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Vitamin E, or a-tocopherol, occurs naturally in alternate watermilfoil, Myriophyllum alterniflorum (Haloragaceae).
This hydrophyte can tolerate environmental stress such as heavy metals [1] because of its antioxidative system, which includes
antioxidants such as o~tocopherol, carotenoids, and proline. These compounds can interact with free radicals (e.g., reactive
oxygen species), preventing the initiation of potentially lethal process such as lipoperoxidation and subsequent membrane
disorganization [2].

The vitamin E molecule, which is composed of a phytol side chain and a chromanol ring, may be incorporated into
biological membranes, thus contributing to their physical stability [3]. The pharmacological action of a~tocopherol is not only
as a natural antioxidant but also as a preventive against cancer [4]. Moreover, vitamin E is also used in cosmetology as an
anti-aging agent [5].

So far, high-proficiency extraction of a-tocopherol in extracts of M. alterniflorum has not been reported. Therefore,
the objective of this work is the development of 1 an extraction protocol allowing the best conservation (conformation stability,
evaporation) of a-tocopherol from chlorophyllian organs and 2 a high-performance liquid chromatography (HPLC) method
for accurate value measurement to predict if the alternate watermilfoil could represent an interesting source of natural
a-tocopherol for pharmaceutical and cosmetic applications.

M. alterniflorum was collected in the Vienne River near the Fournet Bridge (45°42°42”N 1°52°17”E, Rempnat,
Haute-Vienne, France). Fresh plant materials (500 mg) were extracted with 7.5 mL of 96% ethanol (HPLC results are better
when extraction is done with ethanol than acetone, methanol, or acetonitrile). Samples were ground at 4°C and then sonicated
using a Vibracell 75186 (Sonics, Newtown, CT, USA; 2-s pulses of 30 W and 1-s interpulse intervals during 3 min) at 4°C.

The samples were then filtered on a 0.2 um syringe filter (Minisart RC 25, Sartorius Stedim Biotech GmbH) and
analyzed using a LaChrom HPLC system (Merck-Hitachi, Darmstadt, Germany) equipped with an isocratic HPLC pump
(L-7100), an automatic injector (L-7200), and an analogue interface (D-7000) for the fluorescence detector (L-7485).
Chromatographic analyses were performed on a 5 um particle LiChrospher C18 (Merck Chemicals, Darmstadt, Germany)
column (250 mm X 4.6 mm) kept in acetonitrile at 25°C. Acetonitrile-methanol (40:60, v/v) with 0.01% (v/v) of trifluoroacetic
acid added was employed as mobile phase at a flow rate of | mL/min in an isocratic elution. The injection volume was 100 uL,
and duplicate injections were used for each sample. The o-tocopherol was detected by absorbance at 288 nm.

Peak identification was performed by comparing the retention time (13.413 min) in the extract matrix with the pure
standard for HPLC (10191-41-0, Sigma-Aldrich, St. Louis, MO, USA), and confirmed with characteristic spectra obtained,
which also permitted the confirmation of the peak purity (2.063, 8.043, 10.067, 11.673, 13.413).

The equation of the regression line is determined as Y =4756227.823X for vitamin E. Excellent linearity is obtained
for compounds between peak areas and concentrations of 0.210 to 23.536 ug/mL with r2=0.999. The LOD (limits of detection)
was calculated to be 0.042 ug/mL, and the LOQ (limits of quantification) was calculated to be 0.210 pug/mL.

Quantitative determination of vitamin E in M. alterniflorum was carried out by HPLC using the external standard
method, and the results based on nine measurements are 118.883 * 10.324 pg/g fresh weight (FW). The relative precision of
the method was about 4%.
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According to our results, M. alterniflorum can be considered as a good o-tocopherol source compared to other
species commonly used in vitamin E extraction (basil 40.5 pg/g FW, coriander 76.0 pug/g FW, dill 34.2 ug/g FW, spearmint
60.4 pug/g FW, peppermint 49.2 ug/g FW, oregano 79.4 pug/g FW, parsley 51.4 ug/g FW [6]) and is thus of interest for
pharmaceutical and cosmetic applications.

ACKNOWLEDGMENT

This work was supported by the GRESE EA 4330 and the Conseil Regional du Limousin.

REFERENCES
1. D. Demail, P. Labrousse, P. Hourdin, L. Larcher, C. Moesch, and M. Botineau, Hydrobiologia, 664 (1), 95 (2011).
2. D. Delmail, P. Labrousse, P. Hourdin, L. Larcher, C. Moesch, and M. Botineau, Environ. Exp. Bot., 72 (2),
174 (2011).
3. F. Nacka, M. Cansell, P. Meleard, and N. Combe, Lipids, 36 (12), 1313 (2001).
4, C. S. Chen, J. A. Squire, and P. G. Wells, Cancer, 115 (7), 1563 (2009).
5. L. F. Dmitriev and V. N. Titov, Ageing Res. Rev., 9 (2), 200 (2010).
6. D. J. M. Gomez-Coronado, E. Ibanez, F. J. Ruperez, and C. Barbas, J. Chromatogr. A, 1054 (1-2), 227 (2004).

680




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 2400
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


