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Comparative study of antioxidant activity of Georgian
medicinal plants

Valentina Mittova’?*, Zurab R. Tsetskhladze!, Khatuna
Makalatia’?, Tornike Mindiashvil?, Giovanni N. Roviello*?

'University Geomedi, 4 King Solomon II str. 0114, Tbilisi, Georgia

2 Scientific-Research Institute of Experimental and Clinical Medicine,
University Geomedi, 4

King Solomon II str. 0114, Tbilisi, Georgia

SInstitute of Biostructures and Bioimaging, Italian National Council for
Research (IBB-CNR),

Area di Ricerca Site and Headquarters, Via Pietro Castellino 111, 80131
Naples, Italy.

*Email: valentina.mittova@geomedi.edu.ge

Today, 200 taxa have been listed in the official
pharmacopoeia of Georgia, but the chemical composition,
antioxidant activity, and antibacterial properties of
Georgian medicinal plants are mainly unexplored. The
comparative study of antioxidant potential and antibacterial
activity of Georgian medicinal plants: Paeonia daurica
subsp. mlokosewitschii (Lomakin) D. Y. Hong,
Sempervivum transcaucasicum Muirhead and Thymus
tiflisiensis Klokov & Des.-Shost., representatives of different
families, was performed. In the study, the antioxidant
activity of plant extracts was determined using DPPH and

TAC assays.

The highest antioxidant activity was revealed for Paeonia
daurica leaf extract by both methods. The highest phenol
and flavonoid content, as well as content of water-soluble

antioxidants, ascorbate and glutathione were also found in
3



Paeonia dauricaleaf extract. The antibacterial activity of leaf
and root extracts against Escherichia coli ATCC 25922 strain
was investigated by disc diffusion method, and minimal

inhibitory concentration (MIC) values were determined.

The highest antibacterial activity was revealed for Paeonia
daurica leaf and root extracts (MIC 2 mg/ml and 3 mg/ml,
respectively), while the antibacterial activity was lower for
Thymus tiflisiensis leaf and root extracts and Sempervivum
transcaucasicum root extracts. The antibacterial activity
against E. coli ATCC 25922 was not revealed for
Sempervivum transcaucasicum leaf extracts. We proposed
that the water-soluble components of the most active
Paeonia daurica leaf extracts are likely responsible for the
first attack on £ coli and explored in silico the binding of
reduced glutathione and ascorbic acid to OmpX (PDB ID:
1QJ8), outer membrane protein of E. coli, implicated

in adhesion and invasion.

In silico study offers a mechanistic hypothesis for the
observed antibacterial activity of Paeonia daurica extracts.
By targeting the loop region of OmpX, GSH might act as an
inhibitor, disrupting key bacterial functions and reducing E.
colfs survival and virulence. According to our
study, Paeonia daurica subsp. mlokosewitschiiis a valuable
natural source of phenolic and flavonoid compounds and
water-soluble low-molecular-weight antioxidants. The
results of the study will be used for the identification of

biologically active compounds from Paeonia
4



daurica subsp. mlokosewitschiiand the exploration of
possibilities to use this species as a substitute for antioxidant

and antibacterial medications.

Key words: Paeonia daurica subsp. mlokosewitschii,
Sempervivum transcaucasicum, Thymus tiflisiensis,

antioxidant activity, antibacterial activity.



Cyclamen colchicum (Albov) Albov-0ls mG360900¢56
300999900 303560 gJuBMagdBHgdols Imddggds
A9IGM3gem3gmsbom (CCls) sb0sbgdmeo
05339000 39353 ™303JdbY

dserbs® gsbsbos

603960L0EgGH0 39mTJPO, LodsOMNZgM, MBOEOLO
90g3mb@o: malkhaz.vakhania@geomedi.edu.ge

Bsde™ddo dm3gdmwos 9396560 - Cyclamen colchicum
(Albov) Albov-ob dmd3olb  3owmgzsbo  gJuEG®ed@ol
dmddggds  10%-0560  BHg@Godwm®dgmsboom  (CCls)
©H05690w0 M993900L 3935@M303H90DY.

939bo0ol  Bdmend3ol  3owm3s68s 9duEG®edGHao,
3M6396@®Msgoom 0.240 dp/dcr  (9duGHOOJGIO0 9339930
Lo (3bMm39wgddo 06GHM39M0EGHMbMWo®) Log™abmd-
s 49593005 CCl-000  godmfzgmeo  99ds9Mmngdgeo
Jumgool 29630050935,  MI3s 3960 TJoxgmbs
A9IEHMoJem®mdgmebom  (CCls)  259mfizgmero  3bodmgsbo
Jumgzgowol  (bLEHJsGH™DBoL) Fo®dmgdbs. s3sbmsb, (300l
9dbd®oddHo 0039  3mbEgbGHGsEoom 96 sbgbl
350MEMQ096 3gddgqdsl ©30dol Y MHYEIODY.

3I-BOEHMS30M0  JOMASGHMYMIR0000  draend30l
303560 9dLEHModEH0 04mRs 4 73M5J305© (3035Q0). 3OOl
o050 3mb39gbGHME000  godmoMbggzs dqlisdg iMog3os
(3030),  GMIJOE  OEO  SISMNMI0M  Yb6d
9dmbsfogmdgl 3935@M3OMEgIGHME 3OMm3gLgddo. SDS-
9934 GHOMBMOG)Ho 30053600 5d0Ob 39do,
Cyclamen colchicum (Albov,) AIbov-ols dc¢0d30lL 30w mgs60
9JbGH®odBHo 0ymgs ©599b0dg 73MJ309©. LIZIMIMOM,
d0MEWMYPONMHS©  9JBHOMMO 30900l IMEYIMEIMEOO
31900 Mbs 3YOsMIMdPIL 46-55 kDa-ols gstwgddo.
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99b396089GHoL Fgme9g 93e3bg dglhogwrowo ogm Cyclamen
colchicum  (Albov) Albov-olb  gmmEob  3Gowmgzs6o
9gbGH®sgdGHol  8mddggds 10%-0560 GH9gEHMogdwm®dgmsboo
(CCLY) @5B0sbgdmmo 33900l 39353H™3E0@JdbY. ge-
RO AHOMI30I0 JOMIsGMAM53000 399myqbgdom
3owm3s60  gJuBHModdHo 4 B30 (30350) I0YM.
99b3960896GHoLsM30L  FgMBgmwo ogm Fgmeg ROSJ30S
(3030) 3mb39bGHMsgoom 0.054 dy/d¢». Cyclamen colchicum
(Albov) Albov-0ls ZmmE0sh J0wgdeo dgmMg B3MoJ3E0s
(3030) 5339000 9933953005 3mb39bG®ms300m 0.054 /A,
dgds3 LBogMdbmdWsE FgongMbs 1533900l M30dol
Jumzodo CCls-o» 3o0mf39mwo, OHMYMO3
090596009090 Jumgowol, obg bodmgsbo Jumgowols
(LEBHYGHMDBO) Fob30m5MGds. 02039 BMSJz0s 0.054 dy/dew
3M6396GHM5300m 56 5H056gdL 30dWOl YR MYEOIOL. Qge-
ROWGHM300m  Jogdmwo  JgmMg 3030L  30wm3zs60
2054309 (3030) 063350 JOMT5EHMaM>5300l Jobg30m
0530 dbGO3  ogmxys 5 gModgos  (3030). SDS-
994 GHOMBMOG)Boo 305360 5doEOL 39endo,
Cyclamen colchicum (Albov) Albov-0b ZmmEob 30wMm3560
9bGH®JBHO 0gmBs Mr59EIbodg JOMIMWSE. 3935EHM3OHM-
GO 3GmEgbgddo dmbsfow), FIWBoWEHFOYO
JOMAsGHMaMox30000  Jogdmwo  gmMg  BMsd3oobL
9930 dsld OO SEBSMMI0M FEYOIMIYMIL 44-
46 kDa-ols g356pe09ddo.

153356dm Lodyzgdo: Cyclamen colchicum (Albov) Albov,
Cyclamen europaeum L. 39e0-8oG®30@00 JOMIsEHMm-
305305, 0Mmb(33W0®O  JOMToGHMAMOR0s,  BYGHMOJLME-
dgomobo, CCls, SDS-g9w-9egdBemgm®gbo,  3obEm-
AORMEMY05, 89959009090 Jumzgowo, bEgsdmbo,
39353™30%9d0.



266 9/85md5d0 oMol Mo S
36OHMBgLoeEo MbsMdO

39058 59903y, 93539M069 83507, Fs0s rerdlisdy-
343535, 095056 [lg@9009¢0?
1960396LO0GHIG0 3gMIgE0, LEJsMmMZIEM, NBOWOLO

Wogdo®mz9mb $9d603996M0 1b039MLOEE0, LdsOMZgEM, MdOOLO
90gmb@s: guram.amkoladze@geomedi.edu.ge

6900Ld0geo LoddosbMdOL JoOHMN30L BLb3sILBZS BMOTS
39900949b90Mm@s, MMIgEms LoliEgdoBomgds dmbes d9-20
15993996900, HMEJLOGE 3OMYOILOL 45630MOOL (39339dDs
LEOMWOoSE F9gE39Ws FM35¢0 J399bol 93mbmBogs. doom
dm60L godm®mBgMos: 530, 0byeolo, Bobgmo, 4gcmdsboy,
053mb0s s Lbgs.

930bmdozols Lbbgoolbgo QIMPOL 5306 dsdo
0050™M39wMmdol  9hHm-9hHm  doMoMO©  LORMIZWS©
d00Bbgm@s bgeddm3s69eol  ddsmrm3germdol  Mbstgdo,
653 9. B50Mols Jobg30m 0gm: Boddosbmdol gobFaMgds,
629600905, FoOMZS, 3MOPOb0MYdS, 50B0boLEHMOMYdS
@5 3MbGHMMo. MsbsdgMmgzg 30MMd9030 COEIMMS
Mbs®gdol  F0dsM  Joymds  ©I3MBIMIBHS o
Bodmyoeod@s MHmamO3 9960360, 530560 s
36339339900 MBMgdO (6. 353 30).

3oOmMZ9MOSBY 39300 SHEOO 2odMmmd3s d93609HO
d9b9x 960 99949b9eds i3. BHgowm™Mds. ,,d5OMZgLMdOL
300bzodmwo  dobsbo  Mbs  oyml dodLodsEr Mo
MBOWB3gYMBs O ©ITJoM9390ol FoMdoEHgds, 1939
0000Mg90 3mdMdog0l FoMTs@gds®. dologg domomgdom
35MmM39w ™oL Mb56M9d0 Tgodergds 26300569l 99090
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3035609 gd900L dobggz0m:

1. b5gdd05bMdsBY 3936096900l 2o630005619ds;

2. 396bmbsewol 3Gmxzglomwo Mbsegdol dobgzom
3935096 Mo FgMbg3s s 3OMYMGLYI0o A56306M9ds;

3. L5gd3056mdsBg F936096M909d0Ls @S d93bogMrmeEs©
990Bgmo 5 96300560900 3gOHLMbseol  9gHMo©
0530Mmy6r5;

4. 303030 5 3F0EOM MOPOYOHMMdS d9bgx BB
@5 90399353990l dGoU.

59053 9MLYIMOL  BFIOMZIWMS s FMIMT3900
00mJdol  056sdsM0  35LbolidYgOEIMdS.  OPIMO S
d9bgx09bBH0  ™ogol  MagzBg 0gdl 0d  Lodwdomgdl,
HMIgms GgLOEgdol MBS0 T Qoobb0s.

MoErosd  mBds  gosbowoBs, oy M®Igero

3561390 IMH-WOEIOHIE0 353390 Gd0 00l 93MM35d
o 53960350 05360 30183560980L506 @S Fglmsgzsbo

0009900.

39600b b5gdd05bMdOL SBEOO FoMdmaygbl 3o6Hmgzb9d0L
353693590 Jobo 49630m96M9d0L dEroge FBSMFIOL S
©59M 300090905 306369008 FBoMdIBY, MbsOBY, Mo30L
QOOYEIQE  YIYeEMINE  ©>  pMbogEYwsE  ©d
150D FoMFoMNML 6ol Logddosbmds go®dol
06@96M9LgdoL domzsoliobgdom.

WwoIOOL  3bmzmMgdol  LoOmwmewg  499m{39ME0s
96535c0bobg s FMOZ9BIOMZB0  BoJBHMMGdom, M3
53930069390 ol 3065 3bM3MYdsLS S dols Loy
9MBoMmgMdSLMb, o3 yzgwsbg 9609369 mgzs60
13063ob 063 9M9l90msb, B0BBYOMb s b3 oo s o6
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39 GHMOH90Mb.

WoEIMo  53wgbl 3930l Lbgoolibgomdsl.  dolo
dmddgogds  ©s  J393e, Mbos®gdo  35MEB0MMHGdmSb
A535653900L5L BZ5A356M05 30O F9ALEMMEGO GO
MOD0GOHMO0LSL. y3gws d90mbggzsdo dobo MbsMgdo o
9md099d9d0  Mbs 808E0bsMgMdEIL  vMEOEgdgo
3960 gmdol 3ommdqdd0.

©w0EIOHOLS s oML JOHMOd030 J0EYMTs> BoMIOL
50m396900L gL G0sBg  Mbs ogml  Ho®dsEgdom
F9OHgdol Ao6HYMdOL Loggdzgmo. s1gmo 306MdgdOL
bo93dz9dy B3960 FoYMTs WOEIMOL MBsMYGODY o
3960gmdsbg  s@ILEGHMOIPL  ©.  NHBbsdol  doge
©53LGHMMJOME O IIBHI0EIOME MJMOOSL. 39MIM,
930353006 sHBM0  IyMIsMgmdL  Sgmo  doymIoo:
»39000dg06g0s o dmobobgds  Limégo  obgoo
9md09g9dgdo,  OHMIgmoi  Fggbodsdgds  3oMM369d0L
3bm3m90sd0  JoMOMOI©  IZZ0MGIM  gobigmdIL®.
36™d005 WoEgMol LogdosbMdOL BMSZLEHYMBS S Tobs
053080 MBMGOOM 355G MH9g3L bgddmzs69wMds
3omfoml  99abEOgdgms  Lbgoslibgs  ambogdl,
316@gdols s goMdob  MbEHgMLYOOL  Jglsdsdolio
50396000 58m356930L gLl gdEs.

1533956dm Lo@yzgdo: oMo, AbGmo FMTomds,
Mbs®9d0, woEyhm 3m3393 96305, 306MHM3b)Mds s
d9L5dgdMdGdO.
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930@9xLoMo JMYgMd0m MIBbEYGINYEO
Losgggomgdeol fogols odlogbggdolsls
3963000560930 EOLEM3I53008 OsR6MLEGHO30L
Lsgoombo

oml980 335Y535 1, 30mH30 335Ysgs 2

196039MLOGHIG0 3gmdgo, 0194, Lods®mzgam, MdOEWOLO.
H.odowobol I 3wobogm®mo bssgsdymgml  byommdomwmeaomeo
3060395, 0194, Lodo®mnzgarm, 0d0olo.

9. Bmb@Eo: jgvazava@yahoo. com

Logggomgdeol ool Lodbogbggdolol 360d3bgermgzsbo
o 960390 930 gRLOMOHO FMYMHJIOL  SOLYIMDL.
LodLogbgms 3oLEAHMLEHMIEHMOMOL s Loggmdgewdo dsmo
G0o)omzobo  @m3s0BI300L  Fom35¢obfjobgdom
930gxLOMMO  FMEYcgdo  bobosmgdosh Jwobozmemo
39903w0690900L s J0dE0bIMJMOOL Ms30l9dMGdJd0m,
653 990degds 25dmyqbgd o 0dbgl Loggodarol ool
LodLogb9900LSL 29630056930 obirm3sgool
053603 0Mgd5d0.

B39bL dog® Jglfogaromo s LolEgdsEHoBoMmgdrIemo
0465 Lygzgmdaol Howol Lodlbogbggdol bgdorIMo dobogrols
85 999nbg93s, OMIgwms dmMol 40 msbbegdmmo ogm
930 9x3LOIMHO0 FMEYHJdom. bgd30O AsboEsBg Lodbog-
Bgms M35 0Bs30s  ILEGHMOPIOMPS M30L  B30bols
36935¢0 BOMBESMOO 5 BogoEOMHO 2565339900l
©IGHOWMH0  30300L3M300,  F53MMLIM30MWO

994 GHO®b-00 3030300 450Mm3IZEG39O0.
OLEM3s305LmMab  d0dommgdsdo  Bgabo  slizgbgdo

M3960530M0  ©s  BgJgoMo  Bmbsggdgdol QoMo
99956090m5 CT, MRT @05 562006053099 0ol336900. y39-
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s 8900bg935 65m3gMo309d05 Mdoolol I 3erobozm®o
boog5dgmxnml bygoMmdotmmMyome 3enobozsdo.
©535y0bgm, O™ 930gRLOIMO  FMWYOYOOL
FOOIIWS 3503399WHows@ ©IM30IBYs LBIm-
ol ool Lodbogbgms 30LEHMLEMYIEH MBI s Fos-
Pomzsb  wm3smobs3osBy. bdomo B39l sbogrsby
obm3sgool bodbgdo dgobodbgdmms 303M35935¢r M0
5390920l B539©3000 HbH™Osw )G bgdgwdo, dg¢eE™)
Lodbogbgms  F9gOM-BIBIIMMO  MIIXODIFO0LU.
bgdaomeo doboerol 85 F9dmbzg30sb 303m 35835 IMHO

b39990l B3935 900 3Jmbs 64 d9dmbggzsdo o

90%  930gxgloMMmo  MYHgdom  Msbbengdmwo
bodbogbggdolol. 5  Fgdmbgzgzsdo  303m35835MO

H39990ob 30336MgLooL godm saowo 3Jmbws 3owoBool
LoLbEPASMPIZMS JOOOPYOEGOSL BgIM™ S TS ¥Y-
Gs©. 6 Jgdmbggzsdo Lodbogbgms @oo  bBmdgdol
901b9go350 IMOBMEMAO0MOHO  303396Ls30s  0dgbs
LEOMWYMGBoo  0gm, OMI 30D bgd3gosHy
©OLWMISE0MOO  (33X0Eg0gO0 39BN 96
500b03bgdm©s s  Loddodg  Aob30MHMIGOMO  0y™m
396500 Lolbds®3Mm3560 IH0569d9000).

3oLomM350olHobgdgwos ol RodBHoa, G™I  gO™L
0d9305L d9de0s 2odmofizoml Gmbmeo 36:bBbggdo, Mo
909356086901  OLEIM3s305Hg @S Loggmdwrol ool
9900Mm-035BoeMo  Boflogdol  BoFggzobg  d0dsl
baMgendo.

06@®53605605MMH0 30396 3H9bBool ZMEBY gobz00m0s-
6900 EOLEIM3Is300LsL  9G30EIRLOWOMO  AYYHYdOL
LobdoMy 3¢0939MdL 56 OLobo LygHPMP JMgds, MDD
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65 5Q0WL DMAS© 39M90OW s JOHMZ96 LOT3EHMIGIL.
OobLEPM353008 BMbBY GHMbmEmo 360bRb3gdoL godmBgbs
0] 930gxLOMOO YO doL d983060M9ds 35839690905
99000M-05BoeOH0  80dML  39MbosEgools d0dsls bgMgen
40 5 999056 oMbty 5MLIBIMBOJM 3OMYPbMBO-
bo. OoLEPM35300L Lodd0dg EFMIOEIOVIEN0S 35MMMQO-
M0 3OM3E9LOL J0gH GH3060L 3003396 MEMMEo MHgHIM39-
d0b 5dMmE35L056. o6rs Lodlogbol 3smMdomEMyOM©O
©99mJdg9gd0Ls, OLEMIsE00l MYoEoB305d0 3600369-
w3560 HMmEo 9603F9ds Igmeoo 0dgdool BodGHmOU.

153396dm Lo@yggdo: Lodbogby, 3bRbgs, g30wgxrlos,
OLEMISE05, AA0MIWSLEHMIS.
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bymgzby®o 06GH9gwgdEol o L3mMEOL
dgogobsdo

IS SBROSTIH0

m603960L0G 9GO 39MmdgE0, 30B03MNMO IgEoEobols s
95000 H>E300L BOINWEHIHO

9xzmb@)s: lelaaptsiauri@geomedi.edu.ge

L3mOEGHOL  dgogobs  XXI  Lomzwmbgdo  gbm-geom
y439wsdg  ©obsdozn®  LyygHm 0d3o,  Loog
©05360mL3H030L LOBMLEY, CJdOWOE>E00L 9BIJBHObMdS
@5 LB3mOELAgboL sGH30MM30L  FoMMZs  FoMTMoybL
0093500 3609369 ™doL  Bogombl.  gdbmemyomMo
3OO0, A56Ls3MNPOMIBom bgrmzbmmo 0bEgwrgd@ob
(AI) 296300056905, §omdMBIBL obgm TglodargdEmdIdL,
MmIgdog  s©Og  domhzmdgwo  oym. Al w339
LoTMoEgdsll  235dg3l  HM530900L  3OMABMBOMmgdOU,
d0mdgdsbozmcMo 5b65¢0Bols 53¢ ™M5BH0BsEo0U,
©BH3060mM3900L 06003005 MHo MmbHoMgdoU,
3bGHM93dMo  ©9500w0GS300lL  F9damd  L3MGEGJo
©536M63400L EOHMOL QodmmM3ws (Return-to Play Prediction)
(N 95300@ 5300l 3600659930L GOBOIO
3MBE®Mob Lodmogdsls.

G®530900L  MHoL3gdOL 93060905,  OLRBMLE030L
LOBMBEHOL FOBOS, 99D0EO0ES300L M3EH0T0BoE0s — gl
ol 3005Mr07 909005, Loog Al 91339 39OITEHIH MMl
LG9 9dL.
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bgwmgbm®o  0bGgergdBHol (AL 0bGga®osos
05658900M™39 B3MOEOL 90306530 833000MO© (33XP0L

©0536mbGH030U, 95000@ 53000, G©530d9000L
36939630oLs  @s  L3MOELAYbdOL  0boz0WIETMMO
©53H3060mM30L  FoMmM30L doEymIgoL. Al 5eymOH0mddo
MHOHMb39eYme39b LHES3, Lo OOPDMBEBHO3M Qo
30MmabMmBoMYds©  5b5w0BH03oL, o3 860d3bgermgbo
DM©OOL 903060l 9839dEGH0BMBLS S MBOGOMbMgdL
95050 Mbol L3MGMEJo.

Al LobLGH9d9gd0 23993990L NN dbmwm
30009565 0oBL, 560599 [obolfot om3w0ol, GMIgero
9mdGomds 25903936 F03OMEGHEMS3990L,  IO0MZEOOL
™330 OHO0  GH30OM30L  3md0bs3090L,  FMdgdbols
995000E 5300l bbgoabbgs B3gbsMl s bobogl Hmdgero
390> 3MTomdL.

L3mOEGHOL  dgoEobolmgol  360d3bgarmgzsbos ol
3960999053, ®MmI Al 59306906 MRI/CT 565¢00Bols oM™l
20—x96. 0dmdsgoewdo Al sam®0mdgdol  ©obdsMgdom
d9Lodegdgo  obgds  FYgbgdols s  E0YsIGBEHJOOL
90360m©5H0569g00L  50dMBGHs,LabLMGIOL  bMEH0WwM™3sbo
Jumzool (33900l 5EMIMo  3OHMPBbMBOMYds MBS

o MRI 396 bgsgl. sbg3g dowsgro LoBHYLEGOM
3999dos 3Mbomzsbo 69360l 36MHm396@0L

533MB5GHMO0 5TIMMZWS, 00MB5639M90Bg s53w9dbgdMEo
DMLEGH0 ©053bMLBH0ZS O WF0TMWMIOL S VOIMOOL
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