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Asopcoka H.U. “BiosioriyH0 AKTHBHI pPeYOBHHH IATOHIB JIOXHHH
Bucokopocioi (Vaccinium corymbosum L.) i ix BniiuB Ha MikpoOioTy Ta iMyHHY
cucreMy” - kBajidikaniiHa HaAyKOBa NMpaus Ha MPaBax PyKOMUcy.

Hucepranist Ha 37400yTTS HAyYKOBOTO CTYINEHS JokTopa (imocodii 3a
cnemianbHicTio 091 Bionoria — [uctutyT 610morii TBapun HAAH, JIbBiB, 2021.

Jucepraliiro MPUCBIYEHO JOCIIKCHHIO OCOOIMBOCTEN HAKOMTUYEHHS 010JI0TTYHO
aktuBHUX peuoBuH (BAP) y maronmax Vaccinium corymbosum L. (V. corymbosum L.)
coptiB bnymxei, bmykpon, EmioT, siki BIOPI3HAIOTBCA TEPMIHAMU IMPOXOIHKEHHS
¢denonoriyanx (a3 B ymoBax 3axinHoi Ykpainu (JIbBIBCbKOi 00yiacTi) 1 X BIUIMB Ha
YMOBHO-IATOI€HHI IITaMU OakTepiil 1 KaHOIA Ta IMyHHY cucreMy. JloxuHa
Bucokopoca (V. corymbosum L.) — e 6aratopiuHuii, KBITy4di KyIII, [0 HAJICKHUTD 10
ponunu BepecoBux (Ericaceae), moxonuts 3 [liBHiuHOT AMepuku. [IpoTsirom octanHix
JECATUIITh 3HAYHO 3pOCJI0 BUPOILYBAaHHA JIOXMHU BHCOKOPOCIIOi, 30kpeMa B €Bpomni. B
Vkpaini V. corymbosum iHTpoAykoBaHa, HaOyja TMOIIMPEHHSA, Ta YCIIIIHO
KyJBTUBYETHCS. B mMpupogHUX yMOBax JIOXMHA BUCOKOPOCIIa PO3MHOXKYETHCSI HACIHHSIM,
OJIHAaK, METOJ] MIKPOKJIOHAJILHOTO PO3MHOXKEHHA, a came, Crocid mpsiMoi pereHepartii
pociivH, 3abe3neuye OTpUMaHHs T€HETUYHO 1IEHTUYHOTO, OJTHOPITHOTO, 0E3BIPYCHOTO
MOCAJIKOBOTO Martepialdy y JOCTaTHIX MJsi BUPOUIYBaHHS KUIBKOCTSX. Po3poGieHo
ONTUMAJIbHI YMOBH ISl CyOKYJIbTUBYBAHHS €KCILJIAHTIB 1 PO3MHOXKEHHS IN VItr0 JIOXUHH
BHCOKOpOCIOi copTiB biymxkeit, biaykpon, Enior.

BaxxnuBoro 010XIMIYHOK XapaKTEPUCTHUKOIO POCIMHHOI CUPOBHHHM € KOMILJIEKC
BAP, saxuii BuiydaeTbcs 3 Hei 1 oOymoBioe (hapmakosioriuHi BiactuBocTi. Ha
HaKOMUWYeHHs1 OulblIoCcTl rpyn BAP 3HauHMIl BIJIMB MarOTh €KOJIOT1YHI YMHHUKH, a
BMICT JIIOYMX PEUOBUH MOKE 3MIHIOBATHUCH 3aJICKHO Bij (PEHONOTIYHOI (hi310J0TIUHOT
(da3u pocTy Ta pO3BUTKY, OCOOIMBO 1€ CTOCYEThCS BUJIIB, K1 € IHTpOayKoBaHi. Bun V.
corymbosum L. mae BHCOKY Xap4oBY IIHHICTh IUIOMIB, SIKI MICTSTh BEJIHMKY KUIBKICTB
BTOPUHHUX METa0O0JIiTIB, TOJIOBHUM YMHOM (DEHOJIHHOT MPUPOJIU 1 € MIHHUM JIKEPEITIOM

AHTUOKCUAAHTIB Ta iHIMX BAP, iHIII1 OpraHu JOCHIIPKEH] 3HaYHO MEHIIIE.



®iToxiMiYHI CKPHHIHTOBI OCIiIKeHHs maroHiB V. corymbosum 3a momomororo
AKICHUX O10XIMIYHHUX BHUNPOOYBaHb IMOKA3aJd HAsBHICTh Y BOJHUX EKCTpakTax Ta
eKCTpaKTax 3 BOJHHUM-CTaHOJIOM: BYIJICBOMIB, BIJHOBIIOIYHMX IIyKpiB, (HEHOIIB,
¢dbnaBoHOIAIB, NyOUITFHUX pEUOBUH, (hio0aTaHiHIB, TIPOXIHOHY Ta apOyTuHY. Busseni
y nmaroHax bAP MaroTh aHTHOKCHUJAHTHI BIACTUBOCTI, HASIBHICTh SIKUX Yy JTOCHIJIKEHUX
eKCTpakTax 3abesneuye iX (papMakoJioTiuHy aKTHUBHICTh. HaliBUIlly aHTHOKCHUIIAHTHY
aKTUBHICTD, SIKY BU3HAUaH 3 2,2-nudeHin-1-mrpuiariipa3uiaioM, MoKa3aiu eKCTPaKTH 3
BOJHUM €TaHOJIOM B KoHIleHTparii: 40 % - mig yvac crazmii usitiHHA, 80 % - mimg gac
ctazii mmoaoHomeHHs 1 50 % - Ha MoYaTKy 3MMOBOTO CIIOKOIO.

Y  paunii pobOoTi TpoBeneHI JocaimkeHHs Bwmicty BAP  (pmaBonoimis,
MPOAHTOIIAHIIMHIB,  TyOMJIBHUX  CIIOJYK, acKopOi1HOBOI, OpraHiyHux 1
TAPOKCUKOPUYHUX KHUCIOT, XJOpPOQLIIB, KapOTHHOIJIB, €JIEMEHTIB, apOyTHUHY) Yy
MaroHax JIOXMHH BHCOKOpocsioi copTiB baymxed, baykpon, Emior 1 BuBYeHO
0COOJIMBOCTI iX HAKOMMYEHHS HA CTa/IisIX PO3BUTKY POCIIMH: LBITIHHS, IJIOJOHOIICHHS,
BOCEHHM TIICJIS TUIOJIOHOIICHHS 1 B MEPioJl MATOTOBKH O 3UMOBOTO CHOKOI0. B sKOCTI
exctparedTiB BAP Oyiio BUKOpHUCTaHO JUCTHIIHOBAHY BOJIY 1 BOJHO-ETaHOJIbHI PO3YUHU
PI3HMX KOHLEHTpAIi}, a TAKOXK alleTOH, 1eTUII0OBUH edip.

AHani3 BMICTY €KCTPAKTUBHUX PEUOBHH BHUSBUB iX BIIMIHHOCTI Y JOCIHIIKEHUX
COpTIB, 3aJICKHICTh BIJ] €KCTpareHta Ta crajii po3BUTKy pociuH. Copt bmymxkei y
BOJHUX EKCTPaKTaX MaB HaWOUIbIIY KIJIbKICTh EKCTPAKTUBHUX PEYOBUH MiA dac
IBITIHHS Ta HA MOYATKy 3UMOBOTO Tiepiony; copT biykpon — mij 4ac rIoJOHOIIIEHHS Ta
Ha TMOYaTKy 3MMOBOIO MmepioAy; copT Emior — Ha modyaTtky 3UMOBOTO MeEpiony.
[TopiBHSHHS PIBHA EKCTPAKTHUBHUX PEUOBHMH y BOJHHMX CEKCTpPaKTax Ta €KCTPaKTax 3
BOJTHUM €TaHOJIOM IOKa3aji, 10 HalKpauM ekctpareHToM € 60 % BOJHUI €TaHOI.

PiBenb BmMicTy BAP y maronax V. corymbosum 3asesxaB Bij copTy, nepioay 300py
POCIIMHHOI CUPOBHMHHM Ta €KcTpareHTa. EkcTpareHTu: Boia i BOJHO-€TaHOIbHI PO3UUHU
EKCTparyBalid pi3Hi KiJTbKOCTI (DEHOTBHUX CIIONYK 13 POCIUHHOT CUPOBUHH, 3QJICIKHO BiJT
cTamii 300py pOCIMHHOIO MaTepialdy 1 BiJ COpTy JOXUHM. HalBummii piBeHb
3arajbHOr0 BMICTY (DEHOJIBHUX CIIOJYK cIrocTepiranu y copTy Emior Ha cragisx

PO3BUTKY POCJIMH: IJIOAOHOIIECHHS 1 BOCEHH TICIS TUIOJJOHOIICHHS. Y MaroHax COpTiB



bnykpon 1 binymxkeit 3aransHuii BMICT ()eHOJIBHUX CHOIYK OyB HIDKYUM B MOPIBHSIHHI 13
coptoM EmioT Ha yciX cTamisix pO3BUTKY pOcCiuH. [ ycix HOCHipKyBaHUX COPTIB
JIOXWHHU BHCOKOPOCJIOT 3arajdbHui BMICT (PEHOJIBHUX CHOJYK OYB BUIIIUM y €KCTPAKTaX 3
BOJHMM €TAHOJOM TMOPIBHSHO 13 BOJHHUMHU €KCTpakTamMu. MaKCHUMalbHUN BMICT
(1aBOHOIMIIB Y €KCTpaKTax IaroHiB coptTiB baymxed 1 biaykpon cmocrtepiraimn Ha
CTaJIsAX IBITIHHSA 1 TJIOJOHOIIEHHS POCIHH, a I copTy EmioT — B mepioJ MiArOTOBKH
710 3MMOBOTO CIIOKOIO.

Haitamwkunit  BMicT mnpoanTorianiinHiB (ITA) B yciX AOCHIPKEHHX COPTIB
CIIOCTEpITaJi y MaroHax, 310paHuX Ha CTajii UBITIHHA. 3POCTaHHS 3arajJbHOrO0 BMICTY
[TA BIO3HAYEHO y E€KCTpaKTax IMAaroHiB YyCIX JOCHIJKEHUX COpTIB, 310paHUX HA CTaAll
MICTsl JTO3pIBaHHS IUIONIB, a JJIsi cOpTy EnioT 1 B mepioj MIATOTOBKUA JO 3MUMOBOTO
Crokoro. Y maroHax coptry Emor cnocrepiranu HaiBummili piBeHb BMicTy IIA.
Haiikpamum ekctparentom 1A OyB BogHUIT €TaHOI.

BwMicT apOyTHHY B eKCTpakTax maroHiB V. COrymbosum 3ajiexaB BijJ] eKCTpareHTa
1 crajii pO3BUTKY POCIMH Ta MEHUIE 3aJIe’KaB BlJI COPTY. Y BOJHHUX E€KCTPaKTax ycCix
BUNPOOYBAHUX COPTIB BMICT apOyTUHY OyB HWXKYHM, HIK Yy €KCTpakTax 3 BOJHUM
€TaHOJIOM.

Coptu V. corymbosum Biapi3Hsivcs 3a BMicTOM opraHiuaux kucior (OprK),
rigpokcukopuyHux kuciaor (I'kK) Ta ackopOinoBoi kuciotu (AckK) y maronax
npotsrom Bererauii. Halinmxumii Bmict ['kK BusBneno y maronax coprty Emior 1
HaiBUIIMA — y copty baykpom. Ha pi3Hux cramissx po3BUTKY B PI3HI POKHU
cnocrepexxenb BmicT ['kK y maronax coptiB baymxkeir 1 Baykpon OyB BUIIMM
nopiBHAHO 13 copToM EmioT 1 xkommBaBcs y mexax 30-40%. Bmict OprK ta AckK y
naronax V. corymbosum coptiB biymkeit, biykpor, Enior 0yB BUCOKHM, ajie pi3HUM y
pi3H1 pOKU 300py POCIUHHOTO MaTepiaiy.

Bwmict xmopodisniB 1 KapOTHHOIAIB Ta iX CIIBBIIHOIICHHS y TAaroHax pi3HHUX
copTiB V. corymbosum € BUCOKHM 1 3MIHIOETHCSI MPOTSITOM BETETAILIMHOTO TEPIOy:
HaWBUIIUN BMICT XJIOpPO(UITIB CrOCTEpIracThCs MiJ 4ac IBITIHHS, a KApPOTHUHOIIIB Iij

qac IIOA0OHOIICHHA.



3MIHM y CKJaAl Ta BMICTI MiHEpaJbHUX KOMIIOHEHTIB CHPHUYUHSAIOTH 3MIHHU B
CHHTE31 Ta HAKOMMWYECHHI B pOCIMHAX 0araTbOX OPTaHIYHUX CHONYK, SIKI € O10J0T1YHO
AKTUBHUMH; HAIMIDHUM BMICT 0aratboXx MIKpPO- Ta MaKpOCJIEMEHTIB y POCIUHHIN
CHUPOBUHI poOUTH ii 0OMEXEHOI0 ab0 HEmpUIATHOIO sl BUKOpUCTaHHSI. OJHOYACHO,
MIHEpaIbHI €JIEMEHTH Y CKJIaAl POCIHH € JHKEPesOM TIONOBHEHHS HEOOXIIHMX IS
JIOJIMHU 1 TBAPUH KOMIIOHEHTIB 3 Xap4OBOIO Ta JIKAPCHKOIO POCIUHHOI CHUPOBUHOIO.
Ockinpku 0Oarato 30BHIIIHIX (akTOpiB cepenoBuina (IPyHT, KIIMAaTU4YHI YMOBH),
NPaKTUKKA BHPOIIYBaHHS Ta MiDKUBJICHHS V. COrymbosum MoXyTh CYTTEBO BILTUBATH
Ha MIHEpaJIbHUW CKJaJ MaroHiB Ta IUIOAIB, HEOOX1IHO BU3HayaTH ix BMicT. CopTtu V.
corymbosum baymxkeii, baykpon Ta Emior, BupomeHi B ymMoBax JIbBIBIIMHH, MarOTh
HU3bKUH BMICT TOKCUYHHMX eJeMeHTiB, Takux sk Pb i Cd (we mepepumrytors ['JIK), i
AocTaTHii piBeHb HeoOXimuux Mn, Zn ta CU y maroHax, a OTXe, Y HEpCIEKTHBI
MOXXYTb OyTH BUKOPUCTaHI1 JUIsl KOMIIEHCAIli 1eiluTy MiHepaabHO-IePIIIUTHUX CTaHIB
y JIFOAUHU, 30kpema 11010 Cu, Zn ta Mn (1utoau Ta maroHm).

JlocmikeHO aHTHOAKTepiiiHy aKTHBHICTh €KCTpakTiB maroHiB V. corymbosum
coptiB biymxkeit, biaykpon 1 EmioT, 310paHux Ha YOTHUPHOX CTaisIX PO3BUTKY POCIHH
010 rpaMHeraTuBHUX OakTepii - Escherichia coli, Pseudomonas fluorescens, Proteus
vulgaris i rpammosutuBHHX Oaktepiii - Bacillus subtilis, Micrococcus luteus,
Staphylococcus albus. AnTuOakTepiiiHy aKTHUBHICTH EKCTPAKTIB  OIIHIOBAJIH,
BU3HAUAO4YM JllaMeTp 30HU 3arpuMku pocty (/I33P) 3a BmiuBy nociigHuX Ta
KOHTPOJIbHUX 3pa3KiB. B SKOCTI KOHTPOJIIB BUKOPUCTAIM KOMEPIIiiHI (iTompenapaTu
(EBkaminTa Hactoiika, Xmopodimint, Porokan), antucentuku ([ekacan, [{unpakc) ta
po3uuHu BogHOro eTanony (20-80 %). HaiiBumnny aHTHOaKTepiliHy aKTHBHICTH IIOJO
TPAMITIO3UTUBHUX 1 TPaMHETAaTUBHUX OaKTepiil MPOSIBUIM EKCTPAKTH IaroHiB COPTY
bnykpon, 3i0pani Ha cTaaii NBITIHHSA; aHTUOAKTEpiliHa AaKTUBHICTh EKCTPAaKTIB 3
CHUPOBUHHU, 310paHOi Ha IHIIUX CTaliIX PO3BUTKY, Oyja HHUXKYOK. EKCTpakTu maroHisB
copty Emor mpoaeMoHCTpyBanu MIMPOKUA CHEKTP aHTUOAKTEPIHHOT aKTHBHOCTI, a
HaWBUIy aKTUBHICTh MaJld Ha CTajli UBITIHHS 1 BOCEHHU MICIS TIJIOJOHOIIEHHS.

[upoxuii cekTp aHTUOAKTEPINHOI aKTUBHOCTI MaJId €KCTPaKTH, BUTOTOBIIeHI 3 60-80



% BOJHUM eTaHoJIOM. BomHi ekcTpakTm maroHiB V. COrymbosum mposBuim HWXIY
aHTHOAKTepiiiHy aKTUBHICTH MOPIBHSIHO 3 EKCTPAKTAMU 3 BOJHUM €TAHOJIOM.

AHTUKaHII03HY aKTUBHICTh €KCTPAKTIB maroHiB V. corymbosum mocmimkyBain
momxo Candida pseudotropicalis, Candida curvata, Candida kefir, Candida
parapsilosis, Candida tenuis. VY sKocTi KOHTPOJIB BHKOPHUCTaHO DiyKoHa30I,
Xnopodinint, EBkaninTa HacTolKy, /lekacaH. AHTUKAH/1I03Ha aKTUBHICTh €KCTPAKTIB
mono Candida spp. Oyna pi3HOIO 1 3ajiekajia BiJ THITY 1 KOHIIEHTpaIlii eKcTpareHra Ta
nepioay 300py pociMHHOTO Martepiany. ExcrpakTu maroHiB copty Emior Manu Buiy
akTuBHICTH 100 Candida spp. mopiBHSHO 3 eKCTpaKTaMH IMaroHiB coptiB biykporn Ta
bnymxkeil. HaiiBuily aHTHKaHAIIO3HY aKTHBHICTh IIOKa3aJdd EKCTPaKTW I[aroHis,
310paHUX B MEpioJ IBITIHHSA 1 BUTOTOBJCHUX 3 BOJHHUM €TAHOJOM THUX KOHIICHTpAIIii,
AK1 €KCTparyBaJid HAMOUIBIIMN CHEKTP (PEHOJbHUX CHOJIYK. BOJIHI €KCTpaKkTH MaroHiB
V. corymbosum nposiBUIIM HAWHUKYY aHTHKAHTIJI03HY aKTHBHICTb.

[Tomryk TpUPOAHUX TPOIYKTIB POCIMHHOTO TMOXOHKEHHS JUIsi OTPUMAHHS 1
po3po0OKH e(EeKTUBHUX 1 O€3MEeYHUX IMYHOMOIYJATOPIB Ta IMYHOJENPECAHTIB €
aKTyaJbHUM 3aBJaHHAM. BimoMo, 1[0 34aTHICTh JIKAPCHKUX POCIWH BIUIMBAaTH Ha
(YHKLIOHYBaHHA CHCTEMH IMYHHOTO TIOMEOCTa3y OpraHi3aMy oOOyMOBJI€Ha ix
BTOPUHHUMU MeTalbomiTamMu, a came: (HPeHOIBHUMU CIIOTyKaMu, (piaBoHOIIaMu Ta 1H., a
OCHOBHHUMH MeJiaTOpaMH IMYHHOI CHCTEMH, IO 3a0e3MeYyI0Th MUTTEBY BIIOBIIb, €
LUTOKIHU, OUIKM roctpoi (a3u, Makpodaru, MOHOUUTH, KOMIUIEMEHT Ta HEUTpoQiIu.
3acTocoBaHI HaMHM METOJM JOCIIDKCHb JIO3BOJIMUIM BHUSIBUTH Y CKJIaJi IaroHiB V.
corymbosum 3HaUHUNA BMICT MOJI(EHOJBHUX CHONYK. B poOOTI mojaHo pe3ynbTaTH
JOCJIKEHb BIUIMBY BOJIHOIO E€KCTPAKTy 1 eKCTpakTy 3 60 % BOJHUM €TaHOJIOM
naroHiB V. corymbosum copty EnioT Ha iMyHHU# cTatyc MypuakiB. Bu3HadeHo 3MiHU
napameTpiB nepudepuyHoi KpoBi (aOCOJMIOTHA KUIBKICTh JIEHKOUUTIB, (opmyia
JIEHKOIMTIB), PO3paXxOBaHO T'€MAaTOJIOTIYHI IMOKA3HHMKW. BUSABIICGHO, IO i BILNIMBOM
BOJTHO-€TAHOJIPHOTO €KCTPAaKTy y TBApUH CIOCTepirajacs TEHICHINS 10 3MEHIICHHS
3arajibHOi KUIBKOCTI JISMKOIIMTIB, BOJIHOYAC, BOJHHUM €KCTPAKT CIPUUYUHSB TEHJICHIIIIO
710 30UIBIIEHHS 1IHOTO TOKA3HHKA, aJie TOPIBHSHO 3 KOHTPOJIHHOIO TPYMOK CYTTEBUX

BIIMIHHOCTEW HE crocTepiraiu. BusBieHo nmepepo3noAin myJiiB KIITUH JIEMKOLUTIB B



000X eKCIIepUMEHTANIbHUX Tpynax. BcTaHOBIEHO, IO M1 BIUIMBOM BOJIHO-ETaHOJIBHOTO
EKCTPaKTy y MYyp4YakiB aOCOJIOTHA KITBKICTh JIM(OIMTIB 3MEHINYEThCS. BusBicHe
30uUTbIIeHHsT KUTbKOCTI KITUH CD4  cBimuuTh mnpo 30UIBIIEHHS PEAKTUBHOCTI
nmimponutiB Ta nmominyBanHs CD4; 30umemenHs kiutbkocti CD8  cBimuuTh mpo
AKTUBAI[IIO KUIEPHOI JIAHKU IMYHITETY. Y TBapUH €KCHEPUMEHTAIBHUX I'PYI BUSBJICHO
30utbieHHs piBHA Ig E nopiBHsSHO 3 KOHTpodeM. OTpuMaHi pe3ysbTaTh CBIAYATH MPO
PO3BUTOK peakiiiii TINepYyTINBOCTI | TUITYy y TBApUH €KCIIEPUMEHTATBLHUX TPYII.

TakuM 4YMHOM, BHUSBICHO ONTHUMAaJIbHI (i3iosioriyHi a3y po3BUTKY POCIHMH, Ha
SKHX HAaKONMYY€EThCS HalOubIna KinbKicTh BAP y maronax Vaccinium corymbosum L.
Ta EKCTPareHTU NJisi OTPUMAaHHS EKCTPAKTIB 3 BUCOKMM BMicToM BAP: ¢eHonmbHOI
MIPUPOJIU, OPTaHIYHUX KHUCIOT, XJI0pO(LIiB, KAPOTUHOIIIB, €JIEMEHTIB Ta 1H. EKCTpakTu
MPOSIBJISUIA O10JIOTIYHY 10 II0JI0 TPAaMHEraTUBHUX Ta TPaMIIO3UTUBHUX OakTepidl Ta
KaHJI1]l, @ TAKOX IMYHOPETYJIATOPHY J1I0.

HaykoBa HOBH3HA OTpMMAaHMX pe3yJbTaTiB. Brepiie npoBeeHO KOMIUIEKCHE
JOCII/DKCHHST O10XIMIYHMX TOKa3HWKIB TAroHiB TphoX coptiB V. corymbosum L.,
30KpeMa, 3’sICOBaHO OCOOJIMBOCTI HAKOMUYEHHS OCHOBHUX Ipyn BAP y maronax copTtis
JOXMHU Yy Pi3HUX (a3ax OHTOrE€HE3y; BCTAHOBJICHO 3aKOHOMIPHOCTI Ta pIBEHb
HakoruueHHss BAP. OnTumizoBaHO yMOBHM MIKPOKJIOHAJIBHOTO PO3MHOKEHHS COPTIB
JIOXUHHU BHUCOKOPOCJOi. 3a pe3ysibTaTaMu AOCIII)KEHb OTPUMAHO NATEHT Ha KOPUCHY
mozenb Ne 142261 “Crnoci6 MIKpPOKJIOHAJIBHOTO PO3MHOMXEHHS JIOXMHH BHCOKOPOCIIOl
(Vaccinium corymbosum L.))”.

Bnepiie mocnigkeHo aHTUMIKpOOH1 BJIACTUBOCTI BUTSIKOK 3 IaroHIB JIOXWHU
BHCOKOPOCJIOi III0JI0 YMOBHO-TIATOT€HHUX INTaMiB psxy OakTepid Ta KaHMI.
AHTHUMIKpOOHA aKTHBHICTh CKCTPAKTIB MaroHiB coptiB V. corymbosum Oyina pi3Horo i
3ajmexana BiJ THUIy EKCTpareHra, BMICTY B ekcTpaktax BAP Tta cramii 300py
POCIMHHOIO MaTepiamy.

BcTaHoBeHO BIUIMB €KCTPAKTIB JIOXMHH BHCOKOPOCIIOi HA IMYHITET MypakiB. 3a
Iii BOAHO-€TAHOJILHOTO Ta BOJHOTO €KCTpakTiB maroHiB V. corymbosum BUSIBICHO
3HaYUM1 3CyBU B-KIITUHHOI JaHKM IMYHITETYy, a TaKOX TyMOPaJIbHOI JIaHKH, LIO

CBIJTYUTH IIPO PO3BUTOK PEAKIIN TIEPUYTIUBOCTI | TUMY y TBAPUH JTOCTIIHUX TPYII.



I[IpakTuyHe 3HAYEeHHsI OTPUMAHHUX pe3yabrTaTiB. Ha ocHOBI mpoBemeHUX
EKCIIEPUMEHTATLHUX  JOCHIIDKEHb  PO3pOOJIGHO  METOAWKY  MIKPOKJIOHAIBHOTO
PO3MHOKEHHS JIOXMHH BHCOKOopocioi V. corymbosum L. copriB Baymxkeit, Biykpor,
EnioT msxoM 3HATTS amikajabHOTO JOMIHYBaHHS 1 aKTHBALlli Ma3yIIHUX MEPUCTEM SIK
CIOoCi0 IIBUJKOTO OTPUMaHHSA BEJIMKOiI KUIBKOCTI  0€3BIpYCHOTO, TE€HETHYHO
OJTHOPIJTHOTO MTOCAKOBOTO MaTepiany s IHTPOIYKIIIi.

Pe3ynbratu mpoBeneHOro aHalily BMICTY OCHOBHHUX TpyIl 010J0TIYHO aKTHBHHX
PCUOBHH, MaKpO- Ta MIKPOEJIEMEHTHOTO CKiaay maroHiB V. corymbosum L. Ha pi3HHX
CTaAisiX Bererauli pOCIWH, PO3LIMPIOIOTH BIJIOMOCTI MIOAO I1X XIMIYHOTO CKJIanay.
Onepxani pe3ysbTaTh JOCITITKEHB AHTUOKCHUAAHTHOI, aHTUOAKTEPINHOI,
AHTUKAH[II03HOT aKTMBHOCTEW ekcTpakTiB V. corymbosum L. BigkpuBaroTh
MEPCTIIEKTHBH BUKOPUCTAHHS TAaroHiB JIOXWHU BHCOKOPOCHOI SIK JKepema JIKapChbKoi
POCIIMHHOI CUPOBMHHU. BCTaHOBJIEHI 3MIHM Yy KIITUHHIA Ta TYMOpPaJIbHIM JaHKax
IMYHITETY MypuakiB 3a BIUIMBY €KCTpakTiB maroHiB V. corymbosum L. qomoBHIOIOTH
HasIBHI B JIITEpATypl JaHl MO0 A1l JIKAPChKUX POCIHH HA IMyHHY CUCTEMY, SIKI HOCSITh
CKPUHIHTOBUH XapakTep abo € hparMeHTapHUMH.

Kawuosi ciaoBa: Vaccinium corymbosum, ¢eHombHI CHOMYKH, acKOpOiHOBa,
OpraHiyHi  KHUCJOTH, XJOpodUIM, KApPOTUHOITU, E€JIEMEHTH, aHTHUOaKTepiiiHa,

AHTHUKAH[1JJ03HAa aKTUBHICTh, IMYHITET, MypYaKH.

SUMMARY

Yavorska N.Y. “Biologically active substances of highbush blueberry
(Vaccinium corymbosum L.) shoots and their effect on microbiota and immune
system” — a qualifying scientific work on the rights of the manuscript.

Thesis for a Doctor of Philosophy Degree in specialty 091 Biology. — Institute
of Animal Biology NAAS of Ukraine, Lviv, 2021.

The dissertation is devoted to the research of peculiarities of accumulation of
biologically active substances (BAS) in shoots of Vaccinium corymbosum L. (V.

corymbosum L.) varieties Bluejai, Bluecrop, Elliott, which differ in terms of



phenological phases in Western Ukraine (Lviv region) and their influence on
opportunistic microorganisms of bacteria and Candida and as well as on the immune
system. The highbush blueberry (V. corymbosum L.) is a perennial, flowering shrub
belonging to the heather family (Ericaceae), native to North America. In recent decades,
the cultivation of highbush blueberries has grown significantly, particularly in Europe.
In Ukraine, V. corymbosum has been introduced, spread, and successfully cultivated.
Under natural conditions, highbush blueberries are propagated by seeds, however, the
method of microclonal propagation, namely, the method of direct regeneration of plants,
provides genetically identical, homogeneous, virus-free planting material in sufficient
guantities for cultivation. Optimal conditions for subculture of explants and in vitro
propagation of highbush blueberries of varieties Bluejay, Bluecrop, Elliott have been
developed.

An important biochemical characteristic of plant raw materials is the complex of
BAS, which is extracted from it and determines the pharmacological properties. The
accumulation of most BAS groups is significantly influenced by environmental factors,
and the content of active substances may vary depending on the phenological
physiological phase of growth and development, especially for species that are
introduced. V. corymbosum L. has a high nutritional value of fruits, which contain a
large number of secondary metabolites, mainly phenolic in nature and are a valuable
source of antioxidants and other BAS, other organs have been studied much less.

Phytochemical screening studies of V. corymbosum shoots using qualitative
biochemical tests showed the presence in aqueous extracts and extracts with agueous
ethanol: carbohydrates, reducing sugars, phenols, flavonoids, tannins, flobatanins,
hydroquinone and arbutin. The BAS found in the shoots have antioxidant properties, the
presence of which in the studied extracts ensures their pharmacological activity. The
highest antioxidant activity, which was determined with 2,2-diphenyl-1-picrylhydrazyl,
was shown by extracts with aqueous ethanol in concentration: 40% - during the
flowering stage, 80% - during the fruiting stage and 50% - at the beginning of winter

dormancy.



In this work, the content of BAS (flavonoids, proanthocyanidins, tannins,
ascorbic, organic and hydroxycinnamic acids, chlorophylls, carotenoids, elements,
arbutin) in the shoots of varieties Bluejay, Bluecrop, and Elliott and specificity of their
accumulation in various stages of the development: flowering, fruiting, autumn after
fruiting and in preparation for winter dormancy. Distilled water and aqueous-ethanolic
solutions of various concentrations, as well as acetone and diethyl ether were used as
BAR extractants. Analysis of the content of extractives revealed their differences in the
studied varieties, dependence on the extractant and the stage of plant development. The
Bluejay variety had the highest amount of extractives in aqueous extracts during
flowering and at the beginning of winter dormancy; Bluecrop variety - during fruiting
and at the beginning of winter dormancy; Elliott variety - at the beginning of winter
dormancy. Comparison of the level of extractives in aqueous extracts and extracts with
aqueous ethanol showed that the best extractant is 60% aqueous ethanol.

The level of BAS in the shoots of V. corymbosum depended on the variety, the
period of collection of plant material and extractant. The Extractants: water and
aqueous-ethanolic solutions extracted different amounts of phenolic compounds from
plant raw materials, depending on the stage of harvesting of plant material and the
variety. The highest level of total content of phenolic compounds was observed in the
variety Elliott at the stages of fruiting and in autumn after fruiting. In the shoots of the
varieties Bluecrop and Bluejay the total content of phenolic compounds was lower in
comparison with the variety Elliott at all stages of plant development. For all
investigated varieties the total content of phenolic compounds was higher in extracts
with aqueous ethanol compared to aqueous extracts. The maximum content of
flavonoids in the extracts of the varieties Bluejay and Bluecrop was observed at the
stages of flowering and fruiting, and for the variety Elliott - in preparation for winter
dormancy.

The lowest content of proanthocyanidins (PA) in all studied varieties was
observed in shoots collected at the flowering stage. An increase in the total PA content
was observed in the extracts of shoots of all studied varieties collected at the stage after

fruit ripening, and for the Elliott in the period of preparation for winter dormancy. The



highest level of PA content was observed in the shoots of the Elliott. The best PA
extractant was aqueous ethanol.

The content of arbutin in the extracts of shoots of V. corymbosum depended on
the extractant and the stage of plant development and was less dependent on the variety.
In aqueous extracts of all tested varieties, the content of arbutin was lower than in
extracts with aqueous ethanol.

Varieties of V. corymbosum differed in the content of organic acids (OrgA),
hydroxycinnamic acids (HA) and ascorbic acid (AskA) in the shoots during the growing
season. The lowest HA content was found in the shoots of the Elliott and the highest - in
the Bluecrop. At different stages of development in different years of investigation, the
content of HA in the shoots of Bluejay and Bluecrop was higher compared to the Elliott
and ranged from 30-40%. The content of OrgA and AskA in the shoots of V.
corymbosum varieties Bluejay, Bluecrop, Elliott was high, but different in different
years of harvesting of plant material.

The content of chlorophylls and carotenoids and their ratio in the shoots of
different varieties of V. corymbosum is high and varies during the growing season: the
highest content of chlorophylls is observed during flowering and carotenoids is during
fruiting.

Changes in the composition and content of mineral components cause changes in
the synthesis and accumulation in plants of many organic compounds that are
biologically active; excessive content of many micro- and macroelements in plant raw
materials makes it limited or unusable. At the same time, mineral elements in plants are
a source of replenishment of necessary for humans and animals components with food
and medicinal plant raw materials. Since many external environmental factors (soil,
climatic conditions), practices of growing and fertilizing of V. corymbosum can
significantly affect the mineral composition of shoots and fruits, it is necessary to
determine their content. The cultivars Bluejay, Bluecrop and Elliott, grown in Lviv
region, have a low content of toxic elements such as Pb and Cd (do not exceed the limit

concentrations), and a sufficient level of essential elements Mn, Zn and Cu in the



shoots, and therefore may be used to compensate for the deficiency of mineral
deficiency in humans, in particular for Cu, Zn and Mn (fruits and shoots).

We investigated the antibacterial activity of shoot extracts of V. corymbosum
varieties Bluejay, Bluecrop and Elliott, collected at four stages of plant development
against gram-negative bacteria - Escherichia coli, Pseudomonas fluorescens, Proteus
vulgaris and gram-positive bacteria - Bacillus subtilis, Micrococcus luteus,
Staphylococcus albus. The antibacterial activity of the extracts was evaluated by
determining the diameter of the growth retardation zone under the influence of
experimental and control samples. Commercial phytopreparations (Eucalyptus tincture,
Chlorophyllipt, Rotokan), antiseptics (Dekasan, Ciprax) and aqueous ethanol solutions
(20-80%) were used as controls. The highest antibacterial activity against gram-positive
and gram-negative bacteria was shown by extracts of shoots of the Bluecrop collected at
the flowering stage; antibacterial activity of extracts of raw materials collected at other
stages of development was lower. Extracts of shoots of the Elliott showed a wide range
of antibacterial activity, and had the highest activity at the stage of flowering and in
autumn after fruiting. Extracts made with 60-80% aqueous ethanol had a wide range of
antibacterial activity. Agueous extracts of shoots showed lower antibacterial activity
compared to extracts prepared with aqueous ethanol.

The anticandidal activity of extracts of V. corymbosum shoots was studied as to
Candida pseudotropicalis, Candida curvata, Candida kefir, Candida parapsilosis,
Candida tenuis. Fluconazole, Chlorophyllipt, Eucalyptus tincture, Decasan were used as
controls. Anticandidal activity of extracts as to Candida spp. was different and
depended on the type and concentration of extractant and the period of collection of
plant material. Extracts of shoots of the variety Elliott had higher activity as to Candida
spp. compared with extracts of shoots of Bluecrop and Bluejay. The highest
anticandidal activity was shown by extracts of shoots collected during the flowering
period and made with aqueous ethanol of those concentrations that extracted the largest
spectrum of phenolic compounds. Aqueous extracts of V. corymbosum shoots showed

the lowest anticandidal activity.



The search for natural products of plant origin to obtain and develop effective and
safe immunomodulators and immunosuppressants is an urgent task. It is known that the
ability of medicinal plants to affect the functioning of the body's immune homeostasis is
due to their secondary metabolites, namely: phenolic compounds, flavonoids, etc., and
the main mediators of the immune system that provide an immediate response are
cytokines, acute phase proteins, macrophages, monocytes, complement and neutrophils.
The research methods used by us allowed revealing a significant content of
polyphenolic compounds in the V. corymbosum shoots. The paper presents the results of
studies of the effect of aqueous extract and extract prepared with 60% aqueous ethanol
of shoots of V. corymbosum cultivar Elliott on the immune status of Guinea pig.
Changes in peripheral blood parameters (absolute number of leukocytes, leukocyte
formula) were determined, hematological parameters were calculated. It was found that
under the influence of water-ethanol extract in animals there was a tendency to decrease
the total number of leukocytes, at the same time, the aqueous extract caused a tendency
to increase this index, but compared to the control group no significant differences were
observed. The redistribution of leukocyte cell pools in both experimental groups was
revealed. It was found that under the influence of water-ethanol extract in Guinea pig,
the absolute number of lymphocytes decreases. The detected increase in the number of
CD4 cells indicates an increase in the reactivity of lymphocytes and the dominance of
T-helpers; an increase in the amount of CD8 indicates the activation of the killer
element of immunity. In animals of the experimental groups found an increase in the
level of immunoglobulin Ig E compared with the control. The obtained results indicate
the development of type 1 hypersensitivity reactions in animals of experimental groups.

Thus, the optimal physiological phases of plant development, which accumulate
the largest number of BAS in the shoots of Vaccinium corymbosum L. of different
varieties and extractants to obtain extracts with high content of BAS: phenolic nature,
organic acids, chlorophylls, carotenoids, elements, etc. have been identified. The
extracts had a biological effect on gram-negative and gram-positive bacteria and

Candida spp, as well as an immunoregulatory effect.



Scientific novelty of the obtained results. For the first time a comprehensive
study of biochemical parameters of shoots of three varieties of V. corymbosum L. was
carried out, in particular, the peculiarities of accumulation of the main groups of BAS in
shoots of highbush blueberry varieties in different stages of ontogenesis were clarified;
regularities and level of BAS accumulation are established. Conditions for microclonal
propagation of highbush blueberry varieties have been optimized. According to the
research results, a patent for a utility model was obtained Ne 142261 (“Method of
microclonal propagation of tall blueberry (Vaccinium corymbosum L.))”.

For the first time, the antimicrobial properties of extracts from highbush
blueberry shoots against opportunistic strains of a number of bacteria and Candida were
studied. The antimicrobial activity of extracts of shoots of V. corymbosum varieties was
different and depended on the type of extragent, the content in the extracts of BAS and
the stage of collection of plant material.

The influence of highbush blueberry extracts on the immunity of guinea pigs has
been established. Under the action of agueous-ethanol and aqueous extracts of shoots of
V. corymbosum revealed significant shifts in the B-cell immune system link, as well as
the humoral link, which indicates the development of type 1 hypersensitivity reactions
in animals of the experimental groups.

The practical value of the results. Based on experimental studies, a method of
microclonal propagation of highbush blueberry V. corymbosum L. varieties Bluejay,
Bluecrop, Elliott by removing apical dominance and activation of axillary meristems as
a way to quickly obtain a large number of virus-free, genetically homogeneous planting
material for introduction.

The results of the analysis of the content of the main groups of biologically active
substances, macro- and microelement composition of shoots of V. corymbosum L. at
different stages of plant vegetation, expand information about their chemical
composition. The results of studies of antioxidant, antibacterial, anticandidal activities
of extracts of V. corymbosum L. open up prospects for the use of shoots of highbush
blueberries as a source of medicinal plant raw materials. The established changes in the

cellular and humoral links of guinea pigs’ immunity under the influence of extracts of



shoots of V. corymbosum L. supplement the data available in the literature on the effect
of medicinal plants on the immune system, which are screening or fragmentary.

Key words: Vaccinium corymbosum, phenolic compounds, ascorbic, organic
acids, chlorophylls, carotenoids, elements, antibacterial, anticandidal activity,

Immunity, Guinea pig.
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