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ic light scattering method and Transmission electron micros-
copy were used to characterize them. Antibacterial activity
was evaluated against Gram-negative Escherichia coli, Gram-
positive Staphylococcus aureus and antifungal activity on
Candida albicans. Their cytotoxic effects were tested on hu-
man lung carcinoma A-549, colon adenocarcinoma DLD-1
and healthy human skin fibroblasts WS1 cell lines. Results
show that biosynthesized silver nanoparticles have antibac-
terial, antifungal action and are cytotoxic against tested can-
cer cell lines.

6gmLgbsdg0mn 3'., 3gMsdgamo ©'., xmbodg 3'.,
amgoedg bL.!, 3mBmbs-ammzgbosgo 0.2

bI3LIGNL RNIOL (Heracleum sosnowskyi Manden. )
BIL3JBNLAIMOEMNSEN ITLEMITENL
BNEMINAINTAN RS 30MIM3NIHN3IBILIBD

0LLY, BIMIVBIZGIRN 3MGIEN3NL RIVAGIIIESN';
QI3 060L LYIIRNBNEM IJ6N3IMLOGIGN,
BYA3VGBIISIN0 3N3AHM3NMIMINNL RI3VAEIIIES(?

ayo - Heracleum gmemambobmes (Aapiaceae) mgobals
96 m-gM00 439Dy oo 335600, dobo bobgmdgda ds-
00, M0 56 IMd35mbrmm3zo6n damabmgabn 339656 gg-
30s. 593L oo dBmBab ©abs3gomn s Foremnsba ggmon-
mada. yzogomgdo ogma, dm3bgzobm-yzomgma o6
300bg g0, Horgem Jomas ggogergree dgghgoacro.
53 gm0l 120-bg 3980 Lobgmdowsb 3og3obnsda gog-
(390990 25 babgmds, benenm bsdoGmggemmada - 23,
doo dmeab & gbwgdas [1]. 1dM®gds 3G gbow Gyabs
05 bydom3nM Lo ygemda. bogoMmggmmmb bmdsedn®
doammdamabgnmdo gofMmmmEss 303039 gdeemo bmb-
bmgLgob oyo (Heracleum sosnowskyi) @s 8568 gas(30b
©oyo (Heracleum mantegazzianum). bee 3emosbo @oyol
(Heracleum asperum M.Bieb.) 05 ogoo @ayals (H. lesk-
ovii Grossh.) bR yem@§qdb 3ol dmbobmgmds bog-
dgmom nygbgdb.

040l gmGmamgfangmo m30bgdgdo s 33306 g-
d0s 3396560 yzgms bsBomdn guemgndsmabgdals
993339 dobob. gem3dscinbgda sdmAbros 3(39-
Bocal dbnbgdda(s, BmBgmas gomogh 3ol gmommgd-
Lo o @gFmb. g3nomgmmo dtal dgdzgmdoom dom dgd-
0o, 30630 dgmbg3s, Moz Bgbadmgdgmas bag@mbals
d93(339m0(3 0ymb  8@830060l Ro63MNgmmdabomgal.
3(396065Lm5b 3mbEG &b 3g3waa, 396bg 3bab Lbngg-
30l Bg8md85009ds3, dgadmgds godmabgzamb oo bm-
30b 33839800 BofmdmJ3bs s o3b36MmMdal Lad3@m-
3930l gobg0mamgds. Lnd3EmPgda gnmafgds 3bab bbo-
39000 bg9m43900g0@sb Msdgb60dg bosmadn. gMocmgds
5 bgPMDnmo boomboom bagbg d93&m 3900 dg0bndbgds
3960 3mBG oGO NdbDBy. y3gmodg bdncowm bnobwg-

b5 3960l oy (339mo sgomgda, dogomamawe bobyg,
d3mog9d0 ©o J3g0d goyMgda. 393560bgdal oem-
96090 030b93s demagFgds 3Dab Lbnggdel 3ncws-
3060 bgdmddgmgdom, domama §qd3gMe@mEams ©o
&q605bmdam, 5b939, ayab yzogznemmdabes s bndbogals
39M0m@do. sbgom 306mdgdda semgManmmo Mged(30d
dgbadmadgemns gob3atmdgdeman ngmb (396560l Losk-
mm39b ymgyboms(z s M3 G M dobmsb 3nMadnma
3Mb@s4&nm, Igadmgds gobgnmetigl 3mbon@ngod-
o [12].

©0yob bbgomsbbgs babgmdada ngb®ngnznmgda-
m0d BMHMI3otnbgda: bgMasd@qba, dosgebggmo jm-
™0, gem3Ggeaba, JuobGmEMJLoba, 'dm3nd3nbgema-
b0, 0339MoGmM0ba. mammgnmo domasba babosmwagds
oM™ b3ggEMab domemmaoy@a sg&ngmdom, Hmame-
0(300: 8b@0dogd@gfagma, sb@0dogmmdama, s6Gom-
Jbosb@en, guban(zny&n, sbmgdals, Lodbagbal Lab-
0bsom3ogam Imgdgegds [17]. asdmaygbgds go@nma-
amb, 5emm3g (3006 o BLMENsDAb bad JMEbsenme [17,4].

©agob babgmdgdo dgoiegh gogmdgmgdl, gme-
3mbmo©gdL, 3gbmm 3o60mbagoggdl, dmmadmeag bag-
®0796196938L, 568)M3J0bmbgdl. o330 Mbws 30b6nd6mb,
m3 3185606950 s FMm 3mdamnbgde yzgmadg nwn
omEabmdom 5600l semdmBgboma [7].

bgsby@ob woyn (Heracleum sosnowskyi Manden.)
1772 Bgmb sm3mohabglb. bmemm 1944 Bgemb
bagoBonggmmdn Imbatmo byzbaab ayo 0.3. 3obwg-
Bmgod 5B Mmami(s (30mm3g babgmds [12]. bgglbuals
0yob bogBmsdmEabm obsobgmads - Heracleum sos-
nowskyi 3md@abomgmdl 30335L00b Fmmeal 333mg-
3360 d3m@sba3mbal, 3Gmygbme ©.0. bLembBmgL ol
3356000056, bmenm Heracleum - 56803060 33060, 396~
>3l (Heracles) bobgmowasb [16].

3906e@ dmbammn oyl gbgdnma Labgmdgda
doM0maam 3030 (39 gdmns 5¢8mbagmgo s abag-
g0 53096 30330b0sbo o omgb@bal dmalbnbymdn
[8,10,18],

bg3b: @b @oyo 3o3M39mgdgmes gobgamab, J3g8m
Jotonal, 3(3bgme-8mnsbgmal, Ladgamgemm-bgdm bg-
8bgmabs o Lad3bg-Kogo6gcm0lb GgFaGmmagddg[19].
393039 gdymas o dgmda(s. 3obbm30gemms Bnbo
0b&MHME (300 dmastigmdn, Gnbgmal (3968 G,
sdmbogmgo s AMoammgo - ggcmdam 6560mdo,
3membgmdo, 36006530, Labomablbs s sbagmgm
(30830630 [13].

bg3LnMob @ayal dgdsagbemmdada semdmhAgboemas
sbggma(306als, 8963038 9bab, dgomdLamabals, 0336 -
S@MMbal, 0DmMd3gMoGmMnbals, 35635 babal, (+)-356-
390bols, mdLadgm(390e6060L, sbggg, sM8dabmasmsd-
&0babs s 39J@&nbnfn 3mmabadofngdal smbgdmds
[11,15,9]. Boybgagam 08abs, Hm3 o8 bagMogdal ¢dg-
&gbmds JodonFo 00gb@ngo(30Mgdmmas, doma do-
MEmMg09@0 9980gmds M 300093 96 560l dmemdwmg
dgbBagmaema.

©gcds@myo@mda dbmgmaomda gho-ghmo y39-
@obY BoPmE 330 39mgdYme 0bggigrgme @ss-
3509055, @gM35EMB0G gL aoshbosm 3o 0dgdam
Jbemgamgdda (3oba, 3o s MHARbmgdn) dgmbgzoL 0b-
560, M0l dgga900(5 300060 gds ©gMIsGmB0Gmba [3].
Trichophyton rubrum o Trichophyton mentagrophytes,
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3560bs s gMRbamgdals 0bgggd (30980l 358m3B3g30, M0
43922 BoONMR 3936 (39S Yo @IHIsGMBoGs
[5]. Bogybgagam adabs, Hm3 bm gmb Lababssmdmgam
39360 LadMormgdss ImbmEgdamo gMdsGmzaGmbab
L8 3EBsEmME [6]. HRbaEAL EBNsbgdab g93mdbggg0
©gM3sGmMmx0§9d0 ymagmmgal o6 Hgogntigdl d3u96-
Bormmdady [14], M3 39653060mdgdL sbaema s gcm

99893& 060 Ladyamgdal Imdagdals s (30emgdemmdab.
2. md0gd@gdo ©s dgomegdo

2.1. dpgbomgaero baeerggero

bg3LyEob oyal (Heracleum sosnowskyi) 30babbg-
©d @ 30babgzges BsBamgda Jgacmgms byyemmda,
sgafal Mgg0mbda, 2020 bgmb. bgomgnmoab ngb@o-
B035(300 3obbmM(309m©s BoGm3smmmmaonals @
d0m3Mo35emxgMmzbgdab nbbEG0GME0b YBGmba dg(3-
bogab, domemmagool emd@mEol doc0sd 3g@Mgzgmals
dog@. 30bobbgos ©s dnbabgggos bobamgdals do-
momax3gd@aco bombyco s Jsbb3gdEHmIg@emmo
JEMBo@maMoganmo sbsmmabdal 3gwgaqdal dobgozam,
dommmaog@o 33mg39d0bmgal, dgamhbs bygbaab
©0y4ob mgbemgda o Bgbggda, dsm@nga JMdamabgdals
©5 BN 3NdsMbgdals, I93(339mmdab godm.

22 bgomggerob ggbEHogz0o

296G 300bmgab god8mygbgdmmon ngm sbsemabyn
batnbbal 3gmabmma, bemem 4bE Mo @b dsmsemagxngd-
o boobaGa s JsbL3JGHmM3g@cOYmo JAm-
do@maMagnobmzgal, JOHmdsGmamogammo babygmagal
dgosebmema s Bysema. Bymals gobngmseggds Imbs Sim-
plicity ®Byenals asbabygmsaggdgmo bobi@gdal godmyg-
bgdoor (Millipore, Grenoble, France).

bggLaFal @ayal mosbals §q33gMs@mabg asdma-
dMom o 183 dBmdsdwg adv (3353909 mgbebes o
39L3L (20-20 g) 935875396 200-200 3em 8gmsbmels o
25309396 G Moda 9600 Bymob 0dsDsbadyg, mmabaly
893390 nMody, 30 Bnmab 3063s3mmdada. Jomgdyem
939G 0d& 9L Bom@o396 500 e dm(3emdals g~
96390960l 3mmdsoda, beoemm bgomgnmb ¢ds@gdgb
99L&Moa83680b Sboe Yemmesl. gdbE o300 B0dnbat-
M35 94LEMS396@)0L M0bsdafn Momgbmdal badg g
3358 9d00. 94LEMSgGgdab smEBImJmgds, FdEsm 653-
537, 356bm (309m©s HMEG (30490 353414y 39domEr-
o gdmgdmom 45°C §933gMs@Mady.

2.3. boobg-boobaFa gdb@Mog0s

bg3Laob oyl gqbggdabs s mgbegdals dgmab-
memosbo gdbGMod&nwsb d530mg9b69ma 3m33mbgbg-
dab gFadz0mbamgdabomgal gsdmygbgdemma agm bombg-
Loobamo Gadab gdbGMados gobsbamgdoma JHm-
do@matogoymoa dgommeono (Centrifugal Partition Chro-
matography, CPC). CPC 34L& &ogz0nbognl 3atggm Gog-
do @o@a0bms go6sB0omagdol 3maggn30gb&e 9.6, Shake-
flask 94b3960896@8 00, g8ga 9&°3dyg gobbmM(30gem-
5 3536L6gemms bLob®gdalb HEMWat (394bsba, gons(s-
98980, 3g0m0bmema, Bysmo) dgchggs, 453bLbgmms m3-
$035e 0 056sx38MM0L 6ol dobbam. bbgs-
abbgs 3mmommdal Lol gdab gs8mygbgdoo gsdmg-
m0brs boyzgmgbm Lob@gds, aodbbbgmms d53wgan
mobogamomdom: ggbggdaobmgal 6:5:6:5 v/v/v/v,
ogbmgdoborgal 1:1:1:1 v/v/viv, dgbadsdabac.

2.4. 009b&0ngn3069d0

99L@M7d&qdd0 dgdogama 3m33mbg6Egdal LG G-

J& a0l obowagbor gobbmMz0gmes domsmgygd-
@‘gﬁo bnmb‘gﬁ-aobbsgd@(ﬁmaa@)ﬁﬁgn (HPLC-ESI-

QTOF-MS/MS) 56semnba Agilent 1200 HPLC (Agilent Tech-
nologies, Santa Clara, CA, USA) s ESI-QTOF (G6530B)
badmamgdom. dmdMog 3obsb dgoagbos Bysema +0.01%
COOH (A) 5 5(39@™ba@oea +0.1% HCOOH (B) 398-
930 Mobsgemomdam (A/B): 0 6oy - 85%/15%; 7 bo -
65/35%; 20 6o - 60/40%; 42 bon - 35/65%; 43 6o - 5/
95%; 50 6o - 5/95%. MS 35615398 gd0: gofgmeznomn
ombobsz0s (M-H), 3sbob @nsdsbmba - 100 - 1000 m/z,
0060l §5339Gs@mms - 325 °C, 00bgdal boRjstg - 12
/Bon.

2.5. 8n3Mmdomenma oo sbaenbo

33930l 3BmEm3men ImBmogdamo nym mdema-
bob Ladgwaz0bm ©baggALoGgG el BoMIs(3938ma
dogmdommmannl ©g356§o396@0b sbmamgdyma
36mxgLbmEnb, absdgms 3mEMBs-ammzgbas job Jog [2].
by3Ly&ab oyab Bqbzgdal gmabmmasba gdb@mMsd@n
d99mb3s @g&ds@men@qdabs - Trichophyton rubrum s
Trichophyton mentagrophytes Lobobssm3ogam o7-
&03mdadg dnmombda Jozemasbbsggdal dgomeoom.
Lo 33mg30 9dLGMeg&0b Babadsmyn 0b3nda@mMma
363968305 (MIC) Igg30bs b (36mbsfm dogEmme-
3560b3gd0b 35b6gmobomgals s8gF0znmoa §odalb -
&al 3mmgd30000b (ATCC). bsggmago bbbamgdal
b0d 336ngg 3ggLodadgdmes 0.5 35330 mabl, 3n 3GHm-
m3560D39300 Ls3aDd6y 3Mb(396@ G300 - 5 x 10*CFU/
dm; CFU - gmemboal 6563m3436gma gfogmmgda.
3633065 (300L 13300056 53030l 3n BB, blbsF gL
59808 (303m3g4bsdoabs s JrmmMedggbogmmal
ndgmombgemamgboonsbn bLbatgda. 3n3HME0E M (30-
M0 oG gdo Immogbs 0gfMdmbGe@da 35°C 893-
39608 Madg 7 omalb go63s3mmdada. MIC dggobios
Bmam&(3 30 Dnenow, by b3gd@mmbgmanmaw 600
63 Gommab boafmdgdg. ogdoma 3mb@mmenn dga(3a3-
5 063030619849 bLBSAL 94LEG &b aotgdy, beognm
Mefymgomn 3mbGMmmma - g4bE MG nm bbbsmL
bmgmgdab gomgdy.

3. 89093930l 56semabda

3.1. 94bEMsg@0b dg8sa 9bgmn 3m33mMbgbEgda

domamgngd&co boobaMo JEm3sGmatagas -
3sbL3gg&MmIgEHma (HPLC-ESI-QTOF-MS/MS) s6am-

0196000 @sLbENMEgds aynb Fababbgws s 3ababigszg-
5 Bobnemgdal 3gosbmmasb gL He]@gddo dom@nga
31856067530bs 08 GNEmM3Ndomnbydol dgd(339mmde.
%39L393bs s Mgbemgddn nEgbG P (30MIM NS GFYFM-
39356060 805 3963 9emn gmema. Ne 1 by@oc bg dm(3934emos
50b60369ymn 0o 3963 gmm03mealb dmsbmgdal b3gd@cn
M @Mo00bP e d5630. Fmsboddal dodlbodmdgda dg-
bada8nbow godbaMmgds 222 63, 249 63, 270 63 s 313
63 @omeab bogMdgdy.

3.2. 8036mdomemanm®o sbamobal gobbomas

7 00060 0639935(300b 980093, 9JLEHSG0b daba-
daenn 0b3nda@mEemo 3mb(396@Ma(300b 3obbabemgMs
aobbmAz0gmes MmamA 30dgomyMowe, abyg
L39d@OMbM3Yma sbamaboom. domgdmma dgwgagdo
a30R39698L, Hm3 bg3LyHab oyl gqLagdol 8gmsebm-
0360 94bEFMog&0b 90% dobodsenin 0b3ndoGmEmma
3Mb6(396@G (300 (MIC 90%) T. mentagrophytes 6obosxa-
g3 60l 500 833/, beagne MIC 50% - 62.5 3 34/3e.
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Ly Ne 1. 303563 9ema 3l Josbmdab L3g@F0 MeG Moo

MIC 90% or. G869 Babssmdwgy stals 250 834/,
beagnen MIC 50% - 12538 33/9¢m.
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SUMMARY

Nersezashvili M., Berashvili D'., Jokhadze M!.,
Gokadze S'., Korona-Glowniak I2.

PHYTOCHEMICAL AND BIOLOGICAL
EVALUATION OF HERACLEUM
SOSNOWSKYI MANDEN. ROOT
METHANOLIC EXTRACT

TSMU, DEPARTMENT OF PHARMACOGNOSY BOTANY/,
DEPARTMENT OF PHARMACEUTICAL MICROBIOLOGY,
MEDICAL UNIVERSITY OF LUBLIN, LUBLIN, POLAND?

Heracleum is one of the greatest genera of the Umbel-
liferae family that has more than 120 species. This genus is
represented by 25 species in the Caucasus and by 23 spe-
cies in Georgia. The photoallergic properties of Heracleum
are connected with the presence of furanocoumarins. The
genus Heracleum is a famous origin of furanocoumarins: ber-
gapten, byakangelicol, phellopterin, xanthotoxin, isopimp-
inellin, and imperatorin, which show biological effects of a
broad spectrum: antibacterial, antimicrobial, fungicidal, anti-
oxidant, anti-inflammatory, anti-cancer. Also, they are signif-
icant drugs in vitiligo and psoriasis treatment. Dermatophytes
have the capacity to invade keratinized tissues, producing
dermatophytosis. Dermatophytosis ranks among the most
common and widespread infectious diseases worldwide, and
Trichophyton rubrum and Trichophyton mentagrophytes,
which cause infections of skin and nails, are two of the most
frequently isolated dermatophytes. Dermatophytes that
cause lesions in nails do not respond well to treatment. This
leads to the need to find new and more effective drugs. The
aim of our research was to study the phytochemistry and
antimicrobial activity of Heracleum sosnowskyi. HPLC-ESI-
QTOF-MS/MS analyses showed that the methanolic extract
of the underground and over-ground parts of Heracleum
contains simple coumarins and furanocoumarins. While the
tests conducted on dermatophytes — 7. mentagrophytes and
T rubrum proved that Heracleum sosnowskyi can be con-
sidered as a potential source for the treatment of dermato-
phytosis.

bogyodg b., @ymsdgomo 6., 6g3LbabzgMady 6.,
am@asbmodg b., gmbsadg 3.

306mNGITN 3I0MMRI3N Bd»3IBI3GITN
39/@3380630L 3dMOI3OLY RO LGEMIGIINIT
0600%30

OLLY, LMBNIRNIAN VY 3RNE63VMN BOAIIBNNOL
R3I3067G533660

30Bbgb-bog8056mds ymzgmmzgal go 33gmem Mabgg-
3056 nym @ oMb ©s393306gdamo. sMoxsbLama
3M639696(3500b 306MBg3dn gb 0gds 3093 HROM o7~
Gommn@ns. dgbsdadabom, 356 3980bgal dotmgsda
361530 5mMdS0YM0 S 333035 gbG 0 Jabsstbal
3dm(396900, BmBgmms gosbyzg@nb sMrogfma 3 bs o~
LdMBL. domn 83mMbLLAL P -gEm @baggMbomnE Lo-

Jnomgdo 3s@Ma(3980b 308mygbgds dgndmgds Rsnmgs-
b, Goasb ob Db s PG IMYMS© d36sma-
B8l 8mbs(398ms 85DgdL, nbgm@mds(309em bo 3ogdl,
obEgbl dom dgx3obgdsol -3mB83sbnal yggmes bLGMadg-
300 dodomorgemagdoon.

3633990 bodogmygdob 8o639&0bagm 33-
939530, 3m3d0bs@mEnma smam@omdal LEMGsw
dgehg35-393m3aggds 3GmMIs@Gg3o00, dogfsd dgoga-
by 3ogLodsmnFsee MmEngbGnfgdammo 3Gm3gbos, Moo=
356 bbgamabbgs 396398 0bg9ma (33memgdals dg3atia-
L30Fds, J9EMds 56 YMM0 Mo Robs(33mgds 3Gma-
B Bofgdal geem BabGo s babom gbss. gbadsedal-
o@, 356368 0Mgdgmas bomds@gdsi dgdydaggdama
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