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056150 53515950 €5TJotrdls 3019356M5EJOOL BoboRBO 258MYgbgds 935339900 9B MME0s 3939-
AMAH™JL03MOH0 s 390396MY969E0 30M-MEOBOEOLOL H¢35¢PMOEGOOL 99339 MdOLYSTM.
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ol 53913900056, JOMYO0IB s MM YOOI IMfirrEdME0s Fysewrdo blbso dmero-
L5960 YdOL K H5TOL s FoHEIMg39©o (>1000 kDa) 53Mogzool godmymaols bdgds,
3903 BsdMsEgdsl 0dEg35 W 0sBs@ 0gbsls Mo gdmwo GHmdlozMo 3oMHMmEo-
B0obob 5¢35¢0Mm0qd0(102).
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Odboggbow) awoEgmoboldygsgs] (3xad) 96 3mero[mdbo-1-356m0mduo-2-(3,4-o0-
3oMOHmgboggbow) gomowgbo]. slgmo dom3mEwodgMo 3bmdowo 6 oym 396gdsdo
306395 0965 250MYMBOWoO s 0©I6GHOR0E0MIOMWO dommyools 93609 dsms
©MJGHMO0L, 355GHBY BoMDSJOTOL O MB93BHMOMS F0gM. 58 FGbMErME 3me0dgML,
3obLb35390000 3MEOLOJsM0IOOLOYSD, 90TMIBBS Fooeo 0MBMIM©MEISGHMEO™MEO
(56303083 9396E6Mw0), 56EH0MJL0bEHMMO, 96E0W03Mm39MHMJLoIbEMEmO, sbog-
0oL Lofiobss0dgAM s FOHOWMBdOL F9dsbm®mEqdgeo dmddgwgds (100,109,110).

33930l 30Bsb0s 3033¢gdlM0: BOMBIMB393R)¥I0, GJIbMEMAOM©mO, B0BOIME
-40800, Jo80EOO O FoMTS3MWMYOIMHO 33093900l Lyrdzgebg sboero d3gbscgrmeo

R96MEMOO  80M3Modgmol (3xad-0b) LoxgdzguwbHy IBIIGHVIO0, 3MEORIEHMGWIWO
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9mgdgqdol, FOHomdol d93sbmM3009wo s sd)H3MmdOL bod3mMbocnm msbsdgmmag
3dbs (odomxzm®dgool 999)853900.
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BbiEozm obslosmgdgdol oA9bs;
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659GM@3oL Ig360gMmeo Losbany. LodsGrmggarml 9bgdol — MgmMOY3530s EsTds-
6oL (Symphytum grandiflorum D.C.) 0960900096 306390050005 g90mgmz0eo i39bmey-
60 3mw0dgmo 3mwo|3-(3,4-030OMmJLoggbow)ymo3gmobols 85535] (30xad) 5649 3m-
@o[mdbo-1-3560mdJlbo-2-(3,4-030ommdloggbow)gmowgbo].
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0096@ ™05 F505dM9329)M 396MEMH d0M3ME0TIOHMD — 30RYT-9b.

3900MEOMEMYPOMHSQ  EILIIMMGIMWOS S ©HFMTS390I0s  STJoGl b~

309O®0 LobgmdoL Symphytum asperum Lep., Symphytum caucasicum M.B., Symphytum
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1539006090 EMdS 08590 8EYMIsMYJMBL, MM 35MPo Fgofimzgds 396d0 s s60Fgdl Aol
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BoE00Lm30L. HMAMeE Halo, gs8moygbgdosb 30930l 139dgqdol Imbsdbsgdws. g Mo
990dngds 9oL MeErmb gmdol (3bodmgs6ds 96 3bodoligdm®ds 3m33mbBg6EHJdTs (ogowroms,
3bMEwobo s dolo Fomdmgdegdo), 3M:M30e9baw030e0ds. 53ol oMY, MrYMO3 Bgdmo
0dbs 50b0dbo, 9dmEasEM™gdl 80s39m369096 39EH0OL s bEJIMHOEOL LE0MEHIOL (56
39395000l B3oME0). 98MXYIBMOIO MZ0Lgdgd0 59300 1939 BMLGRMEOL Tgogol godxg-
M90L, 40EgMobol IMBMUEJIMIGHL s Bbgs 503009MHgdgdL. (36MdOE0s, MHMI Lbgsslb-
35 Lobols 9dMliogdolozol LsFoMmms bbgoalibgs Lobols gdmwys@m®mgdo. sbg, Bgmo/fiysen-
do 3030l 9379eloolbm3olL MR bdoMsw 04gbgdab 3Mm30wgbywo3memb s (39&goMH0wol
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3630gbarozmeo (PG) — Jodonmo bGOMdG«wOom Fomdmoygbl mGms@mdosb
LB30MAL. yzgws bbgs L3oMEOL AbAS3LO, AoBBOS Hgwrol oMo F9bs@Bbgdol Mbsto,
5003353 BIOOOME 459m0949bads 4969960 Bsdwswgdgdols s 3MAgE03wm0o 3OHMYI-
300l 3Go63Mgdgdols JogH MmO E 30aMMmb3M3Io FsEHYH0sbgdgwo 0bymgwoogb@o.
36MHM309gba03Mmo 259mM0Ygbgds MHMym®m3 30gMHMlgMm3vwo 60300gMgds s MM
098969090 9egdgbEH 0, 96 4odblbgero, bubsMgddo (wmbombgddo), 309d9ddo s Toes-
9tmgddo. 36309640300l bsdgEOEbM FoBEIBOLMZOL oMmYgnbadolisl FolsmzseOl-
$obgdmeos oo 3mblig®m35:300L, LEGHIMOWODIEFOOL, dogdEIMOE0EO, BESdOEOBSEOO,
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95¢05dm9d0l d985000bErmd5d0 3:mBLINMZ563HGOOL Bsrmzs 54930egdgE0 56 SMOU. 5A5B-
096 9500, 35000 5OLGOMDS 3309090 Yol 899339 349999030 o000 daJEHIM0JI0MS
Q5 Byg3MEOL bm3MGO0? 306EST0bs300L MOlZoL 45dm(95,150). 3mbLgMZbEHIdO Sg3zg bl
Md0sb 3508Mm3560 539139900 53066 9351939050 3033B9BEHGOOL 5doMGIL. 0B,
3 ,,00095MOO 3BLYMHZ96(3 YO0 MEMILOZMMGOO 1bS 0Y3b9b, 6 MBS 50OBOBYdDE
396U, 96 “mbs 11BLBOEODBYIMPIL, 56 bs 3Jmbgl LBo s BIMO S 9BIIBHMEO Mb-
Q5 04mb 350 306396¢M530900L 890nbg93580(3. 5T5L 296N, 3BLNMZBE 56 Mbs M-
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Q5335 (8,37,95).
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9ON-9MH 0 36093690Mm3560 FogEHmOm0, HMIgEHYE ©sdM30IOI0s 30bLoLENb-
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GoLbL s b ImfidgdmgL Joesdmlb 8mdbogdols domgaro 3GmgLlol 3sbdsgzermdsdo
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9oe5dml bo®olbo 49b60LsB3M9ds dMsgzscmo Bodbom, 3500 JmMol Joesdmls doge
1593MbodEm 603009MGOOL odMMOz30LREGdOL MMM s 1YI3MObIEHodwm
6030096M900L d9fimzol LoBdsroom.

oMl bo®olbol 995356935 Bod3Obsenfoderm 603009690900l 45dMMOz30Bwe3-
900 bseoLboL 2oblsbL3M0m, J0MO0MOEOS Foes8MmgdoL bZSBIMEDIGOOLSL. dmfm-
90905 49BLBEZMOL in vitro s in vivo Igmmegdo (38,111,137).

In vitro 9du3960396@&900L 3H99bo3memo g Iergds Ggodergds 2oblibgzszwgdmoals
@5 d0M0MOE FoboLEBOZMNdS T93535¢0 361935053 Jd0L M30Lgd9d0L Jobgz0m.

30653000 O0RWH0s. 59 d90mbzgzodo dognsdml 60dwdo Mbs oymls MFMswm
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©0xYHB0s 99836560l gogwrom. gmmEOoL sMLO 08530 dEYMT>MYMIL, CMI 1533~
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50 33093900l 535M5GMOMO QoRMmMIGds dgodergds bgsolibzsbso®o ogml. dm-
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30L 3063901 (303EbOO MMHR60BAOL 306HMBGOMB. bdoGms© glgbos MGYbYMR0Wgd0s-
6o dmfiymdomdgdo, G®mdwgdoa gMmdobgmolsgsd asdmymaowbo 5606 39936sbgdom 56
999065690 LobEHIGO0. GO FobyMeR0WgdsTo FMMO3LYOME0S Foesdm, BgmM9gdo — o-
SE0Bob 569. 3bLEHOJ30wo bbgsmdol dobgsz5, dmymdowmdgdo 99399wgdse9-
0056 9601 5 03539 3M06303L S PoTMboFHO396 9MHMO s 0039 TMI0WYOIEGOIOL.
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3I3OVLWO BoJHMOYool 53gbol 33eg3sL sbHhIh Jorsdm-8mEgergdty, GmIwgdogs
bbgosLbgs 537d9Hg 501056 TP YOMEGOO. OSODOL 569 FgocBY35 Bod3OBsE(FoT-
e 36935053900l 30H03MM-JodomMo M30L90930L dsmzsoliiobgdom. 2,0 o Fogsdm
5096905 390 Mx356BY, HMIgeoE 9999 ©I3M5350 FoMmYds L0 ODM ool dM-
©wmbBg HIHBobom. 3005 GH9MYdS 9O0 Fosdmlb BodmTol Lsdx MO J5TGNOIOOM.

in vivo 390m@qd0 in vitro 8900mgd0oLogsb gobslibgzegzgdom Lodmowgdsly odwrggs
39983569l GOPOMMWH MO0 3OME3JLO: Foesdmb gdol MBsMO ASTMIMoz30LwIREIMI

59GH0m60 3m33mb96@& 900 s 53 35651369 9g00L 35606 MYBMMdFOOL botolbo.
32



In vivo 8900900 990dgds 35L0g030MJdME0 04658 9d9gabsoMo:

1. 30935653 0L MHgDMOD300 MoMmEIbMdOL gobloBwzcs sdsbowro bodwmdols
@5 56 J9Hm30 MM©YbMdYdL JmMolL bbgomdom. s1gmo Jgi3oligds oLAZ39305 MMaM®O3
3H™39e0b, 51939 9930560 356%B7. Fo¢odMb 25633999 MoMYBMIL 0EBID s M-
65360 J9oBgengb 3960 335369 obLOBOZMME BIOMMIBY Todmbols godmygbgdoo.
59 BoONBY 9b9bab ofmesls 100 93 3HgL BHmo dsgrom. (358 089me9d9b 35659y,
1563 QoFMBB339g3 9O IYIIO FoLOSBOWEHOO JowsErOl L3900 d9HY39:3)9b do-
@53mb Jo0gosls. omTo goblsBmzMosgzgh sMoMgbMMIF0MO 36M935M5GHOL MroMm@IbMdSL.
39690 293 geo 30935M5E0L MoMm©IbMdIL 2oblsb®3Ms396 Lbgsmdol dobggzom.

2. 30LGHMEWMAO0MOO 336093900 LTS GdSL 0dg3056 F03OMLIM30L ObTsMYdom
3960LsBEZOMY, 099 3560L MM BBl FosmHoo 36M935M5EBs. Boesdmb s0EFSbYb FbM-
390U 39560L ©Y30W0MHYIN BOMMIBY, G909 30 00096 30LEMEMYOME SBsmsWL.
ol 890dgds 0ymb gMdogo (d90hg3oL LoMToL obLOLEDBPZMS®) b6 496030 (FoesdmU
393639900l 56H0L Q9BLILEBVZMS).

3. M35 M0 dEsbol 9999y LoLbEdo, MGMYIBMYdTo s Jumzowgddo HgBME-
d30I0 3093565 JOOL 2oBLOBOZMS odMmboymnqddo 56 sdmlimbodwmer 3596 do.

4. 3m 3900 36935M5E0L 3096 A59M{39E0 BOMEMAO0EOHO b GmJLozmeo Mg-
5930900l M90LEHMOE0S (M350l ol Mgod30s, 3B303bgmero Fga™Mmdbgdgdols, 4reols
(ool 933w, 3OBRL3d0 96 W@ Mo Fgga0 s 5. 3.).

5. ®500Mm0bDMEGHM3MMH0 d900m©0o — IMb0dbmwo 36935653 9d0l 259mygbgdom.

G0amO@3 in vitro, s939 in vivo 890000 0deg3056 990569300 990ga90L. 56~
0O00s, In Vitro-ly 990dgds 3039PJM 3OOG03NIS®, M5YBsE ol 56 omzsolfo-
69996 3960l FoBoMEMY0NE BMbJ3090L, Joa®msd in vivo-3 Josbermgdom dggaqol od-
©939. 500530560l 39560, HMAMO 3 BMbI30M5, 0lg3g bLEHOIEHMMom, 360d3zbgwm3zbs
3obUb3ge3wgds 3™zl 3560Lsb. Foesdml Lsdmermm Fgxisligdol dowgds Fbmem
306030l 306390305 dglodErgdgeo.

33



1.2. @50(360mdobL 1533MOMbsEM 1558w95¢gd9d0

@©53P3MMdo- gl 3OOl 3560L, MEOfM3zs60 5OLIOOL S MROM PO IEJOSMY
Jumz0@gdols 3d0dg IB0BYdS, HMIGE03 odMmf39w90s Lodsbagdm Bgdmddggdoo: do-
©o0 39939M5@OH0m, J0doHo bogzm0gMgdgd0m, gbom s Lbogwemo gbgeyooom.

09MH3Mwo  ©Es3)H3OMmdol JobgHgdL HoMmImoagbl 3ggbwo, mOmdwo,3bgmwo
LoMHbYgd0, 5T P35O GBS0, FobMGdMwo bogmgd0(20).

©53)360mds bdoms 0fj3936 OHMYd0m IOMAOL L)bsMMBSL, 0635¢0EMdSL, S
Dmax 9O 35309630l 1033OWL. IIHIOMOLL 39305 JOD-9OHDO 30MHZIWO SPOAOLO
103300 06MBILBS WS BHM3oEHOBIoL IbGOZ bbgs sH0BYOGOL FmEOL (28).

©53)360MdoL 93MMBsMdOL 3OHMdEIOL 450(Y39EHodo domfigmeos 3609369 m-
3560 990092900. ©s3H30M™dOL EOML IHB0sBIdMO 3560l LHTFMObIEM Bsr3gomglie Ls-
39950090500 80086935 3960l BHEBL3EBE 300 58539 353096E0L Lbgremol bbgs saowy-
00056. 0935 3bM39wgd0L S 5E056OL s3MbLYM3gdME 356L, MHMIgE0E Y39wWwsby
bdoMo 359Mm0Yyg690s H0569dMw0 bsHowrol Gqls33w s, 295Bb0s 963390 bo6m-
391900 MHMIGMQ9bs3 Y39wsBg 360936935605 oo Lodzodyg (30).

Y39esbg dglHogeroeo dologngdol xamal, MHMIgdoa 49dmoygbads sbosbgdmwo
3960L 159379Mbsem@ HoMmIMoyabl JumzowMm3z560 Fosliobggzo dsboergdo. 3oBsbdgfmbo-
@05 239mygbadwer 0dbsl babggzgdo, HMAEgdoE 8903e3L LdzMMbacnm blbsMgdom, wobo-
89619000, F5cs9mgdom s bb3s Ao509bmow Lsbgzgg Bsliognsls. sd[H3MmMdOL 563 0Lg3E037)-
60 L5300l 3eolingw® ogooml FoMBmaagbl 3vIMsE0woboom (1:5000) yowgbomogo
Lobg930. oM 50B0T6EOLS Lobggz0 Folveol AoLsM9bms blbsMOLS s Boesdml Lybood
299m0949b9ds 396360l boEMa®o, 396M0w9dol bo@EMo@ o, 359396000 5:3939G0 s Ubgs.

Jumzomzsbo bobgzgz9d0 30M39w Moado sdmoyYnbads 30MH39WsO IbTsMYOOL
50dmBgboLOL. 53539 COML GHMHO0E0Wo Jumzo™gsbo Lobggzo LydsWgdgdo 396 35-
LbMIYE 396599 MM3z9 IMMbM3bmdL. M3 LB FsbMJ5396 9JuIOGL, BMIgerogs

3M5399c0M900Lsl bl ol {yerol Bgdg@oE sSmMmmJargdsl.
bobH393900L 359Mmygbqds3 Tgodegds A5dmofiz0mb S0MOL s FsLoL (330l d9HYy39E)o

LH393Bg OLYOIMo FIMSE0 9JuIEOL Fodm, Moz 0f393L Lobggz0L J3gd JozMMBEM-
0L 25630056M905L. Fos 580Ls 58 FoBGdOL FMHOEPMBOLOTO FoPIE0 539D 0o, QoBLS-

39900609300 M6 s300L LEHIOsdo M5 M) 56 JaBol TgbmEEgdoL 30MHMBYOL, SM5dgE
34



3999905 ©539bOHMFmb 30009353 OU. 35335, FoMol Jolserol dmEowgds dgbm®mEgdoL
3603900 3Ymxi0 FOH0EMd0b 03938 Job IB0BYOSL. FOHOWMIYGOOLS S sIHIOMdY-
d0b B3 3Mbserm 39ML39dE0ME0s BobToMmlMMmdOMGdIO Aslidengdo. bsbdoMds Mo
33003563900 9096095396 FOHOWMdI00Ib s oAHIOMBGO0IB J0IOMBEMESL. Qo6 -
Q05 530Ld 58MMB96 FHOMBIL S 930609096 T9F39d5b.

80995953500 0dobs, HMI SOLYOIMOL MBMEOMGOIMWO Fo5dE030M90)mo bsbdo-
00 FHoMdOL 539353900l OEIOO0MO F)JEJd0, BLMEMDIBEFHJOOL godmygbgds ds0b3
39969939905, 306500096 3M6gd0 5019396 Moo Jumzowol Loe®dgdo s olo-
b0 dbgero dmbedmM9gdgE0s. 4oMs 5dobd AMbMwomgdMEo LmMd96EJd0 396 WBEOHWE-
39094396 FOH0WMd0IL LoMbols 65350gd0l Mgy oMmgdME godmygmasl.

©53)30Md0L 5EQO0WMIMN035© 1¥II3MNObIME Y39 B bToMmsE 49dm0ygbgds 56-
GoLY3H03990 O BEH0BOMEH03900. DMY0gHm 33¢9390d0 5©0b0dbos BT AH3OM-
000 FHOWMdOL 06539J3096 3630056093590 5993560 HMEo 9379M360L 3500966
MdOmbagH LEHIBOWMIM3IL s WMOX-0(3569 BoJol BboML.439wsBg Fomowo s6EHo-
0599000 59BH03Mds 59 F03MMMEOHR60DTOOL fobosmdgy gosbbos s3obmawrozmBo-
YO0 56E030MEH03900L X3MRBL, 390dM©: 396@9303060L, BHMIGId03E0bols, Bgmdoiobols
LGB BHIOL S LbZs FoM0EgdL. 5¢Ts-530L FgMmbg Bs9350IYMBMI0 IYOHMIOE0s O-
@0 36M0E5bgmol 30335600l «ClaxoSmithKline» 3693565 0b 393@9H0©0d0L (BmMEmdo)
3990g9g6900l ©sJI0O0 25TMEFEOEYdS. MO EYF0 Aglsdg 05MmdOL 3989 ML3MMH0bgdOL
X3IB0L 56E080MFH0305, MMIgbog 3o9Bbos 3mgddggdol Boerom 1b3gdEHEMo s dod@gho-
M0N0 H90mddggds. 3019350930 999s3sm 396530 (3gmmzsbo 0dxzgbool bLabom
(2).059650 563H0d0MEH030L 259Mygb9d50 259M3w0bs INGE0 HOYO OMYMBOMO 439MHEO-
00 3m3w9bg00, H®MIWGd0E PodMObIGHIOM®S SEGMHRO0M M95d309030, dos 3mb3ods-
M0 06039309000 99m3w9bsdo o 5.9.

©53)36MMd0L  LYI3MObIME FgMM35HJOI 0dbd BOMWMAOMS©  SJBH0YV)-
60 ©bs3sBH0 — d5wbsdo ,,Bospoxaerue”. ol 9goEeglh 3MOLEIXWE 0mEL, Jsomdol
000U, LEH5FJOGWL, GAOL S Sb3MMBObOL 355535, B5EHOMJLOIBEJOOL 33 gdl, o~
9039 3590l ddsMb. 3093505 gosBbs 3560 B5JEIMOMEFOEO S ddEBHIMOMUES-
&039960 Bg0mddggds (70).

3bMd00s oA[3zOM™dOL Lod3MMborm ggeoligdm@mo {odwwol Bm®Igdo(113): d0d-

3930L Ls3g3609M™ 3309300 396E®T0 Q5TMYgbgd e 0dbs v9dEM398960L 20%-0560 ygwro
35



99-2 s 39-3 bsobbol sdY3OMBOL IJmbg 3530963HJO0L 1HIFMObIEME. S©b0dBMEo
3693565¢0 B99Mmddggdl ©sH0569dM Bg306HBY, M9AocdL Mgl X MIOM-
396 8994560BaV, 55dBH0MMmOL F96a3000 3OMEgLL FOOWMBSTo. 5dE™398960L sbEod)ero-
690900 9539JGH0 FOHow™mdol JgbmEE oLl 49b30MMdgdMos Bslido Fgdsgoeo MmEo-
3MBdoM009d0L 0bLEobALYS3LO SdEH03MdOm. SJE™M393900 2odmoygnbgds 353096¢gdol
939960b5¢0md0b Lidqdsdo 4o6mgysbo gm®ddoo (30).

0BG IRSMZ0L FoQdeoml HomBmoqbl 533F568maJdbgero Lolidg-
ds “Lifuzol”, ®md9w0o3 s0@9690s FOHommdsHg 99OHMBMEOHO Jg0MmPOm. Woxg)HDMEo
9500905 300-39930dE93M0WSEOL FoFH9M9d)BY, HMIJw0E 890393 doMEMYO-
M5 5JGH0O0 ©65FGHL — J5330L BB, 53 FoLOEPOL OPIIOMO FobolinsMYdYG0s GOk~
130&900L 356020 5©39H0d 3xb0sbo ByLs30MHOLETO S 9EIMds fywrols oG, FoyMsad
Loggs®ds HMIgarog 0436900 FH0wwMdoL BYsd30®Bg InbmdgMgdols 3meodgmobaizool d90-
99 396 335 OO dMYqbgds. 3BMdOWOs Fbmerm (35039790 F9dmnbzg3900, Hrag-
Lo3 FOM0EMB5BHY [omdM0gdbs Logza®o, AolBg oEPboo 3meodgmol gbgbowolisysb.

MM EOHML Y)MH509G0s 0034H™M FMH0EMdOL Bgsd3omBg 3baboeoligd®o 3m-
©0-(2-3000OMJL0g0E) 89BO3MOWIEHOL S MHYZHO 300J0EGBY03MEOl botrg-
30L bog3dz9 b BoOROEJOOL [odmddbols Tglodergdermdsd. 8 9dmbggzsdo FOHow M-
0599 ©0GBHI6 3MErogmowgbymozmeml s 999y 983MI3930696 3MeE0dgMHgdol
13b360eL. 53 M3gEMsE00L M58YbodgXIM 25639mMgd0L 909y JoX MK 3JOIIWO S T~
£9099Mo 3mwodgmhymo bsfowszgdo Fomdmgdbowbgb FOHowmdol ©sdxgsMeg BoMFBO-
Ad9L. 9L LobiBgds 6OLOWGOMP, MMYMOE IFIOMBOL 1L5T3MOBIEOM LsTYSEdS. SbgmO
5306OB0GS §9odo X0MmX3090s, 580@™I Jobo JmEowgds 9933wolsl dE303699wms,
3905 580Ls, oL MB30MSEJLMISO 0MZWGdS MMM EMMDS, MO3F 75300 3530~
90l sdF3MMd0L Bgs30mBY Hgwol dmIEH«3900L Fo®dmddbsl. sligmo IgBSMIOL o-
9dmygbgds 0dewgmes 39607 9909390l 050 boGolbol sdH3zMMdOL ©sdwYdsgzgdolsl. 5a
9sboEol 259mYy9bgds 99BN 0Ym IEHBOL LoMmwom s 139wo FOHOWMDdJdOL
80856 (399000 5P Boom (85).

©53)30MdOL Bod3MObocnm doboggdol LfmMo TgMbgzs s 4o9mygbgds mHemb-

39gmRl H30300b, 3390bsMmdol 35009008 s AH3OMBO’ J5dm{I39MEo F99yI-
0ol d99(30609050.

36



1.2.1. b593790bsem BoMHROEJOOL BMASEO ILLOSMYDS.

3300353060 {odwol g3mMIOL 99300 OO OLGHMMO0s. B396L Hawrmsm®moblzsdwg
995, 994 15399699090, 390E0bsd0 Q58M0YgbgdMES VZ0BMLMIE b BgmMb ghms s-
3993953901000 6900 s Imbs®3 o 939bsMggool 3bgwo Longbgdo; doesdmgdo bbgs-
b3z 839bsMME0, 3bM39wwIMH0 s JobgMse o [oMdmdmdol 3ma3mbybEgdom, Myg-
©0b, 3565Jol, MmOl Jmbol, 99009w9dmwo (396900L s 8396569900l figserdo b w306mdo
9989990990 Babo®dol Logdzgwby. 999y 39PbbIb Loggbgdo s 9d3wslBMHMgdo.
4395 00bo 290300 0gm MMR60DBIBY bsba®derogo bsd3MmEbogem dmddggdolismazol.

365gdBH03MWO© Y39 alobggdmeds ool B3mMdsd B3gbsdg  dmomfjos.
™Mb, L 0lobo 396 3sLvbmdgb Fodwol BMEMIGOOLOTO Foygbgdwar Msbsdgtmag
8mmbm3690L, M306MH39egLo©, 396 509 0Mqd96 MERBOBITo doMEMAOMES SJEHOIMHO
6030009690900 250Mmm530LvRE9dOL LORJIMYL. BoMBS(393E o Ggdbmemaool gMm-9MHo
5935656 HomBMogbl 994absl 3MsblicgMTocIMo 1gM309eo LobiBgagdo — goblisgmm-
9000 IM{igmd0EMdJO0 356339990 3MBLEOWY 30990 M930L9dMJOGOOm, HMIXGOOEG
0d935 8mddgo 6030096900l Im3gd e 063 9gMH35¢do bobyMdeozs0 MHBoMmYdOL Lods)-
5¢0q0sL. g Jglodergdgeno 4obs BoMmBS3MEHIJEMWMYOME 36M5dE03500 A9BLEIMMMGdIEO
1996d30MbsMMH0 M30L909d0L dJmbg sHoero 3oLl 3tmerodgMgdol sbgdagom (122,131).

©EgoLsm30L bbgasolibgs dmbgdols 3meodgMgdol gsdmygbgdom Ibswgds s
3006036 69030 0O FoMdsEHgoom 2odmoggbgds B0MTBOEGGdO.

2396M95393GMI0  39JbMmwMmA0gd0ol MbsdgM™mgg 80093900 LsTMsEgds 9350~
3L BO33MOBIWM FOOBOGHJIO OZ5XJIBMM S IMZIBEPOBM®M o0 JWSBOGROISE0S
3oBHH0EMwo 53O 9dEol 06gd0l dobggom: 3bmzgEmMo (3mesagbo, ggws@obo,
93L& 0bo, Jo@MmBsbo); d39bsmgmwo (seg0bs@gdo); 3030MMdME0 (5g5M—53500,009JLé)-
»0b0); bobgzmo LobmgbmMo (FgmoEEgEMEMDBY, Bod®0w)d-356MdMmJLoTgmOE-39E-
Wb, MJLO3OMI0WINOWEIIMDS);L0bMIBYMHO(3MeErogobow3doMmemombo, dm-
030600l L30M A0, 3090 IcMJLOEO, 30105300 5T0O).

505459500, BIOIOM 3349MMO00 LoMRJOMDYE B396501)IE0 BOMEMYOIMSQ 9GO~
M0 6030009090900L 39933000 BoORBOEJOO 564 BOGMBOMTBOEJ0. Sb3539096 2 Lsbol go-
AMB0OTB0EJOL: BOGHMBOOROEHNO0, HMIGI0E 095300 3905096 Md5d0 89039396 29 gbmE

361935653 g0L (6sg4gbgdo, gdbBHEa@gdo, 1396900, d39bsMgMmo Bgmgd0);B0BHMABOMOBOEGIOO,
37



39003 0930L F995agberMmdsdo 39039396 LB 3MMbsem d;39bsMgMro Bygerosb
90090 B5gdloTo GO OL¥IE305390vIe X9 S 06030 H dmddg bogmog-
99900 (R3e930Mb6M0gd0; LbY30MHOEMObO — (5¢35¢MO0EYBOL: Lbag0bsMBOL dolvyen3s-
Gob o bgergMo@G@mobols batg30); 5e30Bse0b0o; Loenrzobo s .9.

R0GHMB0OR0EJO0 30930035905 53000353096 Fo9ol 3m®mIdL s 25dmoygbgdo-
56 MMM 5©P0WMIM030 8tmddggdoLom30l s19g39 39606 MGYSBOBITo d39bstrgm-
@0 §o®3MTMOOL dOMEIMA0M® 5dEH0IMH0 B0gmM0gMgdgdol Fgloyzsbow (48).

1593ObM  BoBHMBOOBOEHJIOL LTV IOS®  J5TMYgbgd o  THAsMY
6030009090930, F90dwgds I0YML MO XMRB:F>GHMOEME0 533(56MFMaJabgero To-
GOM9OGO0 O M35 BTy 6030gMYdJO0: 3SLEH0B0ZIGMEMO0 (R039M0bo),
30bLgM3563 900 (60353060), 3969@OsEGHMMYO0 (©0IgOElwRMmJLOo®O), 503703900
(303060 30-HMEwo™bo, 3meogzobowols L3o®mEo0).

ROGHMBOOROGHJO0  Fo®gOoLsl  JOMOMII  A9IM0Yghgds  FoMOBoGHOL  Asbol
»BOTSDBYP EBS. BOMWMYOMES© 9JBH0OHO 5030009MgdOL Fgyz9bs Bmyogmo F9dmbgg-
3500 256Lb353900s. 93965690 b0 oMgdMEo Rodmbsfgzwowgdo dgod-

905 996097900 0465L FYomsb, HMIgeos gom35woljobgdwos 533Fs08magbgwo blibatg-
00 8Mbsdbsgds, 96 9345300 3me0dgMgdols 9339 8BS bibsdo gdoeliogdols dbgoglo.

R306R0GO0L ALl 3mTMRI60D305 BEYds F9d9b032IM®. BOMROEHJOOL TOMdS bmMEogE-
Q05 9blbgs39dwen ©19750990d0: 1)40 56 50°C $9d3gMo@MMmsBY 8 Losmol 4bdsgermdsdo;
2)mmsbol 3933969159 10% b56Bgb ¢H9gbosbmdsdwy. LGHIMOWIMO BOEHMBOOROEGHIOOL
90L509d5 F90dgds 259MmYygbgdeE 0465l JodomEmo BEBIMHOEOBIE0d. LETZNMBIWM BoEMm-
1306003303 g00b FLORMME 04969396 30100090 gBL 56 dEPOLEHIE TgRMM3sL.

15939MBIWM BOGHMBOOTBOEHJOO B5305Mm© OO bsbos FoMds@Hgdom gsdmoygbg-
05 89033060l bbgosbbgs LygMmdo. olobo gs8m0ygbgdosh LGMIs@memaosdo 3060l
6L bbgoolbgs ©99350090900L 15I3MMbIXM®, MEHMOObMWIMHObyMmmmy0sdo, 4obg-
3M@M0530. BoEGHMBOOR0EHIO0L LEBO® 530035300 FHOWMBOL byH393900» BOG-
M 25800996905 JoOmGaom 3Mod@EHozsdo (29,47-50 , 57 ,68).

5035650, L5I3MOBIWM BOBHMBOOBOEHJOTS 2odmyghgds 3339l 3ModGHo3wo dg-
03060l Bb35slb3s 1LRBIOHMYdT0. BOGMBOOROEJOOL T931)F539d5 Q9B BIMTS3I3GHV-
@0 3996mmao0l ©s9MY30009390 JodosMmmMEgds. B3gaoswobgdol (fobsdg gl

159399ObsM BOFMBOOTROEHJOIOL SLMOEH0TIBEHOL QoBIM0MYIOL STm35b0.
38



1.2.2. b5837960bs¢rm 3oHR0EGHJO0, HMmamOE SFFIOMIOL 33MMbsenmdOL
36MmyMHgLmeo bodwoegd9do.

©9MHT>EGHMEMA00Ls 5 BoMT>300L JM0-9MHm 3OHMdEYISL Homdmoagbl sdf3-
HMdOL B533MOMbsEM MH30MbITMMHO 301935053 gd0l gddbs. 39Gdm© 30639boGolbm-
396 58m3965L oMo qbl i35m0 Y3060l (339, MMIGoiE LoFoMms dmzol,
3e5Daol 96535600l s gmMso 06939J300L 296300056900l Fobsswdwgy 9539dG IO
06 IMEoLOMZ0L. FFIOMBOL 15I3MMbIXM® 535505 9dMYgbgd Mo b5d3ME@bE(oa-
M gMMIGO0 5M515305M0LS© 9BgJEHMO0s, 0ToL godm MM 396 bgHbgds Lod3MMbswwm
6030096090930l 3mb63396¢ 53008 3)T03Mds IB0sD6GdIMW BgI30MDY, 3MbEsIGHO
bsbdm3gs, 839MbsMmdoL 3MMLo 30 baby®dwrogo.

9019905350 0oL, BT FH0EMBdOL LEH393930L MHMEIBMBS 153TOMO OO, 5J50-
Q9 56 5MLgdMOL Lobgn3900, MMIGdO3 dMYgbgdo 046935 Y439 G030l AHIOMBOL
@OMU. ,FH0MdOL bobgznz90d0“ 0gwEolibdgds 565 Fbmerm B39v)gdMH030 boFMol dobss-
900, (35O, 05©Y, BHMOIMFNI0 s 5.0.) 3M5FJO BOOROEHJO0, Joxzfo@dmdJdbgero 3ma-
3H0(30900, OMBEYO0, 30EOHMIMLMOJI0, 3930, BHB360¢gd0, 35U3)gd0, bzsslbgs
9sboegd0l 3MABOBs30900(58, 69). BHEMIOEOWO bsFMHOL Lobzgzo Asboegdo »BOHMBI -
403396 bmerme 99496032796 5339, FogM98 F0560g5396 Mo FH0EMdOL 9JloBl, olobo
§om3mop9696 bgeliag@ger gotgdml 35000969960 303MBEMGOL 25630005Mgd0LsM3Z0L.

©59)360™Md900L 8329MbsEMmdOL sboen 8gom©L [oMmBmogbl blbswo dmerodg®yg-
00l LYx3Jd39WHY HTBsYIMWO LBsTMMbsTM BOEHMBOOROEIOOL 25dmyqbgds. 3o-
AHMB0OR0GJO0 FoMmBmoygbl 653M0L Loxmdzgubg ITDsIIMWO Foolobzgzo bo-
9995099900l @5 GH®50E0IE0 BsI3MGBs™ B8 s gdgdol yz9wsBy 39ML3 G0
5 GHgMbBH039L, 306500096 Lo gdsls 0deng3s Imbgl Bed3Obsem bogmogMgdols
39Y3560L 500 bg ©9G3Mb0MYdY, MYBOMHMB39wYyMmaL MBOMGdOL LOBMLEIL, LEHSdOEME
5 850 MYM330 9BIJEHMOMBIL(88). oM sdols olobo MBOMBIgEYMmEIb 4569
©99mgdd9gd0Lsdsb FHomdol Lsodgm (339, 39MPI® IMEI0Mgdgb FHoMdOL
B953060DY, 3F0OME 93360056 s, MY BOMB39wYMmR9gh LsFoMmM MEOMJwOL do33esl
130g4L0MEYO056 FOHOWMBdIBY 13YF0SEMMO BoTMsGdGOOL QoMYTg(3).

FO0@MmdOL LIRS Podmyggbgdero dslioegdo 990dwgds sogml MG 35@gym-

6000: 1. 3560l 998330 gegd0, G®MIgdoE M930L IbOOZ 04MmB0SD WOMIdOMO, MHMIGE03
39



50396905 sboe FHoMdsBg Ggbm®m 3059y s bobgzmedmdogo, 0d d9dmbggzsdo
HMOgLOE FoLOS IEBOWOS FNHOWMdIBY M59Ib0Tg M30L gobTogwmdsdo. 2. babgg-
30 BsxgYM0, GMIWYO0E 3JNEIdS OOHMOL o6 33999 063 M35t gdom. Msgolo 3969d0L
dobgz0m Logs®m0o Jgodegds 0gmlb dommyorMo, LobmgHBMOO s 3ddoboMgdIMWoO.
1593MbIM FoOBOEHJO0 0933690056 3MFOO0bOMGOMEOL, HMIOm IRIMZs3 bob-
dm3gs. FHoWMdOL s EIAHIOMOOL BOOROEH00 IRM390L J03Ys356000 ,bgemgzbmemo
3960L% 3M:MdGIOL 2500 FM5dY, 569 0l Tgodgds OEBOE 0gbsl Lbgmarol Bgsdom-
B9 3960L Bogs®ol 35M30LL 96 sB0sbYBdOLLL, 03 FoBbom, MM Lomsbosme Tgbs-
Mgl 59 993565136900l 53mbdiEos. Yo MEs© SBgmo LERIMO Tgodergds Asdmygbg-
00 0gbsls 49633909 306009030, FoIWOMI® J30MY0Ds300L L9530, HMEILL3
FOOEMdS I0gH 5655 3HIB0sbgdME0. 3560l 9933090l E30EgdgE 13019390l
D3m0 96L: EBHmMJLozOMdOLS s 5630396M0 M30L90gdOL 5O SOLYGOIMDS; Hyerol me-
0Job d90)9350Mds ba®TsemMo 3560l AbyogLoq; LHMR0 s babamdwogzo 90350 Mmds
FO0™md0L B9xs306MH0L5A0; ImdbowMds s 3¢sliE03MOMds, MMdgwos MBEOMblgw-
4ozl FOHowmdob MLHMmOLHMOM BIOISOMOL IRIM3L; Tgnfig3smds gabmgbmemo
9036MmMMA560HI9d0Ls©A0; Foswo d9debozMMo dEYMmIEMds FoMHBOEHOL JNE0bM-
00l M3935D9; 395MA0L0SBMBOL OO 3509; F965b30L 30MHMBYdOLIEIO obodoErmEmo
dmmbmgbgdo.

50515950 898853909105 IB056gdME HBYI30MHDY BoOROEGH0D OIBIOZOL, oS-
Gobob Mo Joamds:

- 30MHR0GOL Ho6dmJdbs MIMswm© FOH0WMdOL Bgsdomdy,

— Hobolifo6 3ndIBsIOE0 BOOTBOEHOL 45dmygbgds.

MM EOML O YIMoEgdsl 034HmdL 3653503960560, 39350 Rmbdzom®mo
5306O503HJ0. ©9d9E gL 99dmbg935d0 5006 BoMBoEHJd0 T90(39396: Dgs, F3ggd-
60oL5390 30MOMBMINMOO B9bs, MHMIgEoE 033l 356U o369 do3BMMEMYBOBIGdOL Fgm-
0930L5396, 5@9MgdL 75605l s Hywol mGmJwl, s MHmymeE 8obodmd gmod 9999y
93965L: 30QMMAPO OO LOMBOMGOIMEO BMOMZI60, DM M F9dmnbz93500 dOoMOIYGS-
Q069050 L0l 539bs — 5AGB0Z0L B9bs, HMIgEroE MHBOMB3gEYMRL FMoErMdol
©900530600L 3m6E9IBHL BoOROELME (85).

R0GMB0OR0EJO0 oMMy gbgb 3oOMBOowME LoliEgdgdl, MHMIEdoE, d0-

M@MQ096 LoMbYLESD 3Mb6ESdEHOLIL FMbMJo39b Tob 2oM339MIO MroMEIbMdOm, 53
40



0{1393L B0MEMA0OS© 5dBH0MO 6030gMHgdGdOL FobLLSL. F9bol dghimagols boliosmnBgs
©59M 30009090 dOMEMA0VIMSQ 5JG0IM0 5030009M909d0L ORMBMOO Q9GS Bo-
AHMB0OR0GJOOL IBIMZOL SOPOWSL.

5039%05 (BoOROGHOL LYOLEMIBHMMB T9F0YdOL does) gobLBPIMOZL 3s00M-
WMQ096 39605D9 ImJd9gd0L bobaMdeogmdsl s 9BIJGHIOMOSL, MoYPb[3 BoOTOEOL
9.9- »Po33196M900L“ G900bg935d0 dOMEMPOMS® 9GO0 LT sgdol 9539dBHO JWgdv)-
@Bl 96 fygdo.

5055950 509MO005 FOHOWMDdJOIOLS S FNZOHMIOLIMZ0L Zodmygbgdemo goc-
1303900 99950096 Md9d0.

1974 §9eob, go®ds N. J. Smith and Nephew. Ltd. (000 360@¢55900) 250m3d3s
50{iggl 399my9gbgds b3 93MM35d0 (589603580 30 1978 Farosb) 3meormmgms-
Bmwo godx0EGs, §90m3560 ggbom (L5353MMm bodsbo «Op-site»). gl 9gelEGH03MOO BOG-
303 bmmdogo 35308308 JglodwgdMdOm, odFZ0M35gs, o3 LYTISWgdsl 0deg3s
535330600090 dgbme 3990l 3MIMEgLL. ol d9mfg39005 50MBdOLMZ0L, YBOb39wYymRL
FO0omdol BEgMOMOHMBSL, 56 0dEg3 SEIMAO0ME M9o]3090L.

«Op-site» ZoOBOGHOL E9Bs ©A)I5M Bgs30MHBY BLBOL FH3030Wl. «Op-site» do-
LoEOls 459mygb90s J9HBOMUIO 0Ym AE0JM GJH05BIdM BY30MHDBY, FoO0MS,
d9-3 ba®obbols sdfiz@mdobsl (85).

396B537MMGdM 06EgMGLL FoMmBMOYIbL BoMBOHJdO dteogzobool L3oMEH oL
Low)dz9wHY, HMIGEMS VOOLYOSL FoMTmMoygbl 3eolidolzmEMmMmds, Moz BOHYBb3gw-
g4zl bobggz0l 396 IMEIE0MYGISL FOHOWMdOL BgEs3omBy.

1593MBW(Hodm BMETs BHM3MEobo FoMmdmoybl 3m@wodgOH v BoMROEL
3030600l L30MEOL doBIBY, MMIGEBOE FooBbos 9BEH0BSJBHIOOMWO 5dE0MO™MdOL
RoOOM 139dEGHO0, bMYOOL LfobsswdIy™ s BEHOMJLOBEHMGO Brmddngds. Sesls-
A0RB035GHMM5Q© 35dMmYy9)bgd0s geo39Mobo .

130605303JO0L JoBHM035-0539M90 ol IMIB5EIJdS A0MO0MSIE 95341936905 33~
6963H900L 9m356gmTo goblibols: 3meogzobools L3oMEHL Fyswdo goxoMx 3900l 9999
50539096 4039006l @ 5369w gd9b Yol sdsDbsBY godF30Mm35¢g blbsGrols domqdsd-
9. 9990099 3m33Mb96E9d0L X 9M 300093 B0 blbsedo bbb Lsd3MMbscnm bogmoghg-
05 BM3obl. blBsML s039bgb obol BoMHRO0EIBY WS sBgMYdI6 12-15 Losmols obdog-

©@Md530 oMHRoEOL HoMdmoddbgwsc.
41



3009090 3m0dxME0 BoOR0EJO0 Hodmoygbl sboen Lsd3MMbscnm Lodws-
9093l 0916906030 36935653 900L godmyggbgdom. olobo 56 0f39396 seErgGyoME Mgsdizo-
90U, FOOWMOOL HBYI30MHDY IEIBOLIL K¥OMHKR3WIO0D 5 Foofir390056, 5FoLMSH, byl
fym09gb L3MOBsM 36M93565FHJIOL FOMEIMBYS300L. BOBEHIOOLYYD QoBLBI339300 -
399000 BoOR0EHIO0 56 (9390056 FM0EMBSL, bmerm Fsmo 39OHRMEOS305 bgel »figmdl
F60Mmd0@b 9l @0l gobgzbsl (3).

15385Mm© MMO0YObIEI M0, 98F0MZ5Y, FOOWMBOL EIAFIMSZIQ FMEPOYIOWY-
Bols 396HBMOH0MGdMEo BoMOHBoEOL, ol oy BYI3oMBY 95% Gowzobs s 5% 11 sb-
G0d0MmEH030L5 s 56EH0LY3EGH030L 899339 MdOL 3MMOL IEOB0m, odmygbgds. Bogzo
595390007 9909905 990393091 13b3BoEL Fysedo blbowo 39Ms@obom, bogzdo 3ma-
36963 900L 5650500 F9RsMEYIO0m. BoOMOBOES 56 5MOL MOMNJWYEM0, Mo ) BEIMb-
3904mil $H9bosbo gotgdml 994absl s byl Mfymdl sdfzmmdomo FHowwmdob bsfjo-
0oL 969839 JgbmM3905L. 30EOMBMONG BoOROGIBY 153 MMBsM L5TMSEGdgdOL
1304L5300L 56 5OBYOMBSA Fg0dGds RoFMOFI0ML MMM 3 FOLO HMIMIBIVIMO Qobsfoeg-
05 FMHoMdOL BYI30MHDY 51939 JoLO FMFOWYds FMOEMBOL FodmbsgmBMb ghmo .

©53)360MdoL Bsd3m®mbscrme, 100%-0g Hywol sdLMEOHBOMGd0m M93mIb-0MY-
005 3609350930 — ,Omiderm», (o3> Omiderm, Ltd., obGsge0), G®MmIoL 1306539~
LEOSL FoMTMopgbl dolo Fowsero F9mfg390Mds 563H0T03OMBMEO 3693565GHJOOL0Y-
300, ®MIGms GBS Fglodwgdgeos s MmE BOOROEGHOL BgI30MDY .

R0OROGOL 5 IB06YOME BYEs30ML FMOOL 5EAIBOOL odxmdILYdOL J0B-
B0 89990539000 0465 Aolioengdols ¥ 2«30, 43909 9 PoMEo 5396l 993390 Mdom,
MI9o3 §oMdmopqbl 3009830L859356 gesliB™MIGOL.

80-0560 {iergdols sbsfigolido dsliobmlig@Bbob Ggdbmermyome oblEodw@do 99dw-
3539999 0dbs mORG60sbo BoMGBOEG, MMIgErdss 5B39bs b0, 3mEbswo 3560l Mgyg-
BgM5300l 396090 FoBEGH0M0MGOGO M30Lgds. Asbogs BYPIRIbs© Fgo3o3L «Silastic-
Medical A» 35630l 300-©03900ELoEMdLobobsh sTHsIdE Mg BoMOGOEGL,
I9gbs3 3998605 fgaols o 56305000l B0856M100 OO 9BHIMMBS. 58 FoboEols §39wd
1965 99905 06@gMH3ME0dgcM0ol 30093 gdlologsb: 3meoaqbols s e 3MBs Jobmy-
©09356-dMmbM0MmEH0b6-6-1w9 5353 0Ls6 s J0MgdME 0dbs 3mE0dgmgdol blbsdgdols bs-
4930L OoMBOEWMOHO IOMOOM. MJgbgeMs300L 3MM3gLOL Folisdx MdIBGOWSE 53 39

1396530 9994530507 96 MYl MXMGEOIOO .
42



BMa09M0 FOH0EMdOL 16 gdg 3500580 sdGHowmcmo dgbme39ds d90b0dbgdm©s
FOHO0™IOL LHRBIMOP 3MWOYJNIOHIMJIND FoMHPMZ565L RMOMZIBO BoMTROEOL godmygby-
doLOL, HMIOL J39 BIJPISOMO PIRBIOIENO 0YM 3ME5R B0 s 5¢EdMdoboo .

3996000056905 «Butamuns»ols 3096, dmbzmgol 0.d. bghgbmgzol Lobgwmdol Lsdgwo-
30bm 0bLEOGHGHOL 33960l Tgalfogerger 4969mB0gdlmMB s doolizol 30Esdobols
FoObobsbmsb gPmo, 89999853909 0465 B0 MOOYOBIW OO 3:Moy9gbIH0 BoMTO-
&d 45330L Bgmom, HMIGE0E F98M™935H98Io 0465, HMAMO 3 FMoEMdOL Bgs3ocmols
L5360, Lbgoolbgs FM0oErMdOL sd3MMboscrme.

300029606 ZoMxRoEs Jo330L Bgmom, Labgwfimgdoom ,Mmdeg3me, FoMdma-
396L 4300090 RBIMHOL BOOROEHJOL TYBYNMEOL 3ME0J0Gbol 353939030, GMIWgdoE3
MHMHb3900Ym7396 BoMTBOEOL BEIMOIOHMdOL T9bsBMbgdL. oMRoEHOL gMHmo {Gmsdo
3903353L 0,01 9 Jo330L Bgob.

399999539000 BoOROES FoLIW MJM309 9539dBwIOMILML gHmo 0dgg3s
35330L Bgoob, MY 56O S MIBIMb Foghimgds FOHOWMBdOL BYI3OM,
930bm3oMEo botx 30l Lodwgsegdsls.

5023905 dmygzsb00o dmbszgdgdo boymal, ™A sdfizd™mdol 9379MHbscrmdols
05658900MM39 9900MmEJO0L sTsbILOIMYIJO 3H9bYE0sS B0MTGMegLgdoo dbgdcIO-
30 ©5 BLOBbMYGHBMOO 3 0TIMHIOOL S 500 3MI3MBO00L Fodmygbgds AH3OMdOL s
FO0mdol 3oMHR0EGHO0L LsxgYd3zes. JU BLSTSEGISL 03EG3d F9OZEIBM® sA)H3OIM-
0oL 1593 MOBIWM BHMIOE0O b5TI3MMbIHodwm FMMTGOIOLsMZ0L OTobILOS0IGd]-
o0 bs®39%gd0.

©53)360Md0L Bsd3Obsm© 53¢0353009M0 bI3MEObIEIM FMOTJOOL Lol qd-
M 393Y39egdL, a3 Mmdol 93Mbsermdsdo sbsero s BEObIOE™MWs© dodmyg-
6900 B3 3MObs M BoMHBOEHIOOL 53¢030MJdOL T9JgdbY IMs35wMOEbM3s60 349d-
03530900.

0B JOSGHMOOL 565¢00B0 393939 GOl 35DMMY00L 396M5DY 3OMIMWMbR0MGdIO
©99mdd99g00L L3 MMbIM 155350900 HIHZOMIOL sEYOWMIM030 F3MMbsEM-
B0l Bogd@GHo3ol 259mygbgdol 13065@gumdsbY, sd0@ ™A B39b gowo3fiy30¢gon 893399099539~
0065 1YI3MOBIXM BOBHMBOOTBOEHOL MO30MbIMEO FdsPIBTMDs s BHgbmemyos.

43



1.3. @58g5658 Bmaog@mo Lsbgmdols: Symphytum asperum Lep.-o,
Symphytum caucasicum M.B.-ob, Symphytum grandiflorum D.C.-0l o
Symphytum officinale L. (mg. Boraginaceae) gs635303bmb@meo absliosmgds.

b6.1.4. Bod3MObowm @osddo@s Symphytum officinale L .
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1.3.1. Symphytum-ob 33560 9;3965609900L Jodowm®o dgdsagbermds.

534505l 23500l 396509900L5030L TobL0SMYOY0s F98J0 BOMEMYOY)-
5@ 9930MM0 603000gM909d0L d93339emds (LwE. 1.5).
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HOH
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309390600 Jemmdmggbols
dgogo dgog9

seabGmobo

>0 3obobo

0

HO OH
0
HO X OH

@o@mbdg@dol 095 Gobds@obols 37535 ‘do,30b6060

e, 1.5. Symphytum-ob 33560m0bsm308 ©sdobsliosmgdgwo bmaoghmo Jodome™o
Bogoo.

93965099030 dombobmgboMgds Boraginaceae-li MxoHOLHMZOL STIBILOSMY-
090 sDBMGH3903390 603m0gMgds — sEsbEBHM0bOo, 51939 OO MOMEIBMBOD Y-
305360999Eobo s b3y 3molods®ogdo, HmAwgdog 99039396 Byo@®owr® dmbmUs-
39609l s MOMboL dx535L (93, 107, 114-117).300930m9360999 3969008 306 figo®mlb
Do0mo9bL s3Mqm3g S.grandiflorum s S.palaestinum(143,149).

S.officinale-q0sb 459mgmBoos Bgbme)Mo bsgMmgdo: Jermemmagbol, 3ma3g06ol,

a-300MOMJbo3MBg0boL, HMBIsM0bOL, o@MmL3gMaol 8553900, I r0bowobo,

30560060, Bsez00b0, 33960393060, 3983839MME0 s JEMOIwszgo bogmogeg-
0900(153). godmymxz0e0s 50939 MO0 GHM0EGHIM396Mwwo awo3mBoo 39gMoygbobols
Q@5 9560l 5353900 Ho®dmgdyegdo (90,91). S.asperum 90@M0s 3030MMYe9d96¢)9-

000 S 35FM0MBg3s 3009d0l OO MIMEIbMdOL Fqd339wMdom(24,143).S.asperum-ols
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39d&H0bo, 399039 MEmBs, e)3mdsbsbo s e 3MO™Mbmdlowsbo (10,25,26). sen3sem-
000900 §50M0moy9b9b Symphytum-ol g3500l 3396569900l TgmEs0 d9ESdMEOEJd0L
900-9OH® 305356 X2IRU.

OH  CH,OH

J \

A B

bH. 1.6. 306HMEO0HBOOLOL 5 35¢0Mm0JdOL (PAs) Bmyso LEHOWJEHMEs. A —
PAs-ob bg3060b bofjogmo; B — Hg@EHembyizobo;

Symphytum-ob 3560l 9396509900l 306MHMEWOHBOEOBOL 535 MO0EYdIO M6
M9GHO™by30b0L 8mbm- 56 o-glomg®gdo.

S.asperum-ob dofjolBgs bsfowgdo s Bgbggdo 99039396 0.2% Sen3oMOEYdL:
990800bL, LBodxoEHObL, SB39MHTobl, 9Jobs@obl, 3gaomlivndobls, sEgdowgdodoobl
(6 3ol 0BMIGOL), 5:39GH003m3L5d0bL (56 dol 0BMIgML), LodgzoMoObL (bv)6M.1.7).
S.asperum-do 596005 sxMgm3g 303Hdobo C-U s JoOME0bol 93390 MdS
(43,44,94,120, 126).

S.caucasicum-ob 39139330 50IMPhgboEros 0.48% 5 35¢M0YdO  (SL3gMdobo,
WsH0M35M3060, 9Jobsobo, gJodoobo s 3gmom@H@mobo) (Lw®.1. 7). 3gliggdo 8903396
536939 5¢9bEH™obL (43 ,133-135).

S. grandiflorum-3o0 6533605 990800060, ¢03Mm3Lsdobo s Lodgxgo@obo (120).
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b6, 1.7. Symphytum-ob 335600 9396569930l Dma0gMmN0 50 35¢MOEO.

S.officinale-ol 39139030 S BMMEGOdo 50IMBYIB0E0s TJIIAO XFMIBOL S¢0-
39 00900:503x0EHM-30bmywmbobo, 3mblmmoobo, 3mblmeogobo, Lodgo@obo,
©0303L59060/0639Mdgobo  (©oslEIMgMoDMIgM9d0),  7-539G0ww03m3Lsdobo/7-
5393H0W0bGHgMIg0b0  (0sLEIMIM0BMIYMHYd0), wo3m3Lsdobo, gdodowobo, gdobo-

&obo, 3gaombivdobo, 0b@gMmdgobo, 30M0MBWMmMobo s LodzoMoobo (Lwe. 1.7).
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50L560365305, H®MT 5 35¢M0YOOL 8993390 Mds B9B3GdT0 893G TYBH 09, 30MY BMM-
9000 (44-46,147).

3900 BgImo 50bodbyemo bsgHmgdobs S.officinale-do y3b390s “ydowerglio 3bo-
9m3560 (obmrol, 3sedo@obol y-eobmwgbol) s mGysbmwo (wodmbol, g3s5deob,-

o630l 539d560b) 3553900, Jneobo, 30@sdobo B ., B-LoGmUEgM0bo s bGoydsbBgdobo.

12°
S.asperum-obs s S.caucasicum-ob 53913900l 3MoLOJoM0MEo JGoYIBEMBOL
d9LHo3sd 5B396s, GMT Bgo@MOIMO QM 3MBMEH6)00 50056 doMomoo yserdo

blbso 3mwobsds®ogdo (L. 1.8)
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HO 0 OH
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HOH,C

brGosomo 1.8. S.asperum-ob o S.caucasicum-ols 3913990l 2336w JEsbo.

06039 3molods®oo 8903536 B-D-36099dBHmxzmsbmBsl Bsdmgdl dso Jmeol
21 s 26 83900m; 1,6-MB65339d90 BOHWYJEHMRMOBMDL BTN Ho®dmoo-
30696 3m@0dgO o Imwy3newgdol bG™G30L IO HOwdL. ymgzgw dmwyzrersdo
OO o-D-g)300306056mBL B 35308 BHgMdobscrIMo dEgdsMgmds s Y-
9OH»90)05 B-D-536099dEHMRObmBol 659nmsb 122 ddoom.

5394565l 300590000 X 5Tob 5gE0MO LmdLEIB300L dogdol 3Om3Egldo fo-
Bs femgdob 330093900l 8909250 oddo®sl 3533500 Lobgmdgdol(S. asperum, S. caucasi-
cum) 39139306 s VYOMII0L 2odMYMR0wo 0dbs BIBMEMGO Fmerodgmo MmOl
LEAHOMIAHMOS EPI60E0 0dbs 0bBMsFomgwo, 'H ©s'*C dommgmwr-353bo@mmo Hgbm-
656L0L,2D 39EHgOmdoMmMzMo H/BPC HSQC L3gd@®mowme®mo dmba3gdgdol Logwdggaby.
59 36935653900l oMM LEAHMIGHMOME 99dgbEBL FomBMoYIbl Mg SO

B65330 900 3momdlogmowgbo, Lobgurmde dmeo [3-(3,4-o3otmmdlongbow)
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303960060 35535] (30x3d) 5699 3mero[mdlo-1-3560dmdlo-2-(3,4-0-306OMmJboggbow)
goowgbo] (bme. 1.9A) (96-100,103-105,108).

9 65960 oMM 9bL 30839060 5535L Ho®BMgdMEOl 3 odgMl s sSGOL dv)-
6906030 3503030 30E0gmMIMHGOOL 300390 Fo®dmdogbgero, HMAwol o6dgmMgds-
O MHM0s 3-(3,4-03000MMJloRab0w) w03 M0boL d55356658m0 (b.1. 9).

B COOH . 1'COOH

_O_Hl_CH_ —O—Hl—CH—

OH

A B
b0 1.9. 3meo[3-(3,4-0300MOMmJlongbow)awoiEgmobol 35535] (3xad) (A)
5 300xRd-0b 25639Mm6MH 93500 MM — 3-(3,4-030OMJLoxgbow) Q039O 0oL T5535L
6sdmo (B).

534565l 300xnd-U, 29bLb393980m dobo 3MmoLodsMm0YdOLOYD, 5MIBBEs To-
050 03996MmIMOMEsEHMOHMo (56@03MmI3gdgb@Eecyaro), s6E0mJLoIbEmGo, b-
G0 03m39MHMmJbosbEHMMO s 96MGOOL Lofobsswdgym sgEowmcdM™dgdo (109,110).

587065l 9050096 Mdsd0 5MLYdM0 sesbEMobo doBbgmwos 3sLvbolidygdgw
603000909050 MYXMHIOL YMBOL bEH0TNPOMmYOsLS s T9as9HMYdgo JuM30¢gdOL,
d3egdol s bOEGHowgdol M9a9b9MHo305DY.

In vivo 3009090 )60, M 34561l 3gbggdol 30MHMEOBOoEOLOL sen-
39M0EYO0LOROD O 5ebEHMObOLYE M930LvBRsMO 3 oLodsGI0YdOL Kool FMO-
@mdol 935bmM 390900 9RIJGHIOMDS MMbX IO 50gdoBHI0s 5sbEH™MO0bol 9339JEOH™M-
05L. 800900 F9ga00L LoxYd39wBY W sdJs6Ml 3MWOLOJsM0YOIOL X sTob sdEowmE
LSHgoLL oMYl 5MIB3MEOLOFsI0EYd0, BMIgEoE 3 9dmbgg35do SMOL doESL-
G0 60300090905, 56599 3MoLOJsM0IOIOL BMJ305d0 Fgdsgseo fyserdo blbswo
3009330(101,102,138).

139dGHOMBRMEHMIYEGHOHME0 390MEOL Fodmygbgdoo IM[mYdw0s 3ERAT-0l Mo-

©96MdMH030 Q5BLIBOZMOL 563030, LGSR, IRMIBMDOGMY, 50HoMBMYds OTJNMEO 3D,
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MMIgo3 d9bodEgdgeos godmygbgdeo 0dbsl LgMorme 9dudgM0dgbEgddo(106).250G@s
b90mm 50b0dbMEo 1593ObsEMm M30Lgdgd0Ls Symphytum-ol Lbgsslibgs Lobgmdgdo
35030 (30900L, d03MM9w9dgbE OOl FoMso s (I MDBIL F9IMIOOM HBSEO
3993390™d0L godm [omdmoygb9b Fowswo ba®olbol 153390 3w EwO9OL. Symphytum-
ol 439es Lobgmds 459m0MmBg3s Fowse0 IMBO305bMdOm, LHMIRI® BOIOs WS 30~
ML FEYMHO S JESBEGHO0MO0S dBIOMH0Z0 30MHMBGOOLA0, 5F0EHMT Fom Qo5BbO-
50 0O b53gMMbgm 8603369 Mds. 0Lobo 35MPs® 99390YdMYGO0SE 3 EH 0306095,
M3 29BOHMb39wymxal 630 GMOL BoBOL QoBIODMGDL. IMS3¢Yd0SD MMYMmEF gL-
wom, 0l 35¢0800(10,17,46,62,78).

50



»o30 II. 330930l mdogdBgdo s gomgdo

2.1. 33¢930L M09 gdo

33930l M009dBHqdL (omdmoygbs: Symphytum asperum Lep.-ob, Symphytum
grandiflorum D.C.-ob (mg.Boraginaceae) ©09MHmgdo; 3meo|3-(3,4-030Mmdloggbo)
3039M0b0L87935] 300x3RT; 3RAI-0L 290 S BOOROES.

159329065 Hoderm BmMIGOOL M3EH0Ts Mo Jgdsgbermdgdols s 3gdbmerm-
30900L 89999353900l 3OM3gLbdo 49dmygbgdmeo 0dbs 89dwgao dmJdgo s sdbTsty
60300090909d0: —539030bM 35Bgeobo (8L 42-2456-97), Bgommbol bgoo (b X, 5.479),
39m -400 (&3 2483-167-05757587-2000), 39m-1500 (&3 2483-166-05757587-2000 33¢c0ry-
dom 1), 39m-4000 (&3 2483-167-05757587-2000 33¢cnoegdom 1), bo@®owmdols seraobs@o
(L 42-1680-97), 990039 memds (B3 2231-107-05742755-960), bo@®owmdols 3o6dmd-
L0dgMO (39D (B3 2231-034-07507908-01), g9ws@obo (bLob.L@E). 11293-89), sas6-
53500 (bgX, 1.866), 2oLBRM3909)0 fiysero (bg 42-2619-97), ycwoig®obo (BL 42-2202-
99), #306-80 (3L 42-2540-88), dys6H0 EOLEGHOW0MGOY)o IMbMAW03EIM0©I00 (©dy-94)
(®3 10-1197-95), sgembowo, 3963m3meo 940, Jusb@obol 3mdobo, Lgwol Bgmo, bo@emo-
mdol 30OMJLOO, Mobs 513969, B3gMHTs3930, (3300, 0TJJLOEO, 30gdmamemo-Co-40,
3030600l L3oME0, 303060 30MHME0E0b0, g0 gbs39BGH0, Jwmmzm®mdo.

2.2 33@930L 9g;mm©gdo

30Ryd-0b 9ol S BoOROHIBOL d0MBIMTS39I3G 0 FgBoLgds 3ofsMmgm
7MBLOL POFMHBMOO YXMJJIOL 25dmyqbgdom, d90yma L3gdEOMABMEHMIGEHO00m.

33939 B3390 9990093650650 g9dm30949gbgm (39cma3bol 39806565 (bsbgaco
3°9&56M0 89806565 — 39eMmBbO OsIYEGHMOm 6530, BMEOGOOL Loooo 0,02533). dsliby
53039690 15330930 Md09d3HJd0 1,0 HoMm©IbMBOM, MIbIOMI© Yo3965f0gm, dmgzs-
05309 59393GHMOLS S OMBMOL FmMHOL s 355xMGm B3YE0SIMHO BsdoRMO. 5J-
393G™MO0 00997 99353690 BMLGBSEVIHO dMR3g@000 pH-0b 360d3bgemdom 7,4(dmg39M0l
099950099600 ™do: goeo 400 dew, NaCl 8y, KC1 0,2y, NaH, PO, 1,44, KH, PO, 0,243). 35bgb-
00 EORYDBMOO M0l Fgd3gMs@Ool MIMIMLESEGH0MOsL 37+0,1°C 39d396msErMol

739693d0. OGN HBMMO SHOL TgMHg35L 39bgbom dsabod®o 89dMmg300m. bodmTgdols
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50905L 39bIb0m ymzgar 9Mo L5mMI0 O PORMHNYE MU 35F5EJOO® S©Jdwo bo-
330l G0 dmEMWMdd BObRIEGHME dTBGOU.

390l MbIMLYYOO 59GH03MdS obgLsbPzMgm gM53039EMYIO FgomEOom. MBIM-
LYHO 5JBH0Z3MO0L QobLIBPZMS F5HoMmTMgm 99 IBI0MS©: OSEODIEHMOT0 (bobg3o®
3993960 89906565 — 3900 B0 OFYEBHO00 6533, ZMEOYOOL Looom 0,02533) saeglg-
096 1,0 39eb, 05e0BsGHMEOOL 35996580 30 godmbow igswl. oswobsG™MMmo 3ol
3090 396H0MEOL 256353 Md5d0 0gm MgMTMLEEH0MJdOL 30OHMdYdT0 (37° C) s ymzg-
o0 1 Bssmol 995w gom 3hmboom. 3gwol dogM dmsbmddmwo fywol Hom©gbmdsls
30003000 300g0Yo s [Hobs 8909g2900L Bb3sMdOm. sdBMOBOMGdIO {yol Hom-
©96Md5L 3000300OM FMEOHIMEO0):

P (My—M, ) —(ME -2 ):100

> LoOG:

P — oldmbméo (i6939;

M_ - 8m3gdv9e 8m39gb&To 05w0Bo@GMmO Mo 3o99Mmol Bols Lsgzwg3zo bodmdoom (g);

M, — ©05¢0B5GMOH?IE0 3599M0L Iobs Bs3zwg30 bodmdoo (g);

M _® — 8m3gdmer 00md96@ 3o ©00oobDs@GmOo 359gMol oo bszmb@mmem bo-
99800 (g);

M_* — 005¢0Bs@ Mo 359960l obs 133930 BodBoom 33eg30L sfynds0w) (g);

M - 15330930 603mdols dsbo (g).

390l 3MEMO0EIM0 BEHIOOEOHMS 49b3LsBOIMGD WdMESEMMOM (396¢)-
H0xAsHg: Bodo 310 3GseImgdgero ,METRONEX” (3mmbgmo) Lob.bE-ob 29188.3-91
dobgzom - ,,30L39303MM0 b5GoMTo. 9dMbool BEsd0WOHMIOL FoBLEBOZMOL dg-
0mEOo“. LobxsMgdl 353900 JmEMEMmdol 2/3-0y, 3fmboom 0,01y LobmLEGom
(ssbEmgdom 209), 350538900 Yol sd5Bsbsdo (42,5+2,5°C) 20 ool 4o6dogwrm-
0590, 3506590 S 35393BJOOM 396EHMORMAST0. (396GO0RMYOMJIL b b-
©om 5 §Mmol 256353¢md5d0 6000 d6/ffor 306Mmd9d30. 609Tgdo 03w YdMES BESdO-
WM 009 30O 56 T9odRbgms 496d6M9390s.

090G 0 NOMDS, $H933905GHMOOL 335300 (33€0wgdols 306MdYdT0, 2ob-
3LsbB3Mgm Mfg.LE. 18-21-81 ,,3mbdgEGH03MO0 30900, Jobgz0m. 390l MYOHIML-
G900 NOHMBOL obloloBM3Ms® 009396 5-6 Fobol Lobx sl 0sdgBHGmoom 15 30 o
bodsmeoom 150 89, 939096 L3330 Md09IBHJdom 8-10 -0l MHOMEIbMmdoc s

533L9d96 0gMHIMLE 30 (40-42°C) 9H0 33060L 356353 Mds30, 8999y 353035030
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(10-12°C) 51939 9O»0 33060l o633 MdST0 s 065bs396 3 WM Y-sdol FobdogEMds-
4o mmsbol $99396M5@GHMM5DY. BEHSB0WMMHMs 0LIDBZMYOS 30DOSEMGMsE — 2obdcy-
39000l 56 5OBYOdMIOm.

30x3-0b BoMROEOL FHgbols Fmsbmddol oblsBM3Ms.

R0GMB0OR0EJO0 [o®mdMoygbgb 30OHMTBowM® Lob)dgdl, Hmdwgdog fyow-
056 (56 domwmyome blbsmmsb) 3mbEsdEHdo dmsbmdsgzgb ol goM3390w0 Momgbm-
d0m, 053 0§393L 2obLBIL. BOEMBOMOBOEHJOIOL BOBOIMNGH M30L9d9dDg 360369 M356
393965l 5bgbli 3me0dgmgdols doge d;sbmddmwo yswro. dommmyo©msE Sd@0MEao
LoLFYIgOOL ORMYDBMMO oD BOGMBOMOROEJOOL IEIBOL 50 DB sTMI0WY-
005 3H9bol Jsbmddol boloosmby.

RB0AHMB0OR0EJO0L 3H9bIMsbmddol JglHogwrs begdms Bomo oxoMmx 3900l Lob-
D6s530L s blbsmdols Jobgz0m. sdolsmz0L 45dmygbgdmwo 04bs Lob.l@). 20869-75-0b
Lobg(330o FJNMPO3I9, HMIWOL SOBOE 8EYMIsMYIMBL ASTMVBsEEIwo Bodmdol dog
90560 gdmwo {yeol Homgbmdol dsblsbmgmsdn’0+20C 3gd3gMed«ms®g s bm®ds-
@60 §6930L5L, JoLo goblsBzmMEo POMOL dmbs 3390080, {grol Bgwsdomby asBgMg-
0oL 9990092, 965¢00BmE LsbfirrOHBy ofimbgol gBoom.

R0GHMB0OR0EOL Y39ws OL3L 35053L9dom 33,5 B BMAoL 3o3OHMbOL oG M-
3OO d5©)bg S BB MO Lobirr®Bg 49b3b5H303M530m LoHgol Tobols. 999y
059l BOGMBOOBOEHOM B339d390000m 500 H935MdOL F0dsdo godmbowo fywols
D9093060D7 (3L 42-2619-89). 3000l sfiygdosb 10, 20, 30, 40, 50, 60, 70, 80, 90 s 100 §vy-
00l 99992 3706000 8509l BOBHMBOORBOEGH0M. BOEMBOOROEOL J0gH sbmddmeo
Dgamob slisl 3boB3M3M930000 BOBHMBOOROEH0560 doOl FoLOL LBZMdOM (30001 WSHY9-
0599 s 9JudmboEool J98gy. 93sLmsbsgg Fedmzomzsmgo Lsdrserm 860dzbgumds
Dgerolb dsbob 5 goblsbzmgd0sb, GMmdgeros 893933060900 0dbs dool Joge go@m-
5306O50GHOL 356939, COMOL 03539 3900M©T0 M3 BOGMBOOROGOM 9Ju3gM0TGHEHOLSL.

RB0GMB0OROEOL  5039Hool MbsOL  goblsDwzms.goGHMBOMROEHOL gMmm—9ghHm
96093690356 356396989l Fo®dmoygbl 5039H0s-89309d0L doens 53¢035300L S
30mb. gl 853969390 Bb3s BoJEBHMMGOMID MM 2oBLEBOZMIZL 361935GMEHOL Lo~

3M6bsem B98mddggdol Mml, 306500056 53¢0035(300L 5EYOE0ID BOGHMBOMOTBOEOL
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BsdmEmM9gdol b ImEowgdol d90mbgg35d0, M9MH93099w0 9539dEH0 960 0¥) Jg0dwgds d90-
BOMEIYL, 565390 903w gds LOWWOSE oML .

R0GHMB0OR0EHIOOL 539BoOL FobLIBOZMOLIMZ0L 49dmYygbgdmwo odbs EHmen-
dbem0sbo LoELHmEMO, GMIol ghHm Tbscmgbg Psdm30IOIos M9xdo Lsfmbgdolsmgzols
beeom dgmegbg JoLmsb 2omsbsLfMmMgdmwo dobols goMxzods Bmdoom 5X10 bJ. godm-
1306053039d0b Bs3zwrg3z 603dgol oLZoL Loboom 35053900 Jobol BY30OHDBY, Mm-
990B9 Hobabfod J03M:Mm30393H00 IEBoo 0gm ffywol (j3gmgdo, BoGmaomzo@ol
oL3L 39835609000 ddol BoMmR0EN, HMIGEDY3 35005309dom 100 4G50 bEob-
OGN Bofembl 10 §odol gobdsgemdsdo. LolHimMol MgxrdBy 35053690 0m Lofmbgdls
P mbol 356@m9bMdomo Bl M9:0dd0, BoEMBOMOE F/dol ZoMHBoEHOL dm0ey-
059¢09. 3L 3089MMGIdO0 LETXIO. Y39s 60MToL BOEMBOMTBOEOLMZ0L JoTM33enY-
00 0gbs 5-5¢0l30.

R0OBOGHOL 5AGHBOOL MBIMOL godmm3esls 35bgbom 89dwga0 BMOIMwom:

F=m . g, by,

F — %9053060056 306:30@E0b dm3owgdol dserol Loog,60GH™bgddo (H),

m — Bofmbols sbs, GMIgeog 0§393L BoOBOEHOL BYI30M06 Fm30gdsL, @;

g — 39MHbol Ms30LGso sBJs69ds 3/{d.

130605303930l 99039650905l s 259F306035¢Mdl 358358900 30DBYI>WES.

R0605303JO0L LoFsEM FoLsl ZLoBW3Ms30m 10X10 BT Bmdol BoOFOEGOOL sbs-
@0HBNO LELHMODY SHMbom. Bodmsem FoLoED EOLETZ9d QoIbEMsw dJogzohbogm +10 %.

300xyd-0b oOBOEOL [Mbsdo 63500 49TMIOMIOLLL 29B3BBM3Mgm ,,Ohaus’-ob
5306030l 3H9bol 3568L>BOZMYE0 535M5FH0m. HMbsdo 653500 56 MBS 5¢gToEOM-
9L +10 %.

300Ryd-0b 9ol s B0OR0EJOOL B3Y30T3039M0 59GH0VIOMDS FobOLIBOIEMS dgds-
603960 FHoMdOL s 1gMHIMEo EHZOMIOL FMEaEgdbY.

99b3960996¢ 0L F99gO0L BESGHOLEHOIMMO ©Es3)Ts390s FIBbMM30g©s Lg XI
509000 Igomm@ol dobg30m, M®Olm30LSE odmYgbgdmwo 0dbs EsbsMEMwo 3ma-
309900 3OMmGMmsds EXCEL.
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0530 3. 53gdsM5L dmOHBM -LEHOMIGHMOHYwo
®530L90G9dgdo(Boraginaceae)

3.1. @053gds6sls bo3zeng3 Lobgmdsms — Symphytum asperum Lep., Symphytum
caucasicum M.Bieb s Symphytum grandiflorum D.C.-ols 36O gmemmyov6
B0dsbms gPmmdEromds

bsm0sbo wsddodrs — 8. asperum-0 31535 Ferm3560 Boesbmgsbo d3gbomgs, mbg-
do Bbgmg@0s, 8353900 X93MJd0m Ima39bowo. Bqligo dm35MMIMHA0B0s, AMgEo
5 3obdgegdmEo. 0gMm 60-20018-0g Loga™MAol, Lm®IEYMA0, BdES3MO s IO -
AMA300. §3905 BMME9d0 3MHIJYBHosbos, BoMmMm-33903boLYdGO, 396001396 Hoh39-
A909o, 10-1910 LogMdob 5,5-1010 Logsbol, BnMEEOL FoMFBOES Bw9dglmsb BMmIMPZsMS
56 499olgdM0. DY FMMEGdO FM319Y2I6F0sb0s 96 X MBsMY, 30(MM-339M3EBOLYdGO,
9mIMH3500M 56 3MIMAZ5¢M-LMolgdMO GA0. Y39300g30 3M3OMBOLLL Z35MPOLBIMHO.,
89900m3 )Bx0 56 30bBIMO, Bx3Mgd0owo 3L 396HOYW b3grws Y3530IRYdIE. X530
3-600 LogMdobos, ¥4-000g 96 1d9dgs 2963390000, bogmEMdOLLL OEIds 1538-0¢0].
X530l 330930 Bsd3Mmbo ZmMmAoLss, IMdEsR3M (3900, F9dmlvo. 230603060 dsdMO-
19gd®0s, 12-1883 LOAGAOL, 3-4-%9M 5053 YOS KAV, FoIBIVMBO FMIghs3309005b0s. Y-
306330606 65353900 960Lgdc0s, 39O 0 FMAMYZSEM, 509B53Hds 3H3M069dL. 33300~
36535 dog3gd0 LYIBHIMYIO0L BHME0s 96 Mmbsg IgE0. 13gEHO Tgbodhbg39s0s 5dMTZzgMHOEO
330630600096. 9093900 4,5-538 LogMdoLsy, bobg3M9EIMBOOW0,3MmMOBMBE S MEs© 4ob-
D00, Indfjoxngdmwo 995390H0md0m ddo Y4s30L59gMH0sb F535009 (339090 MAL,
B930600 350LYIM-b5MmF05b dMOEZ305605. Y350 mdl VI-VII, boymamals VII-VIII.

S. asperum-00H6mYds dmol dvs, Bgs s bBE3ME LoMBHYgwgddo, GH9bosb
50309080, 3gEMmgdbY, BHYoL3oMgdbY, HYommgdls s dmol 8obstgms bs30Mm9dBY,
0BI6MT0. Fo0oWdIsHYMMBdOL 9OHM-9HDo 3M3MmbgbE0s. (1;123)

39339560960 584oM — S. caucasicum-0 9M535¢(erMm3560 doobmgzsbo 9396569, dm-
BoE®oLEMM 09300 INGBIHOO. 03005MHGOL BZ5MWIOHA0D Yoldgergdwyer 53qliglh s 3mMo-
Dmb@EomE Fbmboeg 53qLIMsL. VIMM FoGEMIE0s, 20-7588 Lodsweol, L mMIymdo, G-
9650039 G™FGHZ0w0, VIOML 3MAgbob 30056MYdS 339MHPOMO MBIYMRM YEMEEIOO.

939005 BMNgd0 4MIGYMBH0sb0s, BmY35600MdOM FoMNMEB3gES, FMAMIMWBEgES 96
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33963bolgdMO, Bgdmo §s)39Gg0meo, 5-1068 Loa®mdol, 2-4153 Logsbols. IMMY IO s DY
200900 330099<)650sb0s 96 B MmBstg doMom gMHMBYs Bo8MBLOMO. 43930900 -
X0 539600L5, 89309000 396(Mme 535356 Mg bggumems 4393009 NdS. K odo 4-830 oG-
dobss, 63YgMBMBOLLL OO 15 (25)33-dY, B3JMgdMO3 1/3-0009 B0 FOYMBOO. K-
dob 000G 3000 BGZMMbY BMEOTOLSS, 1930¢530. 33063060 BoMOLYdGOs 12-1733
LogMAoL 2-3 x96 50985&JOs KoL. 330603060l gobsMMbo B3 gbs33009d0sb0s, dogrols
AM0. 330633060l ©bs3sdndo 9boligdmos, (39080 mMIMR35wM, 509gBs3BHYds IBH3M0BHU.
9336056505 dsg30 BEAEZMIIOOL BHMEN0Y, 96 50BEYOs 0. BZgEHO MbIZS 430643060056
580gmMR0e0. 993900 (35300 F00) Imgz3560eMBdom (3565-339M3EbOLYdM0S, Bgdo 43053960,
05000LgOM-65MF056 dM(330560 Bgs30M0m, 3,5-430 LogMdol. 43930emdlL IV-VI, boymamdls
VI-VIL S.caucasicum-00b6q90s 3ol 815 o Do bod@yggangddo, ¢Ggob 300989, Mreagms
LoMg39s HgOOL FoBEPMOES 6305690 5CR0dT0. 43630090 1939 do-dMUEHBYd-
do. Lobgmds 39335b00L 96e9d0s, I3MEIPGOYP0S 5HYMBSOR BB s LxIbgmdog. (1;123)

0YNMY3530¢0s sddots — S. grandiflorum-o 96535 Hermgz560 dosbmzsbo d;39bs-
695, 8)3569, bgdgdo 890300. BILLIOS FM3)E09, 300, 3OOBMbE SO, dbmbo-
30. 03056M70L 1594353009 VWIOMIOL s MbsYMBM YJMEOEJOL. gOH™ LG os, 20-40L0
oo EOL, LHMOIYMI0 56 Fo9m{gmEo, Mool sYBHMEHS30. J39WS s VIMMLYYO
RO Gd0 3Md9yb{iosbos, Bomm™339M3bOoLYdMO, 30009Dg BHowrmgsbo, 3-73 Loy®-
dob, 2-5,559 Logsbols. Bl BoMHROES BIIGuSLb MMM 56 MmEbsg Froligd-
0. DI BOMNIO0 MBOHM J300M9g DAoL, 3006 M, IXMIMY. 435300900 3OS0
430090, 993609000 3960w bggmes 4393009 9ds@. x50 6-833 Logmdolss by-
05 06O 356339000, MOMOMYMYWO 3000 INFoMSEIMS, bsBMMO S 0O30HY30.
33063060 RoMNMY, BsOOLYIMO, bmo desa30 65330000 s dmffomserm Bmergdoom
dmggbowo. 2580-009 LoaMAoL, 3-x 96 50953 Jds XoAL. 23060230608 TG gdo 9bo-
19gdG0s, 396030 DMAXIO 503390000, MOMJIoL BHMO0s 56 50gdo@gds IBHZM0SHIBL.
159BH3Mg 553990 M0MJdol MOX GO AMdGe0s LsF3H39M990DY. b3gGO 2306033060056 d30-
690 59mI39M0¢0s. 9698900 (353 F900) Mmbsg ImbMHowos, Imdo yszolggmo, 400-0
Log®dol H3MOWdMM330560 Bg30MHOM. 43530eMdL IV-V bogmamdls V-VIL.

S. grandiflorum-0 06 ©gds oxwbsM-OEbowbs®do dmol 995 s Bgs LodEHyg-
©90301000-18000 Be.. LEbgMds 253MEIEGOI0s 508.BodoMM39wMTo. 0g0 LodsGrmgg-

b 9bgdos. (1;123)
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3.2. 0507565l B33eg3 Lobgmdosms -Symphytum asperum Lep., Symphytum
caucasicum M.Bieb s Symphytum grandiflorum D.C.-0l gg®el
365@G™MB0M0 53099 dS

S. asperum-oll O™ 930009MToLOL Bd)FEIOSMY X MJOJO0 0930130693056
LHEObsBMZ6mS 300560l MOMOLEHIMS OHMADOLYINME 3HO3L; sbOlI0SMIYOYE0s BoMEH0Z0
563 30GHIMH0 O MO0, BHMOLYIEGHIOO 3sbob, sboBMOWYMEOGIWO 3Ho3o, sbolm-
GOGWIO0 3530L 535653 900(4); 3959M 33900005 BHM0JMIGOOL LobgMdM030 3MI3WIJEO3E09,
530J4L0MEYOS 30bMLIOHO FMEOIOL, 1930M39FOME0 96, Lbgsslbgs Loa®dol Lfim®o,
9535653 Jumzodo 53dgBsdocrmeo dYLYLYdO, 1939 BESZIIN YD 3mbESTYbE DY
35609gmdogo 30b6mLmEmo s BLBIOMLYIM530560 X0M33eM3560 EHEOOJMIGd0; 3obygbES-
@96 9Jb3MBoE0sd0 VIOML BHEOBDOGMOWWO LoliEgdob Ggdudwes d093m0369ds dm-
Bm303MO 3m3mOEL (5); 300G OO0 3H030L 259FHM0 3mbgdo 353d0w9dol fy-
3930 30w0bMH0sbss OoRIMI6306M9dMw0; dgedsbdo godm3zgmOeos B30 IMO,
(MO0 O OHYMEO-30MIWNMHO odGSM0 FMOFargdo (b@3.1.).

S. caucasicum-ols ©9OML 930)MIOLOL BdgdEdIMY YXMYIdO 809336905
LH@ObIBMZ6ms 3ensbol LHimM390w0sbms GHodli(4); 3odlo®mgds GModmdgool s dsaol
3356530 25609055 B52900dMMOLO bgMgerols J0dsM0regdolL 49035¢0bfobgd0m dogols
3356530 MMl 13d90YdsMY YIXMJOIOOL 356G FOBHYMmBdowOo; Mgem dm-
39390-3M3306939M0  25TMBIBIMIO0m bolinsmYds, 509b0dbgds bdoMo Tgdmls-
39 G©0Jmd900 G59m©9bodg Lobolivs — 0337900935 BsM3H030, JMHYNIXMJ0560, 3MbMLYMHO
0539035390990 5 BHimOo 530mdol 96, 86163500 x 69056 53960560, 3mbMlmGo Lmls-
A9 05390353900 dLgd0, 1939, X0M3IZM3560 BBYOHMUBYOOM 30560 BHBMOJMDg-
00; 9OML IgsMeg Jumgodo d9060dbgds 1Lo396E0bsgoM LOLEJIOL 2obmsgLgds; JgMdol
35696340350 0EBIMIB30M90wIw0s Jerm®gbdodol s dgMgmeo @odol 3memgbdodol Jum-
30¢0900; 3580030 MHY39E 05 ©YOML FNE0D LEOEHYIWDY;BSbYYBEGHIWMEO 9JudmboiEosdo
®90ML GHMBDoGMOHMOo LobEGdol GH9du@IMs 309390036905 FMbME03wME 3M3MEOE)SL;
53960 bobosmgds 39M0JB0MMHO S 303mJLoEsMEo Fbwsygdom(5); 8gGdbols
13E9M0R0E0MGOMEO 356096400 HE0ME0s, FoasTd BOIMEEHIMIYIMHO QG0 3mbgdO
ds1do 83390065 259m0MBY3s; 9OJ60L FMMFdO MHAMEMEO, 35O0LYIMOO S MHAMEOME

-L3OMSEME05; VIOMUL (39BEGHOIXIIMHO YA OO TMEMEXOMBdOLSS (1)M3.2.).
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S. grandiflorum-ob OML 9300YMToLOL B9 YIIMY YIXMJIO0 0939036905
909436500 ©330600L3HJ0E, LHMObIBMZ6ms Jesbols LHimM 390056, LsmmommEs M-
d0LgdMH GHo3L. 5009FP0E0s SBMIMGFOGHWIMO BsZOL 535653H0.(4) doggTMMOLO bgmgerols
9035600905 98mbg93s 391993090 YIX 9Ol F0T5M0IgdSL. GOHM FGdMLE0s
dmI3Om 96, 0O, JOHPMXOIM3560,3m69M0 FMOToL IMZ X MIN0E BMdgbg
503560020 BHM0JMIGO00; 39b296E9E 9Ju3MBO3030 VIOHML FRMO3 JuMm3z0edo 4ob-
5390905 LYYLEOE BsJOMIEO BoPOL 535M5E0; ORBIMHIBE0MGOIMOs JurmMgbJodols
Lo GY9o; Jaedol 35696Jodsb MHyz9d) Brymems© 9bmEamdol Jumzowo gdoxbads; @ob-
3959 9Ju3MmB0E05d0 PIOML BHEMBBoEMOMEo LolEgdol Ggdu@Ewes d09390369ds
9mbm 303w 3003 EOL; 259396 JLmZ0T0 WORsbO A9BMIZ3LGOIEP0s MMM 39H0Ju0-
WS, 51939 303MJLos S (5);3909 Woxksbo, 39300wdo s IgMdbol bdgwrgs®lio-
560 35696J0ds Mfy39d) 30wob®l Jdb0sb; 99gMHdsbdo oBgIMIBbE0MGOWMOs MRMEIMS,
130MSWIMHHE O BIPOLYOIIMSW FOMBYIBIIGIO FoTBHIMO FYOFengdo (e 3.3.).

LGS0 3. 1. S. asperum-ols @9OML 565EHMI0OHO 539399 9d0L M930U90969dsbo.

A,B. — 096 ™Mb 39duEeol 356mEsds gobog s C. —Logy®mdog FMowdo; D. — g3096-
ool 1399999 YdMY X M9JOOL BMR6E0; E. — HModmdols Moz )x6MH90sbo 3w~
dols gosbs3gc0; F. — 560bmEo@eo s G. — sbmdmao@®o 359

1. = 01L9d0 Yerm®ED; 2. — 38356530 Jumz0w0; 3. — Jgddol 3o69640ds; 4. — (396~
(oM 30W0bM0; 5. — ¥9gOHML MbME03 M0 GHMBBOGHMOMWwO LoliEgds; 6. — dg-
;7. — 096mb 06¥); 8. — 13009MHToLOL MOMOLEHIMIMMABOLYOMEMO VX MINPO0; 9. — BHGOJM-

9ol 3mdols »xM9900; 10. —ds0l 8393930 YIXM9J00; 11. — 3530 LoEgEo@o MXMJIO0
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LbrOsmo 3.2. S. caucasicum-ol @gOHMLIBEMI0MMO 539000l 1530L9dw9Md6O.

A. — 096mb 39duG@ol 356mEMsds; B,C. — 259mbsBs0©9d0; D. — 0356530, bosbio-
dos30M s 399496037960 Jumgowo; E. — 8909gmwo ¢odob 3megbdods; F,G. — 259300
LobGgdob 3GsA96EHd0

1. = 930009MToLo; 2. — dMLMLGd0; 3. — doY; 4. — JEmE9bJods; 5. — 3megbdods; 6. —
J96Odob 3569bJ0ds; 7. — 35800d0; 8. — L3 IMOR0E0MYOO Bgedbol 3o69bJ0ds; 9. — o-
93960; 10. — dg6dobols Ham@©0; s 11. — HYMEME-30MHSEMOO F296 Fgdo
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bmGomo 3.3. S. grandiflorum-ob ©gMmb 5b5@ ™0™ 53901 gd0l Me30L9dwMmgdbo.

A. — 0960mb 3H9dbEGHWOOL 356mE50s; B. — 096l 496030 gob5339m0L bsfoero dgsco-
30 JbM300I6 FMEYMWSTY; C. — BHOH0JMId0 PIOHML GG Jumgowby; D. — JgMdol
306964030l s (396G MM 300bMOL EgduEwOol BMsadg6E0; E. — 39bGH®owdo
IOl 35696godewo Jumgoero

1. — 0960l (obbsyo; 2. — 3mbmlmMHo Bm®Iol dLbLgdo; 3. — 930gMToLo; 4. —
Jwmegbdodol Jumgowo; 5. — Jg@dol 3569bJods; 6. — 9bMmEyMol »YxMg©Id0; 7. —
WsR3sb0; 8. — 359009930; 9. — JgMdbols HoMUYILJggdo 3569640l (30eobo®o; 10.
— 096460l Mammo s 11. — d5oLYOMMO F9OFwgdo; 12. — Aol 35696400s;
13. = 30399606900 3530 )0l 356096J0dMb MxMgdo

©5133bs III msgobmgol:

539905390905 5 TJNMEMEIMA0IMOE LGOI 5FJosls DmAOgH-
00 bobgmdol Symphytum asperum Lep., Symphytum caucasicum M.Bieb 5 Symphytum
grandiflorum D.C. -05 3060 3m®y0m®H0 @5 965¢™I0mEmo 9390990 qd0L 053019090 9ds-
6o. 9mE98meos 3xad-0b JoLoM9dE Podmyggbgdmwo bbby gmwg MOABML — gMH ™
9m36MmLEAEHMIEGHMOM0 b50sRBMBEMIM Fobolosmqdwgdo, MHMIEOL dsm3zseolfjoby-
000 BoMT53MPbMUBEHWE 565¢0BT0 MROM LHOFIMBbM brgds by gmwols 65dgowmm-

00b o bs.
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o530 IV. Symphytum grandiflorum D.C.- obpg6Ohmgdol
330 dm93M@co bsGmgdol JgLfoges

Symphytum grandiflorum D.C.

L. 4.1. ©90OY39530S W86 (S.grandiflorum D.C.)

LooLgMESE0M 653MMIT0 BoBbs® OZ0LIBYM JoMo 9bgdol, MgoMY3530Ms
@53do6ls (S.grandiflorum)(bwy©.4.1) gMM9d0L Joroedmerg3memo Batomgdols dglfogwns.
05659009 IgLfogerowo ogm S.asperum-obs, S.caucasicum -ob, S.officinale-ols s Anchusa italica-ls
05025¢08M937900M0 6590900 s 50FMRIBOEIO 0YM BOMEMAOMEIO &0 MPB39MIEM
300dgM0 3meo|[3-(3,4-0030MmJlongbow)-awoEgMobolidgegs] (3c0xad) (96,100,103,105).

JodomEo 330093900L50730L Jor0749e0 9Bgdol 0gCIMYI9Z0s Csdds®rls (S. grandiflorum)
dofolibgs bsfjoegdol Ls33eg30 6odmdo 5300900 Lmgger EIBOL3MMEdo, bremls Gsombo,
20.06.2014 §. 0053593953907 Hobdz080s Bs35E9M90 ©9gm305390o (B3fognszgdols bmds 1
d9) 9396565190 Asbsgoll BMMJLE®300 begiergEol 5356MEHT0 JuMOHMRMMHT00 s Fgors-
Bme000y r030gd0L, 30396E9d0L S BHTMEY3I MO 603:0gMYOGOOL FrSTMMGOWS.
9m35b0bgo 594356900 FB3904900 80 269009 ols (3690 fiywr0o LA IMO gJuEE-
309 (3000MHMIMro 1:15). 9dbEHMdEoob bobyMadogmds 99ocaabl 1, 2 s 3 Lo, qlodsdolsg.

4™390 9dbE®ogd300L 9009 35¢3)9M9O0M 396EHMOBIR0MNO HYoeblibstrosb dgs-
60 35L5¢0L IMLSTMOGOISE s FOMEOL gobTgMMB GJUEHMIJE0. 259M055d glsd)-
59490V 3536396GHOOMFOO0M 353290 OMES309IE 5FoMOMNJGdI DY S 35¢BIMIOLOM
Q05¢0BL GO0 3306000 3963530 MdIT0 39MRBIBOL BobgzME §odEM356390d0 OLEGHOWO-

9090 9ol oot 13930 e F29MFgddo Yymz9wY FYwol godm33e0m.
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9990099 (393560l 35639008 Jogmagbl 33¢003 35396GM0RMY0MJOLOm, bI39H-
B53ob@L 3530wEGHM93000 d0bbYMOL dsdMHDY dmMBEDIBOL 3Mmd5To s Q9GNP YdME
998594 3H9dL 353mb6396EGHMOMYdOm, 3565(0EgdEOm 1 -056 MR35 d0E056 300dD-
do, 390bs300m 3530356030 -18°C-Bg © 35FOMIVOM LOMBOWIMIE 450T305009d0L 30-
HMd90d0 oMmBOEE BodMMd 535MsGbYg (VaCo 2, Zirbus technology, 496M3s60s). dogo-
®90 20,699 3m0olsds®0@gdols %580, 259mbsgswo 25,86%.

BogoBoMgo S.grandiflorum-oldmerobods®oqdol xsdol 4,5 -0l BEMsJ30mboMgds
MOGMIBOEMI300 FGNMEO” (“EEGMIBOEHM300L 359965 dmegero 8200, Millipore)
3Bm@ob §6930L 9390 (3 5@0.) 399366 Bow @MDY, (Biomax PBVK, 3meogmg-bem-
1mb0,3mM930L Bmds 500 000 NMWL (500 kDa), 63.5 99, Millipore).dogowmqo> 585 39 dsoen-
9m93me®o (>500kDa) g360d309, 49dmbagscno 13% 3meroliods®ogdol xsdol 0ds6ro.

39053009m S.grandiflorum-ols 85©owdmg3mmo (>500kDa) g®maodzool med)-
4500bx39M0 (o) S 0bxOHomgwo (0f) b3gdEHMgdo (bwe.4.2¢005 4.3).

S.grandiflorum-ob 09O ™M9d0ol do@odmeng3oew®o (>500kDa) g3@odzool o b3g-J-
AG®0oL 3OMB00 5 Fsbmddol dogdlodmdo 286 63-Bg sTobslosMdgos Boraginaceae-ls
cxobol Symphytum-U 93560H0b bbgs Lobgmdgd0b: bomosbo wsddsGrosb (S.asperum),
393350060 5065096 (S.caucasicum) s Bs33MMbsEM 5dJo050sb (S.officinale) sqo-
M9 306395 2dMmYMR0wo s JGuHogzeromo oMo dmeg3MEMo 30539060l dx535L
§om3mgdmols JomEH030 3mE0gmgeolomagol, 39MHdme, 3meo|3-(3,4-o030MHmdlogy-
Bow)yoEg@obols 35535500300] (3x3ad)-m30U.

3,5

3

2,5 //_\
, .

=y
=3 \
= 1,5
\
£ 1 \
0,5 /—\\
O N I O N N N N Y B N N B Y O N Y N Y S N N N N S B Y I o e e |
05 200 220 240 260 280 300
' GHoeneals Lopddy ()

bm6.4.2. S.grandiflorum-ol ©9MH™YdOL Foserdmeng3wery®o (>500kDa) g3@odiools

o b3gdBH®o.
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% Transmitance

b6.4.3. S.grandiflorum-ol ©9HMYOOL Foserdmeng3ey®o (>500kDa) g3@odiool
off b3gdB®o.

S.grandiflorum-ob ©9MH™9doL JoEsErdmeg3y®o (>500kDa) g®madiool off b3gd-
A0l 8056 Jdols Bmergdo s1939 98b3935 bomosbo, 39335B0M0 s LHTIFMGbIEIM 5T~
3965056 godmymaowo 3xad-ol off b3gddMobm3zol Tsbslosmgdg dmsbomgdol bm-
w9dl. 39MIM@, 0go 99033l 9dwgy 30390L (187):3415(0OH); 2928 (CH); 1729 (COOCH,),
1604(0mbobo®mgdo 350dmdubowo, COOY); 1511, 1445 (sGmds@weo C=C 3dg9d0), 1409,
1218 (39bmeo 306OHm3900), 1266, 1122, 1076, 1047 (85603 gongewyero 83900, R-O-R’),
869 (C-H,s6Hm3swe 306:m3d09Hm0 0Dmeo®gdr)eo {igoedool s@mdo) 820 (C-H,
56OHMAsGH v 00MHM30 MO IGHBMdYGOo (i4oedsOL 5BE™MT0).

Bogo¢otgo S.grandiflorum-ols 30olods®0@gdolL x 580l s Fo®owdmerg3 O
(>500kDa) g365d300L bLOo F555379M0 30OMEO0BO. 30OMWODBOL F9IRs© Jogd-
@0 dmbmTsdMH o 9995096 mds dmyzsbogos N4.1 sbéHowdo.

gb®oeo N4.1
S.grandiflorum-ols 30¢ooldgoM0@9odoL X590l s Jswsdmenglyew®o (>500kDa)

BM5gd300L LOero 35300 30MMEMOBOL G99 Y5 G0 dmEo B,mbmdsdmmero 89ds¢-
396¢mds

50500~ | osd- - Jbo- | goes Gbols
Bod30b slisbymads 07| 3p@ed | 3@ Jhom | pOVONDOL | o e o
BBy | GHmbo | 3B | 0B 0515395
300LOFoM0YOOLYST0 | +++ ++ ++ + + -
a
PRAICRYIILYO0 +++ +++ ++ + - -
(>500 kDa) 53659309
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S.grandiflorum-ols 3c¢0obogo60Id0L Ksddo s Fo@odmwg3mewwy® (>500kDa)
005930580 ROMIBHMDs, owsd@GMOMboL 85535 O AWY3MDBS MoMPIbMIM0Z5 #ob-
3L5BM3MJ  139dEHOMBMGHMIGGHOMEO FJPMPOM. 39MIND ROMIEMDOL QobLIBM3-
MoLsm30L 30949690Om Mgod305L MIHBMO30bOLS s FoMOWT:o35L M95396E96(86,1-
55).255dGHMOMmboL 85535L 49BLOBOZOMOLIMZOL — Mg5J30sL 3-30MHMJLooggbowol
953953H56; bmewm g 3mBols 3LsDBLZM3OM — e 30DMJLOoIBHO TgmMmEOm.

S.grandiflorum-ols 3mobods®0gdol x5330: BOHXYJEHMBOL Momgbmds Fgo9b-
Q5 -50,95%, gosd@embol 35535-11,5% o 2w 3:mbHs-3,06%.

S.grandiflorum-ols 9s©oedmMg39y® (>500kDa) 5305g30sd0: 3OIEBHMBol Grom-
©96md5 99509965 — 9%, gosd@embol 35535~ 0% s e)3mBs- 10,8%.-b.

'H396 L3gdEH®™mob sbserobobomzgol 4sdmygbgdme 0dbs bszgaggo bog®mob 1%-0sbo
blboGo. gobmadgzs Bos@otmesVarian AS 400 MercuryPlus NMR (400 MHz) obl@6Mmd9gb@oom.
39Bm330L 39939M5@1OS 9090 80°C-s. fywrols bLogbowols smGYMB3s 2obbmEEo-
9ws “WATERGATE,Excitation Sculpting” bdgdoom. COSY 13gdGH@Mol 2500009ds 256bmM-
3095 03539 06LEGMIIbE DY, 5bsePMA0MH 30MHMdYdTo gradient-selected COSY (gCOSY)
00939 bH0 J0dE0bsMYMdOL godmygbgdoo.

'H d060H03w-05360@&w6m0 Hgbmbsbliol (096) L3gdd®do (bvy. 4.4) Logbsero Jo-
9060 dz3Memdom 3.8 3.6. 309379336905 3gomdlowols xaMxaL. Logbsergdo 4.8 9.6.
5.25 3.6. (H-1) 3909379036905 556205000l 5@mImsb 33me M6 5¢0xs@Ev® bsbdoMmdsol
5GH™I90mb 53938060939 MmO {godool s@maL. 7.0 8.6. (H-5”, H-6") o 7.2 9.6.(H-27)
Loaboergdo 909329336935 sOHMSE IO dBOOMZOL YsedI 5EMTJOL.

Symph_grandiflorum_D20_1H_80C_160526
n D20

Symph_grandiflorum i 3ga0-(Symphytum grandiflorum )'H 336 s3gd®6o.

Logbagdo H-1 s H-2

36m@mbydol, Gmdmgdog 8gmomols
©3353806gdMm0s 9lsogtols
156305000156 83y bogbaeo

Sewogstt
65b30ABIGMIPME

1

COOR

—o-tb-cfi

6II 1 2II
5 3"
"SOH
H

3c0@a0-(S.grandiflorum)
35689m® 0500 Gmeo; R=H,
CH,

568570 3GmGmbodols
H-2", H-5" @5 H-6"

LogBagrgdo

40 35 30 25 20 15 10 05 00 -05 -1

100 95 90 85 80 75 70 65 60 55 50 45
f1 (ppm)

L. 4.4. 3xad-Symphytum grandiflorum-ob 'H 336 139JE®o.
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gCOSY UL3gdd®o ( bLyesmo 4.5) a30h39690L 4.8406 o 5.34 96 Logbowrgdol
39005339000l 303901 ,6HMI9ge03 F9gbodsd9ds 3xgyd-ob H-1 s H-2-0b 3006H9s305b.

Ml
4 1A
i RN

M A

% g
o
3¢0398-(S.grandiflorum) H-1
05 H-2 36Gm@mbgdols , X
7 356053390008 3030 1 COOR Lo
e 1 J; 2 g
— —O-HC-CH- o s 8
—— "
= 6" 1" om
= N
o 2" ~OH
. H
P
- 2 3c0830-(S.grandiflorum) res
_7//"L 9568gm®ds@o Gymemo; R=H, CH,
M
e
75 70

L. 4.5. 3oxad-S.grandiflorum-ols gCOSY L3gdGH6o.

3x3d-0b 2D 3g@gmhmdocmgmwo 'H/PC gHSQCED b3gd@®o a30639690L 9980099
3MO95:3050 3OMEMBIILS s BbToMdoEH™MIGIL IGO0 4.2/56 36, M3 5LEwM9dL 09-
0Jbo X3MBOL sOBYOMBIL 39MDMBIgo30L Tgn0Eol Gug®To. (b 4.6, 4.7) 53 B3JEGHMDY
51939 Im399meos BC 75 96 s 'H 5.4 96 0o 82 96"°C oo 4.8436 'H-U 30005339000L 303900,
I gd03 8093036900 300xad-(S.grandiflorum) CH-1-b s CH-2-U , 99L505d0bso boFo-
M 500603bMmb , ®MA L 4.7-Bg 51939 bsbg9b9d00 bsMBgbo ToJMgdoL Logboergdo.

MY

VHK_pooled_D20_HSQC_80C_160706
Vakhtang samples 1+2, D20
gHSQC, 80C

13C 75 86 o5 'H 5.4 86 MeO: 13C, 56; L1o
B3X53390°0L 3030, HMIgeroa 1 1. 4.2 36
809336995 3cxua0- > -

(S.grandiflorum) CH-1 30
/ >

[-50

- [-60

- .,': [-70

1COOR

1 (ppm)

S. grandiflorum -os 30330~ -3 1 > [ee
oL gHSQC baggé“’c/ L -H(I; Lk Loo
. 6" 1 on 100
13C 82 86 co> 'H 4.84 96 ’ " 3" 110
250533900l 3030, GMmIgeEog 5 Z oH [ 120
809370»369d5 3coBYI-
(S-grandiflorum) CH-2 H [230
30BR3-(S.grandiflorum) 140
235689m&Mgdso Gamero R=H, [1s0
= CH,

7 6 5 3 2 1 ] -1 -2
f2 (ppm)

b6, 4.6 30Ryd- S.grandiflorum-ol gHSQC b3gdGHeo
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T ”
Jon [ln
iyt
o ATV AR A N

—— VK01_D20_gHSQCAD_80C_151130
—_ Vakhtang's sample (more pure)

= D20 1H, T = 80C 30na0-S. Grandiflorum gHSQC 1
—_— COOR

. 13 .
§1 656Bgbo Bogd®gdol Logbsamgdo MeO: °C, 56; ' —o- Hé CH—

= H, 4.2 36 [*
= (H-2 - H-6) > '
—_— 6 2 a0
= " 3" [
—— |;L| S\FGron 7
=] 3C 7586 s 'H 5.4 36 H [

256053390l 3030,
6m8gerog 80g3mgbgds "El

fL (pom)

3©ua0-(S.grandiflorum)
25689mMHgds000 Bamero [
R=H, CH, Lo

_— 13C 82 86 ¢os 'H 4.84 86 [00
— b
— 23505339m0b 3030, GmAgwog [

\:7— 00939036985 3oB- 1

(S.grandiflorum) CH-2 120
(3358560 bsGBgbo t
B53Mgdol LogBswmndoo) [

==_] 9536gdol s6mgeymo
:_ G9BGHGYBdOL Logbsangdo

BU 75 7U 65 SU 55 50 45 4U 35 3U 25 ZU 15 10 Us UU

L. 4.7. 3ox0- S.grandiflorum-ob gHSQC L3gd@®o

50335Mo, of), 'H 836, COSY, gHSQC UL3gd@®gdol dmbszgdndol Logdzge by
S.grandiflorum-ob 8505¢dmMen939y6 (>500kDa) 36530530 ©9EH9dG0M90mwo 0dbs

3m0d96H0,0039oi3 56Ol (goerdoblibso 30539060l 855358 Ho@Bmgdmeols Mg-
BMESOME0  30JMYM0,  39M3M3M0[3-(3,4-030MMmdlongbow)ywoiEg®o-bol-
059535](30030), MH®A0ol 45639mMHG050 BME0s 3-(3,4-030OMJLozggbow)—awo3g-
60boLds539L) Bodomo(LmMomo 4.8 B).

COOH 1' COOH

_O_H!_CH_ —O—Hl—CH—
1 2

OH

A B
bLoy@somo 4.8. S. asperum-is, S. caucasicum-is da S.officinale-is3cmeo([3-(3,4-
©00300MOMJL0x39b0w)o39H0boldsgsl] (3xad) (A) ©s 3xAT-0L 2sbdgmEmqdso
3000 — 3-(3,4-0030000OMJloxgb0w) w03 M0boL d5535L Bsdmo(B).
30539060l 355358 Go63mgdeol 3modgemo, 3960dm@ 3nAd 2963LsDL3MIm

139dAHOMBMEHMIGGHOMEO FJOMPOM. 1535WOdOM IOMOL sl UGB EO®
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399m3099b9m S.asperum-ols 39139006 FodMYMa0Ero Fosedmeg3merGo (> 1000 kDa)
RMJ309, HMIYdoE 3FBYF-0L MomYbMds 5™ 68,25%. (L. 4.9)

1,2

- 1 e 0128x-;359;;£.4
& R2=

E 0,8 /’)g

2 0,6 —

£ 04

& 0,2

f-: ' -

2 g /
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dpgad-oll Gomwybmds (d4p)

by, 4.9. S.asperum-ob gqliggdoL JooeIMEg3OHO BMSJ300L( >1000 kDa)
300x3-0b 68,25% 9993390 Md0m B5350dOHM IO™O.

S.grandiflorum-ol 3¢obdJoMO0EIOOL K 0ddo: 3RYT-0 MOoMEIbmds Fgopqbws
18,4%, beagom S.grandiflorum-ol 3505¢0dmeng3e0E (>500kDa) 136od09d0-3003530-65%-U.

51336900 IV msgolsmgzob:

1003M-Jodowemo dgommgdol (off, 'H ddM, COSY, gHSQC bdgd&H™goo) godmyqgbg-
000 Y0005 MYNMY3530¢05 58456l VIYMHMGO0IL QoTMYMmTBoo LwdLEsbizool

096G M0 F505edM9329)M 396 dO0MIME0TJNHD — 30RYT-0sb.
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530 V. Symphytum asperum Lep.-©5b 3meo[3-(3,4-

©030OMmJboggbow)amoi3g®obols dg535U]
bLdlEGHob3gool doMgdol 39gdbmemyool omaxmdglgds

FOH0@mdol JgsbmE 3909w o sIF3MMOOL Bod3OBsm FBs fodswmnam®mdgddo
dmddgo 603009930l Loboom godmygbgdmwros 3wxad. sd0@™MIsl 33¢930L 53 9BO30l
59m3965L FoMIMoa9bs Bsm0sbo s3JsM0l WgMMYdOEID BOMEMAOMS® 9dEHOMEMO
3e0[3-(3,4-03000Mmdloxgbow)ywogMobolidssgsl] (3gad-ol) LbrdbEsbgool do-
®900L 39dbmemyool sd)ds39ds.

330930L 309939 359Mmy9gb9gdeo 0gm bomosbo ¢sdds®sl (S.asperum),0g®mgdo,
I gdoi 99mm3s 2012 Farob 0360ldo bmgge sbolids®omardo, brmwmlb Msombo,
939bse0obL yzs30emdol 3gMHomdo.

b500560 584565l ©0gMHM9d0L 3RAd-0l omqdol Imirgdmwo @9dbmewrmyos
0m35¢0Lf0bgdL 3MgJLEMOd305L 3935GMGH™ILOIMNEO — 30HMWOHBOEODOL ¢ 35¢MOEY-
d0LYO6 goms30LBWgdol I0Bbom. 330930l 53 gEo3ol F0BsbL HoMdmogbws 3wxAd—
ol 300900l (§9dbmma0IM0 3Mm39L0L LEWIEYMTS, 39MM: 2500HY39JIIEO SOMIOOM
306 0HOEOBOL 5¢ 35000 00l 9JuEBHEMO305 S 3RAF-0L gJuEHEMod300l M3EH0Tov)-
60 300MdO0L YYD, F90HY350GOME0 S0MIOOM boM0sbo 5Tl VYMMYd0B 30-
O0HOEOBOL 50 350M0qgd0L 9JuEHMOJE0s 39§90MTMgm 9999y gdbmemyomE Hgg00-
do: 1)bgowgmamol Bofions3gdol Bmds 3-580; 2) 9JuBModool Ggddstodmes — 20-25°C; 3)
50 35¢0m0©900L gJuEMSd300L X JMMDS FIBOLEBOZIMGOM®S 30MHMMOBOPOBOL ve3s-
w000l 00096E0%30353000, JOHMISEMYMB0MEO IJMPOL godmygbgdom. dombags-
90910 50600 gJuEBcg30s FbbMM309w©s FYlsdsdol 356G« BY(LYM.5.1).

L. 5.1. 2500b93509390 50600 M3 0EZ30L S35MOEMIo dgds.
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©3(i3M0@dsbgd e 60wl 3532)7F0L b¥FIEIdON HZMM3wBIE JFuGMo]-
A™O3do (1). 9JuBHOodBHMOIO0D s 5FoMOMNJGd0EIL 359 Q98 Y36056 353w9do-
9003 5 35¢Mb0sH (2) 539096 Jersmboom. {iB9g3900L gomsbsdMYIOL dowg30l 99
93bOOIHMOYdT0 (1) 6gwgnwl d0sfmwgdgd 3o0bzeEINE Jwsmbl dseswo f{bg-
30l 4938 9gmgz30 B3530096 (3). 39abLBgo 9ol by gmeol igbgdly ImEOl, godmi)3-
03l bbs 333MmbgbEJOL o FoWwEHMOUL (5) 493W0m A9OEOL 5T>MOMIJgdgedo
(6). 535mOJengdgerdo gduB®madBo 3H9Lgds. 253bLBYEOL MmGMJwo FmMEgds s Hbg30L
Lbbgomdol batrx g dogfimegds 30069gbLoGMOL (7), GMIgerog (3030090 5303000 (8), Lo-
53 3mbgbLOMYOS s ZodblbgEo BB YdS oo [6g30L Lozegdo (3). 9JuBHMoFOcY-
B0l 30Mm39L0 J0dE0bsMYMBL LodmTom 69359 10-65 533 s 22°C 3H9d396Msd)Esy.

9930L§030900 Bomosbo 580l gMMIdT0, QmMbY35©YOINIO S0 (Jesmbo)
9Ju&®sgdzool 899c0g Fomgdme Bgmdo s sMRYBow J3gbatgrwe Bslisersdo doMHmeobo-
0b0ob 5 35¢0M0EOOL 5OLGdMDS (124). 5305030l G935MB0gm MBYER6M3560 JOHMDsEMy-
53006 3900MEO (Oxd) Lowryame-254 BoMROGHIPDY, OMYMOE 05830, LEGIEO, JoEH030
Q5 3aMdbmd0sMg I9MO. 50600 39gMEOM MG 30MR0ESDY [YoedoOL BgssbaoL
6954G030L J9bEO7d00 s 293bYIGO0M 30MOHMEOHBOEOBOL H¢35EIMOEIIO AOM0JIBYdS
N-mglogds, bmenm dds63:535 96300M0@OL FgbwMgds S 253b9w9ds N-mJlogdl got-
059360 30OHMGd, MMBgd0E GO M95dEH030 (4-00900sdobmdgbBswr©g3owo)
d9LbOH9d0m 0dE935 FMEIMRM-05L5FbOLGBYO 9B FMZHMOOLREOM-05LTBOLGBGEH odgol. g~
©obob Mgod@030 3608369036500 9dxmdglndl gEHIJEHOMIOOL FyMAMBOsMMBL, MHMIols
©09399BH0M9d0L 0bodmdo sl 0.1 933-Bg 653cg00.

0gd 3MHMm390MS. LOE035a9WoL MbYERNBMZ6 JOMTsEHMAMITR0MM BoMHTBOEIDY
(Silufol-254 UV; Czech Republic)d93039690 306H:m@oBoobols s¢n3sermogdol dgmsbmero-
360 9JuEHM9 G0, JOMTEMPMIBoM LobEJIo 253mybgdwro oym: JermMmazm®do — dgms-
Bragno —25% 580530 (85:14:1803.).306330¢g0b 35dMIMOO0m 35960, 35Ub)MJd yseds-
@0 BYgz19620L M95JGH03L s 3939 gdom 90-100°C 15 for-ob 49633 mdsdo. BOMROEHJOL
39303900 8999y 358bIMgdEO AB5T5535 9630EMHOEOL MYodGHO3L s 35:3bgrgdom 15
Hor-0b 39635300Md530. BMYOIOO 5¢35¢MOEO F510536000MS B0 FMYs30LGBOM 5Jg-
0oL Lobom. 30MMEO0DBOPOBOL 50 350MOYOO BEMME30MGOGD 3900L3M3T0 MG~
13960 ©b039d0LLL. o8 IBHIIBHOMGOOL gobLO3MCMGdVIE0 FMIMB0SOMDdS JooM{gm-

Q5 9OHobols M9o396E0b Tgbwyegdolisl s 99damado asabgergdom 5-15 (oo.
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306M0HBoEobOL 5¢35¢M0EJOOLIMZ0L TbOLOSMYOY0s BoMBOEHOL dmyz0-
05 3mbBg 05Lsd6oLGGMHO odgdo.

Raw material of Symphytum HMP from raw material

root stem leaf root stem leaf

| \\\\\ Pas
| e

L. 5.2. 306HME0HBOPOL 5 35EM0EIOOL IHJJEHOMYdOL 99900 9JuEHMSJG0-
ol Lafigol (I) s bsdmermm (II) 9Es390bg. PAs -se035¢0m0@9d0b 5dqd0;s — 3930, d —

©IMHM, @ — FMOIMEO

dsbOEgd0 O M95396(3JO0 MBI BOORBOESDY IEIJEHOMJdOLSMZ0UL:
5) §194oed500L Bgg5680L Mgog@Eog0. 1000¢30%-0560§ysedsols Bgsiobaol bibsto,

0ol 1 9w 90353L 2-4 Iabo@®0mdols 30OMBMBBHE;

0) 005635535 5630M0OL M95dE030. I0>635535 96300MH0WO, 39BHMEgobol gomg-
0 (ool 39939Mo¢es 80 — 100°C) s 096Bmro, 1:4:5 (dmg.);

3) 9Oobol G95396G0. JOHMTsBHMAMBOMEO BOOROEHIIOL 2obodsms3b9dws
3990y9gbgdmwo ogm gMobols ®95396@0 — 1 g 08900 sd0bmdbBswrg3oo 70 dgn
3BLBMEEHMEO 909bMe0do, 30 I 350B0EME0 (YO0 by o3MmEol dmbmgmoegmg-
60), 1,5 9w 3m6396GHO06M9dwo 356H0T5539.

900900 dmbs3g9900L Mobsbdo, bsmosbo sddo®msl gombgzsgdMEo S06M9-
B0 5K JM50 9JLEGogd300L (30300l 9dmbz93530 F00M935 WO3MTBOEMMO BMSI30-
ol 35gb0doEEO 259Mb350, $FsLbmsb Joowfg3s 3gbsdgmwro by gmeol doMmeo-
D00boL 50350 O0LOYSL FoJB0ToW OO Qomo30LwREINDS.

R0GM3M9356M53HPO0L  FobMgds® 9M-9Om 86033690356 LGwosl Fomdmaagbl

93965690 bgowgmeols gdldMoegdEos. 08oboma0l, MM dmbgl dmddgo bogmogtgdgdols
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Lb3s 535dEHMMGO0L 2930965 9JuEHMsg300L 3OMEgLBY.

690w 9wosb 3xR-0L 2593030l Mm3EH0dsIMHO 30MHMdJOOL ILIYI-
Bso 309969000 bomosbo sddosls g Mgdl, HmIwgdlsg dmdm®mgdwo 3Jmbos 3o-
HM@0HB0E0boL 500 35¢0M0©Jd0. 3RBYT-0b 30EOMTBO MO boliosmM0Ib Yodmdobatrg
9JbGH®9396¢@ 30996900 figoerls. Jglifagerowro ogm bywgywobs s gguh®aggbGHol
0565835MmEMOS 30RYT-0L AoTMVBs3z5ebY.

bsm0560 58460l ©gMHMGO0L 5JEH0MHO BogmogMgdol 4sdmymaolsls 60dzbg-
m35605 51939 39I3GOIGHMOME0 O5000. 3R 5O 80939336905 PYOHTMEISBOEIME
60300969093, sdoEH™ad Fgbfogerowo oym dobo godmfawo30l 0bsd03s3)a3gModv-
5b9 5930090 qd5d0.

30RyT-0b M5MmEIbMdMH030 2obLEBOZMOLIMZ0L Bywrgmwdo s 2sdmbsfzarom-
do 359m3099690 139dEHOMBMEHMIYEHOMEO FJOMO.

998G 300L bobgaMd03mds 8@ty fYwol sd5DsbsbY 39530360l godmyg-
B900m 89509965 3L0-U. J0MYOMEO BESEHOLEH03MIMIP 53453900 TJEOIRJOO dbS-
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09658356M©Mds 89500396 1:15, 9JuEH®Mog300L M3E0Tocw®o F9ga3gMedw®s 3o 90° C-L.

LobBgdsdo bgwgmEo-gduBH®Meab@o {mbslfim®mmo 3mb3gbEMmogool Mol
0503965 49BL5BOZOMEO 0ym bsMmosbo oGl gMMGdOL gJuEHMSJ300l Obsdozol
©503960m. LESGHOLEH03MS© 3 T539390 T9IAIOO0 L5 05.4 BN BY.
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b6, 5.4. 30x3-0b godmlisgse By 9du@E®od30ol XgMHOMOOL As3wgbols Tgufeg-
ol d9©ga9%0.

OMamO3E LYOSMO 5.4-©6 BIBL BsM0sbo oGl ©YMHMYd0IB 3RYT-0l o~
dmfz3ogol MMl {mbobfm®mwmo dymdsdgmds Bsboms 300390 3mbESJGOLOL
9956995 90 -0, beaenm dgmeg 30@GogdGHobsl 60 §or-8o. 5d9sb godmdobstg 3cox-
ol 35gbods®O oM 3 030L5MZ0L bOFOMMS MOXIOO 9JuEHOsJ30s 90-60 for-ol
396353 mdsdo.

30xRyd—0b 9JuE®Mod3ool Mm3EH0ToWIHO 30MMdJdOL o960l Jobboom 8g30Lfs3-
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30 = 3539653095

50
27
30
20
10

196.5.5. 99LGHMoJ300L bgObob gogwgbols dglifogerols 9gwgagd0 3;39bs6go bgw-
900 30BYT-0L 4oMmbogE0sbMdSBY.

" 39M3MES30S

dmy3560e0 dmbs399900 (bY@. 5.5.) 99¢Y39wgdL 3bgwro Hoboom (d96M9300) 58356
130653 JLMdSBY.

330930l 9990ma 93939 800900 godmbsfaeromosb 3wxad-0l Qsdmboym-
030 298Mm3094gbgm MGHMIROWEHM30o 3933656900 I(3mEolvwwambo, BmMgdols
00599360 800-9004) s IT (3m0mdlinosbmmo, BmMgdOL ©0sdgEGmo 300-400 A) we-
AO5BoWEHM5300L J0d0bsMIGMdOLLL 1 893d6sb5Bg 8003y. 3meobsds®ool Kxsdwmemo
36193565306 800gdwe 0dbs 176 3. (godmlogswro 22%), bowm dg-2 898d6sbsbyg 3.
X9IMO0 3619356506~ 2333 (90035000 7,7%) 300RyT-00 godoEMgdEo B3Mod-
305 (L. 5.6.).85¢LEHOO0 BoM0IMGOOL MroMmEIBMBST FowrEHMo@do Fglodsdobs 1 s
d9-2 89806560L5m30L Jgoy0bs 425 dy s 1,8y. M EHMS00LEGIO («90) L3gdEH®To Jmsbm-
Jool 303990, ®MIGE0E FsbsllosMYdgos 30BYT-30L o6 Fgobodbgds, Moz dm[omdL
6039 G030l 9990656900l 259mygbgdols 9glodwgdwmdsl 3exByd-000 498EO0EMYIIO
1M5J300L Jobowgds.
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Bomemol bop®dy (63)
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L. 5.6. 3RBYT-00 25EOMJOIMWO BMHSJ300L 1B39dBHMJd0 1 s 2 T9adMBYdOL

3990g9g690000 o EHMS300L 93IR.

06039 9990b393580 Bomoq 5MHOL godmbobeo 3exRd-030L sTsbslosmgdgwo
303900, A 286 63.2500000M90w0 3653006 oMz )OO IMHMmdol 999wy domgdvIem
0965 39990 9o30Lx8396M0 H3M0WIMOLE MO Bb3zbowro- 3RAd-0b LdLELbE0s.

Bo@o69dmo 9db3g6m0896@gd0 Lsxd3mo® O™ 3eBYT-0L bLIBdLEHIEE00L do-
©900L B9dbmermaom® Lidgdsl (Lwy. 5.7.).

Y [IORRST o

L. 5.7. 30xa3-0b bLYBLEBE00L F0LgdOL Fgdbmemaom®o bdqds.
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5.1. Symphytum asperum-q@sb 3meo|3-(3,4-o3ophmdloggbo)
3039MH0boL 55356 ]lwgdLEbE00L Jowgds babggMolisfo®dmm 3oMmmdgddo

bsm0sbo @ws8do®sl (Symphytum asperum) dofjolBgs bsfoergdo smgdmwo odbs
2012 ferobogbolols s 03arolioll 1399830 dglsdsdolo dmobggzols s Bml MHoom-
690d0. 6083930l Bgs30MHIo 303MME3HJIH03MM0 IMZOE0gMGdOLIL IBOJLOM®S
d9L5MYOYO MB0YJBHJOOL @S B3gMOIMOMIM 60dIgdol 0EIBbEHMOMds. 10 3 3596-
9650 s 3993900 396560L IOHMII0IB 5JEH0MO LIBdLEIBE0OL FoMgds
296bm® 309 s 3L ,69mzsMIT0 990090 ebdodgzdmdom:

1. 93965690 by gMwoIb Wwodmzow o dbgdol, dsm FmMol 3oMmEo-
B00bols 53500030l 9JuEGMsd30s 39FomBmgm SFE-69od@ ™Mo gombgzsmgdmeo
506900U (Jerombo) gs9mygbgdoo;

2. 93965690 69w gME0Ib 30OHMBOWMOHO 36900l Bogmogmgdgdol 9Ju-
A®ogd300L JoBbom 259myqbgdero oym 99gMHBgMwo Mm33H0ToOO 3060HMdIYd0: LobEgds-
o “095m0-Lodby” MOXIOO0 9JLEAOSJ305 3bgo Fbom(Fyewoo’(900C) gobbm®Eoge-
Q5 ©95dGH™OTo d9d9b03MH0 IMM930m, 30MMIM©MEro 1:15, Mool O™ 1,560
1.0bo, dqLlsdsdolo;

3. 399Mb5(300w0IB 5B LmdLEBEO0L AodmyMmTBoLIMZ0L A5dmygbgdicmo
0965 NGOG GHME0s 3930606 3owEHMGdBY (FmMgdol Dmds 800-900 s6xLEM9-
9o, ssbemgdom 80-90 69, 569 368-414kDa).

B3l 6E0ol — B9bmeErmEo 3meodgmol — 3nad-0L LBEGHIBEIOEH0DEFOS

30P9MoMds: 3J0-4o30L8396M0 SIMORWMWO 30aMMb3IM3 o 3bgbowo, dmF3mgs-
6o LEH®IEHMOOL, godo Jotys blbso.

09039Mds: 139JBHOMRMAEHMIYEHOME0T)NMEO 286 b FHoWsbY, 3meo[3-(3,4-©o0-
3000MHMJloggbow)awo3gmobols 35935 (300xByd)-0b M3MmEYbMdM030 s65¢0BOL Igomm-
Q030056 258md0boty.

6500096mdB030 356LsBWIB: BIBMWIMO 30T MOl dmeo-[3-(3,4-030MMm]-
L0gg960)A0EgM0BOLTH35L] — (3FBYT)-0L BoMPYbMdIM0Z0 F9d(339W™MdS FobolsbLg-

5 139JAHOMABMEMIYEHOIE0 JJNMEOM. QoBLIBAIMS BoBoMm©s b3gdEHOMBMEHMIYEBHODY
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OPTIZEN, b39d&®™0l men@®o0olbgg «ds6doA=286 6o msbg. 1o35¢0dMmM gMo53030L
3990g9gbgd00m. LGHSbIOEO- S.aserum-ol ggbggdol oMM BEMS305>1000
kDa 3cog3d-ob 68,25% 899339 mdom. bEsbs®@EHweo blbs®olb 30mb(39bGHMo3055 dgy/dew;
LEObIOEHo bodMdol {yswdo 5969w 9dmEo BLBsMBdOL 2odm, BEbIOEH™MEO s
L5565EPOBM blbsMIGOO FMIBss 1% SDS-Jo (sodium dodecyl sulfate), bo3oeP0dOM IGr+y-
obm30L dgMbgro 0dbs BEHsbsMEHMEo Bodmdol 9990 Losbsobm Momabmdg-
00: 0,02 9/de (20932)- m3G03w96M0 Lod3zmogg (OD) 0,278; 0,041 dp/d¢» (4183y) (OD 0,543);
0,08209/0¢» (8233p) (OD 1,055). (boyé. 5.8).

1,2
s 1 = 0128x-;35{';)‘1}ﬂ--0
£ R2=
€ 0,38 .r/g'g
£ _....--/
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£ 04
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dpgad-ob Gompgbmbs (353)

L. 5.8. S.asperum ggbiggdol ds0odmeg3mEwmo gMsgzool>1000 kDa (3c0xpd-
ol 68,25% 990339 ™d0m) L535¢P0dM™M dMO.

300x33-0b 999339 Lssbserobm bod,ddo Lsdwysem F9oygbl 25%-L.

A96056mds: 60ddol 1 gMsdo (B.§.) IMgds J5TOMD 30650580(102,5+25)0C 39d39-
M5@G™M5DY, 5 Lo-ob 49633 Mds30, 5309096 9JL03IsGHMMT0 s MbBsL. BHIBoSBMdS sEro-
mdgBHL 5%.

ddodg ommbydo: 60dMTol 1 46l 9ds?ds 13w 3mb3gbEHMOMYdMEOo ymyoc©a-
53539, 399m30L 9999 65TV 535@9d9b 53¢ 5dMBoMAOL 539ESGHOL BoxgM BLBOU goibg-
©9d0L 4390. BoEHM5396 MbosgM™ gow@HMTo, Mg3boggb 5 e Fywoom s BowEHMmo@ol
I E3MMdS 99530 2000¢-8009. 00gdvgero blbs®ol 108 »bs »dwgdgl godmal
9d0dg om™bgxdbY. L3900 56159993 gL 0,01% 3693565& 0.

1393083039960 30b56MY9x30: BHMJLOIMOO 30OHMEOBOOLOL S 35¢MOEYdOL F99(339-

MdoL A56LsBEO3MS bgds MBI RgbM3560 JOHMTsEMaMsz300l dgom©om.
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3sLogrgdo S M953963Jd0: HMJLO3MMO 30OHMLWODBOPOLOL S 3oWMOEYdOL Y-
A993H069d0Lm30L 2odmyggbgd s Lowro3sgwol MbYWRGbm3s60 JOMAsEHMYMOT30v-
o gomxods (Silufol-254 UV; Czech Republic), 353blbgerms Lobgds: Jerm®mam®mdo
— 090960 — 25% 580530 (85:14:1 3m(3.).dO MG MYM55309c00 BoOR0EJOOL 4ol0d5003-
B90o 259mg9bgdos gHobolmgoagb@o — 13 0dgmoErsdobmdgbBswgdoo 70
9 5dLMEMEHNO JMIBbMEdo, 30 I 35MBOEMEO (YPGB0 3MEOLIMbMmgmOEY
0960), 1,5 e 306396 O0M9d0 FoMr0¢0T5935.

306OME0HB0EOLOL 5en35M0EYOOLIMZOL sToHIBSMYOG0s BoMTBOEOL By30-
05 ZmbBHg 05LsbOLGRYMHO odgdo gHobol Mgoggb@oom dglbwmgdolsl.

d965b30L 3MMm39Ld0 3RYT-0L LEHIBOEMOMDdS A563LsBWIMIm bsMoLbol dsBgg-
690 gd0l: 5©f9gMs, 030390, M5MmEIBMBM030 Foblsbwg®s, H9b3gdE39wmds, 3dodg eo-
0mb900, 139308039O0 d0b56Y3900, JobgE30m. 439ws RsAMMZWOO 3565dgE M0 Tg-
BB 2 {erob 996353¢mdsdo (3bGowwo N5.1)

gb®oeo 5.1

300x3yd—0L LBEHNBOEMMHMIOL dgbfogeols s F5GMROLObMIOL 35¢YdOL 96Ol

3990092900 3MBdMH0g 306Hd9ddo(250C / 60% RH)

0obsllosmgdgero | beatrds Lbofgobo |3 mgg  [6m3gg | 12039 | 18 m3g | 24 39
20l 9v9do-gs30Lx896M0 8ggLod | 8ggLsd | GgqLod | Fggbod | TggLsd | dgqLod
50mOHRBM0
30Mml3Mm3wwo

a3bgbowo, dmF3mgsbo

LEHGMIGHMOU, Fysendo
396000 blibogoo.

03039005 139dBHOMBMGHMIYGGHOMWO | Tggbod | Tgglod | Gggbod | Ggglod | gqlsd | dgglsd
99000 28660 3owms®y

650m©Y6MdM030 | 3Rd-ob 0339w Mds 243% | 245% | 242% |24,1% |23,4% |22,5%
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Summary of PhD Thesis

Development of state-of-the-art wound and burn healing finished dosage

forms on the basis of a new plant biopolymer

INTRODUCTION

The choice of dosage forms and/or the ways/modes of drug administration are consi-
dered as an important task of pharmacotherapy. The selection of an incorrect dose or dosage
form can affect activity including completede activation. The refusal to take a preparation by
54% of patients was caused by inconvenient and potentially problematic method of drug
administration. Currently, the pharmaceutical industry is facing the challenge to increase the
opportunities for doctors to participate in diversification and the selection of ready-made do-
sage forms.

Traditional dosage forms (such as tablets, ointments, suppositories, injection solutions,
powders, etc.) make way for the new dosage forms that deliver precisely regulated quantities
of medical substances directly to the injured part of the body. Such dosage forms include
microcapsules, immobilized preparations, prolonged dosage forms, solid dispersion systems,
therapeutic systems etc., as well as the targeted dosage-forms like liposomes, lizosomotropic
preparations, magnetically managed systems, etc.

Having based on the studies conducted by the scientific-research team, it was proved
that application of fundamentally new methods of drug administration makes it possible to de-
velop completely new dosage forms. For example, continuous delivery of medicinal substances
through infusion pumps or pipettes has been widely used in medical practice. The mentioned
method is used only in the hospitals. During the outpatient care, the transdermal dosage forms
serve as the pipette-analogues, administering and delivering medical substances through the
skin or oral mucous membrane. A generational shifting of the production is characteristic for
the pharmaceutical industry, as well as the other fields of industry. In recent decades, several
generational shifting in dosage forms took place.

The first-rate problems of pharmaceutical technologies include increase of the solu-

bility of the poorly water- or lipid-soluble substances; increase of stability of homogeneous
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and heterogeneous medical systems; extension of the validity period of medical preparations;
development of dosage forms of targeted action and required pharmacokinetic properties.

According to the American researchers, the most prospective and promising systems for
administration of medicinal substances include systems with regulated release of medicinal subs-
tances (biodestroying polymers, based on the labyrinth structure, drug administration systems
based on mucous membrane, osmotic structures as well as liquid systems with regulated release).

French experts expressed their confidence that the studies aimed at investigating new
active and auxiliary ingredients will continue to be relevant in the future.

According to the results obtained by survey of Japanese specialists, yet there is no con-
sensus regarding the future and perspectives of dosage forms. According to some experts, even
in 30 years, 30% of the dosage forms will be in the form of capsules, tablets and injection solu-
tions. With respect to others, in the 21* century dosage forms will change radically. However,
taking into account that the future of new dosage forms depends on doctors, who tend to be
careful about innovations, even the systems designed for the gradual release of medicinal subs-
tances will be widely used only in the second half of the 21 century.

Consequently, at developing dosage forms and systems, a tendency of strict individual
dosing regimens for medicinal substances with high-selective performance in the region of
pathological changes should be maintained. At the same time, the role of scientific study in the
development of technologies for medicinal substances as well as the science-based methods
for the selection of auxiliary substances, ensuring maximum pharmacological effectiveness of
medicinal substances will be enhanced. The investigations for development of the prepara-
tions, those, characterized by controlled release and targeted delivery of medicinal substances
have been conducted all over the world. In the age of scientific and technological progress, not
only a wide range of medicinal substances, but also a variety of dosage forms will ensure the
successful treatment of patients with various diseases.

Currently the development of mechanization, transport and chemical industries and
wide use of electrical and nuclear energy led to an increase in the number of wounds and
burns. In recent years this was also promoted by natural or technogenic disasters, military
operations in a number of world countries and increased cases of terrorist acts.

The history of burn wound treatment goes back many centuries. Ever since the Old

Stone Age, primitive man tried to treat burn wounds with natural remedies.
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Phythopreparations contain biologically active substances, which in most cases are not
toxic and have no irritating effect on the skin or cause allergic reactions; what is most important,

they have impact on the microbial and virus strains, resistant to antibiotics and synthetic drugs.

At present, a wide range of highly effective medical substances is represented on the
pharmaceutical market. On the other hand, it should be emphasized that their effectual delivery
to the target organs or cells is still a problem. Drugs can affect not only the source of pathology/
disease but also the healthy body; the result can lead to irreparable harm. Therefore, the funds are
invested in the modern pharmaceutical industry not only for the development of new biologically

active compounds but searching the new ways/methods of drug delivery to the body.

The medication forms, traditionally used for treatment of wounds and burns, such as
ointments, aerosols, and other, have significant deficiencies. Consequently, development of
the components and technologies of biocompatible polymer-based medical gels and films, at
the same time containing antibacterial, anti-inflammatory and wound healing agents, is a pro-
blem of great importance. Such action is characteristic for a new plant-based phenolic biopo-
lymer poly [3-(3,4-dihydroxyphenyl) glyceric acid] (PDGA).

The present thesis is dedicated to the development of PDGA-based gel and film for

healing the wounds and burns.

THE SIGNIFICANCE OF THE TOPIC

Techno-catastrophes resulting in massive human skin injuries like wounds and burns
are considered as the concomitant problems of modern world civilization. Despite the etio-
pathogenesis such lesions are characterized by pain syndrome, pathogenic microflora, puru-
lent exudate, excessive hydration, etc.

The wound and burn treatment belong to the difficult problems of modern medicine
due to associated growth of antibiotic-resistant microflora and increase in the frequency of
toxic-allergic reactions. At the same time, the medical preparations used for this reason, do
not meet (not so infrequently) the modern requirements, and have the ability to impact the
individual phases of wound-healing process and to provide the non-complex activity. It should
be noted that quite frequently ready-made dosage forms for wound-healing and treatment of

burns are not selected properly, that negatively impacts the therapeutic effect.
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Among the soft dosage forms using for wound-healing, advantage has been given to the gels.

In comparison with the ointments, the gels are considered the promising and perspecti-
ve drug forms. Their pH levels are close to the ones of the skin ; manufacturing requires less
time and/or material resources; gels are distributed quickly and evenly on the skin and mucous
membrane.

The remedies, traditionally used for burn treatment, such as ointments, aerosols, etc.,
have significant deficiencies. They may not ensure providing the precise dosing of therapeutic
agents. Due to the wound saturation with the exudates and uneven contact of therapeutic
substance to the tissue, they often cannot maintain a constant concentration of the active
agent at the place of application.

An application of medicinal films elaborated on the basis of medical polymers with na-
tural substances that accelerate healing process and inhibit the development of inflammatory
processes at wound site, represents the new stage in burn treatment .

Among the medical plants/remedies, revealing the mentioned pharmacologic activities,
a prickly Comfrey (Symphytum Asperum Lep., Boraginaceae) should be distinguished.

Prickly Comfrey (Symphytum Asperum Lep., Boraginaceae) is a perennial plant, which
has been used as an herbal medical remedy for more than 2,000 years. Comfrey is used for
healing broken bones, tendon injuries, ulcer formations of gastro-intestinal tract and stimu-
lates wound healing, pulmonary exudate absorption and reduces inflammation processes in
the joints (161). According to Georgian traditional medicine, Comfrey (Symphytum) galenical
preparations are used to accelerate the regeneration processes (18). Comfrey contains proteins,
antioxidants, vitamins, polysaccharides, tannins, pyrrolizidine alkaloids, and allantoin. Tra-
ditionally, Comfrey has been used for both external and internal purposes, but nowadays the
internal use of comfrey preparations is strictly limited due to the presence of hepatotoxic and
carcinogenic pyrrolizidine alkaloids.

The scheme for separation/isolation of water-soluble polysaccharide and macromole-
cular (> 1000 kDa) fractions, allowing the complete removal of both toxic pyrrolizidine alka-
loids and allantoin from roots, stems and leaves of Symphytum Asperum Lep.(Fam. Boragina-
ceae) and Symphytum caucasicum M.B.(family-Boraginaceae) has been developed (112).

Phenolic polymer poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDGA) or poly[oxy-1-car-

boxy-2-(3,4-dihydroxyphenyl) ethylene] was isolated from the roots and stems of Caucasian
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comfrey species (S. Asperum Lep., S. Caucasicum M.B.). Such biopolymer was not known in nature
and firstly was isolated and identified by Dr. Vakhtang Barbakadze, Doctor of Biological Sciences
with co-authors. This phenolic polymer of Comfrey appeared to have a high immunomodulatory
(anticomplementary), antioxidative, antilipoperoxsidantive, anti-inflammatory and wound-hea-
ling efficacy (110,120,121).

Nowadays, the priority is given to wound-healing and burn treatment with the prepa-
rations, which in addition to highly specific action, has analgesic, anti-inflammatory and anti-
microbial effects without any irritating effect on the tissues. It should be noted that the PDGA

possesses all of the above-mentioned features.

GOAL OF THE STUDY

The development of modern finished-dosage forms with multi fractal effect for healing
wounds and burns, containing phenolic biopolymer from Symphytum asperum Lep. on the
basis of bioppharmaceutical, technological, physical- chemical and pharmacological research.

The following tasks were completed to reach the goal:

1. Establishment of features of microstructural diagnosis of vegetative organs of Sym-
phytum asperum Lep.-, Symphytum caucasicum M.B. —and Symphytum grandiflorum D.C;

2. Study of high molecular compound from Symphytum grandiflorum D.C stems;

3.  Technology development for receiving of poly [3-3, 4-dihydroxyphenyl) glyceric
acid] (PDGA);

4. Technology development and assessment of consistence of medication forms
which includes PDGA;

5.  Assessment of influential factors on releasing active substance from finished do-
sage forms;

6.  Assessment of quality indicator of finished forms and modification of the method

of its assessment;

7. Study of the stability of finished dosage forms during storage period and as-
sessment of their shelf-life;

8.  Assesment of safety and specific biological activity of;

9.  Compilation of regulations on active substance and finished dosage forms.
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PRACTICAL VALUE OF THE STUDY.

Based on the technological studies, raw-sparing and cost-effective way for extraction of
hepatotoxic and carcinogenic pyrrolizidine alkaloids from stems of prickly comfrey (S. aspe-
rum), so-called circulating extraction by using liquefied gases, is proposed.

The developed technology ensures maximal depletion of the raw materials without
spending large amounts of organic solvents.

The optimal conditions for extraction of PDGA from the stems of prickly comfrey (S.
asperum), free of toxic pyrrolizidine alkaloids, is represented. Water appeared the optimal ex-
tractant; raw material/extractant optimal ratio is 1:15; total extraction time is 2.5hours: 60 and
90 min, for primary and repeated extraction, respectively.

The technological scheme for PDGA obtaining from prickly comfrey (S. asperum) stems
was proposed and approved at “Neopharm” Ltd.

According to the results, obtained on the basis of biopharmaceutical studies, the con-
tent and technologies of PDGA gels and/or film shave been determined.

The conducted study revealed that according to the key indicators for good-quality,
PDGA gels and films stay stable for 2 years.

The PDGA gels and might be used for treatment of the both mechanical wound and

burn lesions.

CONCLUSIONS

1. Methodologically grounded unified system of microscopic description of different
comfrey species - Symphytum asperum Lep, Symphytum caucasicum M.B., and Symphytum
grandiflorum D.C. is elaborated. In accordance with the proposed linked scheme of anatomical
diagnostical signs of vegetative organs, it is possible to prove the validity of plant raw material.

2. Phenolic polymer poly [3-(3, 4-dihydroxyphenil) glyceric acid] (PDGA) possessing
high immunomodulatory, antioxidative and anti-inflammatory activity is obtained from the
stems of Symphytum grandiflorum D.C.

3. The identity of substance isolated from Symphytum grandiflorum D.C. stems with
biopolymer (PDGA) from other comfrey species is proved using state-of-art physical-chemical

methods (IR, UV, NMR spectroscopy and COSY).
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4. On the basis of technological investigations physicochemical patterns of PDGA ex-
traction from Symphytum asperum Lep. Stems aredetermined, as well as optimal conditions
for its extraction, purification and drying. As a result, the source-sparing non waste technology
of processing of comfrey stems that allows obtaining maximal yield of target bioactive com-
pound (PDGA) free of hepatotoxic pyrrolizidine alkaloids, is proposed.

5. Optimal composition of PDGA-containing gel and its manufacturing technology is
elaborated on the basis of biopharmaceutical study. The gel represents a structured dispersed
system (with thixotropic properties), that is sufficiently stable, plastic, and possesses good skin
adhesive properties. It is easily extruded from the tube, and secures system’s stability during
the technological operations. Moreover, the gel is osmotically active.

6. Based on theoretical, biopharmaceutical and technological investigations bio-soluble
PDGA-films of following composition: PDGA -10.0 %, sodium alginate — 3.5%, glycerine —
2.5%, distilled water — are developed.

7. The influence of film-forming material on phytofilm quality, liberation of active
substance, adhesion and moisture absorption is studied. The optimal degree of phytofilm hu-
midification that ensures its high adhesion is established. Based on the results of
investigation, the technological scheme for PDGA-containing phytofilms is proposed.
Phytofilms are prepared by pouring method.

8. Finished dosage forms based on natural polymer from comfrey: PDGA-containing gel
and films — contribute to the regeneration of granulation tissue due to proliferation of fibro-
blasts and acceleration of reepithelization process. PDGA-containing gel can find application
in treatment of wounds of different etiology, especially during first and second phase of wound
healing. It is established that gel is preferable for mechanical, whereas phytofilm- for burn
wounds.

9. Regulations for PDGA and its dosage forms are drafted on the basis of the established
quality parameters. Stability of both active substance (PDGA) and finished forms (gel and film)
was studied. Shelf life of PDGA-containing gel and film is 2 years.
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HPLC Analysis of Poly[3-(3,4-Dihydroxyphenyl)
glyceric acid] Preparations from Symphytum asperum
and Anchusa italica (Boraginaceae)

Using Different Gel-filtration Columns

Vakhtang Barbakadze, Lali Gogilashvili, Lela Amiranashvili, Maia Merlani,

Karen Mulkijanyan, Sopio Gokadze , Ying Wang, Jesse Hoang, Ismail Rustamov

Tbilisi State Medical University I. Kutateladze Institute of Pharmacochemistry, 0159 Tbilisi,

Georgia, E-mail: v_barbakadze@hotmail.com

Phenomenex, Inc., R&D Group, Technology and Media Development, Torrance,
90501 CA, USA

ABSTRACT. The main chemical constituent of high-molecular preparations from Sym-
phytum asperum andAnchusa italica, poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDPGA),
according to high-performance liquid chromatography (HPLC) gel-filtration chromatography
(GFC) analysis is not covalently bound to residual polysaccharides. It is rather difficult to com-
pletely separate the polysaccharides from PDPGA by HPLC (GFC). This phenomenon can be
explained that due to the presence of manifold hydrogen bonds between the polysaccharides
and PDPGA, it will hold the residual polysaccharides together with the phenolic polymer
during fractionation by HPLC (GFC). The PDPGA supposedlycan be formed with polysaccha-

rides a complex macromolecular architecture up to their supramolecular organization.

Key words: Symphytum asperum, Anchusa italica, poly/3-(3,4-dihydroxyphenyl)glyce-
ric acid], HPLC, gel-filtration chromatography (GFC).

Previously we reported on the isolation of water-soluble high-molecular preparations
(HMPs) by ultrafiltration on membrane filters of crude polysaccharides from Symphytum as-
perum (HMP-SA), S. caucasicum (HMP-SC), S. officinale((HMP-SO)and Anchusa italica (HMP-

AlJ) [1-3]. Fractionation by ultrafiltration removed the majority of ballast polysaccharides, but
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the obtained preparations contained some residual polysaccharides. According to IR and NMR
spectroscopy data, the main chemical constituent of these fractions is either poly[3-(3,4-dihy-
droxyphenyl)glyceric acid] (PDPGA) or poly[oxy-1-carboxy-2-(3,4-dihydroxyphenyl)ethyle-
nel[2-7] (Fig. 1).

COOH

—O0—HC—CH—

OH

OH

Fig. 1. Poly[oxy-1-carboxy-2-(3,4-dihydroxyphenyl)ethylene]

This compound is one of the first representative of natural polyethers with a residue of
3-(3,4-dihydroxyphenyl)glyceric acid as the repeating unit. It showed strong anticomplemen-
tary, antioxidant and anti-inflammatory activities[1,2,8,9]. Then we tried to remove the resi-
dual polysaccharides and to purify HMP-SA and HMP-SO or clarify the structure significance
of polysaccharides. The gel-filtration chromatography (GFC) on Sepharose 2B column of both
preparations showed two polysaccharides elution peaks and phenolic polymer PDPGA elution
plot. The polysaccharides peaks did not coincide with PDPGA peak and had some shifts from
it. One polysaccharide peak overlapped the beginning and the other one the end of PDPGA
elution curve [1,2]. According to these data PDPGA apparently is not covalently bound to the
polysaccharides.However, we did not get a close-cut separation of residual polysaccharides
from PDPGA duringGFCon Sepharose 2B column. In current study, besides the coincidence
of IR and NMR spectra of PDPGA for HMP-SA, HMP-SC, HMP-SO and HMP-AI [2-7], we

found also the close similarity of their circular dichroism (CD) spectra.
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Fig. 2. CD spectrum of HMP-SA.

The CD spectra of HMP-SA, HMP-SC, HMP-SO and HMP-AI have similar profiles and
showed at the same wavelengths positive (194, 214, 280, 286 nm) and negative (204, 236 nm)
Cotton effects (Fig. 2). These data confirmed that two chiral carbon atoms of PDPGA (Fig. 1)
of HMP-SA, HMP-SC, HMP-SO and HMP-AI have one and the same absolute configuration.
However, the establishment of the absolute configuration of these chiral atoms will be the
subject of further research.

Within our ongoing research for purification of different HMPs from residual polysac-
charides, the main subject of current work was the attempt to fractionate HMP-SA and HMP-
Al by HPLC on two types of GFC columns - silica-based Biosep 4000 and polymer-based Po-
lysep 2000 and 6000 with use of both UV and RI detectors (Fig. 3.1-3.6).
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Fig.3. HPLC analysis of HMP-SA and HMP-IA on column Biosep 4000; detection — UV
286, 280,252 nm.

In our previous work the absorption maxima of HMP-SA, HMP-SC, HMP-SO and-
HMP-ATI at 286, 282-280 (shoulder) and 252 nm in veronal-saline buffer, pH 7.35, were obser-
ved in the UV spectra of these preparations [1-3]. Sugars have no chromophores and therefore
do not absorb light in the UV range. Consequently, this absorption could arise from PDPGA
and we can detect it by HPLC analysis of HMP-SA and HMP-AI using UV detector (Fig. 3),
but at the same time we can not detect the polysaccharides in this preparation by UV detector.
Therefore, in order to detect both PDPGA andresidual polysaccharides we carried out HPLC

analysis of HMP-SA and HMP-AI with use of RI detector (Figs. 4-7).
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Fig. 4. HPLC analysis of HMP-SA on column Biosep 4000; injection — 20 ul; detection — RI.
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Fig. 5. HPLC analysis of HMP-SA on column Polysep 2000; injection — 20 ul; detection — RI.
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Fig. 6. HPLC analysis of HMP-SA on column Polysep 6000; injection — 20 ul; detection — RI.
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Fig. 7. HPLC analysis of HMP-SA on column Polysep 6000; injection — 9 ul; detection — RI.
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Fig. 8. HPLC analysis of HMP-SA (top) and HMP-AI (bottom) on column Biosep 4000;

injection — 20 ul; detection — RI.
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Fig. 9. HPLC analysis of mixture of standard proteins on column Biosep 4000; injection

—5 ul; detection — UV.

At 280 nm and 286 nm of UV detector, only the high molecular weight part of both
S.asperum polymer and A.italica polymer showed up and the low MW part of the polymers
did not show up. When wavelength was set to 252nm, the low molecular weight part of the
polymers showed up besides the high MW part of the polymers (Fig. 3).

On RI detector, we can see that both polymers have high MW parts (Fig. 8), which

according to calibration of column by mixture of standard proteins (Fig. 9) are more than 669
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KDa and supposedly might be phenolic polymer PDPGA. Relatively lower MW parts (Fig. 8)
around 150 KDa that we could not see on UV detector presumably represent polysaccharides.
Thus, we did not get a clear separation of residual polysaccharides from PDPGA by
HPLC analysis of HMP-SAand HMP-AI on column Biosep 4000 (Figs. 4, 8). HPLC analysis of
HMP-SA on column Polysep 2000 (Fig. 5)showed bad separation, while the column Polysep
6000 gave some separation (injection 20 ul) (Fig.6). The best separation of PDPGA and residual
polysaccharides, unlike the column Polysep 2000 (Fig. 5), was achieved on the column Polysep
6000 (injection 9 ul) (Fig. 7). In this case the major peak (Fig. 6) split up into two peaks (Fig. 7).
The first and the third peaks probably belong to polysaccharides and the second one — PDPGA.
Thus, chromatographic profiles of HMP-SA on Sepharose 2B GFC column [1,2] and
HPLC on GFC column Polysep 6000 (Fig. 7) were similar, but separation by HPLC on Polysep
6000 was better. According to these data we confirmed our previous supposition that polysac-
charides contents of HMP-SA are not covalently bounded with PDPGA. However it is very
difficult to completely separate by GFC the polysaccharides from PDPGA. This phenomenon
can be explained due to the presence of hydrogen bonds between PDPGA and residual po-
lysaccharides which will hold the polysaccharides together with the phenolic polymer during
fractionation by ultrafiltration and GFC. The PDPGA is chemically simple, but its molecules
can form with each other and with the molecules of residual polysaccharides complex macro-
molecular associates up to their supramolecular organization due to hydrogen bonds [10].
The existence of non-covalently bonded organized supramolecular self-assembly com-
prisingmolecules of PDPGA andresidual polysaccharides will be of interest of further research.
Supramolecular architectures of this system is of great interest due to their hierarchical orde-
red structures (e.g., secondary conformations) and due to their potential biomedical and phar-
maceutical applications [6,8,9,11-13].
In our future study we will try to carry out HPLC analysis of HMP-SA and HMP-AI
using DMSO or 6M urea [14] as mobile phases to destroy hypothetical inter-molecular hydro-

gen bonds.
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EXPERIMENTAL

Extraction and Isolation. Hot water extraction of crude polysaccharides from groun-
ded and pretreated in Soxhlet apparatus plant materials was carried out as described in paper
[15]. Further fractionation in stirred ultrafiltration cell on membrane filters afforded HMP-SA,
HMP-SC, HMP-SO and HMP-AI [1-3].

CD spectra. CD spectra of HMP-SA,HMP-SC, HMP-SO andHMP-AI were performed
on a Jasco J-715 instrument (Jasco Co, Tokyo, Japan) equipped with peltier temperature con-

trol system. CD spectrum of HMP-SA (C = 0.12 mg/ml, H,O): Ae . + 3, Ae,, + 2.5, Ae .. — 2.5,

235.6

—-26, Ae . +3.5.

193.6

Ae, ,+48, Ae, .

HPLC analyses. In case of data on UV detector, HPLC separations of HMP-SA and
HMP-AI were performed onAgilent 1100 HPLC system (Agilent Technologies,Santa Clara,
CA, USA)with quad pumps, auto sampler and VWD detector. Chemstation software was used
for data analysis. In case of data on RI detector, was used Shimadzu HPLC SCL-10A VP system
(Shimadzu Scientific Instruments, Somerset, NJ, USA) with LC-10AP pump and RID-10A RI

detector and ThermaSphere column heater.EZstart 7.4 SP1 software was used for data analysis.

TEST CONDITIONS

A) silica-based GFC column Biosep 4000 (300 x 7.8 mm) SN517561-4, (Phenomenex Inc.,
Torrance, CA, USA); mobile phase — 100 mM sodium phosphate buffer pH 6.8 + 0.025% NaN,;
flow — 1 ml/min; detection — UV 286, 280 and 252 nm; temp. — ambient; injection — 5 pl; sample
— 20 mg HMP-SAandHMP-Alwas dissolved in 1mL 100 mM sodium phosphate buffer pH 6.8.

b) silica-based GFC column Biosep 4000 SN517561-4 and polymer-based GFC columns Po-
lysep 2000 and Polysep 6000 (33 x 7.8 mm) (Phenomenex Inc., Torrance, CA, USA); mobile phase
— water; detection — RI; flow — Iml/min; temp. — ambient or 60°C; injection — 20 ul or 9 ul; sample
— 10 mg of HMP-SAandHMP-AlIwas dissolved in 1.5 mL 30 mM sodium phosphate buffer pH 6.8.

c) the molecular weight of HMP-SAandHMP-AI were estimated by calibration of the
column using QC standard proteins mix test on GFC 4000 5um. Test conditions: mobile phase
— 100 mM sodium phosphate buffer pH 6.8 + 0.025% NaN, flow — 1ml / min; detection - UV
280nm; temp. — ambient; injection — 5pl; samples — thyroglobulin (MW 669,000) — 7.774 min.,
IgA (MW 300,000) — 8.586 min., IgG (MW 150,000) — 9.532 min., ovalbumin (MW 44,000) —

10.235 min., myoglobin (MW 17,000) — 10.932 min and uridine (MW 244) — 11.958 min.
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Symphytum asperum-ob s Anchusa italica-ls(Boraginaceae) 3me0o[3-(3,4-00030¢-
MHgboggbog) awoiEg®obolidgsgsl] 36Mg3s@madgdol dgld(HPLC) sbserobBo gom-gogd)-
6353000 Bbgsslbgs bgg@oL 53mygbgdom

3. 356054539, Q. 3MYOWSTZ0¢00, 0. 5303653300, 8. IgHEsbo, 3. IMw30xsb0sbo,
0. 3mbg0, . amdsdg , x. 3m3630, 0. HlESFM30

000obol Lobgwdfogm Lsdgoiobm Mboggmlo@g@o, 0. JYMOMYESAoL BoMTo-
3mJodoolb 0bLGHoGHWE0, Mdowolio

1396m39b9dLo, 330930l o ob30m9MJdOL Xy MRB0, BH9dbmemyools @s dgools
39630056905, BHMM9bLo, 90501 35¢0xmEObBOs, 539

Symphytum asperum- ob 5 Anchusa italica-ls 9505¢0IM)3wIOHO 30193505 JOOL
doM0moo  JodomMo  3m33mbgbEol, 3mero[3-(3,4-030Mmmdloggbow)ywoig®obols
953539L] (300333) 50595390 LOMbMZ60 JOHMToBHMAMGOOL (AgLd) H9LTBOWEGS30-
M0 5650Bom OYIHOE0s, M 0L 56 SOOL 335 9bEHMEMO 30 393006090 O
B56Bgb 30olodsM0@YdMb. Bo3dom© MM 58M365L Homdmogbws dglid-ol godm-
4969000 b56Bgbo 3meolisds®0gdols 303yd-obogsb dmEowgds. gl dmgzegbs dgodegds
50bLBsL 3500 IOl FM535¢0 XG9O [YoedsEIMO 0dJOOL SOLYIMIOM, MO3 FobsdoMm-
090l 656MBgbo 3MeolodsM0YdOLS S 303yd-ob Abgogl 993539008 ML Aglig-00 BMSI-
30mboGmgdol 36OHM3gLd0. L35I EM® 333 HoMmdMJdbols 3t OlsdsM0YdIMD Mo
953600393996 560G 9JBH™b03oL L3Msdmeg3memMo LolGgdol Loboo.
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Pa3paboTKaTeXHONOTUUNONYUYeHUACYOCTAHIMUIIONH
[3-(3,4-purugpok-cudeHUT)TIUILePUHOBONKNCIIOTHI |

(IIOO®K) us Symphytumasperum.

I'oxagze C., bap6akazze B., 'orunamsunu JI., Amupanamsurm JI.,bakypuzse A.

Tonrucckui rocyfapCcTBEHHBIH MEAHIJHHCKHE YHUBEPCHUTET
BBegenue

PaspuTne Mmexanusaiyy, TpaHCIIOPTa M XMMHYECKOM ITPOMBIIIJIEHHOCTH, IIMPOKOE UCIIOb-
30BaHHe 3JIEKTPO- M aTOMHOM SHEPIUH,a TAKKe yJyallleHHe B IIOCIeJHHE TOAbI IIPUPOJHBIX U TeX-
HOTEeHHBIX KaTacTpo® U yBeIHYeHNe Y1CIa BOGHHBIX Ollepalliii M TEPPOPUCTUYECKIX aKTOBB PAJie
CTpaH 00yCIOBUIN POCT KOJIMYECTBA TPABMAaTHYECKHUX ITOBPeXIeHui1 (YIInOOoB, paH, OXKOT'OB).

Jlna medeHNA MONOGHBIX TPAaBM IIMPOKO IIPUMEHAIOTCA IIpellapaThl, IOJTydeHHbIe U3
IPUPOIHOTO CHIPhA M CHHTETHYEeCKUX cyOcTaHIuil. B mocienHee BpeMsa 0co60¥ MOy IAPHO-
CTBIO TIOJIB3YIOTCA PACTUTEIbHBIE Ie4eOHbIe CPeICTRA.

Oxonnuk (Symphytum L.) aBigeTcsa MHOTOJIETHUM pacTeHHeM, Kotopoe 6osee 2000
JIET KCIIOJIB3yeTCA JJIA JIeYeHH IIePeJIOMOB KOCTeH, IIOBPEXKAeHHbIX CyX0XXUJINH, 3B OPTaHOB
KeJIyZOYHO-KHIIeyHoro Tpakra. OH CIIocOOCTByeT 3aKMBAaHHIO PaH, IIOMOTaeT PACCAChIBAHHIO
9KCCyZaTOB B JIETKMX M yMeHbIIaeT BOCIHAJIMTeIbHbIe IPOIeCcChl B CycTaBaX. B rpysuHckoi
HapOJHOM MeJULIHe TaJleHOBbIe IIpellapaThl OKOITHMKA UCIIOIb3YIOTCA KaK CPe/iCTBa, yCKOP-
IolKe Ipoleccsl pereHepanuy. OKOIHUK COAEPKUT 3HAYUTeIbHOe KOTHMYeCTBOIUTATeTbHBIX
BEIeCTB, TAKUX KaK OeJKH M BUTAMHUHBI, a TaKKe aHTUOKCHUJAHTHL. brosormyeckas akTHB-
HOCTB 3TOTO PaCTeHUs 00YCIOBJIeHA IPYTMMHU COCTABIAIOUIMMY COeZMHEHUAMU: ITOJINCaXapHU-
JaM¥, TAHMHAMHU, TUPPOJIU3UIUHOBRIMUAIKAIONJAMY U aJIJITaHTOMHOM, KOTOPBIA CYUTAETCS
BEIleCTBOM,0TBETCTBEHHBIM 3a CTUMYJIAIUIO JeJIeHHU KIeTOK U pereHepaluio COeJHHUTe b~
HBIX TKaHeMH, kocTeil u xpameil. TpagunnonHo mpenapaTsl OKOIHMKA MCIIOJIb30BAIMCh KaK
JJ1S Hapy>XHOTIO, TaK M /I BHyTPEHHETO IIPMMEHEHMA, OJHAKO Ha CEeTONHAIIHUN JeHb BHY-
TpeHHee IPMMeHeHNe IIPelapaToB OKOITHUKA CTPOTO OTPAHMYeHO M3-3a FelIaTOTOKCUIEeCKUX U
KapIMHOTeHHBIXCBONCTB MUPPOIU3UIUHOBBIX aaKaIouzos [1-3].

B pesysbrare mccaeoBaHMi IO MOMCKY aKTUBHON CyOCTaHIINYM OKOITHMKAN3 KOpPHeH 1

cTe6el KaBKa3CKUX BUIOB OKOIIHUKA (S. Asperum, S. caucasicum) ObL1 BbIfiesIeH HeHOTbHBIN
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mosiumep tonu [3-(3, 4-guruapoxcudenn) rauneprunosas kuciaora) (IIIOT'K), coneprxkanue
KOTOPOT'O cOCTaBIsgeT mpuMepHo 25% B cymMe nmosnncaxapuzioB u 1.5-2.5% B Bo3mymrHO-cyxoM
pacTUTeIPHOM MaTepHae.

Takoro tuma OuomosuMep He ObLI M3BEeCTEH B NPUPOJE U OBLI HAEHTUPUIMPOBAH
BIIEPBBIe. JTO COeAVHEHUe IIPe/iCTaBIgeT COOOH IOIUMEp NPOU3BOLHOTO KOMEHHON KHUCIIO-
TBI U ABJIAETCSA IEPBBIM IIPeJCTaBUTEeIeM IIPOCTHIXIIPUPOAHBIX IOIUI()HUPOB, IOBTOPAIONIEe-
Cs1 3BeHO KOTOPOTO IIpesicTaBieHo 3-(3,4- AuruapoKkcudeH) TIulepuHOBON KUCIOTOH. DTOT
d)eHO)IBHbeI HOJII/IMep OKOITHHMKA, B OTJINYHE OT €10 HOJII/ICHXHPI/I,Z[OB, 06J1a,z[aeT BBIPa)KeHHBIMI/I
MMMYHOMOZYIATOPHBIMU(QaHTUKOMIIJIEMEHTaPHBIMHU ), RHTUOKCUJAHTHBIMHY, aHTHJIUIIONIEPOK-
CHAAQHTHBIMU U IIPOTUBOBOCIIATUTEIFHBIMUCBONCTBAM Y. [4-9].

B skcnepumeHTax invivo yCTaHOBIIEHO, YTO 3 (PEeKTUBHOCTD 3aKUBJIEHUA PaH IIPHU I10-
MOIIY KOpHel OKOIIHMKA CyMMa ITOJIMCaXapuZ0B CBOOOJHBIX aIKaJIOUA0B IUPPOIU3UIUHA U
QLIIAHTOWHA B YeThIpe pa3a Goiblre, 4eM 3G (GeKTUBHOCT a/IaHTOWHA. Ha ocHOBe mosrydeH-
HBIX JAHHBIX MBI IPUILTH K BEIBOZY, YTO aKTUBHBIM HAYaJIOM CYMMBI IIOTHCAXaPUIOB OKa3bI-
BAIOTCsI He COOCTBEHHO ITOJIMCAaXapUbl, KOTOPble B ZJAHHOM CiIydae SBIAIOTCSI OaiacTHBIMU
BellleCTBaMU, a BXozsamas Bo ¢paxiuio nmonucaxapugos IITOTK.

Pazpaborana mpocras, GsICcTpast, YyBCTBUTEIBHAS M BOCIIPOU3BOAUMAS CIEKTPO(OTO-
MeTpudecKas MeTonuka KonudectBeHHoro ompegenenus IIJI®T'K, ucnonssoBanure KoTopoit
BO3MOJKHO B CEPHIHBIX dKcmepuMeHTax[11].

Ilenpro HAaCTOALIETO NCCIEOBAHUA ABJIAIACH Pa3pabOTKa TEXHOIOTUY TTOTydeHUs Cy0-
cranuyu 1onul3-(3,4 murugpoxcudenun)riaunepunoBoit kucaorsr] (IIIPI'K) uz creGreit

OKOITHVKA IITepuIaBoTo.

MaTepnaJI " MeTOAbI MCCIeaOBAHIA.

O6bexTaMu KCCIeZOBAHUS SBISJINCH CTeOIM OKOIHHKA liepliaBoro(S.asperum), co-
6paunsie B utone 2012 r. B ¢.Jlanucnapaynu, XyIoicKoropaifoHa, B ¢ase IBeTeHHU PaCTeHHUS.
B xoze BBIA€IeHUA IPUMEHAINCH aPMUPOBAaHHBIEYIBTPAdUIBTPAllIOHHbIEMeMOpaHHbIe
¢buasTpsI ABYX THIOB: [) MUKpOdIUIIbTpaiOHHAs (IIOpOIIacTOBAsIMEMOpaHa, TOKPHITAs CJI0EM-
HOJIUCYIB(POHACO CPeJHUM pa3MepPOM MeMOpPaHHBIX IIOp 800-900A (780-90 mwm, 368-414 kDa);

IT) mukpodunsTpalonHas ¢roporacToBass MeMOpaHa, IOKPHITAast CJI0EM ITOJTHOKCAINa30J1aco
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CpesHUM pa3MepoM MeMOPaHHBIX IIOP 300-400A (™ 30-40 mm, 138-184 kDa).

Merozsr uccinemoBanust: s KoaudecrseHHoro onpezenenus I[IIOTK 8 pacrurensrom
CBIpbe U U3BJIEYEHMIX M3 HETO MCIIOJIB30BAIU CIeKTpodoToMeTpuyeckuii Meron [11]. Dxc-
TPAKIUIO IIPOBOSUIIN Ha KUTIALIEH BOAAHOM OaHe C 00paTHBIM X0OJI0AUIbHUKOM. OUHIeHHbIe
M3BJIeYEeHUA CYLIMIN TUOPUIBHO.

OzHoit 13 BOXXHBIX CTaAWH IIPY NOTyYeHUH GUTOIIPEIIapaTOB ABJIAETCA SKCTPAKIUA pa-
CTUTEJIBHOTO CHIPhA. [l mocTikeHUA 6GBICTPOTO M MaKCHMATIBHOTO Ilepexo/ia AeHCTBYIOIUX
BellleCTB B 3BJIEUEHIE HeO6XO,I[I/IMO HN3Yy9UTh BINAHNE PA3IUIHBIX (l)aKTOpOB Ha IIpo1ecc 3KC-
TParupoBaHUA.

Y maneHneTrenaTOTOKCUYECKUX W KApPIIMHOTEHHBIX AJIKAJOUAOB TPYIIBI ITHPPOJIH3U-
AVHA U3 CcTe6JIeil MepIIaBOoro OKOIHUKA OBLIO IIPOM3BEJEHO C IIOMOIIBIO CXKIDKEHHOTO rasa,
BIUIOTH JIO OTPHUIIATENBHOM peakliuy HaOTMeYeHHBIX BellecTB. /Iy mocieyomux uccienosa-
HUH OBUIM MCIIOJIB30BAHbI CT€0IM OKOITHUKA, OYUIEeHHbIE OT IIMPPOIU3UIUHOBBIXATKAIOUIOB.

YuursiBas rugpoduisasiii xapakrep IIJPTK B kauecTBe acTpareHTabs11a BRIGpaHa BOZA.

Bbur0 M3ydeHo BIMsSHIE COOTHOIIEHUS ChIPbs U 9KcTparenTa Ha Borxog IIJIOTK u cym-
MBI ITOJINCAaXapuIoB. JlIuTeTPHOCTh KOHTAKTa Ha KaXKJ0M ITapaMeTpe Oblia paBHOM U JJIMJIACh
60 MuHYT Ha KunAuei BoxaHo OaHe. [lorydyenHbIe pe3yrbTaThl JaHbI B TabruIe 1.

Ta6nuna 1. BrugHre cooTHOLIeHHA ChIPEA U SKcTpareHTa Ha Borxog IIJPK u

cymmsr moucaxapuzgos (CIT) us crebreti S.asperum

CootHommeHne Cogepxanve IIIOTK u | cromeHnuecsipss, OrHomenue
CBIPBS U HOJIHCaXapuzioB, % o IIIOTK / CII, %
9KCTpareHTa °
IMA®TK CII IIA®TK CII
1:10 1.34 2.68 92.40 92.41 {50.00
1:15 1.42 2.85 97.93 98.28 | 49.82
1:20 1.43 2.87 98.62 98.96 | 49.83
1:30 1.44 2.88 99.31 99.31 | 50.00

ITpumevanue: comepxanue nonucaxapuzos u [I/IOTK B Bo3myurHo-cyxoMm chipbe co-
crasnget 1.45 u 2.90%, cooTBeTCTBEHHO
W3 pamubIx Tabaunsl 1 BUAHO, YTO ONTUMAIBHOECOOTHOUIEHUE CHIPBS U DKCTPareHTa-

cocrasuger 1:15.
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B IIponecce U3BJIeUYeHUs U3 crebJiell aKTUBHBIX BELIeCTB 0coboe 3HaYeHHe npno6peTa-

et temmeparypusiii pexxum. IIJIOT'K He oTHOCHTCS K TepMOTaOUIBHBIM BEIECTBAM, II03TOMY

ObLIa M3y4yeHa JUHAMHUKA ero U3BJIeYeHNUs 110 OTHOLIEHUIO K TeMIleparype. Pe3ynbraTsr Biaua-

Hus Temneparypsl Ha Bbrxof IIJIOTK u cymms! mosrcaxapusoB faHsI B Tabauie 2.

Kaxk BuzHO 13 TabIuIbl 2, ONTUMAIBHOM TeMIIEPaTypoil SKCTPAaKIUK CTeOIel OKOITHY-

ka mepmasoro sasisercs 90° C.

YcraHoBIeHNe BpeMeHH PaBHOBECHOI KOHIIEHTPAIMH B CHCTEMe — CHIphe-dKCTPareHT

OBLIO OIIpeneeH0 M3ydYeHHeM NUHAMHKN SKCTPAKI MK crebiei IIepuiaBOro0 OKOITHMKA. Pe-

3yJIBTAThI IIPUBEIEHEI B TaOIuIE 3.

Tabnuna 2. Brugane temmeparypsr Ha Borxog IIJAPIK ucymmsr morncaxapugos (CII)

u3 creberi S.asperum

Temmeparypa, Cogepxanue IIJTOT'K u Vicromenuecsips, Orromerie
OC IIOJIMCaxapuzios, % % IIIOTK/CIL %
IMIOIOTK CII IMIOOTK CIT

20 0.52 1.05 35.86 36.21 49.52

30 0.88 1.75 60.69 60.34 50.28

50 1.23 2.45 84.83 84.48 50.20

70 1.37 2.73 94.48 94.14 50.18

90 1.43 2.85 98.62 98.28 50.18

Ta6ruija N° 3 Brugrue BpeMeHH H KpaTHOCTH SKcTpakuu Ha Beixog IIIOI'K u cymmsr

nosrucaxapuzos (CII) uz crebres Symphytumasperum

OrHoweHue
Cogepxanue [T/IOTK u VcTomenuecspss,
Bpems, nosrcaxapuzios, % [IAOTK /
% CII, %
MMH. I xonTakTdas IT xonTakTdas
MAOTK |CIT  |AGTK |CI | TAGTK | CII
15 0.48 1.00 |0.12 0.23 41.38 42.41 48.78
30 0.75 1.51 |0.18 0.37 64.14 64.83 49.47
45 0.93 1.85 |0.27 0.55 82.76 82.76 52.17
60 1.01 2.03 10.32 0.65 91.72 92.41 49.63
75 1.03 205 (0.33 0.65 93.79 93.10 50.37
90 1.04 2.09 |0.34 0.73 95.17 97.24 48.94
105 105  |2.08 |036 0.75 |97.24 |97.59 49.82
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W3 Tabnnupr 3 BuzgHO, uto npu usBnevennu [IIOTK u cymms! nonucaxapuzsos us cre-
6ieil OKOITHMKA PaBHOBECHOE ITIOJIOKeHue Ipu | koHTakTe ¢a3 mocruraercs yepes 60 MuH, a
IIpu BTOpOM KOHTaKTe ¢a3 — yepe3 90 mun. CremoBaTerpHO, A1 MAKCUMAaJIbHOTO U3BJI€YEHUA
ITJ®I'K 13 coGpaHHbIX pacTeHMI HeoOX0[uMa AByKpaTHas SKCcTpakuus B TedeHre 60-90 MuH.

Ha cnepyromewm arane uccienosanus gs Beigenenus IIIOTK us moryvennoro mussie-
yeHUs (B OCHOBHOM, COZEP>KaBIIero CyMMY ITOJIHCAaXapUZOB) UCIOIB30BAINYIbTPAdUIbTPa-
1FOHHbIe MeMOpaHHbIX GuIsTpoB I (momucyapdow, guamerp mop 800-900A) u II (monmoxca-
muaso, guametp mop 300-400A).

B xozme ynsrpadunsrpanuuaa mem6pare 1800Mr cymmapHOTo IpemapaTa Imoiucaxapu-
IoB, 6bL10 TOTy4eH0176 Mr (Beixon22%), a Ha MemOpanellus 3 r cymmapHoOro mpemapara —
233 wmr (Berxog, 7.7%)dpakuuu, oboramenHoi IIIPIK. [Tpoduns YP cnexrpa monryueHHBIX
dpaxkunuit cxozen corakoBsiM IIJIOTK (xapakrepusiit muk mpu A286 uMm, Puc. 1). Koxugectso
6aJITacTHBIX BellecTB B (uiIbTpaTecocTaBuyo 425 mMr u 1.8 T coorBeTcTBeHHO Ayt MeMOpanl
ull, B YO cnexrpenukunoriomenus, xapakrepusie g [IIOTK, ve Habrromarorces, uro cBu-
ZeTeTbCTBYETO BOSMOXKHOCTH IIPUMEHEHU 000X TUIIOB MeMOpaH I IOTy4eHUsS ppaKIuii,

o6oramenusrx ITITIOTK.

i.\——l
N—

\"‘"‘-—(

Puc.1. YO cnexrpsi ¢ppaxuuu, oboramennoit [IIPI'K, nocieynsrpadunsrpanu ¢ npu-
menenuem Mem6pas I u II. B o6oux ciyvasx getko BeipakeH xapakrepuslil gust I[IIOIK muk

pu A 286 HM.

IToce tnodurpHOI cymKknoborameHHo Gpakuy ObLI IIOTyYeH TEMHO-KOPUYHEBBIN
MeJIKOKPUCTA/UINYeCKUii TopomoK — uckomas cybcrannus [TIOTK,.
ITpoBeseHHBIe DKCIIEPUMEHTHI JIETTH B OCHOBY TeXHOJOTHMYECKOH CXeMbI IOTydeHUd

cy6crannuu (Puc. 2).
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PE3IOME

Pa3pa6GoTKaTeXHOIOTUUIIONY Y€ HUACYOCTAaHIIMUITOIH
[3-(3,4-murugpox-cudenmn)raunepuroBoiikucaorsl | (IIJPK) us
Symphytumasperum

l'oxapze C., bap6axaaze B., I'ormwramsrmm JI., AMupanamsmru JI.,Bakypuzze A.

TénrmcckuHTOCY JapCTBeHHBIHME JUITHHCKUHyHUBEpcuTeT, 10mwrucu, I pysns

Oxonuuk (SymphytumlL.) ABIAeTCA MHOTOJIETHUM pacTeHHeM, Koropoe Gosee 2000
JIeT UCIIOJIb3yeTCs KaK PaCTUTeIbHOE JIeKapCTBeHHOe cpeficTBO. OKOIHUK UCIIONb3YeTC IJIs
JIe4eHUs IIePeIOMOB KOCTel, TOBPEXAEHHBIX CyXOXXUINH, I3BeHHBIX 00pa30BaHUil raCTPOUH-
TECTHHAJIBHOTO TpakTa. OH CIIOCOOCTByeT 3aKMBAHUIO PaH, IOMOTAaeT PacCaChIBAHUIO DKCCY-
ZATOB B JIETKUX M yMEHBIIaeT BOCIIAIUTEeIbHBIE IIPOIECCH B CyCTaBaX. B rpy3MHCKON Hapoz-
HOM MeJUIIMHE rajJieHOBbIe IIpelapaThl OKOITHWKA LIEPIIABOTO HCIIOIB3YIOTCA KaK CPeZCTBa,
YCKOPSIOLIYE TIPOLIECCHl PereHepanyy. Y CTAaHOBJIEHO, YTO OH COAEPIKUT aJIKaJIOUIBI TPYIIIIEI
IUPPOTU3UIUHA — FeIIaTOTOKCUYeCKOT0 ¥ KapIIMHOT€HHOTO JeHCTBUSA, KpPOME TOTO OCHOBHBIM
IeCTBYIOIUM BellleCTBOM ABJAeTCA MOH [3-(3,4 ZUTHAPOKCU(EHII)TIUIePUHOBAS KUCIIO-
ta] (IIAOTK).

LlenproHacTosmiel paboOTHI ABIAIACHPA3PA0OTKA TEXHOJIOTUU MONTydeHUs CyOCTaHIIUU
— nonu([3-(3,4 gurugpokcudennn)rauiepuroBoit kucaorsl] (IIAPI'K) us crebreit okomHUKA
IIEPUIaBOTO, He CoZiepKallell TOKCHYeCKHe IIIPPOIU3UANHOBEIE aTKAIOUIEL.

B mporiecce paGoThI GBLIN YCTAaHOBIEHBI OIITUMAIbHBIE YCIOBHUA SKCTPAKIIUU U OYUCT-
KM: Ha IIEPBOM 3Talle SKCTPAKIUA U3 PACTUTEIBHOTO CHIPbs aJIKAJIOULOB TPYIIIEI IHUPPOJIH-
3UMHA ITPOU3BOAUTCS CXKVDKEHHBIMH Ta3aMH, 3aTeM IIPOM3BOJUTCS U3BJIeYeHHEe CYMMSBI IIO-
JIFICaXapUZOB, B COOTHOIIEHUH ChIPbs U 9KcTpareHToBl:15 mpu temmneparype 90° C, nBaxkzas! B
teuenve — 60 u 90 munyt. Beigenenne koneunoro npozgykra — IIJIOTK u3 cymmsr morncaxa-
PUIOB IPOU3BOAUTCA yabTpaduibTpanyeil Ha MeMOpaHHbIX pribTpax. [lorydyenHsie pesys-

TaThl KUCCII€IOBAHM S JIETIN B OCHOBY TEeXHOJIOTUYECKOM CXeMBbI IIOJIy49€HHA CY6CTaHHHH.
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SUMMARY

Development of technology forthe substanceof poly[3 —
(3,4-dihydroxyphenyl) glyceric acid] (PDFK) from Symphytum

asperuim.

Gokadze S.,Barbakadze V.,Gogilashvili L., Amiranashvili L., Bakuridze A.
Tbilisi State Medical University, Tbilisi, Georgia

Comfrey (Symphytum L.) is a perennial plant has been used as a herbal remedyfor
over 2,000 years. Comfrey is used to treat bone fractures, tendon injuries, ulcer lesions of
gastrointestinal tract. It promotes wound healing, accelerates exudateresorption in the lungs
and reducesjoints’inflammation. In Georgian folk medicine, herbal remedies from comfrey
are used to accelerate regeneration processes. Comfrey contains hepatotoxic and carcinogeni-
cpyrrolizidine alkaloids, besides the main active ingredient is poly [3 — (3,4-dihydroxyphenyl)
glyceric acid] (PDFGK).

The aim of present work was to develop a technology for the substance —poly [3-(3,4dihy-
droxyphenyl) glyceric acid] (PDFGK) from comfreystems, free of toxic pyrrolizidinealkaloids.
In the process, the optimal conditions for extraction and purification have been established: on
the first stage pyrrolizidinealkaloids were removed from plant material bysupercritical extrac-
tion; then the crude polysaccharides’ fraction was obtained by water extraction (raw materials/
extragentratiowas 1:15 at 90°C, the procedure was carried twice for 60 and 90 minutes). The
isolation of the final product — PDFGK from crude polysaccharides’fractionwas carried out
by ultrafiltration on membrane filters. Based on the results of the research the technological

scheme for the substance has been developed.
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ABSTRACT

1S. Gokadze, 2K. Mulkijanyan, 2V. Barbakadze, ! G. Mikaia, ' N. Kurdiani,
! A. Bakuridze

Elaboration of wound healing ointment based on phenolic polymer

from stems of Symphytum asperum

Tbilisi State Medical University, ! Faculty of Pharmacy, ?I.Kutateladze Institute

of Pharmacochemistry

The results of the development of wound healing ointment based on phenolic polymer
from comfrey PDGA are presented. The optimal ointment formulation has been justified on
the basis of experimental studies carried out.

The colloidal stability of PDGA containing ointment has been studied. The ointment
remains stable both right after manufacturing and during storage at different temperatures for
24 hours with following centrifugation.

Biopharmaceutical studies established that the maximal release of PDGA from the
ointment was achieved when sodium alginatis was used for an ointment base. Animal studies

revealed that the ointment exhibits pronounced wound healing action.
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Development of Formulation and Technology for the PDGA Gel

S. Gokadze, V. Barbakadze, K. Mulkijanyan, L. Bakuridze, A. Bakuridze
Tbilisi State Medical University

Human skin injuries like wounds, burns and so on, are considered as an important pro-
blem. Despite the ethiopathology such injuries are complicated with pain syndrome, pathoge-
nic microflora, purulent exudate, abundant hydration, etc.

One of the most actual problems of pharmacy is the development of topical dosage
forms for external application (ointments, patches, aerosols, etc.) with complex effects on skin
wounds, burns and inflammatory factors [1,2,3].

The centuries-old practice of using phytopreparations (herbal remedies) proved that
they have fewer side effects in comparison with synthetic drugs. Despite the wide application
of herbal preparations, the literary data lacks information about their application in develop-
ment of wound and burn healing modern dosage forms. Among the medicinal plants with the
mentioned pharmacological actions, prickly comfrey (S. asperum) should be distinguished.

Comfrey (Symphytum L.) is a perennial plant, which has been used as a herbal remedy
for more than 2,000 years. Comfrey is used for healing broken bones, tendon injuries, ulcer
formations of gastro-intestinal tract and stimulates wound healing, pulmonary exudate ab-
sorption and reduces inflammation processes in the joints. According to Georgian traditional
medicine, Comfrey (Symphytum) galenical preparations are used to accelerate the regene-
ration processes. Comfrey contains proteins, antioxidant vitamins, polysaccharides, tannins,
pyrrolizidine alkaloids, and allantoin. Traditionally, Comfrey has been used for both external
and internal purposes, but due to the presence of hepatotoxic and carcinogenic pyrrolizidine
alkaloids, the internal use of comfrey preparations is now strictly limited [4,5].

The scheme for separation/isolation of water-soluble polysaccharide and high molecular
(> 1000 kDa) fractions, allowing the complete removal of both toxic pyrrolizidine alkaloids and
allantoin from roots, stems and leaves of S. Asperum and S. caucasicum has been developed [6].

Phenolic polymer poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDGA) or poly[oxy-
1-carboxy-2-(3,4-dihydroxyphenyl)ethylene], amounting approximately 25% of polysaccha-
rides and 1.5-2.5% of dry plant material, was isolated from the roots and stems of Caucasian

comfrey species (S. asperum, S. caucasicum). Contrary to polysaccharides this phenolic polymer
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of Comfrey appeared to have a high immunomodulatory (anticomplement), antioxidative, anti-
lipoperoxydant, anti-inflammatory and wound-healing efficacy [7-11, 13-16].

The aim of the study was the development of the composition and technology for the
PDGA-containing gel. To achieve this objective the following tasks were solved:

— Selection of gel base and excipients (auxiliary substances) according to the biophar-
maceutical and technological studies;

— Development of gel optimal technology according to the studies of rheological pro-
perties;

The objects and methods of the study: To achieve the aim and solve the related objecti-
ves, physical, physico-chemical, technological, microbiological and pharmacological methods
have been used.

For quantification of an active ingredient of the developed soft dosage forms — PDGA,
a spectrophotometric method [ 12 | modified according to the study objects, has been used.

The structural-mechanical properties were determined by using a digital rotational vis-
cometer SNB-2. A spindle, selected on the base of conducted experiment.

Colloidal stability of emulsion system was evaluated by using the laboratory centrifuge:
Type 310, ,METRONEX” (Poland) according to GOST 29188.3-91 — “Cosmetics. A method for
determining the emulsion stability”. Thermal stability was determined according to OST 18-
21-81 “Cosmetic Creams”, under the strict changing of temperature conditions.

Gel osmotic activity was determined by using gravimetric method. Weight loss at drying
and the average weight were determined according to the methods described in State Phar-
macopoeia XI. Determination of pH value of aqueous extracts in dosage forms was performed
potentiometrically according to the methods described in State Pharmacopoeia XI.

Biopharmaceutical studies were conducted in semiconductor membrane by using dialy-
sis, Franz-type diffusion cells and spectrophotometry.

Statistical analysis of the results of the experiment was carried out according to the ap-
proach described in State Pharmacopoeia XI by using MS EXCEL statistical package.

With the aim to choose an gel-carrier, hydrophilic, lipophilic and hydrophilo-lipophilic
bases have been studied. They provide light unction, anointing of the gel, do not induce the skin
irritation and are used in the production of soft dosage forms for external use. The ingredient

ratios of gel bases were selected on the base of literature review and data analysis (Table 1).
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Content of PDGA gel composition

Table 1

Names of gel

components

Gel composition number

1

2

3

4

5

10

11

12

13

14

15

PDGA

100

Aerosil

80

100

MC

25

30

Na- CMC
(Carboxy-
methyl cel-

lulose)

25

10

Carbopol
940

10

10

Xanthan

gum

10

20

Sodium algi-

nate

20

Clay Akane

100

Vaseline

800

Peo-400

650

300

Peo -1500

150

300

Peo -4000

600

Glycerin

200

350

100

100

100

linseed oil

800

Tween-80

Creamfor

CO-40

30

20

Distilled
Monoglyc-

eride

50

Sodium hy-

droxide

08

08

Olive oil

654

790

Spermacet

150

Yellow

candle

90

165



Dimexide 06 |06 |06 |06 [06 [06 |06 |06 |06 |06 |06 |06 |06 [06 |06

Sodium ben-

05 |05 05 |05 05 05 |05 05
zoate
Purified/ dis-
tilled water

Upto 1000- - | Upto1000

Diffusion
diameteron |30 |28 |25 |24 |29 |27 (28 |27 |30 |15 |28 |27 |25 |29 |32
agar gel (cm)

The model gels were prepared in accordance with the ingredient features. PDGA was
diluted in water and the obtained aqueous solution was incorporated into hydrophilic base by
stirring or preparing the desired form.

The obtained results point to the advantage of hydrophilic bases (NN1,2,5,6,7,8,
-9,11,12,14,15). Of the above-mentioned hydrophilic bases, the compositions — NN1, 9 and
15 showed high apparent rates of diffusion in agarose gel, consequently, further investigation
of these bases is continued. Osmotic activity of the gel is of great importance for treatment
of inflammatory processes in the skin that promotes wound cleansing and fulfills “draining”
function. Osmotic activity was determined by the method of dialysis using semi conductive
membrane. The amount of absorbed water was determined gravimetrically and figured out in

a percentage related to the initial mass (Fig. 2)

CompaositionN15

Composition N9

Compaosition N1

'Hl

Control {10% NaClsolution )

100 ,
150 200

Fig. 1. PDGAGels osmotic activity detection results
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The data (Table N2) show that the composition N15 is distinguished with draining acti-

vity and the amount of absorbed water — 180% points to its expressed osmotic activity.

In comparison with the other compositions, water absorption occurs equally throughout

the entire period. The objects — NN1 and 9 have almost equal osmotic activities. For comparative

assessment of the selected compositions (by various auxiliary substances PDGA degree of release

was evaluated using Franz-type diffusion cells. The obtained results are shown in Fig. 2.

60%
55%
50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

=== Comp-N1

1 === COmpN9

=== Comp-N15

Fig. 2. The determined degrees of release of the active substance from PDGAgels

The obtained data (Fig.2) showed that during the entire exposure period PDGA releases

maximally from N15 gel composition (43.5%), while practically equal amount of active substance

is released from NN 1 and 9 compositions: 40,1% (N1) and 39,9% (N9). According to the biophar-

maceutical studies, thegel composition -N15 as the subject of study by rheological methods on

the Digital Viscometer (SNB-2), showed the best values at almost all stages of the study.
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shearrate (sec 1)

250

E I
8 8

Shear Stress Pa
=
2

50

10.00 20.00 30.00 40.00 50.00 60.00 70.00

Fig. 3. Rheogram of PDGA gel

Fig. 3 indicates that, the tension increases equally with increase in deformation velo-
city up to the value corresponding to a complete collapse of the structure.

Thixotropic property of a gel is represented by Hysteresis loop in the form of ascending
and descending curves.With reducing the tension, gel viscosity is still increasing and the res-
toration of the existing structure is delayed. Thus, the ointment/gel is a thixotropic system,
sufficiently stable and plastic, with the ability of lubrication and is derived out of the tube
providing the necessary stability of the system during the process of technological operations.

According to the studies optimal composition of the gel was chosen (Fig 4).

PDGA Sodium ~ Xanthan gum

10% alginate 1%

——_ Sodium

henzoate
0.5

Fig. 4. PDGA gel composition
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The conducted studies formed the basis for elaboration of technological scheme for

preparation of gel PDGA (Fig.5).

I

J

Fig. 5. Technological scheme for PDGA gel preparation

The technological scheme was developed traditionally. It includes the main steps/stages
characteristic for gel preparation technology. After insertion of PDGA in the base, homoge-
nization is necessary. The stages of technological process are carried out in normal mode. The
gel was containedin aluminum tubes at +4°C (refrigerator conditions) for 24 months to detect
the expiry dates. During the mentioned period indicators of gel efficiency/productivity has
been studied.

Conducted studies have shown that, in accordance with the key performance indicators

and microbiological purity, gel remains stable throughout the storage period..
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CONCLUSIONS

Based on the results of complex biopharmaceutical studies PDGA gel optimal composi-
tion has been established. Technological scheme for preparation of PDGA gel has been develo-
ped. PDGA gel stability under normal conditions of storage at +4°C was studied. It is estimated

that gel has a shelf life (determined expiration date) of 2 year.
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SUMMARY
Development of Formulation and Technology for the PDGA Gel
S.Gokadze, V.Barbakadze, K.Mulkijanyan, L.Bakuridze, A.Bakuridze
Tbilisi State Medical University

One of the most actual problems of pharmacy is the development of medication forms
for external application with complex effects on (gel, emplastro, aerosol, etc.) skin wounds,
burns and inflammatory factors. The centuries-old practice of using phyto-preparations (her-
bal remedies) proved that they have fewer side effects in comparison with synthetic drugs.
Despite the wide application of herbal preparations, in the literature there is a little infor-
mation about their application in development of wound and burn healing modern dosage
forms. Among the medicinal plants with the mentioned pharmacological actions, comfrey
(Symphytum L.) should be distinguished.

Phenolic polymer poly[3-(3,4-dihydroxyphenyl)glyceric acid] (PDGA) or poly[oxy-
1-carboxy-2-(3,4-dihydroxyphenyl)ethylene], amounting approximately 25% of polysaccha-
rides and 1.5-2.5% of dry plant material, were isolated from the roots and stems of Caucasian
comfrey species (S. asperum, S. caucasicum). Contrary to polysaccharides this phenolic poly-
mer of Comfrey appeared to have a high immunomodulatory (anticomplement), antioxidative,
antilipoperoxidantive, anti- inflammatory and wound-healing efficacy/activities. The aim of
the study was development of the composition and technology of PDGA-containing gel. Ac-
cording to the results of complex biopharmaceutical studies PDGA gel optimal composition
has been proved. The technological scheme for preparation of PDGA gel has been developed.
PDGA gel stability under normal conditions of storage at +4°C was studied. The gel has a shelf
life (determined expiration date) of 2 year.

Key words: pharmaceutical technology, gels, poly [3-(3,4-dihydroxyphenyl)glyceric acid]
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PE3IOME
Pa3paboTka cocTaBa U TeXHOJIOTHUH Teiis, cogepxamero II/ITK
C.I'oxapze, B.bap6akaznze, K.Mynxumxanas, JI. bakypupze, A.bakypupze.
T6unucckuit ['ocymapcrBennsiit MegunnHCckuii Y HUBepCuUTeT,

OznHuM U3 aKTyaIbHBIX BOIIPOCOB (hapMalluy ABJIAETCS Pa3paboTKa HapyKHBIX JIeKapCT-
BeHHBIX (HOpM (Ma3ell, IIACThIpet, a9p030JIel U 10,.) AJIA KOMIUIEKCHOTO JIeUeHUs PaH, 0XKO-
TOB ¥ BOCIIAJIUTEIbHBIX IPOLIECCOB KOXKMU.

MHoroBekoBas ITpaKTUKa IIPIMeHeHUsA (PUTOIIPeIIapaToB IOATBEPKIaeT TOT (PAKT, UTo,
B OTJIMYHE OT CHHTE3MPOBAHHBIX JIEKAPCTB, OHU 00JIafalOT MeHee BBIPAKEHHBIM II0OOYHBIM
neiicrBueM. OHAKO, HECMOTPA Ha MIMPOKOE HCIIOIb30BAaHNE BeIIeCTB PACTUTEIBHOTO IIPOMC-
XOXK/IeHU, B HAyYHO! JINTepaType OYeHb MaJIO JaHHBIX OTHOCUTEIBHO X IIPUMEHeHH B COB-
pEeMeHHBIX JIeKapCTBEHHBIX (popMax JJId JIeueHUs 0>KOT'OB U PaH.

Cpenu exapCTBEeHHBIX paCTeHUH, 001aJaI0IUX ITOJZOOHBIM (papMaKOIOTHIECKUM Jeii-
CTBHEM, MOXXHO BBIZIEJIUTH IIpeficTaBUTeIel poma oKonHUK (Symphytum L.).

W3 xopHeii u cTebieil KAKBKA3CKUX BUOB OKOIIHUKA (S. asperum, S. caucasicum) BbIze-
neH ¢eHOIbHBIN nonuMep nonu(3-(3,4-gurnapoxcudenmn)riunepunosas kuciora] (IIIT'K)
nnu oy [oxcul-kap6okcu(3,4-puruapoxcudeHn)sTiieH]. B oriuure ot monucaxapuzmos
OKOITHUKA, 9TOT (PeHOIBHBII IIOTUMep 001ajaeT BBIpAKeHHBIM UMMYHOMOLY IUPYIOIKUM (aH-
TUKOMILIEMEHTAPHBIM), aHTUOKCHIAHTHBIM, aHTHJIMIIOIIEPOKCHAAHTHBIM M IIPOTUBOBOCIIAIN-
TEeJIBHBIM JIeHICTBHEM.

Llensio paboTs! aBIAIack padpaborka cocrasa u trexnosoruu [1/IIK comep:xamieroress

Ha ocHoBaHmM TIpOBe/leHHBIX KOMIIJIEKCHBIX OMOdapMaleBTHYeCKHX KCCIelOBaHUN
ycranoBsieH ontuManbHbii coctas [I/IT'K comeprkaero resis u paspaboTaHa TeXHOTOTHYeCKast
cxeMa ero IIPOM3BOCTBA.

Nzyduena crabunprocTs II/IT'K comep:xamero resis mpyu XpaHeHUH B OOBIYHBIX YCIOBU-

ax pu +4°C. Cpox rogHocTH res — 2 roza.
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UHPLC-Q-TOF/MS Characterisation of Several Compounds from the
Roots and Stems Extracts of Symphytum Asperum
Lela Amiranashvili, Lali Gogilashvili, Sopio Gokadze, Maia Merlani,
Vakhtang Barbakadze, Bezhan Chankvetadze
Tbilisi State Medical University I. Kutateladze Institute of Pharmacochemistry,
Tbilisi, Georgia
amiranashvililela@gmail.com
Academy Member, 1. Javakhishvili Thilisi State University Institute of Physical
and Analytical Chemistry, Tbilisi, Georgia

ABSTRACT. Phytochemical study of roots/stems of Symphytum asperum Lepech. (pric-
kly or rough comfrey) was carried out in order to define phenolic constituents. Firstly, grinded
air-dried S. asperum roots (SAR) and stems (SAS) were fore-extracted exhaustively in a Soxlet
apparatus with hexane and chloroform in order to remove lipids, pigments and other nonpolar
compounds and afterwards these materials were treated with the aqueous mixtures of different or-
ganic solvents. Eight analytical samples were obtained. Ultrahigh-pressure liquid chromatography
coupled with quadrupole time-of-flight tandem mass spectrometry (UHPLC-Q-TOF/MS) analysis
of extracts of S. asperum roots/stems was carried out and revealed the presence of low molecular
weight compounds such as caffeic, rosmarinic, chlorogenic acids, salvianolic acid, B/lithospermic
acid B and several oligomeric compounds. Currently only the brutto-formulas of the oligomeric
compounds are known and further investigations are in progress in order to determine exact che-
mical structures of those. The obtained results revealed that the comfrey roots/stems can be used as
a source for the isolation of low molecular weight biologically active compounds.

Keywords: Symphytum asperum roots/stems, polyphenols, phenolic acids, UHPLC-Q-
TOF/MS

Symphytum asperum Lepech. ( prickly or rough comfrey) belongs to the Boraginaceae fa-
mily. It is a weed plant widespread in some regions of Asia, Europe, North America and Caucasus
[1, 2]. Previously, analgesic, anti-inflammatory, astringent, expectorant, antifungal and deconges-
tant properties of comfrey were reported [3-5]. In folk medicine, the comfrey root has been used
externally as a traditional medicinal plant (as ointments, compress, or alcohol extracts) for treating

fractures, strains, thrombophlebitis and hematomas, and internally (as tea, tinctures or infusions) in
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treating gastrointestinal and respiratory tract diseases [6]. Preparations from the leaves and stems
have been used for treating rheumatism and gout, as well [7]. Previous studies showed that these be-
neficial properties of comfrey are the result of the presence of numerous bioactive compounds [3,8].
It is known that comfrey contains allantoin, amino acids, A, B and C vitamins, ellagic acid, auxin,
triterpenoids, tannins, rosmarinic acid, steroidal saponins, inulin, pyrrolizidine alkaloids [9-10].

Previously, the isolation of high-molecular (>1000 kDa) water-soluble fractions from
the roots and stems of S. asperum (SA) and S. caucasicum (SC) was reported. Based on the IR
and NMR spectroscopy data, poly[3-(3,4 dihydroxyphenyl)glyceric acid] (PDPGA) was con-
firmed to be the major component of these fractions [11-13]. PDPGA-SA and PDPGA-SC ex-
hibit immunomodulatory (anticomplementary), antioxidant and antiinflammatory activities
[14-15] and wound-healing property [16]. PDPGAexerted anti-cancer efficacy in vitro and
in vivo against androgen-dependent and -independent human prostate cancer (PCA) cells via
targeting androgen receptor, cell cycle arrest and apoptosis without any toxicity, together with
astrong decrease in prostate specific antigen (PSA) level in plasma [17].

However, the biotransformation mechanism of PDPGAIs not clear yet.It is obvious that
a molecule of such a size and mass as PDPGA could not be passively absorbed from the gas-
trointestinal tract or interact directly with cell membrane receptors. Therefore, the obser-
ved biological effects are possibly caused by much smaller size/massfragments of the PDPGA.
Thus, the aim of the present study was to identify such fragments in stems and roots of afore-
said plants to clarify possible biosynthetic/metabolic pathways for the polymer as well as low
molecular weight biologically active compounds.

The solid-liquid extraction technique was chosen as the first step for isolation the com-
pounds probably containing the fragments of PDPGA followed by the investigation of the

composition of the extracts of S. asperum roots/stems using UHPLC-Q-TOF/MS method.

MATERIALS AND METHODS

Initially, the fore-extraction was used that is the necessary in order to remove unwanted
substances such as waxes, fats, terpenes, and chlorophylls. On the basis of literary data, solid-liquid
extraction is the most commonly used procedure prior to the analysis of polyphenolics and simple

phenolics in plants. Commonly used extraction solvents are: alcohols (methanol, ethanol), acetone,
176



diethyl ether, and ethyl acetate. However, very polar phenolic acids could not be extracted com-
pletely with pure organic solvents and mixtures of alcohol-water or acetone—water are recommen-
ded, therefore aforesaid mixtures of solvents were applied for the extraction procedure [18].

The extracts were further fractionated by TLC and CC and then analyzed using UH-

PLC-Q-TOF/MS for determination of chemical content of comfrey extracts.

SAMPLE PREPARATION

Grinded air-dried S. asperum roots (SAR) and stems (SAS) were fore-extracted exhausti-
vely in a Soxlet apparatus with hexane and chloroform in order to remove lipids, pigments and
other nonpolar compounds. The fraction SAS1 from fore-extracted stems was obtained by pro-
cessing with 70% acetone. Powdered fore-extracted roots were treated with mixtures of solvents,
such as alcohol-water (50% MeOH) or acetone—water (70% acetone) and the extracts SAR 2 and
SAR 3 were obtained, respectively. Lastly, SAR 4 fraction was obtained by treatment of prelimi-
nary macerated fore-extracted roots with ethanol containing 2% HCI (v/v) with 50% MeOH.

Compounds (even trace amounts) were identified using UV detection at 254 nm. TLC
conditions: silicagel GF 254 — stationary phase; BAW (buthanol/acetic acid/water 4:6:2; v/v/v) —
mobile phase; FeCl, (2% in ethanol) or H,SO, (20% in ethanol) — developers. All fractions were
further fractionated on Diaion HP 20 using stepwise elutiongradient (10-70% MeOH or EtOH)
As a result samples SAR 2dw, SAR 2dm, SAR 3dw, SAR 3de, SAR 4dw, SAS 1dw and SAS 1dm
were obtained. In addition, fraction SAR 4 was further fractionated on Diaion HP 20eluted by
water and the fraction SAR 3dm was eluted on Sephadex LH-20 column by water and sample

SAR 3dsw was prepared. Finally, all eight water-soluble fractions were freeze-dried.

APPARATUS

UV/VIS spectrophotometer (Mecasys Optizen Pop UV/Vis Spectrophotometer) was
used for the measurement of absorbance at 286 nm which showed the presence of phenolic
compounds; Chromatographic separations were performed using Agilent 1220 Infinity UH-
PLC System with Agilent Zorbax SB-C18 analytical column (4.6 x 250 mm, 5mm) coupled

with diode array detector (DAD).
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Chromatographic equipment and UHPLC-Q-TOF conditions. A sensitive, accurate and
specific method coupling high-performance liquid chromatography (HPLC) with diode array
detector (DAD) and electrospray ionization mass spectrometry (MS) was developed for the se-
paration and identification of extracts of S.asperum. The molecular masses of the constituents
were assigned by electrospray ionization mass spectrometry. Chromatographic separations
were performed on a Agilent Zorbax SB-C18 analytical column (4.6 x 250 mm, 5mm). The
samples on the column were eluted with a gradient mixture of acetonitrile (solvent A) and
0.1% formic acid (solvent B). The gradient program was as follows: 0 30 min, from 8 to 50%
A. The flow rate was at 1 mL/min with column temperature at 30°C. Injection volume was set
at 1 pL. Q-TOF/MS method was carried out using nitrogen to assist nebulization ion mode,
negative and positive; drying gas (N,) flow rate, 10.0 L/min; drying gas temperature, 350 °C;
nebulizer, 35 psig; sheath gas temperature, 300 °C; sheath gas flow, 11 L/min; capillary, 3500 V;
skimmer, 65 V; OCT 1 RF Vpp, 250 V; fragmentor voltage, 120 V. All operations, acquisition
and data analysis were controlled by the Agilent Masshunter Workstation Software Qualita-

tive Analysis, version B.01.03

RESULTS AND DISCUSSION

All compounds were identified based on retention times, UV—Vis absorption spectrum
and mass spectra by matching their molecular ions obtained by ESI-MS/MS methods with
theoretical molecular weights from literature data [20-22].

The results obtained show the presence of various phenolic and non-phenolic com-
pounds. The chromatograms of the extracts from S. asperum roots/stems are given in Fig.
1.The identified compounds from these samples are summarized in Table 1. Fig.1

The UHPLC-Q-TOF/MS analysis of the samples SAS 1dm, SAS 1dwobtained from S.
asperum stems, showed the first peak at retention time (R) of 8.20 min. MS fragmentation of
pseudomolecular ion [M-H] in the negative mode at 353 m/z showed ion fragments at 191 (100
%), 179 (6%), 126 (0.4%) m/z that indicated the presence of chlorogenic acid [19]. At the same
time the samples SAS 1dm, SAR 3de also showed another peak at R _of 10.50 min., with the
presented pseudomolecular ion [M-H] in the negative mode at 179 m/z and ion fragment at

135 (100%) m/z after MS fragmentation, proved the existence of caffeic acid [20]. Rosmarinic
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acid was identified in the samples SAS 1dm, SAR 3de, SAR 3dsw, SAR 4dwas the peak at R of
17.01 min. MS fragmentation of pseudomolecular ion [M-H] in the negative mode at 359 m/z
and that of [M+Cl] in the positive mode at 395 m/z showed three ion fragments at 161 (100%),
197 (21%) and 133 (3%) m/z [19]. The peak of the chromatograms of the samples SAS 1dw, SAS
1dm, SAR 3de, SAR 3dsw and SAR 4dwat R, of 15.31 min identified salvianolic acid B or lithos-
permic acid B. On the basis of MS fragmentation of the pseudomolecular ion [M-H] in the
negative mode at 717 m/z which showed fragments at 225 (100%) and 109 (80%) m/z, it can be
concluded that salvianolic acid B or lithospermic acid B is presented in the comfrey roots/stems
extracts.(Fig. 1.). It is reported that Salvianolic acid B and Lithospermic acid B have identical
structures except for the configurational assignments of two stereocenters. Through chemical
correlation between a degradation product of salvianolic acid B and synthetic material, the
absolute configuration of salvianolic acid B has been corrected to establish that salvianolic acid
B and lithospermic acid B are one and the same compound [20-21] (Table 1). The structures of

identified compounds are shown in Fig.2.

CONCLUSION

Thus, caffeic, rosmarinic, chlorogenic, and salvianolic acid B was detected in the
comfrey root/stem 1dm, 1dw, 3de, 3dsw and 4dw extracts. On the other hand, the study re-
vealed the presence of several compounds (oligomers and low-molecular weight ones) in the
samples 1dw, 1dm, 2dw, 3dw and 4dw. Since currently only the brutto-formulas of the above
mentioned compounds are known, further investigations are in progress in order to determi-
ne exact chemical structure of these compounds as well as to identify fragments in stems and

roots of aforesaid plants to clarify possible biosynthetic/metabolic pathways for the polymer.
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Figure 1. UHPLC-chromatograms of the 8 samples from roots/stems extracts of S. aspe-

rum are indicated by arrow marks.
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Figure 2. Structural formulas of the identified compounds in the extracts of S.asperum

roots/stems
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Table 1. The identified compounds in the extracts of S.asperum roots/stems
4

ESI-MS m/z
No. Name * |Rymin)| Formula %:;St N E(Sq{;iissg\gsakm)/z
M| eCl | (M | prcoom |
1 2 3 4 5 6 7 8 9 10 11
191 (100),179 (6),
ChA[19] | 82 | CisHiOp |354.0947 | 353.0876 125 (04
CA[I9] | 105 | CoH;0; | 180.0412 | 179.0339 135(100)
1dm L‘T,%’_,SSB 15305 | CgHlyOys | 718.1534 | 717.1455 225(100),109(80)
ol
RA[19] | 1701 | CysHyOs | 360.0871 | 359.0773 | 395.0538 161(1?2§=(139)7(‘13=
22 | CHuO, 1780827 | 1770756
56 | CoHyO; | 198.0525 | 197.0452 | 233.0219
69 | CiH0s | 1540263 | 153.019
74 | CoHypOs | 1820379 | 181.0505] 217.029
‘ 191(100).179(6),
Ldw ChA 82 | CisHyOg | 354.0947 | 353.0876 12604
TAB/SAB | 15305 | CagHyOr | 718.1534 | 717.1455 225(100), 109(80)
2
RA | 17.01 | CigHisO5 | 360.0871 | 359.0773 | 395.0538 161(1?2§=(13%7(‘1)=
25753 | Ca HOr | 7984766 | 7974714 | 833448 8434791 473((100),191(30)
28 | CSLNOS | 125.9998 | 124.9926
2dm 35 | CoHN:O | 201.0653 | 2000579
32 | CHy0, | 178.0827 | 1770756
2w 42 | CHWOs | 178.0827 | 177.0756
3dw 42 | CHu0s | 178.0827 | 177.0756
1 2 3 4 5 6 7 8 9 10 11
CA 10.5 Co Hg Oy 180.0412 | 179.0339 135(100)
3de LAB/SAB | 15252 | CisHaOys | 718.1534 | 717.1464 | 753.125 225(100),109(80)
RA 17.01 CigsHigOg | 360.0871 | 359.0773 | 395.0538(719.1645 161(100;:(139)7(21):13
3dw [LAB/SAB| 15305 | C3gHzOys | 718.1534 | 717.1455 225(100),109(80)
RA 17.01 CisHisOg | 360.0871 | 359.0773 | 395.0538 161(1?2)5:(139)7(21)=
301(100),260(70),
25.188 | CnH5oN4OgS | 530.3353 | 529.3278 (202)’(40]( ):
27.577 | C37H50Ns00S | 629.4039 | 628.3964 288(100),242(30)
4dw 2940 |Cs50H;3N>O6S| 829.5189 | 828.5117 488(100),322(60)
4.2 C7Hy405 178.0827 | 177.0756
6.17 CsHipO5 162.0528 | 161.04356 143.035
6.9 CsHy204 220.0583 | 219.051
LAB 15305 | C36H30045 | 718.1534 | 717.1455 225(100),109(80)

* RA - Rosmarinic acid; LA-Lithospermic acid B; SA B -Salvianolicacid B; ChA - Chlorogenicacid; CA - Caffeic acid
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ABSTRACT. According to data of IR, 'H NMR, gCOSY gHSQCED and 2D DOSY ex-
periments, caffeic acid-derived polymer, namely poly[3-(3,4-dihydroxyphenyl)glyceric acid],
was detected in water-soluble high-molecular preparation of Symphytum grandiflorum DC
(Boraginaceae) by analogy with S.asperum, S. caucasicum, S.officinale and Anchusa italica
high-molecular weight preparations. In contrast to polymers of other species of Symphytum,
and likewise some polymer preparations from A. italica, most of the carboxylic groups of po-
lymer from S. grandiflorum are methylated.

Key words: caffeic acid-derived polymer,poly[3-(3,4-dihydroxyphenyl)glyceric acid],
poly[oxy-1-carboxy-2-(3,4-dihydroxyphenyl)ethylene/,Symphytum grandiflorum.

Symphytum grandiflorum DC (De Candolle) (Creeping comfrey) is a terrestrial peren-
nial herbaceous species with large flowers belonging to Boraginaceae family. It is endemic to
the Caucasus region, particularly Georgia. S.grandiflorum was described for the first time by

Swiss botanists Augustin Pyramus de Candolle and published by his son Alphonse De Candolle
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later in 1846 [1]. Only few papers have been published concerning chemical composition of
S. grandiflorum. It has been documented to synthesis pyrrolizidine alkaloids of retronecine
type lycopsamine, echimidine and symphytine. A methanolic alkaloids extract and a hexane
extract containing triterpenes and phytosterols were obtained [2,3]. According to some publis-
hed works [4], the main component of mucilage of S. grandiflorum are glucofructans (67 %).
Cellulose, uric acid, ketoses, aldoses, saccharose, starch and dextrins in minor extent are also
reported [4].

In our previous work high molecular weight preparations [5] from S. asperum, S. cau-
casicum, S. officinale and Anchusa italica (Boraginaceae) were isolated. Their main chemical
constituent was found to be a novel regular caffeic acid-derived polymer, namely poly[oxy-
1-carboxy-2-(3,4-dihydroxyphenyl)ethylene] or poly[3-(3,4-dihydroxyphenyl)glyceric acid]
(PDPGA), according to IR and NMR spectroscopy data [6-10]. The repeating unit of this poly-
mer is a 3-(3,4-dihydroxyphenyl)glyceric acid residue (Fig. 1.)

COOR

Fig. 1.The repeating unit of PDPGA; R=H, CH,.

This polymer possesses diverse biological activity, such as anticomplementary, antioxi-
dant, anti-inflammatory [11,12], wound-healing properties [13,14], modulates B-chronic lym-
phocytic leukaemia cell apoptosis and cell cicle progression [15,16], and completely abrogates
the adhesion of murine B16 melanoma cells to tumor-activated hepatic sinusoidal endothe-
lium (HSE) [17]. However, its most important property is anticancer efficacy against prostate
cancer cells, both in in vitro and in vivo experiments [18].

The aim of the present research was to examine high molecular weight preparation of

S. grandiflorum (HMP-SG) on the presence of PDPGA.
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MATERIALS AND METHODS

Apparatus:The UV spectrum was recorded on a UV/VIS spectrophotometer (Mecasys
Optizen Pop, Mecasys Co., Ltd., Daejeon, Korea). The IR spectrum (KBr disc) was obtained on
a Varian 660 FT-IR spectrometer (Made in Australia by Varian Australia PTY LTD). The NMR
spectra of 1% solutions in D,O at 80°C and with acetone-d as the internal standard (8 31.42
ppm, &, 2.225 ppm vs. Me,Si) were recorded in a Varian NMR System (Palo Alto, CA, USA),
fitted with a CHX 'H/®C/"®N-*'P probehead, gradient module and variable temperature unit.
The spectrometer resonance frequency for '"H was 499.61 MHz. The 'H 90° hard pulse was
optimized for each sample. The spectral width was set to 8012.8 Hz for the monodimensional
'H experiments. All NMR spectra were processed with the Mestre NOVA software (version
10.0.2, Mestrelab Research, S. L., Santiago de Compostela, Spain). For the 2D DOSY experi-
ment, 15 increments (steps) of 32 scans each were recorded (6009,6 Hz spectral width, 65k
spectral size for each scan), and then a Bayesian transformation was employed (128 points in
the diffusion dimension).

Plant material: Fresh stems of S.grandiflorum were collected from their natural habitat
in the Adjara region of Georgia 20.06.2014. Herbarium material of S. grandiflorum is available
from the I. Kutateladze Institute of Pharmacochemistry (Tbilisi, Georgia).

Extraction and isolation:Stems were cut into small pieces, air-dried and grounded in
a mill. Lipids, pigments and low molecular weight compounds were removed by Soxhlet ex-
tractions with chloroform, methanol and acetone. Hot water extraction of 80 g of air-dried,
pretreated with organic solvents stems, followed by dialysis [19], afforded 20.69 g of a water-
soluble preparation of S. grandiflorum (WSP-SG) based on dry biomass (yield, 25.86 %). Fur-
ther fractionation of 4 g WSP-SG in a stirred ultrafiltration cell, (model 8200, Millipore Cor-
poration, Billerica, MA, USA), fitted with a Biomax-500 ultrafiltration disc (500 000 NMWL),
as reported in [5], yielded 0.49 g of water-soluble, high-molecular (>500 kDa) preparation
HMP-SG, based on WSP-SG and dry biomass (12.25 % and 3.16%, respectively).

Carbohydrate analysis of WSP-SG: Qualitative monosaccharide composition was analy-
zed after hydrolysis of samples (5-10 mg) with 2M CF,COOH at 121°C for 2 h [20]. The acid
was removed by multiple evaporations to dryness of methanolic solutions. The monosaccha-

rides were identified by TLC with monosaccharide standards as references. TLCs were perfor-
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med on 0.25 mm pre-coated silica gel plates (Merck 60, GF-254; Merck, Darmstadt, Germany)
treated with n-butanol-acetic acid-water (3:1:1). The sugars were visualized by spraying the
plates with aniline hydrogen phthalate and heating at 105°C for 10 min. Fructose, a main car-
bohydrate component of WSP-SG, was determined spectrophotometrically [21].

HMP-SG.

UV spectrum (H,O, A__, nm): 216, 236 (shoulder), 282 (shoulder), 286.

IR spectrum (KBr, v, cm™): 3415.3 (OH); 2928.3 (CH); 1729.6 (COOCH,) 1604.7 (io-
nized carboxyl); 1511, 1445.3 (aromatic C=C); 1409.8 1218.9 (phenols); 1266, 1122.7, 1076.4,
1047 (R-O-R’); 869.7 (C-H in the aromatic ring with one isolated hydrogen atom); 820.6 (C-H

in the aromatic ring with two neighboring hydrogen atoms).

RESULTS AND DISCUSSION

The main components of WSP-SGwere found to be fructans (66.8 %). On top of that,
galacturonic acid, galactose, glucose, arabinose, xylose and rhamnose were also found.Accor-
ding to previous reports on the detection of PDPGA in high molecular weight preparations of
S. asperum, S. caucasicum, S. officinale and A. italica [6-10], WSP-SG was further subjectedto
ultrafiltration on membrane filter with a cut off value of 500 kDa in order to remove polymers
with molecular weights lower than 500 kDa, so that a high molecular (>500 kDa) weight pre-
paration HMP-SG was obtained.

The UV spectrum (see materials and methods) of water-soluble HMP-SG showed some
absorptionmaxima that indicated the presence of polymers with phenolic character, and was
identical to the UV spectra of polyethers obtained from S. asperum,S. caucasicum, S. officinale
and A. italica [7-10].

The IR spectrum (see materials and methods) of HMP-SG showed absorption bands
characteristic of phenol-carboxylic acids. Absorption bands corresponding to the hydroxyl
groups attached to the aromatic ring, as well as the carboxyl and ether groups were observed.
Again, the IR spectrum of HMP-SG was very similar to that of phenolic polymers from S.
asperum,S. caucasicum, S. officinale and A. italica [7-10].

It was decided to detect PDPGA in HMP-SG using different techniques of NMR spec-

troscopy.
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Two signals in the "H NMR spectrum (500 MHz, D,0O, 80°C) of HMP-SG with chemi-
cal shifts of 5.34 and 4.84 ppm were assigned to H-1 and H-2 (Fig. 1), respectively, linked to
oxygen-bound aliphatic carbon atoms C1 and C2 (Fig. 1). The signal with chemical shift of
7.51 ppm was assigned to the aromatic proton H-2” (Fig. 1) and the signal with chemical shift
7.40 ppm, which integrated for 2H, was assigned to H-5" and H-6" (Fig. 2) [6-10]. The gCOSY
spectrum showed a cross peak between the signals at 4.84 and 5.34 ppm, which was consistent
with the coupling between H-1 and H-2 of PDPGA (Fig. 2).

A resonance in the 'H NMR spectrum at 4.19 ppm which correlated with *C resonance
at 55.9 ppm in the'H/*C gHSQCED spectrum suggested the presence of methoxy groups in
carboxylic acid methyl esters (Fig. 1) [10]. The gHSQCED spectrum also gave a two cross peaks
between the '*C resonance at 75 ppm and the 'H peak at 5.34 ppm, and between 81.7 ppm (**C)
with 4.84 ppm ('H), consistent, respectively, with CH-1 and CH-2, of PDPGA [6-10].

Other cross peaks were also observed in the '"H/"C gHSQCED spectrum, namely co-
rrelations between the following proton and carbon atom pairs: & 4.15/64.2, 4.11/71.4 and
4.35/71.9 ppm. These cross peaks, plus others at 5.51/102.4 and 5.33/103.4 ppm, those clearly
anomeric, are most likely due to the presence of polysaccharide impurities in the sample of
HMP-SG. Unfortunately, we were unable to detect aromatic C-H correlations in the gHSQ-
CED spectrum due to lack of signal.

A 2D DOSY experiment of high molecular weight preparation of S. grandiflorum showed
that both sets of signals of methylated in carboxylic group PDPGA (4.2, 4.8,5.35, 7.4 and 7.5 ppm)
and polysaccharides fell in the same horizontal. It means that they have the same diffusion coe-
fficient. This would imply a similar (same order of magnitude) molecular weight for the phenolic
polyether and the polysaccharides. This would explain why, unfortunately, it proved not feasible
to separate the phenolic polymer from polysaccharides by ultrafiltration. However, on the basis of
data from IR, '"H NMR, gCOSY, gHSQCED and 2D DOSY experiments, the presence of methylated
PDPGAin HMP-SG was sustainedby analogy with high molecular preparations of A. italica,which
in that case it could be demonstrated by chemical and NMR analysis alone, similarly to high mo-
lecular preparations from S. asperum, S. caucasicum, S. officinale and A. italica [6-10].We found
that, in this preparation of HMP-SG, these methylated PDPGA were mixed with residual carbo-
hydrates (polysaccharides). The disclosure of the nature, structural importance and quantitative

determination of the residual polysaccharides of HMP-SGwill be the subject of further studies.
188



Symphytum grandiflorum-ol DC (Boraginaceae) {jgocrdo blibsoo domodmeng3w-
WMOHO BMJ300L Tgbfogams

L. 2d5d9", . 4MA0sd300*, . 5d06Mbsd300*, 3. B5MdsJsdg*, 8. IgMsbo®, o.
053296M0dg™, 5. LOERSOM™, B. F9b6339@¢ 99"

* m3o¢robol bsbyerdfonem bsdgcooiobe 29b03960bodad0, 0.9471005009¢msdol 560~
3m7Jodool obbhod Ao, 36 3.Ls®sx0dz0¢moly., 0159 omdocerobo, bsgstrorggerm,

** 000¢moloblbsbycrdfonmbsdooiobmnbozgmbodgdo, 33 35:5-30539cslgsdbo-
0, 0186 0280¢»obo, Logs®039¢0m

*** Centro de Espectroscopia de RMN (CERMN), Facultad de Farmacia Universidad de
Alcala (UAH) Campus Universitario, Ctra. Madrid-Barcelona km, 33,6 E-28805 Alcald de He-
nares, Madrid (Spain)

9390090000, (9360, 03. 3335b0T300¢0llsb. mdoerolol Lsbyerdpogm «1b0396-
bodado, 30Vo3EBo s s65¢P0 YO Jobool obbHodwIAo, 3 0.333353500b ., 0179 0d0-
¢robo

of}, 'H 896, gCOSY, gHSQCED @s2D DOSY g94u3960096¢3900L dmbsgdgdols boggwyd-
399 Symphytum grandiflorum DC-is (Boraginaceae) {yse8o blbo@ do@owdmerg3e)-
W3 0935030, JbogloS. asperum, S. caucasicum, S.officinale and Anchusa italica-U
9505@IME93MIMOHO 360935053 900Ls, ©IAIJBH0MJOMo 0dbs 3mBJobols Bxo35L Hotr-
dmgdol 3me0dgeo, 396mdm@ 3meo|3-(3,4-030MHmJlo- 3gbow) awo3g®oboldss-
35 (30xyd). Symphytum-ol Bbgs Lobgmdgdol 3meodgMologsb 4sblbgsgqdom, A.italica-
L3me0dgMHob Abyoglsg, S. grandiflorum-ol 3gyd-ob JoMdMJLOEOL X aRdOL MdgEglo

Bofoero dgmoo®mgdeos.
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