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U ovoj doktorskoj disertaciji izvršena je karakterizacija suvih ekstrakata 
cvasti smilja, Helichrysum plicatum DC. i ispitana njihova antioksidativna, 
citotoksična, spazmolitička i antimikrobna aktivnost. Posebna pažnja posvećena je 
pronalaženju korelacija između hemijskog sastava i farmakoloških aktivnosti suvih 
ekstrakata u cilju utvrđivanja mogućih aktivnih supstanci ili aktivnih markera.  

U okviru preformulacionih ispitivanja, biljna droga cvasti smilja - 
Helichrysi flos (biološki izvor Helichrysum plicatum DC.) je precizno definisana, 
identifikovana i ispitana. Suvi ekstrakti dobijeni su ekstrakcijom usitnjene biljne 
droge, primenom metode trostruke perkolacije, prečišćavanjem dobijenog tečnog 
ekstrakta metodom re-ekstrakcije i uparavanjem pod vakuumom. U toku procesa 
ekstrakcije varirana su tri faktora: stepen usitnjenosti biljne droge, vrsta 
ekstragensa (40%, 50%, 60% etanol) i vrsta rastvarača za re-ekstrakciju (5:5, 9:1, 
100:0 etilacetat:etanol; v:v), na tri nivoa.  

Razvijena je HPTLC fingerprintna metoda za brzu i pouzdanu 
identifikaciju glikozida i aglikona flavonoida, prisutnih u biljnoj drogi i 
ekstraktima. Njihova identifikacija je bazirana na različito obojenim fluorescentnim 
mrljama uz primenu standarda i urađena tentativna LC-UV-MS analiza ekstrakata 
dobijenih re-ekstrakcijom.  

U okviru hemijske karakterizacije suvih ekstrakata Helichrysi flos (biološki 
izvor Helichrysum plicatum DC.) određivan je sadržaj ukupnih fenola u svim 
uzorcima ekstrakata.  

Sadržaj naringenina, apigenina i kempferola, određivan je metodom tečne 
hromatografije u hidrolizovanim i nehidrolizovanim uzorcima suvih ekstrakata, uz 
primenu standarda.  

Optimizacija procesa ekstrakcije, bazirana na analizi uticaja faktora je 
pokazala različite optimalne oblasti izvođenja ekstrakcije u zavisnosti od cilja koji 
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je postavljen u ekstrakciji. U cilju povećanja prinosa suvih ekstrakata, optimizacija 
procesa ekstrakcije se zasniva na uticaju varirajućih faktora (stepena usitnjenosti 
biljne droge, vrste ekstragensa i vrste rastvarača za re-ekstrakciju) na prinose 
ekstrakata.  

Ispitivanje antioksidativne aktivnosti uzoraka suvih ekstrakata je vršeno na 
bazi sposobnosti redukcije DPPH radikala.  

Citotoksična aktivnost odabranih ekstrakata Helichrysi flos (biološki izvor 
Helichrysum plicatum DC.) i standarda naringenin, apigenin i kempferol je 
ispitivana in vitro na tri vrste humanih malignih ćelija i to: ćelije adenokarcinoma 
grlića materice HeLa, ćelije karcinoma prostate PC3 i ćelije mijeloidne leukemije 
K 562.  

Vršeno je in vitro ispitivanja spazmolitičke aktivnosti odabranog ekstrakta 
Helichrysi flos (biološki izvor Helichrysum plicatum DC.) na izolovanom tankom 
crevu pacova i to spazmolitički efekat na spontane kontrakcije tankog creva i 
kontrakcije indukovane acetilholinom, histaminom, barijum jonom i kalijum 
jonom.  

Antimikrobna aktivnost odabranog ekstrakta Helichrysi flos (biološki izvor 
Helichrysum plicatum DC.) ispitivana je in vitro mikrodilucionom metodom na 20 
mikroorganizama, uključujući bakterije, plesni i fitopatogene gljive.  

Rezultati ispitivanja hemijskog sastava i farmakološke aktivnosti 
ekstrakata Helichrysi flos (biološki izvor Helichrysum plicatum DC.) ukazuju na 
potencijalne aktivne supstance, odnosno aktivne markere za standardizaciju 
ekstrakta Helichrysi flos (biološki izvor H. plicatum DC.). 

Prezentovani rezultati potvrđuju primenu biljne vrste H. plicatum DC. u 
tradicionalnoj medicini i ukazuju na sličnost sa H. arenarium (L.) Moench, a 
takođe, predstavljaju dobru osnovu za naredna ispitivanja. 

 
Ključne reči: smilje, Helichrysum plicatum, optimizacija procesa ekstrakcije, 
fenolna jedinjenja, flavonoidi, antioksidativna aktivnost, antimikrobna aktivnost, 
citotoksična aktivnost, spazmolitička aktivnost. 
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SUMMARY 
 

In this doctoral dissertation, the characterization of dry extracts of 
everlasting inflorescences, Helichrysum plicatum DC., and assay of their 
antioxidant, cytotoxic, spasmolytic and antimicrobial activity were carried out. 
Special attention was paid to investigation of correlation between chemical 
composition and pharmacological effects of dry extracts to determine potentially 
active substances or active markers. 

In the preformulation study, the herbal drug Helichrysi flos (Helichrysum 
plicatum DC.) was precisely defined, identified and tested. The dry extracts were 
prepared from powdered herbal drug by triple percolation method and purification 
of obtained liquid extracts by means of re-extraction method and vacuum 
evaporation. The following factors varied in the extraction procedures at three 
levels: degree of fineness of herbal drug, type of extragens (40%, 50%, 60% 
ethanol/water ratio) and re-extraction solvent (5:5, 9:1, 100:0 ethilacetate/ethanol 
ratio; v/v). 

The HPTLC fingerprint method was developed for rapid and reliable 
identification of glycosides and aglicone flavonoids present in the herbal drugs and 
extracts H.plicatum. This identification was based on the color fluorescence, and 
application of the standards and the tentative LC-UV-MS analysis of purified 
extracts. . 

 In the chemical characterization of Helichrysi flos (Helichrysum plicatum 
DC.) dry extracts, the total content of phenols has been determined in all extract 
samples.  

Naringenin, apigenin and kaempeferol content was determined by HPLC 
methods in hydrolyzed and nonhydrolysed samples of dry extracts, and by 
application of standards. Extraction process optimization, based on factor analysis, 
showed different optimum extraction performance depending on the extraction 
target. In order to increase the dry extract yields, the extraction process 
optimization was based on the influence of various factors (degree of fineness of 
herbal drug, type of extragens and re-extraction solvent) on the extraction yields.  
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Antioxidant activity of dry extract samples was evaluated on the basis of 
the ability of DPPH radical reduction. 

Cytotoxic activity of selected extracts of Helichrysi flos (Helichrysum 
plicatum DC.) and standard substances (naringenin, apigenin and kaempeferol) was 
tested in vitro on three types of human cancer cells: Cervix Aden carcinoma Hela 
cells, PC3 prostate cancer cell lines and myelogenous leukemia K562 cells.  

The in vitro spasmolytic activity of selected extract of Helichrysi flos 
(Helichrysum plicatum DC.), assayed on isolated rat ileum, spasmolytic effect of 
dry extract on spontaneous ileum contractions and contractions induced by 
acetylcholine, histamine, barium and potassium ions.  

Antimicrobial activity of selected extract of Helichrysi flos (Helichrysum 
plicatum DC.) was tested by in vitro micro dilution method against 20 
microorganisms, including bacerias, pests and phytopathogene yeasts. 

The results of Helichrysi flos (Helichrysum plicatum DC.) chemical 
composition and pharmacological activity analyses indicated on potential active 
substances or active markers used for H.flos extract standardization (biological 
source Helichrysum plicatum DC.). 

The results, as demonstrated above, justify the traditional use of 
Helichrysum plicatum DC., and indicate the similarity to H. arenarium (L.) 
Moench, which could be considered as a good basis for further investigations. 
 
Key words: everlasting, Helichrysum plicatum, extraction process optimization, 
phenols compounds, flavonoids, antioxidant activity, antimicrobial activity, 
cytotoxic activity, spasmolytic activity. 
 

Scientific field: Pharmacy 
Scientific discipline: Pharmaceutical technology, pharmacognosy 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /All
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


