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MATERIAL AND METHODS

Chromsystems’ MassChrom® Kit (Order number 62000) in combination with a high resolution
HPLC column was used for all vitamin D measurements. 100 μl sample was mixed with
25 μl of Precipitation Reagent and 200 μl of Internal Standard solution. After incubating
for 10 min at +4 °C the samples were centrifuged for 5 min at 15000 g. 50 μl of each
supernatant was injected into the LC-MS/MS system (AB Sciex API 3200 triple/Shimadzu
LC 20). Sample cleanup was performed online using a column switching technique.
About 200 serum samples of very young infants (new born to 12 months), children and
young adults (1 to 18 years) were screened for their 25OHD3 and its C3-epimer amount.
Additionally, serum samples of adult volunteers were analysed for the C3-epimer amount.

RESULTS AND DISCUSSION

Chromsystems provides a robust, precise and accurate high-throughput method (MassChrom®

for 25OHD3/D2) for the daily routine analysis of 25OHD3 and D2 in plasma and
serum. With the option of separating the C-3 epimer of 25OHD3 in infant samples by
simply replacing the standard HPLC column with a high resolution column it fulfils all

requirements as demanded by expert panels in recently published
reports including the NIST standardisation (1). Current measurements
of around 200 infant and adolescent samples confirmed previously
studies (5, 6): In infant samples the C3-epimer was found in high
amounts. Moreover the C3-epimer percentage seems to be age
related within this age group (Fig. 3). In contrast, only insignificant
amounts could be detected in adolescents samples (1 to 18 years).
In adult samples we generally did not find the epimeric form above
the limit of quantification of 6.9 μg/l. As an exception a concentration
of about 30 μg/l of C3-epimer was detected in a serum sample
of a highly vitamin D supplemented 70-year-old person (391 μg/l).

Our data suggests that the C3-epimer plays a significant role in
the vitamin D metabolite pattern of infants, whereas it does not in
older children and adults. An international detailed study is ongoing
in our laboratories to investigate the 25OHD3 and its C3-epimer
in infants and young adults.
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ABSTRACT

The C3-epimer of 25-OH-vitamin D3 (25OHD3) has been detected in significant
concentrations in serum samples of infants under the age of one year (Fig.1).
Its downstream metabolite 3-epi-1,25-(OH)2-vitamin D3 (C-3 epimer) has been shown
to have reduced calcemic effects in bone metabolism when compared to the physiologically
active form 1,25-(OH)2-vitamin D3. Thus, monitoring the 25OHD status of this age
group should also include the concentration of the epimeric form. Here we describe
a new method suitable for daily routine analysis by LC-MS/MS that can distinguish
between the forms 25OHD2, 25OHD3 and its C3-epimers (Fig.2).

INTRODUCTION

The D-vitamins are a group of secosteroids with the physiologically relevant forms
vitamin D2 and D3. While the largest amount of vitamin D3 is produced in humans’ skin
when induced by sunlight, vitamin D2 occurs mainly in plants and plays only a minor
role in human nutrition. Vitamin D is important for a lot of biological processes, such
as mineralisation and growth of bones. Monitoring the vitamin D status is mainly
performed by measuring the concentrations of the 25-OH metabolites
in plasma or serum. Several methods are available for this purpose.
Very recently, a British and an American Expert Panel – supported
by Scandinavian colleagues – recommended LC-MS/MS as a
method of choice (1, 2). Discrimination between 25OHD3 and
its C3-epimer of which is commonly detected in significant con-
centrations in serum samples of young infants under the age of
one year, is possible only by using the LC-MS/MS technology.
The C-3 epimer seems to be of clinical relevance, as it shows
differences in biological activity when compared to 25OHD3 (3,
4). Additionally, it contributes to an overestimation of the serum
25OHD3 level which could lead to inappropriate treatment in
newborns or very young children (5).

Figure 3: Boxplots are showing the 3-epi-25-OHD3 percentage of total 25OHD3 within
four age groups (infants 0–2 months, 3–5 months, 6–12 months and children 1–18
years). The C3-epimer percentage seems to be age related with a trend to decreasing
amounts with higher age.
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CONCLUSION:

> It is necessary to discriminate between the epimeric forms of 25OHD3 when analysing
infant serum samples as they show differences in biological activity in terms of bone
metabolism.

> The Chromsystems MassChrom® Kit fulfils all requirements for the vitamin D screening of all
age groups.
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Figure 2: Typical chromatograms of an infant sample containing 42.3 μg/l 25OHD3  and its epimer (15.3 μg/l) in contrast to an adult sample containing 26.2 μg/l  25OHD3.

Figure 1: Chemical structures of vitamin 25OHD3 and 3-epi-25OHD3.

w w w . c h r o m s y s t e m s . d e

45

40

35

30

25

20

15

10

5

0

50

0 to 2
month
n=34

3 to 5
month
n=18

6 to 12
month
n=8

1 to 18
years
n=125

3-
ep

i-2
5-

O
H

D
3 

(%
 o

f t
ot

al
 2

5-
O

H
D

3)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


