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The occipito-striate pathway and visual
discrimination performance in the white rat

ROBERT THOMPSON and MICHAEL K. BACHMAN
Louisiana State University, Baton Rouge, Louisiana 70803

Discrete bilateral electrolytic lesions destroying the posterior division of the caudoputamen
(disconnecting the occipito-striate projection) produces moderate losses in retention of a
horizontal-vertical discrimination habit in the rat. Similarly placed lesions had a significantly
smaller effect on an equally difficult nonvisual discrimination habit. These results, in conjunc
tion with others, suggest that multiple occipitofugal systems are involved in visually guided
behavior.

Webster (1961) has demonstrated that the projection
of virtually all cortical areas upon the caudoputamen
(CP) is organized on a topographical basis in the rat.
With respect to the rostral-caudal dimension, for exam
ple, the anterior cortical regions project to the anterior
portions of the CP, while the posterior cortical regions
give rise to projections to the posterior portions of the
CPo

That a cortico-striate pathway may playa significant
role in visually guided behavior was first suggested
by the finding that lesions to the tail of the caudate
nucleus impair visual discrimination learning in monkeys
(Divac, Rosvold, & Szwarcbart, 1967). More recently ,
Livesey and Muter (1976) , using the method of electrical
(blocking) stimulation, have reported retardation in
visual discrimination reversal in rats stimulated within
the posteroventral CP.

The purpose of the present study was to determine
if lesions to the posterior aspect of the CP in rats
would produce a selective deleterious effect on a visual
discrimination habit.

MEmOD

Adult male albino rats of the Wistar strain were trained to
approach a horizontal black-and-white striped card (positive)
and to avoid an adjacent vertical black-and-white striped card
(negative) in a Thompson-Bryant (1955) discrimination appa
ratus . Under the motive of escape-avoidance of footshock , a
response to the unlocked positive card admitted the animal
to the goalbox, whereas a response to the locked negative card
was automatically punished by mild footshock . The positive
card was switched from the left to the right window in a strict
double-alternation sequence. Eight trials were given daily with an
intertrial interval of 60 sec. The criterion of learning consisted
of no more than one error in 2 consecutive days . Following
learning, the majority of rats sustained one-stage bilateral
electrolytic lesions to the posterior aspect of the CP; the
remaining rats served as the normal control group . After a
recovery (or rest) period of 10 days, the animals were given a
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retention test that consisted of relearning the visual pattern
problem. Retention was measured in conventional percentage
error savingsscores.

Additional rats were used to determine the effects of
posterior CP lesions on retention of a nonvisual discrimination
habit. They were initially subjected to enucleation of the eyes
under deep chloral hydrate anesthesia. After a 2-day recovery
period , they were trained on an inclined plane (vestibulo
kinesthetic) problem under the motive of escape-avoidance
of footshock to choose the arm that was inclined upward and
to avoid the arm that was inclined downward. Eight trials were
given daily with an intertrial interval of 60 sec. Specific details
of the apparatus and training procedures may be found else
where (Thompson , 1978) . Following learning (at least 15 correct
responses within 2 successive days), the majority of animals
sustained bilateral electrolytic lesions to the posterior aspect of
the CP; the remainder served as the normal control group . The
retention test was given 10 days later ; it consisted of relearning
the vestibule-kinesthetic habit.

Upon completion of the retention test, verification of the
lesion placements was accomplished (see Thompson, 1978) .

RESULTS

Despite the moderate size of the lesions (see Figures
lA and lB) , the majority of rats suffering posterior CP
damage showed no obvious evidence of brain damage by
the end of postoperative Day 4, nor did they exhibit any
belated symptomatology. The only notable behavioral
change involved a tendency toward hyperkinesia.

Table 1 summarizes the learning and retention scores
for all groups. With respect to the visual habit , the
experimental animals earned significantly lower savings
scores than did the controls (p < .01, two-tailed Mann
Whitney test) . Concerning the vestibulo-kinesthetic
habit, the experimental group was also found to be
significantly inferior to the control group in retention
scores (p < .05).

Of particular interest was the finding that posterior
CP damage produced greater amnestic effects on the
visual discrimination habit than on the vestibulo
kinesthetic discrimination habit : The difference between
the means of the two experimental groups was signifi
cant at the .02 level. It is important to point out that
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Figure I. Photographs of unstained sections showing lesions
to the caudoputamen in one rat (savings = -100%) trained on
the visual problem (A), another (savings = 56%) trained on the
nonvisual problem (B), and a third (savings = 60%) trained on
the visual problem (C).

Table 1
Mean Learning Errors and Percentage

Error Savings for All Groups

Learning Errors Error Savings

Group N Mean Range Mean Range

Visual Problem
Control 6 17.0 10-26 94.2 85-100
Experimental 10 16.4 8-21 21.8 -100- 64

Nonvisual Problem
Control 5 20.0 14-30 97.4 92-100
Experimental 6 15.4 7-23 78.7 46-100

this comparison is reasonably valid to the extent that
(1) the vestibulo-kinesthetic habit was virtually of equal
difficulty to the visual habit (the former was learned
with an average of 17.5 errors and the latter, with an
average of 16.6 errors); (2) no significant difference in
mean savings scores occurred between the vestibulo
kinesthetic control group and the visual control group ;
arid (3) the posterior CP lesions received by the vestibulo-

kinesthetic rats were comparable in both locus and size
to those received by the visual rats.

DISCUSSION

The key finding of this study centers on the greater deleteri
ous effects of posterior CP lesions on a visual discrimination
habit than on an equally difficult nonvisual discrimination habit.
In light of this finding, explanations of the observed visual
discrimination impairment cannot readily be ascribed to motiva
tional, emotional , motorial , or intellectual disorders . A sensory
disturbance, on the other hand, cannot be entirely ruled out.
There was probably partial damage to the projections from the
lateral geniculate nuclei, since some of the optic radiation
fibers course through the dorsal aspect of the CP (Ribak &
Peters, 1975). It is doubtful, however, that injury to the optic
radiations is solely responsible for the retention deficit observed
on the visual habit. This is suggested by the fmding that the
two animals with the most dorsally placed CP lesions (see
Figure 1C)-thus receiving the greatest damage to the optic radi
ation fibers and the least damage to the CP-earned the highest
savings scores on the horizontal-vertical problem (60% and 64%).

On the whole , these results support the fmdings of Livesey
and Muter (1976) in showing that occipital efferents to the
posterior CP play a significant role in visual discrimination
performance in the. rat. It must be emphasized , however, that
occipital efferents to the zona incerta (Thompson & Bachman,
1979) and nucleus cuneiformis of the mesencephalic reticular
formation (Petit & Thompson, 1974) may also be implicated
in visual discrimination performance. This pattern of results
raises the possibility that visually guided behavior may be
dependent upon the activation of multiple occipitofugal systems .
Further studies will be needed to determine if these different
occipitofugal systems mediate differen t aspects of visually
guided behavior in the rat.

REFERENCES

DIVAC, 1., Rosvot,n, H. E., & SZWARCBART, M. K. Behavioral
effects of selective ablation of the caudate nucleus. Journal of
Comparative and Physiological Psychology, 1967,63, 184-190.

LIVESEY, P . J., & MUTER, V. Functional differentiation within
the neostriatum of the rat using electrical (blocking) stimulation
during discrimination learning. Journal of Comparative and
Physiological Psychology, 1976,90,203-211 .

PETIT, T. L ., & THOMPSON, R. Nucleus cuneiformis lesions:
Amnestic effects on visual pattern discrimination in the rat.
Physiological Psychology, 1974,2, 126-132.

RIBAR, C. E ., & PETERS, A. An autoradiographic study of the
projections from the lateral geniculate body of the rat. Brain
Research, 1975,92,341-368.

THOMPSON, R. A behavioral atlas of the rat brain. New York:
Oxford University Press, 1978.

THOMPSON, R., & BACHMAN, M. K. Zona incerta: A link between
the visual cortical sensory system and the brainstem motor
system. Physiological Psychology, 1979,7,251-253.

THOMPSON, R., & BRYANT, J. H. Memory as affected by activity
of the relevant receptor. Psychological Reports, 1955, I, 393-400.

WEBSTER, K. E. Corti co-striate interrelations in the albino rat.
Journal ofAnatomy (London), 1961,95,532-545 .

(Received for publication September 7, 1979.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




