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PHENOLIC COMPOUNDS FROM Clinopodium urticifolium

Qiufen Hu,!3 Huaixue Mu,!2 Haitao Huang,2’3 UDC 547.972
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A new phenolic compound, clinopodphenol A (1), together with six known ones, was isolated from the whole
plant of Clinopodium urticifolium. The structure of 1 was elucidated by spectroscopic methods, including
extensive 1D- and 2D NMR techniques. The anti-HIV-1 activity and cytotoxicity were evaluated for compound 1.
1t showed significant potential cytotoxic ability and moderate anti-HIV-1 activity.

Keywords: Clinopodium urticifolium, phenolic compounds, anti-HIV-1 activity, cytotoxicity.

Species of the genus Clinopodium are popular traditional Chinese medicinal herbs used to treat bruises and swelling,
and are also purported to improve blood circulation [1, 2]. In recent years, several papers have described phytochemistry
investigations of various species of Clinopodium, and it was found to be rich in saponins [3, 4], flavones [5, 6], polyphenols [7, 8],
terpenes [9, 10], and the like. Saikosaponin-type saponins are characteristic of the genus Bupleurum (Umbelliferae) and are
well known for their anti-hepatotoxic activity.

Clinopodium urticifolium belongs to the genus Clinopodium, which is widely distributed in Gansu, northwest China.
In previous work, some bioactive compounds were isolated from this plant [9, 11, 12]. Motivated by a search for bioactive
metabolites from this plant, a reinvestigation of the chemical constituents of the whole plant of C. urticifolium was carried out.
As a result, a new phenolic compound, clinopodphenol A (1), together with six known phenols, was isolated from this plant.
In addition, the anti-HIV-1 activity and cytotoxicity of compound 1 were evaluated. This article deals with the isolation,
structural elucidation, and biological activities of the new compound.

The air-dried and powdered whole plant of C. urticifolium was extracted with 70% aqueous methanol and filtered to
yield a filtrate, which was successively evaporated under reduced pressure to obtained a crude extract (280 g). This crude
extract was subjected repeatedly to column chromatography on silica gel, Sephadex LH-20, RP-18, and preparative HPLC to
afford compounds 1-7, including a new phenolic compound, clinopodphenol A (1), together with six known phenols, rosmarinic
acid (2) [13], clinopodic acid B (3) [8], clinopodic acid F (4) [8], 4-O-methylcedrusin (5) [14], pinosylvin (6) [15], and
catechin (7) [16].
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TABLE 1. 'H and '3C NMR Data of Compound 1 (Py-ds, 8, ppm, J/Hz)

C atom S¢ Sy C atom S¢ Sy
1 129.8 s 4 136.1s
2 113.2d 6.52s 5 152.4s
3 146.6 s 6 106.4 d 6.33s
4 1453 s 7 385t 2.86, m
5 111.3d 6.74 (d,J=8.0) 330m
6 121.8d 6.70 (d, J = 8.0) 8’ 75.0d 517 (t, 7= 6.0)
7 1439d 7.69 (d, J=15.3) 9’ 173.4 s
8 116.6 d 6.38 (d,J=15.4) 3-OMe 55.8q 3.83s
9 168.1's 3’-OMe 55.6q 3.82s
1’ 134.8 s 4’-OMe 60.6 q 3.85s
2/ 106.4 d 6.33 s 5-0Me 55.6q 3.82s
3’ 1524 s

TABLE 2. Cytotoxicities of Clinopodphenol A (1)

Cell lines
Compound
HL-60 HepG2 KB MDA-MB-231
1 3.67 6.47 7.52 8.24
Camptothecin 1.18 0.62 1.26 1.87

Data are ICs, values in umol/L. For a compound to be deemed effective, an IC4, value < 100 umol/L is required. Camptothecin
was used as a positive control.

HL-60, human acute promyelocytic leukemia; Hep-G2, human hepatocellular carcinoma; KB, human oropharyngeal epidermoid
carcinoma; MDA-MB-231, human breast cancer cells.
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Fig. 1. Selected HMBC and 'H-"H COSY correlations of 1.

Compound 1 was obtained as a pale yellow gum. Its molecular formula was determined as C,,H,,04 by HR-ESI-MS
m/z 433.1495 [M + H]" (calcd 433.1499). Its 'H and 13C NMR spectra (Table 1) showed signals to 24 hydrogens and 22
carbons, respectively, corresponding to two aromatic rings with five aromatic protons (3~ 106.4-152.4, 8y 6.33—6.74), a pair
of (Z) double bond with a couple of cis-olefinic protons (6C 143.9, 116.6; 6H 7.69,d,J=15.3,6.38,d,J=15.4), a methylene
(8¢ 38.5, 6y 2.86 and 3.30), an oxidated methine (8 75.0, 84 5.17), an ester carbonyl group (8 168.1), a carboxyl group
(8¢ 173.4), and four methoxyl groups (8- 55.8, 55.6, 60.6, 55.6; 54 3.83, 3.82, 3.85, 3.82). Strong absorption bands accounting
for the carboxyl group (3600-3050 cm™~!) and aromatic groups (1608, 1521, 1452 cm™!) could also be observed in its
IR spectrum. The UV spectrum of 1 showed maximum absorption at 230, 279, and 305 nm, which confirmed the
existence of the aromatic functions. The HMBC correlations of H-7 (8 7.69, d, J = 15.3) with C-1 (8- 129.8), C-2 (8 113.2),
and C-6 (8 121.8), and H-8 (84 6.38, d, J = 15.4) with C-1 (8 129.8), indicated that the double bond was linked to C-1.
The HMBC correlations of H-7 (84 7.69, d, J = 15.3) and H-8 (5 6.38, d, J = 15.4) with C-9 (8 168.1) indicated that the ester
carbonyl was linked to the double bond. In addition, by the analysis of HMBC and 'H-!H COSY correlations (Fig. 1), the
methylene can be assigned to C-7’, the oxidated methine can be assigned to C-8’, and the carboxyl can be assigned to C-9’. The
TH and '3C NMR spectral data of 1 were similar to those of rosmarinic acid [17] (Table 1). The obvious differences are the
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chemical shift and the substituent groups on aromatic rings. The 'H and '3C NMR data indicated that a 1,3,4-trisubstituted
phenyl group bearing two oxygen atoms (8 6.52 s, 6.74 d, J = 8.0, 6.70 d J = 8.0; 8- 113.2, 111.3, 121.8), and a
1,3,4,5-tetrasubstituted phenyl group bearing three oxygen atoms (8;; 6.33 s (2H), 5 106.4 d) existed in compound 1. The
HMBC correlations of four methoxyl groups (8;; 3.83 s, 3.82 s, 3.85 s, 3.82 s) with C-3 (8- 55.8), C-3" (8- 55.6), C-4" (8- 60.6),
and C-5" (8 55.6) indicated that the four methoxyl groups should be located at C-3, C-3", C-4’, and C-5’, respectively. Thus,
the structure of compound 1 was determined as shown, and this compound was given the name clinopodphenol A.

EXPERIMENTAL

General. Optical rotations were measured with a Horiba SEPA-300 polarimeter. UV spectra were obtained using a
Shimadzu UV-2401A spectrophotometer. A Tenor 27 spectrophotometer was used for scanning IR spectroscopy with KBr pellets.
1D and 2D NMR spectra were recorded on DRX-500 spectrometers with TMS as internal standard. Unless otherwise specified,
chemical shifts (3) were expressed in ppm with reference to the solvent signals. HR-ESI-MS was performed on an
API QSTAR time-of-flight spectrometer and a VG Autospec-3000 spectrometer. Preparative HPLC was performed on a
Shimadzu LC-8A preparative liquid chromatograph with a ZORBAX PrepHT GF (21.2 mm X 25 cm, 7 um) column or a
Venusil MP C,g (20 mm X 25 c¢cm, 5 um) column. Column chromatography was performed with Si gel (200-300 mesh,
Qingdao Marine Chemical, Inc., Qingdao, China) and Lichroprep RP-18 gel (40-63 um, Merck, Darmstadt, Germany) and
MCI gel (75-150 um, Mitsubishi Chemical Corporation, Tokyo, Japan). The fractions were monitored by TLC, and spots were
visualized by heating the Si gel plates sprayed with 5% H,SO, in EtOH.

Plant Material. The whole plant of C. urticifolium was collected in Qudang Prefecture of Gansu Province, People’s
Republic of China, in September 2009. The identification of plant material was verified by Prof. Ning Yuan. A voucher
specimen (Ynni-09-09-15) has been deposited in our Laboratory.

Extraction and Isolation. The air-dried and powdered whole plant of C. urticifolium (2.5 kg) was extracted three
times with 70% aqueous MeOH (3 x 3.5 L) at room temperature and filtered to yield a filtrate, which was successively
evaporated under reduced pressure to obtained a crude extract (280 g). The crude extract was subjected to silica gel (200-300 mesh)
column chromatography eluting with a CHCl;-MeOH gradient system (20:1, 9:1, 8:2, 7:3, 6:4, 5:5) to give six fractions A-F.
The separation of fraction C (22.6 g) by Si gel column chromatography eluted with CHCl;—acetone (20:1-1:2) yielded mixtures
B1-B6. Fraction B3 (6.87 g) was subjected to Si gel column chromatography using petroleum ether—acetone and preparative
HPLC (50% MeOH-H,O0, flow rate 12 mL/min) to give compounds 1 (16.2 mg), 5 (28.2 mg), and 6 (46.4 mg). Fraction B4
(2.82 g) was subjected to Si gel column chromatography eluting with petroleum ether—acetone and then run on preparative
HPLC (30% MeOH-H,O0, flow rate 12 mL/min) to yield compounds 2 (8.36 mg), 3 (9.27 mg), 4 (16.4 mg), and 7 (36.8 mg).

Clinopodphenol A (1): obtained as a pale yellow gum; [oc]]135~8 +11.5° (¢ 0.2.2, MeOH). UV (MeOH, A .., nm) (log €):
305 (3.22), 279 (4.08), 230 (4.25). IR (KBr, v, ., cm™1): 3345, 3082, 292, 2952, 2886, 1608, 1521, 1452, 1378, 1326, 1255,
1228, 1105, 1042, 854, 812. 'H NMR and !3C NMR data, see Table 1; positive ESI-MS m/z 433 [M + H]"; HR-ESI-MS m/z
433.1495 [M + H]".

Anti-HIV-1 Assay. Cytotoxicity against C8166 cells (CC50) was assessed using the MTT method, and anti-HIV-1
activity was evaluated by the inhibition assay for the cytopathic effects of HIV-1 (ECs) [18]. Clinopodphenol A shows
anti-HIV-1 activity with ECy, 1.87 ug mL~!, CCy, 186.2 ug'-mL~!, and TI (therapeutic Index) 99.6.

Cytotoxicity Assays. The cytotoxicity tests for the isolates were performed using a previously reported procedure
[19]. All treatments were performed in triplicate. In the MTT assay, the ICs, was defined as the concentration of the test
compound resulting in a 50% reduction of absorbance compared with untreated cells. The cytotoxic ability against HL-60,
Hep-G2, KB, and MDA-MB-231 tumor cell lines by MTT-assay (with camptothecin as the positive control) is shown in Table 2.

ACKNOWLEDGMENT
This project was supported financially by the Chinese Academy of Sciences (“Xibuzhiguang” to Hu-Q.F), the Young

Academic and Technical Leader Rising Foundation of Yunnan Province (2005PY01-35), and the Natural Science Foundation
of Yunnan Province (2008XY012).

200



REFERENCES

1. H. D. Chi and J. C. Lu, J. Shenyang. Pharm. Univ., 23, 123 (2006).
2. J. L. Trusty, R. G. Olmstead, D. J. Bogler, and J. Francisco-Ortega, Syst. Bot., 29, 702 (2004).
3. A. Yamamoto, T. Miyase, A. Ueno, and T. Maeda, Phytochemistry, 34, 485 (1993).
4. Z. Liu, D. Li, N. L. Owen, D. M. Grant, R. G. Cates, and Z. Jia, J. Nat. Prod., 58, 1600 (1995).
5. Y. H. Kuo, H. M. S. Lee, and J. S. H. Lai, J. Chin. Chem. Soc (Taipei), 47, 241 (2000).
6. Y. H. Kuo, H. M. S. Lee, and J. S. H. Lai, Chin. Pharm. J. (Taipei), 52, 27 (2000).
7. P. Pripdeevech and E. Chukeatirote, Food. Chem. Toxicol., 48, 2754 (2010).
8. T. Murata, K. Sasaki, K. Sato, F. Yoshizaki, H. Yamada, and H. Mutoh, J. Nat. Prod., 72, 1379 (2009).
9. X. M. Wei, J. K. Cheng, D. L. Cheng, and L. M. Gao, J. Chin. Chem. Soc (Taipei), 51, 1043 (2004).
10. F. Mori, T. Miyase, and A. Ueno, Phytochemistry, 36, 1485 (1994).
11. S. H. M. Lee, J. S. H. Lai, and Y. H. Kuo, J. Chin. Chem. Soc (Taipei), 40, 87 (1993).
12. L. M. Gao, X. M. Wei, and D. L. Cheng, Chin. Chem. Lett., 14, 1041 (2003).
13. M. Petersen, Phytochemistry, 45, 1165 (1997).
14. P. Luc, D. B. Tess, C. Magda, and V. Arnold, J. Nat. Prod., 56, 899 (1993).
15. J. Z. Zhang and Q. C. Fang, Planta. Med., 60, 1990 (2004).
16. K. L. Markham and B. Ternai, Tetrahedron, 32, 2607 (1976).
17. J. K. Charles, C. H. Richard, and M. Carmack, J. Org. Chem., 13, 449 (1976).
18. J. H. Wang, S. C. Tam, H. Huang, D. Y. Yang, Y. Y. Wang, and Y. T. Zheng, Biochem. Biophys. Res. Commun., 317,
965 (2004).
19. T. Mosmann, J. Immunol. Methods., 65, 55 (1983).

201



	Abstract
	Keywords
	EXPERIMENTAL
	General
	Plant Material
	Extraction and Isolation
	Anti-HIV-1 Assay
	Cytotoxicity Assays

	REFERENCES


<<
  /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


