa YacTuHa lMa-
pky HanexwuTtb Ao lNMokyTcbko-Menobopcbkoro okpyry Gyko-
BWX, rpaboBo-0yboBuMx i AyOOBMX NiCiB, CNpaBXHIiX NyK i nyy-
HMX cTeniB lNMiBoeHHONINbCbKOI 3axigHOMoAiNbCLKOT MiaAnpoBi-
HUiT, LUMPOKOMNMUCTAHMX MiCiB, NyKIiB, NMy4HUX CTENiB Ta eBTPO-
hHMx BoniT LieHTpanbHOEBPONEeNnCLKOi NPOBIHLT LLPOKONK-
CTAHUX NiciB €EBPONENCHKOI LUMPOKONUCTAHONICOBOI obnacTi,
a iHwa — o LleHTpanbHonoainscbLkoro okpyry rpaboso-gy6o-
BUX i yOOBMX MiCiB i CyXOQONbHUX NYK YKPAiHCLKOI nicocTe-
NoBoi MignpoBiHUii CxigHOEBPONENCHKOI NiCOCTENOBOI NPOBi-
HUii y6oBMX NiciB, OCTEMHEHNX NyK | My4HKUX cTenis JlicocTe-
noBoi nigobnacti €spasincbkoi cTtenosoi obnacrti [3]. Ha Te-
putopii HMM "lMoginbceki ToBTpK" cbrnopuctnyHe pisHOMa-
HITTA HapaxoBye 6nm3bko 1500 BUAIB BULLMX CYANMHHMX POC-
nvH. Cepep, HUXx 93 Buan penikTiB, 6nm3bko 30 eHAeMiYHNX
ans Ykpainm Bugis. Ha teputopii napky nepebysae nig oxo-
poHoto 161 o6'ekT npupoaHo-3anosigHoro coHay (MN3P).

Puc. 1. FeHepaTnBHa oco6uHa Crocus heuffelianus Herb

Crocus haiffelianus Herb. (puc. 1) — paHHLOBECHAHUN
edemepoig, TMNoBuin (6ankaHCbKUn) BUA, KM Ha Xmenb-
HWYYMHI Mae cXigHy mMexy csoro apeany. Bug y 70-x pp.
XIX ct. Ha TepuTopii lMapky BuBYaB BigoMui BOTaHIK
M. KpyukeBny. 3rooom oriopucTnyHi AOCNIMKEHHS] NPOLOB-
xyBanu C. KoBanbuyk, M. 3agopoxHui, J1. NiobiHcbka.

C. heuffelianus — reodit. baratopiuHa TpaB'siHa poc-
nvHa 10-19 cm 3aBBuwkK. BynbbounbynuHa okpyrna, 10—
12 MM 3aBLUMPLUKM, TPOXM CMMKOCHYTa 3BEPXY Ta 3HMU3Y,
BKpUTa TEMHO-KOPUYHEBOIO TYHIKOI, YTBOPEHOK CyXMMU
NYCKOMNOAIOHNMW HU30BUMWU nMcTKamu. Jluctkn (2-3 wr.)
2—7 MM 3aBLUMPLLIKK, NiHiMHI, 8—17 cM 3aBOOBXKM, i3 3arop-
HYTMMMW KpasiMn Ta CpibrsiCTO0 CMYXKOK MO OCi B3[40BX
ycboro nuctka. KeiTku noogmHoki. OuBiTrHa giankoBoro Ko-
nbopy, NpocTa, BiHoukonodibHa, 9—13 cm 3aBaoBxku. LiBiTe

y 6epe3Hi—kBiTHI. MnogoHocuTb y TpaBHi—nunHi. Mnig — Tpw-
rHizaa kopobouyka. PO3MHOXYETLCA HAaCIHHAM, pigLue 6yns6o-
unbynuHamm. Po3noBCIOOKEHHSA HACIHHSA BigOyBaeTbCA LUMs-
XOM aBTOXopii Ta mipmekoxopii. LLlacdpaH Medpens oxopoHsi-
t0Tb Ha TepuTopisix Kapnatcbkoro 63, "Mego6opu" Ta M3 "To-
pranun", "Kapnatcbkoro", "CuHesnp", "BrxkHuubkmin", "Ckonie-
cbki becknamn" HauioHanbHMX NPUPOOHNX NapKiB | 3aKasHUKIB,
nam'saTok NpMpoau i 3anoBigHnx ypouuwl. 3abopoHeHo 36u-
paHHS, BUTONTYBaHHS, OpraHisauis HOBMX MiCUb pekpealdii,
HaaMipHUIA BUNac, B1konysaHHS 6ynbbounbynuH [9].

Ha tepuTopii HMNIM "Moainbcbki ToBTpK" BUA 3pocTae B
3akasHuky "LukiBcbknin", T'ykiBcbkomy nici, y 10—11 kBap-
Tanax HIMMM. Takox B4 HaBOANTLCA Y HAYKOBUX AxKepenax
i3 KHArMHuHCBKOro nicy Ta nobnusy m. Kam'sHusa-Mogine-
cbkoro [8].
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Ona pocniopxeHHa aganTaTMBHUX O3Hak Buay Crocus
heufellianus Hamn 3aknageHo MOCTiHY NPOOHY nnowy y
10 kBapTani YemepoBeLLKOro NPUPOLOOXOPOHHOIO Hay-
KOBO-gocCnigHOro BigaineHHsa Ha Teputopii HIMM "Moginbcbki
TosTpn". [locnigXeHHs npoBeAeHO AeTanbHO-MapLUPyTHUM
MeToAOoM, Ha3Bu BuAiB noaaHi 3a 3BegeHHsam C. J1. Mocsa-
KiHa i M. M. ®epgoponuyka [1]. Y pocnigxeHin nonynsauii
C. heuffelianus 3amipsiHO BUCOTWN POCNNHM Pa3oM i3 CyLBIT-
TAM Ta OOBXMHM W LUMPUMHM nnCTKiB. BubGipka ctaHoBuna
50 ocobuH reHepaTMBHOrO CTaHy. 3HaYeHHs1 MOpdOMETPU-
YHMX O3HAK OMpaubOBYBany 3aranbHOMPUAHATUMU CTaTUC-
TUYHUMU metogamu Microsoft "Excel 2007".

Pe3ynbTatn Ta 06roBopeHHs. ¥ mexax 10 kBapranis
Crocus heufellianus 3poctae B nicoBux Kynbtypax Quercus
robur L. 25-piyHoro BiKy, HacamxeHHaX Pinussylvestris L.
(40 pokiB) Ta Ha pinsHYi 3 yrpynosaHHsM QUERCO-
FAGETEA BR.-BL. ET VLIEGER 1937, Fagetalia sylvaticae
Pawi. 1928, Carpinion betuli Issler 1931 em. Mayer 1937, ne
nepeBaxatoTb 80-piuni Carpinus betulus L., Quercus robur L.

Acouiauis, B 4kin 3poctae Crocus heufellianus, —
Galeobdoloni luteae-Carpinetum Shevchyk, Bakalyna et
V. Solomakha 1996. [lepeBHuIn Apyc NpeacTaBneHo Takumm
Bugamu: Carpinus betulus L (90 %)., Quercus robur L.,
Cerasus avium L., Acer platanoides L. 3iMkHyTICTb y nepiog
noyaTky Beretauii i uBiTiHHa Crocus heufellianus ctTaHOBUTb
0,6. Mignicok cnabkoo BupaxeHwun. BusiBneHi noopuHoki
ocobuHn Euonymuseuropaeus L. [MpoekTBHE MNOKPUTTHA
Tpas'aHoro spycy — 50 %, a Crocus heufellianus — 10 %. MNo-
PS4 i3 HAM BUSIBMNEHO PiaKiCHI BUOW, SKi BKITKOYEHO [0 CNUCKY
CITES, YepsoHoi kHurn Ykpainn (2009): Galantusnivalis L.,
Neotianidus-avis L.

Takox BigMmideHO psg BuAaie:  Sanicula europea L,
Galeobdolon lutea Gilib., Hepatica nobilis Mill., Anemona
ranunculoides L, Ficaria verna Huds., Isopirum talictroides L,
Euphorbia amigdaloides L,Gagea Ilutea L, Pulmonaria
officinalis L, Ranunculus cassubicus L, Dactilis glomerata L,
Poa sylvestris A. Gray, Viola reichenbachiana Jord. ex Boreau,
Coridalis cava Schweigg. et. Korte., Carexpilosa Scop.

Gonghe Edirth

Puc. 2. Po3milleHHA gocnigHux AinsHok Ha TepuTopii HauioHanbHoro npupoaHoro napky "Moainbcbki ToBTPU"

2020 p. KBiTyBaHHSA BUAY Npoxoanno y 6epesHi—KBiTHi.
MacoBe KBiTyBaHHS cnocTepiranocb y nepLii nosoBMHI
OepesHs.

BusiBneHo, LWo BMCOTa pocnuvH B nonynsuii (tabn. 1) ko-
nueanacsa Big 7,6 cm go 14 cm, a ycepedHeHi gaHi —
10,3£2,0 cm. Poamipy nucTkiB GinbLlocTi 0cobuH xapakTe-
pu3yBanucsa Takumu nokasHukamu: wupuHa — 0,2...0,7 cm,
poexuHa — 4,9...10,7 cm. KoediuieHT Bapiauii nokasHukis

16
14

12 -

10 -

0 5 10 15

konueaBscs B Mexax 15,01-31,04 %, cepenHe kBagpaTuyHe
BioxuneHHs Big 0,5 go 0,7. BuasneHo ocobmHu nepeBaxHo
3 OJHIEI0 KBITKOI, ane TpannsaiTbCA TaKOX i3 ABOMA KBiT-
kamu. Y nonynsuii € 6inokBiTKOBi 0COGUHM.

PesynbTati Hawmx gocnimxeHs 36iratoTbes 3 pesynbTa-
Tamu A. B. Muranb, sikui nokasas, LLIO HAWMIHNUBILLMMK Na-
pameTpamMu € AOBXWHA i LWMprHa nucTka [6].

—+—BMCOTa 0COGUHM
—8— MPHHA IMCTKA

—b— 00B¥WHA NUCTHa

l——I——I——I“f‘x-dul”-__-hh’F_I__sﬁh'__-F_é__'h_.“I”.H4$\‘H—.——l—_.dd

20 25 30

Puc. 3. Oco6nuBocTi 6iomopdonoriyHux nokasHukiB Crocus heuffelianus
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Ta6nuys 1. MinnuBicTb MopcomeTpuUHUX Noka3HuKiB Crocus heuffelianus

Ne 3/n MokasHUK MiHiManbHi NOKa3HUKN MakcumanbHi NOKa3HUKKU Cv, %,
Posmipu, cm KinbkicTb 0cobuH Posmip, cm | KinbkicTb 0cOBUH 3a 3anueBum
1 BucoTta 0cobuHu 7,61£1,04 12 14+0,7 15 15,01
2 LLivpuHa nucTkis 0,2+0,02 10 0,7+0,05 17 31,04
3 [oBXnHa NUCTKIB 4,9+0,08 13 10,7+0,6 14 19,20
BUCHOBKM. 6ion. Hayk : 03.00.05 / AHgpiit Bonogumuposmy Muranb; YKropoacbkuii HaLl.

Hawi gocnimkeHHs nokasanu, Wo ocobuHu wadpaHy
endens y gocnigxeHrin nonynauii Ha Teputopii HIMM "Mo-
Ainbcbki ToBTpY" NposiIBUNM HE3HAYHY MIHNUBICTb 3a NoKas-
Hukamn. MopdonoriyHi 03Haku 0cobuH xapakTepuayBanucs
noMipHUM KoedpilieHTOM Bapiauii; Bucota pocnvHun Ta AoB-
XMHa NUCTKIB — cepeaHiM, a LUMpnHa NUCTKIB — BUCOKMM. Lle
MOXe CBiQUMTWN NPO 3HAYHI NOTEHLiMHI MOXITMBOCTI BMAY OO0
3pPOCTaHHSA B PI3HWX E€KOMOriYHUX YMOBaX, SKi HE MOXYTb
OyTu peanizoBaHi 3a yMOB NOCUIIEHOrO aHTPOMOreHHOro Ha-
BaHTaxeHHs. [Ang 3'acyBaHHst 6iomopdponoriyHmx ocobnu-
BOCTEW [OCMigXyBaHOro BuAy HeobXigHO NpoaoBXyBaTu
OOCNIAXEHHS 1 iHWKX nonynsauin. OTpumaHi pe3ynbtaTn Ha-
LLIOro AOCHigKEeHHs1 AONOMOXYTb Y BUBYEHI Bionorii 1 ekono-
rii wadpaHy, Wo onTuMmidye po3pobKy HOBUX NMPUPOAOOXO-
POHHMX pekomeHaaUin y npupoaHux biotonax HauioHanb-
Horo npupoaHoro napky "lMogineceki ToBTpKU".
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HauuoHanbHbIM NnpupoaHbin napk "Mogonbckue ToBTpbl”, KameHeu-Mogonsckuin, YkpanHa

MOP®ONOMNMYECKASA XAPAKTEPUCTUKA LUAG®PAHA FEEU®ENSA
(CROCUS HEUFFELIANUS HERB.) B YCNOBUAX HALUIMOHAIIbHOIO NPUPOOHOIO NAPKA
"NOAOJIbCKME TOBTPbI"

lMpedcmaeneHbi pesynbmamsi uccredoeaHusi Mopghomempuyeckux napamempoes ocobel nonynsiyuu Crocus heuffelianus Herb. Ha meppumo-
puu npupodHo-3anoeedHozo ¢poHAa 8 ycnosusix HayuoHanbHo2o npupodHozo napka "Modonbckue Toempsbl". Ljenbto Hawezo uccnedosaHust 6b110
usy4yums adanmayuoHHble 803MOXXHOCMU euda e palioHe usy4yeHusi. B coomeemcmeuu c yenbto uccnedosaHusi ocywecmesieHa Mopgomempusi
50 2eHepamueHbIx ocobeli Crocus heuffelianus, komopbie pacmym e 10 keapmane Yemepoeeuyko2o npupodooxpaHHO20 Hay4HO-uccredoea-
menbcko2o omaAeneHusi. Ha ocHoee npoeedeHHbIX 2e060MmaHuU4YecKux onucaHuli gpumoyeHo3soe ¢ yyacmuem Crocus heuffelianus Herb. npueedeHa
obuwas xapakmepucmuka pacmumeJsibHO20 MoKposa uccsedyemol meppumopuu. B npedenax 10 keapmana Crocus heufellianus pacmem e necHbix
Kynbmypax Quercus robur L. 25-nemHezo eo3pacma, e nocadkax Pinus sylvestris L. (40 nem) u Ha yyacmke ¢ epynnupoekoii QUERCO-FAGETEA
BR.-BL. ET VLIEGER 1937, Fagetalia sylvaticae Pawu. 1928, Carpinion betuli Issler 1931 em. Mayer 1937, 20e npeo6nadarom 80-nemHue Carpinus
betulus L., Quercus robur L. B uccnedoeaHHol nonynsyuu euda npoeedeH aHa/lu3 3aMepoe8: 8bicoma pacmeHusi aMecme ¢ coyeemuem; OnuHa u
wupuHa nucma. o pesynbmamam Hawe20 uccrsiedogaHusi ycmaHOB8JIeHO, YIMo 8biCOMma pacmeHul 8 nonynsayuu konebanacb om 7,6 cm do 14 cm.
B cpedHem amom nokasamesnb cocmaeusn 10,3 * 2,0 cm. Pasmepbi nucmbee nodaensilowe2o Yyucsa ocobeli nonynsayuu xapakmepu3soeanucs credy-
rwumMu MopghoMempu4ecKuMu nokazamensamu: wupuHa — 0,2...0,7 cm, dnuHa — 4,9...10,7 cm. lMoka3zaHo, ymo 6onbwuHcmeo ocobeli suda umerom
no odHomMy yeemky. B uccnedoeanHoli nonynsayuu Crocus heuffelianus umeem He3HayumesibHble U3MEHeHUs1 MOPhosI02UYeCKUX MPU3HaKoe. dmo
ceudemenbcmeayem o 3Ha4umeJsibHbIX MOMeHYUabHbIX 803MOXXHOCMSIX 8uda K pocmy e pa3iudHbIX 3KOJ102UYeCKUX yCII08UsIX, KOMOpble He Mo2ym
6bImb peanu3oeaHbl 8 YC/I08USIX YCUTEHHO20 aHMPOMNO2eHHO20 8J1USIHUSI. YHUKallbHbIe pasHUHHbIE JIOKalumemsl 3ImMo20 MOHMaHHOo-anbnulicko2o
euda Ha meppumopuu HayuoHanbHo20 npupodHozo napka "lModonbckue Toempbl" uMerom 8bICOKOE CO30s102U4ecKoe U Hay4YHoe 3HayeHue u mpe-
6yrom cucmemHoz0, AnumesibHO20 MOHUMOPUH2a.

Knroyoei cnoea: wadgppaH lelighenie, mopgpomempisi, HIIM "lModinbcbki Toempu™.

I. Odykalets, Senior Researcher, D. Tsumbaljuk, Researcher, A. Grigorchuk, Researcher
Podilsky Tovtry National Nature Park, Kamyanets-Podilsky, Ukraine
MORPHOLOGICAL CHARACTERISTICS OF HEIFELSAFFRON (CROCUS HEUFFELIANUS HERB.)
IN THE PODILSKY TOVTRY NATIONAL NATURE PARK
The article performs the results of the study of morphological parameters of individuals of the population of Crocus heuffelianus Herb on the

territory of the nature reserve fund in the conditions of the Podilski Tovtry National Nature Park. The aim of our research was to study the
morphometric parameters of Crocus heuffelianus to establish the adaptive capacity of the species in the study area. The morphometry of 50 generative
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individuals of Crocus heuffelianus growing in the 10th quarter of the Chemerivtsi environmental scientific-research department was performed.The
general characteristic of the dynamics of vegetative cover on the investigated territory is representes basing on the conducted geobotanical
descriptions of phytocenoses with the participation of Crocus heuffelianus Herb. Crocus heufellianus grows within 10 quarters in the forest crops
Quercus robur L. (twenty-five years old), plantations of Pinus sylvestris L. (forty years old) and in the area with the group of QUERCO-FAGETEA
BR.-BL. ET VLIEGER 1937, Fagetalia sylvaticae Pawi. 1928, Carpinion betuli Issler 1931 em. Mayer 1937 where eighty-year-old Carpinus betulus L.,
Quercus robur L. predominate. The analysis of measurements was carried out in the studied population of the species: plant height together with
inflorescence; length and width of leaves. According to the results of our study, it has been found out that the height of plants in the population
ranged from 7.6 cm to 14 cm. On average, this figure was 10.3 * 2.0 cm. The size of the leaves of the predominant number of individuals in the
population was characterized by the following anatomical and morphological parameters: width — 0.2-0.7 cm, length — 4.9-10.7 cm. It is shown that
the vast majority of individuals of the species have one flower. Crocus heuffelianus has some variability of morphological features in the studied
population. This indicates a significant potential for the species to grow in different environmental conditions, which can not be realized under
conditions of increased anthropogenic pressure. The unique plain localities of this Montana-Alpine species on the territory of the Podilski Tovtry
National Nature Park have a high sozological and scientific significance and require systematic, long-term monitoring.
Key words: Heifel saffron, morphometry, Podilsky Tovtry National Nature Park.
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KuiBcbkuit HauioHanbHUI yHiBepcuTteT imeHi Tapaca LlleByeHka, KuiB, YkpaiHa,
T. MaeBcbka, KaHA. TEXH. HayK

'C "YkpaiHCbKkui iHHOBaLinHMI KnacTtep pubHoi iHgycTpii”, Kuis, YkpaiHa

OAEPXAHHA NENTUAIB 3 rigPOBIOHTIB AHTAPKTUYHOI'O PErIOHY

CmpiMKe 3pocmaHHs1 nonumy Ha npenapamu Ha ocHoei nenmudie akmyaJsisye nowyk Hoeux NMPUPOOHUX Ma eKOHOMiYHO 06-
rpyHmosaHux dxepeJs cuposuHu. LLlupoke po3maimmsi 6ios102iYHO aKmueHUX CIOJIyK, 30KpemMa i nenmudHoi npupodu, w,o npuma-
MaHHe MopcbKUM 2i0pobioHmam, do3eosisie po3ansidamu ix siKk nepcrnekmueHull cCupoeuHHUl pecypc. BoOHoyac eukopucmaHHsi
MoOpCbKUX 06'cKkmie sik Oxepena Onsi odepxaHHA Uinboeux MosieKysl nompebye rneeHoi onmumisauii HasseHUX Memodos102iYHUX
nioxodie w000 ixHL020 8udinieHHss ma 3abe3neYyeHHs1 HaJIeXXHO20 cmyrneHsi OYUWeHHs1. Y po6omi po3e'sisyembcsi 3adaya onmu-
mi3ayii Memody odepxaHHs1 nenmudis i3 2idpobioHmie AHmMapKkmu4YHo20 pezioHy Ha npuknadi 2ziopob6ionma Nacellaconcinna. 3a-
nponoHoeaHuli mpuemanHul nidxio do3eossie sudinsmu gpakyii nenmudie pi3Hoi MonekynapHoi macu. lMepwuli eman eksto4Yas
ocadKeHHs1 8UCOKOMOJIEKYIsipHO20 6inkoeo20 Mamepiay crno4amky XJIOPHOK KUC/1omoro, a nomim 80%-M emusiogum criupmom.
Y pe3ynbmami odepxaHo ¢hpakyito nenmuoHuUX MOJIeKyJl i3 MoneKynsspHot macoro do 6,5 kl]a, wjo micmuna He3Ha4Hy Kinbkicmb
8UCOKOMOJIEKYNIsIPHUX binkoeux domiwok. Modanbwe dooyuuieHHs1 odepxxaHoi (hpakyii npoeodusnu wisixoM ynbmpadginsmpauii
3 euUKopucmaHHsIM Mmem6paH i3 po3mipom nop 10 kfJa. KoHmponb 6inkoeo-nenmudHozo cknady NpPob Ha ecix emanax odepxKaHHs
npoesodunu memodom duck-enekmpogope3y 3a deHamypyro4ux ymos y nnacmuHax 18%-20 noniakpunamionozo zento. lipoeede-
Huli aHani3 i3 eukopucmaHHam 2[]-enekmpoghopesy susisus, W0 i3o0esIeKMPUYHi MoyYku 6inbwocmi nenmudie micmsamsbcs y Oia-
na3oHi pH eid 8,0 do 10,0. Jluwe He3HaYyHa Kinbkicmb nenmudie 2idpobioHma mana izoenekmpuyHi moyku npu pH 4,0 ma 5,0.
3aknroyHuli eman eknroYae ¢hpakyioHyeaHHsI npobu MemodomM xpomamoezpadpii, o nodinsie 3a po3mipamu. Y pesynsmami xpo-
mMamoezpaghiyHo20 po3dinieHHs1 ompuMaHO Yomupu fiku, wjo eidnoegidaroms ¢hpakuyisimM i3 nenmudamu, MoJIeKy/IsipHa Maca siKux

cmaHosumsb 6nu3bko 2,3 kfla (1-u nik), 1,9 ka (2-a nik), 1,4 kQa (3-i nik) ma 0,7 kfa (4-u nik).
Knroyoei cnoea: 2iopobionmu, nenmudHa ¢pakuyiss, Memoo o0epKaHHSI.

BeTtyn. HuHi ogHMM i3 nepcrnekTUBHUX Migxodis Wwoao
npodinakTukn, a B AeskMx Bunagkax i Tepanii 6aratbox 3a-
XBOpPIOBaHb, € BUKOPUCTaHHS npenapaTiB Ha OCHOBI NenTu-
4iB. BignoeigHo 00 icHytouMXx ysiBneHb, Nentuam sik 6eano-
cepefHbO, Tak i onocepenKkoBaHO 34aTHi BNMBATU Ha ne-
pebir GioximiyHux peakuin [1]. Jo 6e3ymoBHMX nepesar ne-
NTUOHUX NpenapartiB HaneXuTb iXHA PI3ioNOoriYHICTb: IXHE
3aCTOCYBaHHS HE YMHUTb HaBaHTaXEHHSI Ha IMYHHY cuc-
TeMy; He MPU3BOAUTL 40 PO3BUTKY aHaiNaKTUYHUX peakLin
Ta iHWKX NobivYHUX edeKTiB; NnenTuaHi npenapatu gobpe 3a-
CBOKITLCA 3@ pi3HMX cnocobiB yBeOeHHs; xapakTepuay-
H0TbCH 3HAYHMM TEepaneBTUYHUM MOTEHLIaNoM i BUSBNSAIOTb
BMpaXeHN eeKT 3a BUKOPUCTaHHS y MOPIBHAHO HEBenu-
Knx pgosax. CyKynHiCTb ekcnepumeHTanbHUX AaHWX LIOAOo
LUMpPOKOro crnekTpa BGionoriyHoi akTMBHOCTI NenTuais, BMUpa-
XKEHi TepaneBTMYHI edhekTn Ta KNiHIiYHO nigTBEpaXeHa 6es-
NeyHiCTb NenTuaHMX npenapartiB HaBiTb 3a YMOB iX OOBro-
TPUBANOro 3acToCyBaHHSA OBI'PYHTOBYE AOLIMbHICTb NOLUYKY
HOBMX DKepen nentugis i3 6axxaHMMW akTUBHOCTAMU Ans
CTBOPEHHS OpUriHanbHMX hapMakonoriyHux cyocTaHLin.

HoBITHI HaykOBI fOCNIAXXEHHS CBigYaTb NPO 3HAaYHWUI MO-
TeHUian MOPCbKUX riapobioHTIB sIK LiHHOrO gXXepena HyTpu-
LEBTUKIB i CMOMYK i3 pi3HOMaHITHUMM GiONOriYHUM aKTUBHO-
ctamn. OcobnmBOCTi YMOB iCHyBaHHS! riapo6ioHTiB 06ymMoB-
noTb TON akT, WO Aeski XHi MeTaboniTM € CTPyKTypHO
YHikanbH1Mu Ta/abo BMABNSIOTb aKTUBHICTb, BULLLY HiX Y Ha-
3eMHUX aHanoriB. AHani3 cy4acHOI HaykoBOi niTepaTypwu
CBiAYNTb, WO riApOBIOHTN MICTATE PYHKLIOHANBHO aKTMBHI
PEYOBMHM Pi3HOIT XiMiYHOT 6y0BM, LLO BUSBMAIOTH LUMPOKUIA
cnekTp GionoriyHmx aktuBHocTew [2, 3, 4]. Ha ocHoBI aesikmnx

i3 LUMX peyvyoBMH CTBOPEHO MiKyBarbHO-NPOMINaKkTUyHi 3a-
cobu, cnpsiMoBaHi Ha NigTPMMaHHA romeocTasy 3a yMOB na-
TONOriYHO 3mMiHeHoro metaboniamy [5]. Mopcbki rigpobioHTn
MOXYTb OYTV NEPCNeKTUBHOK CUPOBMHHOK 6a3oto Ans oge-
p>kaHHs BiNKOBUX | NENTUAHUX MOMNEKYI, O 3yMOBMEHO He
NULLE 3HAYHOH KiSTbKICTHO NPOMMCNOBUX BiOXOAiB, L0 3anu-
LWIalTbCS Ha KiHLEBMUX eTanax nepepodku CMpOBUHM, a 1
TMM hakToM, LLO Lisi CUPOBMHA 3a3BM4Yal 36aradeHa Ha bi-
nku. Bigomo, wWo o cknagy MOPCBKMX TiapoBiOHTIB, 30K-
pema 6e3xpebeTHuX, BXoaaTb Binku, ski 3a CBOIM aMiHOKK-
CMOTHWM CKMNaAoM He MoCTynarTbes GinkaMm HasemMHUX TBa-
puH. OKpimM TOro, 3 MOPCbKUX rigpobioHTIB Oyno BMAiINeHo
nenTuaun, LWo BUABMAIOTL Likasi 6ionorivyHi akTUBHOCTI, 30K-
pema aHTubakTepianbHy, aHTUKOArynsHTHy, NpOTUMYX-
NNHHY, iIMyHOMOAYnto4y Towo [6, 7, 8]. lMpunyckatoTb, WO
came 3a paxyHOK HasiBHOCTi y TKaHUHaxX 3HaYHOI KifbKOCTI
KOMMOHEHTIB NeNTUAHOI NpUpoaW rigponizaTn AesiKuX rigpo-
OiOHTIB BUSABNAIOTb KOMMIMEKCHY OiOnoriYHy akTUBHICTb i
30iNCHIOTb NO3UTUBHUI €PeKT Ha PO3BUTOK CUCTEMHMX 3a-
XBOPIOBaHb, OOYMOBMNEHNX METaboniyHUMK NOpPYLLUEHHAMMN
[9, 10]. Omxe, cBiTOBI AocnimKeHHs y Ui obnacTi ceigyaTb
Npo 3Ha4YHWIA NoTeHuian rigpobioHTIB sk AXepena CUPOBUHU
ONS CTBOPEHHS opuriHanbHUX hapMakomnoriYyHnx cybcTaH-
uin i nikapcbkunx 3acobiB. OKpiM TOro, 3HMKEHHS CMOXUBYUX
pY3KKIB, MOB'A3aHNX i3 MOXITMBOIO KOHTaMiHaLie NpoayKLii
iHpeKUiiHUMKM  areHTamn, XapakTepHUMU ANs CUPOBUHU
TBapUHHOTO MOXOMXEHHS, Ta BiACYTHICTb Y 3B'A3KY i3 UMM
[0AaTKOBMX CTadiil OYMLLEHHS CryryloTb AOAaTKOBMM apry-
MEHTOM Ha KOPUCTb MOLLUYKY GiONOriYHO aKTUBHMX PEYOBMH
came cepep MeTaboniTiB MOPCbKMX FiapOOIOHTIB.

© Pakwa H., CaBuyk O., MaeBcbka T., 2021
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BpaxoBytoun BuknageHe, MeToo poboTu Gyrno onTumisy-
BaTW METO[ OAePKaHHS 3 TKaHWH rigpobioHTa AHTapKTUYHOTO
perioHy Nacellaconcinna dppakuii nenTmaHux Monekyn.

Marepianu i MeTogu. Y npeacraBneHomy AOCHIOKEHHI
AK BUXIOHUA MaTepian BUKOPUCTaHO 3aMOPOXeHY Macy ria-
pobioHTa AHTapKTUYHOrO perioHy niBOEHHO-aHTapKTUYHE
6ntogue (Nacellaconcinna), HagaHy HauioHanbHUM aHTapk-
TUYHMM HayKOBUM LieHTpoM. 3pa3sku 6ynu 3ibpaHi 6insi oct-
posa ManiHges (reorpadivHi koopanHaT — 65°15' nisgeHHoOI
LwmpoTK, 64°15' 3axigHoi goBroTn) apxinenary ApreHTUHCh-
knx octposiB. ConoHicTb Boau 6ins ocTpoBa cknagana
28,4-32,2 %o, Temnepatypa 1,1-0,8 °C. Bigbip matepiany
3gincHeHo B mexax XVII, XVIII YKkpaiHCbKMX aHTapKTUYHNX
ekcneauuin y 6epesHi 2012 — kBiTHI 2013 Ta 6epesHi 2013 —
kBiTHi 2014 pp., BignosigHo.

3amopoxeHy macy M'AKux TKaHUH rigpobioHTa 3Baxy-
Banu Ta nepeTupanu o NOopoLIKonogibHoro craHy, gona-
H0YM piaKkui HiTporeH. licnsa Yyoro romoreHisyBanu, BUKOPUC-
TOBYHOUM eKkcTparytoumii po3umH — 50 mn 0,05 M tpuc-HCI
Ooydep (pH 7,4), wo mictute 0,13 M NaCl, 1 mM ELTA,
0,25 % caxaposy Ta 0,5 % TpuTtoH X-100. EkcTparytounii po-
34MH gofaBany 3 po3paxyHKy 5 Mm po3ymHy Ha KOXHi
10 rpam matepiany. MNpoby 3anuwanu Ha 15 xB npu +4 °C,
nicns yoro ueHTpudyrysanu npu 10000 g ynpoaosx 40 xB.
OpepxaHy HajocafoBY piaWMHY BUKOPUCTOBYBanu Ans oae-
pXaHHs nentuais. ®dpakuilo nenTuais oTpumysBanu Bigno-
BigHO oo meToay [11]. Yci onepadii 3gincHoBanu Ha neoay.
Ona opepxaHHs dpakuii nentuaie Ao npobwu gogasanu
1,2 M HCIO4 y cniBBigHoLeHHi 1:1 i 3anuwanu Ha 30 xB npu
+4°C, nicns yoro ueHTpudyrysanu 15 x8 npu 1500 g. Hago-
capoBy piavHy HewTpanidysanu 5 H KOH go pH 7,0, 3anu-
wanu Ha 15 xB Ta LeHTpudyrysanv nosTopHo. [1o ogepxaHoi
Ha LUbOMY eTani HagocagoBOi PiAMHW AofaBanu eTUrNoBuiA
crnpT (60 %, 80 % Ta 96 %) v isonponunosuii crivpT (80 %)
y cniBBigHowweHHi 1:5, npobu BuTpumyBanu 15 x8 Ta 3HOBY
ueHTpudyrysanmm 15 xB npu 1500 g. OTpumaHy HagocagoBy
piouHy niodpinizysanu, nonepeaHbL0O po3BiBLLUM NPOOK ANCTU-
NbOBaHOI BOAOH A0 KiHLEBOI KoHLeHTpauii cnnpty 20 %.

EnekTpodopeTnyHuin aHania nentugis npoBogunm me-
TOOOM AucK-enekTpodopesy y nnactuHax 18 % noniakpm-
namifHoro rento 3a NpuUCyTHOCTI AoAeuunncynbdarty HaTpito
[10]. EnexTpochopes 3aificHioBany B kamepi AnA BepTuka-
NbHOrO npenapaTuBHOro Auck-enektpodopesy ("BioRad",
CLWA) y nnactMHax TOBLUMHOK 1 MM 3a cunn cTpymy 19 mA
Ona KOHUeHTpytodoro rento Ta 36 Ma gns posaginstodoro
rento. leni bapbyBanv 6apBHUKOM Kymaci fiamaHTOBUIA Cu-
Hin (G-250) BignoBigHoO 4o cTtaHgapTHOro npoTokony. [Bo-
BUMipHUI enekTpodopes NpoBOAMMM BiAMNOBIAHO A0 MeTOAY
[13], BukopucTosytoun ctpunm MAATI (7 cm) 3 rpagieHTom pH
3,0—-10,0. Cnovatky cTpunu nigaasanu perigpatadii y 6ydepi
(8 M ceyvoBuHa, 0,02 M gutiotpneton, 1 % CHAPS, 1 % cy-
Milw amoniTiB) 3a MPUCYTHOCTI AOCHiAKYyBaHOI dppakLii nen-
TvaiB (1 mMr nentugie Ha 1 mn 6ydhepy) ynpooorx 12 roauH
npu Temnepatypi +20 °C. Ha HacTynHWi OeHb NpoBOAWMM
i30eneKTpooKyCyBaHHS, NiCrs Yoro CTPMNKU NOCAIAOBHO Ypi-
BHOBaxyBanu y 6ydepi (0,375 M 1puc-HCI, pH 8,8, o mic-
TMTb 6 M cevoBuHy, 2 % AopeunncynbdaTt Hatpito, 20 %
rniyepon), y Akuin Ha nepiomy etani gogasanu 0,130 M gu-
TioTpueTon, a Ha gpyromy — 0,135 M nopauetamig. Oani
CTpMNW niggaesanu aHanisy Metogom enektpodopesy y
18 % MAAT 3rigHO 3 MPOTOKOSIOM, MPOLMTOBAHUM BULLE.

dpakuioHyBaHHS CyMili nenTuaiB NPOBOAMIIM METOLOM
Xpomarorpadii, Wo noginse 3a po3mipamu, BUKOPUCTOBY-
toun KonoHky 3 Sephadex G-15. JliocinizoBaHy nenTuaHy
pakuito posuunHsnu y 50 mMTtpuc-HCI 6ydepy (pH 7,4), wo
MicTnTb 0,13 M NaCl 3 pospaxyHky 5 Mr niodinizaty Ha 2 mn
Oydepy. MNpoby 3anuwanu Ha 15 xB Ha LWelikepi 3 HeBeNu-

KOI amnniTyaoto, Micns Yoro HAHOCWUMM Ha KOJOHKY, none-
peaHbo ypiBHOBaxeHy Oydepom. LUBmakicTb HaHeCeHHs
npobwu ctaHosuna 30 mn/roA.

Pe3ynbTaTtn gocnigxeHb Ta o6rosopeHHs. BpaxoBy-
HOUM CTPIMKO 3pOCTalouMii NONUT Ha MenTuaHi npenaparwy,
MOLIYK HOBMX MPUPOOHWX Ta €KOHOMIYHO OOrpyHTOBaHUX
Okepen cnpoBuHU HabyBae 0cobnmBoi akTyanbHOCTI. Bax-
NMBMM eTarnoM TEXHOMOrYHOro NpoLecy oaepxaHHs byab-
AKX LLINbOBMX MOMEKYI € ONTUMI3aLis MeTO4OMOrYHMX Nig-
XOgiB W00 iX BUAINEHHst Ta 3abe3neyeHHst HanexHoro CTy-
MeHsA OYMCTKU 3 ypaxyBaHHsIM 0cobnuBoCTel axepena cu-
poBUMHU. BignosigHo 4o niTepaTypHUx AaHux, bionoriyHa ak-
TMBHICTb MpUTaMaHHa MepeBaXHO HU3bKOMOSEKYNSPHUM
nentuaam. Tak, MonekynspHa maca 6inbLIocTi aHTUMIKpo©b-
HUX NenTuaiB cTaHoBUTbL 6nmabko 5 kda [14], a nentuam 3
BMPaXXEHOK AHTUMOKCUMOAHTHOK aKTUBHICTIO XapakTepusy-
I0TbCA MonekynsapHoto macoto Big 0,5 go 1,5 ka [15]. Tomy
METOK MpeacTaBneHoi poboTn Gyno onTumidyBaTtM MeToq
OLEepXXaHHSA 3 TKaHWH rigpo6IOHTIB AHTAPKTUYHOIO PErioHy
dpakLii nenTuaiB 3 MoNeKynsipHo mMacor o 5 k[a.

MoxHa BMOKpEMUTU AeKiNbKa KOHLeNTyarnbHO NpoTune-
XHUX METOAOMOrYHMX MiOXOAIB LWOAO OAepXKaHHS 3 BUXia-
HOi BiNkoBOi CMPOBMHU NENTUAIB Ta HU3bKOMOMNEKYNSAPHUX
GinkoBux cparmeHTiB. Lle, 3okpema, XiMivyHuUiA (KUCNOTHWIA,
NYXHUIA) Yn bepMeHTaTUBHWUI rigponi3, KU 4O3BONSE Ma-
KCMMarnbHO BMKOPUCTOBYBATWM CUPOBUHY W OTpUMyBaTh Li-
NbOBiI MOMEKynu pi3HOI MOMEKYNApHOi Macu, Pi3HOro
cknagy, a BigTak, i 3 pi3HO GiONOriYHOK aKTUBHICTHO. IH-
WA nigxig nonsrae B ekcTparyBaHHi 3 TKaHWH nenTugis,
O HasiBHi y AaHOMY OpraHi3mi 3a yMOB i3ionori4Hoi Ho-
pMU YM YTBOPKOKOTLCSA/YTBOPUNNCS Y BiANOBIAb HA PO3BU-
TOK 4/ NporpecyBaHHsA NaTOMOrYHUX CTaHiB. AK npamMun
TEXHONOriYHWUI NpoLec Ler Niaxia € MeHL eKOHOMIYHO BU-
riAHUM, OCKiNbky BinkoBa KOMMOHEHTa Npu LIbOMY Bigkuaa-
€Tbcd. MeToq npoTe 403BONSE ogepXXyBaTn NenTuau, npu-
TaMaHHi nuwe gaHomy ob'exTy.

Ockinbku HawmM 3aBgaHHAM Gyrno oTpyMaTy nenTuaw,
L0 MPUCYTHI Y TKaHWHaX yka3aHoro rigpobioHTa, BaXnuBo
6yno nigidbpati ymoBW, 3a sikMX BiAOyBaeTbCA MakcumarbHa
eKCcTpakuisa cymapHoi nentuaHoi dpakuii. OgnH i3 meTois
BUAINEHHS 3 TKaHWH nentuaie 6a3yeTbcs Ha MoeTanHomy
OCaKeHHi BMCOKOMOIeKynsapHoro 6inkosoro matepiany
cnoyartky XrfOpHOK KUCMOTO, a NoTiM €TUMOBMM CNMPTOM
[11], 3a Takux ymOB kiHLeBa npoba MiCTUTMME fuLle Oniro-
nentuau Ta nentugn. Lien meton € wBuakum, BigHOCHO Mpo-
CTUM y BWKOHaHHI, ane notpebye BUKOPUCTAHHSA 3HAYHKX
ob'emiB 96 % eTtunosoro cnmpTty. CnoyaTky Hamu BW3Ha-
YeHO KOHLIeHTpaLilo CNupTY, 3a sIKOT BiabyBaeTbCA AOCTATHE
ocapkeHHs Ginkis i Npy LboMy 36epiraeTbcsi MakcMmarbHa
KOHLeHTpauisa nentugHux monekyn. OpepxaHHa dpakuii
nenTuaiB NpPoBOAMIMM BiANOBIQHO A0 3ragaHoi MeTOOUKM,
ane Ha etani gogaBaHHs Ao npob cnvpTy Gyno BUKOpUC-
TaHO €TUNOBUIA CIMPT Y KOHUeHTpauisx 60 %, 80 %, 96 %
" i30nNponunoBui cnupT Yy KoHueHTpauii 80 %.

OTpwumaHi pakuii aHanisyBanvm MeToaoM OUCK-ENEeKT-
pochopesy 3a feHaTypyunx ymoB y nnactuHax 18 % no-
niakpunamigHoro rento. PesynbTatn npoBeaeHoOro aHanisy
300paxeHo Ha puc. 1. Ak BUOHO 3 HaBeOEeHUX OaHuX, 3a-
CTOCYBaHHS i30NPONUNIOBOro CAMPTY BUABUIIOCA HaMEHLL
edeKTUBHUM, OCKINMbKM 3@ NOro BUKOPUCTaHHA CymapHa
nentugHa dpakuis 6yna HarMeHwot, a npoba Mictuna
Oarato GinkoBMX OOMILLIOK, PO3MILLEHNX Y BCiA MMOLWMHI
Tpeky (Tpek 5). Hamu He BUSIBNEHO CyTTEBOI pi3HUUi npwu
BUKOpUCTaHHi 96 % um 80 % eTunosoro cnupTty — B 060X
BMNaakax y Tpekax (Tpek 2 i 3, BiAnoBiaHO) peecTpyBanacs
30Ha, LWO BigNoBiaae nentugam i3 MONekynsipHOK Macok
0o 6,5 k[a, i HeaHayHa KinbkiCTb GinkiB i3 MONEKYNAPHOIO
Macoto suule 20 k[a.
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BpaxoBytoum BiACYTHICTb CYTTEBOI Pi3HML Mif Yac 3acTo-
cyBaHHsA 96 % i 80 % eTMnoBoro cnmpTy, a TakoX KOLUTOB-

Ne npo6u Binkosi aomiwku, kAa
2 31; 27
Biakosi 3 31, 27
E 4 31; 27; 25; 18
bt 5 31;29; 27, 25,17

HICTb €TUIIOBOrO CMMPTY sIKk OCHOBHOIO PEAKTUBY Y LibOMY Me-
TOAj, EKOHOMIYHO AOLNbHUM € BUKOPWUCTOBYBATK AN BUAi-
nNeHHsA cymapHoi nentugHoi cpakuii 80 % eTnnosuii cnmprt.

Puc. 1. Enektpocoperpama cpakui nentuais, oaepxaHux i3 TkaHuH Nacellaconcinna
i3 BUKOPUCTaHHSIM CNIUPTY Pi3HOI KOHUEHTpaLii: 1 — Mapkepu MoneKynsapHux mac; 2 — 96 % eTunoBun cnupT;
3 - 80 % eTunoBuu cnupT; 4 — 60 % eTunoBun cnupT; 5 — 80 % isonponunoBui cNupT

Ak 6aunmo, 3acTocyBaHHS LbOro MeToay He 403BONWUMIO
oTpuMaTh "uncTy"pakLito NnenTuaHMX MOrneKyn npo LWo CBi-
O4NTb HasiBHICTb B Tpekaxbinkosux cmyr. MNogansLuy gooumc-
TKy ofepxaHoi pakuii nentTuais NpoBoOAUNN LUASXOM YrbT-
padinbTpauii 3 BUKOPUCTAaHHSIM MeMbpaH 3 po3MipoM nop

1

10 ka. KoHTponb 6inkoBo-nenTuaHoro cknagy npobu nposo-
aunn metogom enektpodopesy y MNAAr. BigcyTHicTb Ha ene-
KTpodhoperpami cmyr (puc. 2), Lo BignosigatoTb Ginkam 3 Mo-
nekynsapHow Macot Buwe 10k[da goBoanTb edeKTUBHICTb
obpaHoro Hamu nigxoay AOOYULLEHHS NENTUAHOT dopaKLii.

2

26,6 we——

16,9} —

144

6,5 —

34
14

Puc. 2. Enektpocoperpama cpakuii nentuaiB, oaepxaHoi nicns etany ynbTpadinbTpauii:
1 — mapKepu MoOneKynsipHUXx Mac; 2, 3 — nenTuaHi dpakuii

TakMM YMHOM, Y pe3ynbTaTti NOegHAHHA ABOX METOAMNY-
HUX MigxoAis, WO BKOYanu MoamgikoBaHy HaMy1 METOONKY
B. Hukonawnuuk i3 cnisasTopamu (1991) Ta ynetpadinsTtpa-
Uito, 3 TKaHWH rigpobioHTa AHTapKTMYHOro perioHy OGyno
ofepXaHo pakuito NenTuaiB i3 MONEKynsipHoOK Macolo A0
6,5 k[la, sika He MicTuna BUCOKOMONEKYNSAPHUX AOMILLIOK.

[ns peTtanbHIWOl XapakTepUCTUKM NEeNTUOHMX MOne-
Kyn 6yno BMKOpPUCTaHO MeTon ABOBMMIPHOro enekTpodo-
pesy. Llen meToq BkNoyae ABa etanu — i30enekTpodoky-
CyBaHHsa y cTpunax i3 rpagieHtom H Big 3,0 go 10,0 Ta no-
JanblWnn enekTpoopeTUYHNn nogin y noniakpunamia-
HOMY reni, WO A03BOMSE PO3AINATA MONEKYNM He NnuLle 3a
IXHIMM MONEKynApHUMKM Macamu, a 1 BiAMoBIAHO OO i30e-

NEKTPUYHNX TOYOK. 3aCTOCYBaHHSA ABOBUMIPHOIO €NEKTPO-
dopesy B yMOBaxX HaLLOro AOCHigKEHHSA € 0cOOnNnBO AoLi-
NbHUM 3 OrNsAQY Ha TOM hakT, WO 3a nonepeaHiMun pesynb-
Tatamu (puc. 2) ppakuia nentuais He po3ainanacs Ha ok-
pemi cMyru BiAnoBiAHO 4O MOMEKYNSApHOI Macu nenTugis,
a igeHTudikyBanacb K 3aranbHa nnsMa B 30HI HUX4Ye
6,5 kla. He3Baxalo4m Ha CXOXy MOMeKynsapHy Mmacy, nen-
TUAN MOXYTb MaTu Pi3Hi i30eNeKTPUYHi TOUKKN, TOMy aHani3
y OBOX HanpsiMKax MoXxe HagaTu godaTkoBy iHbopmadiio
oo ocobnmeocTern 6yaoBM NenTuaiB i3 TKAHUH rigpobio-
HTa AHTaApPKTUYHOIO PETiOHY.

Ha puc. 3 306paxeHo 2[-enektpodoperpamy po3sgi-
neHHs dpakuii nenTuais, BUAINEHOI 3 TKaHWH rigpobioHTa
Nacellaconcinna.
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0,5 k0a; 3.4 lla: 0,7 k0a;
0,5k0a | 5,0 kda | 3,5k0a - - | 3,4 «x0a; 5’5 K,El,a, 3,0x0a;
5,0 kda ’ 4,0x0a

Puc. 3. 21-enekTpocboperpama cpakuii nentTuais, ogepxaHoi 3 TkKaHUH rigpobioHTa Nacellaconcinna

Ak 6aunmo, i30eneKTpUYHi TOYKM MNEenTUAIBMICTATHCA
nepeBaxHO B JianasoHi NyxHux 3HaveHb pH. Hanbinbwy
KiNbKiCTb NenTuaie ineHTndikoBaHo B 30Hi, WO Bignosigae
3Ha4eHHIo pH 8,0; monekynsapHa Maca nenTugis, Wo MaoTb
isoenekTpunyHy Touky npu pH 8,0 ctaHoBuna 6nm3eko 5 kla,
3,4 xOa Ta 0,5 ka. MenTnam 3 i30eneKTpM4HOI TOYKOK Npu
pH 10,0 manu monekynsapHy macy 6nmabko 4 k[la, 3 k[a Ta
0,7 kda. Jlnwe HesHayHa KinbkicTb nenTugiB rigpobioHTa
Mana isoenektpuyni Touku npu pH 4,0 ta 5,0.

MpucyTHiCTb y 3aranbHOMy eKCTpakTi rigpobioHTa
Nacella concinna nenTngis 3 i30€NEKTPUYHUMM TOYKaAMU B
obnacTi nykHux 3HayeHb pH yka3ye Ha Tol akT, Lo AoMi-
HaHTHa YacTuHa NenTuaiB npeacTaBneHa KaTioHHMMK nen-
Tvoamu. Lle moxe 6yt 0GYMOBMNEHO SIK HMXKYMM BMICTOM Y
Mornekynax nenTuais 3anuLKiB HeraTMBHO 3apsifXXeHUX ami-
HOKMCNOT (acnapariHoBoi, ryTamMiHOBOI KUCMOTH), Tak i/abo
HasBHICTHO 3HAYHOI KINbKOCTi 3anuLLKIB MO3UTUBHO 3apsKe-
HUX aMiHOKMCNOT, 30Kpema, fi3uHy Ta apriHiHy. BignosigHo
[0 AaHux [16, 17], npucyTHICTb Y MoneKyni nenTuais nosm-
TUBHO 3apsKEHUX aMiHOKUCIIOT € CTPYKTYPHOI XapakTte-
pUCTUKOIO, TUMOBOID AN NenTuaiB 3 aHTubakTepianbHO
aKkTuBHicTo. Came 3a paxyHOK NO3UTUBHO 3apsmKeHUX ami-
HOKMCMOTHUX 3amnuLLKIB Taki NeNTUAN MOXYTb 3B'A3yBaTnCs
3 HeraTMBHO 3apsamXeHUMM Jfinocaxapugamm 30BHILLUHbOI
mMembpaHrpamn rpamHeratuBHux 6akTepin i peanisyBatu
aHTUMIKPOOHY aKTUBHICTb.

0,12 -
0,10 4 1
0,08 -
0,06 -

0,04 -

Ontiana rycruna, 254 oy

0,02

0,00

TakumMm 4YMHOM, MPOBEAEHMN aHani3 3 BUKOPUCTAHHAM
MeTOAIB enekTpodopesy BUSBMB, LIO 3aranbHa nentugHa
bpakuisi BKMoYae Nnentuamn pisHoi MonekynsipHoi macw (6,
5, 4, 3, 1,5 k[la) 3 i30€NEKTPUYHUMWN TOYKAMW Y MYXHiN 06-
nacri pH (8,0-10,0).

JocnigxeHHs BnacTMBOCTEN NENTUAIB i3 METOK NOLLYKY
MOIEKyn, SiKi BUSBNATb NEBHi GionoriyHi edhekTn, JouinbHO
NpOBOANTM Ha OKPEMMX NenTuaax, a He Ha 3aranbHii nen-
TUAHIA dpakuii. Tomy Hagani nenTugHy dpakuito, ogep-
)KaHy 3 TKaHWH rigpobioHTa AHTAPKTUYHOTO PErioHy, po3ai-
NEHO Ha OKpeMi CKNnagoBi MeToaom xpomaTtorpadii, LWwo no-
finsie 3a poamipamu. 3acTocyBaHHs xpomartorpadii, Lo no-
[insie 3a po3aMipamu, y LbOMY KOHKPETHOMY BUMNAZKY, OKPiM
noAiny BUXiAHOro 3paska Ha okpeMi dpakuii, 4O3BONSE No3-
6aBMTUCS Big MOXNUBMX HEBINKOBMX AOMILLOK, HAsIBHUX Y
npo6i. O6paHuin Hamm meToa B. Hukonanuuk i cnisaBTopiB
(1991), sk nepLumn eTan BUAINEHHS NeNTUAIB, BUKOPUCTOBY-
€TbCSl MEPEBAXHO AN ofAepXaHHs dpakuii Monekyn cepe-
[OHiIX Mac, sika OKpiMm onironenTuais i nenTuaiB MiCTUTb MO-
nekynu HebinkoBoi Npupoau.

Y pesynbTaTi XpomaTtorpadiyHoro posaineHHs oTpuMaHo
4YOTUPM MKW, WO BiANOBIAaOTb OpakuisMm i3 nentugamm, mMo-
neKynsipHa mMaca sikux ctaHoBuTb 6nmaeko 2,3 ka (1-1 nik),
1,9 ka (2-1 nik), 1,4 kQa (3-1 nik) Ta 0,7 kOa (4-% nik).

40

60

80 100 120

Yac, xB8

Puc. 4. XpomaTorpama noginy ¢pakuii nentuaiB metogom xpomarorpadii, Lo noAinse 3a po3mipamm:
1...4 — Homepwu niKiB, WO BigNoBiAalOTb ogepxKaHUM bpaKkuism

Taknum YmHOM, y pesynbTaTi NoegHaHHSA AEKiNbKOX MeTo-
ONYHUX NigXoAiB ONTUMI30BAaHO METOA ofepKaHHa dopakuii
NPUPOAHUX NENTUAIB, SIKMI BKINtoYaB eTan BiagineHHs 6inko-
BMX MOSEKYI LUNAXOM NOETanHoro 0CagXeHHsi XNOopHOK K1C-

NOTOHO i €TUMOBKM CNUPTOM, NoAasbLUe AOOYMLLEHHS oaep-
XaHoi npobu meTogom ynbTpadinbTpauii Ta dpakuioHy-
BaHHS Ha konoHui 3 Sephadex G-15. 3acTocyBaHHs 3anporno-
HoBaHOro Metody Ha npuknagi rigpobioHta Nacella concinna
[03BOMUITO BUAINWUTK 3 TKAHWH rigpobioHTa YoTupm cpakuii,
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LLO MiCTUNM NENTUAM Pi3HOI MoneKkynsapHoi macu. Npoeeae-
HWA aHani3 i3 BUKOpUcTaHHAM 2[1-enekTpodopesy BUSBUB,
LLIO i30€NEKTPUYHI TOUKM BiNbLIOCTI NENTUAIB MiCTATLCSA Y Ai-
anasoHi pH Biag 8,0 go 10,0.
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KueBckuit HaumoHansHUIM yHuBepcuTeT uMeHu Tapaca LUleByeHko, Kues, YkpauHa,

T. MaeBckasi, KaHA. TeXH. HaykK

0O "YKpauHCKWUIA MHHOBaLMOHHbIN Knactep pbiGHoOW nHayctpum”, Kues, YkpanHa
NONYYEHUE NENTUAOB U3 TMAPOBMUOHTOB AHTAPKTUYECKOIO PETMOHA

CmpemumenbHbIii pocm cnpoca Ha nenmudHble npenapamsl aKmyanau3upyem fMoucK Ho8bIX MPUPOOHbIX U 3KOHOMUYECKU 060CHO8aHHbIX UC-
moYHukKoe cbipbsi. Lllupokoe pazHoobpa3ue 6uono2u4ecKku akKmueHbix coeduHeHul, 8 MoM Yucie u nenmudHol NpPupoodbI, Npucyuw,ee MOPCKUM a2u-
dpobuoHmam, rnoseosisem paccmampueamsb UX Kak nepcriekmueHbil cbipbegoli pecypc. Bmecme ¢ mem, ucrnosnb3o8aHue MOPCKUX 06bekmoe e
Kadecmee ucmo4HuKa Oisi MoslyYeHusl yesieebix MosieKys1 mpebyem onpedesnieHHOU onmumMu3ayuu cyuecmeyrouux Memoodosio2uyeckux nodxodoe
ux ebldesieHUs1 U obecrnedyeHuss Hadnexauwiel cmerneHu o4ucmku. B pabome pewaemcs 3ada4a onmumu3sayuu memooa rnosiy4eHusi nenmudos u3
2udpobuoHmoe AHMapKMu4ecKo20 pez2uoHa Ha npumepe 2udpobuoHma Nacellaconcinna. lpednoxeHHbIl MpexamanHbili Modxod no3eosiiem
ebldesiimb hpakyuu nenmudoe passnuyHol MosneKynsipHol macchl. [lepebili aman eknro4an ocaxoeHue 8bICOKOMOIEKYIsipHo20 6es1koeo20 Mame-
puana cHayana xJIopHol kucsomol, a 3amemM 80%-M amusnoebiM ciupmom. B peaynsmame 6bina nony4yeHa gppakyusi nenmuOHbIX MOJIEKYJ1 C MO-
nekynsipHol maccol 9o 6,5 kl]a, komopasi codepxana He6osIbuIoe KoIu4yecmeo 8bICOKOMOEKYsIPHbIX 6enkoebix npumeceli. [JanbHeliwyro 0o0oYu-
CcmKy nony4eHHol gppakyuu nposodusiu nymem ynbmpagunbmpayuu ¢ ucrnosb3oeaHueM membpaH ¢ pasmepom nop 10 kfja. KoHmpons 6enkoeo-
nenmudHo20 cocmaea npobbl Ha ecex amanax rnoJsy4eHusi NPoeoousiu MemoAdoMm Auck-asiekmpogope3a 8 OeHamypupyrU,UX yC08UsIX 8 rnaacmu-
Hax 18%-20 nonuakpunamudHozo 2ess. [lpoeedeHHbIl aHanu3 ¢ ucnosib3osaHuem 2[J-anekmpoghopesa nokasas, YmMo U303/IeKMPUYECKUE MOYKU
6onbwuHcmea nenmudoe Haxodsimcsi 8 duana3oHe pH om 8,0 do 10,0. Jluwb He3Ha4YumesibHasi Yacmb NenMudoe umesia U303/IeKMPUYECKUE MOYKU
npu 4,0 u 5,0 pH. 3aknroyumensHbIl 3man nosyyeHusi nenmudHol hpaKyuu ekroHan hpakyUuoHUPOo8aHuUsi NPobbl MemodoM 2eslb-XxpomMamozpa-
¢uu. B pesynbmame xpomamozpagpuyecko2o pasdesneHusi 66110 MoslyHeHO Yyemsipe fnuka, coomeemcmeyrowue ppakyusiM ¢ nenmudamu, MosieKy-
NisipHasi Macca Komopbix cocmassisiem okoso 2,3 kfja (1-u nuk), 1,9 kfa (2-0 nuk), 1,4 kOa (3-u nuk) u 0,7 ka (4-i nuk).

Knroueenie cnoea: 2u8po6uoHmsbl, nenmudHasi hpakyusi, Memoa rnosiyyeHus.
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OBTAINING PEPTIDES FROM AQUATIC ORGANISMS OF THE ANTARCTIC REGION

The rapid growth in demand for peptide drugs is actualizing the search for new natural and economically viable sources of raw materials. The
wide variety of biologically active compounds, including peptide nature, inherent in marine aquatic organisms allows us to consider their promising
raw material resource. However, the use of marine objects as a source for the production of target molecules requires some optimization of existing
methodological approaches to their isolation and ensure the appropriate degree of purification. The problem of optimization of the method of obtaining
peptides from hydrobionts of the Antarctic region on the example of the hydrobiont Nacellaconcinna is solved in the work. The proposed three-step
approach allows to isolate fractions of peptides of different molecular weight. The first step involved the precipitation of high molecular weight protein
material first with perchloric acid and then with 80% ethyl alcohol. The result was a fraction of peptide molecules with a molecular weight of up to
6.5 kDa, which contained a small amount of high molecular weight protein impurities. Further purification of the obtained fraction was performed by
ultrafiltration using membranes with a pore size of 10 kDa. Control of the protein-peptide composition of the sample at all stages of production was
performed by disk electrophoresis under denaturing conditions in plates of 18% polyacrylamide gel. Analysis using 2D electrophoresis found that
the isoelectric points of most peptides are in the pH range from 8.0 to 10.0. Only a small proportion of the peptides had isoelectric points at 4.0 and
5.0 pH. The final step of obtaining the peptide fraction involved fractionation of the sample by gel chromatography. As a result of chromatographic
separation, four peaks were obtained, corresponding to the fractions with peptides, the molecular weight of which is about 2.3 kDa (1 peak), 1.9 kDa
(2 peak), 1.4 kDa (3 peak) and 0.7 kDa (4 peak).

Keywords: hydrobionts, peptide fraction, production method.
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BB MoAyYNIOBAHHA CUHTE3Y CIPKOBOAHIO TA NMYTATIOHY
HA OKUCHO-HITPO3ATUBHUMU METABOMNI3M MIOKAPOA B YMOBAX ILWWEMII-PEMEP®Y3Ii

liompumaHHs1 OKUCHO-8iOHOBHO20 6anaHcy € HeobxiOHO yMogoro Onisi 3abe3nevyeHHs1 HOPMasbHO20 Memabosi3mMy KiimuH
cepys. lwemiyHo-penepgpy3iliHi nopyweHHs1 hyHKUiT cepys cynposodyrombcsi ubyxonodi6Hum ymeopeHHsiM A®K, nowkooxeH-
HSIM MeMb6paH KnimuHu, nopyweHHSIM hyHKUil 6inkie, po3sumkom M'a3080i KOHmMpakmypu mouwjo. Bidomo npo kapdionpomekmo-
PHul ennue cipkogodHto (H,S), sikuli cuvme3zyemscs 3 L-yucmeiny. Kpim moeo, L-yucmeid € oGHiero 3 mpbox aMiHOKucsiom, w0
ymeoproromb aHmuokcudaHm anymamioH (GSH). 3eaxaroyu Ha ye, Memoro Hawoi po6omu 6yno docnidumu ennue mModynayir
cuHme3y GSH ma H,S Ha okucHo-Himpo3amueHuli Memaboni3mM mKaHUH cepuysi 8 ymosax iwemii-penepgpy3ii. [lponapzinaniyux
(PAG) ma 6ymioHiHcynbgokcumiH (BSO) (iHzi6imopu cuHme3y H,S ma anymamioHy eidnoeidHo), a makox L-yucmeiH esodunu
wypamM eHympiwHb04YepeaUHHO. Bukopucmoeyroyu memod nepgpy3ii kKopoHapHux cyQuH cepusi 3a JlaHzeHOopgomMm, modesroganu
iwemito-penepgpysiro. Y mkaHuHax cepdeyb 0o ma nicss iwemil, susHayanu weudkicmb 2eHepauyii A®K, emicm npodykmie I10J],
akmueHicmb NO-cuHmas. [JocnidxeHHs1 noka3anu, wjo egpekmom kombiHayii PAG+L-yucmeiH € nonepedxeHHs1 ymeopeHHs1 ADK,
36iNbWeHHs nyJlie HU3bLKOMOJIEKYISIPHUX Himpo3omiosie, 36epexeHHs1 akmueHocmi koHcmumymueHoi NO ma npuzHiyeHHs1 ak-
mueHocmi iHdyyu6enbHoi NO-cuHmasu sik y doiwemivyHul nepiod, mak i e nepiod penepgysii. NlozumueHuli e¢hekm Ha kapdiodu-
HaMiKy supaxxaecsi 8 NTo8HOMYy 8iOHO811eHHi (hyHKUiTl cepusi 8 penepgpy3iliHuli nepiod. llpemedukayis BSO y epyni PAG+L-yucmeiH
3Ha4yHO 3HUXYyeana eghekmueHicmb KOM6iHayii ma nozipwyeana eidHoeneHHs1 hyHKUiT cepuyst ni0 yac penepgpysii. [eHepayisi
O, ma OH 36inbwyeanacb, akmueHicmb iNO-cuHma3u 3pocmana e 3.5 pa3u rMopieHsIHO 3 2pynot 3 e8edeHHsIM KOMOiHayil
PAG+L-yucmeiH. BeedeHHs1 kombiHauyii PAG+L-yucmeiH @ ymoeax modesntoeaHHs iwemii-penepgysii npuesHiyye ymeopeHHss A®PK
i 36epicae akmueHicmb cNOS, 3a6e3neqyyro4u makuM YuHOM cmabinbHy npodykyiro NO. MonepedHe esedeHHs1 iHz2ibimopa cuH-
me3y anymamioHy BSO noeHicmio 8idmiHsinno anmuokcudaHmHul egpekm esedeHHs1 PAG+L-yucmeiHy 3a paxyHOK 3HUXeHHs1 6io-
docmynHocmi 2rymamioHy.

Knroyoei cnoea: cepye, akmueHi ¢popmu KUCHHo, iwiemisi-penepghy3isi, 25iymamioH, cipkogoOeHb.

Betyn. CepLeBO-CyAnHHI 3aXBOPIOBAHHS, IO AeCATU-
NITTAMU He MOCTYNAaTbCS YiNbHUMW MICLAMMW Y NpUYNHAXxX
CMEpPTHOCTI Nofen, 4acTo MaloTb Y CBOIi OCHOBI MOLUKO-
OXEHHS MeMOpaH KMiTMH aKkTUBHUMW opMamMn  KUCHIO
(APK). Ocobnumeo YiTKO Ui Npouecu crocTepirarnTbCa nNpu
iLueMiyHo-penepdysinHOMY MOpyLUEHHI  YHKUii  cepus.
MpunNMHEeHHA KPOBOMOCTa4YaHHSA NPM3BOANTL A0 HecTaui Ku-
CHIO y TKaHMHax. MeTtaboniam KniTyH NnepexoanTb 3 aepob-
HOro Ha aHaepoOHMI rMikoni3, yHacnigoK Yoro Hakonuuy-
€TbCA NaKTaT i 3HWXKYETbCA BHYTPIWHBOKNITUHHUIA pH [7],
BUKINMKaouM 36inbLIEHHS KOHUEHTpaLii HaTpito [1]. Y cBoto
yepry, nepeBaHTaxeHHsi HaTpieM 3anyckae Na*-Ca?* o6MmiH-
HWK Yy 3BOPOTHWUI BiK, LLIO € MPUYMHOIO 36iNbLUEHHSA KOHLIEHT-
pauii kanbuito y knituHi [13]. BigHOBNEHHs1 KPOBOTOKY Ta Ha-
AXOOXXEHHS KUCHIO B iLUeMi30BaHy TKaHWHY NpU3BOAUTL A0
BMbyxonoaibHoro yteBopeHHA A®PK, 3okpema cynepokcua-
aHioH paguvkana Ta nepokcuay BoaHw [3], aki BCTynawTb y
B3aEMOfjil0 3 Monekynamu cipkoBogHioo (H2S) 1 okcupy
asoty (NO), yTBOpIOHOYM iX BUCOKOAKTUBHI pagukanu, Lo €
HaAMNOTY>XHUMU MOLLKOOXKYHOUMMK areHTamu [9]. Yci ui npo-
Lecy CNpPUYUHSIOTL MOLLKOMKEHHS GinkiB i ninigie knituHM,

BiOKPUTTA MITOXOHApPIanbHUX NOP TPaH3UTOPHOI MPOBIAHO-
cti (MPTP), nopyleHHst dyHKUii MITOXOHAPIA, MNOLUKO-
keHHa OHK, m'a3oBoi KoHTpakTypu Towo [4, 7].

Bignomo, Wo kapAionpOTEKTOPHUI BMMMB NPOSBISE Cip-
KOBOZAEHb, KNI € TPETbOI CUrHarNbLHOK MOMEKYNOoK 3 Po-
OWHM rasonofibHux BTOpnHHUX nocepenHukis [17]. Monepe-
[OHVIKOM Oro CUHTE3Y € amiHOK1cnoTa L-UMCTeiH, Wo Takox
BXOAUTb A0 CKragy BaroMoi Ansi aHTUOKCUAAHTHOIO 3axu-
CTY MONEKYNU — FNyTaTioOHy, SIKUA BaXXITUBUIA y aHTUOKCUAA-
HTHOMY 3axXWCTi 3a paxyHOK CBOE€T fii ik ckaBeHaXepa Bifb-
HUX pagukanis i KodakTopa psay aHTUOKCUOAHTHUX dhepme-
HTiB [11]. ToMy Big BHYTPILLUHLOKIITUHHNX PIBHIB FMyTaTiOHY,
BUCHaXeHHs1 abo NiaBMLLEHHS NOro NyniB, 3HAYHO 3anNeXuTb
OKMCHO-BIAHOBHA perynauis KnituH [6].

PaHiwe Hamy nokasaHo, Lo nonepefHe BBEAEHHS Npo-
naprinrniyndy (PAG), iHridiTopa untonnasmartmyHoro dep-
MEHTY CMHTE3Y CipKOBOAHIO LucTaTioH-y-nia3n (CSE), Ta no-
nepegHuKa CUHTE3y CipKOBOLHIO Ta rnyTaTioHy — aMiHOKMUC-
notu L-uucrteiHy mano BUpaxeHW KapaionpoTeKTOpHWUN
BMMAMB B yMOBax ileMii-penepdysii i30onboBaHOro cepusi
wypa Ta giabety [5, 15]. Tomy meToto Hawoi pobotu Gyno
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[ocniguT 3mMiHM OKCWOATUBHO-HITPO3AaTUBHOrO MeTaboni-
3My B YMOBaXx iLemii-penepdysii nig yac moaentoBaHHA cu-
HTe3y H2S Ta rnyTaTtioHy B TKaHMHax Miokapga B HOpMi Ta
3a YMOB ilwemii-penepdysil.

MeTtoam Ta maTtepianu. [Jocnigu npoBoAMnuMCL Ha cTa-
TEeBO3pINuX LWypax camudax niHii Wistar, ski ytpyumyBanucb
Ha cTaHAapTHOMY pauioHi BiBapito IHCTUTYTY cpisionorii iMeHi
0. O. boromonbus BignoeigHo o Aupektuen 2010/63/EU
€BpONENCLKOro NapnaMmeHTy Npo 3axucT TBapwH, WO BUKO-
pPUCTOBYIOTBLCA ANs HaykoBux Linen (22.09.2010) Ta 3akoHy
Ykpainn Ne3447-1V "lNpo 3axmcT TBapuH Bif >XOPCTOKOro Mno-
BoXkeHHs" (peaakuis Big 13.02.20).

TBapuvH Gyno po3aineHo Ha rpynu, B SiKUX MogenioBanu
iLueMivyHo-penepdyaiiHe nowkoaxeHHs cepus (I/R) Ta 6e3
MoAentoBaHHSA iwemii-penepdysii. MNpenapatn BBOAUNUCH
BHYTPILULHbOYEPEBMHHO B YOTMPbLOX KoMbiHauiax: 1 — L-unc-
TeiH (121 mr/kr, 3a 30 xB nepen Aekanitauieto), 2 — nponap-
rinrniumH (PAG, 11,3 mr/kr, 40 xB nepepn gekanitauieto), 3 —
PAG (10 xB) + L-uncTein (30 xB), 4 — B6yTiOHIH CynbdOKCUMIH
(BSO, 22,2 wmr/kr) +PAG (10 xB)+L-uucteid (30 xB). 3a
100 % 6panu koHTponbHY rpyny 6e3 BBeAEHHS npenaparis
i 6e3 MogentoBaHHs ilwemii-penepdysii. 3pasku TkaHUH ce-
pusi 36upanucb Ha 10-11 xB penepdya3ii, KON NOKasHWKN po-
60Tu cepusa 6ynn makcumansHummn Ta Ha 15-n xB nepdyaii
y 6esilwemiyHnx rpyn. KinbkiCTb TBapuH y rpynax Taka: KOH-
Tponb n=8, I/R n=10, PAG+L-uucteiH n=5, PAG+L-unc-
TeiH+l/R n=7, BSO+ PAG+L-uuctein n=8, BSO+ PAG+L-
umcreiH+l/R n=6.

Y romoreHaTtax cepueBoi TKaHUHW LypiB BM3Ha4Yanu 6i-
OXiMiYHi NOKa3HMKM, L0 XapaKTepM3yoTb OKCUAATUBHUN i Hi-
TPO3aTUBHWIA CTPECU, 3MiHWM CUHTE3Y OKCMAY a30Ty Ta CipKo-
BOZHI0. [TOKa3HWMKM OKMCHOTO CTPecy BU3Ha4yanu Tak: leua-
KicTb reHepauii cynepokcua-aHioHy (O2) 3a OKUCNEHHAM
umTtoxpomy C; weuakictsb reHepadii -OH-pagukana 3a meto-
OOM OKUCHEHHS1 0e30KcMpubo3un; BMICT nepokcuay BOAHIO
(H202) cnekTpodoTOMETPUYHO Npy JOBXWHI XBUIi 353 HM,
3 BUKOPUCTaHHAM PO34MHy hoauay Kanito 3 HaanmLIKoM na-
kTonepokcuaasu [10]. Mapkepu nepeKUCHOro OKUCHEHHS fi-
nigis (MOJ1): BmicT pieHoBux koH'toraTie (DK) Bu3Havanm
CNEKTPOPOTOMETPUYHO NpU 232 HM renTaHOBUX EKCTPAKTIB

npob [8], BmicT manoHoBoro gianegerigy (MDA) — no peak-
Lii 3 TiobapbiTypoBoto kucroToto [4]. [NokasHukn HiTpo3aTu-
BHOTO CTpecy: akTuBHiCTb cymapHoi NOS (eHpoTenianbHoOi
(eNOS) i HenpoHanbHoi (NNOS)) BM3Ha4anu 3a BMICTOM
YTBOPEHOro L-UunTpyniHy, po3paxoByloumn KasrbLini-3anexHy
akTuBHicTb cNOS 3a pi3HMLEl0 MiXK aKTUBHICTHO CymapHOi
NOS Ta aKkTMBHICTIO KanbLiii-He3anexHoi iHayumbenbHol
NOS (iNOS) [16]; HiTpaTpeaykTasHy akTusHicTb (Red) — B
yMoBax HacuueHHsi cybetpaty NOsz Ta Hagnuwky NADH;
apriHa3Hy akTMBHICTb (Arg) BU3Ha4anu 3a BMiCTOM NPOAYKTY
ii peakuii — ceyoBuHu [5]. MNMynun cTabinbHWMX MmeTaboniTiB Ok-
cuay asoTy: BMIiCT HiTpuT-aHioHy (NO2') B 6e36inkoBux npo-
6ax 3a meTogoMm IpiHa, HiTpaT-aHioHy (NO3) —y Mmoaudika-
uii 3 6pyuuHom [5]. BmicTt HuabkomonekynspHux (LMNT)
S-HiTpo3oTionie BU3Ha4anu 3a metogom Saville, BukopucTo-
BYytoumn peareHT [pica, wo mictus katioHn Hg2+ [14]. BusHa-
Yanu eHOOreHHi cTauioHapHi nynu cipkosogHto (H2S) [19] i
3MiHN aKTMBHOCTI pepMeHTiB 1oro cuHTeady. KinbkicTb Ginka
y npo6ax Bu3Havanu 3a Jloypi.

Yci gaHi Bupaxanucs y Burnsai cepegHboro + ctaHgap-
THa noxubka. [Insa cTaTtucTMYHOI 00pO6KM pe3ynbTaTiB BUKO-
puctoByBanu kputepin MaHHa — YiTHi. [locToBipH/MK BBa-
xanu aminn npu P<0,05.

Pe3ynbTatn Ta OGroBopeHHs. Y Hallomy nonepesa-
HbOMY AOCHISKEHHI MW NoKasanu, Lo BXe 3 paHHbOro nepi-
ooy penepdysii Oyna BuMpaxeHa KapionpoTEeKTOpHa Aid
cninbHoro BBegeHHsA npenapatie PAG ta L-uucteiny [15].
MonepeaHe BBeaeHHsA kombiHauii PAG Ta L-umcTein cnpu-
ANo BiOHOBMNEHHIO YHKLiT cepus Ha 95 % ynpoaoBX ycboro
penepdysiiHoro nepiogy. Lle nposensanocs y 36epexeHHi
CUIMN CKOPOYEHHS Ta po3crabneHHs NiBoro LWMyHoYKa, a Ta-
KOX B CTanin KUCHeBI BapTocTi poboTn miokapaa. Lli ede-
KTV BIOMIHANUCb YBeAEHHAM iHribiTopa cuHTe3y rnyTaTioHy
BSO pasowm i3 PAG Ta L-uncteiHom. TOMy BUHUKAE NUTAHHS
Npo MOXnKMBI BioXiMiYHI MexaHi3mu Takoro edhekTy, a came:
3any4yeHHs MPOLECIB OKUCHOrO MeTaboniamy, pisHUX LUNAXiB
CMHTE3Yy OKCUAY a30Ty, 3MiHW CUHTE3Y CipKOBOAHIO Ta rmyTa-
TIOHY 3a cyMmicHoI Aii npenarapis.
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Puc. 1. BnnuB iHribyBaHHsA cuHTe3y H,S Ta GSH Ha noka3HUKK HiTpo3aTUBHOro MeTabonismy Ta piBeHb H,S y TkaHWHax cepus wWwypiB
A0 Ta nicna mogentoBaHHA iweMii-penepdysii (I/R). JaHi nepeBeAeHO y BiACOTKN BiAHOCHO NMOKa3HUKIB KOHTPONBLHOI rpynu
(* — BOCTOBIPHICTb BiAHOCHO 3HaYeHb Yy KOHTPOIbHIW rpyni,
# — [OCTOBIpHICTb BiAHOCHO 3Ha4YeHb 3Ha4eHb Yy rpyni 3 MoAeNoBaHHAM iLeMii-penepdyaii)
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MogentoBaHHs iwemii-penepdysii npussoanTb 4O po-
3BUTKY OKMCHOIO CTpecy Ta MOpYyLUEHHS meTaborniamy Ok-
CYAY a30Ty Y TKaHUMHaXxX cepus AOPOCNKMX WypiB. 3Ha4YHO 3po-
CTae aKTUBHICTb HiTpaTpeayKkTasu, a Lie o3Havae iHTeHcudi-
Kauito HiTpaTpeaykTasHoro wnsaxy yreopeHHss NO (puc. 1).
Mpo peyTtunisauinHun wnax HagmipHoro cuHtedy NO cBig-
YUTb TAKOX JOCTOBIPHE NiABULLEHHS KOHLIEHTpaLii Moro cTa-
6inbHOro metabonity — Hitpat-aHioHy (NO3.), Lo roBopuTb
Npo YTBOPEHHS Ta po3naj NEPOKCUHITPUTY 3 YTBOPEHAM
‘OH- pagukana NO-zanexHum wnsxom. Mpuyomy 6GinbLu
Hi>K yABIYi, BIGHOCHO KOHTPOMbHNX AOPOCNNX TBAPUH, 3pOC-
Tae aKTUBHICTb iHOyunbenbHoI apriHasu Il, Wwo € KnoyoBum
hepMeHTOM HEOKUCHOTO LUASXY Aerpagauii apriHiHy 3 yTBO-
pPEeHHAM MPOAYKTIB peakLjii CeYOBUHM W OPHITUHY, LWLO NpU3-
BOAMTb [0 3HWKEHHS BiogocTynHocTi L-apriHiHy Ans po6oTtu
cNOS. NMpo 3HmxeHHs cuHTe3y NO de novo cBiguMTb Takox
3MeHLUEHHs1 cTabinbHoro metabonity okcvay asoty NO2-.
Ak pesynbTaT, 3HMKeHHs de novo cuHTe3y NO KOHCTUTYTU-
BHMMKU cNOS cynpoBogKyBanocs nopyLweHHAM pernakcawii
Miokapga 1 NoMITHUM NigBULLIEHHAM KiHLEBO-AiacToNivYHOro
TUCKy nig yac iwemii. Bmict LMNT 3HMXKy€eTbCA 32 YMOB iLe-
Mii-penepdyaii, ane 3pocTtae npu BBeaeHHi PAG+L-umncTeiH,
AK 0o iwemii Tak i B penepdysinHui nepiog. Lie onocepen-
KOBaHO BKa3ye Ha 306iMnblUeHHSA PiBHIB rMyTaTiOHYy y TKaHu-
Hax, ockinbkn GSH Takox Hanexutb go LMNT [15]. Kpim
TOro, HU3bKOMOMEKYISAPHI HITPO30TIONKN, A0 SKNUX HANEXUTb
i HiTpo3ornyTatioH, € goHopamu NO. Okpemo 3a3Ha4MMmo,
Lo 3a iweMmii-penepdysii eHgoreHHi nynu H2S 6ynn 3HayHo
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niaBuWLLEHi, IMOBIPHO, 3a paxyHOK aKTUBHOCTI bepMeHTIB
NOro cuHTe3sy, a came 36iNbLIEHHss aKkTUBHOCTI uuTonnas-
MaTuyHoi H2S-cuHTasn CSE 6Ginble Hix yTpuyi. 3a ymoB
yBeaeHHss PAG+L-uucteiHy y rpyni 3 mMogentoBaHHAM
iwemii-penepdysii 3HMXKyeTbCA akTUBHICTL ik CSE, TakK i
MiTOXOHApianbHOI cuMHTasuM H2S (mepkantonipyBaTcynb-
dypTpaHcdepasu, MPST), npoTe ii akTUBHICTb yce 0oaHO
nuwanack Ha TpeTuHy Ginbwoto Hix y CSE. Ue ceiguntb
npo KoMneHcaTopHuii BHecok MPST B 3abe3neyveHHs CUH-
Te3y H2S B ymoBax iwemii-penepdysii Ta NnpurHiyeHHs ak-
TuBHocTi CSE (puc. 1).

[MOpIBHSAHO 3 KOHTPOSLHOIO IPYMOLD, MOKA3HMKN SKOT Ha
puc. 2 npeactaeneHo sik 100 %, nicns MmogentoBaHHS ilwe-
Mmii-penepdysii cnocTepiranocs 3HavyHe NiaABULLIEHHS LWBWUA-
KOCTi yTBOpeHHa rigpokcunbHux ((OH) pagukanis Ta cyne-
pokcuaHux aHioHis (‘O27), migeuweHHs Bmicty H202, sikui
YTBOPIOETLCA NPU hepMeHTaTMBHIN aucmyTauii O2™ cyneo-
KcugaoucmyTasor, Ta iHTeHcudikauis npouecy MNOJ, Ha wo
Bka3dyBano 3pocTtaHHs BmicTy K B 2,4 pa3u Ta MOA GinbLu
Hi>xX B 3 pasu BignosigHo. BinbyBaeTbca 36inblUEHHST aKTUB-
HocTi cuHTe3y NO iHgyumbenbHoo NO-cuHTa3o, Wo Ha
OHI NiABULLIEHHSA BMICTY HiTpaT-aHiOHY roBOpUTbL NPO PO3-
BUTOK HITPO3aTUBHOIO CTPecy Ha (POHi OKMCHOro. Takox 3a
Aii iwewmii-penepdysii 3HavHo (y 5,5 pasn) BigbysBaeTbes
3HWXKEHHSI aKTUBHOCTI KOHCTUTYTMBHOro cuHtesy NO, wo
CBiguUNTL Npo 3MeHLWeHHS reHepadii NO wnsaxom de novo
npw OKUCHIW Aerpagadii L-apriHiny.
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Puc. 2. BnnuB iHrioyBaHHsa cuHTe3y H,S Ta GSH Ha noka3HMKKn okMCHOro cTpecy Ta piBeHb H,S y TkaHMHax cepus wWypiB
A0 Ta nicna moAentoBaHHA iweMii-penepdyasii. [laHi nepeBeAeHO y BiACOTKA BiAHOCHO MOKa3HMUKIB KOHTPONBLHOI rpynu
(* — BOCTOBIpHICTb LWOAO0 3Ha4YeHb Y KOHTPOMbHIN rpyni, # — 4OCTOBIPHICTb BiQHOCHO 3HAYeHb Yy rpyni 3 MOAENOBaHHAM ileMii-penepdysii
(I/R), $ — mocToBipHiCTb BigHOCHO 3Ha4eHb Y rpyni PAG+L-umncrteiH I/R

Hawi pesynbTaTtu cBig4aTbh NPO PO3BUTOK iHAYKOBAHOMO
ilemieto-penepdysieto OKUCHOro Ta HITPO3aTUBHOIO CTpecy
BHacnigok niaBuLeHHs reHepadii ytBopeHHs -OH- i -O2 pa-
avkanis, NiaBULEHHS iHOyUMOEeNbHOro i peyTunisauinHoro
cnHTe3dy NO Ta cuHTedy H2S Ha Tni 3Ha4yHOro 3MeHLUEeHHS
KOHCTUTYTMBHOrO cnHTesy NO.

B ymoBax iHribyBaHHsi cuHTesy H2S ek3oreHHuii Ta/abo
€HOOoreHHUn L-umcteid moxe ctatm QOCTYMNHIWUM AN CUH-
Te3y rnyTaTioHy. 3aBasku LbOMY NpoLEecy CriBBiAHOLIEHHS
MK OKMUCHEHOIO Ta BifHOBIIEHO (hopmamu rryTaTioHy no-
BMHHO 3MiHIOBaTMCS, 306iMbLUyoYN PiBHI BiOHOBMEHOro rny-
TaTioHy. Lle Moxe akTuByBaTU aHTUOKCUMOAHTHUMN 3aXMUCT i
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CrpVATU BIiQHOBMNEHHIO KOHCTUTYTUBHOro cuHtedy NO Ta
cnpspkeHHto cNOS [2]. AktusHicTbe ctNOS Gyna nigsuiieHa y
rpyni 3 nonepegHim BBefeHHAM PAG+L-umcTeiny, wo, imo-
BipHO, cnpusino nigTpumui piBHs NO HaBiTb y penepdysin-
HWI nepiof (puc. 2). Y XoAi uboro npouecy He BigbyBaeTbCs
36inbLeHHst aktuBHoCTi INOS, 3Ha4YHO 3HUXKYETBLCS aKTUB-
HIiCTb HiTpaTpeaykTasu n apriHasm I, a Takox crnocTepira-
€TbCsl HopMani3auis piBHiB MeTaboniTiB okcuay a3oTy — nia-
BuLleHHs1 NO2- Ta 3HukeHHsi nyniB NOs-. Baxnueo 3a3Ha-
untn, wo NO, akui Bupobnsetbca cNOS, iHribye BiokpuTTa
MPTP [18], Wwo Haa3BM4YaiHO BaXIJIMBO B YMOBaX iLLeMii-pe-
nepdyasii. TakuM YMHOM, MexaHi3Mu KapaionpoTeKLii, ono-
cepegkoBaHoi PAG+L-uucteiHom nonsrann B edekTuB-
HOMY 3HWxeHHI reHepauii APK i 36epexeHHi cnHTesy NO
LUAISAXOM NPUTHIYEHHS HITPO3aTUBHOIO CTPECY W iHribyBaHHS
pos'egHaHHa cNOS, iHOykoBaHoOro iwemieto-penepdysieto.
BopgHouac, nonepegHe BBeAeHHS iHribiTopa cCMHTE3y rnyTa-
TioHy BSO noBHicTI0O BiAMIHANO aHTUOKCMOAHTHUN edekT
koMbiHauii PAG+L-uucTein (puc. 2).

lwewmis-penepdpysia nig yac BBegeHHA L-umcTeiHy Ha
oHi iHribyBaHHs1 060X LUMAXIB Oro MeTaboniamy cynpoBo-
AXyBanacsi po3BMTKOM OKMCHOIO CTPECY Ha PiBHi 3 NOKa3HM-
KaMu KOHTPOJSbHOI iemii-penepdysii miokapaa. [ewo MeH-
Lwoto Oyna nuiue KinbKicTb Nepokcuay BOOHI0, Ha PiBHi i3 rpy-
noto 3 ysegeHHaM nuwe PAG+L-uncteiny (puc. 2). Bmict
nepokcmay BOAHIO M aKTUBHICTb CYNepoKCMA-aHioH pagu-
kana, Ha ¢oHi BBegeHHs BSO+PAG+L-umcteiH, gocarnm
3HayeHb penepgysinHoro nepiogy rpynu 6e3 3acTocyBaHHs
XiMiYHUX peYvyoBUH. [py LBOMY 3HAYHO 3POCTAE aKTUBHICTb
rinpokcunbHoro "“OH-pagvkana, KUl 3Ha4HOK Mipoto YTBO-
pucst NO-3anexHum (4epes3 yTBOPEHHS | po3nag nepokcu-
HITPUTHOT KMCNOTU) WNAXOM. Y LIbOMY MPOLECi aKTUBHICTb
cNOS crana 6nu3bKoto 40 3HaYeHb, 3apeecTpoBaHUX Mif
yac penepdysii cepaeLb TBAPUH, SKUM He pOOUIMY XKOAHMX
yBeaeHb, a pieeHb akTnuBHoCTi iINOS 3picy 2,5 i 3 pa3n oo
i nicnsa iwemii BignosigHo. Lle cBigunTb Npo nopyLleHHs de
novo cuHTedy NO koHcTuTyTMBHUMM NOS i Moxe 6yTu
NPUYNHOIO PO3BUTKY penepdy3ifHOi KOHTPaKTypu Mioka-
paa. Uikaso, wo gocTtosipHO 3pocnu piBHi H2S y TkaHnHax
cepud i go, i nicns iwemii. BiporigHo, Le NoB'si3aHo 3 TUM,
LLIO MNPUCYTHICTb 404AHOM0 €K30reHHOro L-uncTeiny cTumy-
nosana cuHtesd H2S miToxoHApiansHUMKU epmeHTamu,
ane us Kinekicte 6yna HegocTaTHEOK AN 3abesnevyeHHs
KapaionpoTEKTOPHOIo edyeKTy.

BucHoBkM.

1) KapgionpoTeKkTopHuii edekT yBeAeHHs L-uncTeiny
Ha Tni 6rnokagu cuHTe3dy H2S xapakTepu3yBaBCst aKTMBHUM
nonepenXeHHsIM po3BUTKY OKucHoro ctpecy i MOJ, ctumy-
nadieto aktmeHocti cNOS Ta iHribyBaHHAM HaAMMLLKOBOrO
ingyumnbenbHoro i peytunisauinHoro cuHtedy NO B penep-
dy3iriHun nepiop.

2) 3poctae npucyTHicTe LMNT, wo onocepenkosaHo
CBIQ4MTb NPO 3POCTaHHS KiNbKOCTI rnyTaTioHy Ta 6iogocTyn-
HocTi NO. OTxe, L-uncTeiH, wo He meTabonizyeTbcs B H2S,
nepeTBOPHETLCS Ha MMyTaTioH.

3) MonepenHe BBeaeHHs BSO BiamiHsie aHTUOKCUAAHT-
HUA edekT BBeaeHH PAG+L-uucTeiHy, HiBenioe edekr
OCTaHHbOTO 5K ckaBenpkepa APK, perynatopa MPTP i ctu-
MynaTopa aktuBHocTi cuHTedy NO koHcTutyTuBHuMn NOS.

Cnucok BUKOPUCTaHOI NiTepaTypu

1. Avkiran M. Na(+)/H(+) exchange inhibitors for cardioprotective
therapy: progress, problems and prospects / M. Avkiran, M. S. Marber // J Am
Coll Cardiol. — 2002. — Vol. 39. — Ne 5. — P. 747-53.

2. S-glutathionylation uncouples eNOS and regulates its cellular and
vascular function / C.-A. Chen, T.-Y. Wang, S. Varadharaj et al. // Nature. —
2010. — Vol. 468. — Ne 7327. — P. 1115-8.

3. Xanthine dehydrogenase/xanthine oxidase and oxidative stress /
H. Y. Chung, B. S. Baek, S. H. Song et al. // Age (Omaha). — 1997. — Vol. 20.
—Ne 3. - P. 127-40.

4. Conte D. In vivo and in vitro iron-replaced zinc finger generates free
radicals and causes DNA damage / D. Conte, S. Narindrasorasak, B. Sarkar
/I J Biol Chem. — 1996. — Vol. 271. — Ne 9. — P. 5125-30.

5. Modulation of hydrogen sulfide synthesis improve heart function and
endothelium-dependent vasorelaxation in diabetes / N. Dorofeyeva,
lu. Korkach, O. Kutsyk, V. Sagach // Can J Physiol Pharmacol. — 20207 doi:
10.1139/cjpp-2020-0302. Online ahead of print.

6. Droge W. Free Radicals in the Physiological Control of Cell Function
/' W. Drége // Physiological Reviews. — 2002. — Vol. 82. —Ne 1. — P. 47-95.

7. Myocardial ischemia reperfusion injury — from basic science to
clinical bedside / A. Frank, M. Bonney, S. Bonney et al. // Semin Cardiothorac
Vasc Anesth. — 2012. — Vol. 16. — Ne 3. — P. 123-32.

8. Gavrilov V. B. Measurement of diene conjugates in blood plasma
using the UV absorption of heptane and isopropanol extracts / V. B. Gavrilov,
A. R. Gavrilova, N. F. Khmara // Lab Delo. — 1988. — I. 2. — P. 60—4.

9. Granger D. N. Role of xanthine oxidase and granulocytes in
ischemia-reperfusion injury / D. N. Granger // Am J Physiol. — 1988. —
Vol. 255. — Ne 6. — P. 1269-1275.

10. Huwiler M. Pseudo-catalytic degradation of hydrogen peroxide in the
lactoperoxidase/H202/iodide system / M. Huwiler, H. Kohler // Eur J
Biochem. — 1984. — Vol. 141. — Ne 1. — P. 69-74.

11. Role of Glutathione in Cancer: From Mechanisms to Therapies /
L. Kennedy, J. K. Sandhu, M. E. Harper, M. Cuperlovic-Culf // Biomolecules.
—2021. - Vol. 10. — Ne 10. — P. 1429.

12. Oxidation of tetrahydrobiopterin leads to uncoupling of endothelial
cell nitric oxide synthase in hypertension / U.Landmesser, S. Dikalov,
S. R. Price et al. // J Clin Invest. — 2003. — Vol. 111. — Ne 8. — P. 1201-9.

13. The mitochondrial Na+/Ca2+ exchanger is essential for Ca2+
homeostasis and viability / N. S. Luongo, J. P. Lambert, P. Gross et al. //
NATURE. — 2017. — Vol. 545. — Ne 7652. — P. 93-7.

14. Padgett C. M. Cellular responses to nitric oxide. Role of protein
S-thiolation/de thiolation / C. M. Padgett, A. R. Whorton // Arch. Biochem.
Biophys. — 1998. — Vol. 358. — Ne 2. — P. 232-242.

15. Effects of Stimulation and Blockade of Endogenous Hydrogen
Sulfide Synthesis in Myocardial Ischemia-Reperfusion / V.F. Sagach,
T. V. Shimanskaya, Y.V. Goshovska, R. A. Dobrovolska //  IJPP.
http://www.dl.begellhouse.com/journals/6ec4ba27650016b1,7628674d286b
73a0,18d18afe1258f5d 1.html

16. Salter M. Widespread tissue distribution, species distribution and
changes in activity of Ca(2+)-dependent and Ca(2+)-independent nitric oxide
synthases / M. Salter, R. G. Knowles, S. Moncada // FEBS Lett. — 1991. —
Vol. 291. — Ne 1. — P. 145-9.

17. The Cardioprotective Effects of Hydrogen Sulfide in Heart Diseases:
From Molecular Mechanisms to Therapeutic Potential / Y. Shen, Z. Shen Z,
S. Luo et al. // Oxid Med Cell Longev. — 2015. — Article ID: 925167.

18. No-dependent modulation of the sensitivity of the mitochondrial
permeability transition pore opening under ischemia-reperfusion of the
isolated heart / T. V. Shimanskaia, F. V. Dobrovol'skii, G. L. Vavilova et al. //
Ross Fiziol Zh Im | M Sechenova. — 2009. — Vol. 95. — Ne 1. — P. 28-37.

19. Svenson A. A rapid and sensitive spectrophotometric method for
determination of hydrogen sulfide with 2,2"-dipyridyl disulfide / A. Svenson //
Analytical Biochemistry. — 1980. — Vol. 107. — Ne 1. - P. 51-5.

References (Scopus)

1. Avkiran M, Marber MS. Na(+)/H(+) exchange inhibitors for
cardioprotective therapy: progress, problems and prospects. J Am Coll
Cardiol. 2002;39(5):747-53. PMID: 11869836.

2. Chen C-A, Wang T-Y, Varadharaj S, Reyes LA, Hemann C, Hassan
Talukder MA, et al. S-glutathionylation uncouples eNOS and regulates its
cellular and vascular function. Nature. 2010;468(7327):1115-8.
doi: 10.1038/nature09599

3. Chung HY, Baek BS, Song SH, Kim MS, Huh JI, Shim KH, et al.
Xanthine dehydrogenase/xanthine oxidase and oxidative stress.
Age.1997;20(3):127-40.

4. Conte D, Narindrasorasak S, Sarkar B. In vivo and in vitro iron-
replaced zinc finger generates free radicals and causes DNA damage. J Biol
Chem. 1996;271(9):5125-30. PMID: 8617792

5. Dorofeyeva N. Modulation of hydrogen sulfide synthesis improve
heart function and endothelium-dependent vasorelaxation in diabetes /
Dorofeyeva N, Korkach lu, Kutsyk O, Sagach V. // Can J Physiol Pharmacol.
—2020. doi: 10.1139/cjpp-2020-0302. Online ahead of print.

6. Droge W. Free Radicals in the Physiological Control of Cell
Function. Physiological Reviews. 2002;82(1):47-95. PMID: 11773609.

7. Frank A, Bonney M, Bonney S, Weitzel L, Koeppen M, Eckle T.
Myocardial ischemia reperfusion injury — from basic science to clinical
bedside. Semin Cardiothorac Vasc Anesth. 2012;16(3):123-32. PMID:
22368166

8. Gavrilov VB, Gavrilova AR, Khmara NF. Measurement of diene
conjugates in blood plasma using the UV absorption of heptane and
isopropanol extracts. Lab Delo. 1988;(2):60—4.

9. Granger DN. Role of xanthine oxidase and granulocytes in
ischemia-reperfusion injury. Am J Physiol. 1988;255(6 Pt 2):H1269-1275.



ISSN 1728-2748

BIONOrIA. 1(84)/2021

~ 47 ~

10. Huwiler M, Kohler H. Pseudo-catalytic degradation of hydrogen
peroxide in the lactoperoxidase/H202/iodide system. Eur J Biochem.
1984;141(1):69-74.

11. Kennedy L, Sandhu JK, Harper ME, Cuperlovic-Culf M. Role of
Glutathione in Cancer: From Mechanisms to Therapies. Biomolecules.
2020;10(10):1429. PMCID: PMC7600400.

12. Landmesser U, Dikalov S, Price SR, McCann L, Fukai T, Holland
SM, et al. Oxidation of tetrahydrobiopterin leads to uncoupling of endothelial
cell nitric oxide synthase in hypertension. J Clin Invest. 15, KsiteHb
2003;111(8):1201-9. PMID: 12697739

13. Luongo TS, Lambert JP, Gross P, Nwokedi M, Lombardi AA,
Shanmughapriya S, et al. The mitochondrial Na+/Ca2+ exchanger is essential

17. Shen Y, Shen Z, Luo S, Guo W, Zhu YZ. The Cardioprotective
Effects of Hydrogen Sulfide in Heart Diseases: From Molecular Mechanisms
to Therapeutic Potential. Oxid Med Cell Longev. 2015;2015:925167. PMID:
26078822

18. Shimanskaia TV, Dobrovol'skii FV, vavilova GL, Strutinskaia NA,
Rudyk EV, Sagach VF. [No-dependent modulation of the sensitivity of the
mitochondrial permeability transition pore opening under ischemia-
reperfusion of the isolated heart]. Ross Fiziol Zh Im | M Sechenova.
2009;95(1):28-37.

19. Svenson A. A rapid and sensitive spectrophotometric method for
determination of hydrogen sulfide with 2,2'-dipyridyl disulfide. Analytical
Biochemistry. 1980;107(1):51-5.

for Ca2+ homeostasis and viability. NATURE. 2017;545(7652):93—7.

14. Padgett C. M. Cellular responses to nitric oxide. Role of protein S-
thiolation/de thiolation / C. M. Padgett, A. R. Whorton // Arch. Biochem.
Biophys. 1998;358(2):232—-242.

15. Sagach VF, Shimanskaya TV, Goshovska YV, Dobrovolska RA.
Effects of Stimulation and Blockade of Endogenous Hydrogen Sulfide
Synthesis in Myocardial Ischemia-Reperfusion. IJPP. 2014;5(3). PMID:
24175471

16. Salter M, Knowles RG, Moncada S. Widespread tissue distribution,
species distribution and changes in activity of Ca(2+)-dependent and Ca(2+)-
independent nitric oxide synthases. FEBS Lett.1991;291(1):145-9.

Hapivwna po peakonerii 06.01.2021
OTpumaHo BunpaBneHuin Bapiant 03.01.2021
MNipnucaHo go apyky 03.01.2021

Received in the editorial 06.01.2021
Received a revised version on 03.01.2021
Signed in the press on 03.01.2021

P. ®eauykuHa, acn., 0. Kopkay, kaHa. 6uon. Hayk, U. Oxam, acn.,
10. NowoBckasn, kaHa. 6uon. Hayk., B. Caray, o-p mea. Hayk
WUHcTutyT donamonorum umenm A. A. Boromonbua HAH Ykpaunbl, KueB, YkpanHa

BMIUAHUE MOOENIMPOBAHUA CUHTE3A CEPOBOLOPOOA U TNYTATUOHA
HA OKUCTNIUTENbHO-HUTPO3ATUBHbIA METABONU3M MUOKAPOA
B YCNOBUAX ULUEMUN-PENEP®Y3UN

IModdepixaHue oKkucumenbHo-eoccmaHoeumesibHo20 6anaHca siesisiemcsi Heo6xoduMbIM ycrioeueM Ot o6ecreyeHust HOpMasbHO20 Memabo-
nu3ma krnemok cepduya. Penepghy3uoHHble HapyweHus ¢pyHKUuu cepdya conpoeoxdaromcsi 83pbieoobpa3HbiM o6pa3oeaHuem APK, noepexdeHuem
cmpykmypbi HK u knemoyHbix MeM6paH, HapyweHueMm ¢pyHKUul 6eskoe, pazeumueM Mbiwe4Hol KOHmpakmypbl u m. 0. [TokazaHo kapAuonpome-
KmopHoe enusiHue ceposodopoda (H2S), npedwecmeeHHUKOM CuHMe3a KOMopPo20 siesIsiemcsi amuHokucioma L-yucmeur. Kpome moeo, L-yucmeur
— 00Ha u3 mpex aMuHoKucsiom, o6pa3syroujux aHmuokcudaHm aiymamuoH (GSH). Ljensto Haweli pabombi 6b1510 uccnedoeams enusiHUe MoOesiupo-
eaHusi cunme3sa GSH u H.S Ha okucnumenbHo-HUMpoO3amueHuli MemabosiusM mxkaHel cepdua e ycnoeusix uwemuu-penepgysuu (I/R). Unaubumop
cuHme3sa H:S nponapaunanuyux (PAG), uHaubumop cuimesa GSH 6ymuonuHcynbgokcumun (BSO) u L-yucmeuH e8odusnu KpbicaM eHympu6pto-
WuHHoO. Ucnonb3zosanu memod pempozpadHoll nepghy3uu KOPOHapHbIX cocydoe u3o/upoesaHHo20 cepdya, Modenuposasnu I/R. B mkaHsix cepdya
KpbIc 3o u nocre uwemuu onpedensinu ckopocms 2eHepayuu ADPK, codepxkaHue NpooyKmoe nepoKcUdOHO20 oKuceHusi nunudos, akmusHocms NO
cuHme3upyrouux pepmeHmos. Pe3ynbmambi noka3sanu, 4ymo aghgpekmom kombuHayuu PAG+L-yucmeuH siensinock coxpaHeHue yHKkyuu cepoya
8 penepgy3UoHHbIl nepuod 6e3 yxyouleHusi CokpamumesibHolU akmueHocmu, npedynpexdeHue obpa3osaHusi A®K kak neped uwemuell, mak u 8
nepuod penepgy3uu, coxpaHeHue cNOS u nodaeneHue iNOS akmueHocmu. [Jo6aeneHue BSO k PAG + L-yucmeuHy 3Ha4umesibHO CHWXasno aghge-
KmueHOCMmb KOMO6UHayuu U ommeHsifio kapduonpomeKkmopHbil 3ghgpekm. eHepayusi O u OH yeenuyueanacb, akmueHocmb UHAyyubenbHoU
NO-cuHmasbl eo3pacmana e 3,5 pasa no cpaeHeHuro ¢ 2pynnoli ¢ eeedeHueM kombuHauyuu PAG + L-yucmeuH. BeedeHue kombuHayuu PAG +
L-yucmeuH e ycrnoeusix ModesiupogaHusi uwemMuu-pernepgy3uu nodaenssno obpazoeaHue A®PK u coxpaHsio akmueHocmb KOHcmumymueHoul NOS,
obecneyusasi cmabusnbHyo NPodyKyuto okcuda azoma. lpedeapumensbHoe esedeHue BSO nonHocmbo omMeHs/10 aHmMuoKcudaHMHbIU 3ghghekm
esedeHusi PAG + L-yucmeuHa 3a cyem cHWxeHust 6uodocmynHocmu 2J1ymamuoHa.

Knroyeenie cnoea: cepdue, akmueHbie ¢hopMbi Kucsiopoda, uwemusi-penepghy3susi, 2i1ymamuoH, cepoeodopod.
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EFFECT OF MODULATION OF HYDROGEN SULFUR AND GLUTATHIONE SYNTHESIS
ON OXIDATIVE AND NITROSATIVE METABOLISM
UNDER MYOCARDIAL ISCHEMIA-REPERFUSION

Redox balance maintaining is a prerequisite for normal cardiomyocytes metabolism. Reperfusion injury of the heart is characterized by an
explosive increase in ROS generation, cell membranes damage, dysfunction of proteins, the development of muscle contracture etc. It was shown
that the hydrogen sulfide (H.S) and the precursor of its synthesis the amino acid L-cysteine provided cardioprotective effect against ischemia-
reperfusion, In addition, L-cysteine is one of amino acids that form an antioxidant glutathione (GSH). The aim of our work was to investigate the effect
of GSH and H2S synthesis modulation on the oxidative and nitrosative stress in cardiac tissues under conditions of ischemia-reperfusion. The H2S
synthesis inhibitor propargylglycine (PAG), the GSH synthesis inhibitor butionine sulfoxime (BSO) and L-cysteine were administered
intraperitoneally. Next, ischemia-reperfusion of the Langendorff isolated rat heart was performed. In the tissues of rat's hearts, before and after
ischemia, we determined the rate of ROS generation, content of POL products, the activity of NO synthesizing enzymes. Results of our study showed
that pretreatment with PAG + L-cysteine combination prevented heart function disturbances, ROS formation, increased low molecular weight
nitrosothiols content, preserved the activity of constitutive NOS and inhibited the activity of inducible NOS in the pre-ischemic period as well as in
the period of reperfusion. Pretreatment with BSO in PAG + L-cysteine group significantly reduced the effectiveness of the combination and abolished
cardioprotective effect. Generation of superoxide and hydroxyl anions was increased, activity of inducible NO-synthase was 3.5-fold increased
comparing with PAG + L-cysteine pretreated group. Pretreatment with PAG + L-cysteine combination inhibited the formation of ROS and preserved
the activity of constitutive NOS, thus providing stable production of NO. Pretreatment with BSO completely abolished an antioxidant effect of
PAG + L-cysteine decreasing bioavailability of glutathione.

Keywords: heart, reactive oxygen species, ischemia-reperfusion, glutathione, H2S.
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PECULIARITIES OF INFORMATION TRANSFER
WITHIN FUNCTIONAL CORTICAL NETWORKS DURING EMOTIONAL FACE PERCEPTION

Aim: The research aimed to study and model the emotion-related activity of functional networks within the human brain cortex
using power spectrum density and detrended phase transfer entropy methods. Attention was focused on revealing alterations in
cognitive mechanisms, caused by presentation of neutral human faces as rare stimuli among faces with either negative or positive
expression. Methods: EEG-data was recorded during the perception and processing of neutral human facial expressions, presented
among positive and negative faces in two series of images, alongside with resting state with open and closed eyes, which was
further analyzed using power spectrum density and detrended phase transfer entropy methods. Results: Specific EEG-bands
(6 and B) were chosen for the analysis based on their prominent role in memory- and emotion-related mechanisms. The topography
of the spectral power density corresponded to the generally accepted ideas describing perception and visual stimuli processing
mechanisms. The phase transfer entropy method was not sufficient to analyze resting state data. The results of the analysis
performed using the phase transfer entropy method revealed the problems of neutral faces differentiation when presented in a
positive emotional context. Simultaneously, enhanced processes of motivational coding and self-reflection were observed during
the presentation of neutral faces in a negative emotional context. These results corresponded with the data obtained in our previous
ERP-based study. Conclusions: Phase transfer entropy and spectral power density have demonstrated their effectiveness in
analyzing the mechanisms of emotional visual stimuli processing mediated in different cortical areas.

Keywords: EEG; Emotion; Facial expression; Functional network.

Introduction. Human facial expressions are complex
multi-dimensional visual stimuli, which provide the brain with
a wide range of characteristics to process. The current study
focused on the activity in  and 8 bands of EEG data, as
6- and B- band oscillations directly reflect such cognitive
processes as retrieval and actualization of memory [1],
emotional excitement and other consciousness-driven
processes [2]. Thus, changes in power spectrum density in
these bands were measured, and effective connectivity was
modeled using phase transfer entropy (phase TE).

There is a hypothesis that the brain has an internal
model of the external world, which functions under Bayesian
system principles while processing sensory input so that
experience-modified response is elicited [3]. In our
previously conducted ERP study, we have revealed that the
stimuli' valence, which creates the emotional context for the
target neutral expressions, affects perception. This effect is
signified in the increase of attention level and memory
processes [4]. To reveal and quantify "causal" or directional
inter-areal phase-phase interactions during emotion
perception, a new information theory-based approach of
phase transfer entropy (phase TE) was used, as phase
synchronization of neuronal-based oscillations has been
suggested to determine the coordination and integration of
anatomically distributed information processing [5].

Phase synchronization and amplitude correlations are
functionally independent phenomena [6] and reveal different
neural network functioning aspects. Besides, the importance
of phase-derived information in neuronal processes is
highlighted by studies showing that phase-based grouping
can encode more information than the amplitude-based one
in both visual and auditory [7] processing. This marks the
oscillatory phase as a reflection of neuronal synchronization
and a robust information transmitter between neural
ensembles. The phase-derived information flow from one
cortical region to another cannot be estimated using phase
synchrony metrics [8], which, by their nature, are not able to
reveal spatial orientation.

Phase transfer entropy (phase TE) [9] is a
reformulation of the Wiener principle within the framework
of information theory (IT) [10]. Like Granger's causality, TE
assesses whether the past of the original and target time
series affects predicting the target time series's future.

Contrariwise, phase TE compares conditional probabilities
using the Kulbak-Leibler divergence. If signal X triggers the
signal Y, then the probability density of the future Y, due to
its past, must be different from the probability density of the
future Y due to the past of both X and Y. Besides, unlike
Granger's causality (and dynamic causal modeling), the
phase TE is model-free as it does not carry any
assumptions about the signal structure.

Phase TE can be a good indicator for analyzing phase-
based connections and detecting directional interactions in
broadband MEG / EEG sensor and source signals.
However, the calculation of phase TE for individual tests
requires a large amount of continuous data, which can be
problematic in the case of a temporary task-related
connection. The method can also be used for continuous
data analysis with the help of several techniques of state
space reconstruction.

This research aimed to study and model the effect of
positive and negative faces on the perception and
processing of target neutral faces. To do so, we focused our
attention on determining the spectral power density and
establishing causal relationships within 8- and B-bands,
which play a unique role in human cognitive activity. Theta
oscillations generated in the limbic system are considered
the "emotional" band of the human brain. Thus, this activity
reflects the cognitive component of the emotional reaction
[11]. Besides, according to modern ideas, the increase of
B-activity in the anterior cortical areas can be assessed as a
marker of enhanced activation, accompanied by inner
attention and positive emotional experience [12]. Slow
B-oscillations are associated with memory-related processes
and awareness, while high-frequency 6-oscillations reflect
cognitive activity's emotional background. At the same time,
B-band today is mainly associated with various aspects of
brain function, from simple sensory responses (visual,
auditory, somatosensory, etc.) to higher cognitive functions
such as sensory memory, mechanisms of visual attention
regulation, movement, emotional states, and execution of
cognitive or creative tasks [13].

Materials and methods. Forty students of Taras
Shevchenko National University of Kyiv (21 females, aged
18-24, mean=21) were presented with two series of images,

© Chernykh M., Zyma I., 2021
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during which EEG was recorded. Data was also obtained
during resting state with both closed and open eyes. The
image demonstration procedure and recording of the
cerebral cortex's induced activity were performed using the
software and hardware complex "Neurocom" (KhAl Medica,
Kharkiv, Ukraine) according to a specially created template.
Electrodes were applied to the scalp following the
international "10-20%" system.

Stimuli were selected from the International Affective
Pictures System (IAPS) [14]. In the stimulation program,
positive (average values of emotional valence: M = 6.94,
SD = 1.42 to M = 8.03, SD = 1.13) and negative (average
values of emotional valence M =4.22, SD = 1.64 to M = 5.84,
SD = 1.62) emotional faces were chosen as frequent stimuli.
Rare stimuli included neutral emotional faces with valence
varied from M =4.22, SD = 1.64 to M = 5.84, SD = 1.62.

Emotional stimuli were shown in an arbitrary pattern in
which the likelihood of a rare stimulus (n=100) appearance
was 30%. and B bands were subdivided as follows:
0-1(4.1,58)Hz, 6-2 (5.9, 7.4) Hz, -1 (13, 19.9) Hz, -2
(20, 30) Hz. For the subbands selected, power spectrum
density analysis was conducted, which was then displayed
in the topographical maps of activation. PTE method was
applied to reveal the effective cortical neural networks
involved in stimuli processing.

Transfer entropy (TE) is an information-theoretical
measure that follows from the theory of information
exchange to estimate conditional transition probabilities
between two paired processes that develop over time.

The dPTE coefficient for the two cortical areas was
calculated as the sum of the values of the PTE coefficients
in both directions

PTExy
PTExy+PTEyx

The values of the dPTE criterion vary within [-0.5: 0.5].
The criterion was implemented based on the Brainstorm
software package.

In order to compare the phase transfer entropy method
to the existing methods of a quantitative assessment of
human brain activity during cognitive activation, the spectral
power density was calculated based on the fast Fourier
transformation. This characteristic is the de facto standard
measure of the strength of oscillation activity, which has
been widely used in the study of cortical activity. Each EEG
channel's spectral power density in each frequency band
during each trial was calculated using the Welch period
method [15]. The obtained values in the corresponding
frequency range were normalized relative to the maximum
value for emotional load and background, after which a map
of the topographic distribution of the corresponding values
was plotted on the scalp surface.

dPTE=

Results and discussion. The nature of the distribution
of power spectrum density during resting state with both
closed and open eyes can be described according to the

general framework of the human brain's functioning in the
absence of an urgent external task, brought out by the action
of so-called default neural networks. Namely: increased
power in 81 and 62 subbands in frontal (55.7 uV? / Hz and
54.6 uV2 / Hz, respectively), occipital (55.3 pV? / Hz with
eyes closed and 53.1 pV? / Hz with eyes open in 01,
54.8 uV? / Hz with eyes closed and 53.4 uV? / Hz with eyes
open in 62 eyes) and parieto-central areas (maximum
values up to 55.8 yV2 / Hz in 81 and 54.8 uV? / Hz in 62)
reflected the processes associated with memory, emotional
manifestations, passive scanning of information (Fig. 1).

At the same time, the resting-state oscillations in $-band
were characterized by a somewhat different topographic
distribution: increased power of [(1-oscillations was
concentrated in the occipital regions of the cortex during the
trial with closed eyes. However, eyes opening caused the
spread of generalized activation around the cortex, thus
covering not only occipital (up to 48.6 puV? / Hz) but also
parietal, central, and frontal areas of the cortex (maximum
values registered for frontal areas — 48.4 uV? / Hz), with
right-hemisphere lateralization in temporal regions (up to
48.5 pV2 / Hz in the temporal area of the right hemisphere).
As for the B2 frequency subband, the distribution of the
increased oscillatory power in the occipital (up to 44.3 pV2/Hz),
parietal (up to 43 uV?/ Hz), and frontal (up to 44.3 pV2/ Hz)
areas of the cortex during resting state with closed eyes
narrowed to the frontal regions (up to 44.1 puV? / Hz) after
opening the eyes (Fig. 1).

Therefore, the resulting picture can be explained using
existing literature data on these subbands' properties:
traditionally, B1-subband is associated with external
attention, cognition per se, while (2-oscillations are
considered to reflect internal awareness, maintaining the
status quo of brain activity. That is why topographic maps
obtained in different resting-state trials can be juxtaposed
with each other.

It is also worth noting that the obtained topographic
maps of activation-related changes in power generally
corresponded to the widely accepted visual stimuli
processing framework. Namely: high-power foci in the
prefrontal and fronto-central regions of the cortex in 81 (up
to 61 uV? / Hz), 62 (up to 62.7 uV? / Hz) and B2 (up to
50.7 pV? | Hz) subbands, were accompanied with high
values of oscillation power in the frontal, central, parietal and
right-hemisphere occipital regions (values ranged from
48.2 uV?/ Hz to 60 pV? / Hz) in B1-subband (Fig.1).

Concerning the results obtained by the detrended
phase transfer entropy analysis in the processing of
resting-state records with both closed and open eyes, it
should be noted that the values of dPTE in such conditions
were close to zero. This fact once again confirms the
hypothesis of this method's effectiveness for analyzing
only the states associated with cognitive activity. The
connections formed within functional neural networks are
shown in Fig.2 (dPTE=0.2).
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61 (4.1, 5.8) Hz

82 (5.9, 7.4) Hz

PB1(13, 19.9) Hz

B2 (20, 30) Hz

Fig. 1. Topographical distribution of the activation changes in the spectral power density:
A - resting with closed eyes; B- resting state with open eyes; C — demonstration of neutral stimuli in a positive context;
D — demonstration of neutral stimuli in a negative context
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Targets in Positive Context

Bl

Targets in Negative Context

Fig. 2. Distribution of functional causal connections during neutral stimuli demonstration in an emotional context

The topography of PSD activation changes
corresponded with prevailing views on visual stimuli
perception and processing mechanisms. In both 61- and
62-subbands, extensive networks of effective connections
during the processing of neutral faces in a positive
emotional context were formed. However, in 61-subband,
it was generalized when in 62-subband prominent
activation nodes were formed in frontal, central, and
parietal cortical areas in both hemispheres. As for neutral
stimuli in a negative context, well-established nodes of
activation in the left parietal and the cortex's central
regions in 62-subband were observed (Fig.2).

No stable network was observed for high-frequency
oscillations in both trials, which corresponds with the concept
of it as a marker of inward-directed attention. Simultaneously,
in B1-subband, a more comprehensive network of causal
connections with loci in parietal, frontal, and central regions

was observed for target stimuli in positive context perception
compared to the negative context.

Results obtained with phase TE during resting states
with both closed and open eyes were generally close to
zero, which supports the view that this analysis method is
suitable for mapping brain networks associated with a
specific cognitive task. However, utterly different
connectivity patterns (C= 0.2, p< 0.05) were observed during
stimuli demonstration, and they correlated well with the
results of our ERP study [4].

Activation loci formed in 62-subband (Fig.2) reflected
memory retrieval processes, implicit encoding,
differentiation, and integration of emotionally salient sensory
information for positive context [16] and reflective mind
notion and motivational significance encoding for negative
context [17]. The endogenous self-referential processing of
the CMS (cortical midline) has been related to an intrinsic
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virtual models generation, through which the brain forms an
inferential knowledge about the structure of the
environment. Moreover, well-pronounced connections
among parietal regions of the cortex may manifest ongoing
estimation of the person's social status depicted [18], which
correlates with ERP late posterior negativity (1000 ms) in
parietal areas, manifesting semantic component of stimuli
perception. Differentiation problems (interference) and
attention modulation were displayed through a vast network
of connections in the B1-subband when neutral stimuli were
presented in a positive context [19].

Conclusions. In sum, phase TE and PSD demonstrated
their effectiveness in analyzing emotional visual stimuli
processing mechanisms mediated by disparate cortical areas.
Consequently, PSD distribution corresponded with
conventional views on visual stimuli perception and
processing mechanisms. Withal, phase TE demonstrated no
efficiency in resting-state data analysis. Phase TE revealed
difficulties in neutral faces differentiation in a positive
emotional context, alongside. Moreover, increased self-
reflection and motivational encoding were observed when
neutral faces were presented in a negative emotional context.

Acknowledgments. We express our gratitude to the
colleagues from the ESC ‘Institute of Biology and
Medicine" who provided insight and expertise that greatly
assisted the research.

References

1. Gamma, alpha, delta, and theta oscillations govern cognitive
processes / E. Basar, C. Basar-Eroglu, S. Karakas et al. // International
Journal of Psychophysiology. — 2001. — Vol. 39. — Ne 2-3. — P. 241-248,
doi: 10.1016/s0167-8760(00)00145-8.

2. Identical event-related potentials to target and frequent stimuli of visual
oddball task recorded by intracerebral electrodes / M. Kukleta, M. Brazdil,
R. Roman et al. // Clinical Neurophysiology. — 2003. — Vol. 114. — Ne 7. —
P. 1292-1297, doi: 10.1016/s1388-2457(03)00108-1.

3. Vuilleumier P. Distributed and interactive brain mechanisms during
emotion face perception: Evidence from functional neuroimaging /
P. Vuilleumier, G. Pourtois // Neuropsychologia. — Vol. 14. — P. 153-167,
doi: 10.1016/j.neuropsychologia.2006.06.003.

4. YepHux M. BnnmB NOTOYHOrO KOHTEKCTY, CTBOPEHOrO CMPUNHATTAM
eMouiiHo 3abGapBneHunx Bupasis o6nuny, Ha TapreTHe npea'siBNeHHs HenTpa-
NbHMX 30poBux obpasis / M. YepHux, |. S3uma // Mpobnemu perynsuii disio-
noriyHux cpyHkuin. —2018. - T. 1, B. — 24. — C. 46.

5. Pastotter B. Distinct slow and fast cortical theta dynamics in episodic
memory retrieval / B. Pastotter, K. Bauml / Neurolmage. — 2014. — Vol. 94. —
P. 155-161, doi: 10.1016/j.neuroimage.2014.03.002.

6. TRENTOOL: a Matlab open-source toolbox to analyse information
flow in time series data with transfer entropy / M. Lindner, R. Vicente,
V. Priesemann et al. // BMC Neuroscience. — 2011. — Vol. 12. — P. 119,
doi: 10.1186/1471-2202-12-119.

7. Friston K. J. Functional and Effective Connectivity: A Review /
K. J. Friston // Brain Connectivity. — 2011. — Vol. 1. — P.13-36,
doi: https://doi.org/10.1089/brain.2011.0008.

8. Schreiber T. Measuring information transfer / T. Schreiber //
Physiological Review Letters. — 2000. — Vol. 85. — P.461-464,
doi: https://doi.org/10.1103/PhysRevLett.85.461.

9. Kraskov A. Estimating mutual information / A. Kraskov, H. Stégbauer,
P. Grassberger // Physical Review E. — 2004. — Vol. 69. — P. 1-16,
doi: https://doi.org/10.1103/PhysRevE.69.066138.

10. Jensen O. Cross-frequency coupling between neuronal oscillations /
0. Jensen, L. L. Colgin // Trends in Cognitive Science. — 2007. — Vol. 11. —
Ne 7. — P. 267-269, doi: 10.1016/j.tics.2007.05.003.

11. Theta and gamma oscillations predict encoding and retrieval of
declarative memory / D. Osipova, A. Takashima, R. Oostenveld et al. //
Journal of Neuroscience. — 2006. — Vol 26. — Ne 28. — P. 7523-7531.

12. Ozgéren M. Beta in simple and complex cognitive processes /
M. Ozgéren, A. Oniz // International Journal of Psychophysiology. — 2008. —
Vol. 69. —Ne 3. — P. 192.

13. Stam C. J. Use of non-linear EEG measures to characterize EEG
changes during mental activity / C. J. Stam, T. C. A. M. Van Woerkom,
W. S. Pritchard // Electroencephalography and Clinical Neurophysiology. —
1996. — Vol. 99. — Ne 3. — P. 214-224.

14. Lang P. International Affective Picture System (IAPS): Technical
Manual and Affective Ratings / P. Lang. — M. ; L. : The Center for Research
in Psychophysiology, University of Florida, Gainesville, FI, 1999.

15. Welch J. Cortical coordination dynamics and cognition / J. Welch //
Trends in cognitive sciences. — 2001. — Vol. 5. — Ne 1. — P. 26-36.

16. Balconi M. Subliminal and supraliminal processing of facial
expression of emotions: brain oscillation in the left/right frontal area /
M. Balconi, C. Ferrari // Brain Science. — 2012. — Vol. 2. — P. 85-100,
doi: 10.3390/brainsci2020085.

17. Similarities and differences in perceiving threat from dynamic faces
and bodies. An fMRI study / M. E. Kret, S. Pichon, J. Grézes et al. //
Neuroimage. - 2011. - Vol. 54. — P. 1755-1762, doi: 10.1016/
j.neuroimage.2010.08.012.

18. Selective attention modulates high-frequency activity in the face-
processing network / K. Misch, C. M. Hamamé, M. Perrone-Bertolotti et al. //
Cortex. — Vol. 60. — P. 34-51. https://doi.org/10.1016/j.cortex.2014.06.006.

19. Paulmann S. Valence, arousal and task effects in emotional prosody
processing / S. Paulmann, M. Bleichner, S. A. Kotz // Frontiers of Psychology.
—Vol. 4. — P. 345, doi: 10.3389/fpsyg.2013.00345.

References (Scopus)

1. Basar E, Basar-Eroglu C, Karakas S, Schirmann M. Gamma, alpha,
delta, and theta oscillations govern cognitive processes. Int Journ of
Psychophys. 2001; 39(2-3):241-248. DOI:10.1016/s0167-8760(00)00145-8.

2. Kukleta M, Brazdil M, Roman R, Jurak P. Identical event-related
potentials to target and frequent stimuli of visual oddball task recorded by
intracerebral  electrodes. Clin  Neurophys. 2003;114(7):1292-1297.
DOI:10.1016/s1388-2457(03)00108-1.

3. Vuilleumier P, Pourtois G. Distributed and interactive brain
mechanisms during emotion face perception: Evidence from functional
neuroimaging. Neuropsychologia. 2006;14:153-167. DOI: 10.1016/
j.neuropsychologia.2006.06.003.

4. YepHux M, 3uma |. BnnmB NOTOYHOrO KOHTEKCTY, CTBOPEHOTO CMPUIAH-
ATTAM eMOoLiiHO 3abapBneHux BMpasis 06nNnyb, Ha TapreTHe npea'siBreHHs
HeWTpanbHUX 30poBux 06pasis. Mpobnemu perynsuii disionoriyHnx yHKLin.
2018;1(24):46.

5. Pastétter B, Bauml KT. Distinct slow and fast cortical theta dynamics
in episodic memory retrieval. Neurolm. 2014; 94:155-161. DOI:10.1016/
j.neuroimage.2014.03.002.

6. Lindner M, Vicente R, Priesemann V, Wibral M. TRENTOOL: a Matlab
open-source toolbox to analyse information flow in time series data with transfer
entropy. BMC Neurosci. 2011;12: 119. DOI: 10.1186/1471-2202-12-119.

7. Friston KJ. Functional and Effective Connectivity: A Review. Brain
Conn. 2011; 1:13-36. DOI: https://doi.org/10.1089/brain.2011.0008.

8. Schreiber T. Measuring information transfer. Phys Rev Lett.
2000;85:461-464. DOI:https://doi.org/10.1103/PhysRevLett.85.461.

9. Kraskov A, Stdégbauer H, Grassberger P. Estimating mutual
information. Phys Rev E. 2004;69:1-16. DOl:https://doi.org/10.1103/
PhysRevE.69.066138.

10. Jensen O, and Colgin LL. Cross-frequency coupling between
neuronal oscillations. Trends Cogn Sci. 2007; 11(7):267-269.
DOI:10.1016/j.tics.2007.05.003.

11. Osipova D, Takashima A, Oostenveld R, Fernandez G, Maris E,
Jensen O. Theta and gamma oscillations predict encoding and retrieval of
declarative memory. Journ of Neurosci. 2006; 26(28):7523-7531.

12. Ozgéren M, Oniz A. Beta in simple and complex cognitive processes.
Intern Journ Psychophys. 2008;69(3):192.

13. Stam CJ, Van Woerkom TCAM, Pritchard WS. Use of non-linear EEG
measures to characterize EEG changes during mental activity. Electroenceph
Clin Neurophys. 1996; 99(3):214-224.

14. Lang P. International Affective Picture System (IAPS): Technical
Manual and Affective Ratings.The Center for Research in Psychophysiology,
University of Florida, Gainesville, Fl; 1999.

15. Welch J. Cortical coordination dynamics and cognition. Trends Cogn
Sci. 2001;5(1): 26-36.

16. Balconi, M, Ferrari C. Subliminal and supraliminal processing of facial
expression of emotions: brain oscillation in the left/right frontal area. Brain Sci.
2012;2:85-100. DOI: 10.3390/brainsci2020085.

17. Kret ME, Pichon S, Grézes J, de Gelder B. Similarities and differences
in perceiving threat from dynamic faces and bodies. An fMRI study. Neuroim.
2011; 54:1755-1762. DOI: 10.1016/j.neuroimage.2010.08.012.

18. Misch K, Hamamé C M, Perrone-Bertolotti M, Minotti L, Kahane P,
Engel AK. Selective attention modulates high-frequency activity in the face-
processing network. Cortex. 2014; 60: 34-51. https://doi.org/10.1016/
j.cortex.2014.06.006

19. Paulmann S, Bleichner M, Kotz SA. Valence, arousal and task effects
in emotional prosody processing. Front Psychol. 2013;4:345. DOI:
10.3389/fpsyg.2013.00345.

Hapivwna po peakonerii 06.01.2021
OTpumaHo BunpaBneHuin Bapiant 03.01.2021
MianucaHo pgo apyky 03.01.2021

Received in the editorial 06.01.2021
Received a revised version on 03.01.2021
Signed in the press on 03.01.2021



ISSN 1728-2748 BIONOris. 1(84)/2021 ~53 ~

M. YepHux, acn., . 3uma, a-p 6ion. Hayk
KuiBcbkui HauioHanbHUM yHiBepcuteT iMeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

OCOBJIMBOCTI NEPEOAMI IHOOPMALYT Y ®YHKLIOHAINBbHUX MEPEXAX KOPU
nia 4YAC CrNPUMHATTA HEUTPAIIbHUX OBJINY B YMOBAX EMOLIIMHOIO BNnNnBY

HocnidxeHHs1 cnpsiMoeaHe Ha su84YeHHs ma MOOesIto8aHHs1 eMOYiliHOT akmueHocmi ¢byHKUiOHaNbHUX MePeX y Kopi 2071086 HO20 MO3KY JIH0OUHU
3 suKopucmaHHsiM memodie winbHocmi cnekmpa nomyxHocmi (PSD) i dempeHdoeoi enmponii hazoeozo nepeHeceHHsi (PTE). Yeaay 30cepedxeHo
Ha eusiesieHHi 3MiH ¥y KO2HImuUeHUX MexaHi3Max, CIPUYUHEHUX MOoOaHHSIM HelimpasnbHUX TACbKUX 06/1UYb sIK pidKicCHUX cmuMyiiie ceped 306paxeHb
o651uy i3 HezamueHUM YU MO3umueHuUM 3abapeneHHsM. [JaHi EEI peecmpysanu nid yac cnpuliHamms i o6po6reHHs1 306paxeHb HelmpasnbHOI
Mimiku noduHu, npedcmaesieHoi ceped No3umMueHuUx i HezamueHux o6su4y y Aeox cepisix 306paxeHb, wjo 6ys10 NpoaHanizoeaHo 3a A0MNOMO20t0
memodie winbHocmi cnekmpa nomyxHocmi ma dempeHdoeoi eHmponii gpazoso2o nepeHeceHHs1. Takox 3apeecmpoeaHo i NpoaHasnizogaHo akmue-
Hicmb KOpU 2071086 HO20 MO3KY Y CIMaHi CroKoro 3 8iGKpUMUMU ma 3aKkpumumu ovyuma. [ns aHanizy o6paHo okpemi EEl-diana3oHu (6 ma B) Ha ocHoei
ix 3Ha4YeHb y Ko2HimueHux mexaHiamax. Tonoepadpis cnekmpanbHoi WinbHocmi nomyxHocmi eionoeidana 3azanbHoNpPulHAMUM iGesiM, w0 onucy-
romb MexaHi3mu cnpuliHamms Ui 06pobrieHHs1 30posux nodpa3Hukie. Memod eHmponii gpazoeo20 nepeHeceHHs1 He 6ye egheKmueHUM Onsl aHanisy
cmaHy criokoro. Pesynbmamu aHani3y, npoeedeHo20 3a 00noMo20t0 Memody eHmporii pa308020 nepeHeceHHs, ausieunu npobnemu oughepeHuyiayii
HelimpasnbHUX 06suY, Ko/lu 80HU npedcmasJsieHi 8 MO3UMUBHOMY eMouyiliHoMy koHmekcmi. [1id yac npe3eHmayii HeimpanbHux 061Uy 8 Hecamus-
HOMY eMouyiliHoMy KOHmeKcmi crrocmepizanucsi nocusneHi npoyecu MomueauyiliHo2o kodyeaHHs1 ma camopedgbekcii. BucHoeku: eHmponisi pazoeo20
nepeHeceHHs1 ma cnekmparsnbHa WinbHicmb MOMyXHocmi npodeMoHcmpysasu ceor eghekmueHicmb y aHani3i MexaHiamie 06po61eHHsT eMoyiliHuUX
30poeux nodpasHukie, onocepedKo8aHUX y Pi3HUX 30HaX KOpU.

Knro4oei cnoea: EEI; emouii; eupa3 o6nuyysi; gpyHKYioHanbHa Mepexa.

M. YepHsix, acn., U. 3uma, A-p 6uon. Hayk
KueBckuit HaumoHansHUIN yHuBepcuteT uMeHn Tapaca LLeBYeHko, KueB, YkpaurHa

OCOBEHHOCTU NEPEJAYU MHOOPMALIMU B ®YHKLIMOHAIIbHBIX CETAX KOPbI
BO BPEMA BOCMNPUATUA HEUTPAJIbHbIX JTUL B YCNOBUAX AMOLUMOHAIIBHOIO BNUAHUA

UccnedoeaHue HanpaeneHo Ha usy4yeHue u ModesiuposaHue 3MOYUOHaIbHOU aKmMuUueHOCMU (hyHKYUOHalIbHbIX cemell 8 Kope 20/108HO20 MO32a
4esioeeKa c ucrosib3o08aHuemM Memodoe MNIoMHOCMuU creKkmpa MouwHocmu u dempeHdo8ol 3HmMponuu ¢hazoeoe2o nepeHoca. BHumaHue 61110 cocpe-
0oMmoYeHO Ha 8bisie/IeHUU U3MEeHeHUl 8 KO2HUMUBHbIX MexaHU3Max, 8bI38aHHbIX npedcmassieHueM HelimpasbHbIX Ye/108e4eCKUX Uy, Kak pedKux
cmumynoe cpedu usobpaxeHull Uy, ¢ ompuyamesibHOU Uu nosoxumesnbHol okpackol. Memodsi: daHHbIe peaucmpuposasnu npu eocnpusmuu u
o6pabomke usobpaxeHull HelimpasnbHOU MUMUKU 4Yesioeeka, npedcmaesieHHol cpedu 3MOYUOHaNbHbIX /Uy 8 8yx cepusix uzobpaxeHul, u npo-
aHanu3uposasnu ¢ MoMowibo Memodoe8 MNJIDMHOCMU crieKmpa MowHocmu u dempeHAdos8ol 3HmMponuu ¢pa3o8020 nepeHoca. Takxe 3apeaucmpupo-
8aHbl U NMpoaHasiu3upoeaHbl aKmueHOCMb KOPbl MO32a 8 COCMOSIHUU MOKOsI C OMKPbIMbIMU U 3aKpbimbIMU 2/1a3amu. Pe3ynbsmamei: Ans aHanu3a
6b11u 8bI6pPaHbl omdenbHble 33M-0uana3oHbl (0 u B) Ha OCHOo8aHUU UX posu Osi KOGHUMUBHbIX MexaHu3mMos. Tornozpaghusi cnekmpasnbHoOU niaom-
HOCmu MowHOCMU omeeyvasia o6WenpuHIMbIM udesiM, ONUCbLI8alOWUM MeXaHU3Mbl eocrpusimusi u o6pabomku 3pumesnbHbIX pa3dpaxumenel.
Memood sHmponuu ¢gpazoeo20 nepeHoca He 6bin1 3ghghekmueHbIM Os1s1 aHa/Iu3a COCMOSIHUSI NOKosi. Pe3ynbmamsl aHanu3a, npoeedeHHo20 Memodom
3Hmponuu ¢hazoeoz2o nepeHoca, o6Hapyxunu npobnems! ouggepeHyuayuu HelimpasbHbIX Uy, ko20a OHU npedcmassieHbl 8 MOIoKUMETLHOM
3MoyuoHarIbHOM KOHmMeKkcme. Bo epemsi npeseHmayuu HelimpanbHbIX 1UY, 8 He2amU8HOM 3MOYUOHaIbHOM KOHmMeKcme Habnrodanuck ycuneHHble
npoyeccbl MOMugayuOHHO20 KodupoesaHus U camopedgbsiekcuu. Bbieodbl: s3HmMponusi ¢ha3oe020 nepeHoca u cnekmpasbHasi M10MHOCMb MOWHOCMU
npodeMoHcmMpupoeasnu ceor 3hgheKmueHoOCMb 8 aHau3e MexaHuU3Moe o6pabomku 3MOYUOHalbHbIX 3pumesibHbIX pa3dpaxumenel, onocpedo-
8aHHbIX 8 Pa3/IuUYHbIX 30HaX KOPbI.

Knrovesbie cnosa: 33I; amoyuu; ebipaxkeHue nuya; hyHKYUOHabHas cemab.
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INFLUENCE OF PHOLIOTA SPP. (STROPHARIACEAE, BASIDIOMYCOTA)
MYCELIAL BIOMASS ON SEED GERMINATION AND SEEDLINGS GROWTH
OF LEPIDIUM SATIVUM L. AND CUCUMIS SATIVUS L.

Basidiomycetes represent a very diverse group of eukaryotic organisms in terms physiological parameters. Some organisms
such as plants or fungi release certain secondary metabolites, which can affect the organisms around them. Some of the
substances released by mushrooms could have effects on the growth and further development of nearby plants. Studies of fungi
and their biologically active components have grown significantly, with the aim of potential introduction to various biotechnological
processes.The allelopathic effect of Pholiota species has been investigated in this study. Mycelial biomass of seven screened
Pholiota species were tested to study cucumber (Cucumis sativus L.) and lettuce (Lepidium sativum L.) seed germination and the
sprouting growth. The results of our experiment showed that the biomass of the species of the genus Pholiota did not affect the
germination of seeds of both plant species. 100% seed germination was recorded in both control and experimental samples. The
addition of mycelial biomass of the Pholiota species led to a suppressive allelopathic effect, which affects seed germination, the
length of the studied plant (both shoots and roots), as well as changes the morphology of the roots (pubescence, changes in lateral
roots). The inhibitory effect on sprouting length was 8,6%-87,1% in the case of C. sativus and 42,2%-91,8% if specify for L. sativum
in depence on Pholiota species. Allelopathic properties of Pholiota subochracea, where sprouting growth ratio did not exceed
12.9%, compared to the control group, should be noted. This result suggests that Pholiota mushrooms have a significant regulatory
effect on lettuce and cucumber sprouting growth. The given results suggest that the studied species may play a significant role in
relationships within ecosystems.

Keywords: mushroom allelopathy, Pholiota, sandwich method bioassay.

Introduction. Allelopathy includes all types of chemical Weeds account for not more than 1% of the total plant
interactions among plants and  microorganisms. species on the earth, nevertheless they cause great
Allelochemicals influence patterns in features that affecting problems to humankind by interfering in food production,
the vegetation communities, seed germination and the health, economic stability, and welfare [20]. Moreover, as far
sprouting growth, plant defence nutrient chelation, prevent as itis known, 255 weeds from 92 crops have become stable
nutrient uptake of target plants and regulation of soil biota in to 163 herbicides all over the world [9]. That is why the weed
ways that affect decomposition and soil fertility [5, 8, 18, 22]. control issues demand new ways of solving.
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The use of natural products that can serve as natural
herbicides is a promising direction because of their greater
safety for humans and environment [14]. The phenomenon
of allelopathy was studied in terms of plant interaction [6, 8,
12], less often in relation to other organisms [15, 17, 21].
Data on allelopathic interactions of fungi have recently
emerged, nonetheless, there are still a lot of wild
mushrooms, whose activity have not been described well,
including Pholiota species [17, 21].

But there are no data about allelopathic influence of
cultured mushroom mycelia. Besides, mushrooms are
known as an excellent source of nutrients inclusive of
macronutrients and bioactive compounds [11, 23, 25],
however, there is still insufficient information on their
allelopathic properties in relation to other organisms.

The purpose of this study was the necessity for a broader
study of the allelopathic properties of Pholiota genus,
namely seven species from the /IBK Mushroom Culture
Collection. According to the system proposed in the ninth

edition of Ainsworth & Bisby's Dictionary of the Fungi,
species of the genus Pholiota belong to the family
Strophariaceae, Basidiomycota of the kingdom Fungi [13].
World diversity is unknown, but the approximate number of
species of the genus Pholiota (Fr.) P.Kumm. — about 200-
300 species, 25 of them are reported in Ukraine [4, 27]. Most
species of this genus are saprotrophs, which are active
wood-destroying organisms. Most species are inedible due
to bitter pulp, some species are edible, poisonous are
absent. Pholiota nameko, Pholiota adiposa — cultivated on
an industrial scale in Southeast Asia as valuable edible
mushrooms [7, 19].

Materials and methods. Seven strains of seven
Pholiota species from the IBK Mushroom Culture Collection
of the M.G. Kholodny Institute of Botany, National Academy
of Sciences of the Ukraine were investigated [2] (Table 1) as
well as standardized seeds of the model plants Lepidium
sativum L. and Cucumis sativus L.

Table 1. List of the studied Pholiota species and strains

Species IBK strain

Pholiota adiposa (Batsch) P. Kumm. 2169
Pholiota alnicola (Fr.) Singer 2406
(syn. Flammula alnicola (Fr.) P. Kumm.)

Pholiota aurivella (Batsch) P. Kumm. 2605
Pholiota limonella (Peck) Sacc. 2335
Pholiota nameko (T. Ito) S. lto & S. Imai 2154
Pholiota squarrosa (Oeder) P. Kumm. 2010
Pholiota subochracea (A.H. Sm.) A.H. Sm. & Hesler 2535

Mushroom cultures were grown on glucose peptone
yeast (GPY) liquid media; g/I: glucose — 25.0; peptone — 3.0;
yeast extract — 3.0; MgSO4 x7 H20 — 0.25. Ehe medium was
sterilized using an autoclave (1 Atm.) Strains grown on GPY
medium with agar-agar (20 g/l) was used as inoculum.
Mycelial discs with a diameter of 5 mm were cut with a sterile
steel tube at a distance of 8—-10 mm from the edge of the
active growth of the colony and placed in flasks (volume of
500 ml) with GPY media (200 ml). The mycelia were
incubated at a temperature of 26+0,1 °C for 21 days. The
biomass was washed with distilled water and dried at 60 °C,
which was subsequently used in its native form.

To determine the effect of mycelial biomass used a
modified technique — sandwich method bioassay [17]. Dry
biomass (0.1 g) was ground to a powdery state and left
under UV radiation for 2 hours to obtain sterility. Agar
medium without nutrients and trace elements was used
as a substrate, SA: agar-agar — 10 g/l, water — 1 I. Dry
mycelial biomass was applied in an even layer in a Petri
dish (d=85 mm), which was covered with 8 ml of SA and left
to solidify completely, then another 8 ml of medium was
added on top and left to solidify this media again. Then
10 seeds of L. sativum or C. sativus were decomposed on
the surface of the agar medium at equal distances. The
seeds were not subjected to additional processing before
the experiment and no stratification was performed Petri
dishes with SA without addition of mycelial biomass were
used as control. Studies of allelopathic activity were carry
out in a thermostat at a temperature of 26 + 0.1 °C. Each
experiment was conduct in triplicate.

On the 3™ day, the number of germinated seeds was
recorded and the radicle and hypocotyl of the plant were
measured. During the analysis of the data paid attention to
the following parameters: the length of the root, its
pubescence, the development of lateral roots, the length of
the shoot, the total length of the plant. Morphometric
measurements were performed using the program
AxioVision 4.8.2.

The percentage of the radicle and hypocotyl growth ratio
of the lettuce and cucumber sproutings was calculated for
each sample compared with the control by the following
formula: Growth ratio (%) = 100 x (average of sample
length/average of control length) [17]. Inhibitory effect was
calculated as a mathematical difference between 100% and
the value of growth ratio. Statistical analysis was performed
using Microsoft Excel (Microsoft Corp., Redmond, WA, USA).

Results. Allelopathic interactions involved growth
inhibition in both L. sativum and C. sativus species (Fig. 1-8).
A comparison was performed to study the level of increase
or decrease in growth ratio, root and shoot length for both
species.

Cucumis sativus

The total percentage of C. sativus seed germination with
the addition of Pholiota biomass was 100% compared to the
control group. As a result of the experiment, there was a
detection of growth inhibition of both roots and shoots of
cucumber sproutings due to Pholiota biomass exposure
(Fig. 1-4).
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Fig. 1. Influence of Pholiota species biomass on C. sativus sprouts

As can be seen from Fig. 1 the allelopathic inhibition of P. subochracea, P. nameko and P. adiposa biomass have
Pholiota species biomass was recorded in all cases the most negative effect on seed growth, unlike
compared with control samples. The addition of Pholiota P. squarrosa, which has almost no effect on growth (Fig. 2).
mycelia led to suppression of C. sativus sprouting growth.

Fig. 2. Cucumis sativus sproutings (control) (A); with the addition of Pholiota squarrosa 2010 biomass (B)
and Pholiota subochracea 2535 biomass (C); 3 days of germination, stroke length 1 cm
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Fig. 3. Influence of Pholiota species biomass on the length of C. sativus roots

To examine the effect on the seed germination of
C. sativus by Pholiota species a comparison was performed
on root growth ratio (Fig. 3). Addition of P. squarrosa
mycelia led to the least inhibition of C. sativus root growth,
the average value of root length in this case decreased by
9,6% compared to the control group. Moreover, we did not
record any morphological changes in the nature of
pubescence or the number of lateral roots (Fig. 2A, 2B). In
contrast to the previous case, exposure of P. subochracea
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biomass on cucumber seeds, the seed germination ratio is
only 10,4%. In addition, significant changes were recorded
in the appearance of the sprouting — almost no pubescence
and significant differences in the number and length of
additional roots (Fig. 2C). For other Pholiota species, the
roots growth ratio ranges from 42,1% (P. nameko) to 79,3%
(P. limonella) (Fig. 3). Changes in pubescence were also
recorded compared to control samples for such species as
P. adiposa, P. aurivella and P. limonella.
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Ul P. aurivelia 2605

B P. subochracea 2535

B P. alnicoia 2406
B P. squarrosa 2010

Fig. 4. Influence of Pholiota species biomass on the length of C. sativus shoots

As in the case of roots, the length of the shoot in the
control experiment was greater than in experiments using
Pholiota biomass, which indicates the inhibitory effect of
mushroom species (Fig. 4). Maximum and minimum

shoot growth ratio as in the previous case were observed
for P. squarrosa and P. subochracea and were 93,1% and
18,2%, respectively. There are no changes in case of the
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shoot morphology in comparison with control samples control group. Change in the length of the lettuce sproutings
were observed. roots and shoots due to the effects of Pholiota species
biomass shown in Fig. 5-8.
Lepidium sativum
The total percentage of L. sativum seed germination with
the addition of Pholiota biomass was 100% compared to the

12
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M control W P. adiposa 2169 B P. ainicola 2406 [ P. aurivelia 2603
B P. limonelia 2333 P. nameko 2154 B P. squarrosa 2010 W P. subochracea 2535
Fig. 5. Influence of Pholiota species biomass on L. sativum sprouts
The biomass of all species showed a significant growth was exerted by the biomass of a number of such
allelopathic effect on the growth of L. sativum both roots and species as P. subochracea and P. adiposa respectively
shoots, and consequently the plant as a whole (Fig. 5). The (Fig. 6), while other showed decrease lettuce growth ratio by

strongest inhibitory effect (91,8% and 84,85%) on sprout 42,8%-64,4% compared to the control group.

Fig. 6. Lepidium sativum sproutings (control) (A); with the addition Pholiota adiposa 2169 biomass (B)
and Pholiota subochracea 2535 biomass (C); 3 days of germination, stroke length 1 cm



~ 58 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka ISSN 1728-3817

Length, cm

B control
B P. limonelia 2333

W P. adiposa 2169
B P. nameko 2154

B P. ainicola 2406 1] P. awrivella 2605

B P squarosa 2010 M P. subochracea 2533

Fig. 7. Influence of biomass of Pholiota species on the length of L. sativum roots

Data in the diagram shown in Fig. 7 shows that in the
case of adding Pholiota species biomass to lettuce seeds,
roots growth is inhibited in all cases. The most noticeable
allelopathic effect was exerted by two species — P. adiposa
and P. subochracea, where the growth ratio were only
12,1% and 3,78%, in accordance. It is also worth noting the
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reduction of root pubescence in all cases of Pholiota species
biomass addition in comparison with control sproutings (Fig. 6).
The highest roots growth ratio, and therefore the least
depressant effect, was found for P. alnicola (52,1%) and
P. squarrosa (56,4%) (Fig. 7).

B P. ainicoia 2406
B P. squarrosa 2010

[ P. aurivella 2603

W P. subochracea 2535

Fig. 8. Influence of Pholiota species biomass on the length of L. sativum shoots

Analyzing the data from Fig. 8, we can say that the
greatest suppression of shoot growth was due to the
addition of biomass of Pholiota species — P. adiposa and
P. subochracea, where the growth ratio was 21,3% and
17,1%, in accordance. The least inhibitory effect was
recorded for P. alnicola, where the shoots growth ratio was
69,2%. There are no changes in case of the morphology of

the shoot in comparison with control samples were
observed (Fig. 6).

Discussions. Allelopathy is the chemical interaction
between plants, including stimulatory as well as inhibitory
influences [16]. In this study, we found that the adding
Pholiota mycelial biomass has significant allelopathic effect
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on the seed germination and growth of Lepidium sativum
and Cucumis sativus.

Previous reports showed that mushroom fruiting bodies,
including some of Pholiota species are potential for being
allelopathic [17]. The strongest growth-inhibiting species
belonged to Mycenaceae, Cortinariaceae, Clavariaceae,
Lyophyllaceae, Entolomataceae, Strophariaceae, and
Tricholomataceae of the phylum Basidiomycota. The fruiting
bodies of two Pholiota species was taken to analyze the
allelopathic effect — P. spumosa (Fr.) Singer and P. terrestris
Overh. Moreover, Pholiota spumosa with some other
species exhibited the highest levels of Lactuca sativa
L. hypocotyl elongation inhibition — 25.1% [17]. In our work,
the inhibitory activity of Pholiota species mycelia ranged from
87.1% (P. subochracea) to 8.6% (P. squarrosa) in the case of
cucumber and 91.8% (P. subochracea) — 42.2% (P. alnicola)
in case of lettuce seeds. In addition to the fact that we used
other Pholiota species, the higher effect of allelopathic
inhibition can be explained by the higher mushroom biomass
samples than in research by Osivand et al. [17].

Ridwan with colleagues determined the structure of
isolated compounds from P. lubrica, and then all
compounds were subjected to the plant regulatory assay
against the lettuce [21]. Comparing the existing data it is
possible to draw a common conclusion about the inhibitory
properties of Pholiota genus.

Brassicaceae have been used as model plant family to
study the effects on induction of plant responses including
defence traits, as they are characterized by the presence of
a rather specific inducible defense system [24, 26].
Therefore, analyzing obtained data, we can conclude about
the essential allelopathic effect of fungi of Pholiota genus on
both — the traditionally model family Brassicaceae (Lepidium
sativum) and the representative of other family like
Cucurbitaceae (Cucumis sativus).

Besides the apparent inhibitory effect on sproutings,
changes in root morphology depending on the Pholiota
species were recorded. For sproutings of L. sativum and
C. sativus there were changes in pubescence, compared
with control samples, for cucumber were also noted changes
in the size and number of lateral roots.

Conclusions. Influence of Pholiota species extracts on
seed germination and the sprouting growth performance of
Lepidium sativum and Cucumis sativus were investigated.
Inhibitory allelopathic effect of mycelial biomass was
observed for all parts of the sprouting — both root and shoot.

Significant allelopathic properties were found for
P. adiposa, P. nameko and P. subochracea on C. sativus
sprouts and for P. adiposa, P. subochracea on L. sativum
sprouts, where inhibitory effect on both seedlin sprouting
species was more than 50%. It should be noted almost no
inhibitory effect on Cucumis sativus with addition
P. squarrosa mycelium (growth ratio was 91,39%). Should
be specified, that there were cases when the inhibitory effect
did not exceed 10% — with the addition of Pholiota biomass
during germination of cucumber seeds, while for lettuce, this
this figure ranges from 40 to 45%.

The results of this work show that the studied Pholiota
species mycelia contains allelochemical compounds, that
might be the potential candidates for future investigations for
the development of herbicides based on its secondary
metabolites and their allelopathic inhibitory effects.
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I1. Perepna, acn., H. Bicbko, npod., I'. Anb-Maani, kaHg. 6ion. Hayk
IHcTUTYT 6oTaHikm imeHi M. I'. XonogHoro HAH Ykpainu, KuiB, YkpaiHa

BMNJIMB MILIENIO PHOLIOTA SPP. (STROPHARIACEAE, BASIDIOMYCOTA)
HA CXOXICTb HACIHHA U PICT LEPIDIUM SATIVUM L. TA CUCUMIS SATIVUS L.

Basidiomycetes € eesibMu po3mMaimoto 2pynoro eykapiomu4Hux opaaHiamie 3a ¢pizionoziyHumu napamempamu. [esiki op2aHiamu, maki siK poc-
nuHu abo 2pubu, 30amHi eudinamu neeHi emopuHHi Memabosiimu, siki MOXXymb ensiueamu Ha omoyyoyi op2aHiamu. HuHi kKinbkicmb AocnidxeHb
2pubie ma ixHix 6ios102i4YHO aKMUBHUX KOMIMOHEHMIi8 3Ha4YHO 36iNbwWunacs y 38 'A3Ky 3 MOMEeHYiliHUM yrnpoead)KeHHsIM y Pi3Hi 6iomexHo102i4Hi Npo-
yecu. flesiki peyosuHu, wjo sudinsromscsi 2pubamu, MOXXyms ersiueamu Ha picm i nodasbwuli PO38UMOK POC/IUH, WO € NMopyY. Y UboMy A0CliOKeHHI
sueyYeHo anenonamu4Hy Oito npedcmaeHukie pody Pholiota. Biomaca 2pubie cemu AocnidxyeaHux eudie pody Pholiota o6paHa Ans eue4eHHs1
erniusy Ha nNPopocmaHHs1 HaciHHs ozipkie (Cucumis sativus L.) ma canamy (Lepidium sativum L.). Pesynbmamu Hawoz20 eKcriepumeHmy rnokasanu,
wo 6iomaca eudie pody Pholiota He ennueana Ha cxoxicmb HaciHHs1 060x eudie pocsiuH. Cmoeidcomkoey cxoxicmb HaciHHsI ¢hiKkcyeanu siK y KOH-
mposibHUX, MakK i 8 ekcriepumeHmanbHuUx 3paskax. [Jo0asaHHs1 eecemamueHo20 Miyenito eudie Pholiota spp. npu3eeno 0o npuzHiyyro4o20 anesno-
namuyHo20 eghekmy, KUl ensiueae i Ha MPOPOCMaHHSI HaciHHs, i Ha oexuHy AocnidxyeaHoi poc/IUHU (Na2oHie i KOPiHHSA), a MakKox 3MiHoeae
Mopghosio2ito KopeHie (onyweHHs, 3MiHU 6iYHUX KopeHis). IH2i6yro4yuli egpekm Ha doexxuHy npopocmkie cmaHoeus 8,6 %—87,1 % y eunadky C. sativus
ma 42,2 %-91,8 % ons L. sativum 3anexHo eid eudie pody Pholiota, ujo sukopucmosyeanucs. Cnid eiomimumu anemonamu4Hi enacmusocmi
Pholiota subochracea, de koeghiyieHm pocmy npopocmekie He nepesuuiysas 12,9 % nopieHsiHO 3 KOHMPOILHOO 2pyrnoto. Ljeli pesynbmam ceidyume
npo me, wjo npedcmasHuku pody Pholiota martomb 3HayHull pe2ynsmueHuli ennue Ha picm canamy U ozipkie. HasedeHi pesynsmamu daromb MOX-
nueicmb npunycmumu, w,o docnidxeHi audu MoXXymsb eidizpasamu 3Ha4Hy posib y 83a€MO8iIOHOCUHax ycepeduHi ekocucmem.

Knrouoei cnoea: anenonamis 2pub6ie, Pholiota, cendsiu-memod 6iodocnidxeHb.

1. Perepa, acn., H. Bucbko, npod., I'. Anb-Maanu, kaHA. 6uon. Hayk
WHcTuTyT 60TaHnkn umeHn M. I'. XonogHoro HAH Ykpaunu, Kues, YkpanHa

BIMAHUE MULIENNA PHOLIOTA SPP. (STROPHARIACEAE, BASIDIOMYCOTA)
HA BCXOXECTb CEMAH U POCT LEPIDIUM SATIVUM L. U CUCUMIS SATIVUS L.

Basidiomycetes npedcmaensitom eecbMa pa3HoO06pa3Hyro 2pynny 3yKapuomu4yecKkux op2aHU3Moe o ¢ghusuonozuyeckum napamempam. Heko-
mophble op2aHU3Mbl, makue Kak pacmeHusi unu 2pu6bl, crnocobHbl 8bidessimb onpedesieHHbIe 8MOPUYHbIe Memaboumal, KOMoOpPbie MO2ym e/usimb
Ha oKpy)xaroujue op2aHu3mbl. Konudyecmeo uccnedoeaHuli 2pu6oe u ux 6uos102u4ecKU aKmueHbIX KOMIIOHEHMO8 3Ha4yumesibHO 8bIPOCI/IO 8 C8s3U
C 803MOXXHOCMbIO MMOMEHYuaibHO20 8HEOPEHUST 8 pa3/iudHble 6uomexHosioauyeckue npoyeccobl. Hekomopsie seujecmea, ebidensiembie 2pubamu,
mMo2ym enusimb Ha pocm u danbHeliwee pazsumue pacmeHul, Haxodsujuxcsi pssdom. B amom uccnedoeaHuu usy4yeHo asnsesnonamu4yeckoe del-
cmeue npedcmasumerel poda Pholiota. Buomacca 2pu6oe cemu uccnedyembix 8udos poda Pholiota 6bina ebibpaHa Onsi usyvyeHusi 8UsIHUSI Ha
npopacmaHue cemsiH o2ypyoe (Cucumis sativus L.) u canama (Lepidium sativum L.). Pesynbmambl Hawe20 3KcriepumeHma rnokasaszau, 4mo
6uomacca sudoe poda Pholiota He enusina Ha ecxoxecmb ceMsiH 06oux eudoe pacmeHull. CmonpoyeHmMHy 8cxoxecmb ceMsiH ¢hukcuposasnu Kak
8 KOHMPOJIbHbIX, MaK U 8 3KcrepuMeHmarsbHbIx o6pa3yax. [Jo6aeneHue eezemamueHo20 muyenusi sudoe Pholiota spp. npueesno k nodaensowemy
annenonamuyeckomy aghghekmy, Komophbili 8/51UsI U HA NpopacmaHue ceMsiH, U Ha OnuHy uccredyeMoa20 pacmeHusi (mobezoe u KopHell), a makxe
MeHs11 Mopghosio2uro KopHeli (onyweHue, usMeHeHuUs1 60KkoebIx KopHeli). MHau6upyrowuli aghghekm Ha OnuHy npopocmkoe cocmaesnsin 8,6%—87,1%
8 cny4ae C. sativus u 42,2%-91,8% 0Ons L. sativum e 3agucumocmu om ucnoJsib3yembix eudoe poda Pholiota. Cnedyem ommemums annenonamuy-
Hble ceolicmea Pholiota subochracea, 20e koaghgpuyueHm pocma npopocmkoe He npeebiwan 12,9 % No cpagHeHUrd ¢ KOHMPOJILHOU 2pynnodl.
3mom pe3ynbmam ceudemenbcmeyem o moM, Ymo npedcmasumenu poda Pholiota umetom 3HayumenbHoe pe2ynsimueHoe e/UsiHUe Ha pocm
canama u o2ypyos. [pueedeHHble pe3ysibmamal 10380J1s1om MpednosIoXums, Ymo ucciedoeaHHbIM 8udam MoXem npuHadsexams 3HayumesbHasi
POJIb 80 83aUMOOMHOWEHUSIX 8HYmMpPU 3Kocucmem.

Knroveenle cnoea: annenonamusi epu6oe, Pholiota, caHdsu4-memod 6uouccnedosgaHull.
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AHTUOKCUOAHTHI PEAKLII NMPOPOCTKIB O3UMOI MIWEHULI
3A BNNUBY PSEUDOMONAS SYRINGAE TA IXHIX NINOMNOJNICAXAPUAIB /N VITRO

Pseudomonas syringae € HalinowupeHiwor ¢ghimonamozeHHot 6akmepieto 3 8eJIUKOIO KislbKicmIo poC/IUH-MiweHel, 00 sIKUX
8xo00smb eaxk/iusi 3epHoei Kynbmypu, 30KkpemMa nweHuysi. OOHUM 3 OCHOBHUX 36yOHukKie 6akmepianbHuUx xeopob nueHuyi €
Pseudomonas syringaepv. atrofaciens. Y desikux kpaiHax empamu epoxaro nuieHuyi, cnpuqduHeHi yiero gpimonamozeHHoro 6ak-
mepiceto, csszatomb 50 %. TakcoHomisi P. Syringae ekntovae HuHi 6inbwe 50 namoeapis i3 pisHuM cmyneHem adanmauyii do ypa-
JKeHHs1 nweHuyi. OOHUM i3 makux namoeapie € Pseudomonas syringae pv. coronafaciens. P. syringaepv. coronafaciens He € ada-
nmoeaHumMm namozeHom 051s1 nweHuyi. OOHaK ypaxKeHHs1 UM rnamo2eHoM 6a2amboX CiflbCbK020Cn00apchbKUX Kysibmyp, 30Kpema
i nweHuyi, npueepmae ysazy docnidHukie i gpaxieyie azponpomucrsiogoz2o komnnekcy. [locnidxeHHs mexaHiamie cmilikocmi nwe-
Huyi 0o ypaxxeHHs1 adanmoeaHuUMu ma HeadanmoeaHuMu namoeapamu P. syringae npedcmaensie 3Ha4yHull iHmepec, sk 3 no2ns10y
noznubneHozo eusyeHHs1 36yOHUKa, mak i 8 nepcrnekmusi cenekyii cmilikux 0o 6akmepianbHUX xeopob copmie yiei cmpameziyHo
saxxnueoi 0ns YkpaiHu 3epHoeoi Kynbmypu. Memoto po6omu cmasio nopieHsiibHe oyiHo8aHHSI aHMUOKCcUOaHMHUX peakuyill npo-
pocmkie nweHuyi pisHux copmie 3a ymoe 06po6Ku 3epHigok ghimonamoaeHHUMuU 6akmepisimu P. Syringae pi3Hux namoeapie ma
ixHiMu ninononicaxapudamu. YcmaHoeneHo, wo eeHepayisi APK, sk mexaHi3M iMyHHO20 3axucmy POC/IUHU fpomu ¢ghimonamo-
2eHHUX rnceedomMoHad, 00HaKoO8OH MipPOI aKmueyembcsi y aunadKy ekcro3uyii adanmoeaHum i HeadarnmogaHUM amo2eHoM i
MeHWwor Miporo — y eunadky o6pobku JINIC o6ox namozeHie. O6pobka 3epHieoK Yymsueozo Ao ¢himonamoz2eHHuUX nceedomMoHad
copmy ®asopumka adanmosaHuM ramoeapoM CIrIPUYUHSIE Pi3Ky akmuseayito hepMmeHmie aHmMuoKkcudaHMHO20 3axucmy, eKcro-
3uyiss HeadanmoeaHUM NM1amoeapoM — pi3Ke HaKoMnu4yeHHs1 nNpoJsliHy. Takum YuHOM, Yymiiugicmb npopocmekie nweHuyi 8o gpimo-
namozeHHUx adanmoeaHux i HeadanmoeaHux rnceedoMoHad 3Ha4YHOK Miporo 3anexums ei0 36as1aHco8aH020 (OYHKYiIOHY8aHHSI
cucmemMu aHmuokcuGaHMHO20 3axucmy. Y cykynHocmi yi 0aHi 3aceidyyroms nepcrnekmueHicmb okcudamueHo20 Memabouiiamy

KnimuH nweHuyi sik MiweHi Ans cenekyii copmie, cmilikux do ¢pimonamozeHHuUx 6akmepiti.
Knroyoei cnoea: Pseudomonas syringae, nweHuysi, aHmuokcudaHmHa cucmema.

BcTyn. Y nitepatypi onucaHo noHag 200 Buais 6akTepin,
AKi 30aTHi ypaxkysatu pocnuHm [1]. Lli 6akTepii HanexaTb oo
32 popie. Cepep BuaiB chitonatoreHHnx H6akTepili HanGInbLL
PO3MNOBCIOAXKEHMMU Ta LWIKIANMBAMW € NPEACTaBHUKM poay
Pseudomonas, 3okpema Bua P. syringae, 0o SIKOrO HWHI Big-
HeceHo GinbLue, Hix 50 natosapis [2]. Ha 3epHOBKX KynbTy-
pax napasuTyloTb Taki natoBapu: Pseudomonas syringae pv.
atrofaciens (36ygHuk 6asansbHoro 6aktepiosy), Pseudomonas
syringae pv. coronafaciens (30yQHVWK OpeonbHOro Oniky),
Pseudomonas syringaepv. Syringae (30yaHuk Gaktepianb-
HOro OniKy), AKi 3MeHLUYHOTb Ypoxxar Ha 40 %, a B poku enidi-
TOTil — BinbLy, Hix Ha 70 % [3]. OgHMM 3 OCHOBHUX 30YHWKIB
bakTepianbHuX xBopob nweHuui € Pseudomonas syringae
pv. atrofaciens. Y aesikux kpaiHax BTpaTy BpOXato nLieHuuj,
cnpuuunHeHi Uujeto iTtonaToreHHoo OakTepieto, csralTb
50 % [4]. Pseudomonas syringaepv. coronafaciens — oguH
3 HanMMeHLW AoCniaxeHnx 30yaHvkiB BaKkTepiosiB 3epHOBMX
KynbTyp — 3rigHO 3 nitepaTypHMMN AaHNUMKU OCTaHHIX POKiB
NPOMOHOBAHO KnacudgikyBaTn K HOBUIW BUA (piTonaTtoreH-
HWX nceBAoMoHan Pseudomonas coronafaciens, cnexkTp
POCNH-Xa3siB AKOro, 30Kpema 1 cepef, Takmx cTpaTeriyHmx
CiNbCbKOroCcnoAapchbknx KynbTyp, SIK MeHMUs, notpebye
OHOBJIEHOTO NOrMUGIEHOro BUBYEHHS [5].

KoHTaKT pocnunHu 3 chitonatoreHHoto bakTepieto cnpuym-
HSIE aKTUBALLit0 3aXMCHUX iIMYHHUX peakLiin. 3axmMcT pOCINHM
Bifj MATOreHHNX MiKPOOPraHi3miB BKMOYaE TPU NiHii: i3nyHi
Oap'epwu, iMyHHI peakuii, iHOyKOBaHi MONEKYNSIPHUMK naTep-
Hamu (Pathogen-Associated Molecular Patterns, PAMP) na-
TOreHis, Takumu gk ninononicaxapvg (NMNC), dnareniH
Towo (PAMP-triggered immunity, PTI), Ta iMyHHi peakulii, iH-
OykoBaHi edpekTopHumMu Ginkamu naToreHiB  (effector-
triggered immunity, ETI). Po3BuTok uux peakuinn Binbyea-
€TbCS HEe MOCHIJA0BHO, @ OHOYACHO i NapanenksHo i3 3any-
YeHHsIM BaraTboX CRiNbHUX TPaAHCKPUMLiINHKUX dhakTopiB Ta
edeKTOpHMX Monekyn [6, 7]. ANropntmM po3BUTKY 3aXMCHUX
peakLuiii pOCNnHK 3anexuTb Big 6araTbox 30BHILUHIX YNHHK-
KiB, TaKMX SIK abioTU4HI cTpecopn (OCMOTUYHUIA, TeMNepaTy-
PHWI TOLLO), Ta NPMPOAM NATOrEHHOro OpraHiamy: aganTo-
BaHWIA 0o pocnunHu-xassiiHa (hostpathogen, HP) abo Heana-
nToBaHuii (non-hostpathogen, NHP). Ocobnueun iHTepec
ONS BUBYEHHS BUKINKaE (pOpPMYBaHHS CTIMKOCTi pOCAMHU A0
HeaganToBaHuMx abo "Hexasancbkux" naToreHis (non-

hostresistance, NHR) nopiBHsiHO 3i CTilikicTi0 4O aganToBa-
HMX LLUKOAOYMHHMX MikpoopraHismis (hostresistance, HR), sk
HOBa MilleHb ONA cenekuii CTiIMKMX COpTIB CiflbCbKOrocno-
Japcbkux KynbTyp. Cenekuis pocrvH ans CTiMKOCTi O XBO-
pob mae BupillanbHe 3Ha4YeHHs AN NiTPUMKM CBITOBOrO
BMPOOHULTBA CinbCbKOrocnogapcbkux KynbTyp. MNpoTsarom
OecaTuniTe cenekuioHepy Ta AOCAiIAHUKM LLMPOKO BUKOPUC-
TOBYBamnu reHu CTIAKOCTi pocnuH-rocnogapie (R-reHun) gns
PO3BUTKY CTilikux Jo xBopob copTiB. OfHak 3aranbHa HecTa-
OinbHicTb R-reHiB y KynbTypHUX copTax Mig BNIIMBOM pPi3HO-
MaHITHUX MONYNsLiA NaToreHiB 3yMOBIIHOE HEOOXIAHICTb No-
WyKy cTabinbHilMX 3acobiB CTINKOCTI. Ak anbTepHaTuBa,
CTINKICTb 00 "Hexa3ancbknx" naTtoreHiB BU3HaHa HaWgoBro-
BiYHILLOIO POPMOIO CTIMKOCTi OO LUMPOKOrO CreKTpa MOTeH-
LiHUX naToreHiB y pocnuvHax [8, 9].

Ak y Bunagky HR, Tak i y Bunagky NHR kackag 3axncHux
peakuin nicnsi posnisHaBaHH PAMP akTuBye peuenTopHi Ki-
Hasu, reHepadlito akTBHMX hopM KucHio (APK), npunnme ka-
NbLil0, aKTMBaLil0 MITOreHaKTMBOBAHMX MPOTEIHKIHA3, aKkTu-
BaL|jt0 TpaHCKpUNLii reHiB edekTopHnux monekyn towo [10,
11]. A®K BigirpatoTb BaXknMBY pOSib CUTHAINbHUX MOSIEKYN Y
LMX Kackafax, a TakoX MatoTb NOTYXXHUIA aHTMOaKTepianbHWUI
noteHuian. MNpoTe, NPoAyKOBaHi y BEMMWKIM KiNbKOCTi, BOHM
30aTHi B3aemogiaTu 3 6inkamu, ninigamu i QHK, cnpuynHstoun
mMeTabonivHi po3nagu, OECTPYKLito KNITUHHUX MeMbpaH i Kni-
TUHHY 3arnbenb. 3axmCcT POCNNHM Bif AecTpykTMBHOI Aii AGK
3abe3neyvyoTe EepMEHTU aHTUOKCUAAHTHOrO 3axucrty. 36a-
naHcoaHa B3aemofis AOK i cuctemn aHTUOKCUOAHTHOrO 3a-
XWUCTY € OOHMM i3 Baxknueux enemeHTiB NHR [12].

Y nonepegHix 4OCHiAXKEHHAX MU BUSIBUNU, WO 0Opobka
3€PHIBOK Pi3HUX COPTIB 03MMOI MLUEHUL BITYN3HAHOI Ta 3a-
pybixHOi cenekuii, BHeceHux Ao [epXaBHOro peecTpy
COpTIB POCNUH, NpUAATHUX AN NoWnpeHHs B YKpaiHi, kni-
TuHamn Pseudomonas syringae Ta ixHimu JIMNMC no-pisHomy
BMNSIMBAE Ha IXHE NPOPOCTAHHSA Ta PIiCT KOPEHS NapoCTKiB
[13]. MeToto Uiei pob6oTn Gyno NopiBHAMNBHE OLHIOBAHHS
aHTUOKCUOAHTHUX peakuin NPOPOCTKIB MLEHUUi Pi3HMX
copTiB 3a ymoB 06po6KN 3epHiBOK (hiTonaTtoreHHuMu 6ak-
Tepiamu Pseudomonas syringae pi3HMX naTtoBapiB Ta ix-
HiMK ninononicaxapugamu.

© NacTouwyk A., KoBaneHko M., CkiBka J1., 2021
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Matepianu i meToau gocnigxeHb. Y poboTi gocni-
AXyBanu iTOTOKCMYHY aKTMBHICTb ABOX LITaMiB diTona-
TOreHHUX nceBaoMoHaa: Pseudomonas syringae pv.
atrofaciens (McCulloch 1920) Young, Dye&Wilkie 1978:
YKM 8281 — BuaineHnii 3 ypaxxeHux 6aktepio3om pocnuH
xuTa; Pseudomonas syringae pv. coronafaciens YKM 9030
— BUAINEHUI 3 ypaKeHNX pOCnuH BiBca.

Ltamn oTpumaHo 3 Konekuil XXuBMX KynbTyp Bigainy di-
TonaTtoreHHUx Gaktepii IHCTUTYTY Mikpobionorii i Bipyconorii
imeHi 1. K. 3a6onotHoro HAHY. [ns noctaHoBku gocnigis
BMKOPMCTOBYBamNM CYCNEH3ito XMBUX KNITUH 30yQHMKa TUTPOM
10° KYO / mn i po3uuH M C i3 KoHUeHTpauieto 5 mr/mr.

Onsa otpumanHsa npenapartie JINC i3 knituH P. syringae
OakTepii KynbTUBYyBanu Ha KapTONMsiHOMY arapi NpoTsroM
24 rop npu Temnepatypi 28 °C. bakrtepianbHy macy 3mu-
Bann 0,85% posunHom NaCl n ocagxysanu LeHTpUdyry-
BaHHAM (6000 g, 15 xB). NNMNC ekcTparyBanu i3 cnpoi 6akte-
pianebHoi macwu agivi 0,85% posdunHom NaCl npu nocTtinHomy

nepeMillyBaHHi Ha MarHiTHI Milanui 3a Temnepatypu 4 °C
npotsrom 4-5 rog. Ha koxHi 10 r kniTH BUKOpMCTOBYBanu
100 mn posunHy NaCl. Ekctpaktv ueHTpudyrysanm
(6000 g, 15 xB), Aianisaom OUCTUNBOBAHOK BOAOK NPOTSH-
rom gobwu i BucywyBanu niodinbHO. OynwieHHs BOAHOrO
3 % po34MHy OTpuMaHuxX niodinbHO BUcyLleHux Biononi-
MepiB NPOBOAUNN YNbTPaLEHTPUMYIyBaHHAM MPOTAroM
4 roguH npn 100 000 g i Temnepartypi 4 °C. NMosTOpHO rio-
(hiNbHO BUCYLLEHHUIA OCaZ BUKOPUCTOBYBAnNM sik npenapaTtu
JINC y noganbwwux pocnigax [14]. NMC P. syringaepv.
atrofaciens YKM B-1013, skuii 6yno oTpumaHo Hamu ans
[OCNIMKEHHS, MaB XiMiYHUIA cknad, nodibHui 0o paHiwe
pocnigpxkeHux JINC yboro Buay 6aktepin i mictue 30 % By-
rnesopais, 28 % 6inkis, 5 % HyKNeiHOBMX KMCMNOT Ta 2-keTo-
3-0€30KCUOKTOHOBY KUCIOTY.

[ns focnigXeHHs BUKOPUCTOBYBanu 7-00060Bi €TMOnbo-
BaHi NPOpPOCTKN 03uMOi nwweHwui ( Triticumaestivum L.) cop-
TiB MogonsHka, [ickyc, PasopuTka (Tabn. 1).

Ta6nuys 1. XapaktepyucTuka Jocnia)KyBaHUX COPTIB NMeHuLi

CrivkicTb go
.| PekomeHgoBaHa . A y
PeecTtpauis Kpaina o o CrinkicTtb go P. syringaep.
HasBa copty L 30Ha 3umocrTiikicTb | MocyxocTilkicTb ?
B YKpaiHi BUPOLYBAHHSA NOXOMKEeHHs 3axBOpOBaHb atrofaciens
pouly (McCulloch)
crten, nicocren, .
MoponsiHka 2003 . YkpaiHa BMCOKa BMCOKA cepeaHs BMCOKa
noniccs
Hickyc 2009 nicocren HimevynHa BMCOKa BUCOKA BMCOKa nomipHa
cTen, nicocren, .
daBopuTKa 2005 nonices: YkpaiHa BMCOKa cepeaHs BMCOKa HU3bkKa

3epHiBKY NLUEHWL NPOMMBanM BOAOMHHOK BOAOH BMpo-
poBx 15 xB, a NOTIM CTEpPUNBHOK OUCTUIBLOBAHOK BOAOH
BMNpoaoBX 15 XB i3 BUKOPUCTaHHSIM OpGiTanbHOro CTpyLuy-
Bana i posknaganu y yawku MeTtpi Ha cTepunbHUn inbTpy-
BanbHUI nanip no 20 3epHiBOK. BigcyTHICTb Ha NOBEpPXHI 3e-
PHIBOK €K30iTHOI MIKpOBiOTM KOHTpOnoBanu BUCIBOM 3pa-
3KiB AMCTUMBLOBAHOI BOAW Ha NOXWBHI cepenoBuLLa 3arasnb-
HOro MPU3HAYeHHA. Y KOXXHOMY BapiaHTi Jocnigy BMKoOpuUc-
ToBYyBanu He MeHwwe 60 3epHiBOK nweHuui. Y vawku lNMeTpi
BHOCUINW BigMNOBIAHO 40 BapiaHTa gocnigy 5 mn Boam (KOHT-
ponb), 5 mn cycneHsii knitTmH abo 5 mn posuunHy JINC
P. syringae pi3Hux naToBapiB.

PiBeHb NepekncHOro OKUCHEHHA MinigiB BUM3Havanu 3a
HAKOMUYEHHSIM peakLUinHO34aTHUX peyvyoBUH TiobapbiTypo-
Boi kucnotn (TBARS) 3a metogom Kymapa ta Hoynsa [15]
3i amiHamu. AktueHicTe CO[ (K® 1.15.1.1) Bu3Hayanun me-
Topom Giannopolitis & Ries [16]. KAT (K® 1.11.1.6) Bu3Ha-
Yanu BiAnoBigHO 00 MeToay, HaBedeHoro y poboTi Aebietal.
[17]. BusHauyeHHs1 BmicTy Ginka npoBoavnu metogom bBpea-
doppaa [18]. BmicT nponiHy y AocnigxyBaHWX 3paskax Bu-
3Hayanu metogom Batesetal [19].

OpeprxaHi gaHi 06pobnanu cTaTUCTUYHO 3a JOMOMOrO
nporpamu Microsoft Excel. IMoBTopHicTb ycix gocnigis Tpu-
pasoBa, BipOrigHiCTb pi3HULi MK cepedHiMu apudpmeTny-
HAMM 3HAYEHHAMMW MOKAa3HMWKIB BU3HAyanuM 3a KpuUTepiem
CtblogeHTa. BigMiHHOCTI BBaXkanu BiporigHUMm, sIKLWO 3Ha-
YeHHs1 P 6yno < 0,05.

Pe3ynbTaTtu Ta ix o6roBopeHHs. [poBeaeHi Hamu ao-
CNi)KEHHs1 Nokasanw, LWo piBeHb OKUCHOIO CTpecy Yy Npopo-
CTKax nweHuui, 06pobneHnx gitonatoreHHMMM 6akTepiamm
Ta ixHimm JINC 3anexas Big NpUpoan TPUrEPHOro YMHHMKA
(kMBI KMITUHU Y1 €HOOTOKCKH), Npupoan natoreHa (HP abo

NHP) Ta copty pocnuHm (puc. 1). Y Bcix Bunagkax obpobka
XXVMBVMMU KNITUHAMW BUKNMKarna BUpasHille NocuneHHs piBHA
TBARS, Hix 06po6ka JMNC. Lie nosicHoeTbcs noni- Ta Mo-
HOKOMIMOHEHTHO NpUpoZoto Tpurepy. Y cknagi Xunsux 6ak-
TepianbHUX KNiTWH, Ha gogadvy Ao JINC (MOHOKOMMOHEHT-
HOro Tpurepy), NPUCYTHA BeNUKa KiNbKiCTb MOMEKYNAPHMX
naTepHiB, po3ni3HaBaHHA SKMX NaTepH-po3ni3HaBanbHUMU
CTPYKTYpPaMu POCIIMHHUX KNITUH 34aTHE CMPUYUHATY reHe-
pauito A®K [20]. OkcupgaTvBHUIA cTpec, BUKNMKaHMN NHP,
Oyno NopiBHSAHO 3 TakmMM, Lo CnpuyYnHeHuin obpobkoto afa-
NTOBaHNM MAaTOreHOM, HE3BaXatoun Ha iCHYBaHHSI MEeXaHi3-
MiB iHriGITOPHOro BNMMBY a4anToOBaHMX NATOTEHIB HA iIMYHHY
peakTMBHICTb pPOCNuHK, y T. Y. Pseudomonas syringae pv.
atrofaciens, onsi IKOro BriacTUBa HN3Ka MeXaHi3MiB ranbmy-
BaHHS MPOSBIB 3aXMCHUX PeakLiln pocnunHu-xassiHa [11].

HanmeHLunin NposiB OKCMAaTUBHOIO CTpecy 3apeecTpo-
BaHO Y COPTY MNLEHWLi 3 MiHIManbHOK YyTNMBICTIO A0 diTO-
naToreHHux ncesaomMoHap, (MogonsiHka): cTaTUCTUYHO Bipo-
rigHa pisHuUAa M KoHUeHTpauieto TBARS y gocnigHux i ko-
HTPOJbHUX 3pa3kax POCMMHHOIO Matepiany Oyna BiocyTHs.
HarBuwii nokasHuKM OKCMOATMBHOIO CTpecy chnocTepira-
nucsa y Handytnueiworo copty ®aBoputka 3 MakCMManbHUM
NposIBOM 3a YMOB 06pOOKM XMBUMM KNiTMHamun citonato-
reHHux 6akTepin (KoHueHTpauia TBARS, y cepegHbomy, B
1,7 pasu nepesuLlyBana TaKy Yy KOHTPOMbHWUX 3paskax).
OTpumaHi pe3ynbTaTu Y3rogXxylTbCsl 3 niTepaTypHUMU
[aHMMK WoJo XapakTepy napasvTuamy iTonaToreHHUx
ncesgomMmoHag. Pseudomonas syringae HanyacTilwe xapa-
KTepusyeTbes gk remibiotpodHmin natoreH. A®K cnpusioTb
MOLUMPEHHIO TaKoro nartoreHa, BUKIUKal4YM HEKPOTUYHY
3armbenb KNiTUH i NPUCKOPEHHS PO3BUTKY CUMMTOMOKOMI-
NeKCy B ypaXkeHin pocnuni [21, 22].
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Puc. 1. NepekncHe oKUCHEHHA NiNiAIB y TKAHMHAX NPOPOCTKIB NLIEHWULli Pi3HUX copTiB
3a yMoB 06po6ku chiTonatoreHHUMMU 6akTepisimu Ta IXHiMK ninononicaxapungamun

lMpumimku: 9030 — Pseudomonas syringae pv. coronafaciens YKM 9030; 8281 — Pseudomonas syringae pv. atrofaciens (McCulloch
1920) Young, Dye&Wilkie 1978: YKM 8281; * p < 0,05 nopiBHAHO 3 KOHTPONEM.

LinToTtokcnyHa gis APK B ymoBax BNnMBY MaTOreHHUX
MiKpOoOpraHiamiB 6anaHcyeTbCa CUCTEMOID €H3MMIB aHTUOK-
CVMAAHTHOrO 3axXUCTy, BaXXNMBMMMW KOMMOHEHTaMW SIKOTO €
CO[l Ta KAT. CO[] kaTaniaye gucMyTauilo CynepoKCUaHMX
aHioH-paguKanis 4O MOJEKYNSPHOrO KUCHKO Ta Nepokcuay
BoAHt0. CynepoKkCuaHi pagvkanu € JXepenom YTBOPEHHS
iHWKX, 30KkpeMa N Ginbw peakuinHozpaTtHux A®K (nepok-
cuay BOAHIO, MEPOKCUHITPUTY, TiAPOKCUMNBbHUX, FigpoKcumne-
PEKMCHUX pagmKaniB, CUHINIETHOTO KUCHIO). OcCKinbku cneuu-
iyHUX hepmeHTIB ANa AeTOKcuKauil NepOKCUHITPUTY, rig-
POKCUINbBbHWUX paguKkaniB i CUHIMETHOro KUCHIO He iCHye (3a-
BASIKM 30aTHOCTI LIMX CMOMYK akTUBHO OKMCHIOBATK GirnKoBi
Monekynu), BukmnoyHa ponb COL, B aHTUOKCUAAHTHOMY 3a-
XWUCTi nonsirae y 3anobiraHHi ixHboMy yTBOpeHHto [23]. MNap-
THepcbkuMm eH3umoM CO[l y cuctemi aHTMOKCMAaHTHOro 3a-
xucty € KAT, ska KOHBEpPTYE LMTOTOKCUYHWUIA NEPOKCUA BO-
OHo, reHepoBaHun 3a gii CO[, Ha Boay. 3HWKEHHST aKTUB-
HocTi KAT moxe cynpoBOgXyBaTUCS HAKOMUYEHHAM MEPOK-
cuay BOOHIO | MOCUNEHHAM NOro LMTOTOKCUYHOI Aii [24]. Ak-
TUBHICTb €H3MMIB aHTMOKCUAAHTHOrO 3axucTy 3a yMoB 00-
pObKM 3epHIBOK MLeHWLi hiTOnaTOreHHUMKN NceBAOMOHa-
AaMu Ta IXHIMW eHOOTOKCMHaMM TaKoX 3HA4YHO BapitoBana

3anexHo Big TPUrepHoro YMHHWKa, NpUMpoau natoreHa Ta
COPTY MueHuUi. Y TKaHMHaxX NpOpOCTKiB HAMCTIWKILLOro A0
natoreHa copty lNogonsiHka 3apeecTpoBaHO MNiOBULLEHHS
akTnBHocTi CO/[] 3a ymoB 06pobku kniTnHamu 060x naToBa-
pis Ta JIMC aganToBaHoro natoreHa (puc. 2). O6pobka JINC
HeaJanToBaHOro NaToreHa CynpoBOAXYBaNacs 3HUXEHHAM
aKTUBHOCTI Uboro cepmeHTy. [Npuyomy BiporigHoro niasu-
weHHs akTnBHocTi KAT He 3apeecTpoBaHO y TKaHUHaXxX npo-
POCTKiB LIbOr0 COPTY B >XXOAHOMY BapiaHTi gocnigy (puc. 3).
[ns copTy 3 NOMIpHOIO CTiliKiCTIO A0 naTtoreHa [lickyc cnoc-
Tepiranocs BiporigHe niasueHHs aktmeHocTi COJ nuwe 3a
06pobku JIMC obox natoapiB, aktuBHicTb KAT Gyna Bu-
LLIOO 3@ KOHTPOSbHI 3HaYeHHs Yy BCiX BapiaHTax gocnigy. Y
TKaHUHaX HaWdyTnumBiworo copty daBopuTka CTaTUCTUYHO
BiporigHe nigBuweHHs aktBHocTi CO[ i HaMBULLKMIA NoKas-
HUK akTnBHocTi KAT 3apeecTtpoBaHO nuiwie y Bignosigb Ha
06pobky JINC HeapganToBaHoro natoreHa. MoxHa npunyc-
TUTW, LLO OOHIEI0 3 NPUYMH BUCOKOI YyTIMBOCTI TKAHUH Npo-
POCTKIB LibOro COpTY € HeJOCTaTHLO €PEKTUBHE (PYHKLIIOHY-
BaHHS CUCTEMU aHTUOKCUAAHTHOIO 3axMCTy.
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Puc. 2. AKTUBHICTb CynepoKcMAaAMCMYTasm Y TKaHMHaX NPOPOCTKIB MLIEHUL i Pi3HUX COPTiB 3a YMOB 06po6kMu hiTonaToreHHUMH
6akTepisimu Ta ixHiMK ninononicaxapugamu

IMpumimku: 9030 — Pseudomonas syringae pv. coronafaciens YKM 9030; 8281 — Pseudomonas syringae pv. atrofaciens (McCulloch
1920) Young, Dye&Wilkie 1978: YKM 8281; * p < 0,05 nopiBHAHO 3 KOHTPOMNEM.
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Puc. 3. AKTUBHICTb KaTanasm y TKaHWHaX NPOPOCTKIB MLUeHMULi Pi3HMX COPTIB 3a yMOB 006po6ku dpitTonaToreHHMMU GakTepiaMu
Ta ixHiMu ninononicaxapuaamu

lMpumimku: 9030 — Pseudomonas syringae pv. coronafaciens YKM 9030; 8281 — Pseudomonas syringae pv. atrofaciens (McCulloch
1920) Young, Dye&Wilkie 1978: YKM 8281; * p < 0,05 noOpiBHAHO 3 KOHTPONEM.

[onaTtkoBO A0 OUiHIOBAHHS aKTUBHOCTI DEPMEHTIB aH-
TMOKCMOAHTHOIO 3axucTy y poboTi 4OCNifKYBanM KOHLEHT-
pauito nponiHy. NponiH € NPOTeoreHHOK amiHOKMCMOTOHO i
HaKOMUYYETLCS Y POCIIMHHUX TKaHMHAX sIK y CTPECOBUX, TaK
i B HECTPECOBMX YMOBax. HegaBHi BigKpUTTA BKa3yloTb Ha
Te, WO NPONiH Bigirpae BaXnNuBy ponb y pocTi Ta AvdepeH-
Liauii poCcnnH NPOTAroM iIXHbOIO XXMUTTEBOIO LMKNy. MNponiH €
KITIOYOBMM KOMMOHEHTOM Baratbox OifkiB KIMiTUHHOI CTiHKWM,
a TaKoX BaXNMBUM PErYNATOPOM POCIIMHHOIO MeTaboniamy
B YMOBax OCMOTUYHOro ctpecy [25]. OcTaHHiM Yacom y ni-
TepaTypi 3'ABNATLCA AaHi WOAO0 yYacTi NPoniHy Y 3aXUCTi
poCnuH Big nNaToreHiB i perynsauii pegokc-noTeHuiany Kni-
TWH. 3 ogHoro 60Ky, HaKOMUYEHHS NPONiHY Y POCIMNHHIN TKa-
HWHI MOXe cnyryBaTh ans Hentpanisauii A®K [26]. 3 iHworo
OOKy, HaKOMWYEHHS1 MPOMiIHY CNPUYUHSIE iHTEHCcMdiKaLito
MNOro OKMCHEHHS NponiHAeriaporeHasol 3 yTBOpeHHAM APK

[27]. 3a pesynbTaTaMu Hawmnx AOCHiOKEHb HaWICTOTHIWe
HaKOMWYEHHS MNPOriHY Yy TKaHUHax MPOPOCTKIB MLUEHWUL
BCiX COpTIiB crnocTepiranocs y Bunagky obpobku xvBumu
KniTMHaMW HeaganToBaHOro nartoreHa (puc. 4), wWo ysro-
IKYETbCA 3 NiTepaTypHMMU AaHUMM, 3rigHO 3 SSIKUMUW B3ae-
mogis pocnvHu 3 HP i NHP no-pisHomy BnnvuBae Ha cuHTe3
i kaTaboniam nponiHy. Y gocnigax Ha MOAENbHIA POCIUHI
Arabidopsis nokasaHo, Lo B3aemogisa 3 HP i po3BuToK iHde-
KUiIHOrO MnpoLuecy CYNpPOBOXYKTHCA 3HWKEHHSIM BMICTY
NponiHy i MOCUMEHHAM eKkcnpecii nponiHaerigporeHasn Ta
1-nipponiH-5-kap6okcunaTgerigporeHasn. Hatomictb, 06-
pobka NHP, aka 3a3Bnyai He BUKIUKAE pO3BUTKY 3aXBOPHO-
BaHHS 3@ PaxyHOK YCMILUHOTO 3HELLUKOAXEHHS MiKpoopraHi-
3MY YMHHUKAMU iIMyHHOTO 3aXUCTY POCIMNHU, CMIPUYMHAE Ha-
KOMMYEHHSA NporiHy 3 akTuBauieo ekcnpecii nuwe 1-nippo-
nin-5-kapbokcunaTgerigporeHasu [28, 29].
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Puc. 4. BmicT BinbHOro nponiHy y TKaHMHax NpOpOCTKiB NiIeHULi Pi3HUX copTiB
3a yMoB 06po6ku chitonaToreHHUMM 6akTepissMu Ta iXHiMK ninononicaxapuaamm

lMpumimku: 9030 — Pseudomonas syringae pv. coronafaciens YKM 9030; 8281 — Pseudomonas syringae pv. atrofaciens (McCulloch
1920) Young, Dye&Wilkie 1978: YKM 8281; * p < 0,05 nopiBHAHO 3 KOHTPONEM.

Takox 3aszHauMMmo, WO nule y TKaHMHaxX MpOpOCTKiB
NeHnUi HanYyTNUBILLOro OO naTtoreHa COopTy 3apeecTpo-
BaHO HANHWKYMA PiBEHb MPOIiHY Y KOHTPOMi i CTAaTUCTUYHO

BipOrigHe HaKoMu4YeHHs MPoniHy B yCix BapiaHTax gocnigy 3
MaKCUManbHUMKU 3Ha4E€HHAMMN 32 YMOB 0BPOBKM KMBUMM Kii-
TMHamy 060X naToBapiB, WO HaWBINbLLIOK MIPOK BUKNMKana
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nepekncHe OKUCHEHHS NinigiB y poCAMHHUX TKaHuHax. Lle
4ae nigctaBy NpunycTuUTW, WO ocobnuBocTi metaboniamy
NPOniHY MOXyYTb OYTW LLEe OAHIEI0 i3 MPUYUH NIABULLEHOT Yy-
TNMBOCTI copTy ®aBopuTka A0 LIKOAOYMHHOI Aii chitonaTo-
reHHUX NceBOOMOHaz, 30Kpema N 3a paxyHOK 00AAaTKOBOI
reHepauii LMToToKCMYHNX ADPK.

BucHoBok. N'eHepauia ADK sk mexaHiam iMmyHHOro 3axu-
CTY POCNVHW NPOTK (hiTONATOreHHMUX NCEBAOMOHAL, OAHAKO-
BOIO MipOI0 aKTUBYETLCSA Y BUMNAAKy eKcrnoauuii sk aganTo-
BaHMM, TakK i HeaganToBaHWM NaTOrEHOM, i MEHLLIOK MipOHo
—y Bunagky obpobku JINC o6ox natoreHiB. O6pobka 3epHi-
BOK YyTIIMBOTO A0 (hiTonaToreHHnx nceBgoMoHaz copty Pa-
BOpWUTKa afanToBaHNM MaToOBapoOM CMPUYMHSIE Pi3Ky akTuBa-
Lito pepMeHTIB aHTUOKCMAAHTHOrO 3aXMCTY, eKCNo3nuLisa He-
ajanToBaHMM MaTOBapoOM — Pi3Ke HAKOMWYEHHSI MPOriHYy.
TakMM YMHOM, YYTNUBICTb NPOPOCTKIB MNLLEHWULi A0 diTona-
TOTEHHWX afanToBaHWX i HeaJanTOBaHUX MCEBAOMOHAZ
3HAYHOI MIPOIO 3anexuTb Big 36anaHcoBaHOro OyHKLiOHY-
BaHHS CUCTEMM aHTUOKCUAAHTHOrO 3aXMCTY. Y CYKYMHOCTI Ui
AaHi 3acBigyyloTb NEPCNEKTUBHICTb OKCMOATUBHOIO MeTa-
Ooni3amy KNiTUH MNWeHWUi SIK MileHi ans cenekuii copri.,
CTifknx 4o hiTonaToreHHNX GakTepii.
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A. MacTowyk, acn., M. KoBaneHko, accucr., J1. CkuBka, a-p 6uMon. Hayk
KueBckuit HauMoHanbHbIW YHMBepcuteT UMeHn Tapaca LLleByeHko, KueB, YkpanHa

AHTUOKCUBAHTHBIE PEAKLIUM MPOPOCTKOB O3MMOW MNLLUEHULbI PA3HbIX COPTOB,
NOABEPIIUXCA BIIMAHUIO PSEUDOMONASSYRINGAE U UX ITUNONOJNIMCAXAPUOOB IN VITRO

Pseudomonas syringae siansiemcsi camol pacrnpocmpaHeHHoU ¢ghumonamoz2eHHoU 6akmepueli C WUPOKUM Kpy20M pacmeHul-muweHel, 8 Yu-
CJ10 KOMOpPbIX 8X005IM 8aXHble 3ePHO8bIEe KY/IbMYypbl, 8 M. 4. nweHuya. OOHUM U3 OCHOBHbIX 8036ydumerseli 6akmepuanbHbIx 6051e3Hel nweHUYbl
sensiemcs Pseudomonas syringaepv. atrofaciens. B Hekomopbix cmpaHax nomepu ypoxasi MueHUybl, 8bI38aHHbIe 3Mol ¢humonamozeHHoU 6ak-
mepuetl, docmuzatom 50 %. TakcoHomus P. syringae eknto4aem Ha ce200HsiWHUl AeHb 60s1ee 50 namoeapoe ¢ pa3HoOU cmerneHbIo adanmayuu K
nopaxeHutro nweHuybl. OGHUM u3 makux namoeapoe siensiemcsi Pseudomonas syringae pv. coronafaciens. P. Syringa pv. coronafaciens He siensie-
mcsi adanmupoeaHHbIM NMamo2eHoM 01151 nweHuybl. OOHaKo, MopaXxeHUe 3MUM Namo2eHOM WUPOKO20 Kpyaa Ce/lbCKOX03s1liCM8eHHbIX Kybmyp, 8
m. 4. U NWeHUYbIl, Npussiekaem eHUMaHue Kak uccredoeamernell, mak u crneyuasaucmoe a2pornpomMbIWeHHo20 KoMriekca. MccnedoeaHue MexaHu-
3Mo8 ycmoliyueocmu nuieHUybl K MopaxxeHUro adanmupoeaHHbIMU U HeadanmuposaHHbIMU namoeapamu P. syringae npedcmaensiem 3Ha4umersnb-
HbIl UHMepec U ¢ MOYKU 3peHusi y2ny6/1eHHO20 u3y4yeHusi 8036ydumernsi, u 8 nepcrieKmuee ceseKyuu ycmoliyuebix kK 6akmepuanbHbIM 60/1€3HIM
copmoe amolii cmpameauyYyecku 8a)kHol Ol YKpauHbl 3epHoeol Kynbmypsbl. Ljensto pabomsi 6bina cpagHumenbHasi oyeHka aHmuoKcUuGaHMHbIX
peakyuli npopocmkoe nuweHuybl pa3u4yHbIX COPMOe 8 ycroeusix 06pabomku 3epHO80K ¢humonamozeHHbIMU 6akmepusimu P. syringae pa3nu4Hbix
namoeapoes u ux nunononucaxapudamu (JI11C). YcmaHoeneHo, ymo 2eHepayusi A®K, kak MexaHU3M UMMYHHOU 3aujumbl pacmeHusi npomus ¢ghumo-
namozeHHbIx ncee0oMoHad, 8 pagHoli cmerneHU akKmueupyemcs 8 c/ly4ae 3KCrno3uyuu KaKk adanmupoeaHHbIM, maK U HeaGanmupoeaHHbIM Mamo-
2€HOM U 8 MeHbwel cmeneHu — 8 ciyyae obpabomku JINIC o6oux namozeHos. O6pabomka 3epHOBOK YyecmeumesibHO20 K (humornamozeHHbIM
nceedomoHadam copma dasopumka adanmupoeaHHbIM MaMO8apPOM 8bI3bieaem Pe3Kylo akmueayuro pepmMeHmMoe aHmMuokcudaHmuol 3auyumail,
3Kcno3uyusi HeadanmupoeaHHbIM N1amogapoM — Pe3Koe HaKomnieHue nponuHa. Takum o6pa3om, 4yecmeumesibHOCMb MPOPOCMKO8 NWeHUUb! y ¢u-
monamozeHHbIX adanmupoeaHHbIX U HeadanmupoeaHHbIX nceedoMoHad e 3Ha4YumesibHOU cmerneHU 3asucum om cb6anaHCcuUpPO8aHHO20 (hYHK-
YUoHUpOoBaHUsI cucmeMbl aHmMuoKkcudaHmMHoU 3awumsl. B coeokynHocmu amu daHHble ceudemesibcmeyom o NepcrneKkmueHocmu oKcudamueHo20
Memabonu3ma K1iemok nuieHuUybl Kak MuweHu O11s1 cesleKyuu copmos, ycmol4uebix K gpumonamoaeHHbIM 6akmepusim.

Knroyeenie cnoea: Pseudomonas syringae, nweHuya, aHmuokcudaHmHasi cucmema.

A. Pastoschuk, PhD Student, M. Kovalenko, Assist., L. Skivka, Dr Hab.
Taras Shevchenko National University of Kyiv, Kyiv, Ukraine

ANTIOXIDANT REACTIONS IN WINTER WHEAT SEEDLINGS OF DIFFERENT CULTIVARS,
EXPOSED TO THE PSEUDOMONAS SYRINGAE AND ITS LIPOPOLYSACCHARIDES IN VITRO

Pseudomonas syringae is the most common phytopathogenic bacterium with a wide range of target plants, which include important cereals such
as wheat. One of the main pathogens of bacterial diseases of wheat is Pseudomonas syringae pv. atrofaciens. In some countries, wheat yield losses
caused by this phytopathogenic bacterium reach 50%. Currently, the taxonomy of P. syringae includes more than 50 pathovars with varying degrees
of adaptation to wheat lesions. One of them is Pseudomonas syringae pv. coronafaciens. P. syringae pv. Coronafaciens is non-host pathogen for
wheat. However, theinfectionsof a wide range of crops, including wheat, with this pathogen attracts the attention of both researchers and specialiss
of the agro-industrial complex. The study of the mechanisms of wheat resistance to host and non-host pathovars of P. syringae is of great interest,
both in terms of in-depth study of the pathogen and in the perspective of selection of bacterial disease-resistant varieties of this strategically important
grain crop for Ukraine. The aim of the study was to compare the antioxidant reactions of wheat seedlings of different winter wheat varieties under the
grain exposition to P. syringae of different pathovars and their lipopolysaccharides (LPS). It was found that reactive oxygen species generation, as a
mechanism of plant immune protection against phytopathogenic pseudomonads, is equally activated in the case of exposure to both host and non-
host pathovars and to a lesser extent in the case of the exposure with LPS of both pathovars. In grains of Favoritka variety (most sensitive to
phytopathogenic pseudomonads) exposed to host pathovar, significant activation of antioxidant enzymes was observed. Exposure to the non-host
pathovar causes sharp proline accumulation. Thus, the sensitivity of wheat seedlings to phytopathogenic host and non-host pathovars of
phytopathogenic pseudomonads largely depends on the balanced functioning of the antioxidant defense system. Taken together, these data indicate
the wheat cell oxidative metabolism as a target for selection of varieties resistant to phytopathogenic bacteria.

Keywords: Pseudomonas syringae, wheat, antioxidant system.
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