Novel neurosteroid panel quantitation method: Role of placental factors
in neonatal brain development.
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Overview

Simultaneous, quantitative analysis of 8 steroids in serum
and tissue from different brain regions (cortex, cerebellum
and hippocampus) of male and female mice

Multistep extraction procedure was employed for optimal
recovery of analytes

Low- to sub-nanomolar limits of detection for progesterone
(PROG), allopregnanolone (ALLO), estrogen (EST),
pregnenolone (PREG), corticosterone (CORT),
testosterone (TES), DHT and DHEA were observed

Introduction

During pregnancy, progesterone and estrogen levels rise
100-fold in maternal plasma, and increasing evidence
suggests that these maternal steroid hormones and many of
their derivatives have stimulating and neuroprotective effects
on the fetal brain. Prematurely born infants suffer from early
withdrawal of these important neurodevelopmental factors;
this lack may contribute to the prevalence of later cognitive
impairment in these infants.

To investigate the effect of this early steroid withdrawal on
the development of the mouse brain, LC-MS/MS is used to
quantify steroids extracted from plasma and brain tissue.
Developing a highly efficient extraction procedure and a
sufficiently sensitive and selective detection method were
significant challenges in this study. The resultant method
enables the concurrent quantitation of eight steroids at
subnanomolar levels, in extremely small samples.

FIGURE 1. Biosynthetic pathway of neurosteroids in brain.
Progesterone, estrogen and their close derivatives were selected for the
LC-MS/MS assay.
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FIGURE 2. Progesterone and
estrogen levels in human pregnancy.
Preterm infants miss up to 15 weeks of
exposure to high hormone levels.

FIGURE 3. Estrogen
stimulates dendrite
development in rats.!
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Methods

Sample preparation: 11 day old CD1 mice were separated by
gender, and brains were dissected in PBS. Cortices,
cerebella and hippocampi were collected and sonicated in
PBS; protein content was measured by Bradford assay and
sample sizes were adjusted to 1 mg protein each. After
addition of stable isotope labeled internal standards, steroids
were extracted twice with methanol/1% acetic acid. The
supernatants were combined and cleaned up via two stages
of solid phase extraction (SPE), utilizing first Strata-X reverse
phase cartridges and then Strata SI-1 silica cartridges2. Dried
samples were reconstituted in 50% methanol/1% acetic acid
and analyzed by LC-MS/MS.

Instrumentation: Analysis was carried out by ESI LC-MS/MS
using an Agilent 1100 HPLC and Waters Quattro Premier
triple quadrupole MS. HPLC conditions: Luna C18, 50 x 1
mm column, 3 um particle size (Phenomenex, CA); gradient
20%-100% B in 5.7 min., hold at 100% for 3 min., total run
time 15 min.; A: 50% MeOH/1% acetic acid, B: MeOH; 150
wul/min flow rate.

SCHEME 1. Sample preparation protocol. Employment of two
methanol extractions followed by two stages of solid phase extraction
(SPE) was essel in obtaining satisfactory recovery of analytes and
minimizing matrix interferences.

2 Methanol Sample

. H,0: MeOH: AcOH - 49:50:1
Extractions Internal Standard |/

l C: MeOH; H,0
L: H,0:Me OH:ACOH - 49:50:1
SPE Strata-X W: H,0; H,0:MeOH
E:ElOAC
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Reconstitute in EtOAc:Hexane 1:3
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Dry
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Abbresiations: SPE, solid phase extraction; C, condition; L, load; W, wash; €, elute; ACOH, acetic acid;
EtOAC, ethyl acetate; MeOH, methanol

FIGURE 4. SRM transitions. Unique precursor ion — fragment ion
pairs were established for each analyte and corresponding internal
standard. LC gradient optimization was necessal order to achieve
satisfactory separation between analytes and thei omers.
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FIGURE 6. Method validation. Limited stability of DHT, DHEA and
PREG was observed which resulted in low r2 values. Use of an
isotopically labeled internal standard specific to each analyte rath

a chemical analogue would negate this effect. Analyte recovery varied
significantly among steroids, and CORT is lost altogether, demonstrating
the need for further improvement in extraction procedures.

Linear | LLOD*
SRM RT (min) | range | (fmol on
(fmol) | column)

Steroid name Is S
transition

Corticosterone
(CORT) ESTIS |347.4>1209| 2. 3104 3

Estrogen (EST) | ESTIS |2553>158.8| 2. 20-5x10¢

Testosterone
(TES) ESTIS |289.3>96.86| 3. 1-5x10¢

DHEA ESTIS |271.3>253.1 . 30-108

DHT ESTIS |291.4> 2552 5-10°

Progesterone
(PROG)
Pregnenolone
(PREG)
Allopregnanolone
(ALLO)

PROGS | 315.3> 96.73

ESTIS |299.4>281.3

ALLOIS | 301.2> 134.8

*LLOD defined as S/N ratio of 3:1

FIGURE 5. Steroid levels in brain tissue. In these samples, six
steroids were quantified with our method. Surprisingly, we found no
major differences among regions of increased growth (cerebellum,
hippocampus) vs. normal growth (cortex). We detected only small
gender specific differences: notably, estrogen and testosterone appear
elevated in the female hippocampus and DHEA is elevated in the female
cortex.
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Conclusions

Developed method enables the concurrent monitoring
of multiple steroids without derivatization

Steroid extracts from brain tissue can be efficiently
cleaned up with SPE for subsequent highly sensitive
LC-MS/MS; the analytes’ recoveries vary, however,
and the extraction procedure requires further
modifications.

There are minimal differences in steroid levels in the
analyzed brain regions and between genders

Future work

Optimize the extraction method in order to increase the
number of steroids included in the assay

Study the effect of maternal high steroid levels on
steroid levels in the embryonic brain

Utilize in vivo models for steroid treatment: Effect of
peripheral application on steroid levels in brain

Apply to clinical research: Steroids in the cerebrospinal
fluid of neonates as biomarkers for brain injury and brain
development

References

1) Sakamoto, H.; Mezaki, Y.; Tsutsui T.; et al. Endocrinology 2003,
144, 4466-4477

2) Higashi, T.; et al. Biomedical Chromatography 2008, 22, 34-43

Acknowledgements

Thanks to the Vincent and Stella Coates Foundation, John Merck Fund
for Disabilities, Susman and Asher Foundation and Packard Children’s
Health Initiative Funds (A.A.P)

This poster may be downloaded from the Stanford University Mass
Spectrometry website at http:/mass-spec.stanford.edu/Publications. html





<<
  /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


