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METHOD FOR DETERMINING CONTENT OF PHENOLIC
COMPOUNDS IN Aloe arborescens

D. N. Olennikov,!” A. V. Rokhin,? and I. N. Zilfikarov’ UDC 582.572.224:615.43

A spectrophotometric method for quantitative determination of total content of phenolic compounds in leaves
of Aloe arborescens Mill. (Liliaceae) calculated as aloenin was developed. Statistical analysis showed that
the relative uncertainty of the determination method was less than 2%,
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Aloe arborescens Mill. (Liliaceae) is a medicinal plant that is widely used in the practice of scientific medicine. Its
chemical composition is variable and consists of various classes of compounds such as polysaccharides [1-3], organic acids [4],
phenolic compounds (PC) [5-10], carotinoids [11], triterpenes [5], and essential oils [12]. The phenolic complex of
A. arborescens includes 11 compounds such as anthraquinones (aloe-emodin) [5], anthrones (aloin A and B,
10-hydroxyaloin A) [6, 11], pyrones (aloenin, aloenin B) [7, 11], chromones (aloesin, 2’-O-feruloyl- and 2’-O-p-
coumaroylaloesin) [8, 9], and dimeric anthraquinone-anthrone derivatives (elgonica-dimers A and B) [10]. Standardization
of A. arborescens and preparations made from it is not planned in Russia.

The goal of our work was to develop a spectrophotometric method for quantitative determination of the total content
of PC in 4. arborescens leaves. We isolated from the ethylacetate fraction of 4. arborescens a compound that was identified
as 4-methoxy-6-(2’-B-glucopyranosyloxy-4’-hydroxy-6’-methylphenyl)-2-pyrone (aloenin). According to HPLC, aloenin is the
dominant component of the phenolic complex. Therefore, it could be selected as the standard compound for quantitative analysis
of A. arborescens (Fig. 1A).

We also developed a simple method for preparing aloenin in 0.011% yield of the raw material mass with 98.5% purity
(HPLC, Fig. 1B).
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Fig. 1. Chromatogram of alcohol extract of A. arborescens
(A; 1 = aloenin) and standard aloenin (B).
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TABLE 1. Determination of the Accuracy of the Developed Method by the "Added-Found" Method

Uncertainty
Aloenin added, ug Theoretical content of PC, g of aloenin PC found, ug aloenin
abs., ug rel., %
240 1123 1108 -15 1.34
480 1463 1446 -17 1.17
720 1703 1729 +26 1.53
960 1943 1936 -7 0.36
*Content of PC (983 g of aloenin) in raw material (1 g).
TABLE 2. Statistical Characteristics of Developed Method [#n =11, P = 95%, t(p, f) = 2.23]
A. arborescens leaves Xavgs /0™ s? Sy +Ax, % E, %
Fresh 0.112 8.87-107° 8.97-107 0.002 1.79
Dry 1.51 2.01-107 1351072 0.03 1.99

*xavg is the mean value; SZ, the scatter; S,, the mean-square deviation; *Ax, the absolute error of the arithmetic mean; E, the

standard error.
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Fig. 2. Absorption spectrum of aloenin (1) and the alcoholic extract of
A. arborescens (2).

The absorption spectrum of the alcohol extract of 4. arborescens exhibited a maximum at 307 nm that agreed with that
of aloenin and was selected as the analytical wavelength (Fig. 2). The optimum parameters for extracting PC from fresh raw
material were chosen during the technical studies. They were ethanol (95%), three-fold extraction (1:10 ratio and 2 x 1:5),
100°C, 30 min each.

The optical density was linear in the range 0.2-0.7 rel. units for aloenin solutions with concentrations 1.75-6.00 pg/mL.
The calibration curve obeyed the equation 4 = 0.121-c - 0.029, where 4 was the optical density (rel. units) and ¢, the aloenin
concentration (ug/mL) (2 = 0.9994, s =2.95-10"2). The "added—found" method showed that the measurement error was less
than 1.6% (Table 1). Table 2 gives the statistical characteristics of the developed method.

The developed method was used to analyze dry leaves of A. arborescens used to prepared aloe tablets, having
established by this that the total contents of PC calculated as aloenin in fresh and dry raw material were 0.09-0.15% and 1.24-
1.65%, respectively.
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EXPERIMENTAL

Leaves of three-year-old A. arborescens were collected in 2008 in the greenhouse of the Siberian Institute of the
Physiology and Biochemistry of Plants of the Siberian Branch, Russian Academy of Sciences (Irkutsk). Dry leaves of
A. arborescens satisfying requirements of FS 42-2800-91 were prepared at ZAO Vifitekh (Russia).

Optical rotation was determined on an SM-3 polarimeter (Zagorsk Optical Mechanical Plant) in a 1-dm cuvette at 20°C.
Spectrophotometry was studied on CE 2011 (Cecil) and UV-Vis-mini (Shimadzu) spectrophotometers with an absorbing layer
10-mm thick. '3C NMR spectra were recorded on a VXR 5008 (Varian) NMR spectrometer at operating frequency 125.7 MHz.
Spectra of solutions in DMSO-dg were recorded. HPLC was carried out on a Summit (Dionex) liquid chromatograph with a
Prodigy column (5 um, ODS 3, 250 x 4.6 mm, Phenomenex) with gradient elution using solvents A (0.1 aqueous TFA) and
CH;CN (B) and a UVD 170S UV-detector at A 220, 254, 280, and 430 nm.

Isolation of Aloenin. Ground fresh leaves of 4. arborescens (1 kg) were pressed three times to collect the juice. The
remaining raw material was extracted with ethanol (80%, 1:30, 3x). The resulting juice and alcohol extracts were combined,
concentrated to 100 mL, and diluted with ethanol (95%, 1:10). The resulting precipitate of polysaccharides was separated by
centrifugation. The supernatant was concentrated in vacuo to an aqueous residue that was extracted successively with hexane,
CHCIl;, and ethylacetate. The ethylacetate extract was concentrated to dryness, dissolved in the minimum volume of
ethylacetate:methanol (9:1), and left in the cold for crystallization. The resulting precipitate of aloenin was recrystallized twice
from methanol. Yield of aloenin, 107 mg (0.011% of fresh raw material mass).

Aloenin. Fine colorless needles, C{gH,,01, MW 410 g/mol, mp 145-147°C, [o]p —28° (¢ 2.0, MeOH). UV (MeOH,
A, nm): 230, 246, 307; +KOH: 227, 254, 353. 13C NMR spectrum (125.7 MHz, DMSO-dg, ppm): 20.22 (C-6’ CH;0), 56.04
(C-4, CH;0), 62.33 (Glc C-6), 71.00 (Glc C-4), 74.52 (Glc C-2), 78.11 (Glc C-3, C-5), 88.4 (C-3), 101.98 (C-3"), 102.66
(Glc C-1), 105.03 (C-5), 112.35 (C-5’), 114.74 (C-1"), 140.02 (C-6"), 157.86 (C-2"), 158.27 (C-6), 161.03 (C-4"), 165.50 (C-2),
171.77 (C-4). HPLC: fg 11.75 min.

Method for Quantitative Determination of Total Content of Pyrone Compounds in A. arborescens Leaves. An
analytical sample of raw material was ground in a homogenizer. An accurately weighed portion of the homogenate (about
10 g) was transferred to a one-necked 250-mL flask, treated with ethanol (95%, 100 mL), refluxed for 30 min, cooled, filtered
into a 200-mL volumetric flask, and extracted twice under the same conditions with extractant (50 mL). The volume of the
combined filtrate was adjusted to the mark with ethanol (95%, solution A). A portion of solution A (2 mL) was transferred to
a 25-mL volumetric flask and adjusted to the mark with ethanol (95%, solution B). The optical density of solution B was
determined at 307 nm. The reference solution was ethanol (95%).

The total content of pyrone compounds calculated as aloenin (% in fresh raw material) (X) was calculated using the
formula

DK"  m, 100
X x 100,

X= X %
m DKy 100-W

where D is the optical density of the sample; K”, the dilution coefficient of the sample (2500); m, the raw material mass (g);
Dy, the optical density of a solution of standard aloenin; K VO, the dilution coefficient of the solution of standard aloenin (1250);
my, the mass of the standard aloenin (g); and W, the mass loss on drying raw material (%).

Preparation of Standard Aloenin Solution. An accurately weighed portion of aloenin (15 mg) was transferred to a
100-mL volumetric flask, dissolved in ethanol (95%), and adjusted to the mark with the same solvent (solution A). Solution
A (1 mL) was transferred to a 50-mL volumetric flask and adjusted to the mark with ethanol (95%) (solution B).

Dry leaves of A. arborescens were analyzed by an analogous method using a weighed portion of raw material (1 g).

REFERENCES
1. R. G. Ovodova, V. F. Lapchik, and Yu. S. Ovodov, Khim. Prir. Soedin., 3 (1973).
2. H. Hikino, M. Takahashi, M. Murakami, C. Konno, Yu. Mirin, M. Karikura, and T. Hayashi, Int. J. Crude Drug

Res., 24, 183 (1986).
3. A. Yagi, H. Nishimura, T. Shida, and I. Nishioka, Planta Med., 52, 213 (1986).

717



4. M. Kluge, I. Knapp, D. Kramer, I. Schwerdiner, and H. Ritter, Planta, 145, 357 (1979).

M. Yamamoto, T. Masui, K. Sugiyama, M. Yokota, K. Nakagomi, and H. Nakazawa, Agric. Biol. Chem., 55, 1627

(1991).

P. Manitto, D. Monti, and G. Speranza, J. Chem. Soc., Perkin Trans. 1, 1297 (1990).

T. Hirata and T. Suga, Bull. Chem. Soc. Jpn., 51, 842 (1978).

P. Gramatica, D. Monti, G. Speranza, and P. Manitto, Tetrahedron Lett., 23, 2423 (1982).

K. Makino, A. Yagi, and 1. Nishioka, Chem. Pharm. Bull., 22, 1565 (1974).

10. K. H. Shin, W. S. Woo, S. S. Lim, C. S. Shim, H. S. Chung, E. J. Kennelly, and A. D. Kinghorn, J. Nat. Prod., 60,
1180 (1997).

11. S. E. Kudritskaya, G. M. Fishman, L. M. Zagorodskaya, and D. M. Chikovani, Khim. Prir. Soedin., 573 (1985).

12. K. Umano, K. Nakahara, A. Shoji, and T. Shibamoto, J. Agric. Food Chem., 47, 3702 (1999).

9]

o o

718




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 <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 <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /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 /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 [595.276 841.890]
>> setpagedevice


