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Lads®amggenmdo gs3039wgdmero Phytolacca americana L. bsgmgol ¢00309d0
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#53GMbo 936096 0565386:M89wo; 2Jodool dsgoLEMo, MLLYY 0M39w JMMEMYEsdol BsGBs3mJodool 0BLEOEMEO
096096 396533O™3g0; 385M35300L 935090M0  MJBHMMO, OLLYY) 039w JMMEMGEsdol GoMTszmdodool
0bLEHOGHEBHOL F3560 8936096 1s6539GMMIgemo

BLGMgGHo

33193900L 99009390y ©oyMHbMdom AP0 0s @ILLZW gD Bods@rmnzgwmdo dmbsto
Jooxg®ob Phytolacca americana L. 659mg30b 0030900 s m563begdo domemy0vMa© 5J&HovMo

BogMmgd0. 1533930 MB0YJEH0IB F0WIOM0s BIJOGMIMMO S 3OO 030 JOOL
x50900 9% o 1,5%. ©iygbowos Bsmdo d93535¢00 doMMOEO 3¢slgd0, AoBLEBPIOWEO0S
BMQ090m»0 BoH03M-J0doMo BsbslosmgdIWOo, 2oBMM-JOMIdEHMYMIB0o JgmmEom b/
%5080 ®30LMIM0350 S M3MEIPMIMN 0350 sAIPOWO0s BoxgMo, MXIOO S 3MEOYXIOO
3bodmgsbo 8553900, BMYoghHmo  ompsbol  Fowoswo  3OMmi3gbGwo  99d33gwmdom 9,12
mdGo939000960 30,99%, 9,12,15 md@og3zs@®ogbo 31,56%, 3gduogzobo 15,56%. 3mmotvyem
X5080 030LMOM035®© OIPPIP0W0S S MOMPIHMOM0Z® J3BLSDBOZOWMWOS BMLGMEO30YOO
LogOom 999339mdom 0,1%. 50bodbme mdogd@do 356OH™E0bMmogdol 99933390mdss 33,0 d%.
5096005 boymedo 53d0bmdzge39d0L sOLYGdMdS. Phytolacca americana L bsymgosb dowgdwyeo
939bsmgMmo Bgmo 9E0IM0S BOMEMAONMS© SJGHOMM0 Boghmgdom, o3 Lsdmdsgzerme
3399¢93L  Fgbodegdemdsl, MM 50 MdM030 bgwgMwol dsbsbg Tgoddbsl 0sxo s
9993060 BYIFMObIWM-3OHMB0WsdBH03MNO0  Lsdmowgdgdo, OHMIgbsg  3M0dGHozmwo
2090g9bgds 996905 BoMTo30580, 9000306580 s 3MBGEMEMA05T0.

1353396dm LoBYyzgdo: 3bodmzsb0 53980, RMURMEPO30©HB0, 35600BH0bMOIBO.

030900  (oMmIMoabl  F50odMg3e  300MOMBMING  BogHMIOL, BT GILS
36009369cm3560 500 MF0MO3L  MERYSBEOBIoL Lobogmaberm 3MMm3gLbgddo. Fom goshbosm
39900 3ubJeogdo: LHONIOYENWO,  JBINFIHOIIWO,  IEZOMO,  OIFILIAMONO.
03000 (oMmBMoa9gbl domermaowm®mo 39306560l doMomo LEAHMMIGMOM gurgdgb@gdl,
23065306MHMdGOL MR MJEOL  A9B3WEM@OLL, Tmddggdl  AMe35wo  3gMTgbEHOL  5BH03MdIDY,
dmbsfloegmdls bgMgmwo 033w bgdol  A5s(39dsdo, 3Mbmol 893499393590, 0dwbmdodom®
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36MH™m39Lgddo, MmMP60BI0ID  godmysgl  MIOMbM3WoEgdo, Fws39d0, 8dodg TGO M
35Mm0wgdo. 2309Bb0s 35350 dbM030  ImJdggds:  39353M3OMGIIGHMOWMo,  SBmgdol
Lof0bs50dgyM, 0dMBMEHMM3MWO, sBE005JGIP0Mwo, 30GHMEGMJLO3MOO s Lbgs [2,4,11].
fomdmpgboo Lsdwdsml JoBsbos Lodsemzgumdo dmBsMEO Fooxggmsl Phytolacca americana
L. Bogmggol dglfogws 030700l s sbabgdo dommyomEms© 9dGHomo boghHmgdol
399339 Md5bg 999 mddo 39030bsdo 459mygbgdols JoHboo.

Phytolacca americana L. 3osggts - mxsbo Phytolaccaceae @sGoOm© 93039 g0w0
9653500560 doobmgzsbo 9;39656gs. 35-00g Lobgmdss 393039 gdMo  GHOMM30IME S
LBGHOM3037) M50Mmbgddo, JoMHOMOEIE 539003580, 39335L05d0 FgdmEoboros BHOMmgm
50960300056 [1] LoMggzgenss, 0BGm@gds abgdol s @Yol 3060g0bY, JMNWEHMOWE bstysg-
Bsonglinddo, 1-3 8. LoBsEEoL. LHdSMY 3 EHWYMST0 30 IZMOSEH0O d39bsMgs. 5J3L wos 3569,
QOO HBMmIoL BMMEGdo, Y3530egd0 3oty Bmdol mgmMo §gMol, bsgmazo 0olggm-dsgzo
3983900wmdol,  IFonads 03woL-s5230LE™MT0. d90E0bsd0 49dm0oyYygbads F0oxzgMmsl 3glzgdo,
Boymaxz0, BmOWgdo, 0IOMId0  @oEIOGHMOMEo dmbs3gdgdol dobgwzom d3gbstg dgo3egU:
&®0@ 9039699 Ls3MbobYOL, 535 MOEPIOL, BES356MOIJIL, g GM-DgmgdL, 3b0TM356 T55370U,
bBH™ME305b6gdL,  5806MT75390L,  F03OIMgEgdgbBHJdl.  bosgmxzo  dosmos C, B s PP
3035306980, [12]. 3096600 35050 56EH0MJLOIBEHWOO, sbmMgdOL Lsfobssmdgym, FHowrmdol
9905539990, 96EH06M93d5BH0wo, 55FH035MBoGWwo s 9BG0dsIGHIO0Mwo Tmddggds.
09000306580 250m0Yygbgds 19305&H0DBI0L, SOMOOGHOL, M3E03WOEGR0L, 3960l 93509090,
©53)30™dOL, FHOMIGPOL, BOHY63MEgdol Lod3wembswmo [11].

309dGH0 ©d 3900M©IdO:

L3393 md09dAL Fo®dmoaqbeos: Phytolacca americana L. 3053965 (659m»0) 993603900 ogm
2021%. bmbol 6/6 beggen bodo. md09dE0 000g6¢0x30306093990s MLLYY 0M39W JMmsmgersdols
RM353mJodool  0bLEBOGHMGOL  Godmdodool /3 ©935MEIBGHOL  BoMTs3MdMEHsbozol
30950 gdol 393b0gH 9bsddMOMAgms dogM, Bodmdol gompgMo #21693  0bsbgds 53539
0bLGHoGMEBHOL 39MHdsMm0wddo.

Bgo@BMsemMo  wo3oEgdol gdudedgos.  Phytolacca americana L. 30s8gMsl 35963300
By gMmosb  6/39Jusbomn  mmsbols  3ga3gEed Mg 15 V9nsM©Id0m, Mmmb)IMI©O
99bGH®ogd300m s Igdamdo Igudgergdom 35399M3-OMEE0 335MeGHBY (60 C ) dowgdweos
430,90 GggMol, Bgmobgdmo 30bLoLEJBEE0L bgo@ Mmoo wo30gdol (b/¢r) xsdo.
3o 030008  gJuBMogdzos.  ByoGHMMmo  030©JooL  dodmymaol  I99agy
sMBgbowo 93gbsgMwo  IOMBH0D  JurmOmxm®I-dgmebmeol (2:1) bs@gzom, mmsebol
399396053M5bg 1:4 983560G©Jd000 MObR N0 9JuBcMod30000 ©s d9dymdo Tglidowgdom
39399099-OMGHE0ME 530Gy (60 C ) F0wgdeos Lggaro 3mbLobEgbgool dmdo gogobggMo
99933900¢0MdOL 3mEsGMEo 030gd0L (3/¢0) xsd0.

690G Mo  o30gdol  sbseroDbo. B/ »30LMm3G030  sbsgoBo  QobbmM30g©s
by x396m3560 JOMIsEHMyMx0vwo dgmmeooom [8].

690 eMo odogdols GC-MS s6sgro®bo.
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3b0dm3z560 955300 goBNMH-JOHMBSBHMAMIR0MWO 565¢0D0 BoEIN©S DM JOMTsGHMPMIRDY
Agilent technologies 7890B; obbGMmdgb@o sm3m@zowos split/spilitless  0bggdEmeoo.
599333 gH0 F0gM090E0s 3530Wsc¥)e LggBomsb HP-5ms Ultra Inhert (30m x 250m x 25m)
Q5 3sLL L39dBHOMIYEHO ©IEHIJEHMMME Agilent 0bsggdBHmMobl $9d3. 280 C, g@gd@m®ol ¢9d3.
280° C Lgg3ob bsfigobo ¢gd3. 60 C 2fom, 60°100° C (2,5 C/fon); 100° C 2fon; 100° 280° C (7C/Ho), 280°
C 20m. @6Mbxggeesobol 3gd3gmo@mems 280° C. domgdwwo 89093900 33530 @
30330696300l 0096E053030MFdOLMZ0L sdmygbgdme 0dbs NIST-ob dmbsggdomes ds%s [5,6,7].
3gEsMMEO 30Ol x50l M30LMdM0Z30 6sW0Bo. 3/ KsToL MZ0LMOMOZ0 SBsEOBO
3956bMmM 3090 s MOHTHOOZ30 B GBI6MZ60 JOMTEMYMBOME 0o FgOMPOL godmygbgdoom [3].
BR300 OOl MoMmEgbmdM030 sblisbrgMs.  Phytolacca americana L. bsgmgol 3meo®emo
03000l X53d0  BMLBMW030EJOOL  MHIMEIBMIM0Z  T99(339wMdL  ZLsDLZMI3OM
139dBHOMBMEGMIYGHOWo Jgomom ( Jasco V-730), Goweol LogMdg 62060, s@omMysbrwmo
53mbgmeol dobggzom [9].

5006m3g53900L  sbsEoBo.  Lo33eg3 md0gdBHdo  M30LMdMO35  5F0bMTggs3930L  SOLGOMDS
5y bowos mbga3gbmgsbo  JOMmIs@GMy®moxz0omwo  dgom@ol  asdmygbgdom. 80%
0005600560 gJuBMogBHoL  oymRsl  39bgbom  2odblbgms  LobGgdsdo: dmmsbmeo -
405635535 - fgowo (6 :2:2). vdMsg0 Fobs Lowogzsygwol gomxods TLC Silikagel 60 F 254
(20cmX20cm, Merck, Darmstadt, Germany). 95950536905, 1% 606300®060L bibshom, oagbsls
39b9bom Rf Looom, BIMso Mgsd309d00m s dmfjdggdol 453mygbgdoo [13].

350 G060m0gd0lL 365000, 15330930 Md0YJEHOL b/ Ksddo M30LMDdM0350 IYIBOW0s
65009bM0M0350 A9BLEBOZOWMWOS 350MEH0bM0Ido  13gdBHOMBMEMIYGHOMEO FJOMPOm,
Gowoob LogMdg 45163 [10 ].

3330l 8g0ga0. Phytolacca americana L. bsgmgosb dowgdwaos b/ao xsdo godmbsgarom 9%.
30LMOM0350 YIS Foldo F9do35¢00 899 g0 Jersliol bsgMmGd0: BabdoMfysedswgdo,
3b0dmgzsbo 07035  9gMYd0, GO0 OEIMH0Id0, ™O30LMRBIo  3bodmzsbo 953900
LGHYM069%0. bEHbIOEHWMWO FgmMEJOOL godmyggbgdom goblsbLZMMMos F0s8396Msl BogmaoIb
300900 b/ %590l BmyogMmo gobozm-Jodormo dsbobosmgdgro: bggodomo fmbs d -
0,924; go0539gbol 8sB39bgdgemo N -1,471; 95530m00L Gogbgo - 2,7; omob Goisbgo | - 93,0 ;
3oL3360l Moibgo - 207.

233999O-ooby©o JOMBsGHMAMox309wo  dgomols 299mg9bgdom  M30LMIMOZ50 O
650m90MdM0350  00IBEGHOBOEFOMIOMW0S F0OBIOL bogmxzol  Bgmdo boxgMo, MXIOO S
30X gMo  3b0odmzsbo 8:53900: G9dMowg3ob0 0,2%, 9 39dusgagbo 0,22%, 39dbsgzobo
15,56%, 9,12 mg@sgzsogbo 30,99%, 9,12,15 mgd@oswgzs@®ogbo 31,56%, md@sgzsbo 3,78%,
39dbs 93500960 0,19%, 9030Bsbo 0,39%, Mm33MBsbo 0,39%, gozmbswogbo 0,54%, ¢gEHee3mBsbo
0,51%, m3mbsogbo 0,35%, 39duszmbsobo 0,4%, mddszmbsbo 0,24%.

B/ %590l dsdmymaol 9999y ©sMBgbowo 939bsMgmwo IOMmEGH0b BoMgdmwos 3/ xsdo
290mbs30m 1,5%. 50b0dbmer %5880 m30LMdM0350 ©sAIPOWos 9d3bo BMLBMEO30EO:
WoBMRMLRSEHO0OwJmeobo, 3bRSGH0O0WobmBoG)0, 3mbgsGH0owdmeobo,
WOBMRMLRIEHOOWIMNbmensdobo, 3bBSGH0OWgmsbmersdobo Qo N-
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5300 BMRSEH0O0EIMsbMEsdobo. 3o %s5ddo  mbrmEo3ogdol  LoghHomm
0999339 ™ds 995003906L 0,1%, bgomdo (6/a0) 39GmE0bmogdol 999339 mds 3303%.

50539 9396560L Boygmxndo mM30LMdMO35®0 RGBS gd3bo 5dobmazgoegs: 30LGHJobo, LyMobo,
5036060, dgmombobo, ¢gogobo, 3serobo.

5153365, domgdo G9YRJO0 S OEIMGOo dmbsggdgdom Phytolacca americana L.
Bogmazo o Jobash d0MgdMEo 030©Jd0 FPOPIMOS BOMEMAO0MSQ G0N0 Bsghmgdom,
653 0dergzs  d9dymddo oo 59mygbgdols dgLodergdemdsls LsdgoEobm 3GMod@ozsdo s
3L3g M MY05d0.

390mggbgd IO WoBIMIAYHS!

1. Revaz Gagnidze. Vascular plants of Georgia a nomenclatural cheklist.2005.p.50.

2. Advances in lipid methodology-Two,pp.69-111(1993) (Ed.www.Christie, olily
press, du ndee)

3. B Kikalishvili*, Ts Sulakvelidze, M Getia, M Malania, D Turabelid. Study of lipids and some
biologically active compounds of Sambucus ebulus L. spread in Georgia.Journal of
Pharmacognosy and Phytochemistry.2022; VVol. 11(4) 33-35, E-ISSN: 2278-4136, P-ISSN: 2349-
8234, Impact Factor: RJIF 5.52 http://www.phytojournal.com/

4. Huxomo I'K., Manynmos B.M. OcnoBsl coBpeMmeHHO# ¢(apmakoTepanunu. M.Mexpumusa.
2005.cTp.107.

5. Darrin L. Smith. Mass Spectrometry Applications in Forensic Science, Encyclopedia of
Analytical Chemistry, John Wiley & Sons Ltd, New York City. 2010.
https://doi.org/10.1002/9780470027318.a9121

6. Sukhija PS, Palmquist D. Rapid method for determination of total fatty acid content and
composition of feedstuffs and feces. J Agric. Food Chem. 1988; 36:1202-1206.

7. Sponngord R.Y. Sun M. Enhancement of an analytical method for the determination
oils in viecine adsorbed formualtions. J. Parrm. / biomed.Anal. 2008; 52;554-564

8. T. Giligashvilit, G. Moshiashvilit, B. Kikalishvilit* Phytochemical study of lipids of
Prunus domestica L. seeds cultivated in Georgia. Journal of Medicinal Plants Studies 2023;

11(2): 01-03. DOI: https://doi.org/10.22271/plants.2023.v11.i2a.1531

9. Russian Pharmakopeia XI11 1;2;3.0020.15.1.2.4 G method(quantitative determination of
phosphorus with an Eiconogenin

10. British Pharmacopeia volume V; London: The Stationery Office. 2017. pp.202-203.

11. Raju A.B.,Venugopal Y. Phitolacca americana: a review. Int.Journ.of research in Pharmaceutical
and Biomed. Science. 2011.,2(3). 942-946.

12. A.C.Anexceesa, Y.A.Camsriuna, H.B.bo6koBa. PacTenus poga jakoHOC, Ipou3pacTaioliye B

Poccuu: xuMudeckuii cocras, npuMuHenue, crangaprusanua. Papmanusa. N4. Crp.52-56.

13. Kotova E.E., Kotov S.A., Gontova T.M., Kotov A.G. Study of qualitative and quantitative
content of amino acids in pumpkin seeds for further standardization of the herbal drug. Eur.
Pharm. J. 2019, 67(1), 27-32. DOI: 10.2478/afpuc-2020-0001

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 4



Lipids of the Fruit of Phytolacca americana L. Common in Georgia
Durmishkhan Turabelidze!, Tsisana Sulakvelidze?!, Mariam Malania?, Bela Kikalishvili?

'Doctor of Pharmacy, Senior Researcher, Institute of Pharmacochemistry I. Kutateladze Thilisi State Medical University,
Thilisi, Georgia; *Doctor of Pharmacy, Senior Researcher, Institute of Pharmacochemistry |. Kutateladze Thilisi State
Medical University, Thilisi, Georgia; 2Master of Chemistry, Researcher, Institute of Pharmacochemistry I. Kutateladze
Thilisi State Medical University, Thbilisi, Georgia; °Doctor of Pharmacy, Principal Researcher, Institute of
Pharmacochemistry |. Kutateladze Thilisi State Medical University, Thilisi, Georgia

Abstract

The content of lipids and associated biologically active compounds in fruits of young pokeweed
(Phytolacca americana L.) commonly growing in West Georgia was analyzed. The sum of neutral and
polar lipids (9% and 15%) was obtained from the object of study. Their main classes, and some physico-
chemical characteristics were determined; saturated, unsaturated and polyunsaturated fatty acids were
identified qualitatively and quantitatively by the gas chromatography, and high percentages of some of
them were identified: 9,12-octadecadiene: 30.99%, 9,12,15-octadecatriene: 31.56%, and hexadecane:
15.56%. Phospholipids were determined qualitatively and quantitatively in the polar sum with a total
content of 0.1%. The content of carotenoids in the product above is 33.0 mg%. The presence of amino
acids in the fruits has been proved. Vegetable oil obtained from the fruits of Phytolacca americana L.
is rich in biologically active compounds, what, in the future gives an opportunity to produce
inexpensive and efficient therapeutic and preventive agents using local raw materials, which may find
practical use in pharmacy, medicine and cosmetology.

Keywords: fatty acids, phospholipids, carotenoids.
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Solanum nigrum L. -ob 30fol®gos 3939G5GH0IM MmMbmms s6s@mIom®o

539090905

J90293%6 83900¢r0dy, 356058 3960dg, 65005 BoyzsMgrodg, xgdsew s6gwo

oLl 0Mm39Ww JMomgEsdols go@ds3mdodool oblGo@w@o

BLAHMSIBO

d9LHo3eomos  LodoMmzgwml  FE@MEOOL,  MHMAMOE  B0MEIMAONMS©  5dBH0MO
6030096093900l oMo  FysOml  Solanum  nigrum L.-ob, Jdowerygm®dgbsl  dofolbgws
39393530900  mOYsbmgdol  Jobsgsbo 9390w gdol  o30L9dMEMd60.  dozMMmEHgdbo3sdo

900900 3599690 IgM©Ydom 33930l F9gao© dodmzgboos  39ML3gIEH0Io
93965m0L 5b5EHMB0MMO 5290w g00L BoOsbmLiE03M Toboliosmgdergdo.

S, nigrum-ob  90{olBgs  3939BGOMOO  MMYBMGdo  FGPMLMos  3MbYLHo,
3653500 MX 90560, I3 FJoo  dMLMLgdoms s LBIOMUIIOMI30560 K0M3IZM3560
&®0gm39000. 393939GH0MO MEMRQbMmMs IBMS3 Jum30do ORIOIHE0MYIMYWOS M30MSEJLI©
BoLMEOGHMOO 3530l 535M5E0, 585LMsb539 BoJBOMP DS SBMIMEFOGHWOO dogYJOOL SGLYdIMDSS. S.
nigrum-ob 4yeom®@GHob GH®bbo@memwmmo LolEgds dmbmEozwm®os, dgMdsbdo Hosmdmpagboos
99660l BHGodgomer, 33069390006 BsbsmnOHms BsEOLYIMO JuMm3owo s FoTBHIO
F0Fgms L3OO 2oMLLIIIOME0 EOEII0dMOBO Lobsmwm®gdo. S. nigrum-ob
QOOMWO  DOFIG0IME0, dgbmxzowo  @MODBM39BEGHMswMMO, 59830LEHMI>GH MO0
LAONIGHMOOL, 2TBHIMO  3MBS  399-3MWOEIOIMOO  BHO30L. Fmmwol bgs ©s J39©s
9300 9Mdolols 5399999 JdMY  YXMJPOIO0 35 RR30M0LGHIOMO  IOMEbsBM3bo o
96003900560 50bsgMmdoLss. BMmEol gmb{do sobobgds dgMgmaro Godolb 3megbdods; ymbfdo
bobmEo  BHOBBoGHMOWwo  Jumzowwols FmbsBMMds  MZ5eoLYGdM0s; AsTGHIMO  Jlimzowo
3M5GIOIMOHO 50bsYMOOU.

Us33%6dm  Lodyggdo: Solanum nigrum L., gmoeewo,  sbshmdos,  bsposgbmlihozm
Osbsb0s098¢1900, Uogsorgerml enes.
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350 ym®dgbsligdmms, Solanaceae Juss. -ob mxsbo 1230-dg ULobgmdol dogrobmgsb,
0998396, BMyx IO 93056 s Fbs30sb, s 35MmoYdol 993339 I39BIMIL 59MP0s67dL o
GOOOMOS 393039029090 5G3M030L, 53UEHMOE00L s SBOOL 3mbEH069bHIOBY [7] .

U5doOMZIWML  RBEMOS  FmoEsgl  doMwy®mdgboligddOms  mxsbol 10 g35@do
3990005690 26 Lobgmdsb [4,11]. Solanum nigrum L.-o 3560 Solanum L. -ob  Latggzgews
05obm3zsbo 939656195, MMIGEoE OHMOIMIWME  5©PO0EdTdo, d50gddo, dMLEDIOLS
LobmzM g9 50 0EGVML sbErmU, 5939 BHYoL 30MHGBLS S BYBhJdIMYOT0S FogMgegdo[4].

S. nigrum-o LogOOM 293039 gds IM0393L B3ob0bogosl, 5. 93MM3sL, (30ddOML, Tmo
3D0sL, bdgemsdsHM39mol FboMgls, 508mbgzegom sHOLS s $3xM035L. LadsOmzgarmdo 30 0y0
0g3bsbgmdo, M539-ghbwyddo, 099MHgmTo JoMWLS O MMOSWINT0S 293039 gdero([4].

Solanum-ol bLobgMdgdO FbMBOWs, OHMPMMF BOMELMAOMIE 5JBHOMMO 5030 MYdGOOL
000005600  §godrm.  omgob  Bdmewm 30 ool 9633 mdsdo  0BMmEoMgdmo @
0096¢053030609dwos 670 - g 603m0gMgds, 500 FmEOL : 134 LBgOHMmowo Lbadmbobo, 63
LEGHIOMOEYO SIS MO0, 13 3M9bsbmwo Jaro3mBoEO, 75 BEszMbMmoO, 31 oybsbo s
1b3s. UEIOMOEO La3Mmb0bgdo doMmOMIEIE FoMdmygbowos EHoyamygbobol - (25 R ) - 5a -
L30MOMLED - 3P -meE0, CoMLiggbobol - (25 R)- 5 - gb -L3OMMULEE - 3 B - Mo , JmOMmygbobol -
(25 R )-50- b3oM®LEL6 -3B,60 - oMo, bymdarm®Omygbobol - (25 S ) - Sa - b3oMmUE b - 3B, 6a -
oMol 65§s03gd0m. Jomsb J0©gdmo BEIMHMOMEO 3e030MH0II0LIMZOL sYbowos
09000930  BMT53MMy0MHo  9mddggdgoo:  96mgdols  Lofobsswdogam, Losbol  ©sdfg30,
303m@9bBmo0, 303003930960, 3b6GH0xMby e, 3BOMEOOBOsGHMO,
303mgmegbGgmobgdmeo, Lodbogbol ULofobsswdgam ©s bbgs [6,8,9,10]. dggwro Jo@orweo
G65030wo 3900030608 Imbs39990000  1sd3MMbswm©  98moyggbadms  dsrAdgbals
BONEGO0ED 5 Y393000900@sb IMIBO©IOMo  LodMowgdgdo ByM3MEo 99350 gd9d0L
OB, 1939 H3030YdoYBIdEs© [1,2,3]. Lodsemzgemdo gogdEgwgdmwo S. nigrum - ob
dofjolbgs Bsfowgd0ob Fomgdmwos BEHIOMmoEWwo Jwolmboqdol xsdo 2 % -ob
6509bmdom, Loosbs3 LZ9BHWOO  JOMASBHMAMIR0MJOOL FJOMPO® 0HBMEOMIIMYWO S
0096305303009 Mwos  GHoamagbobol s  @ombiggbobols  Bsfo®do  L3oOHMUEBMEGHOo
303m0bH0©Id0 JodoMo bGMIGHOHom: MEHOMBobo A - (25 R )- 5a - L3OOMLESH - 3B -me» 3 -
O —[B - D - aer3m306sbmbo (152 )] = [ O = B -D - Juom3o®sbmboe (13 ) -0 - -D -
33030056mboe (154 )] - O — B -D - gowsd@Hm3ocmsbmboo s MEHGmbobo B - (25 R ) -
L30OMLEAG - 5 96 - 3 -mew 3-O0 - [ - D - aam3m30656mboew (1-4 ) - O - a -L -
596m30056mbo©o][5].  93gbsm0Eb  Fomgdo  LEHIOMOEWO  AE03MBOEIIOLIMZOL
o3960wo0s  bGHOMJLoBEHMMO,  BMbroEoMOO s  LodLogbol  Lofobsswdgym
9 gdd990900.

9396560l Fobsgsbo 9390wgds Lobogmabam 3Mm3glgdol 99ga0s s M 430bs dolo

290m3b5H39WMd0MO bolinsmol sbsbzs 0o Mbs gsbzobowmm Lbgsslbgs FMowdo, s8gbs
33930L d0BsbL 39ML3gdEHomeo dzgbs@ol S. nigrum-ob dofolbbgs 3939BIGOO MOYBMMS
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965¢ ™300 539009 gdol dglHogs FoMImoygbs, Goms 33wg30L 89gaqdo LoxkgwYdzws©
©590ML 396s396EMO0 36MdMGIOL, LydgEbogMm bsIMMIGOOL TgygbsL.

AsB5es S 90MPO3S.

S. nigrum-o gohofieomgsbo 15-70
LI LoToeol d39bsgs; LmGIA™do,
©33™MGH30w0, H0dmgdosbo, dmggbowos

2398356@G Mo, do@3gsowo dgfigom b
9003905, oo  GmmEgdo  Lggwo,

momddol  Lsdzmmbs, 3390 EboLydGO
R3O0V, 59M 33N~ 530000 56
3009000560, 43530930  35@9MS
Dol sbsLosMYOL, Y3530¢0l ymb{gdo
B9s bofoendo 2sdbbg0wgdmwos; xsdo
33963bolgdMo 6533009000055;
33063060  0gmeos,  JgoMLYemo,  5-
6533000560, %508 MOXIO  509d5E909;
dobo bBogmxo Togo xgMoLos, 3MH0SWY,
LgzgM@bgdcmo[4].

3960L39dBoMo  Lsd3MOMbsEm
93gboobl S. nigrum- 1 by 3zergzo bodmdo

93390905 Jorongools 2
BEWOOHOLGHME Moombdo - N41.91686° e B,
E044.09811°, H-720m-%g, 2022 §gwb. bmGomo 1. S. nigrum L. 39605604990l
L59dL396M0896G™ By gmewol bodndo 6od«xdo

©53Nos  oblyy 0. Jmomgesdols

5560353 Jodool 0bLGHOGMGHOL

3960dsm0mddo TBPH-22333  (Lwy®. 1). Losbsgrobm  d3gbstol  dofolBgos 393939000
0625609000 (396GHOIMOHO 5609900 B 50gdMwOo LE3MG3sMBHM bodMIms gobogo, Loa®dozo s
D9930600  5bsM GO0 ITBIES  3MEbowo  IMBOJLoMGIJo  FoBoEr0EIE  BaLlGO
Lo MYOOlL  Lydrsengdom, 1o33wg30 Tsbogs Fg0Mgds LaxgMmsbobols blbs®8o 24 Lor-ob
29605300530 O M3 {O39MH0b0sE FoMgdmdo Lobogbg dobsBy. 33930l MmdogdEHms
3036m@E99d603MM0 33930 Homdmgds Lobsmerol Carl Zeiss, Jeneval-olb dozmmlizm3by; gm@m-
©M399996GHowO0 Toboews EoxodLOMES 30RO BGMEM3sMs@ol (Canon Digital 1XUS75)
15395 POOM O JMOGFOIY® FTsgs Adobe Photoshop CS5 -0l 30ma®msdsdo.

33312930l 99¢0920.

goom®@o. S, nigrum-ob garm®@GHol 99653390bg 90089Fs  9gd@HoMo, Tog®sd dz0MY
Im3M@dol JgMdol 3569bdods o 51939 959BH0MMO sdEIM0 LoliEgdol BoMEHYJmro s OO
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dm3Mmdol  dgsdo  Jumzowo.  dowym®mdgbsl  3g3sMs30  Jumgool  Mds
30360mLGHOYIGHOMO  330930L5L  50Lbgds  LHmObsBM3zs60, IFYymdMI© W©306MH0LEHJOIO

504039dBH™bo3ol 539d9dYdsM) MXOJOMS 3960030bsMEO 3900wgdol LHmGmo b oMHodo
b6, gm®Eob dgsMs3 Jumzowdo d306Mg Momgbmdom 9906086935 LggbEHOWSE0M 5356 5E0L
5MLYOMBY, B9 SBOLMEOGHMEMO0s, LOBILOEMS F9MLO LHMOBIBMZs60, desy33MbMZsb0, dogols
0393930 YIXRMIIO0 365065 F3MLYLJ9Egd0, doggmdmGolo bgzdgwo dmIgmm bmdol,
0000LEMOLYOMO FMbIBMEMdOL (LmE. 2 C).

S. nigrum-ob gorm®@o 3937130L 993-b53gd0 0b63Hgblogmdom bolosM©Ids, dLLgdo
M3005BHIBO©  IMZ39WIXJ0sb0  3MBMLMHO  Lobobss. gMmgMEmdom  BodLoMgds
X 063303560 LRIOMLYGOIOM530560 GHGMOJMIGOOL sGLYOMDS. Yrm®Eol 930 gMdolols Jumzowo
9600305605, LMLEHI©  39GH060BOOGRMmo(br®. 2 AB); 98sMs30 Jumzowolb MxMHgEIdO
9m33mHm Bmdobss s 9F0EOM MJOMN0JOHMPBFYMds 50gb0dbgds. 930gMHTME Jumgzgowl X 96
Jwme9gbdodol gem®ogosbo 96y dmligal, bmewm dgdymad dgMgmwo GHodolb 3megbdodmeo
X 690900. Jghdol 35096J0ds FoMdmagboos Mbgwasmliosbo, deroy33mmbmgsbo, oo
bmdol 3F0OME MOMOIOMNTOXOOWO Y™ JO0LR0 (L. 2 A,C). dsmeym®dgbsl @®msbbo-
AMOM0o LobEds IMbME03MEM0s, BoJLoMEIdS W sxkzbol, 358d0wdols s dgmdbols gBmosbo
300b®m0. sxkbol Mszby 900893 Ids MbYEYIOLOBO Wxbol dMFIMgdOL 9ghHm GoYs©,
50O IHYMIOO 456 sg505(Lwe. 2 AB). 999390 Jumzools dghdsbdo mdg@Eglfows
0x539M963060900s  3gMdbol  GHMdgoe, IE30MYP3I0dM0D  LobsmmOms dsEOLYIMO
Jumgzowo, sbggg S0Lsbgds 33BN MMb 5MHgdo bSO MWO  IFBO  FMOFG M
QQO0©35¢0dM0560  Lobsm©M9d0.  BHMOJg0o©gdol  LsbsmwEmms Fmbsbwmwmds  MdgEglows
LEIOMLYOMOS,  boErm  AFGHIO  FMOFgrms  LbsomMgdo m3swHo ©s  domo
2IHN0YONYBWRI0s Jom@EHMMs© XABMEO0 56 Loa®mdgby Ihymdmo(bme. 2 A,D). GHModgogdols
39MLOL 25Ld9gds FMOOYIMO00 BMOMZs60, bergrm godEHe® F6Fgums - L3oMowmemo (bwe. 2
B). 396ds6d0 GHMsdgocmm™o Jumzowol 3oms oggMgbao®mgdwyeos dgMHdbol 3s6gbdodwao ©o
309gbJodmEmo Mg goobsgsd  dgddbogro 569, GMIgois  3IBGMIMHo  30ob®mol
39600900 se  Jumzowl  gbaBO3Mgds. doey®dgbsl dgeEs 900093
by o®bosbo, d9@)-bs3cgds© 3F0MM™ LEBHMWIBHWOOL 3MEoyMmbocr®mo 3s@gbjodom (L. 2
B.D).
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Lw)Gom0 2. S nigrum-ob gaom®Eob 5bsGHmdomeo 5390w gds

A, yomd@Eol LEGHOMIGHMOOL BORAIBGHO gsbog s B. LogMdog gdudmboiosdo; C.
94m®Gob 9300 gMdolol 3+9d9dgds6g Jum3z0ol B3MRTIBEHO SBOLMEOEGHMMO doYFOL 535MOBH0M;
D. 3966560 30000660l 530339630.

1. 9300gMdolo; 2. Jum®gbdods; 3. 3megbdods; 4. Ja®dol 3s69bJods; 5. @ogbols
0bg9MLosbo dMF3m900; 6. oxzsbo; 7. 3503030; 8. dgMJsbo; 9. BHEModgools s 10. godEs®
FMOFgwms Lobsm®gdo; 11. dgmdbol 3s09bJodmGmo s 12. L3ergMgbdodmemo wxMgpqdo; 13.
39600900 sM)o s 14. 390 sOHIo MY MO0 15. L30MIWMSE FoMLALIIEGdMEO
39593560 39603 9d0; 16. RO ™M3560 GHGodgowgdo.

RO, S. NIGrum-ob gmommero bride 998w 0s 30bmLM0, IMeZ5cYX 19060,
90353909900 3bgdom (L. 3 B), sbgzg 90009 mdom BoJuoMEgds bLEgHMLYIIOMSZ30560
X 063303560 GHO0JMmIgd0L sOBYOMBSE. BNDNOL HBIOS S 3905 J30IMTOLOL RGOS
MRXOIOIO0  5M530600LGHIOM0  FOMEbIBMZB0 s FIMMP3IIOWOB0s; BoPOL 93560
OMaMO3  bmImEo@emo 51939  SbolmiEo@WEmos, oo 8393930  YIXMIPII0  BVGS©
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39MLLJggdMo,  dRIPIMOOLo  B3Mgwo 30 POMOLAIMOLYdMos  (bme. 3 C, D).
3o ymHdgbol BMMMEO B0RS305WH0S, IJHBMBOO MODBMZ9BGHO MO0 LEOWIGHWOOU,
0539900l 25603 9gd0l Jobgz0m 30 0g80LEHMIsGHWO0 (LM. 3 A). Mool 930IMdobol
Jumz00  9OHMOOR0B0 s PHYAIOLOB0S, doggMs  JobHYMds 930 IMM  Jumz0Ww M6
000560093580 05653560 96 930Mgo Hodmfgmmo. Igueolgdmemo 3smgbdods gONMOR0560s,
05658 dobo YxMH9gool sbEH03w0bsOMo 390wgdo I60d369wmzbo §ogMdgwrgdmwos ©s
ABONEOL GO ™IOL dm3Emdol 36093690 Mm356 59l Imo393L; WOHWYBdEOLYDIMEMO MY EGIOO
3-4  G0gods by gdwo s mMbgwgsdlosbo,  Logobgbg  @osFodMwo,  BsJsG0o
MO0JONRDOYgd0m  50LsHGO0sD. BMMOOL 98BN  JUMZOEO 3-3GO M0,
396460 9b5LEMAMB GO0 FoJLoMYdS AoMLOL LEOMSWMMO sldgergds(bLvye. 3 A).

S. nigrum-ols  geowob  gmbfio  (AgBM3gEomeo)  MHIPOIWNMI® MO0
dmbsBmEmdolss, dolo 35356930 Jumzowo JOHMNM0Y0s60, MbYWYIMLOsbo s dmIEHm Bmdol
IR OIOJO0D bolosm oy, 8835693 Jumzowl Jarmegbdodol gMmME0Y0sb0 MM ggdo dmligaU,
begrem 8993 d96H9mwo Go3oL 3megbdodw®mo »x®9gdol 9gOmo 56 m®o {gygds (Ly®. 4 A).
Bnool gbfol doMomso Jumzowo mbgwsMLosbo, 3mwogmbiswm@mo LEHMWIEHMOOLYS,
A®56BoGHMMOMo  Jumzowol dmbsbemds M3oolgdMmos (Lrd. 4 A); Fo®dmoygbowos
305G M MM0 459BHM0 Jumz0eol BEGHMMJEGHMOWOo gegdghEgoo. s0Lsbgds MbYWYIOLOSBO
55360l 3™ F 309008 0TBGMHI6E0MGds; FgMJbol 45930 F96 Fgdol LobsmMgdo 3mmbmzsbos,
abolosmgdm  Log™Mdgbg IPymdO 97360039050  4obEsRgds  @s  Bsmo  QoMLol  Aobidgegds
130MSW M0, GOl gbiols god@se Jumgzgowdo Foedmpygbowos dgmdbols 3oMm9bjodmara s
3999603160 #Ho30b »x 9Ol Msbsdmzbogmgds (L. 4 B).
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LbwGomo 3. S nigrum-ob gmomeol sb6sGmdommo 5390w gds
A. ©mODBM396¢HsmEm0 d9BMmB0wol BMLxdgbE0; B. 3mbrlmmo dlmbo; C. gmomeol
9o ©d D. g390s 930009M30L0L 53d90 9069 Jumzowol BGMOA96EO.
1. 3699960 dlmlo; 2. g30gMoLO; 3. IglOolgdMMO s 4. POHWYBEOLYIMEOO 356096J00s;

5. 3BsbGHMIMDbBo; 6. 930©gMAoLOL  IOMEbsBM3bo s  FMMO3II0sbo  BMdgdEYdMY
WX M90900; 7. 3BMmINEoGMH0 s 8. sBolmEoGHMEmO ds.
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bmGomo 4. S. nigrum-ob gmomeol gbhol (9gbm3g30meo) s65@M™B0MMo 539809 gds
A. gm6Gol bLEHONIBHOOL 356MmM50s; B. 353@ M0 Jumzowol gemsadgb@o.

1. 93000 gMToLO; 2. JermM9bJ0ds; 3. 3egbJ0ds; 4. JOHO MO 3MWOYMbIEIMOO 35696J00;
5. @oxsbo; 6. Wisxnbol dmF3mgdo; 7. dgHdbol gsd@M FMOFGms LsbsomGmagdo; 8. dgedbols
356964030 s 9. b3wgMH9gbdodmwwo MxMEIdO.

ali3360.

d9LHogeowos  LbodsOmzgemlb  gaom®ol S nigrum-ob  dofolBgs  3939G9G0IOO
mO560m900L  Jobogobo 92 gdMgdol  Me30L90MMGEbo @S @iYgbowos  dolo
3030mLGHOMIGHMOMWO 53909 gdol  BoosRbmbBogm  Fobolosmgdwgdol 898 ga0
IODMOWOMDS:

> S nigrum-ob  90{obBgs  3939B9GOMM0  MmMABMgdo  FGPMLmEos  3MBYLGO,
965350 X 0900560, 335939090 dMllgdom s d30Mg MOMEIbMdOm LRIOMLYdOM 30560
X 063303560 GHM0oJmIgdom;

> S nigrum-ob  4omOEoL  930©gMIoLOL  B3wdgdEIdIMHg VX0  I[YMdIMS©
53060L3H90w0, LHMOBIBMZ600;

> goom®OEol  08sMeg Jumgowdo  ©oxgMgbzo®mgdo  dsag  sbobmEodw®os,
05390dMOOLO bgMgeo dmdO® Dmdol, MoDOLEIMOLYIOO TMbIBLIMIOU;

> S nigrum-ob  4em®@EHolL  GOmbboGHmOMmo bolEgds dmbmiozwm®mos, dghdsbdo
O0x539M96306090os  3gMdbol  GModgoe, 306939 0dM0D  LobsmOms dsOLYPIMO
JBM30000 O 3MB35dBH M5 oBHYMdOW 25939 FMMFIWS O 3I0dM0BO LEBsMMENdO;

> 350wym®dgbsl  gmM@EHol  d9mJobdo  259BHM  FMMIFgms  MM00gMHmYIBEoyds
JomEHMMO®© X3MBYOO0 56 Loa®dgHg IfymdMO;

> 4wod@ob 39045600 GHModgogdol go®lol golidgergds dm®moggmdom gmMm™3sbos,
berenm 259306 FM6FIms - L3OO YOO;
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> S nigrum-ol gmomMmEo  B0GSE0SWM0s,  IgBMBOo  EMODM396EHMIWMMO,
50530LGMIsGHO0 LAHOMIBHMEHOL, TGO 3MBS 1399-3005G IMOX MO0 FHO30U;

> S nigrum-ob gmomEob bgs s §390s 930©IMToLoL Bd9gdIdIMg VX MHILIOO
56505330603 9do IHYEHLIHB™MZ60 s IMYWL3IYPW0560y;

> geomeob  3gsMeg  Jumgowdo  ©oxgmgboMgdgmos  bmdmzo@deo o
56oLMEOGH MO B0l 535M530, B3RJMS B3gNIMEOOLO H3MGE0 POMOLEIMOLYIMO0S;

> 059905 356(gmds 93009Mm3M Jum30W ™Mb B0FsOMYOST0 MBIVBIMO 96 F30MLI©
fodmfignwos;

> S. nigrum-ob  gmoeol  gmbiol dgbm3gzomeol bmbsdo IgMgmeo  GHodol
3™ 9640055 fomdmygboro;

> g96%do sLobmeo FGHMBDoGHMOHMEOo Jumgzomol ImbsbmEmds M35¢0LgdcMO;

> 3oy dgbsl Bmm ol ymbfdo sGBGdME0 359BHM0 JLMZ0E0 JNWHEINIXMOO
LEAHOMIBHYOOLS;

> gmbfol 99mJsbdo 259BHoM0 FMEMFgdol LsbsmMHgd0 3MmMbMgsbos, sbalosmgdm
Lo Md)Hg IPYMdG 9736003905 4963905 O Fo0 FoOBOL Foligegds LSOOI ME0S;

> BN ob 46Hol 25936 Jumzowdo FoMdmygbowos 396Hdbol 3569bJodmwo s
39956039600 3030L YR OIS M9b3M36096ds.

@OGHINSG MO

1. 5300 doaM5E0Mb0. 0500YIM IO. ,, BLEdFMMS LodoOmggwrm™ 1985, 74193.;

2. BBy RobsL3IMEHI-30300300. I3 MOBICM foabo - 39M50ds0bo.  Mdoolo,
,0936096M905",1986§.,%.1,2593.;. 2, 1006 a3.;

. B §fbsgs. LogdoOmzguml bsd3mmbocnm d3gbstrggdo. ,, LEdFmms bads@mggwm®, 1960, 26093.;

4. Bogdormn39wml gem®s @.XI1, 450m0390mds ,, 3936096905, mdowrolo 1999; 43.35-38;

. M.M. Beunupnge. Crepouznsie riaukosuzasl Solanum nigrum. Xumwus npuponusix coegunennit, 1994,
5, c.683-684;

. Demisse Dakone, Awoke Guide. A review on ethnomedicinal use, nutritional value, phytochemistry
and pharmacological characteristics of Solanum incanum L. — an important medicinal plant.
Jnternational Journal of Scientific Technology Research. 2016, vol.5, issue 06, p.350-354;

. http://theplantlist.org/tpll.1/search?g=Solanum ;

Ikeda Ts., Tsumagari H., Honku T., Nohara T.Cytotoxic activity of steroidal glycosides from Solanum
plants. Biological Pharmaceutical Bulletin. 2003, 26, 8, p. 1198 — 1201,

. Joseph Sakah Kaunda, Ying — Jun Zhang. The genus Solanum: an ethnopharmacological,
phytochemical and biological properties. Review. Natural Products and Bioprospecting. 2019, 9, p.77-
137;

10. Limin Xiang, Yihai Wang, Xiaomin Yi, Xiangjiu He. Anti-inflammatory steroidal glycosides from the

berries of Solanum nigrum L. Phytochemistry, 2018, 148, Apr. p.87-96;

11. R. Gagnidze- Vascular plants of Georgia a nomenclatural checklist; Thilisi 2005, p. 141
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The anatomical structure of the aboveground vegetative organs of Solanum nigrum L.
K. Mchedlidze, M. Benidze, N. Sakvarelidze, J. Aneli
lovel Kutateladze Institute of Pharmacochemistry
Abstract

The internal anatomical structure of the above-ground vegetative organs of S. nigrum from
Georgian flora - a rich source of physiologically active compounds, has been examined using
conventional laboratory methods used in microtechnics. The study revealed diagnostic markers in the
anatomical structure of a prospective medicinal plant. S. nigrum's aboveground vegetative organs are
covered with conical, multicellular, hooked villis and rare spheroidal glandular trichomes. Anisocytic
type stomata apparatus is distinguished in the covering tissue of the vegetative organs, though
anomocytic stomata are also observed.

The conductive system of S. nigrum shoots is monocyclic. Xylem contains a network of
tracheidal small-caliber and spirally thickened large-caliber openings of conductive vessels. S. nigrum
has bifacial leaves with dorsoventral mesophyll, an amphistomatic structure, and a reverse-collateral
type conducting bundles. The basal cells of the leaf's upper and lower epidermis are curvilinear and
have concave walls. A mixed form of collenchyma is observed in petiole. The outline of the transitional
tissue is arcuate; conductive tissue has collateral structure.

Keywords: Solanum nigrum L.; leaves; anatomy; diagnostic markers; flora of Georgia.
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L50639LG0E0M 30Mm9dBHgd0, 336300560930l BsBJdO s LEOB3LEHOGOM 5JE03MdS

3505 @oml53g-393935Y, bsmnbs g0mMsdg?, Lsgrmag xsbgerody?

Wodommzgerml ¢9d6039600 Mbo39MLoGgEOL 3OMABILMO0, CMJGHMMO; AsdsMmz9wmb
3996031960 b6039MGLOEIGHOL SLOLEIBE 3OMTBILMOO; odsMMZ9wMb G 9dbozmdo
“60390L0GIAHOL ©MJEHMO6EH0

3bMBd30s

LEASGH0sdo gobbowrmwos LoobzglBogom 36MHMmgdEHol TolidEHsdgd0, MYowobsEzool 350900,
L50639LG0EOM 3OMgdBHOL Lobggdo, 2ob3z0MIMBOL BsBYdOo. Lsob3zgbBoom 3MMmgd@Eol Lo
39bboegol 8989y,  9gagboros  Lsobgzgb@osom  3MMgdBHol  Mm3GH0TsMo  dgo™MEO,
2300003Wwowo0s  9bgMyMmmd0gdBHoLsM30L  FoBbmM0gmgdmo  LoobgglGogom  3Mmgd@ol

089IOTODS.
1353396dm BoBY39d0: 0639bH0G0s, 96968 MMB0IIHO, 06396 B0, 3GgdH0

dglisgsano

0639LE0E00L 9o Fobslffodo doBbgdol Jowfgzol 2obloBrzmsl MHEmbzgmymagls
L50639LE0EOM 3MMgJ@0. 36905 "BsobgzglBoEOM 3OMg]E0" MO S139JEH0m Fg0dWGdS 45303M:

30639000, OMamOE  Loddosbmds, ®MIgwdss Mbs  MBOWB3gwYml  mbolidogdsms
3033gdlol  4obbmM309wgds  ILIMEo  5TMESBoL  Tobomgzs® s  Fgme9g,  OMAMOS
62560D5309900-1585MMNJOM030 O LOsbRMO0TM-LoxgobsbLMm  M3MIbEHIOOl Lol gds,
Omdgeroi 9903936 30Mmgd@ob  9x39dGH0sbMdOLy s Moo s300L  TGLedEgdMmd OOl
Q3LOMMYIL, Bro3 59930009 g0s JoHBBOL Bolsrg35.

doM0m5@o bafjogro

Loghom@  LoobzglBOEOM  3MMgJBHJOOL  ©FMdsgzgdol  3OmEglbo  dgagds  fiobs
L50639LE0EOM, BLs0b3gxBEOEOM S LgJLEWISESEFOM JEOI3900LOYD.

Ls0b39LGOE0M  9BHI3DY  F00EOBIMYMBL  TglodEgdWMdIMS  QdTM3IZg3s,  Hobslsto
399603996-930060m303996H0 LD, Jobo LogdL3MOEM FgBoLYDY, A9FY39GH0XJoOL 0WID,
00BbgL-29390L 3)d539d.s.
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990093 8mEol  Lsob3zgbBHogom 9BS30, GMIgoz dmoEsgl  d9dgy  LETMTsmgdL:
I5356539008  PoBotgds  Loxgobsbbm  mEmsboBo3000msb o gowsHY39GH0wgdol  dowgds
330656L0GMGOOL  Tglobgd;  BsobgobMM-3gdb03MM0  3MMYJBH0MYDS;  3MBGHMIIEGHOL  JIBMOIYDY;

05639306390 3450330930l sHBMLEJOS; 3900MJOOL BMmTIDoEIOS.

g439wsxgmo  sdol 99909y  LogdudEBSEOM gAY  0MZoEolLHobgdl  MdOgJBHOL
Lo9JU3EMOBSEOM®  B0MYOL,  9gJu3ESBSEOsL,  Fgdymdo  dmddggool  [obsowgdoms
9mdbogdsL, b TglodergdEMdsms 458tm33g3o0L.

Lo0b39LEOEOM 3OMgJEHJOOL 3el0R03ZSE0s BEJds BB3sLLZs Bodbol dobgwgom:
36m9dBHol 80050 gdgdol, dolo FoBb0EIB 9sdmIEobomg Lsfs@mdmm, &gdbozm®-
9326080329600 m6H0gbGo300L 30:M9d3Hgd0 990dwgds s0gmb 1sd X QIBO:

1. §o60mgdol 3gdbmemyom®mo s 353HgM0swMH-39gdbo3 Mo 2sbsbargdol, doHomso
1535 gd9d0L  F933300L, IBIPIMIOOL FMPIOBOBIEOL 3HMgdEgoo, GMIgems doBsbos
290533980 3OHM Y300l boGolbOL 5850Egds s Ho®BMGdoL §139E05BMBOL YoOEIO;

2. §o6M3mgdol ImEmdol BOEOLy s b6z oGOl goxsOmMgdol 3Mmgd@gdo
dmmbm3zbol MROM LEOWWYMRBOEISE ©3FYMBOEIGOOL, oLV IOIOL BsDBOHOL QOB MGOO,
999mUo39d0L 25O ol dobbom;

3. oo 36mJ300l Fomdmgdol sm30L900L 3MMa]BHJoo dBEOOL sHowro bgadab@gdol
3999360L, 3mygdol 35000 Jd0L, 39330000 dMmmbmzbgdol s3dogmaowgdols Jobboom.[1]

Lo0b39LEBOEGOM 3MMgd@o ToBIEGHdOL Jobgz0m 0gmas: dbbgowr sld@od0sb, Lodwmswm
359390056 @5 3069 FsldE90056 3MrM9dE9ds©. sbgmo 3O MmgdEgool dsh39690gdo dmEgdmEos
J399mo dmygzsboer 3bGowdo:

ab®oco 1
adbgom
93069 1559 35153
5 oA EOdOHO
05839690 qd0 35LBEVOMGO 36090 b8 Esd0sbo
369JGH9do 36m9d00
1 8emer0-by
3930355056 gdol | 15 ogombsdyg | 15 8¢nb-sbl doostsdoy 9o 539
d39900MdS 589 MEsM0 508 OMWHsMH0 ©MSHO
M95¢00Bs300L 1 Benod 15 e 5 9y
S - hY
bsbyMd0o3mds QR0 IR0 9900

6950Ds300L 350900l dobgz0m Ls0blzgbBOEOM 3MMgdBHgoo 0gmagzs: dm3Eg350b
(3900m©o 1 §eredg), Lodwswm 350056 (1 Ferosb 5 fersdwg) s MIGE35006 (5 ferol
©930m) 36:009JGJO>.
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LoPo®mdmgdo, OHMIadoE LHMexks© 965Hwgdqb 36HMm©dE00l SLmMEGH01BEL smygbomo
Lo3domgdol  LOEEIWO  IBIYPIMGOOL Tgddboon s 5.9. FsM30L  TobOLSMYOGEOS
930935000560 36:Mmgd@gdo.

30BbMmdM030 3033 guHo  3OMYMTGO0L  Jobgwzom  LyobzgbBHogom  3MMmgddEHgool
Lobggdos:

1. bemgosemm®o  30mgddgoo, OHmIgeos mM0gb@GH0mgdmwos  dmlsbegmdol dbBsGo
ImmbM3b0gdol ©83059MB0wqdsBY;

2. LIHoeINM-EgdbmEmyon®o 360Hmgddndo, Bodsdmwwo bsdgzbogdm  33eg39d0Ls o
0539853900 4563000560935DY;

3. 2965bEgd o Loffomdmm-39gdbmmwmyom®mo 3Mmgddgdo, ©s353d06M90Mw0s FoMdmgdols
2965bEqdsLMB, b0 BHgdbmemaogdol 4o8mygbgdslicsb;

4. 155889690 3030993H900, MM09bEH0MIOMWO sHoo Md0g]EHIOO0L d9ddbsby;

5. baMolbols s 9839JGH06MmdOL  5850eqdol 360HMmgdBd0, MMIgeoz dobBbs obobogl
§9603m900l sbsbodxgdol 898306090sL, MHgLMLGIOL 93mbMTosl, boerolbOl domdxmdgligdsl.

6. m560B5300 30:M9JGJO0 935300609305 BEFIOMM MB0YJEHJIOLS S LM EFOSEIME -
390 GHIOM0 BLBIOML MO60Ds300Ls O FoMMZ0L LOYYYMGBIBMSE.
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Investment projects, development phases and investment activity

Maya Lomsadze-Kutchava!; Khatuna Giorgadze? Salome Janelidze®
1GTU professor, Dr; 2GTU assistant professor, *3GTU doctoral student

Abstract

The article discusses the volume of the investment project, the timing of implementation, types of
investment project, development stages. After a complete review of the investment project, an optimal
methodology for the investment project is drawn up, the efficiency of the investment project
implemented for the energy facility is calculated.

Key words: investment, energy facility, investor, project
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Role of taxes in overcoming poverty

Natia Kakhniashvili

Doctor of Business Administration, TSU

Abstract

For the economic growth of Georgia, it is necessary for the tax system to be in accordance with
the existing reality and long-term strategic goals of the country. The country's tax policy needs to be
based on scientific foundations and practical examples existing in the history. The social problems
existing in the country create additional challenges for determining the tax policy. Expenditures that
are necessary to run social programs and at the same time to create in the country a strong economy,
which has the ability to function effectively in a healthy environment, depends exactly on the proper
functioning of the tax system.

In order to overcome the poverty, it is necessary to have atax policy consistent with the country's
strategic goals. Such policy allows, along with other economic instruments, to reduce the poverty levels
and create a more equitable way of redistributing income among the population.

Keywords:Poverty, taxes, tax base, budget, economic growth.

Introduction

The challenges related to the perfection of the tax system are the most important issues of the
economic development policy of Georgia. Economic growth of the country, achievement of sustainable
economic development, development of production and solution of social problems faced by the
country are possible only in the conditions of proper and effective tax system formation.
(Kakhniashvili, Inclusive business model as one of the financial aspects of poverty reduction, 2019)

As it is known, the economic basis of the formation and development of the state is financial
resources, which are mainly formed by taxes and their payment to the state budget. The proper and
effective functioning of the country's economic system significantly depends on the tax policy
implemented by the state and the proper functioning of the tax system. Taxes are a tool of the state to
influence the economy. The issues related to the perfection of the tax system always are and will remain
the most important key issue of the country's economic policy.
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The determination of the amount of taxes and their types, taking into account the country’s
economic, social and living conditions, justnessand efficiency, was the subject of discussion by famous
thinkers of all times. The goal of any country is to create such a flexible and purposeful tax system, that
will easily adapt to the changeableeconomic environment and be able to take into account the nature
of the country's economic goals and objectives at a specific moment in time.

As a rule, the tax system should have a multi-purpose nature. On the one hand, it should be used
to form the main part of the budget, and on the other hand, the tax system should be an incentive for
entrepreneurial activity, attracting investments, expanding production, development and, accordingly,
further increasing the tax base, in wake of the mentioned. That is, generally speaking, the tax system
should be a mechanism promoting the economic development and stimulation.

In terms of low taxes, Georgia has been taking the leading place in the world in recent years, but what is
the economic and political cost of this? It is also interesting that low taxes a priori do not indicate the
prosperity of the country. The argument that low taxes promote rapid economic growth is not empirically
confirmed (Besley & Persson, 2011).
The Nordic countries had high income tax rates for high earners since the very beginning of their
development, but this did not prevent them from getting rich. On the other hand, lower taxes for the
rich have a negative impact on economic equality. The example of Georgia clearly shows the dark sides
of this approach. After 2006, in order to ease the tax burden and expand the taxable base, Georgia
introduced a flat income tax and abolished social contributions. As a result of converting the
progressive income tax into a flat income tax, the previous government of Georgia increased the tax
rate for low-income earners from 12% to 20% and kept the same 20% income tax rate for taxing high-
income earners. Partly because of this policy, inequality (GINIcoefficientby total consumer spending)
rose from 2006 to 2011. In 2003-2009, the largest part of the benefits received from the economic
growth went to the affluent segment of the society. More precisely, the incomes and expenses of the
upper fifth (20%) of Georgian society increased by 26%, while the lower fifth - by only 10%. In 2012,
the new government introduced a universal health care system, which partially helped reduce
inequality and poverty in the country. However, income inequality is still higher than the EU and CIS
average. The degree of income inequality can be seen on the Lorenz curve, where the "share of families"
is located on the abscissa axis, and the share of incomes - on the ordinate axis.Theoretically, an
absolutely equal distribution of income is possible, which is shown by the bisector in the diagram.It
shows that each given percentage of households receives a corresponding percentage of income: 20%
of households receive 20% of income, 40% receive 40% of income, 60% receive a corresponding
percentage, and so on. sh.,which is marked on the bisector with corresponding points. The space
between the bisector and the Lorenz curve indicates the degree of income inequality. The wider this
space or gap between the straight line and the curve, the greater the degree of inequality.If the actual
distribution of income were absolutely equal, then the bisector and Lorentz curve would coincide.The
figure also shows the situation of absolute inequality, which would occur when 1% of households
owned 100% of the income. In this case, the Lorentz curve would coincide with the ordinate axis.
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It should be noted that along with the decrease in the ratio of tax revenues to GDP, the ratio of budget

tax revenues to GDP increased, which is explained by the elimination of corruption in the tax system,
the regulation of the budget reporting process, and the improvement of administration. For more
visibility, graph is provided, which shows the dynamics of tax in recent years.

Tax revenue, persent of GDP
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Source:

https://www.theglobaleconomy.com/Georgia/Tax_revenue/

It is important to consider the tax revenues of the consolidated budget of 2022, which in nominal terms
amounted to 15,193.0 million GEL. Compared to the planned indicator of 2021, the forecast of tax
revenues for 2022 increased by 2,271.0 million GEL (by 17.6%).

In relation to GDP, the tax revenues in 2022 amounted to 23.5%.The forecast of the tax revenues
according to the types of taxes is as follows: the forecast rate of income tax was determined at 4,602.3
million GEL, including, the share of the state budget amounted to 4,262.1 million GEL, and the share
of the autonomous republics was 340.2 million GEL; The income tax increased by 25.2% (by 926.7
million GEL) compared to the planned rate of 2021. The increase in the mentioned volume is caused
by the expected excess as a result of the higher than planned economic growth in the current year, the
nominal growth of the economy in the next year and the fiscal effects of the end of the tax benefits
existing in the current year;The forecast rate of the profit tax was determined at 1,359.2 million GEL;
Compared to the planned rate of 2021, the profit tax has increased by 42.9% (408.2 million GEL). The
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increase in the mentioned volume is caused by the high volume of taxes to be paid by the financial
sector.The profit tax paid by the financial sector in the current year is minimal, as the profit in the
sector was small in 2020. The profit rate in the mentioned sector in the current year is quite high,
which leads to an increase in the profit tax to be paid in 2023.The forecast rate of value added tax was
determined at 6,616.9 million GEL, including, the state budget's share amounts to 5,359.7 million GEL,
and theshare of municipalities is 1,257.2 million GEL (VAT of the municipalities increases by 143.8
million GEL compared to 2021);Compared to the planned rate of 2021, the VAT in 2022 was increased
by 12.9% (by 756.9 million GEL). The increase in the mentioned volume is caused by the expected
excess as a result of the higher than planned economic growth in the current year and the fiscal effects
of the nominal growth of the economy in the next year; The forecast rate of excise duty was determined
in the amount of 1,876.9 million GEL, which is 76.9 million GEL higher than the planned rate of 2021;
The forecast rate of import tax was determined at 84.1 million GEL, which is 4.1 million GEL more
than the planned rate of 2021; It is important that the property tax forecast rate amounts to 524.2
million GEL;Compared to the planned rate of 2021, the property tax increases by 10.4% (49.2 million
GEL). The mentioned increase is related to the expiry of the preferential period established for the
tourism sector from the following year and the actual performance dynamics of the current year.The
forecast rate of other incomes was determined at 129.4 million GEL, which is 49.4 million GEL more
than the planned rate of the current year. According to the draft state budget of 2023, next year the
government plans to collect up to 16 billion GEL in taxes.The tax revenue plan increases by 2.5 billion
GEL compared to the figures of 2022.In particular, the forecast of tax revenues in 2023 according to
types of taxes is as follows. Income tax - 5.1 billion GEL, 806.8 million GEL more than the approved
plan for 2022;Profit tax - 1.9 billion GEL, exceeding the approved plan for 2022 by 325 million
GEL;Value added tax - 6.4 billion GEL, compared to the 2022 plan, the increase exceeds 1 billion GEL.
Excise tax - 2.1 billion GEL, an increase of 210 million GEL compared to the previous year;Import tax
- 125 million GEL, an increase of 40 million GEL.The spending part of the consolidated budget of 2023
totals 24.3 billion GEL, and the economic growth is predicted within 5%.However, it is important that
economic growth should lead to an increase in the standard of living of the population and a reduction
in poverty.
The increase in state revenues was due to the lifting of restrictions related to the pandemic. The
pandemic of COVID-19 and the strict restrictions related to it caused a heavy blow to the economy of
Georgia, which directly affected the socio-economic situation of households.Loss of jobs and income
during the pandemic turned out to be a particularly acute problem, which had an impoverishing effect.
The percentage share of the population being below the absolute poverty line has increased. For
example, according to official data, it amounted to 19.5% in 2019, and 21.3% in 2020. However, the
reality is more difficult.

In response to the acute economic and social problems existing in Georgia, the regulation of taxation
is precisely considered to be one of the levers for reducing the poverty level. It is true that the poor
do not pay taxes - their pensions, allowances, allocations are not taxed, but if the poor person gets a
job, no matter how small his remuneration is, after the abolition of the tax-free minimum (2015),
he/she will be taxed with 20% income tax, which will further contribute to their impoverishment.
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Therefore, it would be great to restore the non-taxable minimum, this will allow us not to tax low-
income earners with income tax. The proportional tax system should be replaced by the progressive
system and a differentiated scale of income tax should be established - less income - lower tax rate,
more - more. It is also possible to cancel the VAT tax on consumer goods and services and impose it
only on luxury items (for example, as in England). Charles Louis Montesquieu said: "Nothing requires
so much wisdom and talent as to determine the part that is taken from the servants and the part that
is left to them."

Thus, the tax system should ensure the fair distribution of incomes and create equality as far as is
possible under conditions of justness.

Conclusion

At the modern stage, the tax system faces different challenges, whether it should be the
proportional system in determining tax rates, or we should use the progressive system, from a general
point of view, can be considered more fair. It is important, what part of the received incomes should
remain with the private entrepreneur and what part should be collected as the tax.

In the leading European countries, we find the progressive system of taxation, which makes the
use of this system even more expedient. The separate issue is how tax rates should be established so
that people's incentives to increase their incomes are not reduced due to increase in the tax rate.

It is also important to take into account the Gini index. The data of this index is published by
the World Bank, according to which a positive trend was observed in Georgia in 2011-2016.
Nevertheless, the index indicator is quite high and we should try to further reduce it. In 2017, the
numerical expression of this index increased again to 0.40 and reached the highest mark in Georgia, in
the following years it is also characterized by a slight downward trend, which once again convinces us
of the need to solve this problem.

It is necessary to have a non-taxable minimum, especially in the reality of Georgia, when the
salary of not a small part of society is lower than the subsistence minimum existing in Europe or other
developed countries. Collection of the same amount of incomes from the people with such low incomes
and the rest of society is unfair.
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Triterpene saponins of some plants growing in Georgia and their biological activity
Zurab Kemoklidze!, Marine Sulakvelidze?, Zhana Novikova®, Karen Mulkijanyan*

!Doctor of Pharmacy, Senior Researcher, lovel Kutateladze Institute of Pharmacochemistry, Thilisi State
Medical University, 2Senior Researcher, lovel Kutateladze Institute of Pharmacochemistry, Thilisi State
Medical University, *Researcher, lovel Kutateladze Institute of Pharmacochemistry, Thilisi State Medical
University, “Principal Researcher, lovel Kutateladze Institute of Pharmacochemistry, Thbilisi State Medical
University

Abstract

Triterpene saponins, which are widely distributed in the plant world, are characterized by versatile
biological activity. They are characterized by diverse pharmacological activity including, but not
limited to immunostimulating, antitumor, antimutagenic, anti-inflammatory. The study reports the
results of chemical study of glycosides obtained the sum of purified saponins (PS-551) from Fatsia
Jjaponica and Bupleurum B.wittmannii Stev. and from B. rotundifolium and their anti-inflammatory
activity. Glycosides content in F.japonica appeared 6.5%, in B.wittmannii Stev. - 3.4%, and in
B.rotundifolium L. - 3.7%. Among the triterpene glycosides obtained from above-ground organs,
saponins of the oleanol type were identified - saikosaponin A and saikosaponin C. In the model of
carrageenan-induced edema in rodents, it was determined that all the investigated products exhibit a
pronounced dose-dependent anti-inflammatory effect. In addition, the effective dose of glycosides of
B.wittmannii Stev. was found to be twice more than that of B.rotundifolium and F. japonica, due to
which B.wittmannii Stev. can be considered as a promising raw material rich in saikosaponins for the
development of effective anti-inflammatory drugs.

Key words: Fatsia japonica; Bupleurum wittmannii; triterpene glycosides, saikosaponins, anti-
inflammatory.
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Influence of electron irradiation on structural phase transformations during
microindentation of n-Si

Giorgi Darsavelidze, Avtandil Sichinava, Kakhaber Shamatava, Marina Kadaria, Roman Abramishvili
Ilia Vekua Sukhumi Institute of Physics and Technology, Thilisi, Georgia
Abstract

Influence of electron irradiation on structural changes in the process of microindentation by
the Vickers method in (111) oriented n-Si has been studied. It is shown, that electron irradiation with
1:10** cm 2 fluence causes weak increase of elastic modulus and average contact pressure causing plastic
deformation. In the area of unloading of the functional dependences of the indenter load-displacement,
a plateau and a gradual change in the slope are simultaneously revealed. The mentioned changes are
characteristic of partial amorphization and structural transformations in the metastable phases of
silicon. Electron irradiation reveales a tendency to increase the critical pressures of phase
transformations in the range of 4-5.5 GPa of average contact pressure.

Keywords: monocrystalline silicon, Vickers indenter, electron irradiation, contact pressure, elastic
modulus
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6590  05M9EBHOL  9HMAIBMLOL  EOL3W DS s FgdEamd  9330L9d0sb  Lodlogbgw
3OMAMqLOOL Foh396909c0 MOR IO MBOHM To@o0s 35853539000, Jogdmeb dgsmgdoom. Yousef
©5 3990l dogl 258md39969deo 0dbs LobiEgdmMo dodmbowrgs s 47 33e0g30L dgdo
3b5e0bo, HMIol dobgzomsiz Lodbogbol Lsdswm 0b30IBEHMdS dsMYEHOL gHBMYsRMLOL
©OML 99509605 6.1- gmgger 1000 353Bg Fgarofodo (0.6% §gwrofjodo). mwdiss 93 3gargls0
ab939 9B396s 360893690 ™m3z560 Lb3sMds Lbzslbgs 33eg390L dmMol. 0039 93G™MIOOL Boge
399m3wgboo  0dbs  99M900m0  ©dIO  0630©I6GHMds 03 331939080, GMIWgdTo;
3950mM03bMo  0gm  sEMgMwo  30dmL d98mbgg3900 (29 33wg3s 47-sb) s Lodmermm
06309b@E™ds Fgoagbs 5.3- 1000 353%g Pawrofodo (0.5% Fgeroffodo), dogsd sbg3g 5953
500608690Mm©s 36083690 m3560 39EH9MMY9bmwmds 33009390l ImEOL. Abgsgbo d9gagoo 0gbs
Bsbsbo Sikkema o 3mgagdol 33093580, MMIGEmsg Bso@s®gl Lol gdm®o dodmbowgs ©s
9o 9bseobo 50 33c0g35bY, OG0z Loghomm xsddo dmoEszs 14 109 353096GLE. v dog®
50f9M0wwo 0gm 3560306m3ol 063000963 ™ds 6.3 1000 3539 Fowrofodo, sbggg 3603369wmzs60
393 90M 969 Mdom 3309390L dmMol. HMILLE 33K 3580 dmbs Fbmerm 0d dgdmbgg3zgdols
239035¢00l(obgds  Loog  33M9gBHOL  gBmaszzmliol  FbMEMmE 3900 2obLEBOIGIEO
360396093900 0ym ©LEbEgdMwwo 0b30096EMds d99;3060s 5.0-Bg 1000 353%g Hgerofowdo.
Alcedo s 3mega900lL dogh 939 swhgMowo ogbs Auysglio 0bgobEmds, 4.8 1000 353%9
fowofodo (0.5% Fgwofjowdo)s'=.

35050 bseobbol Eoldwsbool IJmbg 35309063H700L 0dYmRgd0sL 356306MmA0L 4sb30maMgdols
MROM oo MHob3oL §399. Bmyoghm 331939030, gb Golgo Tgx3slgdmEos OHmymM 60%-wsb
90%-080g. gMm-9O0  FgBHo  9BsEoBol  Fggagdom  Loymsdsgol  sgbm3stzobmdols
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296300056900L 35839698900 5090 OL3WsHBoOL dJmbg 353096GJdd0 (335 GdsEMdS 55.7-
©s6 1000 3539 Hogwofsdo (5.6% fgwoffodo) 65.8-dog 1000 353y fFowrofisdo (6.6%
fowofjoedo)”

3050 bs®olbol  oldwsBools F9gdmbgzgzsdo  90gbm30306Mma0L  gobgzoms®madols Goligzo
990569000 B0, 09935 90 POML 500b0dbYds BEBHOGHOLEBH03WMS© Ls®fidmbrm 3GMaMglools
6H0L30 35050 bo®OlboL POl sH0S 96 350 E0bMTs, HMIgeoa G959l 20%-sb 28%-0)
5 Pgeofjodo™.

©90m0o 50b0dbmEo wo@gMsdOmwo dmbs3gdgdo Jommomgdl, M 3539990 353090300
bsL0sMEYO06 BMYEOL JHMRIA0EOL OL3IBOsE S TgdEAMITo 35ME0bMTsE 3MMaMgloOol
2396Ub35399o MHoL30m. Tgbodsdolo 3obolzme 3ModEH035d0 domswo 860d3zbgurmds 9boFgds
06000300950 35:30963HT0 5O1YOI0 D06 YOOL 3OMPMILO0L MHOLIOL LM Fga3sligdsl, Mo
530L FBO0Z 25550030 gdL I3OHBIMOOLY S Jobolzm®mo 9bgxdgbEHoL Limeo dgmmegdol
999999539050.

5055950 Ki67 §o6305096L “1xM900b 3OHMm0ggMo300ol y39esbg 30600 dglfogaro do®3gml.
Ki67-0b 9m3s3g0mwo gdudmglios s00bodbgds Lbgoalibgs Godol 35M3E0bmdgddo, Loywedsgol
396 30bmAoL Bomgzwom. Lbgoalibgs 331939800 baB3969d05 4oblbgeggds Kib7-0b gobsfowgdsdo
Q©505¢0 bs®olbol oL3EIsBosLY s FoseE0 bamolbol oL3EPsBosl FmGmOL. dgifogwrowo odbs
30939006 doge 250m33w g0 0dbs Ki67-ob dmbodzbol 0bwgduo 25 gBmgsygd@mdom®d
AsLoEsdo  35M9gBHOL  gbmysxzmlol  Lbgossbbgs Mdbgddo. dsMgBHoL gbmsxzMLol  dbgddo
©0L3sbool 4o6mgdg Kie7-bg Lsdwgoemm 30HoE0wemmds 9900y9b@s 45%-b, adogro bo@olbol
©0L3sbool MBbgddo Kib7-0b bsdmowm 3mbBoEHomMHMds dgoagbos 46%-U, beagm dowswo
bsMolbol  EOoL3Wsbool  Bbgddo Kib7-Bg ULodoswm  3mBoGHoMO™Mds  sofigzs  55%-b.
9099b9g53500 93069 296LbH35390900LS 5©00b0TbYIIM©S BLEHIGHOLEH03MMS© Bo®fjdmbm bsbmdMogzo
3M0O9g30s  IHB0sBYdoL  3OMAMgLosLy s  Kob7-ob  dmbodgbols  0bgdll  dmMob.
9m3OHME0ggMo30g  obol bmds  sbg3g 9603369 ™m3zbs  0ogm  AIBOOWO  IB0IBgdIOL
36MMaMgbooL 33500335, Lauwers s 30megagdol 33e0g35d0, OHmdgerdog dgbfsgerowmo oym
Ki67-ob gdudéglos 20 gbmxzsaqd@mdom®  dobogrsdo sefigdowo odbs Kib7-Bg Lsdwswm
30D0@G0MOHMds 10% ©oldwsbools s0HIJmbg dsMg@oL gbmasxzMLol Mdbgddo, 20% ©sdswo
bsGobboll oldesbool Mdbgddo s 50% Fomswro badolbol oldwsbools Mmdbgddot. Hong s
3093900l dogH g3 dgbfogeroo oym Ki67-ob dmbodzbol 0bogduo d5MgEoL JBMYsxzLOL
dJmbg 35309639030 o 3MFol WmEfmgsbdo (BmymOE Logmb@mmem Jumgowo). 3930l
@wmmfm3z56d0 Ki67 8mbodzbol Lbodwswm o0bogdbo smfgzs 13%-b. dsMgEHol gBmsxzmLol
0693d0 OL3WsHoOL o699 33%-U, 40%-U B0 BIOOLBOL OL3WsHBosdo s 33%-U
05050 BMOLbLOL  OL3WsH0sdo. gl 3300935 FMOE3S  LOYWS3s30L  59bMIG30bMAols
dbmmE b 99dmbgg3sL, O qddoi Kob7-0l dmbodgbol Lsdwgswm 0bgdbo smfgzws 38%-

b7,8,12 .

596005, MHMI  sOLYIMOL  dWOIHO  3MOIWHF0S  3OMLORIMIBF0VIEY  5JGH0ZMOSBS
Lodbogboll WO  3OMPbMDBL  JmEOL, SBoBHmd  JwobozMmBo  33w9g39d0m  0bGHgMgLo
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3OMW0BIO530w0  3mBHIBE30swo  Llbgoslbgs 8560390909 %90 30093 9JGHMIOWYIMOS ©d
g4m39Honms  0BMH©Ids.  Imfim©gdmos  3OHME0RgMs3ool  Fgx3slgdol  Lbgoslibgs
153995 POPO  OMAMMO355 0J0EO0bOL FoM3009d0L/3mbodzbol 0bogdbo (thymidin labeling
index), 3590bstg goGmIg@®o (flow cytometry) 0d4bm3obEmdodom®mo sbEobbgmaro Ki-67 sliggg

AgNOR 9909035 5 3OME0RIM30I0 WX MHIOOL gsdm3egbst?4,

LodLogbol BOMEMYOMMO J3930L0 @S 3MMYBMBOL sPIPs FgBoE OPMEO 3OHMEILOS S
dmombmgL bbgoolbgs  Bgdbmmyogdol,  sbgghowo s L3gE0sobgdEo
0blGHOMAGBBHIOoLs v BHgdbogzol  asdmygbgdoo o3 Y3y ©0sRBMLEB03MOI©
565bsOXIRIIEHE0s.

AgNOR-0l 9909030l &9db03s 93mmbmdom®mo, LHMsx0, ©s FomEGH030 Tguslmrmegdgwros. ob
990dgds  dglOMEal 3565530680 Bogoodqgdme 965w gdBHg. Bo3w™mz5690900 dMo33L
9605393900 ©o  ©IOgwo  [oMGH0wgdol  omzwrol  IgmmEl, MHmIgwos  bBIoGs©
bME0MEIdS 5933060390 gdl JMEOL 25blb3390Me F9YgOMb, 5MSBEIBIMEHO0DYOO
99535b900L 30:0GH9M0TOOL 5MMLYGIMIOL QoTM. 356339990 G030 33eg3900m godMm3wgboos
dobo  9x9IGHOMDS, OMYMOE  ©sdbTsey  Lodmowgds 15330¢MLBML  ggeols  dGEYg
9300090 doll EoL3SH0GOOL OBIMIBEOMYdST0 1939 bbgsolibgs mGMYbmms LoLEgdol
30000mM30900560 1) 5300301930560 3MIM(39LgdOL OBIMIBFOMYdsT0 13,

AgNOR/The Nucleolar Organiser Regions 0d0g®mgds, GmamME d30MmM3Mo om®asbobogdgwro
693006900 s 3oL ©bT-ob Jo0rymsgdo, MHMIWdoE 3OMYI30MHEIds FoGHMBoL 0bFIOHBIBMMO
00MH™M3900L d0M™M35390d0. AGNORS sG>0l JOMmIMbemdmeo bgadyb@gdo, HMIWgdog 53MPOMJd9L
6H03mLMING  H0dMEM3gobol T5535L, A9bEoagdMos BN, 530Mm396GHOME  JOMIMLMIsBy
Mosbmd®mozs 13,14,1521 s 22. gl bm3wgms®eo  Gga0mbgdo  sbmEoMgds 95539
36530LEGMbol 3OIMZHY0BIOM6, HMIIOO SOR0OMBOWM0S. BOMMZNIO MMRIBODBIEGHMOIO
93006900 (AGNORS) g0boggdmwos Mx 9ol dommgdo. AGNOR 394603000 00gdgds 30¢gd0
9960b930m5 396Dl 3MWMmoO0o G9dbogom. AGNOR osds 890degds 30DswMmo 0yml
8530 §9OG0ob Lsbom ™Mm3E0399M0 8030MmL3Mm30L J39d. AGNOR-0l 4sHM©0owo MHom©gbmds
0535380690005 IR MO JOOL 25DOHOOE FOMEO0TIMSFOSLBMSHe,

L5 S 390MEIOO

B3960 33030 Bo6Rwgddo obbmOE0gErgdYe 0dbs NINOAYWO HIHOMYOIQNWO 3ZEI3Y,
Hobm30Ls3  399Mmygbgdo oym ™MdoErolol Lobgwdfozm  LsdgoEobm  Mbogzgdlodgdol
Lolo3wm-bs3936090Mm @S ORRBMLEH03MOO sdMMsGMmEMool 2019-2022 Fargdols bostrdogm
sbogms. 33939 8Mm0Ee3s xsddo 35 89dmbggzel. H&E s 0d99bm3ol@mdodon®o 33wg30l
39092900 06&gMH396M5305 FobbMMEF0JWS MO M0 IIIWO 3500MEMY-5BsG™Aols Boge
(9.3; 3.9). 560930 35EJo0m g00gds AGNOR-0b ¢9gbmermyooom (dgLsdsdolo 3G mEm3meol
dobgz0m.

1. 56500930 ©s0FMs 4 FozM™bol Loldgby;
2. ©9356M553060D5:309, 30QMGSEF0S ©J0OMBOBYdM (g do.
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3. 960 JMEMEMmds 2% 59w0sG0bol blbsMo s Mo dm3E™ds 39603bEol bo@dMmo@ol blbsols
656930L IMo3Ls BEPSODHY O 0RO NE0sbS;

4. b0 Yd0 063MB5@MMTo 370C 39d39M9GHEMIHBY sgm3b6s 15 frmmob 963530 mdsTo.

5. 396H b0l 30MoO hs3MoMYsbs gombomgdwo fywoom.

6. 96500700 ©I30OIEHOMPS JUOEMEO0 S PIBOJLOMPS BOMT>bOL blbsGOM;

B (2)lolla)iz)e])viie][N][s

Project | Image | Annotations | Hierarchy | Workflow
Name Value
Name image030.jpg
URI file:/Users/shotiko/Desktop/Ba...
Pixel type uint8 (rgb)
Magniication Unknown
Width 1024 px
Height 768 px
Dimensions (CZT) 3x1x1
Pixel width Unknown
Pixel height Unknown

Uncompri
Server t

Pyramid 3 || (@ 2| @ e : ‘@4‘ &
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Add Edit Delete
Show point convex hull

/| Highlight selected objects by color
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Convert detections to points

Load points Save points
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bM300 1: 6563969805 g30m g VX M9J00Ls s AGNOR-0U 900w gdol smgwols
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Project | Image | Annotations | Hierarchy | Workflow

Name
Name imaj P——

URI ief [# /(&) [B][2 | =

Pixel type uint{ &b Annotation (82 points)

Magnification Unl

Width 102|

Height 768|

Dimensions (CZT) 3x

Pixel width Unk

Pixel height UnK

Uncompressed size 22

Server type Bic-

iy N Add Edit Delete
Metadata changed No T

Image type Brig

Stain 1 Herl V| Highlight selected objects by color
Stain 2 E# Point size

Stain 3 Convert detections to points
Beckgroun) Load points Save points

Color Selected
Residual
Optical density sum v
Normalized OD colors
W Red
M Green 4

Show grayscale v/ Keep settings
Min display (_
Max display O1.50
Auto Reset " > 184.36, 241.24 px
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J| 0008 -

b9M5002 : 6563969805 AGNOR-0b ¢9dbmermyoom dgmqdo sbsmegddo FgcmEowgdols
25903 9gbols O N3Ol 3OmEqLo;
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9936 gL05 FgRoLS 30T ZoMMEIMYO0L 3OMYMsdom QuPath-ol dgdzgmdoom (39MLos

0.4.0): ®ommgryeo 89000639300056 s0gdvyes 0gbs Bsgmaeno 8bgezgermdol 3geol HPF vyMscmo
(1930653 glsgo 200X s 400X) s Bty 0dbs 3000590 998amdo ©s31353900LsmM30U.

Do/
998.69, 433.02 px
236, 165, 123

b9M500 3: 506036905 930009 IO XM gddo AGNOR-0L F9mEH0owgdol dsbsfioemgds;

y39s sBsmodo gsdm33wgyeo 0gbs 100 My M9go s smzwowo ogm AGNOR Fgd@owgdols
X9IMOO0 G50 bmds. AJNOROUL 3083650 g960bs3®s 100 mxmgol bodwsanm Fam@owwgdol

©5m©9bMds (X310 HoEb30 doymgowo 100%g dsy. 100 »x®gdo babsbo odbs 350 fo®@GHowo;
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3990306 g EH0wgdol 490sbsfowgdol bsdo Godo:

3030 | - 500603690ms 39e39w MXM9T0, 396GHOIMM© MI>0DIOO OO BMIol
090G0wo; Bodo Il - 500b60869dm©s oo Bmdob §ghEowol dodgdsdgo dzoMg Bmdols
39069 960 GH0w0; Godo Il - 500bodbgdms mO®Bg d9@0, M30MsEHILs© d306M9 BMToL

O GHowgdo moomge gxOyedo.

Georgian Scientists/JsGomggaro d93bogtgdo ¢. 5 N 2, 2023 55



bM300 3: H9OGH0wgdob gobsfowgdol Lsdo Godo: A.Godo I; B. ¢oso II; C. @odo lll.

3OMW0TBIM 53000 5JBH03mds AGNOR-0b 39dbmermyooom s®lgdmen 35 dgmbggzsdo dgg3elicos
9990099 30LEHMEMY0ME 9OH0gMEdo:

% 35M9GH0L Loyws3s30 9bEIMH Mo 9@ 3w sbooom,

% 3oMmgBHOL Loyee3530 BMZIMMO 39E93esbo0m;

% 35M93H0L Loges3s30 9300gE0dol B0 BsMmOLbOL oL3Wsboom;
% 35M9BG0L Loywrs3s30 93000900l Jowseo bamolbol oldwsBoom,

969Oo 9gBHe3s. ..
17,1%

596030630603
22,9%

85050 bo®. Eol3ws...
22,9%

Q350 bo®. EoL3E...
20,0%

Q05®535 1. 99900bg93905 30M396Gwo obsfomgds bs3zw g xy539ddo;

000900 M5 bMdM030 dMby39dgd0 ©FMTsgs Tglodsdolo LEsEHoLE03 Mo Jgmm©gdol
398my9bgd0m: 3mMHgs30s 3obolabrg®ms Spearman rank test-ob dobgwozom bmem dgsmgdomo
3B 0BoLm3z0L X359l ImMOL gsdmygbgdaro odbs Mann-Whitney o Kruskal-Wallis ¢gb@o.
9303bMd9Mds s 13930530OMdS gL 95%-0560 LsOFIMBMMBOL 0bEHIM35wom. P Hosbzo
<0.05 @56bogma 0dbs LEGHSGHOLEGH03MMS© LsMHINDbM®. Yz9ws LEHSGHOLEGH0IMNOO ©s3Ts3905
296bmdE0gw@s SPSS statistical software V20.0-0b Lsdw)segdo0m.

Georgian Scientists/JosGomggeo dg360909%0 ¢. 5 N 2, 2023




33930L 89033900

331930l 9900939 259Mm3w0bs 8900980 8mbo3zgdgdo, dglsdsdol xam53gddo:

9690 Mo dg@o3wsbool dgdmbggzgddo (N=6) AGNOR-ol GoEbgol Lodwseom dohg39b9dgwo
3950039609 101.8 b AGNOR 95839690900 999mgeobos 1.01.

53M39MO0 dgBe3sbools 99dmbggzqddo (N=6) AGNOR-ol Mobgol bodwserm dsbgzgbgdgero

39500960 104.5 bmem AgNOR 353969090 299m3obs 1.04.

bM500 4 dsMgBob Loygmsdszol MML d93o3wsHoMmgdmo  wm®fmgzsbols bodwdgdo H&E
A9dbmeomaos 200x;

5050 boMolbol oL3wsBool Igdmbggzgdo (N=7) AGNOR-ob Mogbgol bodwyswm dsbgzgbgdgero
3950039605 179.1 bemewe AgGNOR 856396999000 go8m3eobgs 1.79.

Jo@oeo  ba®mobbol  obdgsbools  dgdmbgggzgddo (N=8) AgGNOR-ob ®ogbgol  Lodwmswm
0563969090 8950039605 224.3 bmerm AgNOR 3563969090 50mgwobs 2.24.

00 bm35M306mdol dg8mbggzgddo (N=8) AGNOR-ol Hogbgol Lsdmowom dsh3969d9wo gopgbs
229.12 beaerm AgNOR 958396909000 g98m3w0bs 2.29.
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gbMogo 1: 33930l 90093900 AGNOR-0b ®ogbzo s AGNOR-ol 3583969090,

26026mo 3g0e3mebos 6(35) 101,8333333 105 98 1,018333333
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SEgBMyoMbmBs 8(35) 299,125 320 255 299125
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bMs00o 5 doMgBHol  Logsdszol @OML  sOLYdIMWo  g3omgEwodol  dsmowo  bsdolbol
OL3WsHool dsb0; B5MYEHOL Loy sdszol 890amd  gob3z0ms®mgdmwo  s©Ybm3sMEobmdol
dsbo; H&E 200X

33930l 990092900 sbsgrobo

330930l 8900939035 9B396s 0nd AGNOR-ol Gogbgo 30608s¢r®o s00bodbgdmes 9b@Hgcmeo
39Bo3sbooll  Jgdmbgzg3zgodo s  LEMHIMbm@® oM AobLlbgegwIdM©s  BMZYMEIMEO
39G935D0o0lssb. M3 d99bgs dswo bs®olbol oldwsBool dgdmbggzdols AgNOR-ob
6obzol Lsdmowm 3563969090 L.7x96 509do@gds 3903w sBool dgdmbgg3zgdl. Fomowro
bs6obbol  ob3wsbool dgdmbggzsdo AGNOR-ob 353969390  1.25%96  99gBod  ©dso
bs6Hobbol oL sBool gdmbggzgdols s 1.33x96 6530gd0s 5gbm3sME0bmAol d90mbggzols.
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Evaluation of proliferative activity of pre-tumor and tumor processes of Barrett's
esophagus using AGNOR technology

P. Meshveliani, G. Didava, G. Tomadze, Sh. Kepuladze G. Burkadze
Thilisi State Medical University
Abstract

Esophageal carcinoma is the eighth most common malignancy and the sixth leading cause of cancer-
related death worldwide. Adenocarcinomas account for the majority of esophageal carcinomas in the
US. The incidence of esophageal squamous cell carcinomas is decreasing every year, while the number
of adenocarcinomas has not changed over the last three to four decades. It has been established that
there is a strong correlation between proliferative activity and a poor tumor prognosis, so the interest
in clinical trials of proliferative potential on various markers is still relevant and increasing every year.
Within the framework of our research, a cohort retrograde study was carried out, for which the
archival material of the teaching-scientific and diagnostic laboratory of Thilisi State Medical University
for the years 2019-2022 was used. Proliferative activity was determined by AgNOR technology in 35
cases evaluated in the following histological entity: Barrett's esophagus with enteric metaplasia;
Barrett's esophagus with foveolar metaplasia; Barrett's esophagus with low-grade dysplasia of the
epithelium; Barrett's esophagus with high-grade dysplasia of the epithelium; Based on the results of
our study, AgNOR technology can be used to evaluate proliferative activity in Barrett's esophagus.

Keywords: Barrett's esophagus; AGNOR; dysplasia; metaplasia;
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B65b. 2. se g3 boffoes3980m alboggdveo SiGe 3wdgdmggdol A3Mol dmEobs (1,2) dobspsbo
bobmbob (1',2") 533 0EEwIOH0 sdM30Joegds 1,1'- p-Si+0,25%Ge:B; 2,2'- p-Si+2%Ge:B

segzs  bofowszgdom  slboggdmaro  60ddgool  3OolGswE  dgbgdo  dmboermEbgeros
bbgoolbgs 8902960wmdols s 3mbBoMMSE00L M50s30E0 ©IBIJBHIO0L BMOT0MmGdS,
HMIwgdog Jabosb 2sblbgzsg9dmwo Mmboll 9bgMYgBH03ME d5M0IMIOL OLEPMIS30JOIOBIMZOU.
50530990 ©IRIJAHJO0 36033690 m3b65 (330056 3BIOLEIODIEO0L 3OM3gldo dgdgbogro
0903Mwo ©9IxRgJGJOoL 3mb3gbE®sE0sl, Fom LogMEME gobsfowgdslls s FgygboMdsls,
D93 SOLPPOMOE  TMIOEPMW0s  EOLEPMISEOOO  LEAMIMEGHMOOL dgMoE™dS. SiGe
996500639008 m®039 bodmdo sexs bsfows3gdom Ilboggde dymdsdgmdsdo boliosmgds
09396039600  FobsllosmgdEgdol  396mbHMT0ghgdol  FMOZoR IO (330 GOJOOM
5030 GMEYIM0 IBOMT>300L BoOMM 0535HDMbBT0 (Bob.2). mM0gg 6030 bobiosmgds dzmol
dmMEols s Jobogsbo  bobwbols gmdol 369303  JOMbI0Mo  (33e0Egdgd0m.
29635b303909c  Bobs  Ho®mmBgboos  3M0GH03Mwo  $33WOGHMOMMO  IRMOTS300L
0050 gdyeo  360dg3bgermdgdo 39Mmdsbomdol dotmg 99dE39wmdol SiGe d9bsbmdolsmzob.
©90mm 5060360 bollosmol ol Mm3s30M0  LEGMMIBHMOOL dZMEMBOL (330 ddO
99L5dEdg0s 353900 B0b5MIY39d0LHRSD M930LvBW  OLEIMIS3090Msb, OMIEOO3
§9000gd690056  dmbmzMobEHIwm@o  SiGe  gmdgdMggdol  ©edbogdol  3OHmEglbdo. dsmo
d365MO0LS o,  FosLsdY, ObsFoMGmOo  dgdsbozMMo  M30LgdGOOL  FsMIs,  OMYME3
99bOMWgdmds 9Ju3gMH0d96EJdTs 5B39bgL, Tglodwrgdgmos ggMdsbowdols s MOOSEOYIEO
©9383dHIOOL 899339 ™dOL 33EOLYOO0.
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Influence of alpha particle irradiation on dynamic mechanical properties of p-SiGe

substrates
la Kurashvili, Kakhaber Shamatava, Ekaterine Sanaia, Giorgi Chubinidze,
Giorgi Darsavelidze

Ilia Vekua Sukhumi Institute of Physics and Technology, Thbilisi, Georgia
Abstract. Influence of alpha particle irradiation on electrophysical and dynamic mechanical properties
of p-SiGe substrates with (111) orientation has been studied. Experimental results show, that changes
in electrical resistance and concentration of current-carriers holes are more revelaed in p-Si+2%Ge:B
substrates with high Ge content. In the alpha-irradiated test samples increase of the values of torsional
oscillations strain amplitude and elastic limit by 1.5-1.8 times and 15 % increase of absolute value of
shear modulus are observed.
It is supposed, that the radiation point defects induced by alpha particle irradiation in the p-SiGe
crystalline lattice form additional braking centers for dislocation motion and cause the radiation origin
dynamic mechanical strengthening. The strengthening effect is more revealed in p-Si+2%Ge:B alloy.

Keywords: silicon, germanium, alpha particle, shear modulus, elastic limit, dynamic strengthening
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296M90mb 05369 BogB MM 493¢gbs Fbg39emdol Lolidgds®y

2030 3MMsdgt, 350065 F0MMMB0sB0?, M065m0b X0JMMs83000% 3B0s oMEbswsodzowo?

10d0obol bLobgerdfogm bydgoEEbm MbogzgMLo GaGoL 89o0bol BI3MWEHIEO
2Zd0obob Labgadfogm LsdgoEobm MbogzgLo@gdo, 30g0960Ls s LdgoEObm g3MmEMmyools
©935039096GH0
3B0Bm9d0b LodgwoEobm 39bd®o ,,dbgms"

M9Dbomdg

308530l (33e0gdol 35369 Bg0mddgqds X sbdOmMgEmdsbg I6535¢ 3500MEMR0sl IMoEs3L.
359039 ™dol LobBHYIsDg oM98m BogBHMMGOOL HBgdmJdggdol IMO35¢0 ABS SOLYOMBL, oo
dmMol, MaGHMo00bRgeo bboggdol bgdmddggds OJm3zs65%g, dMMMbBY, doEMMSDBY o
3935653@0b, 39 30maol, 395 IHO Gesbmdol, BmEH™IINHIEGOGHOLS s Lbgsms asbgomatgds.
3939053 BoL  256305M9dsL, 593y, 0bxOHomgwo dsdmlboggds 0fj393L. swbodbmeo mMogzy
A030L  250mbboggdol  dgdmbggzsdo  3smmygbgbm  dgdsbobdo  mdboogom®mo  LEH®gLlol
2396300006905, 96 FoLsb (3930 F9dsboBTol dMmTws FMmOsHMYdS. Tbg39wmdol LobEgdsby,
31939, 393egbsls sb bl 93960, 359600l Id0BIMMGDS, 5JBH0MO s 3sBoGmOo F)g39wMdY,
300530 bbgoslibgs 356539@M0b (350 ImMob, bocngdosbmdol, @gddgme@«eol, &9bosbmdob,

5@dIEML) FZLOYD.

30O 8505456 3530l SBIMOEIDOESP SEOWIOIL0, YMESOPJdS J035J30Mmm Tbgl9w ™mdol
LoLEG9AoL 30309b5L, GoE FgLodsdolo sIES30 LEMsEgdgdoL 4sdmygbadsl, sd0bIMEdEO
35 900L EOHM 3558960sl, IO M35¢ 0L LEBEOMAOL gL, 3MbE IGO0 WobBgdOl
UH 6 9580m9gqbgdolis o bg. a9eolbdmdl.

B5HA0MBSOL 25699MT0 250MYMmAs {MIGZ50E MOMYMR0M 33 gbsl sHgbL FmLsbergmdols
X 9B6IONJMd5Dg, F0M0M5S© gd3gMHoEIMHOL FoEJdoLs s 93565136900l Boge gsdm{zgmero
3OMO9ddol 490,  gOMOXIO©O  53mygbgool  LsdgoEobm  0bLEGHMMIYbBHJO0 o
SFMM300Mmds bl Mfgmdl  3e0bozmmo s 965300603 MMo  Bo®BIbIdOL  TolimdGmog
0o600ngddbsls s BobToMmdsOL OO  MOMPI6MBOM  FodMmgmaysl. MBI IMJoMH Q0O
056039530900 (0500  FMmMOL,  35GMIBHOL  Mm3gM5309d0) Abmgomdo  Y3z9wsbg  Fsmeeo
506MmdMm030 356396900 bollosmgds. gl 39BHIMogGHOL  Mm3gMoE0gdl  BabdoMdsols
2990gmxzol 9993060900l 593565 LsdoBby MHYMEs© 5J393V. 90b0TbMEms odm, 36083690 Mm35600,
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3059d3039d0 ©o3bgMmm ™bsdgmmgzg dgoiEobsdo dmfimogdmwo ,The 5 R* 3Mobgodo,
HMIgerois 2olbdmdl 990830M90sL, bgmoboen 259mygbgdsls, gosd«ndsgzgdsl, 4sobgasls s
33w93sL (Reduce, Reuse, Recycle, Rethink and Research).

3600369wm3s605  ymgzgmogg  s0bodbmols  gosHeMgds o YM39WwOMoH  3bmgmgdsdo
239035¢00l[obgds MmO Hoomo 060300 d0L, 0Ly MBMHEITMEMYJdOLS s KX bOE30L
3969%x96M900L 8096.

1553356dm Bo@Y3zgdo: dbg39¢dol bLolBHgbs, MRCSEPIMEPMZ0s, §o(II RoJBHME980,
380604969905, 9302¢0™305, 3030965, 3¢0005¢H0.

dglsgogro

30dsBHob  (33¢00gdol  3o3bg  Bgdmgdggds  xsbIOMgEmdsHy  dmoiEegl  0bxgdzom®
Q553500909d0b, e-LOLBE OIS s MYBI0MSGHMO 553500J0Jd0L, FMBIMbOSBMdOU,
Q©053930LS O BHZOMS 35630 sMS bgerdgfigmdsls. dmbgdMH03005, 26 98M RodBHMMIOL 4o3gbs
5938 mMQ60DoL 0ligo bsB s TIMIbMB0OY LEAHMMIBHVOJODYS, OMIgwmsg TbgEl9w™dOL
LoLEgds 59O 056g0dL. [2][29]

29dH0s, MM MsbsdgMmgg Lsdys®mdo dg@o 860d36gemgsb0s 2oMmgdm BodBHMMmgdol, dsmo
33LOgBOLy @5 Fogrgbl Fgbfisgers - ,EEIL BSEIONWO Y3gws B33830L FbMEMIBIbY
3008530b (330905 EOE 93965l BMobabL. LELHGIRM P30l 9699, YIS gb sboero
9695, ®™MIG0E 2obLEBOZM3L 5@F0569d0L KBTI MOSL Too 3BM3MJdOL yzgws 9Bs3bg"
[28] o TgLodsdolo 93m@sbowo ©sli3zbgdol Logmdzgwbdg Lbgslbgs LsdMgzobgom 0w
3OMBOWSIBH03MNO0 0Mmbolidogdgdol AoBHIMGds s ABs033193900L d9gdbs Molgol xamxdo
899535000 06000300 9d0LS> M) 060 3M3MWHE300LIMZOU.

359600 5 3E0dsEHOL (3X0EgdOL 353¢g6s bg39MMdOl Loldgdsby

3939w ™doL LOoLEJsBY oM9aM BodEMMgOOL BgBMJIgEIdOL FMSZ5E0 b sSOBGOIMBL, g0
9439wsHg 39303390 9090s dBol 45dmbboggdol 3oMHs3omo Bgdmddggds, s 13y 3s9Mdo
00353 900L, mBmbol, sBmEHolb omdubools (NO2) @s Ubgs 6ogmogMgdgdol sOLYdMDS,

OHMIJC D93 YM39WOO0YMS© 3Bwbmdsgm.
@ ®s00LgIMo boggdo

P G®500bggho (UV) Lobsomerg 560l gargdG®mmadsybodw®mo godmlboggds, GmIwolb @Goereol
Loy Mdg MROM FM3E s, 30000 bowo Lobsm Oy, FogEed MBOHM AMHIJO0, 306 M9bEYIBOL
Aowgd0 (400-sb 100 63-009 ©0535HMbT0). [16] dobo doGomso igs®ms dBol dbgdcmog0
dm9do  ©5  Bmyoghomo  bgwwmzbmmo  (gedm,  OGmymEmOoEsy 990M©gdol 5350530l
REMMOHgb39630Mwo BomMgdo s MEEHMI00LRBIOO bsMgdo, MHMIGdOE JoOGYoMw
Lom3gM530mgdT0 godmoygbgds LGHIMOWobBsz0OLMZ0L. [24]
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3ol MEE®s00LxgM0 ol bobaMderogzds Bgdmddggdsd, gbsdwms, asdmofzoml m3seols
LEAHOMIGHIOJOOL IB0BYdS, Y39 sHY BIMSE - OJM3565L, dOMEOL 56 doEIGOU.

35658 M EHO500LBIO0 ILL03]B0M J5FM[39Y sD0s6JdGOL JHMYdS BMAEHMIIOSEGHOGO,
OHmdgroi baboosmgds MJmgsbsls g30mgwodol 530939000, MHJmgsbsls gdomgmomdog s

9bmmgwordog  (Gedgwos  Bogwgdse  9J3gdegdsmgds  GgyIbaMIEsL)  @E3Iwos
M GH500LGgM0 459mbboggdol 30Tsmm. 50bodbmwo Asdmlbzogdol bsbamdwozo s dgrog®o
©90mddgq0s MBOWb39wymal Lboggdol Madm Mdo 99nfgzol ®Jmagsbsl gdomgwowddo ©s
00393L 5933930 BFGH0MJLOIBEGHWOO F9Jsb0BIoL sH0BJOL, M3 Logmdzgwos Lozmm®m03
Jm3965L5 5 MZ5¢00L bbgs LEMVIEMIOOL SBOBYdOL. [21]

399mlboggds, HmIgmog bggds dMMEU, 306039 Ymawobs, 0xB0wEMGdS dOMEOL o8BIl
doge - fobs Joxlms  asdmbboggdool dbmem@  60%-U  5GHMJRL. dOMEOl  s@Emogldo
dmbg9Mowo  2sdmlboggds  0{3g3L  93M3GHMDBL  dOHMOL  g3omgwIHo s 3999
3O G035 YOI JO0LS, HMIJdOE b®MIsdo dMMEOL 350 F0M35MdIL MHBOH639wymaL.
99L50530LOE, OMMS Q3633w MdIT0  dOMEO 3563l A9TFOMIO MO s 003M3s -
300050905 35GM5JGe. [20]

600 933™MMHGO0L FMLEBOIO0m, MW EHOS00LGRIO0 458Mmbb0ggds, 1939, 39390MT0s 1395 MMO
390bm3ols @S 9300l 456300056905 sb. F9dsbobTo 53 d9dmbggzsdos mduowoszom®o
LEBHOILO TM0sDMYdS. [7]

90995953500 0d0Ls, MM MEEHMI00LGBIOO0 250mb03gdOL MoMEIbMds, MHMIgEom BOPILEWME
0350030 d500M59¢ 50§93V, 399 dsE0s (34063-0009 LOFMIOL YYEHMSOOLBIOO GHowMgdOL
1% oo 340-36060 Log™Mdol s gdol 2%), 030 1o305MOLOS B5WIMHOL A5MJMS BoME3EMm3960 FHOL
©09396965300L5mM30L.  5TLMBsZ3Y, IMI 9B MM3sb0 BB03gd0 Y39wsBg sdsHB0sbYdgE0s,
50965053 030 d5EWIMIBY MBI 962050 Fo®dmgdbol. [23]

5060860 459mlboggdols 3odsMm goblozMmcmgdom dyMmdbmdosMgs d5MEMOL w3565 3By

239652900 BMEGHMOY393GHMOIP0 O 35EMMOL  30a396GH0MdMwo 93009 0v)do.
13965136900 496Ls3MPMIO0m TYMHABMBOIMGs MJLOOFOMMO LBHMILOL dodstrm. [27]

bbgoolbgs 93¢™mOms dmlsDMHYdom, MEEMs00Lx Mo bboggdol Bgdmddggdsd dglsderms
29003001 05Ol G309, BoTMEW, 395GHMIWIHO LYOHMBMEO JOHMOPM3smM05 S Bb3S.

[8]
068m5H0mgo 358mlboggds

03500l 439wsDg  293MEIWIOMW0 935S,  OHMIJOE  ©939300MGIMos  sbenm
0bgMsfomgrr 359mbboggdslmsb, S0L  3939MI@o. 0bgMsfomgwo  Bowmgdol
9m3mgBHommgzsbo bsfowol bobyddwogo Bgdmddggds 0f393L d0OMEol Msbsmsbmdom,
059650 99939350 9990361935, 50b0dbMwo BHow®gdol HBgdmddggdom m3zseol sH0sbgdOL
Lbgs 3m®3d900 dm03s3L B3MEH™ALL, GMIYE0E 3«olbdmdl Ibg39gw™Mdol 39e0l o6 339990
Bofoemol  259m356MH©bol 85O0l IB0BIPOL  AsdMm.  0bxg®msfomgmo  Lboggdols  dzocg
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650m90Md0m  HOLMOBE05TS3 30 F90dEgds  godmofigoml olgmo Lod3E™MIgdo, MMAMMOESS
0350l Loffomeng, 993m390s b Lobbergbs. [6]

9()39M0 s bgs bsfogrszgdo

359630 d9fmbogrds Bsfos390ds 890degds 493w gbs dMmobobml MHJmgzs65%g s godmofizoml

3500l §530¢00 s Ib9390Mmd0L ¥96M369ds. MZ35¢0l 330300 F90degds 00O
Jm3065L 6535467 96 3994560399 035¢0b bgs sb0sbgdsby [9].

35960 d0BIMMINDS

35960L ©5306dMHgds dMO33L 2oBOL BBl Td0BIMEMGOEgdOLs s F93bg bsforszgdol
3033 9Jum® 656093l OHMIdOE  SGHIMBBRIOHMTo  Jodmogmgs 396gdM0350 96 5sdosbols
15gd00bMdOL Fggao. [12] 5EHIMLBIMMT0o B936M0 T5d0BIMMIIIE0, OHMYMMO(3S FMYPOMOOL
©0mgJboo (S02), sBmEH0L omdboo (NO2), 6sbTommemgsbyo (CO2), sBm@olb dmbmjbowo (NO),
65bdoMdsOL dmbmdloo (CO), sBMEHOL mdbogdo (NOX) s PM2.5 (2.5930 s 65300900) o
PM10 (10930 s 653¢0gd0) L3530l 96 Ladmghzgerm 658f30.

239605 LogHom FmdMoMdOLS S LYFMGH3gE™ BogddosbmMdOLs, Lbgsolibgs Lomxsbm bogmado s
L5dd9b9d ™ obsews, SBg39 Fo@dmdabols COX-b, NOX-U s 5gMmes@ MM sbme Bogmmgdl (VOCs).
35950mM5©, BMOHI>I30L, MHMIgeos dgol 3a-U, 33-U, L3-Ls s Bb3S sdGmgliowro bols
9993390 Lol J98500 96w Mdsd0, d9dwos godmofjzoml bd-ol sBosbgds 3bmzgEme
WX M9©090d0 5 dobo 396(390MYgbMds IILEHVIMGOME0s TFMHZHWO 330930 dMM bsdo
00} 9990l 2563s3c0mdsd0. [26]

35960L ©00bdMMgds 0f393L XBIOMIEMdOL 3936 3OHMBGISL O 935YIL, MMYMOOES
2399-bobbrds®M3ms LoLEIOL 3500MEWMY09d0, Lolwbomdo gBgdol 3O MBI, M350l
055350090900, 593OMEMYO0OHO 9350090900, 300M s bbgs. [25]

3ol Bywsdomob abBosbgds
— @ofg adsdnbdnfmydomgdn E amonimds

MyEnbm3scins
Jogfab eodnbdygods
— 01350l Bywa3anfmal aBaabgde

— amanimds

L Bos ©adadnbdyMmydmgdn — oGoMmojde
— 033050

L fMyBGabm3sonns

1ggds 1. 359601 goM9g s 0 5F9006dIMYdGOOL 35300600 MZEOL H535CYIOJOMSb.

Lin CC, Chiu CC, Lee PY, Chen KJ, He CX, Hsu SK, Cheng KC. The Adverse Effects of Air Pollution on the Eye: A
Review. Int J Environ Res Public Health. 2022 Jan 21,19(3):1186. doi. 10.3390/ijerph19031186. PMID: 35162209; PMCID:
PMC8834466. - ob dobgcogoo
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63565 50580560L MmMYBOBIOL y3z9esbyg FZMAEMB0MY BEOWJBHVIMSS 135wl BYI30OHOL
mbgo 069M35300L godm s 59Yhs©, 00 30O TMdbMBOIMYS oYM 5396 gdOL
b99mgddggdol dodstro. [1]

35960L 0lgmO HTB06AMEMGOEGdOL F93bg Bgdmddggds, Mmymemoiss CO, NOx, PM s O3,
M39BILO©  8moEegL  M35¢0l  2o0D0sbgdl s Yo Folo  HBYPI30MOL  SBMYdSL -
30b0bdBH0303L. OMYMOE 33¢g39005 90D, 53056400, OMIYdoE TMyHsOHMdHIL
350056 ©00bdMMHGdM S0 gddo, Lo 359Mdo Tghmbowo bsfowszgdol mby bmomxg®d
509G gdm©s  WHO-b  bodwmowm  feron® Dogs®dl (60 933/33), 39603000696 mz5¢ol
©95306008 0bgm  LMB3WobolzMe (3300 GRRL, OMYMOJOOEIS M350l Lofomeg, §39,
LodIMSEY S FoVO0D0sBYds, 3MYIIbs, FBYL39EMIOL B3I, BMAEHMBMB0S S MZsob
©505090Md5.[25] @M 93oby, 331939000 BoB39bgdos, MMI 3s9MTdo dgfimboero PM2.5
Bofoamszgdo 393006805  5gm0Eo  3mborbdBHogol,  awer3mdols o dlv3MdMmO30
0530 ©93969M300L 49630m0MgdsLMb. [3][4][18]

5JBHoMMO s 35L0Mo 89300 MdS

530dml  dmf935  ©5393806090w0s  Ibg39wMdol  ©d300009dLMb.  sELEBOTbsZ05, OMI
50b03bMwmsb 3530009000 Lg3bogem 33¢g3900 39-19 Bs3mbols LodsGmgzgwrmdog 30
90900bs6gmds - 1867 ol ,,39335B00L bsgEOE0bM LoBMYsMIdOL™ Boge BsBMYsE0dGdM
1964 ool 4 53600l Labgermdob ,,dsensgol Lsd3M@bowrmdo” 8mem3shg ™m3MEol@ds, 0mbgd
Aow3md, 1869 (gl gs8mod3zgybs 65dMMAB0 ,,005085dmb Bgaszwgbs Ibg39wMmdol MMy sbmbg”
[32].

05305Jmb (9g39emds 390dMm© SbME0MEIdS 303960T9BHOM30oLMSD, MJM3565L gdomgEromdols
33056 gbm®3905L096 (1935651369000l SB0sBYdOL Fgdmb3z93500) @O BwJLOL goEMMgEME
OLAH®MGBOLDD  (MJmg565L  3BrMYMLOMGdSO  F9F330MIMOIOMO 9350 JOS, MMIJEO3
bsL05M YOS GHOMMYW MO YR MJJOOL Bgaro EsB0sBIBOM). 0y, 51939, I60TZbgEMz60 MOl3-

R9JBHMM05  BOOMIMO  35BHMJBHOLS o dLs3MdM030  F53MMMo  ©JRIbgPSEOoO0L
296300056900, MO SFOLS, 080 SBMEF0MYdS B3EIMOL Qg gdLISb.

mOLY@MOOLSL  Imfgzs  DBOHEOL  gomgms 96 Fogboms  Logwdol o6 ©sgdzgomgd o
LEBHIOIMLOTSHZ30E0L (FmEgdwyero LoE®ToL ©ddol Lod3390MOL BE3OMWO Lsbmdo, HMIgEos
30M®omgdL  0bogzool  LYbLlmGWMwo  BOBMIMWIMMBOL  boMolbbg)  gobgomamgdols
M0ol3gdL. [5][22] sa®gmgg, 3sbowmo (939w mds bdoMo sbmEoMgdE0s M3swol JOhmbozmen
Lofoomeglomsb. [10][31]

3903530l (330090

MobErgl 33¢09398D9 oYM BMOdOM, JETOHoL 3600TsB Ol (33¢0EGOILMD 53530060 YdVIOs
3939w ™doL LobBgdol olgmo 06539J30IM0 S 5M506339J30IMO 5350 JOIOOL F53MEFI DS,
MO390 OJmgsbsls s 3mbomddogol Herpes simplex s Herpes Zoster 3o06vbgdo,
3060 39M5@™M3b0bJE03030, MJmgzsbsl dg8mbggz0mo Lmazmgsbo sHosbgdgdo, (3539
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2593035, JOMb03w0 0s3mbM3sb0 Jesr3mTs s 0653993090 M390E0 (HMIgeroE MBOH™
bdoMos  bogbmerdo)  [30],  290mfizgmeo  GmJum3wsbInbom,  GHOgOHIMMBOm,
3993000Md5dBHIM00m, JasdoEoom, M35¢ol domEHog0 3gM3gbom (VHS) s 3gM39L Bmbg®oom
(VHZ), ©sbsgegm  bowmbol  3bgegdom, dmMgwombom, 6039¢Lombom,  GHMogmdom,
3029 mbB0ms s Lagdmbgwmbom. [8]

2907000 G3rPeEo 3065, e Ieds REG RS O bodbogBggdo, 0bggdgomto  sMa0bygdgomto DS aliv3mdGogo
bgerg®s s SO0 gomlio, 2130080 130000 37 EoldHngos
Jmbonmbdaogs JmeHmoEo © @3 308G amo
Fodfodmgsbo LpHeadaero
Lbgoyeeo JoonoEndsmos
Baerggo X X X
32839536 X X X
®0bosbrmbds X X X
Jotro X X
Mer@Ho0obggmo a0nbboggds X X X X X X X
33gm0b §6g3>
Q3oL ©mBy X
s X X X
Bembo X X
Laomde®ob 306980 X X X
PM10 qo» PM2.5 X X X
bbgs @oBadobdvtHgdbirgdo X X X
Lbgs sOe306@s3060 X X X X

©535380659099¢00 BoJHMOO0
(BoemBABHoEos, sBUFmHo

33000)

gb®oo 1. 3538060 oMmgdm (33e05IOBS S 350l 3 EYb30E BBl FMGOL.
Echevarria-Lucas L, Senciales-Gonzéalez JM, Medialdea-Hurtado ME, Rodrigo-Comino J. Impact of Climate
Change on Eye Diseases and Associated Economical Costs. International Journal of Environmental Research
and Public Health. 2021; 18(13):7197. https://doi.org/10.3390/ijerph18137197-0b dobyo3000.

30g0965

©90mbligbgd)en 3OMIWGT0590 3530l SOOI 99930 GIJE0S, MO LIS J035d(30Mm™
db939wmdolL  LoliGgdol 30g09bsl.  9E30EdIE0S, O30  539MOPM™  MEEMI00LRIO S
0bg3Msfomger  258mlboggdslomsh  M35¢gdol  30MHEs306  3MBGHIJBHL,  bsmgr  Mggddo
290Mm30949gbmm dBobgsb ©sdEs30 Losmzgswryg, IB3M0m 306N JOOLSL 58M30056Mmm Mzsergdo
brzoms byewmdowo (ywom, MymMegdmE 560 ©I33M3MmM M350l HBgsdocmol bgdoldogmo
A030bL 399456031600 ©sH05bgds S F03530MBMM MBMSEITMEMYL.

51939, MEOWIPWHE 30HDONMBMM M350l Bgs3oMol FMdog WIEHYB0sBJOIBY FIMSWO
0350l LobE®®Iol F9dmbgg3sd0, [17] Mod9bsss 30990l 9330 890393L B9IMTI6EHIOLS S
BGHOLbLYMgdL, GMIWGOOE 930 JOIW0s M350l Bgs3omby  ImbzgMowo  mibm
53963900 2oL5690E M gOs©, 065399300L 3ob30MMGOOLORD Mog3wILEFSZ5®[32].

51939, 86083690M35605 3mbEoJBMO0 obBIIOL 4sdmygbgds Fglbgdol oEz30m, 306506

39651369 MM3935 BA0MO® SBME0MIdE0s Lbgsmalibgs 06539J3096 s 501506539306
593500905 sb. [14]
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3005¢dMee 00l “g93aghs” g0gdmBY

B5bToMdSOL 2oMgdmMT0 259MYmMa3s MIGZ@00 MOMIYMBOm o3 gbsl sHgbl Imbsbergmdols
X 96IOMYMdsDY, J0MH0MII® 39d3gMoEMMOL 5@ Ol s M39bsL3bgeol Boge godmf)zgrwo
36MdgIGO0L godm. [11]

+
BobdomdsEob 358mymezs 0Bl ®m0seoBsEos
57839G0EmGOl Bogds [ HBG0BIG0S
i »@RSBoBEos/
deroaraggos xs60O@Eeds ke 0bliBOosmobIGos
-

1ggds 2. 65HT0MDIPOL Q5TMYMROL 5YOWO S MO BrMdogsdgms X BIOMYLMdsBY
©90mddggdol Hgdo
Hanmin Dong, Minggao Xue, Yujia Xiao, Yishuang Liu, Do carbon emissions impact the health of residents? Considering

China's industrialization and urbanization, Science of The Total Environment, Volume 758, 2021, 143688, ISSN 0048-
9697-0b dobycoz00

2017 ool x96s330L LgdBH™OHbg BobdoMmdIOL dermdsMo gdobool 4-6% dmomes. [13]
90X INS0  450mygbgool LsdgoEobm 0blEGHMmWA6EHId0 s SVFMNOZ0EMdS bawl MHymdl
300603760 s 565300603 MM0 BsMbgbgdols dobmdMog HoMmBmddbsls s BabdoMdsol oo
6500 9bMd0m godmygmagzsls.

BN 3MJoOHHR00 3550330900 (3500 FMMOU, 35G9MdEHOL M39Me30900) AbmBwomdo
g439wsHg 05050 MomEabmd®030 9583969000 boliosm©gds. b 39GIMOIBHOL MIgM309dL
BsbdoMdo0L godmymazols 9993060900l 593565 LsdoBbg MAMMs© 59(393L.

Ubgoolbgs  33003900L  Loxwmd3zgebHg sOBGOMOL  ©L330s, MMI  35GMSIBHOL  ™M3gM300L
bbgoolbgs  G9d603000 TguOmagds as6gdml bbgoalbgs Mom©gbmdom ©sd0b6dMHdslmsb
bME0MEIdS, 3900ME $B5309FNWBOR03ZIE0, 3OS 0Ty, MM A530¢gdOm MBOM d30600s,
31939, 3930 GdOm  MBOM  FO0BIMNMGdgos, 3067  JoOOromwo  doymds
908030MJOME0 I30093565339000560 m3gGsi300m. [19]

50009bs, 0330905 gOMA35M0 33630900 Mg - 09659900MM3g 93MMmyool  odmf393900
Logdz9w b MYMol dgoEobol bgsalibgzs sMaqadol MBOM 5dGH0we Bdsmdsls s IB3GHLL,
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9B M3965L369e0 30, sTBOBIMMNOIIO BgImJdggdol Fom3z5olfiobgdom, MRG™ Tg@o©
50635390l 50b0dbe 95939355 5gdBHnowMdsls s Loddodgl.

50b0db M ms 2odm 9b5dgMM3z9 Ig0E0bsdo dmfimmgdvieos ,, The 5 R* 3M0obgodo, Gmdgeos

2399obbdmdl d9d3060905L, bgmobow gsdmyqbgdsls, 29890539050, 4oBIOIBS S 333l
(Reduce, Reuse, Recycle, Rethink and Research). [1]

3w0b0EolEdoLmMZ0L, X 9bI330L 3MMTglomboergdolis s dsmo d9bgx g0 b gdolmgol,
30om0Mmgdgdoly s BoMT>393GIwo  3m339609d0Lm3z0L  Lsbogmabwme 36093690 m35600,
395(36md09MHMb {o0dmgdboro BsMbgbgdols 3Mmmws3oMo s 85369 Bgdmddggds gomadmby,
LoBMYPIMPOMH0Z  X9bIOMYGMBSDY,  JMHIJWZOO0D  535MBSLS O T35  MSMBIMS
3H™36MH9080L boolbbby.

53360

9399990 bAsGos 3bsymxl, ™A gsdmf393900, OMIGOOE b SBWHZL o6MgdmTo sOLYdE
5350060190 gL,  JEPMISMH  IMOMISL, 3050l 330 GISLS S MIBTgEOM3Y
9302¢0™a00L bb3s 5JG¥om® Gamegdls, by30sm@ dolTGHNWMMIO s JO3MOE 3M(EIIdS
db9039w™doL  LoLEBHJIOL X S6IMMIWMDIBS S X 9BI335DY. 960d3bgEMzsBos  ymzgwogzg
5060360l 455DMJds S YM39WPOONE 3bM3MHGOT0 QomM35¢olHobgds BMYmO3 MHoyomo
0600300930U, 0l MRM ST MYJIOLS S K 9BI330L Fgbgx JPgdOL Foge.
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Impact of harmful environmental factors on the visual system
Gigi Gorgadze?, Marina Giorgobiani?, Tinatin Jikurashvilié, Mzia Phirtskhalaishvili®
Thilisi State Medical University, Faculty of Medicine
2Thilisi State Medical University, Department of Hygiene and Medical Ecology
3Chichua Medical Center "MZERA"

Abstract

Harmful effects of climate change on health include many pathologies. There are many ways that
environmental factors affect the visual system, including exposure to UV rays on the cornea, lens,
retina, and the development of cataracts, glaucoma, uveal melanoma, photokeratitis, and others.
Cataract development is also caused by infrared radiation. In the case of both mentioned types of
radiation, the development of oxidative stress or the disruption of the protective mechanism against it
is thought to be a pathogenic mechanism. The visual system is also affected by dust, air pollution, active
and passive smoking, changes in various climate parameters (including precipitation, temperature,
humidity, albedo).

In order to avoid problems, it is necessary to pay attention to the hygiene of the visual system, which
includes the use of appropriate protective equipment, timely cleaning of contaminated eyes, care for
dry eye syndrome, correct use of contact lenses and etc..

The release of carbon into the environment has long-term negative effects on the health of the
population, mainly due to the increase in temperature and the problems caused by the latter. Single-
use medical instruments and equipment contribute to the mass generation of clinical and non-clinical
waste and release large amounts of carbon. Ophthalmosurgical manipulations (including cataract
surgeries) are characterized by the highest quantitative index in the world. This makes cataract surgery
an obvious target for reducing carbon emissions. Because of the above, it is important to put into
practice the principle of "The 5 R" provided in modern medicine, which implies reduction, reuse,
recycling, review and research.

It is important to understand all of the above and take into account in everyday life both ordinary
individuals and ophthalmologists and health care managers.

Key words: Visual system, Ophthalmology, Environmental factors, Pollution, Ecology, Hygiene,
Climate.
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Fatsia japonica (Thunb.) Decne. et Planch. 0s3mb-60 gsgosl ggeomenols
30360mLEHOWIEMOHYmOo ms30L9dmMgdsbo (Araliaceae)

B)©Hd Jgdm3zenody, Jomgzsb 839eody”, 8sbsBs FMsdg, xgdsw sBgmo

bl 0m39e Jmomgusdol Go@dszmdodool oblGHoGMGHO

BLGMgGHo

dgLfogarowos  Lodo@mggermdo  ob@Gommuio®gdmwo  F. japonical,  Gmamés
00MMPOMS®  SJBHOMM0  b03m09MHg0gd0L  [gomml  gmmeol  Jobsgsbo  sggdgds o
©59boos dobo  FozOMLEMWIEBHMMOL LoosabmbEogm dsbsbosmgdargdo. F. japonica-si
BnoOmEo  J0dz9w0s,  d0RSEMYINYOHO  BFnEOIOL, OMODBMZIBOEIMEOO,  303mbEHMIsEHMEOO
LAHONIGHMOOL.  BMOWOL  BJLOSWNMHO S  5IJLOIWMMHO  9G30IMOTOLOL  GdgIEIOIGY
IR MJOJO0 5M5R30M0L3H YO0, IMMELIBMZ560 s IMHYWL3IJOE 0560, J390s 930EIMToLOL
393030 IDs035 GO OoLdIMO. 0530mbMMH0 B30l BMOMETo OBIMYI6E0MOIEO
0530L 5356530 BOBMEFOGHMM0 BH030LSS, doJNIMOOLO HBIMIWO POMOLEHIMOLYIMO, bragrm,
05395 3560ymds Jom@HMo. Mol MHBOWMDTO 1934305 BIMSWNOH0 50BsRMdOL 25dGSM0
3Mbs 500093905, 939650l FMMEOL Yzgws FMOBMEOMAO0MNOO MOYBML  LEHOWJGHMOME
96mgMdo dgbsdhbg30s 9599605535 39030l EOHWDS 3OOLEAEHIWIIOL s  BY3MYEGHMOMEO
L3590l OGIMBEMgds. F. japonica-sb gmmEob 63330006 3053500 dsMm30L JOMHO MO
Jum3000 30 MbsEE0s, B0 LobEHGIs GMmYMEOE dome3do, U939 ymbHdo  FmOFan-
0mF3Mm3960, ©05-3MWHBHIMIWNOHO  BHo3oL, TBMWMmE o356  dsME3zdo oo QobFYmds
LB, bewrm gmbido 830 MmE MOH®0gOHmYEHYmdowo s LodgEmomwo; F. japonica-
3B Mol 6533000L 053500 sMP30L s ybfiol dgMJsbdo oRIMIBEOMIOMos LoyMdgby
Pymde 90360039050 2obwsggdmwo LsbsmwmEmgdo. gmbfiol Logy®mdog s65056%Bg 90009F9ds
39660 2593900 FMOFgdol g5MLOL BL30MSW MO, MHYMEMEOO O B OLIOOO olJgEgds.

bs3356dm Lo@yggdo: Fatsia japonica (Thunb.) Decne.; gmommeo; gmb§o; sbs@mados; Loosabmliozm
3sbsllosmgdgdo.

0169060030 BgMHMJOOL dOMW MY 5JBH0MO BHMO0GHIM39bMwo bsdmbobgdols 3eslio
BoODME 5oL fomdmygbowo Araliaceae-ob myxsbob 9;396960990d0. bLimMg 53 M35¢LIBGHOLOM
9499650005  d003YmHm  LodoOmzgurmdo 39w @GH030090wds  Fo6od)3969 ©I3MOGHOMETs
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Bobg3MdBdmg56Ts 33965090 - 003mbM@MTs Bo3000, Fatsia japonica (Thunb.) Dacne., Godsg o.
JMoomgwsdol  gsMdszmdodools  oblGoGHMGOL  dsBsBY  gobsdoMmds  dobo  JodowEo
099500396mdol, GHM0GHIM396wwo bsgMmmgdol Lowmdolgero dglbfogers [1,3,6] s Fgwgys©
1996  {lgl, 693053H0MWo 9350090900l  L3MEbswm  MmModobsMo  36935M5E0L
»BOBORLMY0b0"“ -l 9dmToggds [2,4]. Fombgoogo 3oLy, dobol, Mmyma 39ML3gdEoMwo
9396500l 330935 3309353 3M3IYdS LgEOEbM 3GModEH03odo dolo BsMMME odmygbgdols
dobboon.

33930L doBsbL F. japonical, 0s3mbmmo xgos3osl gmmEol sbs@Gmdow®mo 539809 gdol

dgbHogers omdmapgbs, Moms 33wg30ol 89©gagdo LOgdzwsE IIEML BIBIIBGYGO
36md56 900U, LdgEbogMm bsdMMAdOL d9ygbsob.

F. japonica 2-3 3 Lod>EEOL B EHB0sBbO bggd0s, Too WIMM FsMEH030, IMEBHMES30,
039030 oo BmIoL aMmIgerynmbfosbo (30 LA LogyMdol) BMmMEWIdIOMss IY30MA306900O.
ABOOEGO0 3Yo30L90605, 3M0sws, 003900, 0sdgGHMIo 15-30 LA-U s0fg3L, dmyzsbowwmdom
dmIM35¢0m,  MIMoLYdM  ©OMTsE  gob3ggmoo  5(7)-11 bs3gmoem. moomgmwo  bs3zmo
33963boLIdM-BEgES BMEOIOLLS, VOO 30QJJ00M, BYIGLMIb  Fgz0fiOHMmgdmwo,
§3060b396 fodobgorgdyero[S].

053MmbMM0 B30l 43930900 MmOLJgLosbos, 3mEosdMmo, 5(6) 3gM0sbo, 3o@EsMs Bmdol
565Yy3930gdom 99930, XSOl BMOMWH3900 momddol  d9MmIhbgzgaros. 3063060l
AMOEYd0  339603boLYdM0, §oh39BPPMwo, 36  FosbMowo. 9BH3M0s6gd0  doxgoligdMo,
™35O0 bYIFBHZ9MYI00m. I3965M0L  Y3530egdo  MIGYbFosbos, BsMGH03 BMIMYIoEM
3m®IoL  Joaqgdl  Jdbob  (2,5-3,5 LI  ©@0sIgBH™ol), OHMIwgdol  3gbYOME  Loagzgars
43930990555 893M900¢0. 651330 BMMBMOsbos, 13gBHO BMMO, dsxzoLgdMO, BdoEI639
530LvRoo;  ©obyo J3oMg Dbmdobss. bsgmaxzo  IMs35wo0s  BYmMdMosbo, bmeimgsbo
950Mm3M30mdom O bOGH0WwM3sbo  9bm3sm30Mdom.  033mbMHo  Bogosl  ;mglgro
33900903900@Ygargderos.  93gbstg 43030 mdlL 1X-X, bmwmm bsgmgo dfoxgds Bsdmsmdo.
Lobgmds sfgM00s 0530mb00IL, 040 FMBME03MMmO 335M0L Lobgmdao dookbggs [5].

F. japonica-s do60omss®  Ud@GmHm3ozme domddo obmgds s dobo  3o3mEIwgdol
d9md 06 ©0535HMbL LsdbMY 3G S 053MmbB0S FoMTMoYIbL. Lobgmds godmomBggzs LHMsz0
BMob  GH9gd30m;  ©I3MMGHOMEo 93965690 O  BIOMMEOS  25dmYgbgdmwo MMM
Lom®56:5909M s Mmmsbols 3@ mEs[5].

3sL5ews 5 90003,

F. japonica-sb gmomeol Ls33wgzo bodmdo dm3mgzgdwee ogbs 2020 Faab. ULosbsgrobm
93965008 BMMWOl  BoOROGOL, BMMEOL  JNo35M0  JMO3OL O Mool  gbfiol
(89B™39(300¢00) 396GHIWMMO 5699000 5090 LE3MHY3oE O™ BodMTms 496030, Loa®dogo
©5 H9300ME0 5B gdo ITBIVES FMEbIo IMR0JLoMYdIEo  Fobo0EID BdsliGo
LoD YOOL  LydMsegdom, Bs3zeg30 BsMEGdo Tgowgds Log®msbobol blbs®do 24 Lor-ob
2960530500 5 M3 {O39MH0b0L FoMgdmdo Lobogbg dobsBg. 33930l Mmdogd@EHms
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3030m39dbozmemo  33wg3s  HomImgds Lobsmerols Carl Zeiss, Jeneval-ob 9dozHmlzm3by;

B0GHMEM3YI96GHI@MMO  AoLOws IROJLOMPS FOBOMO FmEHM3sMe@ol (Canon Digital
IXUST75) 1539950903000 9 3099303910000 99 dsgs Adobe Photoshop CS5 -ob 3Gmy»sdsdo.

33930L 89730

B0, F. japonica-sbs Zmmerolb Bgos s J3gs 930 M dolol 1329d93@9dsMY Mx MY JOO
5055330003 JOME0, IMMEbIBMZI60 s M 390s60s (L. 1. A, B). bgws g300g@dolol
903099905609 MXMIIO0 250339006 BJgeas®liosbos. Mbgos dsmdo Jurm®OM3wslidgdols
O0x%39M963060905. 0530b)MHO B30l BMMEOL J39©s 930 IMToLOL BdgdEIdIMY WX MJOJO0
05395 3560ymds om0 doggNIMOOLo bgMguol 80O gdoL 9m35¢olobgdom, MMM
90»M3sbgmol, 939 8053500  doMP30L  F0TO®  JoGHM0s. B30l 935MOGH0 MMM
560BM30EWG0; 9.0. MB30LYIOO RMMOAOL dodol 3393930 MXMIIOOL BgM0OBME LodMEHYqdo,
390393 MHgbM0YMP 5 2obFYMdOO Lbdo Ladgaro@Mo MxMgo (bwe. 2. B, D). dsg9ms 939393
X M9090d0 5OBYOMEO JEMOHO3ESLEEHJOOL gobHgmdol Lobg Abb30wbs@gbosbos; dsygmTmMolo
b3Mgol BMMAS - ©0MOLAEHIOOLYPIM0s. BMMEOL  J39s  930YMHToLOL  BdgIEYOIMY
X M909030 500093 35509605535 39 3E0wYdol OB 3OOLEIWGOOL SOLYOIMDS. RMMEIOL
939009 9300 gMToLOL G030 FMBI03d Bowrolgd®os (bvm®.1.C).

F. japonica-sb gmommero 90d39¢0s, dobo GoOBoEGHOL BmMTs BOBS(3IIXWIMHO, MIOWMIOL
LAHOMIGHMIOS MODBMZIBOEIMOO,  bmwm  Bddoggms  2oBPYMdOL  Asmzscrolfjobgdom
303mbGH™ISGMM0 5390 gdob(Lry®. 2.A). doa0ol 535M5E0 930 INIME0 YYRMIIOOL MbyBYs
396fgmdoo (be. 2.C). 053mbmMo go3osl Bmmeol 3gsMszo Jumzgowo ghmemoyosbo s
39G0b0D0MGOME0s.  FglOOLYOMEo  3509bJods  MOE0Y060s, VOOl MEO  3569bJods
fodmagbowos  BHobagbBHow s 35003000,  GodsMmO©  YMH0YHMYEHYmdowo
PR JIOIO0m; BOOEOL MHBIOWMIO 53M3LYOMWOs JMMOHO03WILEBJdom (e, 2.B). gmomeol
99BMmz30e 30 EO0RIMIHEO0MIOME0S ©9399-3MWOEGHIOIMIM0 50BIYMOOL 2odBIM0 3mbs, GOl
5393, 9:0- B0l 396GH®H LodMEYJIO 500093 JdS 1YIMIBHMOMEO 1390, 43FEIMO
306y 999mbsbzmemos  Lobsdgdwmgsbo  boswmom.  dgdbols  sbslGHMIMDBYdTo  s0bobgds
L3OO MO QoMUY GO0 A5FGIMO FMOFgdo (1wgH. 2.D). 053mbMMH0 Bogosl BmmErol
939w LAHM®MIGHOM gOMNgYdo Jgusdhbgz0s 3559685535 39EE30AOL OB 3MOLEIMGOOL
©0x9M9630M9ds(Lme. 2. B).

BeoEol 9053500 d5MM30.  053MmbMM0 BO305L BMMWOL 6533000l dM356M0 JsMM30L
953561530 Jum300 399EH0B0BOMYIMO0s; dsOM30L 2sb0g FHoWDY 500d7FJdS 396GHMIW G
OMOBIWNE  LodMEYJIo  SOLIIMWO  MoGdO.  9IJLOSEME  FHIOGL  SOBYOMEIO  CISVO
39bm3s60s, 9dodlosErmG TbsMgl 3o awzo (bme. 3. A). gmmEol Igsdsg Jumgowl
30OBOGHM3560  3meabJodols  sbomEo  56MHggd0  9doxbgds.  3mwgbJodsdo  LY3MYEBHMOEO
153509805 EO0BIMI630MIOMEO FoMlidgdmdggbo MxMgEgd0m dgdmbsbrztmmmo(lme. 3. B, C).
00053500 doMmM30L 396GHMMH LodMEGHYJdo 3Megbdodsl Lssbodowozom Jumgowo dmligal,
OMIgms  MIxOIIB0E  50Mm3LYOME0s  JLMOMIESLEGHJOIOm. FMeZMO  J>MMZ0L  JOMHOMIO
Jumz000 30oymbowmo, Mbgwas®Llosbo, dFoO™ LEHOWMIGHMOOL dJmby WxMHggdoMss
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§o63magboo, GMmIgEms dnemolsg sBY39 OO MIMEIHMdIO® 1g3MYEHMOYWO 135 JOO0S
2960 ymdoo.

0005356 dom3d0 5MLYIMO 25TBHIM0 LoLE YIS B393R0, doMP30L FHobygbEowM
2965339009 9000930905 FMOF-30F3M3560, ©05-3MWHEHIOIMOHO BHO30L Q9B 3mbgdo
2396052900 5MLMOO s 3MSL0TYEHMOMo MmMIBOOZ30 M35EolGdIMO 3MER0YMOIE00m.
2396L93MMMGBOMO  5MLOTYBHMOMWMOOM  5V009FIOS 396G NH  LodOEYJdo  SOLYdIMWO
23903560 3mbgdo, OHMIgwoms  IgHdobol,  oxbols s  L3wgMHgbdodmwo  Mx IOl
00056000 gds  5M0gMMY39MM3Z9600 @S F0TsME0s  Lbgsslibgs  dbsgl(bme. 3. D).
13wgM9bJodMEo  MXMJEOIOOL  LobsNMGdO  MbYERIOLOsH0s, LosbsmmEmms TFos  FaMLoL
dmbsbMEmds 3990bm3zs60. Wosxsbdo FoMdmoygbowros 1g3MgBHMmOo bogsegdo. dgodsbdo
©0x539M96306090)0s d9MJbol Lbgoslbgs 35¢0dM0l BsbsmMgdo, dows {aMLolL 3wmbmgsbo
dmbsbmEmdom. BsbsomOms  gobigmds  Loa®dgbg  dH3M030L90M0s. 8gmdsbdo  358d0mdols
LoBEZIOMB  FgMJbol WOIOORMOIOL XML B5©Js OBIMYIBE0MIOMEo. TgMHdbol
395935600 F960Fgdol 2o0d9dm 356M9bJodeo MM gd0s FoMImoygbowo (Lwy.3.E).

gemewol  gmbfio (Igbm3g30mmo).  FmomEol  Gobygb@ow®  496533900%g  s0bsbgds
LBIOMLYOOO  FbsHBMWMdOL  gmbfiol  3mbgoyMBSE0s.  gmbliol  IRsMogo  Jumgowo
399¢0b0D0MGOME05, 930009MT0LO JONMO0R0560, 9§30 IMTOLOL bdgERsMLOSE YNG9Il By
396030065600 3900000l 49MLo  49BLO3MMMIOMMO©  2oldgEgdEos.  ymbHol  dxsMog
Jumgzo0To B0l 935M0BHOL gobfigmds dgobodbgds (bw®.4. B). 3gsMsg Jumzowl gomgo@mgsbo
30egbdodols AsbomEo LodEygwo 9doxbgds, G@Iol gM00s6MdSLsE, 830ty Imbs339mBY,
Jwm9gbJodol Mx69gd0 5039390, MMAMOE 3mwgbdodol sbg3g Jurm®mgbjodol »xMggdL
dmOolb  godlomEgds  BY3MIBHMOo  Logsergdol  oRIMIbsoMgds (Lwe. 4. C). ygmbfob
Jme9bJodme 96900 4593390000 355996355935 3503090l OB 3OOLEIWId0m JmEmEro
b (3960900 0EOMIWLEAHMOO YXMJOJ00. JgMdol 356M9bJododo  soLsbgds MbgwysMLOSO,
3353565 9OHMT5b7g00L B0 gobfigmdoro bbzsolibgs Bmdol MxM9ggdo. gmomwol gbfiols
395G NOH 30e0bEMdo ORIMHI6E0MJOIME0s F9MFJE-00F3M3560, V0S-305EINSMOO
Lobol 409GHsM0  3mbgdoligeb 899as6M0 ™Mowgdoligde dmbsbmwo LsMEygwo. 3mbydl dmeol
sMLgdme 9306 5MH95edo 356H9bJodmnwo s B3wgM9bJodmwo MM OJO0s Aobarsygdero.
30005650 396GHMIMMH0 30¢0bEGOO F9dmlsDOZOMos 9hmo §ygds d9dmdxngbo Jumzowoom.
1309096 J0dME0 MXMJJOOL LsbIYMGOO MbYWYIOLOsB0S, 3500 Fos FoMLOL IMbsbrEMds
3190bM3560, sxz356d0 19 36M9EMOHIE0 L35 gd0s 2bFymdowo (Lm®. 4. E), 5d&HowMos 309d09dol
Jumgzowo, 6Omdgwoi  dgOJool  WodMORMOALs  gdoxbgds.  IgHJbol  @sBGHIM  FMOFIELMS
LB MOIOO O IFWOBM0B0S, Fom0 Fsbfigmds Loa®dgbg ) 30030L936M0. 459G FOFJLMS
G0y  2oOLO M35 OO  FMbsHMWMOOL,  3MMbMZIbYIOL0SB0s.  Fghdsbdo  3s6gbJodmwo
OXOIPIV0> ©0BINIHEMIOYEo. gubfiol 39H0dgENWsOYW s®gdo g3y LIZCIGMOLO
15359005 Q9B GRME0. MW do OO DBmIol, MbgEAIOLOBO  dMeEoyMmbo Mo
3569bdods obobgds (Lw®. 4. F). gmmeol gmbfiol Log®dog sbsmebby s00d93gds dg@dbols
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23903960 FMMFqdol oOLOL M30MGHJLI© B30MIWMGO, bmwm bszergdo 0bEgblomdom,

MO0 S 8500LYOMO Fobidgergds(Lme. 4. G, H).

LbGomo 1. F. japonica-sb geoomeool 350030 Jumgzowol JozOmbEOWJGHwOS
A. Bgos s B. 439005 930009mHaolol bLEHOIBHOOL 356mMsds; C. J3gws 930gMdolol
39G035MM0 dmBs030L bgo; D. d530L 8393930 MIXMIVIO0

1. 5650533060Egdwo, IHYEbIBM3560 s IMMPIJO0sbo 53mdgIEIOsMY VX MIYVIOO;
2. 3520 39393930 MX690900; 3. d590dMmMoLo bBzMgwo; 4. LsGHIo@Oo MxrMHIId0; 5.
Ab30bsEHIH0sb0 JurmOHM3sliEgd0; 6. o olgdMo 3993039IW M0 FmBs03s
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bwGomo 2. F. japonica-sb goomeools do30mbE®mwyd@m®s

A. gooeolb Gdommdol bgoo; B. 06demolgdn® 35096Jodsdo  ©ongmgbio®gdwemo
0535605535 390 30930b MYDB; C. 88653 Jumgzgomdo gobigmdowo dsaol s3s6@0; D. dg6mdbols
3bslEGMIMbo

1. 930009®3oLo 3MFBH0ZMOmM; 2. dPOL 535093 0; 3. IGuMOLYdIYOO s 4. POHWYdOLYGIWEOO
35696J0doe 5. JarmGmgowol dsM33wgdo; 6. 35999685535 39¢ 300l OB 3MoLEGWO; 7.
19369BHMOM0 bogs¢n0; 8. FgmJsbo; 9. oxsbo; 10. dgMHdbol BL3oMEW M AoMLYLJgEgdrIEo
3bslEGMIMbo

Georgian Scientists/JosGomggeo dg360909%0 ¢. 5 N 2, 2023 87



bm@omo 3. F. japonica-sb gemoeob 6533000l 0003500 do®@30l J03MmMmLEMYIE WM

A. 800535600 330l LEAMWMIGHMOOL 356MELds; B. soduosMMo ©SC. dsJLosW GO
dbseob 3mgbJodmo Jumgowo; D. gsd@sdo LobEgdol bgwo s E. 36sydgbdo, F963Fger-
03303560, 005-30Me5GHIOIOHO 259BHM0 3Mbs

1. 930930l 3BH03NWom; 2. ROOROEHMZD0 3mgbdods; 3. bY3IMYEBHMOIEO bogswo; 4.
999m3g33960 Jumz0e0. 5. Lsslodowszom Jumzowo; 6. 13w gM9bJodmwo Mg Joo; 7. WsRsbO;
8. 99MJbols 0dMm0RMmMT0; 9. 259300 F9MFwgdo; 10. oMo Jumzowols 3t oymbswm®mo
OXOIQIO0
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LbwGomo 4. F. japonica-sb goomeool gmbfiol do30MmbEmwyd@wds (3gbm3gsomeno)

A. gmbfol LEAOMIGHMOOL 356mEsds; B.,C. Jghdol LEH®WIGHMGMEo guwgdgbdgoo; D. gmbfob
LAONIHMOOL BORTIBBHO 39MH0BIO00IE 39BGHOOLIID; E. ©005-3Mmd@IMHOMM0 450@M0
3mbs; F. 3m0ogmbsgrm®mo 3569640ds; G. 996dbob 9593 s6Mv) FmMFwgdo s H. gwgmgbdodrmwmo
% 690900 LoyMA03 #sb533900bY.

1. 3993060Bocmgmwo 930gMAoLo; 2. 3530l 935M930; 3. BoORBoGHMZb0  3megbdods; 4.
Jme9gbdods; 5. bY3OMYGHMOMO Bs35¢0; 6. 0EOMIWILBEHWOO YXMJO; 7. 3E0yMbICMOO
% 690900; 8. 13 gM9bJodmwo Jumzowo; 9. sxksbo. 10 IgMHdbol wodMoxzm®mdo; 11. dgmdbols
2903960 FMOFwgdo. 12, UL3oMoswrmGo, 13. OHamwuyds  ©s 14, d5©0bgdes©
2960519900 259FHIM0 FMMFgd0; 15. 855mbBT5535 35 30mFOL OB 3OOLEHIW YOO
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99LHogoos  LodoMmzgrmdo 0bGOHMEYEoMgdMwo F. japonica-l gmomeol dobsysbo
53909008 530190)MGdb0 O IPPIBOE0s ToLo, MMAMOG BOMEMAOWMESE  5JBH0O
6030009690505 806 bJu3gMH0bEHM MdogIBHOL F03OMLEBHMMIGMOM Boosabmbidozm
sbsllosmgdgwms 990090  JODMIWOMdS  RMT3MRBMLEGHW  Boewobdo by gmeols
65930 mdol IYgbol dobboom:

o F. japonica-sb gmmmeoo 300390005, d0GBSEIOWMMO RMMIOL,  OMOBMZI6OE GO,
3030LEMI>GHMOH0 LGHOMIEGOOU;

e gmowolb  bys  ©d  Jggos  930@g»mdolol 0dg0gdsMg  MIXMIOIO0
5650533000530, IOMELIHBMIBO s MO39 0560s, J39s g3ogMTolol

3930305600 D030 BOwEolgd®o;
e 3MMEIdo OxYIMHYI6E0MJOMWO 3530l 5350530 SBOBMEFOGMMO GH030LsS, dodgTMMOLO

H3M900 00M0LEHIMOLYOMO, bMEm, Bsgms Q9B(YMdS JomEmeo;

o F. japonica-sb gmmEol GBOEMmdI0 3v)-3mESEIMINMO 50bsMmdOL 2odBHeMo Jmbs
5Q089F9B;

*  053mbMM0 B5305L BMMEOL 4z9ws LAHMIGHWOW O do dgbsdhbgz0s Fs559605535
390 30930L OB 300LEIIOOL S 193MYEHMOVIO Bs35¢IOOL POBIMIBEF0MYDY;

e F.  japonica-sb  BemolL  bs3zmol B350  doM30L  doMmOMOEo  Jumz0eo
30 Mbs©m0s, 259BHMm0 LobGgds MmamGE dsdmgdo, 5939 ymbfido  FMOFen-
03303560, ©005-3MWHEIO@MMH0 FHo30l, FbMwm© 9350 doM3do Fomo AS6FYMds
SL0dgBHOME0, bmerm ymbfido LodgBHomwo;

o F. japonica-sb gemol  bs3zmol  dmegz5M0  doMezol s  ybfol  dgmdsbdo
0590963060900 Loy MdgHg 3F30030L9d gobHgmdowo Lsbsmdmgdo;

o F. japonica-sb gmomol gbfol Log®mdog 965056%g s00dgFgds IgMgbols dodEsmo
FM63900L goOLOL L3OO, MHRMWIMHO S BSPOLYOMHO JoLJgEgds.

@OAHINGHOS

1. T.Aoki “Strugtures end biosynthetic sequence of tritenpenoid saponins of Fatsia japonica”;
Jurnal of science of the Hirosima university, series A, V.44, Nel. JULY 1980, p. 199-214;

2. Xuewei Ye, Siran Yu et all. Quantitative determination glicosides in Fatsia japonica Dence. and
Planch. Using high performance liquid chromatography. Journal of Pharmaceutical and
Biomedical Analysys 88, 2014, p.472-476;

3. B.M. I'pumxkosen u gp “Tpurepnenossie riukosugu Fatsia japonica”, XIIC 2000, Ne5, cr.395-
398;

4. 3.C. Kemoxmmase, I''E. [lexanocupnze, D.II. Kemeprenuase — buonornuecku aKTHBHBIE
tpuTtepreroBsle rauko3uasl Parcun Anornckoit (Fatsia japonica (Thunb.) Dence. and Planch.),
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KynTuBupoBaHHON B I'pysum; Xypram «Bompockr Guonoruyeckoi, MeIMIMHCKONR U

dapmanepruueckoit xumuwm», N 10, T.21, 2018; cr. 77-80;
5. ®xopa CCCP; T.XVI, Mocxksa-Jlenunrpazg 1959r. cr.2-3;

6. D.I1. Kemeprenupgze, I'.E. Jlexanocuzze, A.M1.Bepesuskosa , Ipurepnenossie riauko3usr Fatsia

japonica, xynapruBupyeMmoii B Ipysum u ux ¢apmakosorndeckue coucTBa’, XUMHKO-

dapmarneBTryeckuii xxypHai, 1. 35, Ne8, 2001 cr.24-27.

Features of the microstructure of the leaves of Fatsia japonica (Thunb.) Decne. et Planch.
(Araliaceae)

Zurab Kemoklidze, Ketevan Mchedlidze*, Manana Churadze, Jemal Aneli
TSMU I. Kutateladze Institute of Pharmacochemistry
Abstract

The internal structure of leaf of the F. japonica that is introduced in Georgia as a source of biologically
active substances, was studied, and its microstructural diagnostic signs were determined. F. japonica
leaf glabrous, bilateral, dorsoventral, hypostomatic structure. The basal cells of the abaxial and adaxial
epidermis of the leaf are non-stitched, curvilinear and curved-walled, the cuticular mosaic of the lower
epidermis is wavy. The stomatal apparatus of the Japanese fatsia leaf is anisocytic, the stomatal gap is
fusiform, and the location of the stomata is chaotic. A reverse-collateral conductive bundle is imprinted
in the pulp of the leaf. In the structural units of all morphological organs of the plant leaf,
differentiation of calcium oxalate druse crystals and secretory cells is noticeable. The tissue of the main
vein of the leaf of F. japonica is polygonal, the conducting system both in the vein and in the petiole is
of fibro-vascular, open-collateral type, but in the main vein bundles are asymmetrical, while in the
petiole they are symmetrical and closely interconnected. The xylem of the main vein and petiole of F.
Japonica leaf’s has differentiated bulbs arranged in longitudinal rows. Xylem conductive vessels with
spiral, ring and mesh thickenings of the shell are observed lengthwise the petiole.

Keywords: Fatsia japonica (Thunb.) Decne.; leaf; petiole; anatomy; diagnostic signs.
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dmbs3g0ms 396Gl 8mTsgz5¢00, oo EIYB0MO S MsMYmBomo Fbsggdo

4mB05830¢00 6499 B®?, Jsr0139000330¢00 0mligd0?

lmd@mMsb@Eo, LydosOmgzguml G9dbozmco Mbogzgdlo@g@o, 36O MaglmMo,
Lodoermnz9wmb 9dbo3meo mbogg®lodgdo,. ORCID: 0000-0001-9890-4099

BLGMgGHo

65G™A 3560boWH3L MBOM S MBOM OO s LBEFMSETM BMIOL MEORBODI30s SbeEs
0mbs3gdms  396GHMOL  sMMLMOLObROL? 5FoMDIOL v MS 1T  smPLEMOLObYOL ©sgdomo
55699007 M) MORBOBIE0gL LYO® FooEmb BH9bgbEos FobsBLMMO s M3 MsoEo
30053 9LMdOLMZ0L, GMIGELsE BMOZ35DMBL dmboiggdms 396GHMOL 896gxdg6EOL smmbmEMLObyo?
LsdPmbIOMO, FoMGH030 OsH 96 565 B3FMOLO 56 0d69d5 Bgdmo dm3gde 300bgdDY 3slwgbols
3oLo3gds. Forbes-ob dogé Fortune 500 303356006 dmerm  dodmzombgol mobsbds, IT
30035609008 M3gBHoLemds sbas M30EMSGHILMBL s60Fgol 1T s9PLbmOLOBYOL, 30Oy oo
90bs3gdms 396GHMOL M39M3090L, 3ol FoBYHO ML M30MSEBHIIMBYOO0, MMIWGILS Imbsigdoms
395AOL  5MPLeOLObO  LEogsBMdL. gl FmoEsgl  F0bodowH  Lom3gessgom  boGxgdl,
0683MLEGHMMJEHMOOL  M3900  350mygbgdsl, LgM39mgdbg 3™ s 2oTMMZs/Tgbsbgol
dmombmgboom o 5.0, Lsbsd goshy39dHo d3960 dmbsggdoms  (396GHMOL  smmLmOLObL,
9496500900  dgobfogamgom 093960  356056GJd0,  gosbsewobgm  mdzgbo  doBbgLOL
3961399303900 s Bs3@MJ 1Mg39b0 59EH039d0L, dOMXIHIOOL S FMMbM3bIdOL BOMbOW I
990m{j0gds. dmbsgdoms  396GHMOL  smmLMMLObYOL IIOOMO S WSMYMBoMo  FbsMYIdOL
39 sldom Tgxslgds s o, ) OHMYMO Fgodegds 293w 9bs 0dmboml mdgqbl d0Bbylby, sGol
ob, 53 16 2500350 olHobmm, Lbsd 2o553mMTGOM >9PLMOLOBYOL 306EHMSIBL.

9mbs390ms  396G®OL  35sdfy3z9BH0  9600d369mds  9d3l 936 go  BoBbYL
36Mm39LgdoLm30L.  Fombgsgs 0dols, MMI Fso  IMMBM3bgd0  YM3gwmM30L  5MT535¢0
&®599B™M000 0ym, COVID-19 3560093000 9943600 ds 30000609050 0l 300093 MIBOM S50fj0s. Y39
Lbgo 1Ydgb@ol Agoglo IT s Aol ocTgdm, dmbszgdms 396GHMOL Ggdbmemangdo LMsRs©
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e https://www.thesagenext.com/blog/technology-trends-transforming-data-centers

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 98



e https://www.interxion.com/uk/blogs/data-centre-trends-
2023#:~:text=Automation,gaining%20new%2C%20more%20profound%?20insights.

Abstract

Why are more and more large and mid-sized organizations now considering data center
outsourcing? Are the pros of IT outsourcing overblown? Or do organizations want to embrace the trend
for the financial and operational advantages that data center management outsourcing offers?
Unfortunately, a simple yes or no will not be enough to answer the above questions. According to a
recent survey of Fortune 500 companies by Forbes, most IT companies now prefer IT outsourcing over
in-house data center operations due to the advantages that data center outsourcing offers. This includes
minimal operational costs, better utilization of infrastructure, access to servers and compute/storage on
demand, etc. Before you decide to outsource your data center, carefully research your options, analyze
your business prospects, and conduct a careful examination of your assets, budgets, and requirements.
Carefully evaluating the pros and cons of data center outsourcing and how it might affect your business
is something you should consider before signing an outsourcing contract.

Data centers are critical to today's business scene. Although their demands have always been on
an upward trajectory, the situation created by the COVID-19 pandemic has pushed it further. Like all
other segments in and around IT, data center technologies are rapidly changing to achieve a highly
optimized and efficient system. Therefore, it is very important for you as a business owner to stay up
to date with each of these technological changes and trends. After all, they are going to create the
future of data centers.

Advances in technology will help the overall performance of the data center. Predictive
analytics tools can help security and real-time monitoring teams spot potential problems early and fix
them before they impact operational performance. Data center Al can highlight areas that could work
more efficiently, such as cooling or power consumption. Thus, data center composability means
creating resources that can work with many different systems. Instead of dedicated or narrow-use
resources providing only one service, data centers should use resource pools that can contribute to the
deployment of different types of workloads, such as storage, networking, or server equipment.
Likewise, the implementation of composite resources helps to avoid locked capacity in the data center,
thereby improving efficiency and throughput. Above all, digital transformation will enable data centers
to deliver additional value to customers. Edge computing will help providers run low-latency
workloads with end users, while software virtualization will create more budget-friendly options for
multiple workloads. As private and public clouds combine to create more flexible and robust hybrid
cloud deployments, companies will leverage technology to do more with less.
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Equipment for tightening and straightening non-woven fabrics

N. Natbiladze, L. Lursmanashvili, O. Rukhadze

Abstract: The article represents equipment that belongs to the light industry, in particular non-woven
fabric manufacturing techniques and technologies, and may be used for felt fabric tightening and
straightening.

The article describes the device constructed by us, by which it is possible to tighten and straighten
the felt without creating differently deformed areas, protecting the structural composition of the
treated fabric over the entire area and increasing the strength of the straightening. In addition, the
reduction of the time intended for the treading process and the release of manual labor.
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Traditional methods of fabric making in Georgia
O. Rukhadze
Doctoral student, Technical University of Georgia

The history of making and using nabdi in ancient Georgia and the types of nabdi are discussed
in the paper. From time immemorial, Georgia has been the motherland in the development of
menabdeobi, which occupies one of the most important places among artistic products made of wool.
The article presents the types of wool needed for the production of yarn, production techniques,
technologies, sequence of technological processing, areas of use and types according to functional

purpose.
Key words: felting, spinning, inkjet and non-inked fabric, ethnography, technology, wool.
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Type | and Type IIb Autoimmunity in Chronic Spontaneous Urticaria Patients:
Evaluating the Clinical Response to Omalizumab

Bidzina Kulumbegov*2, Maia Gotua?, Tinatin Chikovani?

!Center of Allergy and Immunology; ?Thilisi State Medical University

Abstract

This study aimed to evaluate the clinical response to omalizumab in patients with Type 1 and Type
I1b autoimmunity suffering from chronic spontaneous urticaria (CSU) and to compare the difference
in laboratory data. A retrospective study was conducted from September 2019 to December 2022 in
the Center of Allergy and Immunology in Thilisi, Georgia, involving 39 patients (95% females, 5%
males, average age 35.82 years). Total IgE and ANA antibodies were taken as markers of
autoimmunity. The study included patients who still had high disease activity despite using a fourfold
dose of non-sedating antihistamines. Patients were prescribed omalizumab according to international
guidelines with an interval of 4 weeks for at least 3 months. Disease activity was determined using
the urticaria activity score (UAS7), and patients were divided into three groups according to CSU
activity: low, moderate, and high disease activity. Response to omalizumab was assessed as non-
responders, partial responders, and complete responders. The results showed that Type |
autoimmunity had a higher percentage of complete responders than Type I1b (55.5% vs. 18.3%). Non-
responder rates were higher in Type I1b than in Type I (72.7% vs. 18.5%). The median total IgE levels
were significantly higher in Type | than in Type Ilb (138 vs. 23.95 kU/I). The median duration of the
disease was significantly shorter in Type | than in Type llb (9 vs. 27 months). No significant
differences were found between the two groups regarding age, angioedema, CRP levels, H. pylori
infection rates, anti-TPO IgG levels, eosinopenia, and basopenia.

In conclusion, this study suggests that the clinical response to omalizumab differs depending on the
type of autoimmunity. Type | autoimmunity patients had a better response to omalizumab than Type
I1b. The median duration of the disease was significantly shorter in Type | than in Type Ilb. Further
studies are needed to evaluate the mechanism underlying the difference in response to omalizumab
and the use of different treatment options for patients with different types of autoimmunity.

Keywords: chronic spontaneous urticaria, omalizumab, Type | and Type llb autoimmunity
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Introduction

Omalizumab has emerged as a crucial therapy for individuals suffering from chronic spontaneous
urticaria (CSU) who do not respond to antihistamines, even when administered in doses higher than
those recommended by the manufacturer:. Around 70% of patients (referred to as fast responders)
experience a quick decline in UAS7 levels when treated with Anti-IgE, whereas an additional 15% of
patients (called slow responders) have a similar response over 3-4 months. The remaining 15% appear
to be resistant to the treatment®. There have been several studies conducted in recent times which have
demonstrated a correlation between the initial total IgE levels and the clinical response observed after
treatment with the drug *“. Identifying an IgE-mediated auto-allergic mechanism in many CSU patients
explains the rapid response observed in severely affected individuals upon being treated with
omalizumab®. At the same time, there are data on Type Ilb autoimmunity with a poor clinical response
to omalizumab and a good response to cyclosporine °. Based on two types of mast cell degranulating
signals, two endotypes of CSU, auto-allergic and autoimmune, are proposed. The first is known as type
I autoimmune CSU mediated by IgE autoantibodies and the second —aiCSU, known as type Ilb
autoimmune CSU, in which 1gG autoantibodies, and probably IgM and IgA, are responsible for direct
activation of mast cells through binding to high-affinity IgE receptors. According to existing studies,
total IgE, anti-TPO, autologous serum skin test (ASST), basophil histamine release assay (BHRA), and
other tests have been used to determine mainly two types of autoimmunity mechanisms’. It is
important to find simple and cost-effective markers to distinguish between forms of autoimmunity.
We used total IgE and ANA antibodies in our study. Our study aims to evaluate the clinical response
to omalizumab in patients with type | and type I1b autoimmune disease and the difference in laboratory
data between the two groups.

Methods

This retrospective study was conducted from September 2019 to December 2022 at the Center of
Allergy and Immunology in Tbilisi, Georgia (GA2LEN Urticaria Center of Reference and Excellence).
Thirty-nine adults and adolescents (> 12 years old) with a diagnosis of CSU, confirmed by an
allergologist according to the international Guideline!, were included. The study included patients with
high disease activity despite using a fourfold dose of non-sedating antihistamines. According to
international guidelines, these patients have been prescribed omalizumab at intervals of 4 weeks for at
least three months.
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Patients were divided into two groups according to autoimmunity. Total IgE and ANA antibodies were
taken as markers of autoimmunity. Namely, the first group is Type | autoimmunity with high total IgE
(> 43 kU/I) and negative ANA, and Type Ilb autoimmunity with low total IgE (< 43 kU/I) and positive
ANA.

Disease activity was determined using the urticaria activity score (UAS), which was calculated as the
sum of the itch (no = 0, mild = 1, moderate = 2, intense = 3) and the wheal score (no wheals = 0, < 20
wheals/24 hr = 1, 20-50 wheals/24 hr = 2, > 50 wheals/24 hr = 3) for seven consecutive days (UAS7,
minimum = 0, maximum = 42). Response to omalizumab was assessed as non-responders (a reduction
in UAS7 of less than 30%), partial responders (a reduction in UAS7 of 30% to 89%), and complete
responders (a reduction of 90% or more from baseline in UAS7), respectively.

According to the manufacturer’s instructions, total IgE levels were measured using the ImmunoCAP
system (Thermo-Fisher, Uppsala, Sweden). ANA was detected using HEp-2 cells and an indirect
fluorescent antibody technique. The result would be reported as a titer. The cut-off value to define
positive ANA was 1:80. Thyroid microsomal antibodies were detected by radioimmunoassay (cut off >
34 kU/I). Serum CRP concentrations were measured by ELISA using commercially available reagents
(reference range < 6.0 mg/L). H. Pylori was detected by a stool antigen test.

Statistical analysis: Differences in continuous variables between test samples were analyzed using a t-
test for independent samples and the Mann-Whitney U test. The Chi-Square test was used to see
differences in categorical variables. Normally distributed data are presented as mean + SD, and
nonnormally distributed data are expressed as a median. Date were analyzed using SPSS software
version 22.0 (IBM Corporation, New York, USA). Statistical significance was defined as p<0.05.

Results

Of the 39 patients in this study, 95% (n=37) were females, and 5% (n=2) were males. Average age 35.82
years (range 12-71). The results indicate that Type | autoimmunity had a higher percentage of complete
responders (CR) than Type Ilb (55.5% vs. 18.3%). Non-responder (NR) rates were higher in Type Ilb
than in Type | (72.7% vs. 18.5%). The median total IgE levels were significantly higher in Type I than
in Type 11b (138 vs. 23.95 kU/I). The median duration of the disease was markedly shorter in Type |
than in Type Ilb (9 vs. 27 months). The study did not find significant differences between the two
groups regarding age, angioedema, CRP levels, H. pylori infection rates, anti-TPO IgG levels,
eosinopenia, and basopenia. All data are collected in Table 1.
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Table 1 - Comparison between the study populations' baseline clinical and serological characteristics.

Gender (Female) 92% 100%
Age (years) (mean £ SD, 34.63 40.25 0.368
Range)
complete responders (CR) 55.5% 18.3% 0.004*
partial responders (PR) 26% 9% 0.758
Non responders (NR) 18.5% 72.7%% 0.012*
Angioedema 42% 60% 0.351
duration of diseases (month) 9 27 0.019*
median
Total Ig kU/I (median) 138 (min-max 8.6-1297) 23.95 (min-max 5.73-386) 0.02*
CRP 24.57+42.96 22.71+39.67 0.444
H.pylori + 32% 27% 0.085
anti-TPO IgG + 50% 36.6% 0.867
Eosinopenia (<0.05 x 109/L)

0.24 0.21 0.847
Basopenia (<0.01 x 109/L)

0.06 0.02 0.478

Note: CRP- C reactive protein, H.pylori — Helicobacter pylori, IgG-anti-TPO - anti-thyroid peroxidase immunoglobulin G. *statistically
significant values are shown in bold
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Discussion

The study aimed to evaluate the clinical response to omalizumab in patients with Type 1 and Type I1b
autoimmunity and the difference in laboratory data. Patients were divided into two groups according
to autoimmunity - Type | autoimmunity with high total IgE ((> 43 kU/I ) and negative ANA and Type
I1b autoimmunity with low total IgE (<43 kU/I) and positive ANA. The response to omalizumab was
assessed as non-responders, partial responders, and complete responders. The results showed that Type
I autoimmunity had a higher percentage of complete responders than Type Ilb, while non-responder
rates were higher in Type Ilb than in Type I. The median total IgE levels were significantly higher in
Type | than in Type lIb, and the median duration of the disease was considerably shorter in Type |
than in Type Ilb. No significant differences were observed between the two groups regarding age,
angioedema, CRP levels, H. pylori infection rates, anti-TPO 1gG levels, eosinopenia, and basopenia.

Recent reports characterised 2 possible endotypes according to the type of mast cell degranulation
signals: type | autoimmune CSU mediated with IgE autoantibodies to auto-allergens (or autoallergy),
and type b autoimmune CSU mediated with autoantibodies that target activating mast cells receptors.
These 2 endotypes of autoimmune hypersensitivity have been postulated as etiologic in most CSU
patients. There is a need to develop diagnostic tests to differentiate these two endotypes of CSU to tailor
the appropriate treatment and help each patient achieve remission °. The study's findings suggest that
total IgE levels and ANA can help identify patients with Type | and Type I1b autoimmunity and predict
their response to omalizumab °'°. Many studies indicate that total IgE levels affect the response to
omalizumab. Baseline total IgE levels above 43 1U/l and twofold or more increased IgE levels at week
4 were correlated with the improvement of CSU at week 12 of treatment as assessed by UAS'. Weller
et al. found that elevated total IgE levels were common in complete responders (77.5%), and rarely
detected in non-responders (20%) to omalizumab‘?. Asero has recently confirmed that most early
responders to omalizumab have elevated baseline total IgE *°. The response to omalizumab in severe
chronic spontaneous urticaria (CSU) largely depends on the autoimmune or autoallergic endotype of
the disease, and total IgE levels are the most reliable prognostic marker for omalizumab response. The
study concludes that thyroid autoimmunity alone cannot be used as a clinical predictor of omalizumab
response in patients with severe CSU. Total IgE levels remain the only and most reliable prognostic
marker for omalizumab response in these patients'“. According to our results, too, there was no
difference in thyroid autoimmunity.

The study's limitations include small sample size, retrospective design, and lack of a control group.
Further studies with a larger sample size, prospective design, and a control group are needed to validate
the findings. Nevertheless, the study provides important insights into the use of omalizumab in patients
with CSU and different types of autoimmunity. Overall, the study highlights the importance of
personalised medicine in managing CSU patients, considering their autoimmunity status and laboratory
data.
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Conclusion

This study evaluated the clinical response to omalizumab in patients with chronic spontaneous urticaria
(CSU) and Type | and Type l1b autoimmunity. The results showed that Type | autoimmunity had a
higher percentage of complete responders than Type Ilb, while non-responder rates were higher in
Type Ilb than in Type I. The median duration of the disease was significantly shorter in Type | than in
Type Ilb. These findings suggest that omalizumab may be more effective in Type | autoimmunity than
Type Ilb autoimmunity in CSU patients.

The results of our study indicate that total IgE and ANA, two simple and inexpensive tests, can be used
to predict the efficacy of omalizumab. Further studies are needed to evaluate the mechanism
underlying the difference in response to omalizumab and the use of different treatment options for
patients with different types of autoimmunity.
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Abstract

The aim of the work was to study the introduced plant on the Black Sea coast of Adjara Mahonia
bealei (Fort.) Carr. for the content of alkaloids. A comparative analysis of the quantitative yield of the
total amounts of alkaloids isolated from the aerial organs of M. bealei, collected in the phase of active
flowering, showed the advantage of the amount obtained from flowers - 2.48%. Based on the results of
the HPLC analysis, it was concluded not only about the percentage of the main protoberberine and
aporphine alkaloids, but also in which fractions, which alkaloid is dominant (in leaves, three bases
dominate at once: berberine (27%), jatrorrhizine (23%), magnoflorin (18%), in branches and flowers -
dominated by one base - berberine (50%) and palmatin (57%), respectively, the rest are present in the
form of traces).

The results of the preliminary investigation suggest that the alkaloid containing substances
obtained from the aboveground vegetative organs of the plant demonstrate antioxidant and anti-
inflammatory activities.

Keywords: Alkaloids, berberine, liquid-liquid extraction, Mahonia, anti-inflammatory

Introduction

The study of introduced plant species of Georgia for the reliability of alkaloid-ness has been
carried out since 1946, as a result of pharmacobotanical expeditions, plant samples were collected in
the territories of: Svaneti, Racha-Lechkhumi, Samegrelo, Imereti, Guria, Adjara, Shida Kartli, Mtiuleti,
Tush-Pshav-Khevsureti, Kakheti, Kiziki, Gare Kakheti, Trialeti, Kvemo Kartli, Javakheti. Local
bioecological and soil-climatic zones of these regions, especially the Black Sea coast of Adjara,
contributed to the introduction of valuable medicinal foreign plant species. For example, one of the
representatives of the collection of the Batumi Botanical Garden is the genus Mahonia Nutt.,
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represented by 5 introduced plant species belonging to the family Berberidaceae Torr. et Gray: M.
bealei (Fort.) Carr., M. japonica (Thunb.) DC., which were naturalized back in 1913, and M. fortunei
(Lindl.) Fedde, M. lomariifolia Takeda., M. wagneri Jouin.- in the 70s of the last century (information
provided by employees of the Batumi Botanical Garden) [1,2,3,4].

In view of the fact that not a single species introduced on the territory of Georgia, Mahonia was
studied for the content of biologically active bases, the object for the study was Mahonia bealei (Fort.)
Carr., which was first studied for alkaloid content at the TSMU, Institute of Pharmacochemistry named
after . Kutateladze, direction of alkaloids.This plant is native to the mountainous regions of southern
Chinaand is included in the Chinese Pharmacopoeia (2000). Its leaves, stems, and roots have long been
used in Chinese traditional folk medicine to treat a variety of conditions, including colds, dysentery,
jaundice, and pharyngolaryngitis, as well as to improve blood circulation.

The family Berberidaceae is known for its high content of isoquinoline alkaloids, which have a
wide range of physiological activities. To date, according to the literature, alkaloid-containing total
substances and individual compounds isolated directly from Mahonia bealei, according to /in vitroand
in vivo tests, are positively evaluated for anti-tuberculosis, antimicrobial, antioxidant, anti-
inflammatory and many other activities [5,6,9].

M. bealei, is a low-growing evergreen shrub. The shoots are thick, erect. The leaves are alternate,
compound, unpaired pinnate, composed of egg-shaped or elongated leaflets, dense, leathery, shiny,
with a sharp-toothed edge. The flowers are bright yellow, collected in multi-flowered apical panicles
and tassels. Numerous small fruits in the form of spherical oval berries, black-purple with a blue
coating. Based on phenological observations, it was found that in the second half of February, the plant
comes out of a dormant state. From the end of February to the beginning of March, the flowering
phase is noted. In the second half of March - by the end of May, the growth of shoots begins and ends.
Fruit ripening ends in June. All of these steps indicate the sequential and complete passage of all
phenological phases by the introduced plant [3,7,8].

Since the phytochemical composition of Mahonia bealei introduced to the territory of Georgia has not
been studied, this research intended to to analyse the plant’s alkaloid content based on this the aim of
the work was to study the introduced into Georgia plant Mahonia bealei for the content of alkaloids.

Materials and Methods. The object of research was the above-ground, vegetative organs of the plant
(leaves, branches, flowers) collected in the Batumi Botanical Garden in the phase of active flowering.

Qualitative and quantitative analysis of vegetative organs of the plant for the content of alkaloids. 15 g
of crushed leaves, stems, above-ground organs of the plant were extracted on water bath with ethyl
alcohol at 100°C and insisted for 24 hours at the room temperature. The extract was filtered and
evaporated under vacuum, dissolved in 2N HCI and alkaloid precipitation reactions were carried out
with following reagents: Dragendorf, Sonnanstein, Valser, Mayer, silica tungsten and picric acids [10].

After a positive reaction to alkaloids, the raw materials were subjected to further analysis. The
aerial vegetative organs of M. bealei, in an amount of 250 g (leaves-120 g, branches-80 g, flowers-50 g),
were extracted with hexane, in order to remove lipophilic substances. The raw materials were extracted
three times with ethyl alcohol, using liquid-liquid extraction and insisted at the room temperature. The
extracts were combined and evaporated under the vacuum and the residue, as a sum of bases, was
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treated with 5% HCI. Acid extracts were washed with chloroform, the sum was alkalized with a 25%
ammonia solution (while cooling) to pH 9-10 and simultaneously the alkaloids were extracted with
chloroform. The chloroform extract was dried with anhydrous Na:SO., filtered, the solvent was
evaporated and the residue was dried. After the extraction of tertiary and quaternary bases from
acidified (pH 3, 10% H2SO:) mother solutions, the quaternary bases were isolated by adding a saturated
solution of potassium iodide.

Identification of alkaloids in fractions was carried out by using of TLC (thin layer

chromatography), in the solvent system: Butanol - Acetic acid - Water (10 : 1 : 3) with the standards:
berberine, palmatin, iatrroricin, magnoflorarin (Boiron laboratory, France), on the plate Siliagel 254,
Merck; Dragendorf's reagent and iodine vapor were used as detectors, For qualitative and quantitative
analyses was used method of high-performance liquid chromatography (HPLC); Agilent Technologies
1260; column: Eclipse plus C18; 4.6 x 250mm, 5 pm; Column temp.: 20°C; Flow: 1 ml/min. Solvents: A-
Water (0,1% HCOOC), B — ACN (0,1% HCOOC); Solv. B%: 10->100%; 20 min.
Results and discussions. while using technic of thin layer chromatography, total fractions containing
quaternary bases, in the presence of standards, compounds were identified that, by a qualitative
reaction with Dragendorff's reagent and iodine vapor with simultaneous mobility on TLC, gave a
characteristic color: bright yellow - berberine, yellow-palmatine, pinkish red -jatrorrhizine, brown-
magnoflorine . According to HPLC analysis in total fractions, the main quaternary alkaloids were
identified and quantified. (table 1).

Table 1. The results of the study of the vegetative organs of Mahonia bealei, for the content of alkaloids

_ % Content of quaternary based in alkaloid containing
[T

" 8 g o Ss g 3 total fractions, %
8 2o 55s |z, 8t : :
S s 8| 8 88=s g 8 E 2 Aporphine Protoberberine
o c B > 8 S o © 23 . .
» 2 g 35 £ § © .5 alkaloids alkaloids

o Ll < - - — -

@ Magnoflorin | Berberine |Jatrorrhizine| Palmatin

Mahonia | Active leaves 0,07 18 27 23 2
bealei | floweri branches 1,33 trace 50 5 3
(Fort) | ng flowers 2,48 trace trace trace 57
Carr.

A comparative analysis of the total amounts of alkaloids revealed the advantage of the total
substance obtained from flowers - 2.48%. Based on the results of the HPLC analysis, we can conclude
not only the percentage of the main protoberberine and aporphine alkaloids in the fractions but also
which alkaloid is dominant. For example, in leaves - three bases dominate at once: berberine (27%),
jatrorrhizine (23%), and magnoflorin (18%), in branches and flowers - one base dominates - berberine
(50%) and palmatin (57%), respectively, the rest are present in the form of traces.

In Table 2 are shown the formulas with the main physical and chemical characteristics of
alkaloids: berberine, palmatin, jatrorrhizine and magnoflorin.
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Table 2. Quaternary bases presented in total fractions obtained from the vegetative organs of Mahonia
bealei.

# | name Structure Plant Place of
collection

1 | Berberine iodide
C20H1sN*Oul-

336.1236

melting poit: 260°C -262°C
[a]p20° "
Ri=Re= CH202; Rs= H; Ri=Rs=OCHs ’
2 | Palmatin iodide Mahonia Botanical

CaHz2INO4 ) bealei (Fort.) |  garden of

4793 R ﬁ

[a]p+0° & |

melting poit: 203°C -204°C \ oo

R1=R2=0OCHs

3 | Jatroricin iodide

Ca0H20N*Osl-

338.1392

melting poit: 209°C -210°C

[a]lp0° 9‘ "

Ri=R«=Rs=OCHs; Rz=OH; Ri=H g

4 | Magnoflorin iodide PO~ H/\N/C“S
Ca0H24N*Osl- o N “cH,

melting poit: 249°C-250°C Ho

[a], +100°

HPLC analysis of the extracts derived from the vegetative organs of the Mahonia bealei and and

ocHs Carr Batumi

main physical and chemical characteristics of the alkaloids, confirm the presence of the
abovementioned bases.

Conclusions: As a result of assessing the content of total alkaloids in the vegetative organs in the
analyzed naturalized form of M. bealei, growing in a subtropical climate, it was found that the most
promising, in terms of quantitative yield, is the sum obtained from flowers. As a result of qualitative
analysis, by TLC, in the presence of standards, protoberberine and aporphine bases belonging to the
isoquinoline class of alkaloids were identified. In fractions containing quaternary bases, according to
HPLC analysis methods, information was obtained not only on the qualitative ratio of bases, on the
quantitative content of alkaloids also about the dominant - alkaloids. According to preliminary data,
the amounts obtained from the aboveground vegetative organs of the plant exhibit antioxidant and
anti-inflammatory activities.

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 120



References

1. State Pharmacopoeia USSR XI (2),,1990: 115,116, 124, 125, 577, 579, 585;

2. Georgian flora. Thilisi: “Metsniereba®, 1983: 376;

3. Romanadze, M. Metreveli. Bioecology of genus Mahonia Nutt. species at Batumi Botanical
Garden/ S. 17th international conference: Environmental problems of the XXI century. Minsk,
Collection of Proceedings Conf., 2017, v. 2, 42-43;

4. A. Makashvili — Botanical Dictionary, “Metsniereba“, 1991. P.48

5. Ji, X,, Li, Y., Liu, H., Yan, Y., Li, J. Determination of the alkaloid content in different parts of
some Mahonia plants by HPCE. Pharmaceutica Acta Helvetiae 2000, 74, 387-391).

6. He J.-M. & Mu Q. The medicinal uses of the genus Mahonia in traditional Chinese medicine:
An ethnopharmacological, phytochemical and pharmacological review. J. of
Ethnopharmacology, 2015,175, 668-683.

7. Trees and shrubs of the Batumi Botanical Garden: an annotated list. Thilisi, 2012, 184

8. Xiangying Zeng, Yulian Dong, Guoying Sheng , Xichang Dong , Xuehui Sun , Jiamo Fu.
Isolation and structure determination of anti-influenza component from Mahonia bealei. J.
Ethnopharmacology, 2006, 108(3), 317-319

9. Abdur Rauf** and all. Berberine as a Potential Anticancer Agent: A Comprehensive Review.
Molecules 2021, 26(23), 7368.

10. State Pharmacopoeia USSR X1(2), 1990: 115,116, 124, 125, 577, 579, 585.

LadoGmggenmdo 3Mw@Eozomgdmeo Mahonia bealei (Fort.) Carr. 5¢035¢0m0gd0L
dgbfogems
0 6035, F06FoMsd9 300!, 3sBb6sdg Bobs?, 99gm0s Bsgrbs®?

tdoErobol Lobgwdfonm Lsdgwooaobm «boggdlbodg@o, BsMTs3mubmBool s BIMTS3I3G IO
0m35b030L FodsMrmnmegds
2000¢robol bobgedfoxnm LsdgoEobm wboggdlodg®o, 0mzge Jmmomgwrsdol GsMmTszmdodool

0bLEOGHME0, BoEMJ0Toob 35O EHTYBG0, 9 35¢M0YdOL FoTSMMMEGdS
3000@0olbol Lobgedfoxzm Lsdgoaobm mbogadlo@gdo, 0mzgw JMmomgursdol gs®ds3mdodool

0bLEOGHMEO, BMTS39IZ3G 0 B3EODOLY S LBEIBPIOEHODIEOOL I35MESTIBEO

3309308 0BbL oMo gbs 9F56M0L 8530 B30l LsbsdoMmby 0bEHMm®Y3060gdwo
9ggbsol Mahonia bealei (Fort.) Carr. dofjolbbgos bsfowgddo (Bmmwgdo, YwmdEHgdo,
43530¢900) 5¢035¢M0©JOoL 9993390 MdOL oYJbs. FJMGO0MO 9b50bol Logdzgur by
©oEy0bs, ®md M. bealei-ols dofiolbgs MEMYBMIBT0  5¢35¢Mm0EJdOL  TodLoTocr MO
399339005 500b0dbgds 3396560L 5JBHOMMO Y435300MdOL Gobsdo - 2,48%. Fo0owgx39EHMO
Lombm® JOHMToBHMAMIR0MWO 650D ©IH0BO0s 33MmOHROBOL s 3O MEHMBdINdGMOBOL
X2MBOL 5e35¢0Mm0@ YO0l 393339 Mds. BmmEgddo: 3gMmdIM0bo (27%). osGmmMoiobo (23%),
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0536mg3mM0bo (18%). yarm®EHgdbs o yz3o30egddo: 09Md9MHobo (50%) o 3sends@obo (57%).
bbgo 5e0 3500000 Fomdm©ygboos 3350l baboo.

fobalfoo  9du3gM0agbBH o 33193900l  FJ9PIPOP  ©OEPIBOE0s, ®MI  J3gbsdol
30{olbBgs 3939GGH0MM0 MmOHR6MGd0I6 F0GOYMO SIS M0JIO0? FEOEIE JJuEHMJEHIOL
29966050 5630MmJL0IBEHMM0 s 56MOOL Lsfobssdgam dmddggds.

1533560 LoBY3xVO: sCm3sCPMmOEYB80, B89M39M0bo, booby-bomby 9JbdGsgzos, Mahonia,
360980l bspobssmiogam
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96 m3g3®omdols LEOMIMEro Lodlogbggdols 3GMEOEYMEOYErOo SJE03MmdOL
99535905 AGNOR 9dbmgompool godmygbgdoom

@50 d5MB5g9dg", 603mEmDB 3063 M0, J0MmMY0 dNMM 359, Bmoms 3g3vgersdy’

Llodo@obol babgedfonm Lsdgogobem ©bogg®Lo@gEoL PhD LEwogb@o; 20000@olol babgadfogm
L5390 306M MboggMLOGEHYEOL 3OMBLMMO; FgobMmdI-g0b93MmEMA00L Y35METIDEHOL bgwrddmzsbgaro;
Sodoobolb Labgedfionm Lsdgogobm Mboggdlo@gEol 3OMEBILMMO, FMEIYMEMEOHO 3500MEMYOOoL
09350 &Hdg6GH0L bgeddmgzsbgwo; ‘mdowoliol Labgwdfonm bsdgoogobm »bogg®lodgdol PhD

LEAHIbGHO; 9J0do ZsmMEIMYSbsEMT0;

BLGMJGHo

96™3gEHM0dol bLEHOMIMNo bsm3mdgdo (ESS) s®ob 0d30sm0 bgm3esbogdo, GMIwgdos
§969m0gdbgds 9b™dgE©®0dol LEGMm™MI0sb s 950ygbL LEdz0EMUBML yzgws s3030Lgd0560
Lodbogbggdols  1%-Bg bs3wgdl. ESS-ob  ©@o0sabmbo  Fgodergds  oyml  Govero,  dobo
0OBMEma0mmo  baozbgdol  4sdm  bbgs  9bmdgB®omdol  Lodlogbgadmsb, GMmymMoiss
96™IgEHMH0mdols LEGOMIMEo 3356d900 s LGHMMIMWo 9bMIgEHMombo. AGNOR Gomgbmds
30l RM9JOOL 3OMEWOTBIOS300L FoM3gMH0 ©S 9IM™O35Dg0E0s, MMAMOE 3mGHIbE0MMO
5dbds6g  9gb™Ig@®odol Lodbogbggool Lbgsalbgs #H03gdol oxygIMybroMgdolbmzol. 53
33w939do  B3ggb  dggzolfogargm  AGNOR  Gom@gbmds  9bmdg@®omdol  Lbodbogbggdol 50
9900bg93580, 3500 MHob 9gb™IgEHMH0dol bBM™mImwo 3356d900, LEHOMIMWO gb™IgEMoMDO,
Q535¢0 bo®olbol ESS s dsmoero bsdobbol ESS. B3zgbo 99gagdoo 9639690L, G sligdmdls
3609369cmgzs60 9bLb3s39ds AGNOR-0l Homgbmdsdo Lbgsslbgs GHodol gbwmdg@®mowdols
Lodbogbggddo, bmem AGNOR-ob ULsdwowm MomEgbmds 0bBMEYds Lodlogbols Loddodol
dobgz0m. 9bMIgEH®m0Mdol LEGHM®MIME 3356d90L 3Jmbsm 439w sHg BdsO  LydMsem
AgGNOR  ©5m@9bmds, bmem  dsmowo bosGobbols ESS - ygggmsbg domseo. gl ©sli336900
35657 MdL, ®md AGNOR ©5m@gbmds 990degds 0gmb Lobotgdwm ds639Mo gbomdg@®mowdol
LodLogbggdol Lbgsolbgs FH03gdol, dso JmEmol ESS-U dmMol oxzgmabzo®gdobmgol. LygMomm
%9080, B3960 330935 byl Mfgmdl gbmdgEHMomdol Lodlogbggdol Ji3930L M3 293900l
3390300L 36033690356 0bxzm®Ts300L, M™MIgroi dgodwgds LoboGgdMm ogmlb 35:309bEH™M
396LMbI0BoMYOMwo 93MbIMdOL LEMSGJR09d0L 89dmTsg9dsdo.

153396dm Bo@yzgdo: 9bwmdgE®omdol LEHOMMIMEo Ls®3mds, 9b™IgEHMomdol Lodlbogzbggdo,
AgNOR 050m©gb6mds, “y% 690930l 3OHME0RIMS309;
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dglsgogo

96039 EHOMo LEGHOMIMNWo b6 3mIgdo I9HgbJodnMo 9969Pol Lodbogbggdos s Tgogbls
15930 MLBML 530030900560 35MEMA0gdOL Isbemgdom 0,2 — 1%-b s Losd30EMLBMUL
Lo®3mdgdol 6-20%-U. «bdoMgbo oL 3wobogds 42-53 fiewol sbogzdo[1]-[3]. gdomgwrm@o
LodLO3bggdOLHRID  2oblbgzogadom, OMIgEMs3  TJIMGPom  39MR0  IOMYbmbBo  s3m,
15330 MLBML LoM3MIgoo (3O 3MMYBMBom boliosmgd0sb[4]. bdomos 930003980 ©s
350505 ImOgYmo  Fg@oLGIDBoMIOOL  MOLZYd0.  SEYOWMIMOZ0  MY30030  Fgbodemd
290m3w0bgl 306390000  ©0sABMLEGH0306 s 939MbseMdOIb 20-30 Herol goligerols
8989396 3o[5]. [61[7].

96m3gBHOMwo  LEGOMIMwo  bodbogbggdol  sOLPWMo  Jwsbogozsgos  (WHO  2020)
9mfmgdos  x9bo330L AmBEom MmEYBOBIEo0L Toge, L3 299MYMBOE0s Mmmbo
3909306005 - 9bMIgBHOMwo  LAHOMIMWwo  3356d0, B0 BIMOLLOL  53m30L9d0bMdOL
96039 EHOMo LEGHOMINWo LsMIMTs, FosEr0 BsMOLLOL 53030190056MdOL 9b™TgE Mo
LEHOMIMEO LoMIMTd s BETZ0MLBML 5M5EO0BIMI6EOMJIMEO LEHMMIMEO LM Imas[8].

96MIgBHOMwo  LAHOMIMNwo  Lodbogzbggdol  30LEHM3IPOMWMYONOHO  OSRBMBE03S
299690 90me0s 3500 bb3sslbgs 30LEGHMWMY0MMHO 35M0D6GHIOOL SMLIOMOOL A50M, BMIJELO3
9m0(393L 20339600M356 OFBIMY6E30530L, K0MIZM356 S J30MIH ORIMIBE0S3OLSL
5 bobggbm Fodol-003350 ©OGIM96E0s30sL[7]. TgmMgl dbMog, MsmMgbs d609369wMm35605
Q050 bsMolbol s Fo0swo bs®olbol  930030L90056Md0L  9bE™IgEHHIo  bEHMMIMWo
Lo63dgo0l  OBIMIBEFOMWO  OIYBMBE0ZS, MoERB  Tomo  3OMABMbO s S5-farosbo
39005MB6500MBOL 06 M35¢0 3609369cm3bs Aoblbgs39d9e0s[9], [10].

30LE9OML3M3000 d00gdYE 00mRLOWG Qo 3099609G 5 608dq0d0
30LEHMINORMWMYPONM©  9PPMIgEHO0NIol  BEGMMIMEo  bgm3wsBool  3oMzgwo, 9.0.
0536mbEBH03MM0  2olowgdos  Bsboersdo  sOLYOMo  Jumgomgzsbo  BOMsAIIBEJO0  FoMBdS©
fomdmygbowo 9bmdgBHmmmwo LEMmIom [11]. sbgmol s0dmBgbol 9dmbggzsdo, LsFoMOms
29635b353Mm0 3OHMELO SGHOMB0MEO (3300 JOJOOLIYRD 39M0- S 3G TbM3smBME Joerqddo
5 1B 3HDMOO WgomBomdol IJmbg 3069380 9bMTgEM0dol IgMESIE IBOBIIMWOo
Jumz0w0l BEOsAI6EHJO0LYsD. ©ORIMIBE0M OsRbMLE0350 sOLB0TbsZ305 YN Mg IO
LEHOMAoL dJmbg 9bMAEHM0MTol 3¢m0303. d90bz9g35m0 oYL bofowdo, gb™dgEHMomdol
LEHOMIMwo Lodlogbggdol OsAbMLEH3Zs s B J39E039d0L Foblibgsgzgds sbigm I0Mg BmIols
sLoEgddo LoOMMEgl FoMdmoygbl s 3OMEglol LsMHIMbme Tgxnslgds FgmdergdgEros.
053bmbBol 39008035300 ©O  3¢0LOGROIE0S  bgds  FsLorol  Fsdomm  Jglfogerol
1553999390y, 30LBHIM9JEHMT000 FoMgdYe 60dIgdbg[12], [13].

LESHOMIMWo boLdogzbggdol O0RIMIBE0SMO OsABMLEBH035d0 oo d60d3bgEMmds 96039ds
3OHME0RIM300L MBaMolL Fg3oLgdsls, 96¢9 3OME0BIM 300 5JEH03MmdOL FgRoligdsl[14], [15].

596005, MHMI  sOLYIMOL  JWOIHO  3MOIWHF0S  3OMLWORIMIBF0VIEY  5JGH0ZMOBS O
LodLogboll  (33OHMPbMDBL  Fme0ol,  sdoGmd  3wobozmGo  33wg390000  0bGHYMHYLO
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3OMW0BIO530w0  3mBHIBE305wol Bbgsslbgs 856390909 X960 30093 9JGHMIOWIM0S
g4m390fonmo©  0BMHEIds.  BmfimEadmos  3MMmEoygmoool  dgxsligdol  Lbgowolbgs
1530 gdIO0  MIMRMOO355 0doEobol Fo030Mgdol/dmbodzwol 0bpgduo (thymidin labeling
index), 3500bsMg goGmIgBHemo (flow cytometry) o0dmbm3olEmdodon®o s6EoLbgmeo  Ki-

67(MIB1) sg39 AgNOR d909035 @5 3OME0xgMs3090 0 X M9ol 50mgwgbs[1], [16].
LodLbogbol BOMEMYOMMO J3930L0 @S 3OMYbMBOL sPIPs FgBo® ODMEo 3OHMEILOS S
dmombmgl bbgoolbgs  B9dbmemyogdol,  osbgghowo s L3gE0sobgdEo
oblGHOMAGBBHIBoLs v BH9gdbozol  @oBmyggbgdosl Gz dY3g  ©0sbMLEB03MNOS©
505box 939G 0s[1].

AgNOR-0ol 99090306  39dbogzs LMoo, s 8s6@GH030  dgbobdgengdgeos. ol dgodergds
99O L 3565530680 Bogs0dgdM 56500 9dBY. 6530 M35690900 BMOEO3L FOMTSE Y390 S
©sdowgmo  F9OGH0Wgdol  om3wol  IgmmEl,  OHmIgwos  bdoMs  SLME0MHYdS
50330039093l dmMol  9oblbgeggdmer  Gggagdmsb  (interobesrver  variability),
LB EHOBYOMEO FgxsLgdoL 3M0EIMOTGOOLIMIOLYIMBOL godm[1], [16].

sMLYOMAL 33093900, GMIgms  bofloewdo  gsdmzwgbowos  AGNOR-ob  ¢gdbmeomgools
99%39JAMIOMDdS, MMAMOE sdbTsMg Bodwmowgds  Bsdz30MBML ggwol dM@GYyge g3omgerowndols
o3 sH0gd0L ORIMIBEOMYO5T0 5139 BBZsILHZS MMYBMMs LoliEgdol Jgmowmzolgdosbo
099 530301900560 3OME9LYOOL ORYHIBE0MYdST0.

AgNOR/The Nucleolar Organiser Regions 0dog®mgds, GMmamMz d00mm3meo dsmmasbobsgdgeo
693006900 s 3M0L ©bT-ob FoMrymgdo, HMIWIdoE 3OHMYI30MHEIds FoBHMmBoL 0bFHIOBIBMMO
00613900l d0M™M3539090. AGNORS 5oL JOHmImbmdmewo bgadgbdgdo, HmIwgdog 53moMgd9b
603mbMING  H0dMEM3gobol T5535L, A9bEagdMos BN 930M396GHOME  JOMIMbMIsBy
Mosbmd®mozs 13,14,1521 s 22. gl bm3wgms®eo  Gga0mbgd0  sbmEoMgds 95539
36530LGH™bol 3OMEJ0bIVD, HMIWYGOOE SMROMOMBOEIVIM0S. BOOMIIMO MMR60DsGMOO
093006980 (AgNORS) 29baopqgdweos »xmgol dodmzdo. AGNOR-ob 3gdbozom 0wmgdgds
30900 9gMbg30mo  39MOEbEol  3memomo  Ggdbogom. AGNOR  wosds  99odemgds
30999505 0gml o300 [gOGHoww ol Lsboo Mm3GH03mmo dozmmlizm3ol d39d. AgNOR-ol
3BOHOOWO MomIbMdS 9393800 JIME0s YYXMIJOIOL FOBOHPOE? 3OMEOGIM30LMB[1],
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Assessment of proliferative activity of endometrial stromal tumors using AQNOR
technology
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Abstract

Endometrial stromal sarcomas (ESS) are rare neoplasms that arise from the endometrial stroma and
account for less than 1% of all uterine malignancies. Diagnosis of ESS can be challenging due to its
morphological overlap with other endometrial tumors, such as endometrial stromal nodules and
stromal endometriosis. AGQNOR count is a marker of cell proliferation and has been proposed as a
potential tool for differentiating between different types of endometrial tumors.In this study, we
analyzed the AgNOR count in 50 cases of endometrial tumors, including endometrial stromal nodules,
stromal endometriosis, low-grade ESS, and high-grade ESS. Our results show that there is a significant
difference in the AGNOR count across different types of endometrial tumors, with the mean AgNOR
count increasing with the severity of the tumor. Endometrial stromal nodules had the lowest mean
AgNOR count, while high-grade ESS had the highest. These findings suggest that AQNOR count may
be a useful marker for differentiating between different types of endometrial tumors, including ESS.
However, further research will be needed to confirm these findings and explore the clinical utility of
this marker in the diagnosis and management of these conditions. Overall, our study contributes to our
understanding of the biology of endometrial tumors and provides valuable information that may be
useful in the development of diagnostic and treatment strategies for these conditions.

keywords: Endometrial stromal sarcoma, Endometrial tumors, AgNOR count, Cell proliferation;
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0baloomMgdL 5530560L 930IMTMWO BOPOL GodEmmol Mg3g3GHm® 2 (HER2) 36Gm@Egobol

239005350000 9udMglos, MHMIgwos byl  MFYmdL  30dML  MXEOIIOOL  BOELL S
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39005MPR9BsL. HER2 560 9300096M399¢00 BOH@OUL g3od@ Mol 619393¢™M9d0L (EGFR) mysbol §gz@o
©5 300Mgdos ERBB2 39600 89-17 J6mImlicmdsbg. HER2 85053563900 459mbs@gs o939
SbME0M9YdS 5605 FoMEHM 53O IBOY J(3935L0056 50539 M930OZ0L MMM FoMdE0 HOLIMI6
d9L505d0Bs© FMEMGMO FGBOLEHIBYOOL sSOBGOMBILMD S Fos EgESEME BsB3969dGOMS6.

HER2-©509800m0 Ls6d939 x 06330l 3080mb 3ar0bolw®mo dosmm35 HOMYIE0s, Mo@sh 53 Godol
LodLbogbggdo  OLEBHMOOMSE  939300MJPMWos 3O  T9IRJOD.  mdgs, HER2-%g
©5d0Bbgd0m0 MgM300L BIMY35T, OMPMOOES BHOLEGMDMBB0, 39OEGHMHMTD0 S SM-
AOLEGHMBMIsd  gdBHBBobo  (T-DM1), dmobobs Mg3zmewsos HER2-sgdomo  Loa0dgzg
X063300l 300mb 93Mbsmdsdo s 3603369cm3bs 003X MdgLS 353096GH0L F9ga900.
009bgo350 93 0gM3300L  [o®mdsBgools, HER2-Bg gs80bbmmo  sp9b@GHgdol  dodstron
H9HoLEIBGHMds MBgds 860d3bgem356 9o98mf39350, o3 boBL Migsdl 939MbsMdOL sbogro
LEAOGIP09O0L LdFOMMGISL.

HER2 gdud6gbos ©9ames®@)mo@ 3sbgds Latdgzg x0633wol 308mb ddmbg 353096@ 9000
03996m30bEHmdodool (IHC) @s/sb garmmMglsgbizool in situ 30dGoobsgool (FISH) @gdbozol
399mygbgdom. HERZ ©is0gd00s 2560L5B03mgds, Gmymei IHC 3+ 56 FISH-sgdomo
LodLogby. ®MwIEs, dMEMEPOMObEgMds 33eg390ds SB39bs, MM Esdocro (low) 56 M@ ®s
©sdseo (ultra low) HER2 gdu3églools 3dmbg 3530963 gdL 99w9dwosm 33¢s3 olaMygdemb HER2-
B9 ©530Db6900000 MYM30E0 B85 GOOm. 5J9sb 25dmB0bsMY, 0OBOPIds 0bBHgMglio HER2
©5©9J30MMIOL 30006037900 BRYOBIOL bgEsbseo AoBLEBOZMOL J0ToM, Moms JOMOMSW SO
30Bbo  0lobogl gosobgmli 3530963900 sdsewo HER2 gdud®glboom, 6sdsg dgodegds
239985MOMMML  93790bsMmdol GgLodegd™MdJO0 O F39RIOOMML  sF0BbJdODO MYMHS300L
353096900 3m3wamszogdo[4].

9300 9M-09096400M0  BHEOBLEMOIs30s (EMT) 6ol domemyon®o 360m3gbo, MmIeol
@OMLOE MXOIIO0 396025396 9309 ME FoboliosmMYdEIGOL, MMYMOOES MXOIP-IXMIOOL
50039H05 5 53035 YMH-B5D MO FMEsMMBS, S 0dxbgb IgHB9bJ0dME M30LgdGOL, BMYMEMOESS
33HMEOWwo  IMdOOMds,  0635HD0MMHMds @ 933m3GHMbolodo  oboswdpgymds.  EMT
69399C0MJdS  BHEMBLIO0BE00L BsJBHMMGOOL “mMmo  Jugwom, Lsbogabserm gbgdom s
PR 909 JoBMogbol 3tm@Egobgdom[l], [2], [5].

dmdmls 300mb O™ EMT 95059%Y39¢ G0l 00585900l LodbogbMo YxM9ggdol 0635HB0MBdOL,
393OLGHDJOOLS S MYMH 330050 MHIHOLEHIbEHMBOL Qsb30ms0gdsd0. HERZ-500900m0 drdmls
300 SLME0MEYOS 2oBMHo EMT-06 053538060939 3960l 9du3MgLoslmsb s dglsdsdols
MROM 53090 BIBMEBH0306. 33¢09390ds 5B396s, H™A HER2 Loabscrol gsd390sL d9o9deos
3909dBHommml EMT Ggammo@m®mgdo, Gemym®oigss Snail, Slug s Twist, sz of393b EMT-U o
LodLO3gbMHO  YRMJOIOOL QoA 0YIMYOM  JodEBEOSL s T9FMsl. wWRG™  dgBos, EMT
053538069005 HER2-%g ©580B690000 0g6Ms300bs0d0 M9HBoLEHIBEHMBLmD, Gog boBL
ls359L d9dMl 300mb O™ HER2 Logbseols 4os3gdstis s EMT-U dméob «émomoghhoddgogdols
293900L 3603369c0mdsL[6], [7].
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658096009 EMT 9563960 00096GH0530306M909)00s, MMM 3 3m3GIb30vM0 1gMsdorwo bsdobby
dx9dMb 3000b EOMU. op5c0ms©, EMT &Msblghog00l god@m®o, Twist, boBggbgdos, Hma bgwnls
Hgmdl d7dml 300mb d9EoLEGIBIOL s SMOL 3mEHIBEMOO MYMHI30o Lodobby.

23965 53ols, EMT-0l 959mdf3930 Lobogbsenm qbol, TGF-B, smtymbzs 990mmsegsHgdeos,
O3 HER2-005009000m0 d9dml 300mL 3m39b30meo 0gMsdos. 09d3s, LogoMms 990amdo
331093900, oMo 2560LsbEgOMl EMT 856039609008 ©sd0bbgdomo mgMsdool 3wwobozmemo
99%39dGIOMdS S MBsBROMbMYdS Il 30dMb 33OBsEMdSTO.

bodbogkbMMo 06RO Ao  wodgmagodPo  (TILS)  s6ob  0d9bm@o  MxMgEIdOL
393960960 303305, OHMIAWgdo3 d90sb Lodlbogbol dozMmMmysMgdmdo Lodlogbmemo
3630396900L sOLGIMIOL Ladslybme. TIL-gdo gsbobogds 300mb Fobssmdwgy dsbdobderols
0996160 3sLboll 3609369cMm3s6 3MA3MbgbGI© o bsB3969005, GMT oo sOLYGdMdS o
9905009960Mds 53530060930 Bb3salbgs GHodol 30dmlL 3wobolzm® d9gagdmsb, dom
dmeol dmdml 30dmbL[8], [9].

TIL d90p90s Ubgssbbgs GHodol 0d9bmemo mxMggdolysh, dso dméol T wxégogdo, B

X 09900, d769dM0gz0 83390 (NK) 9x690900 © ©9b®o@wo 1xMI©9do s Bbgs[7],
[10].

TIL-9d0 990degds ©s0gmb ™M doMoms© 393JMOM05© 85000 m3seobsgool dobggzom
LodLO3gbglSb F0FsMIMNGOST0: 0bBHMIGMIMEmwo TIL-9d0, HMIWId0E PobEwsygdMWOs 9350
LodLogbH Jumzowdo s 39MHoGWAmOEo TIL-gd0, MMIWgdos Pobwsygdmwos Lodlogbols
3960089MH05bY.

TIL-gd0l  dgxobgds  LsMdgzg xoM33wol  30dmdo, GOmymedag  (obo,  bmOEogwgds
UGObIOGH0DJOMWO  30LEHM3SPMEWMYOMMO  FgOMPIIOL  25dmYgbadom, o3 PolbIMdL
0dnME0GHJOoL  MoMEIBHMdIM0Z  goblsbeg®msl  Lodbogbol LEHMMAsdo. Y3zgwsby bdoMs
2999969090 3O MmEHM3Megdo TIL-ob 995358900Lm30L dmdnl 30dmbm3ol sHOL LygMHMNSTMOHOLM
TILs Ls0wdsm xamxol (ITWG) 6g3mdgbosgogdo s TILs in Breast Cancer International
Consortium (TNBC-IC) 95000¢006900. gl 3Om@GM3megdo  3oblbgsggds TIL  dJ39¢039d0L
3963503 gd0m s TIL Gom©gbmd@®mogo goblsbmamolmgol 4sdmygbgdvwo dgmmpgdom[11], [12].

0MM 3300939005 258M03wo0bs  30TONE0 3500 MYooLs S odmbobmemgdol  sbsgroBol
39db030L  sbowo Foymdgdoom TIL-9d0ol  Fgxzslgdolsl Madm  BYlGo ©s ™mdogdGHMeo
50 9bMOM030 49bLBPZMS, M55 303 MBOM Jgodwrgds bgo Jgmfiyml TIL asbmdgzgdols

06@9365305L HMEH0bM 300060396 365JEH03530.

HER2-©509%000 dwdxl 300ml d9d0mbggzsdo, s6lgdmdl dHsmo 9330390 gds, Mmdgeros
9099000090l ©5JOOM 3MMGEs305Dg TIL-900lL sGLYdMILS S 380603 ME 458Mbogsels maMob.
650096009 339350 5bg3g 9B396s 860d3bgEm3zsbo 393060 TIL-ob domoer @mbgls s
239X MOYLYIM  oMRIBsl  TmEOOl  HER2-ogdom  Lo®Mdgzg x0M33wol  30dMmmo
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Q5593500900 35309639090, HmIwgdos 939960bscnmdbyb HER2-530%bg000m0
09Ms30900m[8], [13].

09935, HER2-0s9d0m0 d7dml 3000 3eroboz«w®mo 99w09a900L 36HmybmbBomgdolomgol TIL-
900L M3EG085¢0 M0 Mbg s 939 Fobo G950 AbWMdS MRJdS XM 3093 Tgufogewols Logsbo s
LoFoMms Jgdamdo 33093900 98 a96Mgdmdo TIL 25%mdgzqdol 3000603960 LaMagdmdols
5L gbs.

PD-L1 (@336m3M539099c0 L033eomol-gogsbo 1) 500l gows, MmIgeog 3odmbo@wmos
BMQ09m»0 MXMIOL, F50 FMMoL 30dMmb VX HYEIOOL HBIPIS0ODY, S YYOHMNOYOHMNJIggdls PD-
1-056 (33O MaE5390w90 MxM9goL o33zl gows 1) T MxregEIdol bByEsdo®by domo
5d3H03md0L  IMMYMb30L  Jobbom. gl MOPOGHMNJIgEIds MOl  gPm-ghmo  dgdsboBbdo,
OMIWomsi 300mb MRMJOIOL 99Mdosm ™30 959M0EMB 0316H LobEGHgIsl O 09300

2030 mb 356saMgos[9], [14].

HER2-s@©gd0m0  dmdal  308mL ©6ml PD-L1  gdud®gbools 99x3slgds  gobs 33930l
36033690 m3z560 LBgOH™ 53 J39E030L I3MObsE™dSdo PD 1/PD-L1 063000 ™6 9d0L 3m@E9630mMo
Mol 2odm.  3aobogm®ds 3310939035 oBggbs  39OL3gdBHoo  dggagdo PD-1/PD-L1
063000@HMmMgool  999mygbgdoolsl  HERZ2-sgdomo  Ls0dgzg x0633wol  300ml  Ommb,
3963 Md00 HER2-%9 2590069900 0g60300bmab gOms[15]-[17].

50096009 3309350 99Mm033¢0s PD-L1-0b gsdmbsdmwgds HERZ  @sgdomo  bsdgzg
X0633w0ol  308mdo @5 dmblgbgdmmo odbs PD-L1 gdudégbool 33wso  9s639690egdo.
Dma09mHdd 3309350 sbg3g 563965, ™A PD-L1 9Judmglios 0o393806093w90s 3990 3OHMAbMDBmb
HER2-s@gd0m0 bs®dg3g x06M33wol 300ml MOml, Bmyo 3o 96 50b0dbsgl 3609369wm356
3930060, 0wdzs, PD-L1 9dud®gbool 3¢0bozm®o 860836germds HER2-sgdom Lotdgzg
X063300L  300MmbM30L XM 30093 399IM33939W0s s LyFoMms dgdamdo 33wg3zs PD-L1
9gb3Gglools  JgBsligdol M3EGH0ToErMEMO  GgoMIOIOL  OLOAIBsIE s 98 J39BH03do  dolo
36 MabmBoMgd5000 36033690 ™md0l MROH™M BB 49bLsBEZOOL dobboo.

bodLo360b ,,05009080" 2oboLEBOIMGDS, BrmymeE LodLOZEMGmO MXMIEIOOL F30609 96 Fsw3gMwo
MXM90J00, OMmIGOo3 ©OoLbME0MEYds Lodbogzbol doMomso 39006 s oMo FMgds
000090569 LE®MIsAo. bsh3z9bgd0s, GMI LodLogzbol “350)d0™ 5393006093 Yos  Lodbogbols
RO 50980 J39350096, W0IBMG 335639080 FgEOLEIBIIOL FIBO O SEBSMMBSLMID
DM 3 3OMbmBMb M39gbody GHodoL 30dmb, dsm dmMols d7dMl 30dMb. 3565MdIb,
6Omd  bodbogbol  “d5gd0™ Fgodargds  ogmb  BsBmwwo 93009 MH-d9bgbJodmwo
G®BLEMOA>300L 30mgubdo (EMT).

LodLogbol “350gd0™" AsFMbsBEO3L F9HgbJodMGH Fo639MdL s Fglsdsdols, olobo dgodwrgds
§969m509696 300mL Mx 9O J393M3Ms30sl, HMAEdToE oSl EMT.
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TIL-bs @5 LodLogbwe “doqdL™ TGOl MOHDOgMMds EMT-0b 3mb39duGdo s®ol sy@omdo

3309308 bggOMm s 99odwgds 3Jmbgl o3wgbs dmdMl 308mL  33MObIEIMBOL  Sbogno
096530990 bAMSEJ0g00L 993853905DY.

LodLO3gbYMO “"B5Jd0™ sTHTsMY 3BIMABMBMEO BIJEMM0S 30dML MTEIB0Tg Lobgmdsdo, dom
dm6ob  dmdml  30dmbogol.  dMdml  300mb  LodLogbmMo  “dsEgdol”  Fgloxzsligders
6930096900 3OHMEHMIMEo  dMoEsgl Mmmbsdg LodLbogbmMo  MXMIOL  JeSlEgMOL
0096¢053030609d5L 306390 LodLO3boL Y39 sHg 0b35HOMM sEYOWdT0.

36MOM9bmmo  M9g393G™mMm0  (AR) Mol doM™MZo  3mGMIMbOL  MH9g393GHMMO, MHMIgos
36003690356 M@l sbOEgdl dmdml be®mdsemMo Jumgowol BOHILS s 33630M509ds80.
3bMHMYgbMmo M93g3GMMoL  3wobozm®o 860d3bgcmds /Il 30dMmbm30L  Jsmmygbgbdo

3093 9JbIMH0S S XIO dMW MY 56 5Ol Jgufsgwrowo.

BMQ09m»d> 33c0g350 9B3965, OHMA $BEOMY9BOL gdudMgliools Jomseo Mby SLM(306MH YIS 9399l
36MabmBMb s JoMm3IMH0bME 1gM305Dg 35Lb ™Mb, Dmao 3o 3oModom. 0BMPIds 0bEHIOILO
3bMH™MPbMo M939G™MH0L ©sd0BbgdoMO MYMa300l 3mEHIbEoMHo MOl dods®on ddmls
300mL OMU, 256L5390Mgd0m LFTsY-15MYMBoMO I HYL 300ml I98mbgg39ddo.

EMT-0ob  g96m@0o3mmo  393960maqbwmHmdol  gsdm33wgzs  Lodlbogbol doMoms 3960500,
LodLogbmO ,,050JOLS” @S  TYBHILEBHIBMO  @OIRNOH 339609030  QosTHY3gBH0s  Lodbogbols
36OMyMHgLoMgOOL E0BsToIoL  2olvggds© O  9BRIIAHIO0  gM30Mo  BEMBHIH0gO0L
89999953900bm30L. EMT 95639609008 ©5d0bbgds s 0d1bmMo 3sLwbol dmmarszos s6ob
396L39dBH0Mwo LAHMBHIR0Jo0 353095G0L T99Rgd0L olorgdx mdglndes©. HER2 Loabserols
390053990L, EMT-Ls o 00mbmé  3sbvbl dmMol  Ommogenddgogdol 453905 dgodegds
596356l HER2+ d»dmls 300mb ma3m 9539JG60 83290b5¢0mdols gob30macmgdsdo.

L5 S 3900MEIPO

23956bMM 3090900 0dbs MgBHOML3gIGHIo 33935, MMIWOL RsMYgddoa godmygbgd o
0gbs d0olol Lsbgerdfonm bsdgogobm boggmliodgdol Lolfsgerm, Lsdgisboghm s

0536MLEGH03MNO0  WIBMOSGHMOO0L  5M539MOLMbsoHIdME BMOTsobdo BodloMgd s
3505530600 Bsdgbgdmar (FFPE) dcnm3gdol 2018-2023 (jergddol Lostdogm sboems. 3393590
Bon30lL  300GHIM0MAL oMo gbs dMdml 0b35BoMMmo BoobMol 3s6E0bmdols HER2

3D0G0MH0 360 9393030l Fbmemm 3mbEMm3gMogowo d9dmbzgzgdo.

33w935 B FIMHowol  Mmdowolol Lobgwdfoxzm Lsdgoiobm mboggdlo@gdol gmozol
3mdobool dogH s b0dmdgdol dgaMmazgdols s sdMTdsg9d0l MML sgwwo ogm CAP-ob
250506900 s Fglsdsdolo 3GmEmzmegdo (Protocol for the Examination of Resection Specimens
from Patients with Invasive Carcinoma of the Breast VVersion: 4.8.1.0 Protocol Posting Date: March 2023)
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3990b39350m5 LOGONM MMEBMdS Fgoagbs 30 353096BL. 35:3096FGHS LsdoeEM SBs30 0ym 42
fowo. 69900 wodnweo 3356d990L 9900b393900 33193530 56 0dbs BoOmIE0. sGEIO™
353096¢)L BgM0356EGHWMO JoBoMMIM3305 56 BoBoMgd0s.

3309359 09ox35Ls Ubgoslbgs 3565890, dsm mEmol Lodbogbol LESOY, 35309DEHOL sby30,
LodLbogbol OxBIMIBE0SE00L baMolbo s W0dxrM3zsL3MWMHO 0b35B0s. Lodlogbm®o ,,050900”
99535b05 M5MEIBMdM030 95351900l dgomEom. Lodlogbols 0bxzoEEHEMSE0O WOIRM30EJOOL

360™396@G Mo 3563969090 sbigzg F9nsls LogOmsdm®olm TILs Bsdmdsm xamxzol doge
9900 6930996530900l dobggom.

by@ooo N1: A, H&E ¢9d6mamg00s:100X.odbogbol ds06g30a@EH®omgdguo wodgmsodgdo 50%; B. IHC ¢ gdbmwmmyos:
400X.30096¢3 060l 9dudmglios odlogboli-dswgdo’; C. IHC &gdbmanmyos: 400X.E-3503g6060b 9gudmglios bodlbogzbols doMomasm
396590, D.IHC ¢gdbmemyos: 200X.E-350390M 060l gdbdmglios bodlogbol-dsgdo F.IHC ¢gdbmwmaos: 200X. dg@s-35¢gbobols
993G gbos Lodbogbol doMmoms 396M5d0; G. IHC Ggdbmemaos: 400X.89¢3 535396060l gdldMglios Lodbogbol-dswgdo; H.IHC
A9dbmemyos: 400X.KI67-0b 9dudmglios Lodbogbol-dswgdo; I. IHC &gdbmanmyos: 200X.30996¢ 060l gdud@glios Lodlogbol
doMHoms 39000,

03996m30LEHMJ0doMMOo Bser0Bo bo@stmes Leica-l 306039ws0 s6E0LbYMEgdOL dsdmygbgdom
Vimentin, Beta-catenin, E-cadherin, Androgen Receptor, PD-L1, Ki67 s p53 gJud®glools

99L5935L905.
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5bGHoLbgMgdol 9du3Mglos Gglogslis mmb 3m33mbgbEdo: Lodbogbols mGo BB, Lodlogbxn®o
"0500900" 5 39EoLEHOBOMGIMWO 0IRMMO 33560980l I3MboEJd0. Lodbogbol g3ozgbEHMol
M0 M90Mbo IIMOHOMo ogm 1 13-bBg IgEHoom.

995351900 296bMME0g S MO0 M0 JOIO 35DMEMYSBIEHMIADs.

650m9bMdM030  dmbs3gdgdo  2osbseoBs  JgLsdsdolo  LEGSGHOLEGH0ZMNOO  FIOMPIOOL
290mygbgoom. 3MEMgEs300L LGB 250mygbgdmwo odbs Spearman-ol ®sbaols GHgb@o,
bem d96-903Hbol s 3OML3o-meEolol GHglBgdo godmyggbgdmewo 0dbs x3mxsgdl dncol
39056090000  9B5e0Bolm30L.  FgMHdbmdgermds s 1B3930BR03MYOMdS Jgi3sbs 95% ULobom
06@96m35cmgdom. P 360d369¢0mds <0.05 Bsogwowo oym bGs@ob@oznme 860d3bgamasbo.
4395 LAOGHOLEGH0ZMMO ©5349853900Lm30L 353myg69d o oym IBM SPSS Statistics 28.0.1.1

3309308 99093900l 965e0BoLSL  Qom3z5eolfjobgdos  dbmwm  BBGOLEGH03WMs©
3600369 ™3560 3mOgwszogdo.

8993000
339000b 89092900L 05655350 Lodmsenm TIL-9d0l 30H™E96@Mmo Gom©gbmds HER2-swgdomo

dmdmls 300mb g39ws bEHOosdo sdmbbos 30.8+13.39. Lodbogbols “dsgdol “  Lsdrsem
50m@gbmds oym 7.88 + 4.63.

3099630bols s bbgs EMT 856396M0L gdud6mHglosliomsh 3530009000, 33eg359 5B396s, GmI
Lodwoem 94u3MmgLos 306H39ws LodLOgbol Bm3mLdo 1 oym 17.2, +11.05. Lodmsem gJu3cmgLlos
3063905000 LodLogbol BM3MLTo 2 ogm 15.84 +11.04. Lodbogbol ,,000098d0,, Lsdwgsm gJu3Mglios
0ygm 25 +16,55. odxwe 335609000 Lodmsem gdudMglios ogm 22.8 +14.43.

LodLbogbol LbgzoEIlB3S LB JOOL MZseLEBOOLOM, 3319359 5B396s, MM TIL-9d0l LsdMsEM
MomIbmds Yz39wsby Jowowo ogm Tl LEs0sbHY (46.25), GSLsE dm3gzs T2 LEsos (32), T3
UBoO0s (27.86) s T4 LGSOsS (17.5). Lodbogbw®o ,,d509d0L,, LETMsErM MOMPIbMDS Y3gsbY
Fo0oe0 0gm T4 bEo05BY (13), Mol dm3yzs T3 LGsos (9.29), T2 LGOS (6.7) s T1 LGoos
(3.25).

40.00

30.00

T T !

10.00

Mean

VimentinP1 VimentinP2 Vimentin TB Vimentin.LN
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@00gM5051: 309963060l 9dldMglios Lodbogbol bbgsalibgs bBsbosdo Lodlogbol doMomaw 39Msdo, Lodlogbol
1,000090L9,, S IgELBHIBOMYOINE OIFME 33569030,

309963060l 9dudmgbos  Lodbogbol doMoMsOo 39M0L BM3ML 1-00 oym g4z9wsBHg dowswo T4
UG50500 (25), Msbog dm3yggs T3 bBoos (20.71), T2 bGsos (18.5) o T1 LBswos (0). 303963 0bol
9936 gbos LodLogbol AoMOMoEO 39MOL BM3IML 2-00 Y39 sBY Fo@oeo ogym T4 bideosdo (23.75),
MoboE Im3yzs T2 bGeoo (19.5), T3 LEsos (14.29) s T1 LEsOos (1.5). 30396E0boL gdudmgbios
LodLogbol ,,050903d0,, 439esbY JosE0 0ym T3 LBeosbHY (32.86), ML dm3yzs T4 LiGewos (30),
T2 bEoos (27) s T1 LEsos (1.25). 30996EH0boL gdudmgLos odBMG 3395609030 yz9gesby
Jo@oeo 0ym T3 LEGHSOsBY (32,86), 3909y T4 LEHsosby (28,75), T2 LEBSOsBY (22) s T1
UGo0sbY (1,25).

80.00

o 1 1

40.00

Mean

2000

E-CadherinP1 E-Cadherin P2 E-Cadherin. TB E-Cadherin LN
T

©O00M5052: E-350039M060L 9gub36glos Lodlbogbol Lbgsalibgs bGsbosdo Lodlogbol doMomaw 396530, Lodlogbol
1,000090L0,, S IgBOLEBSBOMYPOINE OIFME 3356d9030;

LogPomem Lydwsem E-Cadherin gdud®gbos 3o06H39wse@ Lodbogbol Bm3MLdo 1 s 2 oym 62.72 o
64.2 99L50580L5©, brgrm LsdMswm 9dudMglos Lodlogbme ,,05090bs,, S WoIBMO 3356d90d0
500mBbs 52.72 5 53.76.

T1 bEoEOosby, Ladmswm E-Cadherin gdud®glios sdmBbs yzgersbyg dswso, 360d369wmdgdom
87.5 30639 LodLbogbol Bm3mido 1, 85 30M39wso Lodlogbol Bm3wmldo 2, 72.5 Lodlogbols
,,00009030,, 5 72.5 odgxM® 33:609000. T2 LEeosbg E-Cadherin-ol Lsdwoem gdudMglos
99930005 64.5 86093690 mdgd0m 30MH39ws LodLogbol m3mLdo 1, 68.5 30M39ws© Lodlogbols
53m3mbdo 2, 50.5 Lodbogbolb 3306 Fgdd0 s 51 odRwME 3356d9dd0. T3 LEsosbg E-Cadherin-ol
Lodwoem  9Ju3Mglos JgsMgdom dvdoz0 MRIdMES, 860d3bgmdgdom 54,71 306M39wo©
Lodbogbol m3zMLdo 1, 56,43 30639ws0 Lodbogbol gm3wmlido 2, 52,57 Lodbogbol ,,05090d0,, s
54,86 00xw6 335609000. T4 LEsosbg, E-Cadherin-ol Lodmsgm gdudMglos 3093 MBO™
999306, 36003b90mdgdom 47.5 3oMm3zgws Lbodbogbol gm3mido 1, 46.25 306H39ws@O0
Lodbogbol gm3zMlido 2, 38.75 Lodlogbob ,,85090d0,, s 40 WoIBYO 3356d9000.
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9439 5Hg 00 LEHIBPIOEGHMWO A5DMS IROJLoMES T1 BEGHSOsBY, Bl Jommomgdl E-
Cadherin-ob  «¢gOH™  bEAHd0EWMEO  gdudMgLOSL.  sdob  LE30MHOL3OMME, Y39wsDBg  FoMOEO
UBOBPIOEGHMWO F5BOOL F60d369eMdIO0 sBoJuoMEs T3 LBHOOsDY, B3 F0YPOMGOL 53
LEsosdo E-Cadherin go0mbo@gol «atmem 9@ 39¢90mma96w9mdsb.

50.00
40.00 [
30.00

20.00

Mean

10.00

Beta-cathenin.P1 Beta-cathenin P2 Beta-cathenin.TB Beta-cathenin.LN
T

@05aM30s 3: ¥Bo-3539b0bo gJudMglios Lodlbogbol Lbgsslibgs bGsbosdo Lodlogbol doMoms 39Msdo, Lodlogbol
,,000090b5,, 5 39 LEHIBOMYPOINME oIFMG 335609030,

5830JL0MES B9GS-353960b0L gJudm ool YOS T1-sb T4 LGsosdwy Lodbogzbol 30M3gwo
3m3Mido. 3mb6309GMws©, 09F9-353960bol LsdMswm gdudeglos Tl LEsosdo oym 5, T2
bEBO©0sdo oym 30.2, T3 LGHo0sdo ogm 49.29 s T4 LEBSEO0sdo oym 57.5. WRGM dgBHoE, d9GS-
359b0bobls 9Ju3Mglos g39wsBg Fowseo ogm Lodbogbe ,,85090d0,, Lodswm gdudmglbooor 40.48.
LG96IOEGMWO 2oEIBGOL BB0TZ0gEMdGBO sl5939 3969MMBL, BT B9ES-3939bobol 9duddgliool
39390961 mds 439w sbHg Fopsos T2 bEGHo0sHY s Y3gwsHg ©dswo T3 bEHoosby.
Loghom %5880, 89092900 FommOMIOL, OHMI 09Fs-353gbobol 9JudMglos M0 IO
LG905DYg S F90dwgds 3JMmbgl 3mEHYB30IMHO O™ LodLogbol 3GMYMILOMYdST0.

(5) 890099900 sbsgrobo
T Tils Tumor Buds in.P1 Vimentin.P2 | Vi in.TB | Vil in.LN
T Pearson Correlation i) -.599** .636** 599%* 423* .488* 601%*

Sig. (2-tailed) 0.002 0.001 0.002 0.035 0.013 0.001
N 25 25 25 25 25 25 25
Tils Pearson Correlation -.599** 1 -.746%* -579** -0.293 -451* -.483*
Sig. (2-tailed) 0.002 0 0.002 0.156 0.024 0.015
N 25 25 25 25 25 25 25
Tumor Buds | Pearson Correlation .636** -.746%* 1 .685** 0.261 75158 475>
Sig. (2-tailed) 0.001 0 0 0.208 0 0
N 25 25 25 25 25 25 25

3b®oo 1: 300Lembol 306 9wsE30vIM0 353060930 9989y X 3IRBIdL dmmol: bodlbogbol bEswos, Lodlogbol
0506530GHGoMO IR0 wodgmEo@gdo (TILS), Lodbogbol ,,d509d0,, s 30996E060;

330930l 99009900L Lsgdz9wbg g0dewrgds 303509 M®M, M SGHLYOMOL A0 IMHO IWIIONO
30M9ws30s T-bo s Vimentin-ob gdud®mglost dmGol 3oM39wso bodbogbol Bmzmudo 1 (P1),
3063950 bodbogbol gmzmuido 2 (P2), Lodbogbol dogdLs (TB) s odBwWG 3356d98d0 (LN),
36OHg5300L 30953030963 gd0m 0,599-00s6 0,601-0¢09.

TILS 650m@gbmds “9909ma000© sM0ol 0353806090990 T-Lmsb (3mMgwszool 3mgzozogb@o = -
0,599) s LEALOZEwE B>IVML (3NOgEsEooL 3Mmgxzoi0gbE = -0,746).
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LodLbogbol ,,0500900"  IPIIOMSE  MOL  35300MdMo  30096F0bOL  9Ju3MYLOSLMSD
30639 bodbogbol gm3MLdo 1 (3mMgwsool 3mgxzoE0gbE = 0,685) s 0dRWG 3356d90mM6
(3mOgs300L 3m95030906G0 = 0,747).

E-Cadheri.Pl E-Cadhe.PZ E-Cadhen.TB E—Cadhei.LN

Sig. (2-tailed) 0 0 0 0.001

N 25 25 25 25
Tils Pearson Correlation S575** .536** .433* 462*

Sig. (2-tailed) 0.003 0.006 0.03 0.02

N 25 25 25 25
Tumor Buds |Pearson Correlation -.505* =D 7] -.443* 0.348
Sig. (2-tailed) 0.01 0.003 0.027 0.088

N 25 25 25 25

3bOOEo 2: 3006953009M0 353800 gd0 T9IY X3IBIOL FnMob: Lodlogbol LBswos, Lodlogbols
0506530GHGHOMO IR0 wodxzmiEo@gdo (TILS), Lodbogbol ,,d509d0,, s E-3sw3gtobo;

5006086905 MoMyma0mo 3MEMHIW30900 E-3500396060L 9Jud6HgLosk GmEmol mmbogg awm3sgosby
653 30momgdL, MMI E-350039M0bol 9du3Mglools sg3g0mgds ©s353d06M9dwwos TIL s TB-U
6500 6Md0L 5HOE L.

g439wsbHg d0gMHo YSMYMBOMO 3MOJIs30d IBO0JLOMES E-350396M0bol 9dudmgliosls dm®ols
3939LEBoMGOME WodgMEmo 336dg00Ls s LodLogbol B3gdOL 9JudMHgLOOL Mom@gbmdsdo (r=-
0.571, p=0.003). ©3©Jo0mM0O 3MOHgs309d0 TIL s Lodbogbol ,,05gdoL,, MoMEIbMBL FmMol
mmbogzg m3s305do  39MmMmdl, ®md  Lodbogbol ,,850gdol,, MUGOMDILMSE  Tgodwgds
bME0MOME0 0gmlb 03MbMM0 06RO G300l goBM..

09935, 0™ 356339790 35600530900 3MMGE530930L Lo®(dMbmMdsdo Lb3oolbgs 5Q0WsL.
939wy LLEO 3MOGEs30s  IBOJBOMES 8500900, MOMEIbMALS s E-3500396M0bol
9Jb36MgLosL ImGOL 0dBHH 335609030 (r=-0.348, p=0.088).

50b08dbmo dmbs399990L Lyg3mdzgebg 8godergds 3035MoMEmm, Gmd  Jdgdzocgdymo E-
39039600b0oL  9JudeMglos s AsbMowo TIL s 85009000, MomEIbmds dgodwgds oyml
LoLoMAO M 3OHMYBMBNo B0 39O 980 ddmb 30dMLMZ0U.

Sig. (2-tailed) 0 0 0 0

N 25 25 25 25
Tils Pearson Correlation -722%* -.666** -.670** -.673**
Sig. (2-tailed) 0 0 0 0
N 25 25 25 25
Tumor Buds | Pearson Correlation .664** .660** .548** I 700
Sig. (2-tailed) 0 0 0.005 0.003
N 25 25 25 25

3H®oEo 3: 30:69E30IM0 353800 gd0 9 XFIBIOL FnMol: Loduozbol bBswos, Lodlogbol

0506530GHGOOGR 0 wodGmEo@gdo (TILS), Lodbogbol ,,d509d0,, S dYE-35G9b0bo;
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306LMbol  3mMgms3zool  3Mm9n03096Bgo0  860d3bgrmzsbo  oym  g3zgms  xaMBL TGOl
0900560 g00Lsm30L (P<0.05). dgEo-350096060L 9JudMglios 3oMgzgws Lodbogbgdo dB30EI© 0y
053538060900 ol 9du3MgLoslmb OHMymG 3 Lodbogbol ,050gddo,, 1939 WodRMO 335609080
(r=0,816** o r=0,744** 9qLsdsdolo), 9939 TILS Mom@gbmdsLmsb (r=-0,722*) . sbsgrmyom®ac,
09BHo-3509b0bol 9JL3MGLoS 30M39es@ Lodlogbol gm3mldo 2 ogm 8330390 WI3S3T0MOMEO
3ol 9Ju3MHgLOSLMB BMAMe 3 LodLogbm® ,,05090d0,,, 939 WoIgMe 335609880 (r=0.842** s
r=0.744*), sbg39 TILS ©5m@©gbmdsbmsb (r=-0.666 **). dgEs-3smgbobol gJudcmglos Lodbogbm®
,05009030,, BMI0gMO© 0ym 5353800900 oL gdudMglo sl odgme 3356d90d0 (r=0.576**)
5 bYLGHIE 3MOIW06OdMEo 0gm ol 9Judmglosbmsb 30M3gws Lodbogbol gm3mlido 1-8o
(r=0.664**).

Androgen receptor.P1 | Androgen receptor.P2 | Androgen receptor.TB | Androgen receptor.LN
1l Pearson Correlation 0.386 0.373 .424* .452*
Sig. (2-tailed) 0.056 0.067 0.035 0.023
N 25 25 25 25
Tils Pearson Correlation -0.371 -0.39 -0.344 -0.395
Sig. (2-tailed) 0.068 0.054 0.092 0.05
N 25 25 25 25
Tumor Buds | Pearson Correlation .418* .436* 471* .408*
Sig. (2-tailed) 0.037 0.029 0.018 0.043
N 25 25 25 25

3bMowo 4: 3006953009M0 353800 gd0 9 X3IBIOL FnMob: Lodlogbol bBswos, Lodlogbols
0506530EHGOMO IR0 wodgmEo@gdo (TILS), Lodlbogbol ,,d509d0,, - sB6EGMYIBOL M9393GHMOO;

3695305 96OMY9bmwo M939g3GHMMOL 9gudMglosls s TILS Mol s ogm 360d3bgemgsbo
(r=-0.371, p=0.068). 5bscrm019M5q, 3MOHI5305 SB6OMYGBro M9393EHMMIdOL 9Ju3MgLosLs o
LodLogbob ,,05gdL,, MOl o6 ogm 9609369 mgsbo (r=0.418, p=0.037). MI3s, JMOISFOS
b MMy 9610 MH9393GH™MOL 9Ju3MgLosLs s T-U FmEob oym 360dzbgemgzsbo (r=0.386, p=0.056).
306OHgo300L 3933030963900 96OMMYgbol M19393GMMIO0L gJudemglosts @s TILS mGol s
3bMHMYygbol ®93a3EGHMMgdoL gJudMgloslsy s Lodbogbol ,,850gdl,, MMl MM03) IPIIOMO
0y, 353650 30009530900l LodwoghHg MBOM LG 0gm, 3000609 sbEMMYIbOL M9393EMMHJdOL
9936 LosSLS s T-U FmeOob.

BMY909©, OMAMOE BBL, sbOMAIBMwo Hg393BHMMPPOL 9dudMglos MRG™M dF0EOME SMOL
5353000900 Lodbogbol  LAHIOLLMB, 30y  Lodbogbols  Fs0browEHM®OMmIdYE
0dxME0GIOMb. 0935, s0LIB0Tb305, BMT 3MMHYs30930 BOMAIEMO Mg3EI3GHMM OOl
9Ju36HgbosLS s LBOALOZbME ,,850090L,, LMLEGHO TogMed OEIVOMO 0Ym,  ©53 B0YPOMYOL
239603399 353806 58 (335 IOL FMOOU.
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53369

> 5MLYOMBL AWOIMO MSMYMBOMO 300305 LodLogbol dozMmasmgdmdo E-Cadherin-ol

9gudGglosts s TIL-gdob 0bxgowEH®s3osl Mol s 00539 25609dmdo  Bmdogho
WSMYMBOMO  JmOgsios  E-Cadherin-ol  gJu3®gbosts  ©@s  bodbogbol ,,dsgdol"
6500 9bMdSL IGO0,

5MLYIMBL  d0gMHo  IPIOOMO  JMEOGS30s 300963H0bOL  gdudcglosts s TIL-gdol
06530GHM5305L ImOOL s BMT0GHO IO 3MMHIWS30s 30096E0bOL 9JudMgliosls
5 LoALO3boL 803MMYSMgIMTo LodLOZbOL ,,0500900L " MoMEYBMBSL FrMo.

3OBIOMBL IE0IMO IIOOMNO JMOIWS30S 39BS-35¢gbobols gJudMglosts s TIL-gdol
0b6830EHMs30l ImOOl s DBMI0gMo  EIIIOMO  3MOHJSE30S  09BO-353)9bobol
9JL3MgLosLS s LodLogbols FozMmascmgdmdo Lodlogbw®mo 85900l " MoMEOYbMdSL
dmob.

E-3500396M0bol 9Ju3eglios d306Mads Lodbogbol LEsool 3OHMYMIJLOMGILMD gOMS,
9439w5Hg 0O 259Mmbo@gds sR0JLoMES T4 LBoosBY.

653 9996905 d9E9-3539b0obols gdudMgliosls, B396 3bgsgzm, MHMA Lodwowrm godmbo@wegds
Lodbogbol ,,000093d0"  WYROM  FooEr0s, 30O Lodbogbol doMoms 3gesdo. gu
3565 MdL, MHMI d9ES-3539b0bs godwrgds Fgoliermerml Mo 303Mmb YR 9gdoL
3036530530 LodLogbol JoMOMHO 39MH0L LoALOZBOL ,,05009g058Y" . BoYMMOMYIOMY,
Omd  39F9-3539bobol  Lodmowm  9JudMglios 0bMm©gds  Lodbogbol  LEHoool
36y 9L0MGOLMID YN, Y39esBg oo gdudMglos sR0JLoMES T4 LBosDY.

by 500b0dbML, GMI gl 3MOIWH30900 5O 2olbIMdL FoBYHMIGOMOL s LsFoMms
9900 ™do 33093900 98 3306390900l LORYIZgOE SOLYIMO 3MEHIBE0WmO F9Js60BIgdOL
390mbogegbo. ™93, gl sL33BdO o3 ghHMbge bsBL Mugsdl, GMmd E-Cadherin-ob,
Vimentin-olb, Beta-catenin-ob o Androgen ©93g3Gmmgdol  gdudcgbos 356M339M@  OHMEL

O gdL  LodLogbol FozOMYsMYIML  MHJAMWs30sdo s LBodLogbol YBGM  sAMILOMEO

5396m G308 Bsdmygo0dgdsdo,  sbowo mgMsdorwo  LsdoBbgadol 899998539850 Tgodergds

3600369 m3bo@ 200mdx™mdgLml HERZ 3mbo@om®o dmdml 300mb 3960LmbswoHo®mqdo

9399065 Mdol g0 MmEgdo.
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Comparing Changes in Epithelial-Mesenchymal Transformation Markers in Different
Tumor Sites of Breast Cancer with HER2-positive Molecular Subtype

Shota Kepuladze?; Irakli Kokhreidze?; George Burkadze®

1Phd Student at Thilisi State Medical Universiy, MD, Clinical Pathologist; 2Professor at Thilisi State Medical
University, PhD, Mamologist; 3Professor at Thilisi State Medical University, Head of the Department of
Molecular pathology;

Abstract

Breast cancer is a heterogeneous disease that can be divided into different molecular subtypes, each
with different clinical and pathological characteristics. HER2-positive breast cancer is a subtype
characterized by overexpression of the HER2 protein, which is associated with aggressive tumor
behavior. The process of epithelial-mesenchymal transformation (EMT) is believed to play a critical
role in tumor invasion, metastasis, and resistance to therapy in HER2-positive breast cancer. Tumor-
infiltrating lymphocytes (TIL) are an important component of the host's immune response against
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cancer, and their presence and composition have been shown to correlate with clinical outcome in
various types of cancer, including breast cancer.

Our study aims to reveal the phenotypic heterogeneity of EMT in different tumor sites, including the
primary tumor focus, tumor "Buds” and metastatic lymph nodes by molecular typing of HER2-
enriched breast cancer. The expression of EMT markers, including E-cadherin, Beta-catenin and
vimentin, was measured and significant differences in expression were detected. The presence of
EMT in the main tumor focus and tumor "Buds" was associated with a worse clinical outcome.
Furthermore, the presence and composition of TILs varied between tumor sites and correlated with
the expression of EMT markers. Based on the findings, it can be assumed that EMT is a heterogeneous
process and that the presence of EMT in different tumor sites may have different clinical implications
for HER2-positive breast cancer. Identification of biomarkers associated with EMT and TILs may
facilitate the development of targeted therapies and improve personalized treatment for patients with
HER2-positive breast cancer.

Keywords: Breast cancer, HER2-positive, Epithelial-mesenchymal transition, Tumor buds, Tumor-
infiltrating lymphocytes, Cancer Biomarkers;
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[TorenuManbHas BO3MOXKHOCTh IPUMEHEHUS OTXOAOB ITUIIEBBIX IPOU3BOZCTB JJIA

IIOJIy4Y€HUs CPEACTB MEAUIIMHCKOIO 1 KOCMETHYECKOro IIPUMEHEHM.

Coobmenne 1. Mcrons3oBaHie OZHOTO U3 BUZOB OTXO/A IIPOM3BOACTBA KYKyPYy3HOTO 3€pHA
KyKypysHoro ménka (063op).

Kaxerenumse M.B.}, Kukanumsunu B. 10.2, T'abemaa M.AS., Asuu I1.A.4, Mcxunanze JI.B.5*

1 /loxTop (papmarmy, crapuni Hay IHBIH COTPYAHHK HHCTUTYTA papmaxoxumun uM. M. Kyrarerazgse
Ténnuccrxoro I'ocygapcrBerHOro MeauimacKkoro YHuBepcurera

2/loxrop ¢apmarrum, r/1aBHEIH HAYIHBIH COTPYFHHK HHCTUTYTA papmaxoxumun uM. M. Kyrarenazse
Ténnucckxoro I'ocygapcrBerHOro MeguimHaCcKoro YHuBepcurera

3 /loxTop apmarun, acconrupoBaHHBIH mpogeccop I pysuHckoro TexHmyeckoro YHuBepcurera
“/loxTop apmarreBruYecKHX HayK, IIPOGeccop, IIABHBIH HAYIHBIH COTPYHHK HAIIpaBIeHHT 647 — OB
Hu KocMeroJioruyeckux cpejctB HHcrutyra papmaxoxumuu um. M. Kyrarerazgse
Ténnucckxoro I'ocygapcrBerHOro MeauimHacKoro YHuBepcurera
®/loxTOp apmarinm, aCCOLHHPOBAHHEIH ITPOGeccop HanpaBIeHHA GapMaKOTHO3HH H
gapmarieBrauyeckori 60TaHHKH JellapTaMeHTa (papMaKOTHO3HH

Témrucckoro I'ocygapcrBenrnoro MeauiiHHCKOro YHHBEpCHTeTa, *KOppeCIOHAUp YIOU[HE aBTOp

OpHo#l u3 mpo6ieM COBpeMEeHHOH TEeXHOJIOTMH IIepepabOTKH IPOAYKTOB IHUIIEBOH TeXHOJOTHH
PAaCTUTEIBHOTO IIPOUCXOXIEHUA CTAHOBHUTCA KCIIONB30BAaHME UX OTXOJOB - KOXYpa, CeMeHa,
CKOPJIyTIa, XXMBIX, JIUCThS U JPyTrHe KOMIIOHEHTHI, COZep Kalllie 3HAUYUTEeJbHOe KOJUYEeCTBO B HHUX
OMOaKTUBHBIX coefuHeHUil (HeHOJOB, MENTHUAOB, KAPOTHHOHIOB, AHTOIMAHOB, JKUPHBIX KHCJIOT,
BOJIOKOH (pepMeHTOB ¥ T.IL). Doibmoit HHTepec IpeACTaBifeT IPOUSBOACTBO M3 HHUX, Kak
IOTEHIIMAJBHBIX IIPEIapaToB AJiA KOCMETHYECKOH, TaK U [JIf MeIUIIMHCKOM IpoMbiuieHHOCTH [1].
Pemennem sToi mpobseMbI 3aHATHI IIPAaKTHYECKM BO BCEX Pa3BUTHIX cTpaHax [2-5]. O6GpasoBanue
OTXO/IOB BO BCEM MMpe HaMHOTO BBIIIe B Pa3BUTHIX cTpaHax. Ilo nurteparypusiM ganHbIM, B CIITA onHu
cocraBnaioT 1o 40% or Bceii IemOYKM ITPOM3BOZCTBA IPOAYKTOB IuTaHudA, B EBpome mo 20%, B
Ceseproit Adppuxe, 3anaznoit u llenrpanpHoit A3uu sTo 3HaUeHUE KOXOAUT 1o 32 % MupoBoro o6séma
mojxy4aeMslx INpoxyktoB [6]. Ilostomy, wuenblo IpOBOSUMBIX PpaboT SABIAETCI IIOBTOPHOE
HCIIOJIB30BaHME IOZOOHOTO CHIPhS B KAUeCTBe HOBBIX IIPOZYKTOB C BBICOKOH IOJIB30M IS 3M0POBbA [7

9],
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Ilomo6uas npobirema mposBiafercs U B ['pysun. B GonbumioM KonmdecTBe OCTAIOTCS OTXOABI IIOCTIE
1epepabOTKU ypoxKas KyKypy3sl (CTeO,IH, IHUCThA, KYKypy3HbIe PBUIBLA), BHHOTPaZa(XKMBIX, CeMeHa,
JIUCTBs, CTe6IN), LUTPYCOBBIX (KOXYPa, KMbIX), GPYKTOB IepepabaTbIBaeMbIX [JIS IOTYIE€HUA COKOB
(B OCHOBHOM >XMBIX) M PAfa [PYTHX, COJEpXKAIIUX IOAU(EHOJBI, YacTo B BHAe (HIaBOHOUOB,
duTOCTEpOIIBI, BUTAMUHBI, MUHEPAJIbl, HEHACHIIIEHHBIE JKUPHBIE KHUCJIOTHI, CTEPOH/BI, IIPUPOIHEIE
aHTHOKCUJAHTHI, OeJKM, caxapa, KapOTWHOW/BI, BUTAMUHBI, JIUTHAHBI, IIOJUCAXAapHUABl U IpyTHe.
Pemenue 3T0# Mpo6IeMBI MBI BUAMM B HOBBIX HAYYHBIX Pa3pabOTKaxX C JaJIbHEHIINM BHeAPEeHUEeM UX
B IIPOU3BO/ICTBO.

B Hacrosmem coobuieHue, B OCHOBHOM HA OCHOBE JUTEPATYPHBIX JAHHBIX, UCCIeLyeTcs IpobieMa
WICIIOJIb30BAHMA KyKYPY3HBIX PBUIbIEB (IIENKA), >XEJITOBATHIX HUTEBUAHBIX HUTEN XEHCKOTO LIBETKa
KyKypYy35l, OTXOJIOB BBIPAI[UBAHUA KyKypy3bl, KOTOpbIe JocTyInHEI B n3obwmnun. l1Iénk nmpencrasiger
co6oi1 yIIMHEHHbIE PBLIBLA, TOX0XKHEe Ha ITyYOK BoJIoC. lIBeTKM KyKypy3bl O[HOZOMHBIE, Y KOTOPBIX
MY>KCKHe U XeHCKHe I[BeTKU PaCIIOJIO>KeHBI B Pa3HBIX COIIBETHUAX HA OTHOM cTebire. My kcKue IBeTKH
Ha BepXylIKe pPacTeHHUsd IPOU3BOZAT XXEJITYIO IBUIBIY. IIpu 3TOM XeHCKHe LBETKH IPOAYIUPYIOT
KyKypy3Hble PBLIBIIA M PACIOJATAIOTCA B IIa3yXaxX JIMCTheB. IIBeT KyKypy3HBIX PBUIBIIEB CHadasa
OGBIYHO CBETJIO-3€JIeHbIH, a 3aTeM IIePeXOUT B KPACHbIH, JKeIThIH MK CBeTI0-KOpu4yHeBsIi. QyHKIuA
MX 3aKJIIOYAETCA B YJIABJIMBAHUU IIBUIBIBI 1711 ONBLIEHUA, OHU MOryT ObITh myruHOM 30 cM u Gosee co
CJlerKa CJIAZIKOBATBIM BKycoM. [Ind MeAMIMHCKHMX Ielel MX COOMpPAIOT HeIOCPeACTBEHHO IIepen

OIIbUIEHHMEM, MOXXHO HMCIIOJIB30BATh B CBEXKEM HNJIN CYH.[éHOM BUeE.

Cyzs no nureparypubsiM ganHbM [10] BraXHOCTP ITOPOIIKOB M3 KYKYPY3HBIX PBUIEL], COCTABISIET IO
7,89 + 0,49 /100 r ceIpoit Macchl. XUMUYECKH COCTaB IIOPOLUIKOB KYKYPY3HbIX PHLIBLIEB IIOKA3bIBAET
coJep)KaHWe YIJIEeBOZOB B KyKypysHsIX psuibliax 56,16 + 0,66 r/100, BxiroyaeT mmeKTHH, IMIIOKAH U
IJIIOKOMaHHAH, U3 HEPAaCTBOPUMBIX - IIeJUTIONO3Y, TeMulle/nono3y u aurauH. Obmee comepxaHue
xirerdatku 14,82 + 0,84 r/100 r. , 6enka 15,29% , soxsHOCTS MOXeT mocturats 5, 0 %. Comepsxar Na,
Mg, K u Ca, B xauecTBe MUKPODJIEMEHTOB, Me[b, JKejae30, MapraHel, nuHK. Obmee comepkaHue
beHOJI0B B IOpOLIKe KyKypPY3HbIX pbUIbleB cocTaBaser 0 94,10 exuuur /r., mpruyeM, KOJIMIECTBO
bnaBoHouzmoB Bapbupyercs B mpezenax 0,1% - 3%. Cogmepxar Maii3uH, amuTMau3uH, 3-
MeTOKcuMaisuH, akc-4-OH wmaiismr u wusoopuenTuH-2"-Odl-pamuosuz. OnucaHo Haxumuue B
rubpuzax kykypyssl 2"-O - o-L-pamuosmn-6-C-xunosumnyreonuna, 2"-O- a -L-pamuo3sun-6-C-
dyxosumryreonunan  2"-O- a -L-pamuo3min- 6-C-¢dykosmn-3'-meTokcmnyreonuHa. [Iate  apyrux
IIPOM3BOHBIX (hIaBOHOMLOB OBLIX BBIZEI€HBI U3 OTAHOIBHOTO dKcTpakTa (80% 3TaHONI) KyKypy3HOTO
menKa U UIeHTUPHUIIUPOBAHBI Kak 2"-O- a -L-pamuo3un-6-C-3"-me3oxkcurioko3un-3'-
MeTOKCcwiIyTeonuH, 6,4'-gurugpokcu-3. '-meTokcudraBoH-7- O- IIIOKO3UABI,  aKC-5"-mMeraH-3'-
MeTOKcuMai3uH, akc-4"-OH-3'-merokcumaiisun u 7,4'-guruapoxcu-3'-merokcudiason-2" -O -a-L-
pamuo3wi-6-C-dyxkosuz [11-13]. Comeprxanue Buramuna C cocrasnsier fo 275 mr/100 r . AkTuBHOCTD
IIOTJIONIEHU CBOOOJNHBIX PafUKaJIOB IIOPOLIKOM KYKYpy3HbIX psuren gocruraer 45,40 + 0,92%.
AxtuBraocTts 1Mo ABTS mo 244,1 + 10,2 mxmons TE ma 100 r cyxoit maccsl, aktuBHOCTh 10 FRAP  na

9TAHOJIBPHOIO dKcTpakTa — 58,16 mxr/mur [14].
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TOKCHYHOCTB. YYUTHIBas MHTEPEC K UCIIOIB30BAHUIO PACTUTEIbHbIX IEKAPCTBEHHBIX CPEJICTB, KOTOPBIE
TPAAUIMOHHO HCIIONB3YIOTCI BO MHOTHMX CTpaHaX, HeoOXoZuMo uX (apMakosormgeckoe
nccrenoBanre. COOTBETCTBYyIOLIee U3yYeHNEe IIPOBEJEHHO U C OKCTPAKTAMH U3 KYKYPY3HBIX PBLIbLIEB
[15-17]. CornacHO mONy4YeHHBIM LAHHBIM, KCCIELOBAHUSA, IIPOBOJUMBIE B TECTUPYEMBIX PEXUMAX
(100, 200 1 400 wmr/xr maccs! Tesa) He oKassiBasu 3HaUUMOro (P> 0,05) Bausuus Ha remoro6us (HD),
rematokput (HCT), ospurpomurer (RBC), cpexsuuit o6wvém spurpouuro (MCV), cpepnuit
KopnycKy/sapubii remornobun (MCH), cpenHIO0 KOHIIEHTpAIUi0 KOPIYCKYJISPHOTO reMOIIOOuHA
(MCHC) u cpepuuit 06vem tpomboruroB (MPV). Vicxozns 13 monyYeHHBIX JaHHBIX, OMOXUMUIECKHI
aHaJIM3 reMaTOJOTMYeCKUX IIapaMeTpOB, MCIIOAb30BAHBIX IJIA OIpeAeieHHs Mpoduis 6e30IacHOCTH
9KCTPAKTOB, CBUZETENBCTBYeT O WX HETOKCHMYHOCTH MJIS OCHOBHBIX I1apaMeTpPOB KpPOBH.
HesnauwnTenpHOe BIMSHIE DKCTPAKTA HAa SPUTPOLUTHI ¥ FeMOIJIOONH, SIB/ISETCS, II0 MHEHHUIO aBTOPOB,
OTpa)KeHHeM IIPAaKTUYeCKH HEeM3MEeHHOI'O DPUTPOII0I3a. DTO TAaKXKe ITOKa3bIBaeT TOT (akKT, YTO [OCye
BBeJI€HUs OKCTPAKTa He OBLIO M3MEHEeHUH B KMCIOPOAHON EMKOCTH KPOBH U KOJIMYECTBE KHUCIOPOJa,
IOCTaBJI€HHOTO B TKAaHW, BOSHHKHOBEHUS aHEMUYECKOTO COCTOSHUS. YBelIWYeHWe YpPOBHeMH
1MGOIUTOB ABIAeTCA PaKTOM ero CTUMYJIMPYIOero AeicTBUA Ha 3ddeKTOpHbIe KIeTKH UMMYHHOM
CHCTEMbI B WCIBITAHHBIX [I03aX. T.e. DKCTPAKT B HCCIEJOBAHHBIX [03aX HE OKa3bIBa€T BPELHOTO
BO3JeiicTBUA Ha 2 (eKTOpHbIe KJIETKM MMMYHHON CHUCTEMbI, YTO [JOIIOJHUTENIBHO IIOATBEPXKAAeT
OTCYTCTBHE TI'eMaTOTOKCHYECKOTO JeHCTBUSA OKCTPaKTa. OTO O3HAYaeT, YTO OKCTPAKT MOJXKeT
CTHMYJIMPOBaTh TPOMOOIIO33, BOCCTAQHABIMBATH  HE3HAYWTE/NbHBIE  IIOBPEXIEHUS  COCYZOB,

BO3HHUKAIOIIME B HOBCC,I[HCBHOﬁ JKM3HMU, n B or[pe,zgeneHofI CTEIIeHN KOHTPOJIMPOBATH

TPOMOOIIUTOIIEHUIO Y XKUBOTHBIX. CHIDKEHYE CBIBOPOTOYHBIX YPOBHEH OCHOBHBIX JTUIIUJOB B IIPOIieCce
HCCIeOBAaHUA CBHETEIbCTBOBAJIO, YTO MCIIOJIb30BaHME KCTPAKTa He IIPUBOJUT K PUCKY CepAeYHO-
COCYIUCTBHIX 3200JIeBaHUM, IIPU 5TOM OH 00J1a/jaeT aHTUIUNINUAEMUYECKUM AeHCTBHEM.
HccnenoBanue OCTPOM TOKCUMYHOCTH II0KA3aJI0, YTO SKCTPAKT KYKYPY3HBIX PBLIBIIEB B 03e 10 5,0 Mir/Kr
6e3omaceH, MPUYEM IIOJTyUEHHbIE Pe3y/IbTAThl IIOATBEPXKAAIOT OTCYTCTBHE Y DKCTPAKTa KYKYPY3HBIX
PBUIBLIEB OPTaHOTPOIM3Ma. [Ipy OCTPBIX M IMONOCTPBIX MUCCIEOBAaHUAX He HAGJIIONANIOCh JIeTaIbHBIX
KCXO/IOB WJIH OTKJIOHEHHH OT HOPMBI, a TECT Ha IMIOJOCTPYIO TOKCUYHOCTSH ¢ Ucmorb3oBaHueM 500 mr/kr
SKCTpaKTa KyKypy3HBIX pbLIel Ajs jedeHus camiuoB Mbiueil ICR B Teuenue 4 Henens, He MPUBET K
TOKCHUKOJIOTUYeCKUM u3MeHeHHaAM.llosydeHHbIe  fJaHHBIE CBHZETENBCTBYIOT, YTO OKCTPAKT
KYKYPY3HBIX PBLIEl, MOKHO KCIIOJIB30BaTh JAJIA Pa3pabOTKU COOTBETCTBYIOLIETO BHJA JIEKAPCTB IIPHU
JedeHUH psza 3aboreBanuii[15-17] .

AntnoxcuzpanTHan akTuBHOCTH [18 -20]. DKcTpakTsl pBUIBIIEB KyKypY3bl, IPOSABJIAIOT AOCTaTOYHO
BBICOKYIO QHTHOKCHU/AHTHYIO aKTUBHOCTD, YTO CBA3aHO C HAJIMYHEM BHHX 3HAUUTEJIBHOTO KOJIMYeCcTa
aHTonuaHoB.Tak, U3yuyeHHe aHTUOKCHUAAHTON aKTHUBHOCTU aHanu3oM MetomoMm DPPH moxkasarno, urto
SKCTPaKThl IOJIy4deHble sKcTpakuueil 40% sraHOIOM, HPOABILIN OOJIee BRICOKYIO aKTHBHOCTH IIO
ynanenuto pagukanoB DPPH, uem BopHBIe 5KCTpaKThl. DTU pe3ysIbTaThl MO3BOJIAIOT IIPEAIIOIOXKUTS,
YTO aKTHUBHbIE COeNWHEHHWs, IOIJIONAIoumie CBOOOAHBIE PAaJUKaIbl, JIydllle SKCTPArUPYIOTCA
sTaHOJIOM. Tak, 95% -HbIl STAaHOJIBHBIM DKCTPAKT 3peJbIX KYKYPY3HBIX PBLIBIIEB, IO JAHHBIM PAZa
HcClejoBaTeNlel, IPOSABJIUL CPeJHIOI aHTHOKCHIAHTHYIO aKTUBHOCTH co 3HaueHueMm EC s0 163,45 +

6,34 MKT/MII.
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AHayoruyHbIe pe3yIbTaThl ObLIM MOTY4YeHBI IIPU MCIIONb30BaHMe aHanuza MerogoMm FRAP. Hecmorps
Ha TO,4YTO IIOCPABHEHUIO C aCKOPOMHOBOI KHCJIOTOH C aHAJIOTMYHOM KOHIIEHTpaIel, B 00enX Caydasx
ObIa IIOTy4eHAa  HECKOJBKO  MEHbBIIAs AaKTUBHOCTb, aBTOPHI CYMUTAIOT Oojee IIepCIeKTHBHBIM
IIpUMEHeHNe SKCTPAKTOB KyKyPy3HBIX PhLIBLIEB IOy YeHHBIX TpHU ucnonb3oBanue 40 % sranora.

HexoTopsle aBTOpBI M3yya Iy aHTUOKCHUZAHTHYIO aKTUBHOCTh 9KCTpakTa /0%-HBIM aleTOH-BOZHBIM
pactBopoMm(1:1) meromom FRAP. Ilo mx maHHBIM Tak ke aHTHOKCHJAHTHAs aKTUBHOCTH OKCTPAKTa

KOppenHupyeTcs C o0uuM cozepykanueM moandeHosoB (beHoIoB u GIaBOHOUOB).
SddexT nuypesa u kanrmypesa [21-23].

MoueronHble ¥ ypUKO3ypHUYeCKHe CBOMCTBA TPALUIIMOHHO IIPUIIUCHIBATUCH KyKypPY3HBIM PbLIbIIAM
Zeamays L. Xors ModeroHHBIH 3¢ ¢deKT ObLI MOATBEPKAEH, UCCIENOBAaHUN BIMAHUA Ha (QYHKIIHIO
IIOYeK MM BbIBEJleHUE PAaCTBOPEHHBIX BellleCTB, He MpoBoauiIock. [lomo6HbIe HccTe[0BaHUA HAYaThI
TOJIBKO B IOCJIefHee BpeMs, ObUIM M3y4YeHbl BIUAHME BOJHOTO DKCTPAKTa KYKYPY3HBIX PBLIBLIEB Ha
sKckpenuio ¢ Mouoit Bogsl, Na', K* u moueBoit kuciaorsl. Taxke wu3ydanace QyHKIUA KiIyOOUYKOB,
IIPOKCUMAaJIbHBIX KaHajblleB U obpameHue ¢ Na' B KaHampIjaXx. DKCTPAaKT KyKYpPy3HBIX PBLIBIEB Ha
06BéM Moum mrioc skckpenua Na* m KY, m3yuanu y KpbIC, HAXOZAUIMXCA B CO3HAHUU IIPU BOZHOM
uarpyske (2,5 /100 r maccs! Tesa) B Tevenue 5 4. Kannypes nabaroganu npu gosax 350 mr/xr (100,42
+/- 22,32-120,28 +/- 19,70 muxpoaxs/5 4/100 r maccst tesa; N = 13) u 500 mr/xr maccs! Tena. (94,97+/-
29,30-134,32 +/- 39,98 muxpoaxs/5 4/100 r maccs: Tena; N = 12; p<0,01), mpuyem mocaefHss £03a TAKKe
BeI3bIBasa puypes (1,98 +/- 0,44-2,41 +/ - 0,41 mn/5 4/100 r maccsr Tesa; N = 12; p<0,05).Hexoropsre us
aBTOpOB u3yuanu BausHue spdexra no361500mr/kr mMaccs! Tena. OpreHTHPOBAIUCH HA 0OBEM MOYH,
akckpenuo Na*, K* 1 MoueBoit KMCIOTHL, a Takke QyHKINIO KITyOOYKOB U IIPOKCUMAIBHBIX KaHAJIBIIEB,
M3MepsUIN COOTBeTCTBeHHO 110 kianpeHcy kpearnuuHa (Cler) u Li* (CILi) u o6paboTke Na* xananbies y
KPBIC, ITOJTy4YaBIINX BOAy B TeueHue 3 4. Micxonsa U3 IMOy4YeHHBIX Pe3yIbTaTOB, CAENAH BBIBOA, YTO y
HaXOJAIIUXCSA B CO3HAHUU KPBIC C BOAHOM Harpyskoi (2,5 mr Ha 100 r macc Tesa), BOAHBIN 9KCTPAKT
KYKYPY3HBIX PBLIel OKa3bIBaeT MOYeroHHoe geiicrsue B fo3e 500 Mr Ha 1 Kr Macchl Tea, KaTUypeTHK
B fo3ax 350 u 500 Mr/Kr Maccs! Tena. Y HaXOZAMMXCSA B CO3HAHUU KPBIC ¢ BOZHOI Harpyskoii 5,0 m1/100
I MacChl TeJa, BOGHBIM SKCTPAKT KYKYPY3HBIX PBLIEl, OKa3bIBaeT KaJIUIlypeTuiecKoe [eiiCTBHe B [j03e
500 mr/kr maccel Tena.AHTHAENPECCUBHYIO aKTUBHOCTh 3TAHOJOBOTO SKCTPAaKTa MCCIEIOBATH C
nomo1npio TecToB cuiosoro mnaBaHus (FST) u tecroB moxBemwnBanus 3a xBoct (TST) Ha MbImax B
TedyeHMe 6 1 5 MUH COOTBEeTCTBeHHO 4Yepe3 14 mocie o6paboTku sxcTpakToM B fose 125, 250, 500, 1000,
1500 mr/cyt, Kr. DKCTpaKT 06IaZaM XOpoulel aHTUAETPEeCCUBHON aKTUBHOCTBIO U COKpAIIaJl IIepHOJ,
nmmobmwusanyy npu tectax FST u TST. Oxcrpakr B koHumenTpanuu 1500 Mr/Kr mokasas akTHBHOCTS,
AQHAJOTUYHYI0  aKTHBHOCTM  IIOJIOXKHTEJIBHOTO  craHpmapra wumunpamuua (10 wmr/xr) c
IIPOJIOJIKUTEIBHOCTBIO HeIoABKHOCTY 57,6 cexynasl B FST. Tem He Menee, mpu mosuposke xo 4000
MTI/KT He HabJII0AaI0Ch CMEPTHOCTH, M 9TO OTKPBITHE ITOKA3aJI0, YTO SKCTPaKT CS MoKeT OBITh BAXKHBIM

IIPUPOAHBIM daHTUAEIIPECCAHTOM.

Omxosmormueckas akTuBHOCTE [27-30]. Ilo maHHBIM aBTOPOB, UCIIOIB30BAHHBIN SKCTPAKT KyKyPY3HBIX
PBLIBIIEB UMeeT IIPOTHUBOPAKOBYIO aKTUBHOCTH,HE TOJIBKO MHTHOMPY POCT OIIYXOJIH, HO U IpOoAjIeBast

BpeM:A BbXKHBAHHNA MblIIe c OITyXOJIBIO. ABTOPBI CYUTAIOT, YTO ME€XaHHU3M ,I[EfICTBPIE[ SKCTPAKTa MOXXHO
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PacCMOTpeTh yYHTHIBAA JeHCTBUE Kaclla3 - ceMeHCTBa IIPOTeas, UTPAIOLUINX BXHYIO POJIb B IIpoliecce
amnonro3a. Tak, kacmasa-9, yuacTByeT B BEPXHUX CTaZUAX KacKaja Iepejadyu curHasa anomntosa. [locie
BBICBOOOXKZeHusa uuroxpoma CH3 MUTOXOHApHIL, Kacmasa-9 akTUBHpyeTcs, o0Opasys KOMILIEKC C
nuroxpomoM C, 4TO B majpHeHIIeM aKTHBUpPYeT Kacmasy-3, obserdas IOCHeAYIOMIYIO Iepefavy
CUTHAJIOB amomnro3a. B maHoOM ciydae, Kacmasa-3 -KJIIOYeBOM (epMEeHT aloNTOTHYECKOTO KacKasa,
UTPAIONIUH CYLIeCTBeHHYIO POJIb B KOHAeHCaluy XpoMaTuHa, pparmenrauuu IHK u apyrux agepHsix
amonToruyeckux Ipoueccax. [lo MHeHUIO HccilemoBaTesel, peIIAONIyI0 POJIb B aIONTO3e TAKKe
urpator Genku cemerictBa BCl-2. Tax, usmeHeHre NMPOHUIIAEMOCTH MUTOXOHIPUATBHOM HAapY)KHOM
MeMOpaHBbI, MOXeT IIPUBOAUTH K allOITO3y, U STO U3MeHEeHUe MOXeT ObITh HEIIOCPEACTBEHHO CBA3aHO
¢ 6eyIKaMHU 5TOTO ceMe#CTBAa. DKCTPAKT KyKYPY3HBIX PhLIBLIEB MHAYIIUPYET IIPU3HAKY aIllONITO3a KJIETOK
LoVo, Bxmrowas sazepHyio KoHZeHcanuio, ¢parmenranmuioo JHK, muchyHKIUIO MUTOXOHAPHI,
npoaykiuio Ca?* u akTHBaIUIO Kacmas.

Ha ocroBaHuu pesynbTaToB HCCIeZOBAHUA IIPeJIIOJIOTaeTcs, 4YTO DKCTPAKT KYKYPY3HBIX PBLIBIIEB
MOXXeT MHIHOMPOBaTh npoaudeparuio k1eTok LOVO mocpezcrBoM oCTOHOBKY S-(a3sl ¥ HHIYIIMPOBATh
aIIOIITO3 IIOCPeICTBOM MUTOXOH/IPHUAIBHO-OIIOCPEJOBAHHOTIO IIYTH.

ITocnie 06paGoOTKKM OKCTPAKTOM KYKYpPy3HBIX PpbUIEL,, HAOJIOJAINCh OIpe/ieIEHHbIE SBJICHUA,
CBSI3aHHBIE C AIIOIITO30M, BKJIIOYas MHIMOMPOBaHUE KJIETOYHOM Iporudepaluy, IoTepio IOTeHIIHaa
MHUTOXOH[pHanbHON MeMOpansr (AWmM), BeicBoGokzenune Ca** u BpicBOGOXAeHue nuroxpoma C m3

MI/ITOXOH,I[PI/Iﬁ B ITHTO30.JIb.

AnTummabermaeckue sddexrsr [31-32]. B coBpemenHoit suTepaType coobiaeTcsi 0 GHOIOTHYeCKOi
AaKTUBHOCTH KYKYPY3HBIX PhLIEL B KA4eCTBE aHTUANA0eTHUIECKOTO CPe/ICTBA.

ITo maHHBIM aBTOPOB,HAa OCHOBAaHUE Pe3yJIHTATOB MCCIELOBAHUS IIOATBEPXKAEHO TPAAUIMOHHOE HX
WCIIOIB30BAaHUeE IS JIedeHUs CaXapHoro nuabera u AuabeTHdeckoil HeppomaTHy, IpUYEM TO TOXKE
CBS3aHO C AHTHOKCHAHTHOM aKTMBHOCTBIO. [Ipemaparsl Ha OocHOBe (pakuuil KyKypy3HOTO ILIEJKa
MOTryT OBITh IIOTEHIIMATBHBIM CPELCTBOM I NMPOMUIAKTUKU U JIedeHHs caxapHOro nuabera u
InuabeTryecKux ociaoxHeHui. KyKypysHsiil menk (psLabiia) BO MHOTUX CTPaHAX MMEeTCs B M300MINU
u serko gocryneH. CieyeT y4YWTHIBaTh pacTylliee YMCIO OoibHBIX Auaberom. Ilo sureparypHbIM
TAHHBIM, IIPUEM SKCTpakTa B fo3e MeHee 500 MI/Kr, He OKa3bIBaeT HEOIATONPUATHOTO BO3/I€HCTBHA Ha
HOPMQJbHBIX  MbIIle ¥  o0yaZaeT 3HAYUTENBHBIM  aAHTUAWAOETHYECKUM  IIOTEHI[UAIOM,
COIIPOBOXKJAIOMMMCS AaHTHOKCHUAAHTHON ¥ AHTUTHUIEPIUINEMUYeCKON aKTUBHOCTHIO. Tak, Ipu
BBEJIEHUS €r0 B TedeHWe YeThIpeX HeJeslb, CHMIITOMBI ITOMUAUIICHH, TOMu(aruyu u IOTepu Beca y
MbIlIei ¢ AuabeToM, yMeHbIIaINCh, T.e. fo3a fgake 500 MI/Kr okassiBaeT BIMSHHE Ha IPeJOTBpalleHMe
IIOTepU Beca y MbILUIeH ¢ guaGeToM. DKCTPAKThl KYKYPY3HBIX PBUIBLIEB MOTYT OBITH JOIOTHUTEIHHO
pa3paboTaHbl B KavyeCTBe IIOTEHIIMAIBHOIO CPEeACTBA Ui NPODUIAKTHKKA U JIeYeHUs CaXapHOTO
nuabera U mMabeTUYECKUX OCIOXKHEHUM.

CHamxernue Hedporokcmanoctu [33 - 35]. HedporokcuuHocTs — 5TO TepMUH, HCIOIB3YEMBIH I
KaccuUKauy JII00bIX HEOIAroNpUATHBIX (GYHKIIMOHAJIBHBIX WM CTPYKTYPHBIX H3MEHEHWH B
moukax. DpdeKTsr ITUX U3MEHEHWH MOTYT OBITh CBS3aHBI C XMMHUYECKHUMU WUIN OHOIOrHMYeCKUMHU

IIPOAYKTaMH, KOTOPbI€ BBOAATCA, IIPOTIAThIBAIOTCA, BABIXAIOTCA NJIN a6cop61/1pyI0Tca, 9TO IIPUBOJUT K
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00pa30BaHUIO TOKCHUYHBIX METa0OJIUTOB C HeGJIArONpPUATHBIM BO3ZEHCTBUEM HA IIOYKU.ABTOPBI
YKa3bIBalOT Ha OJATOIPATHOE BIMSHUE KCIOIB30BAHMA B OTUX CIydYasX OSKCTPAKTa KyKypPY3HBIX
phLIeI,.

ITpoTuBOBOCTIaIHTENIbHAS AKTUBHOCTH [36 - 37]. BocmanuTebHbIe IIPOIIECCHI MOTYT OBITH BHI3BAHHBI
PasJIMYHBIMU PasIpaKUTEIIMU, TAKMMU KaK B3aUMOJeHCTBUe aHTUTeH-aHTUTeIO0, TePMUYecKoe MU
dusmyeckoe IMOBpexgeHHe, MHGEKIVMOHHbIEe areHTHl U Ap. bons, omylmaemas Ipu BOCHAJIEHHH,
BBI3BaHA BBICBOOOX/IEHWEM aHAJIbIeTUYeCKUX Menuaropos. [Io naHHBIM aBTOPOB, STAaHOJBHBIH
9KCTPAKT KyKYPY3HBIX PhUIEI] IPOSABJIAeT 3HAUUTeIbHYI0 aKTUBHOCTb IIPU BOCIAJIUTEIbHBIX IIPOLIeCax.
CrnupToBsIli 9KCTpakT B KoHIeHTpauuu 9-250 mxr/mn sddexruBHo murubuposan TNF u LPS-
WHAYUMPOBAHHYIO  are3ul0 JHIOTEIHAIBHBIX KJIETOK, BOJHBIA  OKCTPAKT yIIydIan
runepupoandepanuio SMUTENTHATBHBIX TKaHeW KOoXU, MHAynupoBaHHbIX Y®P-B, u obGpasoBanue
MOPIIMH, a TAKXKe COXPAaHAI COZepKaHHe SNHUAepMaJIbHOIO KojulareHa y 6ecmepcrasix mbrmeit SKH-
1, o6nyuenusix YP-usnydeHueMm. DKCTPAKT Takxke ObLT 3(pdeKkTuBeH B M3MEHEHUU IeHOB-MUIIeHei
Bocnastenus Nrf2 u NF-KB, Ha KoTOpble BIufeT OKUCIUTEIBHBIN CTPeCcC, B KIeTKaX KOXXHM MBIIIU U
KOXU 4esioBeka. JTu aHTH-UVB-addexTs! cBI3aHbI ¢ aHTUOKCHUAAHTHBIM U IIPOTUBOBOCIIATUTEIBHBIM
IefiCTBHEM SKCTPAakTOB. Tak, M3MeHEeHUsT KOXW, BbI3BaHHBIe feiicTBueMm YP-B, Bxiriouas tommuny
KOXXHOM CKJIAZKH, O0BEM YIIyOJeHHs MOPLIMH U TOJNLIMHY SIUJEPMHUCA, 3aMETHO YJIYYUIMJIUCH B
IpyIINax, IOJYy4YaBIIMX  OSKCTPaKThl. [lepopanpHoe BBeZeHMe OKCTpaKTa 3aMeTHO YMeEHBIIAJIO
runepuponudepanuto u mnospexgenue JHK. KosmareHoBsle BOJIOKHA, KOTOpble 3HAYUTEIBHO
COKPATWJINCH Y MbILIeH, ToABepruruxcs Bosgetictauio Y P-B, 3HauuTE IHHO BOCCTAHOBIMBATIUCH IIOCTIE
JIe4eHU DKCTPAKTAMHU.

Kocmeromnorusa. CormacHo oT4éTy 00 OIjeHKe 0e30IIaCHOCTH KOCMETHYeCKMX HHrpenueHTtoB [38],
moxydeHHBIX U3 Z€a Mays, mponykTel, moyyaeMble M3 pPacTeHUsd, B TOM YHCIe U U3 KyKYpPY3HBIX
PBUIBLIEB U YK€ Halllefllie ILIMPOKOe IIPMEHEHHe B KOCMETOJIOTMH, NPAaKTUYeCKU 0e30IacHBI IJIsI

HCIIOJIB30BaHUA B KOCMETHUKE, CYy[Jsd ITO HPOBe,ILéHBIM HCClieJOBAHUAM Ha )XHMBOTHBIX.

B Hacrosumee Bpems H3 KyKypy3sI IIOJy4aoT CIeAyIHe HHTPAZEeHTH [39]:

AGpasuBel, aGCOpOEHTHI - CBA3BIBAIONIVE BEILIECTBA, HAIIOJIHUTENM - MyKa w3 moyaTkoB ZeaMays

(kykypysa), mopomok mnovarkoB ZeaMays (kykypysa), Myka ussmep ZeaMays (kykypysa), Myka

u3 cemsH ZeaMays (kykypysa), kpaxman ZeaMays (xykypysa), 6enok riutorena ZeaMays.

Kongunnoneps! mis Bosnoc - ZeaMays (KyKypysHBlii) ITIOTeHOBbIH mpotenH, ZeaMays (kykypysHoe)

MacjI0, HeOMBLIAEMbIE BeIeCTBA, TUAPOIN30BaHHBIN KYKYPY3HBII IIPOTEUH, KYKyPY3HbIe TJIUIePUBL.

CpexcTBa Iyis yxona 3a KOXeil — pasHoe B TOM uucie — Oelok rmioreHa ZeaMays (kykypysa),
HeoMbUIZeMble ~ Macima  ZeaMays  (xykypysa),  THIpPOJIM30BaHHBIM  OeJOK  KYKypY3BL,
MacJo 3apogsimeit ZeaMays (kykypysHoe), skcTpakT ménka ZeaMays.

IToBepXHOCTHO-aKTHBHBIE BeIeCTBA — OYMIIAIONIYE BelleCTBA — KYKypy3Has KHCJIOTA, KyKypy3HBIH
KaJIui.

IToBepXHOCTHO-aKTUBHBIE BellleCTBA — SMYJIbraTopsl — Maciao ZeaMays (kyKypysHoe), KyKypy3HbIe
TJIULEPHUAB], KyKypPY3HBII Kpaxmal.

PexsraMupytorcs psj, KOCMETUIECKHX CPEZICTB COZIEPXKAIlMX SKCTPAKTHL KyKypy3HBIX phurbieB [40] -

MacCKa [Jisd AETOKCHUKANWY M OYUIIEHHWA KOXXH, ITUTATE/JIbHAA W PDET€HEPUPYIOMAA MdACKd JIJIA KOXKH,
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MacKa /11 YYBCTBUTEIHHON U IPOOJIEMHOM KOXHU,0MOJIXKMBAIOIAA U OBBIIIAOMIAA TOHYC MAaCKa I

KOXH, OCBeXaromas 1 60apamasn Macka JJjis KOXU.
BesomacHOCTh mprMeHeHUs B KOCMETHKe OSKCTPAKTOB PhUIBIB (LI€TKa) KyKypy3bl IOATBEPXKAAIOT, U

IIaTeHTHI Pa3HBIX CTPaH, HEKOTOPbIe U3 KOTOPBIX IIPUBOJATCA B JAHHOH CTaThe .

Kommosunuus s orbenuBanus Koxu [41], KoTopas COmEp)KUT 3KCTPAKT KYKYyPY3HBIX PBUIBIEB B
KaueCcTBe aKTUBHOTO HHIpeiMeHTa, Oe30IIaCHO WMHTUOMpYeT MeJaHOTeHe3 B MeJIaHOIUTe He
IIUTOTOKCUYHA, HHTUOUPYET SKCIIPECCUIO THPO3UHA3bI, KOTOPas y4acTByeT B OMOCHUHTe3e MeJlaHUHA
KoMmosuuyst A1 yBIa)KHEHUS KOXKH, COZeprKaliias Maii3uH MM 9KCTPAKT KYKYPY3HBIX PhLIbLEB [42]
CIIOCOOGCTBYeT CHHTe3y THAJIYPOHOBOM KHCJIOTBI, @ TAaKXe POCTy KepaTHMHOLIUTOB, He BBI3bIBAS
pasgpaxeHus Koxu. PekoMeHAyeTcsa nd MCIONB30BaHAa B (hapMalleBTUYECKUX HJIM KOCMeTHYeCKHUX

KOMITIO3MIIWAX AJIA JIeYeHUA OpOI‘OBEB]J.[QfI KOXH, YKpEIlJIEHHI KOXKHbBIX 6apbep013 1 YBIQKHEHU I KOXHU.

JlexapcTBeHHOe CpezCTBO, COZepikalllee KyKypysHble pbuIblla ¥ GochaTUIWICEPUH M CIOCO0

nonydenus [43]. PekomeHyeTcs A IpUMeHEHHUS B KOCMETOIOTHH.

O6 3TOM CBUZETETBCTBYIOT U JPyTHe COOTBETCTBYIONIHE CTAThU 110 IPUMEHEHHUIO KyKypPYy3HOTO IIEIKa

B KocMmetuke [44-49].

3aKIioYeHue:

B sToM 0630pe OmHChIBaeTCsA IIOTEHLIMANT KyKyPY3HBIX PBLIbLIEB (LIETKA) M €r0 dKCTPAKTOB, Kak
PaCTUTEIBHOTO JIEKAPCTBEHHOTO CPEJCTBA IEPCIEKTUBHOTO I NPHMEHEHHs B MeIULVHE U
dbapmanuu. apmakororuveckue wucciemosanus (/N Vitrow in VIVO) 1oKasanu — IpakTHYECKOe
OTCYTBHE TOKCHYHOCTH, CIIOCOOHOCTh K CTHMYJISIIMM TPOMOOIIO933a, K BOCCTAHOBJIEHHIO MajIbIX
IIOBPEXIEHUH COCyZOB, OOJIAfaHUIO aHTWIMNHUAHOM aKTUBHOCThIO. Hapszy c sTuM  mokasaHa
Ouosornyeckas axKTHBHOCTh B KadyecTBe AHTHOKCHAAHTA, AaHTHUEIPECaHTa, aHTUAUA0eTHIecKOTro
CpeJCTBa, [JIs CHIDKEHUsS YyBCTBA YCTAJIOCTH, NpH dbdeKTax Arypesa U Kajnypesa, s CHIDKEeHUA
YPOBHSI TUIIEPKIEMUH, IS IPeIYIPeXAeHNs U JIeYeHUI OHKOJIOTUYIeCKUX 3a00/IeBaHUI, CHIDKEHUS
He(POTOKCUIHOCTH, IIPOTUBOBOCIIAINTEIbHAS aKTUBHOCTh. AKTHBHO HCIIOJIB3YIOTCS B KOCMETOJIOTHH.

Bcé sto CBUAETE/IBCTBYET O BO3MOXKHOCTH CO3IdHMA HOBBIX dKTUBHBIX IIPEIIAPATOB.
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Potential use of food production waste to obtain medical and cosmetic products.

Message 1. The use of one of the types of waste from the production of corn grain corn silk (review).
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1Kakhetelidze Mzia Bondoevna, Doctor of Pharmacy, Senior Researcher, Institute of
Pharmacochemistry I. Kutateladze Tbilisi State Medical University

?Kikalishvili B.Yu., Doctor of Pharmacy, Chief Researcher, Institute of Pharmacochemistry |.
Kutateladze Tbilisi State Medical University
SGabelaia Margarita Arkadievna, Doctor of Pharmacy, associate professor Georgian Technical
University

4Yavich Pavel Abramovich, Doctor of Pharmaceutical Sciences, Professor, Chief Researcher,
Direction of BAA and Cosmetological Means Institute of Pharmacochemistry I. Kutateladze Tbilisi
State Medical University
“* Mskhiladze Lasha Vasilyevich, Doctor of Pharmacy, Associate professor, Direction of
Pharmacognosy and Pharmaceutical Botany Department of Pharmacognosy Tbilisi State Medical
University *Corresponding author.

Abstract. One of the problems of modern technology for processing food technology products of plant
origin is the use of their waste - peel, seeds, shells oilcake, leaves and other components, containing a
significant amount of bioactive compounds (phenols, peptides, carotenoids, anthocyanins, fatty acids,
enzyme, fibers etc.), which in most cases are not utilized and are burned, or go to dumps, worsening
the environmental situation. The production of potential drugs for the cosmetic and medical
industries from them is of great interest. A similar problem takes place also in Georgia. A large amount
of waste remains after processing the corn crop - stems, leaves, corn stigmas. In this review,that is
mainly based on literature data, the problem of using corn stigmas (silk), which is available in
abundance, is considered. Judging by the chemical composition, corn stigma powder contains a number
of phenolic compounds, pectin, glucan, glucomannan, cellulose, hemicellulose, lignin and others. It
also contains Na, Mg, K, Ca, copper, iron, manganese, zinc. Many scientists have studied antioxidant,
anti-cancer, anti-inflammatory, acute and chronic activities. Their studies and a number of other tests
have shown the pharmacological activity of extracts from the powder and their safety for use ,when
they are taken in certain doses.

According to available data, products, obtained from corn production waste, have found wide
application in cosmetology. They are used as absorbents, fillers, proteins, emulsifiers, surfactants. All
this confirms the need of using waste products from the production of corn grain - corn stigmas (silk),
for further purposes.

Keywords. Corn, waste, corn silk, pharmacology, cosmetics
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15339000 {o®dmgdol batBgbo 3MHMYEgdol 4s8mygbgdol 3m@Hgbgom®o
09L53¢gdMds LOIgEOEObM s 3MTYGH03MO 3MMEYIEJOOL FoldMIdS©

39940306905 1. o®3mgdol bo®bgbo 36:Mm9dEHdol 900 gMHmo Lobgmdol - Lodobwol megsdols
299mygb90s (B0dmbogngs).

39gmgeodg 8.8.%, 3035¢00830¢00 8.0.2, dJMs0s 0.5.3, 0530R0 3.5.4, Asbogwsdy ¢».3.°

130b9009¢v0d9 0.8., Bo6Hs300L MIHMGH0, mBocroliol bsbgerdfogm bsdgooiobm
296039660B9IHOL 0.92900509¢05dol R560s30290800L 0bUBHOA AL «9%36mb0 9136096
056580689¢r0

23035¢00830¢00 8.0., R5GIS300L OMFHMGO, 0docrobol bsbgerdfonm bsdgooiobe
296039660AdIHOL 0.99005009¢05dol RIS 302 J0000L 0bUBHOAIHOL 833560 09360964
05659068 9¢r0

3358900505 0.5., RsF5300L OMJHMG0, bsgsHoz9cmb B g/b03960 ©9bo3gHlodgBHob
3sbmok98w1cm0 36H:mR9bmGO

4053060 3.5., B56GF339339¢ 8936096985008 OFHMG0, 3GH:R9bMGO, doroliol bsbgerdhogm
bs89c003060 «960396boBIAOb 0.971005009¢5dol R35GHA330040800L 0bLHOAIHOb Bs-ob s
3020895003096 bs995¢1985005 808560 9eng00l 80253560 0936090 0565006 209¢m0

> dbbogrsdg ¢0.3., RsGs300b @MIAHMGO, 0docrolol bsbgerdform bsdgoosobm
2960396L0AIAHOL R356033008600D00bS 5 RSGI3939 10 dMBHSbOZ0L Jods60em9dol,
2562053028602 D00l ©9356H5096(H0L sLeEoEGIdwICO 36r2939b2HO

9b0omdg. 9396509 mwo (omBMmIMdOL 1533900 3MHMEMIEHIOOL o3 dsgzgdol ™Mobsdgmm3zy
3996m@myo0l 9OH0-gMOmM0 3OHMdEGdss 8500 BoMBgbgdOL Asdmygbgds - 3960, mglwo, bs3m3o,
3033™bo, BMMWgd0, HMIgdo 9903536 30MOgEH0MO b59M0gdoL 3608369M356 Mromgbmdsl
(396Mengd0, 393H0J00, 350MEH0bM0IdO0, bNM3056900, 3b0dM3sbo 8593900, dMFIMIOO
539M396300),  OMIGE®Ms  MBHOWODB30s  MIgBJLs  FgBmb3zg3zsdo SO bgds,  29IEOL
B593L0yMgengdBg, M3 9Mglgdl Ao0gaml 93mema0w© dEYMToMgmdsl. basgbo 3MMdEgds
Logormn39wmbo L. OO Mm3MmEgbmdom bsMBgbo 3Om©wddo M®Bgds Lodobol Imbsgzerol
39005399353900L 9900939© (0gMMgd0, BMMd0, LoGobEOL ME3580). MMM 3MLAYEHOIMOO,
oy  L¥IgOEobm 0bEMLEMmOOLM30L, o 0bFBHIOILL FoMdmoygbl Fsmysbh dm@Egbsom®o
36935653900l {fom8mgds. §0bs8gdstg 65d6MMI0, J0MHOMIIE WOEHINSGHWOHIo Jmbo39ddoL
Lomdzgwbdy, 2960bogds Lodobwol Mrg5dol Asdmygbgdols GgliodwgdEPMds.

Jodonmo 890500396mdom vy 300Lxggdm, Lodobol vwgsdo FgoiEegl Moy B9bmErmE

BogPonl, 399BH0bUL, 3350, 493035656, 390 MBLL, 3gdoEgEEmBsls, oybobl s Lbgs.
89033938 Na, Mg, K s Ca, b3oggbdls, 03065, 8sby56b, MmO, s6E0MJLoIBEWGO, 30dMb
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Lofobosmdaym,  bngdol  Lofobsswdwgam, (3939 o  JOmbozmwo  dmddggdol
300560 gdom IM035¢0 d93b0gMol FogH Bo@sMgdds 331930005 s bbgs Gogds Ggu@ds

5$3965 LoTobEOL  ME35dol BbzboEL  9gJuBHMSIBHIOOL  BIMBIIMEOMPONEIO0  5JBH03MBS O
23903390 @MHGdom  259mygbgdolisl, Fomo  MLOROMbMGds.  sOLGdIMo  Imbs39d9d0L
dobg30m, Lodobob Fodmgdol bshgbgd0 L0 F0Lgdds 36MYJEJOTs BIOMM d5dmygbgds
33035 3mbOgBHMEmy0sdo. olbobo  gsdmoygbads  MMAMOE  93MsH03900, Fmsbdmddgwrgdo,
99953190900, 9dMASGHMMJOO0. Ym39w039 bgdmm  s0bodbmwo  sEILlEMMHIIL  Lodobool
3503300l §oM3mgdosb bs®hgbo 3GMm©md@ol - Lodobool w3530l 9damdo 4sdmygbgdols
d9L5dEGOC MBS,

13533560dm BoEY39gd0. Lodobo, bsMRYBYdO, LOTObEOL Y3580, BoGMDs3MEMY0s, 30bTYEH0ZO
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'SCIENTISTS

Vol. 5 Issue 2, 2023
https://doi.org/10.52340/gs.2023.05.02.19

05893M5Dmob  bs{jersgzdo blibso s Jsxfo®dmd]abgero @sdergdgdols
BMOIME305 S (Hgdbmermyos
935D B5Bsdgl, mMebscd dogdsost, sds ds3@modyt,
©030GHM0 s3H0dg?, 3sb6sbs MmER™b030d9%
05 §refimdost, sgromBs d5379Modyt

lmdooliol bobgedfogm Lsdgoobm Mboggdlodg@ol 3sMTs3zI3@ o @gdbmemyools
©9356035396¢0; 20blvy, 0m39w JMMImgEsdoL Bo®mBs3mdodool oblGodm@o

BLGMJGHo

2BGHOMOMMEOIBIMMHO  ©9350JOJO0L oMM  gsdmd)3g3 FoBgbo  0mMZgds
39w03m-dogd@gMos- Helicobacter Pylori (H. pylori).

39w03Md5dBHgM00L 9M5035300B5mM30L  5dGH0MEMS® A5dM0Ygbgds 1sddsy0 MYMS30d, 9.§.
»JOML  BEHBIOGH", MMIgwos 9960m05670L  BEGH0B0MGH0390L s 3OMGHMbMwo  FHFdML
0630003HMm6U.

29UGOMYbGHIOM@ M0N0 BsI3MGbswm  LyFMegdgdol  JoffmEgdol  0bmgs0M
LoLEGHYAGOL T 2oblsz M Jdm 0b6EIMILL 0fi393L - Jo539d0. Jsxr3qdo - Abydwgdo Lol gdgdos,
206Lb3539800m Yoo Bsd3MMbsEHodwm FmEMIGOOLIYD, 0lobo 56 25dM0Egdgd0sb, doModoom,
0DM90056 M5 IMEWMWMdSdo, 9§30 0O dgbgdol BYPI30M0, LOWMWIE G390 W MMfim3s
296LL s 50H9g396 FoLTo. MJMML LGB EHOL T9F59bgw0 0baMg0gbEGOOLRE T9dwdsgs
90156303500 dofimgdol 3Fdo blbso s Joxgho®dmdddbgeo GHodwgBHgdo, mdEo0s
3bG93009gd0L 1153d5MP OO M3MEIbMdOL 899339 MdO.

3309308 JoBobl [ommoygbs Modg3MsbMmmol bsdMomdol bsfiersgdo blbswo o

Jox30o63m8Jbgro 3Hodwg@gdol 890500396 mdol 25bLoBEIMS s Bgdbmemaools sddsggds.
00Mmx35M3>393GWWo 330093900L Loxd3z9w By, IMfimEgdYEos Joxg3ho®dmdddbgwo ibabogrols
3300 M0 30003mDB0oE0s, OHMYMEOE sTBIsMg 603m0gMgds Joi3(sMBmMIJdbgwo &sdwgdEgdols
90 3b5©9d0LsmM30l, 9990090 99350Q9bMdom: bsG®0MTol WMo bLExsEO, Wwysodobo
5 JgBmagero E6 PLV  (0,75:1,25:5) 7%; Jusb@obo o 3w9960L 3«9dggobo 1:1 mobsgs®mdoo -
2%; 0BmAsenBo 10%.

00MmxBMT>393GIWO 330939000 L3 d3z9eHg IM[EYO0s MHBG3MSDBMEOL Bofersgzdo
blbso o Joxgfo@dmadddbgo  Gsdg@E-006MHmM30L s  FoMULHIMIMIJIbgwo  3MA3MmboiEools
RMOIMNWHE0900 S 8500 TBEIIOL BHgdbrmemaogdo.
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d9LPo3e0E0s M5093M3BMOL Jox3foMdmdJdbgwo s bofiersgdo blbswo @sdwg@gdol
30D03990-J0d0mM0  ©5  3H9dbmmaom®o  ™M30L99900. ©oPIBOW0s, MHMI  ImfirrE oo
399bmma0s MHOHMB3gymal dolo 39000bsmolbmgbgdol: 4s09gabmwo Lsbg, MBoMmgdOL
LoBNMLGY, 99d960379M0 LoIBHI0ET ©ITWOEMBdS, Joxzol Fomdmgdbs, dEAMsEMds ©s 5.0,
3300 )© Foboliosmgdegdb.

d9LH930E0s MSBI3MSBMEOL blbsMdOL 3OMBOWO B9dWYEHJo0sb pH-0m 1,2 ©s 6,8.
50396005, H®MA 5530 ®omgdob 100%-0m GBoLEBHIBEGHWW0s 85535 GOl F0FsMrm:d5535 sGgdo 2
Lon-0U 296353 ™dHT0 59MM630LYBM GO0 SGBOL MHOMEIEMDS ©I60T3bgwMs s Tghygmdls 3%-
ol B56Hg0d0. 5530 BOVIESE 9FMM530LvBJdS 30 -0l 2563530 mdsd0 PH 6,8-0l POMU.

233UGHOMOMMEOIBIWMOHO 9350090900l  JOMOMOE 490393 FoBIHBI  0mM3Wgds
Helicobacter Pylori. dobo gMs@035300L5mM30L  GHMIOEOMWIE M93md96gdmEos bsddsyo

0965305 9.9. ,,0JOML LEHBPIOEHO®, MMIgEOoE 99005671L ME sBEH0dOMEHOZL WS 3O MEHMbMwo
193l 0630d0FHMOL.

M909305%Bmeo (Rabeprazole) d0g379m3b69ds 96EH0LY3M9EGHMOWME B03mm0gMHgdsms el
“m3gog meymbagl 3ol §3960L 1n30gEosl L3gz0B03MM0 HH/K+-5383-5%sl 0630doMgdom.
©OIOLIM3Z0L 3609350530 BMmEgdmwos bsfarsgdo blboso @sdwgBHgdobs s 3ox3Lwegdols
gm®don[1,2,3,4,5,6,7,8].

33UGHOMIbEHIOMWMmA0MHo  Bsd3MMbowm  Lsdegdgdol  dofimgdol  0bmgs0®
LoLBHYIJOL MOl QoblogMMOGOME  06FIOILL  ofiggzl -  Joxgdo, OHMIwWwgdoz  FYso
15939ObsEFoFm  FMETGOOLOYD AobLBZ3900m, 56 A5dMOEgdgd0sb, 306H0Jom, 0BMHPYd0D Mo
I 37Md530, 59300 0O Jgbgdols BgI3060, LOMEISE B3390 MOHMZ96 FoOUL s 59390
05130[9,10,11]. ,dGML  LEHBEIOEHOL"  F9dsabgro  0byMgOIEEHJOOLIYD, Tom  FmEol
509305BMOolL bsEMH0MIolysd Imrgdwmos doBsbdodsmwmwo dofimogdol 3mFdo blbswo
5 Jo8HoMmMIJIbge0 3Hodwg3Hgoo0, sbEIE0IOL Ls3doM© OO MIMEIbMdOL 899339 ™Mdom
[11].

336930 30BbL (oMo gbs M5d9)3MBMmEOL Bsfensgdoblibso doMliom @sBsMmYIO
Jox3§ 56336y 3sdegEgdol 999503960 ™md0L AobLsBIMS s BHgdbmemaool sddsgzgds.

319308 Md309gAL FoM3mo)bMs3g3M5DM Bo@BMm0Tol BoMTs3933vIoldLEbE0s
(Enal Drugs Pvt Ltd.Jeedimetla, India. USP), Lobodgdemol awozmesd bs@Mmowmdo, dsgbowmdol
UGHJOSBH0, WodMbol 553505 ,0MEIMOO Joi3foedmd]dbgwo gbzbowo® F9dsagbarmdoo:
B5@®01930L WsmBo L Rs@o, wgso@0bo s dgBmagwo E6 PLV (0,75:1,25:5) 7%; Jusb@sbo
5 29560L 23x830L0 (1:1) MbsgsMEMdom - 2%; 0BmIse@Eo 10% [11].

3309306 890mmPB0:33eg30L  3MHMmEgbdo  2odmygbgdos  BoBo3MM-JodomGo,
3995mem-309M0@s dOMGsMI>393G o dgommegdo [12].

331930l 890093900 s 3500 gobboggs. 33eq30L 30M39wgE 93D 3003000 IHbgbol
9900000 3MIHBEES BHOdWYE) - 00MM3900L 7 MY IOHo  30I3MDBO0s. BMOTNMOE0JO0
fomdmpgbowos N1lisbGowrdo.

gb®oo N1
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5093605BMgols FsdergE-d0MHm30L 15533¢930 3MI3MBOE30JOO

N | 89050099690 909 BH-000H™M30L 3MI3MD0oE0JdoL  9dogbermds,
30033mbgbEGHd0L slsbgwgds 3y
F1 F2 F3 F4 F5 F6 F7
1 [ 6sd936m5Bmeol bs@momdo | 20,0 200 200 200 (200 (200 20,0
2 | dmEgéo 20,0 200 200 20,0 (200 (200 20,0
o3 569 3J3bgero zgbgzbowo
3 [Lobsdgderols 3wo3mmsd | 10,0 10,0 |80 50 10,0 (50 7,0
Bo@eomdo
4 | 85360930 LBgoms@o 5,0 3,0 5,0 50 50 50 50
5 |99®magwo E6 PLV 13,0 150 |170 20,0 (150 |[170 |150
6 | wodmbol dgo30 12,0 120 |100 10,0 (100 130 13,0
7 | bogOom dobs 80.0 80.0 |80.0 |80.0 (800 [80.0 |80.0

3309308 B30H03MM-J0d0M0, B0MBIMTS(393GYIL0 OO BMBI3M3JME0  FGNMEIO00 FgBSLS
300900 BHOdEYEH-00MM30L  39000bsMolbM3bgds. 89gaqd0 dmyzsbowos N2EbGowdo.

gbMogo N2
509305DMEOol  GHVWYGH-d0MM30L 39000¢bsMOlbM3bgdol  dsB3g6gdEgdOL  2oBLIBEOZMOL
8903900

G909 H-006MM30L  BMMOTMES(30900
sbsbiosmgdengdo F1 F2 F3 F4 F5 F6 F7
A9 BOL s, () | 80,0£0,2 | 80,0£0,3 | 80,0+0,2 |80,0+0,3 | 80,0+0,4 | 80,0£0,7 |80,0x0,7
(80,0+10%)
65093050l 99,9+0,44 | 99,7+0,39 | 99,9+0,45 | 99,7+0,48 | 98,8+0,57 | 99,8+0,51 | 99,8+0,36
39933390 mds, %
LodBH30E9 3oHIb3sYvy, | 530,53 | 6,24+0,46 | 6,5+0,51 | 7,6+0,49 | 6,56+0,55 | 6,4+0,46 | 7,45+0,52
(3/18°)
bodBH3039  (3399bY, | 99,39 99,47 99,62 99,81 99,72 99,36 99,79
(%) (560 B33 gd 97%)
9o, (foo) 5,8+80,28 | 7,4+0,32 | 7,7+0,31 | 7,9+0,25 | 7,2+0,34 | 7,3+x0,30 | 8,6+0,27
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339306 9989y 9B93BY dgufsgerowo ogbs

GO0gE - 80O™mM30L 93000039 3M3MDoEooL

o830 om3mgabol mbs@o, (pH 6,8) -0l 3oMH™ddT0. 99900 Im3gdmeros N3sbGowdo.

gb®ogo N3

58936500l 53 E-0060030l 3MI3MBoE0gdoL Joxfis®dmgdbol Mbscmol

FgLagerol dgwgagdo(pH - 6,8)

N | dsboliosmgdergdo RMOINWS30900

F1 2 |F3 |F4 |F5 |F6 |F7
1 ggiﬁfgﬁg%gb 5%‘;?)3960“ 343 325 |[335 |243 [310 |35 |298
2 ?;’g:{ii‘;?gi’;’;’; ) 01 4704|5013 |483 568 |542 |438 |528
3 ggg‘f%?t(’ggj’gi’mﬁ%@%’gg 4258 |475 |456 |574 |551 |309 |537

509305DMOL  BodWgEH-00MmmM30L  HsMOLLOL  2s6aLsBM3IO o 539698 qdol  dobgz0m

3&005ee 99050096 md5 doBbgMeos F4 gm®mdwmemsisos (gbMowo N3).

990 mddo d906MBs go®lo®dmIJabgero 3ma3mboEool d90500396mds s M5093MHIBMEOl
AO0YH-00OHMZ0L JoMLOM IRIMZ0L FJJbMEMP0MHO 3060HMDJO0. 356539EHEMO0 dm39dwEos

3b®owdo (N4).
gbMogo N4
589365Dgol Bsdg@-0060m30L  65{iersgzdo blbso 4sMlom sgsM30L GHgdbmemyom®o
3505093M900
390U 5608M3Jobgero 3md3mbogools 65093605DM@ol G30w9E-00M30L M0
099500396¢0Mds 5830l 39dbmeErMy0vIMo 356589GHMYd0

Q5bObgEgds 5Mq-05, % 35650930900 0609369 d9d0
5(39GH0WREIWO 6,0 A9939M5@GH e, °C 30-40
(SN e
A0Gobols mG:5690 2,6 L396D00L goxi®d3z930L Lobdsty, 5-10

o/ffo
539&H™bo 59,4 LL396D0OL gonMd3930L O™, foo 45-50
0bBM3IMOM30ol L30OEO 30,0 Lo ES70MJOM 3500l dEIMB30L Lo- 6-10

BJomg, dG/ oo

GMd0L O™, oo 10

30 do (N5) 3mEgd9eos G0093Msbmeobl bsffarsgdo blbso s Joggfo®dmadddbgwro
Ad09BH900L 3930b 355535 G0l HIBOLEHIDEHMBSBY godm30L F99ygd0.
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gb®oeo N5

509365B 0ol 65fjgrsgdo blbswo s Joxhsmdmagdbgero @sdag@gdol 3mFols 3535 SMols

9BolBYbEH MDY 35030l B9 JRJO0

3obobosm g o/BmEmIMwszool N F1 F2 F3 F4 F5 F6 F7
M9B0LEHbEMdS 3530 dodseom, (%) | 98,7 979 (981 |100 96,8 97,4 99,9
5domds 0,1N HCI - - - - - - -
N1 Loy sbobros ©3093M5BMmeoLF4 RMOINWH300L Bofersgzdoblibscoo
39OLOMIRIOMWO  Jox3foMdmdJdbgro  BHOdWYBHIOOL  498MmME30LbBgdol  Tgbfagarol
9900939%0 pH 1,2 - 6,8-0l 306HMdgdd0.
100
X 90
<2 80
2 70
§/ 60
2 gy 50
22 a0
©® 30
5 20
& 10
> 0 o © ° o
006 1 2 3 4 5 6 7 8 9 10 11 12

06 (for- 1X 12)

bg@soo N1, (sdg305Dmol  359mmez30bREads  bofersgdoblbso  aoMlom RGO

G0 gBHgdoLasb, pH 1,2 - 6,8.

099600365: 120 -0l 456353@mdsdopH=1,2-b (bwy®.2, 1-10; 2bor-ob dgdgy PH= 6,8-U).

0myg3560¢0 3mbs399900096 (gbMowo N5; bw®.N1) Bsbl, Gmd dgmBgmeo N4 gm®Inwszoom
003b5©gdo  3Hodwg@goo ®»omddol 100%-00 OGgBoLEBHIbEGHWos 85535 MOl JodsMron s
UOMEO© 359MM930LB G 30 fo-0ob 2obdsgzwmdsdo pH 6,8-0l ™.

s1336900:

- 09dbm@maon®o s  BoMmBIMI>3I3GNIO  33g3g00L  Lsgdzgwdy  dmfim@gd s

509305DMmol  65Harsgdoblboo,  Jox(e®dmdddbgro  GHodwg@gdol  Mm3EGH0dsMHo
3033mboEos o B9dbmwmaos. Joxfedmdddbgar s39b@o 99mygbgdmwos ,,dmEIw MmO
Jox3f960m3Jdbgro xbgzbowo”, HmIgwoi MHBOHMBIgYmRlL  Foroswro bsMoLbOL, oo
90(39900md0L 5 YOO Joxzob Hocrdmdabab.

99U 5300005 M5093MHSBMEOL Joi3hoedma]dbgwo s Bsfiersgzdo blibso GHodwrg@Egdol go-
©03996-J0809O0 ©5 3H9dbmemyom@o ™301909d0. YIBOW0s, GMI ImfmEIdMEo
399bmwmyos  MHOWMB39wymxkzl  dolo  39000@bsMOlbM3gbdol:  49M9gabmwo  Lsbg,
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@MHBoMIOoL  BLOBMLEBY, F9dsb03MMo  LoIBHI0E], IS MDS,  Joiol  HomBmddbo,
000M500Md5 9 5.9., M3EH0To)H TobolinsmgdEgdb.

- 99bPogeomos M5093M5BMmeEol blibsMdol 3MMBOWO G0 d0sb pH-om 1,2 ©s 6,8-b
99000b393590. ©oRJ60 05, HMA 5JEH0IMO BMT:393HwI0 0byMmg0I6EO (5530) MomJdol
100%-000 6H9HoLEIBGHME0s 359535 5M0L F0ToMm0:05535 9M9do 2 Lom-ol gobdsgarmdsdo
2000053053 390 5ROl MM IhMds ©9d60d3bgrms s gMygmdl 3%-ol Bobygddo.
3530 LGS 398MmM930LvR3Egds 30 ffor-ob 4s6dsgermdsdo pH 6,8-0l oMHmUL.
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Formulation and technology of Enteric and Foam-forming Rabeprazole tablets.

Revaz Zazadze!, Gulnara Mikaia*, Lasha Bakuridze*, Dimitri Lagazidze?,
Manana Orjonikidze?, la Tsurtsumia?, Aliosha Bakuridze!
1Pharmaceutical Technology Department at Tbilisi State Medical University

2TSMU lovel Kutateladze Institute of Pharmacochemistry

Abstract

Helicobacter pylori (H. pylori) is considered the main cause of gastroduodenal diseases. For the
eradication of Helicobacter, triple therapy is actively used, the so-called "Gold standard”, which

combines antibiotics and proton pump inhibitors.

Among the innovative delivery systems for the gastroenterological drug formulat ions foams
appear to be of particular interest.Foams are light systems. Unlike solid medicationforms, they are not
simply deposited in the gastrointestinal mucosa, on the contrary, they grow in volume,have a large
contact surface, completely cover the mucous membrane, and penetrate it. Targeted delivery, enteric-
soluble and foam-forming tablets have been developed from the "Gold standard"ingredients with a

significant amount of antacids.

The study aimed to determine the composition of enteric-coated and foam-forming rabeprazole

sodium tablets and process their technology.

Based on biopharmaceutical research, the optimal composition of foam-forming powder has
been formulated as an auxiliary substance for the preparation of foam-forming tablets, with the
following composition: sodium lauryl sulfate, lecithin, and METHOCEL™ E6 PLV (0.75:1.25:5) 7%,

Xanthan, and guar gum in a ratio of 1:1 - 2%, Isomalt 10%.

Based on biopharmaceutical studies, the formulations of enteric-soluble and foam-forming core,

tablet coating composition, and manufacturing technologyof rabeprazole have been drawn up.
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The physical, chemical, and technological properties of foam-forming and enteric-coated rabeprazole
tablets have been studied. And, we have ascertainedthat the technology appliedfor their manufacturing
meets the quality requirements of this medication: its appearance, dosing accuracy, mechanical

strength, solubility, foaming, stability, etc.

The dissolution profile of rabeprazole tablets, generated at pH 1.2 and 6.8,has been studied. We
have ascertainedthat Active Pharmaceutical Ingredient (API) is almost 100% resistant to the acidic
environment: the amount of API released during 2 hours in the acid area is insignificant and varies

within 3%. The API of the tablet is completely released within 30 min at pH 6.
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3Mebgmols sdemdol 33500 SphagnumLisbgedols S. austinii—ob s S. Papillosum
09056090000 5bsEGHMBom®o s0gMs

Bsoges G93H99sdgt, 0Bmengs 8sF@sdg?

8507900l Imos GHrylborsggerol bsbgerdponm «bog96bodgd0b godm3somermgoobs s
80m86535¢»R9636980L 0bUBHOAXIBHOL 302¢0bg00l HMEHR65GHIBOLS s fyerob g3mboldgdydol
3bL9635300b 35693000980 99360964 02565006:89¢0, 8300900l T Hyborsggerol bsbgerdhogm
2960396b0BIHOL  BOAM3500meg00ls S BOMIMHI35¢1R9H36980L 0bLBHOAHXIHOL 3membgool
AORbsGHIBOLS ©s fyerob 930b0bB90900b 3026L96G35300L 35bgmn0¢n980b 3s6ymaomgdol «utembo,
001535690 0936096 02565332 9ge0?

BLGMJGHo

30bgool  sdmdbBY  29303Iwgdo  gmgbowo  bgsabmdosbo  GHmOHRBsMdOL
90803GHMM0s  a3sMm0  Sphagnum-o. 3mbgmol  gmabswo  bgsybmdosbo  GHMmOEbsOGOOL
330500L o690 gMm-gMmo Lobgmdss 9303530 @o0d30mgdwyero - Sph. austinii Sull.,
Hmdgerbsg ITUCN fomgwo Bmliboo 8060Fgdweno 5d3b 39G9ameo0s - 4505896900l LogzMmbglmsb
beml (NT) [12]. 3m@bgool GmO»bs®gddo 4madsmol BmmIomgdsdo dmbsfiorgmdl sbg3g
Lobgmds - Sph. Papillosum Lindb., &mdgeos bmy 99000b393500 ImORMEmA0Mo@  dogr05b
q0Lgo3Lg0s Sph. austinii Sull., s 3obo 5Bz Laggarg 306MHMBYVT0 Y30l EbTMJO00 MOMJIol
393909 00. LEbgMBYOOL JozMMbzm3mwwo (OMAX-DC5V) ©sm35¢09Mgd0bsol 530590900 s
53583040 565@SF0MEO FobsLOsMYOJdO.

1353396dm LoBY39d0: 39096980 Logrtoby, 9000%035¢9M0, 090060 bsglo, HmEHR6560.

dglisgsano

30bmo  4sblo3MMHJdMYmo  MHgaombos  AbmBwomdo  MIBOMGHOMRBMYWO  BHMORBIMIOOL
5OLYOIMOOLIMZOL.  3MEbgmol  EsdEMBdOL  LBsbmdosbo  GmMxbIMgdo  guss  3mEbowo
153596930560 BHMORBMJO0, LoIE AHMOROL IROMZJdIOL 3OMEILO EEILSE F0dEObIMYMIL
[6,9,10] 3m@bgmol @sdermdol 3mabseo LRsybmdosbo GHmOHEBEsMOL - ol3sbo 2 Lgspbrdol
Lobgmdol JodoMo sBseoBolisl sEYH0bEs, ®MI obobo Fgo3ogl 16 domEMyOIMs© SJGHOME
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6ogmoghmgdsL [11].
30bgmoL OMIBY 230 EIEIOME0s 33500 SPhagnum-ol 9 Labgmds, HMIYEOG KAIBOIOS

4 9J3os:
Lodisoo Sphagnum
Lobgmds - Sphagnum austinii Sull. (Sphagnum imbricatum ssp. Austinii)
Sph. Magellanicum Brid.,
Sph. Palustre L.
Sph. Papillosum Lindb.
Lgdisos Acutifolia
Lobgmdos - Sph. Capillifolium (Ehrh.) Hedw.,
Sph. Rubellum Wilson.
Lgdgos Cuspidata
Lobgmds Sph. Cuspidatum Ehrh.ex Hoffm.
Sph. Fallax H. Klinggr.
Lgdgos Subsecunada
Lobgmds - Sph. Denticulatum Brid.
30bgmol sdMdOL BHMMOHB656MHJdT0 LRsabmdol Lobgmdgdol 45303 SgmOL:
5. 5352630, OHMIgoi Imbsforgmdls gmddsmol §oedmddbsdo, qigbos:
Sphagnum imbricatum, Sphagnum papillosum, Sphagnum rubelum.

0. bL®sabmdo, GMIgwog o0 IMbsHowgmdL MBSOl FoMdmJdbsdo, 23b3wgds BHMORBIGOL
0 BIOY HBMbsdo - glss:

Sph. palustre, Sph. cuspidatum.

Sph. austinii Sull. s Sph. Papilosum Lindb. @&m6gol §os6r3mddbgero doMmomso Labgmdss,
Sphagnum austinii Sull. gs699mb 35399394056900L5d0 439wwsBy IMmAbMB0sMY MgMGO bsgLoy,
MmIgeo3 gl LM omdo 5033000900 [3,7]. 9903060900l dobgboos: 3wods@ol
(3309, MYDs70, babdMmgdo, Lodmberols dm3z9ds, gmEMm™mEBo3sGos [1,2,8].

LYBMbMMO, SB0MGHMOO BoJBHMOIOOL (33¢00gds 0fi393L LRobMTol Lobgmdgddo d9gdgyo
Lobol 3300 gdgdL: Esdobol0sMYOYE0 FIBIHOMBOL 33X GO, IHML BOHEOL Tgbgengdsls
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5 2956030 296dFBHMgdgdL Mol Bsbdool  (33e00egdsl. Fglsdsdolo DBmaogmmo Lobgmds
230BLs3MMMGB0m ol Lobgmdgdo MMIgdoE 3ddsmoL d9Jdbsdo ©0gdEMdY6 Imbsfoergmdsls
Sph.imbricatum s Sph.papillosum dseosb gabasglgdosh g®mdsbgmlb [4,5]. Ibmewmo 3ol
15395 gd0m  Fo0  0Y6GHOROEMYOS  25dbgEgdM0s. BoFoMmgdL Tob  IM35¢0gMHYISL
30360mb3M30L  450Mmygbgdom, Goms oER0bEILs olgmo LobgmdGmoz0 b08bgdo GMmYMMOEsS
B0l B0OTs, DM O 305¢06H0 MXMGIOOL B0dOHOMGdIOL 9539M30L 063 gblogMdS.

AsB5g0s S 8goMQO:

b533eg3  Md09JBHPPYY 330603905 bEIdMS  Lodo®M3germl  sbsgergmom,  LsdbGgm
30bool EdEXMIOL 3mEboe BRsabmdosh GHmOmRbsOOL, 390dm@ ob3sbo 2- ol amddsmols
§o63m0J3bgar 43500 bBsEbMToL MmO Lodowstmer Lobgmds®y Sph. austinii —ols s Sph.
papillosum. 53  d09dGHgdol  1o33eg395©  WVDMMIGMOO0L  30MMdJdd0  gsdm3z0ygbgom
&M0bm3mwsmo  dozhmbzmdo OMAX-DCSV. 80360mb3m3ol  Lsdmowgdom 53009090  ©d
23900530090 LbgMdIOOLMZ0L sTsbolsMdGEo bodbMgdO.

8903900
Sphagnum austinii—ob s Sph. Papillosum 8¢os6gdomo s65@m3om®o sofjg®s.
bog9wg 99B390E0JPOLSL, LobgMd IOl 9HMTBIMOLYE Qo0hg3s doMHoMsoE bgds

JmOBMOMPOOH0  IMNZO0JMJd0m. gu mOOo Lobgmds Sph.Papillosum s Sphagnum austinii
B399 90M03 306MHMd7dT0 33390005 A5BIH3530 Vs FMmOFM Moo Bodbgdom (bm®.1).

A \A
bw®.1. Sph. austinii Sull (8s63bbog) o
Sph. papillosum (3s6x3603) 3sd0@MUo.

1535864990 LobgMdJOOL FMOTMEEMAO0OHO BOTBIOOL OLOMZI0gMHYIWSE bo39g Fgdsmdolols
304969000 35L. 319939, 9OLYIMOL 999mbs3wolo d9gdmbgzg3zgdo, GmEs Lbgsalbgs Lobgmds
96035690 INORMEMY0MEMoE gaLYI3LYOS s B0 oMPRY3s gladwrgdguo begds sBsGHmdowm®o
0530b90M90gd0m. Sph.Papillosum ©sds¢o 39d3gms@wmobs s bs3argdo fywwol 3ommdgddo
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JmORMEMY0M© doe0sh gabaoglgds Sph. austinii-l (L. 2,3.), MoL sdma dogr0sb FoMb 3

™60 Bobgmdol 9O Tobgmoliysb yoMBggs.

bw®.2 Sph. austinii Sull bw©.3 Sph. papillosum Lindb

206Ub353980L  sRoJlLoMgds Fglsdegdgeos FbMEWME F03OMBZM3MEIO  IMZI0IOHJOOLSU,
39633™gd0L  Zmmwgdol 305¢0bMMo MXMIIOOL BOdGOWIdO MBM® 0bEHgblom@os Sph.
austinii 3oy, Sph. papillosum —3do. 356lbgo39055 21939, BOBOOWJdOL LOToGLs s BMTodos.
Sph. austinii - ob JermOMBow 0560 MXMIIOO WBOM 06EIBLOMMOS FBIMHOE O, BOBGOWJIO
WBOM 93390000 S 5MmabadMO  LoaMAoLLy, beeom  Sph.papillosum-ob  JeomGmgowosbo
MR MJOJO0 MROM V05 TIBIOOWMOOLLS O BodMOW OO0 3390l Il 3050 0bmE Mgl —
056505OLoaMdosbos.  Sphagnum  austinii  gsbogo  3963BHM™dOL  FmmEgdol B30MIS
3b(39GH0LYOMM0s, 539JL0L3D F90MEMY30¢0s, 539Jb0 8339000 Fo9sb30wdME0s, 539JLo
dMEM3I0s ©e35d0LgdIMO0 MR MO FobsBsM©adom, Mg Sph.papillosum — ob s6 5860
(Ly@.4 ). Sph.papillosum y563@mgdol BmmEwol Bm®mds J393M0LgdM@mos (bw©.5), GmmEob
050 bsfowo MBOM goboghos, 539JboL3gh 30HOHM3Ids s FgdmMm9300s Bw9doEsb
{30630y,

bw®.4. Sph. austinii Sull 356030 4568GMm9dolL gmmmeo; bwe. 5. Sph.papillosum ys6ogo
29693™gd0l BMOHMEO;

09, 59 60 BobgMdob 45693 Mgdol BMMNMEL JONPOHMNESE TMZsmM3LJdm Lbsybg J0bsbg s
053533060090 356250 ©53065bs3m , HMA 0lobo oblb393Yd0E 5615 FoOEM FMGTom,
305990 BmIomss (bw©.6 ).
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bw©.6. Sph. austinii Sull s Sph.papillosum

296030 2563@Mqd0l BMmEgdo;

53369

9099b93500 0dols, MMM boglol Lobgmdgdo T9gxz9gMOWMdom, 533JB0L BMOTom, 256030
39633H™9d0L BmTom gHMTsbgmoligsb goblbgeggds, Bmyogmo sd0MEHWG 30MmM™dgddo Sph.
austinii Sull s Sph.papillosum 3s30@wboom obg gdlgogLgds gMHMIBIPL, MMI boggarg 306HMdJdT0
009630x80300Jds  FONMWIPIMWos. $80G™I, LHMmOO  0096E0B0E0MJd0LIMZ0L  LoFoMms
30360mb3M30L 25dmygbgdom J935MMM FMMEOl BMTs, BMEOTs s 305¢0bMMHO VXML
303OOWgdol J939M30L 06@¢gblogMds.
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Comparative description of Sphagnum austinii and S. Papillosum of the genus Sphagnum
species of Kolkheti plain

Natela Tetemadze?, 1zolda Matchutadze2

Scientific employee of Kolkheti Peatlands and Water Ecosystems Conservation Department, Institute of
Phytopathology and Biodiversity of Batumi Shota Rustaveli State University, Chief Scientific Employee, Head
of Department of Kolkheti Peatland and Water Ecosystems Conservation Department, Institute of
Phytopathology and Biodiversity of Shota Rustaveli State University of Batumi?

Abstract

The genus Sphagnum is the edifier of living sphagnum peatlands spread on the plain of Kolkheti.
One of the dome-forming species of living sphagnum peatlands of Kolkheti is Sphagnum austinii
Sull., which is rare in Europe and has been assigned the category of Near Threatened (NT) by the
IUCN Red List (https://www.iucnredlist.org/). In the peatlands of Kolkheti, the species - Sph.
Papillosum Lindb., which in some cases is morphologically very similar to Sphagnum austinii Sull.,
and is almost impossible to distinguish in the field with a magnifying glass. We described and
recorded the anatomical features of the species under the microscope (OMAX-DC5V).

Key words: danger of extinction, edificator, white moss, peatland
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563000mEH03900L 250mygbgdol Bmy0gmHomo bmEoswr®o sL3gddo bags®mggamado
06069 3M0bmgero, 0035 3mMHoborgwo

d0olol Lobgwdfoxnm Lsdgoobm Mbogglo@g@o, 05383ms s IMbsMPMS dgo0bols
©935035396@0, d0wolo, LodsOHN3gam

5659900M39 9900300606 9OH-gMHm FgBI®© 9GO0 3MIMIGISL 6EH0dOMEH03900L
00856 OH7BoLEBHIbGHMOOL  BOHOL  GHgbwgbzos  HoMmTMoyIbl. o3 gom339Mw  fows
BGH0d0MGH03900L 505d0DbMdM0305 258tmggbgdsd gobsdoMmds.

69H0oLEEIBEHMIOL 3010309850 JNYEl ALMBWOMI0 JMOIWWYIOHO bolosmo dooMm s 21-
9 b593960L B9 0E0bOL X IO 300093 Y9390 LOOMNMEY 5GOL. FLMBREPOML LogHmsdMMHOLM

062560D530900L J0gH F0MGdO MOV ©Y3EIMS30900, MHMIJOG 935¢JOVIgdL J399b9gdLs
3900993530b Lobgardfogm LEMEIR0JOO 53 bLE30MHYdOL FoMm30L M3EH0TobsEooLsm3z0L/1,2,3/

330930l JoBsblL {omBMmoygbs 563H0d0MEH03900L 459mygbadols bmaoswr o sB3gddgool
gL ogas Lodo@mnggemdo.

3bGH0dJBHIM0Mo 8900035963900l 98mygbgdol  Lmaoswrmo  s139dGHgdoL
9L 93 olz0L B39BL doge 259myqbad o ogm Bsbg3zMoLEMWJEHIM0DIOMEO 0 300360,
Hmdgerol  bodwmowgdom  Igbodwgdgeo  gobs  MHgu3MEY6EHJIMSD  OosEMAOl  Mgg0ddo
2309m300b30l Fo®mBsOm3zs. 33e09g30L gl dmEgwro J9dvdsgzgdo s M93mdgb0MmYdMWwo sGOL
ALGEoMmb K6IOMJEMdOL HE30L MOYbODIE00L Joge/4/.

33093590 dmbsfoarg g3zgms 3060 0gm BOEILOYO, LoJoOmM3gEml  gEsdsesddo
dgbmzggdo, dseglbo  dobsmnrgdom, Toomm Imeol 25 3sgogbBo [/ 6 gobsbbobGo, 4

0L 93w 9090, 5 356 39GHMEMY0, 3 dMWIEIM0, 2 93mbmIobBo, 5 osLabwobo/, 25 mysbol
94080 s 25 §oMmBs39330.

91363 JOoL F9MBg35 Imbs J Mdowolido, 9.f 306306096 -s6Ms5dsMMEO TgMbhg3z0L
9900MEOm, 99060Bs 583005J900 O 45dM3oMbIEo ogm dsldo ILEJIGdIMo BsMTS393BHJ00,
353096300l d9Mbgzs dmbs  (396GHMIE  JBsBY.  mxsbol 9Jodgdol JgMbhglzs dmbs
30639050 X56s:330L 396GH®T0. yz9ws J9dmbgzg3z5d0 06 JM3049 Ho0dsmms 3300 g96Mgdmdo
Q5 000MJMY 506096 F0d0bsMIJMd©S IbEmgdom 60 fmomo. asdmzombgol 3Omagdo
23000g9bgdmmo  ogm  bdol  BsdHgho  Bmfymdomds.  asdmzombzs  ogm  9bmbodnmeo,
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MH913MmY6GHJIOL  SOEFIODO  306MHMm3bgdoL  B50IBEHRO0E0MIdIo  IMbs3gdgdo  vG  0dbs
SMobmwo.

300900 3B dOL  IYMmBS  BmbEs 990009y  39AIRIMM0JOSE:  OMYME  dMbd
Q©553500900L 05BMLEH0MJO,OHMAMM dmbEs 56BH0dOoMEH030L TgMbhg3s, Lo S MHMYME Tmbs
56GH0d0MGH030L F9dghs, 56EGH0d0MEH03900l d0Mgdol, 459mygbgdols Iglisbgd sdm30IdMEIds S
239030m36Md09M90s,  LoBMIogwm  MH93md9IbI3000 @S LYYM30WgdO,  FI0ELObOL
3OMEHMIMob 530mygg69ds (AbMEMm@ MK sbol 9gdodgdol o BoMds393¢00L d900bgg35d0)

©553500900L  LOA3BHMIJd0 0gm T99IY:Mo30L (330300, BoLswo (3bgwgds, Yool
A30300, 50065305, ®ob 35dm3 14 99dmbgz9350/56%/ B0dsOmMIL Mxsbol gJodl, mxsbol gjodds

BosGoGs  9653bgb M0, 30bolMmMo s dMMSEHMMOME-0bLEGHMMINBEGHWwO 33t93980 @
5b3d Bgs Loliybmdo gHgdol 06839300l OsABMDO.

mxsbol 94odds sBEGH0d0MEH030 895MR0s 3er0b03ME0, WIdMEMSGHMOOMO S Md0YJEHWOO

330930l 890939 ©s 353096GL d093o LOWMEO 0bLEBHMYJ305 @S FobTsOEFHYdS SbGH0dOMEH030L
290myggbgools dglobgd. 51939, 9J0dds ozombs dmem 3gHomdo mv) Jmbs sbGHodomEH030
300900 353096BL s OMTE0. 9Jodds AodMfgMs 00 X33Ol BE0d0MEH030, HMIgEois 339
3Jmbs 300900 3530963)b.

353096335 56¢0d0MEH030 d90dobs 9dodols M9;3933H00 s83mM0sddo. 3mb3MG Mo sx3m0sdo
9950B0s 080@™I, ®mI 0 9900359963900 90 gd0m 05805, 99d9bol OML BoMmDo393G 0
dmombmgzs 939330, 29MMZoWs ¥53MYM0 Fobo s S3bMdS 353096@L, 9999y TJums35Bs
39L53¢00L dMSMOL goblbs. 6 89dmbggzsdo 35309633 Fodsdrms 3mb3MgEHME sBMOosJL,
306500096 3§mbs 98 9530050l RMHM39500L B0 @S Yzgars d9bsdgbo JMegdol Loboom
30309005 dsM>NDY

18/72%/ 390mbggzsdo d0bsbg 563H0doMmEH030L doMgdol 9999y 35309630 obs M39m,
003936 ©Mq9ddo hogz0wgdol 0bFGH9blogmds 899300 s FEYMTMYMDS oIy MdJLS.
7128%/ 8900nbgg35d0 30-963H0d0MEH030L 3009006 3 Mol 989y 353096GL ghym Bofersgme
239bd0MgdMo  dmgdggds, Mol 4sdmE 33we3 903sMmMS  Mmxsbol gdodl dsb  godmwgds
36Md0m3H030. 8m0936m ©©ggddo daMIsMgMds Qomdx MmdILS.

12/85,7%/ 8900bg93530/9Jodl dododms Lwmer 14 353096335/ 3530963900 3059mgz0wo
©oMBbgb  9dodol  3MBLEHsEo0m s gsdmfgHoo  sbFH0doMmEH030L 939G WOMd0m.
2900x% 96360009 ©b96 OHMMWIE S PoOIMEGdIOOL Fo69TY. SBE0dOME03Z0L Fgdgbol ML
530005Jd0 56 934960500 36OMdEYIYd0.

653 999905 3mbol MbL, 3530963l 9d30 3MLs S6GH0BOMEH03GOOL Tglobgd. doo
030D, GMI 6GH000ME03900 MOl 9900350963900, MMIgoE 99moggbgds 0bxgdi0gdol
15939MbserM. 1939 030D, HMI BEH0B0MEH039d0L 5MH5F0BEMOM0Z0 Fodmygbgds M0l LoBosbMm
X 96O YEMdOLMZ0L O 5930 gdg0s §Jodol 3MBLMEES3000 Fsmo Jomgds.
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Lo0MAsz3Em 09339630900 535300609300 250M3w0bEs Fgdmdo BoEISEOs:
353096H9d0 330D, MM X9bo3E30L  LYTobOLEBHOMA  MbEs 29530 INML  3MbGHOMEO
3b6GH000M3H03900L M9IEI3GMO 3939059, HgbmL KsM0ds, M3 MBROM LMEroEOo 0dbgds
X 96005 dom MMM 93060005 5M580BbMOM 030 450ygbgds.

31939, 3530963900  3wWw0sb, MMI  FbObEgMdOL  3mEbol  MBOL  STogds
363000MmFH03900L  Tgbobgd, Tgs9306M90L  5M0F0BbMIMOZ  499mygbgdsl. 51939, 9OHM3bwo
X965330L  LYM30Lgd0  Bo3ToMOLOE 9O GOl bgwdobshzomdo, Mol sdmg oo MHg3m
3b63H000M3H03900L MM9393GHM© 99d9bs. 353096@JOOL SHBOO0M, JONKINSI© bEHOdOMEHOI0L
MM9393GHME J00gds 56 80594gbgdl Bosbls Fom K sbIMMGEMBdL, 5F0EHMI P300690Ms© 009396
aosb.

3356353933 JO0L  250Mm30mb30LSL,  TGHJOOm, I0LZs  Fg30mbggdo  I3MObsEMdOL
2950005060l S 3OMEHMIMOoL dglobgd.

5390353933900 5LBGHMMGO96, MM 353096GT>  Fodsdms bgs  Lobmbodo  aBgdols
06939930900Lm30L  sTsbsbosmgdgro  Bogowgdom. 3bgwgds, bggws, GobmMgs,  ggarol
330300 s FOMPIOMPI® 36GH0doMmEH030. 00 9/36%/ F9dmbggzsdo, MmEgbsig o6 3Jmboom
9Jodol sb0dbmgds, Lod3Emagdol dobgwzom dgmMPBogl 56EH0dOMEH030.

9960bg9o 96¢000MmE030L 3039H G300 B3OS 939036MS OLEMOdMEMEM FoMALL,
HMIwol J0FoMmmoE 9MLYIMBIPS I06GHYMHGLGds. 1939, BOMT393GTS 3530960l PbM3zbom
23950035¢0ljobs  390035996G0L  Bsbo s FgoMbos  TgOMIO0 VIO VOMYOIgdOL
090003599630. 3500 sHM0m 3530963 Bsd3z0ms© GLOFOMHMIGDMPS BEH0dOMEH03Z0L Jormgds,
3006037960 609bgd0L gomzsolifjobgdoom.

3356035393905 Q55ILBEGHWIOYL, OMA 530 06535305 sbEHOBdOMEH039d0L 360369 MdOL
d9Lobgd, Foo vdzm gusdsdolbo 3m©bs s MbsGd0, IBOTBME 6 M93MmTgbozos Fomhomb
363000m3H0390L 3¢0060329H0 s 565869B MO FMboE3gdgdol Logdzguby.

53560539390l sHBMOm,  b6BH0BOMBH03900L  gsdmygbgdol  gomdxmdqligdol  dobboom,
LoFoMHMs B39O 2obgl 9B6EBH0dOMEGH030L M9i393GH«M0 F9dsboBTom 4sdmygbgds o
3(300090o@©  dmbal  dmboBm®mobyo.  slgzg,  90bodbgl, ®MI  J399sbsdo  sGLGdMBL
3b63H000Mm3H03900L  25dmygbgdol  boombsgmEmo  as0Esobo s 3MMGHMIMWo, ™MIzs b
239639036005 bBMEMmE 9Jodgdobmzol. o0bobo 25dmmd35396 Hbowwls 0ol Momdsby, H™A
33503539330 919 g3900 56 BEOMBI396 Lomobsm® BsMT393EOL 2obsWJdsBY s
56 593m 935305 obLIHBWIOMo M93m09bo30s, IBEH0BOMEGH039d0L 2539dol s FgMbgzol
dgbobgd. gl b69aoBoMEs©  S0Lobgds  LodMBOZWMEO  FBoMT5393BHO0L  JobsEgdLLS O
239030036Md0gMGO5BY.

x50 9§0dgd0L 25dm300mbz0l d9 93900l dobg3z00 IYO0BWs, HMA 9Jodgdds 14/56%/
9900b3935d0 ©O05bMBOL LAOL MM, 3569, 25dM030mbgl 353096G0L 3wobozmmo s
9659690 dmbo399900. 9999 Bss@IMgL Md0gBIM0 ©S 0bLEBMWIIBEGMWO godm3zwgls,
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@MMSGMMOMWO 3393990 O 5dob F99Ro ©sLZIL Bgs Labybmdo abgdo 0bxgjsool
©053bmbo, 9J0dgdds bGH0doMEHOI0L FgMPgz0l OML 0bgErddwgsbgwgl  3wobozm®o s

565869BO0 Imbs399900m. 39M3M, Foso 3H9a39MsdMs 5 MgbY dg@o bsbaMIwozmdom,
g49wol @5 YMmol 330300, 506530, BMmyso LobbEg, bggws. 35309630 96 BsGgmams
3bGH0doMmBH030L  JgMbhg30L  3OM3gldo.  3mb63MgBHMIo  dGYbol  dgMbBg3s 96 BmIbIMS
3009H 300 s0bEHIMgugool  Jobg3z0m.353096BL  B05fMm©IL  IGHIWNOHO  0bBMEOTS3E0S
3009d0L fgligdol s MbBoMmYdOL dgbebgd. 12/85,7%/ 35309bEH0 MBS 305Y4mB00 BoBs®gdweo
363000MGH03MMNIMs300m. JgmM) ILZY 530 03MbM 3909L5©. 7 EEOL J90gy JoToMIMS
X sbob 94odl 3OHMB0EsdGH03M0 oL0bx30Lm30L.

mxsbol  9Jodgdo M3wo0sh, MMI doo 5z  Jguedsdobo  3mby  9bFH0dOMEH03900L
299myggbgool, 239600mo 9539dBHIO0L s BGH0BOMEH03MIBOLEHIbBHMdOL Tgusbgd , sbn3g od30m
0653635300 dMMHEGHMM0ME0 S 0bLEGHMMIGDEH MO 33109390l dglobgd, GMIgeoi LsFocmms
0693993099600 36H:ME7LgOOL OsABMLEBH0MIdOLMZ0L

mxsbol 94039000 SHBEOm , 56E0d0ME03900L J9E9bs M93I3GHMOIEo F9dsboBToo yolissgd
09000359963 900L  6mLbsdo, Mol BM6ITIBEHWOO  F9)3994owgds O HMEOWYGOIE0S 53
36M™E9LOL 935300 393MbGHMMMds. 939, MXsboL 9Jodgdo ™30 ,HMA J3994sbsdo domsos
30090300 BMT393GIO  BoMTGO0OL  9dBH03Mds, M3 FMmboGH™M®mobaol  A5dw0gMHgdsLs
dmombmgl Lobgwdfoxm LGOI EOHgdol dog.

mxsboll 9Jodgd0 YO0MOIE 9R3BYdIE 063839d309M0 5350 PGBl F3OHBIWMdOL
239000506900l 5 3OMEHMIMEWGIOL 5OLGDOMBL LodsMM39w™MTo s OliIMH39dHYL, G®MA oMo
dmbqgls 35000 505b9g35 s Jobobemgds.

5960950, LJ>OMZgIMI0 56E0BOME0IMMIM5305DY 23 gbsL BB IOL MO B30
3b39dBHo.  Fomob  Asdmzwobs dgdgao  GH®9bgdo: Moy  Jgdmbgzglzgddo 3530963900
030093MMBSWMdIL 55E0d0MmEH0300 0§Ygd9b, Mosb Fog0wgdol Jobg3zom ™Megz5® 993519096
3b63000MGH030L 930 GOEMBNL, 56 005396 9Jodl M™MOL s RobBLYOO HYLMMHgdOL
©5DBMYP30L  godm.  3MmB3O9BHMWO  SBMDOsdadol  F9gMBa3s bgds BOLEOZGdOL  BMSMYOOL
dobgzom.

39635393 JO0 03056, M 54300 Bomsbsm 3mbs Fg90Romb sBEGH0dOMEH030 Tbmem
Bogowgdols dobgz0m. bgerddm3sbgwo 306M9d0LY0 306360 9GH M0 s6GH000MEH03900L 354030l
30Bbom BMYxIH 0™ ©93mIbLs30gdL.

mxsbol 9Jodgdo 306, OHMI 5dg0 TgLsdsdolo 3MEBY BIsGHIOMb LOHymzowwo
290330935 s 8950B0mb s6&0d0mE030, 099bgdgb 2450050bgdl, MdEs obvyM3z9dbgb ol
2965bgdL.
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1. Studio FD. bsgdo®039wmb m39930609099¢00 GH9Mo@Em®ogdo©sb ©gzbowms, dhmadob,
X 56300 9MB0LS s Lm0 OO E(330L LsdobobiBmm [Internet]. MOH. [cited 2023 May 27].
Available from: https://www.moh.gov.ge.

2. WHO/Europe | Home [Internet]. www.who.int. [cited 2023 May 27]. Available from:
http://www.euro.who.int/__data/assets/pdf_file/0008/147734/wd14E.

3. http://www.euro.who.int/ _data/assets/pdf file/0008/147734/wd14E_AntibioticResistance 1113

80.pdf p4.

4. Susanne Kaae et al. The antibiotic knowledge, attitudes and behaviors of patients, doctors and
pharmacists in the WHO Eastern European region — a qualitative, comparative analysis of the culture
of antibiotic use in Armenia, Georgia, Kazakhstan, Moldova, Russia and Tajikistan/Research in Social
and Administrative Pharmacy Volume 16, Issue 2, February 2020, Pages 238-248

Some Social Aspects of Antibiotic Use in Georgia
Irine Korinteli, Irma Korinteli
Child and Adolescence Medicine Department, Thilisi State Medical University Thbilisi, Georgia
ABSTRACT

Background: One of the most urgent problems of modern medicine is the tendency of increasing
resistance to antibiotics. Which to a certain extent was caused by inappropriate use of antibiotics.

Objectives:The aim of the study was to study the social aspects of antibiotic use in Georgia.

Methods:To study the social aspects of the use of antibacterial drugs, we used a semi-structured open
guestionnaire, which made it possible to conduct a survey with the respondents in a dialogue mode.

All persons participating in the study were adults, living in the capital of Georgia, with higher
education, including 25 patients / 6 financiers, 4 teachers, 5 marketers, 3 accountants, 2 economists, 5
housewives/, 25 family doctors and 25 pharmacists.

Conclusions: Antibiotic therapy in Georgia is influenced by a number of social aspects. The following
trends were revealed: in some cases, patients start self-medication with antibiotics, because they assess
the need for antibiotics based on their complaints, they do not consult a doctor to save time and
financial resources. Specific pharmacies are selected according to discount cards.

Pharmacists believe that they have the proper knowledge to select an antibiotic based on complaints
alone. Recommendations are sometimes received from executives to sell specific antibiotics.

Family physicians believe that they have the appropriate knowledge to perform a complete
examination and select an antibiotic, they use the guidelines, but they would like to update it.
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COVID 19 -056 0535380603090 9300gd0memmyom®o 35bmmggdols gsgergbs
0530300 X 963MMNYEMdOl Iy MTsMgmdsBY

06069 300M0bmgeEo, 0085 3MMObmYEo, 565 EIMLSAY

0530305 5 INDBIMPMS 390003060l J35MEHSTI6EH0, MBdOOLOL Lobgwdfozm Lydgozobm
6039OB0GJGH0, B0 0L, LoJsMN3gE ™

306OMbs300Lymo  069dgos 2019 Ferosb bmgmoml momddol gzgws  Jggysbsdo
2393039 OO MBSO LOMIYMTBOMSE 50LIBS FMbobegmdols, s TmEOL ds3d3m0,
X96300090md5%Y(1,3).

LodoMM39Mbs s IBsMRIE dlmzomdo COVID 19 369396300L 3Mmbom Mooglo
Mo 809603y 3md0owMmdol d9HBOME3oL s 35J30bsE0sL. MMM 3bmdowos, 58 9BEe3BY,
0530305 sbO30L  AdbMIMOZ0 3543005305 KIBIML  ©93MB9bsE00M O BMOE309XEIOS
93000930 MY0OHO M35ELIBOOLOM, IMdOMIOL Tgd30MYd 5JEH o M0s/2,4/.

B39 J39ysbsdo, COVID 19 3s6gdool 306:mdqdd0, 945b5megdol Lggghmdo sfglgdyero
99D0m390L ImOOU, 49BbMEM309w©s 893500bgMdGOOL 9.f mbersob BmEmTs@do dosdsbs. 2019-
2022 Lobogarm fangdol 206d53c0mdsdo  9939©0bgmdgdo  3000bsgmdEs dJoMOMHI© 53
69:10390. L3Ol dMbogzeggdl BHsgzwgds FmMfiosm Lo3E LM MMsbgdOL BoMds, Msdsa 8999306
9000 Mds 5 YBOHMB3ggm Bfsgzargdol 3OmaEgbol »figzg@mds. 8935©0bgmdol 8 g3m®mdsdds
39583065 053093990l OHYEH0BME0 5JEH03Mds s Lo 3593006 5E0bsTOWG Mg 10dbY.

g4m39w039 H99mo  50bodbeds ghomol dFbM03, 930 JIoMWMY0NHO  3Mboo IMY3(3S
QY000  9x39JGO, dgmegl FBEOO03-30 493w gbs 0dmbos 1533ms  KIBIOMYEMBSBY, o3
d9LodEMs 890 mddo gobgl LmBsE MO 9350 YOIOOL 3OM3ME0MGdOL JoBybo.

B39b0 330930l F0BIBL HoMmBmoagbs, Lods®mzggarmdo, COVID 19 ol 356cgdools Mml
Loy o®m L3mengddo on line bfsgegdol 353w 9bols oYgbs 05333900l K I6IMMYEMDIBY.

3369306 3900 GO0 S FsLsengdo: B39bl doge Bo@omadme odbs 3MmUL3gddmmwo 33wmg3s.
QIHMOWWO JoMb35MOL 450Mmygbgdom, 30Mb35M0 IM0(353s 15 MO Jombgzsl. 33wrg3sdo

Bongdo 0943zbgb Loxs®m L3merols dmbfjogwggdo s ddmdwgdo. dsmo dgMbhgls dmbs 9.§
0m3wol  3ambool  3Mobgodom.  33eg35do  Lyew  Ambsfoergmds 134 mdogddo: 52
dmbfogarg/38,8%/ s 82 d0mdYw0/61,1%/. 350m300b35 Bo@oM©s 56mbodms, 30MmMm3zbgdol
05000963H083030M909w0 5ME3IOM0 dmbs3gdo 6 0gm SMOEbEo. 90 gad0L ©s3MTs390s S
3Boe0Bo gobbmMogwes Microsoft Excel-ob 3s39¢00m.
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3000b3500L  Lodwoegdom o dmwo 0bxzm®mTszos FgxgMs d9dgao  doMomso 7
909560 9d0m:
50Lsbs M99 565 T9HOMZ900 35303005 BMYIWI KIBAMMYPMBSDY
. 639 Lo 593509090 DY 0JMb0s O IO0MO Y93 9bs T9HBWM37dTs
HMIge LeIdEGHO 9535009090 DY 0JMbos MoYMBOMO Qo3wgbs F9DWM39dds
008mgdgs 0099 565 J9HB0Y39335 BLOJM-90m 30O LEGOMDBY
20900305 v 565 99D 039005 J3930000 IMM3G3900
305b0bs 0199 565 493w 9bs T9HBM3903s JOMbOJME0 H53509PGOOL dJmbg 30O dOL

ok~ wn e

o

X 9B6IOMYEMdsDHY.
7. 255 099 565 LoFo MM J9BMMO3900L 306MBGOTO sT5EJO0O 9Jodol 3MbLVIEES300.

33%930L 89092900: B3960 FoLoE0ls 5B5E0BOL F9 g9 2odmobs@s d9dmado sb3gd@gdo:
*  350300bms 17,9% /24 mdogdE ol mzeol, GmA 99Dww3gdL o6 dmmbgbos 4og3wgbs

0530305 X 56O JEMdOL dEyMIsMgMdsDY.

o 250m300bms 80,0% /110 mdogd@Eo/ 3wrol, Hemd 3903900 dogdzme
X 969MH9MdOl B ymdsMgmdsHg dmmbgbos ao3egbs 396 dm,

0 IbMEME ©s©J6000-30/22,3%/

0 dbMWME MoMymzg0m0-45/33,5%/

0 ©EJYO0MO S WY5MHYM530000-35/26,1%/

3939 399bseoHEs F9HOMP3IOOL IWII0MO S YIMYMBOm Qo3wgbs F9dama

6 96Mmm5 LobEYIGODY /9350090900l 356305M9d0L 3mbom/, 3gMdme,

® 9993306005
Loliybongo Lob@gds- 34/25,3%/
3993-65fs30L Lol gds- 36/26,8%/
d350-LablMmgzgsbo Lobgds- 27/20,1%/
3960L 9 5 9MHY 00 5350090 9d0-26/19,4%/
96m36m0bmwo boldgds-15/11,1%/
35900390 Mds, BLoJm-gdmEommo bggghm-13/29,8%/

©O O 0O 0O 0O O O

3290-LobbEdsMEZMS 53500o0 -23/17,1%/

390D

Loliybongo LobEgds - 12/9,7%

3993-65fes30L LolEgds-15/11,1%/
d35¢0-LoblMmgsbo LoliEgds-54/40,2%/

3960l Q5 5900 9350 Y0gd0 13
960m36m0bmwo boldgds-69/51,4%/

3590390 Mds, BLOJM-gdmEomemo bggghm 74/55,2%/

O O O © o o o

3290-LobbEdsMPZMS 5350 dd0-18/13,4%/
B39b60 330930l IMbs399990L dobgzom, COVID 19 ol 356gdool 306H:™dgddo sMLgdweds
99030005 dmobobys  bgyogzwgbs 39303ms X 9BIOMGEMdOL 8y MTsMgmdIByY.

0096305303009 0dbs 9.5 mbwsob Lfsgzergdol @sadomo s Medmymaomo 99gaq00.
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39600m, 9993060 ©IMTGHMEMA0MM0 B030egd0  (296Ls3MmMgd0m  gsdmbaogo@o), sbgzy,
9993005  Lobmbodo  LobBgdobs  39F-Bofiemogol  GMod@ol  Bogowgdo. 6oz Tggbgds
960M36006mw, RLoJm-90mE0M0  LBIOML s THYIPZJMBSL. 0D  TbgE39EMdOL
23915609gdLMOb 353000900 Bogowgdo. sbg3zg, Imods@s  Lodbwydbol, Mo MdOU,
36OMBRb30L, og3dMMb3g30l, ™o30l (30300l Fgdmb3z9g39dds. I3 -LabliMmgsbo LobEgdol
Bogogdols IbG03 30 250HM©s bzmeombol gdmbggzgdo.

596095, COVID 19 -056 0535380690100 93000900Mmmy0w6o 991003900 393w gbsls
babl ¥53d3ms X 9BIOMGEMdOL FEYMIsMGMdsDY, MMM IWII0MO 51939, LISOYMNBOMO
3900, FoMEIMIIO 3E0LJOCMI0M 58M390w Mmbisrob 393500b69mdol Mg500l GOML
30Bsbdgfmboo 560l mxsbol  9dodol  9.5.mbwsob  3mblEEs30g00  3Mb3MgGHME
36MdEqsbsb 5393969000 s (3bM3MJOOL X sbLOMOL Faliol BIMY30L TbsmIFgGr.

@O GHIOSGHOS:

1. Ali, Wahab (2020). Online and Remote Learning in Higher Education Institutes: A Necessity in
Light of COVID-19 Pandemic Higher Education Studies, v10 n3 p16-25

2. Bao, W. (2020). COVID-19 and online teaching in higher education : A case study of Peking
University. March, 113-115.

3. Coronavirus  (COVID-19) wvaccine  statistics data, Our World In  Date
https://ourworldindata.org/covid-vaccinations?country=GEO

4. Fetters, M. D., and J. F. Molina-Azorin. 2020. “Call for Papers for a Special Issue on COVID-19
and Novel Mixed Methods Methodological Approaches During Catastrophic Social Changes.” Journal
of Mixed Methods Research 14 (3): 281-287.

Impact of epidemiological restrictions related to COVID 19 on children’s health
status

Irine Korinteli, Irma Korinteli, Ana Darsadze

Child and Adolescence Medicine Department, Thilisi State Medical University Tbilisi, Georgia

ABSTRACT

Background: In terms of prevention of COVID 19 In Georgia as well as in the World, mobility
restriction and vaccination have been given the greatest role. As is known, at this stage, mass
vaccination of children is not carried out according to the WHO recommendation, and from the
epidemiological point of view, the reduction of mobility is relevant.

Objectives: Aim of our research was to determine the impact of online teaching in public schools
on the health of children during the COVID 19 pandemic in Georgia.
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Methods: A prospective study was conducted with closed questionnaire which included 15 closed-
questions. Public school pupils and parents were involved in the research. They were selected
according to the principle of the so-called snow team. A total of 134 person was participated in the
study: 52 pupil /38.8%/ and 82 parents/61.1%/. The survey was conducted anonymously, no personally
identifiable information was recorded. Processing and analysis of the results was carried out with the
Microsoft Excel package.

Conclusions: Restrictions in the context of the COVID 19 pandemic have affected the health status
of children. The positive and negative results of the so-called online education were identified.
Dermatological complaints (especially rashes) decreased, as well as respiratory system and
gastrointestinal tract complaints. As for the endocrine, psycho-emotional sphere and vision.
Complaints related to visual impairment have increased. Also, cases of obesity, insomnia, convulsions,
dizziness, headaches have increased. In terms of bone-joint system complaints, scoliosis cases have
increased.
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Ways of learning of ideal gas state equation

(methodological material)

Magda Metskhvarishvili*; lamze kalandadze?; Kakha Gorgadze?®; Manana Beridze*
1Georgian Technical University, PhD, Candidate of Physical and Mathematical Sciences.
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Abstract

The article presents methods of obtaining the Mendeleev-Clapeyron equation. Thermodynamics
considers the macrosystem as a whole and describes its properties not on the basis of the microstructure
of the substance, but on the basis of the experiment establishes a connection between the macroscopic
parameters of the substance. This method is distinguished by its simplicity, but it has a drawback, which
is that its internal mechanism is not explained in the thermodynamic discussion of events. For example,
one can experimentally obtain a relationship between the pressure and volume of an ideal gas at
constant temperature pV=const, but why this is so can only be explained by the methods of molecular
physics.

Key words: ideal gas, pressure, volume, temperature.
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3ba0mMy969%80, 50b0TbMo  IOMmiEgbo  FomTmMoagbl  wgomBomdol BEOS-A5630mMgd0L
999456089080 8603369 M356 BogBH™OL. 0{jgqds gomTom30@EgoolL 5dEGH0IMHO 3MMELWOBIMS(300.
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3.00m360mwoxgms30g  260-dg  3396d9000  BodOMBOL s bROMAgbgBOL  Fomogro
05639600900 418-dg 339609000 QsbozoL 93396  TgIz0MgoIL  MmamOE  33956d9d0L
39603396M05%g, obg Aol 3963 To.

50b0dbmwo xodBHo 93503l LMAZgXL 3035MEM®, MMI wgomdomdol BOH—
396300000900l 36OM3gLdo,  3MgdGHMMOL  GoMrgddo,  SMLJOMO  FOWHIJOJOLICO
LolbEdsMmM3900L  OLYOLOL  LEM  STMHmOIL  FoMIMoYIbL  gomdomdol  BE.-
296300056900 99900 Loxgmdzgewls 3356d9880 303mJloGmO dEMISMIMIOL BITMYSE0dIOOM
5 7000l oM.

398099690090 OoEIMSGHTOS
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053MmbM0 B5305056 BHMOEHIM39bE0 40 3mBoEYdOL X 5F0L 9gJuEHMsgEoolL
33H0d5¢or)M0 306MdJOOL A0S

D0 Jgdmzerody

396353008 MJGHMM0, PBLYY 0MZ9W JM0509W IOl BsMB53mJodool 0blGOEGHWEOL MBROMBO
3935096 05653dOMTgero, Lodo®mzgum, Mmdowolio

BLGMgGHo

BoBOM9do 330093900l F9gR0©0 ©IERIBOoos LbodsOm3zgEmdo 3 GHo30Mgdeo  Fatsia
Japonica (Thunb.) Dacne et Planch.- 053mbmmo gs3osl  3mmEgdo©sh  GMo@gmh3dgbmwo

3W03mB0EIdoL  xsdol  gduE®odzool  3OMmiEglol  Mm3GHodswo  Mgg0do: By gMwosb
&0G9M396990 20003H0©Yd0L QM3 o3y Mbs dmbgl 80% gomowol 3o Eom 2 o
3960530md5d0, $H9gd39eo@vOmo Mggodo 75-80°C, 34s6r0/mbg3500 BoBsms bsBsMEMIOLLL
(1:5), bgoargmeol bsfowszgdol bmds 0,5-7,0 90.

1353396dm LoBY39d0: 053MBMOO B30, BHMOGHIN396Oo F03MB0IdO, 9JuEGsdzo0l
36O 3900.

0glogagro.  LodoMmggemdo  3ma@oz0mgdwo  Fatsia japonica (Thunb.) Dacne et Planch.-
05369960 753008 BMMGO0L F0WIOME BHOOEHIM3960 30 3MBOPIBOL KXol SHoLosmYL
3B900LLs0bs5MIa™,  96F0gJuMIE0MM0,  B3030ws05YMPgdgo  ImJdggds s 00
o000l 4oLMBM390e  BdLBBbEosl  36M93565F B3R Mmy0bol”  Jobomgds.
369350530 ,B30BWMY0b0", BodsMm3geml %6330l BsMTo3MEMmy0©mo 3mdodgEol doge
©59%30390990  0blEGM®WJ300L  MbobTs,  2odmoygbgds  M9385BH0MWO  SOMEOOEOU,
MbGHIMONOOGHOL, ©93d5GH0DToL, MBEIMJMBbOOMDBOL, 3mEoy™ol, bgMbgdwol 3030w gdob,
805¢000l, ®B0E0 JurM30gdoLs s BEYMHYD-058dM5393gO 535MBHOL BHES30W0o sbMgdOoMO
33030 gdol MU [1,2,3,4].

3330l 30Bsbl omImoygbs Lods@mzggarmdo 3mm@oz06mgdmwo Fatsia japonica (Thunb.)
Dacne et Planch.- 0530mbmM0  go3osl  Bmm@doEsb  GHMH0oGIM39bmwo  awwo3mbowgool
354503 MHO LOLWRMHZ30LS S MOMPIBMOOL K5doL Fobo®gds® 9JLBH®sJE300l MIEHOToE GO
bgObob d9ddsg90s. 58 I0Bbom Tgifogwrow 0dbs Moo 356599E MOl 4o3cgbs bgegmeE0sb
&039M3969900 03mB0IBOL K50l 2odmfizerowzol baGolbby.
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L0y @S 3g0MEPO3s. 053mbMMmO Bo30sl BN GHMOEIN39bMwo yao3zmbBoEydol
X500L  FoLOEYdSE, MO3WIZ0MZIS® 330193000  BoBoMs  9JuBMoggbGHol  Tglo®Bazsc.
290mggbgdeo oym Bbgoslbgs 30mb396G®o300lL  gmowrols s dgmowol Bdo®m@Eqdo, Hyswo,
3odbLbgms  LobBHYds:  JurmOmBm™Io-dgmsbmero-fysewo  (26:14:3).  FHHoGHyO396wo
2303mH0IO0L X5Fob 2536350 FBLEDOZOMO ogm  fmbomo Igommpom 3HmiEgbEgddo.
99bGH®sgdzool 3OMEglbY GH9d3gMsGHWOHWOo RodBrmMol go3wgbols glfogarolsls 3sdmygbgdwmen
0gbs  3H9d396M0GHMoL  ©0535Bmbo  20-90°C.  250m33wgM  0ym  dgsH0/mbg3500  BoBIM
5658560 Mds, 9JuBHOSJ300L M3EH0TIWOHO OM S 3OHMEJLOL 3069E035.

331930L 89090 6w gIoEsh HO0HIN3IHNO yE03mBoEIdOL JJLGsggool 3GMEILBY
399390530 RodBHMMOL 453wgbol dglfogerolsls 3sdmygbgdmeo ogm 3HgddgMsd MO0
0639350 20-90°C-3007g, BoBo0s 05658350 MBS Igs®0/mbg3500 (1:5) s 9duBH®og3o0olL Mm 2

bon. JoEgdYeo J90 93900 Im3gdwos bsb.1

F% 50
40
30
20

10

20 30 40 50 60 70 80 t

Bob.1. 39339M5G MO 5000l 3530965 GHMOGIM3PBMEOTTT eEr03MBoE IOl gsdmfizeromgols
bsGolbby.

Mmymd3 30090990 d90939000 BBl ( bsb.1), doBsbdgfmboeros gdu@Modaool Bo@oMgds
80°C3H9a39653H 509, 99 @OML  25dm3erow3z0l bsdolbbo s©fgal 45-47%-L.  58sbosbogy,
36O™EqLoL  JOMBGHMAMIR0MWO  3MbBHOMWOl IMbs39dgd0m YObEs, MM gJu@madzool
OML 56 bgds ™F0bsbEHMO BHM0EGHIM396w0 3e030mHB0Jd0L ILEGOWJG0s.

36Mm3gLol 30693031600 330930l 8900939 359m0339ms, MM [mbslfmMmwo amdscmgmds
3950905 2 Lo-0b 296353 ™dsTdo (bob.2).
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Bsb. 2. BHMOGHIM3g6MEo 20 3mB0oEIdOL dsdmiiaErogr3ol 3Mmaglol 30bgdozs
F,%-258m{)3croe30lL boGolbo, T-oMHm, oo
By gmmol oldgMlmemdols go3wgbols dglHogersd 9du@®edzool 3GmEglol ALgw g MmdsHy

33063965, OH™A Bsfoars3900L LoooL 33owgds 0,5-7,0 83 BogG0MMmsE 56 sbgbl 493w gbsls
99bGHMsgdz00l 3hm3gbbg (gbOowo 1).

gbMoo 1. 6gmgeeols oldgmlivemdols bsGolbol 3o3egbs GModgMm3d9bowo geozmbowgdols
359mfig3eo30l badobbby ( F,%).

Bsfoarszgdols bmds, 30 F,%
0,5-0¢09 42,0
0,5-1,0 44,0
1,0-3,0 46,0
3,0-7,0 48,0

3000606530300 ©9:5000L o3 qbols gbfiogersd Lodmemm 3OMEIGHOL gsdmfgerowgols
bo®mobbbg g30h3965, GMI Hg5000L (33e0gds ©sYMm36900©b 120 dG/Hon 3M9dBH03MmoE 56
SHIBL 2oz gbols Ladmemm 3MMEJEHOL 35dmbogsw by (bMowo 2.).

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 208



3bMowo 2. 300MMEobsdozmmo Mggodols gs3wgbs

9996930l dGrmbzsms Moibzo F,%
0 (0oym3b9ds) 46,0
100 d6&/foo 47,2
120 d6/foo 48,3

99bGH®5gd300l 3OMmEglby IYse0/mMbg3500 FBsBIMS M9bITRIMPMOOL sTMI0YdINIgdOlL
99UH93000 Y9605, HMA (1:2)-(1:5) RGO MBIFIOEMBOL A5BOMES 0fj393L
A0GH9039699c00 x990 4o9mbogerols oML, beagrm 3yse0/mbgzow0 Gosboms
56583560 MBdsDY 90000 QDM 96 sbEIBL o3 gbsl Lodmermm 3GM©IEHoL

353mbsgsebyg (gbMowo 3).

3bM00 3. 34sH0/0bg3500 B3B3 0565BIMEMBOL 93e6s BHMOEGIMH3gEYE0 e03MBOEIdOL

399mfizeo30l badolbby ( F,%).

39560/mb935000 BSBIMS M9BIFIOMDS F,%
1:2 25,2
1:3 36,4
15 48,0
1:8 47,8
1:10 41,7

Bowgmeol  450mfi3eow3ol  xgMHOMdOL  25dM3309350 49dMI3e0bs, MHMI bymxgmso
9gbG®sgd3os 0deg3s BsdMogdsll By gMwob FHM0EHIM396Mwo JwozmbBogdol 88-90%

0ygmb 35dmfzerowryeno (gbOHowo 4).
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gbMowo 4. bBgowgmmol  350mfgeomzol XgMsEmBOL  253wabs  GMoGgM3gbmero
203000l 39mfizeoggol bsmolbby ( F,%).

99bEH®sgdzool N F,%
1 48,0,
2 22,1
3 10,3
4 8,2

5 2,4

b 88,1

©90mo dmyzsb0o 99099006 458mdobstrg, 899185390 0dbs 9duGGsgdzool 3HmiEglols
M3G0domMo  Mg7000:  gJuBHModzool  ©OM-2 bom, GH9d3ghe@es  80°C, bgowrgmeols
ob3gMLwmwmds 3,0-7,0 39, 9996M930L dObzsms Mobzol20 d6/fo, BsBsms MbIFsOIMDS
dys6o/mbgzso (1:5).

3360

50602500, Po@MJOME0 33093930l 90 JA©0 I HIO0E0S LodsMmMZgEMI0 39 EH0306M90I0
Fatsia fjaponica (Thunb.) Dacne et Planch.- 05305460 go3osl gmmegdosb &HMmo@g®3gbmwo

303mB0IdoL  xsdol  gJuBG®adzool 3MMmEgbol  Mm3G0dswrMo  Mgg0do:  Bywgmwosb
&®03 9039690 403mB0oEIdoL 4sdmf3eoezs Mbos dmbgl 80% gomowol L3odEom 2 o
29605300530, 3983960930 Mg0do 75-80°C, 8ys60/mbg35000 BoBsm sb5RsMMOOLLL
(1:5), bgowgmeol Bsfowszgdol bmds 0,5-7,0 9a.
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Determination optimal conditions of extraction of sum of triterpene glycosides from
Fatsia japonica

Zurab Kemoklidze
Doctor of Pharmacy, Senior Researcher, lovel Kutateladze Institute of Pharmacochemistry, Thbilisi
State Medical University

Abstract

Thus, as a result of the conducted studies, the optimal mode of extraction of total triterpene glycosides
from the leaves of Fatsia japonica (Thunb.) Dacne et Planch., cultivated in Georgia, has been
established: extraction of triterpene glycosides from raw materials should be done with 80% ethyl
alcohol for 2 hours, temperature regime 75-80° C, at the ratio of solid/liquid phases (1:5), the size of
the raw material particles is 0.5-7.0 mm.

Keywords: Fatsia japonica, triterpene glycosides, extraction process.
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COVID 19 - ¢dsmeglio 1558900306M g9b500emgdol 056589Mmm3g a98mfi3g3s
0635 31MH0bmgEo, 00069 3MMOBmYEro, 365 MY

00¢0obob bobgerdfogm Lsdgoobm Mmbogzgdlodg@o

COVID 19 3560098050 360¢093980 d9+9gdb5 Imliobergmdsls 565 Fbmerm xs6dMmgermdol,
35990 396500 gdoL JMMbomas, 3obls3MMMGd0m LsdgoEobm Jobsmegdols bgggmmdo/l,2,3,4/.
B396L 9399496530 306HMLOL  go3MEIEgd0L  369396300LmM30L  BoMPRMEo 0ym dmgwo Moo
93530900, 3500 ImGob .§. on line bfagzwgdol Mg5000/3mdoEMmdolL d9bwm30L JoBboo/.

3565L369c Hergddo, oLEBBEMMO Lfogzegdol dgom@o 6 FoMdmoagbl Losbargl,
0935 d9oEobol  LEgmmdo Loz gdol gl Mggodo 25633999  LOOMWWIGPMID  sGOL
05353906M90wwo/1,3/.

MmO 3 3600000, B39O0 E0bM F9BsMEGdS JOMO0MOPIE IRMAZBIOMO SGOL
36573039 W-WsdMMSGHMOO0MNo  F0dsOMMgdgdby,  ™bswob  9935000b69Mdgd0L ML
3w0bozmMo  dodseronergdom  Lagzegdol  3MmEgldo  (omdmodzgds  boMzgbgdo.  3gMHdme,
LA I6EHJOIOLMZ0L 353096GHB FMFsmdOL 30006030 MbsMGOOL Lfogargds s Fgzzogds
LEOWEYMBOS© 3960 bmGE0gwgds/1,4/. oL faldoado ygds 399gyo Lszombgdo, 39Mdm,
659gbs@ 99dgdl LEMIbEO TgoRsLML  353096@0L BMYs©o FEYMTsMgMds, F90dMImU
05630l LogsMom@m 2933 o dgdargdl mv) oMo g.5.0n line sdmzombogol 3Mmgldo
05J03o M5 MOz 0bmb Fgdgboro 3mbs.

15390E0bM 2obsmEgdol bezg®mdo 9.§.on line Lfsgargdol MmOl Lodgbogmm Tggsligds
3609369cm3z560 56H0L, Goms Lfsgargdol 53 dgmmEl dogsgl M93009bsE0s 930 MLIROMHM
dobboo.

B3960 330930L B0Bsbl FoMdmoagbes COVID 19 - 356gdools 3o6Hmdgddo Lydgogobm
396500 gd0l Lggmmdo g.§. on line Lfogegdol HmeOL bsdgiboghm Fggsligds.

3319308 ©oBsobo: 33935 ogm 3MM3gdG o, 9.5 omzwol gmbool 3Gobiodom.
3000b356M0L 1535w gd0m. BsdgEoEObM LvbdoL OLEBEMMO Lfsgurgdols Mo30L9gdIMJddOL
©50960L 30BBom BBy TbMMmO BEBMIHEHIOOL Jodm3zombgs.

330930l 99009900L T9x9M9gdoLsm30L sdmymaowo 0dbs d9dgmdo sdgd@gdo:
1. 3w0boznmo Mbsm-h393900L dgbfiogers ®5dgbo 9GOl Tgbodengdgwro 9.f. on line

RMOTSGHO0!
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2. 3wobozn® ©obEodwobsdo g.5.on line gasdm3zombzol BmGOTsGHom Msdgbo  sGOL
d9L5dEgdgo FoJLOTSWYIMHE M3 0bML BEIbETs d9dgbowo (3mbs.
LA I6EJOIOLMZ0L 296393600 30Mb35M0 FMOEI3S 25 PIHOW 30b3sL. JomMbzgdol
90655600 09 J3930000, 256{gmdol golisbmdo s (3mbol Tgboxslgdgaro.

33w935d0 B odbs 102 MHgldmgb@o, ™mdowobol Lsbgwdfoxzm Lsdgoogobm

1603960LoGIGOL 39-6 39OLOL LEA™MIBEJOO. Y3zgws Fomsbo BsGMMo ogm OLEGEHBEomEmOo
L3900l 3OHMEL30 S 50 Q5dM30Mb3s FMbs BOBHIWIRMbM FMOTsEOm.

3000b35600L §909290 J0Lgdo 99093900l dgxgHJO0m s BsOBOom 458MmobsEs Slgmo
LBOmO:!

o 45/44,1%/3HgbBo m3wolb, Mmd on line gm®mds@oom Lfegegds 253sOmmMEgdwIemos
3006039960 Logbgdolmzob.

o oLEAYDEoMMO  BHogwgds oM YMmRBOWS 39538060 ©TSGJO0  Bobsbl©
bo6x9dmsb 82/80,3%/.

e 62/60,7%/ ULEHWOIPGHO ™30OL, GMI EOLEAEBEOMMO  Lfogargds LoFoMmmgdl 03039
omOgbMOOL Lo3MmbEod@ M LosmgdL, ML .. of line m®Ts@o.

e 57/55,8/L¢M9bEH0 m3wol, A LsLHogarm TsLoErgdo bgardobsfizmados s 3ol gdo.

e 58/56,8% LGm©gbBHo 5©sLGHMMIdL, MM Loz gdol 3MmEgldo wgd@Ememo 3sbobosgl
300603996 99000b39390L s gU g™ YOO 45F5MGIs Joshbos.

e 51 /50%/ L gbGHO M3OL, GMI 353096E@0L BMYsO FEYMTMIMdIOL LEMEYMBOWO
99535L905 F90dgds OLEBE0IM0 B9E30bgMdOL M g0ddo.

e 67 /656%/ ULEHMIBGHO bywbsyhgwoe Tdoohbgzl on line  dgomoom  3mEbol
35gb03o M5 HoMmMmPIbol TglodegdEMdSL.

e 61/59,8%/L¢m9gbE0 dmdbemgs on line gm®ds@Eoom oa™dgargl BHzwrgds

03009300l 993 9oL5.

B39b0 330930l F992900L Tgx 59930l J9 9o 903MAbEs, M 356gdool 3omMdYdI0
LOMEYMBROowo L5TJEOE0bM F9BMJdOL YOO MBlgEymes on line Ym®IsEH00 MmE0s. B39l
9096 Bos@MGOME0  25dm30mbgzol 99009990l dobgzom, ULEHMIBbGHIOoL 44,1% ™mbesob
39(3900069Md0L  ZMOT>BHL  F9FoOD I d00Bbx3L  3erobolzme olEodwobgddo. 1939,
LEAHMIO6EIOOL MIMSZEGLMBSL /65,6%/ Joshbos, HmA .ff. on line Ggg0ddo 3mEbolL dsgdlodwdols
29053 9bs Tgbodegdgaros.

5960950, 9300 7dool 30OHMdgddo 9.f. on line Lfogzergds Fomdmo bl »ow@Hgmbs@ogm
9900mEL s MHOHWB39wymnl BHogzwgdol 3OHMELOL MFHY39EMOSL. 3sLmsbsgg, oLEBEMMo
1930 905L 9g3L 8663500 OEIIOMO FBIIY/ Qo0 MOE BHEL3MOE0MOOLSL R0BBLWEOO o
@OHMOL sbsbm0/, M3 990dgds 359mygbgdwyeo 0gml 9300 9300L LMW 9dOL 9990 9R5G-
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1. Ahmed H, Allaf M, Elghazaly H. COVID-19 and medical education. Epub 2020 Mar 23.. Lancet
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COVID 19 - the modern challenge of higher medical education
Irma Korinteli, Irine Korinteli, Ana Darsadze
Thilisi State Medical University Thilisi, Georgia, Child and Adolescence Medicine Department
ABSTRACT

Background: The COVID 19 pandemic created problems for the population not only in terms
of health, also in terms of education, especially in the field of medical education. In order to prevent
the spread of the virus in our country, regulations were adopted, including the so-called online teaching
mode.

The method of online learning is not new in the World, although this method of teaching in
the field of medicine is associated with certain difficulties.

Objectives: The aim of our study was In the conditions of the COVID 19 pandemic, in the field
of medical education, the so-called Scientific evaluation of the role of online teaching.

Methods: The research was prospective, based on the principle of the so-called snow team. through a
questionnaire. In order to determine the peculiarities of distance learning of medical subjects, only a
survey of students was conducted. In order to compare the results of the research, the following aspects
were distinguished: To what extent is it possible to study the clinical skills of the so-called online format
and In the clinical discipline, with the so-called on-line survey format, how much is it possible for the
student to demonstrate the acquired knowledge as much as possible.

The questionnaire intended for students included 25 closed questions. The content of the
questions was behavioral, measuring mood and assessing knowledge.
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102 respondents, 6th year students of Thilisi State Medical University, were included in the
research. All of them were involved in the distance learning process and they were interviewed in a
telephone format.

Conclusions: As a result of summarizing the results of our research, it was found that it is
difficult to provide complete medical education in an online format under the conditions of a pandemic.
According to the results of our survey, 44.1% of students consider online learning format justified in
clinical disciplines. Also, the majority of students /65.6%/ believe that It is possible to reveal the
maximum of knowledge in online mode.

In the conditions of the epidemic, Online teaching is an alternative method and ensures the
continuity of the teaching process. In addition, distance learning has many positive aspects (for
example, financial and time savings during transportation), which can be used even after the end of
the epidemic.
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In the 21st century, medicine is progressing very rapidly. This advancement has been further
accelerated during the period of the pandemic. We should be aware that during this era, technology is
becoming more accessible and versatile, greatly influencing the development of teaching
methodologies.

The human body is an intricate and meticulously organized entity composed of specialized cells.
Its cohesive functioning is paramount for the sustenance of life. The human anatomy exhibits a
hierarchical organization, spanning from the fundamental level of atoms to the more elaborate
structures such as organs and organ systems. (2)

Anatomy and physiology are fundamental subjects within medical and healthcare science
programs. Moreover, these disciplines are often regarded as inherently intricate, posing notable
challenges for students regarding comprehension and assimilation. In the present era, studying and
understanding human anatomy in medical and other healthcare science schools is undergoing a critical
and transformative period. Over the past few years, in line with the advent of the digital age, the
integration of technologies has brought about significant changes regarding how the morphology of
the human body is taught to students. This transformation can shape future approaches in its
comprehension and exploration. (3) Estai’'s and Bunt’s 2016 critical analysis of literature explores
dissection, projection, plastination, anatomical informatics, visualization, and the continued relevance
of anatomy in education. These discussions delve into inquiries, integrated pedagogical approaches, and
innovative methods within the field. (4)

The revisiting of cadaveric dissection remains a main method in studying human anatomy. Hands-
on training and learning, rooted in practical education, have stood the test of time as the primary
instrument of anatomical instruction throughout the ages. Using real anatomical specimens (cadavers)
is considered essential and foundational for studying anatomy. It serves as the gold standard and
provides a fundamental framework for anatomical education's regional, systemic, surgical,
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neuroanatomical, forensic, and anthropological aspects. The field of anatomical research encompasses
creating and exploring various visualizations, including anatomical models, learning methods, and
diverse forms of illustration. However, when applying these new models, there are distinct
considerations regarding their suitability for comprehensive dissection, particularly in preparing
materials for interdisciplinary university education. (4)

In the twenty-first century, technological advancements have led to the reconstruction of
anatomical teaching methods, as there has been a prioritization of learning based on 2D or 3D models.
(5) As previously mentioned, significant changes have occurred in anatomical education and students'
learning experience in recent years. Anatomical lecturers have moved away from traditional
pedagogical approaches and responded to the evolving needs of the curriculum, the influence of
technology, and the demands of healthcare professions. When discussing the new methods in
anatomical education, we refer to technologies such as virtual reality (VR) and augmented reality (AR).
These technologies provide an immersive and enhanced reality experience. (6)

The study of anatomy is greatly enhanced by using three-dimensional (3D) visual models, which
provide a more comprehensive understanding. It should be noted that interactive multimedia models
and virtual visualization programs have become readily accessible to students, assisting them in
creating informative representations and facilitating significant memory retention. These tools enable
students to engage in the generation of knowledge actively and also contribute to the extended storage
of information. (1) Additionally, it provides students with more motivation and interest.

The study of anatomy and physiology, available through virtual dissection, enhances the quality of
structural detailing. In addition, we have incorporated interactive software called 'ANATOMAGE' into
the learning method, which allows for exploring anatomical structures and diagnostic information on
a high-resolution screen.

Students can actively manipulate the dissected structure and explore different anatomical components
in detail compared to anatomical illustrations while working with the anatomical table. They can
change the dissection plane and examine various anatomical structures from different perspectives,
learning specific aspects. The acquired information will assist students in applying their knowledge for
demonstration purposes and collaborative, interactive work with the lecturer to accomplish group
tasks.

The table includes four cadaver 3D graphics with fundamental human parameters. The advantage of
the model is that it allows for the manipulation of the montage plane, meaning it is possible to change
the model's viewpoint. In the anatomical table, 1250 cases of clinical anatomy and 500 histological
slides are uploaded for normal and pathological clinical correlation. Additionally, high-quality CT and
MRI scans are available for radiological anatomy. It is also beneficial for embryology studies to enhance
visual learning of angiography for students. Animal models are also uploaded, which helps to compare
them with human structures for comparative anatomy.
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Indeed, all of this facilitates a more realistic simulation of working on actual human anatomy and
greatly aids students in understanding regional, systemic, pathological, radiological, and clinical
anatomy in more depth. Therefore, the anatomical model serves as a versatile multidisciplinary tool.
Moreover, the chosen model stands out among the available options because it incorporates precise
digital photorealistic data and an extensive digital library.

In line with standard practices, integrating emerging technologies is crucial in enhancing the study
and understanding of various structures in the human body, promoting effective learning and
comprehension. (7) It is important to note that changes should not be implemented solely for the sake
of change, but rather, emphasis should be placed on evaluating the impact of these changes on learning.
In terms of research, quantitative and qualitative analyses demonstrate the necessity of effective
evaluation methods that accurately assess the students’ knowledge levels, particularly concerning
clinical anatomical concepts. These evaluations should also account for the variations in spatial abilities.
The assessment format should be carefully designed to align with instructional methods and facilitate
the application of knowledge in clinical practice (8).

The table includes four cadaver 3D graphics with fundamental human parameters. The advantage of
the model is that it allows for the manipulation of the montage plane, meaning it is possible to change
the model's viewpoint. In the anatomical table, 1250 cases of clinical anatomy and 500 histological
slides are uploaded for normal and pathological clinical correlation. Additionally, high-quality CT and
MRI scans are available for radiological anatomy. It is also beneficial for embryology studies to enhance
visual learning of angiography for students. Animal models are also uploaded, which helps to compare
them with human structures for comparative anatomy. The goal of anatomy courses in medical and
healthcare education programs is to provide students with a comprehensive understanding of the
human body's main structural and functional aspects. Due to the ongoing COVID-19 pandemic, the
team of anatomy lecturers has already adapted as pedagogical innovators, demonstrating the best
practices in online learning and assessmentsAccording to Florence University statute (1388), no one
can be considered a competent physician or adequately trained if unfamiliar with human anatomy. (9)
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ABSTRACT

Vinca alkaloids are used extensively in the treatment of various diseases and despite their
usefulness, drug resistance, attributed to a number of mechanisms associated with the multidrug-
resistance phenotype including overexpression of P-glycoprotein (P-gp), remains a serious clinical
problem. To identify the possible role of P-gp on the intestinal permeability of anti-arrhythmic crude
alkaloids (Vingerbine) from Vinca herbaceae, Caco-2 cells were used in this study. The four
Vingerbine constituent alkaloids were analyzed by high performance liquid chromatography (HPLC).
Transport parameters, permeability coefficients and percent transports were calculated. Vingerbine
constituent alkaloids displayed the identical tendency but with dissimilar degree of modulation in
absorptive transport direction. Vincarine and Herbadine demonstrated higher-level intestinal
transcellular efflux; the co-presence of verapamil, the absorptive transport of alkaloids increased,
while the secretory decreased. No asymmetric permeation was observed for Herbamine and
Vincamajine. The study suggests the involvement for multidrug resistance-associated proteins (MRPs)
in the intestinal transcellular efflux of Vincarine and Herbadine. The further studies will be focused
upon the screening appropriate nanomedicine-based strategies to combat MDR and thus improve
intestinal absorption of anti-arrhythmic alkaloids.

KEYWORDS: Vinca alkaloids, Indoline alkaloids, Vingerbine, Caco-2, P-glycoprotein (P-gp).

Introduction
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Vinca alkaloids (periwinkle plant, Catharanthus roseus) are an important group of natural
products widely used as medicinal agents. Despite of various therapeutical efficacies such as
antiarrhythmic, hypotensive, antitumor, these compounds are facing problems with less oral
bioavailability and interpatient variability (1).

It was found out that the responsible for a low oral bioavailability of alkaloids are the ATP-
binding cassette (ABC) transporters such as P-glycoprotein (P-gp, MDR1), by pumping a variety of
drugs out cells at the expense of ATP hydrolysis (2). In comparison to most other transport proteins
that recognize specific chemical substrates, P-gp is unusual since it pumps out a variety of lipophilic
and cationic compounds including vinca alkaloids (3). The molecular mechanisms underlying broad
substrate specificity of this transporter are generally unknown. Different attempts have been made
to find a common set of structural and functional features required for a substrate to interact with P-
glycoprotein. It has thus been suggested that common property of P-glycoprotein substrates is their
relative hydrophobic nature and the minimum set of structural features includes a basic nitrogen
atom and planar aromatic domains (4-5).

Vinca herbacea Waldst et Kit, the least investigated among the Vinca species, is widely
distributed in Georgia. The detailed chemical investigation of this plant has been performed in the
laboratory of alkaloids of I. Kutateladze linstitute of Pharmacochemistry TSMU and novel natural
anti-arrhythmic component — Vingerbine, has been isolated from its aerial part (6-8). Vingerbine is
composed by four indoline alkaloids of ajmaline series; the pharmacological studies confirmed that
its therapeutic efficacy is generated by specific activity of each compounds (9-12). Thus, high
intracellular accumulation of these alkaloids will provide maximal therapeutic effect for Vingerbine.

Since Vinca alkaloids are known to be pumped out by P-gp, the transport of Vingerbine
constituent alkaloids was investigated in this study through the Caco-2 cells, which can imitate the
transport in vitro. P-gp is known to be located in the apical (brush-border) membrane of Caco-2 cells
and presents a major barrier to the oral delivery of many structurally diverse drugs and drugs
candidates (13-14).

Materials and Methods

Materials. DMSO (Dimethyl sulfoxide) was purchased from Acros organics (USA). Sodium
chloride (NaCl), Potassium chloride (KCI) and Glucose were purchased from Fluka chemical and all
other reagents and solvents were obtained from Sigma (St. Louis, MO, Austria). The chemicals were of
analytical grade and solvents used in high-performance liquid chromatography (HPLC) were of HPLC
grade. Vingerbine (Fig. 1), sum of indoline alkaloids was obtained according to the procedures in a
previous report (10, 15).

Vingerbine is represented by 4 indoline alkaloids of ajmaline series:
Vincarine (1) [Cx1H24N,0; (353.3), m.p. 264 - 2650C, [o] D + 13.75 + 0.80 (ethanol)];

Vincamajine (3) [C22H26 N2Os (366), m.p. 226- 227°C, [a] o - 21 + 0.1° (chloroform)];
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Herbadine (2) [Cx1H24N,04 (368), m.p. 203- 206°C, (acetone)];

Herbamine (4) [C2;H26 N2O4 (382), m.p. 174-176°C, (acetone)] (16).

O~ COOCH,

OB~ _COOCH,

Fig.1. Structures of Vingerbine constituent alkaloids alkaloids.

In-vitro transport studies across Caco-2 cell monolayers. Caco-2 cell monolayer (passage
number 85) was grown onto 12 well Transwell polycarbonate membranes (Transwell®, Costar, 0.4
um pore size, 12 mm diameter) according to the protocol as described by Sattler S. et al. (1997). The
cells were cultured in Minimum Essential Medium Eagle (MEM) medium supplemented with 20%
fetal calf serum (FCS). The culture medium was exchanged every other day and the cells were stored
in a 5% CO,-incubator at 37°C. To evaluate the integrity of Caco-2 cell monolayers, transepithelial
electrical resistance (TEER) was measured with EVOM instrument (World Precision Instrument,
Sarasota, FL). Cell monolayers with TEER values in the range of 500 to 600 Q cm? were included in
the in-vitro transport studies only.

On the day of experiment, the cell monolayers were rinsed with phosphate buffer saline (pH
6.8). Afterwards 1 mL of HEPES buffer was added to the apical and 1.5 mL to the basal sides of the
Transwell insert and after a 30 min equilibration period in 5% CO, incubator, TEER was measured
to ensure integrity of the Caco-2 cell monolayers. Vingerbine stock solution in a final concentration
of 0.02 % (w/v) was added to the apical side for absorptive (AP to BL) transport. Respectively the
same concentration of DMSO was made in basolateral side. 200 pL samples were withdrawn from the
acceptor sides every 60 min over a time period of 3 h and immediately replaced by 2 % DMSO solution
in incubation medium equilibrated at 37°C. The final concentration of DMSO was less than 2% in all
experiments, which did not have any detectable effect on the cell monolayers.

Inhibition of transport. Inhibition of Vinca alkaloids transport was tasted with known P-gp
inhibitor Verapamil (100 uM), which was freshly prepared by dissolving in incubation medium and
applied in either the apical or basolateral side. Unidirectional and net flux of Vingerbine was
measured in the presence and absence of Verapamil. After 30 min equilibration the drug stock
solution was added giving a final concentration of 0.02 % (w/v) to the apical side for absorptive (AP
to BL) / or basolateral for secretory (BL to AP) transport. Then the experiment was performed as

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 222



described above. TEER was measured every hour. The amount of transported Vinca alkaloids were
analyzed as described below.

After completion of the permeation studies, transport medium was removed carefully and Caco-
2 cell monolayers were rinsed with phosphate buffer saline (pH 6.8) and the culture medium was

applied on the monolayers. The Caco-2 cell monolayers were allowed to regenerate for 24 h in the
CO,-incubator.

Chromatographic conditions. The quantitative analysis of samples that permeated through the
monolayers was measured by reversed-phase HPLC (Merck Hitachi ELITE LaChrom, Autosampler
L-2200, Pump L-2130). To determine the corresponding alkaloids, the samples were centrifuged at
15000 g for 5 min at room temperature and 50 pL of supernatant was subjected to HPLC. The amount
of permeated Vinca alkaloids were measured by HPLC in accordance with the previously reported
analytical method (15). The column used was an Agilent Zorbax Eclipse XDB-C8 reversed-phase
column (150 x4.6mm i.d.; 5um) operated at 25°C and eluted with 0.1% triethylamine (solvent A) and
methanol (solvent B) according to the following protocol: 0-40 min, linear gradient from 50:50 (A:B)
to 30:70; 40-50 min, isocratic elution with 10:90; and 50-60 min, isocratic elution with 50:50 for
column equilibration. The flow rate was 0.8 mL/min and absorbance of the alkaloids was detected at
280 nm. No interference from any Caco-2 monolayers substances was observed during the elution.
Compounds were identified according to peak retention times and MS (Fig. 2) (18).
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Fig 2. Retantion time and identification of Vingerbine alkaloids: Herbadine (1), Herbamine (2), Vincamajine
(3), Vincarine (4)

Data analysis. The Permeability coefficient was calculated from:

dQ 1

Papp=
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Where dQ/dt is the permeability rate (ug/s), Co is the initial concentration in the donor chamber (ug
/mL), and A is the membrane surface area (cm?).

Efflux ratios (Praio) were calculated from Papp values by Periux = secretory Papp/absorptive Papp.

Percent transport (%T) was calculated as the ratio of permeated alkaloids in the receiver side to
the initial concentration in the donor side x100. Transport was monitored for a period of 3 h.

Statistical analysis. All the experiments were conducted in triplicate and the data are expressed as
mean + SEM. The statistical significance of difference was analyzed using student’s t-test. Values of
P < 0.05 were considered

Results and discussion

The present study was undertaken to determine the bioavailability and intestinal transport of
the Vingerbine compounding vinca alkaloids: Vincarine, Herbadine, Vincamajine and Herbamine
(Fig. 1) using Caco-2 cell monolayer. The two transport parameters, Permeability coefficient (Papp)
and percent transport (%T) for these compounds were determined in the apical to basolateral
(absorptive), as well as in the basolateral to apical (secretive) direction of the monolayer. Transport
was monitored for a period of 3 h. The cumulative amount transported with respect to time is shown
in Fig. 3; the percent of transported compounds and compared degree of AP-to-BL and BL-to-AP
fluxes are listed in Table.
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Fig. 3. Transepithelial transport across Caco-2 cells of Vincarine (A) and Herbadine (B). Each value
represents the mean + SD of at least 3 trials.
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Table Transport of Vingerbine Alkaloids across Caco-2 Monolayer (means + SD; n = 3-5)

compounds Absorptive (AP to BL) Secretory (BL to AP) Pratio
Papp (Cm/s) x 1075 %T Papp (cm/s) x 107 %T

Vincarine | 0.65+0.12 7.82£1.48 1.78 £0.13 21.48 +1.54 2.74

Herbadine |0.73+0.12 885+150 |[1.64+0.04 19.83+0.49| 2.27

As illustrated in Fig. 3, two Vingerbine alkaloids demonstrated bidirectional transport; BL-to-
AP flux for Vincarine and Herbadine was found to be significantly higher than AP-to-BL; the mean
apparent permeability coefficients (Papp) of Vincarine and Herbadine in the absorptive direction were
accordingly 2.74 and 2.27- fold higher than those in the secretory direction (Table). P-gp efflux resulted
in higher BL to AP transport than AP to BL transport (21). This assay, where P ratio was compared
with a value of 1, was regarded as the standard for identified P-gp substrates. Involvement of a p-gp
mediated efflux mechanisms was indicated if the Pratio > 2. The %T for these alkaloids in the mixture
vary from 7.8 - 8.85% for absorptive and 19.83 - 21.5% for secretory directions. The results suggest that
specific efflux systems such as P-gp may be involved in the permeation of these alkaloids.

This directional difference in transport was not observed with Vincamajine and Herbamine; for
them fluxes were approximately equal in both directions. After one hour exposure, the rapid raise of
transport was observed in both directions. This pronounced rise of influx and efflux cannot be
attributed to drug-induced membrane damage, as the used concentrations of alkaloids and DMSO do
not change normal mucosal cell morphology. The efflux ratio value around of 1 (0.84 + 0.35and 0.72 =
0.14 for Vincamajine and Herbamine correspondingly) means that the permeation of these compounds
in the AP-to-BL and BL-to-AP directions is identical, and is consistent with permeation by simple
passive diffusion.

The functional involvement of P-gp in this process was verified by the addition of verapamil,
often used at 100 uM to selectively inhibit the P-gp-based efflux transport. Studies have suggested that
verapamil competes with other substrates for binding to P-gp-associated ATPase (19). The influence of
inhibitor on the Efflux ratios of Vingerbine constituent alkaloids across Caco-2 cell monolayers is
shown on Fig 4. The co-presence of P-gp inhibitor substantially reduced the basolateral to apical efflux
of Vincarine and Herbadine and significantly increased the AB-BL flux, thus provided supportive
evidence for the involvement of an ATP-dependent active mechanism for intestinal transport of these
compounds; on the other hand, the insignificant effect of verapamil on Herbamine and Vicamajine
transport indicated a minor role of P-gp in the oral absorption of these alkaloids and excluded them as
a substrate for P-gp. These results are compatible with the data obtained earlier from rat intestine
model for Vingerbine constituent alkaloids (15).
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Fig. 4. Paracelular permeability dependence of Vingerbine constituent alkaloids transport across
Caco-2 cell monolayers in the presence and absence of Verapamil

In conclusion, Vngerbine constituent alkaloids, having in common certain chemical and physical
features, such as hydrophobicity, cationic charge, planar aromatic domain and nitrogen atom,
demonstrated different permeability properties across Caco-2 cells. Vincarine and Herbadine, bearing
hydrogen atom at first position (N-H), have typical P-gp-involved transport properties including
preferential transport in the basolateral to apical direction; meanwhile, in the transport of Herbamine
and Vincamajine, possessing methyl group (N-CHs), PgP/MDR1 played a minor role. Strong
relationship has been observed between the lipid solubility of compound and its affinity for P-gp;
more hydrophobic Vincarine expressed more effectiveness for interaction with P-gp.

Due to the involvement of P-pg in Vingerbine transport, the further studies will be focused upon
the screening appropriate nanomedicine-based strategies to combat MDR and thus improve intestinal
absorption of anti-arrhythmic alkaloids.
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30635l s¢m3semmogdol Caco-2 My mgogddo 3gmfig3smds s 9dsbsEos

05 fozmsmcmot*, bb@gB@oBb 35865091, 56000 gsls d9Mb 3M3-86mEbo?

0. §M0509odol Bs03s3mgdodool 0bLEHOEWE0, MLLYY, MBdOWOLO, LodsMNzgwM.
2035035300l 0bLGHOGHWE0, 0BLBdOM30L »b039OLOE GO, 0BLdGM3I0, s3LEHM0S
BLEGHMSIBHO

306356 5en3oM0@IP0  BIOMME  godmoygghgds  Lbbgoolbgs 5350090900l
L5939ObsermE; FombgozoE oMo MIMI30Mo  9BIJAHMIOMOOLS @S OO0
BoM353MWMPOO0  5JBHOIOMOOLS,  P-ao3m3®m@gobol  (P-gp) Fo0d  9dudcmglosliorsb
05353006900 BoMT3MOGBOLEBHIBGH™dS MBJds  LgHombBM  3e00b03MO  3OIMdEYTS.
9bGH05M0MINE0 5¢035¢M0EJOOL K odol (306990d060) bofiersgzdo domTgmigzsmdaby P-gp-
ol 99Lsdem GOl LY YIBI© 33193900 BRGNP 50 IbM 35O E0BMTM »Mgqdby (Caco-
2), HmamO3 bofiersgol 0500gmHoL dmgebg. 3069Md060 godmymaowos Logjs®mzgermdo
3mBsm©o  33gwol  Lmemsb (Vinca herbaceae) s 50dscobol  Fo@dmgdmamo mmbo
0035000l (306350060, 39Mdsobo,  39Md530b60, 3063505060) K93MMO 393G EL
o6M0mogbl. 5530 M0EIBOL  MoMmEIbMIM030  Bseobo  BosBHo®m®s  Fomawrgn3gd@Ieo
Lo®bHo JOMAsEMPMx0Mm00m (HPLC). 2060LsbogMs @GHMmobLdmMEH0Mm9dol 356539¢Mgd0,
00mJ90g3°MdoL 309530309563 IV0 @O GHMBL3MOEMGOOL 3OM39bGo. 306350060 s
39600500060 FHMBLE3JMOHMo 450Mm©Y360L smsro Fsb39690gdom sdmoMbgmbgb;
39653530¢00L  05655MLJIMOOLOL, 9 39CMOEJIOL  53035¢MO  BHMBLEMOEO 250D,
bem 35HBMEsGHIOMeEo 999300, 39603530b60ls s 3063585060L F9dmnbggzsdo dgddMsbsdo
3b0TYBHO0MEO 25TBHIMMBS 5O IROJLOMYGIMES. B0MYOMEO 9 IAJO0M 306350060l s
3960050006030l sTsbolosMGdgwos  P-gp -ood 2963060093 gro  $Hodoeo
GOBLIMOGH0MIOOL  »30L9dgd0,  doom  TmOoL  3OYIRIMIPEoMwo  GOBLEIMOEGHO
05BMESBHIOMOEID 53035 H0 JodsMmgdom. 30by9MHd0bOL BHMIBLEMOEGH0Mgdsdo P-
Pg-0l BO®MMEMBOL 250Mm 9BEH0MHOMIMNWO 5 35eM0EYOOL bofiersgmdo gmfhgzsmdol
2L Ix Md9BYdEs© 98I0 330093900 BM3MLOMEPYdS 656MB)0E0bsYBY WIKMAbYdMwo
d9L5050LO LEBHMEIA0900L L3MbobybY.

153396dm Bo@yzgodo: 30639L sen39e0Mm0gd0, 30ba9Md0b0, Caco-2, P-garozmdmm@gobo (P-gp).
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500bm0g53900l 3603369 Mds

6565 fgmmdg, 606m Jo®gs8sdg, Ergogs Go@0sdz0ero, MM MMoEos, 60bm Js3056M5dg,
bsorvbs fohmdg*
d0woLoL 03569 X935608300b LobgEMdol Lubgwdfonm wboggdlod B0, 3936 9wododzowol Lsb.
30DH03MNMH0 s MOY6Mo Jodool obbEHoEMGHo
Lodo®momggemb ¢9dbozméo »boga@bo@gdo*

30U sgHo

5006m8553900 (300900l 890500 gbermdsdo  Fgdsgoee  MmOsbmer  393H9Mmzb]s0m®
659690l Fomdmoqbab, MMIgems dmeg3mergdo dgoEegl 3oMdMJLools s $80bmxyMRL.
01690590 500-00g 990bmTg035 33b3Qds,  Fomsb FbmwmE 20 45dm0Yygbgds 50Ol
06256030l JoghH  30gdol  domLobmgHdo. 530bMIzx93900 BMbsfowgmdgb yzgws  Labol
Jvm3000l  BMOHI0MYdsdo,  BgMAgDEJOoL,  9BGHOLEbIMWdOL,  3mGIMBYIdOl  Lobomgbdo,

MBOHMb39wymnqb 6gM3mwo LolLEgdol GMbd30mboMgdsl, WYMIOME SMEYIBL s Ubg.

5006M3;553900L 1A X AMRL A9TMYMRI6: 933w 90, 30MHMIOMOE TJMEILIL0 S FY3ILSWO
5006m3;553900. 20 5906M3553006 11-0b FomBmgds 99odwos 5530560l MmERBoBAL, bmerm

656B3bo 9 FgmE3wgeEe 5306MmBz939d8L 8093990036900 O 58056Ts 1339096 ghms Mbs
doommU.

U8335600 bodg3900. 9993307900 500685153980, 30GHB005© J99933¢9¢0 58060533900,
J9630s0 s806005153900.

5306m8553900 393 90MxMbJ30m6m Bogmmgdl (o®dmowaqbab, GMmIgmms Imerg3megdo
390353L  39MdMJuoobs (-COOH) s 530bmyawnl (-NHz). 500-dg 5306mTg0355 3bmdoo,
0500996 MM 20 459m0Yygbgds 505d0sbol MmEMR60BIOL dogh 3ogdol domlobmgbdo. 20
500b6M3555300096 11-0b [o0dmgds Fgmdos 5530560l mEYsBoBAL, bmerm sbsGBRibo 9
99933009 5306M:15390L d0930036905 S 5580563 115339096 g Mbs BooMU.

5006m35553900 30 gd0lL  Img3ol  Bsdgh  Tologosls  FoMdmoygbl.  5sdosbols
062560300 obobo Lbgzsslbgs 8603369wm3s6 RwWbJ300L LM gdgb, sbgbab 296(ymdol
B350 BgosL, 3MbEIBHMSE0SL, 909N oMgdgh  5aMglosl, gMMmIEPYdSL, dol, saM9gm39
L9JbYSEP N 5JE0Z3MBSL. MEYSEODITo ImbzgEMowo 0w d5dobzg 0dEgds 5d0bmTge39dsc [1].

500b6Mm35553900  99Mm0g9gbgds  30egd0ol  LobmgbTJo, OMIWgdoE T VX MgOU,
Jum30¢0gd0Ls S MERRBMGOOL Y39ws JoMOMI©O LBOMIEIMOL 985090 0MdST0, Sl gd9b
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R9MI96GHME 53mbJ30g0L, dmbsfowgmdgb B03m0gMgdgdols GH®MsbldmMEGH0Mgdsdo s bbg. olobo
59H0MM5 56036 BsBnmo 08 3OM3gLYddo, OMIMIO0E  9MIRME0MJOID  MOY6oBIdo
530b6m3:553900L, 39d0L, 30195EH0boLs s BB3S BogMmmgdol (33¢slL. 5806MmT553900L 35¢sdMmEoHdo
5393-0b Lobmgbolmzol 9bgMyool Hys®ms. 5sd0sbols MMYBOBIdo ssbrmgdom 35 94Mmsdo
05308350 5d06MTs15355. B0 YOI boflowro 30gdol 995y bermdsd0s.
5006M3:53900 89035396 MMH2560Dol doeosbo sBmEoL 95%-b. ggmemEool 3gHomedo
5005805635 93565 00 530bMB153900L LObMgHBOL WbsM0, GMIgdog LsFoMmmadbyd oo
65009bMmdom 5396MH 3963 9dL. B0 80GOS 3E0EGOIE 05 115339000b. 580bMTz53900L doMoMs©O

096 15339000 JoEGdMEO 30 9d0s (3b. 1) [2].
3b6oo 1. BmaogmHom 1153390 3OMEMIGHT0 30egdol F90(339wMdS

360 EGHoL EsLsbgangds 3ogdols 8993300 mds, %
bodgo 18-22
0g3o 17-20
J39eo 20-36
®dg 35
06obxo 8.0
05MQ5 26
beom 35
39OGHMBOE0 1.5-2.0
3M3dMLEGHM™ 1.1-1.6
LGOBOw™ 0.8-1.0
3900 0.3-0.4

9933w  530b6Mm3z55390L  MmMQsb0B0 093500  SLOBbMGHBOMGAL.  Fg33Wgw0s ol
5006M8:553900, GMIOL go8mdMTds39053 MEORIBOBAL M3000Mb ITMM300JOEs© 396 SHYObBL
Q5 930 gdgE0s dobo 15339b0E owgds [3]. sOLYPIMBL s30bMTg93960L gLy K YMTBOG.
Bsfoemmd®mog  99mi3agmo  5306m3553900, GMIdoE 9M13doMmOlo MM IbMdOm
LobEGHIHOMPIds MMA60DIT0, 5F0GHMA 593000 JOJ0S 5O TdEJO0 FoMYdS 11533900l Loboom.
39630bomom Bsdogg 58 X530l §oMIMBsgbgero 5d0bmass39d0.

9933wo0  590bMT:153980:  5¢0sbobo  [oMmBmoa bl gbgMaools 36093690 m356  Fystrmls
39960900l s 396G mHOo 6gMH3o LoliEgolmzol. 0y sdeogMgdl 0dmBME LoliEgdsl s
dmbsfogmdl dogmols s bbgs mMysbmemo 9553900L d9EsdmemoHddo. L-sGgb0b60 s6gegdls
LodLOgbMHO MXMIOIOOL  Q9B30MIMGOSL,  LMBMEZ90L  W30dwl, bgwl MHgmdl bBOHOL
306HIMbol  499myma3sl, 5d0gm®goL 0dMbH Lolidgdal, 9gbdsgds 13gMHToL  godmdmTo390sL.
3b35652060 MEY60HBTT0 LoFoMms bBI-0l s MBT-0L gsdmdM3s3900LmM30L. 0go byl MHgymdL
303039600 5356539050 39bmgddo [4]. deEsdobo Fogmol mbol 6m®TseoBgdOLEMZOLss
3600369035605, BLBOL MW OW MBS, byl MIwol bgHzmeo LobGgdol &bzoslmsb
53930060900 95350090900l 49630000905l (930¢gRLOS, FobMmEBMY60s).  gerEsdobo
65600300 49M©50dabgds e @sd0obol 87935, MMIgoE  9ME0EgdgE0s  G30bol
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RBbJ300L5mM30L.  B0MEIBITsEHOL  Losboo  domo  Fogdolsol, Mbs  gogomzswobfjobmom
239935d0boby S 2eESF0bOL T5530L596 AoBLBZs39dMo  BmJdggds. FEYBSTobol Txo35
530L 3060L 39690603 ,,b5)39350" 0MZWGds s 5TXMOJLIOL FMbgdMOZ TglodEGOELMIYOU.
230E5dobo  259m0ygbgds  3Hz0bol  J8gbs0sbmdol  sLsToMEdE®, 0d3MmEgbgools s
0¢0303m0HBIol  J3ObsEmdolmgol  [5].  awoEobo  sjBowdms  dmbsfoggmdl  sboero
MXMIOJO0L  Bs3MYs0dgdol  3OmEgbol  dsmo  g9bgdoom  MHBOMBlgwymasdo,  slg3g
3600369wm3s60 Hm@wo 530LM05 0d 3OHIMBJIOL  gs8mdMdsg3g0o0l  3OmEgldo, MHMIWgdo3
3oLbobdagdgd0  5M05E 03MbME LobBgdobyg [6]. 3Omeobo bOEH0WgdoLs s Lablmgdol
249050000 396J30MmboMGOOLMZ0LYS 930w gdgo, 00 dmbsfogmdl gmeol  3Mbomols
9m05mdoLs O odEr0gMgdsdo. Lgmobo 30dwols s 396mMgdoL Fogh garo3zmgbols JoMogols
99406500  dmbsfoggmdl,  0dMbme  LoLGHGISL  SdWogH Pl s  MBOWDZgWYmRL oL
3bGHolbgmgdom [7]. GHomem0bo sbEsd0mEmgdL MxMgEwo dgadMmsbgdol saBbJdSMBL, g
30  8600369em3560s  g3owgnboMo  993H93000L  3MmbGHOMEolm3ol.  sbg3g  dIMHIOOL
36Mm39Lgddo bbbl M350 domJodomo  3OMEILOL  (33w0EgdoL  3MBBHOMWL.  0yo
9bsfogmdL mOs60Haol 1530LvBIWO MIOIoegdOLYSE 450930LGREGdOL 3OmEgLlido [8].

30MMO0MO© 9933w gm0 5806MB553900: M0OMBobo  IMbsfogmdls meysbobdols doge
53960ssboboll bog3ws  30wgdol Lobmgbol 3MMmgldo. MOMHMBObL FH3060 dmobIsML
B69306960H 53060l 4s0mlsdmds390o, MHMIgoE 9350 gdl  IgbGHoH  BHMbmLL.  dobo
0996936030 {godms  Odg, bmOEo, m93%o. 3FoLGH0bo BmaxIOH MOABOBIdo  9bs33gdL
39000mb0bUL. 53 5306M;15358 90393l Mg, bt 30, 930, Lmom, beMdswo, 33M05. 0g0 OMYME 3
3b6G0MJLoBEHO godmoygbgds 33900L dMYH3gmdsdo, FBs 3GMM©IBJddo  C  30@GSTobols
99L565MRMbIBs©. 5MYobobo gl MHymdL  FOHoErMdol Ggbm®mEgdsls, gbdsMgds M0M3IgEgdl
695600306 BoMbgbo  3BIM©MIEHJOOL  QedMmYMmRsdo s GHsFoboMgdsdo, MmMAB0BIOL
0099690 ©s 3mm3Mbgdol gmbdaool Jabs®mbmbgdsl. 53 530bmdzo30L dMBgdMmOZ Fysmgdls
§969m59bL 56330990 3MEEHWIMd0, Mbool Lbgsslibgs Lobgmdgdo, Mol 3O mwd@gdo
o Ubg.

99733090 5806MT153900: 35¢mobo  gMM-9M0 Fmegz5M0 3MI3MBIBEH0S Jumgowgdols
BMoLs ©s LobmgBOLHMZoL. Fobo FNs35M0 Fgodrm (3bm3zgEMOHO 3OHMEMIEHJO0s. 35¢0bo
BO©OL 39600900L 3MMOOBsEOSL s 5930MGOL  FMHIbMOYEMBSL  H30300l, LoEo30L s
Logbol 3035G0. 30LEG0obo bl MFymdL Jumz0egdol BOILS s 50BN, Tl FgoEo3L
3902 M3060. 030 359Mm0Yxbg0s ©:9305BH0W0 SO0 GJOOU, 5egMA00l, Hywmwol s sbgdools
9399065 mdoLSL. 59 5306MTgo30L 385(M0LMdT godergds LIgbol od390mgds godmofizoml [9].
0BMEgoEobl 5d3b 3093500 BOBOMEMY0MOHO RBWBJ305: FOHOWMdJIOL Tgbme(39ds, sDMEHOL
656Bgbgd0l ©gBH™MJLo3sE0s, 03B MMo Mbdzool LEH0dMEoMgds s Bb3sILLZs 3m®IMbols
290gmxz0l bgadgfiymds, 0Bmego3obo 3m03m390s 300000 306 3OM©OYJEJOT0, MHMAMMO3S
Logmbeools  bm®Eo, ®dob 36HMmwYdBHgdo. wgoiobo sliG0dMwoMgdl 3Mbmolmgol bsFocmm
30900l LobmgBL. WgoEbom FOWIM0s 3MJEH0IMWS© gzgmws ool d99339wo
36Hm©wdBo [10]. @woBobo ghm-9H 0 303500 3m33mbgbE0s 39MboEH0b0L §odmlsdwdsggdes.
MBOHM639wYmRL  3oeE0wdol  sm30LgdslL,  FMBIFowgMdL  Jmesaabols [oedmddbsdo, sbg3zg
5dBHoOs©  IMbsHogmdl  sbEHoLbgMgdol, 3mMIMbIdol ©s BgMIEEJOOL  [o®dm]ddbsdo,
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563H039M39Lve Lo gdsls 8093091036905, FoLo M3F9MOLMBS FodMObIEJOS IVEOEMBOm, MToL
339600,  969800m,  2o00B0sbgdIEMIOM, M350l LobbErdsMM3gdOL  IBosbgdOm,
30b6396GH®5300L ©og390mgd0m [11]. oBobl  TgoEogl yzgws Lsbgmdol y3zgwo s 0g3bo.
39000mbobl  360d369crm3560 G0 530605 30egdOLy s  3B0TgdOL  TgEedmeErobddo.
2303060©0L doM0Ms©O d0d)M YIS, HMIGEoE 19308 bG0Z MIJOOU, 3560L s BOHRbOEIGdOL
3m®IoM05do  IMbsHogmdl. byl MHymdl  JmegbBg@obol ©mbol  ©@sfglsl, 99306093l
303900l ©mbgl ©30dedo, 03938 063w ROL,  IMbsHogmdL  MmEYB0DBIoEIL ddodg
393Howg0ol  459m©g3bsd0, ©gHBsd0boMgdsdo, bgwls MHymdls ol BOHEL.  Fgoomboboo
900sM0s  F5M(33¢0gME0 s MbOErgeo [12]. OHgmbobo s®ob Jmsygbol, gusbGobol s
3000l dobsbg®mols 99gdsgqbgwo bsfoero. byl »dwwol m3odwdo Ebodol oM ™3z9dsL,
MBOHM639wymal BoFdwrol Imdbgwgdgero LobBgdol s 3MF-bsfarsgol GHEMod@ol bm®mdsrm®
00d09@gdslL. BHM03GHMRebo  dmbsforgmdls 6osgobol  (B-go@edobols) s LgMm@EHmbobol
LobmgHBdo. ol dMBYOMH0Z30 6EH0WI3MIGDEHS, 57BN MOGLYOL 2o6[YMdIL, 5FE30MJOL MG IM0JOOL
5 3ol 3mbmgdol B3sHBTGIoL MHoL3L, 9306093l JmegbBgMobol mbIL. ggbowswsbobo
290m0949bgds mM560HBdol dogh mMmoMmMBObol s Lsdo Lbgsslbgs  3mMAmbol 930bgMgz0bols
(50Mgbserobol), bmMg3069mg3060L s Mommdlobol LobmgBdo. ol MBEOWB3gYMBL oty
23960 ymdsl,  993900090L  Fool, dmJdggdl, MMAMOE  BEGH0IEIMJLBBH0 s 9MIxOILYOL
dgblogMgdsls.

3™Ebswo mEm60Hdgd0l BraMdoemMo  3bmzguddggdolmgol 360dgzbgermgsbos ™A
65600935 56 2oboEsML 5806MmT553900L ©IROEOE0. 9J9sb 2sdmB0bIMY, 5806MTss3900
§9609m509696 3mEboero LoliEgdgdol sGBYdMdOLsMZ0L 860369 M356 30MHMBL. s80bMT53900L
529091 900Ls s M30L930L  3MEBOL 2oM9dg 396 dmbgds Fowol 39603 LEA®WIGHMOOUL,
a3bdzool 356mbBMB0gMgds, 3903 3390 MmMR60BGOOLS s domLoLEJdol d9dsboBIgdols
53bggombomgods [13].
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Importance of amino acids
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Chemistry
Georgian Technical University*

Abstract

Amino acids are organic compounds included in the protein structure. They contain functional
groups of an amine and a carboxyl group. Approximately 500 naturally occurring amino acids are known,
although only 20 are found in the human genetic code. Amino acids play an essential role in the human
body. They participate in the formation of all kinds of tissues, the production of hormones, enzymes, and
antibodies, the proper functioning of the nervous system, the restoration of cells, etc. Amino acids in the
human body are divided into essential, conditionally essential and nonessential amino acids. 9 of the 20
amino acids present in the body are essential, those which are not produced in our body and required to
be supplied from outside. The remaining 11 are non-essential amino acids that human bodies can produce
even if we do not get them from the food we eat by converting other amino acids.
Key words: Essential amino acids, conditionally essential amino acids, nonessential amino acids.
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Interactions of bioflavonoid robinin with efflux transporters: P-Glycoprotein and Breast
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Abstract: Present study investigated the possible role of P-glycoprotein in the intracellular
exposure of active substance (robinin) of natural medicine Flaroninum™ and effect of robinin on the
cellular accumulation of mitoxantrone in either BCRP-overexpressing and BCRP-negative cells.
Robinin - kaempferol-3-O-B-D-robinoside-7-O-a-L-rhamnopyranoside, has been obtained from
over ground parts of Astragalus falcatus Lam., growing in Georgia. The compound possesses
hypoazotemic and diuretic activities and is proposed for the complex therapy of kidney diseases. P-
gp-overexpressing and P-gp-negative human breast cancer cells (MCF7) were used to examine the
absorption character of kaempferol and robinin with or without of verapamil (P-gp inhibitor).
Flavonoids concentrations were determined by LC/MS/MS. Robinin transport was P-gp-dependent
and verapamil significantly increased the extent of uptake of robinin in cells, which is attributed in
part to P-gp-inhibition by verapamil. When comparing the intracellular accumulation of aglycone
with kaempferol-3-O-B-D-robinoside-7-O-a-L-rhamnopyranoside, we found that kaempferol
uptake was greater than robinin. Since some glycosylated forms of flavonoids
have been demonstrated to significantly suppress breast cancer resistance protein (BCRP/ABCG2),
we hypothesized that kaempferol-3-O-f-D-robinoside-7-O-a-L-rhamnopyranoside mayact as a
BCRP-inhibitor. Mitoxantrone accumulation studies were performed in BCRP-overexpressing and
BCRP-negative MCF7 cells using flow cytometric analysis. Robinin (5 and 50 uM) had no significant
impacts on the BCRP-mediated mitoxantrone transport; on the contrary, the aglycone kaempferol
produced increased accumulation of mitoxantrone. From these results, we suggest that the active
component of natural hypoazotemic medicine Flaroninum™, robinin, may be a substrate of P-gp and
its efflux outside of the cells mediated P-gp may contribute to its decreased intracellular
concentration.
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1. Introduction

Plasma membrane transporters, including P-glycoprotein (Pgp/MDR1) and breast cancer
resistance protein (BCRP/ABCG2), contribute to the intracellular exposure of many drugs and thus
they have been recognized as significant determinant for drug efficacy and safety [1]. Intracellular
drug disposition is responsive to tissue- and cell-dependent expression of important drug transporters
found in organs (like kidney and intestine) involved in the processes of absorption and secretion [2].
Therefore, examination of interaction between active substances and main transporter proteins is
critical in drug development process.

Various diseases, such as renal dysfunction, have been shown to alter many pharmacokinetic
parameters and cause clinically significant influence in drug disposition and corresponding response
to drugs [3]. The impact of chronic renal failure (CRF) on drug transport has been investigated not so
long ago. It was found out that CRF affects function and expression of membrane transporters (for
instance Pgp/MDR1 and (BCRP/ABCG2) primarily involved in the movement of drugs and
metabolites across cell membranes [4]. Furthermore, the studies indicated that P-gp or BCRP activity
and abundance may be perturbed by renal dysfunction not only in the kidney but in the other organs
as well [5-7]. Thereby, it is reasonable to use drug dosage adjustment in patients with kidney diseases
[3 8]

CRF has been acknowledged as a major global problem of nowadays medicine as it is associated
with high health care expenditure and poor quality of life [9, 10]. However, still, effectual approaches
for the restraining its progression have not been generally recognized. Discovery of novel remedies
for CRF has become a top priority for healthcare.

Along with the conventional medication, phytotherapeutic agents (for example polyphenols) are
effectively used for the symptomatic treatment of renal failure [11, 12].

Flavonoids are an important class of polyphenolic compounds universally distributed in plants in
glycoside-bound or free aglycone forms. These natural products exhibit several bioactive potencies,
such as antioxidant, renoprotective and anti-inflammatory effects [13-16]. There is an accumulate
data that various flavonoids can interact with the principle drug transporters in the body. They can
be substrates of and/or chemical modulators for particular efflux pumps (like Pgp/MDR1 and
BCRP/ABCG2) that will influence the disposal of many compounds as well as flavonoids themselves
[17-19]. Despite their biological importance, only fragmentary information is available regarding the
interactions between flavonoids and transporters [20-21].

Astragalus is one of most extensively used herbs for cure renal disorders [16, 22-23]. It represents
the largest genus of plants, comprising over 2000 species and found widespread in the world [24].
[25]. Astragalus falcatus Lam. - species of Astragalus genus, is broadly available in Georgia. This plant
has been thoroughly studied at the I. Kutateladze Institute of Pharmacochemistry (IKIP), Thilisi State
Medical University (TSMU) [26-27]. The hypoazotemic flavonoid glycoside was separated from above
ground parts of Astragalus falcatus Lam and Flaroninum™ - an original remedy for the treatment of
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CRF complicated by azotemia, has been developed on its basis in the tablets form (30 mg) [28]. The
preparation has passed clinical approbation and its application (1 tablet 3 times daily) in medical
practice has been authorized by the Russian and Georgian Ministries of Health. Flaroninum™
increases the nitrogen elimination function of kidney, lowers blood levels of residual nitrogen,
creatinine and urea, and improves renal clearance.

Kaempferol-3-O-B-D-robinoside-7-O-a-L-rhamnopyranoside, known as robinin is the active
substance of this drug (Fig.1A). Robinin has been also detected in several herbaceous plants, in
particular Pueraria hirsuta L. (Thunb) Matsun., Vinca erecta Regel & Schmalh., and Astragalus sp.
[29-32]. It should be pointed out, that no intracellular drug disposition and metabolism has been
investigated for Flaroninum™. Moreover, despite extensive investigations of flavonoids, there is a
lack of data on robinin (an active constituent of Flaroninum™) interaction with drug-transporting
proteins. Just some studies indicated, that after oral administration, kaempferol-3-O-3-D-robinoside-
7-O-a-L-rhamnopyranoside is hydrolyzed to kaempferol (Fig.1A) by intestinal microbial flora [33].
Previously we found that kaempferol is not only a BCRP substrate but also can inhibit mitoxantrone
efflux in BCRP-overexpressing MCF-7/MX100 cells and represents a potent BCRP inhibitor [19, 34].

Since drug transporters are determining factors for the intracellular drug exposure, we first
investigated the interactions of active component of Flaroninum™ and two essential drug
transporters in cells over-expressing these proteins [1]. This study tasted the possible role of the ABC-
type efflux transporter P-gp in the absorption of robinin and the effect of this glycoside on transport
of substrates by another ABC transporter, namely BCRP. The results were compared with those of its
aglycone — kaempferol.

Drug-resistant cells, over-expressing only specific transporter, as P-gp, might be used for the
identification of the efflux pump engaged in the absorption of flavonoid [35-39]. For this purpose in
the experiments we used P-gp-over-expressing and P-gp-negative human breast cancer cell (MCF7)
lines.

Robinin: R1 = p-D-galactpyranosyl-a-L-rhamnopyranoside;

R2=c-L-rhamnopyranosyl

Kaempferol: R1=H; R2=H
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Figure 1. Structural formula of bioflavonoids robinin and kaempferol (A); Q1 and Q3 scans
from LC/MS/MS analysis of robinin (B) and kaempferol (C)

2. Materials and Methods

2.1 Materials.

The bioflavonoid robinin (=95%), the active component of Flaroninum™ and robinin standard
(99% purity) used in this experiment were isolated from areal parts of Astragalus falcatus Lam in the
Department of Phytochemistry, IKPI, TSMU as reported previously [40]. The leaves and flowers of
Astragalus falcatus Lam were gathered from Kartli floristic region (Georgia). The plant was
authenticated in division of Pharmacobotany, Department of Phytochemistry, IKIP, TSMU by
comparison with the voucher specimens (N 16354) deposited in the herbarium collection of IKPI
(Herbarium Code-TBPH). Kaempferol (99% purity) and rutin were bought from Indofine
(Hillsborough, NJ, USA). Human breast cancer MCF-7/Sensitive, P-gp-overexpressing MCF-7/ADR
and BCRP-overexpressing MCF-7/MX100 cells and fumitremorgin C (FTC) were kindly provided by
Dr. Susan E. Bates (National Cancer Institute, MD, USA). The Caco-2 cells were a gift from Dr. Amrita
Kamath (Bristol Myers Squibb, Princeton, NJ, USA). Mitoxantrone was bought from Sigma (St. Louis,
MO). Fetal bovine serum (FBS), phosphate-buffered saline (PBS) and RPMI 1640 were obtained from
Invitrogen (Carlsbad, CA). Eagle’s Minimum Essential Medium (MEM) and nonessential amino acids
solution were from Gibco BRL (Buffalo, NY, USA). All the other chemicals or solvents used were
commercially available and of reagent grade.

2.2. Cell culture

MCF-7 (parent, MDR and mitoxantrone-selected subtypes) and Caco-2 cells were grown in 75-
cm? flasks. MCF-7 cells were cultured in RPMI 1640 culture medium supplemented with 2 mM L-
glutamine, 10% FBS and 1% penicillin/streptomycin. MCF-7 MX100 cell culture media also
contained 100 nM of mitoxantrone. Caco-2 cells were cultured in MEM culture medium
supplemented with 10% FBS, 1% penicillin/streptomycin solution and 1% nonessential amino acids.
All cells were incubated at 37°C in a humidified atmosphere with 5 % CO2/95 % air. Confluent cells
were subcultured using 0.25 % typsin.
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2.3. Western Blotting Assay

The expression of P-gp in MCF-7/ADR cells was demonstrated by Western blot analysis.
Experiments used MCF-7/Sensitive and MCF-7/ADR cells with passage numbers 9-18 and Caco-2
cells with passage numbers 83-87. The cells were washed with PBS, harvested using a cell scarper
and homogenized on ice in lysis buffer consisting of 50 mMTris (pH 8.0), 150 mMNaCl, 1% of
Protease Inhibitor Cocktail (1:100) and 1% Nonidet P-40. The soluble extracts were collected by
centrifuging the cell lysates at 17,000 x g for 10 min. The concentrations of protein in the lysates
were measured using a BCA protein assay kit (Thermo Fisher Scientific Inc. (USA). Proteins
predetermined quantities (50 pg) were electrophoresed on 8% sodium dodecyl sulfate—
polyacrylamide gels (SDS-PAGE) and electroblotted onto nitrocellulose membranes using standard
procedure (Invitrogen, Grand Island, NY). Blots were blocked overnight at 4°C in Tris-buffered saline
containing 0.2% (v/v) Tween-20 and 5% (w/v) non-fat- dry milk (Bio-Rad, Hercules, CA) followed
by a 2 h incubation with primary antibody and then 1 h 30 min incubation with secondary antibody
at room temperature. C-219 (Abcam. Inc. Cambridge, MA) was used at 1:150 dilutions as primary
antibody to detect P-gp. Anti-mouse IgG horseradish peroxidise (Amersham, Piscataway, NJ) was
used as the secondary antibody at 1:1500 dilution. Membranes were washed after incubation with
the antibodies, and detected with enhanced chemiluminescence detection reagent (Amersham
Biosciences Inc., Piscataway, NJ). Western blot results were analyzed using 1D Image Analysis
Software (Eastman Kodak, Rochester, NY). Cell lysates from Caco-2 and MCF-7/sensitive cells were
used as the positive and negative control for P-gp respectively.

2.4. Cellular uptake studies

The cellular accumulation of robinin and kaempferol was evaluated in P-gp over-expressing MCF-
7/ADR and P-gp negative MCF-7/Sensitive cells in the presence or absence of well characterized
transporter inhibitor, verapamil, at the concentration of 100 uM based on previous studies [36].

Briefly, cells were separately seeded at density of 1.6 x10¢cells/well into six-well tissue culture
plates and after reaching 80~90 % confluence the uptake studies were started. Dimethyl sulfoxide
(DMSO) was used for the preparation of stock solutions of robinin and kaempferol at a concentration
of 10 uM. On the day of the experiment, the cells were first washed three times with PBS. The
medium containing tested compounds with or without transporter inhibitors was then added to each
well. DMSO final concentration in the transport buffer was 0.1 %. Following incubation for specific
time (60 min — for the concentration dependence and 30, 60 and 120 min — for the time dependence
accumulation studies) at 37°C, the medium was removed, and the cells were washed with ice-cold
PBS (pH 7.4) three times to stop further uptake. To lyse the cells one mL of 0.5% Triton X-100 was
added to each well. The concentrations of tested compounds in cell lysates were assayed by
LC/MS/MS and normalized with cellular protein content. The concentration of protein in the cell
lysates was analysed by BCA Protein Assay Kit, with Bovine Serum Albumin Standard (Pierce
Chemical, Rockford, IL).

2.5. Mitoxantrone Accumulation Studies

Accumulation studies were conducted by flow cytometric analysis followed the protocols reported
by Minderman et al [41] with minor changes. Mitoxantrone stock solution was prepared in doubly
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distilled water. Stock solutions of flavonoids were made in DMSO, and the final concentration of
DMSO in the cell medium was maintained at 0.1%. In brief, the cells with around 90% confluence
were treated with trypsin washed with FBS-free RPMI 1640 and re-suspended in this medium with
a cell density of around 10° cells/ml. Intracellular accumulation of mitoxantrone was carried out by
incubating 1 ml of cells with two concentrations (5 and 50 uM) of the test compounds, the vehicle
(0.1% DMSO), or a specific BCRP inhibitor FTC (10 uM)for 15 min, at 37°Cin a humidified
atmosphere of 5% CO:in air, followed by addition of 3 uM mitoxantrone. After incubation for
another 30 min, the accumulation was stopped by adding 3 ml of ice-cold PBS and centrifuging at
17,000 x g for 5 min. The cells were then washed twice with ice-cold PBS and the measurements of
cellular fluorescence of mitoxantrone was made on a FACScan flow cytometer (Becton Dickinson
Immunocytometry Systems, San Jose, CA) equipped with a 488-nm standard argon laser and 670 nm
bandpass filter. The background fluorescence of robinin and its aglycone was examined as well and
found out to be negligible under the assay conditions. Mitoxantrone accumulation was expressed as
percent of the control (in the presence of the vehicle, 0.1% DMSO). All flow-cytometric data were
analyzed with the WinList software program (Verity Software House, Topsham, ME).

2.6. Preparation of Sample and LC-MS/MS Analysis

The intracellular concentrations of robinin and kaempferol were quantified by liquid
chromatography-tandem mass spectroscopy (LC-MS/MS) as described previously [42]. 100 pl of
methanol was added to cell samples to precipitate protein and briefly vortex-mixed. To prevent
oxidation, 5 ul of ascorbic acid was added into each sample. Following vigorous vortexing, the samples
were centrifuged for 10 min with 17,000 x g at 4°C. One hundred pl of the supernatant was transferred
into a 200 pl vial insert for LC/MS/MS assay.

LC/MS/MS was performed on an Applied Biosystem APl 3000 triple-quadruple tandem mass
spectrometer (Applied Biosystem, Foster City, CA) linked to a Turbo lonspray interface and a
Shimadzu Prominence liquid chromatograph. Data acquisition and processing were carried out using
analyst software version 1.4.2. Chromatographic separation was performed on a XTerra MS C18
column (2.1x 100mm i.d., 3.5 um; Waters Corporation, Milford, MA, USA). The mobile phase
consisted of 0.025% formic acid and 1 mM ammonium formate in water (A) and 0.025% formic acid
in acetonitrile (B). The gradient program was as follows: initial condition 16% B; gradient 16-75% B
over 4 minutes; increased to 95% B and held for 1.4 minutes and finally returned to initial conditions
for a total run time of 10 minutes. The injection volume was settled as 35 ul for each sample and the
solvent flow rate was maintained at 0.2 mL/min. The retention times of robinin and kaempferol were
3.66 min and 5.51 min, respectively. The MS operating conditions were optimized as follows: an ion
spray voltage was set to - 4200 V and vaporizer temperature was kept at 350°C. Nebulizer and curtain
gas flow were set at 10 ml/min and 8 ml/min, accordingly. The optimized declustering potential,
focusing potential and entrance potential were -70, —-300 and -10V respectively. The collision cell
exit potential was -15V for robinin and -8V for kaempferol. MS was conducted in the negative ion
mode using the multiple reactions monitoring (MRM). Selected parent-ion/product-ion pairs were
monitored for each compound: robinin 739/593, and kaempferol 285/285.
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2.7. Statistical Analysis

All data are expressed as the mean + S.D Statistical analyses were conducted using SPSS version
11.0; (SPSS, Inc., Chicago, IL).The differences between the mean values were analyzed for
significance using a Student’s t-test or one-way analysis of variance, followed by Dunnett’s test. The
p-values less than 0.05were considered statistically significant.

3. Results

3.1. P-gp Expression Level

To investigate P-gp involvement in the cellular uptake of robinin in MCF-7/ADR cells, first we
characterized P-gp expression in the cells employed in this study using Western blot analysis. MCF-
7/sensitive and Caco-2 cells were used as the negative and positive control for P-gp. As shown in Fig.
2, MCF-7/sensitive cells had no detectable P-gp expression which is in accordance with earlier
observations [43]; however, P-gp is clearly detected in MCF-7/ADR cells and in the positive control
Caco-2 cells, consistent with previously report [19].

Figure 2.Western blot of the expression of P-gp in MCF7/sensitive (lane 1), Caco-2 (lane 2) and
MCF7/ADR (lane 3) cells.

3.2. Cellular uptake studies

To observe the time uptake of robinin, a fixed concentration of tested compound (50 pM) was
added to inserts and after 30, 60 and 120 min, the media was removed and the cells were washed in
ice-cold PBS (pH 7.4) 3 times to stop further uptake. The samples were analysed using LS/MSMS. All
values were normalized with protein content (Fig. 3).
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Figure 3. Intracellular concentration of robinin in MCF-7/ADR cells in the absence and presence
of the P-gp inhibitor verapamil (100 uM). MCF-7/ADR cells were incubated with 50 uM robinin for
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30, 60 and 120 min. Cell lysates were prepared as described in Material and Methods; intracellular
robinin was assayed by LC/MS/MS. Each column illustrate the mean £ S.D.; n =6. p< 0.001

In experiments robinin showed linear time dependence uptake in MCF-7/ADR cells up to 60 min;
the cellular concentration of tested compound was increased in the presence of P-gp inhibitor and
the maximum rate was observed for 60 min incubation time (2.25 fold). No difference in intracellular
concentrations in the presence or absence of verapamil was observed at 120 minutes. The
accumulation of robinin following incubation with different robinin concentrations in MCF-
7/Sensitive and MCF-7/ADR cells was measured at 60 min and the drug intercellular accumulation is
presented in Table 1. During the experiment, robinin displayed less accumulation in MCF-7/ADR
than in MCF-7/Sensitive cells.

Table 1.Robinin accumulation with different incubation concentrations

Applied 25 uM  Concentration 100 pM
50 pM
MCEF-7/Sensitive 20.80 + 4.08 46.60+7.0 65.10 +4.17
(ng/mg protein)
MCF-7/ADR 14.60 +3.23 29.30 +4.72 47.00 £ 3.28

(ng/mg protein)

1 Data are presented as mean £S.D.; n =3.

Four concentrations were chosen to study the concentration-dependent uptake of robinin by
MCF/7ADR cells, and inhibition by verapamil. P-gp-over-expressing cells were loaded with 10, 25,
50 and 100 uM flavonoid and the experiment was conducted in the absence or presence of verapamil
100 uM.

The representative chromatograms of robinin in P-gp-over-expressing MCF-7/ADR cells in the
absence or presence of verapamil are presented in Fig. (4). The peak area of robinin increased more
than 3-fold when, 50 uM robinin was co-incubated with 100 uM verapamil.
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Figure 4. (A) Representative chromatograms of robinin when MCF-7/ADR cells were incubated
with 50 puM robinin in the absence or presence of the P-gp inhibitor (100 uM). (B) Cellular
concentrations of robinin when P-gp-over-expressing MCF-7/ADR cells were incubated with 10, 25,
50 or 100 uM robinin with or without verapamil. Data are presented as the mean £ S.D.; n =6. p<
0.001.

Figure 4B shows the cellular concentrations of robinin when P-gp-over-expressing cells were
incubated with different concentrations of robinin; we noticed that the intracellular accumulation of
flavonoid in MCF-7/ADR cells was proportional to its incubation concentration. During the
investigation period, robinin showed less accumulation in P-gp-over-expressing cells in the absence
of verapamil; the intracellular amount of robinin was raised in the presence of verapamil 1.77 - fold
at 10 uM, 1.79 - fold at 25 uM, 1.79-folds at 50 uM and 1.72-fold at 100 uM (Fig. 4).

We investigated P-gp role in the transport of robinin (50 uM) in P-gp-over-expressing and P-gp
negative cells. During the investigation period, robinin accumulation differed between the two cell
lines: intracellular concentrations of robinin were ~ 1.6 fold less in MCF-7/ADR than in MCF-
7/Sensitive cells (Fig. 5). When the P-gp inhibitor,100 uM verapamil, was added to the incubation
fluid, the intracellular concentration of robinin was increased by 125% in P-gp-over-expressing cells,
whereas this phenomenon was not observed in the corresponding P-gp-negative control cells. This
result suggested that robinin is a substrate of P-gp.
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Figure 5.The uptake of robinin (50 uM) in the absence or presence of 100 uM verapamilin either
P-gp-over-expressing MCF-7/ADR cells or P-gp-negative MCF-7/Sensitive cells. Data are presented
as the mean = S.D.; n =6. p< 0.001.

In order to compare the intracellular uptake of the aglycone kaempferol with the glycoside form,
robinin, MCF-7/ADR cells were treated with 10 uM of the compounds and incubated with or without
transporter inhibitor for 1 hour (Table 2). The Q1 (first quadruple) full scan and product ion scan
mass spectra of target compounds are presented in Fig. 1.

Table 2.Intracellular accumulation of robinin and kaempferol in MCF-7/ADR cells

Without With inhibitor Fold Intracellular
inhibitor Increase Amount
of compound

Robinin (ug/mg 6.88 £1.27 x10®  12.27 £1.2 x10- 1.8 5.31+£1.2x10°
protein) 3
Kaempferol (ug/mg 1.46+0.13 4.69 £0.5 3.2 3.23+04
protein)

1 Incubation concentration - 10 pM; Data are presented as mean £S.D.; n =3.

The chemical inhibition of the ABC-transport protein, P-glycoprotein with 100 mM verapamil
had significant effects on the uptake of both the flavonoid glycoside and its aglycone. In the presence
of inhibitor, the uptake of both compounds was increased (1.8 and 3.2 respectively) in MCF-7/ADR
cells and the uptake of kaempferol was increased considerably higher than its glycoside (Table 2).
This finding, in combination with the detection of P-gp [44] in MCF-7/ADR cells, implicated a role
for P-gp in the transcellular efflux of these flavonoids.
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3.3 Mitoxantrone Accumulation Studies

To evaluate the effect of robinin on BCRP-mediated efflux and compare with its aglycone
kaempferol, the 30-min accumulation of mitoxantrone (a known substrate for BCRP) was examined
in the presence or absence of 5 and 50 uM robinin or kaempferol, in BCRP-over-expressing MCF-7
MX100 and BCRP-negative MCF-7/sensitive cells, using flow cytometric analysis.
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Figure 6.Concentration-dependent effects of robinin and its aglycone on the accumulation of
mitoxantrone in MCF-7 MX100 cells. Data represent means of six independent determinations;
bars, +SD.
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Figure 7. Influence of flavonoids on the intracellular accumulation of mitoxantrone. The 30 -
min accumulation of mitoxantrone in MCF-7/sensitive and MCF-7 MX100 cells, in the presence of
50 uM concentrations of flavonoids or the vehicle (0.1% DMSO) was evaluated as described under
Materials and Methods. FTC (10 uM) was used as a positive control. The data are expressed as
percent of control (in the presence of the vehicle, 0.1% DMSO). Data represent means of six
independent determinations; bars, £SD

As shown in Fig. 6, robinin had no considerable effects on mitoxantrone accumulation at both
concentrations either one in BCRP-negative (74% + 2.2) or BCRP-positive cells (77% + 5.4). In
contrast to its glycoside form, kaempferol demonstrated concentration dependent activity and high
BCRP inhibition when tested at a 50 uM concentration (Fig. 6). Mitoxantrone accumulation
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increased by 205% + 4.3% of the control value in MCF-7 MX100 cells, which is similar with the
accumulation in the presence of 10 uM FTC (281% + 7.5% of the control); however, it had no impact
in the BCRP-negative cells (MCF-7/sensitive cells) (Fig. 7). These results are consistent with data
reported earlier by our laboratory [19, 34].

4, Discussion

In the present study we investigated the possible role of membrane-associated drug transporter
P-gp on the cellular uptakeof the hypoazotemic bioflavonoid, kaempferol-3-O-B-D-robinoside-7-
O-a-L-rhamnopyranoside (robinin), and compared results to that of the robinin aglycone -
kaempferol. We also evaluated the influence of this glycoside on the BCRP-mediated mitoxantrone
transport.

In cellular drug accumulation experiments, robinin uptake in P-gp expressing cells was compared
with accumulation in cells from the parental cell line. Two lines of evidence obtained from our
experiments indicated that robinin is a substrate of P-gp: 1) the cellular uptake of robinin in P-gp
expressing cells was lower than in P-gp negative cells; 2) robinin uptake was greatly increased in
P-gp over-expressing cells in the presence of verapamil, a known P-gp inhibitor, broadly employed
as p-gp activity modulator in multidrug-resistant cells [45]. The reason for the lack of difference in
intracellular robinin concentrations at 120 minutes is unknown but may be due to higher
intracellular concentrations of robinin at 120 minutes resulting in the saturation of P-gp transport
proteins, decreased driving force for transport, i.e., cellular ATP availability, or decreased
concentrations of the inhibitor verapamil, due to its metabolism or binding in cells resulting in
decreased inhibitory activity. Results from the update study showed that robinin was accumulated
in cells a time- and concentration-dependent manner (Fig. 3, Fig. 4). During the investigation
period the rate of robinin uptake by MCF-7/ADR cells increased linearly with concentration,
within the test range of concentration (10-100 uM) (Fig. 4). The accumulation of robinin in
MCF7/Sensitive cells was greater than that in MCF7/MDR cells (Table 1). As noted earlier, when
MCF7/MDR cells were incubated with the P-gp inhibitor verapamil, the uptake of flavonoid was
significantly greater (Fig. 4). These observations support our hypothesis that robinin is a P-gp
substrate.

In recent years, the absorption and metabolism of several bioflavonoids have been widely
investigated and it is assumed that flavonoid aglycones are absorbed in greater quantities than their
respective glycosides [46-47]. Here, cellular uptake of robinin and its aglycone were investigated
and compared using P-gp-over-expressing MCF-7/ADR cells. We found that aglycone was taken
up more easily and to a greater extent by the cells than its glucoside (Table 2). When the P-gp
inhibitor was added, the uptake of kaempferol increased 1.78 times more than robinin. This is
consistent with a report that aglycones are generally more bioavailable than their respective
glycosides because of their moderate lipophilicity [47-48].

It has been reported that many flavonoids have inhibitory effects on BCRP [19]. Structure-
activity relationship studies on the inhibition of BCRP by flavonoids showed that the presence of
the aromatic ring B attached at position 2, the 2,3-double bond in ring C, an OH group at position
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5, the 4'-O-methoxylation or the 4'-hydroxylation of the B-ring and absence of hydroxylation at
position 3 are related with more potent BCRP inhibition [49]. In general, the potency of glycosides
has been displayed to be weaker than that of their aglycones since they are less penetrable to cell
membranes. However some studies demonstrated that not only aglycones but also some
glycosylated flavonoids, such as naringenin-7-glucoside and quercetin-3-rutinoside, effectively
inhibited transporter BCRP over-expressed in cells [50-51].

Interestingly, several authors have shown that attachment of a sugar moiety may differently
modify BCRP inhibitory actions of flavonoids [50, 52-53]. For example, naringenin-7-glucoside,
possessing one sugar substituent, glucose, bound to a hydroxyl group of the A-ring (position 7)
exhibits BCRP inhibitory activity [50]. In contrast, naringenin 7-rhamnoglucoside, which has the
diglycoside rhamnoglucoside (rhamnose + glucose) in the same position, does not alter BCRP
transport [19]. It was shown that glucose and rutinose conjugates at position 7 (luteolin-7-glucoside
and hesperidin) do not hinder BCRP inhibition [54]. Also, several studies demonstrated potential
inhibitory effect of rutin, containing the diglycoside rutinoside (rhamnose + glucose) attached to
the hydroxyl groups of the C-ring (position 3) on breast cancer resistance protein [51]. Intriguingly,
robinin possesses a double bond between positions 2 and 3 of the C-ring, a hydroxyl group at
4 position of the B-ring, the 3 position of the B-ring is not substituted, the mono glycoside
rhamnose is attached at the hydroxyl group of C-7 carbon, and the diglycosiderobinoside (rhamnose
+ glucose) is present in position 3, similar to rutin. Therefore, since some glycosylated flavonoids
have been reported to possess BCRP inhibitory activity, we hypothesized that the glycoside form
of kaempferol may also affect BCRP-mediated transport.

The choice of the concentration range of robinin for these studies was based on the previous
reports that numerous flavonoids can reverse mitoxantrone efflux mediated by BCRP in breast
cancer cells with EC50 values ranging from 0.4 to 34 pM [55]. Our previously reported Western
blot data showed that BCRP is expressed in MCF-7/MX100 cells and that MCF-7/sensitive cells had
no detectable BCRP expression [19]. In our experiments, robinin did not produce a rise in
mitoxantrone accumulation in BCRP over-expressing MCF-7 MX100 cells and had no notable
influence on mitoxantrone accumulation in BCRP-negative MCF-7/sensitive cells at a
concentration of 50 uM (Fig. 6, Fig. 7). Meanwhile its aglycone, kaempferol, significantly increased
mitoxantrone accumulation in MCF-7 MX100 cells and this effect was concentration-dependent
(Fig. 6). The obtained data is consistent with the results of other studies suggesting that kaempferol
is a BCRP inhibitor [34, 50].

In conclusion, we report for the first time that the active component of the hypoazotemic natural
medicine, Flaroninum™, kaempferol-3-O-f-D-robinoside-7-O-a-L- rhamnopyranoside (robinin),
is a substrate of P-gp, and its efflux outside of the cells mediated by P-gp could contribute to its
decreased intracellular exposure. However, robinin had no remarkable effectiveness on
mitoxantrone accumulation in either BCRP-negative or BCRP-positive cells, unlike its aglycone
kaempferol, indicating that it is not an inhibitor of BCRP.

This research provide a good starting point for further investigation the fate of Flaroninum™ in
the body after oral administration. Eventually we will undertake additional studies to test the
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interactions between this bioflavonoid and other membrane transporters (whether involved in the
input or in the output processes) as well as elucidate its metabolism in order to extend the evidence
base and purpose proper delivery system to optimize efficacy of hypoazotemic phytodrug, intended
for the complex therapy of CRF.
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99U o305 P-3¢0030m30mEg0bol (P-gp) 9gLsdenm Hmeo mMoyobser®mo 3093sMmo@0b -
BEoMMbobob, sdBHom™o 603mogMgdol (Md0bobol) Mx®M9gdo sBLMEOBdE0sDY s HMdOBOLOL
2393abs  3oGHMmJLIBEGHOMbOL  3FMWHE0sDY. BMdObobo - 30831396 me-3-0O-B-D-
HMO0bMH0EO-7-0O-a-L-0536m306056mBoo,  d00gdmeos  Lodsdmggemdo  dmbHsGo
dggbstyg  Astragalus falcatus Lam. dofiobbgos  boforgdosb. 3693500 93agbl
303m5Bm@GHgdomed s 090 gb dmddgadsl s  ©93m39bgdwos  MoM3ITergdols
JO™bo3 Mo 30560Lmd0L 3m33egJumBo MYMHI300LM30L. 39935390 MEOLs @S MHMBObobOL
S0LMOdE0sS  Fgufogoe  odbs  LoMdgzg  x0M33olL  30dmb  MxG9gdbg  (MCF7).
BEo3mbmogdol 3mbEgbEMmE0s 2obolabmgMs LC/MS/MS-o0m. H™d30bobol #H®sbldm®m@Eo
5030009090 503mRbs P-gp-bg; 396535300l 0sbsmdolisl Loa®dbmdo@ o0BIMs
X990 OHMOOBoBOL  HBOLMODE00L  bo®olbo.  saoz3mboll s FeogmbmoMo
2303mb0ooL M M9d0 399999s300l 89sMg00LLL, 3903539OHMEIOL SBLMEMBE0S FoMOMDOS,
H30b60boLSL. FoBHMJLIBEHOMBOL 53199MEs30sHg MMdOBobo (5 s 50 PM) gogengbols oM
obgbs, bmwm  dobo 003mbo  -39933960Mmwo  BOHos  JodmJuob@G®mmbol
306396 5305L MYxMH9gddo. doMgdmwo J9gagool dobgz0m, BFwsOMbBOboL sd@omMo
603009gMgd0L - HMdOBboBoL BHMIBL3MOEGH0MYOs0 BsGreos P-gp, G5 g9bs306HmdgdL dols
X905 3Mb3E96G® 300l T903069d50.

153396dm LoByzgdo: Astragalus falcatus Lam.; Hmd0bobo; 30035390 me00; P-garo3m3mm@qobo;
MCF 7 «% 690900
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063 96M9Lgd0L 459M056905L. 93mbMT030l BHEBLBMOBs300L 3OMEgLdo dms356 BoBIBL 39Mdm
19JBHMOOL PsdMmYgsodgds s FgFoMTgmdoL A5630msMGds [oMTIMoYgbs. s0bodbo Jobbols
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3603530900 3OHMEqLo Amzromdo 30dE0bsMg aMdIT0BI300L 9W9R05. 30:0353H0BIE00L
960-900  doM0MOE  5TMESBL  LO3MPOJOIOL  3MO3MOSEGH0Mo  LoLEIol  BITMYs0dGOS
o60mogbL. LHmOg s80GH™I, 50bodbwo 3OHmEgbol 89gao  2odxmdLIPMWO @
05050 & 9d6MEMQ 0950 2496300000900 BgM30L900, SBOEOWO FoMTmgds s FBobsblmeo
9999d3H056Mmds  Mbs 0oyml. Fglodsdobo, Ls3MmMIOol  4osbsfowgdol  3MmEglo  0dbgds
30O3065GH0ME0 30BEGOMEOL bm®Isw®o s 9x39dG0sbo 39dsboBdo, HMPLsE I0BMHIdS
306O306530900L  Bogd0sbMdOL 9239dE0sBMdS s FgLsdsdols, 0o 9dbgds 93mbmdozme
DML, LEAGMBIOM, BodsON39gEmTo sbgmo 3O MEILYO0 0gm MBOM Ysdmbszeolo, 30 Mg fglo.

5960950, 990dgds 9036093693650 9306036Mmm, H®MI 36:035GH0BE05T 396 oHYz0G°
00053500 58mEsbs - bwosdgddbowo Losdzom Lobmyomgdgdol 3mdsmdol 9a39d@E0sbmdols
5050 gds.  dmboermbgwo  oym, MmI  gobbgdm©byd  MBOM  9gxz39dGMOo  FsHm30m
50639M9L90o  gL3MYgd0. Toasd gomo dguogmEoL - Lobgudfonmlb bszws
3653500 3bM3560  AglogMmemgdool gobgbs LMuBsE soLsbs oMm30l dos dgdsboBdgools
9cgd9900L 9339dGHOMIOL BOHPIBY s ol F9gaBY. 98539 O™, SOLIOIOMIP QIO
U530l 296356306 @S LEgMM  LAMIBIROWwo  bgddM356ge™mdOlL  Lozombgdols
™3965G0o© 2505939G0L gLodegdermdgdo. sdol gHm-9MHmMo doMOMIo dobgbo 0dsdo
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000356 gmdL, MHMA L3OOl 45aBHBI0EIGOOL 356G  TJ0O35DJOME0 5 0yM
30O30MO5G0ME0 350030l Jdgomo dgdsbobdgdo.

1533560 BoBY3gPO: 33O HOXPO  FsBM3S, 3600350 Ysos, Usob39bBogom  bszsco,
39600696980, 3026302659010 LGOI IH980.

99L535¢0. 3MMH3MOOEGH0IE FoOMNZVMB 5393806090 WO Bo30MBYdO TGE) SJBHYIOTMISL
00d9bL, 56 3MM3MMS305 MOL FoMMZ0L JOM0MIO BMOTs, M3 9olbdmdl Msdgbody
©50b63HMLgoYemo  FbsMggool  0b6FHIMgLYdOL  499M0056gdL. gobgwo  3gMomdo
30O30MO5G0MEo doMmnzol Lsgombgdom dbbgomo 3083560900 0943zbgb I0bEHIMLYdIMgdO0,
OB 30, BsdMsEM BMIol 3MI3560900(3 3O MDID 3MO3MOHEH0YO FosOMZ0L MsbsdgEMHM39
LoLBHYIJOOL  gs3mggbgdsl. JMOIMOSEGHOE0 FoMm3s 333600l gmbogmme s 9i39JE0b

990929099 ™6M09bGH0MGOME  JoMmM3sl Mfigmdl bgwl, O™mIgdsg Mbos  MBOHYD3gwymL
3603935000560 {oBo@gds.

939456580 80806 93MbMT030L BHEBLRMM 5300l 3Mm3gldo, Gmymes Hobo, gGdm
b9dBMOoL Rsdmygse0dgds s dgfocmdgmdol 496305M9ds ghm-gMmo 360d3bgwmgsbo dggaos.
5060360 93mbmdolzmMo dmzwgbols 3sb30maMmgdsdo 3609369 m3zs60 MmO 3M0353H0BIE0L
M F0M53L, OMIgog dbmzgomdo d0dEobstg umdsobsEool J9ga0s. 3M03530BIE00L
36O™mEgLol  gOmM-9M  JoMOMOE  TMEIBIL  Lo3MmEMgdsBg  3MbBHOM®OL  300M3MMSGH0VIE0
LoLEGHYIOL BTMYseE0dGOS FoMBmoyqbL.

0900  bsfogo. 3mbEALOFMMs BogmEgdo Ls3MMOmGOOL  MBGdol  [omdmImdol
9OMSIOM0  abs  0gm  25bLobgedfoRmgdm0Mds, Moysb  BgdoldoghHo MdMsgo  Jmbgds
Lobgedfoxnm bo3Mmemgdsl §omdmoygbs ©s LbsFo®m ogm dobo 39Mmdm IREMdGMd5d0
239005L3Ws. 50b0dbol 2sbbmME0gEgds 30 F9LsdwgdgEo 0gm 36M035E0DsEooL 89dzgmdom,
HmIwol 9909290  29bMmOE09WEs  BEHMASOM™MIIM030  MYOMOJONMIJOOL (330090900,
HMIgandsg 39BLOBOZMS M50 35N Q56LH3Z539d0 FHO30L B30 MHO s 93mbMmdozwmEmo
LoLEBHYIOL BOTMYSE0dIOS.

bogomgzggarmdo  sOLYPRM@o  BoGsEgos.  LodoOmzgmwmdo  Lobgwdfomm  Lofo®mdmgdol
2396LobgGoBMIDOHOMBOL  3OMELds 3960 25PY30¢d MOz HBM3bs - sBLYdMO
LoPo®mdMgdol Fdomdol 9i39JE06MdOL 5T gds. 3M035EH0DBE00L AsbbMmME0gwgdol Lofyol
396030 LoMM39w Ml JMBsbegmdol Yol bsffols obsbLYYHO MHglrOLYdO 56 QosBbs.
365JGH03Mwo, Imdwowo oym bosxgobsblm LolGgds, 60 ogm 89Jdbowo  3M035EH0bsEool
3WMOSWOHO 3O MEILOLMZ0L bgerdndfymdo, OHmamOE 93mbmdozm®o, 1939, mOMYsbobszorIEo
5 BLOJMWMYOMHO Qo0Mgdm. LimMgo sdoG™a, LsobzgbBoaom 39ML3gdEH03s WSTM3I0PIOMLO
09gm dbmm Msbmm®o 0639LE030gd0L MHBoE35DY.

Logorm39wmbo 2sbbm®mE0gwgdwo 3M0353H0BI300L 3OMEILO, o300 Jobss@loms s
0530190416 939000 SOLYIOMOE b33 Ids BHFOOEOMWO BMOTGIOLYSD. LHmEMg sdo@md,

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 254



3603530bs300L 3OMEgLds  sMvmvy 396  dmobobs  sgdomo  Bgyo3wghs  93mbmIozol
U39d0W0Ds305DY, 30M0Jom, 2o50MTd3s  FoMBMdoL 39l 3MM3glo s  Fglvdsdols,
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pystrea. bsgsmozgcrmb bhsdoldozob 9om3b6«9cmo bsdbsboymo, 2022

296300056900 §3996930L 490mEOgds 9B39690L, MM 35303OWOl  IMYMSIMGOLO
2900500006905 5dE0gMdL 3063960 96305L, o3 303356090l LGOIl sdergal oMb
o63mgdol  ©039ML0x03300L  BLEAHMSGHJR00L  A9BIMJIL.  Yym3z9gwozg  90bodbmo 30,
d9L5dEgdgos  3MB35600L MEMYBODBIFOWW-LEHOWIGHMOME BsOBMgddo, oYL oo s5d3m
99L5dEGOE MBS BMdEHID  FoEow3MbEgbBHM0MPM s  39BGHMIODIOME  BMYME3,
Lofo®mdmm, s1g3g Bodsb3m 5JE0390L.

Ab300 31335609000 36010353H0H9ds, GMAMES [gbo, bmdmEogwgds sdgombo®gdol ybom.
Logomggermbo  obbmM30909dmwo  sggombo®madol oo  2sblbzs3909mo  oym  LodsbOH™
0306m8030L  J399469080  Bsdmyserodgdgmo s 2sbbm®Eogwgdmmo  sdisombo®gdols
365JEH030L596. 296305690 M §399690do 5g30MmboMmYds A9BbMOE0g©s gPmM0sbo Losgszom
393030ol  d9ddboo  3o3gmwo  9J30mbgMgdol  3930@EHsol  399M056900m.  S©0bodbwyo
36OmEqbo  Logodmzgemdo  QbbMmME309wEs G060 930Gl  5J30JOI®  YIYMRBOD.
30LB0Tb5305, MM 23b30msMGOM J399bgddo 5d30MmboMgds FoMdmoaqbs Homdmgdols s
3930%0ol  3mb6396@GGs300Ls @S 396GM0BsEo0l Tggal, bomem  LsdsGomgzggmmdo 3o,
3603530Bs300L 8909L. 360035E0Ds300L 890939 Lods®mzgermdo hsdmyswods 0.5 deb-dg
5d300b960, ®MF3s 95J30gd0L 399403d LoRMbPM BOMHSDY 56 bEJdMEs. FgLsdsdols, g0l
LoBSBOM GOl 29633939 G99 gdgEro 0gm. Losd30m LOBMASOMYIFOOLS S 5d30MmbyMdOL
LogOM 95B39698gd0L Jobgzom Lods®mgzgwm  dmfobsgzg saowbHBy 0ym 963005090
9394690056 90569000, M»)d3s gl Fsh396909¢00 56 0gm MJEg356GHWG0. 56339990 39MHOM©OL
29605300590 Loogd30M LBoBMYMYdIOL 993060900 JMmbosm LsfoMdmm 3m@GHgbioswo, Molo
90bgboE J0M0mMI©o BMbEIdIOL 33900 0gm. 53539 OML, Lsob3zgbBoaom @s Lsobmgsgom
3396305 VSO 0ym. 9IMs3gleds FomAbL sOE 30 3Jmbos B3I Mds oL EoyMm
LoRMbM BHBOJODY. 96O 5535MINWS Fom 0T JMBLYMHZo300L Mg:0dob godmYygbgdsd o
53mOGH0BE00L  5b5MI0EHJI0ID 25830 BEGdsD. g 306MHMdJdT0, dxmdILo 0dbgdM
29000ggbg0eogm 4530GHMGO0L 396Mmbo. 9d309d0L Lo3MmbEHMMEM 3539G0L 8REMBJIIL s6 3 30
3000500 350 bgarm sOLYd0 Lof oMMl Lobo30s S 53853905, JOMOMOH, B0 BMYgdol
0005350 §gomml  LEHo®BMgdol  3H9dbozMemo  sOFMHZoWMdOLS s 33065 0MJOYO
9fymdomdol gdmbE o0 s BsBWIMRIMI0D X IMOMO® PoYo3s FoMdmoygbs.

g4m39w039 906036 0sb godmdobsmyg, LoobgzgbBogom 653500900l o  3930@SE0L
QMRMITMOOBO g9 s0bgds Jgbodgdgwo oym dbmemm@ Lobgwdfoxzml dog dsMogMgdols
bmdogco 399306 gd0L boggmdz9w By, 31939 Lofo®dmgdol 59d30MmboMgd0b,
LoEMEbEOLBIM0BO MEYBODIFOMWO F59MHM056939d0L  T9dabol Lsgdzgu By, MM IdO3
3950093960696 9399460l 0bEMLEBHOOMEO B5BOL Loggmdzgel. FogMsd sHIEO JMO3MOIBHOYWO
LEAHOMIGHOJOOL BsdMYgs0dgdol 3OMMEILO LodsMmM3g™MTo bbgsa35Mo© FoM0sMmM, GMIgwos
2900060 gMm©s 8990090 FobslosmMgdgdom: Lobgwdfoxzm LEHMMIGHMJOTs o300 9MO0EIL 0d
Uo30mbgdol  20HY39BOL,  OMIGooE  LEdSBOHM  93mbMmTozol  30MHMdgddos 3o Fomo
303393963008 LRgOML 2969393693 s;  LoJoMmzgermdo  3M03530BIE00L 9 IYO©

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 257



030bm8o35d0  ©™Bobo®mgds s0fyglb  Losodgom LEHOWJEGHWOmRTs, GMIWIdIOE 0MHOEOLYIO
035LsBOOLOM  0gm 005", M3 I RBIIH™M 0gm IHBYOMWO sMgdg 203 gbolsy o
3Mb6GHOM@OoLsmzol.  LsfoMIml  obsddOMIgdol s  9@IobolGMmEo0L B3 MmEmgdOL
©™doboMgdol ol 9g30gdbg  bmyom  93mbmdozmed  o@IMsGMsdo  9fmgds
»0BB50MGOOL 96 Fos 5d30MmbgMHgdols BogMmEdS”. o3 FoMdmoaqbl Hobsswdpgymdals
0639L3H0E0gd0lL IMVBIHBOPI s (36MdOEs, OHMYMOF ,,06L500IMIOOL  EOEYTs”, BMIOL
sObo 00580 BEaMIsMgmdl, ©md  0blLyogMGdOL  Jobmgmzgmo  3MBEMMEOo  Loffo®dmby
23950mM03bogl 2969dg 0639LGHMMGOOL  IMHIMBIdOL TglodegdEEMdSL, GMd dson  LablMgdo
939099 LIHoMIMTo 9356 MD. M6 0b39LEBHMMO BNl BB JOOL F9sHY39EGOLOL
dmombmgl 839056 ™d09JBHMO  0bx3MOA5300LmMb @S Mogolo  LEbLEMYdOL  odmygbgdols
36MmEgLoL  3mbGHOMEL.  gLodsdobo®, 0blyoIMYdds oMo by mJ3s6 0b39LE0E0gdOL
9mDo30L 292090B9, b 93056 QobMgmzgE JMBEBHOMMDBY.

boogd3om 3930390l 2oBBGHMWMdOL  Fs®owo  bo®olbols  990m  30MH3MESE00L
9969%9Mg0L 2509939  do0sb OO MR GISTMLOWGIGd0, OGMIGooiE L3 MMYJdOL
MRE05dLOEgOgIL  MBHMMJOMs.  BOJ30M  3930BHOOL  QORBEMMIOL  QoMs, 5oL
o939 bgwo Fgfym  3MO3MGE00L  FoMm3zsdo  LsobgzgbBHogom  Fmbgdol  (MmIwgdos
BEmdEbb Losdgom 3930@9Wol Isbrmgdom 10%-b), Lbgs BobsblwGmo 0b3gLbEHMMmgdol @
Lobgedfoxnmlb LmbBds Imbsfowgmdsd, 89bgxg®qdol 8ogem Lsfo®dmgdol ™mbsddmmdergdols
5d30900L d9lY0350 5J305MS LIZMMIMO 353930l 3b3gbGHMSFOOLIMZ0U.

9969%90900L LoFo6Mdg 3MM3MM(30900L Bo3MNMYOOL LBEHMWYJBHVMSTo F90dwgds godmoymls,
OMYMOE 300030M65G0ME0 JoOM30L doMHoMso 60dsbo 36M0353H0BsEool ImEgdme 9@s3bY.
59 303930 Logmbom dsbsMmTs Bs3Tom Ibodzbgwm Mmoo Fgolitrms, o6 ol xge
300093 9O 0gm 153056MH0LOE 363050 JOMWO s 0330 VIMO. 5J(30900L MTYEJLMDS dsHBMOL
239609 0Mmb30s. sdoEm™d, 360d3bgemgbs Foy3z9Rbos Labgwdfogm Ly3MmMMYdsdo SMLYdWYO
Jmbgdol 396dm B30 YOsd0 o3 9J30gdoL Lobom, M3 39 olbIMAL LogMmbo® d5HsMBY
L536M03530DIEF0M MB0GJBHIOOL 458MEBIL 365 FE0sbo 35393H9d0L Lobom, sMsdgE 5d30gd0L
dobg30m. 50b0dbo 3OMm39L0, bl 89MFymdL B E™BYDY 496306 Logzmbom
00M70L 496300000905, GMIgEoE UBS3TOME B  EMBYbgs  2obgomsMmgd o, sbg3g,
239M0x M09l gds  0639LBH0E0gdOL  FMBOIVLMID  ©939300MGdMYo  3OMEILYdO,  OO3
Lobogmabewmo 36093690 m35605 39960l 93mbmTozol gobzomsmgdolmazol.

5060035, 990dwgds  9MHMIb0dzbgmgbs  930b0dbmm, HMI  3M0353H0DIE0sd 396
2390050Y30B0 3003560 dm3sbs _  sbwsdgddboo  Losdaom  Lobmysmgdgdol  dwgdsmdols
99%399dH05bMdOL 5T gds.  JmlBosermbgwo ogm, Mmd 2hbgdm©bib wRO™ 9x39JGHMOO
35OmM3000  ©06EHIMILGOME0  Tglo3meggdo. FsMsd ghmo L3Ol - Lubgwdfoxzgml
Bogmo  3MogseMoEbmgzsbo  AglogmmMgdool  gobgbs  LYLGSE  volsbs B30l  Fos
3999603900l dmddggdol  9BJBHIOMOOL  BOEIHY s ol Fggaby 98539 @MU,
sMBYO0MOE OIS BoIMmMOGOOL 4963530l @o  Loghom  BEMSBHIR0MI0
b9wddn3569wmdoL Bo3ombgdol M3gMoGH0MWsE A5HY39@0L Tglodwgdermdgdo. sdol gom-

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 258



9O®Mo  dJoGomsEo  dobgbo  005d0  FEAMTsMmgMOL,  GMI  dglogzmmMol  gsdlbzowgdols
35059 90035H90ME0 5O 0gm 3MO3MOMsGH0o JsMm30lL Jdgomo dgdsbobdgdo.

3399300 89000 g00. 1533930 3MIMOdGIOL  3MogdE03wo 36093690MdOL 9GS MdOEID
290006569, B5dOMIBY 3mTomdoLOL 45dmygbgd e 0dbs 33930l LobEGHIIMEmO, olEGMMOMWoO,

©®A039960 356BMY500900L, 393609600 BBEMsd300l, 565¢P0BOLY S LobmgHol dgmmegdo.

©sl336s.  Fgodegdos 960 360936900m3bs 530b0dbmm, Omd  bygdoOnggemdo
3603530Do3058 3960  49HY30ds  Fogz5M0  sdmEsbs  _ sberodgddbowo  Lsogzom
LoBMYPIMYOJOOL  FMTomdol  9RgJGH0BMdOL  sFoegds.  BmbowmEbgwo  oym,  G™I
239P60Mm©b96 MRO™ 9939J@IMH0 BsMHM3000 0bEHIOILJOIMO gz Ygd0. Fog™Msd gMmO
d9L53MMEOOL - Lobgwdhoxzml bozzwo FMH35wMOEbM3s60 gz gdool 2ohgbs LmliEoo
50Lobs B30l Jos d9dsbobdgdols dmddggdol 9539dGIOMdOL HBMEIBY s dol Tggy by
50539 @OHML, 5OLIIOMDOI POV BHIMMOGOOL 49535030l O LoghHmM BEMIBHIRO0I0
b9wddn3s69wmdol  Ls3ombgdol M3 MOGHOMWs©  FoHY39BOL  TglodegdMdJdO, oY
d9Lo3MMEOHOL  2odlbgz0wgdols  35MEgEMMOIE  Fgme35HJPMwo 9O  0gm  3MO3MOSGHOMO
35030l Jdgomo dgdsboBagdo.
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Effectiveness of corporate management: current problems and perspectives

Khatuna Barbakadze!; Nato Kakakshvili2
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ORCID ID 0009-0001-1670-8463

2Assistant Professor, Iv. Javakhishvili Thilisi State University, Faculty of Economics and Busines,
ORCID ID 0009-0005-1399-1784

Abstract

Corporate governance is the basic form, which involves combining the interests of various
stakeholders. In the process of transformation of the economy, the main goal was the formation of the
private sector and the development of entrepreneurship. Privatization played an important role in
achieving the mentioned goal. The process of privatization of state property is a result of the current
globalization in the world. One of the main tasks of privatization is the formation of a corporate system
of ownership. That is why the result of the mentioned process should be improved and highly
technologically developed services, increased production and financial efficiency. Accordingly, the
process of ownership redistribution will be a normal and effective mechanism of corporate control
when the efficiency of the corporations’ activities will increase and, accordingly, economic growth will
take place. Unfortunately, such processes were more the exception than the rule in Georgia.

Thus, we can unequivocally state that privatization could not solve the main task - to increase
the efficiency of the work of newly created joint-stock companies. It was expected that owners
interested in more efficient management would emerge. But the emergence of multiple ownership
instead of one owner - the state, had a weak effect on the increase in the effectiveness of the internal
management mechanisms and its results. At the same time, the ability to promptly resolve issues of
ownership and overall strategic leadership has become significantly more difficult. One of the main
reasons for this is that effective corporate governance mechanisms were not offered alongside the
increase in ownership.

Key words: Corporate governance, Privatization, ilnvestment flow, shareholders, Corporate
structures.
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LsdsMomggemdo dmbsto Cupressus sempervirens L. Verticalis 8gL§ogeos
030700l 5  BMYoJHO BOMEMYOVIMSE 3G bsgMomgdols
0903390Md5BY
d9gas 3035¢0330¢0, 05856 B03z0esdg?, 3561050 Brewsdy?

130035300L 93500930910 MIEHMMO, DL 0MZgEn JMMMGEsdol BsMTs3zmgodool 0bLEGOGWEHO
0053560 99360900 sbsdIOMBY0; 2035605300l 53500930M0 EMIGHMMO, MBdOEOLOL Lobgedfogm
L539EO30bM MBOgzaOLOEJGHOL BIMTS3EI3GIC0 ©S BMILOZMWMYOOO Jodool I3sMEHSTIBEHOL
LM E0MGOMo 3OMBILMOO; 2mndoErolol Lobgedfonm LsdgoEobm Mbogzgdlodg@o BoMmBs3I3EGIo
3bsgroBol dogobBHemo

BLGMgGHo

Cupressus sempervirens L. Verticalis 30630006 domgdmwos bgo@®movMo o 30mes®veo
030JO0L X59900 90mbagwom 8% s 2,6%, ©ia9bowos dsldo 999535¢00 doMHOMSEO
Jodommo 3asligdo: BsbdoMyoedsqdo, ©ORW0EIMN0©Jd0, GHM0RWO39IM0©IYd0, 3bodmgsbo
05493990, LG9 obo.

29BLsBWZOHM0s BMY0gH MO B0D0ZM-J0doMEO Fobolinsmgdgwo: b3zgr®omo fmbs, 4sM@a@gbols
0539690900, 35530m00L MoEb30, 0MEOL MOEb30, Folivdzbol Mogbgo.

20O - JOMIdGMYMB0Mo  Fgom©ol  359mygbgdom  33035MH™MLOL  goMbol  bgmdo
30LMOMOZ5®© S MOMEIBMIM 0350 0WIBEHOROEFOMJIM0s Box IO, YYXIOO O 3MEO0YXIOO
3b0dm3560 9553900 DMA0gOHmO o060l Jo@owo 3OM396GHwwo 993390 Mdom. 50bodbmeo
939b5m0oL 20MBoL BgmTo s0dmbgbowos 0dzosmo 5,11,14,17- 903MmBsEYBHE99b0L g530.
3OO 030©Jd0L  X9ddo  M30LMIM0ZI®  IPPIBO0S O BBMPIBMOMOZ5©
139dGHOMBMEGMIYGGHOMO  FJPMEOm  ABLIBOIOMWOs  FMbBME030Id0  LogPomnm
8993339mdom 0,16%, ©sygbowos Bmaoghmo bbgs d0mEmaow®ms© sd@omdo bsghomgdo:
390ME0bm0© 900, 5d06M553990.

330930l 990093909 ogMHbMdom godmzmgbowo 0dbgds LodsOmzgermdo dmbsMo sboro
030003993390 939656090 MYlELo, GMIGETsg dgusdwrms 3M5JGH03MWo  godmygbgds
33mgml 39000306590 s 3mbdgEHMEMy0sd0.

1353396dm BoBY3980: 0300, 3B0IM3560 85539, BMBRME 0300, J5OMEH0bMmoo.
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dgbsgogro. 03000 MIXOIEOL  39336bgdol s Fgdsghmgdgo  Juimgogdol
LEAHOMIGHOMYo  3003mb9gbBHB0s,  FoMTMEYJPIb  MTomglo  3bodmgzsbo  Tx53900L
30O GHJOOL  FoMIMgdMEgdL. olbobo fysedo Mblbso bBosghmgdos s 39O 0bLbgd0D
6569 453bLbgEgddo, J9g0sb domwmyo@o dgddMsbols 9056w Mmdsdo, o3 gbsls
969696 Mx6MH900g00L 2063w MdIBY, BIMTIHEIOOL 5dGH03MmdSBY, 0dbmJodor® 3HM39L9dbY,
9mbsHogmdgb mEB0BA0L LollogmEberm 3O M3gLgdOL MgAo B30, LW gd9b LsdsGroym,
LOOYIGVOVW,  EIEZILMBO”,  JBIPRIHOFNW,  FoMYYWOoMYOI  BYbJ3osL.  Fomo
9mgdd9gqool  39doboBdo I35 IHEO0305: 0FMBMGHOMIMwo,  3935GHM3OMEIJEHMOMWO,
Bswgwdwgbo, 36300593900, 363030600, b gdols Lofoboomdgy™,
3OAMAHMJL03MOM0. 5930609896 sIMOMUZIGOMDBOLS s FME-LLOLLEAIOPZMS 535003 gd0L
2396300000900l MHOL3L,  5d0JMGOID  MOYSBODBAOL  MYBOLEHIEEHMIL  0bxzgdzomdo s
530301900560 93500 gd9d0Lsdo [3,4,5,].

Cupressus sempervirens L. var. Verticalls Gord. - 9565©d{(3569 330350mbo, mysbo: Cupressaceae -
3303560mmboLYdMBO, 03wl 32 935Mb. y3500 Cupressus L. 3moEogh 19 Lobgmdsls; badsermgzgermdo
9 Lobgmdss 0bGHOMEME30MGOM0o. 15330930 ™309JBHO -330350MLOL  20MBJd0  MILEPGdOM
99260m390mwwo0s  BoMm3szmgodool  obLbBHOEWGHOL  BoGmdodool  Lodgaboghm  33eg30000
935035396 EOL  BsMTS3MOMEHB030L  F0ToMMNYWgdOl  MsbsdIOMIgEms Fogh, mMdoolo,
39deox 3500 16/03/2021 fgarb, Logdudg@odgb@Em 60380 o30S 0BLEHOEHMEOL 39MdsM0Tdo
TBPH 21249 [2,7].

330350MbO  BoOOMO  0Ym 39303900 bdgwwmsdys  Begol  bbgsolbgs  MHgaombdo.
"d39w9lo  OMOEB  33035MMLOL bl 2oblE3MNPOPIM  VOEMHYOMEOIL  ToBgos  dolo
9mdd990s bLm3zmgdols s dHgMgdol [obsomdgy. 29MEs sdoly, sl ©9dz9wglo EMMOEI6
LodgMdbgPLs s BMTFo 458m0g4qbdEb9b, BMYMME 3O IGO0 3gbstgl. LodsOmM3zgemdo
3303560Mmb0o g58tm09g4gbgds JoOLORMYOOL, 3MmMTJIOLS O DYoL golisd[zsb9dws.

fobalfomo  goBMmJodom®mo  965¢0Bol  Tggyo©  ©WoAgbowos, MHmA  I3gbstrg  Fgo3o3L
503500l 0,7%; Rws3mbmogdl 0,22%;  @obobl 0,31%; Lodmbobgdl 1,9% g39bmargdls
0,067%; 90090356 B9 gdL @5 IM035¢ b3s domEmy0Ma© 5dGHo® 30033mbgb@qdL [6,7,8]. dolo
0mdd9ggool  d9doboBbdo  IMoz5cIbM0g0s:  9BFGH0BdsIBHIO0M,  bmzml  Lsfobsswdgam,
363030600,  BFGH035MSBoGHMwo, 0blydEBoEoMo,  bEH0MJLoIbGHMEMO,  FHowMdOl
9995bmG(3909w0, JuGOMYgbwo, sBEH0IMsy W sbEHwGO.

159399MbseMm oBbom 99Mm0yYgbgds d3gbseol BMMOWGdo s J0MBIOO A530900L, bzgEol s
0MmMbJoGol OML. 330356MMLOL 0MBJdIOL s BMMEGOOL BIBIOTOL 5d5DbgdL 5d3L dgsloErol
159399Obsem  MgMs30Mo 9gx39dE0; bowbmMo IgoEobsdo 0ggbgdgh, MHmameE 9993309
LMo gdsl, bmerm  bgml, OMYMOE 96GHOLY3GH03MNO, L3SHBAMEODHNO s OMOYHY
LMo gBSL.

£ oMy g60¢o Lsdmdoml JoBsb0s LogsOmzgemdo Qo3MEgwgdEo Cupressus sempervirens L.
Verticalis  9dgbflogars 030@gd0lb o BMYOIOHmo  doMEMPOMs©  5JB0wemo  boghmgdol
3993390 ™05%9 89000306530, BMT5:393GE? 305d3H03580 o 3MLIGEHMEMA0sd0  godmygbgdol
350 LsBOHOLO.
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30930 s FgomEYdo: bo3zzwg3 md0gJBL FoMdmoaqbl: Cupressus sempervirens L. Verticalis -
0565033569 330356MHMLOL 20MRgd0 Mglergdom FJAMHM3gdYo Bo6mdszmgodool oblEodEol
R0A™MJodool Lsdgsboghm 33eg30m0 35O ESFIBEHOL BoMBo3MdMEHIB03Z0L  FodsGEgdols
0565396M3gems 30gH Md0erolido, 3sdwoxgs@do 16/01/2021 fFgarb, bogdudg@odgb@m bodmdol
30mBg®o TBPH-21249 ©s3oeos 0bbGod@ol 3gmdstonmddo [2, 7].
Bgo@BMsemMo  030gdol  gudy®odsos. Cupressus sempervirens L. Verticalis 3s65dfj3569
330350mbob  6/3gdusbom  mmbxgmso  gduBHGoedzos  (1:5)  aebbmMEogwrs  mmsbols
3993900 GMsbyg, 990 ™o dgLdgegdom 3539193-OME 530 535M9BHBYg (60° C) dowgdwme 0dbs
39940 4300090 BgHoL, BgmoLgdMMo 3mbLloLEIEE00L Bgo@Emowrm®mo 030©gdol ( 6/¢r) xsdo .
3o 030008  gduBMogdaos.  bgoGHMIwIMo  wo30©gdol  godmymazol 9999y
oMBgboo d3gbsmgmero FOMEH0B Jerm®OmMeEm®I-090sbmeol (2:1) bstgzom mmbyxgmo©o
9JuGH®ogdz00m s  godmbafgzarowol  Iglidgergdom 393w I-OHMESE0NIEY  335MeBH g  (60°C)
90090 0dbs bdgo 3mbLobE 6oL, Yog30LRgMo F9RIOOWMBOL 3MEsM¥IE0 O30 OO0l
(3/aw) x500.
Bgo@og®mo  wodoEgdol  sBsgroBo.  B/ew »M30LMdMO30  sbswobo  gebbmMogms
0bgz3gbmzs60  JOHMIGHMAMBOMO  bseobom: FMmIMsz0 Rsbs - 39BHO™MEgobol gmgco-
QQ0gm0OoL gmgMHo-4obremgsbo ddMedyegs (85:14:1) mdmsgo ggobs - TLC Silica gel 60 Fzs4(20 cm
x 20 cm, Merck, Darmstadt, Germany) ©g®9d®omgds - om@ol mOmndwomn s 30%-0560
3030600375300, ©YJ0s - BIMSO MYoJ30900m, Rf LoEoom s dmjdgdmMsb Fgsmgdol
3%oom.
B90®eMo rodogdol GC-MS sbsgrobo
09000¢n0(900l 3HMEIOIMS. (36003560 3553900l Fgm0E0MOOL 3OMEILO JobbmME0gmwEs 16 X
125 938 Bm3dol dobol Lobyxs@gddo [9,10,11].

3b0dmgzsbo 870358 20oBMO-JOMIdEGMYMeBomo  Bowobo  Bs@IM©s  goBMH
JOMAo@macmoxbg Agilent technologies 7890B GS System; Agilent Technologies 5977 A MSD; lgg®o:
HP5 ms Ultra Inert 30m x 250um x 0,25um; ©obgd0l LoBdotmg: 19w/ o, 506MBo@sM9dgEro:
39wondo; 398396 Mmwo Mgg0do: 90°C-2 (oo, 90°C-sb 280°C-dg 4 (oo, 280°C-10 o,
0659dBH™O0L  3Hga39MsGMs - 250°C; GMabbggMesobol FH9d3gMoGes - 280°C. dowgdvIero
390092900 589995305 s 333Mbg6EJd0L 00 6EH0BOEOMIOOLMZ0L 453mYygbgdme 0dbs NIST-ob
9mbs3gdms d5bo.

3MEMMEO o30EJOOL x50l M30LMdM030 6sW0BO. 3/ XsTol MZ30LMOMOZ30 SBsEOBO
23956bMM 3090 s MOHIBG0Z30 MbgE539bM3z560 JOMISEMYM 9530090 Fgmm©OL 45dmygbgdom.
BmbEMmE030EYHPoL  M305MdM030  565OBO.  BMLBMMO30©JBOL  M30LMdM030  bswobo
23956bMO3090 s MOHIBO030 PHYIWRIBMZB0 JOMTSGHMYMIRB0Mo FgoMmEPOm: ddMH30 Gobo: 1.
JrmOMm®d0-090056me0-25% sdoszo (65:30:5). 2. JarmOMmEm®do-090sbmero-gobryemgsbo
d05635530-igoero (170:25:25:6), mdesgo gsbs- TLC Silica gel 60 Fse (20 cm x 20 cm, Merck,
Darmstadt, Germany) ©9@&gd@o®gds - 00mEol mO®MJwom ©s 3513m3L30L MJoGHO0Z30m, BIMHSPO
6954309000, Rt loE0EO s IMfidggdom.
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BmbEBMEO30JP0L  MomEIPMdIM030  goblsbMgms. Lszgwgzo  mdogd@olb 3/ xsddo
RLBMEO030EIOOL  MOMPIOMOM030 BB BIBHIMDS  9MOMEYRBMO  BMLBMEOOL
dobgz0m 139dBHOMBMEHMIGEHOWo dgmmom (Jasco V-730), Goweol Log®dg 620 63 [12 ].
5006m3553900L  565eoBo. L3330 MdogdBHoL 80% gmobmmosb 9duBMmoddTdo oygbowros
500b6m3z553900L  9MLGOMBdS. SBseobolmzols godmygbgdme  0odbs mbgwrggbmgzsbo
JOMToGHMM5530M900L dgom©Oo: Lo o3z5ygwol godxods TLC Silica gel 60 F254 (20 cm x 20 cm,
Merck, Darmstadt, Germany,)  s3blbgerms LobiGgds: 39msbmeEr0-dds6mdgegs-Hyowo (6:2:2),
©94H9JBH0M9ds - 1% bob3ow®mobol blbsMom, LEBIOEHMWwo bodmdgdol bszmgdol ©s Rf
LooEOL 36093690MdJdOL A5dmygbgdom. [13].

35030600900l 565¢r0Bo. L33 g30 MdOYIEHOL B/ % 5dd0 MZ30LMIMOZ9® BIMHOIPO MJod3000
5 MomEgbmdM0z3s0  L39JBHOMRBMAEHMIYGHOMWo  IgOMm©om  (Goweol  Log®dg 451 63.)
39BLSBEZOW0s 35MMEH0bMOEYdOL 98339 mds [1].

33930l 89¢0920. J5650(3569 330356MMLOL MgleoE6 6/39Jbsbom MmmbxgMmso 9bGMogioom
9009005 b/ew %580 godmliogerom 8%, MMIgedos ygbowos dslido 893535¢00 doMHOMIO
305bgd0:  boboMmyodsgdo, OR0EIM0EId0, GHM0YW0EIM0©Id0, (3bodm3zsbo dx539%0,
LB9gMobo.

2396L5sBPZOMWO0s 33035MMLOL MGlEol Byl BoBo3M-JodowGo 3mbLEHBEHId0: bggdomo
fmbs 0,947, a56HsBgbols dobz9gbgdgero 1,492, 0553mdol Goibzo 4,9, omool Gogbgzo 112,
3oL3360L Mobgo 126.

39D~ JOMBoBHMYM9B0Mo FgomEOL gsdmygbgdom Bsmodfjzshy 33035GmLOL 0GRl bymdo
®30LMOMOZ5© S MOMPI6MOM035®0 00IPEH0BOEF0MYOMW0s 8 3bodmgsbo dzs3s: 39dbsogbo
0,7%, omg3560 0,45%, 39Juoa3960 8,89%, mddowg3sbo 2,84%, 9,12 -md@swazsogbo 15,4%,
912,15 - od®og3sdHmogbo  43,59%, 511,14 - gogmbsBHMogbo 2,85%, 5,11,1417 -
9030MD5@9G®5960L 853535 1,7%.

oMbhgbowo  J3gbsmgmeo  FOMmEGH0Ib  FogdMwos 3/ %530 (Rodmbogowro 2,6%)
®306MOMO35  OAPoWos 6 GFmbymeodoo, Lsghomm  d9dgggmdom  0,16%:
WoBMRMLRSGHO0OwJmobo, 3bRSGH0OWobmBoG0, 3mbgsGH0owdmeobo,
WoBMRMLRSGHO0OWIMNbMEsdobo,  BMLRsEHOOEIMIbmmsdobo, N-  sgowxamlgsEo©o-
gmbmesdobo.

239BLsHBOZOWMWOs  33035MHMBOL MJLEPOl bgmdo  39OMEGH0bMoIdOL F9d3zgwmds  8,2803%.
9L do sRI600s 5 5d0bMBs1535: 5¢sb0bO, 35¢0b0, 5MH0b0bO, S1356154060, BgbosWsbobO.

ol3360.

BoBoMgdmo 33¢93990L 909290bg ©oyMHbmdom domgdmmos  LodsOmgzgwmdo dnbsto
Cupressus sempervirens L. Verticalis 30669000 65go@®msgn®Ho s 3mmamrymo ¢rodoqdols

X90900 @5 DBMY0gIOHMO  BOMEMP0YMO©  5JBHoemo  Boghmgdo, s0bodbmwo 331939000
2950Mm3wgboos sbowo wo030©Igdi3geo d3gbsmgmo MglELo.
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Study of Cupressus sempervirens L. Verticalis growing in Georgia on the content of
lipids and some biologically active compounds

Bela. Kikalishvili**, Tamar Chikviladze?, Mariam Puladze?

tAcademic Doctor of Pharmacy, Senior Researcher, Institute of Pharmacochemistry I. Kutateladze Thilisi State
Medical University, Thilisi, Georgia; 2Academic Doctor of Pharmacy Associate Professor of the Department of
Pharmaceutical and Toxicological Chemistry of Thilisi State Medical University; 3Thilisi State Medical
University, Master of Pharmaceutical Analysis

Abstract

Sums of neutral and polar lipids with the yield of 8% and 2.6% were obtained from the cones of
Cupressus sempervirens L. Verticalis growing in Georgia and the main classes were identified:
hydrocarbons, diglycerides, triglycerides, fatty acids and sterol.

Some physico-chemical characteristics were detected: specific gravity, refractive index, acidity
number, iodine number, saponification ratio.

In cypress cone oil saturated, unsaturated and polyunsaturated fatty acids with high percentage of some
of them were identified qualitatively and quantitatively by gas chromatographic method. Among them
rare 5,11,14,17-eicosatetraenoic acid was found.

In the sum of polar lipids phospholipids with a total content of 0.16% were determined qualitatively
and quantitatively by spectrophotometric method and some biologically active compounds -
carotenoids and amino acids were determined.

Based on the study results a new lipid-containing plant resource growing in Georgia is identified, which
will find practical application in medicine and cosmetology.

Keywords: lipid, fatty acid, phospholipid, carotenoid.
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Jo330L Bgmob Lvydmbo@m®mogdols 989953905 s bEsbEsME0BIE0s

©030GHM0 s3D0dgt, 0MMY0 J0smYmsdy?, 356565 MR ™b030dg?, TogbsD 3g00s?, SewomBs
d53mModg’
L3 5635300L MJGHMO0, MLLYY 0MZIE JMMYEsdol BsBs3mdodool 0bLEOEWEHOL gEbogh MsbsddGMIgwo.
2oll)-b Bog0bBH™sb@o.
335635300L EMIEGHMO0, MLLYY 0M3ge JYMNEMYEsdol GosMdszmdodool 0bbEo@MEol dgEbogh msbsddmmagwo.
45356M35300L MG, MLLYY 0M3gE JMEMYEsdol GoMdszmgodool 0bLEOEWEOL dmsgs®o dgsbog®
056533OHMIgeo.

S0y, BoM35393GwI0 G9dbmEmyool ©g3sMEFgEE0L bgwddmzsbgwo, 3Ghmggbm®o.

BLGMJGHo

Joggo (Hippophae ramnoides L, Eleagnaceae) Lbogoeomggerml g3enm®ol 9ehm-9Mmo gsGom@
23930390900 939bstrgs,  dobo  IOEIMO  JodoGmo g IPMds  AoBLEBOZMOZL
0653500390356 BMT93MEMA0ME  8mddggdsl  ©AHZOMOOL,  FIBGHMOGOL,  3MFobs
0MOIGHYMRS bofesgol Fywmamol, bodzowmbbml ygmol ghmBool, 3560l s Logwsdsgo
docob Lbogw®mo ©s9350093900L s Lbgsmos Lodzm@mbscome [1,2,3].

3309308 md0gd@L  HomOmoygbs Lods@mggwmdo dmbodmo  Joazol bogmgol  bHgomob
3530065000 1m3mboEMO0gd0. 0909853909905 Jo330L Bgool ImgeImo wy3mBoGHMOm0Yd0
3935m  3bodolb o 303g3bme  W35-0l  g3dggdbg.  fo®mdmygboo  LvdmbodmMogdo
LA IOEHODYOMWO0s  J9OMEHOBbMOEIdOL xsdom - 0,66 -0,75 Tp/b3. (B -39MmEGH0bDY
39055635003900m). J5330L Bgmob 0,3 ¢ 359065¢0m0 LIBMBOEHMMOIO0EIH JoHMEObMOEIdOL
in Vitro  58m00530L:x8gdol  3OMFBool Fgsmgdom bohgzgbgdos, MmI mMozg BMAgby
00m0bo@gdme  650dMIgol  sbolinsmgdl  IOMEMbyoMgdMYwo  458MMI30LMREGds,  STLSD
36m3Eglo MBO® 063 BLoMmos© d0dEObsMIMIL OoBOoW MM Bwdg by  (30¢g3bmeo W 35),
Omdgroi  M93m396gdMmos  doGoms®  L3mbodmMomw  ®wdg  Jog3ol  bgmol
13mBoGMM0900LsM30L. B3MBOGHMO09dT0 0©IbEHOR0E0MIOME0s Jo330L Bgmol §sdygzsbo
@bodmgsbo 3703900 - 3oewdo@obol,  megoboll s  BEgoMobol.  AsblEBEZMME0s
3B GMM0900L B0HB03ZMNO - JodoMo s BEMWIGHMOME-09dsbozmEo JsB3969dgd0.

1353356dM BoBYzgdo:  Jo330L gm0, LIBMBOEHMM0Yd0, 35MMEH0bMoIdo, Ebodmgzsbo 0553900,
390ME0b6m0 900l godmmsz0Lvnegdols 30693H03s.
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RO0GHM3MJ35M53H00 09509bL Bsd3MMbogom Lsdrsegdgdols  35-40%-b. o @gMsEHIOOL
9mb5399900L 565¢00B0 4306396900, BMI J39bsMgMo §oMmBmMBMdOL bod3MHBsEM b5 gd9dO
30053 FoMHIMOYgb00s A9egbmm0 O bR gbmMo 369356M0GHJOOL, SBg3g MBOO
§50500xMmOIPOL - Lvy3mBoEGHMOH0POLS s Foesdmgdol Lbsboo [4,5,6].  Lm3mboEm®mgdo,
OHmamO3 Md39wqbo ool gmemTs, L3 9O 39035390 59GHMYOMAL S 3MdEH0IE
3600369005l s3B5Id0L B9dbmemaools LodsMEHoz0ls s Fodwol BMmMAoL  9B9JEHMO™dOL
3900 [7]. 9607900 Lofoboswdgym, s6EH0dsdE M0, FM0owmdol dgdebmmgdgwro dmgdggdol
93969090 §om3mdmdol {odsemnam®mdgdl dmemol 360d36gwmg560 sa0oo MFoMsgl Joggol
Bgmol bbgoolbgs Lsd3Ombogrm Bm®IgdL [1,2,5], 9s00 Mol Joggol Bgmol Mgddswe
L3MDoGHMO0YOL, OHMIIooi3 FM[mgdos LMo bofiersgol Lbgssbbgs @sb0sbgdgdols
15939ObserMm©. Jo330L bgmo s Tobo  3MG39MOBHIO0  FBIOMMO  259M0Yyghgds  39boly o
@®OHM3560 oMLGOoL 3500MEMA0gd0l, Fom FmMoL  40693MMPOMMO0 59350 JOJOIOLS S
5030 ©sH06989d0L Lsd3mEmbscrm[8,9,10].

36Mmd0w0s 3539bGH0MJdIMo  J5330L BgmMol M9dEo o L3MHBOoGMMOGdo - 3535Mmb 3bodol
gmdbg [11]; dgo@o 3bodol ,GHo3o - A “ gmdgbg 5%  LEHJ®obol 97s30L dmbmawog®oom
[12];  do330L Bgool 3mb3gb@E®e@ol 999339w0  3mId0boMmdo  3M935MoG0 L, qbEgbobo™
3mEogmowgbmdboo - 1500-0b  gmdgby, bglomgbobom s gmsbmwom [13].  gzgws
BoIM™M300o 3M93565E0 Fo6Imoagbl Mgddowrd bLrId3mbo@MmMmogdl, M93mTgbEoMgdYos
31939 306930MMA 0580 259Mboggbgd s, I35, F500 B0 9R3IJBHVIOMOOL s 354065 MEO
L3MDOEGHMM0GOOL 5O SOLJIMOOL  AsdM, 3ModBH03M IgoEobsdo MIgBHLs© A9TM0Ygbgds
J5330L Bgmobl 3sd3mbgdo.

50bB03bs305, BMI o330l Dol 3540050 LY3MBOEGHMM0JO0 WOEBHIMGMMST0 56 SOOL
5009000, 50bodbmwosb 259maobsty, B30 331930l JoBsbl FoMdmoagbws Joggol
B9o0lL 3580650 b3MBoEBHMOH0gdol Mm3EGH0To MO0 d98509bwMmdol s Ggdbmemyools
890998953905 FoLo 50 930LYBWGIOL 3OMROEIOL BsxYdz9WwDY s B0MIOMWO 3MG3sMSEOL
LEObIOEGHBIGEOS.

33330l md0gj$Hgdo ©s gmmEgdo

33930l Mmd0gd@o oym 2021Fol mgd@maddgmdo, LEgnsbfidobool dosdmgddo, Lodffogol
3960m©do, a0 ™m300 Jo330l boymaol Bgmol 3m6396@O9GH0©B IMIBsIdMEo ,,d5330L
B900b 3530650 MH0 L3MHBOGHMM0gd0 . 33093590 259MYygbadmero yz39ws JodoMHo 6030 MHYds
999L505890MmES 56906 JOJ0 E™IMIY6EHJOOL IMPObM3bJAL.

33%930L 9900 M9d0: 299myg9bgdo 0gbs 3b5¢0Bols 530903996-JodomGo,
1399 BHOMBMEHMIYGHOMO0, 2sDMO-JOMT>GMAMIROMWO S 33¢9g30L  BJIbmwmyoMMo s
00MmRBM3>393H0o 390MPYO0. 33¢g30L J99RgoL 35999853980m BESEOLEH03MMS©.

9db3960896¢ o bsfiowwo
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353300 Bogmx3900Ls56 J00dMEo 3B0TM3560 HBgmols 3mb3abEBH®sEHOL 0,3y LydmbBoGHMOm0gdL mE
Ubgoslbgs 3mdgbg (303g3Lmeo W 35 @s  3030mb 3b030) 359D5009000m Fo6353039w90
390MEOM, 25OMBOE0 B3MHBoGMM0Mwwo ool o309 BmEOIGOIo  hsdmbbdoo s
003039030 +5°C  (§9939Mo@MMsby @o303900m [14,15]. Tomgdyeo dmEgerwymo bodmdgdo
o6M0moy9bs ghmMA3560M3560,  3MbMlmGo  mGIoL  Bs®Obxolngd  LdmHBoGmMmogodl.
3D oEGHMM09d0L Lodmsem fmbs gsagbos 2,60 §-U.

0 gOH0 1I3MBOEHMO0gO0L bo®olbL 358359dom  Lobgwdfoxm g3s®mBs3m3gol s bbgs
Be™3oGHomen- ¢9gdbo3memo m3dgb@gdol Immbmgbgdol dgliodsdols [14,16,17]. aobolabmg®es

9mgco  bodmdgool 3obBozm-Jodo®mo s LEAHMMIGHMOME-09dsbogmMo Tsbz9bgdwgdo,
390MGH0bM0@Jd0L X ool MH3MmEIbmdM030 8993390Mds S 3H0TM3Z56 T390 T9doYIbEMds.

990092900 dm399wos 1 s 2 3bMHowgddo.

3bMowo 1.

35330L Bgmolb m3MmBoGHMMH0gdoL BoBOIMM-JodoHo s bLGHOMJGMEMEe- 9dsbozmGo dshgzgbgdergdols

396LsBL3MOL Jggagdo
056396908 gd0 b3Bo GO0 OO 3B GBHMOH0Gd0
39390 39dgbg 30&93bme - W35
FTUSHASH)

@OMdob 3gd3gMo@wds, °C 34,8 34,5
299956030l ¢ 98396Ms@ w6, °C 25,8 28,5
LOHME0 IRMOS300L O™, foo 4-5 5-6
0553m00L Mobgo, 3y kKoH 4,6 2,14
0mol Hosbgo, % |2 29,07 2.50
Dos1o630L Mogbgo , % 12 0,0075 0,0046
Lbgomds ¢remdol 9 6
3993965GH ML O odygsMgool
3993960 9&HwMoL dmdob, °C

996 609999030 5JEH0MM0 603m0gMHGOOL MOMPYbMBL 350 O 35OHME0bMOEgdOL
X530l dobgz00 H396L FogH IMEOBO0E0MJIME0 L3gdEHOMBMEHMIGOHEHMMEo dgommpoom [17,
18], 9356y Jasco V-730 , 450 63 Goereol Logy®mdgby. dglss®o blbodo 3gdusbo. g
U3MBOGHMM05d0 oMM EH0BM0EYdOL X530 (B-35OMEH0bDY Boosbysm0dgd0m) dgoygbos 0,66—
0,75 dy.
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330050 L3mboBH™Momwo gmdol dgmbgzol dobboom in vitro dgommoom dgifsgaroco
0965 m6039 30308 ImY)MHo bL3MHBoEHMM0JO0B 35OMEH0bM0IIOL  45FMmMs30LvIB OOl
3OMGBOE0. 33935 Bo@BoMs 935Mo@GByg Disintegration tester Bl-2 oserobol dgommoom[20].
239994mg3 5MgL FoMmdmMoa by 30w 0b®mOl BLZIMHBY ©WsdsMYdMero 3 33 Lolgob LoosgrobBm
39 Mx3s60. Fobslfsmo 33093990l LoxzMdz9wDby  9J393GHMOWME Mg dgocRs 35% goowrols
L30OEO (400 Iew); PYOAMLESEGHOMJOOL 3H9a3gMs@Ms +37 £ 2 °C. fmbozo - o330l Bgmol 0,3 g
13mBoGMM05 (BMLEHO §mbs), OMOL 3sM339 3gMHom©Ido 3039E0m 300900 5-5 de»
QOSODBIAL @5 IB3oLL  353UgdOm 030397 M3MEYbMdOL 35% gmool L3oMEHoo.
QO050BsEHT0 23905LE0 39Om@E0bgd0l X900 500 9bMds 2960L5DO3MS
1399 BHOMBMAEHMIYGHOMO IJOMPOM 535MBHDY (JASCO V-730) 450 63 BHowreol Log®mdgby,
d9gLoamo bLbsmo 35% goowob LdoGEo [18].

15330930 6099306 SJBHOMMO B03M0gMH 3ol  gsdmmz30LTEgdol 30693035 FmEgBmE0s
305930300 Lsbom (LYBsmo 2).

sy (YA )] ~N
o © O O

Ammount of released
carr?tenmds %
o

o

- N
o O
\
|
5 \

Time, hours
Seriesl = Series2

bGomol. Joggol bgmol 0,3 g 3530650 LME3MbBoGHMMH0Id0B 35OMEH0bM0EIdOL 253mm30LBEgdol dMmpowo, 1-
L93mBOGMM0GO0 3535mL 30dol BIgby, 2- L3mboGMMm0gdOo 30Gg3Lmewo W 35 -ob gwdgby.

OMAMO3 360553030056 BsbL, L3MBOEHMM09d0IE 35OMEH0bMOEYdIOL  98Mmm30LvBgdOL
36Omxzowl 36093690 gbs 9bLsD®3MI3L 39dgdEHIMGOOl dBgds. 330603900l 3MmEgldo
30%93bmgwo W 35 -0l s 3535mb 3bodol 39dgbg  ImIBsgdwo brdmbodmmogdolsmgols
05¢0HBHT0 3503LI0 6030009MOOL JoJlodseMo 3mbEIBEMSE0s 895 9bs Fglisdsdolis
58 o537 %.

U3MHBOGMM090d0  Mo30LBIE  3b0BMZD  Tggogzoms  T9FogbeMdL LB LegzOm
AM030390000L  JNIM0R030Mgd0L  ABom  Fgmobmerols BobodogrE MM YbMOILMID
53930 mOH0OL $6930. 90w 0O (3b0dMm3560 553900l 139 3blboom 1 39dusbdo
5 dga39ogs Agilent Technologies 7890B 9m@geol 25bw6 JOmIsGma®megdo, MHmIgeos
50 FMO300  0gm  FobL3gdBHOMIGHOwo  ©IBgIH™Oom Agilent Technologies 5977A MSD.
0B EH®MAGbEL 3Jmbeos split/spilitless 0bsgd@GHm®o. sm@MLEA3EgHo FogMmPDIWO 3930
Ug9@mob: HP-5ms  Ultra Inhert(30mx250dmx0.25dm). 0bg9d@mmob ¢9d3. 250 °C, ©g®9gddmmol
$993.280 ° C, LggBobL Lofiyobo $933.90 © C 2(om, 90°C ob 280°C(20°C/Ho)., 280°C 10fon.
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A6bLRgMEs0bol ¢Hgddgmodes 280°C. 3bodmgzsbo 8553990l 0096EH0803530s 2bbMmM 309w ©s
bogger  603m3gddo  sOLGdMwo  M30LvBswo  3bodmgsbo 8553900l dglsdsdolbo 303900l
AsBL39JAHOMEo 99093900l 969300 NIST-0b dsbsdo sOLYdIM Imbs(39993056 s 33P0l
060gdumsb[19]. AoblsBMz™ol dggaqdo dmEgdmwos 2 bModo s sbobwmwos oMz
LB bY.

3bodoo 2

J5330L Bgoob 0,3 3530650 bL3MDBOEGMOHO0GOOL (3b0TMZD F5535005 89950 9bMds 30@g3bmero W35
B0dgbY

3b08m3560 855300 3b08m3560 855300 3b08m3560 85530 B99(339CMds
QoLabgEgds 0bgdbo (% 3b0o0Mmzb 35935005 X500 6)
dotobEobol 14:0 0,31
3sedo@mengobols 16:1 191
3sewdo@obols 16:0 28,61
@obmerols 18:2 0,29
@obmegbols 18:3 1,96
megobols 18:1 31,41
LEgoeobol 18:0 27,30

OHmamO3 bO0wo 2-sb BB, Jozzol Bgmol Lmdmbo@mmogddo 3bodmgzsb 553505 JodorMo
990500996cmds 30935053 ,,453308 Bgmob” 9bsEMA0MM0s, OMIGE™MS FMEOL ©EMI0boMmYOL
35edoGobol, ™mgoboll s BEJIMOBoL 8553505 GO 0EIM0Id0. ©BsMRgbo 3553900
3609369 m H5MEIbMBOMYS.

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

zzzzz
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9,12-Octadecadienoc a
Arachidic acid
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LbmEsmol. Jogzolb Bgmol brdmboGm®mogdol sbodmgsbo d5553980L dgmowol gogMgdol JOmIs@mammsds.
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3336900

3033c9JuHo  BH9dbmmyomMo, BoB03MM-JodoMo ©O BOMBIMTS393HIO 33X 93900l
Lo dz9wHg 8999995390905 Jo330L BIMOL 3520650 bI3MBOEMO0gdOL Tgdogbemds
©5 39dbmemaos  30393bmen - W35 g3dgbg. oygboos  13mbo@m®ogdols 3o0bol3wme-
Jodonmo s LEAMWIGHMOME-09749603M0 M30L909d0. FBLEDBYZOMWos bY3MBOGHMMH0gdT0
39OM G060 go0L ¥ odMM0 890(33900Mds, GMIgEoi dggbsdsdgds 0,66-0,75 dp/lvy3 (B-35MmEGH06%9
3900536350 0dgd0m). dgbFogwroos b3mboEM®m0gddo 3bodmgzsbo 8593900l Tgdoygbermds,
HMIgms MO 599435600 35¢0doEobol, mergobol s bEgo®obols 355535005 MR 03EIM0WYBO0.
Jo330L  Bgmob  bL3MBoEGHMMH0gd0 30BHI3Lmer - W35 gmdgbg boGobbols 3sb39690w9gdom
999L5058905 LobgEdHoxzm BMTS3Mm3goL ImMbM3gbgdL.  3535Mmb 3bodobs s 30@93Lmero W 35
03mdggobg  ImIBsIdMwo  Jozol  bgool 0,3 3520050 bL3MmBoEMmMH0gd0© 6
39OmEH06m0@goolL N VItro  4s80mms30b3egdol 3MmEBowol  dgsmgdom bsbgzgbgoos, GMI
™mM039  gMdgHg ImIBsIPM  B3MDOGHMO0JOL  sboLosmgdl  3OMEMba0MdMEo
2390053069530 gds, SFobD  3OMiEglo MAO™M 0bGHIPLOWMOS© F0dObIMYMOL OTBOEIME

533dgbg (303493Lemero W 35), Hmdgeroa 093039600989e000 d0H0m© 1wg3mbBo@Gmemore gv1dgo
J5330L Bgmob LY3MBOEHMOHO0JOOLIMNIOU.
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Abstract

Sea-buckthorn (Hippophae rhamnoides L, fam. Eleagnaceae) is one of the most widespread plants
of the Georgian flora. Its rich chemical composition determines a variety of pharmacological effects in
the treatment of burns, gastritis, gastric and duodenal ulcers, cervical erosion, radiation diseases of the
skin and esophagus, and others [1,2,3].

The object of the research were vaginal suppositories made using fruit oil from Georgian sea-
buckthorn. Model suppositories with Hippophae rhamnoides oil based on cocoa butter and Vitepsol
W35 were developed. These suppositories were standardized with the sum of carotenoids - 0.66-0.75
mg/sup. (converted to g-carotene). Comparison of the in vitro release profile of carotenoids from sea-
buckthorn oil 0.3 g vaginal suppositories shows that the samples prepared on both bases are
characterized by prolonged release, while the process is more intense with the diphyllous base
(Vitepsol W 35), which is recommended as the main suppository base for sea-buckthorn suppositories.
The leading fatty acids of this oil are identified in suppositories - palmitic, oleic and stearic acids. The
physicochemical and structural-mechanical indicators of suppositories were defined.
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1533093 X3BT0 50060 dbs 192.25 (Lsdwgsem bEobEs®EH o 45obMs 0.25).

055 MRMIOM3560 3039M3sBools dgdmbgzglzgodo AGNOR-ol Gogbgol dsdlodserméo
05639690900 osx30dlo®ms 145, beem dobodserm@mo 90 foMowo 100 g30mgen® wxMgodo.
Lodmsem 3sh39698 900 AGNOR-000 8mbodbwyero §96m@E0wgdol 58 133w 93 X2R3d0 500bodbs 116
(LSNP M LEBSB IO GO YoobMs 16.98).

MAHo RO 3M03Mm0EYOHO  dMEHYJEYX M M3560 9@ o3esbools dgdmbgzgzgddo AgNOR-ob
6obgol doduodsgrmeo 85839698900 sxodboMEs 230, bmwm dobodsery®o 150 HgdHowo 100
93009 xM9gdo. Lsdsm 3sB396909wo0 AGNOR-000 dmbodbwmero  (gdGHoegdols sa

1533093 X3MRBT0 500b0dbs 191.24 (Lsdwgsemm bEobs®E o owobms 1.91.
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bey@smo 4: A. AQNOR-0b 0sds@g8oomo 899830l Ggormo 3fogg 8HAYIwxG90m356 893s3cnsbools 990obzgz98do (400X); B.
AgNOR-00> 890980¢n0 9808560 dGBYICr X GI0M3560 3aer03m0Q0XIH0 F9Bs3ers Yool 990obzgzgbo (400X), C. AGNOR-o0»
89098000 8D ® L Ggm3560 30396G3cnsBool Jgdorbzg3900 (400X)
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AgNOR AgNOR
AgNOR 6éogbgo  AgNOR Gogbgo 9B3969dgemo 9B396gdgmo

0foxg 3O GYgmxROI©m3sbo 63,25 14,35224171 100 45
fogsho
dOBYI X Mgm3560 192,25 0,2541627121 230 150

LAY Ry ) MIROI0M3560
303903505 116 16,9829636 145 90

gFogsho  dmeodmoEyHo
BdOBYI X M9m3560 191,24 1,91 230 150
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356500985 99b58500L0 bHsb@s@BBH )0 35ob6G0ms s sgbodscroytol dobodserwyto Gogbzoom

332g30b 8900989800 5b5¢000
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0MAYJ X M9 ™3560 d9393wsHBools dgdmbggzgddo. AGNOR-ob bsdmsenm Gogbgo dbmemo
1.005%96 50995¢gdm©s 9IfoRseo  dMEHYIWIXMIOM3560 3mw03moEMHo  F9FEs3esBool
99000b39390L. 35DOMO MYRMHg™3560 303903 B0l 509ToGHJdMs 1.65%96, bom  joxy
0M}Y) X M9 M350 93 93sBosls 3.03xg6.

3oxy dOGYICIROIEMZBO

8

% 0fogsto
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8fosy dOGYICLIXOIQMZH0
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0§0BG0 3meEr03moEYIHO
BOGYICIROIQMZB0
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05JLodserBo 8609369 Mds
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AgNOR-ols ®ogbgol dobodserdo 3563969090 sgodioMos dfoxgg dMEHYgxMOHIO™3560
3993@sDools d90mbgzg39ddo.

B Lsgee [l Ls3msem bEoBEIMEHEO 35bMS
200

150

100

50

afoxy dfoxzsmo 05DO NG dfoxsmo
0MGHYIIXMJEM360  dOEHYIIROIOMZI60 IXOI©M™3560 3ME03M0EIOO
3039M35Dos dMBHYI X HIOMI60
9993 5Boob 3030

Q0330305 6. bodgoermlbbmb ggemol 89¢9sdams oo 36mpglbgddo AGNOR-ob bsdrsener Gogbzols @s Udsbosti®oyero gssbmol
33bspoemgds,

bsdoem BEBIOGHMMO goIbOOL y439wsbg Foduodoswry®mo Tsbz9b909wo s Tglsdsdols
9Ju3m ool FogbodoemGo  39BHYOHMYIeMMds  EIBOJLOMPS  BIBINMO  MYRMgEM™3560
303963 sBools d90mbgz939d3do0.

51336900

595390000 990gd30L dgomool AGNOR-ols 958myggbgdom 4s8m3mobos Gmd dodbodoswrm®o
AgNOR-ols 3563969090 5006086905  dfoxzsd  dOGHYIIXROIOM30 300300 O
09Ho3sbosdo s dbodzbgrrm@  goblbgogads mAfoxnsmo  dMEYgIXMg™m3560
39G93sDools 3oB39bgdologsb, o3 Tggbgds dfoxg dOEHYILMXOIMZ6  FgEo3wsbosl
309353905 3xgO. 5060360 3Hgdbmemaos Gglsdergdgeros 3sdmygbgdeo 0dbsls MmEobwmen
36594303580, O3 sdbAsMg Bsdwmsegds bydz0MbBML ygarol dg@s3esBorMo 3Gm3gLgdols
OML 3OHMEORIM30I0 59E03MdoL dgi3sLgdol dobboom.
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Assessment of proliferative activity of different types of squamous cell metaplasia of the

cervix using AgNor technology
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Abstract

Metaplastic processes represent the transformation of one type of cell into another type within the
same tissue. It belongs to the group of adaptive-compensatory processes that develop in response to
changed environmental conditions, hormonal stimulation or the development of inflammatory
processes. Because its development is directly or indirectly accompanied by the tumorogenesis, they
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are considered as a pre-cancer condition with different potential for malignancy. The type of metaplasia
depends on the type of target tissue itself. AQNOR/The Nucleolar Organizer Regions stands for
Nucleolar Organizer Regions and are loops of DNA that project beneath the nucleolars of mitotic
interphase nuclei. Increased amounts of AGNOR are associated with increased cell proliferation. The
aim of the study was to evaluate the proliferative activity of different types of metaplasias of the cervix
using AgNor technology. Based on the results of our research, we can assume that the mentioned
technology can be used in routine practice as an aid to evaluate proliferative activity during cervical
metaplastic processes.

Keywords: cervix; metaplasia; proliferative activity; AGNOR,
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L5gM39msm X 56E30L LobgdFoxm 3MM™MmETol sOLYdMEo 3MMdEYTNdo ©s
29630056900l 3Bgdo

X590 dofjadgl; 6565 8960dg? 05905 Bsgsbsgs®
1930603030 93500980990 MJEHMMO, SLMEOMHJOMEO 3OHMGBILMOO, 93530 JoMgmEol Labgwdfogm
1603900 GYGH0; 293bMTo30L 35009809)M0 MJBHMOO, SLMEFOMIOMO FOMBILMOO, 53530 FaMgmErols
Lobgedhoxm Mbogzgmlo@gdo; 353930 HgMgomwol Lobgwdfonm «boggOlodg®o, dgmeg 3MOLOL
bOYEIbOHO

BLGMJGHo

L9@0530 ,B54M39M 5 K 96330L LsbgAfFogm MMMl sOIYDdIO 3MIMIEYTPO S
396300050M980L aBPd0“ LoBdM0s Loymz9w MM X9BE(330L Lobgwdfoxzm 3MMaMmsdol MHmEwby,
3609369mdsbg o 98 3MMYGM3sd0 BsGMMwo FHsMGgOoL Boddosbmdsbg. X BIOMYE™dOL

D3935 09969060305 3T 5B OO Bs3ombos.
Loym3zgemom  xobso3gol  Lobgedfoxgm  3Mmamsds  Lodsdmgzggemdo 2013 (erosb

90d090090L, 3065006 gl Jobo Lsomdowrgm 3gom9 fFerolmsgzos, 49w30Y303Jm, 1533939
UfmMgo gb gds 992390PR0s. 250 5dobs, 09gdols odEomdsls 4obsdoMHmdgdl olog, Gma
X 96IOMJMmdOL B3935, HMYMOF 3L MNPMYdIMo doBBIL Lodd0sbMds ©H353d06MYdMEO
5Q05805bm5 % 96O MILMD, 39ET035 3MOL BsDBMYPMYIOL YMMoMgdol 396G 0.
9099b953500 030y, MMI LodsM039W ML FM53MMdST 53 10 Ferol 4963s3eMdIT0 586130 M58
239939005 36MHMyM5FoL 9% 9bLOGOOLIMZ0L, B50b3 SOLIOMOL 3OMd9Igdo, MHMIWgdog byl
3ol x96o330L Labgwdfoxzm 3OMAMAOL 390 3963005M9dSL 39960l AolEHdO:
1. d39956580 56LgdMo X sbs330L 3OMAMsToL 1o396MmbAIdEIM dIBOL sbgzghs.
2. 55300054900l 3930 BsOHMMEMdS 5 8900035963909 535L9d0L MY 0Mds.
3. 9930 3mb@®Mo B5dgOo30bM sflgdmwdgdbY
4. 8505 335¢0830306090990 35000900l Indbogds.
LEAOGH05d0 81939 65B3969305 3300930L BIMRGOT0 BEIMYOO 25dMm3omMbzol T99gd0
5 dgLsdsdolo LEGSGHOLE0ZS:
1. 8505 3350x303009M0 350060930l IMdbogds
bgdobsfizomdo 990359963930
30bGHOM@Ol 2593530905 bLdg0E0bMm WIHglgdmwgdgddo
155350dYmRMmdo Imddsgzg 39MHLMBOL F5MBY39/505dDYds

ok N

239653 Md M0 F90535H909d0 Lo FoMHMgdol dobgz0m
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g4mM390039 590l om3500olfiobgds byl dgmfigmdl xsbs3ol 3GmaMmsdsdo sGLYdVIEO
36MdEqdq00L 4500 FMsl §399bol AolsdEedoom.
LEAOGH05do T39S 9ZGHMOMS  FMLIBOYOIV0 @S ®BJ3900, GMIWOOE  IBIbMEOS
3936096m5  M35MobgE3000 s Fom0  3M5JBH03S0  2BbMOE0gwgds ©ogbToMmgds  IMRYL
15gd05bMdOL 9x39dEH s HoMdsmrmzsdo.
1553356dm BoEY39d0: LobgdFoRm MMM, K 96IE3Z, BFgEOEEbM sfHIlYdMEdgdO.

dgbsg5emo

Logom39wMmTo Loym39W MM PIHBPZIZ0L 3963000569dS B 9EHO35® FoMr0ToMMS. 30MH39WO
9®930 0ym 2013 Gerol 28 :gdgMH35¢00, G0l OMLE x96IMgmdol sHBL3g30L s6TJmbg
dbobargmdsls BOHMb39wymnbgb dobodswMo 35393 gd0m. 2013 fierols 3oM39wo 0g3erolo
2390 3MIMYMToL FgMEg 9BHe30, OMEs 3OMAMIFo LsdgE0E0bM bYM30LgdOL IMEWEMdS
3950DM9. b, 395630000900l Agbsdg 9@930 oym 2017 ol dsolo, HmELs InbsMygdegms
X3I%3900 99mbogergdols dobgz000 I0YM @ s MBsRsIbEOL d9JsboBBgdo FobolsbrzMs
X3953900L  gLodsdoLs. MbIMBMIOm, 3OMYEMSToL sb3gRoLMD ghmo, dolido BsgMHom
15990 30bM IHgbgdIEgd g0, LoEIBMZ93M 333560900 S STZM0sIgdO.

DO, ©IBM3930L LRIOMIo Y39wsbHg 293MEIWIPMWos 00050308 dmEgEo”,
OHmdwol Jobgozomsi LoIBOZI3M  MORBODsE0gdoLs s LgEOE0bm bBIOML  dBsBOOL
110099dBH9d0lL bgerm sOLGdMo LEblMgdo Fbmemo bsdgEOE0bm dMmALEbMMgdOL goHg30L396
Bs 0yml B0dsM Mo,

Lobgadfoxnm  5dBHoMmsss B  XBIOMIMdOL  ©sBM3935do, ol Bsmgwo
05250m05  BogMmzgwmsm  xoboE30L  Lobgwdfoxzm  3MMmyGmsds, MmIgwos Lobgwdfonm
001X 9GO0  BobsbLEYds.  Lobgwdfoxzm 98  B5dd0sbMmdl  [oMmBsmrmogl X 9BIMMYEMdOL
9636990 BooggbBml 39d39mdom, HMIgwog MHBOHMB3gwymaly InLobEgmdol 0bxm®doMmgdsls
5 5bMmM 30993l 3O MYMTom Qom35¢obfobgdme y39ws @mbolidogdsl.

Logormnggermdo dmddggdl dgLodsdolo 396mbIgdEmds X 9s6IMMYEMdOL sb®3g3oLMD
05353306)900m. 356mbEJOMB0M gofigM0w0s BMbsMygdgms 30M0GHIM0Y8900, IR0BIBLYdOL
650 9bMdY, 3060HMdJOO - 5.0.

bodoMmM3gmlb dmsgMmdol 2013 Herol 21 mgdgMzwol Ne36 o gbogdol sbs®mo

N1.1-00m, 360ma65d0l dmbsMgdeggdo sM0sb:

1. 306900, 6MIGMS MXIHBJOI0  MJAOLEGHMOMIOMO0S MBS OIY(339L0
mxobgdol Imbs3gdoms ghHmosb dsHsdo” s d0boFgdmwo sjgo 70 000-gsb-100 000
LsM90GH0byM Jrams

2. 6-03b 17 iemobls Bosmzwoom sbiszols 3069d0

3. Pwom®o 40,000 ¢ro®mBg Bs3egd0 s 30960 1000 o s 390 dgdmbsgarols 3dmby
306900

! http://conferenceconomics.tsu.ge/?

2 http://conferenceconomics.tsu.ge/?

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 289
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09939md00 Hgdmm Bsdmmzwowo HBgdoldogmo 9530005Josb, ol 90y, o3 ol godmfacdL
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X9605(330L 3OMAM535d0 LodoMMN39wmdo dmddgo FMO35¢0 15535TYMRMS RGO,
OMIWgdo3 99GH0Ms© H9g3L LoFoMm dmBlobMgdsl 3969530305 JOL. Fom 935w GBIM, J505OMb
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239X MO, Momd 803299bM3gM LogMMSTMMHOLM LZ OB sMEHIOL.

©OILEOIMO0M XsbO330L Loymzgumom B3935l Yoo 6033690 ™mds 5J3l
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3 https://nha.moh.gov.ge/ge/p/sayoveltaod

4 https://mwww.moh.gov.ge/ka/529
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The current problems and the ways of development of the universal health care state
program
Abstract

In the paper ,,The current problems and the ways of development of the universal health care
state program”, there are indicated the role and the importance of this program, also the activities of
involved institutions are mentioned. Health insurance is always current issue, without any doubt.

The universal health care state program is functioning in Georgia from 2013. Because of this
year is 10t anniversary of this program, we decided this subject for our research. Besides, the popularity
of the subject is due to the health insurance as special business activity of insurance.

Therefore, the government of Georgia has done a lot of things for the development of the
program during the last 10 years, still there are problems which are obstacles for the development of
the program:

1. personnel
2. The sophistication of the legislature
3. More involvement of pharmacies and the regulation of the prices of drugs
4. More control on the hospitals
The training of There are also shown the results of the survey and the statistics:
1. The trainings for workers
2. Affordable drugs
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Restrictions of the control in hospitals
Shortlisting/training of workers in hospital
Special offers according to the needs
Taking all of these into consideration will decrease the problems of the program around the

country.
There are also indicated the viewpoints and advice of the authors, which are seen from the

scientists’ point of view and using them practically will help the improvement of the certain domain.
Keywords: state program, health care, medical institutions.
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Effect of quenching on the dynamic mechanical properties of polycrystalline

vanadium
. Tabatadze?, I.Kurashvilil, 1.Janelidze?, G.Darsavelidze?
L 1lia Vekua Sukhumi Institute of Physics and Technology
2 Georgian Technical University

Abstract

The effect of quenching at high temperatures on the regularities of changes of the logarithmic decrement
of the torsional oscillations damping and the dynamic shear modulus in the 10°-10" interval of strain
amplitude in polycrystalline vanadium has been studied. The critical values of the strain amplitude, at which
the dislocations segments begin to breakaway from the weak and strong pinning centers have been
determined. After short annealing (20 min.) at fixed tempertures of 700 and 900° C and subsequent
quenching at room temperture a decrease of impurity concentration in Cottrell atmosphere around the
dislocations is achieved. These changes led to a significant reduction of the critical strain amplitude of
dislocations blocking and the dynamic shear modulus, and a strong increase in the intensity of energy
absorption in a wide range of oscillations amplitudes. The concentration changes of the Cottrell atmosphere
around the dislocations led to the formation of several values of elastic limits.

The obtained results reveal the possibilities of changing the mobility of the dislocation structure by
quenching from high temperatures, which is the basis for controlling of the mechanical properties of
vanadium.

Keywords: vanadium, shear modulus, quenching, elastic limit, strain amplitude.
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The Spectrum of Diseases in Hospitalized Frequently ill Children
Irine Korinteli, Irma Korinteli
Thilisi State Medical University, Child and Adolescence Medicine Department, Thilisi, Georgia

BACKGROUND: Frequent illness in children is a very common problem in preschool and early
childhood, and they are often referred to pediatricians. Especially respiratory diseases are the cause of
frequent morbidity in children. Children with a history of recurrent or unusual infections present a
diagnostic challenge/1/. Detection of etiology is very important for achieving appropriate diagnosis and
treatment of these patients/6/.

Frequent childhood morbidity includes eight or more documented respiratory tract infections per
year in preschool children and six or more in children over three years of age/4/; Remarkable morbidity
with non-specific infectious agents; the presence of rare complications; and permanent laboratory
changes /2/,

Recurrent infections in children are a cause for concern/3/. It is estimated that a total of 10-15% of
children experience recurrent respiratory tract infections/4/. Recurrent respiratory tract infections are
very common in children and a major challenge for pediatricians/5/.

Frequent morbidity in pediatric patients represents a heavy financial burden for public and private
insurance systems /7/.

The majority of re hospitalized children are treated with antibiotics in the hospital, which increases
the risk of antimicrobial resistance. /8/.

Frequent morbidity in children may be associated with an inborn error of immunity; therefore, timely
diagnosis is crucial /6/.

Based on the above, it is appropriate to determine the spectrum of frequently hospitalized patients.

The aim of our study was to determine the spectrum of frequent illnesses in hospitalized pediatric
patients.

METHODS: The study was retrospective and randomized. The data of pediatric patients hospitalized
at Thilisi State Medical University's G. Zhvania Pediatric Academic Clinic from December 2018 to
December 2019 was studied. We randomly selected every third patient from the total number. Among
them was separated the data of patients who were hospitalized two or more times during the past year
and detected the spectrum of disease and length of stay in hospital. Microsoft Excel software was used
for data processing.
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RESULTS: From a total of 678 patients, 226 inpatients' medical data were randomly selected (every
third). The age of selected patients was 1 month to 5 years; males were 118/52,2%/ and females were
108/47,7%/. Among them, all 47 /20.7%/ patients were re-hospitalized. 30/63.8%/ was hospitalized two
times, and 17/36.1%/ had more than two hospitalization. Respiratory infections were most often reason
for repeated referrals. 35/15,4%/ of cases; next place urinary tract infection: 12/5,5%/ of cases and
coexisting conditions 14/6,1%/.

Information of re-hospitalized patients, based on diagnoses and coexisting conditions are included in
Table N1.

Table N1. Information of re-hospitalized patients, based on diagnoses and coexisting conditions

N | diagnose quantity %/  from
226/

1. | Acute upper respiratory | 4 1,7%

infection

2. | Acute bronchitis 7 3,0%

3. | Acute bronchiolitis 11 4,8%

4. | Acute tonsillitis 5 2,2%

5. | pneumonia 8 3,5%

6. | urinary tract infection 12 5,5%

7. | Coexisting Conditions 14 6,1%

The majority of re-hospitalized patients (29/61,7%) were treated in the intensive care unit.

The length of stay in the clinic of the majority of re-hospitalized patients (32/68,0%) was 7-9 days.
Co-existing diseases were identified with acute bronchiolitis, pneumonia, and urinary tract infections,
in particular

. Atrial septal defect: 6/54,5% of cases; re hospitalization with bronchiolitis

. Ventricular septal defect: 3/37,5% of cases; re hospitalization with pneumonia

. Congenital vesico-uretero-renal reflux (5/41.6%) cases re hospitalization with urinary tract
infection.

DISCUSSION: We studied the spectrum of disease in frequently hospitalized children. According to
our data, 1/5 of patients admitted to pediatric clinics during one year were re- hospitalized.

Among re-hospitalized patients, two times more hospitalizations are noteworthy. The most frequent
reason for repeated hospitalization is respiratory infections. Our data is the same as that of another
authors /3,4,5/.

A significant number of re-hospitalized patients are treated in intensive care unit. For repeatedly
hospitalized patients, the duration of treatment in the clinic is prolonged.
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A high rate of repeat referrals may indicate some gaps in the healthcare system and has a negative
impact on the economic development of the country.

CONCLUSIONS: A frequency of two or more hospitalizations within one year is noteworthy.
Recurrent respiratory tract infections are the most common cause of morbidity. In the case of repeated
infections, the length of stay in the hospital is prolonged. The high frequency of repeated referrals
indicates the existence of a likely immunodeficiency condition in the children's population. It is
recommended to produce more clinical research in this direction, and it is very important to select a
group of children who may have primary immunodeficiency

KEY WORDS: Children; Recurrent infections; Spectrum of diseases
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9 dbogds 0mdbs | wo  bML3gh- | o Lbdgbd-
905 ool Jopgds | 0ol oL3ge-
2306905
309 mo | bsbmbsfowszg | 230116 136+12 25520 346+24
Bsbmbsfoerszols | dob bmdgdo,
bsmolbbol 6a
05839690 gd0
SPPET £ 3mBgbgos- | -(7,6+1,4) -(4,6£1,2) | -(8,3£1,6) -(12,4+1,8)
wo, 33
30dgOH o | bsbmbsfowszg | 21049 125+7 235%10 290£15
Bsbmbsfoerszols | dob bmdgdo,
bsdobbol dshg- | 63
0bgbergbo 6 6,5+1,5 4,0£1,0 7,1+1.2 8,715
- | -(6,5+ -(4,0 -(7,1+ -(8,7+
3@0(‘)3@0’)@)0:}@) CS(VIL;)UGOD (’_’) (1—1) (1—’) (1—1)
ool Jg@obols | S8
399093
Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 310




bm5000 N2. 30¢00396H 00 Bbmbsfomszol Jozmmbizm3mewo bvy@omo

30360 mb3M39wo Lm0 (LvE.N2) 5sbEHMMIdL Babmbsfowrs3zgdol BmmIoMmYdL. bafoszgdo
3oL 230 HBg30M0L dJmby, MmmbIMmbs BMMAoL, sFsbmsb, 560 BoduoMEgds Bsfows3gdols
3369%393095. 50L60FBs305, MMA bfows39d0l Dmds 200-230 B3-0l GG gddos.

WO GIMSGHMO:

Dmitreva M., Shprak Z., Orlova O., Ignatyeva E., Lantsova A., Nikolaeva L., Krasniuk I. Selection of
the composition of a liposomal dosage form of a Russian somatostatin analogue with antitumor
activity. International journal of applied pharmaceutics. 2020:12(6):65-68
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0900090000 b539M0L LodB30E0L 356599EMmgdOL 33¢rg3s

60bm merody
93530 §96 900l babgedfionm »boggdlodg@o
L50Bg0bOHM-3gdbmmaom®mo Bo3me@EHg@o
36OHmxB9LMOO
ORCID: 0000-0003-0142-7463

BLEBHGSIBHO

L5393b0gO™ 65O MIT0 456bOWME0s M EHMIOYIOH00 F9VJd0MO B539M0L LodGHIoEol

3565093H900L 330935 bgwmzbmMo dgfgol  FsgoomBy. Loggoddm bgwgmwol dsBol

(33020900l E35bILOIMJII 396 gbE0sL, LM oMl 4y39ws ob30MMYOME 0bE LGOI
939956580, 563596l JodorMo dmF3mgdol fomrdmgdols s dmbdsdgdol gobmbMguo b,

M3Lo3 296530MmMIGOL JodoEmO 3MF3M9d0L FMYo HOYO M30GMSEHILBMIYOO0, 3960dmE, JodomEo
0mF3mgd0ol 360d369emz560 M30L93900. bgwgmEols dsBol Loosxy s bawdobsfzmadmds,
001990350 H9IMsbodbmerols, sbowo, JodomMo dmF3ml 993390 Lsgggodmm Foboengdols
2390094969050 BHGO30Mwo doxzol Jgmm©om GsbLoEdwol sdHogdol ML §o0dmddbs
dogwo G0go 3OMIWGIgd0, MHMIJGEms S0IMLIRLIOJW JoBIbIgfmbowo asbs JodomGo
0m33mb 99933900 Jum30oLRD 1583gM35¢M B5GsMToL sTDsYds g9 NdOL 9 IVIOOMO
3900900l 259mygbgdom, MHMIgero 9894sMgds 59 Aoloergdol MYMHIMIEILEHOMOMBOL M30LGISL.
065090569 Lsdg3609MMm LBHoG05d0 bgwmzbmmo 39308 MEEGdRIM0MO  TJOINIOOMO
653960l LodBH3oEoL, Bs3gMol o8BI BbOL LEMWJGHMMOL (330 gdOLs S F9PINIOOMO
653960l Lod@BzoEol 99930609000l d0BgHgdoL 3300939 23956bmO 309
69539bmLEGOWJEHMOMEo  Bsgobols  dgomol  odmygbgdom.  33e0g30L 9 9gaq0ds
9$3969L,60m3 bgwrmgzbmMo 39f30L 9ggdomo bs3gMol LodGzoaol d9930oMmgdol JobgbL
§o60m50996L 6539M0L 808 B BDMBOL 5150630 LEHOMIEWIOS, 090000 553900
doOOMOE  ALosbg 933900600  2oolgws.  90bodbeol  sBmabgms  Fglodegdgaros
M GHO5029M00 FJY0gO0LIMNZ0L 250MmYygbgdo dmfymdowmdgdols 3/3s 0blEMdgbEgdools
30bLEAHOMJ300L LEWwyMmRom.

1353356dM LoBY39d0: by mzbmo d9)30, I9MYds, I9MId0MO Bs39M0, B539M0L LOAE 3039,
QILOO IGO0
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LoR39g0dMM by gMEol dBsDob (3300 gdOL sbILOsMJdG & 9bwYbE0sL, F0BMGBOMU

g39ws 3963005090 0bMLGHMOoME  J399sbsdo,  [e@mBmoygbl  JodomMo  dmF3Mgdol
o63mgdols s ImbTsmgdols gobmbeMgumo B 8mbxdMo30 s LobmgBozm®o by gmeols

05D5Bg. 90600l JobgBL  [oMmBmoyagbl  JodowEo  dmF3mgdol  domgwo Moo
M30053HgLMdJ00, 39Mdm©, JodowGmo 8mF3mgdol 3603369 m3zs60 M30L9d900, by gmEols
05Bob Lo0sxy s byEdoLsHzE™IMdS. JodoMEmo dMF3MmGOoL 459MYIhgds I IOOMIE S0LObYdS
Bsfo6ob 39db036- 930mbmBo3MH 5396980 Y, 830MEYds BIfMToL MZoMMOMmYdMEdS
dolm30L sbse0o, dseBg 36083690Mm3560 M30L9dgd0L BoboFJo0ob bobrx by, Moi 8999degdgeros
09969360030 3™ F30900L godmygbgdol O™U.

9m3s35¢wdo  Jodomemo dmF3mgdol bggcomo fowo Lsggoddm dsbogrgdol LoghHomm
9m3Mmdsdo 3093 MBROM  FoobBMHYds. JodomEmo d™mF3Mgdol Fomdmgdol GHgdbmermaools
330adom s  Lsfyolbo  3mErodgMol  IMOBOE0MYd0m, Tgusdwrgdgwo  0dbgds  dsmo
30199900L M9 0MYds S FbIHBEGMOOL AP0 FMMbM3boW OOl ©Ws3ToYMBOEGDS
Ubgoolbgs  Lobol  Jumgomgdby.  LoggodOm  Asbogrgdol  sLmMEGH0dgbGHo 3093 MBOM
3985M0M300905 JodoMEmO 8™ 33900l Mog0mbserymo JgMg300 dBgdMH0Z dMFIMIdB, Mol
990925053 99Lsdegdgos dHIdMH030 FoLoergdols 360d3bgmgzs60 M30l9dgdOL godmygbgds s
5358056 Jumz30gdOLIMZ0L J0d0YMHO d™FIMYIOLIMZOL sToboliNsMIYOYEO W sT>BO QoMgABMo
Lobols o BMOT>YMo™dOL JoboFgds.

909b9053500 JodoMo 8™ F3Mgdol dmgwo Goyo 3609369 m3zs60 M30LgdJdOLS, sbogro,
Jodonmo dmF3ml 999333900 Lsx3godmm Bsboegdol GHobloEgdwols sdHsYdsd BHMOWOEFOIO,
dsxzol, dgom@om (smdmddbs domgwo Gogo 3OHMdEgIgdo. OHMYMEOE 36MdoE0s MsbsdgMm™mgy,
0505¢ bLoRJoGgbg Imdmdsgg BozgMoz0 Fobdsbgdol 6yalo ddsmdol ML 3bgwgds 250°-300°C.,
J0309MH0 3MF 30 bollosm©YOs WOMOOL B0 Fgddghodcmom, 150-200°C LyBrzMgddo, Mol
239003, 35HMdM 67T Tgbgdom ol P39ds. bogrMdo 5393l BaAdLloL ymbHlL s offgggL: 1.
dox30L 250Y393)0L, MO 459m3 530090910 bgds 6730l T933ws s dsxz0l bawsboo s3g0ds; 2.
569l b539M0L  bsdobbo, ol bpgds Mbgdo s bgzMg3500. 930w dIo  bgds
159396M35¢m 56560l Lobds®ol F9d306Mgds, M3 IMfYmdo™dOL s b IOMAoL Bogmaogmqdols
9993060905 0f393L.  535LMID  gOHMOE,  9Y30EGOY0s,  BHOBLOEIWOL  TBIIIOLIMZOL
290myggbgdeo Jumzowol d3m3F3ml Jodowm®mo 9350w mdol 0IBGHMMo Ls39Ms30 doxgols
290myggbg0s, [oboomdgy d9dmbggzsdo s0mo 543L 653900l sbsmFqdsls, Go3 0f393l dolo
boMobboll  4omodgbgdsl.  s0bodbmwo  wmedgmxzgomo  TbBsMggdol  SIMBsgbamgws©
905639 mboos  JoBom®mo  dmFI3mb 89933900  Jum30e0oLsdsb  L¥3gM3swm  Bofamdol
5L YOs©, F99OHMgdol JgMGdomo Fg™mPOL gsdmyabads, MMIgwoi 9dyscmgds o3
sLoEgdol  MgMIMIWILEBHOOHMOOL  M30B9dL.  FgEMMdomo  Jggmmgool  IgOMOJO0ID
(Bopocro LobdoMol ©gbom, mgMIm3mbESJEHWOO, MEEHGMBdRIOOMO s Bbgs) GHobbogdeol
Lofo®mdmm  ©sTHBsEYdOLNZ0L  TgsMmgdom MRGM  FoLogdo  SIMBBEs  MEEGHMIVBYIO0O
390990900b 9000, O®MIJE0E LETMSWGOSL 0935 30300Mm FaEYVId0MO B539M0, Mol
LodBH3030L  FoB3969dgwo  53059MmBoEgdl  BBLsEIgdo  gsBmygbgdco  Bs3gMgdolisgdo
£999690e dnbmgbydL [1, 6].
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06590090569 153936090 M LG OEH030 oBbBoW s bgrmzbmMo dgH30L MEEHMNBYIOONO
39099090000 6539600l LodE3oEol, 80dEgdsMg »dbol LEGHMIEOOL 330 gdOLS s 653960l
Lod 33030l 9993060900l JoBgHIdOL 33093s.

dbobErgmdol  gobMmomds  Immbmzbowgdsd  39693M030  Bdgfh30L  GHoblodge by
239653060HMds  sboero,  bgwmgbm®o  dgfigol dgddbs, HmIgwog FoMImoygbl  dmbgdcmO3z0L
080@5305L, BoLOSMPYds FNJEO COYO IVIO0MNO M30LJOJOOM S F0MIIMW0s BbgslbZs
Lobol bLEOYIEOOLS s M30L989d0L JodoMHO dMF3MgOOLYB. GHOMOIMAEIMWo bywmzbm®o
09030 09003905 M0  Ubbgoolbgs  LEHOMWIBHEOOL, m30L9d9d00Ls s  IBb0IbMgdOl
30033mbgbBHOoLOAsb - g3mdg o bom. bgwmzbmMo 3930l boMolbl  2sbloBmgMsgl bom. 0
39651369 Bg MOl sIM30YdIMYo  dH30L  F9MgABmo  Lobg s  Tdobo  Algoglinds
Bo@ MO 6.

M GO5039H0000 J90w0gd0m0 6539600l d0dgdsMg 6ol LEHOWIBHWOOL (3300 0EgdoL
330935 S dgLdsFoLsE FgMVgdomo Bs39M0L Lod@3oEol 9930Mmgdol BoBybgdol glfogars
23956bMO309©s  BHM03MANIMNo  bgemzgbam®mo  d9f3ol  ogomomBg,  GMIol  gwxdgl
Po0moygbls 05300l doggol  3Modo  bds  bwsdomo,  bomgem  bosml -
3005300wMbo@G®owol  dmF3M.  Wo@IMSGWOHMwo  [gommgdosb  36mdoos,  G™I
bowmgzbmmo 39)H30L M GHMIBYIM0M0 FgYgdol 3OHMEILOL  39dbmemaools ©sdw)dsgzgdols
30BsbL  HoMmBmoagbl  olgmo  Lod@3oEol  dgmgdomo  bs3ghol  Fowgds,  OHMIgwos
03054mx30egdl  BHoblogdgedo  godmygbgdmo  6539M900L  Lod@zoEobsdo  (oygbgdmen
dmmbMm3zbgols . G5 36MdOE0S, M EHMH0QIOH00 F9IVgdomo B539M0L LodEzoisg 20-30 %
000 65309005 Jglogdgo  Asboerols  bLodGH3oEgby.,  9dsbmsb, dgMwgdomo  bszgmo
bsbosmMEY0s AOHBMOEo LobolGom dsx0m 653960906 FgsMgdom. 50bodbol  gsdm
990M0g00mo  B539M900L  25dmygbads  GHoblsgder ol 0d Mdbgddo, GMIgdoE 39b0EOD
535X JMo© 39300358 O 03YgMBIO0SD OO OEBHZ0MOM30L J39d, gbOmwos [2, 3 ]
OHMaMO3 3bMd0o0s, GHobloEdwol ©gGIgdol F9Mgdom FgaMmgdols dgomEOo gdysds
3sL5¢900L 0gMHIM3EsLEOMOMIOL M30LgOL, GOl POMLSE 3ME0dgMHXYIEO FsbOEIIOO FOWPOD
0bBgbs  FAMTsMmgMdsdo  033egos  FME03Mol B3OS S dolo  BEYOIMYMDS.
39099090000 5539600 45:303900L 990002 5RO 5§38 9000 653900l Bmbols s Mmz0m
653960L  LEAH®MIBHMOOL  F3XOEGdIL, Mo3g 0figg3l 98 BbgOOL  LodBIoEol  FgE0MmYOL.
30¢039m0b 130190900056 2odmIobsMg (ML 3HI3gMoEwIMs, 3MLEHIWODE300L bamolbo
mM09bGo30s o Lbgs) mommgmwo  bgdmombodbmemo 3wobogds dg@o 96 Bogengdsc.
3909090000 B5396M0Ls s G0dEYdMG Dmbols M30L9dgdOL (330G o3 bl sHgbL
99L5MMGOIE0 Fobool LEGHMWYJEHMS s M30L9dgdo [4, 5 .

M GH5039M00 990M0gdoL @OHMmL d60d3bgemgsbos Lsfiyolo dsborols LEGHMWIEGMOOL
99656PMbgds.  [omBm©agbo  Lsdgsbogmm  LGs@osdo, bgamgbam®mo dgfzol  LEGHM®WIGHMOOL
B3OS OOBIO0L  bgdegdggdob  Fgogas,  dgbfsgwoeo  ogbs
695633960LGHOMIGHMOMo  5bsoBol  FgomEol  asdmygbgdom.  MMamO3  3bmdowos,
30005300 MboG®0wol dmF3Mm bol0sMYds MMH0YbESE00L Forswro bsdobboom. dgmmgdols
6™ 3000bstg MdMMHo 3OHME9LYdOL BYRs3wgbom, ImMe)39WsmMITMEOOLO dorgdo 0MM393S
@5 9m93ws 0330l 05308 3MmbxoMESE0lL. 533900l 9MOWgdsl  d;meroszMowmbodmowols
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d90mmqdol 9900 06 ozl 3modgmol Mg3MoLEIMODBE0s, M3 eMymgoms© dmddggdl
3900900000 b5396M0L LogL3KsESE0Mm M30LgdgdBY bywrmgbmMo dgfzol Myboygbmlid®mddvdmeo
3650oBol 9o 2obLBWIOMo 0dbs 3ME053M0WMboEMmOWOl dmF3ML F9YVIdODO
6539608 B0D03MM0 LEM®JEHWOOL JOMOMOO 35M53gBHMYO0: 3OOLEIOBSEOOL bodolbbo s
©9HBMOH09bEIE00L  3Mmbg.  BoBoMgOEds 330939005 9B39bgl,  HMI M GHMdRIOOL
©90md09qdol  9IRO© 3005300 MboGHMOOlL  3MoLEHIWMHo  MBdbol  MmMH09gbEHoE0s
033000050 03390, 9FsLmMsb 033w gds  3M0s3MOWMboG®owol  dgmgdomo  bs3gmol
©obmMogbBsgool  3mobg @ MGmeEgds D = 27,3°, 35306  OHmgs  Lafiyobo
3000530 MmBoGMOEol  dmF3mbomzgol ol dgoagbs @ = 1540° Msg Jdommomgdl
360LGHgdOL  EIHBMO0IHEE00L  3OMEgLBY s GgJuAHMBOL  FoMdmddbsby. 90bodbeo
36O ™E9LL 096 sbEogl 3me0dgMH o X 5F30L MYOJLIE0s S S F0Ys T MBOL o6rdmJdbs.
BoBoMgOMo  250m33w 93900l 899390  290m3w0bs  9pMgm3zg, OMI  MEEHGMBHYOHOMDO

39090900l EOML 93390005 0331Jds 300dgMol 3OOLEHIWYOHO S STMORMEO 93bgdols
0565850 Mds. 099 Lofyobo Bsboerols, 30 0s3M0WMboG®mowol 3MmF3MUL, IMOLEICODIE00l

boGobbo 995009960 48 %, 8900mmgdom 6539600 ol 22% - 3g 33000, 53 IPsM 50LEHYdS

3000390 dmF3mb 3oH0396 LEHOHIEGMOIHY s F9MVgdoMo b539M0L LodB3oi39bY.
596095, bowmgzbméo 09f30L 39090990000 B53960L 2003319350
6963396mLGHOMIGHMOMo  9Bswobol  FgOMPOm  EILGHMGS,  BMT  MEWEMdYIOOL
©90md090q00L  99IPO®©  SRA0WO 5938 3ME053M0XMboGHMOOL  dMmF3mb  BobBoIMMO
LEAHOMIGHMIOOL (33O GOSL, 39MHAME 033w JdS 3MW0TIOOL  3MOLAEHIWMOHO s STMORWWO
06930l 19bsBIMOMBS. BoGo®gdmeds 450m33cg398ds 563965, ®MI bgarmzbmemo  dgfHzol
990090000 653900l LBodBH3oEol 8993009008 JobgBL FoMImoyabl bs3gmol Fodgdsty
wd6oL LAHOMIBHIOOL MMIBIdOMBS, F9MVgd0MO B539M06 doMoMsE FsbowsHy 8339060

239003L3Ws.  50b0dbmols sMBmxrbgzms  Jglodegdgwos M GHEMdYRIN0MO  F9INGdIOLIMZ0L
2999969090 dmfymdowmdqdol d«xds 0bLGHMIIbEHGOOL 3MbLEGHMYJ300l LMW YMa0.
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Study of weld seam strength parameters
Nino Dolidze
Akaki Tsereteli State University
Faculty of Engineering and Technology
Professor

Abstract

In the scientific work, the study of the strength parameters of an ultrasonic weld on the example of
artificial fur is considered. A characteristic trend in the change in the raw material base of the textile
industry in all developed industrial countries of the world is the steady growth in the production and
consumption of chemical fibers. This is due to a number of advantages of chemical fibers, in
particular, the cheapness and availability of the raw material base, and the important properties of
chemical fibers. Despite the foregoing, the use of new, chemical fiber-containing textile materials in
the production of clothing by the traditional filament method has caused a number of problems, to
eliminate which it has become expedient to use welding methods for the manufacture of garments.
products from fabrics containing chemical fibers, which are based on the thermoplasticity of these
materials. In this scientific article, the strength of an ultrasonic weld of artificial fur, changes in the
structure of the area surrounding the weld, and the reasons for the decrease in the strength of the
weld were studied by X-ray diffraction analysis. The results of the study showed that the reason for
the decrease in the strength of the artificial fur weld is the uneven structure of the area surrounding
the weld, a sharp transition from the weld to the base material. This can be eliminated by improving
the design of the working bodies of the apparatus used for ultrasonic welding.

Keywords: artificial fur; welding; welding seam; seam strength; destruction
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23560 oygobl (Heracleum) Lsbgmdgdols JodowMo 8905gberMds s doMEMYOwIHO
59BHogmds
356059 bgMligHs330e0*, IO BYMSZ300, BogErbs® XMbsdg, bmgom amdsdy, 65 dmysdg
396353026 Bools s BoMTS393GI0 dMBEHSB030L F0TSMM YD,
00¢0obob bobgedfoxgm Lsdgoobm MbogzgMlodg@o, Mdow Lo, LadsGmgzgem
m.nersezashvili@tsmu.edu, = 0000-0002-7825-3986
d.berashvili@tsmu.edu, “* 0000-0003-0887-3810

3BLEGHMIGO0: oyo - Heracleum Joeoambobms mxsbol 9gOHm-gMmo 439wsdg OO 235M0s.
50 93560L 120-Bg 9B 0 LobgmdoEb 35335L0530 go3MEIYOW0s 25, bmwm bods®mggewmdo -
23, 350 ™oL 5 9bgdos [1]. o MsGHwOHol sbsbds oyol Lobgmdgdols dbmenme 1/6-05
d9LH 9300 BoGMmJodo®ms. dobo Lobgmdgdo sOMIsGo bogmogmgdgdol 89di339w0
93965M99005 5 2obobogds, MHMAMOE MMM IMIsM0b1dOL S gMgMBgmMgdol 360d3zbqwm3zs60
9o [2].  50bodbmmo  4356M0L 9396519900 Mm©omysbzg  3bmdowos  BHMeOoE0Io
090003060Lm30L s 490M0Ygbgds  MMAMOE  Ls3MObserm, oby 1633900 ©BOIBMgdOm
(4999BH9Ld©  LobgEgdEgdol  Lsbom) [3]. ©@oyol  Lobgmdgdl  sbHsLosMGOL  doMEMyOwMO
00md09q00L  BosOmm  B3gdB®o, MMAMOOE  9BEG0803MMdMMoOo,  sbmgdollsfobsswdgam,
3bGH0MmJLosbEGHMMO, $6BH0300WLMwo, $BEH0OSdYGHWOO, s6EHOLOALOZEMMO s bb3s.

L5dogdMm BOGY3gd0: ©OYo, BWOHMIMIsM0b69d0, JNIHDIMGd0, 56Mgdol Lsfobsswdwogam,
BOAME™JL03MNM0, BOGMPIMTGH0E0, 563H0T030MdMWO

1. 9qbsgsgmo

33560 ©0ygols Lobgmdgdo Fomswo, M- s IM35WHeMm3zsb0 doErsbmgzsbo 93gbstrggdos,
0O BMIol 65330090 s 060 BMMEGOOM. Y3530 Jd0 MJNGO, 8mMd[356m-yz0omgero
30 39MEOLRIMO, OV Jnwys Y3930egEs© 99309300, 0HBMEIOs MdgBHLs© BHYobs @
bmdo3m®  Lo®Gygendo.  LodoMmzgeml  Lwgdoe3®  350owdssbgMdo  BIOMMOSS
393039 g0Mo  bmbbmglizolb ©oyo (bgzbm@ol oyo, Heracleum sosnowskyi Manden.) o
05693930L oyo (Heracleum mantegazzianum Sommier & Levier). bm® 3awosbo ooyol (Heracleum
asperum M.Bieb) s ogméo oyol (Heracleum leskovii Grossh.) Bm®B ywmGd@Egdol dool
bobargmds s Fdgars 0g4gbgodl.

&®50030mwo  3900030boLm3z0L  3bMdOWos oyol M350 Lsbgmds,  MMIwgdos
Ubgo@olbgs ©sbodbmwgdom godmoygbgds (gbMowo #1). H. persicum, H. aphondylium, H.
candicans, 09¢9Ls© 3sdm0ygbgds MMAMM3 30305059 MBgdgwo, dmbywrgdol 3MmEgbol
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b9 d99hymdo, 56E0LY3E03MMO s 9630930 gnLOMO Lydwowgds [3]. 3obol GHmdol gz gdo H.
candolleanum-ob  ggges  MGMRBML  Jmbobo®3l  dmobdomgb  BgMzmwo 9350090900l
15939Obserm, s1g3g SbMGOdoMO 3MHMEILYOOL EOML. bmerm Bqlggdol dmbobos®dl 0ygbgdgb
BGH0-9ODM0EM ©s Fo@MboDBoMmGdY Lsdrsegds [4].

H. persicum 35600 560b 36md0o 06msbmwo dgoiEobobmgol. dolo bosgmugdo s
©IOMIO0 5 PO MIM03g00L J0IM 25309496905 Lobgargdargds, S193g 13390 BTG [5], [6].
G®50030v 39000306580 5L 04969096, GMYME [ MMM, BgEgMOmOBIoL Lofobsswdwgam,
Foob ©s8gb, 565¢a9HoM®, 9630930 gRLOWG ©s Foobdmdx3z™awr Ladwyswrgdsw [3], [7], [8].
39O 580Ly,  4o9Bbos  IILEGHWOPMo  BFGHOMJLoIBEGHWGO,  96EHOLOALOZbMMO,
5B6BH03MgMWS30M0, BEGH0O0dYEHWOO ©s 96E0T03MHMdMwo Imddggds [5]. s0dmbagargom
3HgMB50x /oL Tmlobergmds  dob  mglEgdly S BMEgRL  094gbgdl  2meEddo®m3z0l
Lofoboswdgameo [9]. H. moellendorffii 3699w gdol dogh godmoyggbgds bs3zgdos [10]. dob
RNEIOL go3Bb0s IBHMJL0I>30YMO, 5bEHO0MJL0IBEHMOO S BEH0TgIBMAIBMEO Tmgdgwgds,
bem 393900 GHMoOE0Y 39000306580 3580m094gbgdmEs MMAMOE 960gdol Loffobsswdgam
B30 gds 5MMOEOL bd3mmbaowmeo [10].

300 Nel. oyols BmaogHmo Labgmdol gobmdm@sbozm®mo ©sbodbmemgds [3]

©0Yols Lsbgmdgdo 399mygb90s BHMooEovem dgoi3obsdo
H. persicum Lobgwgdgwo, 6GH0g30WgBLOMMO, 33030 RBsYghgdgwo, dmbgurgdols
3B MOgLgdgo, doGgMmOOHIoL bofobssmdgam, 96E03Mmb3MELbEO
[11]-[17]
H. dissectum 1533990, 56303039M 9600 LEBwsEgds [18]
H. candlicans Lobgergdgeo, 3536m©0%D0530, 3s@mboboMmgdgwo, dmbgegdol

239BomdxMOgLGdg0o, S6E0306M9EMI0, Jo30¢0ol Lsfobsswdwgym, 3oboby s
396LEHOEMBHO 3GrdGIGOOL EOML 353mbsygbgdgero [19]-[23]

H. nepalense LBMJol  BEGHOTNOGMOO,  SBOMPOD0s30, OMJOL  Lofobsswdwgym,
To@mbobomgdgwmo, §b9g30L JoMgamwmomgdgwo [24]-[26]

H. sphondylium 1033900,  963030390GBBoMwo,  ©OsMIoLs ©s  EOBObEHIHOOL
Lofiobssmdgam, 0505303009090, FOowmdol  dgdsbmeEgogero,
dmbgegdol 239Lodx MdgLgdgo, 38OMO0H0530, ©0b393b0MEmHO
0m3gbgdol s dgbLlGHMMsMo 3MMdgdgdol OML godmlisygbgdgwo

[26]-[30]

H. moellendorffii 1533900, SOMOOEHOL, 5MOMI0OL S BLMMOSBOL byd3M@bowme [31], [32]

H. maximm 1533990, 0639d30MM0 s MYL30MIBHMMVIEPO 9935©JOJBOL BodMMbom©
(33]

H. platytaenium 1533990, 3LEHMOGHOL, JBEHIOOEHOLS s 930w gRLOOL bed3Mbocm [34]
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H. afghanicum LobgErgdge0, 3303005359w9Bgd9w0, Losbol sdfgzo [35]

H. siamicum LobgEgdg0, sOMB5EOBGHMM0, I9BHIMOOBIOL Loffobsswdgam dmgdgwgds
[36]

H. sprengelianum d%olpsb dogdeo  @sdfzMMdOL, 3960l  935IVIPOL S FoMgysbo
LodLOgEMMO FomImbaddbgd0l MM gsdmbaygbgdgero [37]

H. rapula Bobggwol Q©535MDOEYd9O, sbserggBomo, 3bGH0M9305¢H 0o,
A65JgoGHoL @  25309d0L  Lofiobsswdgym,  Lobbeol  dodmdzgzol
defigLogqds [38], [39]

H. candolleanum 69639000 55350090900l MM 3sdmLaygbgdgero, s6mgdol bsfobsswdwgym,
3g3MMm0%os30 [2], [4]

H. wallichii 05MgoL bofobsswdaam, do@mboboMadgwo, sg3moboszo [40]

H. yunngningense 3b030M9G0, 565¢B0MMO, OSBRMOYEHMwo [41]

H. laciniatum 19OE30YMO, 353036mBYdY0, SB5MYBOL LsFobsswdwgym dmddgwgds [42]
H. mantegazzianum  153390-b535%d0 [43]

H. rawianum 5635 BH0BoGMG0 [44]

H. rigens 3990ol,  LsdsM®g 2HBgdol 9350 gd900L, bggol, 3039Me30MBOL
15937MbsEM, FH0WMBOL FgdobmmEgdgwo, Wgd0bgd0l, OsMYOL, 4sdbmdO,
5300 $30300b, LGHMOGHOL, ImMbywgdwMmdol MM gsdmboygbgdgaro
[49]

©0Y4ol ghmghmo Lobgmds - H. candicans sg&HowMs 4590m0ygbgds, Bobwd s GHodgEw®
GOS0 30w 99003306500, 39353360 MG 9dBHMOME0 56086 gdom. 03000
360036903560 3TgmbiEsBOH0 MmMQbms, GMIgwog §od9wgdols s Jodo®mo Bogmoghgdgdols
3969035 05D gs 35Lbolidygdgero. 03000l sHB0sDYds Tglodwgdguos dsdm{izgero oyml
365350  BOJGHMO0m, oo FmOOL sE3Mm3Mmwom s Lbgoslbgs  Gmduobgdom. ©30dwols
©5D05b6930L 3OHMYMHLoMJdOL J98mbgg35d0 Gglodergdger0s bsdmyswodal 3g35¢0G0, 30OMDBO,
Lodbogbg [46], [47]. 0o3bg B030009M9d9d0L  A5BgoBHGWgdol  9BHe3bg  HoMdmddbogrds
0995009@wM3s  3OHMO1YJBHI0S, 0530LBIETs B30I gdds s bb3s JodomGsm  sg@omMas
6590009035 gL gdg0s 458Mm0f30mUL, FGBVMEMEOO 3MM3gLAdOL MM39g3s [48]. Hobydool
59300 BMEOHIGO0L FoMHIO MHMEIBMBIOM 3MIMPY306090, 56530MMBJOL MmJLowsME LG MU,
oL 9900939053 30050 IDS ©IAIBINIFOMO S ZoMMEMYOMOO 5350090900 [49]-[51].
530LvR0 5035930l obg0BHMIEgds s MJloIE0MMO LBEAMILO® Fodmjzgmewo 35369
©9393w9b0L 99306909, Lb3s 50300gM9390mMb JOMO, 9b30MMdGPOMW0s  39F500bgdOLS
3JOHMWO0  §goghHBgmgdol 999339 md0m. 51939 Fo9Bbos IILEBHMMGOMO By BoMMO,
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560900L LOH0bs50IIYY™, 963005]BHIM0ME0, 3935BHM3OMEIJBHMOYWO O JSOPOMZILZMW OO
55350090900l 369396300 »bsto [52], [53].

2. 33560 - 0oyols LsbgmdYOOL BoEHMJ0d0MO EIBIOSYES

@OBHIOSGHMMHOL  Mobobdo  ©oyol  Lobgmdgdol  dbmeme  1/6-0s  dgufegerowo
B0G™J0d0MMo@ [3]. 3bmdowos, GMI y3z9ws LobgMdsdo sdmBgboos FsmE030 3MToMobgdo,
BMYOM3IMIsm0bgoo  (gbMowo Ne2), gmgebgmgdo  (gbMowo  Ne3), 9gogogl  s3M9m39,
NE53MbM0 oL, 39BMW 35MBdMBT5390L, JM0IWs3 6030009MHGdGOL, SBGHMSJobMBIOL s DMy
09000b393530 sen30e0Mm0gOLS3 [62].

3bM0wo No2. 43560 oygol Lbgsalibgs Lobgmdsdo 0gb@onozoMgdwo 39dsGobgdo

Lobgmds Byomgmemo 399560bgd0
Heracleum Bogmyzgdo  9bygwo060o; dgMae3@9bo; dgmmdlbswgbo; 0339Gma¢mmobo [62]
sosnowskyi
Heracleum 393900  JusbBHMEGHMJLobo;  30830bgwobo;  0BM30d30bgwobo;  Lymboobo;
persicum 396533 9b0; 0BMdYMY3E9bo; [62]
Heracleum m3bmdo  dgMs3@gbo; 0BMOYMY33HY0b0; 3690 30bo; bzmbobo;
maximum 3083069wwo0bo;  0Bm303306gmobo;  0Bm3gbEgbowmdloobm  dge

393()960; 6-0Bm396¢)9b0mgloobMmdgMYs3EHbo [62]

Heracleum "3bmdo  bgmboobo [62]

lacianitum

Heracleum 393900  JLBAHMEGHMJLOBO; OBMRILYEM 3; 356EOBOMOD B-9; 396EOEHOOMNG »;
candicans 360@®0oM0ob B, 396oBHMm0mob -9, 3960GHIBHOM06 o

3960039 BHM5M0b 3; 356000bMBo 95 3560bMBo d; 356E0bMBO (3;
396@0bmbo ©; 39bobmew 5 356obmer  d;  396@obme  5;
3960000006  3-3; 390930 gbmeo;  ¥gMs3@9bo;  9bagoi30bo;
00396053™mM0bo;  39M53e9gbobo;  JusbGHMEMJLMmEo;  FLmMswgbo;
0BMRLOOgbo; 8-39M5b6mdloxgLmMsw gbo; bzmboobo;
0bm39M5396060; 3560356060; (+)-050M39%obo [62]

Heracleum 393990  30030b9e0bo;  0339MsGMM0bo;  Bgrm3GHgmobo;  sbagroiobo;

mantegazzianum JusbBHmEGHMJLobo; d9MH933H9b0; 0BMdYMAS3G9b0; 0bM30d30bg wobo;
[62]

Heracleum dofjols mbomeo;  JubGm@mdbobo;  0BM0d3gMGHMEO0bo;  0BmxygEm

rapula 93909 33960bo;  ggm3BHgmobo; M3 EHMmoMob 5 ©odgmogn

bsfowgdo  LmdgmmbBobo;  8-30MOHmdlodgMys3@gbo;  JusbGHmGHmJimeo; 8-
30000MgL0dIMRI3EM0; 3 3MDBOWLMOMsEgbo;  doMdgbobo; 30-
300060m7gLodsMTYH0b0;39M03wgbMo;dmgw bmMzowmobo
H031WMmd0M0b 9; MH03W™d0M0L d; 8-39MmsbowrmdloxlmMs wgbo;
396530 9b0b0o; 0039653MM0bo; -39653gbmo; ™-
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Heracleum
rawanium

Heracleum
rigens

Heracleum
leskowii

Heracleum
nepalense

Heracleum
platytaenium

Heracleum
pastinacifolium

Heracleum
grandiflorum

Heracleum
transcaucasicum

Heracleum
sphondylium

Heracleum

dissectum Ledeb.

Heracleum
verticillatum

Heracleum
sibiricum

dofols bgwo
Bsfogdo

m3bmdo

Bogmaqgdo

3bmdo

dofols bgws
Bsfowgdo

B9b3gd0

dofols bgws
Bsfogdo

Bogmagdo

0gbergdo

B9b3gd0

Bogmazgdo,
89b390o,
BONEYHO0

Bogmagdo,

89b3g30:
BMOYGO0

0BM3OHM30¢00gb39M30gbmo; 096533 9b60; Lgzmbobo;
0%M3093069ww0b0; 0BmdYMY3EI60; 3083069¢obo [62]
9639003060; 5emdgM9339b0; Lgzmboobo [62]
5-(3-090m0@-dwm-2-960cmdlo) 7-89mmdlo3mdstobo; 0bm300

30bgwobo;
3199s00obo [62]

8-30MH™MJLogMMH™3MIsm0bo; 5-dgomdbogmmm

309 0RgOHMbo; Jusb@Hm@mdbobo; sbygwoaobo; 0bm308306g wobo;
09M39339b0; 0339M9GHMMH0b0; 0DM0d3gMsEmMobo [62]

Lg3mb0b0; BgMY3Egb0; 3033069w0bo; 0BM30d30bgerobo [62]

09533 960;  JuIbEHMEMJLobo;
0DM30830690b0;  Lmboobo; B305356ygw0E0b0;  3gMszwgbmeo;
33(H9M0b0; LGOATLEIOMEo [62]

gBLMOSE9bo; 3003069wobo;

096533 9b60;
0BM300306900b0;

0DMOYMY53(39b0;
Jusb@m@mglobo;

M3d90nIOHMbO; bgzmbobo;

3083069w0bo; RQgutenlol

293()960; mbmmero [62]

M3d90RgOmbo; L3Mm3megEobo; 0Hm30330bgwobo; 3gMas3 GHgbo
[62]

BOH@Igomgbo3ghszwrobo [62]

09M25339b0; N-396Fo3mbsbo; N-393@930mBbo; N-mddezmbsbo; n-
BmbBo3mBsb0; N-GHM053MbE60; N-396&HM0530mb6@ 60 [62]

(9R,10R)-9,10-@0300M®-10-300Mm]bo-9-39mmdLo-dgMys3EHgbo
(©obbgddrmeo); GIOG-0-810039Hs3wy bergro;
0BMxLmOSEgbo; 5-6-00030MHM30656Md76BM30MHMbO;
H031mwmdMm0b C; 356obmer C; Gogwwmdmob D; @ghd-0-p-D-
3013030056 MmboE -39M03wgbmero [63]

09M5339bo;  30330bgrobo;  0BM30d30bgerobo;  Lymboobo;
JuobEMEHMILobO; 0BMBYMY3E9b0; 0339Mo@MmMmobo [64]
09M5339b0;  30330bgobo;  0BM30d30bgerobo;  Lymboobo;

JusbBm@GHmJuobo; 033gMsBH™m®mobo; 396930 gbobo; 0BMdYMYS3Ebo;
3056353 903meo [64]; 3germ3@g®obo; 80563539wo3obo
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Heracleum Bogmgygdo,  ¥gMyeddHgbo;  30830bgwobo; 0Bm30330bgeobo;  Lemboobo;
angustisectum 39L39%0,  JuobGMEMJLobo; 0d3gMBHMM0bo; 39693¢gbobo; 0BMBYMYS3 3 9bo;
BEOEGOO 005635390 3Mmeo [64]

Heracleum Bogmxgdo,  ¥9Mmae3dHgbo;  30330bgerobo; 0Bm30d30bgwobo;  Lgmboobo;
ternatum 39L39%0,  JLEbEMEMJLobo; 0d3gMBHMM0bo; 396930 gbobo; 0BMBYMYS3 9bo;
BEOEGO0 805635990 3Mmeo [64]

©oyol  Lbgoslbgs  Lobgmdsdo  doM0mO@IE AP0  BWOH™IMTsH0bgdO!
RIMm3GHgOMH0bo,  39M933 900, 1093963900 3meo,  JusbGHmGH™mJbobo,  0bBm30d30bgwobo,
08396M53™M0b0.  MmomMgMmo  Fomsbo  BoLOLIMPYdS BB 1B3gJBHOOL  doMEPMAOMEO
59BH03mdom,  OHMPMOOEs:  9BG0dsIGIMOMwo,  96BH0T03MMOMo,  bEHOMmJLoIbEH MO,
537620300MM0, 56mMgdoL, LodLOgbob Lafobsswdwgym dmJdggds [65]. 453m0ygbgds 3oE0w oYM,
2@m39300L s BLEMOsDBOL byd3MMbscrme [65], [66].

H. candolleanum-ols Bsygmggdls ©s 1qlggddo s03mBgbowos BMMHMIMTs@obgdo ©o
dmbm@9m39bmogdo [4], gglvemgddo 30 gogMmgzsbo Bgmgdo, ©syIbowos gmgOHBgmOL
Jodow®mo 8995396mdsiz [5]. 9og@Bgmgdo godmygmzowos @ogol bbgs Labgmdgdoabss,
Gmameo@gos: H. persicum [6], [7], H. dissectum Ledeb [8], H. sphondylium [9], H.crenatifolium Boiss
[10], [11].

©0Yol IM535¢00 Lobgmdol osdOHMWs RMJ30500 ©IYIB0E0s - BmbmEHgH3gbmero
300MHM3MdMbgd0  (0dmbgbop-godgbo;  g-GHgM3gbo; a- o  P-3060960;), ogoby M0
3mbmGHg™396900 (0bsEmmo; 0BMIMOHBoWSEIBIG0; N-md@sbmeo, &gh30b9gb-1-meo-4),
LYLI30GYM396900 (35M0MBOIboL MJLOO) s Lbgs. oEIMIEMMOL IMbs3zgdgd0m bbgoalibgs
Lobgmdol Mmd@owglidgMgdo, 4obLs3Mm®mgdom N-Md@ows3gBG0, 80066935 oyol Lobgmdgdols
90960B 90900l doMomo© 9995969 3md3mbybEgds@ (gbMowo Ne3) [2].

3b®oo Ne3. 435600 oyol bgsslbgs Lobgmdol gmgdHgmol Jodo®mo 8995 agbermds

Lobgmds Byowgmmo 0090Bgomol 3m33mbgbEgdo

Heracleum dofjob Bgs  a-ggsb®gbo (10.5%), 1-dmmsbmeo (9.0%), 8-3sc0bgb0 (6.2%), o-
lehmannianum  65fowgdo  35©00bmo (5.7%), T-dmOmememo (3.1%), a-dndmwmgbo (2.6%) 4-
A9®30bgmero (2.4%) ; [73]

Heracleum 0guiergdo  0-309960 (5.08%); M-996mo-6,7-009b, (1-(+)- (2.07%); I'-EgM30bg bo

candolleanum (2.64%); cmg@obmeno (11.78%); sbon®sboeols 85939,1,5-0 dgmoen-1-
3060e-4-3994L9boeglidgmo(1.05%);  p-09bms-1,8-ogh  -6-mero
(0.43%); (-)-5e03568mm0 (1.06%); 9bom-dmGmbymero (1.63%); p-go
096-8-mero (0.40%); p-99bm-1-96-8-meno (0.37%); 39duobmols dxo39,
d9mogbBg®o  (2.08%); n-mg@ow  s3gBsGHo  (2.57%); (-)-
omMbowsggdedo  (8.81%);  39M3z030meo  (3.83%);  BH®bL-
0900 30650530(22.38%);N-39dbo3gdLobma@o(21.74%);
93296m@dgmomgbidg@o  (0.97%); 3sw0bs-1(10),4-cogbo (0.84%);
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Heracleum
persicum

H.
sphondylium

Bogmgzgdo

Bogmgzgdo
o dofjols
J39d
Bsfogdo

3994Lsbmob 35539, MJBHowgbB Mo (8.87%); 2-md@gbmen,2-dmoo-
(0.40%);00303e0m[5.3.0]09396,2-(1-3gmoegoboew)-8-dgmoro
(0.93%) [2]

36m356m0b 01535,  2-0gorocn-1-dgooergoocn  gbdgeo  (0,27%);
0bm3GM30¢r 8ryAHoGsBo (0.09%), 8290sbemol 05935, 2-0goroen-1-
dgooergmoer  gbhgeo (0.84%);,  8w90s6m0b G535, 3-0googen-1-
dgooew gbdgto (0.72%); 1R-a-306960 (0.27%); 3602356000

05535, 2-0goroen-399bocer gbdgto (6.05%),  2-829056m0L 81535, 3-
dgoroew, 1-Ggoocen gbdgto (0.14%); B-30bgbo (0.19%); 829025600l
G535, 8990 9bBdgco (1.61%); cmddsbsero (0.13%); dOstd7530,
399bocmgbdgto (0.71%), D-¢crodmbgbo (2.06%), cmgdsbsero (0.51%);
363560 dg535, 399bocn gbdgco (0.36%), crobsermemero (0.51);
3560l 7535, 399bocr  gbdgto=39Jbocr 8wyBHoGsBo (35.24%);
MJA0  96IAA0 (8.42%), Bmmsbmol Gis3s, 2-09000¢-39Jbogm
JbdgH0=397Jbocw 2-89000¢m8HocGodo (8.14%), 3~iemggmbo (0.52%);
363560 05535, mgHoer gbdgto (0.46%); sbgoreagro (0.60%);
603¢394b56,  gogboero (0.96%); 36H356m0L G535, 2-Ggorocm-
MJHo  JbdgBo=mg9Bdoer 0bmBmBo GsHo (9.23%); 3-0gomoen-3-
603¢394b9b-1-mbo (0.25%); 2,4-m9hooogbo (1.23%); 3«ovsbmob
G535, JAhoe» gbdgeo (5.01%); HEobb-3-394b9bmol dgs35 (0.47%);
8s5bmol  Jgszs,  2-09omocr-cajdhoer  gbdgto=cgdoger  2-
99000¢8wyHoMsAHo (11.65%); 3963 363960 D (0.18%), B-8obsdmerngbo
(0.27%),; 39630536960 B (0.47%), 3954bs600bL 85535, addhoer gbdgco
(0.21%);  8=90sbmolb  Ggs3s,  3-Ggoogw-,  3,7-oodgoroem-2,6-
mJdoogboer  gbdgto,  (Z2)-  (0.19%);  mgHsbmol  Fgs3s,
AIAOIGO Jbhgoo (0.29%); gbhGsgmemo (0.43%) [74]

B-306960 (6.0%); domggbo (1.8%); ®g3oeim-1,8-30bgeaero (0.8%);
M9Hsb65¢v0 (1.8%),; ¢rodmbgbo (0.9%); (Z2)-p-mgodgbo (28.9%); (E)-p-
miod9bo 0.9%); 2-G900¢n-4-89000¢n396(90¢» drgomsbrs@o (0.7%);
(2E)-c093965¢m0 (0.5%),; 2-0googromgzsbo (0.6%); a-H®sblb-89635
dmAdgbo  (3.2%), (E)-f-55669Bg60 (0.9%); 80303¢7ma96:0536960
(2.1%), oboswyggbo (1.3%); B-00bsbm ¢mgbo (2.8%),; (Z)-y-d0bs
deagmgbo  (5.0%);  (E)-y-80bsdmergbo  (2.1%);, (E)-a-80obsdmengbo
(1.7%); b3s@epemgbeagmo (1.3%), H®s6L -Uglgz0bs80696 3006GsBH0
(1.3%);,  (E)-Ugbgz0oens356c0scmmeno  (2.5%),00b35¢H9er9bcagmo
(0.9%), bgm-0bdgmdgogmemo (1.8%); B-0obsdemenemevo (1.4%); 1,13-
AIOMsY09b0 (2.3%);, 399bs ©g356m0L  Tpogs (3.3%), (2)-
Roen3500bm¢mo  (1.8%),  Rs¢n35606m ol obmdgto  (1.5%);
R 35(0bomero (2.3%) [75]
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H. sibiricum

H. montanum

H. ternatum

dofjols 439c0o
Bsfoengdo

dofols 439000
Bsfowgdo

dofjols 439c0o
Bsfoengdo

3933sbscvo (0.1%); a-orgxgbo (3.4%); a-306960 (18.7%); 35093960
(2.7%),; bsdobgbo (8.7%); B-30b9b0 (26.2%), dotzgbo (4.9%); mgds
bsevo (0.9%); a-Bgm306960 (0.2%); p-godobo (0.2%); ¢»odmbybo
(22.7%); (Z)-f-cagodgbo (5.2%); (E)-B-cagodgbo (0.2%), y-H9®306g bo
(0.6%); 30b-b580696 3ooMsBdo (0.2%),; HgH30beacmgbo (1.2%); HGs6L
-bs80bgb  3o®sho (0.2%); obm39bBHoc» 0bmzsergmsBo (0.2%);
AObL-bs8obmero  (0.4%);,  H9G30696-4-ca¢vo  (0.8%);,  1-0govoew
300¢n-3-09000¢-2-8-9H9b65¢h0 (0.2%); p-30896-8-ca¢mo (0.1%), a-
B93069m¢v0 (0.4%); dgorocrbsgozmero (0.3%), do6@gbeaemo (0.3%),
2 E)-og39b5¢m0  (0.5%); 8mcboer  sgadhsde  (1.1%); (2E4E)-
@©935000965¢m0 (0.2%), a-Bgm306o¢» sggdsdo (1.0%), 933960¢v0
(0.2%); 0BmBm&boc»  360356ms0  (0.1%), dgooce»  9389602¢00
(26.9%), a-HGsbb-8963500¢0 (1.3%); (E)-B-535669B9b60 (0.1%); 4-930
-60b-0300HMsgsOMRNGSbo (0.4%), Bogoerma96Hds36960 (0.2%);
(E)-G90mo¢» 0Bmg3896m¢mo (0.2%); obmswysgbo (0.7%), (E.E)-a-
25669Bg60 (0.2%); B-80bsdeagrgbo (0.7%); 8ac60¢ 0BMm35¢9HSH0
(0.8%), 39b569 (1.9%); (E)-y-80bsdmagmgbo (0.5%); gemgdogobo (25.6%);
(2)-0Bmgemgdogobo  (0.1%);  (E)-Ubgbgzoersgsboeienmeno  (0.2%);
3965935600 (0.2%),  399bscogzobmol  dgsgs  (7.0%),  (2)-
R5e35(060¢0 (10.6%); 3003069¢0bo (0.4%); d9000¢» ¢robeagrgsho
(2.8%); 55¢v35606 oocero (9.4%) [75]

39395bs¢vo (0,4%), B-306960 (0.7%); dotzgbo (1.0%); oo3oqm-1,8-
30bgemaero (0.5%); mgdsbsewo (1.5%),; (Z2)-f-mgodgbo (20.4%), (E)-p-
miodgbo (0.5%); 2-Ggoooergisbo (0.8%); 7-930-Uglideo ovwyzgbo
(0.6%), o-565bb-890850mHgbo (3.2%), (Z2)-B-35669 bgbo (1.3%), (E)-
B-5200b69B9b0  (0.8%);, [-80bsdemaewgbo  (2.0%),; (Z)-y-80Lsdemengbo
(7.8%); 39U569 (1.7%); (E)-y-80bsdemengbo (1.5%), (E)-a-80bsdmengbo
(1.9%), (E)-bgmeeromemo (1.2%);, 3w90-9em9b  g3mgbocoo  (0.9%);
b3sdeemgboemo  (1.3%),  HEobb-bgligla0bsd80b96 3o®sdo  (0.8%);
0bmb3sdramgberero (0.7%),  (E)-bglgzo ¢rsgsboriemmero (2.8%);
b9m-0bdgemdgogmero  (3.8%), B-8ols Bmenemero (2.8%); (Z)-12-
Sommdbo bgligrogobymero (0.7%); 1,13-59Gsg30000900 (1.1%);
399bs  @935b6m0b  Ggsgs  (6.3%),  (Z)-gsemiotrobeagro  (4.6%),
R3¢ 35600600l 0bmdgmo (2.5%), dgoocen erobeaengsdo (1.0%);
R 35(0bomero (1.6%) [75]

(2)-g35¢m3560bma¢v0  (0.8%), 3954b5@9356m0b g035 (0.6%), Bw9cnby
booemo  (0.7%);,  0bd9Gdgogmero  (0.5%);,  4-930-gob-o3obm
335GmRBsbo  (0.5%);, dogozermagcdsz®gbo  (1.3%),  dmeGboer
0bm3zseg®msdo (0.3%); 39bs6g9 (2.4%); (E)-bgoercroeaero (0.4%),
b3sdrpemgbmero  (1.2%),  goysocevo  (0.4%),  (E)-bglgzoerszsbosy
eveaemo (0.4%); beabsbo (0.6%),; 3935s6cemo (0.6%); a-306960 (5.5%);
3909960 (0.4%), B-306960 (47.3%), dotgbo (2.8%); mgdsbscro (1.5%),
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H. pyrenaicum  dofjols J3gcs

subsp.
pollinianum

Bsfowgdo

H. pyrenaicum  dofjol J3gcs

subsp. orsinii

H.
verticillatum

Bsfoengdo

dofols 43900
Bsfowgdo

0odmbgbo (2.3%); (Z2)-f-mgodgbo (15.6%), (E)-B-mgodgbo (0.3%);
(42)-2-0gooer-4-og39bo  (0.2%);  2-Ggoocrgzgbo  (0.3%);
B9H306m¢emgbo (1.1%), (E)-4-s6cogz9bo (0.3%); 6mbsbsero (0.3%);
A®36L-bsdobeagro  (0.6%); 306m356G3mbo  (0.2%), a-Hgt3069e2¢r0
(0.5%);, docdgbsemo  (0.2%), (2E)-co93965¢0  (0.7%); (2E,4E)-
@©935000965¢m0  (0.3%), a-Bgi30bocr  sggsodo  (0.4%); dgooge»
J3896e2¢v0 (0.5%) [75]

R 35(0bocero (1.0%); (2)-9-029Hs@9356m0b G535 0bmI96H0
(1.2%), (2)-gs¢n35606m¢mo  (1.09%); 3994bscogbmols Gps3s (0.7%);
399bs@g356mocero (0.4%); 1,13-39®sg3500960 (0.4%), sdoemewo
(0.5%), Aacds@g300m¢ewo (0.3%),; (E)-B-55669bgbo (0.6%), 4-930-
3OL-@0300MHMsgsmMRGH060  (1.2%),  dmtbogr  0bm3seng®HsB0;
o0bmsryzgbo (0.7%); -8obsdeaergbo (0.8%); domobBogobo, (E)-
bgememomero,  U3s@iemgbmero;, 39569,  gevgdogobo,  (Z)-
bgbgl30as356Qgerero; OOOIGO 3GIOAO; (E)-
bgbgz0ams356@cmeagmo; 3060235630060, H6H3bb-p-09bor-2-96-1-ca¢gro;
4,8-9300fbo-p-09bor-1-960, A9t 30696-4-ca¢ro; p-30096-8-ca¢vo,; a-
A9O3069eaewo; Bo®B9brmo, JotBdgbsero; Ggoogn bsgozmemo, (2E)-
©93965¢v0;  BBHbOS3IHH0,  a-BgH30boer  spIdSG0;  Ggoon
93896000, 39595b65¢v0,; a-oryxgbo,; a-306960, 358023960, bsdobgbo, B-
306960, dotrigbo; mgBsbsero; a-Bge30b9b0,; p-godgbo, crodmbybo,
(2)-B-mp0d9bo; y-396306960, mgBdsboemo, HgH3obemengbo, zob-p-
09b0r-2-96-1-ca¢mo [75]

2-09000¢gHs60, 399b560a¢cm0, bmbsbo,; 3939560, a-306960; 35053960,
B-306960, o960, mgBHsbsemo; crodmbgbo, (Z)-f-czodybo, (42)-2-
dgoroem-4-93960,;  ob-p-G9bor-2-96-1-c¢vo; 2-9900¢r@©93560;
A9G30beaergbo;,  HBSbL-Us6obmero,  4,8-930]bo-p-G9bor-1-960;
A930b96-4-c2¢vo; a-H9630690¢0,; Go®B9bsero; gomorbsz03memo;
(2E)-093965¢00,; 3ear60¢»obadeyhobersdo,  (2E4E)-093500965¢00;
4-930-30b-03000MMs35(HMRwIH5b0; d9000¢m93896¢v0;
3600 bM35¢9HSHO; B-80bs8eaemgbo, 29bs6y,  (E)-y-
Bobsdmemgbo;, (E)-b9Geagmoocaemo, b3syenemgbergmo, (E)-
bgbgz0ams356parmero;  0bdgmdygmemo, 394bs9356m0b F7535,
(2)-335¢m356G0b602¢00, B3¢ 35606000 [75]

4-bm69b0+3-bcabgbo,  393Hsbs¢vo; 2-bmbgbo, a-306960, B-30bgbo;
Jo63960, M9AHsbsero; odmbgbo, (Z)-f-mpodgbo, (E)-B-mgodybo;
A9G30bcaemgbo;  babsbsero,  2-89000¢n8m00er 0B IBHSBO;
303 Hsbmbo;,  bm3obmbo,  HBsbL-bsbobeacmo,  4,8-93cflo-p-
O9bor-1-gbo;  2-G9orm4lio-3-(1-09000¢r36Hm30¢n)306sbobo,  1,8-
0960500096-4-02¢ro; 1-89000¢m32000¢m-3-89000¢0-2-879009b5(90, p-
30096-8-m¢vo;  a-Bgm3obgmero,  JotBgbeaero;  Bo6BHgbsero;
3903060, 5793960, HE5bL-3563000369950; 303¢rbsBHo39b0; a-
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oesbggbo;  a-H®sbb-896g50mBgbo;  (E)-f-35669bgbo;  ar-3-96
3990960;,0bm@©s3960,; B-BoLsdmacmgbo;  B-Lgerobgbo,; 3s5¢n9bsgbo;
80303¢m39H05309b0;  y-3500069b0;  7-930-a-bgcerobgbo;  B-Lglidz0
29esbmgbo; (E)-y-00bsdmengbo,; b3s@yemgbmero, 1,10-oo-g30 -
3909b02¢mo;  0bBgH8ggmero;  a-8obsdeaemeaemo,  394bsg356m0l
05535, (Z)-835¢m3500b02¢v0; (Z)-9-m9H5009390-1-02¢m0, 3003069 ¢robo,
R135(0602000L 0bF9)H0, Bser356H0boo [T5]

H. austriacum  3ofjolb 39  3939sbscro;  2-396(90crR®sbo;,  mgdobsero,  (2E)-mgdgb-1-sevo;
Bofowgdo  b6mbsbsero;  (2E)-bmbgb-1-sevo,  (2E)-g39b5¢n0;  (2E,42)-0939
@ogbsero,  (2E,4E)-@g3500965¢00;  f-ligligaozersb@tgbo;  @gdbs
935600 85535, (Z)-35¢n356G0bcw0; y-3serdodeemsgdmbo; (Z,2) -
9,12-m9%500935600096m0b 85535 [75]

H. orphanidis  9ofob J3gs 606560, 393(s65¢m0; MHsbscro; crodmbgbo, B-g9ersbomgbo, (Z2)-f-
Boforgdo  mgodgbo,  (E)-f-cmgodobo;,  mgdsboero,  Hgi3obmengbo;  (E)-4-
36093960, 5693560, b626565¢m0, (2E)-6t2696-1-5¢00, p-30096-8-c2¢m0
;(2E)-c0939b5¢v0; (2E,4E)-093500965¢70, B-9¢m90960; -80bsdmemgbo;
b3 Igbmero;  AIOGs@Y3bmero;  3gjbogzs  boxro;  (2)-
R3¢0 3560060¢0,  (2)-9-m9H59396-1-a¢vo;  (E)-9-0m9ds0g9396-1-
mevo; 3003069¢m0bo [75]

©@0o@IMoGHMOMHOL Imbs399990L dobgzom, 33193900L IMSZglMds BM3IMBOMPIdS ©OYol
Lobgmdgddo  3985606930L, BWOMIMISMH0bYOOL, Fomo FE03MHBOIIOLS s JogHHBgmMgdoL

d9LPo3esBY. MMIEs M 50bodbMo bo3m0gMgdgdoLy, OoYol Lobgmdgddo WIYIbOE0s
RW3mbmoEdoL 899339 mds3.  dsgowoms, Heracleum  pastinaca-s 990500 gbermd5do
50dmBgbow0s  BWI3MbMOoMGMHO  yero3mBogdo:  J39m3gB0b  3-O-B-3wm3m3omsbmboo
(0Bmd390393060), 9390393006  3-O-a-M0dbm  306Mbmbo-(1—6)-B-3wm3m30Mbmboo
(OmE0b0),  390890me  3-O-a-Modbm3otms  bnbowo  (s8Bgwobo),  3998gomer  3-O-B-
33030056mD0Oo (SLEHMIYIW0bo), 0BMMd69EH06 3-O-B-gam3m JoMHBMbBowo, 3gongMmen
3-0-693H0bmboo  (603mE0xnwm®0bo), 0Bm®ms3bgEHob 3-0-6v@EHobmBowo (bsdEobmboo)
[76]. bmerem H. montanum, H. persicum s H. sphondilium -ob dofjol bgs ©s dofjol Jzgs
Bsfogddo s0dmBgboeros J3gdigdobo [62].

3. 23560 - ©0YoL LbgMdGOOL FB5MTS3MEPMYOIMO ELILOS0IYDS

©0yob Lobgmdgddo s0dmbgbowo 3693M030 603009MJBGdOL IMSZGMdS $0:0s3690L
56gd0L  Lofiobosmdgym  8mddggdsl. sbmgdomo  3OHMEgLYdoL  Lsd3MMbserm@  IMSZSEO
LObMIHBMMHO 3M935M5G0S 0903900, 03MF3S Y3gslom3zolL 3bmdowros, HMA LobmgbmeMo
15939Obsem LMo gdgdol babymdwogo sdmygbgds off393l bbgsolibgs Lobol 439Mom
99%39JAHIOL, OMYMOOEs 3MFoL Pywmeo, Lolbwghs, 395MEOOMEIMAOWEOO  350MEMY09O0,
0003000l © 039D X0M33woL  OoLBMDI305, dOMBIML3sHTo  [77]. odgsb
290m3@0bsGg, sbowo, 98IIHMOO0 ©S MLsBOMbM bMGdOL Lsfobssmdaam  Lodwowgdgdols
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dmdogds 3M0G03ws© 3609369039600 [78]. Ladzmmbaocnm 9;39656M99d0, MHMIgdos “9dz9wwglo
©OMOED  25dm0Yygbgds  sbmgdomo 3O MEgLYOOL  Lsd3MMbswm© dookbgzs sboero  MeMdOL
36935653900 dgboddbyers Lwy3909gLM seEgMba@ogsw [78].

009610 MxG9ggdo - 3530MRBRJd0  490mymxzgb  bbgoolbgs  BHodol  sbomgdol
Lof0bs50d g™ 39E0sEGHMMIOL, HMAMMOE SBMEOL mJuowo (NO), 3OmbEeywsbeob E2 (PGE2),
0bMJgommo sHBm@ob mdboo (INOS) s 303mmdloggbs®s-2 (COX-2), sbg3zg obmgdols
Lofoboswdaam  30GH™30bgdL -  0bEgmergozobo-1f (IL-1f), o0bEgMegozobo-6 (IL-6), o
LodLogbol bg3OMBNME BogEH™M-a-U (TNF-a) [79]. 3530:mBea9d0L Joge Tglsdsdolo 30E™30bgdol
19309305 MORBODBAL 0393l LEBOBM  FoMYIM-GoJBHMMGOOLYsD, M3 3oG™I0bgdOL
239005F5MDYOME0  MoMmEIbmds  0f393L  JOMboIME  BMPPO®  ©H5350JBIOL,  BMYMOOESS
sMYIOHMIZWIOHMDBO, SOMNOOGEHO0, JSOPOMZIVIMW MO 93500900 s Ubgs [80], [81]. H.
moellendorffii-os  gglggdo 5063000093l bMdOL  Loffobsowdgam  FJOSGMOGIOLS o
30G™306900L 9Ju3H gLk [82]. 5J9sb 453mdoboty, H. moellendorffii-s 3gliggdo FgLsdwgdgEr0s
239630bo@mm  MHMAMOE BMGOoL  Lsfobssmdaym 360 g35M9BHdoL  gho-ghmo 3m@gbgomeo
096, 25Ms 53oLS, IILAMOIOMWO0s, MMI Goen3sM0bmeo (FMmE93MEOHO FGMEOIMES:
C17H240, 0sbs: 244.378) 50350536900 560900 Lofobssmdgam 9839d3L, bowm H. moellendorffii-ls
39139930 0939, GMAMOE ©OYol IMogzoem  bbgs  Lobgmdsdo, @YIbowos  50bodbmwo
603096 9d0L 9993390 mds [83], [84].

H. nepalense-sb s0mygmzowo  d96mys339gbol  96mgdol  Laffobsswdpgam  od@ogmds
dg0Lfogargl  50530560L  3gMHoxggMommwo  bobbEol  dmbmbozagm®o  MxGmgEdoL  (3LdvY)
290mggbg00m. Y06, MM d9MHA33HJb0 506308060901 TNF-at o IL-6-0 36MHMwY306MHgSL,
HIgd03 3mbsfiogmdl sbmgdomo 3MmEqLgdoL gobgoms®gdsdo [25]. 5Jgsb 2sdmdobsty,
0962533900  Fgbodwgdgeos d030860mm 506086 5935 JOOL  BOIZMMbsM  ghHm-gMm
983G 60300gOd>.

15339M3EbOL  3mEoiobGymo  Lob®mdo  (L3L)  dJowgddo  JOPD-9OMO  BIOMOME
23936399090 96 M3M0bMwwo IM®3939s. FgLsdsdols©, 890353963 Jd0l 56 LalivyMzgwro
3390000  989JGH006  39dMI0bsMY, dbxdM030  BbBHOMJL0IBEBHJOOLS s 9BgdOL
Lofobosmdaym LMo gdgdol  2sdmygbgds, L3L-ob  ddmbg  Joengddo,  TgEOdMEOBIO,
303960bLveobgdool s 3039003000 gd00L  ILIMIRMEOMJOMOIP®  NBOMOIBOM
0d@Guemmo  bgds [85]. 90bodbmwo Lob®mMdol gsbgomsmgdsdo 360d369wm3z56 MMl
SO POL, 303MMosdMLOLS S 303MmTBoHBOL OLGMBI30, B53390EHYJdIOL OLRBMbIE0s WS
0bLbweobol dmdo@gdmero mby [86]. L3L boboomgds ymbsMEmHM3eo 3m®IMb9d0L, Toso
Fm60lL B5¢rm0g0boHgdgo O BM032mdslBH0dMwgdgwo 3mMmIMbYdIOL 2500FoMDJOM0
1936093000, 51939 15339MEBOL BEBHIOMOWIOOL FMTs3Joo Fsdmygmaom, Mog Tgbodwrgdgwos
53530060900 04ml  0bbEob-GgbolEgbBHMdSLME  [87].  0blwyrobo  SLEOTMWOMmGBL
36MMY96930L LobmgHL s BOHOL o mMgoboBgdgwo 3mOIMbol  gMbdisosl. L3l-oom
Q55935090 35309619000 15339639900 godmygmaxzl GgbB™MUEHIONMb sbOMLEHIBLOoMBL ©s
©0300MMJ3056OMUE 9OMBL [86], [87]. H. persicum-ob igse-L3o®mE0sbo gduEMed@o desbdsdo
330l Lobdgbm 3m©m3Mbgdol EMbgl, 5063000l BMEP03MYWMYIbgHL S o3 gbsl sbgbl
Jo9d0l Lggbrysemdsbyg [88]. H. persicum-ob gmMm3mdstobgdo: bgmboobo, Jusb@mEmduobo
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©s  30030bgobo,  mGambog  sBmGHOL  mdbool  LobmgBl,  Gomog 93060l
350 g0bobBgdgo  3m®IMboll ™Mbgl s  GuBHOIOMEEOL  [omdmddbsl.  guEHMIOMEIOL
§o03mddbols 993060905 30 bgal Mfigmdl xsblsw Mg3HmEmdaost [12], [88]. 3ox 3mlgobol
05bsbds, H. persicum Bs0 ©s©Jd0Mo© 3mddgogdl  L3L-000 9935 PIO o gdol
36HImbgdby. 36009369 m3bso 5930693 (+9B0mbY) 0blweobols Qo
©0300OM93056OMBEIOMb Ly RsEol MBIl s 3609369 m3bs 59dx™mdILYOL 0bLwEOb-
9B0LGHIBEMBOL 3mIJMULESBH03MMO FmEgeol 9535980 (HOMA-IR) 06gdul. go®s s3obs, H.
persicum 59306900 56 MMYgbgdoL, 39bLe3MmMMYd0m MM 3ITGLBILs X0M3I3er0l sbEMHMYbgdOL
MbgL. 300093 JM0 3330l MObsbAs, H. persicum s930MgdL BoemgoboHgdgwro 3mmImboU,
IBGHMS0MOL S BHILEMLEHIOMBOL EMbgl, 53539 OHML HBOHOL RME0 3 -BolEH0dMEGdJLo
30mMIbol  3mb39bEGHM305L  L3L-000 935V  oMMY3g0d0 [89]. s 3sbol o oo
30939000 5©0dmbgbol msbsbdo H. persicum-ol gduE®msd@o s93oMgdL 3esBdsdo gerwy3mbols
o 3990mdobol mbgl (HBAIC) osdgEol ddmby 35309639030 s BOOL 0blvyeobols ©s
C-39330oolL  ©mbgl [90].  H. persicum &MsoEoe  3903Eobsdo  gsdmoygbgds  GmymOs
3bGH0LY3BH03M0, 56mgdoL Lofobssmdaym, BEH0-0VdYEHOMO, s6EH0BJBHIM0MWO LsdwoEgds
[42]. Logstromemo, Mmd H. persicum-ob gdu@®sddHo 3graHdsdo 5330090 EglBmbGgmmbols
306396@®53050, Lbgmaols s Lsoglieng X 06 33gd0lL fFmbal, MomoE byl Mgmdl 35953539000
LdgLEdMOZ OLEMBbIsosl [12].

65996009  LEHGH0s  sIBEGHMOPL  ©OYol  BMYogHmo  Lobgmdol  gJuBHModGHgdol
063000GHMOM  5dBH03MIL  5¢E350d9MH0obs s B30 2 ©0sdgEOL  BsIMYs0dgdslmsb
5393006090 3mOIMbdBY. 3gMdm, H. persicum-ob bogmggdol dgmebmerosbo gdu@mag@obl
3096 =580 5Bl 0630006 gd0L JsB396909cos 1C50 307 939/d¢n, bmenm dofjol Bgs boffoegdols
39Jusb0sbo  gJuBH®adBHoL  0sdgEHOL  Lofiobssmdgym  sBHogmds 78.5£3.9% [91], [92]. H.
crenatifolium-bss6 300930 FMOMIMToMHOBIOOL KsT0 537093690l 68.810.76%-056 53dEH03MdSL
539G0JM0bgbmg®msbsl dodsto [93].

300lg30L  33w939d0m  H.  mantegazzianum-sb - asdmygmgowwo  39995006900:
3083069w0bo, 00396M5@MM0bow 3gem3EgMobo, 595053690l 360d3bgermgsb s6E0T03MMdmem
540305l 2659-IO0MO dadBJM0gdoLs s bmzml fobssmdwgy [94]. 3093 gOPO 330930
0565b35, H. persicum s H. mantegazzianum-ob §{ywosh gduBHeod@gol  gosbboo
36GH005gBH9M0MEo 3mddggds 9@30560Ls s 93BOL 3sMA9BIBOLS O HMIBSSMMYJDJdOL
dodso [95]. H. persicum s H. mantegazzianum-ob 9du@®od®goo  9JBHomMo oym gMsa-
5IB0M0 05dBHIM0JOoL, goblsgzmmegdom: Bacillus megaterium, Micrococcus sp., Pseudomonas
sp., s Staphylococcus aureus obssdqy [94]. H. persicum-ob bogmagdl gosbbos 3m@EHgbzow®o
bmgmb bafobsodgym 5JBH03mds [15]. s0bodbmEo bobgmdol fgse-doME0sbo gdu@®magdo
990LF 5309l Lezmb 46 3500MygbM0 FBodob F0bssBgy. Lym3gmgbm 5dEH03Mds sxodlotms C.
albicans-ob §obssdgp - 063080609390 Bmbol osdgB™oo 12 - 21 3d, MIC 0.625-sb 20-0¢9
033/03. 9msbm0563s 299mbsfigerowds 3093 MBOM 1390090 SBGHORWDYIWMOO 5@ 03MdS
390003065, dombgsgs 0dobs, GMI 53539 3J3eg30L  mobsbdo, H. platytaenium-sb
300909 ds gIOHBJNGOTs LEIOPME 9O FodM306s bEHOBIEINOMWO 5JEH03mds [96], sB39bs
36033690 m3z960 063000EHMOWMo 9839dBH0 3960EIL bmyogPmo dEsdol (C. albicans s C.
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glabrata) $obssd9y. domgdme d99aL 93¢™MJd0 bLB0sE gmgmBgmgddo mgd@obmerol smowo
999339 mdom, OMIglsg 390l Lofobsswdam 093300005  godmboGwo  5d@GH0g3mds
SHoLoSMYOL. H.  persicum-ol 3gmsbmeosbo  453mbsfigerowo Fgolffogargl dod@GHgMomEo @
bmgmgobo 9Esdgdol [obssmdgy [97]. dowgdmewds 89w9agdds ob39bs, GMA H. persicum-ol
9bEH®odBHo  0b30d0Mmgdsl MHg3l BmyogMom  3s00mqbMe  dodBgMosl. H. mantegazziannum
Bogmazgdol  @odmbsfigerowo sd@ommos S. aureus-ob (MIC 0.5 9p/d¢w, MBC 1 o 4 J/dem)
§0bs508gR, 3939 LET M 5dBH0ZMBS osBbos E. coli-ob s C. albicans {obsswdogy [98].

H. dissectum (Lobmbodo H. sphondylium subsp. montanum (Schleich. ex Gaudin) Briq.)
2393039 gdos  Bobgmdo, Mg@glo  390Mmbx0sbol s xowobol 3MH™m306309080 @
BO©O@®0dmisgegm Bobgmol @gmo@memosbg dgbmg®gdo mmm3zgbgdol (9mbolzm®o xawms0)
3096 59BH0MMO© 353Mm0Ygghgds, MmAMMmE dmbGbymwo [67]. oMo 1533900 ©IBOTEMEIgdOLY,
mMmzqgbgdo H. Dissectum-i (Lobmbodo-Heracleum sphondylium subsp.montanum (Schleich. ex
Gaudin) Brig.) 0og4gbgols 30390@H96%ool, 30396Me030@gdool, ©osdgEol s b3, 935093900l
15939ObseMmE. 50bodbmwo 9;3965G0L BIB39O0ED FowgdMds 399956069005 gsdmsgerobs
BOAMAHMIL03NO0 5JEH03Mds 50530560l 30dwol Lodbogbol HepG2 Y M9ggdol dodstm. dolo
Jodow®o 3m33mb96¢gd0sb 439w sy d50ow0 30GH™EHMILOZMMO 5JE03mdS (1Cs057.6 + 1.1 9dme,
5090010 3MbEHMMOoL I1Cs0 — 35.4 + 2.9 3me0) 299mo3wobs 3To®0bds - 39bobmen C, bmerm
56Mbgbo 603000969980l 1Cs0 50gToEHMOdM©S 100 ddmer-U [63].

H. sphondylium subsp. ternatum -@sb 300930 gmgeHHgmgdo dgolfegargl, ssdosbol
mombo  bgosbbgs #Hodol Lodlogbme wxmgbg: 9390©oL sEgbm3stmE0bmdol My Gggdo
(MDA-MB 231), ac00mdslGmds (7986), s30030b930s60 dgemsbmds (A375) o dbbgowo Bafarsgols
3oME0bmds (HCT 116), oy0bos, ®m3 gog®bgomgdo 9950036908 bsdmswm 3o@Gm@mgbogm®
0mgddggdsl dbmwme A375 s HCT 116 Lodbogbwmmo xGggdol dodstor [30]. H.
pastinacifolium s H. transcaucasicum 59g0s3bgdolb  deoge  3oGMmEGHMdbogme  dmgdggosl
153300 MLBML  ygeol s@gbmzs®Eobmdmeo (Hela), LHmeo bsfiersgol s@gbmzs®obmadwemo
(LS180) s B qodgmdm®mo (Raji) bLodbogbmemo vxcmggdol fobsswdogy [99]. H. rechingeri
590605 Fbmerme LS180 356306m3wmmo mx®gogdol dodstm, boem H. persicum bsg®omme
56 5950536908l 30GHMGH™MJLOIMOMBIL.  5©0bodbM  BoMmEEMAO0WE  5dBH03ML, BOZ39MIMOM®,
39653060md9dL  H.  pastinacifolium s H. transcaucasicum-ob 9omgHbgmgdol oMo
3003mbgbBHgdo, domobBHogobo s gwgdogobo. H. sibiricum-ol  s3m3GHMBYOO  5dEH03MdS
9950mfdql 50530560l ©53gbodg GHodol Lodbogbm® MDY Y3z9wWsBg FoMoo 5dGH03MdS
390003wbs T »xMgm3zsbo gozgdool (C-8166) (obssmdwgy. bmeom H. humile-l gdu@®sjEo
GOA™GHMIJLO3MM0s 33900l 30dml (MDA-MB-231 »xMgwgdo) fobsswdogy [100]. H. persicum-
ol BoMHTo3MWMYPONM0 5dBH03Mmd0l 33930l F9IRO®© OEP0bs, MHMI dolo bsgmzgdosb
30090 gmgOHBINIOL 2096605 MDBIITM 30RO FoGHMEGHMJLo3MOO dmddgwgds (ICso
12.08) 153390 EbOL 30dML MxMgEgdoL (OVCAR-3) 303560:00. 5609 530bY, 50bodbwmo gmgeHgodo
509036908l 0630d0GHMMmME  5JBH03MBL  AM0T-sMYmgomo  ddBHIMogool -  Pseudomonas
aeruginosa s Salmonella paratyphi-A bgém@odo (MIC<62.50 pg/den) dodsto [74]. dmbgdGogo
56GH0L0AL036IM0 L5995 gdgdOL d0gOS 56 3563l 9GS MBI M9bsTgEMHM39 dgo0bols s
539635300Lbsm30L [101]-[103].
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565900 30006039960 G900bg930L BoxYdz39wHBY OILEIMFIYW0s OYOL LbgmdgdoL
ABGHMICIOR09W0 1300905, OMIJO3 353800900 F3gbsMol yzgws bsfoedo dsMEHogzo
©5 BYOMIMIsMH0bgdol J99(339mdsLlmsb. 83gbseglmsb 30mbEsd@Eolsl, dBol M GHMsooligg®o
boggdoLs s FMMMIMTsMH0bIPOL MYOHP0YMNJIJIBI0m, 30MMPIOS BOGMBMAEHMPINT>EH0EO0,
©9M35BH0GHOL 5050996 MM0 Gm®MAs [68]. BwOHMIMTo0bgd0 50mBbs 3gbstol dmlglgddo [69],
HMIgoE 396938 ol BMMEGOLS S VIOMUL. gdomgErEo IOoL d5039Md00 BIMHM3I9doM0bgdl
99deos 39600 990939, bmwm MaE®soolgg®o boggdol bgdmddggdom RwWEmsbol MHameo
o6M3mgdbols 596050008  9BHoWE  Fmeg3MEdL, GMIWgdoE MO0 IOHMJIgEgdl  ©bd-ol
3060030060l BMdgumob, 53 LsdMmEMmMmE 2obs3oMmMdGPRL MxGmgol boggzowl [70]. 0
695J300L 89009350, LsdMowm 18-24 Lssmdo 3sbo 586930905, 300056M©JOS OO HBMmdol
0913900, 9O0mM9ds s AHIO®IOL bbgs Lod3EHMIgdO [71]. yz3gwrsbg bJoMmsE BosbEYds 3560l
QY3300 SOIOWIOO - bdby, F3e3gd0 ©d J39Ps 0RYOIVO. 3JM06IBOL SEIHFOLO
30905 dw0gmHgds IBoL LH03gd0L 30Ms306MH0 BgIMJdgJdom, 500 3HYa3gMSGIOOMs S
39b605bmdom, 5939 ©OYol Y3530 MmdoLy s LodFozol 39M0Mm©To. 1590 OML SEIMHROMEO
6954305 99L5dEOJ0s A9630MMBGONE0 0gml I39bsMOL Losbw Mzl ymxubomsg. 0360lboL
530U ML BsMZ0m O0YMIB 306030600 3MBESJEHOL F90mbgz935d0 sOBYdMBIL derogMo Jodowmemo
©59P30Md0L  Joegdol  LsdoIMMYds,  BOWEHZJO0L  IBOBIPOLs s 3MmbowdBHoz30E0L
396300560900 Fo@oo GHOLZ0, b M350l 30603000 3MbEod@obal Lod®dsgg [54].

390905 IMBsOEO ©oYol 9bEIIMMmO  Lobgmdgdo  JOMOMOIWPIE  FI3M(39LIONIE0S
0IMLOZW I O OLOZEID  5309M3o335L0sLE S OMgLAHDBOL  dmolfiobgmdo [57], [58].
39335L0580 dmbBsmo bgzbymol oygo 1-1.5 IgB®o Lodsol dowsbmgzsbo Ii3gbsegs. Ldgwro
0O ©IOMDO, 35BH5MS MNINOO 96 F5OHPOGFIMO Y3530¢0g00 JIb0sb O JmeragdL [54].

ba3lweol ©ogo 1772 {fgwl 508msbobgl, 1944 fgwl 30, Lodo®mggermdo dmbBsGO
b93LMOOL OYo, 0.3. Fobgbm3zsd sEHgMs GMYMOE (3539 Lobgmds [54]. bgglwy®ol oyols
LogMmsdmEmobm  sbsbgagds - Heracleum sosnowskyi 8cmdobsgmdl  35335L00L  BEwmGOL
03393500  dMGHobozmbol, 3MMmagbmMo ©.0. LELBMgL3OL §35M0@L, bmem Heracleum -
BEBH03Mm0 oMol 3gMozargl (Heracles), oqo39 396M3mwgbol (Hercules) Lobgerosb [55].
Joggymbobms mxsbol 58 3350 @olsbgwgds dosboFs 39 obgmlids 1753 gl ,,Bg3Lol
93000L"  Ls3sBH0gLo3gIm. MgngBOILEg (d3.5. 370) 3o oyl dmoblgbogds MMM 3
»39M379@qboL 3565395 [56].

Logomggermdo, bgglydol ogo 2o3MEIdME0s 39Bgmol, §39dm Jo@merol, dibgos-
000006gm0l,  LsdgyMgerm-Hgdm  b3sbgmols s  bEdEbg-xo935bgMOL  BHghoGHMMogdby  [59].
23956bmM 3090 s dobo 0bGHOMMP W30S 8 sMgNdo, MHMLGMNOL 39BEGHMIWE, 50IMLIZ3Eg s
BOowmgm - 9303w bsfowdo, 3membgmdo, 36506530, Lobowroblsy s olsgErgm
30ddo®mdo [55].

39335bool  9bgdMEmo  Lobgmds - bggbGmwo  oyob  (Heracleum  sosnowskyi
890500996 Mdsd0 503Mmbgboos BMOHM3IMTs6H0bgdo: sbggwoaobo, dgMysd@gbo, dgmmduawgbo,
0339653™MM060, 0BM0I3gMoGMM0bo, FomIgBobo, (+)-mJuo3gM3gsbobo, 3sbygwobo, sbgzg
0M500bmYswsgBHobo s 39JB0bmemo  3meolsds@ogdo.  [26], [60], [61]. dGs35¢00 LEIEGH0S

99036995 bgzbmMol oyol RoEMEGHMIJLOME 339358 s Tobsb o3ws(330L  FgMEIDL,
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393M39w900LS O 9M9IMDBY DIz 9ol 33¢g35L, MMIES BOMEOMYOWMEMO 5dEH03MdS omJdols
9gabfa3ergeros.

4. s1533bs

boeb®o o GHM90E0wo 990003060l godmEowgds s Mebsdgtmmgg Lydgzbogd™
33193900 5QLEGHMMIOL 43560 ©OoYols Lobgmdgdol, Lbgosslbgs 392939530M0 MmMsbmgdols
9JbAH®9dBgd0l,  Fomysh  Fogdmmo  gmgebgmgdols s  0bogzoMo  bogmogmgdgdol
(3135606900, FMOM3IMTom06900), doMWMYOGMO 5dEH03MdOL BoMmm 13gBHML, MMAMGOES
bmgdol  Lofobssmdgam,  963H0803OMdMWwo,  bGHoz300Mlmwo,  bGHoMmJLobEHWMMO,
3bGH0JMobglmgmsBmwo,  3oGMGMJLo3MNMo,  9b6GH039MEI0MYgbMNHo s 9.9.  SFoG™I,
3JBHMOME0s 23500 ©O0Yol LodoMm3zgermdo 4530 (39gdYo, 23bLs3MMOgdom, 9bgdmeo
Lobgmdgd0oL BOFHMJ0TOIMHO S BOMEMAO0MHO 33¢g3d LAGOE0bM 3M1dE035d0 45dmygbgdols
doBbom. 39339b00L 96gIMNMO LobgMds - bagl@meo oyo (Heracleum sosnowskyi 36mdowos
RMOHMIMIsO0bgdoL 999339 mdom.  3Ms35wo  LESG0s  9d03bgds  bagLvy@ol  oyol
R0AHMEGHMJBONO 5bseoBL s Tobsb 530053306 FgPMPIIL, 293MEIIO0Ls s QMM
93930960l 33¢0g35L, MMIES BOMEMYOVIMO 5dE03MdS M0MJIob Tgmfogzwgeos.

06gm® 35305 sx0bsBLYdOL glisbgd

30mgd@o [PHDF-22-4838] @asb6bmGzogws  dmms  Oxbomoeggeool  badsGomggerml
96036990 Bsdg3bogmm 3mbool FbstsFgMom.
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Chemical Composition and Biological Activity of Species of the Genus Heracleum

Abstract: Heracleum is the widest genera of the Apiaceae family. From these genus 120 species,
25 are growing in Caucasus, while 23 are spread in Georgia, among them 5 species are endemic.
According to the literature, only 1/6 of Heracleum species have been studied phytochemically. Plants
of this genus contain aromatic compounds and are considered to be a very rich source of essential oils
and diverse furanocoumarins. Heracleum species are well-known in folk medicine all over the world.
They are used as remedies for various diseases, as food and beverages (mostly as spices). Plants from the
mentioned genus possess a wide spectrum of biological activity, such as antimicrobial, anti-
inflammatory, anticancer, antioxidant, antidiabetic,antiviral, etc.

Keywords: Heracleum, furanocoumarins, essential oils, anti-inflammatory, cytotoxic, photodermatitis,

antimicrobial
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Lsds®m39emTo 3o3M3EIEgdE0 Fognsdsbowols - Salvia glutinosa L. dofjolbgos
Bsfogrgdols JodomMo 89850a0bermds s B0MEMYOMEO 59GH03Mmds
09mbs 306 3mBodgt, 35bBHoby F030esdg?, 5ebsD xmbadgl, bemgom qmdsdgt, oo dgMsdzomot
030mobob bsbgmdFogsm Lsdgogobe MBoggMlod®o

1. 35603539330 dMGH96030L ©g350EHsd9bG0
2. 039 JMsmYEsdols Go0ds3mdodool 0blGo@mEo

Gboydy

396bmO 309wy Lodo®mggemdo  dmbs@o  Fosdsbowolb - Salvia glutinosa L.
doffolbgs  bsfoergdosb Fomgdmwo  gmgeBgomol JodonMo 89950y gbermdol  33ag3s.
503065 ©MA0bsbGHO  3MB3MbgbBHYdOL 3OHMEIbGHWWO  MHomEgbmds Jos 0bEgyMozoom,
©M30b6s6¢0 3m33MmbgbEgd0s: 39M0MB0wgbol mduoo - 11.43 % L3s@wrgbmero - 5.93 % s
37999gb mdboo - 45 %. GH9M336v9o  99bsgMH»gd0@Ib  FoMdMIL  9bydodgd339wo
boLJ30BHIM39bgdo. Bs®Bgbo FOMEHOL ywosh, 3gmsbmeosb s JMOMBMOT0E RMJ30500
5200  B9bmEMMo GgbogMmMgdol xsdMMo 9339w MdS, FMEob-3om3sw@ol (Folin-
Ciocalteu) ®9594&030L 399mygbgdom. Fosdsbool FYwosh gMmad30s80 B9bmEgdol xsd3wGo
9993339 ™ds 5ol 25 + 2 %, dgosbmerosdo 26 = 3 %, b Juom®mgm®mdosbdo 1.8 + 0.5 %.
995358005 {ga0sbo, 39960560 S JuMOHMABMOHT0sb0 RMSJ30900L bEHOMJLOBEHMMO
3bm900L LHobs5VTIAM 5JBH03MDs. BgMbME0sbo BEMSJ305 953egbl Fowoen sbE0MJLoIBE MG
5J303mdslb  ORAC  @gb@do, bmwm {jgwosbo xMsdzos Moo  3mw@Eamol  (WSI1)
29909969000 Bo@9MgOM GqLEdo. 850535600l 3gmsbmerosbo gGmodizos 52 933/0w mbsdo
b6l NO-Us §o6mdmddbol 0630d06gdsl 100-%-0m, 36093693560 GHmJuozmemmdol 4569dg.
153396dm BoBY39d0. Foes3sbowo, gmgHHBYNGd0, BgbmEmo F9bs9MmMJd0, doMEOMAO0YOHO
59GH03Mm0o.
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dglisgogro.

85005956000 - S, glutinosa L. 36535¢ferm3s60 doeabmzs60 d3gbsMgs, WgMm dg@fows bfimeo
80-100 LA LodsEol, J39s bsffodo Momddol dodzgeros, Bgsdo 30 LJwosss dmggboeo
8603&@‘3?(@3@0060 6(31)@1)3600) 93«10)@360 g96f0sbo, 99930Lgdc-33903boLYdMO, By
: 1 BOOgoo  bmwolgddOo  gwdom, 3009900
w1 0035w 3d0o-bgdbolgdMo,  obgwo,  djgeby
Il qgool,  ®mOmogzg  TboMgbg  mgoMo  dgfzom
3900bYo,  g3e30@gdo  Fg3Ov0wos MG,
99360Lgd6m, bmax IO 1593900 lgIG
| Y3930@IQ%0@. 33003060 @05 ggoogwo
3960, bagmao 35330 33903boLYdOHO MG,
dm6s  gghol.  Bogmxupmdl  ©s Y3930 mdL
L9JB9adgM-mgBHmddg®do [1, 2].

Lry@omo Nel Gognsdsbowro - Salvia glutinosa L.

2393M3900ME0s  93MM35Ls s 8306y 9H0sdo, RMEOWMIm 0605606 3005w s080Y.

393039 gdos  BaJoOm3geml  yzgws  Beom®olEGM  Msombdo s dob  3500FOBHL
PO Bygg Homdmoygbl (LyGsmo Nel) [1, 3, 4].

05050560000l Zmmgdol 25dmbsigdo boewbm® dgoEobsdo 59moygbgds 3ol
A30300bLsL [6]. 5¢ 535600l dofolBgos boffowrgdols 3gmsbmeosb gdu@®mod@l sbolosmgdls
3bGH0MJLoBEHMOO 5dBH03Mds 1530LRBIWO B3 035¢gd0L TgdMFZ0L dbom [7].

95595600l dofolBgs  bofogdol  gmobmeosbds  gu@®mod@ds  Qedmogwrobs
6906H™3OME9dGH o, BEH0OVIGHMMO ©s F0GH™MGHMIL03NM0 5JBH03mds [8]. gmghbgmo 3o
HoL0SMYOS 9630T03MH MM dmddggdom [9, 10].

bbgoolibgs 4399sbsdo dmboso Foensdsbowrols dofolibgps boforgdowsb dowmgdmwo
9009HDgmol Jodomcmo 93 gbemds goblibgszgdaros, 3500 RMM3905DY o3 gbsls sbgbl
3930553090 3 dsMIMdY, J0TSGHO0 RBodBHMM 900, BIBMEMYoMMO FsHgd0o, boswogol
39654mz309M900L ©Mby s 5.8. [11 12]. 909Dyl ™IobsbEHo 3md3mbybE ool dgwsmgdom
50069, M 065600 dbsM 83gbseoL gMgMHBgmdo MTobsbEo 3ma3mbgbEos 496Mds30M9bo
D, ULodg6dbgmdo dmbBstol Tgdmbgzgzsdo dMmoe  dMBH0MO  539IAHG0,  IMJgool
9900b3935d0 wobsgrow 539BHOGH0 s 3gMds3Mgbo D, bmem odswool dgdmbggzsdo 3o -
dmOmEgbo ob. gbGoo.
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3bMogo Nel

95053560000l gog@Hgmob JodorMo 99950 9bwmdol 890s0gd0mo sbseroBo mdobsbo@o

30033mb963H900L J99(339MdOLS s 3930 3OOl MGsgdols Jobg300m

9399565 06560 0Odgomo | LsdgHdbgmo 0GOS
[12] [13] [14] [15]
BOOWIOO  Y3530gd0
2009 2021 2006 1997
3M33mbgb@gdo
0bsErmmeno 15 461 - 1.0 1.2
@0bsow 539G5GH0 - 143 - - -
L3s@gengbmero - 2.2 - 2.5 0.6
3X00NBOHoL 26 3.54 107 . ]
mdboo
BgBrow 539GsG0 - - - - -
0MHdMbgbo 1.6 2.33 <0.01 5.9 3.9
ROGME0 5.2 - - 1.9 0.2
a-3x99999bo - 2.59 - 2.6 2.3
39635360960 D 18.0 15.87 - - 2.7
L3 YMO - - 11.9 - -
000 3993H0MOE - - 26.7 - -
533000
56350096 Mgbo 0.6 - 8.2 1.6 0.5
Y-399996megbo 13 - - 18.7 151

39blb39390mos  BgM39bmeo 896596900l obsBIMIEMds, 8oy, 0MBJo  FmboGE
LoLJ30G N3P Mo BsbJomfigoedso oMol  64.2 %,
dmbmHgM396o bsbdomfyswdso 16.3 %-o0s [12]. oPdgmdo dmbs@do bylidzo@gmdgbweo
BsbdoMyoedso sMol 34 %, 756305089933900 dMbm@HgM3gbgdo 26 %, bomgom  Lbgsslbgs

939650l gogeHBgomdo bogom

06900l 3m33Mbg6EHJdO - 32.68 % [13]. 090530 MBIMIO F3gbsMOL BMMEWGOO O Y3930¢GOO
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90003605 bgld30EHIM396wo BsHToMFYsEdso® (FmmEgdo - 60 %; yzsgowgdo - 47.5 %),
79630500099339w0  Lgbd303gM3969d0 F9gBHos FmmEgdol gogdbgmdo (14.7%)  y3030¢9ddo
(7.7%) [15]. 9ogeBgmo dEO0IMOS  ©OGIM3gbgdoms @  LYlgzoBHgM3gbgdom, bmenm
3mbmHg™396900 Fo0dm©ygboeros 335¢ol bsbom [14].

Fosdobowo - Salvia glutinosa L. Lsgos®»39¢00mTo GoOOME SOOL 3930 EIWIOME00,
535056 530 o® 993990JBMJdS 399G 5To FBMEIbSL s JIbol L3ToMm® O B0MTSLLL.
599056 359mB0bs6IY 5dGHmoM0s Bsmo dqlfegwrs by gmwols sds@gdomo d5Bol dgddbols
dobboon.

330 g30L 30BsbL oMM 9b©s, Lodos@m3germdo gogM39wgdEro Foersdsboowols Salvia
glutinosa L. dofjol%bgs bsfowgdol, Jodowm@mo 899spqbemdol 3300935 s dOMEPMAOMGMO
59G03md0ob J9gx35L9ds.

15330930 93969609900L 90gMHDBINJOOL, Fgmsbmerosbo, ffywwosbo s JuwmOHmBm®Iosbo
gM5J30900L  B0MEMAONMHO  5dBH03mdoL  TggBslgds,  WBOHMB3gwymxal  Lbgsolibgs
300500 gdom  Jomo  godmygbgool  39ML3gdBH030L  3MmBHIBE0owOl  2oblaBOIML s
69090l d5BOL QoRBIMMNMYO.

33¢930L  8900mEgdo:  gmIOHHBImoL doegds  obbmOmEogw®s 3193965960l Bgmmom
(Lob.3o®A.3.#2). gogDgmOL  Jodow®o 9oy gbermdol  33e0g35  BBHIM©S  dBMMO
JOMToGHMy®5g300 dobL3gdEOmIgEMoom (GC-MS).

9500595600 0¢0l dofjoliBgs Bsfowgdowsb, §ogHbgmols Bomgdols 9999y, sbbm®mEogws
Bs6bgbo IOME0L 330935, B0MEMA0MSE 5JBH0OO 5030 MJdd0L T9I(339mdsDY. fywosbo
gM5gdgool IOMds  obbmmEogw®s womzowHo dsdGmdom, FOMmEGOL gJuBHOsdzos XM
dgmsbmom, 999009y JemO®MABMOHI0m. JogdIMwo REMIJ30900L FOMBS OHMEHSEOWO 35349490
505OHMJgd ol 459my9gbgdom.

f9yaosbo, 99gmobmosbo s  Jarmum®dosbo  gMog30900lL  33wa3s  MbYz39bmzsbo
JOMAoGH My 553090 s LOPHLNO JOMToGHMAMGOME oLL3YJEHOMAYEHOo Igmmpoom (LC-
MS). g396megd0l xs3mm0 899:33900md0lL 2obLsBE3MS B3gIBMMBMEMIGEGHOVI0 TJOMPOM,
Folin-Ciocalteu ®god@og30l 359mygbgdoo.

39bmHo  99659000900L  330930Lm30L  BoEGIM©S,  BMod30900L  Mbgrngbmgsbo
JOMI>GMYM5530090  565¢0B0o, Lowr03539wol BoORBOGSDY, fywosbo s Bgmebmerosbo
53M5J30900LmM30L  25dMYygbad Mo oym gsdblbgarms LobiBgds JarmGdmgm®do | dgmobmero :
fygoeo (26 : 14 : 3); JwmOmxzm®dosbo BMsdzoobmzol - Jemedmam®do : dgmsbmero (50 : 1).
R06OR0EJODBY 9330603905 290-IAHIIBMMOL 359mygbgd0oo 254 B3 s 365 B GHow®ol Loy Mmdgby,
290050536905-00083960dMOOwMJlogmowsdobo/3meogmowmgbawozmeo 4000 ©goddoz0m
(NP/peg). g9bmew®mo  d9bsg®mgdol  0@gbGHogo3E0oMmgds  3sbbmmEogws  LEsbosm@mwo
603dols 99353900L OHMOLY S AL B3gJBHH YO0l dobgz00.

f9yaosbo, 9gmobmwosbo s JumOHmam®dosbo BGMsd30900L sbGHOoMJLoIBEHWMOO ©s
bmgdol  Lofiobssdgym  5d@Bogmds  dgnsbs:  H9bgdsol  0930LBIO  MOPOISOL
BLMOdEo0L  bstoo (ORAC  GHolBo) ©s 55305606 39601  BodOMIWILEJdoL  WS1
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390mygbgoom.  Lo3MbBHOMWME  godmygbgdmmo  oym  GHOmwmdbol  ©s  J39M39GH0bobL
LEobIOGHMWwo Bodndols bLbsGO. MXGIMO JMNWEHWOOL  gsdmyabgdom, gsbolsBzcs
1533930 M09 gd0L 0630d0EMOHNE0 3Mb39bEGHGM30s, BMIgEros 50 %-00 (ICs0) 50630806 9oL
2', 7’-0gdwom®Mmxamrm®glizobo-ob (DCFH) @o963300.

0bmgd0ol  Lofobssmdgam dmddggds dgBsLis, sdmEHoL (NO) mdbool §os®dmddbol
0630006930l N Vitro 3gmmEom. sEId0m JMbEGHMmMELE 2odmygbgdmwo oym L-NAME (N(G)-
Bo@®m-L-s00606-09m0w-qLBgM0),  sHBmEBHOL  mJbool  MsmEybmdomo 9903390 MdS
5030605 NaNO2-0b bEebo® e (L5350 0dMM) AM953030096 g sMgd0m.

3309306 890093900. Fosdsbool dofolbbgos bsffowgdosb dowgdme gomghbgmdo
dmbs 20-Bg dgBHo  3m33mbybEob 0b@GoxzozoMmgds [5], ©MT0bsbEHo 3MI3mbybEgd0s:
3900mx0wabol mduoo - 11.43 % L3s@egbmeo - 5.93 % s 39dmwgb mdboo - 4.5%.
FoMdMOL 5963050899339 0  LYLd30GHIM39bgd0. gPIOHDIPMOL  E™T0bsBEHO  3MI3MBIBEHJOOL
00096¢0353035300bm30L, 9Jl3gMH0d96E W doMgdEo TsbL3gdEMo FgsMgde odbs boliGol
dmbo3gdms dsBol  FobL3YIEGHGomsb. MBGM dg@o LaefIMbmgdolbmzol gsdmygbgdmwmo ogm
L3obIM GO 603MTgdol blibs®gdo.

F50005bowols  fywosbo s  Fgmobmeosbo  gGodiogool  mbgeagbmgsbo
JOMI>GMYM55309000 5Bse0obol 90098900 Im3gdIeos bLryMsmbg Ne 2.

Ly@omo Ne2 Goesds6oeol fyaosbo (A) s dgmsbmeosbo (B) g®sjsool
mbgigbm3zsbo JOHmAsEmyMsds.

b9 x396m3560 JOMIEMYMIG0E0 965¢0Bol 9009890006 (LEsmo Ne 2) Bsbl, Hma
0505056000l §yaosbo s 3gmebmeosbo gmadizogdo 990393L BgbmemE dgbsgMmgdL (L.
Ne2 (1,2,3)). go®gzo@olb NP/Peg-oom a50m30036980L 890y 365 63-Bg ©omz5¢0g®gdom
8906036905 dmdo (3569, y300m9wo, bsHobx olggHo, dmyz0msem-dmdjzsbm s 0bEgblormo
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@WOHX0 398900 mds (Lo, Ne2-3), Moz  dsbslomgdgwos  ggbmermemo 0bgdol
6030009690 900LsM300.

050059560000l Y 0sb, 89096me056 s JuMmOHMRMOH06 BEsd30580, BgbMEGO
996990 OOL  X9IMOO 99339 ™D 2oboLEBOZMS  BMEob-30m3sc@ol  (Folin-Ciocalteu)
695930308 350mygbgdom. Lsdo oMWW Oo 3oL  99©IRJP0m  sER0bs  TJmnosbo
3396Mmgd0l x5FMM0 999339 ™ds, FYywosb i3Modiosdo 25 £ 2 % s gmsbmerosbdo 26 + 3 %,
JmOHmam®dosbdo 1.8 0.5 % 99099900 dm399w00s 599080, ool 59350 9J3035¢gbGHo 100
3 998G 5dBHBY 49055645008 gd00m.

39bmwOo 996590 gd0l  xsdmo 9993339 ™MdOL  QoBLLDBPIMH0M  IEILEBWMIS
0bg3gbmgzsbo  JOMIoGHMPMOR0Mwo  Bowobols Fggygd0. 33wg3oL  d9damd  9Be3by,
LombmMo  JOmdsGmyMoxzos  AsbL3gdBO™AgGHMH00m, dgmsbmosh gMojszosdo, MgngMabL
LE9bIOEGHIOOL 259MY9bgd0m, IPOBPS BI6ME 35MBMBTF53900L: OHMBISMOBOL, JermMmygbol
©5 9ol 35930l, BWH3MbM0Yd0EIL 0BMEMSIBYGHObOL, 390839MMmol s WEIMEobols
999339 Mdo.

050005600l fymosbo,  gmobmerosbo @ JwmOHMmBm®dosbo  gGsdizool,
3b6GH0MJLoBEHMMO 5dBH03Mmds FgRsLY, F9BRBIOL MZ30LBIO B3OSOl SBOLMOBEOOL
»bsmom (ORAC @gbdo) s MxMOHIMo 3MwEeOolb gsdmygbgdom in Vitro 3sdo. 9gx3sLs
560900L LofobssBI™ 9dEH03Mds. 9900 dm(399IE0s B0 To N2,

300 Ne2
85059560000l dofolibgs bsfowgdols fywosbo 39msbmerosbo s Jarmdmagm®dosbo
33M5J30900L 56E0MJLoIBEWOO s BMgdOL Lofiobsowdgym

3930300
) I S
S 5 B3 4 E | ¥ 2
c ) N ol w ¢ & £ S
€ I3 W g S £/ 2 2 NS
3 &/ = £l g ] < 3
NS 15} <3| =& < c &/ 0
= 5 z &1 5 ¢ g | 3 g g
'D © 4% &/ 2 < 2 &
c c 0o & 8 >
© © » o) &/
&= @© )
3b@BomgbosbGmds WS1 | 0.027 1.840.2 0,61+
t . >100
1Cs0 33/0cm 0004 0.06
ORAC 211+ |51+ 612
26+04 | 0.10+0.02
9036mdmeo TE /3y 0.6 0.2
3b6mgdols Lsfiobssmdgym
dmgdgogds, RAW 264.7
>160 52 +17 >5
1Cs003/0cw
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& 0}
o:)soao bgbo a;jboao@m 44+ |67+8 09 100 % 1%
5G5Mdb0g 10% | % < o 0
363963 305%g (%)

A™JbogmOMmds (>20 %

10 939/0 NA* NA*
1033@OW06MBY) 3/0c

NA* 56 560b Gemdbogmnmo

95059560000l iyer0sbo 53M5g30s 930gbL oo sBEGHOMJLOIBEHWMG sdE03mdsl ORAC
A9bBHTo, b  Fgmobmerosbo  BMLJ305 MXOIOMEO W GHOOL  53mygbgdom  (WS1)
BoB6M90 GgLEd0. Joesdsb@oErol gmobmer0563s RMOJ305d 399MI3e0bs 53MGM3g BoLso
560900L Lsfobssdgam 3mddggds, 58sLmsb 56 53wgbl FHMJLOIMOMBL MoA30L F53MMTsA0L
2R Mool Jodsro (RAW 264.7).

51336980: Fosdsbool dofolbgos bsffowgdosb domgdmw goghbgmbo oyobos
©™d0bsbE0 3nd30bgbEgool 3639630 MoMm©gbmds Jos 06GJYcMsE00m, 51939 BHIM39bIEo
9965960900L 39658 MDS. 09aosb, 99msbmosd s  JmOMRM®O0sd  BOSJ30500
3960LsBEZMS, BIbMWMMo TgbogMgdol XsTMOO T99(339wMds, BME0b-30mIsw@ol (Folin-
Ciocalteu) ®god@ogz0l g58mygbgdoo.

Fosdsbowol - Salvia glutinosa L. dofjolBgos bofioegdosb domgdwer d9mobmenosb
NM5J30500  B96ME356MdM6T5539006  00IBEGHROEFOMYOME0s  HMDBTSMOBOL,  gEsaol s
JmOmyqbob 85535, bergrm 3esg3mbmomo 53 03mbgd0sb 390839MMmeo, 0BMELdbyEH0bo s
@BHImeobo.

95050560000l 890 9bm0sb3s BM5J3053 godmsgeobs oo sbmgdol Lsfobsswdwgam
59&030058, NO-Ub 100 %-000 0630806905, 360936900m3560 GHmglolzm®mmdol gocmgdy.

530069, Foesdsbowol  fywosbo s Fgmobmerosbo  BMoJ309d0L  Jomsro
3bGH0MmJLoBGHMM0  5dBH03mds ORAC @GHgBdo s 395608 bmMBoemEmo  R0dOMOLEJdOL
353mygbgdom (WS1).
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Chemical composition and biological activity of aerial parts of Salvia glutinosa L.
growing in Georgia
Teona Korkotadze!, Vakhtang Mshvildadze 2, Malkhaz Jokhadze *, Sopio Gokadze !, Dali
Berashvilit

1. Department of Pharmaceutical Botany
2. lovel Kutateladze Institute of Pharmacochemistry

Abstract

A study of the chemical composition of the essential oil obtained from the aerial parts of Salvia
glutinosa L., growing in Georgia, was carried out. The percentage of dominant components was
determined by integration, the dominant component in the essential oil are caryophyllene oxide (11.43
%), spathulenol (5.93 %), humulene oxide (4.5 %). From terpene compounds oxygenated
sesquiterpenes are dominants. The content of phenolic compounds was determined by using Folin-
Ciocalteu reagent in the aqueous, methanol and chloroform fractions of the residual plant material. In
aquaeous fraction total phenolic content is 25 + 2 %, in methanolic fraction 26 + 3 %, chloroformic -
1.8 + 0.5 %. Fractions antioxidant and anti-inflammatory activity were determined. The methanolic
fraction showed antioxidant activity in ORAC test (6 + 2 micromole TE/mg), aquaeous fraction revealed
antioxidant activity (0.61 + 0.06 micromole TE/mg) using cell culture WS1. Methanolic fraction
exhibited high anti-inflammatory activity, 100 % inhibition of NO production, at 52 ¢ g/ml dose,
without any significant toxicity
Key words: Salvia glutinosa L., essential oil, phenolic compounds, biological activity
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LsdsMmzgemTo g93MEIgdME0 sx0Msls - Salvia verticillata L. dofjolsbgs
Bsfogrgdols JodomMo 89850a0bermds s B0MEMYOMEO 59GH03Mmds
09mbs 306 3MmBH5dgt, IO BgMsE30e 01, FsebsD }Mbsdgl, bmgom ymdsdgt, 3sb@sby dd30esdy?
030mobob bsbgedFogsm Lsdgogobe MBoggMlodg®o

1. 35603539330 dMGH96030L Y350 EHd9bGO
2. 039 JMsmYEsdols Go0ds3mdodool 0blGo@mEo

Gboydy

396bmO 309wy LoJo®mzgarmdo 303039 gdo  sxoMsl - Salvia verticillata L.
doffolbgs  bsfoergdosb Fomgdmwo  gmgeBgomol JodonMo 89950y gbermdol  33ag3s.
503065 ©MA0bsbGHO  3MB3MbgbBHYdOL 3OHMEIbGHWWO  MHomEgbmds Jos 0bEgyMozoom,
RO GO0Esb Jorgdme gmgmhBgmdo MIobsbEo 3mI3mbgbEos Jshomgowgbo (10.15 %),
L3o@Bvgbmero (9.8 %), 35¢gMmHsbmbo (11.9 %), begrm y3s30e900©H JoEgdme gmgdbgmdo
390Mds30gbo D (17.2 %), sGomgowgbo (9.43 %). ©oa0bws GH9gM3gbmwo dgbog@mgdols
0505x3OOMBS,  IX0MNL  BMOWGIOLs @S Y3530¢gdol  gogMgbgmdo 5560503993390 0
boLJ30BHIM39bgdo  Fglsdsdoloe 3843 % s 2348 %-0s, bmwm  bgbdzo@g®3gbmeo
BobdoMfyowdogdo 28.03 % o 40.61 %. bs®Bgbo FOMmEHOL (gwosb, 9gmsbmerosh o
JrmOMBMOT0D  BMsd305d0 ©s©R0bs BgbmEmEmo bsgMHmgdoL xsdMMO F99339W MY,
53mob-gomzser@ol  (Folin-Ciocalteu)  ®gsdBHogol  asdmygbgdom.  99mobmerosbds s
JermOHMBMOT063s BEOoJ(3008 58M03w0bs 56mgdol LHoboswdgam 5d@E03mds, gmsbmeosbo -
100 %, bmrem Jomdmzm®dosbo i36odsos 83 %-om sbgbl
NO-ob  §o03mddbols  0630006MHgdsL  03Mm3MWOoLOJsM0EOm  LBEGH0IMNWOMIPOMWO  Moy30l

05360MmR5208 MXM9I00b. [4u0s63s BMsd3050 3o8Mogwobs 6EH0MJLOIBEHMMO SJEH03Mds
(6.7 £ 0.3 dogmmImeno TE/Fy) ORAC ¢gb@do.

1533960 LBodyzgdo. oxoMs - Salvia verticillata L. gog@bgmgdo, g9bmerm®o dgbsgdogdo,
00MEMYOIM0 5JEH0ZMdS
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dglsgogo

Lodo®mmM39mdo 23500 Loerdol (Salvia L.) 13 Lobgmdss 39303E9wgdveno, Tompsb mMo
39335600l s gMMo Lodommzggerml 9bgdos [1, 2]. Tsmo w4dgEHabmds Jdbol o BdOMIsbU,
595Lm9b, 530w 993990V JOIMJOS 3MEEWIMsTo T9IMESBL. Bosmo Jodo®mo 89d5ygberMdOLS
5 15390306m FoBbom 453MmYygbgdols Gglobgd 0bxmMBsz0s, Lozdome dHoMos. mzoEbsEMGO
LobgMds - B5d3MbsM Ly dO 30 LodsMIMZ9MT0 3GEVIMSP 5 ODBMYOY, 5J9b A5dMAEObstY,
3dBH OG0 oo JgLfages, by gmEol sds@gdomo dsbols dgjdbols dobboo.

B90mm  50b0dbME0Eb  25dMmB0bsMyg, LodsOmzgmdo INBsMEO 43500  Logdob
BMa09Mm0 Lobgmdol JodorMo Tguogzers O BOMEMYOMEO 5dEH03MdOL Tgi35L90s, S9EYISWYMO
36 MdEgdsd 965990060 ™39 I9030b0Ls O BIMTs300L5MZ0L.

3900905 FMHBIMO LEHgMBIO0B Q930 39IWGIOL BoOIMM 5B Joerols s doMIsLoL
dobg30m 330930l MdOYIEs® F9Mbgme 0dbs, oxo®s - Salvia verticillata L.

Qox00sL (Salvia verticillata L.) gmomegdol godmbszgdl 094969096 boerbum® dgwoobsdo
39O O0M3Z5L3WIOHO 93500 JO0L [4], FmEols s 39Fol BH3oz30wwol, bggwol, 3o6mol
ML 06g39d300Ls o FOHOEMBddOL MML [4-6].
ox06M3L dofollBgs bsfogdol §msbmeosh s 39msbmE0sb 9JuEHEmodBL sboliosmgdls
530LvBWO M5 035¢gooL 890MmF30L Mbs®o, 033l Jumzowl bbgsslbgs Lobol gsbazomo
36m39L900L0 56 [7, 8]. dofolBgs Bofowgdol, Fywosbo gJuB®edEHosb Jowgdmw 39MEberol
B56mbsfoes390L, 508MbbEs Fopswo s6EH0MmJi0IbEHMEMO, s6E0d5dEIO0MO sJEH03Mds, 1939
3900030065 360336903560 30GHMEHMIJL0ZMNMO 5JEH03Mds, Lim®o Bafjersgol Lodbogbmmo (HCT-
116) «x6gqd0l dodsto [9].
sxoMs - Salvia verticillata L., Lobgeofimgdom "0slsdbobggmo Lsedo™ 56 "oobggmo
- $3005", 365350 mgzsbo 05¢obMm3zsb0 939bsm9o,
05L5360LGIO-EMOHXO Y3930 gd0m (0b. bLyMomo Nel) [6].
23930391900 bdgemsdysbegol dbsdgdo, 93mm3sly s
sB0sdo,  LoMosdo, o0Msbdo s BAOHOwMgm  gesydo.
15JoM39w™MT0 BSOMNME SOOL o339 IO, 33630 S
g439ws BmOoLEGM Gs0mbdo. 0BMHEIOS J3056, MObbIM,
0MO055 93mBH™M3GODY, IO BgOHPMOYODY, LBHI390do,
0B dbs0gddo, bdoMs MHmyme 3 LsMgzgws 93gbstg, 0yo
300l 95 LM BHYWsdg 2353090 [10]. 35bsb sZg0wrs©

9939909956905 39 GHOsdo 9dm@Esbols s Jabol bo3zdsm
QO 00MIdLsb.

Ubgoobbgs  J39ysbsdo  dmbsM©O  @IX0MIL
. dofolbgs  bofowrgdosb  dowgdmmo  gogHbgmgdol

JodoMo 8995y gbermdol  dgsdgoom,  50dmBbs,

bigtomo Ne 1 960936903560 goblbgs39ds ©M0bsbBHO 3mA3MbI6EHIVOL,
Qox06o - Salvia verticillata L.
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O MO 3 030590000 5939 MoMmPYbMmdomo 899339 mdOL Jobgz0m. dog. M9MJgodo ImHBsGO
9396500l 90 9MBgd0 MT06s6E) 3md3MmbIbAHL FoMmBMobL 39O 0MmToEgbol mJloo, oMsbdo
dbBsMdo  B-350M00m030g60, 0Fswool dgdmbggzsdo - 9gMdszmgbo D (40.7 %), bmeom
30bgmdo Imbodmdo - B-3oMomgzgowagbo (16.03 %), a-3mdmagbo (14.54 %) s JoMomzowgb

mdLboo (15.24 %) ob. gbMowro Nel.

3bMogo Nel
9399565 0O Jgmno | 0Msbo 6mdobgomo 0GOS
[11]
[4] [12] [13]
oG gMsGHeOmwo | 2018 2014 2012 2015 2016
B53999%0

3M33mbgb@gdo
B-3560m530egbo 3.3 24 16.03 11.9 7.3
a-3m3mwgbo 0.3 8.1 14.54 5.9 2.7
39635360960 D - 6.4 2.29 39.5 40.7
L3s@gengbmero 9.0 11 8.64 6.6 4.2
3900Mmn0w9b mjloo | 21.8 10 15.24 - 1.0
0MHdMbgbo - - 0.2 2.1 1.8
@wodmbgbo - - 1.75 3.9 -
a-30bgbo - - 0.29 0.5 1.0

QOR0ML 9g0gHHBgmol Jodow®mo d9950039bmdoL F9gsMJO0M0 bserobo mdobsbo@o

333mbgb3H9d0L T99(339MdOLS s 39303 OOl Mo gdol Jobggzom

000 dg0do dmBsM0o oxotsb - Salvia verticillata dofjolbgws b5fowgdosb dowgdmwo
0009HD gm0 J0MO0MIE 890353 5796050399339 IMbME9gM3969dL - 52.9 %, LglbdzoGHgM39bwyeo
30Q0MHM3Md™bO 7.2 %-05 [11], bmerm 0@sw0sdo dmBsmo dzgbsdol dofolbgws bofowgdosb
30090 gmg@Hgmdo 79.6 % Lgdud3z0@9gM396Mwo 30EOHMIMDdMB0Y, bragnem dmbm@gM3gbwemo
30MHMm3smdmbo 9.9 % [13].
9905009969 3m33mbgb3GHgol  ImGOU,

bbgosolbgs  43996gddo  ImBoMI©o  @IX0ML  gmg-HHgmob,

230blb35390s  Tglodgoms  s0blbsl  49MyGsz30vw0
00090560 9M00m, 30doEGMOH0 RodBHMMom, JgHHYmNgdol dowgdol dgmmEom, 39HMEWMY0rMO

539D900m, 6050l 2obosymz09MgdoL mbom s ».9. [14, 15].
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3309308 doBsbl Fom0moygbs Lodsrmz9wmdo go3MEgwgdMEo ax0Msl dofolbgws
Bsfoangdols Jodow®mo 99500396 mdols S BOMEMY0MHO 5dEH03mdOL T9z3oLgds.

3309308 9mmgdo: gmgOHBgmol Forgds gobbmMEogEs  3wg39696M0L  Fgmmpom
(Lob.g®A.3.#2).  goghbgmol  JodomMo  Jgdspgbemdol 330935  BOGIO®s  gobwdo
JOMToBHMym5g300 dobL3gdEOmIgEMmoom (GC-MS).

QOX0M BMMEGO0ID 5 Y3530¢gd0L o MHBYmMOL Fowgdol 989y, 39BbMME30gE©s
Bs®bgbo dOMEHOL 3300939, BOMEMPOMESO 5JBH0OHO 5030993900l 899339 MdsBY. Fywwrosbo
gM5Jgool  IOMds  2obbmME30gw©s  omBowrMo  3sdMMmdom, IOMmEOL  gdu@®madzos  X9O
dgmsbmrom, 8909y JemOHMmBmOdom. Jomgdmwo BMd30gd0L FOMds OHMES30Wo 35347w)d
50506 gd ol godmyqbgdoo.

9gaosbo, d9mobmeosbo ©s  Jwmxzm®dosbo gMoJ30900L  33¢g3s  MbgEa3gbmgzsbo
JOMAoGHMM 55300 ©s LoMbME JMOMTsGMAMGoME ToLL3g]EHOMIgEHMMEo dgmmpom (LC-
MS). g39bme0gdol xsd9Mo 9339 mdoL 2obLsBEZMmS L3gdGHOMBMEHMIGEHOWWO TJOMPO’,
Folin-Ciocalteu ®god@og0l 359mygbgdoo.

39bmmHo  3m33mb696@Jd0L  3300930Lm30L,  BoBoMm®s  BOSY30900L MBI RGB™3s6o
JOMISGHMYM5530w0  5b50bo  LOE03539wol  BoOROEIDY, Jywosbo s  Fgmsbmeosbo
3M5J30900LM30L gs3mygbgd o 0gm 2sdblbgarms Lol gds Jurm®mam®mdo : 9gmobmaero : fyswo
(26 :14: 3); Jom®O®mEBM®HI0560 BOod300LMZ0L - Jerm®OMEm®Io : dgmsbmero (50 : 1). goMxz0E9dbY
533003905  90-9AHIIAHMOOL  asdmygqbgdoo 254 63 s 365 63 Goweol LoyMdgby,
290350536905-00083960dMOoMJlogmowsdobo/3meogmowmgbywozmeo 4000 6god@oz0m
(NP/peg). @9bmemmo  99bsgmmgdol  00gbGH0n030mgds  4sbbm®mEogms  LEGBIMEHMwo
603dols 99353900L OHMOLY S AL B3gJGHH YO0l dobgz00m.

09aosbo, 8909bme0sbo s JermOMEBMOI0sbo BMSJ30900L  bGHOMJLOoBGHMMO
bmgdol  Lofoboomday™m  5JBHO3MBOL  TgBoLYds:  H9bgdsEOL  MIZ30LNBIEO  BIBPOISOL
2BLMEBdE00L Mbsmom (ORAC BHql0) s 500030560 3560l BOBIGMBdELEGOOL WS 453mygbgdoom.
Lo3MbEGHMMMM© 959mYyabgdEo ogm GHMmemdbol s J39039GH0boL LEBIOEGMwo bodmIol
blboMo. MM Mwo  3MNWEHMOOL  98myggbgdom, obolsHrgms  Ly33wg30  MBd0YJBHJOOL
0b30d0BHmOHmwo  3mb39bGHMs30s,  Gmdgwosg 50  %-ooo  (ICs))  s0b630d0Mgdl  2',7-
©0JmOmBm®glgobo-ob (DCFH) ©ogsb30b.

0bmgdol  Lofobssmdgaym dmgdggds gBsLs, sBm@Eol (NO) mdbool §omdmdbol
06300069030l N Vitro 39;m@om. ©sJo0m 3mbEHMmMmo© godmygbgdmwo oym L-NAME (N(G)-
Bo@®m-L-690606-09000-qLE9M0), 5BMEHOL MJLOEOL MHoMEIEMBOMO 9903390 MdS YD
NaNOz-0b LEebs®EME (LogzsodMH™) FMx303m5b Gt gdom.

33%330L 890073900
QIR0 BMMNWGO0EID oI  gmghHgmdo  0IhEGH0BOE0MIOMWos  60-Bg  dgBo
3M33mbgbBo [3]. ox0MmL BmmMEgdols ©s Y3930egd0l  gmgMgHgmdo 3960508993390
LgbJ30GHIM39bgd0  Fglsdsdoloe 3843 % s 2348 %-05, bmem  UBgldzodg®3gbmwo
Bobdomfigodogdo 28.03 % s 40.61 %. ©M3obsbBo s0dmbbos Johomgowgbo (10.15 %),
L3oGEgbmero (9.8 %), 3o¢gcabmbo (11.9 %), bmerm y3530gd0©sb Jowgdmer gogtbgomdo
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3903530960 D (17.2 %), 3560mg309b0 (9.43 %). ox 0@l - Salvia verticillata L. gmomegdosb oo
439300900 sb dogdmwo gmgHbgmol 99dsygbgero 3m33mbybE o0l 0wIbEHOR03s5300LM30L,
99b396089xbGH MW FoEgdmwo dsbL3gdBHMo FgsMGdIMY 0dbs BolEOL Bmbszgdms dsBol
AsBL39JAHO9096. MBOM FgEo Lo®IMbMIdOLMZOL 93mYgbgd o ogm LGB sOEMEo bodwxdols
blbo®0, om0 9BseoBoE GHoMIOMPS g HImgdolm30oL TgMHbgmeEo 30OHMdJBOm.

QOxX06M, HYuosbo s 90sbmmosbo BMsd30900L MbRgbm3zs60 JOHMTsEm- aMox0mwo
365¢0Bob 990093900 Im39gdmwos LryGmosm g Ne 2.

123
ABABAB
Lm0 Ne2 @ox 0l 39mebmeosbo (A) s fyarosbo (B) gsgsool
»bgrqbmgzsbo JOHMIsEMmyMsds.

0bg3gbmzs60 JOHMISGHMAMIROMWO  9BseoBol F993gd0@6 Rbl, GMI oxoMIL
Pyawosbo s 8gmobmeosbo  g3Mod309d0 Lo3dom@ 80IM0s BIBmmMo  JgbsgOmgdom
(by6.Ne2(1-3)). BomBoEoL NP/Peg-o0 350m350536900L d9dgy 365 63-bg @smzsw0gmgdom
9906036905 dmdo 33569, y300mgao, bseobyxolgg@o, dmyzomswwm dmdfzsbm s 0bFgblorMo
@OHXR0 J9B9O0™mds (e, Ne 2-3), M55 sdsbslomgdgw0s B9bmevMo dgbsgMmgdobomgzob.

QIR0 Pywosh, 8gmobmeosh s JmOHMBMOH0sd  BMsJzosdo,  BgbmEGO
996990 gd0L  XsIMOO 99339 ™dS  2oboLEBOZMS  BMEob-30m3sc@ol  (Folin-Ciocalteu)
695430308 350mygbgdom. Ls8o  39MOWIWOO 3oL  J9IRJP0M  sER0bs  Tmnosbo
396Mgdol X 53O0 F993390Mds Fywosh xgGmsdzosdo 62 + 7 %, dgmsbmerosbdo 30 + 3 %,
JermOMmgm®dosbdo 0.4 + 0.2 %, 9909900 dmEgdweos 36939030 (ool 3:535L 993039¢09bE0)
100 ¢ 99bEH®odEGDY 390 05685009000.

39bm@OHo  Fgbsgmmgdol  xsdmEmo  F90330WMdd  3MEOGEs(305805  MbYE3gbmazsbo
JOMIGHMYMox30Mmo  Bowoboll Fggagdmsb,  Loobw®o  JOmIs@Gmy®moxgos Aol
139dBHOMIgEHM00m,  FgMbMWosbo  BOsJ305d0,  OEY0bPS BB oMHDBMBIz53900L:
HMDIsM0bOL s JumOMmygbol F5930L, REsz3MmbMoEgdolL: 300539HMOlL s @ gmeErobols

999339 Mdo.
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330930l 990amd  9BHadbg  obbmMiEogms,  ilywosbo,  dgmobmeosbo o
J@mOHMRMmO0sbo  BMJ30900L  doMmEEMAOMEmO  5dGH03mdoL  Fgx3oLgds.  bGH0MJLOIBbEHMMO
590305 39535L0s, 9620500L M30LROE0 M5 035¢0L sBLMEOBE0OL bs@om (ORAC ¢gl@Eo)
5 YYXOIOM0 3MGHMO0L 259mygbgdom in Vitro 300580. sbmgdol Lsfobssmdgam 5JEH03mds
993395bs, SBMAEHOL ™mJuool (NO) 0b630d0MgdoL  gsbLEBOZMO®,  O3M3MEOLOJSHOPOM
LGH0IMNWOMHIOMEO PR30V B530MTBIROL MY MG IODY. 89092900 dm393E0s DGO o No2.

3600 N2
Qox06M5L Jofolibgs bfowgdol §9wosbo 39msbmeosbo s JermOHmum®dosbo
3M5J30900L 56E0MJLOoIBEOO s 560gdOL Lofiobssmdgym sdEo3mds

c s
g E
& c
c c g &/
Q = % & 8 c
L) € S o= c )
3 5 | SS |y g g
oo} o 3 ¥ > S S
\‘% \g & © §( A '
[as) > 1) — c IS)
© S w S & )
< = 2 5 &
e < g el S
A f ) g &/
go) o)
36 omglosbEmMds
0.027 +
Wil 0,004 5+3 32405 >100
1Cs0 93/0cw
ORAC 21.1+ 51+ 6.7+0.3 205+ 0.081 +
0036mdmeo TE /3y | 0.6 0.2 0.04 0.003
sbogdols
bsGobssemdogam
dmgdgogds, RAW
264.7 >160 40 11 4518
1Cs0839/0cw
0b630d06gds
Todbodowy®
Q) s Q)
20200gdb030 23 % 100 % 83%
3063966656059 44+10% | 67+8%
(%)
A™JbogMeOmds (>20 NOI Gl 56 5GHOL 36 5oL
% 103300w056Mds) &mdbo- Amdbo- &mdbo-
39960 39960 3960

OMamO3 3bOHoosb  Bbl,  @oxoMl  flywosbo  BModzos  93wgbl  Bsmown
3b6GH0MmJLobGHMO 5dBH03mdsl ORAC @gbddo, bmem 89mebmeosbo s Jarmdmgzm®dosbo

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 355



0505 560930l Lsfobssmdaym 8mddggdsl, 53sLmob s 53w9gbgb EHMJLOYYOHMBIL Ms30L
05300535900 Y M9 900L dodstm (RAW 264.7).

©s133369%0:  oxotol - Salvia verticillata L. 9dofjolbbgos bsfogdosb dowmgdme
9009HDgmdo  ©IYR0bs ™T0bbEHO  3mI3MBIBEBHIOOL  3BM3IbGHMO0  BOMm©Ibmds oo
06@93M5300m, 3939 G9M396w0o T9bs9MH OOl M9BIRIMPMDY. IX0MSL Y0, IgmEbME0sb
©5 JMmOMBMOHI0b BMsd30580 gobolsBOzMs, BgbmewMmo 96596 mM9dOL K530 J90339wMdS,
53m0b-3om35wEob (Folin-Ciocalteu) Mgod@oz0L 498mygbgdom. 39mebmeosh gtmaedz0sdo dmbgs
396 mHo  99bs9Mmgdol 0YbGHOR0EMYDS, B9BMEIMIMBTF93000b:  HMBTsM0BOL
JmOmaqbob 95935, bmwm gesgmbmo®mo s303mbgdosb 3905396H Mol s B MmEobob.

QX063 390560005685 s JerMOMBMOT056d> BM5J3050 250M3e0bs Bose0 SbYdOL
Lofobssmdgym odGHogmds, NO-U 100 % o, 83 % 0b30d0Mgds, 3603369 m3zs60 GHmdlozmGHmdol
396909.

50300609, ox0ML FYwosbo BeMsdz00l Bomswo sbGomJbosbEMMo sd@ogmds ORAC

A9bGdo.

3990g9690M@o oGgMsEH M.
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Chemical composition and biological activity of aerial parts of Salvia verticillata
L. growing in Georgia
Teona Korkotadze?, Dali Berashvili- Malkhaz Jokhadze %, Sopio Gokadze ¢, Vakhtang Mshvildadze 2

Thilisi State Medical University

1. Department of Pharmaceutical Botany
2. lovel Kutateladze Institute of Pharmacochemistry

SUMMARY

A study of the chemical composition of the essential oil obtained from the aerial parts of Salvia
verticillata L., growing in Georgia, was carried out. The percentage of dominant components was
determined by internal integration, the dominant component in the essential oil obtained from the
leaves is caryophyllene (10.15 %), spathulenol (9.8 %), valeranone (11.9 %), and in the essential oil
obtained from the flowers, germacrene D (17.2 %), caryophyllene (9.43 %). The ratio of terpene
compounds was determined in the leaves and flowers of Salvia verticillata L., oxygenated
sesquiterpenes are 38.43 % and 23.48 % respectively, and sesquiterpene hydrocarbons are 28.03 % and
40.61 %. The content of phenolic compounds was determined using Folin-Ciocalteu reagent in the
aqueous, methanol and chloroform fractions of the residual plant material. The methanolic and
chloroform fractions showed anti-inflammatory activity, the methanolic fraction — 100 % and the
chloroform fraction — 83 % inhibiting the production of NO from lipopolysaccharide-stimulated mouse
macrophage cells (RAW264.7). The aqueous fraction showed antioxidant activity (6.7 + 0.3 micromole
TE/mg) in the ORAC test.

Key words: Salvia verticillata L., essential oil, phenolic compounds, biological activity

Georgian Scientists/dsGoggaro d93609mgd0 ¢. 5 N 2, 2023 358



