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The subfamily Melolonthidae, which belongs to the Scarabaeoidea family [1], consists of about 5000 species, and the
literature reports about 500 species in China [2]. Four species of Melolonthidae traditionally used in China are Holotrichia
diomphalia Bates, H. oblila Fald, H. sauteri Moser, and H. parallela Motschulsky [3]. H. diomphalia Bates is a pest to field
crops but has many pharmacological uses in medical science [4], but there are few studies on its chemical composition and
pharmaceutical effects.

H. diomphalia larvae have been traditionally used in folk medicine as herbal drugs in China and is one of the most
widely used Korean folk medicinal preparations for the treatment of chronic liver cirrhosis, contusion, edema, furuncle, and
apoplexy [5]. The immunomodulatory effect of the traditional Chinese medicine extract was also investigated [6]. The petroleum
ether extract from H. diomphalia grub showed a significant effect on human cervical carcinoma HeLa cells [7].

Potent antibacterial proteins have been isolated from H. diomphalia larvae [8], and prophenoloxidase from the
hemolymph of H. diomphalia larvae has also been purified and characterized [9]. Furthermore, crystals of prophenoloxidase
activating factor-II (PPAF-II) were derived from the beetle H. diomphalia larvae [10].

Although the chemical composition of the petroleum ether extract of H. diomphalia larvae was previously studied, no
research has so far been conducted concerning its supercritical fluid extraction (SFE). In the present work the composition of
the petroleum ether extract and SFE of H. diomphalia larvae is compared for the first time. The chemical composition of the
fixed oil of H. diomphalia larvae has been systematically reported for the first time in the present study.

The expressed oils of H. diomphalia larvae were obtained by petroleum ether extraction and SFE, and then they were
analyzed by GC/MS to compare the chemical compositions obtained by these two methods. The chemical and class composition
of the oils are presented in Tables 1 and 2, respectively. Twenty-one compounds (representing of 96.3%) in the petroleum ether
extract and six compounds (representing of 99.53%) in the extract of SFE were identified (Table 1).

The identified compounds and their percentages in both oils are given in Tables 1 and 2. Regarding the tables, it is
evident that the compositions are different qualitatively and quantitatively.

The expressed oils obtained by petroleum ether consisted mainly of olefinic acid (59.94%), alkane acid (33.46%),
and esters (1.51%). The major compounds in the petroleum ether extract were elaidic acid (50.82%), hexadecanoic acid
(25.64%), (£)-11-hexadecanoic acid (8.98%), pentadecylic acid (2.70%), and stearic acid (2.65%).

In the fatty oil extracted by the SFE method, the main constituents were olefinic acid (63.8%) and alkane acid
(30.07%). 9-Octadecenoic acid (59.26%), hexadecanoic acid (26.34%), and (2)-11-hexadecanoic acid (4.54%), were the most
abundant components in the SFE oil.

It was also observed that the percentages of the main constituent (9-octadecenoic acid) in the SFE method (59.26%)
were somehow different from the major constituent (elaidic acid) obtained by the petroleum ether method (50.82%). This
finding may be related to the special procedure conditions in the SFE, which prevent 9-octadecenoic acid from isomerizing to
elaidic acid.
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TABLE 1. Chemical Composition of Petroleum Ether Oils and Supercritical Fluid Extraction Oils

Compound RT (PE) PE (SFE), % Compound RT (PE) |PE (SFE), %
Benzenecarboxylic acid 4.855 0.33 Hexadecanoic acid 11.797  25.64 (26.34)
Acetic acid, phenyl 5.741 0.04 Palmitic acid, ethyl ester 11.924 0.41
Hydrocinnamic acid 6.668 0.06 Heptadecanoic acid 12.15 0.77
n-Tetradecane 7.275 0.11 Elaidic acid 12.977 50.82
n-Pentadecane 8.182 0.14 Stearic acid 13.057 2.65
n-Dodecanoic acid 8.689 0.06 5,8,11-Heptadecatrien-1-ol 13.898 0.30
n-Cetane 9.029 0.14 Arachic acid 14.204 0.25
n-Heptadecane 9.823 0.18 Glycol oleate 16.092 1.10
(E)-9-Tetradecenoic acid 10.21 0.14 9-Octadecenoic acid (59.26)
Myristic acid 10.29 1.39 Ethyl oleate (4.34)
n-Octadecane 10.576 0.09 9-Octadecenoic acid, (1.32)
Pentadecylic acid 10.77 2.70 (3.73) (Z)-2-Hydroxy-1-(hydroxymethyl)ethyl ester
(Z2)-11-Hexadecanoic acid 11.637 8.98 (4.54)

RT: retention time; %: calculated from GLC data.
PE: petroleum ether extraction method; SFE: supercritical fluid extraction method.
TABLE 2. Comparison of Oil Class Composition between Petroleum Ether and Supercritical Fluid Extraction
Content, % Content, %
Fatty acid Fatty acid

PE SFE PE SFE
Unsaturated fatty acid 59.94 63.8 Diolefin 0.66 0
Saturated fatty acid 33.46 30.07 Benzene acid 0.43 0
Total fatty acid 93.4 93.87 Alcohol 0.3 0
Esters 1.51 5.66 Total content 96.3 99.53

PE: petroleum ether extraction method; SFE: supercritical fluid extraction method.

According to Table 2, the percentages of the unsaturated fatty acid and esters extracted by the SFE (63.8% and
5.66%, respectively) were higher than that using the petroleum ether method (59.94% and 1.51%, respectively), and the
saturated fatty acid extracted was lower than that in the petroleum ether extract, but the percentages of the total fatty acid
extract by the two methods are nearly identical (93.4% for the petroleum ether extract and 93.87% for the SFE). This is in
complete agreement with the fact that medical insects contain ditissimus fatty acid. In addition, the ratios of diolefin (0.66%),
benzene acid (0.43%), and alcohol extract (0.3%) from the petroleum ether were higher than that in SFE (0%, 0%, and 0%,
respectively). This is maybe due to the procedure of liquid-liquid extraction, in which diolefin, benzene acid, and alcohol were

extracted from the higher polarity fraction by petroleum ether.

REFERENCES

SOoPXNNN R WD =

—

B. H. Cai, Taxonomy of Insects [in Chinese], Science Press, Beijing, 1973, p. 71.

Z. T. Tang, Taxonomy of Insects [in Chinese], China Forestry Publishing House, Beijing, 1989, p. 128.

S. J. Jiang, Integration on Medical Insects in China [in Chinese], China Forestry Publishing House, Beijing, 1999, p. 185.
Q. G Zhang, K. S. Piao, J. J. Li, and C. S. Li, J. Trace Elem. Healthy Res., 19, 30 (2002).
W.Y. Oh, S. Pyo, K. R. Lee, B. K. Lee, D. H. Shin, S. I. Cho, and S. M. Lee, J. Ethnopharmacol., 87, 175 (2003).
N. S. Kang, S. Y. Park, and K. R. Lee, J. Ethnopharmacol., 79, 89 (2002).

L. L. Song, S. Su, and X. D. Li, J. Chin. Trad. Herbal Drugs, 37, 884 (20006).
S.Y. Lee, H. J. Moon, S. Kurata, T. Kurama, S. Natori, and B. L. Lee, J. Biochemistry (Tokyo), 115, 82 (1994).
T. H. Kwon, S. Y. Lee, J. H. Lee, J. S. Choi, S. Kawabata, S. Iwanaga, and B. L. Lee, J. Mol. Cells, 7, 90 (1997).
S. F. Piao, D. K. Kim, J. W. Park, B. L. Lee, and N. C. Ha, Biochim. Biophys. Acta, 1752, 103 (2005).

531




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Photoshop 4 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Saturation
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


