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Dear Editor,
The recent review from Thomasset et al. [1] contributes to
the very animated debate in progress in the scientiWc com-
munity regarding the anthocyanin (ACN) health beneWts.

Evaluating the ACN future development as cancer
drugs, the authors correctly tackle the issue of ACN bio-
availability as a crucial point. However, some authors’
statements are questionable, particularly when they aYrm
that:

1. “Protocatechuic acid…has recently been measured in
human plasma at concentrations far in excess of the
anthocyanin consumed”. In the work, they cite [2], it
was reported that protocatechuic acid (PCA) is the
main human metabolite of cyanidin-3-glucoside (CyG)
following to administration of blood orange juice con-
taining mainly cyanidin-3-glucoside and cyanidin-3-
(6�-malonyl) glucoside among anthocyanins and no
trace of PCA. Anyway measured PCA was never far in
excess of the anthocyanin consumed, as it accounted

for about 72% of ingested CyG: 44% dose in serum
and 28% in the faeces.

2. “…formation in vivo of PCA as a major cyanidin gly-
coside metabolite seems to be species dependent, as it
was not found in the biophase of rats on cyanidin-3-
glucoside”. This point is controversial, as the authors
omit to mention the elegant pharmacokinetic study by
Tsuda et al. [3], who reported the in vivo formation of
PCA in rats following administration of cyanidin-3-
glucoside. Wu et al. [4] have very recently shown that
PCA is also formed in the gastrointestinal tract of pigs.
Thus, to the best of our knowledge PCA is formed
from CyG in three species (humans, rats and pigs). The
fact that PCA is not retrieved in blood in 100% cases of
CyG administration is likely due, apart from diVer-
ences in the doses, food matrices and experimental
model, by the fugitive nature of PCA. Storage condi-
tions, pre-analytical treatments of biological samples
and extraction procedure may principally account for
this discordance. We also suggest the direct administra-
tion of PCA in rodents as an alternative approach to
verify its chemopreventive ability.

3. “Glucuronidated and methylated conjugates are major
metabolites of anthocyanins”. Literature data show that
glucuronidated and methylated compounds in urine
and plasma account for less than 1% of ingested ACN
[5]. Thus, the attribute of major metabolites to com-
pounds found in a such negligible amount actually has
no reason to exist, as recent advances in the Weld are
highlighting the major contribute of ACN-derived phe-
nolic acids, such as PCA for CyG.

We agree with the authors that cell culture studies, although
sometimes helpful to elucidate potential chemoprotective
mechanisms, have to be considered as a preliminary
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approach. Anymore, we suggest that a great attention has to
be paid to their designing. Actually, cell culture studies
testing ACN in their native forms, either as standards or as
food extracts, are absolutely inappropriate [6]. The bio-
availability and biotransformation issue has to be always
considered when the health eYcacy of compounds from
oral administration on target organs is considered. They are
ACN metabolites, rather than their native forms, that reach
tissues and may exert biological eVects. In this regard, we
believe that PCA should merit a greater attention, as it has
been demonstrated to have promising properties against
colon cancer [7–10]. Considering that PCA is abundantly
formed in the large intestine, in vitro studies testing PCA at
physiologic doses in cellular model of colon cancer may
provide preliminary interesting information on in vivo
potential chemopreventive eVect of CyG.

ConXict on interest statement None.

References

1. Thomasset S, Teller N, Cai H, Marko D, Berry DP, Steward WP,
Gescher JA (2009) Do anthocyanins and anthocyanidins, cancer
chemopreventive pigments in the diet, merit development as
potential drugs? Cancer Chemother Pharmacol 64:201–211

2. Vitaglione P, Donnarumma G, Napolitano A, Galvano F, Gallo A,
ScalW L, Fogliano V (2007) Protocatechuic acid is the major
human metabolite of cyanidin-glucoside. J Nutr 137:2043–2048

3. Tsuda T, Horio F, Osawa T (1999) Absorption and metabolism of
cyanidin 3-O-beta-D-glucoside in rats. FEBS Lett 449:179–182

4. Wu X, Pittman HE, Hager T, Hager A, Howard L, RL Prior (2009)
Phenolic acids in black raspberry and in the gastrointestinal tract
of pigs following ingestion of black raspberry. Mol Nutr Food Res
53. doi:10.1002/mnfr.200800231

5. McGhie TK, Walton MC (2007) The bioavailability and absorp-
tion of anthocyanins: towards a better understanding. Mol Nutr
Food Res 51:702–713

6. Galvano F, Vitaglione P, Di Giacomo C, Gazzolo D, Li Volti G,
Vanella L, La Fauci L, Fogliano V (2008) Protocatechuic acid: the
missing human cyanidins’ metabolite. Mol Nutr Food Res 52:386–
387

7. Tanaka T, Kojima T, Suzui M, Mori H (1993) Chemoprevention
of colon carcinogenesis by the natural product of a simple phenolic
compound protocatechuic acid: suppressing eVects on tumor
development and biomarkers expression of colon tumorigenesis.
Cancer Res 53:3908–3913

8. Lin HH, Chen JH, Huang CC, Wang CJ (2007) Apoptotic eVect of
3, 4-dihydroxybenzoic acid on human gastric carcinoma cells
involving JNK/p38 MAPK signaling activation. Int J Cancer
120:2306–2316

9. Zheng Q, Hirose Y, Yoshimi N, Murakami A, Koshimizu K, Ohig-
ashi H, Sakata K, Matsumoto Y, Sayama Y, Mori H (2002) Further
investigation of the modifying eVect of various chemopreventive
agents on apoptosis and cell proliferation in human colon cancer
cells. J Cancer Res Clin Oncol 128:539–546

10. Mori H, Tanaka T, Sugie S, Yoshimi N, Kawamori T, Hirose Y,
Ohnishi M (1997) Chemoprevention by naturally occurring and
synthetic agents in oral, liver, and large bowel carcinogenesis.
J Cell Biochem S27:35–41
123

http://dx.doi.org/10.1002/mnfr.200800231

	Anthocyanins-based drugs for colon cancer treatment: the nutritionist’s point of view
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


