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Aristolochia manshuriensis Kom., a climbing plant belonging to the Aristolochiaceae family, grows mainly in northeast
of China. It has been used as a folk medicine in China for many years. As a diuretic and anti-inflammatory reagent, it was
reported as Guanmutong in China pharmacopoeia in 1963 to cure edema and rheumatic pain [1]. The use of Guanmutong was
banned in the mainland of China from 2003, mainly because of its nephrotoxicity caused by the aristolochic acids contained
[2]. Pharmacological studies on aristolochic acids also revealed that they possess antitumor activity as well as enhance
cytoimmunity and macrophagus function [3]. In order to find more bioactive compounds, the chemical constituents of this
plant were investigated.

Dried and powdered stems of Aristolochia manshuriensis Kom. (5 kg) were extracted three times with 95% ethanol
under reflux. The solutions were combined and concentrated to yield a crude extract. The residue was suspended in water and
extracted successively with petroleum ether, ethyl acetate, and n-butanol. The ethyl acetate extract (100 g) was subjected to
silica gel column chromatography (CC) using gradient mixtures of chloroform–methanol (100:0–0:100) as eluants to afford
10 fractions (Fr. 1–10). Fraction 1 was separated on silica gel CC with chloroform–methanol (100:0–10:1) as eluants to afford
9 (50 mg). Fraction 2 was resubjected to silica gel CC with chloroform–methanol (100:0–10:1) as eluants to afford 7 (150 mg)
and 8 (100 mg). Fraction 3 was purified by recrystallization to yield 1 (30 g), and the solution was subjected to silica gel CC
using mixtures of chloroform–methanol (100:0–0:100) to afford 2 (15 mg), 3 (12 mg), and 6 (10 mg). Fraction 4 was subjected
to silica gel CC eluting with chloroform–methanol gradient (100:0–5:1) to afford 3 (12 mg) and 6 (10 mg). Fraction 5 was
purified by recrystallization to yield 10 (20 mg). Fraction 6 was subjected to silica gel CC using mixtures of chloroform–
methanol  (100:0–2:1) as eluants to afford 11 (15 mg).

Their structures were identified to be aristolochic acid I (1) [4], aristolochic acid II (2) [4], aristolic acid I (3) [5],
aristolochic acid Ia (4) [4], aristolochic acid IIa (5) [6], aristolic acid II (6) [4], p-hydroxycinnamic acid (7) [7], ferulic acid (8)
[8], lignoceric acid (9) [9], vanillic acid (10) [10], and syringic acid (11) [11] on the basis of spectral data as well as by
comparison with literature. Compounds 1, 2, 4–7, 10, and 11 were found before in this plant, and compounds 3, 8, and 9 were
isolated from this plant for the first time.

Aristolic Acid I (3). Yellow needles, mp 270–272�C. IR (KBr, �max, cm–1): 3100–2510 (COOH), 1660 (C=O), 1600,
1500 (Ar), 1053 (C-O-C), 960 (OCH2O). ESI-MS (m/z): 311 [M]+. 1H NMR (300 MHz, DMSO-d6, �, ppm, J/Hz): 13.32
(1H, s, COOH), 8.79 (1H, d, J = 9.8, H-9), 8.65 (1H, d, J = 8.0, H-5), 8.06 (1H, d, J = 9.8, H-10), 7.88 (1H, s, H-2), 7.62 (1H,
t, J = 8.0, H-6), 7.25 (1H, d, J = 8.0, H-7), 6.47 (2H, s, OCH2O), 4.05 (3H, s, OCH3). 13C NMR (100 MHz, DMSO-d6, �):
168.4 (COOH), 154.8 (C-8), 146.7 (C-4), 144.4 (C-3), 128.6 (C-10a), 128.3 (C-4b), 127.2 (C-6), 123.1 (C-10), 121.9 (C-1),
121.9 (C-8a), 120.1 (C-9), 119.0 (C-5), 115.8 (C-4a), 112.1 (C-2), 107.3 (C-7), 102.4 (OCH2O), 55.8 (OCH3).

Ferulic Acid (8). Colorless needles, mp 170–172�C. 1H NMR (300 MHz, acetone-d6, �, ppm, J/Hz): 10.50 (1H, br.s,
COOH), 8.15 (1H, s, OH), 7.47 (1H, d, J = 15.9, H-3), 7.32 (1H, d, J = 2.0, H-2�), 7.12 (1H, dd, J = 2.0, 8.4, H-6�), 6.86 (1H,
d, J = 8.4, H-5�), 6.34 (1H, d, J = 15.9, H-2), 3.90 (3H, s, -OCH3). 13C NMR (100 MHz, acetone-d6, �): 168.0 (COOH), 149.0
(C-4�), 147.9 (C-3�), 144.4 (C-3), 125.7 (C-1�), 122.7 (C-6�), 115.6 (C-5�), 115.5 (C-2�), 111.2 (C-2), 55.7 (-OCH3).

Lignoceric Acid (9). White amorphous powder, mp 86–88�C. IR (KBr, �max, cm–1): 2910, 2834, 1716, 1458, 1398,
1361, 1260, 789, 730. EI-MS (m/z): 368 [M]+, 354, 340, 325, 311. 1H NMR (300 MHz, CDCl3, �, ppm, J/Hz): 2.36 (2H, t,
J = 7.5, H-2), 1.63 (2H, m, H-23), 1.21–1.30 (40H, br.s), 0.89 (3H, t, J = 6.4, H-24). 13C NMR (100 MHz, CDCl3, �): 179.6
(C-1), 22.7–33.9 (22C), 14.2 (C-24).



958

REFERENCES

1. Jiangsu New Medicine College, Encyclopedia of Chinese Materia Medica, Shanghai Science and Technology Press,
Shanghai, Vol. 1, 1977, p. 956.

2. S. L. Hu, H. Q. Zhang, K. Chan, and Q. X. Mei, Toxicology, 198, 195 (2004).
3. B. S. Vishwanath, A. A. Fawzy, and R. C. Franson, Inflammation, 12, 549 (1988).
4. Y. T. Zhang and J. Q. Jiang, Helv. Chim. Acta, 89, 2665 (2006).
5. J. H. Peter and O. Muzaffer, Phytochemistry, 30, 253 (1991).
6. A. P. Horacio, Phytochemistry, 26, 519 (1987).
7. F. C. Lou, G. P. Peng, Y. Wang, and S. X. Zhao, Acta Pharm. Sin., 30, 588 (1995).
8. C. N. He, C. L. Wang, S. X. Guo, J. S. Yang, and P. G. Xiao, China J. Chin. Mater. Med., 30, 761 (2005).
9. X. H. Lu, J. J. Zhang, H. Liang, and Y. Y. Zhao, J. Chin. Pharm. Sci., 13, 1 (2004).

10. C. J. Pouchert and J. Behnke, The Aldrich Library of 13C and 1H FT NMR Spectra, Aldrich Chemical Company Inc.,
USA, Vol. 2, 1993, 1115 p.

11. L. Z. Xu and N. J. Sun, Acta Pharm. Sin., 19, 48 (1984).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


