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Influential Characteristics of Decoction Waters on Extraction of
Components in Corydalis Tuber Analyzed by Multiple Factor Analysis
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Abstract — The characteristics of decoction water are important for the extraction of herbal drugs. In this study, the relationship
between the characteristics of water and extraction efficiency of bioactive compounds from Corydalis tuber was investigated.
Six different types of decoction water, including three types of mineral water from Jeju Island and three types of bottled water
sold in market, were used as decoction water for the extraction of bioactive compounds from Corydalis tuber. The contents of
minerals in six types of water were analyzed by ICP-AES and ICP-MS; the contents of extracted bioactive compounds were
analyzed by HPLC. Multivariate analysis of variance was used to analyze the differences in total extraction and bioactive com-
pounds extracted with six types of water. Multiple factor analysis was used to analyze the relationship among the pH, content
of mineral, anion, total extractions and content of bioactive components as factors. There was a significant difference among
the six types of water in the total extracts and the bioactive compounds. The results proved that the content of extracted com-
pounds from Corydalis tuber was influenced by the types of decoction water.

Key words — Multiple factor analysis, Corydalis Tuber, ANOVA, Decoction water, Alkaloid
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Fig. 1. HPLC chromatogram of Corydalis tuber extracts. Conditions: Column; Fortis C18 (250 X 4.6 mm, 5 um), eluent A. 0.1%
TFA in water, B. methanol, gradient; Omin 0% B; 40min 70% B, flow rate; 1 mL/min, detection; UV 280 nm. Peak assumed as (1)
norglaucine, (2) epi-coryximine, (3) protopine, (4) glaucine, (5) reticuline, (6) demethylcorydalmine.
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Fig. 2. Chemical structures of six components of Corydalis tuber.
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Fig. 3. Mass spectra of separated peaks. LC-MS Conditions: nebulizing gas flow; 1.5 L/min, CDL temperature; 250°C, heat block
temperature; 200°C, detector voltage; 1.5kV, CDL voltage; 15 V.
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Table 1. Contents of minerals and anions in six decoction waters in ppm

19

Ca K Mg Na Si S F Cl NO, SO,
S1 2.94 2.21 2.46 5.72 12.52 0.50 0.23 6.84 < 0.1 1.83
S2 2.77 418 3.42 10.94 12.37 0.56 0.23 5.74 1.58 1.98
S3 477 6.83 227 26.57 15.99 0.64 0.35 7.62 0.19 2.31
S4 76.70 1.03 26.19 6.28 6.66 472 0.16 8.46 4.15 15.06
S5 23.05 1.28 3.60 14.38 10.42 4.38 0.30 26.21 16.49 13.80
S6 12.35 2.29 2.49 6.27 4.09 3.02 0.16 13.81 11.00 9.62
Table II. Dry weight (mg/mL) and pH of extract of Corydalis tuber with six decoction waters
S1 S2 S3 S4 S5 S6 p-value
Dry weight 7.70+0.35 7.26£0.61 7.3240.18 6.82+0.18 7.66£0.19 7.70+0.21 <0.01
pH 4.054+0.04 4.17+0.03 4.24+0.05 6.02+0.87 4.144+0.04 3.954+0.03 <0.01
Data expressed as meantSD with n=5.
Table III. Area of major peaks in chromatogram of Corydalis tuber extracts
Peak no. S1 S2 S3 S4 S5 S6 p-value
1 178°+6 182°+8 170°+3 22343 262°+1 268°+2 <0.01
2 247°+8 25511 232°43 315°+4 383°+2 387°42 <0.01
3 421417 431°423 384°t6 552°+9 660°+3 663°+3 <0.01
4 611°422 632430 567°+8 836™+5 933°+3 941°+5 <0.01
5 18°%1 19°1 18°+2 112°+18 215°+18 214°£19 <0.01
6 564°+22 596432 52348 92949 939"+5 9456 <0.01

abc,

: Post hoc results
Data expressed as meantSE with n=10.
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Fig. 4. (a) Correlation circle among minerals, anions, total extraction and marker compounds in multiple factor analysis and (b)

dendrogram for classification of 6 types of water.

24 %

ol ATE FalA AFAS ANk % e A9 =
T T 65T ES HABETE ol oA dsAs F
=3 A3 B9 EAF FEoE o] S Felg
T AATE ANOVA A4 Az dsAe] ¢7) A 25 P-
ol 0.018Th 23024 HErg 2jolE I 5 9
AL, FHEA A3 A(S1,82,83), B1(S4), B2(S5,86)= 372
FOE U 7 AT tFaRlEAS B3le] Al 6
Mol i BF 245 A9 goledt Ad g

O
%
o
lo
o

HAE 7L AL, #dlE F Na, Si, K} 7%
BHAE 7= AoE Yet) o7l9] i
o= AGEM 4 RIS, FETF pH,
o] AAAdo] wigkom wy|ga) ol 73t A

Zh= 218 & ik dEae] AEEAS Yl
Zgol= Ao AA FEH == B2(SS, S6)7t 71

o

b
i
f

Ir

o>

p

(e ol

L
e o &

1. Kaneko, H. and Naruto, S. (1969) Studies on the constituents
of Corydalis sp. alkaloids from Chinese corydalis and the
identity of D-corydamine with D-corybulbine. J. Org. Chem.
34: 2803-2805.

2. Fu, X. Y., Liang, W. Z. and Tu, G. T. (1986) Chemical studies
on alkaloids in Rhizoma corydalis from Zhejiang Dongyang.
Acta Pharm. Sin. 21: 447-453.

3. Imaseki, 1. and Taguchi, H. (1962) Alkaloids of the Chinese

Corydalis. On the new bases corydalmine and dehydroc-
orydalmine. Yakugaku Zasshi 82: 1214-1219.4. Iwasa, J.,
Naruto S. and Ikeda N. (1966) Studies on the quaternary base
of Corydalis bulbosa D.C. Yakugaku Zasshi 86: 437-441.

5. Kaneko, H., Naruto, S. and lkeda, N. (1967) Studies on the
tertiary phenolic base of Korean. Yakugaku Zasshi 87: 1382-
1386.

6. Takemoto, T., Kondo, K. and Kondo, Y. (1964) Constituents
of Korean Corydalis. Yakugaku Zasshi 84: 721-724.

7. Kyoko, K., Tae, M., Akira, H., Ryo, T., Miwa, A., Teppei, S.
and Fumihiko, Y. (2001) Augmentation of the pharmaco-
logical action of corydalis tuber by saussurea root in isolated
mouse ileum. Yakugaku Zasshi 121: 647-651.

8. Xiang, H., Wang, Z. T., Yu, G D., Ruan, B. F. and Li, J.
(2002) Alkaloids from Rhizoma corydalis. J. Chin. Pharm.
Univ. 33: 483-486.

9.Kim, S. R, Hwang, S. Y., Jang, Y. P, Park, M. J., Markelonis,
G.J.,, Oh, T. H. and Kim, Y. C. (1999) Protopine from Cory-
dalis ternata has anticholinesterase and antiamnesic activ-
ities. Planta Med. 65: 218-221.

10. AA=3}et AR L3] (2003) AAES}SY, 72-73. B
AR, A

1. 4357, F84, #384, 82, fes, A<
(2007) SR HrP1E FEAD).

12. An, S. U, Kang, Y. J., Wi, H,, Kim, J. M,, Lee, Y. O., Park,
0. H., Park, J. T. and Paik, K. J. (2009) Distribution of min-
eral contents in potable ground-water of Gwangju city. J. Kor:
Soc. Environ. Anal. 12: 185-191.

13. Kim, M. K., Sim, J. A., Eom, H. J., Kim, M. H. and Choi, M.
K. (2010) Mineral contents in bottled natural water and esti-
mation of their intake by Korean adults. J. Kor. Diet Assoc.
16: 116-121.

NES



Vol. 43, No. 1, 2012

14.

15.

16.

You, E. H., Lee, J. K. and Kim, S. J. (1990) A study on the
water quality of domestic mineral water, Kor: J. Env. Hlth.
Soc. 16: 41-45.

Jang, Y. S., Chu V.M, Lee, k. j., Seo, E. Y., Kim, D. H. and
Kang, J. S. (2011) Effects of the decoction water on the
extraction of the bioactive compounds from rhubarb, Kor: J.
Anal. Sci. Technol, 24: 38-44.

Ko, I. S. and Kim, D. H. (1984) Investigation on trace ele-
ments distribution in hot and cold mineral spring waters in
the South Korea, Bull. K. H. Pharma. Sci. 12: 85-91.

17.Nam, S. H. (1988) A study on a classification technique of

18.

19.

natural mineral waters by its constitution and physico-chem-
ical properties, Kor. J. Env. Hith. Soc. 14: 33-38.

Song, E. S., Kim, E. G and Woo, N. R. Y (2006) Survey on
the local residental utilization and the mineral content of min-
eral water in Chung Nam area. Kor: J. Food Nutr: 19: 515-
525.

Kim, K. H., Lee, 1. K., Piao, C. J., Choi, S. U, Lee, J. H.,

21

Kim, Y. S. and Lee, K. R. (2010) Benzylisoquinoline alka-
loids from the tubers of Corydalis ternata and their cyto-
toxicity. Bioorg. Med. Chem. Let. 20: 4487-4490.

20. Wu, Y. R, Zhao, Y. X., Liu, Y. Q. and Zhou, J. (2007) Iso-

quinoline alkaloids from Corydalis taliensis. J. Chem. Sci.
62: 1199-1202.

21. Zhou, J., Tong, X., Lian, W. and Fang, Q. (1991) Chemical

study on the alkaloids of Corydalis hsuchowensis. Planta
Med. 57: 156-158.

22. Park, H. J., Baek, M. Y., Cho, J. G, Seo, K. H.,, Lee, G Y.,

Moon, S. J., Ahn, E. M. and Baek, N. 1. (2011) Insecticidal
alkaloids on aphids from Corydalis turtschaninovii tubers. J.
Kor. Soc. Appl. Biol. Chem. 54: 345-352.

23.Wu, T. S., Leu, Y. L., Kuoh, C. S. and Lee, K. H. (1997)

Cytotoxic principles from Saussurea lappa and Corydalis
turtshaninovii f. Yanhusuo. J. Chin. Chem. Soc. 44: 357-359.

(@011. 12. 23 I3 2012. 2. 17 AAL; 2012, 2. 24 HINEH)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


