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Anatomic evidence of stronger within-modality integration in
corticopontine as compared to corticostriatal circuits . -
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Introduction

The basal ganglia and the cerebellum are Comparison of cortico-subcortical re-entrant circuits

both part of large projection systems that through the cerebellum and basal ganglia in the rat:
originate in the cerebral cortex and return to
the cortex via the thalamus. The presence | ortico-subcortical circuitry

- Simplified diagram of cerebro-cerebellar
(red) and basal ganglia (blue)circuits.
Corticopontine and corticostriatal
pathways represent the first links in their

of distinct topographic organization at
multiple levels in these circuits has

been interpreted to represent anatomically 2 [EEPSENE PETE]S
segregated pathways or ‘parallel circuits’. Basal ganglia ‘parallel circuits’

: : : : : Cerobral cortex Anatomical segregation of axonal
Whlle Segregatlon IS promment In these [ projections has been demonstrated at
pathways there is also evidence multiple levels in basal ganglia circuitry

suggestive of integration within and across 4

functional modalities. To resolve whether

There is, however, also evidence
indicating within and across

Globus pallidus

overlap occurs within and /or across reziatlriizli;:;egration in the
modalities in the pontine nuclei (the first - e R
link in the cerebro-cerebellar pathways), @ Q -(?;rclzggtlcosmata| projections partly
a dual tracing approach was used to 23]
map the spatial relationship between O M, SI, and SII, corticostriatal

_ projections partly overlap [4, 5]

corticopontine projections originating in the
primary somatosensory cortex (Sl), the

secondary somatosensory cortex (Sll), and mins | ess is known about the anatomical
- : bstrate for integration in th
the primary motor cortex (MI). The ensuing N corobro-cersbellar oystem:
results were compared with previously LS IR URGHETOND MESIEEL ) (e
, _ , . . anatomic substrate for within and /
pUb'IShed data on corticostriatal prOjeCthnS or across modality integration in the

pontine nuclei.

In the same experimental animals.

Methods

Dual anterograde tracing and computerized 3-D reconstruction approach:

Individual whisker barrel representations were mapped
electrophysiologically, and small amounts of the anterograde
tracers BDA and FR where pressure injected into homologous
whisker representations of either Sl and Sll or Sl and MI.
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The ensuing labeling in the pontine nuclei was digitised

Map of mystacial vibrissae

representations in MI, Sl and . S€miquantitatively as a dot map (for method, see [6] Semiduantitative recording of abelled flbre
with an image-combining computer microscope. Program
Micro3D and other Java based software produced in our :

laboratory (www.nesys.uio.no) was used for computerized 3-D
reconstruction, visualization, and analyses of the labeling
patterns.

Our standard coordinate system for the pontine nuclei was

applied to each reonstruction as indicated in [7], and 3D reconstruction of the pontine nucle
Example of representative BDA and . “ps (blue), brain stem surface (gray) and.
FR injection sites in Sl and S| subsequently scaled to an average size to facilitated across-  peduncles (green) shown together with

the standeard pontine coordinate system.

experiment comparison.

3-D computerized dot maps
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SI-MI example case: Image of midpontine transverse sections showing segregated
FR and BDA labelled fibres, and 3-D dot maps showing overall distribution of Sl and
MI corticopontine projections. The projection clusters are typically segregated, but
frequently also adjacently located.
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SI-Sll example case: Image of midpontine transverse sections showing a region in
which FR and BDA labelled fibres are completely overlapping, and 3-D dot maps
showing overall distribution of SI and MI corticopontine projections. The Sl and Sl
projections are spatially closer and considerably more overlapping than Sl and Ml
projections.

Overlap analysis

Method: SI-MI:

Overlap of corticopontine
projections was by estimated
by subdividing each section in
to bins (in this example 35

Accumulated data Regional comparison
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Comparison corticopontine, corticostriatal and corticothalmic projections in
the same animals (data from [5] and [8]. Corticopontine and corticostriatal
overlap was normalized using corticothalmic overlap as benchmark.

R Asterisks indicate instances in which corticostriatal or corticopontine
overlap were significantly different from corticothalamic overlap for a given
bin size (paired t-tests, * p < 0,05, ** p< 0.01). We find a higher degree of
SI-SlI overlap, and a lower degree of SI-MI overlap, in the pontine nuclei
as compared to the neostriatum.

Dot map and density maps showing the spatial distribution of whisker
related pontine projection from MI (blue dots), Sl (red dots) and SlI
(green dots). Data from all cases have been accumulated in the same
standard pontine coordinate system. The distribution of high-density

: Y e Ponti lei | Neostri Nucleus P
regions is different for Ml versus S| and SlII projections. Together, the A N T 1:';1”9 e SZZStr'at”m 4‘;;8“5 om
high density regions form complementary parts of a ring-like volume. verage overfap: [S-SI=5) e T Sh)

SI-MI (n = 6) 0,87 (+/-0,57) 1,14 (+/- 0,29) 2,27 (+-0,62)

Summary and conclusions

SI-S||: e Sl contributes significantly higher amounts of corticopontine projections than
MI.

‘ <> l ‘ ‘l ‘; ,‘ ‘; S e Whisker-related projections from S| and Ml are largely segregated but

occupied partly adjacent territories of the pontine nuclei.

Projections from corresponding representations in Sl and Sll are to a larger
degree co-located, with considerable spatial overlap of the terminal fields
of labeling.
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e Comparison of corticopontine and corticostriatal projections in the same
experimental animals reveal that this SI-SlI overlap is significantly larger in
I the pontine nuclei than in the neostriatum.

3 .
m<), and counting the number : : L . : : : :
. dgis representir?g R and 0,81 % overlap 10,73 % overlap e This larger opportunity for within modality integration in the pontine nuclei
BDA labelling in each bin. Bins 3-D shape and relationship of BDA (blue) and FR (red) labelled corticopontine may facilitate transfer of information about selected behavioral states to the
containing 2 or more FR and projections, demonstrated by surface modelling (top) and overlap analysis with 35 cerebellum.
BDA data points are considered mm3 bins (middle and bottom). Bins containing 2 or more FR and BDA data points
to represent overlap (yellow bins). are considered to represent overlap (yellow bins). To see the stereo images the viewer
Total overlap is calculated as the must cross the eye axis and let the ir_nggeg merge. The dual injections in Sl a_nd Sl 1 AIexanderetal.,An.nuLRi(-;-t\/el\Teau‘r:ysg_ieQ: 357381 1986 Financial support:
sum of yellow bins divided by the produce more overlap than the dual injections in S| and MI. Average overlap in SI-SlI 5| Alloway, ot 8. Broin Res 785:941.545. 1668 2o 1991 Thie Feseareh Goumel of Namey o TEL and JEE
sum of red. blue and vellow bins cases (n = 8) was 11,24 (+/- 1.77) %, and in SI-MI cases (n=6) 0,87 (+/- 0,57) % 5] Hoffer and Alloway, J Comp Neurol 466.525-544, 2001 European Community Grant QLRT-2000-02256 to JGB

’ y ' 2 Eﬁgcgkag{%ﬁr:ﬁéc{] ENrﬁgté/oglc '2(2?%:32179:-3583242’202(%20 National Institutes of Health Grant NS-37532 to KDA

oway et al., omp Neuro : -0/,





<<
  /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 <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [1692.283 2383.937]
>> setpagedevice


