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CHEMICAL  AND  BIOLOGICALLY  ACTIVE
CONSTITUENTS  OF  Salsola  collina
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A new natural product (N-acetyltryptophan), together with 22 known constituents, including seven alkaloids,
six flavonoids, six organic acids, and other compounds, were isolated from Salsola collina Pall. Their
structures were elucidated on the basis of chemical reaction and spectral evidence. Among the isolated
compounds, N-acetyltryptophan (8) showed moderate inhibition of �-amylase activity, and terrestric acid
(9) showed positive antifungal activity.
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Salsola collina Pall., which is widely distributed in  northeastern and southwestern China, has been used as food or
folk medicine for the treatment of hypertension, headache, and vertigo in China. Few phytochemical investigations of the
plant have been previously reported, and they mainly refer to the isolation of sterols �1�, sugars, sugar esters �2�, flavonoids
�3–6�, and alkaloids �7, 8�. Salsoline A, an alkaloid isolated from Salsola collina Pall., showed appreciable antibacterial
activity and moderate antiviral activity against influenza virus A and B �9�. To isolate new compounds and to search for
biologically active compounds from Salsola collina Pall., we have carried out a phytochemical investigation of it, obtaining 23
compounds, which were pericampylinone-A (1) �10�, salsoline A (2) �7�, moupinamide (3) �11�, 7�-hydroxymoupinamide (4)
�12�, 7�-hydroxy-3�-methylmoupinamide (5) �12�, uracil (6) �13�, uridine (7) �14�, N-acetyltryptophan (8) �15, 16�� terrestric
acid (9) �17�, anisic acid (10), protocatechuic aldehyde (11), vanillin (12) �18�, corchoionoside C (13) �19�, acetyl ferulic acid
(14) �20�, p-hydroxycinnamic acid (15) �8�, salicylic acid (16), isorhamnetin (17) �21], tricin (18) �22�, tricin-7-O-�-D-
glucopyranoside (19) �8�, 5,2�-dihydroxy-6,7-methylenedioxyisoflavone (20) �23�, quercetin (21) �24�, rutin (22) �25�� and
p-hydroxybenzoic acid (23). Among these compounds, N-acetyltryptophan (8) was a new natural product, and compounds
1–9 and 11–14 were isolated from this plant for the first time. The biologically active results showed that N-acetyltryptophan
(8) had moderate �-amylase inhibitory activity (Table 1), and terrestric acid (9) had positive antifungal activity (Table 2).
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EXPERIMENTAL

General Procedures. ESI-MS was performed on a Waters Q-Tof micromass spectrometer. 1H NMR and 13C NMR
spectra were recorded on a Bruker AVANCE II-300 spectrometer, and chemical shifts are reported in parts per million relative
to DMSO-d6 (2.50 ppm for 1H and 39.51 ppm for 13C). All solvents used were of analytical grade (Shanghai Chemical Co.,
Ltd.). Silica gel (100–200 and 200–300 mesh, Qingdao Haiyang Chemical Co., Ltd.) and Sephadex LH-20 (Pharmacia Co.,
Ltd.) were used for column chromatography. Acarbose (Bayer, Wuppertal, German) and �-amylase (Wako Pure Chemicals
Ind., Ltd., Osaka, Japan) were used to study the inhibition of �-amylase assay.

Plant Material. The whole plants of Salsola collina Pall. were collected in Shandong province, People�s Republic of
China, in September, 2001, and were authenticated as Salsola collina Pall. by Prof. Hanmin Zhang, Department of
Pharmacognosy, School of Pharmacy, Second Military Medical University.

Extraction and Isolation. The air-dried and powdered aerial parts of Salsola collina Pall. (10 kg) were extracted by
percolation with 80% EtOH. The extract was evaporated under vacuum to obtain about 250 g of a residue, and the
water-ethanol solution was then extracted with petroleum ether, CHCl3, EtOAc, and n-BuOH successively. Combining the

TABLE 1. Inhibition of �-Amylase Activities by Compounds 2, 8, and 18

Entry* Activity test, (x s)	  Activity control, (x s)	  Inhibition, % 

2 
8 
18 
Acarbose 
Control group 

0.205 	 0.012 
0.314 	 0.005 
0.289 	 0.026 
0.466 	 0.010 
0.132 	 0.004 

0.502 	 0.005 
0.513 	 0.005 
0.679 	 0.055 
0.484 	 0.010 
0.489 	 0.010 

17 
44 
7 

95 
0 

 ______
*Concentration: 0.556 mg/mL.

TABLE 2. In vitro Antifungal Activities of Compounds 2, 3, 8, and 9

MIC80, g/mL* 
Entry 

C. albicans (Y0109) C. albicans (SC5314) C. neoformans (BLS108) T. rubrum (CMCCFTa) 

2 
3 
8 
9 

ICZ 
TBR 
KCZ 
AMB 
VCZ 
FCZ 

32 
> 64 
> 64 

8 
0.125 

4 
< 0.125 

8 
< 0.125 

0.5 

> 64 
64 

> 64 
32 

0.25 
1 

0.25 
0.25 
0.25 
16 

32 
64 
64 
16 

0.125 
0.125 
0.125 

4 
0.125 
0.125 

64 
64 
64 
64 

0.0156 
0.0625 

0.25 
16 

0.0156 
0.0156 

 ______
*The tested concentration ranged from 0.00024 to 64 
g/mL. The given data are mean values of three parallel experiments.
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CHCl3 partition (12 g) with the EtOAc (26 g) partition, we subjected the new partition (38 g) to silica gel CC eluting with a
gradient of CHCl3–MeOH (50:1 to 10:1 gradually) to give four fractions (Fr. A1 to Fr. A4). Fraction A1 was rechromatographed
on silica gel eluting with CHCl3–CH3OH (30:1) and then purified on Sephadex LH-20 to yield compounds 1 (90 mg), 2 (200 mg),
11 (46 mg), and 12 (53 mg). Fraction A2 was rechromatographed on silica gel eluting with CHCl3–CH3OH (20:1) and then
purified on Sephadex LH-20 to yield compounds 4 (63 mg), 5 (45 mg), and 17 (70 mg). Fraction  A3 was rechromatographed
on silica gel eluting with CHCl3–CH3OH (15:1) and then purified on Sephadex LH-20 to yield compounds 6 (76 mg), 8 (45 mg),
and 18 (230 mg). The n-BuOH partition (34 g) was subjected to silica gel CC eluting with a gradient of CHCl3–MeOH (20:1
to 5:1) to give three fractions (Fr. B1 to Fr. B3). Fraction B1 was rechromatographed on silica gel eluting with CHCl3–CH3OH
(15:1 to 10:1) and then purified on Sephadex LH-20 to yield compounds 3 (35 mg), 7 (52 mg), 9 (110 mg), 10 (32 mg), 13 (30 mg),
14 (46 mg), 15 (32 mg), 16 (23 mg), 19 (50 mg), 20 (60 mg), and 23 (45 mg). Their structures were identified on the basis of
chemical reaction, spectral analysis, and comparison of their spectroscopic data with those previously described in the literature.

N-Acetyltryptophan (8). C13H14N2O3, white solid, mp 188–189�C. ESI-MS m/z: 247 [M + H]+. 1H NMR (300 MHz,
DMSO-d6, �, ppm, J/Hz): 1.79 (3H, s, H-1��), 2.94–3.01 (1H, dd, J = 14.7, 8.7, H-3�), 3.11–3.18 (1H, dd, J = 14.7, 5.7, H-3�),
4.42–4.49 (1H, m, H-2), 6.95–7.00 (1H, dd, J = 8.1, 7.5, H-5�), 7.03–7.08 (1H, dd, J = 8.1, 7.8, H-6�), 7.13 (1H, d, J = 2.4,
H-2�), 7.31–7.34 (1H, d, J = 7.8, H-7�), 7.50–7.53 (1H, d, J = 7.5, H-4�), 8.16–8.19 (1H, d, J = 7.8, H-3��), 10.84 (1H, s, H-1�),
12.62 (1H, s, 1-OH). 13C NMR (75 MHz, DMSO-d6, �, ppm): 22.4 (C-1��), 27.2 (C-2), 53.0 (C-3), 110.0 (C-3�), 111.4 (C-4�),
118.2 (C-7�), 118.4 (C-5�), 121.9 (C-6�), 123.2 (C-2�), 127.2 (C-b), 136.1 (C-a), 169.3 (C-2��), 173.6 (C-1).

Inhibition of �-Amylase Assay. The Caraway iodine/potassium iodide (IKI) method �26� was applied to determine
the amount of starch hydrolyzed (absorbance at 620 nm). The widely described drug acarbose was used as positive control.
The inhibition of �-amylase activity is calculated as follows:

Inhibition (%) = [1 – (activity test/activity control)]  100.
In vitro Antifungal Activities. The in vitro antifungal activities of the isolated compounds were evaluated by the

standard broth microdilution method of the NCCLS �27�. The tested fungi species included Candida albicans (Y0109), Candida
albicans (SC5314), Cryptococcus neoformans (BLS108), and Trichophyton rubrum (CMCCFTa). The positive controls included
four different classes of antifungal drugs currently used in the clinic, including triazoles [flucanazole (FCZ), voriconazole
(VCZ), and itraconazole (ICZ)], allylamine (terbinafine, TBR), imidazole (ketoconazole, KCZ), and polyene (amphotericin B,
AMB). The minimum 80% inhibitory concentration (MIC80) values are summarized in Table 2.

Results and Disccusion. The results of inhibition of �-amylase assay of N-acetyltryptophan (8) and salsoline A (2)
are presented in Table 1. N-Acetyltryptophan (8) at the concentration of 0.556 mg/mL showed moderate �-amylase inhibition
activity (44%). N-Acetyltryptophan (8) is a derivative of amino acid, which implies that some tyrosine derivatives can have
potent �-amylase inhibition activity.

The results of antifungal activities of pericampylinone-A (1), salsoline A (2), N-acetyltryptophan (8), and terrestric
acid (9) are presented in Table 2. Terrestric acid (9) showed positive antifungal activity.

REFERENCES

1. T. Maya, V. G. Leont�eva, T. I. Zharkaya, A. A. Semenov, E. E. Kuznetsova, and S. P. Chupin, Khim. Prir. Soedin.,
531 (1984).

2. A. I. Syrchina, E. A. Chernykh, I. V. Rafeichikova, K. L. Zaikov, A. L. Vereshchagin, and A. A. Semenov, Khim. Prir.
Soedin., 420 (1991).

3. A. I. Syrchina, A. V. Chernousova, K. L. Zaikov, and A. A. Semenov, Khim. Prir. Soedin., 439 (1992).
4. A. Syrchina, A. G. Gorshkov, V. V. Shcherbakov, S. V. Zinchenko, A. L. Vereshchagin, K. L. Zaikov, and

A. A. Semenov, Khim. Prir. Soedin., 182 (1992).
5. Y. Xiang, Y. B. Li, J. Zhang, P. Li, and Y. Z. Yao, Acta Pharm. Sin., 42, 618 (2007).
6. Y. X. Zhao, X. B. Ding, W. Z. Tang, and X. J. Wang, Chin. J. Chin. Mater. Med., 32, 792 (2005).
7. Y. Xiang, Y. B. Li, and J. Zhang, Chin. J. Chin. Mater. Med., 32, 409 (2007).
8. Y. X. Zhao and X. B. Ding, Acta Pharm. Sin., 39, 598 (2004).
9. R. F. Wang, X. W. Yang, C. M. Ma, S. Q. Cai, J. N. Li, and Y. Shoyama, Heterocycles, 63, 1443 (2004).

10. T. S. Wu, Y. L. Tsai, A. G. Damu, P. C. Kuo, and P. L. Wu, J. Nat. Prod., 65, 1522 (2002).
11. S. F. Hussain, B. Gozler, and M. Shamma, Phytochemistry, 21, 2979 (1982).



260

12. M. DellaGreca, L. Previtera, and R. Purcaro, Tetrahedron, 62, 2877 (2006).
13. W. Sun, X. Li, and N. Li, J. Shenyang Pharm. Univ., 25, 39 (2008).
14. Y. Lei, L. Wu, D. Bi, J. Sun, and P. Tu, J. Shenyang Pharm. Univ., 26, 104 (2009).
15. J. S. Deetz and E. J. Behrman, J. Org. Chem., 45, 135 (1980).
16. H. Sun and E. Oldfield, J. Am. Chem. Soc., 126, 4726 (2004).
17. H. S. Chen, Q. J. Chen, and W. D. Xuan, Acad. J. Sec. Mil. Med. Univ., 25, 1241 (2004).
18. J. Ito, F. R. Chang, and H. K. Wang, J. Nat. Prod., 64, 1278 (2001).
19. M. Yoshikawa, H. Shimada, S. Saka, S. Yoshizumi, and J. Yamahara, Chem. Pharm. Bull., 45, 464 (1997).
20. N. Koichi, U. Yoshiki, and M. Motoyuki, Phytochemistry, 47, 109 (1998).
21. C. N. He, C. L. Wang, S. X. Guo, J. S. Yang, and P. G. Xiao, Chin. Pharm. J., 40, 581 (2005).
22. M. Shang, S. Cai, J. Han, J. Li, and Y. X. Zhao, Chin. J. Chin. Mater. Med., 23, 614 (1998).
23. H. Chui, Y. Arakawa, S. Ueda, M. Kuroda, and M. Izaw, Phytochemistry, 25, 281 (1986).
24. G. Xiang, Y. Yang, and J. Ruan, Acta Univ. Med. Tongji, 30, 431 (2001).
25. R. Ines, G. Duilio, M. S. Alicia, C. B. Manuel, and V. Deulofeu, Phytochemistry, 16, 1115 (1977).
26. W. Caraway, Am. J. Clin. Pathol., 32, 97 (1959).
27. NCCLS, Reference Method for Broth Dilution Antifungal Susceptibility Testing of Yeasts; Approved Standard, Second

Edition, M27-A2, National Committee for Clinical Laboratory Standards, Villanova, PA, 2002.


	Abstract
	Keywords
	EXPERIMENTAL
	General Procedures
	Plant Material
	Extraction and Isolation
	In vitro Antifungal Activities

	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 true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 (Color Management Off)
  /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


