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YIK 615.322035:615.89

Haois TOPYAKOBA

O0OKMOp MeOuuHUXx Hayk, npoghecop, npogecop xagedpu gapmarxonoeii, Hayionanorutl meouunuil yHigepcumem
imeni O. O. Bozomonvys, npocn. bepecmeiicoxuti, 34, m. Kuis, Yxpaina, 03057 (gorchakovanl941@gmail.com)
ORCID: 0000-0001-7311-7347

SCOPUS: 7003895729

Izop BEJIEHIYEB

doxkmop bionoziunux Hayk, npogecop, 3asidyeau xageopu @apmaxonozii ma meouunoi peyenmypu 3 Kypcom
HopmanbHol pizionoeii, 3anopizbruli depocashuti meouko-papmayesmuunull yHieepcumem, eyn. Cmanesapis, 31,
M. 3anopixcorcs, Yepaina, 69035 (i.belenichevi914@gmail.com)

ORCID: 0000-0003-1273-5314

SCOPUS: 6602434760

Temana T'APHUK

O0OKMOp MeOudHUx Hayk, npoghecop, npogecop 3a2anvbHo8y3i6cvokoi Kagheopu QizuuHo20 8UXo8amHsa, cnopmy i
300p08’a modunu, Taspiticokuil HayioHanvHull yHisepcumem imeni B. 1. Bepuaocwvxoeo, eya. [owcona Maxxetina, 33,
M. Kuie, Yrpaina, 01042 (phitotherapy.chasopys@gmail.com)

ORCID: 0000-00025280-0363

SCOPUS: 6508229538

Onena IIYMEHKO
KaHouoam MeOudHux Hayx, ooyenm xageopu papmakonoeii, Hayionanehuii meouynuil yHieepcumem iMeHi

0. O. bocomonvys, npocn. bepecmeticokuil, 34, m. Kuis, Yxpaina, 03057 (ashu28051972@gmail.com)
ORCID: 0000-0003-0655-0911

Onena KIIHMEHKO

KaHouoam MeOuyHUx HayK, ooyeHm xageopu ¢apmaxonoeii, Hayionanvhnuti MeOuuynuil yHigepcumem imeHi
0. O. bocomonvys, npocn. bepecmeticoxuii, 34, m. Kuis, Yxpaina, 03057 (klymenkoolena75@gmail.com)
ORCID: 0000-0002-2537-7029

Bioaiorpagiunuii onuc crarri: Topuakosa H., beneniues 1., 'apauk T., lymeiiko O., Kimumenko O. (2023).
Mewmb6paHnoTponHa fis ¢itonpenaparis. @imomepanis. Yaconuc, 4, 5-10, doi: 10.32782/2522-9680-2023-4-5

MEMBPAHOTPOITHA IS ®ITOITPEITAPATIB

Axmyansuicms. Y cmammi na niocmasi 61acHux 00cniodcens i 0dcepen aimepamypu HageoeHi 0ani uwjooo GnAUSY NKAPCLKUX
3ac00i6 pOCIUHHO20 NOXOONCEHHS, Hacamneped Ha IOHHI Kanau. Membpanomponua 0is maKoxic nos a3ama 3 peyenmopamu, gep-
Menmamu, cueHarbHumu cucmemamu. Pazom i3 mum pobomu ocmannix pokie nog’si3yioms 6naue pOCIUHHUX NPenapamie came Ha
[OHHI KAHAMU, MoMy Nepuio4epeo8o y cmammi akyeHmyemvcs yeaea Ha Oii pimonpenapamie nepedycim Ha iOHHI Kanaau, pisHuyi ix
cmpykmypu i 3HaueHui 6 mexauizmi Oii pimonpenapamis. Came cyuachy apmaxomepanito He8pPONOIUHUX, Cepyeso-CYOUHHUX ma
IHWUX X80P0 Yacmo 00noGHIIMb imosacobamu 3a80aKuU ix 30amHOCMI RIOBUWYE8AMU eheKmMUSHICMb Mpaouyilnoi ¢papmarxome-
panii i Manoi mokcudHoCmi ma 8apmocmi.

Mema pobomu — noxazamu memopanomponty oiio gimonpenapamie na niocmasi ix gniugy Ha iOHHI KAHAU.

Memoou docniodscennsn. bys nposedenuii ananiz simuusHanoi i 3apy6ixcHoi rimepamypu, 6i0omMocmi 3 OPyKOGAHUX ma IHmMep-
Hem-8udans. BusHaueni enacmusocmi il 6uOU KANIEBUX, KATbYIEGUX, HAMPIEGUX KAHATIB.

Pesynomamu 0ocnioncenns. Ilokasano ennug pimonpenapamis na yi Kananu, 36 A30K 3 ix papmaxonoisHumMu 61acmusoCcmamiu.
Mooiciueocmi pociunnux npenapamis nau6amu Ha KAL€sl, KAIbyiesl, HAMPIESI KAHANU CEI0YAmb NPO MeMOPAHOMPONHY 0ii0 npena-
pamis.

Bucnosku. @imonpenapamu, sx i cunmemuyHi 3acobu, Moxicymv 0100imMu MeMOPAHOMPONHUM GNIUBOM, U0 NOACHIOE iX Kapdio-
ma Hetipomponny 0ito. Membpanomponna 0isi yux 3acodie 00yMo61eHa 30e0i1bul020 BNAUBOM HA KATIEGE MA KANbYIE8] KAHAU.

Knrwuoei cnosa: pimonpenapamu, xaniesi, Kanvyiegi, HAMpiesi KAHAIU, MEMOPAHOMPONHA Ois.
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MEMBRANOTROPIC EFFECT OF PHYTODRUGS

Actuality. The article, based on its own research and literature sources, presents data on the effect of herbal medicines, primarily
on ion channels.

Membranotropic action is also associated with receptors, enzymes, signaling systems. At the same time, the works of recent years
link the effect of herbal drugs specifically on ion channels, therefore the article primarily focuses on the effects of herbal drugs on ion
channels, focusing on the role of ion channels, the difference in their structure, and the importance in the mechanism of action of herbal
drugs. It is in the modern pharmacotherapy of neurological, cardiovascular and other diseases that herbal remedies are often included
due to their ability to increase the effectiveness of traditional pharmacotherapy and low toxicity and cost.

The purpose of the work — the goal of the work is to show the membranotropic effect of herbal drugs based on their effect on ion
channels.

Material and methods. Were performed an analysis of domestic and foreign literature and collected information from printed and
online publications. Properties and types of potassium, calcium, and sodium channels are determined.

Research results. The effect of herbal drugs on these channels, the connection with their pharmacological properties is shown.
The ability of herbal drugs to influence potassium, calcium, and sodium channels indicates the membranotropic effect of the drugs.

Conclusions. Thus, herbal drugs, as well as synthetic agents, can have a membranotropic effect, which explains their cardio and
neurotropic effect. The membranotropic action of these agents is due mainly to the effect on potassium and calcium channels.

Key words: phytodrugs, potassium, calcium, sodium channels, membranotropic effect.

Beryn. AxkryanbHicTs. MeMOpaHOTpOMHA [Jisl Tipe- 1 MEBHI CUTHAJIbHI CUCTEMH, 3 SIKUX MOYMHANACS PeaKilis
mapariB JISKUTh B OCHOBI ix crmenudiunoi aktuBHOCTI (Vislobokov et al., 2010). MeMOpaHOTpOITHY aKTHBHICTb
HEHpOTPOMHOi, KapJiOTPOMHOI Ta IHIIMX BUAIB [il. MOB’SA3YIOTh 13 KOMIIOHEHTaMH TiON-AUCYNb(iIHOI chc-
[lig wac peamizamii ii cnenugiyHoro edekry 3Bepraam TeMH i okcuay aszoty (Belenichev et al., 2020), po3kpusa-
yBary Ha poJib I0HHUX KaHaJliB ()epMEHTIB MECEH/DKEPIB  F04M (hapMaKOJIOTIYHI BIACTHBOCTI META0OMITOTPOIHUX
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npemnaparis, 10 SKUX Hajexarh ¢irozacobu (Belenichev
et al., 2020).

Merta po06oTH — TIOKa3aTH MEMOpPAHOTPOIHY 0
(iTompenapariB Ha MiICTaBl X BIUIMBY Ha 10HHI KaHAJIH.

Marepiann Ta MeTOAM JOCJTiUKeHHSl. AHATI3y-
FOUYM aHAJTITHYHI MaTepiajy Ta HayKOBi JDKepesia o0
BIUIMBY OUIBIIOCTI (hiTompenapariB, 3BEpHYIH yBary
Ha peatizallito i METOIOJIOTII0 BUBUCHHS Ta X 3HAUHHM
BIUIMB Ha KaJi€Bi KaHAJIM.

Pe3ynbTraTé gociigaeHHs Ta ix o0roBopenHs. I3
TEOPETHYHOT0, HAYKOBOTO 1 MPAKTHYHOTO JOCIiIKSHHS
BH3HAYCHO, IO KATIOHW KAJlil0 MArOTh 3HAUCHHS IUIS
TPAaHCMEMOPAHHOTO Tpaji€HTa, OUIBIIICTh IHMX 10H-
HUX KaHAJIB € MOTEHI[IAI3aJIe)KHUMH, X04a 1CHYIOTh
1 moTeHIiaNHe3aIeXHi (OpMH, TIEBHA YacTHHA Kallie-
BUX KaHAJIB € Kajblii3zanexHuMu ta ATD-3anexauMu
(Mamchur et al., 2016).

Kaniepi kaHayu, K 1 HaTpieBi 1 Kaublli€Bi, — TpaH-
cMeMOpaHHi OinkH, sKi BUOIPKOBO NMPOIYCKAalOTh 10HU
KaJilo, PyXarThCs 3a ENEKTPOXIMIYHHUM Tpali€HTOM
3 MEeBHOO MBUKICTIO. KaieBi kaHanu MaroTh 4 anbga-
CYOOIMHUII Ta CHeIiali30BaHi CETMEHTH YTBOPECHHS:

— TIOpY, KA 3aIOBHEHA BOJIOI0 Ta € MPOHUKHOO IS
KaJiio;

— (INBTp CENEKTHBHOCTI, SKHUH MpOIyCKA€ JIHIIE
Kauii;

— TIPONYCKHHUH MEXaHi3M, SKHH TepeKIIodaeThCs
y BIIKPHUTHH 1 3aMKHEHHWH CTaH y BIAMOBIAb Ha 3MIiHH
MeMOpaHHOTO MOTEHITiaTy a00 Ha 3B’ 530K JITaHTy.

VY CTpyKTYpi KaHAJy € AIJISTHKH, KOTPi BiANOBIIAIOTh
3a CEJIeKTUBHICTh, BIAKPUTTA KaHaily. Ili3HaHHS CcTpyK-
TYpH KaHaJB Ja€ 3MOTY 3HAWTH 3aco0W A e(EKTHB-
HIIIOTO BHKOPHCTAaHHA Kali€BUX KaHauiB. € Oararo
ICHYIOYHX KOJIIB KaJTIEBUX KaHAJIB, aJKe KaJlieBl KaHATH
€ TakoX 1 B MITOXOHApisAX. Lli kaHanM MarOTh TOIOBHY
CyOOMMHUII0 13 cerMeHTamu S5-S6 abo ix aHaio-
ramH, 10 MO3HAYarTh 10HHY BUOIPKOBICTH, B3aEMOIIO
3 mikapcbkumMu 3acobamu (Pogilova et al., 2016).

OxpeMo BBUAUISIOTH TPU THITH KAJII€BUX KaHAIB:

— KaHaJH¥ i3 IIiCThbMa TPaHCMEMOPaHHUMH CETMEH-
TaMH W OIHI€I0 TOPOIO, SKi PI3HATBCA T'€HETHUHO.
Poanna xanmpIii3ane:KHUX KaHAJIB ITOB’3aHA 3 TeHAMH
KCNA (Shaker), KCNB (Shab), KCNC (Shaker),
KCND (Shal), hERG 3 rerom mtogunu, Ca®* akTuByrodi
K*-xananu ta KCNQ-kaHanu, sKi akTHBYIOThCS ICTIONS-
pu3aliero;

— KaHajJ® 3 JBOMa TpaHCMEeMOpaHHUMH (parMeH-
TaMu 1 omHiero mopor — K' kaHamu BHYTPIIIHBOTO
BUMIPSMJICHHS, 10 CKIIAJAIOThCS 3 alb(a-cyOoquHHUI
3 IBOMa TpaHCMeMOpaHHUMHE cerMeHTamu M1 1 M2 ta
TpaHC(HOPMYBATBHUM JIIHKEPOM;

— KaHaJM i3 YOTHPMAa CETMEHTAMH Ta JIBOMA IIOPAMH.
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QineTp KaHATIB MICTHUTH KapOOKCHIIBHI aTOMH aMi-
HOKHCJIOT 1 TIPOITYCKA€E 10HU KaJlilo, He IPOIYCKAIOYH 32
po3MipamMH 10HH HaTpiro, TOMy IO AiaMeTp MOPH UL
HUX HAATO IMUPOKHH, MO0 3a0€3MeUYUTH CHEPreTUIHY
rigpatamnito HaTpieBHX 10HIB. CelIEeKTHUBHICTh KaTi€BUX
KaHamiB, Je O BOHU He Oyiu, po3TalloBaHi MOAIOHO.
Came momyk ¢apMakosoTiyHuX 3aco0iB J1a€ 3MOry
CEJICKTHBHO 3HAXOJWTH JIIKApChKi 3aCO0H, SIKI KOPHUTY-
I0Th POOOTY KaNi€BUX KaHAJIB, POMUHHI MOTEHIIAIH
3alIe)KHUX Kall€BMX KaHAJIB, 3B’s3aHUX 13 reHamu. lle
CTOCYETBCSl KaHAJIB i3 IIICTbMa TPaHCMEMOpPaHHUMHU
€IIEMEHTaMH 1 OITHIEI0 TIOPOIO.

3a QyHKIIAMH PO3PI3HAIOTH TOTEHIIATKEPOBaHi
K*-xamamm, cepen sSKMX OCHOBHA Ipylia — I¢ KaHAIA
3aTpUMaHOrO  (BHUXIAHOTO)  BHUNpPSMIICHHS,  BXif-
Horo BunpsimieHus, Ca?*-uymmsi, K" AT®-uyriusi,
K*-xamamm, Na® aktuByroui R* kamamm, uymiuBi 10
3MiHH KJIITHHHOTO 00’ eMy, K*-kaHanu Ty A Ta penen-
TOPKEPiBHI Kali€eBi KaHAJH.

Po3pi3HAIOTH KaHAIKM KaJlifo 3 BAKKOK MPOMIXKHOIO
Ta HU3BKOIO TIPOBIAHICTIO 1 MEXaHOUYTJIWBI KaHaJH,
IO PO3KPHUBAIOTBECS HAa MEXaHIUYHE ITOApa3HEHHS
(Cukkemane et al., 2011).

SIK BBaXKarOTh, KaHATM CKJIAJAIOTHCS 13 YOTHPHOX
CyOOIUHHITS, sIKi IepeOyBaroTh y Terpamepi. Came 30B-
HINIHI YCTS P-1IMKITYy Ta CyMIXHMX 3aiuiikiB S5—S6-cer-
MEHTIB € MiCIleM 3B’SI3Ky sl TOKCHHIB 1 OIOKaTopiB
K*-kaHauiB, siki mepeOyBaroTh OJU3bKO JIO TIOPH Ta Bif-
[IOBi/IaJIbHI 3a IHAKTHUBAILIIIO.

I3 mpemapariB poCIHHOTO TOXOLKEHHS BiIOMA IIPOTHA-
PUTMIYHA aKTUBHICTB P1JIKOTO EKCTPAKTY 1 HACTOSHKH TTIOY
Ta c00a40i KPOIHBH MOPSIIT 3 IHIIINMH ACTIEKTAMH iX BIUIUBY.
B 0cHOBI mpoTHApUTMIYHOT AKTUBHOCTI IMX 32CO01B JICKHUTh
Ortokaia kamepux kaHanis (Karomatov et al., 2017).

JlikyBasibHi BIIaCTHBOCTI ITUX (hiTOIpenapariB BU3HA-
YaJIvcs i/ 9ac CTBOPEHHS Ipernapary KpaTall, 10 CKIary
SIKOTO YBIHIIIOB, KPiM €KCTPAKTIB IOy Ta co0a4doi Kpo-
muBH, TaypuH. Kparan Bonozie aHTHAHTIHATBHOIO, Kap-
nio- Ta HeliponpoTekTopHoIo aiero (Gorchakova, 2001).

VY KWUTaWChKiH METUIMHI iCHYye psix QiTompenapa-
TiB, sIKi 34aTHI OJIOKYBaTH Kali€Bi KaHAJIH 1 IPOSBIIAIOTH
aHTUTINEpTeH3UBHY 1it0. Jlo HUX Hamexarb Qitompe-
IapaTtd 4YepBOHOTO Oypsika, KOPEHIO IIOAY, TPaBH Tip-
YaKka MTAIINHOTO, STiJ KAJIWHW, KBITKH KaJCHIYIH.
11i pironpenapary He TINBKK 3HIKYBAIH apTepialbHUN
THCK, aJie i IOJIMIITyBaau apTepianbHui KpoBoooir (Cao
etal., 2021). Kuraiicbki ¢ironpenapary, siki MaloTh Kap-
JIOTOHIYHY it 1 JESIKYy aHTHAPUTMIUHY IO 3aBISKH
BIUIMBY Ha Kali€Bi KaHAIM, NMEPEBIPsUTM HA HAsSBHICTh
KapIiOTOKCHYHOCTI 32 Jii€ro Ha perentopu Herg. L1i mpe-
napaTy He MaJii KapJlioOTOKCHYHOCTI 3a BIITMBOM Ha I'eH
Herg (Choi et al., 2019).
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PocnuaHa omist QepymiHM Mae Ba3oAMIATYHOUYHHA
e(heKT 3aBsSKH OJIOKAIi KaJiEBUX KaHATIB, IO OYJI0 Mpo-
JIEMOHCTPOBAHO B EKCTICPUMEHTAaX Ha 130JIbOBaHii aopTi
kpons (Esmaeili et al., 2020).

[lin wac mocmimxeHHs BIuMBY Ha AT®d-3anexHi
KaJi€Bi KaHAIM 3 SBITIOTHCS ITOBITOMIICHHS MO0 POC-
JIMHHUX 3aC00iB, SIKi MOXYTh MPOSBIISTH TiIODIIKEMid-
HUH eeKT 1 sIKi MOXKHA 3aCTOCOBYBATH B KOMILICKCHOMY
JiKyBaHHI I[yKpoBoro niadery. Cepel IMX POCIHH Bif-
MIYalOTh JINCTS XBOIIA TOJILOBOTO, KPOITUBH JIBOJJOMHOT,
Kynb0a0H, Aroy YOpHHUIli, OPYCHHUII, CTPYYKH KBACOIMI,
IJIOM MHUTJATI0, PyHIyKa Ta iH., IpenapaTH i3 uX poc-
JIMH TaJIbMYIOTh BCMOKTYBAHHS TJIFOKO3H B KHIIICUHHKY,
MiIBUIIYIOTE pe3epBs iHCyIiny. [x MexaHi3Mm i mmoj1iGHmit
MEXaHi3My BIUIMBY MOXiIHUX CyNIb(haHiIaMiiB i OB’ s-
3aHui 13 O0m0Kkanor0 AT®D-3a/Ie)KHUX KallileBUX KaHaiB,
TOOTO peanizyeTbess MeMOpanoTponHo (Al Kury, 2023).

Bararo 13 1iux ¢itonpenapariB YHHATH TAKOX CIPH-
ATIUBUIN BIUIUB HAa TpaBHUM KaHaj. (DIaBOHOIIM IS
JIIKYBaHHS apTepiaibHOl TiMepTeH3ii 31aBHa 3aCTOCOBY-
10Th y kuTaiichbkiit MenuiuHi (Cao et al., 2021). Kopuctb
JonaBaHHs ()IABOHOIIB JO KOMIUIEKCHOTO JIIKYBaHHS
rinepToHiYHOi XBOPOOU MOBEICHO KIIHIYHUMH JOCTi-
JOKCHHSIMHU.

Oco011BO KOPHCHUM CTaJI0 JOABaHHSA (iTompena-
pariB J0 CXeM JIIKyBaHHS TiNepTOHIYHOT XBOPOOH B 0CI0
MOXHJIOTO Ta cTapedoro Biky. [lyxe dacto 1i 3acobu
MaJIi TIO3UTHBHUH BIUIMB Ha (DYHKIO HUPOK, TPABHHMA
KaHaJ 1 IIEHTPaJbHY HEPBOBY cucTemy. Jleski i3 mux
(iTo3ac00iB MapanenbHO OJOKYBAJIM HATPIiEBI KaHAIH,
a iHOMi 1 KaJIbIlieBl KaHAIHM, IO PO3IINPIOE TOKA3aHHS
IO TpPHU3HAYCHHS B MEAWYHIA MpPaKTHLi. 3 POCIHH
(dhepynu Oyna oTpuMaHa olist GepysaiH, y SKoi MPOrHO3Y-
BaJIM BazoawiIaTyrouy aito. KoMmriekcHuit pitonpenapar
3 YMOBHOIO Ha3BOK (epyltiH 3aBsSKH OJI0KaIl Kalli€BUX
KaHAJliB YHHUTH Ba3OJHMJIATYIOUY [0, IO CTBEPIKEHO
B CKCIEpUMEHTaX Ha 130JbOBaHId aopTi HIypa
(Esmaeili et al., 2020).

[I[o6 mepeBipuTH MOXIHMBICTh KapAiOTOKCHYHOCTI
POCIMHHMX 3ac00iB, SKi 3aCTOCOBYIOTH y KapJioJiorii,
HPOBOJMIN CKCIEPUMEHTH Ha TKAaHHMHAX HUPOK eMOpi-
OHIB, y SKHX OyB BH3HaueHHU I'eH herg, mo mos’s3aHO
3 KaJTi€BUMU KaHamaMu. Y IMX EKCIePUMEHTax Mepe-
Bipwin 52 ditonpenapati. BcTaHOBHIIM BiICYTHICTh
KapA10TOKCHYHOCTI y KapAioMoTiuHuX (iTompenaparis,
OCKIJTBKY BOHU HE BIUIMBAJIH HA TeH herg 1 He 3MiHIOBaIH
NPOHKUKHOCTI KamieBux kaHaiiB (Choi et al., 2019).

Jlikapchbki 3aco0u, sKi OTPUMYIOTH 13 IIaBiii, Tip-
YOBUKA BAariHaJIbHOTO, MYNIHUKA KUTAWCHKOTO, BILIH-
BatoTh Ha Ca-, K-, Na-kaHamy i penentopu MIBHIKOTO
it mosimeHOTO TOKY (Huang et al., 2019). IlopiHro-
BaJI BHUTATH 3 IUIOMAIB IJIOAY, TPABH TipdyaKa MTaIlH-

=3
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HOTO, JIUCTS cajary MoA0 OJOKajW KallieBHMX KaHAIIIB
i aprepiasbHOro TUCKy. [lokasaniu, 110 B €KBIBaJICHT-
HUX KOHIICHTPAI[iSIX BOHH MOXYTh MPOSIBISITH 3iCTaB-
HUN  aHTurinepreH3uBHuil  edekr (Jitendra Joshi
& Ashok Shelke, 2021).

diTonpenapaTy, SKi OTPUMYIOTH 13 BHIIUX 3€JIEHUX
pOCIUH, BIUIMBAIOTh K Ha Kali€Bi KaHalW, Tak i Ha
petieniropu TRPV, mo perymorTs Macy Tijia i apre-
pianpHMH THUCK. Y MOAAIBLIIOMY IOKa3aHA KOPEJSIis
3 BIUIMBOM Ha I1i KaHaJIM TepMiHaii (epynu Ta IpUuBo-
POTHS 3BHYalHOTO, IO O3HA4Ya€ YCyBaHHS XBOPOO, fAKi
OJIOKYIOTh KaJlieBl KaHAIH 1 TMO-HOBOMY IOSICHIOIOTh
BIUTUB JIiKiB i3 TpaB (Herbrechter et al., 2020).

[{ikaBo BiIMITHTH, IO (hiTONpemapary i3 3acroKo-
IOBAIbHUM BIUIMBOM Ha I[CHTPAJbHY HEPBOBY CHUCTEMY
MOXXYTh ONHOYACHO OJIOKYBaTH KaNi€BI KaHAIH Ta
peuentopy NMDA, mo crnocrepiraerbcs mia dYac
3aCTOCYBaHHSI KOPEHS IiBOHIi, c00a90i KPOIHBH, ILIO-
IiB IIWNIIMHA, TPaBU MIABTil i HAciHHA (eEeHXeTo
(Lin & Hsieh, 2021).

Pocnuunwmii 3aci0 mnoaiB kopiaHapy OIOKye Kai€eBi
kaHanmu poauad KCNQ 1 Mae e(eKTHBHICTh HE TUIBKH
B pasi aprepiasibHOi TimepreH3ii, ajge i 3a HAsBHOCTI
ennedaonarii (Manville & Abbott, 2019).

®ironpemnapar i3 kopeHs coopu Moxe OIOKyBaTH
KaJIieBl KaHAJH i mapajesibHo 3011bIyBatd piBeHs NO,
III0 TOSICHIOE HOTO 3HAYCHHS AJIS JIIKyBaHHS apTepiaib-
HOT rinepTensii Ta imemiuHo1 XBopoou cepus (Manville
etal., 2019).

[Ipenaparyu namopoTi TAKOXK MiABUILYIOTh piBeHb NO
Ta OIIKIB TEIJIOBOTO IIOKY ILIIXOM OJIOKYyBaHHS Kalli-
eBux KaHaniB. Kpim Toro, y pasi 3amajeHHs mpernapar
MOHMKYE (PAKTOP HEKPO3y MyXJIUH 0 Ta MPO3arnaibHUX
inTepnelikiniB (Mao et al., 2019).

OcTtaHHIM 9acoM 3Ha4Ha yBara MpUAiIseTses (iTo-
3aco0aM (eHXeNo W IMOHUpPY, AKI MalOTh KOMIUICKCHHHA
MeXaHi3M i, BKIIOYHO 3 OJI0KaI0i0 Kalli€BUX KaHAaiB,
BIUIMB Ha BMIicT NO Ta AT®, siki MpH3HAYAIOTh 32 HasIB-
HOCTI rinepreHsii, ykposoro aiabety, cynom (Redford
& Abbott, 2022).

OcoOmuBe 3HaueHHs HagawoTh AT®-3anexHIM
KaJieBUM KaHaJlaM, TOMY 110 POCIIMHHI MpenaparH, AKi
JIIOTh HAa IIi KaHaJli, MOXKHA TIPU3HAYaTH B pasi IyKpo-
BOTO Jiabery. MexaHi3M iXHBOI Jii MOMIOHWHA TTiMeri-
pHUIy Ta IX MOXKHA IpHU3HAYaTH pa3oM i3 HUM. [loxiOHa
Iist € y pitronpenapary 6epOepuH.

Byno mpoBemeHo paHmomizoBaHe ILIalebO-KOHTP-
oNlbOoBaHe AocCiHiKeHHA. ONMHIA TPyIi XBOPHX JaBajH
OepOepuH, iHmUI — mianebo. bepoepun € rrok030-3a-
JISKHAM 1HCYJTIHOBUM 3ac000M IS JTIKYBaHHS Jia0eTy,
aje He BUKJIMKAE TIMOIIIKEeMii, X09a € MEHII Yy TIHBUM
1o K-uytnmueux kaHamis i MemOpaH (Zhao et al., 2021).
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OcTaHHIM 9acoM TpaHCMEMOpaHHUH BIUIMB POCIHH
OB’ SI3Y10Th 13 JI€I0 1 HA KaJIbIIEBI KaHAIW. [OHM KasbIlito
B HEPBOBHUX KJIITHHAX 1 B MiOKapAi BUKOHYIOTh 3HAYHY POJIb.
Bonu GepyTh yuacTh B iHILALi MOTSHINATY i, peryJo-
I0Th PUTMIYHY aKTUBHICTb, EKCIIPECIIO I'eHIB i, SIK BTOPHHHI
MECEHKEpH, OepyTh yIacTh y Peryisiii BHYTPIIHbOKIi-
THUHHUX O10XIMIYHMX NPOLECIB, Y TPECHHANTHIHIX MEMO-
paHax CHpHSIOTH BUKUIY HeiipomeniaTopiB. [loteHiia-
sanexHi Ca*-KaHanu iIeHTH(IKOBaHI B MeMOpaHi KIITHH,
IO MAFOTh CNICKTPHYHY 30YIIHBICTD (CEpIIeBUI M’s13, I1a-
JIeHbK] M 5131, HEHPOHH, €HIOKPHHHI KIiTHHA). ToMy Bupi-
JSTFOTh TIoTeHmamBanekny ta Ca*-3a1eHy iHaKTHBALIiO,
IO 3aJISKHUTH BiJl BMICTY KAJIBIIIIO MiJT Yac JICTIONSPU3YFO-
4oro iMmynbcy. KanbllieBi KaHaIM MOXKYTh OJIOKYBaTHCS
KaTiOHHUMH TperaparaMd Ta POCIUHHUMH CIOIYKaMU
(Timmermann et al., 2001). Boun m006pe NMPOHUKHI JIs
JIBOBAJICHTHUX, 4 HE OHOBAJIEHTHMX KATIOHIB.

CenextuBanii qumep Ca’’-kaHalliB MOKE MICTHTH
JBi TUISTHKY 3B’S3Ky 3 KaTIOHAMH — 30BHIIIHIO TA BHY-
TPIIIHIO. Y CTPYKTYPi KaJbI[IEBOTO KaHAIY MOXe OyTH
KaJbMOMYJiH, MOMiOHA diJITHKA CTPYKTYpU KaJlbIlie-
BHX KaHaJliB CXOka 3 HATPIEBUMH Ta Ma€ I SATh OiIKO-
BUX cyOoamHuie: al, a2, §, y. Came al cybomuHMIs
Hece Ounpmie (yHKmid. [TomiisroTh KaJiblli€BI KaHAIH
Ha Hu3bkomoporosi (LVA), y sSkux akTWBallis KaHaJiB
PO3BHBAETHCS BHIIE 32 MMOTEHIIIAT CITOKOI0, 1 BUCOKOTIO-
porosi (HVA), xonu akTuBallisi pO3BUBAETHCS BUIIE 32
noteniian aii (Pahlavan et al., 2018).

lNnoGapuuHa TimoKkcis dacTime 3ycTpidaeThbes
B QJBITIHICTIB 1 BUCOTHHUKIB, MOPYIIYIOYH KOTHITUBHY

¢yukuito. I'inkro 6inmoba — pocnuHHUI 3aci0, sKui
3aCTOCOBYIOTh ITiJl Yac JIIKYBaHHS pPI3HHX 3aXBOPIO-
BaHb. BiH mominmrye KOTHITHBHI (yHKIII, MOHIKYE
CTpec 1 MIMPOKO 3aCTOCOBYETHCA SIK JIIKAPCHKUH 3aci.
Bin mokazaHuii AJis iKyBaHHS HEBPOJOTIYHHUX pO3ja-
niB. IIpu 1poMy mominmnyroTbes QyHKIT rimokamma,
IO MiATBEPKCHO BHBYCHHSM MOJICKYJSIDHUX MeXa-
Hi3MiB 1 Mopotorii.

I'HKTO 011062 MOYITIOE AKTUBHICTH KAJIBI[IEM aKTH-
BOBaHUX KaJi€BUX KaHANIB, 3HIKYIOUH DIyTaMaTHY
EKCAaUTOTOKCHYHICTh Ta aloNTO3 JACIKHX CHHAITHYHUX
nuiaxiB. [Ipemapar Moke BIUIMBATH Ha IPOBITHICTH
KaJbI[ii aKTHBOBAHUX KaJIIEBUX KaHAJIB, aKTHBYE 1032~
KIITHHHI CHTHAIW perynsmnii kinasu 11 1 [JAM®-38’s130k,
CEKCBITEPIICHOBI JIAKTOHH — JICMKO3WH Ta axiHiH, UM
BCTAHOBJICHA iX MPOBITHA POJb y peatizamii cra3mMoJi-
TUYHOI aii ekcTpakTy (Arias-Duran et al., 2020).

Tpunrodan rpae poib y MPOHUKHOCTI KaJbIli€BUX
KaHaJiB, akTUBHOCTI AM®, B3aemMo/il aKTUBHOCTI TIEM-
TtuAiB. ToOTO TpunTo(haH aKTUBHUI B3aEMOTIE HABITH 13
HETaTHUBHO 3apsKCHUMHU TIONiCaXapUJaHUMH JIiIliJaMH
H IHEMH MeMOpPaHHHMH KOMITOHEHTaMH. 3aBIsKA
oMy BH3HAYaIOTh MEMOPAHOTPOITHI MENTHAH, IO Ipa-
10Th poJib y Oaktepunuanii aii (Khemaissa et al., 2022).

BucnoBku. Ot:xe, iTozacodu, sik i cCMHTEeTHYHI
npenaparu, MOXKYTh BOJIOAITH MeMOPaHOTPOMHHUM
BILIMBOM, 110 MOSICHIOE IX Kapaio- Ta HEHPOTPONHY
airo. MemOpaHOTponHA [isi HUX 3ac00iB 00yMoOB-
JIeHa 3/1e0i1b1I0ro BINIMBOM Ha KaJli€Bi Ta KaJblLi€eBi
KaHaJH.
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MEMBRANOTROPIC EFFECT OF PHYTODRUGS

Actuality. The article, based on its own research and literature sources, presents data on the effect of herbal medicines, primarily
on ion channels. Membranotropic action is also associated with receptors, enzymes, signaling systems. At the same time, the works of
recent years link the effect of herbal drugs specifically on ion channels, therefore the article primarily focuses on the effects of herbal
drugs on ion channels, focusing on the role of ion channels, the difference in their structure, and the importance in the mechanism of
action of herbal drugs. It is in the modern pharmacotherapy of neurological, cardiovascular and other diseases that herbal remedies
are often included due to their ability to increase the effectiveness of traditional pharmacotherapy and low toxicity and cost.

The purpose of the work — the goal of the work is to show the membranotropic effect of herbal drugs based on their effect on ion
channels.

Material and methods. Were performed an analysis of domestic and foreign literature and collected information from printed and
online publications. Properties and types of potassium, calcium, and sodium channels are determined.

Research results. The effect of herbal drugs on these channels, the connection with their pharmacological properties is shown.
The ability of herbal drugs to influence potassium, calcium, and sodium channels indicates the membranotropic effect of the drugs.

Conclusions. Thus, herbal drugs, as well as synthetic agents, can have a membranotropic effect, which explains their cardio and
neurotropic effect. The membranotropic action of these agents is due mainly to the effect on potassium and calcium channels.

Key words: phytodrugs, potassium, calcium, sodium channels, membranotropic effect.
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MEMBPAHOTPOITHA I ®ITOITPEITAPATIB

Axmyansnuicme. Y cmammi Ha niocmasi 81acHUX 00OCTIONCEHD | Odcepen aimepamypu HageoeHi OaHi wooo 8NIUBY AIKAPCHKUX
3aco0i8 pOCIUHHO20 NOXOOXHCEeHHs, Hacamneped Ha ionni Kananu. Membpanomponna Ois makoxc noe’a3ana 3 peyenmopamu, gep-
MeHmamu, cueHanbhumu cucmemamu. Pazom i3 mum pobomu ocmanuix pokie nos’sazylomv 6naU8 POCIUHHUX NPenapamie came Ha
[OHHI KaHanu, momy nepuiouepeo8o y cmammi akyeHmyemsca yeaza Ha Oii pimonpenapamie nepedycim na iOHHI Kanaau, pisHuyi ix
cmpykmypu i 3HaueHni 6 mexauizmi Oii gpimonpenapamie. Came cyuachy apmaxomepanito HEEPONLO2IUHUX, CEPYEBO-CYOUHHUX MA
IHWUX X60p0o0O yacmo 00noeHIMY himosacobamu 3a80aKu ix 30amuocmi niOguUWY8amMuU eheKmueHicms mpaouyitinoi gpapmarxome-
panii i Manoi mokCudHoOCmi ma 6apmocmi.

Mema pobomu — nokazamu mMemOpaHomponHy 0iio gimonpenapamis Ha NiOCMAasi ix 6NIUGy Ha IOHHI KAHATU.

Memoou oocnioacennn. byse nposedenuii ananiz simuusnanoi i 3apybixcnoi aimepamypu, gioomocmi 3 OpyKosaHux ma inmep-
Hem-eudans. Busnaueni enacmusocmi il 6uOU KANI€BUX, KATbYIEGUX, HAMPIEGUX KAHATIB.

Pezynomamu 0ocnioscennsn. [loxkazano éniue ghimonpenapamie Ha yi KAHAU, 36 SI30K 3 IX apMaKonOIMHUMU 61ACMUBOCMIAMU.
Mooicnueocmi pociunHux npenapamie GnIUGAmMuY Ha KAmi€sl, KAnbyiesl, Hampieei KaHaIu C8I04amyb NPo MemMoOpaHomponuy oiio npena-
pamis.

Bucnoexu. @imonpenapamu, sik i cunmemuui 3acoou, MOXCYmb 60100imMu MEMOPAHOMPONHUM SIIUBOM, WO NOSICHIOE iX Kapoio-
ma netipomponny 0ito. Membpanomponna 0isi yux 3acobis 00yMo61eHa 30e0i1bul020 BNAUBOM HA KATIEGT MA KATbYIE8] KAHAU.

Knrwuogi cnosa: pimonpenapamu, xaniesi, Kanvyiesi, Hampiesi Kanaiu, MemopaHomponua ois.

Aktuality. The membranotropic action of the drugs signaling systems that started the reaction (Vislobokov
largely underlies their specific activity, neurotropic, et al., 2010).
cardiotropic and other types of action. during its Study purpose. Membranotropic activity is
implementation of a specific effect, attention was paid to  associated with thiolde components of the sulfide system
therole ofion channels of messenger enzymes and certain  and nitric oxide (Belenichev et al., 2020), revealing the
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pharmacological properties of metabolitotropic drugs,
which include phytoremedies (Belenichev et al., 2020).

Research materials and methods. Analyzing the
effect of most herbal drugs, attention was paid to their
significant effect on potassium channels. Potassium
cations have a transmembrane gradient value, most of
these ion channels are potential-dependent, although
there are also potential-independent forms, a certain part
of potassium channels are calcium-dependent and ATP-
dependent (Mamchur et al., 2016).

Research results and discussion. Potassium
channels, like sodium and calcium channels, are
transmembrane proteins that selectively pass potassium
ions, moving along an electrochemical gradient at a
certain speed. Potassium channels have 4 alpha subunits
and specialized formation segments:

— a pore filled with water and permeable to
potassium;

— aselectivity filter that allows only potassium;

— the permeation mechanism, which switches to
the open and closed state in response to changes in the
membrane potential or to ligand binding.

In the structure of the channel there are areas
responsible for selectivity, opening of the channel.
Knowing the structure of the channels allows you to find
means that allow you to use potassium channels more
efficiently. There are many existing codes for potassium
channels, because potassium channels are also found in
mitochondria. These channels have a main subunit with
S5-S6 segments or their analogues, which indicate ion
selectivity, interaction with drugs (Pogilova et al., 2016).

Separately, three types of potassium channels are
distinguished:

— channels with six transmembrane segments and
one pore that vary genetically. A family of calcium-
dependent channels related to the genes KCNA (Shaker),
KCNB (Shab), KCNC (Shaker), KCND (Shal), hERG
with the human gene, Ca*"-activated K* channels and
depolarization-activated KCNQ channels;

— channels with two transmembrane fragments
and one pore — K channels of internal rectification,
consisting of an alpha subunit with two transmembrane
segments M1 and M2 and a transforming linker;

— canals with four segments and two pores.

The channel filter contains carboxyl atoms of amino
acids and passes potassium ions, but does not pass
sodium ions because the pore diameter is too wide for
them to provide energetic hydration of sodium ions. The
selectivity of potassium channels, wherever they are, are
located similarly. It is the search for pharmacological
agents that allows us to selectively find drugs that correct
the work of potassium channels, relative potentials of

®diroTtepanis. Yaconuc

dependent potassium channels linked to genes. This
applies to channels with six transmembrane elements
and one pore.

Potential-controlled K* channels are distinguished
by their functions, among which the main group are
channels of delayed (outgoing) rectification, inward
rectification, Ca?*~ sensitive, K" ATP-sensitive,
K" channels, Na" activated R* channels sensitive to
changes in cell volume, K* channels of the type And
receptor-controlled potassium channels.

Potassium channels with heavy intermediate
and low conductance are distinguished. there are
mechanosensitive channels that open upon mechanical
stimulation (Cukkemane et al., 2011).

They are believed to consist of four subunits that
are in a tegrammer. The outer mouth of the P-cycle and
adjacent residues of the S5-S6 segments are the binding
site for toxins and blockers of K* channels located near
the pore and responsible for inactivation.

The antiarrhythmic activity of the liquid extract and
tincture of hawthorn and dog nettle, along with other
aspects of their effects, is known from herbal drugs.
The antiarrhythmic activity of these agents is based on
the blockade of potassium channels (Karomatov et al.,
2017).

The medicinal properties of these herbal drugs
were determined during the creation of the drug Kratal,
which, in addition to extracts of hawthorn and dog
nettle, included taurine — Kratal has antianginal, cardio-
and neuroprotective effects (Gorchakova, 2001).

In Chinese medicine, there are a number of herbal
drugs that can block potassium channels and have an
antihypertensive effect. These include phytodrugs of red
beetroot, hawthorn root, bitter gourd, viburnum berries,
and calendula flowers. These herbal drugs not only
lowered blood pressure but also improved arterial blood
circulation (Cao et al., 2021). Chinese herbal drugs,
which have cardiotonic effects and some antiarrhythmic
effects due to their effects on potassium channels,
were tested for cardiotoxicity by their effects on Herg
receptors. These drugs had no cardiotoxicity by affecting
the Herg gene (Choi et al., 2019).

Ferulin plant oil has a vasodilatory effect due
to the blockade of potassium channels, which was
demonstrated in experiments on isolated rabbit aorta
(Esmaeili et al., 2020).

When studying the effect on ATP-dependent potassium
channels, there are now reports about herbal remedies
that can have a hypoglycemic effect and that can be
used in the complex treatment of diabetes. Among these
plants, horsetail leaves, nettles, dandelions, blueberries,
lingonberries, bean pods, almonds, hazelnuts, and others
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are noted. drugs from these plants inhibit the absorption
of glucose in the intestines, increase insulin reserves.
Their mechanism of action is similar to the mechanism of
action of sulfonamide derivatives and is associated with
the blockade of ATP-dependent potassium channels, i.e.,
it is implemented membranotropically (Al Kury, 2023).

Many of these herbal drugs also have a beneficial
effect on the digestive tract. Flavonoids have long
been used in Chinese medicine to treat hypertension
(Cao et al., 2021). The benefit of including flavonoids in
the complex treatment of hypertension has been proven
by clinical and clinical studies.

The inclusion of phytodrugs in the treatment
regimen for hypertension in the elderly was especially
useful. Very often, these agents had a positive effect on
the function of the kidneys, the digestive tract and the
central nervous system. Some of these phytoremedies
simultaneously blocked sodium channels, and sometimes
calcium channels, which expands the indications for use
in medical practice. Ferulin oil was obtained from ferula
plants, which was predicted to have a vasodilating effect.
The complex herbal drug with the conventional name
ferulin, due to the blockade of potassium channels, has a
vasodilating effect, which was confirmed in experiments
on an isolated rat aorta (Esmaeili et al., 2020).

In order to check the possibility of cardiotoxicity of
herbal remedies used in cardiology, experiments were
conducted on kidney tissues of embryos in which the
herg gene, which is associated with potassium channels,
was identified. In these experiments, 52 herbal drugs
were tested. The absence of cardiotoxicity in cardiac
herbal drugs was established, because they did not affect
the herg gene and did not change the permeability of
potassium channels (Choi et al., 2019).

Medicinal products obtained from sage, vaginal
mustard, and St. John’s wort, from which medicines are
prepared that affect Ca, K, Na channels and fast and slow
current receptors (Huang et al., 2019). Extracts from
hawthorn fruits, bitter gourd, and lettuce were compared
for potassium channel blockade and blood pressure. It
has been shown that in equivalent concentrations they
can have a comparable antihypertensive effect (Jitendra
Joshi & Ashok Shelke, 2021).

Phytodrugs in food affect both potassium channels
and TRPV receptors, which regulate body weight and
blood pressure. Later, a correlation with the effect on
these channels of onion terminals and common wort is
shown, which means the elimination of diseases that
block potassium channels and explains the effect of herbal
medicines in a new way (Herbrechter et al., 2020).

Itis interesting to note that herbal drugs with a calming
effect on the central nervous system can simultaneously
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block potassium channels and NMDA receptors, which
is observed when using peony root, dog nettle, rosehip
fruits, sage grass and fennel seeds (Lin & Hsieh, 2021).

The herbal remedy of cilantro fruit blocks potassium
channels of the KCNQ family and has efficacy not only
in hypertension but also in encephalopathy (Manville &
Abbott, 2019).

A herbal drug from Sophora root can block potassium
channels and simultaneously increase NO levels, which
explains its value in the treatment of hypertension and
coronary heart disease (Manville et al., 2019).

Fern drugs also increase NO and heat shock proteins
by blocking potassium channels. In addition, during
inflammation, the drug reduces tumor necrosis factor o
and pro-inflammatory interleukins (Mao et al., 2019).

In recent years, considerable attention has been
paid to fennel and ginger phytoremedies, which have a
complex mechanism of action, including the blockade of
potassium channels, the effect on the content of NO and
ATP, which are prescribed for hypertension, diabetes,
and convulsions (Redford & Abbott, 2022).

Special importance is attached to ATP-dependent
potassium channels, because herbal drugs that act on
these channels can be prescribed for diabetes. Their
mechanism of action is similar to glimepiride and
they can be prescribed together with it. The phytodrug
berberine has a similar effect.

A randomized, placebo-controlled trial was
conducted. One group of patients was given barberine,
the other a placebo. Berberine is a glucose-dependent
insulin agent for the treatment of diabetes, but does
not cause hypoglycemia, although it is less sensitive to
K-sensitive channels and membranes (Zhao et al., 2021).

In recent years, the transmembrane effect of plants
has been associated with the effect on calcium channels.
Calcium ions in nerve cells and in the myocardium
play a significant role. They participate in the initiation
of the action potential, regulate rhythmic activity, gene
expression, and, as secondary messengers, participate
in the regulation of intracellular biochemical processes,
promote the release of neurotransmitters in presynaptic
membranes. Potential-dependent Ca?* channels identified
in the membrane of cells with electrical excitability
(cardiac muscle, smooth muscle, neurons, endocrine
cells). Therefore, potential-dependent and Ca> dependent
inactivation are distinguished, which depends on the
calcium content during the depolarizing pulse. Calcium
channels can be blocked by cationic drugs and plant
compounds (Timmermann et al., 2001). They are well
permeable to divalent and not monovalent cations.

The selective dimer of Ca** channels can contain
two areas of communication with cations — external and
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internal. Calmodulin can be in the structure of a calcium
channel, a similar part of the structure of calcium
channels is similar to sodium channels and has five
protein subunits: al, a2, d, y. It is the al subunit that
carries more functions. Calcium channels are divided
into low-threshold (LVA), in which channel activation
develops above the resting potential, and high-threshold
(HVA), when activation develops above the action
potential (Pahlavan et al., 2018).

Hypobaric hypoxia is more common in climbers
and high-altitude climbers and has the ability to impair
cognitive function. Ginkgo Biloba is a herbal remedy
used for various diseases. It improves cognitive functions,
reduces stress and is widely used as a medicine. It is
indicated for neurological disorders. At the same time,
the functions of the hippocampus improve, which is
confirmed by the study of molecular mechanisms and
morphology.

Ginkgo biloba modulates the activity of calcium-
activated potassium channels, reducing glutamate

excitotoxicity and apoptosis of some synaptic pathways.
The drug can affect the calcium conductivity of activated
potassium channels, activates extracellular signals of the
regulation of kinase II and CAMP bonds, sexuterpene
lactones — leucosine and achinine, which establishes their
leading role in the implementation of the antispasmodic
effect of the extract (Arias-Duran et al., 2020).

Tryptophan plays a role in the permeability of
calcium channels, the activity of AMP, the interaction
of the activity of peptides. That is, tryptophan actively
interacts even with negatively charged polysaccharide
lipids and other membrane components. Thanks to it,
membranotropic ones are determined peptides that play
arole in bactericidal action (Khemaissa et al., 2022).

Conclusion. Thus, phytodrugs as well as
synthetic agents, can have a membranotropic
action, which explains their cardio and neurotropic
action. The membranotropic action of these agents
is due mainly to the effect on potassium and calcium
channels.
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JOIIJIBHICTh 3ACTOCYBAHHS METOAY KJIACUYHOI TOMEOIATII
B CYUACHIN MEJUIIAHI HA TPUKJA QI TOMEOIIATHYHOI'O ITPEITAPATY AVENA SATIVA
(O JIITEPATYPH)

Axmyanvuicme. Iloconanns 0eKinbKox 3axeoplosanb 8 0OHIEI 0cobu, 0cobauso y mooel NOXUI020 i cmapeiozo GiKy, OJis SIKUX
xapaxmepha QyHKYIOHANIbHA HeOOCMAMHICIMb NeYiHKU, YCKIAOHIOE POPMYBAHHS ANeOpumMmy mepanii. AKMyanrbHuM € NOULYK Memo-
018 NIKY6aHHsA, AKI 30amHui 3a0e3nedumu 8UCOKY epeKmusHicmy i 8i0CymHuicms nodiunux Oill, a makodc YiricHutl nioxio 0o npoonem
nayienma 3 Memoio YHUKHeHHs noxinpazmasii. Aemop npugepmac ygazy aikapieé Ha OOYiNbHICMb 3ACMOCY8AHHA MEMOOY KAACUUHOL
2omeonamii 6 CyuacHili MeOUyH il npaKmuyi, OCKIIbKU yetl Memoo 0ae 3Mo2y RIOGUUMU e(eKmusHicmy mepanii i 0OHOUAC YHUKHYMU
NnooOTuHUX Oill CUHIMEMUYHUX PapmMnpenapamis.

Mema poéomu — npoananizyeamu i y3a2anoHumu Oani 1iMmepamypHux imyusHaHuX i 3apybidcHux oxcepern wooo 06IpyHmMyeanHs
00YIIbHOCMI BUKOPUCIAHHS OOHOKOMNOHEHMHUX NOMEHYIIOBAHUX TIKAPCLKUX 3AC00i8 30 MemoOOM KIACUUHOI eomeonamii, npooe-
MOHCMpY8amu Ha NPUKaadi emicmy 6ioN02iYHO AKMUBHUX PEYOBUH Y 8I8CI NOCIBHOMY MA NOKA3AHb 00 3ACTOCY8AHHA NPenapamy
Avena sativa xonicmuunicme cnekmpa 0ii 20MeonamuyHux JiKie.

Mamepianu ma memoou. JlimepamypHhi i enekmpouHi Odicepera ingopmayii wodo icmopii 6UKOPUCIAHHS 8I6CA NOCIBHO20
6 Vkpaini, emicmy 0i0n02IYHO AKMUBHUX PEYOBUH Y BI6CI NOCIBHOMY MA NOKA3AHL 00 3ACMOCYB8AHHA 20MEONAMUYHO20 npenapamy
Avena sativa, a maxooic ingopmayii w000 0oyitbHOCMI 3aCMOCY8aAHNs KIACUYHOL 2oMeonamii 3a HAsAGHOCMI KOMOPOIOHOT namonocii

Y 00l NOXUN020 | CMapeyo2o GiKy.

Pezynomamu 0ocnioxcenns. [ani cyuacnoi Haykogoi meduunoi nimepamypu niomeepoxcyroms KOPUCHI JiKY8AIbHI 81ACMUBO-
cmi gigca nocienozo. Ha npuxnadi 00HOKOMNOHEHMHO20 NOMENYITio8AH020 NIKAPCbKo20 3acoby Avena sativa nokasano, uwjo 2ome-
ONAMUYHUM NPENAPAMAM, U0 BUKOPUCIIOBYIOMbCS 8 PODOMI 34 MEmMOOOM KAACUYHOI 2oMeonamii, 61acmusa ce0amueHa, iMyHo-
Mooyaoua, adanmozenua 0is. IIpakmuyHo Kodxcen 0OHOKOMNOHEHMHUL 20MeOnamuyHul npenapam 8o100i€ WUpOKUM CREKMpPoMm
0ii Ha opaanizm, MoOOMO 6NAUBAE HA PO OP2AHIB I CUCIEM OP2AHIZMY, WO OAE 3MO2Y JIKAPIO YHUKHYMU RONINPASMA3ii, OCKIIbKU 3a
00NOMO2010 0O0HO20 NPEnaApamy MONICHA HePIOKO GUPIULY8AMU 600HOYAC NPOOIeMU PI3HUX OP2AHI8 | cucmeMm NAyicHma, wo 6Kpail
8AHCIUBO | MOJICe OYMU BUKOPUCTNIAHO 3 MEMOI0 ONMUMI3ayii aneopummis AiKy8anHsa ocib i3 KoMopOiOHO0 NAmonozier 0 YHUK-
HeHHsi NOOIYHUX Oill, 30Kpema anepeivnux, mokcuuHux. Bupaosicenuii 6ionoziunuii ecpexm nopsio i3 6i0CymHicmio MONeKyi CUpoSUHU
6 comeonamuyHux pozeedennsx euuje C12 3abe3neyyomv NOMeHYio8AHUM NIKAPCOKUM 30CO00AM NePCReKmuene micye  AiKy8aHHI
0cib NOXUnN020 Ma CMapeyo2o GiKy.

Bucnoexu. 3acmocysants memooy KAacuuHoi 2oMeonamii 6 Cy4acHiil MeOUyHitl RPaKmuyi € 6adCIUBUM, 36ANCAIOUU HA Me, WO
cyuacna cmpameeisi Beeceimnvoi opeanizayii oxoponu 300pos’s gbauae HeoOXiOHICMb PO36UMKY MEOUUHOI O0NOMO2U HACELEHHIO 5K
XonicmuuHo2o, iHmespamueHo20 nioxody, opichmoganoeo Ha nayienma. Jlikapi 3[IICM ma inwux cneyianoHocmeil maioms 6ymu 00i-
SHAHUMU 3 MONCIUBOCTIAMU MemOo0y KAACUYHOI comeonamii, wob wupule 3acmoco8ysamu 20MeOnamuyti npenapamu 6 JiKy8aHHi
0cib i3 KOMOPOIOHOW NAMONOSIEID 3 MEMOK VHUKHEHHSI PO3GUMKY NOOIYHUX Oitl, AKI G1ACMUG] CUHMEMUYHUM (PapmMnpenapamam.
Hoyinvnum € 3acmocysanna memoody KIacuyHoi 2omeonamii nio uac NiKye8anus 0cib noxXuno2o i cmapevozo 6iky, y AKUX MOxice CHo-
Cmepieamucsi N02aHa NepeHoCUMICHb CUHMEMUYHUX (apmnpenapamis uepes 6ikosi 3MIHU ((YYHKYIOHATIbHY HeOOCMAMHICMb) NEYIHKIL.
JoyinbHum € 8UKIAOAHHS KYPCY 2O0MEONamii' y 8Uux MeOUUHUX HABYANbHUX 3AKIA0AX.

Knrwuogi cnoea: xnacuuna comeonamis, inmezpamusHa MeOuyuHa, XoniCMuuHa Meouyura, npupooHe 3yinenus, Avena sativa,
KOMOPOIOHA NAMON02Isl, 20MEONAMUYHI 3aC00U, HAGYAHHS 20MeOnami.
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THE EXPEDIENCY OF APPLYING THE METHOD OF CLASSICAL HOMEOPATHY
IN MODERN MEDICINE ON THE EXAMPLE OF THE HOMEOPATHIC REMEDY
AVENA SATIVA (LITERATURE REVIEW)

Actuality. Combination of several diseases in one person, especially in the elderly and senile people who may suffer from functional
liver disorder, complicates formation of a therapy algorithm. The search for the treatment methods that can ensure high efficiency and
absence of side effects, as well as a holistic approach to the patient s problems in order to avoid polypharmacy, is of great significance.
The author attracts attention of doctors to the expediency of using the method of Classical Homeopathy in modern medical practice,
as this method makes it possible to increase the effectiveness of therapy and at the same time to avoid the side effects of synthetic
pharmaceuticals.

The purpose of the research is to analyze and summarize the data of domestic and foreign researches regarding the expediency
of using single-component potentised remedies according to the method of Classical Homeopathy, to demonstrate a holistic action
of homeopathic remedies on the example of the content of biologically active substances in oats and the indications for homeopathic
remedy Avena sativa use.

Materials and methods. The literature and electronic sources concerning the history of the use of oats in Ukraine, the biologically
active substances content in oats and the indications to the use of homeopathic remedy Avena sativa as well as the information
concerning the expediency of applying Classical Homeopathy in comorbid pathology, in the elderly and senile people.

Research results. Data of modern scientific medical literature confirm the beneficial properties of oats. Using the example of a
single-component potentised remedy Avena sativa, it is shown that homeopathic remedies used in Classical Homeopathy have sedative,
immune-modulating, adaptogenic effects. Practically every homeopathic medicine has a wide range of action on the human organism,
i.e. it influences a number of organs and systems, that allows the doctor to avoid polypharmacy, since one remedy can help to solve
the problems of different organs and systems of the patient simultaneously, which is extremely important and can be used in order
to optimize treatment algorithms for the people with comorbid pathology to avoid side effects, in particular, allergic and toxic ones.
Pronounced biological effect, along with the absence of raw material molecules in homeopathic dilutions above C12, make potentised
remedies highly valuable when curing the elderly and senile people.

Summary. Today the application of the method of Classical Homeopathy in medical practice is very important, considering the fact
that modern strategy of the World Health Organization claims the need to develop medical care as a holistic, integrative patient-centred
approach. Physicians and other specialties should be aware of the possibilities of the method of Classical Homeopathy to ensure wider
use of homeopathic remedies when curing people with comorbid pathology in order to avoid the development of side effects that can
be caused by synthetic pharmaceuticals. It is appropriate to use the method of Classical Homeopathy in the treatment of elderly and
senile persons who may have poor tolerance to synthetic pharmaceuticals due to age-related changes (functional insufficiency) of the
liver. It is advisable to teach Homeopathy course in higher medical educational institutions.

Key words: Classical Homeopathy, integrative medicine, holistic medicine, nature healing, Avena sativa, comorbid pathology,
homeopathic remedies, teaching homeopathy.

Beryn. AktyanabHicTb. CydacHa MeIULIMHA TOCSTIIA
BHCOKOTO PIiBHS JIarHOCTHKH W JIiKyBaHHSA Oararbox
3axBOpIOBaHb. Po3po0eHo OIHCKyYi METOANKY B Xipyp-
Til, CTBOPEHO BEIIUKY KITbKICTh JIIKAPCHKHUX IpErapariB.
BoagHouac, He3BaKarOud Ha BEIWYE3HI JOCATHEHHS,
B MEAWIMHI icHye psin mpobiem (Garnyk et al., 2019;
Hutsol, 2011; Serkova et al., 2005).

Tak, 3a nanumu excneptie BOO3, choroHi JroauHa
BikoM 70 40 pokiB yxe Mae 2—4 3aXBOPIOBAaHHA, 10
60 pokiB — 5-7 3axBoproBaHb, a micias 70 pokiB —
8-10 xBopoO i Oimpie. 3 poxaMu IPUXOIUTH BHCHA-
JKCHHS IMYHOKOMIICHCAaTOPHHX 1 HeHporyMopaibHUX
MEXaHi3MIB ajanTanii OpraHi3My 0 HECHPHUSITINBUX

=18

®diroTtepanis. Yaconuc

¢dakTopiB, SKUX, Ha KaJb, HAJA3BUYAHHO Oarato B OTO-
yeHHi cydacHoi mroguau (Garnyk, 2019).

[MoeqHaHHS TEKITEKOX 3aXBOPIOBAHb B O/IHIET 0COOH,
0COOJTUBO B JIFONIEH MOXMIIOTO 1 CTAPEYOro BiKy, yCKIIAI-
HIOE J1arHOCTUKY 1 (hOpMyBaHHS aJNrOpUTMYy Teparii,
TOMY BHBYCHHS MUIAXIB ONTHMI3allii JTIKyBaHHSI KOMOP-
0imHOT maTtoNorii € OJHIEI 3 aKTyalbHUX MpodiIeM
cydacHoi mequuuan (Hutsol, 2016; Garnyk, 2019).

AXTyalbHUMH CTalOTh NUTAHHSA TMOIIYKY METOJIB
JIKyBaHHS, SKi 3MaTHI 3a0€3MeYNTH BUCOKY C(PEKTUBHICTD
1 BIJICyTHICTh TOOIYHMX JIiif, a TAKOXK IUTICHUH TiaXija
JI0 TIpoOJIeM MalieHTa 3 METOI YHUKHEHHS MOJiparMa-
3ii (Hutsol, 2011; Chekman, 2019). Amke, 3a CBiqueH-
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HSIM TIPOBITHMX BITYM3HAHUX (DaxiBLiB y raimysi Teparii,
«y CBITI... 3pociia KUIBKICTh JIIKAPCHKUX YCKJIJHEHb,
MEMKaMEHT CTaB HEPiIKO HEOE3NEUHIIINM BiJl XBOPOOH,
3 MPHUBOJIY SAKOT BiH MpHu3Ha4YaeThes» (Serkova et al., 2005).
3rigHo 3 excrneprtHOio ominkoo BOO3 (Bulletin of
WHO, 1987), 75 % ycix XBOpuX, fKi CTpaKIalOTh Ha
XPOHIYHY IMAaTOJOTiI0, MAIOTh JIIKYBaTUCS JIMIIE Iperna-
paraMu pociuHHOTO Toxo/pkeHHs (Garnyk, 2019).

3a MaHMMM YHCIEHHUX BITYM3HSHHX 1 3apyOiXKHUX
HAYKOBHX MEIWYHHUX JDKEPEN, METOAY KIACHYHOI ToMe-
omarii IMpUTaMaHHa BHCOKA €(EeKTHBHICTh, BiJCYTHICTbH
QIEPTiiHUX, TOKCHYHUAX Ta 1HIIMX MOOIYHMX JIiif, OpHTi-
HAJTBHUH TUTICHUIA MiAXia g0 mpobieM namienTa. Le min-
TBEPIKEHO CTpaTeriero BcecBiTHROT opraHizallii 0XOpoHH
3JI0pPOB’Sl TA CTPATETISIMU 1HIIMX MIXKHAPOJHUX MEAUIHUX
OpraHi3aliifi MO0 PO3BHUTKY 3aCTOCYBAaHHS TOMEOTATii
K MeTomy anbsrepHaTmBHOiI Memmimuu (Hutsol, 2011;
Hutsol, 2016; Chekman, 2019; Kayne, 2006; Kayne,
Kayne, 2007; Treuherz, 2010; The European Committee
for Homeopathy, website; WHO, website).

3BakarouM Ha 3a3Ha4CHI BHIIE MpoOieMH Teparii
KOMOPO1THOT 1aTojorii, moTpedy B ONTHMI3aIlil ajiro-
PHUTMIB JIiKyBaHHSI XBOPHX i3 TO€JHAHOIO, KOMOPO1THOIO
MATOJIOTI€I0, BBAKAEMO AaKTYaIbHHUM 3BEpHYTH YBary
JiKapiB 3arajbHOi NPaKTUKH — CIMEHHOI MEAUIUHH
(3IICM), peabiniToNIOTiB Ta JKApiB IHIIMX CIEialb-
HOCTEH Ha JIOUIJIBHICT 3aCTOCYBAaHHS METOAY KJIacH4-
HOT1 romeomnarii B cydyacHii MemuuHid mpaktumi (The
European Committee for Homeopathy, website).

3acTOCyBaHHS OJHOKOMIIOHEHTHHX TOMEOIATHYHHX
(mOTeHIiHOBaHMUX ) TIPETIAPaTiB € aKTya bHHIM, Ha HAITY
IOYMKY, TAaKOXK Y 3B’SI3KY 3 THM, IO PSA CYy4acHHX yde-
HHUX 3BEpPTAIOTh yBary Ha TOH (akt, mo ¢isionoridae
CTapiHHA OpraHi3My CYIPOBOIKYEThCS CEPHO3HOIO
HE3BOPOTHOIO (PYHKIIOHAJIPHOIO Ta OPraHidyHOI0 Iepe-
OyZI0BOKO BCIX OpraHiB 1 CUCTEM, BKJIFOYHO 3 ILTYHKO-
BO-KHIIIKOBUM TPaKTOM, 30KkpeMa nedinkoio (Poliakova,
Kramar, 2023). ¥V 3B’s3Ky i3 UM JIKapi Ba)IJIMBO
namM’sITaTH Ipo Te, IO B OpraHi3Mi 0c¢ib MOXMIoro i cra-
pEeYoro BiKYy YTPYIHIOETHCS MeTaOOMi3M CHHTETHYHHX
(hapMmpenapariB, OCKIIbKH I TICUIHKW JIIOACH IUX
BIKOBHX KaTErOpii XapakTepHa MITOXOHJpiaJibHa JHC-
¢byHKIis, QyHKI[IOHATBHA HETOCTATHICTb.

MeTta podoTH — TpoaHaTi3yBaTH i y3aralbHUTH JaH]
JITEepaTypHUX BITUM3HIHUX 1 3apyOIXHUX JKepel 010
OOTPYHTYBaHHS AOIUIBHOCTI BHKOPHCTAHHS OTHOKOM-
MOHEGHTHHUX TOTEHIIIOBAaHUX JIKapChKUX 3aco0iB 3a
METOIOM KiacnuHoi romeomnarii. [IponemoncTpysaTu Ha
NPUKIaJl BMICTy 010IOTiYHO aKTUBHHUX PEUOBHUH Yy BiBCI
MOCIBHOMY Ta IMOKa3aHb IO 3aCTOCYBaHHS Ipenapary
Avena sativa XONICTHYHICTh CIIEKTpa [ii roMeomnaTHd-
HUX OJHOKOMIIOHCHTHHX JIKiB.
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Marepianu Ta MeToau aociaigxkenHs. JlireparypHi
W eNeKTPOHHI JuKepena iHpopMallii Mmoo icTopii BUKO-
pHCTaHHS BiBCa IIOCIBHOTO B YKpaiHi, BMicTy 0ioioriqHo
AKTHBHUX PEYOBHH 1 TIOKa3aHb JI0 3aCTOCYBaHHS TOMEO-
MaTUYHOTO Npenapary Avena sativa, a Takox iHpopmarrii
OO AOUITBHOCTI 3aCTOCYBAaHHS KIACHYHOI TOMEOTATii
32 HasIBHOCTI KOMOPO1HOT MaTOJIOTI] Y JIFO/IeH TOXUIIOTO
1 CTapeyoro BiKYy.

Pesynbratn pociifikeHHs1 Ta IX 0OroBOpeHHs.
Hamma menpa yxpaiHchKa 3eMIIs Ja€ BEIMUYE3HY KUTBKICTh
POCHHUH, ITIONII BIACTUBOCTI SKHUX MEpeBipeHi BiKaMu.
Cepen HUX 1TUOYIIS, YaCHUK, OAPBIHOK, BEPOHIKa, YKHBO-
KicT, 3BipoOili, KOHBaNiA, KpOMHBa, Kyan0aba, MaHapa-
ropa, IIMKOpiH, Mupii, mBHUKH (ipHc), OAarHO 3BUYAlHE,
poMaIika JiKapchka, YHCTOTLN 3BWYAiiHWiI 1 Oararo
inmmx (Antoniv, 2023; Garnyk, 2010; Korniievskyi
etal., 2021; Hrodzinskyi, 1992; Chekman, 2003). [Toren-
[ifOBaHI MpemnapaTd POCIUHHOTO TOXOKEHHS ITHPOKO
BUKOPHCTOBYIOTBCSL B KJIACHYHIN roMeomarii mopsan i3
mpernapaTaMyu MiHepaJbHOTO i TBAPHHHOTO TOXOHKEHHS
(Hutsol, 2011). bmu3eko 65 % ycix romMeomaTHuHUX
JKapChKUX 3aC00IB BUTOTOBJISIOTHCS 13 CUPOBUHH POC-
muHHOTO TIoxomkeHHs (Kayne, 2006).

Sk mpuKIaa HABOAUMO iH(GOPMALIIFO TIPO MOKA3aHHS
JI0 3aCTOCYBaHHS OJHOKOMIIOHEHTHOTO TI'OMEOIATHY-
HOro (TIOTCHIIIHOBAHOTO0) Mpenapary Avena sativa, sSKHi
CIpAaBIIsiE CEaTUBHY, IMyHOMOAY/IOIOUY i alallTOTCHHY
JII0 Ta MO3UTHBHO BIUIMBAE HA (PYHKIIIIO PSIy OpPraHiB
1 CCTEM OpraHi3My JFOIUHH.

CHpOBUHOIO JUISI BUTOTOBJICHHS ITHOTO TOMEOIIATHY-
HOTO JIIKapChKOTO 3ac00y € oBec MociBHMIA — Avena sativa
L. (Avena — crapomaBHs JiaT. Ha3Ba BIBCa; safivus — MOCIB-
HMIT) — OJHOpIYHA KyJIETUBOBaHA TPaB’SHUCTA POCIHMHA
pomvau 31makoBi — Poaceae (Pharmacological encyclopedia).

IlikaBuMH € BiJOMOCTi 3 €THMOJNOTrii yKpaiHCBKOI
OoTtaHiyHOT Ha3BM Ii€i pociuHu. Bimomo, 1o Harmi
MPEAKH B MpaJaBHI yacH MPUHOCWIN B XEPTBY Ooram
9 OHOMY TOJOBHOMY bory Omka, Tens, Typa, KOpOBY.
[Ti3Hime movany MPUHOCHUTH B JKEPTBY BIBIIO, OapaHa
a0o0 SITHS, SIKOTO HA3UBAIIN 06eH. Y TIONANBIIOMY CBSTH-
Tesb PaMa >xepTBYy BOMBCTBA TBapHHHU 3aMiHHB CIIOXKH-
BaHHSM BiBCSIHOTO XJ1i0a (Antoniv, 2023).

Beaxarots, 1o cknan OB, sikuii € y Ha3Bi «oBecy, — Iie
apXeTUI CBITOTBOPEHHS, PO3YMHOI Jii Ta CBATOCTI. BiH
NPHUCYTHIH Y TakMX BaXIMBHX CJOBaX, sIK OgeH, cl060,
moea, 206ip, [oeepna, 2onosa, oéayis. OmHE 3 IEPIIHX CITIB
PO3YMHOT ICTOTH, SIKOIO € JIFOIMHA, — YCBIIOMIICHUI BUTYK
3AMBYBAHH, BIIKPHUTTS, 3aXOIUICHHS, — He cIoBO «O!»,
«OsBal». Ha3pa meprmoro 3HaKy 3omiaky Osen yTpumye
B 001 ckman «oB» (Antoniv, 2023). 3ayBaKUMo, 10 aHT-
TICHKO0 MOBOIO 37IMBYBAHHSI, PAJiCTh 3a3BUYail miepesa-
€TBhCSI BUTYKOM Wow, ne Takok 6aummo criB3yune OW.
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OBec sIK KynbTypy 3eMIIepoOCTBa, 1Ky IS JTIOAUHH
(30kpeMa, y BHUDIAAI OOpOIIHA IJIsi BHIIYKH [IyXKe
CMa4YHOTO W KOPUCHOTO XJIi0a) Ta JIKAPChKY POCIHHY,
a TAKOX SIK €TAJIOHHUI KOPM JIJIsl TBAPHH 31aBHA BUCOKO
HiHyBaJIK Hamii npenkd. Hazea osec MOXOOHTE BiA IBOX
ciiB: oge (OBeH) 1 ¢ (cistauid). Tleprri cisgi BiBca oTpH-
Manu imena Oecitl (o6ecy cisiui). Ixni miTm Bke Mamm
npizunia OBcienko, OBciituyk (Antoniv, 2023).

[IpHuCyTHICTh TaKOrO 3MICTOBHOTO, 3HAYYIIOTO CTa-
poaaBHboOro ckiany OB y Ha3Bi 371aKOBO1 KyJIBTYpHU 08ec
nocieéHuil, Ha HAIly IYMKY, CBIIYHUTH IPO BEIUKE 3Ha-
YeHHs I1i€i POCIIMHU B KYJBTYPl YKPaiHCBKOTO HApOIy
3 IMOOKOT JJABHUHM.

Ximiunutl cxnao. 'Y 3epHi BiBca € IKpH, KpOXMalb
(50-60 %), OinkoBi pewoBuHU (14-16 %), *upHa OIS
(69 %), sitaminu rpymu B, Bitamin E, xaporunoiny,
XONIH, CTePUHH (CTHTMACTEPHH, [-CHTOCTEpPHH, XOJec-
TEpHH Ta iH.), CTEPOIIHI CallOHIHK (aBeHaKo3ua A), opra-
HIYHI KHCJIOTH (IIaBJIeBa, MaJIOHOBA, €PyKOBa), KyMapyHU,
MaKpO- 1 MIKpOEJIEeMEHTH (KaJTiid, KaJIbITii, pocgop, MarHiu,
¢depym). TpaBa BiBca MICTUTH (IaBOHOIMM: TIOXIiTHI arTi-
TeHiHy, JIFOTCONiHy, TPUIMHY; IMONiCaXapuau: aBEHApHH,
ABEHIH, aBeHAJIiH; BITAMiHK, OPTaHiuHI KUCJIOTH: SOTy4HY,
[IaBJICBY, AKOHITOBY Ta iH.; aMIHOKHCIIOTH: TpPUITO(aH,
JI3UH; CTEpOiAHI CAMOHIHM; MAakKpo- 1 MIKPOEIEMEHTH:
Kaii, cumimii, mardii, dgochop, pepym, MaHraH, IHHK,
Miae (Pharmacological encyclopedia; Hrodzinskyi, 1992).

Ilokazanua 00 3acMOCY6AHHA 20MeEONAMUYUHO20
npenapamy Avena sativa (Murphy, 2006). BigmidueHo
CEJICKTUBHY JIF0 Ha MO30K 1 HEPBOBY CHCTEMY, TO3UTHB-
HUH BIUIUB Ha (DYHKIIIO IXHBOTO JKUBJICHHS.

Hepesosa cucmema. TIpoBiTHUMY TTOKa3aMH € HEPBOBE
BHCHa)XCHHS, 3arajbHa cla0KicTh. be3COHHS 3 HEpBOBUM
BHUCHaXCHHSM 1 CIIAOKICTIO, XpOHIYHE OE3COHHSI.

Bina rapstaxa. HapkoTrdna 3a1e:KHICT. AJIKOTOMI3M.
Besconns gepes HapKOTHKH ab0 AKOTOITB.

Hepsose cepriebutTs.

HepBoBe TpemTiHH# y NiTHIX Jroael. XBopoba [lap-
KIHCOHA, XOpesi Ta eMiJIencis.

CumnromMu po3ymMoBoi abo (i3udHOI NEepeBTOMH.
TymicTh, MIIIBiCTh. TPYIHOII MUCICHHS Ta PO3YMiHHSL.
HemoxuBicTh 30cepenuTHCS.

HepBoBe BHCHa)XCHHS Bi pOo3yMOBOI Ipalli abo Bix
3aHCTIOKOEHHS Ta TPUBOTU. BToma i3 connmBicTio. Imo-
xoHapis. [lenpecis. J[pariBnusicTs.

Con. XponiuHe Oe3coHHs. be3coHHs mpu BHUCHa-
JKCHHI, MICJIs XBIJIFOBAHHS, ICUXIYHOTO HABAHTAXKCHHS,
TiCIIst TpUIY. Be3COHHS aJIKOTOIKIB, 3 0171010 TapsYKOK0.

Tonosa. HepBoBwii ronoBHUIA OUTE Mi Yac MEHCTpYarli
3 TIe4iHHAM Y MakiBIl. [lotnnuynanii ronoBHMA OLTb. binb
y OWHI MO3Ky. [0JI0BHHMI O1Ib TIiJ] Yac MEHCTpYallil.

Hic. Punit. Bogsuucti BuginenHs. [octpi 3acTyaHi
3aXBOPIOBAHHS.
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Cepye. Kapnut. Ennokapant. PeBMaTuune ypaskeHHs
cepus. CepueOuTTs.

Kinyisxu. OHiMiHHS, HIOHM MapaiizoBaHi. CnaOKicTh,
MMOCMHUKYBaHHS, TPEMTIHHS PyK. 3MEHIIIEHA CHJIa PYKH.
OHiMiHHS, BTpaTa 4yTiIMBOCTI. [lapamiTudHa ciadKicTh.
PeBmarwani 6oii.

Kinku. AMeHOpest, TUCMEHOpesl.

Yonogiku. 3HMKEHHsI CEKCyanbHOTO OaxxaHHs. CXUiib-
HICTB 710 MacTypOartii. CtareBa cIaOKICTh ITiCIs BUCHAXK-
JIMBHX 3aXBOPIOBaHb. [Ipobnemua epekitis. Criepmaropest.
IMmoTeHwis micis cekcyanbHUX HaAMIpHOCTEH.

L Inynkoso-kuwixosuii mpakm. Jliapes.

Ceua. Ocan, miABHIIICHHS BMICTY docdari.

TakuM 4YMHOM, JaHi cyyacHOi HAyKOBOI MEIUYHOI
JiTepaTypy MiATBEPKYIOTh MYAPICTh HAIIMX MPEIKIB,
SIK1 TITMOOKO IIaHYBAJIM OBEC MOCIBHHM 1 IIMPOKO BUKO-
pHCTOBYBanu IOro KOPHCHI JIIKyBajbHI BIACTHBOCTI
(Antoniv, 2023; Hrodzinskyi, 1992).

Ha mipukJiaii 0JJHOKOMITOHEHTHOTO MOTEHIIIHOBAHOTO
JKapchKOro 3aco0y Avena sativa MOKa3aHO, 1[0 TOMEO-
MATHYHUM IIpenapaTam, siKi BHKOPHCTOBYIOTBCS B pOOOTI
32 METOJIOM KJIACHYHOi TOMEOomarii, BIacTHBa IMYyHO-
MOJYJNIO0Ua, ajantoreHHa fis. KpiMm Toro, mpakTudHO
KOKCH OJJHOKOMITOHEHTHHH Tperapar BOJIOIIE€ ITHPOKHM
CIIEKTPOM Jii Ha OopraHi3M, TOOTO BIUIMBAa€E HA Psij Opra-
HIB 1 CHCTEM OpraHi3My, IO A€ 3MOTY JIKapl0 YHUKHYTH
noJinparmasii, OCKITBKH 33 JOIIOMOTOI0 OTHOTO IIperia-
pary MO)KHa BHpINIyBaTH BOJHOYAC MpPOOIEMH DPi3HHX
opraniB i cucteM narmienta (Hutsol, 2011; Hutsol, 2016;
Chekman, 2019; Kayne, 2006; Kayne, Kayne, 2007;
Murpy, 2006), 110 BKpaii BXXJIHMBO 1 MOXke OyTH BHKOPH-
CTaHO 3 METOI ONTHUMI3allil AITOPUTMIB JIIKYBaHHS 0Ci0
13 KOMOPOIJJHOIO TATOJIOTIEX IS YHUKHEHHS MOOIYHUX
JTiiA, 30KpeMa allepriyHuX, TOKCUIHHUX.

Psn mikapcbkux 3aco0iB y KJIAacH4HIH romeomarii
HOCSATh HA3BY «IOJIIXpPECT», TOMY IIO TakKi Iperaparu
(manpukian, Aconitum napellus, Apis mellifica, Calcium
carbonicum, Lachesis mutus, Nux vomica ¥ iHIIi)
CHPABJIAIOTh IUTICHUM PETyTIOIYHA 3IUTIONIMN BIUIHB
MPAaKTUYHO HA BECh OPTaHi3M XBOPOTO, HAa BCl CHCTEMH
opranismy (Hutsol, 2011; Kayne, 20006).

Bupaxxenuit Gionoriyauii eekt mopsa i3 BiICYT-
HICTIO MOJICKYJI CHPOBHHH B TOMEOTIATHYHUX PO3BE/ICH-
Hax uime C12 3abe3neuyroTh TaKUM MOTEHIIIHOBaHUM
JKapChKUM 3ac00aM MEepCIeKTHBHE MICIIe B JIIKyBaHHI
0Ci0 MOXMIJIOTO Ta CTAPEUYOro BiKY, Y SIKUX HEPIJIKO CIIO-
crepiraeTscsi (DyHKIIOHAbHA HEIOCTATHICTh MEYiHKH,
IO YTPYIHIOE TEPaIiio 3a JTOIOMOTOI0 CHHTETHYHUX
dapmmpenaparis (Hutsol, 2011; Chekman, 2019).

BucnoBku. 1. 3acTocyBanHsi MeTOy KJIACH4YHOI IOMe-
onarii B Cy4acHiii MeIU4Hii NPAKTHII € BAXKIMBUM, 3Ba-
JKal0YMl Ha Te, 10 Cy4acHa crparerisi BcecBiTHLOI opra-
Hi3auii 0X0poHM 310POB’s B0aua€ HeOOXiIHICTL PO3BUTKY
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MEIUYHOI I0TIOMOTY HACEJIEHHIO SIK XOJIiCTHYHOrO0, iHTe-
TPaTMBHOIO MiIX0/Ty, OPiEHTOBAHOIO HA MALIEHTA.

2. Jlikapi 3IICM Ta iHmmx cneuiaabHocTel
MalTh OyTH O00i3HAHMMH 3 MOXKJIMBOCTSIMM METOAY
KJIACHYHOI romMeonarii, o0 mmupiie 3acTOCOBYBaTHU
rOMeOoNnaTH4YHi Npenaparu B JiKyBaHHI oci0 i3 koMop-
0iIHOI0 MaTO/IOri€I0 3 METOK YHUKHEHHSI PO3BUTKY
no0iyHuX Aiil, siki BJIACTHBI CHHTETHYHMM (papMm-
npenaparam. Oco0IUBy aKTyaJdbHICTh Ma€ 3acTocy-
BaHHS MeTOAy KJIACHYHOI romeomnarii mia 4ac Jiky-
BaHHsI 0Ci0 MOXWJIOTO i cTapevyoro BiKy, y SIKHX MOKe
crocTepiraTucs MOraHa IMePeHOCHMMiCTh CHHTeTHY-
HUX (papMnpenapariB 4epe3 BikoBi 3MiHM ((yHKILiO-
HAJIbHY HEIOCTATHICTD) MeYiHKHU.

3. JouinbHO BHKJIAZaTH Kypc romeomnarii
Y BUIIMX MEIUYHUX HABYAJIBHUX 3aKjajgax. Mero-
AMYHUI pecypc Ajdsi HbOro B YKpaiHi €: iCHyIOTh
NpPOrpamMu 3 OCHOB roMeomnaTii MUl CTYAeHTIB pi3-
HUX (akyJbTeTiB (cneniaabHocTi «CTOMAaTO 0TI,
«Meanuna mncuxoJioria», «JlikyBajbHa cnpasay,
«IleniaTpia», «Meauko-npogintakTHYHA CNpaBa)
(Fundamentals of Homeopathy, 2012), «®apma-
uis», «Kainmiuna d¢apmanin» (Fundamentals of
Homeopathy, 2013), mo 3arBepaxeni MO3 Ykpainu,
a TaKO:K iCHY€ SIKICHMI HaBYAJbLHUN MOCIOHUK AJs1
CTYIEHTIB BUIIUX MeIMYHHUX HABYAJBLHHUX 3aKJja-
aiB IV piBus akpegutanii «OcHoBM romeomnarii»
(Hutsol, 2011).
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Bioaiorpagiunuii onuc crarri: Kononenko H., Tanceka M. (2023). JlocmipkeHHS aHTUTIEPIITIKEMIYHUX

BJIACTHBOCTEH HOBOI (hiTOKOMIIO3HMIIIT HA MOJIENI IIyKPOBOTro AiadeTy 2-ro tuny. @imomepanis. Yaconuc, 4, 22-26,
doi: 10.32782/2522-9680-2023-4-22

JOCJIIXEHHA AHTUTINEPITIIKEMIUYHUX BJIACTUBOCTEMW HOBOI ®ITOKOMITO3HUIIII
HA MOJEJII HYKPOBOI'O AIABETY 2-I'0O TUITY

Axkmyanvuicme. Y apmaxomepanii yykposozo oiabemy 2-2o muny (L[ 2-20 muny) ma memaboniuno2o cuHOpoMmy, KOMHLEKC
nopyuteHs AKUX PO3BUBAEMbCS HA ML IHCYITHOPE3UCIEHMHOCTI, AK 8adiCcIu6e Npodinakmuyte ma 1iky8aibhe 00NOBHEHHS 34CMOCOo-
8YI0Mb JIKAPCHKI POCIUNY 1] AMIHOKUCIOMU, WO 0OYMOBIIOE AKMYANbHICMb PO3POOKU HOBUX BIMYUSHAHUX KOMOIHOBANUX anmudiabe-
MuYHUX imonpenapamis.

Mema 0ocniorncenHs — ugUeH I AHMUSINEPSTIKEMIYHUX 61ACMUBOCmel (PimoKoMno3uyii Ha OCHOGI NONIGHEHONLHO2O eKCMPAaKmy
3 IUCMA HCYPABIUHY 8TUKONTIOHOT ma aminokuciom (L-apeinin, maypum, eniyun) na excnepumenmanviii mooeni L] 2-eo muny.

Mamepianu ma memoou. L[ykpoguii diabem 2-20 muny 6i0meoprO6AIL WLISXOM 66€0CHHS WYPAM PO3YUHY CHPENMO30MOYUHY
65 me/ke, aHympiwHboYEpesHo, 00HOPA3060 3 NONePeoHim (3a 15 x8) e6edennsm Hikomunamioy inmpanepimoneanvho 230 me/ke na mui
OJHCUPIHHS (YMPUMYBAHHA WYPI6 HA BUCOKOKANOPINHIL Olemi npodosoic 12 muoicHis). Anmueinepenikemiuny Oito oyinrosanu Ha 30-my
000y excnepumennty 3a KOHYeHmpayiero 2noKo3U U IHCYIIHY 6 CUPO8Amyi KPO8i ma iHOEeKCOM THCYIIHOPE3UCTNEHMHOCTII.

Pezynomamu docniocenna. Pezynomamu docniodicents noxazanu, wjo 00caioxcysana GimokomMno3uyis yuHUmMs UPAdiCeHy anmu-
2inepenikemiuny 0ito, IKa peanizyemvcsi, 32I0H0 3 OMPUMAHUMY PE3VIbMAMAMU, 3A80SKU 1020 30AMHOCMI NOKPAWLYSAMU YymMAUGICib
nepugepuunux mkanur 00 Oii IHCYIHY, a omoice, SMEHWLY8Amu NPoA8U THCYIiHOpe3ucmenmuocmi. Bupascenicms anmuzinepenikemiu-
Hoi Oii nepesuwyye eghexm i0omozo nonikomnonenmnoz2o anmuodiabemuunozo gimonpenapamy «Apga komobiy.

Bucnoexku. Ompumani pesynomamu 00TpyHmMogyions 0OYLNbHICMb NOOANLUIO20 BUBYEHHA IMOKOMNOZUYIT AK NEPCneKmUsHO20
npomudiabemuuno2o 3acooy.

Knwouosi cnosa: yykposuii diabem 2-20 muny, cmpenmo3omoyut, HIKOMUHAMIO, 2iKeMis, IHCYIIHEMIs, JHCYPAGIUHA GEIUKONTIONA,
aminoxuciomu.
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STUDY OF ANTIHYPERGLYCEMICAL PROPERTIES OF ANEW PHYTOCOMPOSITION
ON THE TYPE 2 DIABETES MODEL

Actuality. In the pharmacotherapy of type 2 diabetes mellitus and metabolic syndrome, a complex of disorders that develop against
the background of insulin resistance, medicinal plants and amino acids are used as an important preventive and therapeutic agent,
which makes the development of new domestic combined antidiabetic phytopreparations relevant.
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The purpose of the work. Study of the antihyperglycemic properties of a phytocomposition based on a polyphenolic extract from
large-fruited cranberry leaves and amino acids (L-arginine, taurine, glycine) on an experimental model of type 2 diabetes.

Material and methods. Type 2 diabetes mellitus was reproduced by administering to rats a solution of streptozotocin 65 mg/kg,
intraperitoneally, once with a preliminary (15 min) administration of nicotinamide intraperitoneally 230 mg/kg against the background
of obesity (keeping rats on a high-calorie diet for 12 weeks). The antihyperglycemic effect was assessed on the 30th day of the
experiment by the concentration of glucose and insulin in the blood serum and the index of insulin resistance.

Research results. The results of the study showed that the studied phytocomposition has a pronounced antihyperglycemic effect,
which is realized, according to the results obtained, due to its ability to improve the sensitivity of peripheral tissues to the action of
insulin, and thus reduce the manifestations of insulin resistance. The severity of the antihyperglycemic action exceeds the effect of the
well-known multicomponent antidiabetic herbal preparation “Harp Combi”.

Conclusions. The results obtained substantiate the expediency of further study of the phytocomposition as a promising antidiabetic

agent.

Key words: type 2 diabetes mellitus, streptozotocin, nicotinamide, glycemia, insulinemia, large-fruited cranberries, amino acids.

Beryn. ILykposuii aiabet (I1J]) — onHe 3 HaWOUIBII
HOIMIMPEHUX 3aXBOPIOBaHb y cBiTi. 3a manumu Global
Burden of Diseases, y 2017 pori miaber mepeOysas
Ha 7-My MicIli ¥ CBiTi 3a KiNBKICTIO BTPau€HHX POKiB
JKUTTSA 3 MONMPABKOIO Ha SKICTh kHUTTA (QALY — quality
adjusted life years) (AlOtaibi, Almesned, Alahaideb,
2021, pp. 3481-3489). Ha 1-my micii 3a BTpaueHUMH
QALY y cBiTi — cepueBO-CyIHHHI 3aXBOPIOBAHHS, IIPH
IbOMY Jia0eT € OJHUM 3 OCHOBHHX PH3HK-(PaKTOpiB
y PO3BUTKY LIMX 3axBoproBaHb. ¥ 1999 poui Amepu-
KaHChbKa acolliallis JiKapiB-KapaioJoriB BU3HANA Jia-
0eT OCHOBHUM PHU3HK-(DaKTOPOM CEPIIEBUX 3aXBOPIO-
BaHb MOPsJ 13 MAJTIHHAM, TIMEPTOHIEI, HAUTUIIIKOBOO
Macoro Tina ¥ iHmuMH. BcecBiTHS opramizaris oxo-
POHH 3IIOpOB’S BH3HA€E 1ia0deT ONmHIEI 3 4 OCHOBHHX
HeiHekiiiHnx xBopoO (non-communicable diseases).
3MEHIINTH Ha TPETUHY IepeadacHy CMEPTHICTB BiJl IUX
4 3aXBOPIOBAaHb 32 JIONIOMOTOI0 HPODITaKTUKU I JIKy-
BaHHs € omHiero 13 17 ILlimeit cramoro po3BUTKY IICH-
1py «Ilopsinky nennoro 2030» Opranizarii O6’exHa-
HuxX Hariit, sxy pa3om 3 iHIIUMH KpalHaMy MOCTaBHIIA
nepen coboro 1 Ykpaina (Institute for health metrics and
evaluation, Seattle, Washington, http://ghdx.healthdata.
org/gbd-2017).

3a manumu MixHaponHoi aiabeTnyHoi (yHmarii
HOIMIMpPEHICTh AiabeTy 2-ro tumy B 10 pasis BUIIa, HiXX
miabety 1-ro Tumy, 91-96 % mnamientis i3 11J] maroTh
niabet 2-ro Ty (Cochrane Database Syst Rev, 2020).

/I miarHOCTY€ThCsl Y BCe OULIBII MOJIOIOTO Hace-
JIEHHSI — y CBIT1 KUIBKICTh HOBUX BHIIAJKIB JiabeTy cepes
HaceneHHsT Moyonme 40 pokiB 3pocTae 3i 3HAYHOIO
mBHIKICTIO — Ha 9 % miopiuHo. lle 3Ha4HO 30iibIIy€
exoHOoMiuH1 BTpat Bia IIJ] BHachimok mepeayacHOro
BUOYTTS IPOMAJISH 3 CKOHOMIYHO aKTUBHOTO HACEJICHHS.

BpaxoByroun MynsTH(AaKTOPHATIBHICTH IaTOreHE3Y
L/ 2-ro Tumy Ta WOTo yCKJIaaHEHb, AOIUIBHUM 1 TIep-
CIIEKTUBHHM € 3aCTOCYBaHHS B KOMIUIGKCHIH Tepartii
3aXBOPIOBAHHS JIKAPCHKUX POCIMH 1 MpemapaTiB Ha iX
OCHOBI 3 aHTHTINEPIITIKEMIYHUMH W 1HIIUMH (papmako-
noriunumu BinactuBocTsaMu (Kanat, DeFronzo, Abdul-
Ghani, 2015, pp. 1207-1222). JlikapcbKi pOCIUHH
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Jno0pe MOENHYIOTBCA 3 aHTHUIIA0CTHYHUMH 3aco0aMu
(McCreight, Bailey, Pearson, 2016, pp. 426—435), nocu-
JIOIOYH 1X TepaleBTHIHHN e(eKT, HOKPAIIYIOTh Yy TIIHU-
BICTh TKAaHUH [0 iHCYNiHY, aKTHBI3YyIOTb pemapaTHBHI
MPOIECH Y B-KITITHHAX MiANUTYHKOBOT 3271031 Ha TJIi BiJI-
CYTHOCTi TOKCHYHOCTI Ta PU3HUKY HETaTUBHUX MTOOIYHUX
peakuiil y pa3i TpUBaJIOTO 3aCTOCYBaHHS.

[TepCHeKTUBHOI POCIMHHOIO CHPOBUHOIO, SIKY
MOKHA BHKOPHCTATH IS PO3POOKH aHTHUTINeprITiKe-
MIYHHX 3ac00iB, € Vaccinium macrocarpon (XKypas-
JMHA BEJIHKOIUTIHA) — POCIHHA POAWHU BEPECOBUX
(Ericaceae). Bubip mucts >xypaBIuHH BEITUKOILTIAHOT, SIK
CHPOBHHHU JJISI OACPKaHHS MOTiEHOIBHOTO EKCTPaKTY,
00yMOBJICHUH 3HAYHUM BMICTOM Yy HBOMY (PEHONBHUX
CTIOJYK, SIKi BIJMOBIJAIOTh 32 TIMONTIKEMIYHY aKTHB-
HICTB, IO 3yMOBJCHA HASBHICTIO MPOCTUX (HEHOIIB
(apOyTuH); (IaBOHOIIB, SKi IMOKPAIIYIOTH MIKpO-
MUPKYJISIIIF0 TKAHUH 3aBISKH MEeMOpaHOCTa011i3yBab-
HIA Ta aHTHOKCHIAHTHIN Aii; acKOPOIHOBOi KHCIIOTH;
TiIPOKCUKOPUYHUX KHUCJIOT, 30KpeMa rajioBol Ta XJIO-
POTCHOBOI KHUCIIOT, SKi 37aTHI 1HTOyBaTH TDIIIOKO30-
6-bocdarazy. lleli QepmeHT KaTamizye KiHIIEBHN
eTan MIIKOTeHOJNI3y Ta DMokoHeoreHedy (Blumberg,
Camesano, Cassidy, 2013, pp. 618—-632). AkryansHUM
TaKOX € MOXIIUBE MOCHIJICHHS TiNOTTIKEMIYHOI aKTUB-
HOCTi 3a Momuikarii eKCTpakTy >KypaBIMHH BEIH-
KOILTITHOT JINCTS aMIiHOKHCIIOTAMH, BIUIMB SIKHX Ha
MeTa0OoNIYHI MPOLECH Ha TIi 1HCYTIHOPE3UCTEHTHOCTI
OOIPYHTOBYETHCS TAaHUMHU JIITEPATypPH.

Pi3HOCTOpOHHIH HAayKOBHH IHTEPEC OCTAHHIM 4acoM
MPUKYTHH JIO0 CIPKOBMICHOT aMIHOKHCIIOTH TaypHH
(2-aminoerancynsgonosa kuciaora, H NCH-CH-SO H).
I{s mpupoaHa aMiHOKHCIIOTa Oepe ydyacTb y OioXiMid-
HHUX TIEPETBOPCHHSX, CIIPHSE MMOIIIICHHIO SHEPTeTHY-
HUX TMPOIECIB, BIIIIPAE CYTTEBY POJIb B OOMIHI JKUPIB,
BXOJIUTH JI0 CKJIAy MApHHUX KOBYHHUX KHUCIOT, CIIPHsIE
EMYJIBI'YBAaHHIO JKHPIB Yy KHIICYHHKY. XapaKTepHOIO
OCOONMBICTIO TaypuHy € 3IaTHICTh CTHUMYJIOBaTH
pernapaTHBHI TMPOLIECH, CTaOUII3yBaTH BYIJICBOTHHMA
00MiH, 3HW)KYBATH cepelHb01000BY IiikeMito (Schaffer,
Won Kim, 2018, pp. 225-241).
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Bimomo, o yumalo 3axBOpIOBaHb CIPUSIOTH PO3-
BUTKY nedinuty L-apriHiny (ceplieBo-CyIWHHI 3aXBO-
proBanHs, LIJI, OXUpIHHS, XpOHIYHWH CTpEC TOILO).
OCHOBHUM HETaTHBHHUM HACIiIKOM Je(iluTy apriHiny
B Opraismi € 3HWwkeHHs npoxykuii NO, sikuil yTBopro-
€TbCA 3 aprininy min miero Ca’* -3ame:kHoro (epMeHTy
NO-cuHTa3m, 1m0 3yMOBJIIOE BUHHMKHEHHS EHIOTEIIi-
anpHOT nucynkmii (Menzel, Haller, Wilhelm, 2018,
pp. 557-568). Bcranosnena pons nedinury L-aprininy
B maroreHesi 11J] 2-ro Tumy Ta Horo yckiaaHeHb.

[mminuH € 3aMiHHOIO aMiHOKHCIIOTOK 1 Yy 370po-
BAX MOJIOAMX JIOAEH 3a YMOBH IOBHOILIIHHOTO Xap-
YyBaHHS HAJXOMUTh O OPraHi3My Ta CHHTE3y€ThCS
B JHocTarHix kimbkocTsax (Petrat, Boengler, Schulz, 2012,
pp- 2059-2072). Pa3om i3 TuM y xBopux Ha L1/] 31e6inb-
IIOTO CIIOCTEPIraeThes NeMIUT DIIHHY B KPOBI.

VY HartionansHOMY (hapMarieBTHIHOMY YHIBEPCHUTETI
PO3po0IIeHO MOMI(PEHONBHUI SKCTPAKT 13 JTUCTS KypaB-
JIMHU BEJIMKOIUTIAHOI 3 JOJaBaHHIM aMiHOKHCIIOT.

Meta gociimskeHHS — BHBYCHHS aHTHTINEPIIIiKe-
MIYHHUX BIaCTHBOCTEH (hiTOKOMITO3MILIIi HA OCHOBI MO~
(DCHONBHOTO EKCTPAKTy 3 JIUCTS JKypPaBIUHH BEIHKO-
wiiaHoi Ta aMiHOKUCIOT (L-apriniH, TaypuH, TIIUH) HA
eKcriepuMeHTanbHii Moaeni LI/ 2-ro turmy.

Marepianun Ta merogu gociaigxeHHsi. Excnepu-
MEHTH MpoBeacHO Ha 40 OiMX HEeNIHIHHKUX Iypax-caM-
151X, Macoro 200-250 1, mo yTpuMyBaIKuCh y CTaHIAPT-
HUX yMOBax BiBapito HaBualpHO-HayKOBOTO iHCTHTYTY
npukinagHoi ¢apmanii HPaV. Yei manimymamii mpo-
BOIWJIM 3 JOTPUMAHHSAM IPHHIHUIIB OIOCTHKH BiAIO-
BITHO JI0 TOJOKEHHS €BPOMNEHCHKOT KOHBEHINi Mpo
3aXHCT XpeOCTHHX TBAPHH, IO BHKOPHCTOBYIOTHCS
JUIA TOCHIAHUX Ta iHIMUX HaykoBuxX mineit (European
convention for the protection of vertebrate animals used
for expe-rimental and other scientific purposes, Crpa-
coOypr, 1986), 3akony Ykpaiuu «IIpo 3aXUCT TBapHH Bix
YKOPCTOKOTO OBOKEeHHsD (Big 15.12.2009 Ne 1759-VI)
i dupexrtuBu €spomneticekoro Corozy 2010/10/63 EU
[I0/I0 SKCIIEPUMEHTIB Ha TBapHUHAaX.

Cyxuil CITUPTOBHH EKCTPAKT i3 JIUCTS KYypaBIUHH
BEJIMKOILIITHOT 3 JIOaBaHHSM aMiHOKHCIIOT OTPUMAaHO
Ha kadenpi ¢apmakornosii HamioHansHOro (hapma-
[IEBTUYHOTO YHIBEPCUTETY MiJ KEPiBHHUITBOM Ipode-
copa O. M. KomoBoro. B onmepxxaHoMy cCyxoMy eKCTp-
aKTi 3 JIUCTS KYPaBIUHHU BEIUKOIUTITHOI MiCTUTBCS HE
Merme Hixk 10 % (QeHONpHUX CIONYK Y epepaxyHKy Ha
raJIoBy KHCIIOTY, HE MEHIIE HiX 5 % TiIpOKCHKOPUIHUX
KHCJIOT ¥ TIepepaxyHKy Ha XJIOPOT€HOBY KHCJIOTY Ta HE
MeHIIe Hix 2 % (naBoHOINIB y mepepaxyHKy Ha PyTHH.

Pedepenc-ditozacio  «Apdpa  kombi»  (BAT
«®Papmak», VYkpaiHa, MICTUTh TaypuH, EKCTPaKT
MEPHUKAPIIII0 KBACOJi, €KCTPAKT JIUCTS YOPHHII) BBO-
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JuTH B 1031 150 MI/KT (103y A1 TBAPHH PO3PaXOBYBAIIH
3 BUKOPHCTaHHIM Koe(illieHTa BUIOBOT CTIHKOCTI).

IlykpoBuit miaber 2-ro THIly MOZAETIOBAIH 34
Metoaukoro Islam S., Choi H. (Islam, Choi, 2007,
pp. 243-249) msxoM BBEICHHS IypaM pO3YHHY
ctpento3otounny (STZ, Sigma, CIIIA) 65 mr/kr, BHY-
TPIIIHBOYEPEBHO, OHOPA30BO 3 MOMEPEAHIM (3a 15 XB)
BBeZicHHAM HikoTHHaMiny (N, Sigma — Aldrich, CIIIA)
iHTpanepironeansHo 230 MI/KT Ha TIIi OXUPIiHHA (YTpH-
MYBaHHS IIypiB Ha BHCOKOKAJOPIHHIN JI€TI BIIPOTOBK
12 twxuiB). Ulypu npotsrom 12 TikHIB nepebyBanu
Ha BHCOKOKAJIOPIHHINM mieTi (7i€eTa 3 HAAMIPHHUM BMicC-
TOM HacH4YeHHX XupiB: Oinku — 20,0 %, xupu — 60,0 %,
BymieBogun — 20,0 % Big 3aragpbHOTO  KaJOPaxy).
CTpenTo30TOLMH PO3UMHSIIM €X tempore 1 BBOAWIH
Ha nutpatHoMy Oydepi (pH 4,5), 3Baxkaroun Ha TOWM
GbaxT, 110 B JYKHOMY Ta HEHTPaIbHOMY CEPEIOBHUINAX
BiH IIBUAKO JErpajaye 10 HEAKTHBHUX MeTa0oJiTiB
1 BTpadae CBOIO A1a0ETOTEHHY aKTUBHICTb. TBapuH HUIS-
XOM CJTINoi1 BUOIPKH OyJ0 paHAOMI30BaHO B Taki rpymu
(n=10): 1-ma — intaktHU# kKoHTpONB (IK); 2-ra — IypHn
3 KoHTposibHOIO Tarojoriero (KIT); 3-ta — mypu, ski
Ha T CTPENTO30TOIMHY 3 TMOMEPEIHIM BBEIACHHIM
HIKOTHHAMIZTy OJEPKYBaJIU (HITOKOMIIO3MINIO 103010
100 MI/Kr BHYTpILIIHBOILTYHKOBO; 4-Ta — TBapHHH i3
L1, sxi oTpuMyBaJId pedepeHTHUH JTiKapChKUi 3aci0 —
Apda-xom6i.

HocnmikyBany  iTokommosuiiito Ta  pede-
peHC-TIpenapar BBOAWIN OJHWH pa3 Ha JEHb MPOTATOM
28 ni6. Ilepmie BBeneHHs 3aco0iB MOYMHAIU Yepes3
24 rop micns iHAYKIil niabety. TBapuHH TPy KOHT-
POJTI0 OTPUMYBAJIH BIAMOBIAHY KiJIbKICTh IIUTPATHOTO
Oydepa (pH 4,5).

CraH DIIOKO3HOTO TOMEOCTa3dy TBapWH Ha (OHI
MoJieNbHOI maTonorii omiHoBamu Ha 30-Ty 100y eKc-
MEPUMEHTY 3a PiBHEM 0a3alibHOI TTikeMil Ta 0a3anbHOl
incyninemii (Matthews, 1985, pp. 412-419).

KoHIeHTpalito IIOKO3H B CHPOBATIII KPOBI BHU3HA-
YaaM HATIIC 3 BUKOPUCTAHHSIM IIFOKO300KCHUIa3HOTO
METOJY 3a JOIOMOTo0 ITroKoMeTpa One touch ultra easy
(BupoOHunTBa LifeScan, Johnson & Johnson, CIIIA).

KoHtieHTpaitito iHCYJIiHy B CHPOBATIII KPOBI BH3HA-
JaJu HaTie iIMyHO(QEPMEHTHIUM METOJIOM i3 BUKOPHCTAH-
HSM cTaHAapTHOTrO Habopy peaktuBiB DRG, Himeuunna.

[Tokazuuk THCYIIIHOPE3UCTEHTHOCTI (inmexc
HOMA-IR) po3paxoByBaJu 3 OIJIs1y Ha IIOKa3HUKH TITIO-
KO3H I iHCYITiHY B KPOBi TBAPHH HATIIE 3 BAKOPHUCTAHHIM
anroputmy HOMA (Matthews, 1985, pp. 412—419).

Craructuyny oOpoOKy pe3ynbTaTiB MPOBOAWIN Ha
MEPCOHANBHOMY KOMIT IOTEpi 3 BUKOPUCTAHHSIM IMaKETiB
Excel i Statistica 6.0 mus Windows. [ Bu3HauYeHHS
BIpOTIIHUX BIIMIHHOCTEH MK IOCTITHUMHU TpyHamMu

Ne 4, 2023




MeguuuHa. Papmauin

3acTocoByBanu kputepiii H’romena — Keiinca ta Tect
Mana — YiTHi. BigMiHHOCTI BBa)XaJIM CTAaTUCTHYHO 3HA-

yymumu 3 p < 0,05.

Pe3yabTaTn aocaifKeHHsl Ta iX 0OroBOpPeHHS.
VY namoMmy mociijkenHi BiarBopenuit LJ] 2-ro tumy

XapakTepU3yBaBCsS  BUPAXKEHOIO  TiMEPIIiKEMi€l0
(mocToBipHE 3pOCTaHHS PiBHA TNMIOKO3M y 2,13 pasa
nopiBHsHO 3 IK) Ta rinmepincyninemiero (OCTOBipHE
301IbIICHHS] PIBHA 1HCYMHY B 1,68 pa3a mopiBHSAHO
3 IK) na 14-ty 100y (tabma. 1).

Tabmuns 1
Bnous ¢itoxkomMno3uuii Ha MOKA3HUKHU BYIVIEBOAHOI0 00MiHYy B cHpOBaTLi KPOBi IypiB
3a yMOB LyKpoBoOro aiadery 2-ro tumy (X =S, n = 10)
IToxa3Huku
I'pynu TBapun i i i
Py P Ba3zanbHa rrikeMisi, MMOJIB/JT Basanena incyrinewmis, HOMA-IR
TMOJIb/JI

IHTaKTHUI KOHTPOJIB 6,56 +£ 0,310 95,52 +£2,77 1,89
KoHTponbHa matosnorist 14,03 £0,491* 161,03 +£2,45* 3,86*
®irtoxommosuiiis, 100 Mr/kr 8,10 + 0,348%/** 103,22 +2,04%/** 2,10%*
Apda xom6i, 150 mir/kr 11,80 £ 0,211 %*/% 124,67 £ 1,77** 2,30%*

Opumitkn:

* — BIIMIHHOCTI CTaTUCTHYHO 3HaYyIIi moa0 3HadeHs rpynu IK (p < 0,05);
** _ BiIMIHHOCTI CTaTHCTHYHO 3Hady1Ii mono 3HadeHs rpymu KIT (p < 0,05);
# — BIIMIHHOCTI CTaTHCTHYHO 3HAYYILI OO0 3HaUeHb IpynH (itokommozuwii (p < 0,05).

3 MeToo MiATBEPKCHHS TOpPYIICHb BYIJIEBOA-
HOrO OOMiHY Ha TJIi MOJEJNBHOI Haronorii Hamu Oyio
po3paxoBaHo iHmekc IP, skuii DOCTOBIpHO 3pOCTaB
y 2,04 paza nopisusio 3 IK, mo cBiguuio mpo dpopmy-
BaHHSA y TBapuH [P — KJIFOUOBOI MAaTOT€HETUYHO1 JIAHKU
LA 2-ro Tumy (Tabm. 1).

VYBeneHHsT JOCIiKyBaHOT (DITOKOMITO3UINT ITiIo-
CIIHUM TBapHHaM HpoTsiroM 28 mi0 CympoBOmXKyBa-
JOCS JTOCTOBIPHAM 3HMKEHHSAM YCiX JOCHIIKYBaHUX
MOKA3HUKIB. 30KpeMa, PiBeHb INIOKO3H 3MEHIINBCS Ha
42,3 % mopiBHAHO 3i 3HaYeHHsMH TBapuH Tpymu KII,
rinepincyninemis — Ha 36 % BigmosiaHo (Tabm. 1).

HocropipHe 3HWwkeHHs iHmekcy HOMA-IR Ha
45,6 % y Tpymi TBapuH, MO OTPUMYBAIH JOCIHTI)KYyBa-
HUH (DITOEKCTPAKT, CBIAYWIO TIPO MiABUINCHHS IyTIH-
BOCTI Nepu(pepuIHUX TKAaHUH JI0 Aii iHCymiHy (Tadi. 1).

KurouoBoro nmankoro marorenesy L[J] 2-ro tumy Ta
METa0ONIYHOTO CUHAPOMY BBaXA€ThCS IIEPBUHHA iHCY-
JTIHOPE3UCTEHTHICTh, 32 YMOBH SKOI BiIOyBarOThCS
3HAUHI MOPYIIEHHS BYITIEBOJHOTO I JIiMiHOTO OOMiHY,
o0 MiABHOIYIOTh PU3HK PO3BHUTKY CEPIEBO-CyINH-
HUX 3aXBOPIOBaHb, IIPOTPECYBAHHS ATEPOCKIEPO3y Ta
cMepTHICTh cepen xBopux Ha I/ 2-ro Tumy. IHCymi-
HOPE3UCTEHTHICTh 1 eHpoTenianbHa aucyHkuis (E/)
PO3IIANAIOTHCS SIK acOIliHOBaHI CTaHW — BOHH (OpMYy-
IOTh TIOPOYHE KOJIO, SIKE MPU3BOAUTH J0 METa0OTIUHUX
1 MIKpOIIMPKYJIATOPHUX MOpYyIIeHb 3a HasBHOCTI LIJI.
BioximiuHi MeXaHI3MH KOpPEeTryBaJbHOIO BILIMBY JOCHi-
JOKyBaHOI (hiTOKOMOIHAIT OO0 MOpPYIIEHh BYIJICBOMI-
HOro OOMiHY MOB’s13aHi 3 (papMaKoOJOTiYHUMHU BIACTH-
BOCTSIMH 11 CKJIaJioBUX. He3Bakaroun Ha pi3HOMAHITTS
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MeXaHI3MIB PO3BUTKY, KJIFOYOBa pojib y maroreHesi EJI,
Ha JyMKy OUIBIIOCTI JOCTITHUKIB, HAJICKUTH NEIUTY
okcuy azora (NO) Ta BHyTPIIIHBOKIITHHHOMY OKCHJIa-
TUBHOMY cTpecy. Tpeba 3ayBakuTH, II0 YHUMAJO IaTo-
JIOTIYHUX CTaHIB 1 3aXBOPIOBaHb CIPHUSIOTH PO3BUTKY
nedinuty L-aprininy (ceprieBO-CyIMHHI 3aXBOpIO-
BaHHS, IIyKPOBHH JiabeT, OXKHMPIHHSA, XPOHIYHUN CTpec
Tomo). OCHOBHMUM HETaTUBHUM HACTIIKOM Ae(iluTy
apriHiHy B oprasi3mi € 3HKeHHS npoxaykiii NO, mo
3yMOBJIIO€ BUHHMKHEHHS E€HJOTENaNbHOI AUCGYHKIII.
lNmontikeMiyHa Jisi TaypuHY TOB’s3aHa 3 HOTO 31aTHi-
CTIO 000pPOTHO Ta cHenu(iuHO 3B’I3yBATUCS 3 PELIEHTO-
pamu iHCyiHy. [TIUH HepenKopKae TITFOKO303aIeKHIH
IHAYKIN] aBTOKaTaTiTHYHUX HPOLECIiB: 30UIBIIYE CeKpe-
IiI0 IHCYJTIHY 1 3HWXKYE TIIIOKOHEOTeHe3 y TEeUiHIli, 1o
Mae CIIPHUATH HopMaiisauii MeTabosizMy Ha paHHIX eTa-
Max 3aXBOPIOBAHHS.

3a aHTHUTINEPIIIKEMIYHOK €0  JOCHIKyBaHa
(ITOKOMITO3HIIISI TIEPEBUIITYBaJIa AKTUBHICTh Mperapary
nopiBHAHHS «Ap¢a KomOi», KUl 3MEHIIyBaB piBEHb
TITFOKO3H B CHPOBATII KPOBi IIypiB Ha 15,9 % NOpiBHAHO
3 KII. 3a 31aTHicTIO HOKpalTyBaTH 4y TIHUBICTh epUde-
PUYHUX TKaHWH JIO Nii 1HCYJTIHY Ta 3MEHIIYBaTH PiBCHb
IP mpenapar nopiBHSHHA «Apda KoMOD» TaKOX MOCTY-
TaBCs TOCIIJHKYBaHiH QiToKOMITO3HUIII1.

OTxe, aHANI3yIOUYU OTPHMaHi JaHi, MOXHa IIUTH
BHCHOBKY, IT[0 Ha MOJIEJ1 CTPENTO30TOIIMHOBOIO JiabeTy
2-r0 THUIy JOCTIKyBaHUM MONi(pEeHONBHUH EKCTpaKT
3 aMIHOKHCJIOTAMH MOJIIIIYE YyTIUBICTh Tepupepud-
HUX TKaHUH 0 Jii IHCYJiHy Ta BHABJIS€ aHTHUTIiIEp-
TTIKEMIYHY JiF0, BUPKEHICTh AKOi MepeBUIIye edekTt
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MeguuuHa. Papmauin

BIIOMOI0  IIOJIKOMIIOHEHTHOIO  AHTHIIA0ETHUYHOIO
¢itonpenapary «Apda KoMOi».

Bucnosku. Ha moneai I/l 2-ro Tuny, BUKINKa-
HOT0 CTPENnTO30TONMHOM i3 momepeaHiM BBeA€H-
HfIM HIKOTiHAMily BCTaHOBJICHO, IO AOCJIiIKYyBa-
HUH N0Ji)eHONbHUH eKCTPAKT 3 aMiHOKHCI0TAMU
YMHUTHh BHPA’KeHY aHTHriNepriikeMiuHy ailo, sika

peaJizy€eTnbcs, 3TiIHO 3 OTPUMAHUMU Pe3yJbTaTaMu,

3aBASIKU HOT0 31aTHOCTi MOKPAIyBaTH YYTJIUBICTH
nepudepuYHNX TKAaHUH A0 Aii iHCyJdiHy, a oTike,
3MEHIIYBATH MNPOSABH  iHCYJiHOPE3UCTEHTHOCTI.
Bupasxkenicts anTurinepriikemiunoi aii giroxom-
no3uuii mepeBuinye Ail0 ¢itonpenapary «Apda
KkoMOi». OTpumaHi pe3yJbTaTH OOIPYHTOBYHTh
AOUINBbHICTH MOAAJbIIOr0 BUBYEHHS (PiTOKOMNO3M-
nii ik MepcneKTUBHOrO NPoTUAiadeTHYHOro 3ac00y.
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BIIJIUB KOMIIJIEKCHOI ICUXO®I3IOJOTTUYHOI AYIIOBIBPOBI3YAJI3AILIIL
TUBETCBKUMHU YAIIAMM HA PIBEHDb IICUXOJIOTTYHOTI'O BJIATOIIOJIYYY S
BIKEHIIIB — PE3VJIBTATHU JOCJIIKEHD Y IEPIOJI BINHU

Axmyanvuicme. Heceocuacna abo neadekeamua 0onomo2a yYKpainCoKum OidceHysm i3 NCUXONOIYHUMU PO3NAOAMU NPU3EOOUNb
00 3HUdICEHHSI AKOCMI IXHbO2O HCUMMA MA NPAYe30AMHOCMI, PO3BUMKY NCUXOCOMAMUYHUX 3AX80p06ans. [Ipobrema akmyanivHa sk
0718 OYIHKU CIMAHY 300pP08 5l HACENEHHS 3A2aNOM, MAK i Y 36 S3KY 3 NO2IPUIEHHAM NCUXIUHO20 300P08 5 yepe3 KpU308uii CIan.

Mema docnidscennsn. Buznayumu eghekmugHicmos KOMIIEKCHOT NCUuxo@hiziono2iunol npoepamu i3 3acmocys8anusim ayoiogiopoeizy-
anizayii mubemcoKuMU Yauamy Ha pieeHsb NCUXON02IYHO20 ONA20NONYYYsL YKPATHCOKUX Oidcenyie y nepiod GitiHu.

Mamepianu ma memoou. [locnioscenns npogoounocs na novamxy 2023 p. na 6azi myniyunanimemy Byoenbepey ¢ Hioepranoax
Y PAMKAX NPOX0OACEHHS mpeHinay 3a npoepamoro Mind Fit, axuil 6y10 opeaniz06ano 0Jis yKpaiHCoKux Oidcenyis, wo 3imKHyIucs 3 npo-
onemoro cmpecy. OYiHKa pieHs NCUXOI02IYHO20 Oazononyuys nposoounacs 3a onumysanviuxom SF-36 Health Status Survey 3 susna-
YCHHSM NOKAZHUKIG HCUMMEIIbHOCTI, COYIANbHO20 (DYHKYIOHYBAHHS, eMOYIUHO020 (DYHKYIOHYEAHHSI, NCUXONOSIUHO20 300P08 .

Pesynomamu oocnioscennn. byno dosedeno epexmusnicmv KOMIIEKCHOI npogpamu i3 3aCmocy8anuam ayoiogibposizyanizayii
MUOEMCOKUMU Yauamu, 8i3yanizayii Korbopom menioi eamu ma pummiuHo20 OUXAHHSL 3 HOOOBHCEHUM BUOUXOM.

Bucnoesok. Bnposadoicenns xomniekcnoi npoepamu ncuxo@iziono2iunoi Kopekyii i3 3acmocy8antsim 36yK08020 MAcaxicy mubem-
COKUMU Hauamu ma 8i3yanizayii Korbopom NOKpawye AKiCnb JHCUMms nayicHmis iz NOCMmMpagMamuyHuM CMpecosum po3nadoM.

Knruogi cnosa: nocmmpasmamuunuii cmpecoguti po3nao, ncuxo@izionoziuna Kopekyis, 36YKOGUL MACANC MUOEMCOKUMU Yauiamu,
8I3yanizayisi KONbOPOM.
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THE INFLUENCE OF THE COMPLEX PROGRAM OF PSYCHOPHYSIOLOGICAL
AUDIO-VIBROVISUALIZATION WITH TIBETAN BOWLS ON THE LEVEL
OF PSYCHOLOGICAL WELL-BEING OF UKRAINIAN REFUGEES

Topicality. Untimely or inadequate assistance to Ukrainian refugees with psychological disorders leads to a decrease in their
quality of life and work capacity, development of psychosomatic diseases. The problem is relevant, both for assessing the state of health
of the population as a whole, and in connection with the deterioration of mental health due to a state of crisis.

The aim of the study. To determine the effectiveness of a complex psychophysiological program using audiovibrovisualization with
Tibetan bowls on the level of psychological well-being of Ukrainian refugees during the war:

Materials and methods. The study was conducted in early 2023 on the basis of the municipality of Woudenberg in the Netherlands
as part of MindFit training, which was organized for Ukrainian refugees who faced the problem of stress. Assessments of the level of
psychological well-being were carried out according to the questionnaire “SF-36 Health Status Survey”, which included indicators of
vital activity, social functioning, emotional functioning, and psychological health.

Research results. The effectiveness of a complex program that included vibration and acoustic massage, warm color visualization
and the technique of rhythmic breathing with prolonged exhalation was proven.

Conclusion. The implementation of a complex program of psychophysiological correction with the use of sound massage with
Tibetan bowls and color visualization disorder improves the quality of life of patients with post-traumatic stress disorder.

Key words: post-traumatic stress disorder, psychophysiological correction, sound massage with Tibetan bowls, color visualization.

Beryn. AkryanabHicts. BOO3 BucioBmina mmboke [loctpaxknanumu Bu3HaHo 4,4 MuH ocid, a 1,6 MiH
3aHCTMIOKOEHHS CHUTYyaIli€lo, sKa CKiIajnacs B YKpalHi CTalu IepeceleHIIME. BiifHa € ekcTpeManbHOI0 cuTya-
y 20142022 pp., Ha3BaBIIH 1 TYMaHITAPHOI KPU30K0.  III€F0, 10 BUXOAHUTH 32 MEX1 3BUYAHOTO, KHOPMAJIBHOTO
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JIIONICKKOTO  JTOCBiAy». BHYTpilIHI HaBaHTaXeHHS, SIKi
BOHA BHKITUKAE, YACTO IIEPEBUIIYIOTh JIFOICHKI MOXKITH-
BOCTI, pyHHYIOTh 3BUYHY NOBEIIHKY, MOXYTh CIIPHYH-
HATH HeOe3MeuHl HaCiaK1. YKpaiHChKi OikeHIl 0e3mo-
CepPEeNHbO CTUKAFOTHCS 3 MATePiaIbHUMU i JIFONCHKUMHU
BTpaTaMy, MEPEKHUBAIOTH Pi3HI pO3Naau MicIICTPeco-
BUX 1 TpaBMmyBadbHHMX curyariii (Kovalenko, 2022).
[TocTiiiHe O4iKyBaHHsS CEpHO3HOI 3arpo3M, CKapru Ha
KUTTSA, POOOTY W CUTYyaIlif0 B yMOBaxX CTpecy, Hepo3y-
MiHHSI CBOTO MalOyTHBHOTO MOCHIIIOIOTH 1[0 TpodieMa-
tuky (MindFit, 2023).

[Ipn upoMy BimoMoO, IO HECBO€YacHa ab0 HeameK-
BaTHa JIOTIOMOTa 0co0aM 13 TCHUXOJOTIYHUMHU PO3Ja-
JaMU TIPU3BOAUTH J0 3HIKEHHS SIKOCTI IXHBOTO YKUTTS
Ta Mpare3IaTHOCTI, PO3BUTKY IICUXOCOMATHYHHX 3aXBO-
proBanb (Gregory, 2017). IlpobGnema akTyaibHa SK
JUIS OI[IHKU CTaHy 3/7I0pOB’sl HACEJICHHS 3arajioM, Tak
1y 3B’s3Ky 3 HOTipIICHHSM ICHXITHOTO 3I0POB’SI depes
kpu3oBuii cran (Kovalenko, 2022).

Bimomo, 1110 TpHPOAHI METOOU BiOPOAKyCTUUHOT
Teparii 3aCTOCOBYBANUCS B HApOJAHIH MEIULINHI 3 JaB-
HiX yaciB. Halmupivid niana3oH i MOMUPEHHS TaKuX
METOJIB y MpajgaBHIH MEAWYHIH MpPaKTHII BiIPOIHIO
MAacoBHH 1HTEpeC JO IMX METOAIB cepefl (axiBIIiB
3 o3xpoposieHHs (Ohui, 2017).

IcTopryni JaHi CBigYaTh Mpo Te, IO IS TOKpa-
IICHHS 370POB’S TaKOX BHKOPHCTOBYBAIM BaHHH,
3a0apBIIIOIOYM BOAY PI3HUM KoJibopoM. [li3Himie Bimo-
MU HIMEI[bKUI MUCbMEHHHUK 1 (irocod Y. T'ere BuBuaB
0COOJTMBOCTI BILUTUBY Pi3HUX KOJBOPIB Ha (hi310JI0T YHHHA
1 TICUXIYHUH CTaH JIONWHY, IO BiOOpakeHO B KHU3I
«Buennst mpo xomip» (Skrypnyk, 2014).

Mix TUM gy’ke MaJjio HayKOBHUX poOiIT y Hamriil KpaiHi
MIPUCBIYCHO OOTIPYHTYBAHHIO caMe €()eKTHBHOCTI KOMII-
JISKCHOTO MIAXOAy 10 KOPEKIlii MOCTTPaBMAaTHYHOIO
MICHXOJIOTIYHOTO PO3JIaNy i3 3aCTOCYBaHHSM 3BYKOBOTO
Macaxy THOETCHKHMH YalllaMH Ta KOJIbOpOTepartii.

Merta pocaimkenHs. BusHaueHHs e€QEKTUBHOCTI
KOMIUTEKCHOT TICHX0()i310JI0TTYHOT MPOrpaMHU 13 3aCTOCY-
BaHHSAM ay/ioBiOpoBi3yasizallii THOETCHKUMHU YaliaMu
Ha PiBEHb IICHXOIOTIYHOTO OJIAronoIyyddst yKpaiHChKUX
ODKEHIB y TIepio] BifHU.

Marepianu Ta mMetonm aochaixkenHsi. byno npo-
BE/ICHO IMOIIYK y CYYaCHUX €JICKTPOHHHX 1 IPYKOBAHUX
JpKepenax iH(popMarlii, MOIIyKOBUX HAayKOBHX 0Oa3ax i3
BHUKOPHCTAHHSIM METOIB aHaJI3y 1 y3arajlbHEHHS OTPH-
MaHHX JaHUX. 3’sICOBaHO, IO BiOpaliifHa YyTIUBICTH
€ OJIHI€I0 3 HAHOUTBIIT MI00ATEHUX (OpM BimoOpaXKeHHs
3B’S13KiB JIFOJICBKOTO OPTaHi3My 3 Pi3HOMAaHITHUMH BIUTH-
BaMH 30BHIIIHLOTO cepenoBuia (Barrass, 2016; Geld-
ing, Sun, 2018). Mysuka sk KoMOiHaIlisl 3BYKiB € YHi-
KaJbHUM (DEeHOMEHOM, IOCTYIIHUM 3aBISIKM HasBHOCTI
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B CEHCOPHIN CHCTEMi OpraHi3My CIyXOBOTO aHaJi3aTopa
(Ohui, Tarasenko, Svirshch, 2019).

BiOpariiiHo-aKkyCTHYHAN ~ MacaXX  «CIiBarOYMMHU
qamamu» Ja€ 3Mory audepeHIiioBaHo, 3a Cremiaib-
HOKO TEXHOJIOTI€I0, BIUTUBATH HAa OKPEMi YaCTUHH Tija,
HEHTPaJbHy Ta NepUPEepHYHy HEPBOBY CHCTEMY, Ha
TKaHWHHU Ta CHCTeMH opraHiB jroauau (Barrass, 2016;
Paine, 2016; Goldsby, 2017).

TubeTchki wammn JOMOMAararTh JIKyBaTh 0o
B TOJNIOBI, NpoOJIeMH 3 BHYTPIIIHIMH OpraHamu
(Shcherbina, 2021). ToJ0BHMM TPHHIMIIOM TaKOTO
croco0y € Te, IO Yallli PO3TaIIOBYIOTHECS HABKOJIO Tijla
MaIli€eHTa, CHemiaJiCT HEeKBAILUTUBO BOAUTH JIEPEB’ THUM
PEe30HATOPOM TIO Kparo dairi. Yepe3 BHHUKHEHHS TePTS
3’SIBIIIETBCS. TPUBAINI «CIiBalO4Mi» 3BYK, HAMOBHE-
HUI oOeproHamu. TakuM YHHOM, JIFOAWHA TepeOyBae
BCEpEIUHI 3BYKOBOTO ¥ BiOpariiiHoro momns. Buko-
PHUCTOBYIOTh JIUIIE KOBAaHI Yallli, SKi BUTOTOBJISIOTHCS
31 crutaBy cemu MeTainiB. Came Taki Yaln MOXYTh PO3-
KPHUBATHCS A0 ABAALSATH OOCPTOHIB, IO MPU3BOTUTE 11O
IMHOOKOTO BIUTMBY Ha BECh OPTaHi3M JIFOJMHH, 10 MOXeE
BBOJIMTH JIFOJIMHY B CTaH MIKMOOKOT penakcariii (Mashyr,
Nomerovskyi, 2009).

Takok JOBEIEHO, O KOJILOPOTEPAIIisl CIIPHSIE TIOKpa-
IIEHHIO TICUXIYHUX (PyHKIIH, HACTPOIO, CAMOTIOUYTTIO,
3HATTIO CTPECY, CTBOPCHHIO ITO3UTHBHOTO MiKpOKIIi-
Mary. Ha meli dac Bifiomo, m0 TemIi KOJIbOpU MOKpa-
IIy0Th (Hi310JIOTIYHI TPOIIECH B OPTraHi3Mi Ta M’S30BY
Mpare3faTHiCTh, 30yMKYyIOTh 1 MiJHIMAIOTh HACTPIi,
a XOJIOJTHI — HaBIaKH, YITOBUIBHIOIOTH (Pi310JI0TIUHI TPO-
IIECH, 3aCTIOKOIOIOTh 1 MOXKYTh IPUTHIUYBATH IICUXIKY Ta
BUKIHKaru aenpecito (Lisnevska, 2020).

KonboporepaneBruuHuil BIUIUB IPYHTYETbCA Ha
TOMY, IO JOMiHYIOYa KOJIipHA rama YepBOHO-KOBTOL
YACTHHU CHCKTpA BHUKIMKAE AKTUBAIIO CHUMITATHY-
HOi HEpPBOBOi CHCTEMH Ta TalbMy€ MapacHMIIATHIHY
HEepBOBy cucteMy. JloMiHyI04a KOTipHA raMMa CHHBO-3€-
JeHOI YACTHHU CIIEKTpa AaKTHBYE IapacUMIIATUIHY
HEpBOBY cUCTeMy. Y 3B’S3Ky i3 IIMM CTaHU HaIpyTH,
TPHUBOTH MOXKYTh KOPHTYBATHCS TIpel’ sIBICHHSAM 00pa-
3iB 13 JJOMiHYIOYOK CHHBO-3EJICHOK KOJIPHOK TaMoro,
a CTaHW 31 3HKCHHSIM HACTPOIO, CHEPriHHOCTI, aKTHB-
HOCTI — IIpeJ1 IBIIEHHSIM 00pa3iB i3 TOMiHyIOUOO YepBO-
HO-)KOBTOIO KOJTEOPOBOIO TaMOIO.

Jocnimkenas npoBoauiocs Ha mouatky 2023 p.
Ha 0a3i MyHinunamirery Bynenbepry B Hinepnan-
JaX B paMKax MPOXOKCHHS TPEHIHTY 3a MPOrpaMoro
MindFit, skuii Oyno opraHi3oBaHO I YKpaiHCBKUX
OiXKeHIIiB, 10 3ITKHYIUCS 3 TpodieMoto cTpecy. [pymna
OiXKEHIIB, AKI MPOKMBAJIM paHilie B 30HI OOHOBHUX
Nl Ta 3anummiau YKpainy Oijibllie poKy TOMY, BIKOM
Bix 40 10 55 poKiB i3 MOCTTPAaBMAaTHYHUM CTPECOBHM
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po3iamom Oyia pos3filieHa Ha JIBI TpyIH, CIiBCTaBHI
32 CTaTeBUMH BIKOBUMH XapaKTEPUCTHKaMH (OCHO-
BHY 1 rpymy nopiBHsSHHA) 1o 10 ocib® y koxwHii. s
BCiX 0ci0 Oynu XapakTepHi ckapru, nos’s3aHi 3 [ITCP,
K1 BIAMOBiAAIM TaKUM KPHTEPisIM: MEpeKuia MOTCH-
MIHHO TPaBMaTHYHY MOAII0 MPUOIU3HO MICALb TOMY,
MaJia TIPUHAWMHI OJJMH CHMIITOM MEPEIPOKUBAHHS Ta
OIVH CHMITOM YHUKHEHHS, a TaKOXX OJWH CUMIITOM
nepe30y/DKeHHS 1 TPYIHOINI 3 MOBCAKJACHHUM (YHK-
nionyBanHsM. OCHOBHA Ta Tpyla IMOPIBHAHHS OyiH
CIIBCTaBHI 3a PiBHEM IICHXOJIOTIYHOTO OJaromoiydds
3a onutyBabHUKOM SF-36 Health Status Survey, sxe
nepeadayano TMOKa3HUKU JKUTTEIISIIBHOCTI, COIiab-
HOTO (DYHKI[IOHYBaHHS, EMOIIHOTO (PyHKIIIOHYBaHHS,
TICUXOJIOTIYHOTO 3/I0POB’ 5.

Hapuanns mpoBomuiiocs YKpaiHCBKOK —MOBOIO,
B MeXax KyJIBTYPHOI TPYIK Ta CKJIAJANIOC 13 MIECTH
HIOTHYKHEBUX CECIH 13 TEOPETUIHUMH 3aBIAHHIMH, EKC-
NePUMEHTAIPHUMHU BIPAaBaMU, KOHTAKTaMH 3 CKCIep-
TaMH Ta B3a€MOJIEI0 MIXK YIaCHUKAMH.

B o00ox rpynmax Ha mepumioMy eTami NpOBOAMIACS
po0OTa 3 MOTOYHHMH HCHXOCOIIaIbHIMHU CTPECOTEH-
HUMU YHHHUKaMH. BHUKOpPHCTOBYBaliM METOAM BHPI-
meHHs npobiemM (problemsolving technique) s Toro,
o0 monoMorrd 0co0l 3MEHIIUTH BIUIUB OCHOBHHX
MICHXOCOIIAIFHUX CTPECOreHHUX YHHHUKIB 200 TPYIHO-
1IiB, MOB’A3aHUX 31 crocyHkamu (Pozmohova, Mashyr,
2023). Slkmio BUHMKANA TOTPeda, PO3TIIsIanacs MOKIHU-
BICTh HANPaBUTHU OCOOY Ha 1HIUBIAyaIbHY a00 rPyMoOBY
TpaBMOC(HOKYCOBaHY KOTHITUBHO-TIOBEIHKOBY TEPaIlito
abo neceHcuOimizanito Ta nepepoOKy TPaBMH 3a JIOTO-
MOTOI0 pyXy OYeH.

Ha nppyromy erami moBoamiHCS TpPEHIHTH IOAO
HABYAHHS YNPaBIiHHSA CcTpecoM. JlIsi 1BOrO BHKO-
PHCTOBYBaIM JMXabHI BIPABU, MPOIPECUBHY M’S30BY
penakcaritiro. Takox MPOBOIWIIA TPSHIHTH 3 MalHA(YII-
Hec-meauTainii. Koxxen ypok tpusaB Bix 60 10 90 xB,
1 TICIS 3aHATTS 3aBKIM HAJaBAIK JIOMAIIHE 3aBIAHHS
(Pozmohova, Mashyr, 2023).

Tperiit eranmn mepenbayaB HaBYaHHS ITO3HTUBHHX
METOIB KOIIIHTY 1 BHUKOPUCTAHHS MeEpeX COIiaJbHOI
miaTpuMkd. IlinTpumyBanu ocoOy B TOMy, mo0 BOHA
BiTHOBMJIA CBOKO COIliaJibHY AKTHUBHICTh 1 3BUYHHU
MOPSIIOK KHUTTSI HACTUTBKH, HACKUIBKH MOXIIMBO: Bil-
BiJlyBajia IIKOJTY, TIPOBOJMIIA POJUHHI 3ycTpivi, Opamna
y4acTh y COIIIaJIbHHUX 3aX0Jax Ha pOOOTi, TPOMAaICHKIii
JISUTBHOCTI, TporynsHkax i3 apyssmu (Pozmohova,
Mashyr, 2023).

3 OCHOBHOIO T'PYIOI0 2 pa3u Ha THKIACHD MPOTATOM
6 THXKHIB ITPOBOJIWIIN 3aHATTS 3 ayliOBI3yalbHOT CTUMY-
TSI THOSTCHKMMHU YalllaMH Ta Bi3yaizallii KoJIbopoM.
Ceanc BuBy TpuBaB 15-20 xB. B ocHOBY 3acTtocoBa-
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HOTO HaMW METOAY TOKIAJCHO CIOCi0 KOpeKIii TcH-
X0(i310JIOTIYHOTO CTaHY JIFOAWHH HUISTXOM IO€IHAHHS
B3a€MOJIii 3BYKOBOTO Macaxy THOETCHKHMHU 4YallaMy
B YacCTOTHOMY piama3oHi Bing 82,8 I'm mo 5,5 k[’ ta
KOJIbOpOTepamii HUITXOM Bi3yamizalii KOHIEHTPAIi€o
Ha HOMY 13 3aCTOCYBaHHSM TUXaIbHUX BrpaB (Mashyr,
Nomerovskyi, 2009). CminbHe BUKOPHUCTaHHS PUTMIB
BIUIMBY B CIICKTPi YaCTOT MPUPOIHUX eICKTpoeHIedato-
rpadiyHIX MpoeciB 1 KoipHUX 00pa3iB 3a0e3medyBaso
B3a€MHE ITOCHWJICHHS 3aJaHuX e(eKTiB. BuxopucranHs
Bi3yaJIbHUX 1 3BYKOBHX 00pa3iB y paMKax IcUxXoTeparie-
BTHYHOIO BIUIMBY B KOMILJICKCHIH aymioBi3yalibHIN CTH-
MyJIsLii ajgo 3MOry JOIOBHHUTH NMCHXOTEPANCBTHYHUIA
IpoIleC BIPaBaMHU HA PO3BHTOK aCOIIaTHBHUX 3B’SI3KiB
1 TBOPYOI ySIBH.

YdacHHKaM TpPEHIHTY MpPOIOHYBAllMl 3pPYYHO pPO3-
TamryBaTuch y Kpicmi. Horum ta pyku He MoxHa OyIio
cxpernyBary. [li1 puTMiYHI 3ByKH THOETCHKHX YaIll M
noTpiOHO OyII0 BUKOHYBAaTH PiBHOMIpPHE AWXaHHS yepes
HIC, P IEOMY YSIBILITH, IO EHEPTisl JKOBTO-KOBTOTApsI-
YOT0 KOJILOPY Ha BAUXY MiAHIMA€ETHCS BrOpY, 10 MAaKiBKH
TOJIOBU, @ HA BHUIUXY OITyCKAETHCS BHH3, O AUISHKA
KPIDKOBOTO Biaminy xpeora. [Tosroputi motpibHo Oyio
7-8 pasis. Ilicng 1pOro eramy ydYaCHHKaM TPEHIHTY
Oyi10 3aIpOIOHOBAHO MOAYMKH ySIBUTH HaWIpUEMHIIIIE
Miclle — MpPUpPOIA, BONOCIAA, MOPE 3i CXOHOM COHIISI
1 TOXyMKH BiAITycKaTH BCi cBOi mpoOiieMH — TpaBMH,
cTpecH (TTapajenbHO CTUCKAIOUN i PO3THCKAIOYH KilbKa
pasiB KHCTI pyK).

Pe3yabTraTn aociigaxeHHs Ta iX 0OroBOpeHHs.
B ocHoBHill Ta rpymi mOpiBHSAHHSA OylI0 MPOBEAEHO
OLIHKY TICHXOJIOTiYHOTO ONaromomyyus 3a OIUTY-
BaJbHUKOM SF-36. 3amoBHEHHS aHKET 3A1HCHIOBAIOCS
Ha TIOYATKy JOCHIDKEHHS Ta Ha 6-My THXKHI, MIiCHS
KOMIUIEKCHOI TIpOrpamMH ICHX0(i3ioNoriyHOi KOpeK-
il 13 3aCTOCYBaHHSAM 3BYKOBOTO Maca)Ky THOETCHKHUMU
qamamy Ta Bizyami3allii KoJIbOpOM.

CraructnuHuil MeTox mepexbadaB IMMapaMeTpUYHI
Ta HelapaMeTPUUYHI METOAM cTaTUCTUKU. OuiHIOBaIaCs
JIOCTOBIPHICTh BiAMiHHOCTI Toka3HuKiB (p < 0,05) mo
MOYaTKy Macaxy Ta IicJisi Hboro (Tabm. 1).

OTpuMaHi pe3yJasTaTH 3a ONMUTYyBaJIbHUKOM SF-36
JAloTh 3MOTy JiHTH BHCHOBKY TIIpO JOCTOBipHE
(P < 0,05) nokpamanHs SIKOCTI KHTTS B 000X Tpymax,
IPOTE B OCHOBHIM Ipymi NPHUPICT MOKa3HUKIB IICHXOIIO-
TIYHOTO ONIAronOoNXyYdst 3HAYHO BHIIHH.

PesynpraT OLIHKK TICUXOJIOTIYHOTO OJIArononyyys
OCHOBHOI Ta KOHTPOJIBHOI TPYIIH Ha TIOYATKy Ta HaIpH-
KiHIII JOCHI/DKeHHS 3a aHkeToro SF-36 maroTh 3Mory
PEKOMEHTyBaTH BUKOPUCTOBYBATH e CHOCIO y KOMII-
JieKci 31 CTaHJApTHOIO TEpami€ld MOCTTPABMATHYHOTO
CTPECOBOTO PO3JIay OCOOUCTOCTI.
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Ta6muis 1

IMopiBHSIbHA XapaKTEPUCTHKA Pe3yJIbTATIB OMIHKH MCUXOJOTiYHOT0 0/1aronoTy44si XBOPUX OCHOBHOI Ta
KOHTPOJIbHOI I'PYIIH HA IOYATKY Ta HANPUKIHLI JocailkeHHs 3a ankerow SF-36, X £ m, 6aau

MoKasHuK OcHoBHa rp)ina KontpoabHa rp?/na

o micas % 10 nicas %
KuTTeisTbHICTS 51,9+ 0,81 70,6 + 2,0% 19 52,9+0,73 57,8 +0,83 6
Comianbre 47,8 +2,09 69,7 + 0,95% 13 49,2 + 0,63 56,8 + 2,09% 8
(hyHKIIIOHYBaHHS
Emoniiine 56,1+2,75 82,2 & 1,65% 26 59,9 + 0,84 64,5221 5
(hyHKIIIOHYBaHHS
TIcuxoIoriuHe 310p0B’st 58,04 +2.33 81,7+ 1,87* 24 59,8 + 1,08 61,9+ 1,6 2
Heunxozoritniit KomoHeHT 572+138 77+ 1,1% 20 54,.8+2.,0 59,7+ 1,63 5
37I0pPOB’ st

IMpumiTka: * mopiBHAHHSA pe3ynbTaris 3 p < 0,05

MEcHxOAOTYH WA KOMMNOHEHT 300p0E'A u

Ncwxonoriuqe spopoe's

Emouiii He ¢dyHKLIOHY EBHHA

CoujaneHe dyHHLIOHY BBHHA

HHTTELIANBHICTE

¥ EoHTpOJIEBHA TPyIA

OcHOEHA IpyIa

]

5 10

15 20 25 30

Puc. 1. Pi3Huus npupocty NOKa3HUKIB MCUX0JI0TTYHOr0 0JIaronoy44si OCHOBHOI i KOHTPOJILHOI rpyn, %

BucHoBku. BeraHoB/IeHO, 1110 32CTOCYBAHHS 3BY-
KOBOI'0 Maca:Ky THOETCHbKMMHU YalIaMU B YACTOTHOMY
niana3oni Bin 82,8 'y 1o 5,5 kI'u Ta kKobopoTepamii
LIJISIXOM MO€THAHHS Pi3HUX ii MeTOiB Y po0oTi 3 OikeH-
ISIMM MO3UTHBHO BIJIMBAE HA iX HACTPIil i MOKa3HUKHU
MCUXOJIOTIYHOr0 0J1aronoJy4usi, TO0TO CHpusi€ NMpu-
CKOPEHHI0 HAJAro[yKeHHsl aJanTHMBHMX IpoueciB

B oprani3mi. [lepcneKTHBHUM HANMPSIMOM MM BBaKa-
€MO OCJTIIKEHHSI 0COOJMBOCTEli KOMILJIEKCHOI TIPO-
rpamu ayaioBioposisyasnizauii i3 3acrocyBannsim aude-
PeHLi0BAaHOI0 MiAX0AY 10 BUKOPHCTAHHS KOJIbOPiB
pi3Horo cnekTpa Ta 0iblI AeTaabHe BUBUEHHS iX 6io-
(izionoriuHoro BnJiMBY HAa NMCUXIYHMIA CTAaH JIOAUHU
3 HOCTTPABMATHYHHM CTPECOBHM PO3JIa0M.
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KOMILJIEKCHA PEABLIITAIIAHA ITIPOTPAMA BIZITHOBJEHHA OCIB I3 KOHTY3IEIO

Axkmyanvuicme. 3acmocysanns 6ucokoenepeemuynol 30poi, nepesadcHo apmuaepiicbKoi, npu3eo0ums 00 30ibUeHHs] KITbKOCMI
Mpaem 20106H020 MO3KY, W0 € OCHOSHUM Hacriokom. Eckanayis pociiicbko-ykpaincovkoi ilinu, sxa posnovanacs 6 niomomy 2022 poky,
cnpuana momy, wo 80 % eiticokosocnyxcoosyis, aki 6yau 6 30ni 6oliosux Oitl, ompumanu kowmysii. /liacnocmyeanns yiei namonozii
€ 0yorce CKNaoHum 3a80anuam. Leii cman € 0ocums Hebe3neuHum, Hagimv AKWO HA NOYAMKOSIL cadii KNIHIUHI NPOAGU MOXCYMb Oymu
HesupasHumu. Y KiHyegomy niocymKy ye modce npuzeecmiu 00 po3gumKy iHCYIbmie 3 YCiM CHeKmpoM KAiHIUHUX nposeis. Y mpemunu
0cib, AKI 3a3HAnU KOHMY3ii, cnocmepiearomvca 8i00aneHi HACTIOKU Y 6UIA0I 8AHCKOCMI 8 207108, 20JI08H020 6ONIO POSNUPATLHO20
Xapaxkmepy, NOPYWeHHs CHY, NOPYWEHHS KOZHIMUBHUX DYHKYIl, «3y0Uacmozo Konecay, pO36UmKYy CEHCOPHOT NPULIyxXy8amocmi, ampo-
@ii 30p06020 Hepsa ma I’lp06ﬂe/\/t cmomamonoziunozo xapaxmepy. Takooic 8adcIuGUM ACneKmom € HAABHICMb NCUXIYHUX PO31A0i6 AK
Xapaxmeproi pucu KOWmysii, w0 cmanosisme ceplio3ny npobiemy nio yac Hadanns oonomoau ma peabinimayii. Hacniokamu magickoi
KOHMY3ii € WeuoKa 6MmomMni08anicmo, AKa 006820 30epicacmucs, no2awe CaMonoyymms, nioguujena opamienugicme.

Memoro docnidrncennn ¢ po3pobra KOMNIEKCHOI peabinimayitinoi npoepamu, AKa cnpusmume 3ano0icanHo He380POMHIM Nopy-
WEeHHAM YeHmpanbHOi HepEosoi cucmemu ma MaKCUMAaibHO WEUOKOMY BIOHOGIEHHIO O OCiO i3 KOHMY3IE0, OMPUMAHOIO Ni0 dac
BUKOHAHHS OOTI0BUX 3A60aHb.

Mamepianu ma memoou oocnioxcenna. Cmeopena peabinimayitina npoepama 6a3yeanacs Ha 6UKOHAHHI 080X 3A60aHb. NiOOIp
eexmusHux memooie peabinimayii 014 ocio i3 Konmysiamu (mooyrvosanuil enekmpuynuti cmpym (MEC), payionansra ncuxomepanis,
Kinesiomepanis ma AiKy8anbHuil macaxc) i niooip 00cmosipHux, 8aniou308aHux 3acobie oyinku epekmusHocmi (Oyinw8anHa 600 3a
BAIII (VAS). Icuxiunuii cman oyinrosascs 3a wikanoio mpugoscnocmi Cninbepeepa (STAIL). O3naxu enympiwnvbouepentoi 2inepmensii
OYIHIOBANUCA KIIHIYHO Ma MemOoOOM aHanizy inoekcy mMoskogozo naawa (IMII).

Pezynomamu docniodcenna ma ix 06206opennsa. Ompumani pesyromamu nokasaiu egekmugnicmo po3poonenoi peabinimayi-
iHoi npocpamu: pezynomamu 3a memooom oyinioganus bono BAL (VAS) ocnosnoi epynu nokpawunuca na 23,84 %, konmponvhoi
epynu — na 14,23 %, ncuxiunuti cman 3a wxanoio mpusodxcrnocmi Cninbepzepa (STAI) ona ocnosnoi epynu nokpawuecs na 42,85 %,
0na KOHmponvHoi — Ha 8,67 %. Inoexc mosxosoeo nuawa (IMI1) ocrnosHoi epynu nokpawuscs Ha 35,16 %, konmponvhoi —na 22,58 %,
o, 6e3yM06HO, C8IOUUMb NPO NOZUTNUBHULL BNTIUE 3ACINOCOBAHOT MEMOOUKU.

Bucnoeku. 3acmocysanna anapama oae 3mo2y icmomHo 3veHwumuy 1 ycyHymu 6onvosutl miogpacyianvruti curnopom. Taxosw 3acmocy-
sannss MEC cnpusino 8iOHOBNEHHIO DI3UUHUX MOXCIUBOCTIEL | NIOBULEHHIO MONEPAHMHOCI 00 i3udHUX Hasanmadicery. Ha niocmaei ompu-
MaHux 0auux 008e0eH0 eheKmuHicmb po3pooieHOT KOMNIEKCHOT peabinimayitinoi npoepamu 071 8i0HOGIeHHSA OCI0 13 HACTIOKAMU KOHNTY3IL.

Knruoei cnosa: gizuuna mepanis, peabinimayiiina npoepama, Kineziomepanis, KOHmy3is, mexuiyHi 3acoou peabinimayii, Axicms
JICUMmsi.
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COMPREHENSIVE REHABILITATION PROGRAM FOR PERSONS
WITH POST-CONCUSSION SYNDROME

Actuality. The use of high-energy weapons, such as artillery, leads to an increase in the number of brain injuries. The escalation of
the Russian-Ukrainian war, outbroken in February 2022, contributed to the fact that 80 % of military personnel who have been in the
war zones suffered concussions. Diagnosing this pathology is challenging. This condition is quite dangerous, even though the clinical
manifestations may be vague at the initial stage. As a result, this can lead to a stroke with a full spectrum of clinical symptoms. Every
third concussion sufferer experiences long-term effects in the form of heaviness in the head, throbbing headache, sleep disturbance,
cognitive impairment, “‘cogwheel” sign, sensorineural hearing loss, optic nerve atrophy, and dental problems. Also, concussion often
features mental disorders, making it harder to provide care and rehabilitation. The implications of a severe concussion include rapid
fatigue that persists for a long time, poor health, and increased irritability.

The purpose of the study is to develop a comprehensive rehabilitation program that will help prevent irreversible damage to the central
nervous system and the fastest possible recovery for persons with concussions received during the performance of combat missions.

Materials and method. The resulting rehabilitation program is based on two tasks: the selection of effective rehabilitation
methods for persons with post-concussion syndrome (modulated electric current (MEC), rational psychotherapy, kinesiotherapy,
and therapeutic massage), the selection of reliable, validated tools for assessing effectiveness (VAS pain assessment), mental state
was assessed according to the Spielberger s State-Trait Anxiety Inventory (STAI) and the Pallium Index (IMP). Signs of intracranial
hypertension were evaluated using the clinical and cerebral cortex index (CCI) analysis methods.

QOutcomes and discussion. The obtained outcomes showed the effectiveness of the rehabilitation program: the results under the VAS
pain assessment method for the main group have improved by 23.84 %, the ones of the control group — by 14.23 %, the mental state,
assessed by the Spielberger anxiety scale (STAI), has improved by 42.85 % for the experimental group, and by 8.67 % for the control
group; and the cerebral cortex index of the main group has improved by 35.16 %, and the one of the control group — by 22.58 % which
certainly indicates the positive impact of the applied methods.

Conclusions. Application of the apparatus allows for significant reduction or total elimination of painful myofascial syndrome.
Also, the application of MEC contributed to the restoration of physical capabilities and the increase in tolerance to physical exertion.
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Based on the obtained data, the effectiveness of the developed complex rehabilitation program for persons with post-concussion

syndrome has been proven.

Also, MEC therapy helps increase tolerance to physical stress due to increased oxygenation of tissues. The study has confirmed
the hypothesis regarding the effectiveness of the comprehensive rehabilitation program for persons with post-concussion syndrome.
Key words: rehabilitation, rehabilitation program, kinesiotherapy, therapeutic massage, concussion, technical means of

rehabilitation, quality of life.

Beryn. BiiiHa, ska movanacek y 2014 porri, 3a0upae
Oe3miv xutTiB. ['ymaHiTapHa Karactpoda B Hammiid Kpa-
{HI Bpakae HacaMmmepen HaHKpamux, MaTpiOTHYHHX,
MOTHBOBAHHX IIPEICTABHUKIB YKPAiHCHKOI CIITBHOTH.
BiiicbKOBI, SIKHM BIanocCs BUXKHTH, MalOTh O€3Ji4 mpo-
Onem 31 310poB’sM. 3maBaniocst O, BIAHOCHO 30POBI
YYaCHUKM OOHOBHX Jiff CTHKAIOTBCS 3 IPOOIEMOI0
aJanTarlii B cyyacHOMY CycCHiJIbCTB1. BOHM MatoTh mpo6-
neMH sK (izmyHOTO, TaK i ICHXigyHOro ImiaHy. Yacto
y Bi3yaJIbHO HEYIIKODKECHHUX JIFONEH CIOCTEPITaloThCs
po3iiaay, TOB’s3aHI 3 KOHTY3i€l0 (aKyOapOTpaBMOIO)
(Badiuk, 2007; Gaida, Badyuk, Sushko, 2018; Loskutov,
Kondrashov, Naumenko, Gulaj, 2003). ¥ BigHOCHO
MOJIONUX JIOAEH Mae Miclle HAasBHICTB arpecii, apa-
TIBJIMBOCTI, MOPYIICHHS CHY, BiAMOBa BiJ CONiaJbHUX
3aB’s13KiB, KOH(TIKTH 31 WiCHaMH ponuHH abo HaaMipHa
notpeba OyTH i3 ciM’sIMH, 3HW)KEHHS TpaIe3laTHOCTi,
BiJJIyTTS TPUBOTH, 3TOBKUBAHHS CIIUPTHIUMU HAIOSIMH,
HapKO3aJICKHICTh, KpUMIHAN. 3a JaHUMHU CTaTUCTHKH,
MOKa3HUK PO3TY4YeHb cepell BINCHKOBUX CTAHOBUTD
75 %. He 3aBxau poauHa 31aTHA MPHUHHATH OCOOHC-
TiCTh, SIKy 3MiHWia BiiHa (Pronoza-Stebliuk, 2019;
Women’s and Men’s Health Physiotherapy, 2019).

CBoeyacHa KBamipikoBaHA OMOMOTa Ja€ 3MOTY
YHUKHYTH 0aratbox mpo0ieM, cIpusie afeKkBaTHiil afan-
Talii, Jae 3MOTY COLiaNi3yBaTHCS, MiATPUMATH IICH-
XiuHe Ta Qi3ugHe 370POB’s, 3HAUTH cebe B CyCIIbCTBI,
36epertu pomauHHi 3B’s13ku (Krylyuk, Guryev, Gudyma,
2017; Mysula et al., 2005).

TpaBMaTu4HI TOMIKOMKEHHS Yepena Ta TOJIOBHOTO
MO3Ky cTaHOBIATE 30—40 % ycix TpaBM 1 mocimarotsb
mepIre Micle 3a MOKa3HWKaMH JICTABHOCTI W iHBaIi-
mu3anii cepen oci® mpanesmgatHoro Biky (Denysiuk,
et al., 2022; Pronoza-Stebliuk, 2019; Ramona et al.,
2021; Stoyanov et al., 2022).

3po3yMmiJio, 11e CIiBBITHOIICHHS ICTOTHO 3MIHIOEThCS
mij yac BilichkoBHX Jiil. Ha mowarky mociimkeHHs
OyJ10 MPUITYIIEHO, 10 3aBASAKH BIUIMBY MOAYJIbOBaHOTO
enekrpuuHoro immynascy (MEC) 3a meBHUMH 30HAMH
3’SIBISIETBCS MOXUIMBICTh YCYHYTH MATOJNOTIYHI YMOBHI
pedieKTopHi 3B’3KH, YCYHYTH M SI30BHH CT1a3M, HOMIII-
IOIUTH TEMOAWHAMIKY, 3HH3UTH BHYTPIIIHbOYEPEITHHH
THUCK 1, SIK HACJIIZIOK, MMOKPAIIUTH MO3KOBHI KPOBOOOIT,
JKUBJICHHS KHCHEM YKUTTEBO BAKJIMBUX IICHTPIB.

Ha ¢oni nposexenoi Tepamii BimOyBanocs IMoOim-
LIEHHA HACUYEHHS KHUCHEM CTPYKTYpP FOJIOBHOTO MO3KY,

®diroTtepanis. Yaconuc

IO CTajO IiACTaBOI0 e(EeKTUBHOTO 3aCTOCYBaHHS
pamioHaibpHOI mcuxoteparii. Po3pobieHa HaMH MeTO-
KA Jaja 3MOTY IO3WTHBHO BIUIMBAaTH Ha TICHXIKY
moquHU. [lig 9ac TOCHimKEeHHS 3aCTOCOBYBAIH pallio-
HaJIBHY TICUXOTEpaIio — MEeTOJl ICUXoTeparii, B OCHOBI
SIKOTO JIXKHTH PO3’ICHEHHS 1 JIOTIYHE MePEeKOHAHHS XBO-
poro. B yMoBax akTUBHOTO YKHBJICHHS KHCHEM CTpPYK-
Typ MO3Ky aKTHBYEThCS MEXaHi3M KHCHEBOI efdopii
1 JIIOMMHA 371aTHA OLTBII aJIeKBATHO pearyBaTy Ha 3aXOH
pamioHaJbpHOI Teparii, mo, 6e3yMOBHO, cripuse Hopmy-
BaHHIO TIO3UTHUBHOTO MHCIeHHs. Ha T Tepamii BcTa-
HOBJIIOETBCS SIKICHAH PamopT MiX (i3UYHUM Teparie-
BTOM 1 Tami€HTOM. 3’ SIBISETHCS MOXKIMBICTH 1CTOTHOTO
MEPEKOHAHHS, TEPEOPIEHTYBAaHHS 3 HETaTHBHUX yCTa-
HOBOK Ha MO3WUTHBHI. MU 3aCTOCOBYBaJl METOJ BUTIC-
HCHHS HETaTUBHOTO M[UITXOM IIO3UTHBHUX CIOTaiB,
BpakeHb. BiliHa HIKy/IM HE JIHETHCS 31 CBiIOMOCTI MaIli-
€HTA, all¢c 32 HAIIOTO METOMY BiIHOBICHHS (OPMYETHCS
MO3UTHBHA JOMiHAHTa B peajJbHOMY 4Yaci.

[Mix vac mponenypu BimOyBajIocs aKTUBHE CIIUIKY-
BaHHS 3 MAaIlieHTOM. BpaxoByrouu INCHUXOTHI, COIiajhb-
HUI CTaTycC, 3BUYKH, TOOaKaHHI, Mali€HTa ITOCTYIIOBO
BUBOAWIN 3 HA0YTOTO HETaTUBHOTO AOCBiAY, (GOpPMyI0Un
MO3UTHBHI HAPATHBU CYYaCHOTO KUTTSA. TakuM YHHOM
MOBEPTANIN JIIONUHY Y peajbHICTh, M0, 31 CBOTO OOKY,
COpHUAJIO collianmizauii Jroned, TpaBMOBAHUX BIHHOIO.
Binfysanocst (hopMyBaHHS SK KOPOTKOCTPOKOBHX, TaK
i JOBrOCTPOKOBUX 3aBlaHb. ATWarTis, Jempecis 3MiHIO-
BAJIMCSI HA IICHXOJIOTiYHI YCTaHOBKH, SIKi MOTHBYIOTH,
CHPUSIOTH TTOBHOIIIHHOMY BiITHOBJIEHHIO HOBEPHCHHIO
Mpare31aTHOCTI, OaXXaHHIO KUTH i OyTH KOPUCHHUM Hiie-
HOM cycminberBa (Moskalenko, Bulax, Puzanova, 2014;
Muxin, 2015).

ToMy, BpaxoByIOUM BHILIEHABEAEHUN MaTepiai, MU
BBa)Ka€MO, 0 TEMa € HAJA3BUYAWHO aKTyaJIbHOIO.

Meta pocaigskeHHsi. Po3poOUTH KOMIUIEKCHY pea-
OumiTaliiiHy mporpamy, sika CIpPUSATHME 3aro0iraHHIO
HE3BOPOTHIM MOPYIIECHHSM [EHTPAJIBLHOT HEPBOBOI CHC-
TEMU i MaKCHMaJIbHO IIBUJIKOMY BiJTHOBJICHHIO JJIs1 OCi0
13 KOHTY31€10, OTPUMAaHOIO TiJl Yac BUKOHaHHS 00HOBUX
3aBJIaHb.

Marepianu ta metonu aociimkenHs. CTBopeHa
peabimiTamiitHa mporpama Oa3yBasiacsi Ha BHUKOHAHHI
JIBOX 3aBJIaHb:

— migbip e(peKTHBHUX METOHiB peadimiTamii s
0ci0 3 KOHTY3iIMU;
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— miabip MAOCTOBIpHHMX, BaJiIU30BaHUX 3aco0iB
OILIIHKK €(EeKTUBHOCTI pO3po0IeHOT peadimiTaniitHol
HpOrpamMH.

[lepmmM KOMITOHEHTOM HamIOi HporpamMu  OyiIo
3actocyBanHd MEC 3a momomororo ¢isiorepamneBTHd-
HOro npumany. Moro nis, mo-mepiie, monsraga B ycy-
HEHHI YMOBHO-PE(IEKTOPHUX 3B’SI3KiB, IOJIMIICHHI
MIKPOLIMPKYJIALIT, 3HATTI M’SI30BOr0 CHasMmy, IO CIpH-
A70  aJieKBaTHOMY JiMQoApeHaxxy ¥ omocepeaKo-
BaHO 3MCHIICHHIO BHYTPIOIHHOYECPEITHOIO THCKY abo
BIZTHOBJICHHIO Iforo 10 HopMmu. Pesymeratom Teparii,
sIKa TIPOBOAMJIACS, CTAJO YCYHEHHS a00 3MCHIICHHS
OonboBoro cuHapomy. [lizcraBoro assi 3acTOCYyBaHHS
Mpujiaay € Woro goseacHa edekTuBHICTh. CepTHdiko-
BaHa B YKpaiHi BiTYM3HsSHA po3poOka, ska Mpoifnuia
BHITPOOYBaHHS B 0arathox KIHIKaX Ha TEPUTOPIi HAIIOT
kpainu (Xapkis, Kuis, Mukonai, XepcoH, bepasHChK).
HayxoBi mociimkeHHsI OO0 3aCTOCYBaHHS Helpoaaan-
THUBHOI Tepartii npoBesieHi Ha 6a3i 3anopi3pkoi MeAUIHOT
aKaJeMii MmiCIsIIMTUIOMHOT OCBITH. Y TpaBMaToJIoTii Hell-
poajanTUBHA Teparis 3acTOCOByBaiacs B 9-if MichKiii
nikapHi M. 3anopixoksa. Tam Oynu po3poOiieHi OCHOBHI
METOJMKH 3aCTOCYyBaHHsS (i3ioTepamii AJst JiKyBaHHS
HACJTIJIKIB TPaBM.

[Tix yac poGoTH 3 amapaToM BUHUKA€E MICIIEBa peak-
Iis 1 TOTIK IMIYJbCIB MEPEAa€ThCS COMATUYHUMU Ta
BErCTaTUBHUMH a()EPEHTHUMH MNUITXaMH B CETMCHTH

Puc. 1. MeToauka «TpH JOPisKKH, IIiCTh TOYOK»
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CIMHHOTO MO3KY Yy BHIIE PO3TAIIOBaHI BiAIIN LEH-
TpaJbHOT HEPBOBOI CHCTEMH. 3aCTOCYBaHHS arapara J1ae
3MOTY 3HH3HUTH 103y aHAJBICTHKIB.

Ilin wac pobGOTH 3 MPHIAZAOM BIACYTHS Oe3moce-
peIHs MIKiAIMBa Aisf Ha MIKipy, TOKCHYHICTH 1 ajepridxi
peaxiii, 1o Ja€ MiACTaBH ISl HOTO TPUBAIOTO BUKOPH-
CTaHHSI JJIsl 3MCHIICHHS OO0 W HAOPSKIB Oyab-SIKOTO
MOXO/KeHHST (TpaBMH, 3aXBOPIOBAHHS, 3alaliCHH:N),
JIOCTOBIPHO 3MEHIIYIOTHCS O3HAKU TPUBOXKHOCTI.

3actocyBanass MEC mpoBoamiocs 3a MeToau-
KOIO «TPH JOPDKKH, IIICTh TOUOK», 3a peduieKcamu,
3a 30HAMH, [0 YPaXCHUM YACTHHAM Tia MPOTATOM
20-30 xBuinH 3 pobouoro yactororo 77 I'i (puc. 1).

PoboTa 3a cUCTeMOIO «TpH JOPIKKH, IIICTh TOYOK)
CIpusijia YCYHEHHIO YMOBHO-PE(IEKTOPHUX 3B’ SI3KiB Ta
OIOCEPEKOBAHO BIUIMBAja Ha 3MEHIICHHS BHYTPIII-
HBOYEPEITHOT'O THCKY.

JlpyruM KOMITOHEHTOM MpOTpaMH € pallioHajJbHa
TICUXOTeparisi — MEeTOJl, 3aCHOBaHUI Ha pO3’sICHEHHI Ta
JIOTIYHOMY IIE€peKOHAaHHI XBOPOro. BHKOpHCTOBYBaBCS
CHUTYAIlIifHO, BiJIMOBITHO JI0 IOTPEO MalieHTa.

VY KOMIUIEKCI 3aCTOCOBYBAJIUCS KiHE3ioTeparis Ta
JIKYBaNbHUM Macax.

Kinesiotepamisi, ToOOTO pyxoBa Teparis, € MeTO-
noM (i3uuHOiI Teparlii, sSIKHH BUKOPUCTOBYE PYyXH UL
noJinimeHHs QYHKIIA Tijga, 30KpeMa pyXOMOro ara-
pary. KinesioTeparmisi crnpusie NOKpamieHHIO (GYHKINIT
M’5131B, CYIVIOOIB, 3MIIHEHHIO Tija Ta MOJETIICHHIO
oomo (Moskalenko, Bulax, Puzanova, 2014; Pashko et
al., 2019). VY cBoiii peaOiniTamiiHii MporpaMi MU CITH-
pasics Ha aHaMHE3 XBOpoOU i BUKOPHCTOBYBANIN 1HIHU-
BiJlyai30BaHUN TMiIXiJ, SKAH BpPaxoByBaB KOHKPETHI
norpeOW TMarieHTa, WOro MEHTaJbHHHA 1 (iI3HYHUA
CTaH Ha MOMEHT OOCTE)KEeHHs Ta JiikyBaHHsA. Ha ¢oni
YCYHEHHSI YMOBHO-PE(IICKTOPHHUX 3B’SI3KiB 3 METOIO
JOCSATHEHHSI MAKCUMAIIBHO IMO3UTUBHOTO PE3YIbTaTy MU
BUKOPHCTOBYBAJIM KiHE310TEHITH, pPi3HOMaHITHI M’sdi,
PE3UCTEHTHI CTPIYKW U iHIIE oONagHaHHA )i 3a0e3-
MEYCHHS MIATPUMKH MiJl 9ac BUKOHAHHS BIPaB 1 pyXiB
(Popadyuxa, 2018).

JlikyBanpHMH Macax — 1ie MeTox (i3udHOi Teparii,
KU MW BHUKOPHCTOBYBAJIM JJIsl TIONIMIICHHS (QYHKINT
M’5131B 1 TKQHHMH, 3MEHIIEHHS OO0, MOKpaIleHHs Kpo-
BooOiry (Grynkiv, Kuceryb, Kras, Mayevska, Muzyka,
2019; Kuceryb, Muzyka, 2019). OcHoBHI 0COOIUBOCTI
JIKYyBaJIbHOTO Macax<y Hamoi peaOimiTamiiHol Mmpo-
rpamu:

1. [HmuBiAyaNbHAN MiIXi1 3 ypaXyBaHHSAM 1HIUBIAY-
aJBHUX MOTPeO 1 CTaHy Mallie€HTa.

2. LinboBa poOOTa 3 KOHKPETHHUMH MPOOIIEMHUMHU
30HaMH a00 BPaKCHUMH JIUISHKAMH Tida 3 METOI0
TIOJIMIIICHHS IXHFOTO CTaHy.
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3. BukopuctaHHsl CHemiaJbHUX TEXHIK JJIs TOKpa-
HICHHS KPOBOOOIrY, 3MEHIICHHST OONI0 Ta JOCSATHEHHS
NCBHUX TEPANCBTUYHHUX I[UUICH: INITPUXYBAaHHS, PO3TH-
paHH, JIETKUH TUCK, BiOpatris Tomo. Le cpusino mBu-
[IOMY BiJJHOBJICHHIO TKaHHH 1 3MEHIIICHHIO 3aIlajeHHSI.

OuiHroBanHs 6omo 3a MetofoM BAIII (Visual Analog
Scale for Pain) € mommpeHUM iHCTPYMEHTOM IUISI BUMi-
pIOBaHHS W OINIHKK iHTEHCHBHOCTI Oomto. Ll mikana mae
3MOTy MAlli€HTOBI BU3HAYUTH CTYIiHb CBOTO OOJIO IILIS-
XOM TIO3HAYCHHS Ha JIHIHIII BIZICOTKOBOTO BiTOOpaXKeHHSI Ti
THTEHCHUBHOCTI BiJl «HEMa€e OOITO» 10 «HAWOLIBIINI MOX-
mBuii 6utE» ) (Golky, Buryanova, Klymovyczkogo, 2013;
Moskalenko, Bulax, Puzanova, 2014; Muxin, 2015).

JoTpuMaHHs PaBUII TOITOMOXKE OTPUMATH TOYHIII
i HamifHIII pe3yNbTaTH OLIHKY IHTCHCUBHOCTI 0OJIO:

1. YitkicTe. IlamieHty ciim MOSCHWTH, IO JIiHIHKA
BijjoOpaxkae /iana3oH BiJl «HeMae OOJI0» 0 «HAHO1Ib-
U MOXJIUBHE Oinb». [aieHT MOBHHEH 3pO3YMITH,
0 BiH Mae BHOpaTH TOYKy Ha IIKaNi, SKa HalKparie
BitoOpakae BiIIyTTS OOJIFO.

2. Inctpykuisa. Hapaiite mamieHTy d9iTKi IHCTpYK-
1ii, o0 BiH PO3yMiB, K MPaBUIBHO BUKOPHUCTOBYBATH
mkany BAIIl. Hanpuknana, monpociTe HOTO MO3HAYUTH
“X” Ha JIIHIWII BIAMOBIAHO 0 PiBHSA OOJIIO.

3. ITomipkoBanicTs. [larienT moBuneH q06pe 0OMip-
KyBaTd BUOIp 1 MO3HAYUTH Ha KA TOYKY, sIKa Hak-
Kpaiie BigoOpakae Bim4yTTs. 3a3HauTe, IO HE iCHYe
«MPaBUIIbHOT» a00 «HEMPaBUIILHOT» BiAMOBIII.

4. OnnTyBaHHA. 3anWTaiiTe Hali€HTa, SIKUH ITyHKT
Ha JIHIWII BiH BHOpaB, 1 MOMPOCITH MOSCHUTH CBii
BUOIp y pa3i morpedu.

5. Io3nauka. Ilicns Toro sk MamieHT BUOPaB MyHKT
Ha JHIII, BUMIpsiATe BiCTaHb BiJ «HEMae OOJIO» 10
MMO3HAUYEHOTO HUM ITyHKTY. Lle momomorke mepeTBopuTH
Cy0’€KTHUBHE BIIUYTTsI OOJIO HAa YHCIIOBE 3HAYCHHSL.

6. 3anuc. 3anuIniTh BUMIPSHY BiZICTaHb a00 YUCIIOBE
3HAUCHHS, SIKS BIJINOBIAa€ iHTEHCUBHOCTI Ooto. Lle Moxke
OyTH KOPUCHO JIJISI MOHITOPUHTY Ta TIOPIBHSIHHS TTi3HIIIIE.

JoTpuMaHHs IUX MPaBWI JOMOMOXKE 3a0e3MeYnTH
TOYHI Ta JTOCTOBIPHI Pe3yJIbTATH IMiJl YaC BUKOPUCTAHHSI
mkanmu BAIII (Moskalenko, Bulax, Puzanova, 2014;
Muxin, 2015).

[lcuxiuyHMiA CTaH OIIHIOBABCS 3a IIKAJOK TPUBOXK-
HocTi Crinbeprepa (STAI). Lle ncuxonoriyauii iHCTpPY-
MEHT Ui BHMIPIOBAHHS PiBHS TPHBOTH B JIIONWHH.
HlIkama Oyna po3poOieHa aMEpHKAHCHKUM IICHXOJIOTOM
Yapnszom Crinbeprepom i MIMPOKO BUKOPUCTOBYETHCS
B KJIIHIYHINA MPaKTHIN Ta JTOCHIHKEHHAX JJIs 00’ €KTHB-
HOI OI[iHKH TPUBOXXHUX CHMIITOMIB.

STAI ckitagaeTbes 3 JBOX YaCTHH:

1. Ikama tpuBoru «T» (Trait Anxiety): 1st 4acTHHA
BUMIPIOE CTiHKY, TOBITOTPHBAIY TPUBOTY, SIKa € TUIIOBOIO
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U1 ocobucrocti. BoHa crocyeThes TOTO, HACKIIBKH
JIFOJIMHA 3arajioM CXHJIbHA JI0 BiJIyTTS TPUBOTH.

2. lkana TpuBoru “S” (State Anxiety): 1151 YacTUHA
OLIIHIOE TUMYACOBHUI CTaH TPUBOTH, SIKUH MOXE BHHUK-
HYTH B KOHKPETHIH cuTyauii abo mif yac KOHKPETHHX
noxiid. BoHa ommcye TpuBoOry, sika BUHHKAae 3apa3 abo
B TEBHUII MoMeHT uacy. KokHa i3 WacTMH Mae CBOi
BJIACHI NMUTAHHS, HA SKi PECHOHCHT OIL[IHIOE CBOI BiJ-
qyTTS HA KA BiJl «IIPAKTUYHO HIKOJID) JI0 «JacTO».

[lkana Ttpuorn CrmijOeprepa € HaIiHUM 1HCTPY-
MEHTOM JIJIsl OI[IHKY TPUBOTH Ta Ja€ 3MOTY CIIeliaicTam
OTpUMAaTH 00 €KTHBHI JaHi IOAO TICHXOJIOTIYHOTO CTaHy
nami€eHTiB. BoHa ornomMarae BUSBUTH HassBHICTh TPHBOTH,
OLIIHUTH PIBEHb 1 TUHAMIKY Tl IPOSIBY Ta PO3POOHTH 1HIU-
Bilyasi30BaHUH IJIaH JTiKyBaHHS a00 MiATPUMKH.

3aranpHHN M1ICYMKOBHIA TOKa3HUK 33 KOYKHOO 3 TTiJI-
mkaia Moxke cranoBuTH Big 20 go 80 6anis. UuM BUIITIM
€ TJICYMKOBUH MOKa3HHUK, THM BHIIHUH PIBEHb TPHBOXK-
HOCTI (cUTyaTHBHOI 400 0COOUCTICHOT).

IcToTHe 3HaueHHs B AMdEpeHLIWHINA TIarHOCTHII
MaroTh METONM eJeKTpoeHnedanorpadis Ta HeHpPONCH-
XOJIOTIYHE TOCIIKEHHS, TOMY MU 1 BUKOPHUCTOBYBAJIH
iX y ToCTiKeHHi.

Ha chorogni miarHocTyBaTH ¥ MIiATBEPAUTH HasiB-
HICTh BHYTPILTHbOYEPETHO] IIepTeHs3il 3 BEJIHMKIM CTY-
MEHEM IMOBIPHOCTI MOXKE TUTBKH exoeHIiedanorpadis.
Hazami MaroTe IHHICTG KJIIHIYHI O3HAKHA il TECTH IICH-
XI9HOTO CTaHy AOCHimKyBaHOro. CTaHmapTHI METOIH
JOCTIDKeHHs, Taki sk pormeporpadis ta MPT, He
€ iHQOpMaTHBHUMH METOAaMH, TOMY IO BHACIIIOK
KOHTY3ii NMOPYIIYIOTbCSI HEHpoMeiaTopHi 3B’SI3KH, SIKi
HEMOIIUBO AOCIIIUTH 38 PyTUHHHMHU METOIAMH.

HasiBHicTh BHYTpiIIHBOUEpENHOI rimepreHsii Ta ii
JUHAMIKa ITiJ] Yac JIIKyBaHHS MPOCTSKYEThCA Mia Yac
aHaJi3y 1HAEKCY MO3KOBOTO Iutamia. [Haekc MO3KOBOTO
mwiama (IMIT) po3misaaeTbes K OKa3HUK Tigporiedatii
O1YHHX [IUTyHOUYKIB.

Hopmu IMII (HasBHICTH O3HAK BHYTPIIIHbOYECpETI-
HOi TimepreH3ii): BepXxHsA MeXka HOPMH — 2,2; JIETKO
BHpaXeHa — 2,3; MOMIpHO BHpakeHa — 2,4; MOMIpHO
BUpaXeHa 3 TEHIEHIier — 2,5; 2,6 1 2,7 — BUpaxeHa;
2,8 — BUpaXkeHa 3 TeHJICHIII€10 10 pi3koi; 2,9-3,2 — pizko
BUpaXeHa.

JlocmipkeHHsT  eJICKTPUYHUX TOTEHIialiB  TOJIOB-
HOTO MO3KY IMPOBOJMIN 3a JOTIOMOTOI0 €JIEKTPOCHIIe-
¢danorpadii (EEI') Ha 6a3i enekTpoeHnedanorpadigHoi
nmiarHocTHuHO! cuctemu (exoenuedanorpap «AHIT-
OJINH-EXO/Y»), 3aBasku sKii MU MOTJIH CYIUTH TPO
HIMPUHY TPETHOTO MUTYHOYKA ¥ PO3TAlllyBaHHS Jare-
PAJBHUX CTIHOK CKPOHEBUX POTIB O1YHMX IIITYHOYKIB.

Pe3yabTraTn pociigxkeHHss Ta iX oOroBopeHHs.
KoHTHHTeHT pocmikyBaHuX — mopaHeHi, 30 ocid
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(ocHoBHa rpyna) BikoM Big 19 no 39 pokiB (cepenHiii Bik
29,53 + 1,08 poky). Sk KOHTpOJBHA rpyma 0yno nocii-
mxeHo 20 ocib (cepenwiii Bik 29,1 £+ 1,4 poky) 3 inen-
TUYHIMH 32 XapaKTePOM MOIIKOIKCHHIMH.

Kpurepii BinOopy Oynu BU3HaUCHI HA MiZCTaBi cydac-
HOI Kiacudikamii — 3a KIIHIYHUMHA (pOpPMaMH KOHTY3Il.
JocmimpkyBanucs cTpyc i 3a0iif TOJIOBHOTO MO3KY JIETKOTO
cTyneHs BaXKocTi. OOOB’S3KOBUM KpPHUTEpiEM BiOOpY
XBOpHX Oyna HasiBHICTH OOJILOBOTO CHHAPOMY, BaXKKICTh
y TOJIOBI, HEBPOJIOT19HI POsiBA. 36,7 % MOpaHEHUX MajH
noeHaHi TpaBMu (Ha nomady a0 UMT — TpaBmyBaHHs
JIBOX a00 OiJibIlle OpraHiB a00 YACTHH TiJa).

OCHOBHI ~ pe3yabTaTH  JOCIiIKEHHS
B Tabma. 1-3 (p < 0,005).

OtpuMaHi pe3ynbpTaTd 3a IIKaJOK TPHBOXKHOCTI
Cminbeprepa (STAI) mnopiBHIOBaTUCS 3 HOPMATHB-
HUMH JJAaHUMU JJIs OI[IHKK TOTO, YH TiepeOyBae MarieHT
y MeXax HOPMH, Yd BiH mepeOyBae B 30HI MiJBUINCHOT
TPUBOTH TIOPIBHSHO 31 CTaHAAPTHUMH ITOKa3HUKAMH
JUIs BUOpaHoi BikoBoi rpymu. Ilicns aHamizy oTpuMa-

HAaBEJIEHO

Tabmui 1
IMoka3HMK TPUBOKHOCTI /10 Ta MicJA BIPOBAAKEHHS
KOMILIEKCHOI peadiiiTauiiHoi nporpamMu

OcHoBHa rpyna KourtpoabHna rpyna
Tpynu (n=30) (n=20)
Ha noyarky | Iicaa | Ha noyarky | Hicasn
JocmimkeHHs
X+tm | 42,41 +0,70 | 33,90+ 0,32 | 41,90 + 1,22 | 35,78 + 0,94
a. 0,68 0,39 0,98 0,86
\Y 8,53 7,29 8,71 8,05
Tabmurg 2

IMoka3Huk 6010 10 TA MicJIsl BIPOBAXKEHHS
KOMILIEKCHOI peadiniTaniiHoi nporpamMu

Ipymu OcnoBHa rpyna (n = 30) KonT[;gn:}zlg)rpyna
Ha nouarky | Hican Ha noyarky | Hican
JlocumiKeHHs
X+m | 7,00£0,62 | 400+0,31 | 7,15+£0,61 |6,53+0,52
b. 0,58 0,43 0,54 0,49
\4 7,13 6,22 7,89 7,16
Tabmung 3

Ioxa3HuK iHAEKCY MO3KOBOI0 IJIAINA
JI0 Ta MicJIsl BIPOBA/IKEHHSI KOMIIJIEKCHOL
peadiniTaniiiHol nporpamu

Ipymn OcnoBHa rpyna (n = 30) KOHT[;EJI:I;ZOI)prHa
Ha nouarky | Hicas | Ha noyarky | Micas
JocmimpkeHHs
X+m | 3,10+0,70 [2,01+0,31| 3,10£0,91 |2,40+0,81
c. 0,93 0,56 0,84 0,77
\4 9,15 7,05 9,23 8,56
= 38
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HHUX JaHUX OyJI0 BUSBIEHO OUIBII TO3UTHBHY JUHAMIKY
B OCHOBHIU Tpymi, e OylI0 3aCTOCOBAaHO KOMILICKCHY
peabimiTamiiiHy mporpamy, fka BIUTHHYJIA HA 3HIDKCHHS
PiBHS TPUBOXKHOCTI. Tako MOXHa BIZI3HAYUTH, 10 KOe-
¢imieHT Bapiarii mokasye, 10 TPYNHU € OXHOPITHUMH SIK
Ha moyarky (V mo 8,71), Tak Hanpukiaui (V go 8,05)
JocipKeHHs (Taom. 1).

Bukopuctanns VAS 1omoMorno oTrpuMard Kijb-
KiCHy OIIHKYy OO0, IO B&KIHWBO IS MPHHHATTS
pillleHb MO0 JIKYBaHHS Ta MOHITOPUHTY e(DeKTHBHOCTI
3axX0iB 13 KOHTpOJIO Ooro. L1s mkama Mae BUCOKY 4yT-
JUBICTh JI0 3MiH y piBHI Oomo. Came Ie Aajno 3Mory
OTpUMaTu 00 €KTHBHY OIIHKY iHTEHCHBHOCTI 000,
10 MOJIETIIMIIO MOHITOPHHT 1 MOPIBHAHHS PiBHIB 0OJIIO
B pi3HUil yac (Tabi. 2). Takox 3a KoedimieHTOM Bapiamii
MO’KHA 3pOOHTH BHCHOBOK, IO TPYIH € OJXHOPITHUMHU
sk Ha movatky (V no 7,89), Tak i Hanpukinmi (V 10 7,16)
JIOCIIIKEHHS.

IHnexc mo3koBoro ramnia (IMI1) € mokazHUKOM, SIKHiA
BHUKOPHUCTOBYETBCS JIUISl OLIHKH Tigporedartii, 30Kkpema
pO3IIMpEeHHST OIYHMX IUTYHOUKIB MO3Ky. ['impomedaris
€ CTaHOM, 32 SIKOTO BHHHKA€ HaIMipHE HaKOIMHMYCHHS
uepedpanbHoi piauau (CSF) y muryHoYKax MO3KY, 10
MOYKE CIIPHYUHHUTH 301TBIICHHS 00’ €My IiepeOpabHUX
MOPOXKHUH 1 3MEHIIEeHHS 00’ eMy Mo3Ky. IMII Bumipro-
€TBCS METOIIOM YIBTPa3BYKOBOTO IOCIIIKEHHS MO3KY,
a caMe yJIbTPa3BYKOBOTO CKaHyBaHHs. ISl BU3HAYCHHS
IMII BUKOPHCTOBYIOThCS CHEIiabHI (GOpMyIIH, 110 Bpa-
XOBYIOTh PO3MipH OIYHMX IUTYHOUKIB MO3KY i IIHPUHY
royioed. 30inbineHHs IMII Moxxe CBITYUTH NPO HasB-
HICTH TiAporedarii, 0COOIMBO SKIIO 3HAYCHHS Mepe-
BUIIIy€ BCTAHOBJICHI HOPMH IUIS IIEBHOI BIKOBOI TPYIIH.
3 omsigy Ha OCOOIMBOCTI JOCTIUKYBaHHS BUKOPH-
CTaHHS IBOTO IHAEKCY € Jy)KE BaKITUBUM ISl TIPABIITb-
HOTO PO3YMiHHSI TO3WTHUBHOI / HEraTUBHOI JTHMHAMIKH
3aIpPOINOHOBAHOT peadimiTaniiiHoi nporpamu. OTpumMani
naHi HaBeneHo B TaOn. 3. Takoxk Ha migcTaBi Koedilli-
€HTa Bapiallii OyJ0 BCTAHOBIIECHO, [0 TPYIH € OTHOPII-
HUMHU K Ha iodatky (V 10 9,23), tak Hanpukiai (V 10
8,56) mocmimKeHHs.

3 OTpHUMaHHX pEe3yNbTaTiB MH MOXEMO 3pOOHTH
BHUCHOBOK IIOJO €(EKTUBHOCTI 3alPOIIOHOBAHOI HAMHU
KOMIUIEKCHOI peabiniTaiiifHol mporpamMu ajisi ocib i3
HaCJIiIKaMH KOHTY3iH. JlaHi JEMOHCTPYIOTh CTaTHUC-
THUYHO JIOCTOBIPHI NMO3UTUBHI 3MiHM NOKA3HUKIB PiBHS
00JIF0, TPUBOXKHOCTI ¥ IHZEKCY MO3KOBOTO TUIaIla
B OCHOBHIH rpymi. BpaxoBytoun HaBeieHHH BHIIE MaTe-
piai, TOXOAUMO BUCHOBKY, III0 pO3po0icHa KOMIIEKCHA
peabimiTamiifHa mporpama Mae MpaBo Ha iCHyBaHHS Ta
MOYKe OyTH BUKOPHUCTAHA B TIOAAJIBIININA MPAKTHIIL.

Bucnosku. IlpoBenene nociailskeHHsi HiATBep-
AUI0 Tinoresy moao e(eKTHBHOCTI pPo3podiieHol
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KOMILIEKCHOI peadisiTaniiinoi nporpamu 1is peaoi-
JiTauii oci i3 HacaigkaMu KOHTY3ii.

3acrocyBannss MEC min uyac peabinitamii Biii-
CbKOBHX 3 03HAKAMM BHYTpillIHbOYepemnHoi rimep-
TeH3ii BHACTIIOK KOHTY3Ii 1a€ 3MOry yCyHyTH yepen-
HO-MO3KOBY TrilepTeH3ilo, HOpMaJi3yBaTH CTaH
BereTaTUBHOI HEPBOBOI CHCTEMH, 3HU3UTH piBeHb
TPHUBOXKHOCTI Ta HOpMaJizyBaTn GopMyJly CHY.

Amnapar Aa€ 3Mory cyTT€BO 3MEeHIIMTH ado ycy-
HYTH 0o01bOBMIi MiodacuianbHuii cuHApPOM i 30i1b-
IIUTH PpPiBeHb OKCHIeHallii TKAHMH, YUM CIPHUSIE
NiABUILEHHIO TOJEPAHTHOCTI 10 Gi3MYHUX HABAHTA-
JKeHb.

3acrocyBannst MEC cnpusijio niABUIIEHHIO ToOJIe-
paHTHOCTI 10 QiI3MYHUX HABAHTAKEHD.

JoBeneHo, uo po3podaeHa KOMILIEKCHA peadii-
TaliiiHa mporpama /JJisl MaNi€HTIB y CTaHi TPUBOXK-
HocTi i Jenpecii crnpusie MoainIIeHHI0 CHY, NMOSAIBi
cTiliKoi MO3UTUBHOI MOTHBAILI 10 KUTTS, KOPOTKO-
CTPOKOBMX i JOBroCTPOKOBUX wijeii. BpaxoByrouu
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BHII€3a3HAYEeHE, MH JOX0IMMO BUCHOBKY, 1110 P0O3p00-
JIeHa KOMILJIEKCHA Nporpama peadimitanii € unintkom
OOrPYHTOBAHOIO i MO:Kke OyTH yCHillIHO BUKOPUCTAHA
B NMOAAJIBIIIA MPAKTHYHIA AiSJILHOCTI BiTHOBJIEHHSI
BiliCbKOBHX MicJIA KOHTY3Iii.

IlepcnexkTHBH MOJAJbLIINX AOCHIAKeHb. Bpaxosy-
I0YH, IO PE3YJIBTaTH JAOCHTI/PKEHHS MiATBEPIIIN S(eK-
THUBHICTh PO3POOJICHOT KOMILJICKCHOT IPOTrpaMu peaditita-
i1 JUTS TIOMIIIISHHSI CTaHy Oci0 13 HACHiIKaMH KOHTY31H,
MH BBQXXa€MO, IO OTPHMAaHi PEe3yJBTaTH € MiAIPyHTIM
JUIS 3aCTOCYBaHHsI pOo3po0JIeHOT KOMIUIEKCHOT peabisiTa-
LiHOT IporpamMu B yMOBaXx HIMUTAJIIB 1 caHaTOpiiB. Buko-
PHUCTaHHS KOMIDIEKCHOT peadiTiTaiiHol MporpaMu MOXe
JIOTIOMOTTH 3MEHILIUTH 4Yac BiTHOBIICHHS Ta MOKPAIIUTH
SKICTh KHUTTS BiHCBKOBHX. J[0 TOro ’x 3acTocyBaHHS
Meronukd MEC MoXHa pEKOMEHIYBaTH B IOJBOBUX
yYMOBax (anTeyka CaHiTapHOTO IHCTPYKTOpa), aJDKE ara-
par J0BiB MOXJIMBICTb OTPUMaHHS SIKICHUX Pe3YJIbTaTiB
Yy HaWKOpOTII CTPOKH. [[bOMy MHTaHHIO MH TIIAHYEMO
MIPUCBSITUTH HACTYITHI JIOCIiPKEHHS.
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COMPREHENSIVE REHABILITATION PROGRAM
FOR PERSONS WITH POST-CONCUSSION SYNDROME

Abstract. The use of high-energy weapons, such as artillery, leads to an increase in the number of brain injuries. The escalation of
the Russian-Ukrainian war, outbroken in February 2022, contributed to the fact that 80 % of military personnel who have been in the
war zones suffered concussions. Diagnosing this pathology is challenging. This condition is quite dangerous, even though the clinical
manifestations may be vague at the initial stage. As a result, this can lead to a stroke with a full spectrum of clinical symptoms. Every
third concussion sufferer experiences long-term effects in the form of heaviness in the head, throbbing headache, sleep disturbance,
cognitive impairment, “‘cogwheel” sign, sensorineural hearing loss, optic nerve atrophy, and dental problems. Also, concussion often
features mental disorders, making it harder to provide care and rehabilitation. The implications of a severe concussion include rapid
fatigue that persists for a long time, poor health, and increased irritability.

The purpose of the study is to develop a comprehensive rehabilitation program that will help prevent irreversible damage to the central
nervous system and the fastest possible recovery for persons with concussions received during the performance of combat missions.

Materials and method. The resulting rehabilitation program is based on two tasks: the selection of effective rehabilitation
methods for persons with post-concussion syndrome (modulated electric current (MEC), rational psychotherapy, kinesiotherapy,
and therapeutic massage); the selection of reliable, validated tools for assessing effectiveness (VAS pain assessment), mental state
was assessed according to the Spielberger s State-Trait Anxiety Inventory (STAI) and the Pallium Index (IMP). Signs of intracranial
hypertension were evaluated using the clinical and cerebral cortex index (CCI) analysis methods.

Outcomes and discussion. The obtained outcomes showed the effectiveness of the rehabilitation program: the results under the VAS
pain assessment method for the main group have improved by 23.84 %, the ones of the control group — by 14.23 %, the mental state,
assessed by the Spielberger anxiety scale (STAI), has improved by 42.85 % for the experimental group, and by 8.67 % for the control
group, and the cerebral cortex index of the main group has improved by 35.16 %, and the one of the control group — by 22.58 % which
certainly indicates the positive impact of the applied methods.
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Conclusions. Application of the apparatus allows for significant reduction or total elimination of painful myofascial syndrome.
Also, the application of MEC contributed to the restoration of physical capabilities and the increase in tolerance to physical exertion.
Based on the obtained data, the effectiveness of the developed complex rehabilitation program for persons with post-concussion
syndrome has been proven.

Also, MEC therapy helps increase tolerance to physical stress due to increased oxygenation of tissues. The study has confirmed
the hypothesis regarding the effectiveness of the comprehensive rehabilitation program for persons with post-concussion syndrome.

Key words: rehabilitation, rehabilitation program, kinesiotherapy, therapeutic massage, concussion, technical means of
rehabilitation, quality of life.
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KOMIIJIEKCHA PEABLIITAIIIMHA IMTPOTPAMA BIJJHOBJIEHHSA OCIB 13 KOHTY3IE€IO

Axmyansnicms. 3acmocysanhs 8uUCoKoenep2emuyHoi 30poi, nepesasicHo apmuaepiticbkoi, npu3800ums 00 30i1bUleHHs KilbKocmi
Mpaem 20106H020 MO3KY, WO € OCHOSHUM Hacriokom. Eckanayis pociiicoko-ykpaincovkoi ilinu, axa posnoyanacsa 6 niomomy 2022 poky,
cnpusina momy, wo 80 % eiticokosocnyxcbosyis, siki Oyau 6 30ui 6ouosux Oitl, ompumanu Kowmysii. /liaenocmyeanns yiei namonoeii
€ 0yoice CKaoHum 3a80anusm. Lleii cman € docums Hebe3neuHuM, Ha8imv AKWO HA NOYAMKOSIL CAdii KITHIYHI NPOsA6U MOXCYmb Oymu
HesupasHumu. Y KiHyegomy niocymMKy ye modice npuzeecmiu 00 po3gumKy iHCYIbmie 3 yCiM CHeKmpom KAiHIUHUX nposeis. Y mpemunu
0cib, wo 3a3HanNU KOHMY3ii, CHOCMEpiealombCsi 8i00ANeHi HACTIOKU Y 8U2IS0L 6ANCKOCE 6 207106I, 20JI0BHO20 OONIO PONUPATLHOZO
Xapaxkmepy, nOpyuieHHsl CHY, NOPYUeH s KOZHIMUBHUX (YHKYIN, «3y64acmoeo Koaecay, po3sumky CeHCOPHOL RPUSyXy8amocmi, ampo-
@ii 30posozo nepea ma npobrem cmomamonoziunozo xapaxmepy. Taxodic 8adcIUGUM ACNEKMOM € HAABHICMb NCUXIYHUX PO31A0i6 AK
Xapaxmephoi pucu KOHmy3ii, o CMaHoseIsMb Ceplo3Hy nPoodeMy nio Yac Ha0aHHs donomoau ma peabinimayii. Hacniokamu msickoi
KOHMY3Ii € WBUOKA 8MOMAIAHICIIb, WO 00820 30epicdembCsl, No2ane camonouymms, nioguieHa Opamienugicms.

Memoro docnidrncennn ¢ po3pobra KOMNIEKCHOI peabinimayitinoi npoepamu, AKa cnpusmume 3ano0icaHHo He3860POMHIM Nopy-
WEHHAM YeHMPATbHOL HepEosol cucmemMu ma MAaKCUMAIbHO WEUOKOMY GIOHOGIEHHIO 01 0CIO i3 KOHMY3I€, OMPUMAHOK Ni0 uac
BUKOHAHHSL OOLI0BUX 3080AHb.

Mamepianu ma memoou. Cmeopena peabinimayitina npocpama 6a3yeanacs Ha 6UKOHAHHI 080X 3a60aHb. NIOOIp ehexmusHux
Memooig peabinimayii 0ns oci6 i3 konmysismu (Mooynvosanuil enekmpuunutl cmpym (MEC), payionanvha ncuxomepanis, KiHe3io-
mepanis ma AiKy8anbHUL Macasxc) i niodip 00CmosipHUX, 8aNi0U306aHUX 3a4C00i6 OYiHKU edhekmueHocmi (oyinroeanus obonto 3a BALL
(VAS). Ilcuxiunuii cman oyiniogasca 3a wikanoro mpusodcnocmi Cninbepeepa (STAIL). O3unaxu enympiwnvouepennoi 2inepmensii oyi-
HIOBANUCS KIITHIYHO Ma MemoOOM aHalizy IHOeKcy Mo3kosoeo niawa (IMII).
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Pe3ynomamu ma o06z06openns. Ompumani pe3yibmamu noKazanu e@ekmugricmv pospobrenoi peabinimayiiinoi npozpamu:

3 0 ] 6oxto0 BALLI (VAS, i 23,84 % i —na 14,23 %;
pe3yibmamu 3a MemoooM OYinoeanHs 60110 0CHOBHOI epynu nokpawunucs na 23, 0, KOHmMpPOnbHOI 2pynu — Ha 14, 0,
neuxivHutl cmaw 3a wikanoro mpugoxcnocmi Cninbepeepa (STAI) ons ocnosHoi epynu noxkpawuecs na 42,85 %, 013 konmponvHoi — Ha
8,67 %. Inoexc mosxosozo naawa (IMII) ocnosnoi epynu noxkpawuscs na 35,16 %, koumpononoi — na 22,58 %, wjo, be3ymosHo, cgio-

uumoe npo NO3UMUBHULL BNIUS 3ACMOCOBAHOT MEMOOUKL.

Bucnoexu. 3acmocysanns anapamy oac 3mo2y Cymmeso 3meHwumu i ycyHymu 60onvo6utl miogpacyianvhuil cunopom. Taxoorc
sacmocyeannss MEC cnpusino eionosnennio ghizuunux modcaugocmetl i ni0guUueHHIo moaepaHmuocmi 0o Qizuunux nasanmaoicens. Ha
niocmasi OmpuUMAanux 0anux 008e0eHo epekmusHicmy po3pooreHoi KoMIIeKCHOI peabinimayiliinoi npoepamu O 8iOHO8NIEHHA 0Cib i3

HacioKamu KOHmy3iti.

Knrouogi cnosa: Qisuuna mepanis, peabinimayiiina npoepama, Kineziomepanis, KOHmy3is, mexuiuni 3acobu peabinimayii, axicme

ACUMMAL.

Introduction. The war, which began in 2014,
takes many lives. The humanitarian catastrophe in our
country affects, foremost, the best, patriotic, motivated
representatives of the Ukrainian community. The soldiers
who have managed to survive have many health issues.
One would think that relatively healthy combatants
face the problem of adaptation in modern society.
They have both physical and mental issues. Disorders
associated with concussions (acoustic brain injury) are
often observed in visually intact people (Badiuk, 2007;
Gaida, Badyuk, Sushko, 2018; Loskutov, Kondrashov,
Naumenko, Gulaj, 2003). Relatively young people have
signs of aggression, irritability, sleep disorder, avoiding
social obligations, conflicts with family or an excessive
need to be with their family, reduced work capacity,
anxiety, alcohol abuse, drug addiction, and crime.
According to statistics, the divorce rate among military
men is 75 %. The family is not always able to accept
the person changed by the war (Pronoza-Stebliuk, 2019;
Women’s and Men’s Health Physiotherapy, 2019).

Timely qualified help avoids many problems,
promotes adequate adaptation, allows socializing,
supports mental and physical health, and helps to find
a place in society and preserve family ties (Krylyuk,
Guryev, Gudyma, 2017; Mysula et al., 2005).

Traumatic injuries of the skull and brain account
for 30—40 % of all injuries and rank first in terms of
mortality and disability among people of active working
age (Denysiuk et al., 2022; Pronoza-Stebliuk, 2019;
Ramona et al., 2021; Stoyanov et al., 2022).

Of course, this ratio changes significantly during
military operations. At the beginning of the study, it was
assumed that due to the effect of modulated electrical
current (MEC) on certain zones, it is possible to
eliminate pathological conditioned reflex connections,
eliminate muscle spasm, improve hemodynamics,
reduce intracranial pressure, and, as a result, improve
cerebral blood circulation, and oxygen supply in vital
centers.

Against the backdrop of the therapy, the oxygen
saturation of the brain structures improved, which became
the basis for the effective use of rational psychotherapy.

®diroTtepanis. Yaconuc

The technique we developed made it possible to
positively affect the human psyche. During the study, we
used rational psychotherapy — a psychotherapy method
based on the explanation and logical conviction of the
patient. Under conditions of brain structures’ active
oxygen supply, the mechanism of oxygen euphoria is
activated, and a person is able to respond more adequately
to the measures of rational therapy, which contributes to
the formation of positive thinking. Against the therapy
background, a quality rapport between the physical
therapist and the patient is established. We applied the
method of displacing the negative through positive
memories and impressions. The war will not go away
from the patient’s mind, but with our recovery method, a
positive dominant is formed in real time.

Active communication with the patient took place
during the procedure. Taking into account the patient’s
psychotype, social status, habits, and wishes, the
procedures gradually led the patient out of the acquired
negative experience, forming positive narratives of
modern life. In this way, a person was brought back to
reality, which, in turn, contributed to the socialization of
persons traumatized by the war. The formation of both
short-term and long-term tasks took place. Apathy and
depression were replaced by psychological attitudes that
motivate and contribute to a full recovery, the return of
working capacity, and the desire to live and be a useful
member of society (Moskalenko, Bulax, Puzanova,
2014; Muxin, 2015). Therefore, considering the above
material, we believe that the topic is extremely relevant.

The purpose of the study is to develop a
comprehensive rehabilitation program that will help
prevent irreversible damage to the central nervous
system and the fastest possible recovery for persons with
concussions received during the performance of combat
missions.

Materials and method. The resulting rehabilitation
program was based on two tasks:

1. The selection of effective rehabilitation methods
for persons with post-concussion syndrome.

2. The selection of reliable, validated tools for assessing
the effectiveness of the developed rehabilitation program.
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The first component of our program was the
application of MEC using a physiotherapeutic device. Its
action, firstly, consisted in the elimination of conditioned-
reflex connections, improvement of microcirculation,
and elimination of muscle spasm, which contributed
to adequate lymphatic drainage and indirectly reduced
intracranial pressure or brought it to a normal level. The
result of the therapy was the elimination or reduction of
the pain syndrome. The grounds for using this device
were its proven effectiveness, domestic design certified
in Ukraine, which has been tested in many clinics in our
country (Kharkiv, Kyiv, Mykolaiv, Kherson, Berdyansk).
A scientific study on the use of neuroadaptive therapy
was conducted at the Zaporizhzhia Medical Academy of
Postgraduate Education. In traumatology, neuroadaptive
therapy was used in the 9th Zaporizhzhia City Hospital.
There, the main methods of applying physiotherapy for
the injuries sequela treatment were developed.

When working with the device, a local reaction
occurs, and the flow of impulses is transmitted by somatic
and autonomic afferent pathways to the segments of the
spinal cord and to the higher divisions of the central
nervous system. The device application allows you to
reduce the dose of analgesics.

When working with the device, there is no direct
harmful effect on the skin, toxicity, or allergic
reactions, which gives grounds for its long-term use

Fig. 1. “Three tracks, six points” method
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to reduce pain and swelling of any origin (injuries,
diseases, inflammation), and reliably reduce symptoms
of anxiety.

The MEC application was carried out according to
the “three tracks, six points” method, reflexes, zones, on
the affected body parts for 20—30 min. with an operating
frequency of 77 Hz. (Fig. 1).

Working according to the “three tracks, six points”
system contributed to eliminating conditional-reflex
connections and indirectly influenced the decrease of
intracranial pressure.

The program’s second component is rational
psychotherapy — a method based on explanations and
logical persuasion of the patient. It was used situationally,
according to the patient’s needs.

The complex included kinesiotherapy and therapeutic
massage.

Kinesiotherapy, i.e. movement therapy, is a method
of physical therapy that uses movement to improve
body functions, particularly the musculoskeletal system.
Kinesiotherapy improves the function of muscles
and joints, strengthens the body, and relieves pain
(Moskalenko, Bulax, Puzanova, 2014; Pashko et al.,
2019). In our rehabilitation program, we relied on the
medical history and applied an individualized approach
that took into account the patient’s specific needs, and
his mental and physical state at the time of examination
and treatment. Against the background of eliminating
conditional-reflex connections, to achieve the most
positive result, we used kinesio tapes, various balls,
resistance bands, and other equipment to provide support
during exercises and movements (Popadyuxa, 2018).

Therapeutic massage is a method of physical therapy
that we applied to improve the function of muscles and
tissues, reduce pain, and improve blood circulation
(Grynkiv, Kuceryb, Kras, Mayevska, Muzyka, 2019;
Kuceryb, Muzyka, 2019). The main features of
therapeutic massage in our rehabilitation program:

1. An individual approach, which takes into account
individual needs and the patient’s condition.

2. Targeted work with specific problem areas or
affected body parts to improve their condition.

3. Using special techniques to improve blood
circulation, reduce pain, and achieve certain therapeutic
goals: hatching, rubbing, light pressure, vibration, etc.
This contributed to faster tissue recovery and reduced
inflammation.

Visual Analog Scale for Pain (VAS) pain assessment is
a commonly used tool for measuring and evaluating pain
intensity. This scale allows the patient to determine the
degree of his pain by indicating on the line a percentage
display of its intensity from “no pain” to “the greatest pain
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possible”) (Golky, Buryanova, Klymovyczkogo, 2013;
Moskalenko, Bulax, Puzanova, 2014; Muxin, 2015).

Following the rules allows for obtaining orpumaru
more accurate and reliable outcomes for pain intensity
assessment:

1. Definition. The patient should understand that the
scale shows a range from “no pain” to “the greatest pain
possible”. The patient should be instructed that they
should choose the point on the scale that best represents
their feeling of pain.

2. Instruction. Give the patient clear instructions so
they understand how to use the VAS scale correctly. For
example, ask them to mark an “X” on the scale according
to their pain level.

3. Thoughtfulness Your patient should carefully
consider the choice and mark the point on the scale that
best reflects the feeling. Note that there is no “right” or
“wrong” answer.

4. Polling. Ask the patient which point on the scale they
chose and offer them to explain their choice if necessary.

5. Marking. After the patient has selected a point on
the ruler, measure the distance from the “no pain” point
to the point marked. It will be helpful to convert the
subjective feeling of pain into a numerical value.

6. Recording. Record the measured distance or a
numerical value corresponding to the pain intensity. It
can be helpful for further monitoring and comparison
purposes.

Following these rules will help ensure accurate
and reliable outcomes when using the VAS scale
(Moskalenko, Bulax, Puzanova, 2014; Muxin, 2015).

Mental status assessment was held using Spielberger’s
State-Trait Anxiety Inventory (STAI). It is a psychological
tool for measuring the level of anxiety in a person. American
psychologist Charles Spielberger has developed it, and it is
commonly accepted in clinical practice and research for the
assessment of anxiety symptoms.

STAI consists of two parts:

1. «T» (Trait Anxiety) scale: this part measures long-
term, consistent anxiety, which is typical for the person.
It considers how prone a person to a feeling of anxiety in
general is.

2. “S” (State Anxiety) scale: this part assesses
temporary anxiety state, that can arise in a particular
situation or the course of some events. It describes
anxiety observed at the moment or in a certain moment.

Each part includes individual questions, answering
which the respondent assesses their feelings using a
“barely ever” to “often” scale.

The Spielberger’s Anxiety Scale is a reliable tool
for assessing anxiety and allows specialists to obtain
objective data on the psychological state of patients. It
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helps to detect anxiety, assess the level and dynamics
of its manifestation, and develop an individualized
treatment or support plan.

The total final score for each of the subscales can
range from 20 to 80 points. The higher the final score,
the higher the level of anxiety (situational or personal).

The electroencephalography and neuropsychological
research methods are crucial for differential diagnosis,
and that’s why we used them in the study.

Today, echoencephalography is the only method that can
diagnose and confirm the presence of intracranial hyper-
tension with a high degree of probability. Further, clinical
signs and tests of the patient’s mental state are to be consi-
dered. Standard research methods, such as Dopplerography
and MRI, are not informative enough. Neurotransmitter
connections are disturbed due to concussion, so routine
methods cannot help in measuring them.

Intracranial hypertension and its dynamics are
evaluated using the Pallium Index. This Index is
considered as an indicator hydrocephalus of the lateral
ventricles.

The Pallium Index reference values (indicators of
intracranial hypertension): the upper normal limit is
2.2; slightly expressed — 2.3; moderately expressed —
2.4; moderately expressed with a tendency — 2.5;
2.6 and 2.7 — expressed; 2.8 — expressed with a tendency
to acute; 2.9-3.2 — acutely expressed.

Electrical potentials of the brain were studied
using electroencephalography (EEG) based on an
electroencephalographic  diagnostic system (echo-
encephalographic unit “ANGIODIN-ECHO/U”), which
allows for assessment of the width of the third ventricle
and the location of the lateral walls of the temporal horns
of the lateral ventricles.

Study outcomes and discussion of them. The study
population: 30 wounded persons (main group), aged
19 to 39 years (average age 29.53 + 1.08 years). As a
control group, 20 people (average age 29.1 £+ 1.4 years)
with identical injuries were assessed.

The selection criteria were determined based on
modern classification — according to clinical forms of
concussion. A mild concussion and concussion were
investigated. The presence of pain syndrome, heaviness
in the head, and neurological manifestations were
mandatory criteria for the screening of patients. 36.7 %
of the wounded had combined injuries (in addition to
TBI, injuries to two or more organs or parts of the body).

The general outcomes of the study are shown
(Table 1) to 3 (p < 0.005).

The outcomes received using Spielberger’s Srare-
Trait Anxiety Inventory (STAI) underwent comparison
with reference values to assess whether the patient was
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within the normal range or in the zone of increased
anxiety compared to the normal for the selected age
group. After analyzing the obtained data, we observed
more positive dynamics in the main group, where a
comprehensive rehabilitation program was applied,
affecting the reduction of the level of anxiety. One can
also note that the variation rate shows that the groups are
homogeneous both at the beginning (V to 8.71) and at
the end (V to 8.05) of the study.

The use of the VAS method provided a quantitative
assessment of pain, which is crucial for making treatment
decisions and monitoring the effectiveness of pain control
measures. This scale is highly sensitive to changes in
the level of pain. This facilitates obtaining an objective
assessment of pain intensity, facilitating monitoring and
comparison of pain levels at different times (Table 2). Also,
from the coefficient of variation, a conclusion can be made
that the groups are homogeneous both at the beginning
(V up to 7.89) and at the end (V up to 7.16) of the study.

Pallium index is a measure used to assess
hydrocephalus, which is an enlargement of lateral
ventricles of the brain. Hydrocephalus is an excessive

Table 1
Anxiety rate before and after application
of the comprehensive rehabilitation program

Grou Main group (n = 30) Control group (n = 20)
P Beginning | End Beginning | End
Study
X+m | 4241+0.70 | 33.90+0.32 | 41.90+1.22 | 35.78 £0.94
. 0.68 0.39 0.98 0.86
\ 8.53 7.29 8.71 8.05
Table 2

Pain indicator before and after application
of the comprehensive rehabilitation program

Group Main group (n = 30) Control group (n = 20)
Beginning | End Beginning | End
Study
xtm | 700+£0.62 | 400+£0.31 | 7.15£0.61 | 6.53 £0.52
. 0.58 0.43 0.54 0.49
\Y 7.13 6.22 7.89 7.16
Table 3

The pallium index before and after the application
of the comprehensive rehabilitation program

Group Main group (n = 30) Control group (n = 20)
Beginning | End Beginning | End
Study
X+m | 3.10+0.70 | 2.01+0.31 | 3.10+0.91 | 2.40 + 0.81
. 0.93 0.56 0.84 0.77
\% 9.15 7.05 9.23 8.56
. 46
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accumulation of cerebrospinal fluid (CSF) in the brain
ventricles. This condition can increase the volume of
the cerebral cavities and decrease the volume of the
brain. The pallium index is measured by ultrasound of
the brain, namely ultrasound scanning. To determine the
pallium index, special formulas, that take into account the
size of the lateral ventricles of the brain and the width
of the head, are used. An increase in the pallium index
may indicate the presence of hydrocephalus, especially
if the value exceeds the established norms for a certain
age group. Considering the research’s peculiarities, using
this index is essential for a deep understanding of the
positive/negative dynamics of the proposed rehabilitation
program. The obtained figures are shown (Table 3).
Also, based on the coefficient of variation, it was found
out that the groups were homogeneous at the beginning
(V10 9.23) and at the end (V to 8.56) of the study.

Based on the obtained results, we can evaluate
the effectiveness of our proposed comprehensive
rehabilitation program for people with post-concussion
syndrome. The data show statistically significant
positive changes in pain, anxiety, and cerebral mantle
index values in the main group. Considering the
abovementioned, we conclude that the developed
comprehensive rehabilitation program is viable and can
be used in further practice.

Conclusions. The study confirms our hypothesis
regarding the effectiveness of the developed
comprehensive rehabilitation program for persons
with post-concussion syndrome.

Using MEC for the rehabilitation of veterans
suffering from intracranial hypertension caused
by concussion allows for decreasing intracranial
hypertension, normalizing the autonomic nervous
system, reducing the level of anxiety, and normalizing
the sleep pattern.

The device allows for significantly reducing
or eliminating painful myofascial syndrome and
increasing the level of tissue oxygenation, which
contributes to increasing tolerance to physical stress.

The application of MEC allows for increasing
tolerance to physical stress.

It has been proven that the developed
comprehensive rehabilitation program for patients
in a state of anxiety and depression contributes to
the improvement of sleep, the emergence of a stable
positive motivation for life, and short-term and
long-term goals. Taking into account the above, we
conclude that the developed complex rehabilitation
program is fully justified and can be successfully used
in the further practical activities of military recovery
after concussions.
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Perspectives of further research. As the results
of the study confirm the effectiveness of the developed
comprehensive rehabilitation program for improving the
condition of people with post-concussion syndrome, we
believe that the obtained results are the basis for the use
of the comprehensive rehabilitation program in hospitals
and sanatoriums. Using a comprehensive rehabilitation
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program can help reduce recovery time and improve the
quality of life for military personnel. In addition, the
use of the MEC technique can be recommended in field
conditions (sanitary instructor’s first aid kit), because
the device has proven the possibility of obtaining high-
quality results in the shortest possible time. We plan to
devote further research to this topic.
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JOCALIKEHHSA IYKPO3HUKYBAJBHOI AKTUBHOCTI CYXOI'O EKCTPAKTY
3 IUCTKIB CTEBIi MEJOHOCHOI

Axkmyanvuicme. L[ykposuii diabem € cepiio3HOI0 MEOUKO-COYIAIbHOIO NPOONeMOIO, KA WEUOKO HAOY8ae aKMyaibHOCMI 6 CyHac-
Homy cycninbemsi. 3a danumu Misxchapoonoi diabemuunoi edepayii, nowupericms Yb0o2o 3aX80PHEAHHS HAOYEAE enioeMiyHO20
Xapaxkmepy, 3a4inaryu 3HaUHy Yacmuny Hacenenus ceiny. CyuacHor cmpameziero AiKy8aHHs X60pux NOBUHHO 6ymu Mine NOEOHAHHS
3aCMOCYBAHHAM CUHMEMUYHUX TIKAPCOKUX 3ac00i6 HA 3acadax 00KA30801 MeOUYUHU 3 TIKAPCoKUMU 3ACODAMU POCIUHHO20 Yu 6iono-
2I4H020 NOXOOJICEHHSL.

Cb0200Hi 8e0embest NOULYK Ma 00CTIONHCEHHS HOBUX IIKAPCLKUX POCTUH, AKI O 8uAnanu 2inoanikemiuny oito. OOHIEI 3 maKux poc-
JUH € 8U0 poounu Asteraceae — cmegis meoonocna (Stevia rebaudiana (Bertoni) Hemsley).
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Mema oOocnidxycenna — 3a yMO8 eKCNEPUMEHMANLHO20 UYKPOBo2o Oiabemy OOCHIOUMU YYKPOSHUICYBATLHULL BNIUS CYXO20
excmpaxmy 3 aucmkie cmesii meoonocnoi (CEC) ma nopignusamu 1i02o epexmusnicms i3 0i€lo npenapamie nopieHsIHHI — Mem@popMiny
ma 360py «Apgazemuny.

Mamepianu ma memoou oocrioncennsn. Mamepianom ons 0ocniodicennss 6ye CEC. Linoaenixemiuny oito CEC'y dozax 50, 100, 150,
200, 250, 300 ma 400 me/xe 0ocnioxrcysanu Ha mooeni 20cmpoi inepenikemii Ha 56 6inux HeniHiHUX camuysax wypie. [ocmpy einepani-
KeMilo UKAUKANU BHYMPIuHbouepeeHUM 6sedenHam 40 %-20 pozuuny enokosu 6 003i 2 2/ke. Konyenmpayiro eniokosu 6 kpoei eusna-
QU eeKmpOXIMIYHUM MemOOOM 3a OONOMO20I0 mecm-cmydicox ma emokomempa gipwu BIONIME cepii Rightest GM 550 (Illseii-
yapis). Ymoeno epexmusny 0oy CEC susnauanu epagpiunum cnocobom 3a memooom A. 1. Xaoowcas, axui 3acHosanutl Ha AiHiuHil
3anexcHocmi nposey egpexmy 8i0 00CiOACYBAHUX 003.

Tinoenixemiuny oito CEC i peghepenc-npenapamis 00caioxHcyanu Ha Mooeni nepeuHHoi iHCYIiHOpe3UCmeHmHoCmi (Oekcamemaso-
HOB0I 2inepenikemii) y wiypis, Ky GUKIUKAIU NIOWKIpHUM 86edeHHsam dekcamemasony (KRKA, Cnoeenis) y 003t 0,125 me/xe npomsieom
14 onie. Ak npenapamu nopieHAHHSA BUKOPUCTIOBYBANU MeMPOPMIH Y 8u2nadi mabnemox «/Jiagpopminy (6/naig. obon. no 1000 me Ne 60
AT «@apmaky) y 003i 100 me/xe ma ogiyunanvhuil pocaunnuil 36ip «Apgazemuny (IIpAT «Bionay, Yxpaina) y 003i 9 mu/xe.

Buicm entokosu 6 kposi susnauanu 3a 00NOMo2010 2iokomempa Hamue na 1-uty, 7-wy ma 14-my 006y excnepumenmy.

Pezynomamu docniodcennn ma ix ob6zoeopennn. CEC nicis 6HympiutHbOUIyHKOB020 88e0eHH s Ha MOOeli 20Ccmpoi 2inepanikemii
Npos6ISE 00303ANeAHCHY 2ino2nikemiuny Oito. Ymosno epexmusna 0oza ons CEC cmanosuna 250 me/ke. YV yiti 003i 0ocnioscysana
einoanikemiuna akmusHicmu uepes 1 200 6yna 28,6 %, uepesz 2 200 — 20,9 %.

Tinoenikemiuny oio CEC docnioocyseanu maxodc Ha MOOeni nepeuHHoi IHCymiHopesucmenmuocnmi. Beedenns Oexcamemasony 6 0031
0,125 me/ke npomsazom 14 OHié UKIUKAO 3MeHWIeHH MACY MiA MEAPUH | 3MeHueHH s Koeiyienma macu niouwtyHkosoi 3anosu. LLypu, axi na
¢honi KTI ompumyeanu npenapam nopigHsHHsL MEmGOMIH, Manu HatMeHuLy empamy cepedrvoi macu mina (3,5 %). Hatmenwuni cmyninb akmus-
wo e6edenns dexcamemasory (K1) suxnuxae y wypie nioguwerns konmpomo (IK) 6azanvroeo pisus emoxosu sax va 7-wy (6,04 + 0,21 mmonv/n),
max i Ha 14-my 006y (6,43 = 0,1 mmonv/n) 6i0HOCHO 8UXIOH020 pigHs, wo cmanosus 4,59 £ 0,13 mmonv/n. ¥ wypie, siki na gomi niowkipro2o
86e0eHHs OexcamemasoHy ompumysanu 6o0Hutl pozuun CEC'y 003i 250 me/ke nepopanvho, piers enikemii 00 KiHiys eKCHEPUMEHNY NOPIGHAHO
3 nokasruxamu KI1 (7-ma 00b6a — 31,8 %, 14-ma doba — 40,2 %) 6y nusicuwi six Ha 7-my (13,6 %), max i na 14-my 006y (32,4 %), wo xapaxme-
PU3YBAI0 NOSUMUBHULL BNIUE OOCTIONHCYBAHOT CYOCMAHYIT Ha 8Y2N1eB00HULE OOMIH 3G YMO8 MOOET08AHHS NAMONOIUHO20 CIAHY.

Bucnoeok. B excnepumenmi na wypax i3 «2noKO3HUM HAGAHMAIICEHHAMY 6CMaHoe1eHa eghpekmusna zinoenikemiuna 0oza CEC —
250 me/ke, wo 6yna UKOpUCMAana 6 O0CIIONCEHHI 2IN0SNIKEMIYHOI AKMUBHOCME OOCHIONCYBAHO20 eKCIMPAKIY HA MO0 OeKCamemaso-
nogoi cinepanixemii. 3acmocysannus CEC cnpusie 00cmogipHomy nio8uiyeHHIo monepanmuocni 00 20Ko3uU 8 eKCnepumMermi Ha uwjypax
30 MOOENIOBAHHS XPOHIUHOI OeKCamemasonosol cinepeiikemil.

Knrwuoei cnosa: yykposuii diabem, cino2nikemMiuHa akmugHicmy, MemaboriyHutl cuHopom, cmesis MedoHocHa, Stevia rebaudiana
(Bertoni) Hemsley), cyxuii excmpaxm, 1ucmku.
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STUDY OF SUGAR-LOWERING ACTIVITY OF DRY EXTRACT FROM STEVIA LEAVES

Topicality. Diabetes mellitus is a serious medical and social problem, with rapidly gaining relevance in modern society. According
to the International Diabetes Federation, the prevalence of this disease is becoming epidemic, affecting a large part of the world’s
population. A modern strategy for the treatment of patients should be a skillful combination of the use of synthetic drugs on the basis
of evidence-based medicine with drugs of plant or biological origin.

Today, the search and research of new medicinal plants, which would show a hypoglycemic effect, is underway. One of these plants
is a species of the Asteraceae family — Stevia rebaudiana (Bertoni) Hemsley.

The aim of the study is to investigate the hypoglycemic effect of the dry extract from the leaves of stevia rebaudiana under the
conditions of experimental diabetes and to compare its effectiveness with the action of the comparison drugs — metformin and the
collection “Arfazetin’.

The materials and methods. The material for the study was stevia leaf extract. The hypoglycemic effect of stevia leaf extract in
doses of 50, 100, 150, 200, 250, 300 and 400 mg/kg was studied in the model of acute hyperglycemia in 56 white non-linear female
rats. Acute hyperglycemia was induced by intraperitoneal injection of 40 % glucose solution at a dose of 2 g/kg. The concentration of
glucose in the blood was determined by the electrochemical method using test strips and a glucometer of the company “BIONIME” of
the Rightest GM 550 series (Switzerland). The conditionally effective dose of stevia leaf extract was determined graphically according
to the method of Ya.l. Hajaya.

The hypoglycemic effect of stevia leaf extract and reference drugs was studied on the model of primary insulin resistance
(dexamethasone hyperglycemia) in rats, which was induced by subcutaneous injection of dexamethasone (KRKA, Slovenia) at a dose
of 0.125 mg/kg for 14 days. Metformin in the form of “Diaformin” tablets (intravenously, 1000 mg No. 60 of JSC “Farmak”) in a dose
of 100 mg/kg and official herbal collection “Arfazetin” (PJSC “Viola”, Ukraine) were used as comparison drugs. dose of 9 ml/kg.

Glucose content in the blood was determined using a fasting glucometer on the 1st, 7th and 14th days of the experiment.

The results and their discussion. Administered of stevia leaf extract intragastrically in the model of acute hyperglycemia showed
a dose-dependent hypoglycemic effect. Conditionally effective dose for stevia leaf extract was 250 mg/kg. In this dose, the studied
hypoglycemic activity after 1 hour was 28.6 %, after 2 hours — 20.9 %.

The hypoglycemic effect of stevia leaf extract was also studied on the model of primary insulin resistance. Administration of
dexamethasone at a dose of 0.125 mg/kg for 14 days caused a decrease in the body weight of animals and a decrease in the pancreatic
mass coefficient. Rats that received the comparison drug metfomin on the background of administration of dexamethasone had the
least loss of average body weight (5.5 %). The lowest degree of activity was shown by the decoction of the reference preparation —
Arfazetin collection (10.1 %). Also, the results of the study of the hypoglycemic effect showed that the administration of dexamethasone
causes an increase in rats relative to the control of the basal glucose level both on the 7th (6.04 = 0.21 mmol/l) and on the 14th day
(6.43 £ 0.17 mmol/l) relative to the initial level, which was 4.59 £ 0.13 mmol/l. In rats that received an aqueous solution of stevia leaf
extract at a dose of 250 mg/kg orally against the background of subcutaneous administration of dexamethasone, the level of glycemia
by the end of the experiment was lower compared to the control indicators (day 7 —31.8 %, day 14 —40.2 %), both on the 7th (13.6 %)
and on the 14th day (32.4 %), which characterized the positive effect of the studied substance on carbohydrate metabolism under the
conditions of modeling a pathological condition.

Conclusion. In the experiment on rats with a “glucose load”, an effective hypoglycemic dose of stevia leaf extract was established —
250 mg/kg, which was used in the study of the hypoglycemic activity of the studied extract on the model of dexamethasone hyperglycemia.
The use of stevia leaf extract contributes to a reliable increase in glucose tolerance in an experiment on rats in the simulation of chronic
dexamethasone hyperglycemia.

Key words: diabetes, hypoglycemic activity, metabolic syndrome, honey stevia, Stevia rebaudiana (Bertoni) Hemsley, dry extract,
leaves.

Beryn. Axryanbsicts. IlpoGrnema mnpodimakTukm
Ta JIIKYBaHHS XBOPHUX Ha IykpoBuit niader (L1J]) ocran-
HIMH poKaMH HaOyBae HEaOHAKOi aKTyaJIbHOCTI.

L] € ckiamHOIO MEIMKO-COLIaJbHOIO IIPOOIEMOI0
CYYacHOTO CYCIIBCTBA, 1 HE JIMIIE IEPXKaBHOTO, aje
1 MDKHapOIHOTO 3HAYEHHS, TOMY IO ITOCIJa€ TPETE MicIie
y CBITI HICIIS CEPIIEBO-CYIMHHNX 1 OHKOJNOTIYHUX 3aXBO-
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proBaHb. Menuko-corianibie 3HaueHHsA [1J] Bu3Hava-
€THCS PO3BUTKOM BOKKHX YCKIIAJTHEHb — MiKPOAHTi0MATIN
(permHomaTis, Hedpomarist), MakpoaHrionariii (iHpapkT
MiOKap/a, IHCYJIBT, [IepeOpoBacKysIpHa XBopoOa), HeHpo-
HAaTiH, SIKi 1CTOTHO 3HIXKYIOTH SIKICTh 1 TPUBAJICTH JKUTTS
xBopux (Standards of Medical Care in Diabetes — 2017,
Harding, 2019, Savych, 2020; Pankiv, 2020).
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Hani  MixnaponHoi — giabetnyHol  Qeneparii
(International Diabetes Federation, IDF) 2021 poky cBiz-
4arh, 10 KOXKHA JIECsATa JOPOCIia JIFOAWHA Y CBiTi, TOOTO
537 muH Jrofel XBopitoTh choromHi Ha I/1 1, 3a 11 npo-
rHO3aMHu, 110 2040 poKy KUTBKICTh TAKMX XBOPHX AOCSITHE
625 mutH, y 2045 porti — 783 mutH oci6. [Tommpenicts L]
y XXI ct. HaOyna xapakrepy emigemii. UucenpHICTh XBO-
PHX 30LTBIITY€THCS IEPEBAYKHO BHACTIIOK XBOpHX Ha L[]
2-r0 THUILY, SIKi CbOTOAHI CTaHOBMIATH 85-90 % Bix 3araib-
HOl KimbkocTi xBopux. Lleit Tum L[/ miarHocTyeThCs
B 10 paziB wactime, Hix [J]1 (Standards of Medical
Care in Diabetes — 2017; Harding, 2019; Savych, 2020;
Pankiv, 2020; International Diabetes Federation (IDF).
IDF Diabetes Atlas 2019; Sokolova, 2021).

Kpim mporo, Ha 1iell yac BCTaHOBIEHO, MO 541 MiH
JIOPOCITAX JIIOMEH Y CBITI CTPaXKIAIOTh BiJl MOPYILCHHS
TOJICPAHTHOCTI /IO DIIOKO3H, IO € THUIIOBHM CHMITTOMOM
niepeTiabeTy, CTaHy, KOJIU B OPraHi3Mi JICIIO MiBUIIY€ThCSI
PIBEHB TIIOKO3H B KPOBI, 1 10 € MPOMDKHOFO JIAHKOIO MIX
HOpMaJIbHUM MeTaborisamoM miroko3u Ta 111 (Sokolova,
2021; Sokolova, 2022; Li, 2022; Sokolova, 2022).

JlikyBanus I1/] CHHTETHYHMMH mNpernaparaMu A€
ICTOTHI TepaneBTHYHI pe3yNIbTaTH, 3MCHIIYE PU3HK JTia-
OeTHYHUX YyCKIaaHeHb. [IpoTe Ha erami mepesmiadery,
KOJIM MOPYIIEHHS BYIJICBOAHEBOTO OOMiHY € HE3HAUYHO
BHpaXCHUM, MOXKHA KepyBaTHCS pPEKOMEHIAIHHIM
JOKyMEHTOM BcecBiTHROI oOprasizaiii OXOpOHH 3710-
poe’s (BOO3) «Crpareris BOO3 B ramy3i HapomHoi
menuiuHn Ha 2014-2023 pp.». BiamoigHo mo mux
PEKOMEH/IAIIIH, CYJacCHOIO CTPATETi€l0 JIIKyBaHHS XBO-
pUX MOBHHHO OyTH BMiNe IO€AHAHHS 3aCTOCYBAHHS
CHHTETHYHUX JIKapChKUX 3aco0iB Ha 3acajgax HoKa-
30BOi MEMUIIMHH, 3 JIKAPChKUMH 33ac00aMU POCITHH-
HOro 4u OioyioriyHoro moxomkenHs (Bomorms, 2019;
World Health Organization (WHO). WHO Traditional
Medicine Strategy 2014-2023, 2013). IIpenapatu
3 JIIKQpChKHUX POCJIHMH HE € aJbTEPHATHBOIO JIO 3aCTO-
CYBaHHS CHHTCTHYHUX I[YKPO3HIDKYBaJbHHAX IIperna-
pariB Ta iHCYyMiHY, ajie BOHHU 3/IaTHI MPOSBUTH iCTOTHY
MIATPUMKY CTAaHIAPTHOMY CIIOCO0Y JIIKYBaHHS Ha BCiX
CTaJisIX 3aXBOPIOBAHHS, AAIOTh 3MOTY 3MCHIIHTH JI03Y
CHHTETHYHHUX JIIKAPCHKUX 3ac00iB, a HA PaHHIX eTamax
MOXKYTb 3aMiHUTH TpaJUILiiiHE JTiKyBaHHS B pa3i JETKOTO
nepebiry IIJ] 2-ro tuny (Voloshyn, 2019; Lukashiv,
2018; Vlacenko, 2021).

JlikapchKi POCJMHH, SIKI MICTATH IIUPOKUH CIIEKTP
010JIOTIYHO aKTUBHUX PEYOBHH, MAKOTh 3JaTHICTh MPO-
SIBIIATH TIOJTIBAJICHTHY W Oararo(pakTopHy i, 30KpemMa
BIUIMBATH Ha Pi3Hi JJaHKH po3BUTKY LIJ] Ta #oro yckmaz-
HeHb. lle mae 3MOory OHOYACHO BHpIOTyBaTH AEKiIbKa
3aBIaHb Y JIKyBaHHI 3a3HAYEHOT0 KOHTHHICHTY XBOPUX
32 MIHIMaJIBHOTO PU3UKY YCKIATHEHb TOKCHYHOTO UH
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anepriunoro xapakrepy. OCHOBHUMH MEXaHi3MaMH IPo-
THAIa0CTHYHOI JTii JIIKAPCHKUX POCIUH €: MiJABHICHHS
KIJIBKOCTI 1HCYJIIHOBHX PpeIEeNnTOpiB ab0 IOCHICHHS
iXHBOI YYTJIMBOCTI 110 IHCYNiHY; MOKpAIICHHS 3acBO-
€HHS TJIIOKO3M TKAaHMHAMH 1 OpraHaMH; CTHMYJISIis
B-KIITHH TaHKpEeaTHYHUX OCTPIBINB, IO CHHTE3YIOTh
iHCYyMiH; iHTi0yBaHHS TOPMOHIB, SIKi I ABUIYIOTH PiBEHb
IJIFOKO3W B KPOBI; 3MEHIIICHHSI YTHITI3allii IIKOTeHYy Ta
KIJIBKOCTI BUNBHUX PAAMKaNiB, iHriOyBaHHS HaaMipHOI
JITOTIEPOKCHIAITIT 1 KOPEKITis METa0OIIYHUX MOPYIICHD
ninigHoTO Ta 6iKoBOrO 00MIHY (Li, 2004).

VY TpaauuidHiA 1 TOKa30Bii MEIWIMHI € YUCICHHI
JlaHi PO BUKOPUCTAHHS JIKAPCHKUX POCIMH JUIS JIKY-
BaHHs xBopuXx Ha L1/]. Huwi Binomo 6mu3bko 200 pociuH,
sKi BUSBISIOTH aHTHAiabetnyanid edpekt (Horbulinska,
2016; Harnyk, 2017; Tsal, 2018; Marchyshyn, 2018;
Zagayko, 2017; Savych, 2020; Marchyshyn, 2021).

KoHKpeTHI MexaHi3MH TiNOMTIKeMidyHOi il OKpe-
MHUX POCIHH 1 (iTompenapariB BUBYEHO HEIOCTATHBO.
AnTHIiabeTHYHA AKTUBHICTH POCIHH 3yMOBJICHA HasB-
HICTIO B HMX TaKuX OI0JIOT1YHO aKTUBHHX PEUOBHUH, SIK
BiTaMiHu, (epMeHTH, moiicaxapuau (iHYJiH, cTaxi-
03a), Makpo- i MIKpOEIEeMEeHTIB, eipHUX ONiH, CIOIYK
¢deHonpHOT mpupoau i iHmmX (Savych, 2020; Sokolova,
2022; Voloshyn, 2019; Savych, 2021). Ceoroasi
BEJICTHCS MOIIYK 1 JOCTIHKEHHS HOBHX JIKapCHKHUX POC-
JIVH, 5Ki O BUSIBIISUTH TIMOTTIKEMIYHY 0.

OnHi€I0 3 TaKUX POCIUH € MAJOBHBYCHUH BH]
ponviHu  Asteraceae  cTeBisi  MenoHocHa  (Stevia
rebaudiana (Bertoni) Hemsley) — HaTypanbHUN HH3b-
KOKAJIOPiHUH 3aMiHHHK IyKpY i3 IIUPOKUM CIIEKTPOM
JKyBaJIbHO-NIPOITAKTHYHUX  BiacTuBocTed (Bugaj,
2013; Artoni, 2010). CrorogaHi CTeBis HAJICKHUTH IO
YHCITa TEPCIEKTUBHUX KYJIBTYD, SIKI BUKJIUKAIOThH 1HTE-
pec sk jakepena 010J0TYHO aKTUBHUX PEYOBHH i3 Oara-
TOQYHKI[IOHATBHOIO aKTHBHICTIO, Y TOMY YHCII I[yKpPO3-
HIDKyBasIbHOIO (Marchyshyn, 2018; Kaushik, 2010).

MeTa Hammx IOCTIKEHB IOIsTaia B TOMY, o0 3a
YMOB €KCIIEPUMEHTAIBHOTO IYKPOBOTO MiabeTy mocii-
IUTH IYKPO3HW)KYBAJIbHUN BIUIUB CYXOTO EKCTPAKTy
3 JMCTKIB CTEeBii Ta MOPIBHATH HOTo e(eKTUBHICTH i3
JI€r0 TpernapaTiB NOpiBHSIHHA — MeT(GOpMiHy Ta 300py
«ApdazeTrn».

Marepianu Ta MeToaM JocaizkeHHsA. MaTepiaiom
JUTSL TOCTTi/PKEHHsT OyB CYXHi €KCTPaKT i3 JMCTKIB cTe-
Bii, ofiepkaHuii Ha Kadeapi ynpaBIiHHSA T4 EKOHOMIKH
¢apmartii 3 TexHoOJIOTi€10 JMiKiB TepHOMIIBCHKOTO HALliO-
HAJBHOTO MEAWYHOTO yHiBepcuteTy imeHi 1. 5. TopOa-
yeBcbkoro MO3 VYkpaiHu mijJi KepiBHUIITBOM JIOICHTA
M. M. Bacennu (narent 123718, 2018).

ExcTpakT JTHCTKIB CTEBii — CyXHH IOpPOIIOK TEM-
HO-KOPHUYHEBOTO KOJILOPY 13 3€JIEHYBaTUM BiATIHKOM, 3i
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cnenu(ivHIM 3amaxoM, COJIOJKUI Ha CMaK, POSUYUHHHN
y XOJIOAHIH BOIIi, MAIOPO3YHHUH y 96 %-My €TaHOII.

JocmimpkeHHs TiMorTiKeMi9HOT Aif CyXOro eKCTpakTy
3 muctkiB creBii (CEC) Ha Momenmi rocTpoi rinepriike-
Mil BUKOHaHO Ha 56 OiMMX HEeMiHIMHUX CaMUIIIX IIypiB
Macorw 250-295 1. TocTpy TinmepriikeMit0 BHKJIAKAIH
BHYTpIllIHbOYEepeBHUM BBeAeHHIM 40 %-r0 po3unHy
IJTFOKO3H B J1031 2 1/KT. KOHIIEHTpallifo TIIF0KO3H B KPOBI
BU3HAUaJIM €JICKTPOXIMIYHUM METOJOM 3a JIOTIOMOTOI0
TECT-CMY>XOK 1 mmokomeTpa ¢ipmu BIONIME cepii
Rightest GM 550 (Beiinapis), BimkamiOpoBaHOro 3a
MJ1a3MOI0 KamiJIApHOT KpOBi (HOpMa TJIFOKO3W Ha PiBHI
3,5-5,5 MMonb/i).

lypu Oynu moxmimeni Ha JABi rpynu: | rpyma
(7 mypiB) — inTaxtHi TBapuHHU (IK), TBapunam II rpymu
(49 1mypiB) BHYTPINIHBOIIIYHKOBO BBOIWJIA €KCTPAKT
cteBii y nozax 50, 100, 150, 200, 250, 300 Ta 400 Mr/kr.

Ulypu mepen mpoBeICHHSIM €KCIEPHMEHTY TOJIOIY-
BaJIM 3 BUILHUM JIOCTYIIOM JIO BOAW MpOTsroM 18 ro.
Koxna nmo3a mocmimxyBanacst Ha 7 TBapuHaX. Y HIypiB
yCiX Tpyn i3 XBOCTa 3a JIOTIOMOTOK0 JIAHIIETHOTO TIPH-
CTPOI0 OTPHMYBAJH KaIUSIPHY KPOB AJIS BH3HAUCHHS
PiBHS TIIFOKO3W — BHUXiZHOTO Ta uepe3 1, 2, 4 ta 6 rox
MiCNs  «DIIOKO3HOTO — HABaHTKCHHS». Bu3Havamm
YMOBHO €()EKTHUBHY A03Y (30i7bLICHHS SIKOT HE CYIpPO-
BOJDKYBAJIOCS 3POCTAHHSAM TiMONTIKEMIYHOTO €(eKTy)
rpadiuyauM criocobom 3a metogom . 1. Xamkas, skuii
3aCHOBAHUH Ha JIIHIHHIN 3a71€KHOCTI POSIBY €(EKTY Bij
nocmimkyBanux 103 (Rybak, 2013).

Onminka rinornikemiunoi aii CEC i pedepenc-npe-
napaTiB JOCT/DKYBalld Ha MOJIENI TIEPBUHHOI 1HCYII-
HOPE3UCTEHTHOCTI (JIeKCaMeTa30HOBOT TiMeprilikeMii)
y IIypiB, Ky BUKJINKAJIN MiAIIKIPHAM BBEICHHSAM JCK-
camerazony (KRKA, Slovenia) y mo3i 0,125 mr/kr npo-
TsiroM 14 muis.

VY nocnmii BUKOpHUCTAHO 14 IIypiB, SIKHM BBOIMIH
CEC y mo3i 250 Mr/kr BHYTpIIIHBOILTYHKOBO | pa3
Ha 700y INOAHS, MOYHHAIOYM 3 1-TO THS BBENCHHS
mmokokopTukoiga (Marchyshyn, 2021; Rybak 2013;
Marchyshyn, 2015). Sk npenapatu MOpiBHSIHHS BHKO-
pucToByBanu MeT(hopMiH y Burisai Tabnerok «iadop-
MiB» (B/tutiB. 0601 o 1000 Mr Ne 60 AT «®Dapmak») Ta
oinuHanpHM pocnuHHUI 30ip «Apdazerun» (IIpAT
«Biomnay, Ykpaina) y 1031 9 MJI/KT, sIKi BBOIMJIU B aHAJIO-
TYHUX PEKUMAX.

BMicT mItoko3Hu B KPOBi BH3HAYAIIK 32 JTOTIOMOTOIO
nrokoMeTpa 1 pas Ha 10Oy HatIe (BUXiTHHUN piBeHb, 10
BBEJICHHS JICKCAMETA30HY), a TaKOXK Ha 7-My Ta 14-Ty
00y eKCIIEPUMEHTY aHAJIOTi1YHO.

CupoBaTKy KpOBI BUAUISUIN 338 CTAaHIAPTHOK METO-
JTuKoIo (maTeHT Ykpainu Ha BuHaxig Ne 58110A) mus-
XOM LeHTpUu(dyryBaHHsa KpoBi 32 1500 006/XB mpoTsaroM
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20 xB. ANIKBOTH CHPOBATKH KPOBi BiOupanu B MiKpo-
npobipku Eppendorf i 1o mpoBeneHHs anamizy 30epi-
ranu 3a temmeparypu 20 °C.

OnepkaHi eKCIIEPUMEHTAIBHI JIaHI CTaTUCTHYHO
00po0msIM MeToIaMH BapialiifHo1 cTaTucTuky. CTaTuc-
TUYHI BUCHOBKH IUIS MOPIBHSHHS PSMIB €KCIECPHMEH-
TaJbHUX JaHUX OJIEPXKYBAJIM Ha OCHOBI JTUCTIEPCIHHOTO
aHaizy Ha piBHI 3Hauymocti p < 0,05 3a A0MOMOroI0
nporpamu STATISTICA, v. 8,0.

Juis maHuX, Mo He MiUITraloTh HOPMAJIbHOMY pO3-
MOAITY, BHUKOPHCTOBYBAJIM HEHNapaMETPUYHI METOIM:
BH3HAYaJIM MeJliaHy, BEPXHIH 1 HUKHINA KBAPTHIII; OI[IHKY
CTaTUCTUYHOI 3HAYYIIOCTI po30DXKHOCTEH Mix BHOIp-
KaMH TPOBOAWIM 3a HENapaMeTPUYHUM KpUTepieM
Mana — YiTHi.

Pe3yabTaTn aociigaxeHHs Ta iX 0OroBOpeHHs.
Opnepxani pesyasratu cigumy, mo CEC y pasi BHy-
TPIIIHBO-NINTYHKOBOTO BBEACHHI Ha MOAETl TOCTpoi
rinmepriikeMii HpOSBIAB JO303AJICKHY I[YKPO3HHXKY-
BaJIbHY Hito (puc. 11 T1abm. 1).

Pesynsratn exkcnepumeHTy nokaszanu, mo CEC
MPOSIBJISIB  BUP@KEHY TIMONTIKEMIYHY Ji0, OCOOIUBO
y BUINUX J03ax. Y 1031 400 Mr/Kr BiH MOKa3aB aKTHB-
HICTh, sika craHoBmia 39,03 %. HalimeHnny rinmorike-
MiuHy akTuBHicTh mposiBisiB CEC uepes 1 rox micns
BBEJEHHS IIFOKO3W B 7031 50 MI/KT, 1 BOHA CTaHOBMIA
10,6 %. Yepe3 2 rom micis BBEACHHS DIIOKO3H TiIlo-
IJIIKeMiYyHa aKTHBHICTh Oyna Takok HaWBUINA B 7031
400 mr/kr 1 cTaHOBHJIA B cepeHboMy 28,5 %.

YmoBHO edektiBHa no3a mis CEC  cranoemma
250 mr/kr. Y miii m031 AoCHimKyBaHa TiMODITIKEMidHA
aKTUBHICTB uepe3 1 ro Oymna 28,6 %, uepes 2 rog—20,9 %.

TakuM YUHOM, PE3yNIBTATH IOCITIHKEHHS OKa3aH,
mo CEC mnposiBisie BUpakeHI TiMOTTIKeMiYHI BIaCTH-
BOCTi Ta MOke OyTH pEKOMEHJIOBaHHHA JJIsl TIOAAJIBIINX
NOMMMONEHUX OOCHIIKEHb fK TINOmiKeMiyHuil 3aci0
y 7031 250 MI/KT, 110 BCTaHOBJCHA SIK CeperHs edek-
TUBHA J03a.

HacTtynHwmii eran JochipKeHHS TiMorTikeMiqHOT mii
nociimkyBarnoro CEC mpoBeneHo Ha MozIeTTi IEpBUHHOL
IHCYJIIHOPE3UCTEHTHOCTI (IeKCcaMeTa30HOBOI Timeprii-
KeMii), Ky BHUKIMKAJIW MiIIIKIDHAM BBEICHHSIM JCK-
cametazony (KRKA, Slovenia) 0,125 mr/kr nmpotsirom
14 nuis.

I3 mxepen miTeparypu BimoMo, IO HAAMIpHI 03U
DITFOKOKOPTHUKOCTEPOiIiB MOXKYTh MPU3BOIUTH IO MOPY-
IIEHb CEKPETOPHOI (YHKII MaHKpeaTHIHUX [-KIITHH
1 PO3BHUTKY IHCYJIIHOPE3UCTEHTHOCTI. B ekcrepumen-
TaJbHUX TBAPHH BiMIiYa€ThCS MOPYIICHHS TOJCPAHT-
HOCTI JI0 TJIFOKO3M Ta 3HIKECHHS UYyTIMBOCTI Tepude-
PUYHMX TKAaHWH 10 Aii iHCymiHy. JliaGeT, BUKIMKaHUH
BBCICHHSM [ICKCAMETA30HY, Ja€ 3MOTY BIITBOPHUTH
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39%

37,7%

CEC

Puc. 1. liarpama rinorikeMivHOT aKTMBHOCTI CYX0ro eKCTPaKTY 3 JUCTKIB cTeBii yepe3 1 rox micis
LYKPOBOI0 HABAHTAKEHHS

Tabmung 1

BwmicT riiroko3u B KpoBi y 1ypiB i3 rocrporo rinepriikeMi€cio Ha TJ1i BBeIeHHSI eKCTPAKTY
3 iucTKiB cTeBii (M £ m, n =7)

Buxizumii DiBenD % 3HMKEHHS % 3HUKEHHS
CEC, no3a AL / Yepes 1 rog riikeMmii BiTHOCHO Yepes 2 rog riiikemii BiTHOCHO
riIikemii, MMOJIb/JI KOHTPOIO KOBTPOIO
Kontpons 3,66 +0,19 16,21 + 0,89 0 % 9,17+0,37 0 %
50 mr/kr 3,64+0,18 14,74 £ 0,46 —-10,6 % 8,66 + 0,44 -10,0 %
100 Mr/kr 3,61+£0,17 13,41 + 0,38 -20,2 % 8,21 +0,48 -16,8 %
150 mr/kr 3,29+ 0,14 11,63 +£0,71 -26,2 % 7,40 £ 0,35 —18,1 %
200 mr/kr 3,71 £0,21 12,77 + 0,33 27,8 % 8,26 + 0,43 —20,0 %
250 Mr/kr 3,47+0,17 11,94 + 0,51 —28,6 % 7,67 £ 0,44 —20,9 %
300 mr/kr 3,81+£0,19 11,91 £0,53 -37,7% 8,01 £ 0,90 27,6 %
400 mr/kr 3,60 £ 0,23 11,11 +£0,56 -39,0 % 7,53 + 0,46 —28,5 %

TOJIOBHI MAaTOTEHETHYHI MEXaHi3MHU (TIOPYIIEHHS CEeKpe-
Iii Ta iHCYJIIHOPE3UCTCHTHOCTI), 10 CHOCTEePIraloThes
y xBopux Ha L1J] 2-ro Trry (KDOQI Clinical Practice
Guidelines and Clinical Practice recommendations for
Diabetes and Chronic Kidney Disease, 2007).

[IpoBeneHi eKCIEPUMEHTH MOKA3aiHd, 110 BBEACHHS
JekcameTasoHy B q03i 0,125 mr/kr mpotsrom 14 nHiB
BHKIIMKAJIO 3MEHIIIEHHS MaCH TiJia TBAPWH 1 3MEHILICHHS
Koe(ilieHTa MacH MiANUTYHKOBOT 3a103H (TalI. 2).

Tak, maca mrypis KII Ha 14-Ty moOy 3Hu3MIacs Ha
10,57 % BigHOCHO MoYaTkoBoi (263,57 = 7,13) r i cTa-
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HoBmia (235,71 + 9,03) 1, a cepenHs mMaca TBapuH, SKi
Ha (oOHI BBeIeHHS aekcameTasoHny orpumysainu CEC,
3MeHmmmiaacs Ha 7,51 % BIiZHOCHO ITOYAaTKOBOI MacH
(275,71 £4,29) v i cranoBmia (255,0 £ 3,78) 1.

ypu, sxi HA ¢ori KII orpumyBanm upemapar
MOPiBHAHHS MET(OPMiH, 3a Eepio eKCIIEPUMEHTY Maln
HalMEHITy BTpaTy CepeIHbOI MacH Tija, sKa CTAHOBHIIA
5,45 %. HaiiMeHIMHA CTYIiHb 3MEHIIEHHS KaTrabouid-
HOTO BIUTHBY JEKCAMETa30HY 3 MapajelbHUM 3aCTOCY-
BaHHSM II0Ka3aB BiJ[Bap POCIMHHOTO pedepeHc-mpena-
pary — 300py «Apdazetun» (Tadm. 2).
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Tabmuig 2
BnimB cyxoro eKCTpPakTy cTeBii Ha Macy Tijia urypiB i koedimieHT Macu MiANIYHKOBOI 3271034
Ha MoJieJii JekcaMeTa30HoBoiI rinepriikemii (M = m; n = 3)

Koediuient macu
I'pynu TBapun Maca tBapunu Ha 1-my 100y | Maca TBapunu Ha 14-Ty 100y nimaynKcoRoi 3an030
243,57 + 8,07
IK 218,57 £ 6,34 +11.44 % 0,262+ 0,01
235,71 +£9,03
KII 263,57 £ 7,13 10,6 % 0,206 + 0,01
Maronoris + CEC 275,71 +4.29 P ESTE 0,222 +0,03
ITaromorist + metdopmin 262,1+£12,9 24’1’59 Si‘;o, 4 0,259 £ 0,01
TTatomnorist + «Apdazerin» 262,14 + 11,85 235’17(} f:;’54 0,243 £ 0,01
-10,1 %
45
40
35
30
25
20 21,1% ——7 ,L[O6a
——14 noba
15 14,9%
10
5
0 -0,6%
K™ KNI CEC Apbasernn  Merdopmin
-5

Puc. 2. [liarpama BIUIUBY CYX0I'0 €KCTPAKTY 3 JIMCTKIB cTeBii MeI0HOCHOI Ta pedepeHc-npenaparis
HA BMICT IVIIOKO3M Y KPOBi 1IIypiB HA MoJeJIi JeKkcaMeTa30HO0BOI rinepriikemii

Tabmuns 3
BmicT 10ko3u B KPOBi y INypiB Ha MoJeJIi JekcaMeTa30Hol rinepriikeMii Ha T JJiKyBaHHA CyXuUM
ekcTpakToM cTeBii (M £ m, n =7)

Ipyna PiBeHb I1I0K0O3U B KPOBi, MMOJIb/J1

1-ma no6a (BUXiaHuii) 7-ma 106a 14-ta no6a
IK 5,03 +0,08 5,0£0,10 5,09+ 0,07

(=0, 6 %) (+1,1 %)
KIT 4,59 +0,13 6,04 +0,21 6,43 +0,17
(+31,8 %)# (+40,2 %)#
Taromoris + CEC 4,63 £0,20 5,26 +0,22¢ 6,13 £0,13¢

(+13,6 %)* (+32,4 %)
[aronoris + «ApdazeTun» 4,46 + 0,20 5,70 £ 0,22¢ 6,21 £0,06°
(+27,9 %)# (+39,4 %)#
[Marosoris + MeThopMiH 5,07+0,14 5,83 +0,18 6,14 £ 0,28
(+14.,9 %)* (+21,1 %)*

IIpumitku:

1) *— crarucTruHO Biporiani BimMiHHOCTI (p < 0,05) BIiZHOCHO BHXIiJHOTO PiBHS B KOXKHIH Ipyi;

2) * — craructuyHO BiporinHi BigMiHHOCTI (p < 0,05) BiTHOCHO KOHTPOJIBLHOI ITATOJIOTI] (ekcaMeTa3oHy 0e3 KOpEeKIil);
3) #— crarucTu4HO BiporigHi BigmiaHOCTI (p < 0,05) BigHOCHO MeThOpMIiHY;

4) mudpa B Iyx)KKax 03HAYA€E CTYIIHb MIABUIICHHS IIIKeMii BITHOCHO BUXiJHOTO PiBHS B KOXHIN TPYIIi.
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Pesynprati mociiIKEeHb TOKa3an, IO 3a 37aTHi-
CTIO 3ammo0iraTd 3MEHIIIEHHI0 MacH TiTa y NIypiB Haii-
Kpale 1nokaszas cebe mpemnapar MopiBHIHHSI MeT(HOpPMiH
(5,5 %), memo MeHITy akTHBHICTH crioctepiramn y CEC
(7,5 %), HaliMEHIINH CTYIiHb AKTHBHOCTI NIPOSIBUB BiJI-
Bap pPOCIIMHHOTO pedepeHc-mpenapary — 360py «Apoda-
setuny» (10,1 %).

PesynbraTy 10CTiIKEHHS TIMONTIKEMIYHOT Ji1 q0CTTi-
JUKYBaHUX EKCTPAKTiB 1 MpenapaTiB MOpiBHSIHHSA HaBe-
JICHO Ha puc. 2 Ta B Ta0I. 3.

PesynpraTi mocnipkeHHS TIOKa3alu, 1O BBEICHHS
nekcamerazony (KIT) BHKIMKae y IIypiB MiABHIICHHS
koHTpoto (IK) 6a3ansHOTO (1icis 12-roAMHAOTO roIo Y-
BaHHS ) pIBHS DIIIOKO3H 5K Ha 7-My (6,04 £ 0,21 MmMosb/1),
TaK 1 Ha 14-Ty noOy (6,43 + 0,17 MMOB/11) BiAHOCHO
BHXIJIHOTO PiBHSA, MO cTaHOBHB 4,59 + 0,13 MMOIB/.
PiBens rmoko3u y tBapuH IK Ha Bcix eTamax excrepu-
MEHTY 3aJIHIIaBCs O3 3MiH.

VY mrypiB, ski Ha (HOHI MiIUIKIPHOTO BBEICHHS JICK-
caMeTa3oHy orpumyBanu Bogauii pozumH CEC y mosi
250 Mr/kr mepopanbHO, piBeHb IITIKeMil 0 KiHIS eKcIie-
puMeHTy OyB Hrbkuuil Bim moka3uukiB KII sk Ha 7-my,
Tak i Ha 14-Ty n00y, 0 XapaKTepu3yBajJo MO3UTHUBHUIA
BIUIMB JTOCIIIXKYBAHOT CyOCTaHIIii Ha BYTJIEBOJHUI OOMIH
32 YMOB MOJICITIOBaHHSI MATOJIOTIYHOTO CTaHy, a came
MOPYIICHHST TOJIEPAHTHOCTI O IJIFOKO3W IIifl BILUTHBOM
XPOHIYHOTO BBEICHHSI BEJIMKUX JI03 IIFOKOKOPTUKOITHOTO
npenapary. Tak, Ha 7-My 100y eKCIICpHMEHTY Y TBapHH
i€l rpynu cepenHiii piBeHb mmikemii 3pic Ha 13,6 % Big-
HOCHO BHUXIZIHOTO 1 ctaHoBuB (5,26 = 0,22) MMOJbB/T,
o Ha 18,2 % Hwx4e, HDK JAWHAMIKA 3pOCTaHHS PiBHS
IJIFOKO3M KpoBi B rpymi mrypiB KII, e piBeHb IIIOKO3M
3pic Ha 31,8 % BimHOCHO BuXigHOro. Ha 14-ty moOy

eKCIICPIMEHTY CEepEIHE 3HA4YeHHS IIiKeMil y LIypiB, sIKi
orpumyBamu CEC Ha ¢oHI mexcameTra3oHOBOI IaToio-
rii, cranoBuB (6,13 + 0,13) MMOJB/T; 3pOCTaHHS PIBHA
TJTFOKO3M KPOBI BITHOCHO BUXIHOTO Y IIypiB L€l TPyIH
cranoBwio +32,4 % 1 Oysno Ha 7,7 % MEHIIUM MOPIBHSHO
13 mrypamu KI1 (y wiéd rpyri piBeHb ITFOKO3H HAPUKIHII
excriepuMenTy 3pic Ha 40,2 % MOpiBHAHO 3 BUXIJTHUM).

CEC nHa ¢doni matosorii HopiBHIHO 3 pedepeHTHUM
«ApdazeTHHOM» 3HIDKYBaB piBeHb Iikemii Ha 14,3 %
Ha 7-my o6y i Ha 7,0 % Ha 14-Ty moOy. 3pocraHHs
PIBHS TIIOKO3M KPOBi BIHOCHO BHUXiZHOTO 3HAYEHHS
y n1ypiB, sikum BBogmiin CEC, cranoBuio +32,4 %, 1o
Oyno Ha 11,3 % BumuM, HDX y TBAPHH, SKUM BBOAWIN
MET(HOPMIH.

Otxe, 3acTocyBanHs BonHOro pozuuny CEC crpu-
SJI0  JIOCTOBIPHOMY TIJABHIIECHHIO TOJEPAHTHOCTI [0
IIIOKO3HM B EKCIIEPHMEHTI Ha IIypax 3a MOJCNIIOBaHHS
XPOHIYHOT JIEKCAaMETa30HOBOT rinepriikemii.

Bucnosku. 1. IlpoBeneno pociigxkeHHs 3i BcTa-
HOBJIEHHSI e()eKTHBHOI rinorjiikeMiuHoi 1034 CyX0oro
eKCTPAKTY 3 JHCTKIB CTeBii B eKCIepHMMEHTI Ha
Iypax i3 «IIOKO3HUM HABAHTAKEHHSIM) i BCTAHOB-
JieHa epekTHBHA 1032 — 250 Mr/Kr, 110 0yJia BUKOpH-
CTAaHA I JOCTiKeHH rimornTikeMivHol AKTUBHOCTI
AOCJIIZKYBAHOTO eKCTPAKTY Ha MOJeJi ieKcaMeTaso-
HOBOI rinepriikemii.

2. BcTaHOBJIEHO, 10 3aCTOCYBAHHSl  CyXOIo
€KCTPAKTYy 3 JIMCTKIiB CTeBii, cipusie q1ocToBipHOMY
NMiIBUILECHHIO TOJEPAHTHOCTI N0 IVIIOKO3HM B €KC-
MEepPUMEHTI Ha Iypax 3a MOJIEJIOBAHHSA XPOHIYHOI
JAeKCaMeTa30HOBOI rimepriikemil, siki oTpUMyBaJIH
AOCTiKYBaHY CyOCTaHUi0, MOPiBHAHO i3 IIypamMu
KOHTPOJIbLHOI IaTOJIOTii.
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JOCJIIIKEHHS IIETIOJNAPHUX AHATOMIYHUX O3HAK
JYBA 3BUUAVHOI'O (QUERCUS ROBUR L.) 1 IYBA YEPBOHOT O (QUERCUS RUBRA L.)
TA IX 3HAYEHHS U1 MIKPOAIATHOCTUKHU CUPOBUHHU

Axmyansnicme. [locnioscenns nemionsproi anamomii Q. rubra ma Q. robur akmyanvhe 015 6CMAHOBIEHHS MINCEUOOBUX AHATNO-
MIUHUX 8IOMIHHOCIEN TUCTKIB, U020 PE3YIbMAMU MOHCYMb POSUWUPUMYU CREKMP OIAZHOCIMUYHUX O3HAK, WO MPAOUYILHO UKOPUCTHO-
8YIOMbCSL Y (PapMaKOZHOCUYHOMY AHANI3L O/IsL 6CMAHOGIEHHSL I0eHMUYHOCTI MA SIKOCTI CUPOGUHLUL.

Mema oocnioxncenns. Ilopisuamu oznaku nemionapuoi anamomii Q. rubra ma Q. robur, oyinumu ix oiaeHocmuuHy 3HAYYWICMb
i MOJHCIUBICIb 3ACMOCYS8AHHSA NIO YAC NPOBEOEHHA PaAPMAKOSHOCIUYHO20 AHANI3Y Pi3AHOT CUPOSUHI.

Mamepianu ma memoou oocnioxycennsn. 06 ekmamu 0ocriodncenus 6yau spasku nucmkie Q. rubra ma Q. robur, 3i0pani y éepecni
2023 poky na mepumopii Hayionanvnoeo 6omaniunoeo cady imeni M. M. Ipuwixa. Jlucmku 8iodupanu 3 3—5 0epes, nepesasicHo i3
coHsunoi cmoponu, Ha eucomi 2—2,5 m. Yepewku onst anamomiunux oocuiodcensv ixcysanu ma 3oepicanu y 70 %-my emuiosomy
cnupmi. 3pizu 6ynu docniodceri 3a donomozor mikpockona SUNNY XSM-20 6 500, cpomoepagposani yugposoro xameporo Sigeta
MCMOS 5100 5.1 MP i onpayvosani 3a donomozoio npoepamuozo 3adesneuenns ToupView v. 3.7.

Pesynomamu oocnioscennsn. Pesynomamu oocniosicenns anamomivnux 3pizie uepewxie Q. rubra ma Q. robur y oucmanwniii, meoi-
AnbHIU | NPOKCUMATBHIT YACTNUHAX NOKA3AIU 0IA2HOCTNUYHO 3HAYUME O3HAKU, SKI MOJICHA GUKOPUCIO8Y8amu 0/l i0eHmu@ixayii 6udis.
YV npoxcumanwhiii i oucmanvuiti yacmunax 3aearvHull nian 0yoosu uepewkie Q. rubra ma Q. robur uasueca Haudinbw NOJIOHUM,
a Hatikpawe 8U008L GIOMIHHOCMI NPOSGUNUCS 8 OY006i MedianbHol wacmunu. Yimki 6udo6i 8IOMIHHOCMI 6Y008U MeiaNbHOT YACMUHU
uepewxie Q. rubra ma Q. robur modcymo 6ymu guxopucmani K 0iaeHOCMUYHI O3HAKU NIO Y4AC NPOBEOeHHS (PAPMAKOSHOCMUYHO2O0
aHanizy 01 6CMAHOBIEHHA I0eHMUYHOCI PI3AHOI CUpOBUHU. 30 2ICMOXIMIUHUMU Pearyiaimu )y YyepewKax o0ox 8udie niomeeporceHo
HAABHICMb B0CKONOOIOHUX PeHOGUH, NICHIQIKOBAHUX MKAHUH, MAHIHIE | KPOXMATIO.

Bucnoeku. Iloxasano, wo ananiz o3nax nemionsapuoi anamomii 6uoie pody Quercus y papmakoeHOCMuuHux 00CAIONCEHHAX MOACe
cmamu 3pyYHUM IHCIPYMEHMOM 0I5l GUHAYEHHS MOMOICHOCMI 8U0i6 | cmandapmu3ayii 1iKapcokoi poCIuHHOT CUPOBUHU, a MAKOIIC
€ ingpopmamusnum 015 maxkconomii pody Quercus i 015 3 ACY8AHHA AHAMOMIYHUX A0anmayiti TUCmKIs.

Knrouogi cnosa: 0y6 uepsonuii, 0y6 3suyaiinuii, Quercus rubra, Quercus robur, uepewxu, nemioisipna aHamomis, anamomome-
MPUYHI NOKASHUKU, MIKPOOIAZHOCMUKA CUPOGUHUL.
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STUDY OF PETIOLARY ANATOMICAL FEATURES
OF COMMON OAK (QUERCUS ROBUR L.) AND RED OAK (QUERCUS RUBRA L.)
AND THEIR SIGNIFICANCE FOR MICRODIAGNOSTICS OF RAW MATERIALS

Actuality. The study of petiolar anatomy of Q. rubra and Q. robur is relevant for establishing interspecies anatomical differences
of leaves; its results can expand the range of diagnostic features traditionally used in pharmacognostic analysis when establishing the
identity and quality of raw materials.

The aim of the work was to compare the features of the petiolar anatomy of Q. rubra and Q. robur, to evaluate their diagnostic
significance and the possibility of application in the pharmacognostic analysis of cut raw materials.

Material and methods. The objects of the study were samples of leaves of Q. rubra and Q. robur collected in September 2023 on
the territory of the M.M. Gryshko National Botanical Garden of National Academy of Sciences of Ukraine. The leaves were collected
from 3-5 trees, mostly from the sunny side, at a height of 2—2.5 m. Petioles for anatomical studies were fixed and preserved in 70 %
alcohol. Cross sections were examined with a SUNNY XSM-20 6500 microscope, photographed with a Sigeta MCMOS 5100 5.1 MP
digital camera, and processed with ToupView v. software. 3.7.

Research results. The results of the study of the anatomical cross sections of the Q. rubra and Q. robur petioles in the distal, medial
and proximal parts showed diagnostically significant features that can be used for species identification. In the proximal and distal
parts, the general structure of Q. rubra and Q. robur the petioles appeared to be the most similar, and the species differences were
the best observed in the structure of the medial part. Clear species differences in the structure of the medial part of Q. rubra and Q.
robur petioles are able to be used as diagnostic features during a pharmacognostic analysis to determine the identity of the cut raw
material. According to histochemical reactions, the presence of wax-like substances, lignified tissues, tannins and starch was confirmed
in petioles of both species.

Conclusion. It is shown that the analysis of features of the petiolar anatomy of species of the genus Quercus in pharmacognostic
studies may become a convenient tool for determining the identity of species and standardization of medicinal plant raw materials, as
well as being informative for the taxonomy of the genus Quercus and for elucidating the anatomical adaptations of leaves.

Key words: red oak, common oak, Quercus rubra, Quercus robur, petioles, petiolar anatomy, anatomometric indicators,
microdiagnostics of raw materials.

Beryn. IlpupomHi CHOMyKM pPOCIMHHOTO MOXO-
JOKEHHS ¥ JIIKapChKi IpernapaTy Ha X OCHOBI 3aliMaroTh

and Gwozdzinski, 2018). Bimomo, 110 B KOMIIEKCHOMY
JTOCITIJDKEHHI JIIKAPCHKOT POCITMHHOT CHPOBHHU BaKJIH-

3HaYHE Miclle B cy4acHii MeauuuHi. [Tomryk i po3pobka
MpenapariB  pOCIUHHOTO TOXOKEHHSI, SKi CTHMYJIIO-
10Th (hi3ionoriuni QyHKLIi opraHizmy, € OTHUM i3 Ipi-
OPUTETHUX HampsMiB HaykoBHX nociimkenb (Lichota
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BUM €TaIllOM € BCTAHOBJIEHHS ii aHATOMO-MOP(OIOriv-
Ho1 OyzoBH. JliarHOCTUYHUMHU O3HAKAMH B CUCTEMATHII
MOKPUTOHACIHHUX € aHATOMiuHI 0COOIMBOCTI reHepa-
THBHUX 1 BEreTaTUBHUX OpraHiB pociuH (Stuessy et al.,
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2003; Zamani et al., 2008; Faghir et al., 2016). Y Tomy
YUCII 13 I[I€F0 METOK YacTO BHUKOPHCTOBYIOTH JaHi
OynoBu By3na Ta uepemnka juctka (Lee et al., 2010).

Pin JIyo (Quercus L.), ponuna Oykosi (Fagaceae),
HaJliaye B CBOEMY ckJali 61mu3bk0 500 BHIIIB, pO3TOBCIO-
mokenux B [TiBHiuHiM miBkyii (Russell et al., 2020). dy0
3BuuaitHuii (Quercus robur L.) — odinuHaNIEHUN BUA
poxy; iKapchKa pOCIHHHA CHPOBHHA — KOPa, AKiCTh SIKOT
periaMeHTyeThCsl BiamoBigHoo crarteo JDY «llyda
kopay» (State, 2014). IIpenaparu i3 kopu Quercus robur
HPOSBIAIOTH Pi3HOOIUHY (papMaKoIOTiuHy aKTUBHICTB!
MPOTU3aNaibHy, AHTHOKCHIAHTHY, B’SDKydy, CHa3MoO-
JITUYHY, AHTUMIKpOOHY, TiNOTEH3WBHY, OOyMOBJICHY
HASABHICTIO INHPOKOTO CIEKTPY OI10JOriYHO aKTHBHHUX
peuoBuH (BAP): GeHOTBHUX CIONYK, JIETKUX PEUOBHH,
CTEpUHIB, ali(haTHIYHUX CHHUPTIB, )KUPHUX KUCIIOT TOIIO
(Bursal and Boga, 2018; Bhatia et al., 2019; Likhanov
et al., 2019; Ferianac, et al., 2020; Burlacu et al., 2020).

Hy6 uepBonmii (Quercus rubra L.) — nexopatus-
HUH BHI, 3aBe3cHMM 10 €Bponwu 3 [TiBHIYHOT AMEPHKH
(Burkardt et al., 2022), € cTiikuM 10 XBOPOO Ta aKTUBHO
3aXOILTIOE HOBI TEpUTOPii. 3a JIiTepaTypHUMH BiJIOMO-
cTaAMH, cupoBuHa Quercus rubra (xopa, IIORH, JUCTS)
MICTUTh 42 ()EHOJIbHI CITONTYKH, K1 HAJIEXaTh JI0 PI3HUX
TPyl CHONYK, BKIIOYHO 3 €NaroTaHiHaMH, TaJoTaHi-
HaMU, (eHOTBHUMHU TITIKO3UAAMH, MOX1THUMHU T'1IPOKCH-
OCH30IHOI Ta KOPUYHOI KHCJIOT. 3a JaHUMHU KIIHIYHUX
1 (papMaKOJIOTTYHHX JTOCIIPKEHB, CIIOXKHBAHHS IIHX CITO-
JIYK MOXKE 3HM3UTH PU3UK CEPIIEBO-CYAMHHUX 1 3aalib-
HHUX 3aXBOPIOBaHb, PaKy, AiadeTy, MIKpOOHOT iH(peKIIii Ta
BikoBHX po3nafiB (Oracz et al., 2022; Konovalova et al.,
2023). Bigomo, mo ekctpakT kopu Quercus rubra npo-
SIBJISIE aHTUOKCUIaHTHI, aHTHOAKTepiaabHi BIACTUBOCTI,
1HTiI0y€e 0-TIIOKO3WIa3y Ta THPO3WHA3y 3aBISIKK HasB-
HOCTi 3HAYHOI KiJIbKICTi TyOMJIBHUX PEUOBHH Ta iHIINX
(DCHONBPHHUX CKIAJOBHX, SKi MICTATBCS B EKCTPaKTax
(Morales, 2021; Tanase et al., 2022).

Bunu Quercus XxapakTepu3yrOThCSI BUCOKUM PiBHEM
BHYTPILITHBOBHJOBOI ~ MIiHJIMBOCTI MOP(OMETPUIHUX
MapaMeTpiB JIUCTKIB, SKI MOXYTh iICTOTHO BiJPI3HATHCS
B PI3HUX OCOOMH y MeXax OfHi€el momyssmii abo HaBiTh
OIHOTO JepeBa i 3aliekarh BiJl CE30HHUX Ta OHTOTCHE-
tnyHuXx 3MiH (Jensen et al., 1993; Penas et al., 1994;
Bruschi et al., 2003; Gonzalez-Rodriguez and Oyama,
2005; Nikoli¢ et al., 2005). 3okpema, moka3zaHa Bapi-
a0eJIbHICTh MOP(OIOro-aHATOMIYHUX O3HaK OyIOBH
nmuctkiB Q. robur L. (Borazan and Babag, 2003; Nikoli¢
et al., 2005, 2006; Boratynski et al., 2008; Kryvoruchko
and Bessonova, 2018; Martins et al., 2022) ta Q. rubra
L. (Jensen et al., 1993; Ashton and Berlyn, 1994; Nagel
et al., 1998; Kryvoruchko and Bessonova, 2017, 2018)
B PI3HUX yMOBaxX 3pOCTaHHS (3BOJIOKEHOCTi, OCBIT-
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JICHHS, MTiABUIICHOrO Y®-BUNPOMIHIOBAHHS, BILIHBY
ypOOTEXHOTEHHUX YMOB).

Bucoka ¢eHOTHITIUHA TUIACTUYHICTE MOPHOMETPHY-
HUX TapaMeTpiB JMCTKIB Y BUIIB Quercus 3HWKYE iX
TakcoHOMiuHy miHHiCTh (Penas et al., 1994; Schicchi
et al., 2001; Rio et al., 2014) 1 nepeHanpasiise BEKTOP
MOUIYKY AiarHOCTUYHUX O3HAK B OCOOIMBOCTSX aHATO-
MI4HOT Oyz10BH. Y TakcoHOMil poay Quercus sIK JiarHOC-
THUYHI Oynu BUKOPUCTAHI Pi3HI aHAaTOMi4HI XapaKTepH-
CTHKH JIUCTKOBOI IUIACTHHKH, 30KpEMa IIPOAUXOBOTO
anapary (Ashton, Berlyn, 1994; Bussotti, Grossoni,
1997; Lou, Zhou, 2001; Panahi et al., 2012); oco6muu-
BOCTI BIIKJIa/ICHb €KY TUKYISpHUX BockiB (Luo, Zhou,
2001; Scareli-Santos et al., 2007; Panahi et al., 2012).
Hait6inpin ninanMu ans ineHTrdikamii He JTUIIe BUIIB
Ta TiOpUIiB, a ¥ MiapomiB, ceKiii Quercus BUSBUIUCS
0COOMBOCTI OMYIIICHHS JIUCTKIB, 30KpeMa MpeCTaBe-
HICTh TpuxoM neBHux TumiB (Hardin, 1979; Penas et al.,
1994; Uzunova et al., 1997, Fortini et al., 2009; Deng et
al., 2014).

Exonoriuni yMoOBH Micue3pocTaHb BIUTHBAIOTh
HacaMIepeln Ha XapaKTePUCTHKH JIHNCTKOBHX IUIACTH-
HOK, 1 camMe BOHH OOYMOBIIOIOTH OCHOBHI PHCH aHATO-
Mo-Mopororiunoi Oymoeu uepemikiB (Filartiga et al.,
2022). Yepelku JUCTKIB SK KIFOYOBI OpTaHHu, sKi 3a0e3-
MEYYOTh T1PaBIivYHI 3B’SI3KH MK CTEOJIOM 1 JIUCTKO-
BOIO IUTACTHHKOIO, XapaKTePHU3YIOThCSl BHYTPIIIHBO- T
MIXKBHIOBUM PI3HOMAHITTAM pO3MIpHUX, MOpdooriy-
HHUX T4 aHAaTOMIYHUX XapaKTEPUCTHK, sKi nepeOyBaroTh
y B3a€MO3B’S3KY 3 aHATOMO-MOP(OIOTIYHOK OyJ0BOIO
JIMCTKOBOI IIACTHHKH, sIKa, 31 CBOTO OOKY, € IIPOSIBOM
MPUCTOCYBAHHS 0 KOHKPETHHX YMOB MiCI[€3POCTAaHHS,
MepeIyciM 10 TEMIIEPATyPHOTO PEIKUMY Ta BOJIOro3abes-
neuenHs (Niinemets, Fleck, 2002; Poorter, Rozendaal,
2008; Fortini et al., 2015; Klepsch et al., 2016; Brocious,
Hacke, 2016; Louf et al., 2018; Filartiga et al., 2022).
He3Bakaroun Ha BapiaTUBHICTB 1 BUCOKY IIACTHYHICTh
O3HAK METIONSIPHOI aHATOMIl HaBITh y MEXKaxX OJHOTO
TaKCOHA, TaKi O3HAKH YEPEIIKa, IK KOHTYP MOMEPEUHOro
3pi3y, XapaKTEPUCTHKH CIiJepPMH, KOJECHXIMH, HasB-
HICTh KJIITHHHUX BKJIFOYEHb 1 OCOOMMBO KUIBKICTH Ta
pO3TallyBaHHS CYIUHHHUX IYYKiB MOXYTh BHKOPHCTO-
BYBATUCS SIK TAKCOHOMIYHO 3HAYYII JJIsI BH3HAYCHHS
okpemux curemarmunux rpyn (Kocsis, Borhidi, 2003;
Noraini et al., 2016; Talip et al., 2017; Ganem et al.,
2019; Palacios-Rios et al., 2019; Anu ad Dan, 2020;
Karaismailoglu, 2020).

JliteparypHi jxepena, y SIKUX aHaNi3yIOThCs TiCTO-
JIOT14Hi 3pi3U JUCTKIB Pi3HUX BUAIB Quercus, IUIs IiIeH
cUCTeMaTHKH ayxe oomexeHi (Rio et al., 2014; Shahbaz
et al., 2015; Hiirkul, Yayla, 2021). docnimkeHHs neTi-
onsapHOi aHatomii Q. rubra ta Q. robur akTyaibHe IS
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BCTAHOBJIEHHS MDKBHIOBMX aHATOMIYHHMX BIIMIHHOCTEH
JUCTKIB; HOTO pPe3ylabTaTd MOXYTh PO3IIUPUTH CIIEKTP
JiarHOCTHMYHMX O3HAK, M0 TPAJHLIHHO BUKOPUCTOBY-
I0ThCA Yy (papMaKOTHOCTHYHOMY aHaji3l IUIS BCTAHOB-
JIEHHSI iIEHTUYHOCTI Ta SKOCTi CHPOBUHH.

MeTta gocig:KeHHsI — OPIBHSAHHS 03HAK METIONAP-
Hoi aHaroMii Q. rubra ta Q. robur, o1iHKa iX JiarHoc-
THYHOT IIHHOCTI W MOXKIIMBOCTEH 3aCTOCYBaHHS IIij
4ac TpoBeJieHHs (PapMaKOrHOCTHYHOTO aHaNi3y pi3aHoi
CHPOBUHH.

Marepiaau Ta MeTOAU J0CHiIKeHHs1. 3pa3KH JIUCT-
kiB Q. rubra ta Q. robur 310paHo y BepecHi 2023 poky
Ha TepuTopii HarioHanpHOTO OGOTaHIYHOTO cajy iMeHi
M. M. I'punika. JIjisg 1ociiiKeHHs: aHATOMIYHOT OyTOBH
YEpelIKiB Il KOKHOTO BUIY BHIAAKOBO BiIOMpanu mo
5-10 3pinmmx, cepemHbOCTATUCTUYHUX JUCTKIB, HOP-
MaJIbHO PO3BUHEHHUX 1 HEYIIKOMKEeHHUX. JIMCTKH BiOH-
pamu 3 3—5 nepeB, MEePEeBaKHO i3 COHSIYHOI CTOPOHH, Ha
BUCOTI 2—2,5 M. Uepeniku 1j1sl aHATOMIYHHX JIOCITIIKESHb
¢ixcyBamu ta 30epiramu y 70 %-My €THIOBOMY CIIHPTI.

[omepeuni 3pi3n yYepemKkiB BUTOTOBISUIA 3a JOIO-
Mororo OpuTBH Bin pyku. Ilin vac ¢apOyBaHHS 3pi3u
YepelKiB BUTpUMyBanu Brponosx 1 xBwimaH B 0,1 %
(Mac./00.) BomHOMY po3uuHi cadpaHiHy, MOTIM MTPOMHU-
B 70 %-M eraHONOM, 3 HAcTyImHHM (apOyBaHHIM
1 % (Mac./06.) BogHUM po3zunHOM Astra Blue BrpomoBxk
10 XBWIMH 1 TPOMHBaHHSIM IHCIMIBOBAHOIO BOIOIO
(Kraus et al., 1998).

3pi3n mOCHiKyBalmu 3a JIOTIOMOTOI0 MIKpOCKOIa
SUNNY XSM-20 6 500, cdororpadonani mudpo-
BOrO Kamepor Sigeta MCMOS 5100 5.1 MP i ompa-
OBOBaHI 3a JOMOMOTOI0 MPOTPaMHOTO 3a0e3IeueHHs
ToupView v. 3.7.

[lin wac nocmiKeHHS aHATOMIYHOI OYTOBH dYepe-
MIKiB aHaNi3yBaJlM TEOMETPIF0 TMOMEPEYHOro 3pizy,
O3HAaKH emijiepMu (PO3MIpH KJIITHH, TOBIIUHY 30BHIIII-
HBOI KJIITHHHOI CTIHKH Pa30M i3 KyTHKYJIO0); HasiBHICTb
TPHUXOM; CTYIIiHb PO3BUTKY KOJICHXIMH; TOBIIHHY MeXa-
HiYHOI OOKJIAIKH, TiaMeTp BOJOKOH i TOBIIMHY IXHIX
KIIITHHHUX CTiHOK; XapaKTep PO3TallyBaHHS CYTUHHUX
NyYKiB 1 HasBHICTh MIKIYYKOBHX AIISTHOK; TOBIIUHY
(toemMHu 1 KCHIIEMH, Y OCTaHHBOI JiaMeTp CYIUH 1 HasB-
HICTh BOJIOKOH; OCOOJIMBOCTI PO3MOLTY KPUCTATIYHUX
BKJIIOUCHD y TKAaHHHAX, TXHIH po3mMip Ta hopmy.

KinpkicHi aHAaTOMI4HI BUMIpIOBAaHHS AJIST KO)KHOTO
BUAY NPOBOAMIIM 32 JIOTIOMOTOIO IIPOTPaMHOTO 3a0e3Ie-
4yeHHs Image J. Bubipka 11 aHaTOMOMETPUYHUX BUMI-
proBaHb craHoBwiIa He MeHie 25—100 3HadeHb; po3pa-
XOBYBaJM cepenHe apupmernune (M) Ta craHzapTHe
BigxwieHHs (£SD).

BukopucToByBasM 3aranbHONPUAHATI TiCTOXIMIUHI
peartii Ui BUSBJICHHS: TINODIIBHUX CIIONYK — i3 cyna-
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HoM III; deHONMBHUX crionmyk — i3 xyopuaom 3amiza (I1I)
2 %; 3mepeB’siHUIUX CTPYKTYp — 3 1 %-M CHOHPTOBHM
PO3YMHOM (IOPOTIIONMHA 3 TMONATBIIOK 0OpPOOKOIO
kxoHIl. HCI; kpoxmanto — 3 po3unHoM Jlrorons (Kovalov
etal., 2014).

Pe3yabTraTn aociigxeHHsi Ta ix oOroBOpeHHs.
CraTucTu4Hy OLIHKY O3HaK aHaTOMi4HOi Oy0BH uepe-
mikiB Q. robur ta Q. rubra HaBeneHo B Ta0M. 1.

Y nomnepeyHOMy 3pi3i NpOKCHMaibHa YacTHHA
(ocHoBa) yepemka (. robur 3 abakciaJbHOrO OOKY
B 00puci Oumpmi-meHm okpymia (puc. 1@ A.l),
y Q. rubra — Bupazno U-mogibHa (puc. 1: B.1); 3 agax-
ciasibHOTO OOKY KOHTYp 4epenika Q. robur Maiixe 1mioc-
Kuit a00 3 HENIMOOKOIO BHIMKOIO, y Q. rubra — 3 Bupas-
HOIO BUIMKOIO.

YV 000X BUIIB UepenIky B 0a3aabHIN 4acTHHI B TaH-
TeHTAJIFHOMY HampsIMKy (3a IIMPHHOIO) 3a po3Mipamu
noxioui (Q. robur — 2952,51 + 357 6; Q. rubra —
2856,14 + 374,55), npote B AOP30BEHTpAILHOMY (32
BHCOTO0) BOHU Outhii y Q. rubra (2214,03 + 328,38),
HIK y Q. robur (1878,30 + 236,5).

MenianbHa (cepenHs) dacTuHa uepemika Q. robur
y HOIEpPeYyHOMY po3pi3i cTae OiNBII OKPYINIOI, MPOTE
3aNUIIAETBCS  CTUCHYTOIO B JIOP30BEHTPaIbHOMY
HaNpsIMKY; B aJlaKCiaJIbHIA YaCTHHI KOHTYp Y YEepEIKiB
Q. robur onyxiuii ab0 MPSIMHIA, TAKOX IIOMITHAMH CTa-
I0Th MapHi pedpa y BUINISAAI HEBETUKUX OKPYIIO-TPH-
KyTHHX O19HUX BUCTYMIB (puc. 1: A.2). [Tonepeuni 3pizu
yepemikiB (. rubra B MemianbHiIM yacTuHI B 00Opwuci
okpyrii, 6e3 pedep (puc. 1: B.2). Cepenni posmipu
(BxII) momepedHux 3pi3iB UEpeIIKiB y MeiajbHil
gacTHHI aenio outeim y Q. rubra (1392,07 £ 155,61 %
x 1281,17 + 115.28), nixk y Q. robur (1143,02 + 195,39 x
x 1238,28 + 148,87).

JucranpHa (BepxHs) yacTuHA yepemika Q. robur 3a
(hopMOro CXOXKa Ha MeJTiaJIbHY, TIPOTE MEHIIIMX PO3MIpIB;
y Q. rubra ii KOHTYp BHpa3HO OMYKJIHMHA 3 abakcialb-
HoOro OOKy Ta Maibke MpsIMAH 3 agaKcialbHOTO, PO3BH-
HeHi 6iuni pebpa. Cepenni po3mipu (B x I1I) moneped-
HOTO 3pi3y 4Yepenika y BepXHild YacTHHI AENo OuIbIi
y Q. rubra (1252.4+86.42 x 1271.10 + 134.3), Hix
y Q. robur (912,50 £ 144,6 x 1147,70 + 275,1); B 060X
BUIB MIMPHHA N0 OiIbIIa 32 BUCOTY.

Enigepma yeperikie 060X BHIIB OMHOIIAPOBA, CKJIa-
JaeTbes 3 Kyoiunux (y Q. robur) abo KyOi4HO-OBaIEHUX
(Q. rubra) xnitus (puc. 2: B.1,2,5), po3MipH SKUX CyTT-
TEBO HE BIAPI3HAIOTHCA B PI3HUX YaCTHHAX UYEPEINKA.
[llupuHa emimepManbHUX KIITHH Outblia y Q. rubra
(13,39 + 4,94 — 15,09 £ 5,03), Bucora 6inbima y Q. robur
(8,42+1,78 — 11,98+2,05), map Ky THKYJIA TAKOX O1JIbIIIe
po3Bunenuit y Q. robur (8,25 + 1,19 -10,52 + 2,13).
Ha gepemrkax 000X BHIIB MEPEBAXHO 3 aIaKCiaJIbHOTO
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AHaToMoMeTpuYHi mapameTrpu yepemikiB Quercus robur Ta Quercus rubra

Ta6muis 1

Berl—lﬂ YacTHHA YepelKa

Cepez]lm YacTHHA YepeuKa

HuxkHs yacTHHA Yyepeuka

IMapameTrpu
Q. robur Q. rubra Q. robur Q. rubra Q. robur Q. rubra
) BHCOTA. M 912,50 + 144,6 | 1252,4 + 86,42 | 1143,02 + 195,39 | 1392,07 = 155,61 | 1878,30 + 236,5 | 2214,03 + 328,38
Hiamerp s 663,51-1780,8 | 1090,4-1364,5 | 874,72-2187,93 | 1056,21-1855,3 | 975,88-2527,2 | 1598,97-2626,6
MOTIePEeYHNX

3pisis —— 1147,70 £ 275,1 [ 1271,10 £ 134,3 | 1238,28 + 148,87 | 1281,17 + 115,28 | 2952,51 + 357,6 | 2856,14 + 374,55
PHHE, 1 765,03-1780,3 | 1088,9-1550,2 | 713,82-1898,15 | 997,89-1757,70 | 1612,6-3785,6 | 1947,32-3387,1

HmprHa, m 10,97 + 3,56 14,10 + 3,40 11,08 £2,18 14,68 + 3,80 11,83 £2,42 15,09 + 5,03

Kotituan ? 4,21-17,40 8,85-19,91 8,57-19,05 8,52-23,74 5,52-18,69 5,91-25,43

ertizepmu BHCOTa Oe3 10,57 £ 1,44 7,86 0,89 10,88 £ 1,58 8,63+ 1,97 11,98 £ 2,05 9,72 +£2,32

KyTHKYJIH, m 7,94-14,66 6,78-9,49 8,48-14,34 5,92-13,27 8,89-15,31 5,23-14,93

ToBIMHA 30BHIMIHLOT KIIITHHHOT 8,35+ 1,87 7,15+1,40 8,52 +2,04 7,85+1,78 10,52 +2,13 7,87 +£1,39

CTIiHKH €IiIePMH 3 KyTHKYJIOIO, m 4,84-12,25 3,98-10,72 4,62-11,62 4,05-10,97 6,95-16,55 5,48-11,00

3 a/1aKCialIbHOTO

ToBuuHa mapy GOKy

163,65 + 31,54
100,45-217,43

157,68 £ 19,37
97,91-219,93

174,20 £ 51,15
106,89-310,97

173,97 £ 39,37
88,87-278,74

238,45+ 72,84
141,15-437,89

347,28 £116,92
182,94-605,54

TIEPBUHHOI KOPH,

pm 3 abaxcianbHOro

181,12 + 52,69

198,50 + 30,31

198,21 £ 76,73

204,47 + 40,40

456,70 = 169,00

650,52 + 97,31

60Ky 152,7-300,81 | 119,62-309,66 | 172,64-341,98 114,73-313,02 | 261,34-929,96 | 484,10-807,33
3 ajakcianpHoro | 81,94 + 19,65 70,22 + 13,01 100,51 + 31,89 74,23 + 19,68 119,00 + 38,68 | 191,58 + 51,83
TosumHa mwapy 00Ky 47,72-128,72 41,58-96,16 81,28-178,73 46,01-113,96 65,07-180,39 90,29-297,63
KOJICHXIMH KODH,
pm 3 abakcianpHoro | 59,17 £ 10,16 | 48,36+ 12,32 97,90 + 19,92 50,07 + 10,56 101,00 £ 28,16 | 179,58 £+ 60,66
6oky 46,05-85,38 30,58-77,04 72,47-170,80 31,05-79,50 68,73-166,14 88,09-292,49
ToBIIMHA CTIHOK KJIITHH 2,90 + 0,38 2,53 +0,87 3,5+0,42 3,06 0,74 3,11 +£1,52 2,59 + 1,20
KOJICHXIMH, [tm 1,88-6,84 1,93-6,16 2,16-6,48 1,61-4,26 1,51-8,74 1,88-7,81
3 ajakcianpHoro | 10,47 £ 1,82 9,12+ 1,80 20,95 + 7,47 13,94 + 2,90 10,31 +£2,36 13,03 £ 2,65
TliameTp KriTHHE 60Ky 3,02-14,11 3,27-13,96 9,80-37,17 9,29-20,63 5,33-18,38 7,13-18,83
KONICHXIMH, UM | 5 362y cianbroro 16,62 + 4,08 13,15+ 3,11 26,82 + 7,09 22,53 + 5,00 18,94 + 4,53 19,17+ 5,13
oKy 8,68-24,32 7,19-22,37 13,47-45,16 12,81-32,88 8,29-29,01 7,06-31,46
3 ajakcianpHoro | 14,21 £2.24 15,23 £4,54 16,27 +2,17 16,28 + 3,54 22,36 + 14,13 11,30-2,47
Tliametp KriTHH GoKy 7,67-15,63 8,07-25,40 6,18-18,57 7,32-29,47 6,21-64,43 7,22-19,93
MApeHXIMH, M | 3 560 cianbrOr0 25,88 +£5,16 30,18 £9,20 30,95-9,53 31,51 +9,40 34,92 + 10,96 41,66 £ 11,07
Ooxy 14,53-48,01 17,50-61,52 12,83-61,69 10,44-65,48 17,72-64,43 17-73,71
ToBIIMHA CKICPEHXIMHOT 48,73 £ 11,37 79,84 + 16,99 56,52 23,11 98,97 + 19,94 131,61 £38,22 | 133,00 +32,15
OOKIaaKu, pm 30,45-56,23 48,41-115,44 32,39-112,97 39,30-122,03 47,23-202,97 78,50-219,35
JliameTp ckiIepeHXIMHUX BOJIOKOH, 14,71 £ 4,40 1522 +£5,43 16,80 + 5,23 16,50 + 7,60 18,38 £ 5,15 19,31 +£ 5,52
pm 3,56-35,28 3,94-36,62 7,13-36,90 3,70-38,97 7,06-38,70 8,64-39,91
ToBIIMHA CTIHOK KJIITHH 291 +1,47 2,97+0,82 3,57+0,57 3,58+£0,79 4,12+ 1,17 4,87+0,78
CKJIEPEHXIMHOI OOKIIa KK, pm 1,05-5,99 0,98-6,63 1,71-5,74 1,84-6,55 2,01-8,66 2,30-7,45
Tosumsa o, um 61,05 + 20,35 60,75 + 8,92 61,96 + 14,71 60,07 + 19,42 64,31 + 19,04 63,20+ 17,35
Hl s 33,21-112,93 26,39-69,09 30,46-91,40 24,56-107,86 35,04-100,38 23,00-105,23
ToBLIHA KCHIeMAL. LM 110,38 £ 16,69 | 125,26 +30,77 | 124,38 +£28,02 126,09 £30,24 | 144,85+£51,83 | 181,29 +45,31
IlI s 62,04-175,86 63,23-219,57 71,11-201,42 75,21-205,15 85,69-262,03 94,21-276,92
Jliaserp ey, m 23,28 £5,38 29,53 £ 9,66 24,55 +£ 6,58 31,72+ 7,61 23,97 £ 6,34 24,89 £ 5,08
P cyaui, | 11,07-35,11 12,94-50,58 7,54-36,22 17,55-56,23 11,10-32,64 13,22-36,54
JliameTp napeHxXiMHUX KIITHH 16,02 + 6,46 19,44 £ 5,27 17,27 + 6,44 20,12 +7,79 22,88 +9,25 23,06 £ 4,94
CEepLEBUHH, (M 5,42-33,07 8,38-30,27 5,10-45,89 8,79-46,78 9,05-55,66 10,64-57,96
JliameTp kpHcTaiB y HapeHXiMu 21,08 + 4,44 23,38 + 5,84 26,48 +7,97 28,58 + 8,11 25,70 = 4,03 27,42 +5,17
MEPBUHHOI KOPH, m 12,88-30,75 10,98-39,23 9,49-45,94 10,11-46,63 17,55-35,32 18,73-39,453
JliameTp KpucTasiB y CepLEBHHI, 17,75 £ 5,96 15,94 + 4,39 15,33 + 3,24 17,28 £4,14 19,44 + 5,27 25,37 £ 5,64
pm 8,68-30,00 6,33-25,89 10,38-27,37 7,77-36,83 10,74-39,85 13,86—40,18
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Puc. 1. Illonepeunuii po3pi3 yepemka A. — Quercus robur, B. — Quercus rubra:

1 — mpokcumanbHa; 2 — MeJiianbHa; 3 — IUCTalbHA YaCTHUHHU.
I — dapOysanns cadpaninom/Astra Blue, II — dpapOysanus dropormormaon/HCI.

Ad — anakcianbpHuii 0ik, Ab — abakciansHuii GiK.

Ep — enigepma, Co — konenxima, Pa — mapenxima, Fi — oOkiaznka BojokoH ckiepenximu, Ph — doema, X — keunema, Cr — kpucrain

OKCaJIaTy KaJbIilo.
KoHTyp depeika Ha ONepeyHOMY po3pi3i (4epBOHA JiHis).
[epBunHa npoBinHa TkaHuHa (Oina miHisn): AD — anakcianbHuii 61ok; AB — abakcianbpHuiA O10K.

Bropunna nposinHa TkaHuHa (k0BTa JiHIsA): CB — neHTpansHuii OJI0K.

63 mm
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Puc. 2. Anaromiuna OynoBa yepelika JUCTKA B MeliaabHil yactuni A. — Quercus robur, B. — Quercus rubra:

1 — mepBHHHA Kopa; 2 — NepBUHHA IIPOBiJHA TKaHWHA (abakcialbHUI OJIOK); 3 — BOJIOKHA CKJIEPEHXIMH; 4 — IIepBUHHA MPOBIiTHA
TKaHMHA (alaKciaJbHUI OJI0K) 1 BTOPHHHA NIPOBiIHA TKaHUHA (LIEHTPATBHIH OJI0K); 5 — MoMapaH4eBO-4epBOHE 3a0apBICHHS Ky THKYIH
B peaxiiii i3 cyzanoM I1I; 6 — TemHO-crHe 3abapBiIeHH aMiOIIacTiB y peakiiii 3 pozunnom Jltorosns; 7 cynanowm I11 — qopHe 3abapBieHHs
(heHOIBHUX CIOJYK ITapeHXIMHU KCHIeMH Ta (iioeMH B peakiii 3 pepym xsopugom (111).

Sc — cknepeinn; mX — MeTakcuiema; pX — npotokcmiema; Pc — mpokam6iif; Am — amisoriacr.

THom mignvcu Taki cami, sik Ha puc. 1.
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00Ky y BepxHiil moBepxHeBili OOpoO3eHIl crmocTepira-
FOTHCS OJMHOYHI Ta ITyYKOBI TPHXOMH.

[lix emigepmoio € mepBHHHA KOpa, TOBIIMHA SKOI
y JMCTajbHIH YacTHHI Yepemka 000X BHIIB JEIIo
3MEHIIYEThCS TMOPIBHSHO 3 MEAIadbHOI0 Ta IPOKCH-
MaJIFHOIO, TIPOTE 3ANUIIAETHECS OULTBIIE PO3BHHEHOIO
3 abakcianmpHOTO OOKY (puc. 1: A.1-3, B.1-3). ¥V meni-
QNbHIN 1 JUCTANBHIN YacTHHAX Yepelika Iap MepBHH-
HOI KOpH 3 aJakCiaJibHOTO0 OOKy Oinble pO3BHHEHHH
y Q. robur; 3 abakciaJlbHOTO OOKY BiH MaiKe OJJHAKOBHI
B 000X BuaiB. [IpokcumanbHumii 3pi3 uepemka Q. rubra
Mae OUTBIIMIA JiaMeTp 1 BIAMOBIAHO OUITBINY TOBIIHUHY
KOpH, 0COONMBO 3 abakciaabHOTO 00Ky (650,52 + 97,31)
(y Q. robur — 456,70 + 169,00).

30BHIIIHIN map KOPH MPEACTABICHUH KOJICHXIMOIO
MEPEeBAKHO 3 OKPYIIIMMH, OKPYIJIO-OBaJIbHAMH YH KBa-
npatauMu kmitnHamu (puc. 2: B.1). Konenxima moxe
MicTUTH BiZ 5 10 12 psniB kinituH y Q. rubra Ta Bin 4 no
10 paniB y Q. robur; HaitbiIbIIOT TOBITMHYU B 000X BUIIB
BOHA JIOCATAE B peOpax Ta 3 aakciaJbHOro OOKy. Y 000X
BUJIIB PO3MIpH KIIITHH KOJEHXIMH B 4epemrkax OulbImi
3 abakciabHOTO OOKY.

Y wMenianbHId 1 JUCTaNbpHIM YacTHHAX YePEIKiB
Q. robur, 0coOIUBO 3 aJaKCiaIbHOTO OOKY, TOBIIHMHA
mapy KOJIEHXIMH, pO3MipH KJIITHH i TOBIMHA IXHIX 000-
JIOHOK Ounblmi, HiX y Q. rubra (puc. 1: A.2,3, B. 2,3);
y NPOKCHMAJIBHIM YacTHHI OUIBII PO3BHHEHY KOJICH-
XiMy MaroTh yepeniku Q. rubra (puc. 1: A.1, B.1), mo,
HMOBiIpHO, MOB’S3aHO 3 iXHIM OUTBIIMMM JHHIHHUMH
po3mipamu.

3amacaroua MapeHxiMa MEPBUHHOI KOPH PO3TAIO-
BaHa MiXX KOJICHXIMOIO Ta MEXaHIYHOIO 00KJIa KOO MPO-
BigHOI cuctemu (puc. 1: A.1-3, B.1-3; puc. 2: A.1, B.1).
KinbkicTh 11apiB KJIITHH NapeHXIMUA KOPH 3MEHIITYEThCSI
B 000X BUIB y JUCTaNBHIH (3 anakcianbsHoro Q. rubra —
810,y Q. robur — 12—15; 3 abakcianwHoro y Q. rubra —
9-14, y Q. robur — 7-10) 4acTHHI YepeUIKiB TOPIBHIHO
3 MPOKCIMAJIBHOO (3 amakciaabHoro Q. rubra — 20-25,
y Q. robur — 13-20; 3 abakcianpaoro y Q. rubra— 23-30,
y Q. robur — 15-20). B 000X BHIIB KiJIbKICTh IIapiB
napeHxiMu Kopu Oinblna 3 abakcianmpHoro Ooky. Haii-
O1UTBIIY KUTBKICTD IIAPiB MApEeHXiMa KOPU Ma€ B IPOKCH-
ManbHIM yacTuHI uepemikiB Q. rubra. Y MenianbHUX
1 AMCTaJbHUX YACTHHAX 3 aJIaKCiabHOTO OOKY OibIie
mapiB KITHH napenxivu y Q. robur, 3 abakciaapHOTO —
y Q. rubra.

VY yepemkax 000X BHAIB KIITHHHM MAPSHXIMU TIEp-
BUHHOI KOpU 3MCHIIYIOTBCS BiJl OCHOBH JO BEpXiBKH
HECYTTEBO 1 MalOTh MEHIII PO3MIpH 3 aJaKCiaJbHOTO
0oky; v Q. rubra B MeIialbHOMY Ta AMCTaJIBHOMY 3pi-
3ax po3Mipu MapeHXIMHUX KJIITHH, 0cOONMHMBO 3 abakci-
aNBHOTO OOKY, BUSIBWIIMCS OUThIIMMHU, HIK Yy Q. robur;
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y IPOKCUMAJIBHUX 3pi3ax uepemkiB Q. rubra 3 anakciib-
HOOTO OOKY KJIITHHHU MapeHXIMU HaWapiOHiIII.

Knituer mapeHXiMH TIEPBHHHOI KOPH  OKpYT-
701, OBaJbHOI ab0 HeNpaBWILHOI (HOpMHU, HAHOUIBIII
3 HuX (41,66 = 11,07 —y Q. rubra ta 34,92 = 10,96 —
y Q. robur) 30cepe/keHi B OCHOBI YepelKiB 3 abakci-
aJBHOTO OOKY, MOOIN3Y OOKJIAIKH MEXaHIYHOT TKAHUHH
(puc. 2: A.1, B.1).

VY nepBuHHIN Kopi Q. robur B yciX 4acTHHaX depe-
KA, OCOONMBO Yy MPOKCHMAIBHOMY Ta MEIiallbHOMY,
BigMiveHi ckiepeinu (puc. 2: A.1).

VY TKaHWHAX NEPBHHHOI KOPH Bi3yalli3yIOTHCS PO3Ci-
SHI Jpy3W Ta piAlie NPU3MaTHIHI KPUCTAIH OKCaJlaTy
KaJbIlif0, HAKOIIBIIOT KOHIEHTpAIl BOHH JOCATAOTh
y BHYTPIIIHIX Iapax KOpH, CTBOPIOIOYN KPUCTAIOHOCHY
00KITaKy HaBKOJIO KUTBII MEXaHIYHUX TKaHUH, IO OTO-
qye cyauHHY cuctemy (puc. 2: A.1, B.1). B 060x Bunis
KPHUCTAIM 3YCTPIHAIOThCS B YCIX YacTHHA 4Yepelka,
MpoTe HaWOUIbIIa iX KIIBKICTh 30Cepe/keHa B HOTO
OCHOBi. Y TOIEpeYHNX po3pi3ax UYEepelIKiB KpHCTa-
JYHI BKJIFOYCHHS B OUTBIINA KUTBKOCTI JIOKQTI3YIOThCS
B a0aKCHaNbHIH KOPi, TYT BOHU AOCATAIOTh HAHOIIBIINX
poamipiB. [TapenxiMHi TKaHHHU YepemkiB Q. rubra Bif-
PI3HSAIOTBCS OUTBINO HACHYCHICTIO KPUCTATIYHUMHM
BKJIIOYCHHSMH Ta IXHIMH OIIBIINMH PO3MipaMH, 0co0-
JUBO B MeJialibHIA vacTuHi uepemkiB (y Q. rubra —
28,58 £ 8,11; y Q. robur — 26,48 = 7,97).

Y OyaoBi NPOBIMHOT CHUCTEMH BHUIUIAIOTHCS TPH
OnoKH. AnakciaabHUM 1 abakciayibHUM OJIOKHA CKjaa-
IOTbCS 3 TEPBHHHUX IPOBIIHUX TKAHWH;, LEHTPAb-
HUH — 13 BropuHHEX (puc. 1: A.1-3, B.1-3; puc. 2: A4,
B.4). IIpoBinHa cucTeMa BiJiIiIeHa Bl MApEHXIMU KOPH
0OKITaIKOF0 MEXaHIYHHUX TKaHUH (puc. 2: B.2).

[lyuku B ajakcialbHOMY OJIOI PO3MIllEHI JiHIIHO,
Y3I0BXK alaKciajbHOT MOBEPXHI YEpPEIIKa; CKIaIat0ThCs
i3 mapiB ¢uoemMu (MPUMHKAE A0 KBS CKICPEHXIMH),
yCepearHi po3TalloBaHuid TPOoKaMOiid, 1aji — IepBUHHA
KCHJIeMa, sIKa Mae JuQepeHiioBaHy METaKCHIEMy Ta
npoTokcunemy (puc. 2: A.4, B.4). Lienrpanbuuii (puc. 2:
A.4, B.4) ta aGakcianpauii (puc. 2: A.2, B.2) Gnoku
NPOBIMHMUX TKAHWH CKJIAJAIOTBCS 3 MPOTOKCUIIEMH,
nudepeHIiioBaHol MeTaKCHUIIeMH, KaMOiaabHUX / Mpo-
KaMOianbHUX KITHH 1 (uoemu. AbakcianpHui 010K
MPOBITHUX TKAHWH JIYTOMOJAIOHO BHUTHYTHH 1 Bimijie-
HUH BiJl IICHTPAJILHOTO 5—8 IapaMu 3amacarodoi napeH-
XIMH 3 KPUCTAIIYHUMH BKJTFOYCHHAMHU. MiX anakcialib-
HHUM 1 IICHTPaJIbHUM OJIOKaMH NPOBiAHUX TKaHUH y Q.
rubra posramoaHi 3—5 mapu 3amacaruoi TapeHXIMH;
y Q. robur XcuiieMu UEHTPAIBHOTO ¥ aJaKCiaTbHOTO
OJIOKIB KOHTAKTYIOTh (puc. 2: A.4, B.4).

Bynosa mpoBianoi cucremu uepemka Q. rubra Ta
Q. robur BiIpI3HAETBCA B 3pi3aX MPOKCHMAILHOI,
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MeniajdbHOI Ta AucTanbHOi wactuH (puc. 1: A.1-3,
B.1-3). OnHi€ro 3 BIAMIHHUX PHUC MOMEPEUHOTO 3pi3y
OCHOBM 4YepelIKa € BiJCYTHICTh LEHTPAIBHOTO OJIOKY
BTOPHUHHUX CYIWHHUX MydKiB y Q. robur (puc. 1: A.1).
Takox y 0a3ambHMX YacCTHHAX YepemkiB 000X BHUIIB
MIEPBUHHI CYJMHHI MyYKH B aJTAKCIaIbHOMY Ta 0COOJIMBO
B abakciasbHOMY ONOKax HE 3JMBAIOTHCS, a BiIOKpEM-
JIeHI JUISHKaMU TapeHxiMHoi TkaHwHM (pHc. 1: A.l,
B.1). LlenTpanbHuii 010K BTOPHHHUX CYIMHHUX ITy4KiB
y Q. rubra B 3pi3ax OCHOBH YepeIIKa CKIAIAETHCS Tepe-
B&KHO 3 TPHOX BiTOKPEMIICHHUX ITyUKiB, y IKUX KCHJIEMa
OpieHTOBaHA 10 KOPH, a (prioeMa — 10 ceprieBuHH (puc. 1:
B.1). AnaromiuHi 3pi3u OCcHOB uepemikiB Q. rubra Ta
Q. robur no0pe BIAPI3HAIOTHCS 32 KIJBKICTIO CYIAHMH-
HUX IIy4KiB, SIKuX Oinbme y Q. rubra (B agakcialbHOMY
i abakciampHOMY Onokax o 10—-13); y Q. robur — B 060X
61okax mo 6—8 myukiB. CynuHHI IMy4kHu abaKciaJbHOTO
070Ky 000X BHJIIB MalOTh HAIiBKIJIbIIEBE PO3MILIICHHS,
ajakciampHOTO — miHiMHE (puc. 1: A.l1, B.1). Ilyukn
000X OJIOKIB MarOTh OJHOTHUIIHY OyJOBYy, a caMe OTO-
YeH1 CKJIEPEHXIMOIK, MICTATh (IOEMY Opi€EHTOBaHY IO
KOPH Ta KCHIJIEMY, OpPIEHTOBaHY IO CEpICBHHH; IpPO-
KamMOialIbHUH Iap PO3TAIIOBAHUM MK KCHIIEMOIO Ta
¢doemoto (puc. 1: A.1, B.1). [Iyuku mpoBigHUX TKAaHHH
B OCHOBI YepeIka po3JileHi MapeHXiMHOi TKaHWHOIO
3 BEJIMKIM BMICTOM KPUCTaJTiYHUX BKIIOYECHB, 0COOIUBO
y Q. rubra.

Crig BIAMITHTH, IO 3Pi3H MPOKCUMAIILHOT YaCTHHH
YepemKkiB 000X BUAIB MOXYTh CHJIBHO BapiloBaTh 3a
pO3MipaMHU TIONEPEYHUX 3pi3iB, CTYHNECHEM PpO3BHUTKY
HapeHXIMH B KOPi, PO3MIPHUMH ITOKa3HUKAMH OCHOB-
HUX, TPOBIMHUX 1 MEXaHIYHMX TKaHUH. [IpoBigHa
cucrema Q. rubra Moxe He MICTUTH IIEHTPAJILHOTO TPO-
BiJTHOTO OJIOKY ¥ OyTH MOAIOHOO /10 IPOBIAHOT CHCTEMHU
Q. robur. CrabiIbHUMHU JiarHOCTUYHMMHU O3HaKaMHU
MPOKCHMAITFHOI YacTUHH 4epelkiB Q. rubra 3amuima-
toThes U-niontibHa (hopMa KOHTYpy Ta OibIla KiIBKICTb
MPOBITHUX MyYKiB B abakcialbHOMY W ajakciaabHOMY
0JI0Kax MPOBITHUX TKAHHH.

BynoBa npoBiiHOT CHCTEMH YepelIKiB y MeaiaabHii
YaCTHHI BiApi3HseThCs y Q. rubra 3a IOBHUM 3IUTTSIM
CYIMHHMX TYYKiB B aJaKkCialbHOMY W a0akciaabHOMY
070Kax i MOBHMM a00 YAaCTKOBHM — y LEHTPAIBEHOMY
(puc. 1: B.2; puc. 2: B.4); y Q. robur — my4ku B agakci-
aNbHOMY ¥ abakcialibHOMY OJIOKaxX 37THUBAOTHCS MOBHI-
CTIO a00 YaCTKOBO, Bi3yalli3ye€ThCs IEHTPAIbHHUHA OJOK
BTOPUHHHMX NPOBIIHUX ITy4KiB, a00 BiH Moxe OyTH Bif-
cytHiM (puc. 1: A.2). Kcunema 1ieHTpaIbHOTO OJIOKY
MPOBIAHUX ITyuKiB Q. rubra 9iTKO BiTOKpeMJICHA MapeH-
XIMHOIO TKAaHWHOIO BT KCHJIEMH aJaKcialbHOTO OIIOKY,
y Q. robur XcuieMH UEHTPAIBHOTO ¥ aJaKCialbHOTO
OJOKIB KOHTakTyIOTh (puc. 2: A.4, B.4). Anaromiyna
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OynoBa MemialabHOTO 3pi3y yepemika (). rubra nmoniOHa
110 OyIIOBH CepeTHbOT JKUITKH.

VY nucTanbHIR YAaCTHHI MONIEPEUHi 3pi3H YepemKiB
000X BHJIB TOAIOHI MiXK co000 1 momiOHI 10 OymoBH
cepenHix x)xmwiok (puc. 1: A.3, B.3). AnakcianpHuii 610K
MPOBITHUX TKAHUH Mae JIiHiliHe a00 Maiike JiHiiHEe po3-
TallyBaHHs], a HE BUPA3HO OIYKJIE, K Y CEPEMHIX KU
kax. CyIMHHI ITy4YKH B alaKCiaTbHOMY i abaKcialbHOMY
Omokax 3muTi. LleHTpanbHuil OI0K MPOBITHOI TKAHUHU
OlyIbIIe pO3BUHEHMH Y uepenikax Q. rubra, BiToKpeMIie-
HUH BiZ agaxcianbHOTro 6J0KYy MapeHXiMHOIO TKAaHHHOIO.
VY BepxHiX 3pizax uepemkiB Q. robur IEHTpPANbHUHA
OJIOK IpeaCTaBICHUH YacTille OAHUM ITy4KOM, pife —
KUTbKOMA 3ITUTHMH ITyYKaMHU; HOTO KCHIeMa KOHTAKTy€e
3 KCHJIEMOIO a/IaKCialbHOTO OJIOKY.

OOkanka CKIEPEHXIMHUX BOJIOKOH HABKOJIO IIPO-
BiJHOI CHCTEeMM HaiOijplIe pO3BHHEHA B Yepemrkax
Q. rubra; B 000X BUAIB 1 TOBIIMHA 3MEHINYETHCS BiJl
IIPOKCUMAJIBHOI YaCTUHU YepellKka 0 JAHCTalIbHOI
(y Q. rubra Bim 133,00 + 32,15 mo 79,84 + 16,99;
y Q. robur Bin 131,61 + 38,22 no 48,73 + 11,37).

OOkmagka CKIEpPEeHXIMH CKIamaerbes 3  6-10
(y Q. rubra) a6o 5-8 (Q. robur) miIBHAX IAPIB BOJIO-
KOH, SKi B IOIEPEYHOMY pO3pi3i OKPyIIOi, OBajb-
HOi, TPUKYTHOI, poMOiuHOi ab0 HempaBWIBHOI (hopMu
(puc. 2: A.2,3, B.1,2). Ha nonepeunux 3pizax TOBIIMHA
KUTBISI MEXaHIYHUX TKaHHH 13 pi3HUX O0KiB y Q. rubra
Maibke omHakoBa; v Q. robur BOHO NEPEBaYKHO TOBIIE
3 abakcianpHOTO OOKYy. BosoKHAa 000X BHUIIB MaroTh
OUTBIIT PO3MIPH B OCHOBI YepelIka i Maixe He Bif-
pizHstoTECS 3a nmiametpoM (y Q. rubra — 19,31 + 5,52;
y Q. robur — 18,38 £ 5,15) Ta TOBIIMHOI CTIHOK
(y Q. rubra — 4,87 £ 0,78; y Q. robur — 4,12 £ 1,17).
B 000x BHIIB y CKJIEpeHXIMHIH 0OOKmami 3ycrpiya-
IOTHCS] KPUCTANIYHI BKITFOYCHHS.

Cepenns ToBImIMHA (PIOSMHUX IIAPIB Y JOCILIKY-
BaHMX BH/IB CYTTEBO HE BiJIPi3HAETHCS B PI3HUX YaCTH-
HaX aHaTOMIYHHX 3pi3iB uepemkiB. Y Q. rubra Kinble
(h10eMHOI TKAHHHHU Ha MOTIEPEYHUX 3Pi3ax OUIBII-MEHII
OJTHAKOBOI TOBIIMHH, Y Q. robur — G17IbIII TOHKE 3 aJ1aKCi-
anpHOrO O0Ky. EneMeHTH (hi1oeMH 3 TOHKUMH CTiHKaMH;
3a (hopMOIO BiJl OKPYIIIHX, OBAIBHUX, TPUKYTHHX, POM-
01uHHX 10 HeTIPaBWIBHUX (pHcC. 2: A.2, B.2).

CynmuHu KCWIEMH B Pi3HHX YacCTHHAX YEPEelIKiB
B 000X BHJIB MalOTh pajiajbHE PO3TALIyBaHHS, BOHU
OTOYCHI BOJIOKHaMH JOpUGOpMy Ta KIITHHAMH TPO-
MeHeBoi napenximu (puc. 2: A.2,4, B.2,4). Haii6inpmoi
TOBIIMHHU MAfOTh CYJMHHI ITy4YKH B a0aKciaJTbHOMY OO
npoBinHUX TKaHuH. CepeIHs TOBIHMHA KCUJIEMH B Yepe-
IIKaX B 000X BUJIB 3MEHIIYETHCS BiJl OCHOBH JIO BEp-
X1BKH; Ha BCIX PIBHAX BOHA JOCSTA€ OUIBIINX 3HAYCHB
y Q. rubra. JliaMeTp CyauH Takox OuTbIui y Q. rubra.
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CeprieBuHa OiIbIIe pO3BUHEHA B uepenikax Q. rubra.
[MapeHxiMHI KIITUHHI CEPUEBHHN TOHKOCTIHHI, OKPYTIIOL
a6o HenpaBuiIbHOT hopmu (puc. 2: B.2). Po3mipu kiiiTHH
CEpIIEBHUHU B Yepelnkax 000X BHIIB OUIBIII B IXHIX OCHO-
Bax 1 HE CyTTEBO 3MEHIIYIOTHCS JI0 AUCTAIBHOTO KiHIIS.
B ycix yacTHHaX 4yepelkiB mapeHxiMHi KJIITHHHU ceplie-
BUHHU 011611010 po3Mipy y Q. rubra; HalOLIBII KINITHHA
BIIMIYalOThCSA B ceplieBUHI ocHoBH (23,06 = 4,94 —
y Q. rubra; 22,88 + 9,25 —y Q. robur). B 060x BuiB
KPHCTAIU CEPIEBHHU MEHIIII MOPIBHIHO 3 Koporo. Haii-
OUIBIIOIO KUTBKICTIO KPUCTANIIB Ta IXHIMH HAHOUIBIIUMHA
poO3MipaMH BiI3HAYAIOTHCSA OCHOBH uepemkiB Q. rubra
(25,37 £ 5,64) nopiBHsiHO 3 Q. robur (19,44 £5,27).

VY ricroximivyniii peakmii 3 ¢uopormonmaom / HCI
y BCIX MOINEPEYHHX 3pi3ax YepenkiB 000X BHUIIB Mau-
HOBO-4€PBOHOTrO 3a0apBiieHHs HaOyJlu KOJEHXiMa mep-
BUHHOI KOpH, CKIepeHxiMa Ta kcmiema (pume. 1: I,
puc. 2: A4, B.4). Kytukynu emifiepMu y BCix Tore-
PEYHMX 3pi3axX YepemkiB 000X BHIIB Yy TiCTOXIMiuHIiH
peaxitii i3 cynanom II1 HaOymu momMapaHUeBO-4EpBOHOTO
3abapenenHs (puc. 2: B.5). 3a ricToxiMigyHO PeaKIliero
13 xaopuaom 3amiza (I11) BcTaHOBIEHO HAWOLIBITY KOH-
HEHTpaLio (PEeHONbHUX CHONYK y TAPCHXIMI KCHIIEMH Ta
(dmoemu yeperika (puc. 2: B.7). AMisioniacTy BUSBICHI
3a PEaKILi€lo 3 PO34nHOM JII0ToJsl B MapeHxiMi IepBUH-
HOi KOpH, 0COOJIMBO y BHYTPIIIHIX IIapax, IO MPHIIs-
raroTh J0 OOKJIAJKH MEXaHIYHHX TKaHWH (puc. 2: B.6),
KIIITHHAX MapeHXIMH CEpPIICBHHU Ta CEPICBHHHUX IPO-
MEHiB.

BucnoBku. 3a pe3yjabTaTaMu JOCTiIKEHHsS aHA-
TOMiYHHX 3pi3iB 4YepemkiB Q. rubra Tta Q. robur
Yy AUCTANBbHIN, MeiajbHill i mpokcUMaabHil YacTH-
HAX BCTAHOBJIEHi JiarHOCTHYHO 3HAYMMIi 03HAKH, AKI
MO’KHA BUKOPHCTOBYBATH /sl ifeHTudikanii Buais.
Yepewkn Q. rubra y NpoKcUMAJIbHINA YacTHHI cyT-
T€BO BiApi3HsaOTbeA U-mogiOHMM KOHTYpOM mome-
pedHoro 3pisy Ta BHPa3HOI BHIMKOIO 3 ajakciajb-
HOro 0OKy; OiJIBIIOI0 KiINbKICTIO CYIMHHHUX NY4KiB
B ajakciaibHOMy i afakciaJbHoMy O0JIOKaX mNpo-
BiIHUX TKAHHWH; HASBHICTI0 HEHTPAJIHLHOIO OJIOKY
BTOPMHHMX CYIMHHHUX ny4kiB. BigmiHHoCcTIMH
MeniaabHOI YacTuHu 4YepemkiB (. rubra € moBHe
3JIMTTA CyIMHHMX NY4YKiB B ajakciajbHOMY H a0ak-
ciatbHOMYy 0JI0KaX, YiTKe BiTOKpeMJIEHHSI TAapeH-
XiMHOI0 TKAHUHOI0 /J00pe PO3BHHEHOI KCUJIEeMHU
HEHTPAJHHOT0 OJI0KY BiJ KCHJEeMH agaKciaabHOTo
0JI0KY. Y aucTajbHill YacTHHI YepemKu 000X BUAIB
HA0yBaIOTh MOAIOHOTO MJIaHy 0y10BH, MPOTE MOXKYTh
BiIPI3HATHCA CTyneHeM 3JIMTTA CYIMHHUX HY4YKiB
B ycCix 0/10Kax i cTymeHeM PO3BHTKY IEHTPAJIbHOIO
010Ky npoBigHuX TKaHuH. Yepewku Q. rubra Bigpiz-
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HAOTHCS OIBIIOI0 KUIBKICTIO KPUCTATIYHUX BKJIIO-
yeHb. Jlas yepemkiB Q. rubra xapakTepHi 1py3u Ta
NpU3MaTu4Hi kpucrtaau; y Q. robur — 6inpm nomm-
PEHUMH € IpPY3H, NPU3MATHYHI KPUCTAJM TPaIIs-
0ThCA piaKo.

BiabmicTh po3sMipHUX NMOKA3HUKIB AHATOMIYHOI
OynoBM JIMCTKIB BUSIBUJIHMCA B 000X BHMIIB JOCHTH
BapiaTUBHUMHU, 10 3HUIKYE X AiarHOCTHYHY WiH-
HicTh. BiablI-MeHII cTa0lILHUMH € KOHTYPH 4epe-
IIKiB, CHIiBBiIHOIIEHHS! B PO3BUTKY OCHOBHHX,
MexaHiYHuX i mpoBinHUX TkaHuH. Takox BigMiueHna
Oinbiia BapiaTMBHicThL OyA0BM NPOBiIHOI cucTeMHU
MPOKCUMAJIbHOI Ta AMCTAJBLHOI YAaCTUH 4YepelKiB
i Olibma cradiibHicTe Ti Oy10BH B MegiajabHii
yactuni. Jlo Toro :k y nmpoxkcumMajabHiil i aucrann-
Hill yacTHHaAX 3arajJbHMii IUIaH Oy10BH 4epelIKiB
Q. rubra ta Q. robur BusiBUBcsl HaOiALII MOTi0-
HHMM, a Haiikpale BHI0Bi BiAMiHHOCTI mposiBUIHCS
came B OynoBi Menianabnoi yacTuHu. YiTki BuaoBi
BiIMIHHOCTi Oy10BM MeiaIbHOI YACTHHH YepelKiB
Q. rubra ta Q. robur MO:XKyTH OyTH BUKOPHUCTaHI SIK
AiarHocTU4Hi mix 4ac mpoBeaeHHs (apMakKorHoc-
THYHOr0 aHaJi3y AJs BCTAHOBJIEHHSI iJ€eHTHYHOCTI
pi3aHoi cUpOBMHH.

XapakrepHi nas auctkiB Q. rubra okpyrili KoH-
TypH YepellkiB, 6l/IbIIA YacTKa cKJIepeHXiMu, 0inb-
LU PO3BUTOK KCHJIEMH Ta TiaMeTp CYAMH Po3rJisiaa-
0TheA K cnenuivHi aganrtanii J0BrouepenIKoBux
JHUCTKIB i3 BEJHKOI0 JHCTKOBOIO ILIACTHHKOIO 10
Kpamoro 3a0e3nevyeHHsl MeXaHIYHOI MiITPUMKH Ta
Bogonocrayanns (Filartiga et al., 2022). J{pioninri
JIICTKH Ta KOPOTKi uepemiku Q. robur MaroTh MeHII
PO3BHHEHY CKJIepeHXiMHY OOKJAAKYy Ta MeHII gia-
MeTp CYAMH i TOBIMIMHY KcuieMH. 3 iHIIOro 00Ky,
B aHaToMiuHiii OyioBi yepemkiB Q. robur Ginbuie
NMPOSABJIAETHCS MPHUCTOCOBAHICTH 10 YMOB Micues-
pocTaHb 3 00MeKeHUMHU BOJIHUMHU pecypcaMu, TOOTO
03HaKH KcepoMopgHocTi, 30kpeMa 0ibIa TOBIMHA
emiiepMu, KYTHUKYJIH, KOJEHXiMH, PO3BHUTOK ONYy-
IIEeHHS.

3a ricroxiMiuHUMHU peakuifaMM B YepemKax 000X
BUAIB MiITBEpIKEHO HASIBHICTh BOCKOMOAIOHMX
pe4yoBuH, JirHipikoBanux TKaHUH, TaHiHIB i Kpo-
XMAaJIIo.

TakuM YHHOM, aHAJI3 O03HAK MeTiOJSIPHOI aHa-
TOMii y ()APMAKOTHOCTHYHHX AOCHIIKEHHAX MOXKe
CTaTH 3PYYHUM IHCTPYMEHTOM [Jisi BH3HAYEHHS
TOTOKHOCTI BUIIB i cTaHaapTu3auii JikapcbKoi poc-
JIMHHOI CMPOBHMHHU, 2 TaK0X Oyle iHopMaTuBHUM
AJISl TAKCOHOMII poay Ta [Jisl 3’siICyBaHHS aHATOMid-
HUX aJanTanii JUCTKIB.
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STUDY OF PETIOLARY ANATOMICAL FEATURES
OF COMMON OAK (QUERCUS ROBUR L.) AND RED OAK (QUERCUS RUBRA L.)
AND THEIR SIGNIFICANCE FOR MICRODIAGNOSTICS OF RAW MATERIALS

Actuality. The study of petiolar anatomy of Q. rubra and Q. robur is relevant for establishing interspecies anatomical differences
of leaves; its results can expand the range of diagnostic features traditionally used in pharmacognostic analysis when establishing the
identity and quality of raw materials.

The aim of the work was to compare the features of the petiolar anatomy of Q. rubra and Q. robur, to evaluate their diagnostic
significance and the possibility of application in the pharmacognostic analysis of cut raw materials.

Material and methods. The objects of the study were samples of leaves of Q. rubra and Q. robur collected in September 2023 on
the territory of the M.M. Gryshko National Botanical Garden of National Academy of Sciences of Ukraine. The leaves were collected
from 3-5 trees, mostly from the sunny side, at a height of 2—2.5 m. Petioles for anatomical studies were fixed and preserved in 70 %
alcohol. Cross sections were examined with a SUNNY XSM-20 6500 microscope, photographed with a Sigeta MCMOS 5100 5.1 MP
digital camera, and processed with ToupView v. software. 3.7.

Research results. The results of the study of the anatomical cross sections of the Q. rubra and Q. robur petioles in the distal, medial and
proximal parts showed diagnostically significant features that can be used for species identification. In the proximal and distal parts, the
general structure of Q. rubra and Q. robur the petioles appeared to be the most similar, and the species differences were the best observed in
the structure of the medial part. Clear species differences in the structure of the medial part of Q. rubra and Q. robur petioles are able to be
used as diagnostic features during a pharmacognostic analysis to determine the identity of the cut raw material. According to histochemical
reactions, the presence of wax-like substances, lignified tissues, tannins and starch was confirmed in petioles of both species.

Conclusion. It is shown that the analysis of features of the petiolar anatomy of species of the genus Quercus in pharmacognostic
studies may become a convenient tool for determining the identity of species and standardization of medicinal plant raw materials, as
well as being informative for the taxonomy of the genus Quercus and for elucidating the anatomical adaptations of leaves.

Key words: red oak, common oak, Quercus rubra, Quercus robur, petioles, petiolar anatomy, anatomometric indicators, microdi-
agnostics of raw materials.
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JAOCHKEHHSA HETIONSAPHUX AHATOMIYHUX O3HAK
AYBA 3BUYAUHOTI'O (QUERCUS ROBUR L)1 AYBA HEPBOHOI'O (QUERCUS RUBRA L.)
TA IX 3HAYEHHS JJI1 MIKPOAIATHOCTUKU CUPOBUHHU

Axmyansnicme. [Jocnioscenns nemionsproi anamomii Q. rubra ma Q. robur akmyanvhe 011 6CMAHOBIEHHS MINCEUOOBUX AHATNO-
MIUHUX 8IOMIHHOCIEN TUCTKIB, T020 PE3YIbMAMU MOXCYMb POSUWUPUMU CREKMP OIAZHOCIMUYHUX O3HAK, WO MPAOUYILHO UKOPUCTHO-
8YI0MbCS Y PaAPMAKOZHOCIUYHOMY AHANI3E OISl BCMAHOBNEHH I0eHMUYHOCII MA AKOCMI CUPOBUHU.

Mema oocnioxncennsn. Ilopisuamu o3naku nemionapuoi anamomii Q. rubra ma Q. robur, oyinumu ix diaeHocmuuHy 3HAYYWICMb
i MOJHCIUBICI 3ACMOCYS8AHHSA NIO YAC NPOBEOEHHA PaAPMAKOSHOCIMUYHO20 AHANI3Y PI3AHOT CUPOSUHI.

Mamepianu ma memoou oocnioxncenun. 06 cxmamu docniodxncenns Oynu 3pasku aucmxie Q. rubra ma Q. robur, 3i0pani y éepechi
2023 poky na mepumopii Hayionanvrnozo bomaniunozo cady imeni M. M. [puwxa. Jlucmku 6iddupanu 3 3—5 depes, nepesasicHo i3
coHAUHOT cmoponu, Ha sucomi 2—2,5 m. Yepewiku 015 anamomiynux 00Cnioxcens Qixcysanu ma 3o6epicanu’y 70 %o-my cnupmi. 3pizu 6yau
docnidviceni 3a donomozoio mikpockona SUNNY XSM-20 6 500, cpomoepaghosani yugposoio kameporo Sigeta MCMOS 5100 5.1 MP
i onpaybosami 3a AONOMO2010 npopamnozo 3abesneverts ToupView v. 3.7.

Pezynomamu oocnioxncennsn. Pesynomamu 00CniodcenHs anamomiunux 3pizie uepewrxie Q. rubra ma Q. robur y oucmanvHiii, meoi-
AnbHIU | NPOKCUMATHIT YACTMUHAX NOKA3AIU OIA2HOCTNUYHO 3HAYUME O3HAKU, SIKI MOJICHA GUKOPUCIMO8Y8amu 051 i0eHmu@ikayii 6udis.
YV npoxcumanwniii i oucmanwuiti yacmunax 3aeanvHull nian 0yoosu uepewkie Q. rubra ma Q. robur suasuecs HaudinbW NOJIOHUM,
a HauKkpauje 8UO0BI GiOMIHHOCMI NPOAGUNUCS 8 OY008i Medianvhol vacmunu. Himxi 6u006i giomMinHOCMI 0Y008U MeJianbHOL YacmuHy
uepewxie Q. rubra ma Q. robur modxcyms 6ymu GUKOPUCMAHI K OIAZHOCMUYHI 03HAKU NI 4aAC NPOBEOeHHs PapMaKOZHOCMUYHO20
aHanizy 018 6CMAHOBIEHHA I0eHMUYHOCI PI3aHoi cupoguHU. 3a 2iCMOXIMIYHUMU PeaKyiamu 8 YyepewKax 00ox 6udie niomeeporHceHo
HAsI6HICMb B0CKONOOIOHUX PEUOBUH, NI2HI(IKOBAHUX MKAHUH, MAHIHIE | KPOXMATIO.

Bucnosku. Iloxazano, wo ananiz 03Hax nemionapHoi anamomii éudie pody Quercus y (hpapmakoeHOCMUYHUX OO0CIIONHCEHHIX MOJice
cmamu 3pYYHUM THCIMPYMEHMOM OJis BUSHAYEHHS MOMONCHOCHI 8U0I8 | CIAHOAPMU3AYIT TIKAPCOKOT POCIUHHOI CUPOBUHU, a MAKOHC
€ ingpopmamuenum o1 maxconomii pody Quercus i 015 3 ACY8AHHS AHAMOMIYHUX A0ANMAayitl TUCTKIG.

Knrwuosi crosa: 0y6 uepsonutl, oyo 3suuatinuii, Quercus rubra, Quercus robur, yepewku, nemionsipHa aHamomis, anamomome-
MPUYHI NOKAZHUKU, MIKPOOIAZHOCMUKA CUPOBUHUL.

Introduction. Natural compounds of plant origin
and medicines based on them has a significant place
in the modern medicine. The search and development
of preparations of plant origin that stimulate the
physiological functions of the human organism is one
of the priority areas of scientific research (Lichota
and Gwozdzinski, 2018). It is well-known that in the
complex study of medicinal plant raw material the
identification of its anatomical and morphological
structure is an important stage. Diagnostic features in the
taxonomy of angiosperms are the anatomical features of
the generative and vegetative organs of plants (Deep
morphology, 2003; Zamani et al., 2008; Faghir et al.,
2016). In particular, for this purpose, the data on the
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structure of the node and leaf petiole are often used (Lee
etal., 2010).

The genus oak (Quercus L.) from the Beech family
(Fagaceae), includes about 500 species distributed in the
Northern Hemisphere (Russell et al., 2020). Common
oak (Quercus robur L.) is an the official medicinal species
of the genus; medicinal plant raw material — bark, the
quality of which is regulated by the relevant monograph
of the State Pharmacopoeia of Ukraine “Oak Bark”
(DY, 2014). Preparations from the bark of Quercus
robur have versatile pharmacological activity: anti-
inflammatory, antioxidant, astringent, antispasmodic,
antimicrobial, hypotensive, due to the presence of a wide
range of biologically active substances (BAS): phenolic
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compounds, volatile substances, sterols, aliphatic
alcohols, fatty acids, etc. (Bursal and Boga, 2018; Bhatia
etal., 2019; Likhanov et al., 2019; Ferianac, et al., 2020;
Burlacu et al., 2020).

Red oak (Quercus rubra L.) is an ornamental species
that was introduced to Europe from Northern America
(Burkardt et al., 2022) and it has resistance to illness
and actively invades new territories. According to the
literature data, Quercus rubra raw materials (bark, fruits,
leaves) contain 42 phenolic compounds belonging to
different groups of compounds, including ellagotannins,
halotannins, phenolic glycosides, derivatives of
hydroxybenzoic and cinnamic acids. According to
clinical and pharmacological studies, consumption of
these compounds can reduce the risk of cardiovascular
and inflammatory diseases, cancer, diabetes, microbial
infection and age-related disorders (Oracz, et al., 2022,
2023; Konovalova et al., 2023). It is aware that Quercus
rubra bark extract exhibits antioxidant and antibacterial
properties, inhibits a-glucosidase and tyrosinase due to
the presence of a significant amount of tannins and other
phenolic components in this extracts (Morales, 2021;
Tanase et al., 2022).

Quercus L. species have a high level of intraspecific
variability of morphometric parameters of leaves, which
can vary significantly in different individuals within the
same population or even one tree and depend on seasonal
and ontogenetic changes (Jensen et al., 1993; Penas et
al., 1994; Bruschi et al., 2003; Gonzalez-Rodriguez and
Oyama, 2005; Nikoli¢ et al., 2005). In particular, the
variability of the morphological and anatomical features
of Q. robur (Borazan and Babag, 2003; Nikoli¢ et al.,
2005, 2006; Boratynski et al., 2008; Kryvoruchko and
Bessonova, 2018; Martins et al., 2022) and Q. rubra
(Jensen et al., 1993; Ashton and Berlyn, 1994; Nagel
et al., 1998; Kryvoruchko and Bessonova, 2017, 2018)
leaf structure is shown in different growing conditions
(moisture, lighting, increased UV radiation, influence of
urban technogenic conditions).

High phenotypic plasticity of leaf morphometric
parameters in Quercus species reduces their taxonomic
value (Penas et al., 1994; Schicchi et al., 2001; Rio et
al., 2014) and redirects the search vector for diagnostic
peculiarities in the features of the anatomical structure.
In the taxonomy of the genus Quercus various
anatomical characteristics of the leaf blade, in particular
the stomatal apparatus, were used as diagnostic ones
(Ashton and Berlyn, 1994; Bussotti and Grossoni, 1997;
Lou and Zhou, 2001; Panahi et al., 2012); peculiarities of
epicuticular wax deposits (Luo and Zhou, 2001; Scareli-
Santos et al., 2007; Panahi et al., 2012). The features
of pubescence of leaves, in particular the presence of
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trichomes of certain types, were clarified as the most
valuable for the identification of not only species and
hybrids, but also subgenera, sections of Quercus (Hardin,
1979; Penas et al., 1994; Uzunova et al., 1997, Fortini et
al., 2009; Deng et al., 2014).

The ecological conditions of the habitats primarily
affect on the characteristics of leaf blades, and they
determine the main features of the anatomical and
morphological structure of petioles (Filartiga et al.,
2022). Leaf petioles, as key organs that provide
hydraulic connections between the stem and the leaf
blade, are characterized by intra- and interspecies
diversity of dimensional, morphological and anatomical
characteristics that are interrelated with the anatomical
and morphological structure of the leaf blade, which in
turn is a manifestation of adaptation to specific growing
conditions, primarily to the temperature regime and
moisture supply (Niinemets and Fleck, 2002; Poorter
and Rozendaal, 2008; Fortini et al., 2015; Klepsch et
al., 2016; Brocious and Hacke, 2016; Louf et al., 2018;
Filartiga et al., 2022). Despite the variability and high
plasticity of the features of petiolar anatomy even
within one taxon, such characteristics of the petiole as
the contour of the cross section, the characteristics of
the epidermis, collenchyma, the presence of cellular
inclusions and especially the number and location
of vascular bundles can be used as taxonomically
significant when defining separate systematic groups
(Kocsis and Borhidi, 2003; Noraini et al., 2016; Talip et
al., 2017; Ganem et al., 2019; Palacios-Rios et al., 2019;
Anu and Dan, 2020; Karaismailoglu, 2020).

Literature sources on histological sections of leaves
of different Quercus species for taxonomic purposes
are very limited (Rio et al., 2014; Shahbaz et al., 2015;
Hiirkul and Yayla, 2021). The study of petiolar anatomy
of Q. rubra and Q. robur is relevant for identification
interspecies anatomical differences of leaves; such
results can expand the range of diagnostic features
that are traditionally used in pharmacognostic analysis
during determining the identity and quality of raw leaf
materials.

The aim of the work is to compare the characteristics
of the petiolar anatomy of Q. rubra and Q. robur, to
assess their diagnostic value and the possibilities of
application in the pharmacognostic analysis of cut raw
materials.

Materials and methods of the study. Leaf samples
of Q. rubra and Q. robur were collected in September
2023 on the territory of the M.M. Gryshko National
Botanical Garden of the National Academy of Sciences
of Ukraine. To study the anatomical structure of petioles
for each species, 5-10 mature average leaves, normally
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developed and intact, were randomly selected. Leaves
were collected from 3-5 trees, mostly from the sunny
side, at a height of 2-2.5 m. Petioles for anatomical
studies were fixed and preserved in 70 % alcohol.

Cross sections of the petioles were made by hand
with a razor. During staining, petiole sections were kept
for 1 min. in 0.1 % (w/v) aqueous solution of safranin,
then washed with 70 % ethanol, followed by staining
with 1 % (w/v) aqueous solution of Astra Blue for 10
min. and washed with distilled water (Kraus et al., 1998).

All cross sections were examined with a SUNNY
XSM-20 6500 microscope, photographed with a Sigeta
MCMOS 5100 5.1 MP digital camera, and processed
with ToupView v. software. 3.7.

When studying the anatomical structure of the
petioles, the geometry of the cross section, features of
the epidermis (cell sizes, thickness of the outer cell
wall together with the cuticle) were analysed; presence
of trichomes; degree of collenchyma development;
the thickness of the mechanical coating, the diameter
of the fibers and the thickness of their cell walls; the
nature of the arrangement of vascular bundles and the
presence of inter-bundle areas; the thickness of the
phloem and xylem, the diameter of the vessels in the
latter and the presence of fibers; peculiarities of the
distribution of crystalline inclusions in tissues, their
size and shape.

Quantitative anatomical measurements for each
species were performed using Image J software. The
sample for anatomometric measurements was at least
25-100 values; arithmetic mean (M) and standard
deviation (=SD) were calculated.

Common histochemical reactions were used to
detect: lipophilic compounds — with Sudan III; phenolic
compounds — with iron (III) chloride 2 %; lignified
structures —with a 1 % alcohol solution of phloroglucinol
followed by concentrated HCI; starch — with Lugol’s
solution (Kovalov et al., 2014).

Research results and their discussion. A statistical
evaluation of the features of the anatomical structure of
Q. robur and Q. rubra petioles is given in table 1.

In cross section, the proximal part (base, lower) of Q.
robur petiole on the abaxial side is more or less rounded
in outline (Fig. 1: A.1), and in Q. rubra it is distinctly
U-shaped (Fig. 1: B.1); on the adaxial side, the contour
of the petiole of Q. robur is almost flat or with a shallow
notch, in Q. rubra — with a distinct notch.

In both species, petioles in the basal part in the
tangential direction (in width) are similar in size (Q. robur —
2952.51 +£357.6; Q. rubra — 2856.14 £ 374.55), but in the
dorsoventral part (in height) they are larger in Q. rubra
(2214.03 £ 328.38) than in Q. robur (1878.30 £ 236.5).

®diroTtepanis. Yaconuc

The medial (middle) part of Q. robur petiole of in
cross section becomes more rounded, but remains
compressed in the dorsoventral direction; in the adaxial
part, the contour of the petioles of Q. robur is convex
or straight, paired ribs also become noticeable in the
view of small rounded-triangular lateral ridges (Fig. 1:
A.2). Transverse sections of Q. rubra petioles in the
medial part are rounded in outline, without ribs (Fig. 1:
B.2). The average dimensions (H x W) of petioles cross
sections in the medial part are slightly larger in Q. rubra
(1392.07 £ 155.61 x 1281.17 + 115.28) than in Q. robur
(1143.02 £ 195.39 x 1238.28 + 148.87).

The distal (upper) part of the Q. robur petiole is
similar in shape to the medial part, but smaller in size; in
Q. rubra its contour is distinctly convex on the abaxial
side and almost straight on the adaxial side, the lateral ribs
are developed. The average dimensions (HxW) of the
cross section of the petiole in the upper part are slightly
larger in Q. rubra (1252.4 £ 86.42 x 1271.10 + 134.3)
than in Q. robur (912.50 £ 144.6 x 1147.70 = 275.1); in
both species, the width is slightly longer than the height.

The epidermis of petioles of both species is single-
layered, consisting of cubic (in Q. robur) or cubic-oval
(Q. rubra) cells (Fig. 2: B.1,2,5), the sizes of which
do not differ substantially in different parts of the
petiole. The epidermal cell width is larger in Q. rubra
(13.39 £ 4.94-15.09 £ 5.03), the height is larger in Q.
robur (8.42 £1.78-11.98 = 2.05), the cuticle layer is also
more developed in Q. robur (8.25 + 1.19-10.52 + 2.13).
Solitary and bundle trichomes are observed on petioles
of both species, mainly on the adaxial side in the upper
surface groove.

Under the epidermis there is the primary cortex,
the thickness of which in the distal part of the petiole
of both species decreases slightly compared to the
medial and proximal, but remains more developed on
the abaxial side (Fig. 1: A.1-3, B.1-3). In the medial
and distal parts of the petiole, the layer of the primary
cortex on the adaxial side is more developed in Q.
robur; on the abaxial side it is almost the same in both
species. The proximal section of Q. rubra petiole has a
larger diameter and, accordingly, a larger bark thickness,
especially on the abaxial side (650.52 £ 97.31) (in Q.
robur —456.70 £ 169.00).

The outer layer of the cortex is represented by
collenchyma, mainly with rounded, rounded-oval or
square cells (Fig. 2: B.1). Collenchyma may include 5
to 12 layers of cells in Q. rubra and 4 to 10 layers in Q.
robur; in both species it reaches its greatest thickness
in the ribs and on the adaxial side. In both species, the
sizes of collenchyma cells in petioles are larger on the
abaxial side.
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Anatomometric parameters of Quercus robur and Quercus rubra petioles

Table 1

Diameter of
cross sections

663.51-1780.8

1090.4-1364.5

874.72-2187.93

1056.21-1855.3

Distal part of petiole Medial part of petiole Proximal part of petiole
Parameters
Q. robur Q. rubra Q. robur Q. rubra Q. robur Q. rubra
height, pm 91250 £ 144.6 | 1252.4+86.42 | 1143.02 +195.39 | 1392.07 £ 155.61 | 1878.30 £236.5 | 2214.03 + 328.38

975.88-2527.2

1598.97-2626.6

1147.70 £ 275.1

1271.10 £ 134.3

1238.28 + 148.87

1281.17 £ 115.28

2952.51 £357.6

2856,14 +374.55

width, mm | s 0317803 | 1088.9-15502 | 713.82-1898.15 | 997.89-1757.70 | 1612.6-3785.6 | 1947.32-3387.1
| 1097356 | 1410%340 11.08+2.18 14.68 = 3.80 11.83 +2.42 15.09 + 5.03
width, 421-17.40 8.85-19.91 8.57-19.05 8.52-23.74 5.52-18.69 5.91-25.43

Epidermal
cells height without | 10.57+1.44 | 7.86+0.89 10.88 % 1.58 8.63+1.97 11.98 2,05 9724232
cuticle, pm | 7.94-14.66 6.78-9.49 8.48-14.34 5.92-13.27 8.89-15.31 5.23-14.93
T};‘ﬁt‘})“f"tﬁeﬁfsigzr?neisouﬁi}elg 835+ 1.87 7.15 + 1.40 8.52£2.04 7854178 10.52+2.13 7874139
w P w 4.84-12.25 3.98-10.72 462-11.62 4.05-10.97 6.95-16.55 5.48-11.00
cuticle, pm
The thickness | on the adaxial | 163.65=31.54 | 157.68=19.37 | 17420=51.15 | 173.97+39.37 | 238.45+72.84 | 347.28= 116.92

of the primary side 100.45-217.43 | 97.91-219.93 | 106.89-310.97 88.87-278.74 | 141.15-437.89 | 182.94-605.54
cortex layer, | on the abaxial | 181.12+52.69 | 198.50+30.31 | 198.21+76.73 | 204.47+40.40 |456.70+169.00 | 650.52+97.31
pm side 152.7-300.81 | 119.62-309.66 | 172.64-341.98 114.73-313.02 | 261.34-929.96 | 484.10-807.33
The thickness | on the adaxial | 81.94+19.65 | 70.22+13.01 | 100.51+31.89 7423 +19.68 | 119.00+38.68 | 191.58 +51.83
of the cortex side 47.72-128.72 41.58-96.16 81.28-178.73 46.01-113.96 65.07-180.39 90.29-297.63
collenchyma | on the abaxial | 59.17+10.16 | 4836+ 12.32 97.90 +19.92 50.07+10.56 | 101.00+28.16 | 179.58 +60.66
layer, pm side 46.05-85.38 30.58-77.04 72.47-170.80 31.05-79.50 68.73-166.14 88.09-292.49
Collenchyma cell wall 2.90+0.38 2.53+0.87 3,5+ 042 3.06+0.74 3.11+1.52 2.59+1.20
thickness, um 1.88-6.84 1.93-6.16 2.16-6.48 1.61-4.26 1.51-8.74 1.88-7.81
_ on the adaxial | 10.47 £ 1.82 9.12 + 1.80 20.95 +7.47 13.94 +2.90 10.31+2.36 13.03 £2.65
Diameter of side 3.02-14.11 3.27-13.96 9.80-37.17 9.29-20.63 5.33-18.38 7.13-18.83
collenchyma -
cells, um | on the abaxial | 16.62+4.08 13.15+3.11 26.82 +7.09 22.53+5.00 18.94+£4.53 19.17+5.13
’ side 8.68-24.32 7.19-22.37 13.47-45.16 12.81-32.88 8.29-29.01 7.06-31.46
, on the adaxial | 14.21 +£2.24 15.23 + 4.54 16.27 +2.17 16.28 + 3.54 2236+ 14.13 11.30-2.47
Diameter of side 7.67-15.63 8.07-25.40 6.18-18.57 7.32-29.47 6.21-64.43 7.22-19.93
parenchyma -
cells, um | on the abaxial | 25.885.16 30.18 £9.20 30.95-9.53 31.51+9.40 34.92 +10.96 41.66 + 11.07
side 14.53-48.01 17.50-61.52 12.83-61.69 10.44-65.48 17.72-64.43 17-73.71
The thickness of the 48731137 | 79.84+16.99 56.52+23.11 98.97+19.94 | 131.61+3822 | 133.00=32.15
sclerenchyma sheath, um 30.45-56.23 48.41-115.44 32.39-112.97 39.30-122.03 47.23-202.97 78.50-219.35
Diameter of sclerenchymal 14.71 £4.40 15.22+£543 16.80 £5.23 16.50 £ 7.60 18.38£5.15 19.31£5.52
fibers, um 3.56-35.28 3.94-36.62 7.13-36.90 3.70-38.97 7.06-38.70 8.64-39.91
The thickness of the walls of 291+147 2.97+0.82 3.57+£0.57 3.58+0.79 412+ 1.17 4.87+0.78
sclerenchyma cells, pm 1.05-5.99 0.98-6.63 1.71-5.74 1.84-6.55 2.01-8.66 2.30-7.45
Phloem thickness. um 61.05 +20.35 60.75 + 8.92 61.96 + 14.71 60.07 +19.42 6431 + 19.04 63.20 +17.35
s 33.21-112.93 26.39-69.09 30.46-91.40 24.56-107.86 35.04-100.38 23.00-105.23
Xvlem thickness. um 11038 £ 16.69 | 12526+30.77 | 12438+28.02 | 126.09+30.24 | 144.85+51.83 | 181.29+4531
Y da 62.04-175.86 | 63.23-219.57 71.11-201.42 75.21-205.15 85.69-262.03 94.21-276.92
Vessel diameter. um 23.28+5.38 29.53 +9.66 2455+ 6.58 31.72+7.61 23.97+6.34 24.89 +5.08
W 11.07-35.11 12.94-50.58 7.54-36.22 17.55-56.23 11.10-32.64 13.22-36.54
Diameter of core parenchymal 16.02 £ 6.46 19.44 £5.27 17.27 £ 6.44 20.12+7.79 22.88+£9.25 23.06 £ 4.94
cells, pm 5.42-33.07 8.38-30.27 5.10-45.89 8.79-46.78 9.05-55.66 10.64-57.96
Ziiffﬁern‘l’;;z::lsr‘l;;he 21084444 | 2338+584 | 2648+7.97 2858 +8.11 25704403 | 2742+517
P Y pnmaty 12.88-30.75 10.98-39.23 9.49-45.94 10.11-46.63 17.55-35.32 18.73-39.453
cortex, um
Diameter of crystals in the 17.75 £ 5.96 15.94 +4.39 1533 +3.24 17.28 +4.14 19.44 +5.27 2537+ 5.64
core, pm 8.68-30.00 6.33-25.89 10.38-27.37 7.77-36.83 10.74-39.85 13.86-40.18
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Fig. 1. Cross section through the petiole of A. — Quercus robur, B. — Quercus rubra:

1 — proximal; 2 — medial; 3 — distal parts.

I — Staining Safranin/Astra Blue, II — Staining Phloroglucinol/HCI.

Ad — adaxial side, Ab — abaxial side.

Ep — epidermis, Co — collenchyma, Pa — parenchyma, Fi — bundle-sheath of sclerenchyma fibres, Ph — phloem, X — xylem, Cr —
calcium oxalate crystal.

Petiole outline in the cross section (red line).

Primary vascular tissue (white line): AD — adaxial block; AB — abaxial block.

Secondary vascular tissue (yellow line): CB — central block.
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Fig. 2. Anatomical structure of the leaf petiole in the medial part of A. — Quercus robur, B. — Quercus rubra:

1 — primary cortex; 2 — primary vascular tissue (abaxial block); 3 — sclerenchyma fibres; 4 — primary vascular tissue (adaxial block)
and secondary vascular tissue (central block); 5 — orange-red colour of the cuticle in reaction with Sudan III; 6 — dark blue colour of
amyloplasts in reaction with Lugol’s solution; 7 — black colour of phenolic compounds of xylem and phloem parenchyma in reaction

with iron chloride (III).
Sc — sclereids; mX — metaxylem; pX — protoxylem; Pc — procambium; Am — amyloplast.

The other components of the legend are same as in Fig. 1.
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In the medial and distal parts of Q. robur petioles,
especially on the adaxial side, the thickness of the
collenchyma layer, the size of the cells, and the thickness
of their membranes are larger than in Q. rubra (Fig. 1:
A.2,3,B.2,3); in the proximal part, Q. rubra petioles have
more developed collenchyma (Fig. 1: A.1, B.1), which is
probably related to their larger linear dimensions.

The storage parenchyma of the primary cortex is
located between the collenchyma and the mechanical
sheath of the vascular system (Fig. 1: A.1-3, B.1-3;
Fig. 2: A.1, B.1). The number of cortical parenchyma
cell layers decreases in both species in the distal (on
the adaxial side in Q. rubra — 8-10, and in Q. robur —
12—15; on the abaxial side in Q. rubra — 9—14, and in Q.
robur — 7-10) part of petioles compared to the proximal
one (on the adaxial side in Q. rubra — 20-25, and in Q.
robur — 13-20; on the abaxial side in Q. rubra — 23-30,
and in Q. robur — 15-20). In both species, the number of
cortex parenchyma layers is greater on the abaxial side.
Q. rubra has the largest number of cortex parenchyma
layers in the proximal part of petioles. In the medial and
distal parts on the adaxial side, there are more layers of
parenchyma cells in Q. robur; on the abaxial side — in
Q. rubra.

In petioles of both species, cells of the parenchyma
of the primary cortex don’t decrease from the base to the
apex significantly, and have smaller sizes on the adaxial
side; in Q. rubra in the medial and distal cross sections,
the sizes of parenchymal cells, especially on the abaxial
side, were larger than in Q. robur; in the proximal cross
sections of Q. rubra petioles from the adaxial side,
parenchyma cells are the smallest.

The cells of the parenchyma of the primary cortex
are round, oval or irregular in shape, the largest of them
(41.66 = 11.07 — in Q. rubra and 34.92 £ 10.96 — in
Q. robur) are concentrated at the base of petioles on
the abaxial side, near the sheath of mechanical tissue
(Fig. 2: A.1, B.1).

In the primary cortex of Q. robur sclereids were
identified in all parts of the petiole, especially in the
proximal and medial parts (Fig. 2: A.1).

Scattered druses and less often prismatic crystals
of calcium oxalate are visualized in the tissues of the
primary cortex, they reach the highest concentration
in the inner layers of the cortex, creating a crystal-
bearing coating around the ring of mechanical tissues
surrounding the vascular system (Fig. 2: A.1, B.1). In
both species, crystals occur in all parts of the petiole, but
the largest number of them is concentrated in its base.
In cross sections of petioles, crystalline inclusions are
localized in greater numbers in the abaxial cortex, where
they reach the largest sizes. The parenchymal tissues

®diroTtepanis. Yaconuc

of Q. rubra petioles are characterized by a greater
saturation of crystalline inclusions and their larger sizes,
especially in the medial part of the petioles (in Q. rubra —
28.58 £ 8.11; in Q. robur —26.48 £ 7.97).

There are three blocks in the structure of the vascular
system. Adaxial and abaxial blocks consist of primary
vascular tissues; the central one is from the secondary
ones (Fig. 1: A.1-3, B.1-3; Fig. 2: A4, B.4). The
vascular system is separated from the parenchyma of the
cortex by the sheath of mechanical tissues (Fig. 2: B.2).

The bundles in the adaxial block are arranged linearly,
along the adaxial side of the petiole; consist of layers
of phloem (it adjacent to the ring of sclerenchyma),
procambium is located in the middle, then primary
xylem, which has differentiated metaxylem and
protoxylem (Fig. 2: A.4, B.4). The central (Fig. 2: A.4,
B.4) and abaxial (Fig. 2: A.2, B.2) blocks of vascular
tissues consist of protoxylem, differentiated metaxylem,
cambial/procambial cells and phloem. The abaxial block
of vascular tissues is arched and separated from the
central block by 5-8 layers of storage parenchyma with
crystalline inclusions. Between the adaxial and central
blocks of vascular tissues in Q. rubra there are 35 layers
of storage parenchyma; in Q. robur the xylems of the
central and adaxial sides are in contact (Fig. 2: A.4, B.4).

The structure of vascular system of Q. rubra and Q.
robur petiole differs in cross sections of the proximal,
medial, and distal parts (Fig. 1: A.1-3, B.1-3). One
of the diagnostic features of the cross section of
the petiole base is the absence of a central block of
secondary vascular bundles in Q. robur (Fig. 1: A.1).
Also, in the basal parts of petioles of both species, the
primary vascular bundles in the adaxial and especially
in the abaxial blocks don’t fuse, they are separated by
sections of parenchymal tissue (Fig. 1: A.1, B.1). The
central block of secondary vascular bundles in Q. rubra
in cross sections of the petiole base consists mainly of
three separate bundles in which the xylem is oriented
to the cortex, and the phloem to the pith (Fig. 1: B.1).
Anatomical cross sections of Q. rubra and Q. robur
petiole bases differ well in the number of vascular
bundles, which are greater in Q. rubra (10-13 in the
adaxial and abaxial blocks); in Q. robur — 6—8 bundles
in both blocks. The vascular bundles in the abaxial block
of both species have a semi-circular arrangement, and
the adaxial ones have a linear arrangement (Fig. 1: A.1,
B.1). The bundles of both blocks have the same type
of structure: surrounded by sclerenchyma, containing
phloem oriented towards the cortex and xylem oriented
towards the pith; the procambial layer is located between
the xylem and the phloem (Fig. 1: A.1, B.1). Bundles of
vascular tissues at the base of the petiole are separated
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by parenchymal tissue with a high content of crystalline
inclusions, especially in Q. rubra.

It should be noted that the cross sections of the
proximal part of the petioles of both species can vary
greatly in cross section sizes, degree of parenchyma
development in the cortex, and dimensional indicators
of the ground, vascular and mechanical tissues. The
vascular system of Q. rubra may not contain a central
vascular block and be similar to that of Q. robur. The
stable diagnostic features of the proximal part of Q.
rubra petioles remain the U-shaped contour and the
greater number of conducting bundles in the abaxial and
adaxial blocks of vascular tissues.

The structure of the vascular system of petioles in the
medial part differs in Q. rubra by the complete fusion of
vascular bundles in the adaxial and abaxial blocks and
complete or partial fusion in the central one (Fig. 1: B.2;
Fig. 2: B.4); in Q. robur — bundles in adaxial and abaxial
blocks fuse completely or partially, the central block of
secondary conducting bundles is visualized, or it may be
absent (Fig. 1: A.2). The xylem of the central block of
the leading bundles of Q. rubra is clearly separated by
parenchymal tissue from the xylem of the adaxial block,
in Q. robur the central and adaxial blocks are in contact
(Fig. 2: A.4, B.4). The anatomical structure of the medial
section of Q. rubra petiole is similar to the structure of
the middle vein.

In the distal part cross sections of petioles of both
species are similar to each other and similar to the
structure of the middle veins (Fig. 1: A.3, B.3). The
adaxial block of vascular tissues has a linear or almost
linear arrangement, and not distinctly convex as in the
middle veins. Vascular bundles in the adaxial and abaxial
blocks are fused. The central block of vascular tissue is
more developed in petioles of Q. rubra, separated from
the adaxial block by parenchymal tissue. In the upper
cross sections of the petioles of Q. robur, the central
block is represented more often by one bundle, less often
by several fused bundles; its xylem contacts the xylem
of the adaxial block.

The sheath of sclerenchyma fibers around the
vascular system is the most developed in petioles
of Q. rubra; in both species its thickness decreases from
the proximal to the distal part of the petiole (in Q. rubra
from 133.00 = 32.15 to 79.84 + 16.99; in Q. robur from
131.61 +38.22 to 48.73 + 11.37).

The sheath of sclerenchyma consists of 6-10
(in Q. rubra) or 5-8 (Q. robur) dense layers of fibers,
which in cross section are round, oval, triangular,
rhombic or irregular in shape (Fig. 2: A.2,3, B.1,2). In
cross sections the thickness of the ring of mechanical
tissues from different sides in Q. rubra is almost the same;
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in Q. robur it is mostly thicker on the abaxial side. Fibers of
both species are larger at the base of the petiole and almost
do not differ in diameter (in Q. rubra — 19.31 + 5.52; in
Q. robur — 18.38 £ 5.15) and wall thickness (in Q. rubra —
4.87 £ 0.78; in Q. robur — 4.12 = 1.17). In both species
crystalline inclusions occur in the sclerenchyma sheath.

The average thickness of the phloem layers in the
studied species does not vary significantly in different
parts of the anatomical cross sections of petioles.
In Q. rubra the ring of phloem tissue on cross sections is
more or less the same thickness, in Q. robur it is thinner
on the adaxial side. Phloem elements with thin walls; in
shape from round, oval, triangular, thombic to irregular
(Fig. 2: A.2,B.2).

The xylem vessels in different parts of petioles
in both species have a radial arrangement, they are
surrounded by libriform fibers and ray parenchyma cells
(Fig. 2: A.2,4, B.2,4). Vascular bundles in the abaxial
block of conducting tissues have the greatest thickness.
The average thickness of the xylem in petioles in both
species decreases from the base to the apex; in all parts
of petioles it reaches higher values in Q. rubra. The
vessel diameter is also larger in Q. rubra.

The pith is more developed in the petioles
of Q. rubra. Parenchyma cells of the pith are thin-
walled, round or irregular in shape (Fig. 2: B.2). The
sizes of pith cells in petioles of both species are larger at
their bases and do not significantly decrease toward the
distal part. In all parts of petioles the parenchyma cells
of the pith are larger in Q. rubra; the largest cells are
identified in the pith of the their base (23.06 = 4.94 — in
Q. rubra; 22.88 + 9.25 — in Q. robur). In both species
the pith crystals are smaller compared to the cortex.
The bases of petioles of Q. rubra (25.37 £ 5.64)
compared to Q. robur (19.44 £ 5.27) are characterized
by the largest number of crystals and their largest sizes.

In the histochemical reaction with phloroglucinol/
HCI collenchyma of the primary cortex, sclerenchyma,
and xylem acquired a crimson-red colour in all cross
sections of petioles of both species (Fig. 1: II, Fig. 2:
A.4, B.4). Cuticles of the epidermis in all cross sections
of petioles of both species acquired an orange-red
colour in the histochemical reaction with Sudan III
(Fig. 2: B.5). According to the histochemical reaction
with iron (III) chloride, the highest concentration of
phenolic compounds was determined in the parenchyma
of the xylem and phloem of the petiole (Fig. 2: B.7).
Amyloplasts were detected by reaction with Lugol’s
solution in the parenchyma of the primary cortex,
especially in the inner layers adjacent to the sheath
of mechanical tissues (Fig. 2: B.6), cells of the pith
parenchyma and pith rays.
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Conclusions. According to the obtained results
of the study of the anatomical cross sections of Q.
rubra and Q. robur petioles in the distal, medial and
proximal parts diagnostically significant features
which can be used for species identification were
determined. Petioles of Q. rubra in the proximal
part differ significantly in: the U-shaped contour of
the cross section and a distinct notch on the adaxial
side; a greater number of vascular bundles in the
adaxial and abaxial blocks of conducting tissues;
the presence of the central block of the secondary
vascular bundles. The differences in the medial
part of Q. rubra petioles are the complete fusion of
vascular bundles in the adaxial and abaxial blocks,
a clear separation of the well-developed xylem of the
central block from the xylem of the adaxial block by
parenchymal tissue. In the distal part petioles of both
species acquire a similar structural plan, but may
differ in the degree of fusion of vascular bundles in all
blocks and the degree of development of the central
block of conducting tissues. Petioles of Q. rubra
differ in the number of crystalline inclusions. Druses
and prismatic crystals are characteristic of petioles
of Q. rubra; in Q. robur, drusen are more common,
prismatic crystals are rare.

Most of the dimensions of the anatomical structure
of the leaves were found to be quite variable in
both species, which reduces their diagnostic value.
The contours of petioles, the relationship in the
development of basic, mechanical and conducting
tissues are more or less stable. A greater variability
of the structure of the conducting system of the
proximal and distal parts of the petioles, and a
greater stability of its structure in the medial part,

were also noted. In addition, in the proximal and
distal parts the general structure of Q. rubra and Q.
robur petioles turned out to be the most similar, and
the best species differences were identified precisely
in the structure of the medial part. Clear species
differences in the structure of the medial part of Q.
rubra and Q. robur petioles can be used as diagnostic
during a pharmacognostic analysis to determine the
identity of the cut raw material.

The round petiole contours, greater proportion
of sclerenchyma, greater xylem development, and
vessel diameter characteristic of Q. rubra leaves are
considered as specific adaptations of long petiole
leaves with a large leaf blade to better providing
mechanical support and water supply (Filartiga et
al., 2022). Smaller leaves and shorter petioles of Q.
robur have a less developed sclerenchyma layer, and
smaller vessel diameter and xylem thickness. On the
other hand, the anatomical structure of Q. robur
petioles shows more adaptation to the conditions of
growth in places with limited water resources, that
is, features of xeromorphism, in particular, a greater
thickness of the epidermis, cuticles, collenchyma, and
the development of pubescence.

According to histochemical reactions, the presence
of wax-like substances, lignified tissues, tannins and
starch was confirmed in petioles of both species.

Thus, the analysis of features of petiolar anatomy
in pharmacognostic studies can become a convenient
tool for determining the identity of species and
standardization of medicinal plant raw materials,
and will also be informative for taxonomy of the
genus and for clarification of anatomical adaptations
of leaves.
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JTOCJAIIXKEHHS BMICTY ®JABOHOIIIB Y ®ITOCYBCTAHIIAX
3 TPABU AICTPU HOBOBEJBI'THCBKOI (ASTER NOVI-BELGII L.)

Axmyanvuicmo. Ha cb0200Hi akmyanoHum € numarnts po3pooKu ma enpo8aoNCeHHs. JIKAPCbKUX 3aco0ié Ha OCHOBL POCIUHHOL
cupogunu. 32i0H0 3 Odcepenamu nimepamypu, aucmpa Ho8oOeNb2ilicbka MICMUmMy 3HAUHY KiAbKICMb OI0N0214HO aKMUSHUX DEHOBUH.!
hnasonoioie, kKuciom 2ZiOPOKCUKOPUYHUX, CANOHIHIB, Qeninponanoidis. Tomy mpasa aiicmpu HO800€b2IICLKOI € NEPCHEKMUBHOIO OISt
odepoicans hpimocybcmanyiil Ha i1 OCHOSI.

Mema 00cnidriceHHA — 8USHAUEHHS 6MICHTY CyMU (aBoHOII8 Y himocybcmanyisx 3 mpasu ancmpu H0800enbeICHKO.

Mamepianu ma memoou docnioxncennsn. 06 ’exmom a5 docnioxcenv 6ynu Qimocybcmanyii, ooepocari 3 mpasu Aster novi-belgii L.,
3a20mognenol 6 nepiod macogozo yeiminua pocaunu y 2023 poyi ¢ Tepnoninvcwkiii obracmi. KinekicHuti émicm cymu (hnagonoiois
BUSHAYAU CREKMPOGOmMOMeMmpUuyHUM Memooom Ha cnekmpogomomempi LabAnalyt SP-V1000 3a dosocuru xeuni 412 wm.

Pe3ynomamu 0ocnidscennsa ma ix 06206opennn. Memooom mayepayii 3 nepemiuly8aHHAM i3 HAO3EMHOI YacmMuHy atcmpu HO80-
benveiiicbkoi 6yn10 00epicano imocybcmanyii, y AKUX CNeKmpo@domomMempuiHumM Memooom Y NEPEPAXYHKY Ha PYMmuH ma abCcomomHo
CyxXutl eKcmpakm GU3HAYAnU emicm cymu @rnagonoioie. Kinekicuuti emicm cymu ¢aasonoiois y gpimocybcmanyii (4-ma cepis), ooep-
oicaniti i3 euxopucmannuam emanony 40 % P, cmanosue (5,90 + 0,29) %, y ¢pimocybecmanyii (5-ma cepis), odepoicanitl i3 uxopuc-
manuam emanony 50 % P — (8,02 + 0,38) %, y ¢pimocybcmanyii (6-ma cepis), odepoicaniii i3 euxopucmannam emarnory 60 % P —
(11,09 £ 0,42) %, y ¢himocydocmanyii (7-ma cepis), ooepaicaniii i3 guxopucmannam emarnony 70 % P — (8,70 £ 0,47) %.

Bucnosok. Memooom mayepayii 3 nepemiuysannam ooepicano imocybocmanyii 3 mpasu aticmpu Hogobenveiticokoi. Bcmanog-
JIEHO, WO HAUKpawe GUIYYAE 3 O0CTIONCYBAHOT CUposuHU cymy ¢rasonoidie 60 %-ii emaror.

Knruoei cnosa: aticmpa nosobenveiiicoka, Aster novi-belgii L., mpaea, ¢prasonoiou, cnekmpoghomomempuynuii memoo.
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STUDY OF FLAVONOID CONTENT IN PHYTOSUBSTANCES
FROM ASTER NOVI-BELGII L. HERB

Actuality. Nowadays, the issue of development and introduction of medicinal products based on plant raw materials is relevant.
According to literature sources, Aster novi-belgii L. contains a significant amount of biologically active substances: flavonoids,
hydroxycinnamic acids, saponins, phenylpropanoids. Thus, the aster herb is a promising source for obtaining phytosubstances based
on it.

The aim of research is to determine the total flavonoid content in phytosubstances from the aster herb.

Materials and methodsof research. The objects of research were phytosubstances obtained from the Aster novi-belgii L. herb,
harvested during the period of mass flowering of the plant in 2023 in the Ternopil region. The quantitative content of the sum of
favonoids was determined by the spectrophotometric method on a LabAnalyt SP-V1000 spectrophotometer at a wavelength of 412 nm.

Research results and their discussion. Phytosubstances were obtained from the above-ground part of aster by the method of
maceration with stirring, in which the total flavonoids content was determined by the spectrophotometric method in terms of rutin and
absolutely dry extract. The quantitative content of total flavonoids in the phytosubstance (series 4), obtained using ethanol 40 % P, was
(5.90 £+ 0.29) %;, in phytosubstance (series 5) obtained using ethanol 50 % P — (8.02 + 0.38) %, in phytosubstance (series 6) obtained
using ethanol 60 % P — (11.09 + 0.42) %, in the phytosubstance (series 7) obtained using ethanol 70 % P — (8.70 + 0.47) %.

Conclusion. Phytosubstances from aster herb were obtained by the method of maceration with stirring. It was set that 60 % ethanol
is the best extractant for the extraction of total flavonoids from the studied raw material.

Key words: Aster novi-belgii L., herb, flavonoids, spectrophotometric method.

Beryn. AkTyadbHicTb. 3 MeTor0 3a0e31eueHHs e(heKTHBHOI MPO(ITaKTHKHN i KOMIIEKCHOTO JTIKyBaHHS 3aXBOPIO-
BaHb OCOOJIMBO aKTYaJIbHUM € MMUTAaHHS PO3POOKH Ta BIIPOBAIKEHHS JIIKAPCHKUX 3ac00iB HA OCHOBI POCIIMHHOI CHPO-
BruHH. OCOONIMBOI yBArH 3aCIyTOBYE JTOCIIIXKEHHS TAKOT MAJIOBUBUCHOT POCIIMHH, SK alicTpa HOBOOENbIikchKa. Bigomo,
IO 115 POCJIMHA ITUPOKO 3aCTOCOBYETHLCS B HAPOIHIN MEMITHI Ta TOMEOTaTii Tl NPO(MITaKTHKH U JTIKyBaHHs 6ararbox
3axBoproBasb (Demydiak, 2023).

AticTpa HOBoOeNbrilichKa (Aster novi-belgii L.) — GaratopiuHa TpaB’THECTA POCIIMHA POIMHHN alCTPOBI (4Asteraceace).
Pocnmna noxomuts i3 cxignoi Kananu Ta miBHiuHOTO cxomy CIIA. 3 XVII cromiTrs aiicTpa HOBOOETbrilichKa MOIIH-
peHa B LlenTpanpHiit €Bporri, e ii KyIsTHBYBaIH SIK JeKopaTtiBHY pociuHy (Ibrahim, 2006).

Bunu pomy Aster mmpoko BUKOPUCTOBYBAIUCS MPOTATOM TUCSTHONITE Ha L{naxaii-THOeTchkoMy Mmato [yist AETOKCH-
KalIlii Ta JIIKyBaHHs CEe30HHUX MaHIeMIYHHX 3aXBoproBaHb (Li, 2022). KpiM Toro, iXx BUKOPHCTOBYIOTh Y HAPOIHIA METH-
LIFHI IS JIIKyBaHHS TMXOMAHKH, 3aCTY/H, TOH3WIITY, IpX yKycax 3Mii Ta 6mxia (Shao, 1995).

JlikyBasbHI BIACTHBOCTI aiCTPH HOBOOEBIIHCHKOI TIOB’A3aH] 3 HASBHICTIO B POCIMHI KOMIUIEKCY 0i0J0TiUHO
akTuBHUX pedoBuH (BAP).

DITOXIMIYHHUN aHATI3 BUIIB POAy Aster CBITYUTH MPO HASBHICTD Y POCIMHAX PI3HUX KJIACIB BTOPUHHHX METa-
6ouiTiB, 30kpema ¢eninnponanoinis (Liu, 2010), kodeoinxinoroi xkuciaotu (Nugroho, 2009) i canowninis (Corea,
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2004). Bigomo, 110 I1i CHOTYKH MaOTh IMIUPOKUH CIIEKTP
(hapMaKoJIOTiYHUX BIACTHBOCTEU, cepell SKHX T'eMOJIi-
TUYHI, GHMUXONECMEPUHEMIUHT, IMYHOCMUMYTIOB8ANbHI
ma anmuxanyepozenti (Sparg, 2004).

AiicTpr HOBOOEIBTIHCHKOT TPaBa MICTUTh 3HAUHY KiTb-
KiCTh (DEHONBHUX CIONYK, eipHy OIif0, IO CKIay SKOT
BXomsATh 97 kommoneHTiB (Mapuumus, 2010). Takox poc-
JIMHA MICTUTh (DITABOHOIHN Ta TiPOKCHKOPUYHI KUCIIOTH.

Tabmui 1
MerTpoJioriuna xapakTepUCTHKA pe3yJbTaTiB
BU3HAYEHHS KiIbKiCHOT0 BMicTy cymu ()JIaBOHOINIB
y ¢itocydcTanuii (4-Ta cepis)

OBIPYMH €,

m{N| X [X,| s | s, |P |tn Ii[HTegBM o
6,0174
5,6641

514 [5,8247]5,90(0,0562|0,1061 [0,95| 2,78 [5,90+0,295,00
6,2511
5,7369

Tabmurg 2

MerTtpoJsoriyna xapakTepucTHKA pe3yabTaTiB
BU3HAYEHHs KIJIbKiICHOI0 BMicTy cymu (p1aBoHOInIB
y ¢itocydcTanuii (5-Ta cepis)

m|{N| X |x | s | s P [P, n) | POBIPI | £
i P P intepBaa | %
7,6209
8,2342
5| 47,784818,02{0,0920|0,1357|0,95| 2,78 |8,02+0,38 4,70
38,1764
8,3086
Tabmurg 3

MerTtpoJsioriyna XapakTepUCTHKA Pe3yJabTaTiB
BU3HAYCHHA KibKiCHOr0 BMicTy cyMH (1aBOHOIIB
y ¢iTocydcTanuii (6-Ta cepis)

mn| X | X | s | s [P |wen|O0PWE L o,
1 P g IHTEepBaJI

11,5263
10,7304

54 [11,2537 [11,09 [0,1146 [0,1514 {095 | 2,78 |11,09=042 | 3,79
11,1849
10,7694

Tabmus 4

MeTtposoriyna XapakTepUCTHKA Pe3yJabTaTiB
BU3HAYEHHA KilbKicHOro BMicTy cymH (uiaBoOHOIIB
y ¢itocyocTanuii (7-ma cepist)

mn| X |X | & | s P |t n) | AR o,
! Ed P IHTEepBAJI

8.6475
9,0039

5 14[89306] 8,70 | 0,1405 | 0,1676 | 095 | 2,78 | 8704047 | 536
8,0693
88265
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Merta po6oTH — BU3HAYCHHS BMIiCTY CyMH (DJIaBOHOINIB
y (iTocyOCTaHIIISAX 3 TPABH aUCTPH HOBOOCIBIIHCHKOL.

Marepiasu Ta Meroam aocTixkeHHs1. OO0’eKTOM
TS IOCTiKEeHb Oyimu (hiTocyOcTanmil (TyCTi eKCTpaKTH),
oflepkKaHi i3 CyXol POCIMHHOI CHPOBHHHU — TpaBu Aster
novi-belgii L., 3aroTOBJIEHOI B TIEpioJ] MACOBOTO LIBITIHHS
pociman y 2023 pouii B TepHOMiNbChKiN 00macTi.

Ooepoicanns  pimocybcmanyii. T'ycTHH  eKCTpaKT
OJICP>KyBaJI METOJIOM Mallepallii 3 MepeMilIyBaHHIM.
[ HacroroBaHHS Oyno BHKOpHCTaHO eTaHod (40 %,
00/06; 50 %, 06/06; 60 %, 06/06; 70 %, 06/00) P. Ilicns
HACTOIOBaHHS OFEPKaHy BUTSDKKY (DUIBTPYBaH i BUCY-
ITyBaJIH.

Busnauenns emicmy cymu ¢gprasonoioie. J1yis npose-
JIEHHsI KiJIbKICHOTO BH3HAYE€HHSI BMIiCTy CyMH ()JIaBOHO-
iniB BUKOPUCTOBYBAIH CHEKTPO(OTOMETPHYHHN METOX
(Marchyshyn, 2022).

0,1 T (TouyHa HaBakka) (iTOCyOCTaHIIl MOMIIIATH
B MipHY KOJIOY MICTKICTIO 25 MJI, JOBOAMIIM JIO TO3HAYKH
etanonoM 70 % P (po3uuH A). AJNKBOTY OAEPIKAHOTO
PO3YMHY TOMIIaJN B MipHY KOJIOY MICTKiCTIO 25 M,
nmonaBamd 1 mMa 2 %-ro eTaHOJBHOTO PO3YUHY aTFOMi-
HIIO XJIOPUTY, IOBOJIWIIA 00’ €M PO3YHHY €TaHOJIOM 96 %
P o mo3naukm i mepemimypain. ONTHYHY TYCTHHY
JIOCITIJPKYBAHOTO PO3YMHY BUMiproBanu yepes 40 XB Ha
cnektpodoromeTpi LabAnalyt SP-V1000 3a nopxuHH
xBWI 412 HM y KIOBETi 3 TOBUIMHOIO Imapy 10 mMm.

SIK pO3YMH MOPIBHSIHHS BHUKOPHCTOBYBAIH PO3UYHH,
SIKUHM ckiaaascst 3 1 M po3unHy A, 1-2 kpamneib Kuc-
JIOTH aleTaTHOI PO3BEACHOI, SKHH JOBOIMIN €TaHOJIOM
96 % P 10 no3Ha4Ku B MipHiid k0101 MICTKICTIO 25 MIIL.

[MapamensHO 3a HUX YMOB BHUMIPIOBAIU ONTHYHY
TYCTHHY  (apMakomeWHOro CTaHJapTHOTO  3pa3ka
PYTHHY, IPUTOTOBJICHOTO aHAJIOTIYHO TOCTIIKYBAHOMY
po3unHy. BmicT cymu ¢aBOHOIAIB BU3HAYaIM B Hepe-
paxyHKy Ha pyTHH Ta a0COIIOTHO CYXHI €KCTPAKT.

Jocmimkenas BAP mpoBogunn y msSTH ITOBTOPIO-
BaHHAX. CTaTHCTHYHE ONPALIOBAHHS PE3YIBTATiB MPO-
Boauiu BiamosigHo g0 sumor DFU2.0 5.3.N.1 3a gomo-
Mororto porpamu Microsoft Excel 2010 (DFU, 2015).

Pe3yabTraTn npociigxeHHss Ta iX 00roBopeHHs.
PesyneraTu mociimKeHHS BIUIMBY KOHIICHTPALii eKCTpa-
TeHTa Ha BMICT CyMH ()IaBOHOIIB y (hiToCyOCTaHIIAX,
OJIepXKAHMX 3 HAJI3eMHOT YacTHHU Aster novi-belgii L.,
HaBe/IeHO B Tabnuisx 1-4.

Y oditocyOcTaHmii, ofepkaHId METOIOM Mariepa-
mii 3 MepeMilllyBaHHSAM, i3 BHUKOPHUCTAHHSM EKCTpa-
reHTa — eranoiny 40 % P (4-ta cepis), BA3HAYEHO BMICT
cymu (uaBOHOIAIB. Pe3ynsrary BH3HAUCHHS HaBEACHO
B Tabm. 1.

Bwmict cymu ¢daBoHOiniB y diTocyOcTanii, oaep-
JKaHil 13 BUKOPHUCTAHHSM SIK eKCTpareHTa eraHory 50 %
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P (5-Ta cepis) Ta MeTOmy eKCTparyBaHHSA — Mareparii
3 epeMillyBaHHsIM, HAaBEJICHO B TaOMI. 2.

Pesynpratn BuzHaueHHS cyMu (IaBOHOIAIB y (iTo-
cyOcTaHIlii, Ky Ofep:KaHO METOOM Mareparii 3 mepe-
MIIIyBaHHSIM i3 BHKOPHUCTAHHSM SK EKCTpareHTa era-
HOJTy 60 % P (6-1a cepis), HaBeneHO B Ta0Il. 3, eTaHOIY
70 % P (7-ma cepis) — y Ta0mn. 4.

Pesynprat mpoBemeHHX HOCIHIIKEHb CBiqyarh,
mo BMicT cymu (pnaBoHOINIB OyB HalOimpIIMK y 6-i
cepii (y 1,88 pasa mopiBHsHO i3 4-10, y 1,38 paza — i3
5-10 cepiero, B 1,27 paza — i3 7-10 cepi€ro) i CTAaHOBUB
(11,09 £ 0,42) %.

Binomo, mo ¢maBoHoinu — 11e 6i0JIOTIYHO aKTHBHI
pEYOBUHH, fAKI OepyTh ydacTh y Oaratbox (iziono-
TiYHUX TIpolecax B OpraHi3mi JroauHu. BoHM MaroTh

BUPaXCHI TeNaToPOTEKTOPHI BIACTUBOCTI, BUSBIISIIOTH
AHTHOKCHJAHTHI BIACTHBOCTI 1, SIK HACTIIOK, 3aTPHMY-
I0Th TPOLIECH KaHLEpOreHe3y Ta cTapiHHs. Takok BOHH
MPOSABJISIIOTh  KaMiIsipo3MiliHioBaiabHy (P-BiTamiHHYy),
JIlypeTHdHy, CIa3MOJITHHY, NPOTH3amajibHy, penapa-
THBHY, JKOBYOTIHHY, TiMOTCH3UBHY, TiMNONIIKEMIYHY,
KapJAiOTOHIYHY, TiMONIMiAEMidHy, aHTHAJCPriiHy Ta
npoTupajiamiiiny aktuBHicTh (Marchyshyn, 2007;
Marchyshyn, 2018).

BucnoBku. 1. Metonom mamepaiii 3 nmepemiury-
BaHHAM ofiep:kaHo (iTocy0cTaHuii 3 TpaBu aiicTpu
HOBOOEJIbI il CHKOI.

2. BeraHoBJIeHO, IO HAaliKpalle BUIYYa€ 3 J0CTi-
AKyBaHOI cHpOoBUHH cyMy duiaBoHoigiB 60 %-ii eTa-
HOJI.
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Kanouoam apmayeemuyHux Hayk, O0yeHm, 0oyeHm Kageopu YnpaeiinHa ma eKOHOMIKU (apmayii 3 mexHonI02ico
nikie, Teproninbcokull HayioHanvHull meouunutl ynigepcumem imeni 1. A. [opbauescvkoeo Minicmepcmea oxoporu
300p08’a Ykpainu, matioan Boni, 1, m. Tepnoniny, Yrpaina, 46001 (stoyko li@tdmu.edu.ua)
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SCOPUS: 57211323941

Bioaiorpagiunmii omuc crarri: Mocyna JI., Mocyna B., bymask JI. (2023). JlochiKEHHS KHCIIOT
OpTaHiuHUX 1 TIIPOKCUKOPUYHUX y KOpeHsx Hydrangea arborescens L. ®@imomepanis. Yaconuc, 4, 88-93,
doi: 10.32782/2522-9680-2023-4-88

JOCIIAKEHHS KUCJOT OPTAHIYHUX I TTAPOKCUKOPUYHUX
Y KOPEHSAX HYDRANGEA ARBORESCENS L.

Axmyanvuicme. B Yipaini nowupeni pizni 6uou pooy eopmensis (Hydrangea L.). Jlikysanvni énacmusocmi 6usensirons 08a 6uou —
ecopmeH3ia depesonodiona (Hydrangea arborescens L.) i copmensia mimaonodiona (Hydrangea paniculata Sieb.). Ilepcnexmugroro
07151 ROOANLULUX OOCHIOANCEHb € 20PMEN3Isl 0epeBON00IOHA, KA WUPOKO 3ACMOCO8YEMbCA 6 HAPOOHIL Meduyuni ma comeonamii. Iop-
men3is 0epegonodibHa MICMums KOMIIEKC OION02TUHO AKMUBHUX PEYOBUH: KYMAPUHU, AIKAI0IOU, CANOHIHY, (hIagoHoiou, 8yenesoou,
2ipKi eniko3uou, eqipui onii, Maxkpo- ma mikpoenemenmu. Pociuna 3acmocogyemubcs sk npomu3ananvHull, aHmubaxmepianvhull, paHo-
3a201068AbHULL, CE4OSIHNUL | MOHIZYI0uUll 3aci6. Y ddicepenax naykosoi nimepamypu Hemac OaHux npo 00CALOHCEHHSL 2IOPOKCUKOPULHUX
[ OpeaHiuHUX KUCIOM ) KOPEHsX 2opmeH3ii 0epesonodionol. Bpaxosyrouu wupoxuil cnekmp (GapmarkonoiuHux 1acmueocmell i 6io-
HOCHY Oeue8U3HY CUPOBUHU, OOCTIONCEHHS KUCLOM 2IOPOKCUKOPUUHUX | OP2AHIYHUX ) KOPEHAX POCIUHU € AKMYATbHUM.

Memoto docnioxncenns 6yno 6usHaueHHs @Mpamu 8 MAci Ni0 4ac GUCYULYBAHHS MA KIMbKICHO20 GMICHTY GINbHUX OP2AHIYHUX
i 2IOPOKCUKOPUYHUX KUCTIOM Y KOPEHSX 20PMeH3ii 0epesonodioHol.

Mamepianu ma memoou oocnioxncenna. Mamepianom oocnioxcenns 6ynu kopeni Hydrangea arborescens L. Bmpamy 6 maci nio
4ac GUCYULYBAHHS OOCTIONCYBANOL CUPOBUNU BUZHAYANU 2pAgiMempuiHUM Memodom. Hasenicme kuciom 2iopoKCuKopuuHux 6Cmanos-
08aU 3a 00NoMo20i0 peakyii 3 posuurom gepym (I1I) xnopudy. Kinexicnuil emicm xuciom 2iOpOKCUKOPUHHUX 8USHAUATU MEMOOOM
abcopbyitinoi cnekmpogomomempii, Op2aAHIYHUX KUCLIOM — MUMPUMEMPUYHUM Memooom. 11i0 yac 0ocaiodiceHb 8UKOPUCTNO8YBALU
60OHI MA BOOHO-CNUPMOBL BUMSINCKU 3 KOPEHI8 20pMeN3ii 0epeeonodibnoi, mipruil nocyo kuacy A, XiMiuni peakmusu, wo ionosioa-
1omo eumozam DY, soosny bamio, cywunsvry wagy, excuxamop, ananimuuni éacu Radwag AS 220/C, cnexmpogomomemp Schimadzu
1800-UV (Anonisn).

Pesynomamu oocnioxncenns ma ix o6zosopenns. I pasimempuunum memooom y kopeusix Hydrangea arborescens L. suznaueno
empamy 6 maci nio uac sucyuiyeanus, aka cmanosuaa (9,16 + 0,31) %. 3a pezynomamamu 0ocniodicens y KopeHsx 2opmensii 0epesono-
0IOHOI 6cMaH081eHO HaABHICMb Kucaiom 2iopokcukopuunux. Cnekmpo@domomempusuHum MemooOoM BUSHAYEHO KITbKICHUL 6Micm cymu
KUCnom 2i0pOKCUKOPUYHUX, SKULL Y NEPEPAXYHKY HA KUCIONY XA0PO2eH08Y Ma aOCOmOmMHO cyxy cuposuny cmanosus (2,20 £ 0,07) %.
Tumpumempuunum mMemooom (AIKANIMempis,) GUIHAYEHO KITbKICHUL 6MICH CYMU GLIbHUX OP2AHIYHUX KUCOM, AKUIL Y NepepaxyHK)y Ha
Kucaomy a6nyuny cmanosug (0,67 + 0,03) %.

Buchosok. 3a pezynomamamu 00cniodiceHb KOPeHis 20pmeH3ii 0epesonodibHoOl 6USHAUEHO YUCI0BUTL NOKAZHUK — GMpPamy 6 MAaci
nio uac eucywysanns, akuti cmanosug (9,16 + 0,31) %. Kinoxicnuii émicm cymu xuciom eiopokcuxopuynux cmanosus (2,20 + 0,07) %
YV nepepaxymKy Ha KUcCiomy Xiopo2eH08y Ui aOCONIOMHO CYXYy CUPOBUHY. Bumicm cymu @inbHuUX KUCiom opeaniuHux y nepepaxyHky Ha
s6myuny kuciomy cmanosus (0,67 + 0,03) %. Ooepocani pesynomamu c8iouams npo NePCReKMUSHICIMb NOOAILUUUX OOCTIONCEHD
Hydrangea arborescens L.

Knruogi cnosa: 2opmensia depesonodiona, Hydrangea arborescens L., opeaniuni kuciomu, 2i0poKCUKOPUYHI KUCTIOMU, CHEKMPO-
omomempuyHuil Memoo, MumpuUMempudHuLL Memoo.
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RESEARCH OF ORGANIC AND HYDROXYCINNAMIC ACIDS
IN THE ROOTS OF HYDRANGEA ARBORESCENS L.

Actuality. Different species of the hydrangea genus (Hydrangea L.) are widespread in Ukraine. Therapeutic properties are shown by
two species: Smooth Hydrangea (Hydrangea arborescens L.) and Panicle Hydrangea (Hydrangea paniculata Sieb.). Promising for further
research is Smooth Hydrangea, widely used in traditional medicine and homeopathy. Smooth Hydrangea contains a complex of biologically
active substances: coumarins, alkaloids, saponins, flavonoids, carbohydrates, bitter glycosides, essential oils, macro- and microelements. The
plant is used as anti-inflammatory, antibacterial, wound healing, diuretic and tonic. The scientific literature does not contain any data about
research of hydroxycinnamic and organic acids in the roots of Smooth Hydrangea. Given the wide range of pharmacological properties and
the relative cheapness of raw materials, the study of hydroxycinnamic and organic acids in plant roots is relevant.

The aim of research was determine to the loss in weight after drying and the quantitative content of free organic and hydroxycinnamic
acids in the roots of Smooth Hydrangea.

Materials and methods of research. The material of research was roots of Hydrangea arborescens L. The loss in weight after
drying of the researched raw material was determined by gravimetric method. The presence of hydroxycinnamic acids was determined
by reaction with a solution of iron (Ill) chloride. The quantitative content of hydroxycinnamic acids was determined by absorption
spectrophotometry, organic acids by titrimetry. In the course research, water and water-alcohol extracts from the roots of Smooth
Hydrangea, class A measuring dishes, chemical reagents that meet the requirements of the SPhU, a water bath, a drying cabinet, an
desiccator, analytical balance “Radwag AS 220/C”, and spectrophotometer Schimadzu 1800-UV (Japan) were used.

Research results and their discussion. The loss in weight after drying the roots of Hydrangea arborescens L., which was
(9.16 £ 0.31) %, was determined by gravimetric method. As a result of the research, the presence hydroxycinnamic acids in the roots of
Hydrangea arborescens L. was established. The quantitative content of the sum hydroxycinnamic acids in terms of chlorogenic acid and
absolutely dry raw materials was determined by the spectrophotometric method, which was (2.20 = 0.07) %. The quantitative content of
the sum free organic acids in terms of malic acid was determined by the titrimetric method (alkalimetry), which was (0.67 £ 0.03) %.

Conclusion. As a result of research the roots of Smooth Hydrangea, a quantitative index was determined — loss in weight after
drying, which was (9.16 £ 0.31) %. The quantitative content of the sum hydroxycinnamic acids was (2.20 + 0.07) % in terms of
chlorogenic acid and absolutely dry raw materials. The content of free organic acids in terms of malic acid and absolutely dry raw
materials was (0.67 £ 0.03) %. The obtained results indicate the prospects for further research of Hydrangea arborescens L.

Key words: Smooth Hydrangea, Hydrangea arborescens L., organic acids, hydroxycinnamic acids, spectrophotometric method,
titrimetric method.

Beryn. AxryanbHicts. HesBaxaioum Ha Benu- MemuuumHu 2014-2023%», Ha ChOTOmHI cepel METOIB

KHHA acOPTUMEHT CHHTECTHYHHX JIKapChKHX IperapariB
(JIIT) Ha apmaLeBTUYHOMY PUHKY, POCIHMHHI JIIKApChKi
3acobu (PJI3) He BTpauaroTh CBOET aKTYaJIbHOCTI i KOpHC-
TYIOThCS JIe/laJli OUIBIIUM IIOIUTOM CEpEel] PI3HUX BIKO-
BuX Tpyn HaceneHHs (Minarchenko et al., 2017). 3rignHo
3 wmarepianamu «Crtpareris BOO3 y ramysi HapogHoi

®diroTtepanis. Yaconuc

HApOMHOI MEMUIIMHKM B PI3HUX KpaiHax Ha (QiToTepariro
npunagae 65-82 %, i maibke 80 % HaceneHHs IUIAHETH
BHUKOPUCTOBY€ TIPEHApaTd POCIMHHOIO  ITOXOKCHHS
(WHO traditional medicine strategy, 2013). PJI3 mBuako
HaOHMparoTh MOIMYISPHOCTI B YChOMY CBITI 4epe3 He3azo-
BOJIGHHA 0ararbox JIFOAed KUTbKICTIO MOOIYHHX edeKTiB
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cuarernuanx JII1. JlikapceKi pOCIMHE € JDKEpPEIoM IliH-
HUX OlonoriyHo akTtuBHMX peuoBuH (BAP): BitamiHiB,
DTIKO3UIiB, (HIABOHOIIB, ()EHONBHUX CIONYK, CAllOHIHIB,
ankasoizis oo (Domashovets et al., 2023). AKTyanbHIM
3aBIAHHSAM Cy4acHOI (hapMarlii € BUCOKHUIT 1 BUIIpaBIaHUH
IHTEpeC JOCTITHUKIB JI0 TIOIIYKY HOBHMX JOCTYITHUX JDKE-
pen JIPC 3 mMeTor0 CTBOpEeHHsI €()EKTHBHUX 1 HETOKCHY-
HuX Jikapcbkux 3aco0iB (JI3) (Eberle et al., 2023). Omxe,
JOCITIKEHHS SIKICHOTO CKJIaJy Ta BH3HA4YEHHS KiJbKic-
Horo BMicTy BAP y HOBHX [Kepenax pOCIHHHOI CHPOBHHH
€ TICPCIICKTUBHUM HAIPSMOM JIOCITi [DKCHHSL.

Ha croromHi MamoBHBYECHHMH 3alIHIIAIOTHCS TPEA-
CTaBHHUKH poay ropreHsis (Hydrangea L.), 30kpema
TaKW{d TOIIUPEHUH y CBITI Ta HEBUOAITUBUI BHJ, 5K
ropTeHsis aepesononiona (Hydrangea arborescens L.).

Bupn ropreHsis aepeBonoaiOHa HAJEXKUTh J0 POLY
Hydrangea L., poaunau rtoprensieBi (Hydrangeaceae
Dumort.). Kopenepa cucrema Hydrangea arborescens L.
MHYKYBara, PSCHO TiIKY€ThCs, HETHOOKA, ajie MIMpoKa,
nocsrae mmuouHu 40 ¢M 1 ToTpedye TOCHTh OaraTo MicIist
B myHi (Brickell, 2019).

loprenzito  nmepeBOnomiOHy HE  BHKOPHCTOBYIOTH
y JIOKa30Biii MeIWIWHI, ajie 37aBHa 3aCTOCOBYIOTH 13
JKyBaJbHOIO MeToto B HapomHii (Goncharova, 2018).
VY mKepenax JITepaTypH € JaHi Ipo BUKOPUCTAHHS Pi3HHUX
yacTuH pocinau B Tomeonarii (Telang, 2021; Shaffique et
al., 2020). 3 naBHIX 4aciB y KUTalCBKill MEAUIMHI KOpEHi
TOpTEeH3il BUKOPHCTOBYIOTH [UIS JIIKYBaHHS 3alaJbHHX
3aXBOPIOBAHb CCYOBHAUIBHOI CHCTEMH, y pPa3i CXWIIb-
HOCTI JI0 YTBOPEHHS KaMEHIB y HHUPKaxX 1 CCYOBHBIIHUX
IUISIXaxX, 32 HASIBHOCTI MOAATPH, Y pa3i 3aTPUMKHU PiUHH
B opranizmi (Medicinal properties of hydrangea. https:/
jak.koshachek.com/articles/likuvalni-vlastivosti-gortenzii-
skarbnichka.html). ¥ HapomHiii MemunmHi i peKOMEHIY-
I0Th y pa3i TOH3WIITY, aHTiHH, (apuHTiTY, Mamspii, cep-
LEBUX 3aXBOPIOBAHb, CONBOBOTO HiaTe3y, HAsSBHOCTI ITICKY
Ta KaMEHIB y CEYOBOMY MiXypi, IUCTUTY, Mi€TOHES(PPHTY,
XPOHIYHHUX 3aXBOPIOBAHb CEYOBHIUIGHOI CHCTEMH, YKOBU-
HOKaM’sIHOi XBOpPOOH, JUCIIEIICii, 3aXBOPIOBAaHb TepeaMi-
XypOBOI 3aJ103H, IIEPEIMEHCTPYaIBHOTO CHHAPOMY, OO0JTic-
HHUX MEHCTpYalliii, HaOpsKiB, TeIbMIHTO3Y, 3aXBOPIOBAHb
Cym100iB, IyKPOBOTO J1iabeTy, ayTOIMyHHHX 3aXBOPIOBAHb,
TOKCHKOZIEpMii, CTOMAaTUTy ¥ IHIIMX 3alalbHUX 3aXBOPIO-
BaHb mopoxkHuHH pota (Hydrangea. https://www.rxlist.
com/supplements/hydrangea.htm). 3apasku HasBHOCTI
BAP Hydrangea arborescens L. BUSBIS€E POTH3aNaJIbHI,
aHTHOAKTepiabHi, PAHO3aTOIOBANIBHI, CEUOTiHHI Ta TOHI3Y-
toui BractuBocTi (Goncharova, 2018).

3a pesynsraraMu aHamizy (papMarieBTHYHOTO PHHKY
JI3, siKi 3apeecTpoBaHi Ha TEPUTOPIT HAIIOT KpaiHU, BCTa-
HOBJICHO, 1110 B YKpaiHi Hemae >xomHoro JIIT Ha ocHOBI
CHPOBHHM TOpTeH3ii JepeBornomiOHoi (State register

=90

®diroTtepanis. Yaconuc

of medicines. http://www.drlz.com.ua). Ha dapmare-
BTUUHOMY pWHKY Ykpaiam Hydrangea arborescens L.
MIPE/ICTABJICHA JIMIIE JIETHYHUMHU JOOaBKAaMH Y BUIVISAI
KarcyJ1, TabJICTOK, PiJKOTO eKCTPAKTY 3 KOPEHIB POCITHHHU.
VYei mietndHi 100aBKU MEPEBAXKHO 1HO3EMHOTO BHPOOHU-
IITBa, BUHITKOM € «EKCTpakT ropreHsii» y ¢gopmi tadie-
ToK, sKi BuroroBise TOB «Enit-®apm» (Compendium.
https://compendium.com.ua/dec/319942/80804/).

Kopeni roprensii nepeBonomiOHOI MICTATh 3HAYHY
KiTbKicTh BAP: (maBoHOinM, canoHiHU, KyMapuHH,
ankanoinu U edipni omii (Hydrangea. https://rada.kr.ua/
gortenziya-poleznye-svojstva-i-protivopokazaniya/).
VY pKepenax HayKOBOI JIITEpaTypd HEMae NaHUX IPO
JTOCITI/DKEHHS KMCIIOT T1APOKCUKOPUYHHUX KHCIIOT 1 BiJTb-
HHUX OpraHidHUX y KopeHsx Hydrangea arborescens L.

MeTa gociimkeHHsl — BU3HAYEHHS BTPaTH B Maci
i yac BUCYIIYBAHHS Ta KUIBKICHOTO BMICTY BLTBHHX
OpTaHIYHUX i TIPOKCHKOPHYHHUX KUCIOT Y KOPSHSX TOp-
TEH3ii JepeBOonoIiOHOi.

Marepianu Ta MeToIM J0CaizKeHHA. MaTepiaiom
nocnipkeHHs Oynmu kopeHi Hydrangea arborescens L.,
sKi 3arotoBiisuii BoceHu 2022 poky Ha Teputopii Tep-
HOIJIBCHKOT 00MacTi.

JocmimKkeHHs TIPOBOIUITN (bi3UKO-XIMIYHUMH
(abcopObuiiiHa ciekrpodoTomerpisi B YD-IisSHII CrieK-
Tpa), XiIMIYHUMHU (TpaBIMETPis, TATPUMETPIs) Ta CTATHC-
THUYHUMH (MaTeMaTHyHa 00po0Ka OTpUMaHHX Pe3yibTa-
TiB eKcIiepuMeHTy) Metomamu. [lig wac mociimKeHHS
BUKOPHCTOBYBAJIM BOJHI Ta BOTHO-CITUPTOBI BUTSDKKH 13
cupoBuHu Hydrangea arborescens L.

JIy1 BUKOHAHHS TOCIIiIKEHb BUKOPUCTOBYBAIH Mip-
HUH nocy/l Kiacy A 1 peakTHBH, Ki BIIMOBIAaI0Th BUMO-
ram JI®Y, BogsHy OaHro, CymmibHy mady, eKCHKaTop,
anamitiuHi Baru Radwag AS 220/C, criektpodoToMeTp
Schimadzu 1800-UV (SAnoHis).

BusHaueHHs BTpaTH B Maci I1iJ1 Yac BHCYITyBaHHS KOpe-
HIB TOpTEH3ii AepeBONOAIOHOT MPOBOIVIIN TPaBIMETPUIHIM
METOZIOM BIIOBITHO 10 3arajJbHONPHHAHSATOI METOIUKH
(SPhU, 2015; Stoiko, 2018). Jlyst 11b0ro TOUHI HABKKH (10
3,0 T) HoApiOHEHOI CHPOBHHH TOMIIIATM B TOMEPESTHBO
BHCYILICHI 1 3BaKEHI Pa3oM 13 KPHUIIKOIO OIOKCH. Y Harpity
no 100-105 °C cymmwieHy 1mady mnoMimamy OFOKCH
3 HaBaXKKaMH CHPOBUHM. llepiiie 3BaxKyBaHHS OIOKCIB ITpO-
BOIIUIM Yepe3 2 1of1. brokew 3 HaBaykkaMy BHIMAJIH 13 magu
THTCJIBHAMU IIHIIIMA W TOMIIIATH IS OXOJIO/PKEHHSI
B €KCHKATOP, Ha JTHI SIKOr0 OyB OC3BOTHUI KAITBLIIIO XJIOPH/I.
OXO0OmKeH] OIOKCH 3aKpUBATH KPHIIIKAMH Ta 3BKYBAJIH.
BucytiryBanHs pOBOIMIIH IO MOMEHTY, KOJTH Pi3HULIST MDK
JIBOMA TOCTIIOBHUMH 3BKYBAHHSIMH TTICIIS BUCYIITYBaHHS
1 OXONOKEeHHS B ekcukaropi He mepesumlyBaia 0,01
Brpary B maci nizx yac BuCymnryBaHHs cupoBuaH (W), y Bin-
COTKaX, OOUHCITFOBAIIA 32 (POPMYIIOFO:
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(m —m,)x100%
W="—-"7""—
m
JIe m — Maca CUPOBHMHHU JI0 BUCYIIIYBaHHS, 2;

m,; —Maca CHpOBUHH TIiCJIsl BUCYIIIYBaHHS, 2.

DiTOXIMIYHI JOCHTIIKEHHS MPOBOIUIN, BUKOPUCTO-
BYIOYH BOIHI Ta BOIHO-CIIPTOBI BUTSKKH 3 BHCYIIICHUX
kopeHiB Hydrangea arborescens L.

HasBHICTh KHCIOT TiIPOKCHKOPHUYHUX Y KOPEHSIX
ropreHsii JepeBonoAiOHOT BCTAHOBIIOBAJIM 3a JIOTO-
Moror peakiii 3 pozunHoM depym (I1I) xmopuny. Ilin
Yac JOCHTIHKEHHS BHUKOPHCTOBYBAIU BOJHO-CIIUPTOBY
BHUTSDKKY 13 cupoBuHU Hydrangea arborescens L. Jlo
1 mn BuTsDKKM JomaBanu 2 kpamwii 1 %-ro po3uunHy
depym (I1II) xmopumy (Solodovnychenko et al., 2001;
Parashchuk et al., 2018).

KinpkicHHIA  BMICT CYMH TiAPOKCHKOPHYHUX
KHCIIOT Y TMepepaxyHKy Ha KHCJIOTY XJIOPOTCHOBY
i abCONIOTHO CyXy CHUPOBHHY B KOPEHSX TOPTEH3ii
JepeBOoNnoAiOHOI BHU3HAYaldud MeToAoM abcopOuiiHoi
criekTpodoromMeTpii B YD AUISHIII CIIEKTpa Ha CIIEKTPO-
¢dhotometpi Schimadzu 1800-UV (Snonis) (Parashchuk
et al., 2018).

Buxionuii posyun. 2,0 T (TouHa HaBaXKka) MoApiOHe-
HOT CUPOBHHH MOMIIIAJIXA B KOJIOYy Ha 200 MJ1, 3aMBaju
70 mn eranonmy (20 %, 06/06). KonOy 31 3BOPOTHUM
XOJIOMMJILHUKOM HarpiBajM Ha BOJIsAHIM OaHi BIpO-
noBx 15 xB. EkcTpakT 0XxoiomkyBaiu, (GiIsTpyBajiu
yepe3 marepoBuid QuUIETp. EkcTpakiiro MmoBTOprOBajm
1ie JBidi, JOAAIOUU B KOJIOY HOBI MOPIIii €KCTPAareHTy —
mopasy 1o 70 mi eranomy (20 %, 06/00).

Po3zuun A. OpeprkaHi BUTSATH KUTbKICHO TIEPEHOCHIIH
B MipHY KonOy Ha 250 Mi1 i qoBOmMIA 00’€M PO3UHHY
20 %-m €TaHOJIOM 10 MITKH.

Jocnioaxcysanuii posuun. 1 M1 posuury A moMinanu
y MipHY k010y Ha 50 M1 i foBOIMIIN 00’ €M PO3UUHY €Ta-
HOJIOM (20 %, 06/06) N0 MITKU.

S posuun nopieéHAnHs BUKOPUCTOBYBAJIH PO3YHH
etanomy (20 %, 06/00).

OntuyHy IyCTHHY JOCHIPKYBaHOTO PO3YHHY BHMi-
prOBaJM 3a JOBKWHH XBHJII 327 HM y KIOBETI 3 TOBIIH-
HoIo 1mapy 1 cm.

Bwmict cymu TiIpOKCUKOPHYHHX KHUCIOT (X) y Tiepe-
pPaxyHKy Ha KHCIOTY XJIOPOT€HOBY i aOCOJIOTHO CyXy
CUPOBHHY, Y BIJICOTKaX, pO3paxoByBaJIX 32 (POPMYJIOKO:

_ A-250-50-100
A% m-1-100-W) "
Ie A — ONTHYHA TYCTHHA TOCII/HKYBAaHOTO PO3UUHY;
AIIZ‘; — IUTOMUI MMOKa3HUK MOTJIMHAHHS XJIOPOTEHO-
BOI KHCJIOTH;
m — Maca HaBa)KKH CUPOBHUHH, 2;

W — BTpara B Maci i1 Yac BUCYITyBaHHS CHPOBUHH, %6.
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KinpkicHuil BMICT CyMH BiIBHUX OPraHiYHHX KHC-
JOT y TepepaxyHKy Ha KHUCIOTY SONYYHYy B KOPCHSX
Hydrangea arborescens L. Bu3Hadamm THTPUMETpPHUY-
HUM METOJIOM (aJIKaJliMEeTpis y BOJHOMY CEPEIOBHIII,
npsme tutpyBanus) (SPhU, 2016).

JIJ1s1 11bOTO TOTYBAJTK BOIHI BUTSDKKH 3 KOPEHIB JOCTI-
JoKyBaHOi pocnuHuM: 25,0 T (TOUHAa HaBaXXKa) MOAPiOHe-
HOI Ha MOPOIIIOK CHPOBHHU MOMIIIATN B KOHIYHY KOJIOY
Ha 250 M, 3aymBanu 200 M Boau P i1 BUTPHUMYBAIH Ha
BOJIsTHIH OaHi mpoTsaroM 2 rof. Jlami oXonomKyBaiu, Gijib-
TpyBasu. OneprkaHuil (PineTpar KUIBKICHO NMEPEHOCHIIH
B MipHY KojOy Ha 250 MJj, JOBOIMIH O0’€M BUTSKKH
BOJIOIO P J10 TI03HAYKY i TIEpeMilllyBaiu (posuun A).

Jami npoBoaviu TuTpyBanHs: 10 M1 pozuuny A momi-
a7y B KOJOy AJIsl TUTPYBaHHSA, fofaBand 250 M BOAH
P, 1 M pozunny ¢denondraneiny P, 2 ma pozuuny 1 /1
METHJICHOBOTO CHHBOTO P 1 TUTpYBaJIH, MOCTIHHO epeMi-
mryroud, 0,1 M po34nHOM HATPIO TIAPOKCHAY JO HOSBU
B TiHI CBITJIO-(D10JIETOBO-YEPBOHOTO 3a0apBIICHHSI.

BMicT cymH BiIBHHX OpraHiuYHHX KHCIIOT (X) y miepe-
paxyHKy Ha KHCIOTY S0IydHY, y BiJICOTKax, pO3paxoBy-
BaNM 3a opMyIoro:

¥ -0,0067 -2500
x=— =22
m
ne V'—o0060’em 0,1 M po3unHy HaTpito TiAPOKCHUTY, BUTpa-
YEHOTO Ha TUTPYBAaHHS, MJ;

0,0067 — KiNbKICTh KUCIIOTH SIOMY4HOT, IO BiAMOBI-
nmae 1 M 0,1 M po3uuHy HaTpito TIAPOKCHIY, 2;

m —Maca HaBa)XKH BUITPOOOBYBaHOI CHPOBHHHY, 2.

VYei nocmimkerHss BAP kopeHiB ropTeHsii aepeBoro-
ni0HOT moBTOprOBaN 5 pasiB. Pesynbraru Oyau BHpaxeHi
SK CepelHl 3HAYCHHsS 3 JOBIpYMM iHTepBasioM. CrarwHc-
THYHE ONPALFOBAHHS PE3YJIBTaTiB 3AIHCHIIN BiIIOBIIHO
mo Bumor JI®Y 2.0 5.3.N.1 3a nomoMoror mporpamu
Microsoft Excel 2010 gyt OC Windows (SPhU, 2015).

Pe3yabTaTn gociigkeHHs: Ta iX 00ropopeHHs. 3a
pe3ynbTaTaMy JOCIHIKEHHsS BCTaHOBIICHO, IO BTpara
B Maci ITiJ] 4ac BHCYITyBaHHS KOPEHIB TOpPTEH3Il aepe-
BomnofiOHOi craHoBuia (9,16 + 0,31) %. Po3paxoBanuit
MOKa3HUK BPaxXOBYBAJIN U BU3HAYCHHS KUIBKICHOTO
BMICTY CYMH TiZIpPOKCHKOPUYHHUX KHCIIOT.

[Ipo HasgBHICTH CHONYK (PEHONHHOI TPHUPOIH, ¥ TOMY
YUCITI KHUCIOT TiIPOKCUKOPHYHHX, Y BOJHO-CITAPTOBOMY
PO34HHI, Olep)KaHOMY 3 KOPEHIB TOPTEH3I1 JIepeBOmnomio-
HOT, CBI/TYMJIO YTBOPEHHSI CipO-3€JI€HOT0 3a0apBIICHHS BHA-
crinok peakiii 3 1 %-m pozurHOM dhepym (I11) xmopuy.

Pe3ynbraTy BU3HAUEHHS KUTBKICHOTO BMICTY CyMU Tifl-
POKCHKOPHYHIX KUCTIOT Y KopeHsix Hydrangea arborescens
L. y nepepaxyHKy Ha KUCJIOTY XJIODOT€HOBY i aOCOTIOTHO
CyXy CHpPOBHHY HaBeJleHO B Ta0imli 1. CriekTp HOrTHHAHHS
CYMH KHCJIOT TJIPOKCUKOPHYHHX Y KOPEHSIX TOpTeH3ii nepe-
BOIOMIOHOT 300paXKeHO Ha PUCYHKY 1.
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Puc. 1. CrieKTp NONIMHAHHA CyMH KUCJIOT
TJPOKCUKOPUYHHUX Y KOPEHsIX ropTeH3ii iepeBononionoi

Pesynbrati BH3HaUCHHSI KiJIbKICHOTO BMICTY B KOpe-
Hax Hydrangea arborescens L. cymu BUTBHHX OpraHiy-
HUX KUCIIOT y TIepepaxyHKy Ha KUCIIOTY SONMydHY, HaBe-
JIEHO B TAOJIHUIII.

BucnoBku. 1. 3a pesyabTraTamm A0CiAKEHHS
kopeniB Hydrangea arborescens L. rpaBiMeTpuYHUM

Ta6muis 1
KinbkicHuii BMicT cyMU BiJILHUX OpraHivyHHX
KHCJIOT i CyMH TIpOKCHKOPUYHUX KUCJIOT
y xopensix Hydrangea arborescens L., AEL AE %)

KinekicHuii Bmict, %

(n=3)

Metoa BU3HAYEHHA

Cyma BiTbHUX OPra”HiqyHuX KHCJIOT

TurpumeTpuyHuii METON

0,67 =0,03
(y mepepaxyHKy Ha sIOIy4HYy KHCIIOTY)

CyMa riipoKCHKOPUYHUX KHCJIOT

AGcopOriiiHa criekTpodoTOMETpist
(y mepepaxyHKy Ha XJIOPOTEHOBY
KHCIIOTY)

2,20+0,07

2. KinpkicHuii BMiCT CyMH KHCJIOT TiIpOKCHUKO-
PUYHHMX Yy MepepaxyHKy Ha KHCJOTY XJOPOTreHOBY
cranoBuB (2,20 + 0,07) %.

3. Bmict cymm BilbHMX KHMCJIOT OpraHidYHMX
y nepepaxyHKy Ha KHCJIOTY S0JY4YHY KHCJIOTY CTAHO-
BuB (0,67 = 0,03) %. Onepaxani pe3y1bTaTH cBinyarb

METOA0M BM3HAYEHO OJUH i3 YMCJI0BUX MOKA3HUKIB —
BTPATy B Maci miJl Yac BUCYIIYBAHHS, 110 CTAHOBUB
(9,16 £ 0,31) %.

MPO NepcneKTUBHICTH MOAAJBIIMX J0CHiIKeHb Top-
TeH3ii JepeBonoaiOHOI.
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MOP®OJOTO-AHATOMIYHE BUBYEHHS TPABU IIABJIIT BAUCKYYOI
(SALVIA SPLENDENS SELLOW EX ROEM. ET SCHULTES)

Axmyansnicms. Ananiz cyyacnux nimepamypHux 0dicepen nokazas, wo Mopghono2o-aHamomiuna Xapaxmepucmura nikapcokoi
POCIUHU MAE 8a2oMe 3HAYEeHHs 015 [0enmuixayii 6udis i 6CMaHOGNIeHHs. NOKA3HUKIE sikocmi aikapcebkoi pocaunnoi cuposunu (JIPC).
Pio lasnisn (Salvia L.) — naiibinvwuii y poouni enyxoxponueosi (Lamiaceae) i napaxogye dnusvro 900 udis, nowupenux Ha 6cix KoH-
muHenmax, Kpim Anmapxmuou. B ogiyunanshiti meouyuni 6uxopucmogyomucs uuie 06a 6UOU Yb0o20 pooy: wiaeiis tikapcwvka (Salvia
officinalis L.) i waenis myckamna (Salvia sclarea L.).

O0nuMm 13 HATINOWUPEeHIWUX Y KBIMHUKAPCMBI npedcmagHuxie pody € waenis oauckyua (Salvia splendens). Tomy npogedenns mop-
Gonoziunoeo 1 aHamomiuH020 AHANIZY CUPOBUHU WABTIT GIUCKYHOT | 8UsABTIEHHS CReYUDIUHUX O3HAK, K OONOMONCYMb [0eHMUPDIKY-
6amu Y10 POCIUHY, € 8ANHCTUBUM emANOM CIMAHOAPMUZAYIT CUPOBUHU.

Mema docnidcenns — eu3HaueHHs. OiASHOCMUYHUX MOPGHONOIUHUX MA AHAMOMIYHUX O3HAK MPASU Wwaeii OIUCKYUYOl, KA KY1b-
mueyemuca 6 Ykpaini, 3 memoio po3pobxu 6i0nogionux po3oinie memooie konmponto axocmi (MKA) na oocnioxcysany cuposuny.

Mamepianu ma memoou docnidxcenns. Mamepianom 0ns 0ocnioxNcenHs Oyna mpaea waenii GAUCKYUOL, 3a20MO8NeHa 6 YePEHI
2023 poky 6 nepiod macogozo ysiminta pociun Ha mepumopii [lonmaescvkoi obnacmi. Mikpockoniunuil ananiz mpasu nposoouu 8io-
N0GIOHO 00 3a2anbHONPUNIHAMOI MemoouKu. Anamomiuny 6y008y 6UEYaNU HA NPenapamax NONepeyHuUx 3pizie uepeuikie ma nogepxui
JUCMKIG I K8IMOK. J{OCTIOdNCeH s 30TUCHIO8ANU 3 GUKOPUCIAHHAM C8IMN06020 Mikpockona «bionamy (JIOMO). Ompumani oani ¢ixcy-
sanu yugposorw gomoxameporo Samsung PL5O.

Pesynomamu oocnioscenns. 3a pesynomamamu Mopghonozo-anamomiunozo oocaiodicenns cupogunu Salvia Splendens L. 6yno
BUSBILEHO MOPDONO20-AHAMOMIYHT OIACHOCTUYHI O3HAKU.

Mopdghonoeiuni osuaxy. Cmebaa 4omupuxymHi, 8i0 3e1eH020 00 YePBOHO20 KOMbopy. Jlucmiku uepewkosi, npocmi, OnucKyui, 3eieHi.
Jlucmxosa nracmunka wupoxo Aiyenooibna, akciaibHo 3a103UCma; 6epXi6Ka 3a20Cmpend, 0CHOBA OKpYand, Kpall NUNYACHUL, JHCUTIKY-
eanns nepucme. Cyygimmsi — 2—3-k6imKosi Kiibys, 3i0pani y epxiskosi kumuyenodioni mupcu, 0o 20 cm 3a8006dicku. Keimxu uepeoHi,
CAOKO NOHUKIL, HA KOPOMKUX YePBOHUX 3AN03UCTHUX KBIMKOHINCKAX i3 TAHYemHUMU, YepeoHumu npuxsimxamu. Oyeimuna nooeiiina,
yauieuka Yepeona, mpyouacmo-0eoeyba, eepxmsa 2yba mpuxkymuo-aiyenodiona 3 20Cmporo 8epxieKo0, HUNMCHA — MPoXu 008uld 3a
6epxHI0, 2IUOOKO 06803yOHacma, 3yoyi mpuxymui, 00 1,5 cM 3a80060iCKU, HA NOBEPXHI GUCMYNAIOMb JHCUIKU. Binouok 4 cm 3a6006d1cKu,
onywenutl; mpyoka 8ud08xcena, 008ula 3a yauieyky y 2—2,5 pasza, 6epxus 2yoa npama, 0ewjo YeicHyma, a HudniCHs 2yoa Kopomuid, aie
He Habazamo, 2 po36uHeHi MUYUHKI.

Anamomiuni o3naxu. Enioepma uepewika, TUCmKie, K6IMok eycmo 6Kpuma KOpOMKUMU OOHOKAIMUHHUMU KPUIOYUMU TPUXOMAMU
KOHIYHOT ¢hopmu, 3pioKa 3ycmpiuaomvca He8enuki 3an103ucmi 6010cKu ma 3an03ku. Kpiv moeo, aucmxu ma Keimxu 6Kpumi 0OHOKi-
MUHHUMU KOPOMKUMU KPUIOYUMU 80I0CKAMU (3PIOKA — OBOKIIMUHHUMY KOHIYHUMY, OBOKINIMUHHUMU KONTHYATMUMY, MPUKTTIMUHHUMU
80110CKAMU).

1Tio enioepmoro uepewika posmawiogana mpu-, YOMUpUpsOHa Kymoea KOLeHXimMa, nposioHutl nyyoK npedcmasieHuti 00ope po3su-
HeHOW Kcunemoro i guoemoro. Jlucmok oopsusenmpanvrnozo muny. Bepxus enioepma neoonopiona i npeocmasnena napenxiMuumi,
CAOKO 36USUCMOCMIHHUMY KAIMUHAMU 6€3 npoouxie i KAIMuHAMUu NpAMOCMIHHUMY, [300IaMEempPUYHUMY, [3 YACMUMU OKPY2IUMU
npoouxamu. Hudicnsa enioepma nao JHcunkoio ymeopena npamocminHuMu, RPO3eHXIMHUMU KITMUHAMUY, MIC JICUTKAMU NAPEHXIMHUMU
KAIMUHamu i3 36UUCIMOCMIHHUMU, MOHKOCIMIHHUMU 0DOIOHKAMU, NPOOUXU YucenbHi, 08anbhi. Tun npoouxoo2o anapamy Oiayumuui.
Enidepma nemocmox cockonoodibna. Ilentocmku 2ycmo 6Kkpumi KOpOMKUMU KOHIYHUMU 60I0CKAMU, 3AN03KAMU 3 8 padiaibHO po3ma-
WOBAHUMU KTMUHAMU 6 2011I8YT 1l OOHOKIIMUHHOIO HidcKoM0. Knimunu napenuximu i 6a2amoxkaimunHi 6010CKU Y 3161 MiCMAMb YePEOHULL
cexpem. [Tunxosi 3epna 06anvhoi popmu.

Bucnosku. 1. Ilposederno mopgonociune it anamomiyne ugueHHs mpasu wiagnii onuckyyoi. 2. Busnaueno ocnoeni diacnocmuuni
O03HAKU MPasu waenii 6nucKy4oi, aki 6y0yms eukopucmati 018 po3pooKu 8ionogioHo2o po3oiny npoekmy MKA na mpasy waenii 6au-
CKYYOI.

Knrwuosi cnosa: wasnis 6auckyua, mpasa, Mop@onozis, anamomisi.
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MORPHOLOGICAL AND ANATOMICAL STUDY
OF SALVIA SPLENDENS SELLOW EX ROEM. ET SCHULTES GRASS

Topicality. The analysis of modern literary sources showed that the morphological and anatomical characteristics of a medicinal
plant are of great importance in the identification of species and the establishment of quality indicators of medicinal plant raw materials
(RMR). The genus Sage (Salvia L.) is the largest in the (Lamiaceae) family and has about 900 species distributed on all continents
except Antarctica. Only 2 species of this genus are used in official medicine: sage (Salvia officinalis L.) and sage (Salvia sclarea L.).

One of the most common representatives of the genus in floriculture is the brilliant sage (Salvia splendens). Therefore, conducting
a morphological and anatomical analysis of the raw material of brilliant sage and identifying specific features that will help identify
this plant is an important stage in the standardization of the raw material.

The purpose of the research is to determine the diagnostic morphological and anatomical features of the herb of sage brilliancy, which
is cultivated in Ukraine, in order to develop the appropriate sections of quality control methods (QC) for the studied raw material.

Research materials and methods. The material for the study was the grass of brilliant sage, harvested in June 2023 during the
period of mass flowering of plants in the territory of the Poltava region. Microscopic analysis of the grass was carried out in accordance
with the generally accepted methodology. The anatomical structure was studied on preparations of cross-sections of petioles and the
surface of leaves and flowers. Research was carried out using a light microscope “Biolam” (LOMO). The obtained data were recorded
with a Samsung PL50 digital camera.

Research results. As a result of morphological-anatomical research of Salvia Splendens L. raw material, morphological-
anatomical diagnostic signs were found. Morphological signs. Stems are quadrangular, from green to red. The leaves are petiolate,
simple, shiny, green. The leaf plate is broadly ovate, axially glandular; the apex is pointed, the base is rounded, the edge is serrated,
the venation is pinnate. Inflorescences — 2—3-flowered rings, collected in apical tassel-like sawdust, up to 20 cm long. The flowers are
red, slightly drooping, on short red glandular peduncles with lanceolate, red bracts. The perianth is double, the calyx is red, tubular-
double-lipped, the upper lip is triangular-ovate with a sharp tip, the lower lip is slightly longer than the upper lip, deeply bidentate, the
teeth are triangular, up to 1.5 cm long, veins protrude on the surface. Corolla 4 cm long, pubescent; tube elongated, 2—2.5 times longer
than calyx; the upper lip is straight, slightly concave, and the lower lip is shorter, but not much; 2 developed stamens.

Anatomical signs. The epidermis of the petiole, leaves, and flowers is densely covered with short, one-celled covering trichomes of
a conical shape, occasionally there are small glandular hairs and glands. In addition, leaves and flowers are covered with single-celled
short covering hairs (sometimes with two-celled conical, two-celled geniculate, three-celled hairs).

Under the epidermis of the petiole there is a three- to four-row angular collenchyma, the leading bundle is represented by well-
developed xylem and phloem. Leaf dorsiventral type. The upper epidermis is heterogeneous and is represented by parenchymal, weakly
convoluted cells without stomata and straight-walled, isodiametric cells with frequent rounded stomata. The lower epidermis above
the vein is formed by straight-walled, prosenchymal cells, between the veins by parenchymal cells with sinuous-walled, thin-walled
membranes, spiracles are numerous, oval. The type of stomatal apparatus is diacite. The epidermis of the petals is nipple-like. The
petals are densely covered with short conical hairs, glands with 8 radially arranged cells in the head and a one-celled stalk. Parenchyma
cells and multicellular hairs in the pharynx contain a red secretion. Pollen grains are oval in shape.

Conclusion. 1. A morphological and anatomical study of the grass of the brilliant sage was carried out. 2. The main diagnostic
features of the grass of the brilliant sage have been determined, which will be used in the development of the corresponding section of
the project of the MKY on the grass of the brilliant sage.

Key words: salvia splendens, herba, morphology, anatomy.

Beryn. AxryaabHicTb. Ha cBiToBOMY (apmarre-
BTUYHOMY PHHKY 3HAUHMI iHTEpeC BHKIHKAIOTH JIKap-
CBbKi 3acO0M Ha OCHOBI 0iOJIOTIYHO AKTUBHHX PCUYOBHH,
OTPUMAHUX 13 POCIIUH.

Pomuna miyxokponuBoBi (Lamiaceae) Hamiuye
250 ponis i 6mu3pko 8000 BuaiB, cepell IKUX MpeCTaB-

®diroTtepanis. Yaconuc

JIeH1 BUJH, SKi IIUPOKO BUKOPUCTOBYIOTHCS B HapOIl-
HOMY TocmofapcTi (JIikapchKi e(ipooiiiHi, mpsHOIIi
Ta JCKOPaTHBHI).

Pin Salvia L. nHapaxoBye maitbke 900 BUAiB, moImu-
perux y Cepenzemuomop’i, IliBnenniii i LleHTpass-
Hii Awmepuni, [liBneHHO-CXigHill As3ii, Adpwumi.
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Ane HalNOIIUPEHININMU € IIaBJis JiKapchka 1 IIaB-
Jisi MyCKaTHa, sIKi BUKOPHUCTOBYIOThCSI B HApOIHIN Ta
odinMHATIBHIA MEIUIUHI JUIA JTIKYBaHHS iH(EKIiIHHUX
3aXBOPIOBaHb, 3allalIbHUX IPOIECIB CIHU30BHX 000-
JIOHOK MOPOXKHUHH POTA, BEPXHIX IUXAIBHHUX INUIAXIB
(Rodrigues, 2012; Jasicka-Misiak 1., 2018; Oliveira,
2019). E¢ipry odmiro maiii 3aCTOCOBYIOTh y KOCMETO-
JIoTii 1 apomarepanii 3aBIsgKy 11 aHTUMIKPOOHUM 1 TIpo-
TH3anaisHuM BinactuBocTsaM (B. Li et al., 2015; Pavic et
al., 2019; Hutz, 2020).

OmHUM 13 MaJOBHBYCHHX BHIIB pOLy € IIaB-
mis 6nuckyda (Salvia splendens Sellow ex Roem. et
Schultes), sika moxoauts i3 bpaswiii, xoua € BizomMocTi
npo iHTponykmiro B Komymo6iro (Govaerts, 2014), ne
B JIMKOMY BHIJISII 1l POCIIMHA POCTE SIK OararopiyHa
TpaB’sHHCTa pocirHA ab0 HaIiBYarapHWK 1 csrae 1o
1,3 M 3aBBUILIKH.

[Hlapmiss OvcKyda Briepiire Oyfia ONHMCaHa Ta Ha3BaHA
«Haemisg Jli» B 1822 poui. YucineHHI HU3BKOPOCTI COPTH
3 pi3HUM 3a0apBIICHHSIM KBITOK (0111, 4epBoHi, (ioneToBi)
Jy>Ke TIOIYJISIpHI B CaIiBHUIITBI B YChOMY CBITI. Y KpaiHax
13 TEIUIMM KJIIMAaToOM e BUI MOXKe auuasith. PociHa
Jo0pe MEePEeHOCUTH TiHb 1 IPUCTOCOBYETHCS 10 PI3HHX THITIB
IPYHTIB, aJic B perioHax i3 MOMIpHAM KJIiMaToM 3a3BHYaii
KYJIBTUBYETHCS SIK OHOPIUHA pociuHa. BaxmBum erarnom
(hapMaKkOTHOCTHYHOTO JOCII/DKEHHS MaJIOBUBICHUX POC-
JIVH € X MaKPOCKOIIYHHUH 1 MIKPOCKOIIIYHHIA aHAJIi3.

Meta pociigKeHHs — BU3HAYCHHS iarHOCTUYHUX
MOp(OJIOTIYHUX 1 aHATOMIYHMX O3HAK TPaBW MIABIil
OMMCKYYOi Ta po3poOKa BiJIMOBIIHOTO PO3MALTY METOIIB
KoHTpouto sikocti (MKS) Ha nociimKyBaHy CHPOBHUHY.

Marepianu Ta MeToaM OCJHiTKeHHsl. Martepia-
JIOM JIISl TOCIHIJpKEHHs Oyna TpaBa HiaBiii OIHMCKy4oi,
3arotoBjieHa B 4epBHi 2023 poky B Mepiog MacoBOTO
nBiTiHHSA Ha Teputopii IlonraBcekoi oOmacti. 3pasku
HaciHHs Oynu oTpumani Bif HamionamsHoro 0otaHiy-
Horo caxy imeni M. M. I'pumika HAH Vkpainu. 3aro-
TIBJIIO CHPOBHHU ITPOBOAMIIN BiIIOBITHO JO 3arajbHUX
IpaBWI 3arOTiBII TPaBH, CYLIMJIM CHPOBHHY IOBITps-
HO-TIHBOBHM CIIOCOOOM. Mop¢osioriuHuii aHai3 mag-
7111 GJECcKy4Y0i IPOBOIMIIN Ha CBIKUX 1 BUCYIIEHHX 3pas3-
Kax 13 BUKOpucTaHHAM Jymu (x10). MikpocKOmiyHHIA
aHalli3 TpaBU MPOBOIWIHM BIAMOBIAHO 1O Cy4acHHUX
3aranpHONpUiHATHX MeTomuk (Serbin, 2006; Rust-
emkulov, 2023). CupoBHHY MOIEPEAHBO 3aMOUYBAIH
B CYMIIIl «eTaHOJ — DNINEPHH — Bomay (y CHIiBBIAHO-
nrerHi 1 : 1 : 1). MikpocKomiuHU# aHaTi3 MPOBOAWIH 32
METOMKAaMH, HaBeeHUMH B I1. 2.8.23 «MikpocKkomiuHe
JOCII/DKEHHS JTIKapChKOi POCIMHHOI cupoBHHN» Jlep-
)aBHOI (papmakornei Ykpainu (Derzhavna Farmakopeya
Ukrayiny, 2015). AmnaromiuHy OymoBy 4YepeIIKiB
BHBYAIM HAa THMYAaCOBUX Mperaparax IONEepeIHuX 3pi-
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3iB, JUIS IMCTKIB 1 KBITOK 3HIMAJIH €iepMy 3 ITOBEPXHi.
JocmimkyBany mpenapard 3a JOIMOMOTOIO CBITIIOBOTO
Mikpockony «bioram» (JIOMO) i3 undhpoBoro Kameporo
Samsung PL50. ®otorpadii o0poOIsii B KOMIT I0Tep-
Hiit mporpami Adobe Photoshop CS3.

Pe3yabraTu nociaigxeHHst Ta ix 00ropopernsi. Mop-
¢ornorivni o3nHaku. Tpasa mmasmii Omuckydoi (puc. 1, a)
MpEICTaBlICHa CYMIIIIIIO CcTe0ed, JUCTA Ta KBITOK.
Creb0 Ha TIONIEPEYHOMY PO3pi3i YOTUPUKYTHE 3 BHpa-
JKEHHMMH peOpamHu, y HWKHIA 4acTHHI 3eJieHe, Y BepX-
Hill — gepBoHe. JINCTKHM 4YepeImKkoBi, MPOCTi, OIMUCKyUi,
3eJIeHi; 4yepemok 3—4,5 cM 3aBIOBXKKH, JTUCTKOBA ILIAC-
THHKA IIUPOKO AdnenonidHa, 2,5-6—2—4 cM, akcialbHO
3aJO3UCTa, BEPXiBKAa 3arocTpeHa, OCHOBAa OKpyIIa,
Kpaill nuimyacTuil, >KWiKyBaHHS nepucte. JlucTtkopos-
MIlIeHHsT HaBxpecT-cynpoTuBHe. Cyusitts (puc. 1, 6)
Mae 2—3-KBIiTKOBi KiJIbIlg, 3i0paHi y BEpXiBKOBi KHUTH-
nenoaioHi Tupcu 10 20 ¢M 3aBIOBXKKH, HaBKOJO KBi-
TOK pO3TAIllOBaHi JIAHIIETHI, YEPBOHI IPHUKBITKH
(puc. 1, 8), MO OropraroTh KBiTKH B OyTOHi. KBiTkKH
(puc. 1, 6—2) cnabko MOHMKII, HA KOPOTKHX YEpPBO-
HHAX 3aJ03MCTHX KBITKOHIDKKAax; OI[BITMHA ITOJBIiHA,
Jalieyka 4yepBOHA, TPyOdacTo-ABOry0a; BepxHsA Tyda
TPUKYTHO-AHIEIONI0HA 3 TOCTPOIO BEPXIBKOIO, HHMKHS —
TPOXH JIOBIIA 332 BEPXHIO, IMHOOKO ABO3yOUacTa, 3yOmi
TPHUKYTHI, 0 1,5 cM 3aBIOBXKKH, Ha IOBEPXHI BHCTY-
MAIOTh KUIKWA; BIHOYOK UYEPBOHUH, 4 CM 3aBIOBXKKH,
OITyIICHUH, TpyOKa BHUIOBXKEHA, JOBIIA 33 YaIICUKy
B 2-2,5 pa3za; BepxHs ry0a mpsiMa, JEUI0 yBIrHyTa,
HIDKHS Ty0a HEe3HAYHO KOPOTINA; PO3BUHEHUX TUYNHOK
nBi (puc. 1, 0), TWIMHKOB1 HUTKH JIOBT1, MUJISAKH YEPBO-
HOTO KOJBOPY, Maro4yKka LEHOKapIHA 3 IBOJONATEBHM
PWIBLIEM 1 IOBTUM HUTKOTIOJIOHUM CTOBITYUKOM.

Anamomiuni o3naxu. MiKpOCKOTIIYHAN aHAaJI3 TPaBH
IaBii OMMCKY4Y0T BKIIFOYAB JOCIIKEHHS CTeOe, JINCT-
KiB 1 KBiTOK pocnunu. Cmebno (puc. 2, a). Ha mone-
peYHOMY 3pi3i YOTUPUKYTHE 3 BHUCTYIAIOUUMH OKPYT-
Jo-cIUiomeHnMu  pedpamu. Emimepma rTycTto BKpuTa
KPUIOUMMH 1 3aJI03UCTUMHU Tpuxomamu (puc. 2, 6, I).
Kputodui TpUXOMH JBOKIITHHHI 3 TOCTPOIO BEPXiBKOIO
1 TpH-, YOTUPHKIIITHHHI, Y SKUX Apyra KJIITHHA 37yTa.
Ilig emigepMor0 pO3TAIIOBYEThCS KyTOBa KOJECHXIMa,
y pebOpax BoHa po3BHHEHa Kkpaiie (puc. 2, 6, 2). Xio-
penxima (puc. 2, 6, 3) ABO-, TPUIIIAPOBA, KIITHHU IpPi0HI,
napeaximMHi. Tunm OyJOBHM IEHTPANTbHOTO OCHOBOTO
MWTIHPA TepeXiaHui. Y pedpax MiCTAThCS BEJTHKI Bif-
KPHTI KoJaTepasbHi IMy4KH, a MiX peOdpaMu Ha 3HaYHINA
BiZcTaHl OIHE Bi OOHOrO — HeBelUKi nomarkosi. dio-
eMa JpiOHOKIITHHHA, TMPEICTaBICHA CHUTOMOAIOHUMHU
TpyOKamMH 3 KIIITHHAMH-CYITY THUISIMH, CYIHHA KCHIIEMH
IIMPOKOIPOCBITI, PO3TAIIOBAHI JAHIIOXKAMH, IIepeMe-
JKAIOThCSI CEPLIEBUHHUMHU MPOMiHsAMU (pHUC. 2, 6, 4).
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Puc. 1. Mopdoutoriuni o3naku TpaBu Salvia splendens:
a — 3arallbHui BU POCIINHU; 60— CyIIBi'ITS{; 6 — KBITKA 3 HpI/IKBiTKaMI/I; c— KBiTKa; 0— Yqani€yka, e — THYMHKHU 3 MaTOYKOXO

https://colplanta.org/taxon/urn.lsid:ipni.org:names:60466516-2/images

Puc. 2. AnaromiuHi o3naku credna Salvia splendens:
a — ToTepevHuH 3pi3 crebna; 6 — emigepma; 1 — 3aJI03KCTi TPHXOMU; 2 — KyTOBa KOJIeHXiMa; 3 — XitopeHxima; 4 — dmoema; 5 — ceprieBrHa

Han nyukamu crnaOko BUpakeHi JUISHKU CKIIEPEH-
ximu. OCHOBHA YacTHHA [IEHTPAJIHHOTO MUIIHIPA MTpe-
CTaBlieHa cepleBuHO (puc. 2, a, 5). Knituau cepiie-
BHHHU ITHUPOKOIPOCRBITI, OKpPYyIJ, BENHKi, ONFKYe IO
My4KiB JIpiOHi.

Jlucmox (puc. 3, a). Emimepma depemka TrycTo
BKpPHUTa KOPOTKUMH OJHOKIIITHHHUMH KPUIOUUMH TPH-
XOMaMH KOHIYHOT QopMmu. 3piika HaTpamisieMo Ha
HEBEJHKI 3aJ03UCTI BOJIOCKH Ta 3al03KU, IPUTAMaHHI

®diroTtepanis. Yaconuc

npeacTaBHUKaM pofuau Lamiaceae. KnitTunu enigepmu
MPSIMOCTIHHI, TOHKOCTIHHI, BUJIOBXCHHI; eIifiepMy ITij-
CTHJISIE TPU-, YOTUPHUPSITHA KyTOBA KOJIEHXiMa, OCHOBHA
MapeHxiMa MUPOKONPOCBITHA, IIPOBIIHUH ITyYOK OBaJIb-
Huil (puc. 3, a, 3), npeacrasieHuil 100pe PO3BUHEHOIO
KCHJIEMOIO, CYJIMHH SIKOT pO3TAIllOBaHI PIBHUMH PsIaMH
1 ApiOHOKIITUHHOIO (p1oeMOor0. Y KIIITHHAX HMapeHXiMU
HAKOITUYYIOTHCSI MPOCTI KPOXMaIIbHI 3epHA B HE3HAYHIN
KinmpKkocTi (puc. 3, @, 3).
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JlucTok mOop3uBeHTpaIbHOTO THITY. BepxHsi emigepma
HeomHopinHa (puc. 3, 6): OUITHKU emigepMH CKiaaa-
FOTHCS 3 MAPEHXIMHHUX, CJIA0KO 3BUBUCTOCTIHHUX KIIITHH
0e3 MPOAUXIB, IO MEPEMEKAOTHCS AUITHKAMH, e KITi-
THHU MalOTh Maibke MmpsiMi 000JI0HKH, 32 (HOpMOIO 130-

JiaMeTpUyHi, i3 YaCTUMHU OKPYIIIMMH IPOAUXAMH, THII
MPOJMXOBOTO anapary MiallUTHUH, THITOBUH 11 Lamia-
ceae (Sas, 2016). Huwknsa eninepma (puc. 3, ) HaJl )KuJ-
KOIO TIPE/ICTAaBIICHA NPSMOCTIHHUMH, PO3EHXIMHUMH
KIITUHAMA. MDXK JKWJIKaMH KJIIITHHU €MiiepMy TapeH-

Puc. 3. AnaTromiuHi o3Haku Juctka Salvia splendens:
a — (GparMeHT uepenka; | — KyToBa KoJeHXiMa; 2 — emigepMa depelka; 3 — My4oK; 6 — BEpXHs eriiepMa JINCTKa:
1 — 6e3 nmpoauxiB, 2 — i3 IPOAUXaMH; @ — HIDKHS eliJiepMa JIUCTKA: | — MO JKHJILI, 2 — MK JKHIIKaMH; & — BOJIOCKH: Kputodi (1-5):
OJTHO-, IBOKIIITHHHUH KONIHYAaCTHHU, 2 — TBOKIITHHHUN KOHIYHHHN, 3 — TBOKIIITHHHHH i3 PO3IIUPEHOIO0 OCHOBOIO i 31 3BY’KCHOIO
BEPXiBKOIO, 4 — OMHOKIITHHHUI KOHIYHUH, 5 — TPUKITITHHHHUI BOJIOCOK; 6 — 3aJI03UCTHIH BOJIOCOK

(a — BunIAA 300KY; O — BUIVISLA 3TOPH); 7 — PO3ETKA BOJIOCKA

== 98 ®itotepanis. Yaconuc
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Puc. 4. Anaromiuni o3naku kBiTku Salvia splendens:

a — emiziepMa BiHOYKa i3 cockonoiOHIME BupocTaMu: 1 — edipooniiiHa 3a103Ka (BUIIIS 3TOpH); O — CIIipaJIeTIoNi0HI CyAnHH;
6 — 0araTOKJIITHHHI TPUXOMH 13 YEPBOHHUM BMICTOM Y 3iBi KBITKH; T — BOJIOCKH: | — OMHOKITITHHHUIN KOPOTKHI KOHIYHHIA;
2 — OMHOKJIITUHHHUN TOBTHH 3irHYTHH; 3 — TPHUKIIITHHHU#; 4 — OMHOKTITHHHUHN JOBIMIA KOHIYHHIA; 5 — IBOKJII THHHUIA,
6 — TPUKIIITUHHUH i3 PO3MIUPEHOIO OCHOBOIO; 7 — TOJIOBYACTHI; I' — parMeHT MUIIsKa 3 TIMIIKOBUMH 3epHaMu (1)

XiMHI, CHJIBHO 3BUBHUCTOCTIHHI, TOHKOCTiHHI. [Tpoanxu
YHCENbHI, OBaJIbHI, IPOANXOBA IIITHHA HE OPi€HTOBAHA,
OUIIMPOANXOBI KIITHHH, PO3TAIIOBAaHI IEPICHANKY-
JISIPHO IO IIUTHHE POANXY. BepxHs Ta HUOKHS emigepMu
T'YCTO BKPUTI OTHOKJIITHHHUMH KOPOTKUMHU KPHIOUHMH,
3pijika — MBOKJIITHHHUMH KOHIYHHMH, TBOKIHUTHHHUMH
KONIIHYATHMH, TPUKIITHHHUMH BOJIOCKAMH Ta 3aJio-
3UCTHMH TpuxoMamu (puc. 3, 2, /—5). 3piaka HaBKOIO
BOJIOCKIB HasBHa OaraToOKJIITHHHA pO3€TKa, KIITHHH
SIKO1 pO3TaIIoBaHi pagiansHo (puc. 3, 2, 7).

Keimxa (puc. 4, a). Enizepma nemocTok COCKOnoioHa,
13 HEBEJIMKUMH OKPYIITUMHU cocKaMu. COCKH TyCTO BKPUTI
KOPOTKMMH KOHIYHMMH BOJIOCKaMH, 3aJI03KaMH 3 8 pasi-
QIHLHO PO3TAIIOBAHUMH KJIITHHAMH B TOJIBII M OJHOKIII-
THHHOIO HIXKOIO. I1emMoCTKH mpoHn3aHi TOHKUMH pO3ra-
JY>KEeHUMH CITIpaIbHIME CyTUHAMH (pHC. 4, 6).

®diroTtepanis. Yaconuc

Krnitnan mapeHxiMu i BOJIOCKHU B 3iBi (puc. 4, 6, 6)
MICTATh YEPBOHUI cekpeT. Tpuxomu y 3iBi YHCIEHHI,
JIOBT1, 0AaraTOKIITHHHI. Y3JIOBXK Kparo MeNOCTKUA Mic-
TSATHCSL PI3HOMAHITHI OJHO-, IBO-, TPHKIITHHHI KPHIOUi
BOJIOCKHM 1 3pifika — 3aJI03MCTI BOJOCKH Ha KOPOTKIiH
HiKUI (puc. 4, 2, 1-7). Ha moBepxHi NHJISIKIB MiCTATBCS
YHCIICHHI MTUJIKOBI 3epHa OBAIBHOT POPMHU.

Bucnosknu. 1. IIpoBegeHo KOMILUIEKCHI MAaKpo-i
MiKpockoniuHuii aHadi3 TpaBum HeodiUMHAIBHOL
JiKapcbKOl POCIMHM uaeii o1ucKkyqoi. BeraHoBseni
OCHOBHI Mopgosoro-anaromiuni o3Haku crede,
JIMCTKIB i KBITOK maBJii 6JucKy4oi.

2. Orpumani AaHi Oy1yTh BUKOPHCTAHI /1l CTaH-
AapTu3auii CMPOBUHM Ta po3podui BiAnoBixHorO PoO3-
ainy npoexty MK Ha TpaBu wiaenii oauckyuoi.
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Oxcana MUXAHTIOK
BUKIA0AY 3aKAa0y nepedsuuyoi oceimu papmayeemuynozo 6iddinents, Yopmxiecokuti MeOuyHuUil haxosuil KO1eoxc,
eyn. ['ozona, 7, m. Yopmxie, Yipaina, 48501 (okosak2013@gmail.com)

Biomiorpagiunmii ommc crarri: Bymnsk JI., Muxaiimox T., Muxaitmoxk O. (2023). BusHaueHHS
BMicTy momideHoniB 1 (UIaBOHOINIB y BHTSIKKAaxX 13 TpaBW IaBHaTy. @imomepanii. Yaconuc, 4, 101-105,
doi: 10.32782/2522-9680-2023-4-101

BU3HAYEHHSA BMICTY HOJII®EHOJIB I ®1ABOHOI/IB
Y BUTAXKKAX I3 TPABU IIIABHATY

Axmyanpuicme. [lJasnam — 2ibpud, ompumanull WIAXOM CXpewysanHsa waeno wnuxHamuozo (Rumex patientia) i waenio
maAHb-wanbCcbko2o (Rumex tianschanius). Bin € doicepenom pociunto2o 6iiKa, Op2aHivHux KUCIOmM, AMIHOKUCLIOM, TIniOi8, KAPOMUHO-
ioie, eimaminie, Makpo- ma mikpoenemenmis. Bpaxogyrouu me, wjo wjasHam € pociuHor MAn08US4UEHOI0, AKMYATLHUM € OOCTIONCEHHS
11020 BUMANHCOK HA BMICM OION02TUHO AKMUBHUX PEUOSUH — NONIeHONI8 | PrasoH0iI0is.

Memoto 0ocnidrcenns Oyn0 GUIHAYEHHSA GMICMY CYMU NONIPEHONI6 ma cyMu (Pra6oH0I0I8 Y B00HO-eMAHOIbHUX GUMSNCKAX 13
Mpasu WasHamy, 00epiucanux Memooom mayepayii.

Mamepianu ma memoou oocnioxcenun. 06’ ekmamu 015 00CIOHCeHb 0YIU BUMANCKU, 00EPHCAHT 3 HAO3EMHOT YACTNUHU WABHANTY,
3a20moenenol 6 nepioo yeiminis pocaunu y 2023 poyi Ha 00cnionux OiisHKax 6i00iny KyibmypHoi ¢nopu Hayionanenozo 6omaniunoco
caody imeni M. M. Ipuwxa HAH Ykpainu. Buicm cymu nonighenonie ma cymu @pnagonoioie y 00CaionCy8aHux GUMANCKAX GUIHAYALU
CHEeKmpopOmMoMempuiHUM MemoooM.

Pezynomamu docnidycenns ma ix 062080penns. Memooom mayepayii 3 mpasu wasHamy 6y10 00epHCAHO GUMSNCKU, Y AKUX CHEK-
mpoghomomempuuHuM MemoooM y nepepaxyHKy Ha nipo2anon GUHAYAU 6MICI CYMU NONIQeHONi8, Y NepepaxyHKy Ha PymuH — CYMy
@nasonoioie. Kinoxicnuii emicm cymu agonoidie ma cymu nonighenonie y sumsocyi (1-wia cepis), ooeporcaniil i3 UKOPUCMAHHAM ema-
nony 20 % P 3i cnigsionowenHam cuposuna : excmpazenm — 1 : 5 cmanoeue (101,39 + 7,66) me/100 mn i (345,80 £ 10,44) me/100 mn
6i0nogiono. Y eumsicyi (6-ma cepis), ooepaicaniii i3 uxkopucmanuam emanony 40 % P 3i cnig8ionoweHHAM cCupoguna : ekcmpazennm —
1 : 8, emicm cymu ¢nasonoidie ma cymu nonigpenonie cmanosus (265,37 + 12,10) me/100 mn i (391,65 £ 18,01) me/mn 6ionosiono.

Bucnogok. Memooom excmpazysanus — mayepayiclo 00epicano sumsxcku 3 mpasu wasuamy. Chexmpogomomempuy-
HUM MemoOOM BCMAHOBIEHO, WO 8Micm cymu @uasoHoidie y nepepaxyuky Ha pymun y cepii 1 6ye (101,39 £ 7,66) me/100 mx,
y cepii 6 — (265,37 = 12,10) me/100 mn. B odepocanux umsisickax emicm cymu NONIQEHON6 y nepepaxytKy Ha Nipo2aioll CMAaHo8Us
(345,80 £ 10,44) me/100 mn — cepis 1, (391,65 + 18,01) me/100 mn — cepis 6. JJoeedeno, wo na emicm BAP 6 odeporcanux eumsiickax
i3 mpasu wasHamy 6NaUBAE KOHYEeHMpayis ekcmpazeHma ma cniégiOHowen s cupoguna : excmpazenm. OnMumManbHoI0 6CManogiend
Konyenmpayis emanony — 40 % ma cniegionowenns cupoguna : excmpazenm — 1 : 8.

Knrwuosi cnosa: wasnam, Rumex patientia L. x Rumex tianshanicus Losinsk., mpasa, nonigperonu, ¢pnasonoiou, 600Ho-emanonvhi
BUMSAICKU, CNEKMPOPOMOMempPULHUTI MeMOO.
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polifenoliv ta flavonoidiv u vytiazhkakh z travy shchavnatu [Determination of the content of polyphenols

and flavonoids in raw sorrel herb extracts]. Fitoterapiia. Chasopys — Phytotherapy. Journal, 4, 101-105,
doi: 10.32782/2522-9680-2023-4-101

DETERMINATION OF THE CONTENT OF POLYPHENOLS AND FLAVONOIDS
IN RAW SORREL HERB EXTRACTS

Actuality. Raw sorrel is a hybrid obtained by crossing spinach sorrel (Rumex patientia) and Tianshan sorrel (Rumex tianschanicus).
It is a source of vegetable protein, organic acids, amino acids, lipids, carotenoids, vitamins, macro- and microelements. Considering
that raw sorrel is a little-studied plant, the research of its extracts on the content of biologically active substances — polyphenols and
flavonoids — is relevant.

The aim of research was to determine the total polyphenol and flavonoid content in water-ethanol extracts from the sorrel herb
obtained by the maceration method.

Materials and methodsof research. The objects for research were extracts obtained from the above-ground part of sorrel harvested
during the flowering period of the plant in 2023 at the research plots of the cultural flora department of the M. M. Hryshko National
Botanical Garden, National Academy of Sciences of Ukraine.

Research results and their discussion. By the method of maceration, extracts were obtained from the sorrel herb, in which the total
polyphenols content was determined by the spectrophotometric method, in terms of pyrogallol, and total flavonoids content, in terms of
rutin. The quantitative content of the amount of flavonoids and the amount of polyphenols in the extract (series 1) obtained using ethanol
20 % and the ratio of raw material: extractant — 1: 5 was (101.39+7.66) mg/100 ml and (345.80+10 ,44) mg/100 ml, respectively. In the
extract (series 6), obtained with the use of ethanol 40 % and with the ratio of raw materials: extractant — 1: 8, the content of the sum of
Aavonoids and the sum of polyphenols was (265.37+12.10) mg/100 ml and (391.65+ 18.01) mg/100 ml, respectively.

Conclusion. Extracts from the sorrel herb were obtained by the method of extraction — maceration. The spectrophotometric method
establishedthatthetotalflavonoidcontentintermsofrutininseries  was (101.39+7.66) mg/100 ml, inseries 6—(265.37+12.10) mg/100 ml.
In the obtained extracts, the content of the sum of polyphenols, in terms of pyrogallol, was (345.80+10.44) mg/100 ml — series 1,
(391.65+18.01) mg/100 ml — series 6. It was proved that the content of biologically active substances in the extracts obtained from the
sorrel herb, is affected by the concentration of the extractant and the ratio of raw material : extractant. The optimal concentration of
ethanol is 40 % and the ratio of raw material : extractant is 1:8.

Key words: raw sorrel, Rumex patientia L. x Rumex tianshanicus Losinsk., herb, polyphenols, flavonoids, water-ethanol extracts,
spectrophotometric method.

Beryn. AxkryagabHicTb. [lomyk 1 gocmimkeHHs
HOBHX IIEPCIICKTMBHUX POCIHMH Ta CTBOPEHHSA Ha iX
OCHOBI JIIKAPCHKUX 3aC00IB € aKTyaJIbHUM ISl Cy4acHO1
(hapmarrii.

3a pe3ynbTaraMu aHaji3zy (apMaleBTUYHOIO PUHKY
JKapchbKUX 3ac00iB, SKi 3apeecTpoBaHi Ha TEPUTO-
pii Hamoi KpaiHH, BCTaHOBIEHO, 10 B YKpaiHi HeMae
MperapariB Ha OCHOBI POCIMHHOI CHPOBWHH IIaBHATY
(HepxaBHUll peecTp JiKapchKUX 3acobiB  YKpaiHu,
http://www.drlz.com.ua). [Ipote Bxe po3po0iIeHO peKo-
MeHJAalii 100 BUKOPUCTAHHA LIABHATY B MEIUIMHI
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JUISL TIPUTOTYBaHHSI CIICIiali30BaHUX JIiKyBaJbHO-IIPO-
(GUTAKTHYHUX TIPOAYKTIB XapuyBaHHS Ta JIETHYHHX
JI00aBOK, SIKI PEKOMEHAYIOTh JJIsl JIIKYBaHHS 3aii30/e-
GbiUTHOT aHeMil, IHTOKCHKAIIi] XiMIYHUMH pEYOBUHAMH,
aTepockieposy, rimosiraminozy C i A # iHIIUX 3aXBO-
proBanHsx (Rakhmetov, 2008).

TpaBa mIaBHaTy MICTUTH 3HAYHY KUIBKICTH 0i0j0-
rigHo aktuBHUX pedoBuH (BAP): pocnunHI OikH, opra-
HIYHI Ta XUPHI KUCIOTHU, aMiHOKHCIIOTH, MONi(PEHONH,
BiTaMiHU, iAW, KaPOTHHOIIH, MaKpo- Ta MiKpoele-
meHTH (Rolinec, 2018; Marchyshyn, 2023).
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laBHar (Rumex patientia L. X Rumex tianshanicus
Losinsk.) — riOpua, OTpUMaHUN IUIAXOM CXpeEIy-
BaHHS IaBJio mmuHaTHOTO (Rumex patientia) i masiro
TstHp-aHbebkoro (Rumex tianschanius). Moro omep-
JKaJIM BHACHIJIOK cenekuiiHoi pobotn B 90-x pokax
XX CTONITTS HAyKOBII BIJUTy KyJIsTypHOi (riopu
Hamionansaoro 6OoraniuHoro caxy imerni M. M. I'pummxka
HAH VYkpainu (M. KuiB). Kynsrypa BHecena mo ep-
JaBHOTO peecTpy copTiB pociuH Ykpainu (Rakhmetov,
2008; Marchyshyn, 2023). PocnuHa Mae He TiTbKH KOp-
MOBE, EHEpreTHYHe, Xap4yoBe, a i MeJIMUHE 3HAYCHHSI.

[I{aBHaT yHACIIIOK MI>KBHIOBOI riOpuau3aitii i Oara-
TOPIYHOTO JI000pY MOEAHAB Y co0l1 Kpal SKOCTI IINH-
HATy aHIIMCHKOrO Ta IIABJIO TAHB-IIAHCHKOTO, a TAKOX
NPUIATHUN Ul KOMIUIEKCHOro BukopucTaHHs. Illnu-
HAaT aHNICBKUIA TepenaB HE3HAYHy KHCIOTHICTH Ta
J00Opy OOJNUCTSHICT MArOHIB, IABEIb TSHb-IIAHCHKUN —
3UMOCTIHKICTB 1 PAHHBOCTUTIIICTE. 32 MPABHIBHOI TEXHO-
JIoTi1 BUPOIIyBaHHS MIaBHAT MOXKE MaTH BHCOKY BpOXKaid-
HICTh 3€JICHOI MacH ab0 HACIHHA MPOTATOM 6—8 pOKIB.
[IlaBHAT 3pocTae HABECHI paHillie 3a iHII POCIHHU 3aB-
JUIKH TTO)KUBHAM PEJOBUHAM, SIKi HAKOITUIYIOTHCS B KOpe-
HeBiil cuctemi. KopeHeBa cucteMa HeE YIIKOIKYETHCS
HI3bKEME Temneparypamu (1o —25...—30 °C), HaBiTb
KOJM B3WMKY Ha IPyHTI HEMae€ CHIroBoro mokpuay. Jlo
KIHIIS MEPIIOTO POKY *KHUTTS Ha KOPSHEBI IIMHII yTBO-
PIOIOTBCS 3—5 3UMYIOUHMX OpYHBOK, 3 IKUX HABECHI BiZ[pO-
CTarTh reHepaTuBHi maronu (Rakhmetov, 2006).

OCKUIBKM II[aBHAT HA CHOTOAHI € MaJIOBUBUYEHHUM,
aKTyaJlbHIM € HOro JOCHIIKCHHS Ta JOCIHIIKCHHS
¢iTocyOcTaHIif, oOnmepKaHMX HA OCHOBI POCIMHHOI
CHPOBUHH IIi€1 POCIHH.

Merta qocitiizKeHHs] — BU3HAYCHHS BMICTY CYMH TIOJi-
(heHOMIB Ta CyMH (IABOHOI/IB Y BOTHO-CTAHOJIBHUX BUTSIK-
Kax 13 TpaBH [IaBHATY, OJIEP’KaHIX METOJIOM Mariepalii.

Marepianu Ta Meronu aociimkenHs. O0’exTaMu
JUTS TOCITi/PKEHb OyJTM BHTSXKKH, OJIepKaHi 3 HaJ3eMHOL
YaCTHHU [IABHATY, 3arOTOBJICHOI B IEPiOJ IBITIHHS POC-
nuHE y 2023 pori Ha JOCTiTHUX AUISHKAX BUITY KyJb-
TypHOi (iopu HamioHanmsHOro 60TaHIYHOTO caxy iMeHi
M. M. I'pumrka HAH VYkpainu (M. KuiB).

Butsxkky (cepis 1) omep)KyBajd METOJIOM EKCTpary-
BaHHs — Mariepaiieto (7 JHIB), K €KCTPAareHT BUKOPH-
craHo etanon (20 %, 06/06) P, ciBBITHOWICHHS CHPO-
BUHA : eKCTpareHt — 1 : 5.

Butsxkky (cepis 6) onep)KyBajid METOJIOM CKCTpary-
BaHHs — Mariepaiieto (7 JHIB), K €KCTPAareHT BUKOPH-
craHo etanon (40 %, 06/06) P, ciBBIIHOWIECHHS CHPO-
BUHA : eKCcTpareHt — 1 : 8.

[icns HAcTOOBaHHS OIEpKaHI BUTSKKH 3JIHBAIIH,
¢inpTpyBany i BU3HAYANIM y Hil O10IOTIYHO aKTHBHI
peuoBunu (bAP).
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Busnauenwns emicmy cymu nonigheronie

KinmpkicHu#t BMiCT 1moJTi(heHOIB BU3HAYAIH CIICKTPO-
¢oToMeTpuIHNM MeTozoM 3a MeTomukoro DFU 2.8.14.
(DFU, 2015).

OnTruyHy TYCTHHY NOCTIDKYBaHHUX PO3UMHIB 1 PO3-
YUHY MOPIBHSAHHSA BUMIPIOBAJIM Ha CIEKTpodoTOMETpi
Lambda 25 Perkin Elmer (CILIA) uepe3 30 xB 3a 10B-
JKUHU XBIJI 760 HM, BUKOPHUCTOBYIOUH SIK KOMITEHCAIIi -
Hu#l po3uuH Bony P (Stoiko, 2018; Budniak, 2020).

Bwmict nomidenoni y BuTkKI (X), y mepepaxyHKy
Ha MpOoTaoi, y MKI/MJI, BU3HAYAIH 32 POPMYJIOL0:

X - A-my,-25000
4,7,
e A — onTHYHA TYCTHHA AOCHTIIKYBaHOTO PO3UHHY;

A, — ONTUYHA I'YCTHHA PO3YHHY TOPiBHSIHHSI,

m, — Maca HaBa)XKH CTaHAAPTHOTO 3pa3ka Iipora-
JONY, Y T;

V, — 00’eM amiKBOTH, B3ATOI JJIS aHAJi3y, Y MII
(Vronska, 2015, Budniak, 2019).

Busnauenus emicmy cymu ¢hnasornoiois

ATIKBOTY BUTSKKH MOMILIAJIA B MipHY KOJIOY MicCT-
KicTio 25 M1, mogasamm 10 mut eranony (70 % (06/00))
P, 2 mn 3 %-ro erannbHOTO (70 %) PO3YNHY ATIOMIHIIO
XJIOpUAY 1 JoBOIMIN eTaHoioM 70 % P 10 MO3HAYKH,
nepeMilyBaH.

Komnencayivinuii  pozuun. AIKBOTY OTpUMAaHOI
BUTSDKKH TOMIIAJI B MIpHY KoJOy MICTKICTIO 25 M
i goBomwin 00’€M po3umHy etaHoioM 70 % P no
MO3HAYKH, IEPEMilTyBaIH.

Pozuun cmanoapmuoco 3paska pymumy. 0,05 T
(TouHa HaBaxkka) (apMaKoNeHHOTro CTaHIAPTHOTO
3pa3ka (PC3) pyTuHy OMIIIaal B MipHY KOJIOY MiCTKi-
ctio 100 My, gonaBanu 70 mu etanony 70 % P, po3un-
HSUTH Ta IOBOAWIM 00’ €M po3urHy etaHonoM 70 % P 1o
MO3HAYKH i IepEeMilTyBaIIH.

Po3zuun nopienanus. 1 MI po3uMHy CTaHAAPTHOTO
3pa3ka pyTHHY MOMILIald B MipHY KOJOy MiCTKICTIO
25 vy, nonmasanu 2 Mt 3 %-ro eranoibHOTO (70 %) po3-
YIHY aJTIOMIHIIO XJOpHUIYy i 1oBOAMIHN eTaHosoM 70 % P
JI0 TIO3HAYKH, IePEeMilTyBaJIH.

Komnencayivinuii pozuun. 1,0 M1 po34rHy CTaHAAPT-
HOTO 3pa3ka PyTHHY MOMIIIAIHA B MipHY KOJIOY MIiCTKi-
CTIO 25 MJI Ta JOBOIWIH eTaHojIoM 70 % P 10 mo3HauKu,
MepEeMIlTyBaJIH.

OnTHYHY TYCTHHY JOCIHIJKyBaHOTO PO3UMHY 1 pO3-
YUHY MMOPIBHSHHS BUMIPIOIOTH 4epe3 45 XB Mmicis MpH-
rOTyBaHHA Ha cniekTpodorometpi LabAnalyt SP-V1000
3a NOBXHMHU XBWI 412 HM BiJHOCHO KOMIIEHCAIIHUX
PO34MHIB JIJIsl KOXKHOTO BiJITOBIIHO.

Bwmicrt ¢utaBonoiniB y BuTsikii (X), y nepepaxyHkKy
Ha PYTHH, Y MKI/MJI, BU3Ha4aJIH 3a (HOpMYIOI0:

b
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X = A-m, -10000
4,7,
ne A — onTHYHA TYCTHUHA JOCIHIIKYBaHOTO PO3UHHY;
A, — ONTHYHA T'yCTHHA PO3YUHY MOPIBHIHHS,
m, — Maca HaBaXKH CTaHIAPTHOTO 3pa3ka PyTHHY,
y Tpamax;
V,— 00’eM aJliKBOTH, B3STOI JUTS aHAJII3Y, Y MUTLTITpax.
Hocnimpxenns BAP mpoBogunu y m’siTM MOBTOPIO-
BaHHAX. CTaTUCTHYHE OMPALOBAaHHS PE3YJBTaTiB MpPO-

b

Bwmict cymu noaigeno.is, mr/100 ma

400
390
380
370
360
350
340
330
320

Cepis 1

Cepis 6

Puc. 1. Bmict cymn nosidenonis
Y BUTSIKKAX 3 TPABH HIABHATY

BwmicT cymu guiaBonoinis, Mr/100 mu

300
250
200
150
100

50

265,37

101,39

Cepist 1 Cepis 6

Puc. 2. Bmict cymu ¢guiaBonoinis
Y BUTSIZKKAX 3 TPAaBU LIABHATY

Boauin BignmosiaHo 10 Bumor DFU 2.0 5.3.N.1 3a gomo-
Mororo porpamu Microsoft Excel 2010 (DFU, 2015).

Pesynbratn gociimkeHHs: Ta iX 00roBOpeHHs.
PesynbraTi BU3HaYEHHS KUJIBKICHOTO BMICTY CyMH mostide-
HOJIB y MepepaxyHKy Ha MIpOraioi B OfiepKaHUX BHTSIK-
Kax 3 HaJI3¢MHOI YaCTHHHU IaBHATY HaBEJEHO Ha puc. 1.

Bwmict cymunomnicenoniy cepii 6 6yBy 1,13 pasa B,
HIX y cepil 1, 1 cranoBuTh (391,64 £ 17,99) Mr/100 M.

Bwmict cymu (QnaBoHOINIB y mepepaxyHKy Ha PyTHH
B OZICP’KaHHX BHUTSDKKAX 13 TPaBU IIaBHATY HABEICHO HA
puc. 2.

KinmpkicHu#l BMICT cyMHu (JIaBOHOINIB y cepii 6 OyB
y 2,62 paza BULIMH, HIX y cepii 1.

OnepxaHi pe3yabTaTH CBiIYaTh, IO BMICT CyMH
noJieHoIiB Ta CyMHu (pJIaBOHOIIB y BUTSAXKIN (cepis
6), omepxaHiii THM caMUM METOIOM, 1o i cepis 1,
i3 BUKOPHCTAaHHSM SIK €KCTpareHra ertaHony 40 %
P Ta 31 CHIBBIIHOIICHHSM CHPOBHHA eKcTpa-
rent — 1 : 8, cranoBuB (391,65 + 18,01) mr/100 mn
i (265,37 = 12,10) mr/100 ma Bimmosimuo. OTxe,
Ha BMicT BAP y TpaBi maBHaTy 3Ha4HO BIUINBAIOTh
KOHIICHTpAIlisl EKCTPAreHTa — €TaHOoINly Ta CIiBBiTHO-
IIEHHS CHPOBUHA : EKCTPAreHT.

BucnoBku. 1. MeToaoM exkcTparyBaHHsl — Maile-
paui€io oiep:kaHO BUTSKKHU 3 TPABU IABHATY.

2. CniekTpo()OTOMETPUYHUM METO0M BCTAHOB-
JICHO, 110 BMicT cymH (uUIaBOHOIAIB y mepepaxyHKy
Ha pyruH y cepii 1 0y (101,39 + 7,66) mr/100 mu,
y cepii 6 — (265,37 = 12,10) mr/100 m1.

3. B ogepxkaHuUX BHTSKKAX BMICT CyMH MOJIi-
(enosiB 'y mnepepaxyHKy Ha miporajoJ cra-
noBuB (345,80 + 10,44) mr/100 ma — cepis 1,
(391,65 = 18,01) mr/100 M1 — cepis 6.

4. loBeneno, mo Ha BMicT BAP B omep:kanmx
BUTSIKKAX i3 TPABH IMABHATY BILUIMBAE KOHIEHTpa-
Iifl eKCTPareHTa i CHiBBiIHOIIIEHHS] CHPOBHUHA : eKC-
TpareHT. ONTUMAJbHOI0 BCTAHOBJIEHA KOHIIEHTpa-
wis eranoay 40 % i cmiBBiTHOIIEHHSI CHPOBHHA :
excrparenT —1 : 8.
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INVESTIGATION OF PHARMACOTECHNOLOGICAL
AND PHYSICOCHEMICAL CHARACTERISTICS OF DENSE CARROT EXTRACT
AND ITS TABLET MIXTURES WITH AUXILIARY SUBSTANCES

Actuality. At present, the effectiveness of treatment for cardiovascular diseases remains a major challenge in both pharmacy and
medicine. Atherosclerosis can lead to the development of stroke and myocardial infarction. Analysis of literary sources allows us to
conclude that the development of cardiovascular diseases involves a uniform shift in biochemical processes, particularly the activation
of free radical oxidation due to the disruption of the balance in the “oxidants-antioxidants” system. Under the influence of reactive
oxygen species, low-density lipoproteins undergo oxidation, leading to the accumulation of atherosclerotic plaques on the vessel
walls and the narrowing of the vessel lumen. Therefore, oxidative stress is considered one of the main factors in the development of
atherosclerosis.

In our time, the use of a complex of biologically active substances derived from plant raw materials plays a significant role
in the development of solid dosage forms. Due to the minimal number of side effects, it can be utilized over an extended period.
Pharmacological research results indicate the expediency of combined therapy using statins and herbal preparations. This therapeutic
approach has the potential to improve patient compliance and reduce the prescribed dose of synthetic drugs.

According to literary sources, the feasibility of using common carrot (Daucus carota L.) as an active pharmaceutical ingredient has
been demonstrated. This plant possesses a sufficient raw material base in Ukraine.

Aim. The study of pharmacotechnological and physico-chemical characteristics of dense extracts of common carrot (Daucus
carota L.) and its mixtures with auxiliary substances.

Materials and methods. The extract of carrot seed root crops is thick and its mixture with auxiliary substances. In the course of the
work, a complex of physicochemical and pharmacotechnological research methods was used.

Results. The pharmacotechnological properties of dense carrot seed extract in combination with MCC-102 and Neusilin® US2
have been determined. It has been established that the most effective carrier for improved incorporation of the dense extract into the
composition of a solid dosage form is MCC-102. It has been demonstrated that with an increase in the mass fraction of the auxiliary
substance, the density index decreases, the mass becomes non-uniform, and the obtained granules are not firm.

Conclusions. A mixture of MCC-102 in a 1:1 ratio has been chosen for further research. It has been determined that its use will
allow for the production of tablets without the need for additional equipment.

Key words: carrot extract, technology, atherosclerosis, MCC-102, Neusilin® US2, physicochemical properties,
pharmacotechnological indicators.
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JOCIIIZKEHHA PAPMAKOTEXHOJIOI'TYHUX
TA ®I3UKO-XIMIYHUX XAPAKTEPUCTUK EKCTPAKTY MOPKBH MOCIBHOI I'YCTOI'O
TA UOI'O CYMIIIEMH I3 JOITIOMI’KHUMHU PEHOBUHAMMU

Axmyanvnicme. Ha yeii uac egpexkmueHicmo niKy8aHHs 3aX60pI06aHb cepyeo-CyOUHHOL cucmemu € 20106100 npobremoro gap-
mayii ma meduyunu. Amepockiepos npuzeooums 00 PO3GUMKY IHCYIbmy U iH(hapkmy miokapoa. Ananiz aimepamypHux oxcepen 0ae
3M02Y 3p06UMU BUCHOBOK, WO 3 PO3GUMKOM CepYe6o-CYOUHHUX 3aX60PI0BAHL 8I00YBAEMbCA OOHOMUNHULL 3CY8 DIOXIMIUHUX npoyecis,
30Kpema aKkmueayis iNbHOPAOUKATLHO20 OKUCIEHHS GHACTIOOK NOPYULeHHS PIGHOBARY CUCTEMU KOKCUOAHmMU — aHmuoKkcuoanmuy. 11io
6NIUGOM AKIMUBHUX (YOPM KUCHIO INONPOmMeinu HU3bKOI WinbHOCMI nepexoosimy y CMan OKUCTIEHUX, WO NPU3600UMb 00 HAKONUYEHHS
amepoCKiIepomuyHux OIAUOK HA CIMIHKAX CYOUH 1 3akpumms npoceimy cyoun. Omoice, OKUCTIO8ANbHUL cmMpec € OOHUM 3 OCHOBHUX
@axmopis po3sumKy amepockieposy.

Y naw uac ona po3pobxu meepoux nikapcoKux Gopm 6a2oMo20 3HAUEHHS MAE GUKOPUCIAHHIA KOMNAEKCY OIoN02iYHO aKMUGHUX
PEYOBUH 13 POCTUHHOL CUpOGUHU. Y 36 'S3KY 3 MIHIMATbHOW KLIBKICIIO NOOIYHUX eheKmig 1l020 MONCHA BUKOPUCTIOBY8AMU NPOMALOM
mpueanoeo nepiody. Pezynemamu papmaronociunux docniodtcensb cgiowams npo 0OYLIbHICMb KOMNIEKCHOI mepanii cmamunamu ma
pocaunHumy npenapamamu. Lleti nanpsm mepanii 30amuuti NOKpAWUMU KOMRIAEHC NAYIEHMA, SHUSUMU NPUSHAYEHY 003Y CUHMEemuY-
HUX JIKAPCLKUX 30c00i8.

3a danumu Oxcepen nimepamypu noKazana OOYiNbHICMb BUKOPUCIAHHA K AKMUBHO20 PAPMAYEBMUYHO20 iHepedicHma MOPK6EU
nociguoi (Daucus carota L.), sxa mae docmamuio cupoguiy 6aszy 6 Yxpaini.

Mema. /locriodcenns ghapmakomexHono2iuHux i (hisuKo-XiMiuHUX XapaKxmepucmux eKCmpaxknty MOpKeu noCcieHoi 2ycmozo ma tioeo
cymiuteli ¢ OONOMIMHCHUMU PEUOBUHAMU.

Mamepianu ma memoou. Excmpaxm xopenennoodie Mopkeu nocieroi 2ycmuil ma 1io2o cymiuii 3 00noMixcHumuy pevosuramu. I11io
yac pobomu OY10 BUKOPUCMAHO KOMNIEKC PI3UKO-XIMIUHUX | (PapMAKOMEXHONOTYHUX MEMOOI8 O0CTIONHCEHH .

Pesynomamu. Busnauerno ghapmakomexnonoziumni 61acmugocmi MOpKeu nocisHoi excmpaxmy 2ycmoeo y cymiwiax 3 MKL[-102 ma
Neusilin® US2. Bcmanosneno, wo HauKpawjum HOCIEM Olisk 66€0€HHs eKCIMPAKmy 2ycmoz2o 00 CKAady meepooi MiKapcvkoi opmu
€ MKI]-102. /logedeno, wo i3 30inbueHHAM MACOBOI YACMKYU OONOMINCHOI PEUOBUHU 3MEHULYEMbCA NOKASHUK 2YCIMUHU, MACA € Heo-
OHOPIOHOW, OMPUMAHI 2DAHYIU HEMIYHL.

Bucnosku. J{n1s nposedennsn nodanvuiux docriodxcens subpara cymiue 3 MKI]-102 y cnigsionowenni 1 : 1. Bcmanoeneno, wo it
BUKOPUCMAHHS 0ACMb 3M02Y Ompumamu maodiemxu 6e3 3acmocy8ants 000amK08020 0ON1AOHAHHS.

Knrwouosi cnosa: excmpakm mopksu, mexnonozis, amepockiepos, MKI]-102, Neusilin® US2, ¢izuxo- ximiuni éracmusocmi, gpap-
MAKOMEXHONO2IUHI NOKAZHUKU.

Introduction. Atherosclerosis is a condition event (Wojtasinska, Frak, Lisinska, Sapeda, Mtynarska,

characterized by the deposition of cholesterol plaques on
the walls of blood vessels, which over time can lead to
partial or complete blockage of the vessel lumen (Kong,
Cui, Huang, Zhang, Guo, Han, 2022). These pathological
changes represent the main cause of vascular diseases
worldwide. According to the study «Progression of
Early Subclinical Atherosclerosisy, men and women
suffer from atherosclerosis in 71 % and 43 % of cases,
respectively. The overall mortality from cardiovascular
diseases (CVDs) accounts for 32 % of all deaths globally.
Of these, 85 % of cases were attributed to a heart attack
or stroke following a previous atherosclerotic vascular

®diroTtepanis. Yaconuc

Rysz, Franczyk, 2023).

From a pathogenetic perspective, atherosclerosis
is an inflammatory disease associated with local and
systemic changes in homeostasis, particularly involving
the state of the endothelium, the immune system, and
lipid metabolism (Gusev, Sarapultsev, 2023). It is known
that under normal physiological conditions, oxidative-
reductive homeostasis is maintained, playing a crucial role
in signal transmission. Any imbalance in this system can
trigger a chain of reactions that generate reactive oxygen
species (ROS). Disrupted redox balance or an imbalance
between reactive substances and the antioxidant system
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leads to oxidative stress, which damages proteins, nucleic
acids, and lipids. Under normal conditions, the outer layer
of low-density lipoproteins (LDL) in the plasma consists
of triglycerides and cholesterol esters, which contain
phospholipids, free cholesterol, and apolipoprotein B
(ApoB). In pathological conditions, apoB-containing
lipoproteins in the plasma penetrate through damaged
endothelium into the subendothelial space of vessels,
where they oxidize due to reactive oxygen species
(ROS). Under these conditions, LDL transforms into
oxidized LDL (Ox-LDL). The retention of Ox-LDL in the
subendothelium promotes the recruitment of monocytes
to the intima, where they differentiate into macrophages
that engulf Ox-LDL through their scavenger receptors.
This leads to the accumulation of atherosclerotic plaques,
restricting blood flow to the heart muscle. Therefore, it
can be concluded that Ox-LDL, endothelial dysfunction,
and oxidative stress are among the key risk factors for
the development of atherosclerosis (Khatana, Saini NK,
Chakrabarti, Saini V, Sharma, Saini RV, Saini AK, 2020).

It is known that the use of a complex of bioactive
substances (BAS) derived from plant sources, particularly
polyphenolic compounds, reduces fat deposition and lowers
the risk of developing atherosclerosis (Barnard, Goldman,
Loomis, Kahleova, Levin, Neabore, Batts, 2019). It has
been proven that these substances enhance the protective
action of blood vessels and reduce the development of
heart diseases. They can also be used in combination
therapy with statins to reduce overall cholesterol and LDL
cholesterol, aiming to decrease the prescribed dosage, mini-
mize side effects, and improve patient compliance.
According to the literature, it is known that the necessary
BAS are contained in vegetable crops, which have a large raw
material base in Ukraine, namely cultivated carrots (Daucus
carota L.). Carrot roots contain carotenoids, vitamins,
polyphenols, fiber, and minerals capable of absorbing
active oxygen forms and enhancing endogenous protective
systems, resulting in a reduction of oxidative stress and an
overall decrease in the risk of cardiovascular diseases.

As of today, on the pharmaceutical market in
Ukraine, carrot-based medications are represented by
liquid extracts and complex preparations for treating
kidney diseases. Therefore, based on the aforementioned
information, it can be concluded that creating a
medication with garden carrot extract for the treatment
and prevention of atherosclerosis is justified.

Methods and materials. The objects of the study
were the concentrated extract from the roots of garden
carrots (GCE) and its mixtures with microcrystalline
cellulose (MCC) samples Ne 1 — Ne 5, and Neusilin®
US2 (Ne 6 — Ne 10). The dense extract from the roots of
garden carrots was obtained at the Department of Natural
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Compounds Chemistry of the National University of
Pharmacy under the guidance of prof. Kyslychenko V.S.
and prof. Zhuravel .O. (Horiacha, Kyslychenko, Paziuk,
Zhuravel, 2017). Samples were prepared by mixing the
extract with MCC-102 and Neusilin® US2 in ratios of
1:1,1:2,1:3,1:4and 1:5.

The determination of bulk density, flowability,
Carr’s index, and Hausner ratio was carried out
according to the well-established methods of the State
Pharmacopoeia of Ukraine 2nd edition, Volume 2
(SPU). Microscopic examinations were conducted using
a laboratory microscope «Konus-Academy» with a
camera at a magnification of 120X. For visualization of
photographs, DLT Cam Viewer™ software was used to
determine linear dimensions in real-time mode.

The determination of moisture was conducted using
the pharmacopoeial method (Hryzodub, 2015, p. 96) and
with the help of a moisture analyzer. When employing the
pharmacopoeial method, the following equipment was
utilized: electronic scales SJP620CE by «Shinko Denshi»
Japan, electronic scales ME 204 by «Mettler Toledo»
Switzerland, and a vacuum drying cabinet SV-50 by LLC
«RIVA-STAL» Ukraine. The percentage moisture content
was calculated using the following formulas:

(m0[ _mx) *100 ,
(mOi _mo)

where m,; — the mass of the crucible with the substance;

m, — the mass of the crucible with the substance after
the experiment;

m, — the mass of the crucible.

Another method of determination was carried out
using the moisture analyzer MA 50/C/R by «cRADWAG»
Poland, under the following conditions: sample
weight 1.0 g, experiment temperature 30 °C.

The coefficient of vibration compaction was
calculated using the formula:

k pmax _p

v s

p

where p — bulk density;
Pmax - maximum bulk density.

The coefficient of uniformity was determined using
the formula:
10
where R, — The size of the sieve opening through
which 60 % of the mass passed;
R,, — The size of the sieve opening through which
10 % of the material passed.
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The angle of repose was determined using a plate
with dimensions of 125 x 20 mm. The interpretation of
the results was conducted by determining the average
angle of inclination to the horizontal and by observing

the shape of the heap.

Research results. The first step involved microscopic
examination of the concentrated extract from the roots

of garden carrots (Fig. 1).

Based on the results (Fig. 1), it can be observed that
the extract has a heterogeneous structure with mechanical
inclusions of various shapes, having a smooth surface.
The linear particle size varies from 0.01 to 0.07 pm.

The form factor is 1.16.
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Fig. 1. Microphotograph of concentrated extract

At the next stage, the moisture content of the extract,
samples of the GCE and its mixtures with auxiliary

substances were investigated. The moisture content of
GCE is 17.9 %. The amount of extractive substances is
82.1 %. Organoleptically, it appears as a mass of dark-
brown color, dense, viscous, and has a specific odor.

from the roots of garden carrots
Further research aimed to study the bulk density before

and after compaction, fluidity, Carr’s index, Hausner’s
ratio, angle of repose, compression ratio, and moisture
content for the obtained mixtures in various proportions.
The research results are presented in the table 1-2.

Table 1
Pharmacotechnological indicators GCE with MCC-102
Sample number and its ratio
Parameters Ne 1 Ne 2 Ne3 Ne 4 Ne 5
1:1 1:2 1:3 1:4 1:5
Bulk density (p_b), g/ml 0,49+£0,01 | 0,31+0,01 0,25+0,01 0,30+ 0,01 0,30 £ 0,01
Bulk density after compaction (p_com), g/ml 0,52+0,01 | 0,42+0,01 0,35+0,01 0,38 £0,01 0,38 £0,01
Hausner ratio 1,06 0,01 1,35+0,01 1,40 £ 0,01 1,26 £0,01 1,26 £ 0,01
Carr’s index 577+1,12 | 26,19+ 1,12 | 28,57 +1,12 | 21,05+ 1,12 | 21,05+ 1,12
Angle of repose, ° 25+1,03 43 +£1,03 55+ 1,03 35+ 1,03 32+1,03
Compressibility index 1,23+0,02 | 1,28+0,02 1,28 £0,02 1,28 £0,02 1,28 £ 0,02
Moisture content, % 0,93+0,02 | 3,17+0,02 3,16 0,02 2,37 £0,02 2,22 +£0,02
Vibration compaction coefficient 0,06 0,35 0,40 0,27 0,27
Coefficient of uniformity 2,01 5,12 5,35 5,23 5,26
Natural slope angle, © 25 35 55 43 65
Angle of repose, © 30 40 60 45 70
Table 2
Pharmacotechnological indicators GCE with Neusilin® US2
Sample number and its ratio
Parameters Ne 6 Ne7 Ne 8 Ne 9 Ne 10
1:1 1:2 1:3 1:4 1:5
Bulk density (p_b), g/ml 0,28+0,01 | 0,19+0,01 | 0,17+0,01 | 0,15+0,01 | 0,14+0,01
Bulk density after compaction (p_com), g/ml 0,41+0,01 | 0,26+0,01 | 0,25+0,01 | 0,22+0,01 | 0,21 £0,01
Hausner ratio 1,46 +0,01 | 1,37+0,01 | 1,47+0,01 | 1,47+0,01 | 1,50+0,01
Carr’s index 31,71 +£1,12 | 26,92+ 1,12 | 32,00+ 1,12 | 31,82 +1,12 | 33,33 + 1,12
Angle of repose, ° 55+1,03 60+ 1,03 55+1,03 50 + 1,03 65+ 1,03
Compressibility index 1,29+0,02 | 1,28+0,02 | 1,28+0,02 | 1,25+0,02 | 1,25+0,02
Moisture content, % 6,41+0,02 | 7,10£0,02 | 539+0,02 | 3,94+0,02 | 3,71 +£0,02
Vibration compaction coefficient 0,46 0,37 0,47 0,47 0,50
Coefficient of uniformity 5,63 5,72 5,82 5,75 5,81
Natural slope angle, ° 55 60 55 50 65
Angle of repose, 60 78 65 60 65
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The obtained results of bulk density before and
after compaction allow us to conclude that sample Ne 1
belongs to powders close to heavy powders. Sample Ne 2,
4-6 can be classified as powders of medium heaviness,
while sample Ne 3, 7-10 belong to light powders. In all
samples, with an increase in the mass fraction of the
auxiliary substance, the density index decreases, and
the mass is heterogeneous, resulting in weakly formed
granules. According to the coefficients of Hausner,
Carr’s index, and the angle of natural repose, sample
Ne 1 has satisfactory pharmacotechnical indicators,
while samples Ne 2—-10 suggest insufficient flowability
and layering of the tablet mass. The obtained results can
also be explained by the formation of a polydisperse
structure in the mixture of the extract with the carrier.

The coefficients of non-uniformity and vibrational
compaction, as well as the angles of natural repose
and collapse, were also determined. These parameters
are part of the recognized system for assessing powder
flowability and equipment selection.

The analysis of the coefficient of vibrational
compaction shows that sample Ne 1 has a value less
than 0.21, which is the limit for well-flowing powders.
Samples Ne 2—10 exceed this value on average by 2 times,
indicating a high degree of particle cohesion in these
samples. Therefore, samples Ne 2—10 are agglomerated
powders with high cohesive properties.

The analysis of the coefficient of non-uniformity
reveals a high degree of cohesion between particles in
samples Ne 2-3, while sample Ne 1 exhibits a minimal
value, predicting a low level of electrostatic interaction
between particles, the impossibility of particle
agglomeration, and satisfactory flowability.

The obtained results indicate that samples Ne 2—10
have high values of the angle of repose, indicating
unsatisfactory material flowability. Sample Ne 1
exhibits satisfactory flowability because its angle
of repose is less than 40°. In samples Ne 2-10, the
difference in this parameter exceeds the maximum

value, indicating a low dispersity and flowability in
these samples.

The specified indicators allow classification according
to the generally accepted flowability classification.
Sample 1 belongs to the 1st class, which does not require
additional equipment during pressing, while samples
Ne 2—-10 belong to the 7th class of flowability and may
undergo technological processing or the addition of anti-
caking agents or additional granulation (Carr R L, 1965,
pp. 163—168). Based on the above, it can be predicted
that samples Ne 2—10 may hang in the hoppers of tablet
machines.

Conclusion. It has been demonstrated that
atherosclerosis is the most common cardiovascular
disease, requiring advanced pharmaceutical
interventions for its treatment. In the therapy of
atherosclerosis, it is advisable to use substances of
natural origin that can be used both in monotherapy
and in combination with synthetic agents. The use
of extracts from the roots of cultivated carrots is
proposed for the therapy of atherosclerosis, as they
possess antioxidant and anti-inflammatory properties.

The pharmacotechnological properties of dense
extract from cultivated carrots in mixtures with
MCC-102 and Neusilin® US2 were determined.
It was found that the optimal carrier for the
enhanced incorporation of the dense extract into the
composition of a solid dosage form is MCC-102. It
has been proven that with an increase in the mass
fraction of the auxiliary substance, the density index
decreases, the mass becomes heterogeneous, and
the obtained granules are not strong. Therefore, for
further research, a mixture in a ratio of 1 : 1 was
chosen. It was established that the use of sample Ne 1
in the tablet composition allows obtaining tablets
without the use of additional equipment.

The obtained results provide a basis for further
development of a solid dosage form with dense
extract from cultivated carrot roots.
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