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論文題目 

Neurotoxicity of 1-methyl- 4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) to neural 

progenitor cells in C57BL/6 mice 

（ C57BL/6 マ ウ ス の 神 経 前 駆 細 胞 に 対 す る 1-methyl-4-phenyl-1,2,3,6- 

tetrahydropyridine （MPTP）の毒性） 

 

1-Methyl-4-Phenyl-1,2,3,6-tetrahydropyridine (MPTP) is a byproduct of the 

chemical synthesis of a meperidine analog with potent heroin-like effects, which 

causes damage  to dopaminergic neurons and depletes dopamine in a manner 

similar to that seen in Parkinson’ disease (PD). When administered to animals, 

MPTP passes through the blood-brain barrier and is converted, mainly in glial 

cells, into its active form, 1-methyl-4-phenylpyridinium (MPP+), by an enzyme, 

monoamine oxidase B (MAO-B). For the last two decades, MPTP has been 

widely employed to generate animal models of PD in rodents, especially in 

C57BL/6 mice and non-human primates. In the present study, however, 

evidences have been provided that the exposure to MPTP stimulates a rapid cell 

death response in the subventricular zone (SVZ) and rostral migratory stream 
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(RMS) in the adult mouse brain, indicating that the neurotoxicity of MPTP is not 

restricted to nigrastriatal dopaminergic neurons. The SVZ in adult mice contains 

three distinct cell types: migrating neuroblasts (Type A cells), astrocytes (Type B 

cells), and novel putative precursor cells (transit amplifying cells, Type C cells). B 

cells as neural stem cells express GFAP and give rise to the rapidly dividing, 

transit-amplifying C cells, which generate A cells. A cells correspond to 

proliferating, migrating neuronal precursors and join an extensive tangential 

network of pathways for chain migration that feeds into the RMS leading to the 

OB. Findings of MPTP-induced cell death in the SVZ and RMS will lead to a 

better understanding of MPTP neurotoxicity and its application in PD animal 

models. 

1. Demonstration of the classic neurotoxicity of MPTP: A feature of 
age-dependent susceptibility in C57BL/6 mice.  

The present study was designed to evaluate dopaminergic neuronal loss in 

the substantia nigra pars compact (SNpc) with immunohistochemical staining. 

C57BL/6 mice were intraperitoneally injected four times with 15 mg/kg 

1-methyl-4-phenyl-1,2,3,6- tetrahydropyridine (MPTP), at 2 h intervals on 10 and 

21 days, and 6, 12, 24 and 48 weeks of age. Animals were sacrificed 48 hours 

after the last injection. No change in the number of tyrosine hydroxylase 

(TH)-positive neurons was observed in 10- and 21-day-old mice after MPTP 

treatment compared with their corresponding controls. In contrast, MPTP 

produced a loss of 20.3% of TH-positive neurons in 6 week-old mice, and further 

decreases with advancing age, i.e., 35.8%, 39.9% and 56.2% TH-positive 

neuronal loss at 12, 24 and 48 weeks of age, respectively. These results provide 

evidence of age-related susceptibility of C57BL/6 mice to MPTP using TH 

immunohistochemistry. However, we failed to observe apoptosis of neurons in 

SNpc of mice of all ages after a subacute protocol of MPTP treatment (30 

mg/kg/day × 5days).  

2. MPTP induces apoptosis of neural progenitor cells in the SVZ and RMS 
in adult C57BL/6 mice. 
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In recent years, the notion that the neurotoxicity of MPTP is restricted to 

dopaminergic neurons in the substantia nigra has been challenged. Here, 

evidences have been provided that a single acute injection of MPTP (50 mg/kg) 

induced apoptosis in the SVZ and RMS in the adult C57BL/6 mouse brain. The 

number of TUNEL-positive cells peaked at 24 h after injection, and decreased 

thereafter, paralleling the change in the number of cleaved caspase-3-positive 

cells after MPTP injection. Results of immunohistochemistry and ultrastructural 

analyses indicated that the majority of apoptotic cells in the SVZ and RMS were 

migrating neuroblasts (Type A cells), while a few were astrocytes (Type B cells). 

No apoptosis occurred in transit-amplifying progenitors (Type C cells). The 

decrease in A cell numbers was most marked on day 2 and lasted to day 8 after 

the administration. A rapid and transient phagocytosis of apoptotic cells by 

microglial cells was demonstrated to parallel the MPTP-induced apoptosis.  

The acute or subacute administration of MPTP has been widely used in 

C57BL/6 mice to develop models of Parkinson’s disease. Here, 

dosage-dependent neurtoxicity of MPTP to neural progenitor cells was also 

investigated by using the acute or subacute paradigm.  

3. Identification of genes involved in MPTP-induced neural progenitor cell 
apoptosis by Oligo Microarray. 

The multipotential progenitor cells reside in SVZ and RMS are eliminated 

through apoptosis to maintain a balance for proper development of the 

mammalian nervous system. The mechanism of apoptotic death in the SVZ and 

RMS is attracting much interest and still remains to be clarified. To identify genes 

involved in the cell death induced by MPTP treatment, profiles of gene 

expression were analyzed using Oligo GEArrayTM Mouse Apoptosis Microarray 

with 112 genes and Oligo GEArrayTM Mouse DNA Damage Signaling Pathway 

Microarray with 113 genes. The total RNA was extracted from the olfactory bulbs 

isolated from saline- and MPTP-treated mice and amplified and labeled for 

hybridization to the Oligo GEArray with TrueLabeling-AMP™ 2.0. Hybridized 

arrays were scanned with a ChemiDoc XRS System. Data were acquired and 
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analyzed with GEArray Expression Analysis Suite. Three arrays were used for 

hybridization and only the genes with differential expression and at least a 2-fold 

discrepancy in all the three arrays were considered to associate with 

MPTP-induced neural progenitor cell (NPC) death. 

In the analysis of genes involved in apoptosis pathway, it was found that 9, 15, 

and 10 genes were significantly increased (> 2-fold changes) in their expression 

when detected at 12, 24, and 36 hours, respectively; on the other hand, 15, 21, 

and 4 genes involved in DNA damage signaling pathway were also significantly 

increased (> 2-fold changes) at 12, 24, and 36 hours, respectively, after MPTP 

treatment compared with saline controls. Validation of differential expression of a 

subset of genes by quantitative real-time RT-PCR confirmed the Oligo GEArray 

data. This knowledge of the changes in gene expression levels after MPTP 

treatment should lead to a better understanding of the mechanisms of neural 

progenitor cell death or elimination of cells in the SVZ and RMS. 

4. MPTP neurotoxicity to neural progenitor cells is protected by MAO-B 
inhibitors 

Neurotoxic effects of MPTP to nigrostriatal dopaminergic system (DA) are 

thought to be initiated by MPP+, which is a metabolite formed by the monoamine 

oxidase (MAO) B-mediated oxidation of MPTP. In order to determine whether the 

same mechanism is involved in the neurotoxicity of MPTP to neural progenitor 

cells (NPCs), this study looked at the effects of MAO B inhibitor, R(-)-deprenyl 

(deprenyl) and a classic MAO-A and MAO-B inhibitor, pargyline, both of which 

protect against MPTP neurotoxicity to DA.  

Male C57BL/6 mice were divided into four groups: saline alone, deprenyl (or 

pagyline) plus saline, deprenyl (or pagyline) plus MPTP and MPTP plus saline. 

Deprenyl or pagyline (both 30 mg/kg) was intraperitoneally (i.p.) administered 1 

hour prior MPTP injection (i.p., 20 mg/kg x 4, 2 hour intervals). Apoptotic cells in 

the saline- or saline plus MAO-B inhibitor-treated animals were few while MPTP 

induced marked induction of apoptosis in the SVZ and RMS at 1 d after 

administrations. When mice were pretreated with a MAO-B inhibitor, deprenyl or 
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pagyline, not only the nigrostriatal dopamine depletion but also NPC death were 

significantly protected against MPTP insult. Although deprenyl has also been 

suggested to posses neuroprotective effects independently, while pargyline has 

no such effect, implicating the neurotoxicity of MPTP to NPC is also mediated by 

a mechanism of MAO-B conversion to MPP+. In the current study, the evidence 

that MPTP-induced NPC apoptosis is also notably found in both postnatal 21 

days (PND 21) and 12-month-old mice, suggesting that the apoptotic 

neurotoxicity of MPTP to NPC is not likely an age-dependent phenomenon.  

5. Transiently impaired neurogenesis is a consequence of MPTP-induced 
apoptosis of neural progenitor cells 

In adult mice, newly generated neural progenitor cells (NPCs, neuroblasts) in 

the SVZ migrate along the rostral migratory stream (RMS) to enter the olfactory 

bulb (OB), where they differentiate into granule cells and periglomerular 

interneurons. The present study was thus designed to investigate the effects of 

MPTP injury on neurogenesis within OB in adult mice. C57BL/6 mice were 

injected intraperitoneally with bromodeoxyuridine (BrdU) prior to MPTP 

treatment to detect newborn cells in vivo and to follow their fate in the OB. When 

sacrificed at 2, 7, 14, and 28 days after BrdU labeling and MPTP treatment, mice 

exhibited a significant decline in the density of BrdU-positive cells in the granule 

cell layer compared with saline-treated controls. At 14 and 28 days after MPTP 

injury, neurogenesis, defined by the number of cells with colocalization of BrdU 

and a neuronal nuclei marker, NeuN, declined significantly in the granule cell 

layer of the OB. Decreased neurogenesis was accompanied by a reduction in 

TH-positive interneurons in the periglomerular cell layer (PGL). Precursor cells 

(C cells) were also found increased at 7 days after MPTP injury using 

immunohistochemistry and ultrastructural analysis, followed by a recovery of 

Dcx-positive NPCs at 14 days after MPTP injury.   

Taken together, these data demonstrate that besides a reduction in 

dopaminergic neurons in the substantia nigra, neural progenitor cell death also 

occurs in the SVZ and RMS in the MPTP mouse model of Parkinson’s disease. 
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The present findings provide new insight into the extensive neurotoxicity of 

MPTP and may be valuable in reevaluating the MPTP mouse model of PD. 

Furthermore, MPTP-treated mice may be used as a new tool to explore the 

mechanism of differentiation or elimination of neural progenitor cells in the adult 

SVZ and RMS. 

 



<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /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 [612.000 792.000]
>> setpagedevice


