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CUHTE3 I JOCJIIZKEHHSA EJIEKTPOKIHETHYHOI'O
HOTEHHIAJY HAHOYACTUHOK METAJIIB, OTPUMAHUX 3
BUKOPUCTAHHAM EKCTPAKTIB JIKAPCBKHUX POCJINH
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Excmpaxmu nikapcokux pocaun micmams HaOip cneyugiuHux cnonyk, Axi 30amui 3ab6e3neuumu hopmyeaHHs
HAHOYACTNUHOK Memaiié i 00HOYACHO HAdamu iM KOPUCHI 81acmugocmi Oiisl eqheKmUBHO20 BUKOPUCTNAHHA Y PI3SHUX
eanyssax 6iomexHonozii, 30kpema y azpapHomy eupobruymei. Memorw oanoi pobomu Oy8 cunmes i OOCHIONCEeHHS
e1eKMPOKIHEMUYHO20 NOMEHYIANY | CMPYKMYPHUX 81ACMUBOCHEl NPOOYKINIB «3e1eH020» CUHMEe3Y — HAHOYACMUHOK
cpibna, 3010ma, OKCUOy YurKy i OKCUOy 3ani3d, 8 3a1eHCHOCMI 8I0 CKAA0Y BUKOPUCTNAHOT POCTUHHOI CUPOBUHU Md YMO8
cunmesy. Cunmesosano 18 3paskie HAHOYACMUHOK MEMAnig i3 3ACMOCY8AHHAM BOOHUX [ CHUPMOBUX eKCMPAKmMie
JIKAPCOKUX POCIUH: eskaninmy npymonodionoeo (Eucalyptus viminalis Labill), anoe Oepesonodibnozo (Aloe
arborescens Mill), anoe sepa (Aloe vera L.), m’smu nepyeeoi (Menthaxpiperita L.), nodoposicHuka e6eiuxoeo
(Plantago major L.), pomawku nikapcokoi (Matricaria chamomilla L.), kponusu 0éodomnoi (Urtica dioica L.), iean-
yaio (Chamerion angustifolium L.), naciook nixapcoxux (Calendula officinalis), cidickyca (Hibiscus sabdariffa L.), a
MAaKodiC 600HO20 pO3UUHY mManiny. Yci 3pasku  oxapakmepuzoeamno 3a 6MICMOM NONIPEHONbHUX CHOYK.
Hanouacmunku Oocnioxceno memodamu Mmikpoerekmpogopesy, cnekmpockonii 6 Ygh-euoumomy oOianasowui,
Ounamiunozo ceimaoposcitoganus (DLS), ckanysanvroi enrexmponnoi mixpocxonii (CEM) ma penmeenigcokoi
oughparyii (XRD). 32i0n0 o00epoicanux 3HAYEHb eNeKMPOKIHeMUYHO20 NOMeHYiany, HAUubLibul CMIuKumM cepeo
ompumaHnux 3paskie Hanouacmurok ZnQO 6usa8u8cs 3pa3oK, CUHME308AHUL 3 GUKOPUCMAHHAM 800HO20 eKCMpAKmy
isan-yaro. Ceped HY Fe.O, naubinowi cmiukumy SUABUNUCS HAHOUACTUHKU, CUHINE308AHI 3d OONOMO2010 B0OHUX
excmpakmie 2ibickycy i nooopodcHuka eenuxozo. Haubinow cmabinenumu nanovacmunxamu Au Oynu 3pasku,
CUHME306aHT 3a OONOMO20I0 MAHIHY, a MaKodc cnupmogozo excmpaxmy Aloe vera L. llJooo nanowacmumnox cpibaa,
MAHIH, CRUPMOBULL eKCIMPAKM e8KANINMY | 00HULL eKCIMPAKMm anoe 0epesonodibHo20 CRpUsiu hoOpMySanHio HAUOITb
CmMadinbHUX HAHOYACMUHOK. 3asnayueni 3pazku Hanouacmunox Ag, Au, Fe O, ZnO € naiibinvi nepcnexmueHumuy 0s
iXHbO2O NOOANBUIOZO NPAKMUYHO20 3ACMOCYSANHA, 30KpeMA 8 aA2pOoeKonolii i pociuHHuymei ons 6opomvdu 3
¢imonamozcenamu i 3a6e3neuenHss 300p08 s IPYHMIE.

Knrwouoei cnoea: «3enenuily cunmes, HAHOUACMUHKU 3070MA, HAHOYACMUHKY CPIONA, HAHOYACTMUHKU OKCUOY
YUHKY, HAHOYACTUHKU OKCUQY 3ai3a, eN1eKMPOKIHeMUYHUL NOMEHYIAL, eKCIMPaKmu JiKapCoKUX poCiuH

BCTVII MPOTUBIPYCHOI akTuBHOCTI [2—4]. HaiiGuibIie
POOIT IPHCBAYEHO 3aCTOCYBAaHHIO HAHOYACTHHOK
30j0Ta 1 cpibsia  SK  NPOTU3ANAIbHHX,
NPOTUMYXJIMHHNX 1 aHTUMIKpPOOHUX TIpernaparis,
e(pEeKTUBHUX  TPOTH  INUPOKOTO  CIIEKTpa
30ymHUKIB iHGEKIid TFoAWHW 1 TBapuH [5, 6].
3HauHUU TOTEHIiad JEMOHCTPYIOTh HAaHO-
YaCTUHKM METAIIB — TMPOMYKTH «3EJICHOTO)
cuHTe3y, y OopoTpOi i3 (ironaToreHaMu sk
aKTHBHI CKJIaJIOBI MpenapaTiB Ui 3aXHCTY
POCIHH, K HAaHOAOOpHBA — CTHMYIISITOPH POCTY
pociuH Tomo [1].

TexHOI0Tii «3eI€HOT0)» CUHTE3Y CIPSIMOBaH1
B IEpIIy 4Yepry Ha JOCSTHEHHs e(eKTUBHOCTI,
OiocyMicHOCTI 1 CTaOITPHOCTI HAHOYACTHHOK.
IIpu noGopi HY meraniB i cmomyk Meranis,

«3enenuit» abo  OionoriyHMH  CHHTE3
HaHouacTHHOK (HY) MeTaiB - HOBU €KOJIOTIHHO
YHCTUI METOJl, KW BHUKOPUCTOBYE POCIWHHI
KOMITOHEHTH a00 OaKTepii 1S BiTHOBJIEHHS 10HIB
ta crabimizamii HY [1]. «3enenuit» cunTe3 Mae
nepeBard, TIOB’si3aHi 3 HWOro OE3NeUHICTHO,
YUCTOTOI 1 HEBUCOKOIO BapTiCTIO OTPUMYBAaHUX
HaHOYACTHHOK, 10 POOUTH MEPCIIEKTUBHUM TXHE
3aCTOCYBaHHS y PI3HUX rajy3sx Ol0TexXHOJIOriI,
30KpeMa 3aXHCTI POCIWH 1 pemesiaiii IpyHTiB.
CuHHTE30BaHl «3€JIeHHM» CIIOCOOOM 3 BHKO-
PUCTaHHAM EKCTPAKTIiB JIKApPChKOI POCITMHHOI
CUPOBHHHM HAaHOYACTUHKHM Cpi0Jia, 30J10Ta, OKCHTY
LIWHKY, OKCHJOY 3alli3a BUSBISIFOTH IIMPOKUIH
cnekrp  OakrepuumaHoi,  QyHrinuaHoi 1
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CHUHTE30BaHUX METOJIOM «3EJICHOT0» CHHTE3Y,
CIIPSIMOBAHUX Ha KOHTPOJIH 3a (iTOHaToreHaMH
(3axmcT pocCIMH) Ta peMefiamiio TIPYHTIB,
oco0nmMBa yBara MPHIUISETBCS HACTYIHUAM
mapametrpam. [lo-mepie, arperatHii 1 XiMigHIH
critikocti HY [7], mo BU3Ha4Yae yMOBU iXHBOTO
3actocyBaHHs. [lo-apyre, HaA3BHYaHO Ba)IU-
BOIO € 010JIOTIYHA aKTUBHICTh CHHTe30BaHuX HY,
30KpemMa ixHs 0i00e3meyHIicTh 1 6i0CYMIiCHICTB,
sKa peallizyeThes perymoBaHHsaM po3mipy HY, a
TaKO)X THIIOM 1 CKJIAQJAOM  BHKOPHUCTaHOL
HETOKCHYHO{ 010JIOT19HOT CHPOBHUHH 3 BiTHOBJIIO-
BaJIbHIUMH 1 CTa01ITI3yIOUMMH BIaCTUBOCTSIMH [§].
Crabini3ytoul areHTd 3HAYHO MOIUPIKYIOTh
BIIACTHBOCTI KOJIOITHHUX CYCIIEH3IH «3EIeHIX)
HaHOYACTHHOK 1 IiBUIIYIOTh IXHIO CYMICHICTb i3
JKUBUMH cucteMami [9]. BiojoriuHa akTUBHICTb
€ HaJ3BUYalHO BAXJIUBUM IIapaAMETPOM, SIKUUI
HeoOXiTHO BpaxOBYBaTH B IIUPOKOMY CIIEKTpi
ranysen, BKJTIOUAI0OYH 010TEeXHOJOTIIO,
(dapMalieBTuKy,  MEAWLUHY,  BETEPHHApIIO,
arpoeKoJIorifo, KOCMETOJIOTiI0, OYWIIEHHS BOIH
TOIIIO.
®dizuko-xiMiuHi BiactuBocTi HY Meranis
CYTTEBO BIUTMBAIOTh Ha ixHIO OioJOTiuHY
aKTUBHICTB,  30Kpema  0io0e3medHicTh 1
OiocymicHicTh [2]. EdekTHBHICTE BUKOPUCTAHHS
HY nor’s3ana 3 IXHIMH €EKTPOIOBEPXHEBUMHU
BIAcCTHBOCTSAMHU. CTabiBbHICTE HAHOCHCTEMH
JOCATAETbCA HE JIMIIE 32 PaxXyHOK 10HHO-
CJICKTPOCTATUYHOI B3a€EMOJIii, a TaKOX 3aBJSKU

CKJIaJy  OpraHiYHMX  KOMIIOHEHTiB,  SIKi
BUKOPHCTOBYIOTBCSI HPH CHHTE3 1 MOXYTb
3a0e3neynTd  aacopOUiiHO -  COJBBATHY

oOosonky Ha mnoBepxHi HY. JlocmiukeHHs
C-moTeHIiay pa3oM 3 IHIIUMH METOJAMH,
30KpeMa 3 JIOCH/DKEHHSIM  CIIEKTPalbHUX
XapaKTepUCTHK B UV-Vis JiamnasoHi,
BHU3HAUYCHHIM PO3MIPy YaCTUHOK, J1a€ PO3YMIHHS
(i3UKO-XIMIYHMX BJIACTUBOCTEH TeTepOreHHOl
Ha”ocuctemu [10]. 3miHa Takux mapamerpiB, SK
pO3MIp 1 3apsii OBEPXHI, MOXKE MaTH 3HAYHUI
BIUIMB Ha B3aeMomiro HY 3 OiosoriyHumMu
00’exTamu, 30KpemMa MikpoopraHizmamu. Biarmo-
BiqHO, (-mOTeHmian MOXe BIUIMBAaTH  Ha
Oiomnorivni BJIACTUBOCTI HaHOCHCTEM.
VYHiBepcabHICTh ~ HAHOYACTHHOK  Pa3oM 3
NIUPOKUM  Ha0OpPOM  XIMIYHOTO  CKJany
MOIU}IKyIOUNX 100aBOK POOUTH X KOPHUCHUMHU
JUIs  BUKODHCTaHHA SIK OaKkTepUIMIOHHX 1
(GYHTIIUIHUX areHTiB, TIATHOPM-HOCIIB TOIIO
[11,12]. B momepenmHix IOCHiIKEHHSIX HAMHU
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BCTaHOBJICHO
aKTUBHICTp 1 OJHOYAaCHO
TEeHOTOKCHYHICTh  «3€JICHHX» HaHOYaCTUHOK
cpiobna [13]. VYV mpaktuui arpoekosorii i
POCIMHHUIITBA Hapas3i HAWOUIBIT  aKTHBHO
BHBYAIOTECS 1 BmpoBamkyloTbes HYU Ag, Au,
FeO, ZnO, mnpore mnwuranHi eQpEKTUBHOTO
3aCTOCYBaHHSl TaKUX HAHOYACTHMHOK METalliB —
IIPOAYKTIB  «3€JEHOr0»  CHHTE3y  JAOTerep
3aJIMIIAETHCS HEAOCTATHBO JOCHTIHKEHUM.

Mertoro naHoi poOOTH Oyno dOCHiKEHHS
MPOLIECiB  CHHTE3y 1 BHUBYEHHS EIEKTPO-
KIHETHYHOTO TOTEHIIaly Ta CTPYKTYPHHX
BJIACTMBOCTEH HAHOYACTUHOK Cpi0ia, 30J0Ta,
OKCHJy IIMHKY, OKCHAY 3ami3a, c(opmoBaHUX
METOZOM «3€JICHOT0» CHHTE3Y, B 3aJI€KHOCTI BiA
CKJIaJly BUKOPUCTaHOI POCIMHHOI CUPOBHHH Ta
yMOB cuHTe3y. Takuii aHaJIi3 € HEeOOXiTHUM MPHU
dopmyBaHHI Ta m000pI HAHOKOMIIO3WIIIHHUX
npenapariB, sSIKi MOKYTh OyTH e€(EKTHBHUMH Y
0opoTh0i 3 (itonaroreHamu 1 3a0e3MEYCHHI
3I0pOB’Sl TPYHTIB.

EKCIIEPUMEHTAJIbBHA YACTHUHA

aHTHOaKTepiaJIbHy
Majxy IHTO- 1

3Ha4YHy

®DopMyBaHHSI  «3€JIEHUX» HAHOYACTHHOK
cpibia, 30J10Ta, OKCHIy LIUHKY i OKCHIYy 3aji3a
MIPOBOJMIIA 3TiJJHO HAaBEICHUX HIDKYE yMOB. SIK
BiTHOBHHKH BHKOPHUCTOBYBalM BOIHI (B.e.) 1
CIHUPTOBi (C.€.) EKCTPaKTH JIKAPCHKUX POCIHH:
€BKAJINTY MPYTOIOIIOHOTO (Eucalyptus
viminalis Labill ), amoe nepeBomoaioHoro (4loe
arborescens Mill), anoe Bepa (Aloe vera L.),
M’s1TH niepueBoi (Mentha Xpiperita L.), momopox-
HUKa Bemukoro (Plantago major L.), poMamiku
nikapewekoi (Matricaria chamomilla L.), kponuBH
meonomuoi  (Urtica dioica L.), iBaH-4aro
(Chamerion  angustifolium  L.),  Harigok
nikapcekux (Calendula officinalis), rtibickyca
(Hibiscus sabdariffa L.), a Tako BOJHHIA PO3YHH
TaHiHy. BOJHI i CTUPTOBI €KCTPAKTH JIIKAPCHKUAX

pocnuH, BUKOpHCTaHi st cuHTesy HY,
XapaKkTepu3yBaJli 32 CYMapHUM  BMICTOM
nonmidenonbHUX  crionyk  MetonoMm  DomiHa-
UokampTey 3rimHo  [14]. Sk crammapt

BUKOPUCTOBYBaJM PO3YMH TaJOBOT KHCIOTH.
Cymapauii BMICT TONI(QEHOIBHUX CHONYK Y
EKCTpaKTax BUPAXKAJIH SIK CKBIBAJICHT MI' TaJIOBOT
KHCJIOTH y NlepepaxyHKy Ha | I' Cyxoi CUpOBMHH
(SIK1I0 HE BKA3aHO 1HAKIIE).

Nel. AgHUY-ekamint (B.e.). (0.8 mr/mm mo
metany). s cunresy HU 50 mn 15-10° M
po3unny  AgNOs  3mimyBamu 3 50 ma
BiZIQIIETPOBAHOTO BOJHOTO EKCTPAKTy JUCTS
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CuHme3 i docnidKeHHs1 eIeKmpoKiHeMuU4YHO20 rnomeHyiany HaHo4YaCmuHOK Memariie, ompumMaHux 3 8UKOPUCMAaHHSIM

eBKaJIinTa MPYTOIOAIOHOTO (Eucalyptus
viminalis Labill, TIpAT JlikrpaBu, Ykpaina).
Cymim aBTOKJIaByBanmu 15 XB 3a Temreparypu
121 °C i Tucky 1.04 atm. EkcTpakT oTpumyBanu
HACTOIOBAHHSM 6 T CyX0i POCITMHHOI CHPOBHHH B
200 mim muctmasoBaHoi Bomm (70 °C, 45 xB).
CymapHuii BMiCT TONI()EHONBHUX CHONYK Y
BOJHOMY €KCTPaKTi cTaHOBHB 32.4 MI/T.

Ne2. AgHUY- eBkaxminr (c.e.). (0.8 mr/mm mo
metany). Jis cunresy HU 80 mm 9-10°M
posurny AgNOs 3Mimysanu 3 15 M 15-10° M
po3unny K>COs, pomaBamu 5 MI  CHOHPTOBOT
HACTOSHKM JIUCTSI €BKAJINTy MPYTOMOAIOHOTO
(Eucalypti  folium, dapm. xommnanis «Bionay,
VYkpaina). Cymim (pH=5.2) aBroxmaByBamu
15 xB 3a temneparypu 121 °C i tucky 1.04 atm.
Bukopucrtano CcnuproBy  HAcCTOWKY  JIMCTA
eBkaminty 1:5, ekcrparenT — eranon 70 %.
CymapHuii BMICT TON(EHONBHUX CIIONYK B
CIIHPTOBOMY €KCTPAKTi CTAHOBUB 25.7 MI/T.

Ne3. AgHU-m’sita (c.e.), (0.8 Mmr/mMmn 1o
metany). Jis cuuresy HU 80 mun 9-10° M
posurny AgNOs smimysanu 3 15 M 15-10° M
posunny K,COs;, motiMm gomaBamm 5 i
CIIUPTOBOI HACTOSHKU M’sTH iepueBoi (Menthae
piperitae folium, TIpAT JlikrpaBu, Yxkpaina).
Cymim aBTOKNaByBaqu 15 XB 3a TemmepaTypu
121 °C1itucky 1.04 atM. Bukopucrano cnupToBy
HacTolKy M’sTi mepueBoi 1 : 20, ekcTpareHT —
eranon 90 %. CymapHuii BMIiCT moJti)eHOIBHUX
CHONYK B CIHPTOBOMY €KCTPAaKTi CTAaHOBUB
11.6 mr/t.

Ned4. AgHY-nopopoxxauk (B.e.). (0.8 mr/mn
no merany). s cunresy HU 50 ma 15-10° M
po3unny  AgNO;  s3mimyBaim 3 50 M
BiI(DiTBTPOBAHOTO EKCTPaKTY TUCTS
MoJIOpOXKHUKa Benukoro (Plantaginis majoris
folia, TIpAT IJliktpaBu, VYkpaina). Cymimn
aBTOKJIAaBYBanK 15 xB 3a Temneparypu 121 °C i
tucky  1.04 arm.  ExcTpakr  oTpuMmyBajiu
HACTOIOBAaHHSM 6 T' CyXO1 pOCIIMHHOI CHPOBUHHU y
200 M1 muctunpoBanoi Bomu (70 °C, 45 xB).
CymapHuii BMicT NOJNI(EHOIBHUX CHONYK Y
BOJIHOMY €KCTPAaKTi CTaHOBUB 24.9 MI/T.

NeS5. AgHY-amoe (B.e.), (0.43 mr/mn 3a
metanom). s cunresy HY no 5w 1102 M
po3unny AgNO3 noxasanu 2.5 mi 30 % po3unny
amiaky, S MJI  BOJHOIO  EKCTPaKTy  ajioe
nepeBoniofiionoro (Aloe arborescens Mill.),
noBojsun 00’ eM 110 SO mut Bogoro. EkcrpakT anoe
TOTyBaJIi TaKUM CIIOCOOOM: 25T MPOMHTOTO
TUCTs ajoe Hapizanmd, kum'stwim y 100 ma
JUCTWIBOBaHOI BoaH, (inbTpyBain. CymapHUi
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BMICT MOJNi()EHOIFHUX CIOIYK Yy BOJHOMY
eKcTpakTi craHoBUB (.82 MT/T CHPOi CHPOBUHH.

Ne6. AgHY-rawnin, (0.8 mr/mn 3a MeTamom).
Hnsa cuatesy HU 50 ma 15- 103 M BomHOTO
pozunHy AgNO; 3mimysamu 3 25 mun 0.07 %
po3unHOM Taminy i 25 ma 13-10° M posuuny
K>COs. YmoBu cuntesy HU: temmepatypa
121 °C, Ttuck 1.04 at™m, vac 15 xB. CymapHuii
BMiCT TOJTi(heHOTBHIX CHOIYK 835.9 Mr/T.

Ne7. AgHU-pomamika (B.e.), (9.8 mr/mn mo
metany). Ans cuarezy HY 0.1 M pozunn AgNO;
3MINTyBalld 3 €KCTPAKTOM POMAIIKH JKapChKOi
(Matricaria chamomilla L., TIpAT Jliktpasu,
VYkpaina) y criBpigHomenHi 10 : 1 i iHKyOyBamu
mpu 80 °C mporsrom 30 xB 3rimHo [12] vy
Momudikamii. BomHuii eKxcTpakT OTpuMyBaiu
HACTOIOBAaHHSIM CYIICHHX KBIiTiB pOMAIIKU y BOJI
y crmiBBigomenni 1:10 (80 °C, 30 xB),
¢dinsrpyBamu. CymapHUii BMicT momipeHOIBHIX
CIIOJIYK Y BOJTHOMY €KCTpaKTi CTAaHOBUB 9.0 MI/T.

Nel. AuHY-tanin, (38.6 MKI/MII 110 METaITy).
Juis  cuaresy HY g0 3-102M  posuuny
HAuCly-3H,O nonasanu 0.05 % po3uuH TaHiHy.
HY orpumyBanu y BOJHOMY CEpPEIOBHII ITiJ
BIUIMBOM MIKPOXBHJILOBOTO BUIPOMiHIOBaHHS
(HBY) moryxnictio 320 Bt: 3 immymecu 3
nepepBamu 1o 10 cex. CymapHuid  BMiCT
noiiQeHoapHUX crnonyk 835.9 mr/r.

Ne2. AuHY-raniH, (38.6 MKr/MI 110 MeTany).
CunTesyBanu aHanorigyao 1o 3paska AuHY Nel.
Bomne  cepemoBmimie = MIiCTHJIO  JIOJaTKOBO
15-10° M K>CO:s. CymapHuit BMICT
routipeHOBHUX CIoNyK 835.9 Mr/T.

Ne3. AuHY-amoe (c.e.), (38.6 mxr/mi 1o
metainy). s cuaresy HU 1o 3:1072 M posuuny
HAuCl4-3H>O nonaBanu CHUPTOBHIA €KCTPAKT
nvcts anoe Bepa (Aloe vera L.) y mpucyTHOCTI
15:10°M  K,COs. VYmoBu cuntesy HU:
HarpiBanus npu 60—70 °C npotsrom 1 rox. s
OTPUMAaHHS EKCTPaKTy 8 T MOAPiIOHEHOro JUCTA
anoe 2 rox HactoroBan y 50 M 96 % pozunny
€THJIOBOTO CIIUPTY 3a KIMHATHOi TeMmeparypH i
12ron 3a Ttemneparypu 4 °C, ¢insTpyBaim.
Cymapauii BMicT TON(EHOIBHUX CHOIYK B
cnupTOBOMY eKcTpakTi ctanoBuB (.11 mr/t cupoi
CHUPOBHHH.

Ne4., AuHY-amoe (B.e.), (38.6 Mxr/mm mo
metany). s cuaresy HU mo 3-102 M pozumny
HAuCl4-3H>0 nomaBanu BOXHUN €KCTPAKT JIUCTS
anoe Bepa (Aloe vera L.) B mpHCYTHOCTI

15:10°M  K,COs. VYmoBu cunTesy HU:
1) nonepenHe HarpiBaHHA 32 TeMIIEpaTypu
50-60 °C pu nepeMilryBaHH1 15 xs;
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2) narpiBandsi HBU-BUNIpOMiHIOBaHHAM TOTYX-
Hictio 320 Bt (6 iMmynbsciB 3 miepepBamMu 110
10 cex). Mms oTpuMaHHA EKCTPakKTy OT
NoApiOHEHOI CepLEeBHHU JIUCTA ajoe 2 Tox
HacTtoroBain y 50 My oucTWIIBOBaHOI BoAW 3a
KIMHATHOT TEeMIEPaTypH, 12 rogua 3a
temneparypu 4 °C, ¢insrpyBanu. CymapHuii
BMICT TMOJNI(EHONFHUX CIOIYK Yy BOJHOMY
ekcTpakTi craHoBuB (.11 M/ cupoi CHPOBHUHH.

Nel. Fe,OyHY-kpomnuga (B.e.), (2.2 Mr/mia no
merany). Jns cuaTesy HY no 30man 0.1 M
posunny FeCl;:6H,O mnpu mepeminryBaHHi
nonasaiy 45 MJ1 €KCTPakTy KPOIMBH ABOIOMHOI
(Urtica dioica L., IIpAT «JlixtpaBu», Ykpaina).
Temneparypa 45-60°C, TtpuBamictb 45 xB
Ekctpakt roryBanu HactoroBaHHsAM 10T cyxoi
CHUPOBMHM JHCTd KpomuBu Yy 200 Mia Boau
muctwiboBanoi (1 rox, 80 °C), dineTpyBamm.
CymapHuii BMICT TON(EHONBHUX CIIONYK Yy
BOJHOMY €KCTPaKTi cTaHOBUB 12.0 MI/T.

Ne2. FecOyHY-iBan-uaii (B.¢.), (1.6 mr/mi 1o
metany). s cuaresy HY o 50 M ekcrpakty
iBan-yaro (Chamerion angustifolium L., TIpAT
«JlixtpaBu», Ykpaina) nomaBamu 20 mn 0.1 M

posunny  FeCl;-6H,O.  Tpusamicte 30 xB,
temnepatypa  85°C.  EKCTpakT  roryBaiu
HacTooBaHHAM 10T  BHCYIIEHOI CHPOBUHH

(mucts, xBiTH 1 crebnma iBaH-uaro) y 200 mi
mucTiiboBanoi  Bogu (40 XB, 70-80 °C),
¢ueTpyBasin. CymapHuii BMIiCT moJtieHOIBHUX
CIOJIYK Y BOJHOMY €KCTpaKTi cTaHoBuB 21.0 Mr/T.

Ne3. Fe.OyHY-nogopoxxHuk (8.e.),
(1.9 mr/mn mo wmerany). Hdus cuaresy HU nmo
50 M eKCTpaKkTy MOJOPOKHUKA  BEIUKOIO
(Plantaginis majoris folia, TIpAT «JlikTpaBn»,
Vkpaina) momaBanmu 25w 0.1 M po3unHy
FeCl;-6H,0. TpuBanicts 30 xB, TemmepaTypa
40-60 °C. EkcTpakT TOTyBajdM HAaCTOIOBAaHHIM
10r pocnunHOi cupoBuHu y 200 mn Boau

muctwiboBanoi (1 ronm, Ttemmeparypa 80 °C),
¢inprpyBanu. CyMapHUil BMICT MOMNi(EHONBHUX
CIOIYK y BOAHOMY €KCTPakTi CTaHOBUB
24.9 mr/r.

Ned. FeOyHU-ribickyc (B.e.), (1.9 mr/mi no
mertany). s cuatesy HU mo 50mn 0.1 M
po3unny FeCl;-6H,O B ymoBax mocTiiiHOTO
nepeMillyBaHHs AoAaBain o kpamwtuHaM 100 Mo
excTpakTy ridickycy (Hibiscus sabdariffa L.).
TpuBanictes 40 xBunmH, Temneparypa 75 °C.
ExctpakT ribickycy TroTyBalM HaCTOIOBAaHHIM

10r Bucymenoi cumpoBuHM y 200 M
mucTuboBaHoi  Bogu (40 xB, Temmeparypa
70-80 °C), ¢inprpyBasin. CymapHHiA BMICT
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MoJi()EHONBHUX CIONYK y BOJHOMY EKCTPAaKTi
cTaHoBuB 16.4 Mr/T.

Nel. ZnO HY-iBaH-4aii (B.e.), (4.4 Mr/mi mo
metany). Hdns cuaresy HY go 1.0 M pozunny
Zn(NOs),'6H,O gpomaBanmm BOTHUH EKCTPaKT
iBan-uato (Chamerion angustifolium L., TIpAT
«JliktpaBu», Ykpaina). YMoBu peakuii: 30 xB,
temrnepatypa 40-60°C. Bomguuii ekcTpakt
TOTYBaJIM AaHAJIOT19HO OTIMCAHOMY TS 3pa3ka No2
FeOyHYU - iBan-uaii. CymapHuii BMiCT
MoJi(EHONBHUX CHONYK y BOJHOMY EKCTPaKTi
cranoBus 20.5 mr/T.

Ne2. ZnO HY-kpomusa (B.€.), (2.2 Mr/mia mo
metany). Hnsg cuaresy HY mo 0.1 M pozunny
Zn(NOs),'6H,O nmomaBanm BOTHUH EKCTPaKT
muctss kKpormBu nBogoMHol (Urtica dioica L.,
[IpAT «JliktpaBu», YkpaiHa). YMOBU peaxiiii:
30 xB mepeminryBanus, temneparypu 40—60 °C.
BomHnii  ekcTpakT  TOTyBaJId  aHAJOTIYHO
ornucanomy ans 3paska Nel Fe,O,HY-xponusa.
CymapHuii BMICT TONi(QEHOIBHUX CHONYK Y
BOJHOMY €KCTpaKTi craHoBuB 11.2 Mr/T.

Ne3. ZnO HY-marimkm (c.e.), (5.9 mr/ma mo
metany). Huas cunresy HY no couprosoro
EKCTPaKTy CYyIICHHX KBiTiB HAriOK JIKapChKUX
(Calendula officinalis TIpAT «Kurodi 3mopoB’st
ToB», Vkpaima) nomaBaniu 0.1 M  pozuun
Zn(NQO3),'6H,O (temmeparypa peakiii 80 °C,
yac — 30 xB. CiBBiTHOIIEHHS €KCTPAKT : PO3YUH
cradoBuiio 1 : 10. pH peaxmuii perymroBamu 4 M
po3unHoM  Tigpokcuny — Hatpito  (NaOH).
EKCTpakT HariZok TroOTyBajJd eKCTparyBaHHIM
pPOCIIMHHOI CHpPOBHHHU B 96 % eTwioBuil cnupT
(cmiBBigHomenHss (1 :10) Ta 3amumamu y
XOJOAWIBbHIN KaMepi nipu 4+1 °C Ha oxHy 100y,
¢inprpyBasin. CymapHuil BMIiCT mosti)eHOIbHUX

CIONYK B CIMPTOBOMY €KCTPaKTi CTAHOBUB
4.8 mr/r.
BumiproBanust EJIEKTPOKIHETUIHOTO

noreniiany () cuntesoBanux HY wmetanis
MIPOBOJMIIOCH METOJOM MIKpOeneKTpodope3y B
KOMIpIIl 3aKkpuToro Tuiy.  po3paxoByBalU 3a
¢dopmysroro I'enbmronsia-CmomyxoBeskoro [15].
CepenoBuiiieM Jijisi  BUMipioBaHHs  ((poHOBUM
PO3UMHOM) CIyryBajla AMCTHIBOBaHA Boja abo
0.01M NaCl y Bunagky HY 3omora. s
peryoBaHHS BeNWYuHU pH BHKOPHCTOBYBaM
0.5 M po3uun NaOH i KoHIIeHTpOBaHi XJIOPUIHY
a0o HiTpaTHY KUCIIOTH.

CriekTpasibHi XapaKTePUCTUKNA CUHTE30BaHUX
HAaHOYACTHHOK BU3HAYAIH METOJIOM
crekTpockomii B Y®-BUIUMOMY Jiama3oHi 3a
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JONIOMOTOI0  CKaHyIO4YOro  crekTpodoTroMeTpa
Shimadzu UV-1800 (Shimadzu Corporation,
Kyoto, Japan).

BumiproBannss posmipy HY  (cepeaniit
T1apoAHAMITHHIHA niaMeTp Z-average)
TIPOBOIMIIN METOJIOM JMHAMITHOT'O PO3CIFOBAaHHS
ceiTina (DLS) 3a gonomororo cucremu (HOTOHHOL
KopemsiniiHoi cnekTpockomii BeNano 90 Zeta
(Bettersize Instruments Ltd., Chine). Kyt
poscitoBanHs 90°, KoBeTa 3 MOJICTUPOIY
10x10 mm, Temnepatypa 25 °C.

Enextponni 306paxkenns HU oxepxxyBanu 3a
JIOIIOMOT OF0 CKaHyBaJIbHOI €JIEKTPOHHOI
mikpockomii (CEM) (MIRA 3, TESCAN, Yexis).
[Ipemapatt  HY w©HaHocmnm Ha KpEMHIEBY
MiIKIAAKY 3 TIOJANTBIITNM HATWICHHSM 30JI0TOM.

Mikpoananiz  ximigyHoro  ckmagy ~HY
BUKOHAHO  METOJOM  €HEepro-IucrepciiHoi
PEHTTeHiBChKOT CIIEKTPOCKOTT{ (EDXS).

Herexktop X-Max 80, Oxford Instruments
Analytical, BenmukoOpuTaHis.

Bukopucrano peareHTH aHAJTI THYHOT
gucrot: HAuCly:3H,O, >99.9 %, (Sigma-
Aldrich); AgNOs; (u.g.a.), NaOH (u.nm.a.),

ZnNOs3-6H,O (u.m.a), FeCl;-6H,O (x4), TaHiH
(TaninoBa kwucinorta) (apm.), TamoBa KHCIIOTa
MoHoriapar (u4.g.a.), NaxCO; (X.4.), peaxTwB
®omnina-Yokanerey (4.4.a.). PozunHu roTyBain
Ha OYMINEHIH Boji, BukopucTtoByoun Millipore
Milli-Q cucremy.

BuwmiptoBanas ~ {-moreHmiany i Timpo-
JUHAMIYHOTO JiamMeTpa Z-ave JJis1 KOXKHOTO TUITY
HAHOYACTHHOK TMPOBOJUIIM TPHUYi, a Pe3ylbTaTH
NPE/ICTABISUIN Y BUTIISI CePeTHBOTO 3HAUCHHS +
crarnaptre BiaxwieHHs (Std Dev).

PE3VYJIbTATU TA OBI'OBOPEHHA

Buxoisuu 3 MOCTaBIEHOrO 3aJaHHS —
CHUHTE3yBaTH 1 3poOuTH J00ip CcTabiIbHUX
«3enennx» HY wmeramiB Juis 3acTocyBaHHS B
arpoekojiorii, — cunte3oBani HY He Bimiiisim
BiJl CEpE/OBUINA, B SKOMY MPOBOJMIM CHHTE3.
Takuii migxix MiJBUIIYBaB BHECOK POCIMHHOL
CUPOBUHHU Y (POPMYBaHHS 010JIOTIYHO AKTHBHUX
HaHokommo3uTiB. Llnaxom ekcrpakuii y BoaHe

ab0 COMPTOBE CEPEOBHINE 3  POCIUHHOL
CUPOBUHHM BHUAULIM BIAMOBIAHI  010JIOTTYHO
AKTUBHI CHOJYKH 3 BiJHOBIIOBAJIbHUMH 1

CTa0UIiI3yI0OUNMH BIACTUBOCTSIMH.
EneKkTpoKiHETHUHHI TOTESHIIIAJ € KITFOUOBUM

mokasHukoMm crabimbHocTi HY. 3a HUM MOKHA

e(eKTHBHO OIIIHUTHU €JIEKTPOCTATUIHY
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crabimizamito.  3rigHo  [16],  3HaYCHHAM
C-notenmianry +5wMB  BiamoBimae —1mBHIKa
koarymsamis, mpu + 10-30 MB 3apomxyerscs
HeCTaOlIbHICTD. 3HavYeHHIM + 3040 mB

BIJIMIOBiTae MOMipHA CTaOiIbHICTD, a = 40—60 MB
— BUCOKa CTaOUIBbHICTh HAHOYACTHUHOK.

B  Tabmumi 1  HaBemeHO — pe3ynbTaTé
BuMipioBaHHs (-moTeHmiany 3paskiB HY cpibxa
Nol —No7, cuHTE30BaHMX 3 BHUKOPUCTAaHHIM
BOJIHUX 1 CIUPTOBHUX €KCTPAKTIB JIMCTS €BKAJINTY
MpyTONoAiOHOr0, M’ SITH MEPLEBOT, TOIOPOKHHUKA
BEIIMKOTO, aJlo€ JIePEBOMOMIOHOTO, a TaKOoX
BOJHOTO EKCTPAaKTy KBITiB POMAIIK{ 1 BOAHOTO
pO3uMHY TaHiHy. B Ta0muii Takok HaBEICHO
3HaYeHHSI  CEPEeNHBOTO0  TiAPOIWHAMIYHOTO
JiaMeTpa HaHOYAaCTHUHOK (Z-ave), BUMIPSHOTO 3
PO3MOily 1HTEHCHUBHOCTI CBITJIOPO3CIFOBAHHS
meromom DLS. Ilpm mopiBHAHHI MeTOAiB
omiaroBaHHs po3Mipy HY [17, 18] 3a3HagaeThCs,
mo wMerox DLS, a Takok CHEKTpasbHi
XapakTepucTuku B Y®D-BUAMMOMY Jiana3oHi
(IIITP) BusBIArOTBCA OLTHII 1H(GOPMATHBHUMH
o0JI0 3MIiHM TIOBEPXHI UYACTHHOK, a came
OpPUKpPIIUIEHHsT 010MOJIeKyN, iXHBOI arperaii
abo armomeparlii BiTHOCHO METO/IiB eIEeKTPOHHOL
MiKpPOCKOTTi].

3 HaBefeHux B TaOI. 1 JaHUX BHUIHO, IO
3pa3ku Nel — Ne4 Ag HU B kuciomy cepeqoBuii
MaJl  HEBHCOKI  3HAa4eHHA  HETaTHBHOTO
C-nmorenmiamy: -11.3, -15.8, -9.0 i -14.0 MB,
BIAIIOBITHO. Benmuunaa — rigpoanHaAMiYHOTO
miamerpa g nuux HY cranosuma Big 119 no
261.5 HM, MO BKa3yBaJIO Ha IONITUCIEPCHICTH
CUCTEMH 1 MOMIIMBICTH arperaii 4acTHHOK.
3pazox Ne3 AgHYU-m’sta moka3zaB 3HayHE
migBumieHHs C-noreHmiany Bix -9.0 go -31.9 MB
npu 30inemenHi pH Big 3.7 go 8.7. Lle moxHa
MIOSICHUTH JETIPOTOHI3aIlIEI0 IPUCYTHIX B JIHCTAX

M’SITH  TPUTEPIIEHOBUX KHUCIIOT: YPCYJIOBOI,
0JIEaHOJIOBOI, acKkopOiHOBOT, a TaKOX
(1aBOHOIMIB  amireHiHy, JIIOTEOTiHY [19].
BenmuunHa BUMIpPSHOTO  CEepeaHBOTO  TiNPo-

JUHaMidHOTO miaMerpa ckiama 148.7 um. HY
cpibna, CHHTE30BaHi 3a y4acTi BOJHOTO
EKCTPaKTy POMAIIKH JIKapChKOT, Majn C-TTOTEeHITiaT
-20.5 MB. EKcTpakTuBHI CHONYKH 3 M’STH 1
pOMaIIKA y JAEMPOTOHOBAHOMY CTaHi 3a0e3rie-
YyBaJM BHCOKI 3HA4YCHHs BiJI’EMHOIO 3apsy
Monudikopanux HY cpibna. [Ipote omHouyacHO
HY Mamum  JOCHTH  BHCOKHH  ITOKa3HHUK
TiAPOIMHAMIYHOTO JliaMeTpa.
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Taoaunsa 1. ExextpokiHeTHYHUI OTEHIIAN 1 cepenHiil TiIpoanHaMiuHui miameTp (Z-ave) HaHOYACTHHOK cpibia,

CHUHTE30BaHNUX METOAAMM «3€JIEHOT0» CUHTE3Y

Ha3ssa CepegoBumie . Z-ave
3pa3ka BUMipoBanHs /pH &-moTenuia, MB (d, am)
Nel AgHY-eBkaJinT (B.e.) Jucr. Boga, / 4.1 -11.3+0.8 136.4+13.9
Jucr. Boga /
Ne2 AgHY-eBkaJinr (c.e.) 4.7 -15.8211 119.5+0.7
-20.5¢1.4 -
7.6
Hucr. Bona /
Ne3 AgHY-m’sita (c.e.) 3.7 -9.0£0.6 148.7£5.6
8.7 -31.9+2.2
Ne4 AgHY —noopokHHK (B.€.) Huct. Boma / 5.4 -14.0£0.9 261.6+24.0
ilje‘*agr?;ie:je":s (8.0) Jluer. Bonia/ 7.0 -28.6+2.0 93.0+11.6
Jucrt. Boga /
Ne6 AgHU-Tanin 2.9 -18.0+1.3 50.5+1.1
8.4 -27.5+1.9 -
Ne7 AgHY-pomamka (B.e.) Juct. Bona / 4.4 -20.5¢1.4 232.9+8.6

Ipumimka: B.e. — BOOHUH EKCTPAaKT, C.e. — CIUPTOBHH EKCTPaKT. Z-ave — CEepenHill TigponnHaMidyHWHA TiameTp,

BHU3HAYCHUH 3 PO3IOALTY iIHTEHCUBHOCTIL

3pazok Ne5 AgHY-anoe npu pH 7.0 nokasas
C-notenuian -28.6 MB i 3HauenHs Z-ave 93.0 HM.
Busnauene meenmmke 3HadeHHS (0.82 Mr/T)
CYMapHOTO BMICTY MONi()EHONBHUX CIONYK IS
BOJHOTO eKCTpakTy Aloe arborescens Bkasye Ha
Te, MmO (OopMyBaHHS TOBEPXHEBOTO 3apsily
CcTaOiTPHMX HAHOYACTHHOK BiAOyBaeTbca 3a

paxyHok iHmux cnonyk. Cik Aloe arborescens
Mill wmicTuTh aHTpPAarNiKO3WIW, AMiHOKHCIIOTH,
CaNIIMIOBY KUCIIOTY, Hoiicaxapuau [20-22], ski
CIpUSIOTH  BiJIHOBIEHHIO  iOHIB  cpibina,
3YMOBJIIOIOTh BHCOKI 3Ha4YeHHsI C-TIOTEHIliay,
criikicte HY no arnomepauii B meBHOMY
nmianazoni pH.

pH

-10 4

> 215

-20 4

Puc. 1.

12

3aNexXHICTh eNeKTPOKiHeTHYHOTO ToTeHmiany ({) HaHOYaCTHHOK Cpi0iia, CHHTE30BaHUX 3a JOIOMOTOIO

CIHPTOBOTO €KCTPAKTy eBKaminTy (/) Ta po3unHy TaHiHy (2), Bil BenuunHA pH BOJHOTO pO3UHHY

Ha puc. 1 na npuknani 3paskiB Ne2 AgHU-
eBkamnt (c.e.) i Ne6 AgHUY-tanin mnokazaHo
BB  BenmunHEM  pH  Ha  C-moTeHmian
HaHOYaCTHHOK. B niamazoni 2.6+11.2 3anexHicTh
Oyna mpakTU4HO JiHiMHOIO, mepe3apsnka HY
cpibna He cmocrtepiranacs. JIMcTs eBKainTy
MICTHTh TaHIH, a TaKOX Pi3HI THIU (EHOIBHUX
MeTaboMiTiB: KHUCIOTH (€JIaroBy  KHUCIIOTY),
KaTexiH, (pJIAaBOHOIIM TOIIO, SIKI BU3HAYAIOTh iXHi
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BiJTHOBJIOBAJIbHI  BiacTUBOCTI [23,24]. Tlpwm
IbOMY CIHPTOBI EKCTPAKTH MICTATh OLIbIIe
(heHOIiB MOPIBHIHO 3 BOAHUMH. 3HAYHY YaCTUHY
BKa3aHWX PEYOBHUH  CKJIAJaf0Th TPOCTI i
MOJIIMKIIIYHI TIOX1HI ()eHONy, SKWUH MiCTUTh
€JIEKTPOHO-JIOHOPHY TiJPOKCHIIBHY TpyIy, LIO0
BKa3ye Ha CJIa0Ki KMCIOTHI BIACTUBOCTI. 3aBISKH
nerkocti po3puBy O-H 3B’s3Ky, mporToHi3ailis
MIPOBOKYE CHIIBHIITY HYKJIEO(QUIbHICTD (EHOIAT-
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aniona [25]. lle kopentoe 3 BU3HAYCHUMH HAMU
MMOKa3HUKAMH BMICTY CyMapHHUX MOITi(EHONbHAX
CHOMNYK, SIKI JUISI €KCTPAKTIB €BKANINTY 1 TaHIHY
Oyny HaWBUIMMH cepel] iHIIUX, BUKOPUCTaHUX
mis cuaTtesy HY cpibma, Bimmosimao 32.4 Ta
835.9 mr/r.  Oco0nuBOCTI KOMIIOHEHTIB, SIK1
BXOISATh JO CKJIQAy €KCTPaKTy eBKaJiNTy,
BH3HAYAIIN XiJ] 3aJIE)KHOCTI C-TTOTEHITiany 3pa3ka
AgHY-eBkaminr Bia BenmmunHu pH B cepenoBuii.

IlomiOHmit BT  Majga  3aJeXHICTh
C-norenmiany Bim pH cepenopumia 3pazka Ne6
AgHY-tanin (puc. 1, kpusa 2). [Ipore Benmmuuna
Bi’eMHOrO 3apsay Oyna Oinbmor. TaniH, abo
TaHIHOBAa KHUCIIOTa — pEYOBHHA POCIUHHOTO
MOXO/KEHHST 3 Tpynu TolieHoNiB, sKa
CKJIAIA€THCS 3 OAMHUIIH CI1a0KO1 TaIOBOi KUCIIOTH
[26,27]. 3a  paxyHOK  JEHpPOTOHOBAHHUX
KHCIIOTHUX TPYIT 000JIOHKH, YTBOPEHOI 3 TaHiHY,
HY cpibna wmamu Big’emHmid  -TIOTEHIA
>-20.0mMB B giamazoni pH>4. 3aBmsku
BHUCOKHM 3HaueHHAM (-TIOTEHIialy HAaHOCHCTEMa
AgHY-tanin Mama BHCOKY CTIHKICTB [0
armomeparii.  CepenmHid  TigpoAMHAMIYHHHA
miametp 3pazka Ne6 AgHU-tanin cknas 50.5 HM,
IO BIJNOBIJIAE CEPEIHIM po3MipaM, sIKI MOXKHA
BU3HAYUTH 3 TIOJIOKEHHS CMYTH 30yIKEHHS
MOBepXHEBUX IUa3MOHHUX KonwmBasb (III1P) ma
CIEKTpi MOrJuHaHH B Y ®-BUAMMOMY Jiana3oHi
XBHJIb.

3pasku Ne7 AgHY-pomamka i Ne2 AgHY-
€BKAJIIIT JIOCHIJDKEHO MeETOoIaMU CEM
Mmikpockomii, EDX cmekrpockorii i crekTpo-
ckonii B Y®-BuauMomy miamazoHi. Pesymbratn
HaBeZleHI Ha puc.2 i puc. 3. Ha cnekrpax

MOTJMHAHHA 000X mpenapatiB  (puc.26 i
puc.36) cmocrepiralach  IIHpPOKa  CMyra
norauHaHHA B 00macti 350-550 HM, 3ymMoBIeHa
HasiBHicTIO [II1P [28]. 3pa3ok Ne7 3 poMarikoro
JIEMOHCTPYBAaB MAaKCHMYM TPU Amax = 426 HM,
3pa3ok Ne2 3 eBKATINTOM TPH Amax = 461 HM.
CuMeTpHYHICTh CMYTH MOTJIIMHAHHSA 11 000X HY
n00pe y3roIxXKyeThCs 3 JAHUMH JTITEPaTyPH MO0
onTyHUX BractuBocteit HY cpibma [29].
Po3mpenHss cMyru mMOrIMHAHHA 1 3MilIEHHS
MakCUMyMy B YepBOHY 00JacTh IOB’s3aHE i3
30impImeHHsIM po3mipy HY 3emenoro cuHTeE3y,
0oOyMOBIIEHIM  HAafBHICTIO  OOOJOHKH 3
OpraHiuHOi PEYOBHWHH 1 MOKIMBOIO arperami€ero
[30], yrBopenusm mybreriB abo Tpurmietie HY.
Takuii BUCHOBOK Y3rOJIKY€ThCS 3 pe3yIbTaTaMU
eJIeKTpoHHOT Mikpockonii 1 DLS BumiproBaHb.
CepenHill po3Mip YaCTHHOK 3 CBKAIINTOM CKJIaB
110 am. Po3mip AgHY-pomamka Oy Maibke
BABiYi OinbimuM ~ 200 HM (puc. 2 a 1 puc. 3 a).
3ayBaKMMO, HI0O MpPU LOMY BMICT CyMapHHUX
MoITi(peHONBHUX CHONYK B €KCTPAaKTI POMAIIKU
OyB 3HauHO HIKYMM (9.0 MI/T), MOpPIBHAHO i3
BIJINIOBIIHUM  TOKa3HUKOM JUIsl  CIIUPTOBOIO
eKCTpakTy  JumcTs  eBkaminty  (25.7 mMr/r).
Pesynpratn ananizy CEM-300pakeHb BKa3yIOTh
Ha Hec(hepuuHicTh TeBHOT Ppakuii HY, nist skux
ocboBe  cmiBBimHOmIEHH > 1.0. ®eHomeH
301JBIICHHS  TMOKa3HUKAa  TiAPOJWHAMIYHOTO
nmiametpy HY, ski MaroTh CHUMETpit0, BiIMIHHY
Bl chepudHOi, MOCIIIKEHUI B iHIINX poOOTax
[17]. Hesig’emune oOmexenns wmeroxy DLS
HOJISITAa€ B TOMY, 1[0 BiH HE MOKE TOYHO ONHUCATH
po3Mipu HechepUIHHUX 00’ €KTIB.
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Puc. 2. CEM 3o06paxenns, EDX cnexkTpu, eleMeHTHHH aHadi3 1 CIEKTpHM HOTJIMHAHHSA HAHOYACTHHOK cpibia,
CHHTE30BaHUX 3 BUKOPUCTAHHSIM BOJHOTO €KCTPAKTy POMAIIKH JiKapcbkoi Matricaria chamomilla L.
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Puc. 3. CEM-306paxenns (a), EDX crnektpu i eneMeHTHHI aHali3 (6) Ta CHEKTpH MOTIMHAHHS (6) HAHOYACTHHOK
cpibna, CHHTE30BaHMX 3 BHUKOPHCTAaHHSIM CIHPTOBOTO EKCTPAKTY JIUCTS EBKAJINTY HPYTONOAIOHOTO

Eucalyptus viminalis

3a nannmu EDX-ananizy (puc. 2 6 1 puc. 3 0)
BUSIBJICHO  XapaKTepHI MIiKM Ta  BHCOKHH
BiJICOTKOBHH BMICT cpibia B 000X 3pa3kax, II0
MiATBEPIUKYE XIMIYHY NPHUPOLY CHHTE30BAHUX
HY. Hassuicte BmicTy Byriemio (C) Ta KUCHIO
(O) ma EDX-cniekTpax moB’si3aHa 3 afcopOIieto
(OiokamicymoBaHHSIM) OpraHiYHHX CcHOdykK. lle
Y3rO/DKYEThCS 13 TaHUMU Tpo 3HauHUi BMicT C i
O B HY Ag, onepaHux 3a JAOMOMOTOI0 1HIITUX
POCIMHHHMX €KCTPAKTiB, HANPUKIAL EKCTPaKTy
HaciHHs Acacia farnesiana [31].

Pesynbratn JIOCITiPKEHHS €JIeKTPO-
MOBEPXHEBUX 1 PO3MIPHHX XapaKTEPUCTHK
cuarezoBanux HY 3omora HaBeneni B Tabi. 2.
CriocTepexeHi BIIMIHHOCTI MIXk JIBOMa 3pa3KaMu
HY 30150Ta, ogepxaHux pi3HUMHU CrIocO0amMH i3
BUKOPUCTAHHSIM EKCTPAaKTy ajioe Bepa. 3pas3ok
Ne3  AuHY-amoe (B.e.) cuHTE30BaHMH 13
3aCTOCYBAaHHSIM 2-X CTYIEHEBOTO HAarpiBaHHS:
couatky 15xB mpu 50-60 °C 3 HacTynmHUM
HarpiBanassMm HBY immynscamu mo 10 ¢, maB

HEBEJIMKUI C-nmortentian -10.8 MB i
Z-ave = 66.4 am. 3pazok Ne4 AuHY-anoe (c.e.),
cuHTe30BaHui mpu Temneparypi 70 °C, pH 5.1,
MaB Bunuii {=-21.6 MB i MeHIIe 3HaueHHS
Z-ave = 49.8 uM. 3 oIy Ha HEBEJIUKI 3HAUCHHS
cymapHoro BMicty momidenonis (0.11 mr/r),
MO>KHA 3pOOHTH MIPUITYLICHHS, IO Y (POpMYBaHHI
CTaOUIbHUX YAaCTHHOK MPUHMAIOTh y4YacTh iHIII
KOMIIOHEHTH-aHTHOKCUJIAHTH EKCTPAaKTiB aioe,
mo Oyno 3a3HadeHo Bume. B poborti [32]
BCTaHOBJICHO, 110 BIZIOBITAIbHUMHU 3a
BiIHOBIIIOBAJIbHI BIIACTHBOCTI EKCTPAKTy ayoe
Bepa € KapOOHINBHI 1 CHOHPTOBI Tpymu
EKCTParoBaHWX KOMIIOHEHTIB 3 MOJIEKYJISPHOIO
paroto MeHme 3 kDa. VMoBipHO, HarpiBamHs
IMITy ThCaMH HBY-xBuib 3YMOBUJIO
poswerierHs 1 okucHeHHs —CH;OH rpyn
AHTPaxiHOHOBHUX CIIOJYK, IO CYIIPOBOJKYBAIIOCH
3MEHIICHHIM 3arajibHOro BiJl’€MHOTO
C-notenuiany. Ilpu npomy QopmyBamuce HY
30J10Ta OiBIIOTO PO3MIpy.

Ta6auns 2. EnekTpokiHETHYHUI MOTEHINAN i cepenHill TimpoanHaMivuHuil qiamMeTp (Z-ave) HaHOYACTHHOK 30JI0Ta,

CHUHTC30BaHUX METOJAMHU «3CJICHOI'0» CUHTE3Y

CepenoBuie . Z-ave
Ha3zBa 3pa3ka suvipiosanns/pH C-norennian, mB (d, nv)
0.01M NaCl/
Nel Au-HY-raHin 2.3 -9.0£0.6 37.3+£2.9
94 -32.44+2.3
e -
fﬁ"i ;‘“Hq'a“"e (Aloe vera L.) Jlucr. Boxa / 5.0 21.6£1.5 49.8+5.6
Ne4 AuHY-anoe (Aloe vera L.) HHCTS' }ioua / 10,840 8 66.4+44.9
(8.¢.) 8.6 J18.2+13
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JocnipkeHHs! ClIeKTpalbHUX XapaKTePUCTUK
cuHTe30BaHuX «3eneHnx» AuHY B Y®-Buaumomy
niama3oHi AlTh JOJATKOBY iH(opmarito mpo
ixgi  posmip, <¢opmy 1 B3aemomiro 3
eKCTPAaKTUBHUMH PEYOBHHAMH, BHXOIIYM 3
MOJIOKEHH 1 (OpMH CMYTH TIOBEPXHEBUX
IUTa3MOHHUX KOJHMBaHb. B TeBHOMY aiama3oHi
po3mipiB HY icHye kopemsimis Mik MaKCUMYMOM
rornuHanHs 1 po3mipom HY [33]. Tlpencrasieni
Ha pHC. 4 CIIEKTPHU MOTIIMHAHHS 2-X TOCTIIKECHUX
3pa3kiB  AuHY-amoe (Ne3, Ne4, tabm. 2) i
AuHY-tanin  (Nel, Tabm 2) 3aKOHOMIPHO
MiATBEPDKYIOTH HaBEIeHI BUIIIE 3aKOHOMIPHOCTI.
3pazku AuHY-anoe Bifpi3HSUIMCH MiX COOOIO
BEIUYHOI (-TIOTEHI[aly 1 TiApOJUHAMIYHOTO
niameTpa, a TakoX (opMow crhekTpiB. Jlis
AuHY-anoe (c.e.) BinMideHa CHMETPUYHA CMyTa
[P 3 makcumymoM mipu A =528 am (pwuc. 4,
KpuBa 4), 0 MOXe CBITYUTH NP0 (HOPMYBaHHS
cheprmuanx AuHY 3 posmipom ~ 30 HM, KUl €
JTOCTAaTHBO OMM3bKUM bi (6] 3HAYCHHS
Z-ave =49.8 um. [Jns  AuHY-amoe (B.c.)
3a(hikcoBaHa qyXe IIUPOKa CMYyTa MOTJIMHAHHS 3

- N
! )
7’

[MornuHaHHS, BigH. of.

o
1

MakCUMyMOM B o0nacti 556 HM, 3CYHYTUM B
4epBOHY 001acTh (puc. 4, KpuBa 3), 110 BKa3ye Ha
OTAPOKUI  PO3IMOAUT YaCTHHOK 3a PO3MIipoM
(Z-ave = 66.4um). Ilpm Mamux 3Ha4YEHHIX
C-moTeHLiany 1€ MOXE CyNpOBOIXKYBaTHChH
arperauieto MmoaudikoBanux HY.

YMoBH cuHTe3y ABOX 3paskiB HY 3orora 3
BUKOPUCTAHHSIM pO3UMHY TaHiHy (Tabm. 2, Nel i
Ne2 Au-HUY-taniH) Bifgpi3HsHCS HasSBHICTIO B
cepepoBumti 0.03 M K,COs. C-notenmian HY,
cuHTe30BaHux 0e3 nonasanus K,COs, OyB gemro
Oimpmmii 1 Oinmerme 3anekaB Big pH. Croektp
AuHY-tanin (puc. 4, KpuBaS5) MaB CMYyry
MOTJIMHAHHSA 3 MAKCUMYMOM Tipu A = 532 uwm. [Ipn
npoMy Bm3HaueHH Metomom DLS cepemniit
miametp HY cxmaB 37.3 am. Takox 3adikcoBano
wieye B OMmxkHBbOMY Y ®D-niana3oHi XBWJIb, IO
MOXX€ CBITUHTH Tpo (QOpPMYyBaHHS HaAHO-
KJIACTEPHUX YTBOPEHb 3 PO3MIPOM YaCTHHOK
MeHIe 2 HM [34]. BUHUKHEHHS TakUX CTPYKTYp
CHIOCTEpirand B  MPHUCYTHOCTI  OpraHiuHUX
MOJIEKYII, B TOMY YHUCJI TTONinenTuiB [35].

I _4~ ~. . ~/ \\,
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700

LoBxunHa xBuni, HM

Crextpu mornmHaHHs: [ — npekypcop HAuCly, 2 — 3pasok Ne2 AuHY-rtania + K,COs, 3 — 3pa3ox N4

AuHY-anoe (B.e.), 4 — 3pa3ok Ne3 AuHY-anoe (c.e.), 5 — 3pa3ok Nel Au-HY-ranin

Ilo cTOCY€TBbCS ~ «3€JIEHOTO»  CHHTE3Y
HAaHOYACTHHOK OKCHJy 3aii3a, aHaji3 BiJJOMUX
JaHUX BKa3y€ Ha MEBHY CKIAIHICTD OJCp)KaHHS
METONOM XIMIYHOI KOHAEHcawii cradlIbHUX
HaHoOIpenapatiB y BonHiM aucnepcii [36, 37].
BaxumBumMu € ckiaa  BiIHOBIIOBAIBHHX 1
3aXMCHUX KOMIIOHEHTIB, 8 TAKOXK YMOBH CHHTE3Y.
[lpu nmonmaBaHHI BOJHHMX €KCTPAKTIB JIUCTS
KpOIIMBH, iBaH-4al0, MOJOPOKHHKA, T10iCKyCy 110
po3uuny FeCls ciocrepiranach 3MiHa KOJIbOPY 3
CBITJIO-)KOBTOTO Ha YOpHHH, IO Bi3yalbHO
HiATBEPIUKYBAIO YOPMYBaHHS HAHOYACTHHOK.
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TouHnii XIMIYHHMII CKJIAJ CHHTE30BAHUX
HaHouacTMHOK Fe,Oy, He Bu3Hawann. Jlns
3a3Ha4eHO] POCIMHHOI CHPOBHHH OCHOBHUMH
AKTUBHHMHU  KOMIIOHEHTAMH  E€KCTPaKkTiB €
(dnaBoHoinu  (aHTOIliaHW,  AHTOIIAHUIWHM),
noJricaxapuan, ayounbHi pedoBuHu [38]. Ilpu
[LOMY KOXKEH €KCTPAKT MiCTUTh KOMITOHEHTH, SIKi
BU3HAYAIOTh CHEUU(IYHY TepaneBTHYHY IO
POCJIMH: CEKpPETOpHY, 3HEOOJIOBAJIBHY, KpPOBO-
CIHMHHY, PaHO3aroloBajlbHY, OaKTEepiOCTaTHUHY,
CellaTHBHY, TIMIOTEH3UBHY, POTHAJIEPTeHHY.
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Ha puc.5 HaBeneHO CHEKTpU MOIVIMHAHHSA
cuHTe3oBaHMX 3paskiB  Nel-4  Fe,O,HU B
YO-pumumomy miamazoni. Sk mokazano B [39]
JUIS 130JIbOBAHMX YaCTUHOK MarHeTuty Fe;Os
XapakTepHUM € TiK abcopOrii mpu 200 am. s
FeHY 3adikcoBaHo TOBEpXHEBUU IIa3MOHHUH

ik pu 390 uMm [40]. Ha criekTpax, HaBeICHUX Ha
puc. 5, CHOCTepirajuch ITKA TIOTJIMHAHHS B
3a3HAaUYEHOMY [iala3oHi, IO  MiATBEPIKYE
YTBOPEHHs] HAHOYACTUHOK 1 BKa3ye Ha 3MillIaHUH
CKJIaJT OKCHIIB 3a1i3a, sIKi OPMYIOThCS 32 y4acTi
POCITMHHHX €KCTPAKTIB PI3ZHOTO CKIIaIy.
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Crnexrpu norimmHanus: [ — npexypeop FeCls, 2 —3pazok Ned Fe, O, HU-ribickyc (B.¢€.), 3 —3pazok Nel Fe,O, HU-

Kporusa (B.e.), 4 — 3pasok No2 Fe,Oy HU-iBan-uaii, 5 — 3pazok Ne3 Fe,O, HU— nmogopoxHuk (B.e.)

Puc. S.
Posraguemo HaBecH1 B Tabaui 3
pe3ynbTaTH  BHUMIpIOBaHHS  (-TIOTeHmiany i

po3mipy FexOyHUY. Cunre3zoBani 3pa3ku (Tadi. 3,
Nol-Ned4) wmamm xumcmy peaknito pH 2.0+3.4.
BumiproBanHs {-moTeHIially ~ BCTaHOBHJIO
BiI’€MHI, HEBEIIMKi 3a BEIMYHHOIO 3HAYCHHS:

54, -103 1 -9.5MB mus 3paskiB  Nel-3,
BignoBimHo. 3pazok  Ned  Fe,OyHY-ribickyc
BIIPI3HABCSA BiJ IHIIMX OUTBIIAM 3HAYECHHIM
C-norenmiany -21.6 mB mpu pH 2.9.

Ta6aunsa 3. EnekTpokiHeTHYHUI MOTEHINAN i CepeHii TiApoJnHaMiYHAi niameTp (Z-ave) HAaHOYACTHHOK OKCHIY
3aJ1i3a, CHHTE€30BaHUX METOJAMH «3EJICHOT0» CUHTE3Y)

CepenoBuie . Z-ave
Ha3zga 3pa3ka suvipiosanns/pH {-norenuian, MmB (d, nm)
Nel FexOy HY-kponusa (B.e.) Hucr. Boga / 3.3 -5.4+0.4 690.1£50.9
Ne2 FexOy HY-iBan-uaii (B.e.) Hucr. Boga /3.4 -10.3+£0.7 990.3 +64.9
Hucr. Boga /
iﬁ )Fe"Oy HH-nozopokmumuk 3.0 -9.540.7 212.7+53.8
o 10.0 -15.3+1.1
o - Huct. Boga /
Neq4 FexOy HU-ribickyc (B.e.) 29 21.6+1.8 353.1£19.0

[Ipu BumiptoBanHi (-moTeHIiany 3pa3KiB
Fe,O,HY Nel i Ne2 (rabm 3) wmeromom
MiKpoesnekTpodopesy B JIyKHHX PO3YMHAX
HAaHOYACTMHKM He crocrepiraiuch. OTKke,
3a3Ha4yeHi 3pa3Ku Malld HEBUCOKY arperatHy i
CeIMMEHTAlllfHy  CTIHKICTb B KHCJIOMY
Cepe/IOBHINI i, WMOBIPHO, PO3YHHSINCH B
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aykHOMY. Takuii BHCHOBOK MiITBEPIKYETHCS
BEJMKAMH  TOKAa3HMKAMHM  TiAPOJAHAMIYHOTO
niamerpa Z-ave st 3paskiB Nel Fe,O,HUY-
kpomnuBa ta Ne2 Fe,OyHU-iBan-uaii. [Iputsranus
MK MAarHiTHUMH YaCTHHKaMH TNPHU3BOIUTH [0
ixHpoi arperanii. EKCTpakTWBHI pedyoBHHU 3
KPOIIMBH 1 iBaH-4ar0 He CHpUsUIM (HOPMYBaHHIO
3apsikeHoi  00OJIOHKHM, 3JIaTHOI 3a0e3neunTH
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IXHIO CJIEKTPOCTATUUHY cradLI3aio 1
BINMOBIAHO  arperatHy 1 CeIWMEHTAIiiHy
critikicts HY. Binbiry cTalinbpHICT BCTAHOBIEHO
st HaHocuctemMu Ne3 Fe,OyHY-nomopoxHUK.
Januii 3pa3oK IPOJEMOHCTPYBAaB HEBEJIMKE
3pOCTaHHS BiJ’ €MHOTO 3HaueHHs (-MOTEHIIay 3
95mMB (pH3) mo -153mB (pH 10) mpm
30inbiienHi pH i, omgHOYacHO, CTaOUIBHICTH B
TyxXHOMY cepefoBuili. Taky mnoBeninky HY
MOXXKHa TIOB’SI3aTH 3 TMIABUINEHUM BMIiCTOM
nomicaxapuaiB ~ 20 % y JIHCTSIX MOAOPOKHHKA,
SIKI TIPEICTaBJICHI TCKTUHOBUMHU PEUYOBHHAMHM 1

HEHTpaNbHUMHU TJNiKaHAMH, TOOTO BHCOKO-
MOJIEKYISIPHIMHI crabko 3apsKCHAMH
cnonykamu. CopOIiiss  3a3HAYCHHMX  CIOJIYK

CTBOPIOE YMOBH Ui TOEAHAHHS CTEPUYHOTO 1
€IEKTPOCTATUIHOTO (DAKTOPIB, CHPUSAE 3aXUCTY
HAaHOYACTHHOK 1 TIJABUINEHHIO CTa0iIBHOCTI

HaHomucnepcii  [41]. Coig 3a3HaYuTH, M0
MMOKa3HWK CYMapHOTO BMICTY TONi(eHOMTIB,
BU3HAYCHUH [UII  EKCTPAKTy IOJOPOKHHKA

(24.9 mr/r), OyB BUIIMM cepe]] IHIINX eKCTPAKTIB,
BUKOPUCTAHUX JUISI CHHTE3y HaHOYaCTHHOK
okcuaiB 3amiza. CepemHidl TiTpoAMHAMIYHUHA

miamerp  FeOyHU-nonmopokHuk  cTaHOBHB
212.7 vMm.
3pazok  Ne4 Fe,OyHY-ribickyc mokazaB

HaiOibIIe Bix eMHe 3HaueHHs C = -21.6 MB mpu
pH 2.9. Takuii moka3HUK € JACII0 HEOUiKYBAHUM.
Jlucts ribickycy pasom 3 (duaBoHOimamMu i
aHTHIianaMd MICTUTh 10 15-30 % opraniunmx
KHCJIOT — JHMMOHHOI, OypHITHHOBOi, ackopOi-
HOBOI, 50My4HOI, BHHHOi, TribickycoBoi [42],
BIZJOMHUX CBOIMH BITHOBJIIOBAJILHUMA
BIIACTHBOCTSIMH. B Kucrmomy  cepemoBuIi
KapOOKCHIIBHI TpymH MaJio aucollifioBadi. [Ipore,
HMOBIpHO, 3aBISKHA BEIMKOMY BiIHOCHOMY
BMICTy BKa3aHUX Kucior 3pasku Fe,OyHU-
ribickyc MaloTh cepe/iHi 3a BEJIMYMHOIO Bijl’ €MHI
3HaueHHs (-TIOTEHIlialny 1 IIeBHY arperatHy
CTIMKICTh B LIMPOKOMY Jiana3zoHi 3HayeHb pH.
Cepenniit TiApoIMHAMIYHUHT IiameTp
JOCIIDKEHUX HAHOYaCTUHOK CKiaB 353.1 HM.

B Ta0. 4 HaBeCHI pe3yIBTATH JOCIIKEHHS
HY okcugy umuky (ZnO), CHHTE30BaHUX i3
3aCTOCYBaHHSM EKCTPAaKTiB JKapchKoi
POCIMHHOI CHPOBHHH.

Ta6auns 4. EjekTpoKiHETHYHUI MOTEHINAN i CepeiHii TiApoauHaMiqHui qiameTp (Z-ave) HAaHOYACTHHOK OKCHIY
LUHKY, CHHTE30BaHUX METOJJAMHU «3EJICHOT0» CHHTE3Y

Ha3zga 3pa3ka Bl/ll\fieppl(e)}:l:(i)ll::-llilllpr C-norenuian, MmB (i ::;f)
Hwuct. Box /
Nel ZnO HY-iBan yaii (B.e.) 4.0 -22.5£1.6 306.1£61.5
6.6 -26.1+1.8
Ne2 ZnO HY-kponusa (B.e.) 7.5 -12.6+0.9 260.148.6
Ne3 ZnO HY-narinkm (c.e.) 7.7 -14.5+1.0 217.5+£54.7
3pazok Nel ZnO HY- iBam waii (B.e.), KIIBKOCTI  JIETIPOTOHOBAaHUX  KapOOKCHIIBHUX

CUHTE30BaHWH Yy BOJHOMY EKCTPaKTi 3 JHCTA
iBaH-dato, MaB ( =-22.5+-26.1 MB B miana3zoni
pH 4.0+6.6, 110 BianoBiiae cepeHiii arperatHii
crabinpHOCTI. ['iApoauHamiubuii miameTp Z-ave
cranoBuB 306.1 am. IlogibHO MO MOmOPOKHHKA
naHa (ITOCHPOBHHA MICTUTh TIOJiCaxapuy,
MEKTHHY 1 OJIHOYACHO OpPTaHiuHi KHCIOTH, a camMe
ackopOiHOBY kucnoty [42]. BusHaueHe 3HaYCHHS
CYMapHOTO BMICTy MOJI()EHOIB sl EKCTPaKTy
iBaH-4al0,  BHKOPHUCTAHOTO I  CHHTE3Y
HagodacTMHOK ZnQO, cranoswio 20.5 mr/r, 1o
MOXK€ CBIJYUTH TIPO POJIb IUX CHOIYK Yy
migBuiieHHi cradinpHocTi ZnO HY. 3pocranus
3HaueHb Bix’emHOro (-moTtenmiany HY 3
migBumeHHssM pH Bkasye Ha 30UTbIICHHS
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rpyn. OTXe, €KCTpakT 3 iBaH-yal0 I[IOKa3aB
edpexTrBHiCcTh ipu PopmysanHi ZnO HY, oxnak
BHUSBHUBCS Maloe()eKTUBHUM TMpH (HOpMyBaHHI
Fe.O,HY, mpo mio #mma moBa Buile (IuB.
Tao. 3).

Hesucoki 3HauenHs C-motenmiany -12.6 MB
BCTAaHOBJIEHO s 3pazka No2  ZnOHY,
CHUHTE30BAaHOTO 3 BUKOPHCTAHHSIM BOJIHOIO
eKCTPaKTy KpomuBH, a Takox §=-14.5 MB s
3pazka  Ne3  ZnOHY, cuHTe30BaHOTO 3
BUKOPUCTAHHSIM CIHUPTOBOIO EKCTPAKTY KBITiB
Harilok TpH HeHUTpanbHWX 3Ha4deHHIX pH.
3aszgaueni HY nokasamm cebe aHaJIOTIYHO 0
3paskiB FexOyHU-kponmpa (Tadi. 3). O6onoHka 3
EKCTPaKTHUBHUX PEYOBUH KPOIHMBHU 1 HATIOK HE



J1.C. PesHiveHko, B.1. [Nodonbcbka, J1.M. SkybeHko ma iH.

cnpusiia (QOpMyBaHHIO BHCOKOIO 3apsjay Ha

MMOBEPXHI ~ HAHOYACTMHOK 1,  BIATOBIIHO,
arperaTHoi CTiKoCcTI HaHOmucmepcii  ZnO.
[loka3HWKH  CEpPEAHBOTO  TiAPOJUHAMIYHOTO

nmiaMeTpa ckimanany BiamoBimao 260.11217.5 HM.
Opep:xaHi 3HAYSHHSI BUTISIAIOTH 3aBUIIIEHIMU Y
nopiBHsHHI 3 pe3ynbraramMu CEM anaizy 3paska

Elements | (
W%

0 06 o8

ol Scae S04 s Cursr 0200

Ne3  ZnOHY-narigku (c.e.), HaBeIEHHWMHU Ha
puc. 6 a, 3rigHO SIKOMY PO3MIpHUH Jiama3oH st
HaHo4yacTHHOK ZnOHY cranoBuB 20-100 HM. Sk
BUAHO 3 MikpodoTorpadii, crmocrepiraeTbes
3Ha9YHA TOJIAUCIEPCHICTh, dYacTUHKH ZnO
arperoBani i ©Oarato 3 HHX MalTh ¢HopMmy,
BiAMiHHY BiJ chepryHOi.
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Puc. 6. CEM-300paxenns (a), EDX criekTp, eneMeHTHUIA aHaui3 (0) i CIEKTP HOTJIMHAHHS (6) HAHOYACTUHOK OKCHIY
IIMHKY CHHTE30BaHMX 13 3aCTOCYBAHHSIM CIIMPTOBOTO €KCTPAKTY KBITIB HATiZIOK

XimigHui cknax HaHo9acTHHOK Ne3 ZnO HY
niaTBeppkeHo nanumu EDX-ananizy (puc. 6 0).
Bucokuii BMicT BYTIJICIIO 1 KUCHIO MiATBEPIDKYE
dbopmyBaHHS ~ OOONIOHKM 3  OpraHiuHUX
KOMITOHEHTIB eKCTPaKTy KBiTiB Harifiok. Sk
HaBEJEHO Ha puc. 66, CHEKTp NOINIMHAHHSI
HAaHOYAaCTHMHOK OKcHAy ULuHKY (ZnO HY),
CHUHTE30BaHMX 3 BHUKOPUCTAHHSIM CIIMPTOBOI
BUTSDKKHM CYIICHHWX KBITIB HariJOK JIKapChKUX
(Calendula officinalis,), neMOHCTpY€e 3pOCTaHHS
IHTEHCHBHOCTI TIOTJIMHAHHS TPW JIOBXKWHI XBHIII
367 um. lle Bkazye Ha yTtBOpenHs HY okcuny
LIUHKY, M0 Y3TO/DKYEThCA 3 JaHUMHU U
AHAJIOTIYHUX 3pa3KiB, HABEIEHUMH B POOOTaxX
[43-45] ans wactuHok ZnO HY.

BHUCHOBKH

B naHoMy J0CHIKEHI METOIOM «3€TICHOT0Y
CHHTE3y CUHTE30BaHO 18 3pa3kiB HAHOYACTHHOK
MeTaniB (cpibiia, 30J10Ta, OKCHLY ITUHKY 1 OKCHTY
3aj1i3a) i3 3aCTOCYBaHHSM BOJHHUX 1 CIIMPTOBUX
EKCTPAKTiB JIIKAPCBKUX POCIMH: EBKAIINTY
npytonomaionoro (Eucalyptus viminalis Labill),
anoe nepeponoioHoro (Aloe arborescens Mill),
anoe Bepa (Aloe vera L.), M’satm mnepueBoi
(Mentha xpiperita L.), monOpOXHUKa BEIHKOTO
(Plantago major L.), pomaiiku JiKapChbKOl
(Matricaria chamomilla L.), kponiBA TBOJJOMHOL
(Urtica dioica L.), iBan-uato (Chamerion
angustifolium  L.),  Hariiok  JiKapChbKHUX
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(Calendula officinalis), Ttibickycy (Hibiscus
sabdariffa L.), a Takox BOAHOTO pO3UMHY TaHIHY.
OxapakTepu30BaHO IXHIH EJIEKTPOKIHCTHYHUIMA
MIOTEHIIiaJ, PO3MIipHIi, CIIEKTPaIbHi BIaCTUBOCTI i
3po0eHi BHCHOBKH  IIIOJIO arperaTHoi
CTab1IbHOCTI.

Hamu BcTaHOBIIEHO, IO CKJIag 1 cCIociO
BHJIyYEHHsI €KCTPAaKTUBHUX PEYOBUH (BOIHI abo
CIHPTOBI  €KCTPakTH), Topsax i3  ¢i3uko-
XIMIYHIMHA YMOBaMHU CHHTE3y (TeMIepaTypHUii
peXuM, 00po0OKa HBY XBUJISIMH,
riziporepManbHuil  cuHTE3, BenuuuHa pH),
BUPa)XCHO BIUIMBAIOTh Ha EJEKTPOIOBEPXHEBI
BIIACTHBOCTI,  CTPYKTYpPHI 1  CHEKTpajbHi
XapaKTEePUCTUKH CUHTE30BaHUX HAHOYACTHHOK.
[lokazano, MO MpH TOEAHAHHI CTEPUYHOTO 1

€JIEKTPOCTATHYHOTO dbaxTopiB 3aXHUCTY
HAHOYACTHHOK, HANMPHUKJIAJ B  EKCTPaKTax
MOJIOPOKHUAKA 1 1BaH-4aro, IOCATacThCS

IiIBUIIICHA CTa0lIbHICTh HAHOIUCTICPCil.
IMpoBeneHi  AOCHi/PKEHHS BKa3yloTh Ha
MEPCIEKTUBHICTh ~ BUKOPUCTAHHS  JTIKAPCHKOT
POCIMHHOI ~ CHPOBMHH  miusi  (opMyBaHHS
HAHOYACTMHOK MeTadiB. IlokasaHo, 0 MeTox
JIOCTTI/DKEHHS €IeKTPOKIHETHYHOT'O TIOTEHITiaTy
«3€JIEHNX» HAHOYACTHHOK B KOMIUIEKCI 13 TXHIMM
CHEKTPATbHUMH 1 CTPYKTYpHUMH XapakTe-
PHUCTUKAMHU € JOBOJII iHPOPMATUBHUM ITPU JOOOPI
MPHUPOJHUAX EKCTPAKTIB 3 PI3HUM XIMIYHUM
CKJIQJIOM BIJHOBJIIOBAIBHUX 1 CTa0LIi3yIOunX
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KOMITOHEHTIB ~ JJI1  CHHTE3y  BiJIIOBIIHUX HaNOIbII CTa0lILHIMU BUSIBHITHCS
HaHONIIpemapaTiB  Ha  OCHOBI  POCIHMHHOI HAaHOYACTHHKH, CHHTE30BaHI 3a JIOIOMOTOIO
(JTiKapchKOi) CHPOBUHH. TaHIHy B CIA0KO Jy’)KHOMY pPO34YHHI, a TaKOX

3rifHO  OJIepPKAHUX  3HAYCHb  CJICKTPO- cnuproBoro ekcrpakty Aloe vera L. Ilomo
KIHETHIHOT'O MOTEHIII ATy CHHTE30BaHHUX cpibia, BCi MOCHTIKEHI POCITHUHHI €KCTPAKTH, 3a
HAaHOYACTHMHOK METaJliB, 3arajoM CTaOlIbHICTh BHHATKOM ITOJOPOKHHKA, CIIPUSITA ()OPMYBAHHIO
HaHomUcHepci Oyna 3amoBinbHOIO. HaiOinmbin CTaOLIIBHUAX HAHOYACTHUHOK. Hatikparmi
CTIIKUM cepel OTPUMaHMX HAHOYACTHHOK ZnO pe3yJIbTaTH MOKa3adu TaHIH i BOIHUN €KCTPAKT
BHSIBUBCS 3pa3oK, CHHTE30BaHHUH 3 Aloe arborescens. 3a3HaueHi 3pazKu
BUKOPHUCTAHHSAM BOJIHOTO €KCTPAKTY iBaH-4aro y HaHOUacTHHOK Ag, Au, FeO, ZnO e HanOinbII
CEPeNOBHII, OMMU3LKOMY [0 HEHUTPaILHOTO. MEPCIICKTUBHUMU JIJII  IXHBOTO  IOAAJIBIIIOTO
Cepen HY Fe,Oy HallO1IIbIIT CTIHKUMU BUSBUIIACS MPaKTUYHOTO  3aCTOCYBAaHHSA, 30KpeMa B
HAaHOYACTHHKH, CHHTE30BaHI 3a JOMOMOTOIO arpoeKoIorii 1 POCIMHHHUITBI I OOpoThOHM 3
BOJHHUX €KCTPaKTiB Ti0iCKycy (B KuCIOMY (iromaroreHamMu i 3a0€3MEUYCHHSI  3/IOPOB’S
CEepeOBUII) 1 TOMOPOKHHKA BEIUKOTO (B TPYHTIB.

myxkHomy cepenoBuii). [Ipu cuaTesi HU Au

Synthesis and study of the electrokinetic potential of metal nanoparticles obtained using
medicinal plant extracts

L.S. Rieznichenko, V.I. Podolska, L.M. Yakubenko, T.G. Gruzina, N.I. Grishchenko,
0.Yu. Voitenko, S.M. Dybkova

F.D. Ovcharenko Institute for Biocolloidal Chemistry of National Academy of Science of Ukraine
42 Academician Vernadsky Blvd., 03142, Kyiv, Ukraine, vi.podolska@gmail.com

Extracts of medicinal plants contain a set of specific compounds that can ensure the formation of metal
nanoparticles and at the same time provide them with useful properties for effective use in various fields of
biotechnology, in particular in agricultural production. The main goal of this work was to synthesize and study the
electrokinetic potential and structural properties of green synthesis products - silver, gold, zinc oxide, and iron oxide
nanoparticles, depending on the composition of the plant material used and the synthesis conditions. 18 samples of
metal nanoparticles were synthesized using aqueous and alcoholic extracts of medicinal plants: eucalyptus
(Eucalyptus viminalis Labill), aloe (Aloe arborescens Mill and Aloe vera L.), peppermint (MenthaXpiperita L.),
plantain (Plantago major L.), chamomile (Matricaria chamomilla L.), nettle (Urtica dioica L.), willow-herb
(Chamerion angustifolium L.), calendula (Calendula officinalis), hibiscus (Hibiscus sabdariffa L.), and an aqueous
tannin solution. All samples were characterized by the content of polyphenolic compounds. The nanoparticles were
studied by microelectrophoresis, UV-visible spectroscopy, dynamic light scattering (DLS), scanning electron
microscopy (SEM), and X-ray diffraction (XRD). According to the obtained values of the electrokinetic potential, the
sample synthesized using an aqueous extract of willow-herb tea proved to be the most stable among the obtained ZnO
nanoparticles. Among the Fe:O, NPs, the most stable were nanoparticles synthesized using aqueous extracts of
hibiscus and plantain. The most stable Au nanoparticles were the samples synthesized using tannin and an alcoholic
extract of Aloe vera L. As for silver nanoparticles, tannin, an alcoholic extract of eucalyptus, and an aqueous extract
of Aloe arborescens contributed to the formation of the most stable nanoparticles. These samples of Ag, Au, Fe.O,,
and ZnO nanoparticles are the most promising for their further practical application, in particular in agroecology and
crop production to combat phytopathogens and ensure soil health.

Keywords: “green” synthesis, gold nanoparticles, silver nanoparticles, zinc oxide nanoparticles, iron oxide
nanoparticles, electrokinetic potential, medicinal plant extracts
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