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Neonatal receptor damage and sensory deprivation are known to produce a
number of changes in the neurons of primary sensory cortex. These effects include
alterations in cortical neuronal size 9, dendritic orientation1,18, dendritic spine density
8,17,18, synaptic density a and neuronal aggregation19, 24. Although such alterations in
cortical structure are undoubtedly mediated through the thalamocortical projections,
the effects of neonatal receptor damage on these projections are essentially unknown.
The thalamocortical projection to the posteromedial barrel subfield (PMBSF) of
certain rodents is an ideal system in which to study such effects. The cells of layer IV
of the PMBSF cortex are organized in discrete units termed 'barrels '2~,26, each of
which is uniquely related to a discrete peripheral receptor organ, a mystacial vibrissa20, ~2. There is a remarkable correspondence between the spatial arrangement of the
cortical 'barrels' and the arrangement of the mystacial vibrissae follicles on the muzzle.
The thalamocortical projections to the PMBSF are likewise organized in discrete
clusters, each of which represents the input to an individual cortical 'barrel '2,11,12. In
addition, the pattern of these projections replicates the spatial arrangement of the
vibrissae follicles. This unique correspondence between an individual receptor organ,
a discrete cluster of thalamocortical projections, and an aggregation of cortical cells
facilitates the assessment of alterations in thalamocortical connections following
receptor damage.
Two types of alterations in the neurons of the PMBSF have been observed after
early receptor damage. In the PMBSF of the mouse, the neurons of layer IV fail to
aggregate into discrete 'barrels' following neonatal vibrissae remova119,~4. In the rat,
vibrissae removal produces a reduction in spine density in the deep layer V pyramidal
cells of the PMBSF 16. This effect is noted on the portion of the apical dendrite which
traverses layer IV, the zone of specific thalamocortical input 2,11,1~. In the present
study we have examined the changes in thalamocortical projections which accompany
these alterations in cortical structure.
Thirty-two rats from 4 litters and one litter of 6 mice were employed as subjects.
Two types of vibrissae removal were performed. In some subjects, the middle row of
vibrissae (row C 20) was removed unilaterally on the day of birth. In the remaining
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subjects, two rows of vibrissae flanking the middle row (rows B and D) were removed
unilaterally on the day of birth. The vibrissae were removed by electrocauterization of
individual follicles followed by plucking of the vibrissae hairs, accomplished with the
aid of an operating microscope. This procedure did not result in a permanent loss of
the treated vibrissae. Within two weeks new vibrissae blossomed from the damaged
follicles. However, these new vibrissae were stunted and deformed.
Subjects were allowed to survive to adulthood (approximately 60 days of age).
One group of rats then received stereotaxic lesions of the ventral posterior nucleus
made from a posterior horizontal approach to avoid neocortical damage. After
a 7-day survival period, the animals were sacrificed and perfused with physiological
saline followed by 10 % formalin. Each cerebral hemisphere was sectioned at 40/~m on
a freezing microtome tangential to the point of the PMBSF showing the greatest
medial-to-lateral curvature. The sections were stained for anterograde degeneration
with the Fink-Heimer procedure 14, and the experimental cortex contralateral to the
damaged vibrissae was compared with the ipsilateral control cortex. 40 # m coronal
sections through the thalamus were taken and processed with the cresyl violet stain in
order to determine lesion size and placement.
This procedure was exceedingly difficult in that it required large, but accurately
placed stereotaxic lesions in a structure which had probably undergone transneuronal
changes from vibrissae removal. This led us to turn to an alternate method for assessing the effects of vibrissae removal on the thalamocortical projections. It has been
shown in coronal sections that the mitochondrial enzyme succinic dehydrogenase
(SDH) is distributed in a segmented fashion in layer 1V of the somatosensory cortex of
the guinea pigS, 6 and the mouse 13, and a relationship between this segmentation and
the 'barrel' field has been suggested 26.
In our material cut tangential to the surface of the somatosensory cortex, the
segmentation of SDH activity clearly delineates the entire 'barrel' field (see Fig. 2).
However, the density of the SDH is uniform across a given barrel. There is no detectable difference in SDH distribution between the hollow 'barrels' of the mouse, the
hollow 'barrels' of the anterior portions of the rat 'barrel' field, or the cell-filled
'barrels' of the rat PMBSF. This suggests that the distribution of the enzyme is not
related to the distribution of neuronal perikarya. Indeed, in both normal and experimental subjects the distribution of the enzyme in the 'barrel' field mimics the pattern of
thalamocortical projections as revealed by anterograde degeneration techniques (compare Figs. 1 and 2). These observations suggest that the succinic dehydrogenase
activity may be useful for assessing the pattern of thalamocortical afferents. Our
working hypothesis is that the SDH activity is related to dense concentrations ofmitochondria localized in the terminals of the thalamocortical projections to somatosensory cortex. For this procedure animals were sacrificed and perfused with 1 0 ~
glycerol. The brains were removed, placed in liquid isopentane at a temperature of
--18 °C, and sectioned tangentially to the surface of the PMBSF in a cryostatic microtome. Serial sections were stained with a succinic dehydrogenase histochemical technique similar to that employed by Nachlas et al. r~.
Fig. 1 presents three Fink-Heimer stained serial sections through the PMBSF of
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Fig. 1. Serial tangential sections through layer IV of the PMBSF of a rat in which the contralateral
middle row of vibrissae were removed at birth. The sections are stained with the Fink-Heimer procedure I and oriented with rostral to the left and medial towards the top. The scale bar equals 2 m m .
The neonatal rat figurine illustrates the vibrissae removed.

Fig. 2. Serial tangential sections t h r o u g h layer IV o f the P M B S F o f a rat in which the two rows of
vibrissae which flank the middle row of vibrissae were r e m o v e d at birth. T h e sections are stained with
a succinic dehydrogenase assay. All conventions are the same as in Fig. 1. Also note that in this figure
additional discrete clusters associated with sinus hairs rostral to the P M BSF a n d with the lower jaws
are visible.
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an animal in which the contralateral vibrissae row 'C' was removed at birth. The
thalamocortical projections corresponding to this row of vibrissae no longer form
discrete clusters, but are fused into a uniform band. Fig. 2 presents three serial sections
prepared for localization of succinic dehydrogenase activity. In this case the contralateral vibrissae rows 'B' and 'D' were removed at birth, and their corresponding thalamocortical projections form uniform bands rather than discrete clusters. Similar
results were found for the mouse after removal of vibrissae row 'C' with the SDH
technique. This is of particular interest in light of the reported differences between the
PMBSF of the rat and the mouse 23.
These results clearly indicate that neonatal vibrissae damage affects the organization of thalamocortical projections to the PMBSF. The thalamocortical projections
are still present, but are not organized in a discrete fashion as in the normal animal. In
addition, the width of the projections associated with the removed vibrissae is reduced
compared with that of the normal projections associated with this row ofvibrissae. It
should also be noted that a projection-free space is maintained between the altered
bands of projections and the flanking normal projections.
A question of much interest is whether the remaining intact projections expand
their terminal fields into the zone associated with the anomalous projections. In the
only other report of the effects of receptor damage on thalamocortical projections, it
has been suggested that such 'sprouting' does occur. Following unilateral eye removal
in the rhesus monkey it has been reported that the associated ocular dominance
columns are reduced in size, while the ocular dominance columns associated with the
intact eye are expanded 25. Our present material is inadequate to address this question.
However, a clear distinction must be established between a mere expansion in the
area occupied by the normal thalamocortical projections and their target cells and a
true increase or redistribution of synaptic terminations onto the same or neighboring
cells.
The present results have particular relevance to the finding that vibrissae removal in the newborn mouse disrupts the formation of the corresponding cortical barrels
19,z4. While normal barrels do not form, cell aggregates which resemble the cell-dense
sides of 'barrels' occur near the apposition between normal 'barrels' and the barrelless
zone. Indeed, comparison of Fig. 1C of Van der Loos and Woolsey 19 with Figs. 1 and
2 suggests a relationship between the altered cell aggregations and the abnormal
thalamocortical projections reported here. Van der Loos and Woolsey 19 suggested that
the altered cell aggregation might be caused by changes in the rate of cell proliferation,
death, or migration. Regardless of the exact mechanism which produces this cellular
rearrangement, it appears that the distribution of neuronal cell bodies may be sculpted
by the organization of specific thalamocortical projections to this area. Further, the
orientation of stellate cell dendrites with respect to the thalamic afferents 12,14,27
suggests that these projections may play a role in organizing other aspects of neuronal
structure as well.
The present results may also shed a light on the factors which influence the
development of this cortical area. Two major hypotheses have been postulated to
account for pattern formation in developing organisms. Gaze 7 addresses this question
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by drawing an analogy to the football field and the problem of getting players to their
appropriate positions. The two most likely solutions to the problem are: (1) each player takes up a position at a recognized locus; or (2) the players line up on the field with
reference to each other. The present result, in conjunction with the finding that the
PMBSFis normally organized although greatly reduced in size in rats rendered microencephalic 21, favors the second of these two alternatives. Speculatively, this can best be
envisioned in terms of a physicochemical gradient having multiple peaks. Each peak
would correspond to the center of a discrete cluster of thalamocortical projections, and
the gradient might simply result from some factor associated with these projections
(ionic, osmotic, metabolic, etc.). If the interactions between peaks are repulsive, the
discrete, segregated organization of the PMBSF thalamocortical projections would be
the most stable configuration. This stability may be disrupted by events such as vibrissae removal which disturb the gradients and result in a new equilibrium. The narrow
cigar-like formation of thalamocortical projections resulting from vibrissae removal
may not be a simple passive response; rather, these projections may be squeezed and
compressed by impinging gradients associated with adjacent normal projections. The
neuronal cell bodies of layer IV may be attracted to, and segregated by tbese same
gradients. Hence, the final conformation ('barrel') may be a result of the interaction
between this attractiov and the mechanical barrier imposed by the density of thalamocortical terminations.
The pcesent experiment indicates that the thalamocortical projections may play
a major role in organizing the cells of one neocortical layer. This interpretation is consistent with previous suggestions that the stellate cells which comprise this layer are
among the last to mature and the most plastic of cortical neurons10, iv. Finally, the
interaction between the thalamocortical projections and the layer IV stellate cells
may be taken as additional evidence that the stellate cells are a major target of the
specific thalamic afferents.
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