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Differential effect of enucleation on two populations of layer V pyramidal 
cells 
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A number of recent investigations demonstrate that the layer V pyramidal cells 
of striate cortex are sensitive to alterations in visual input. Enucleation in the newborn 
rabbit produces significant decrements in spine density along central portions of  
pyramidal cell apical dendrites s. In mice, enucleation results in more selective spine 
reductions limited to the region of apical dendrite traversing layer IV and adjacent 
portions of layer Ill  in visual cortex. This region roughly corresponds to the zone 
of specific thalamic input, as determined by anterograde degeneration techniqueslL 
Likewise, dark-rearing results in loss or deformation of spines along the apical shafts 
of pyramidal cell dendrites 9,16. 

Evidence derived from electron microscopy suggests that spine reductions may 
reflect alterations in synaptic input. A number of investigations have demonstrated 
that the dendritic spines of cortical pyramidal cells are postsynaptic specializations, 
and phagocytosis of spines has been observed in deafferented cells 1,'2,1°,11,19. Further- 
more, alterations in the density and size of synaptic profiles within visual cortex have 
been demonstrated following light deprivation 5,6. 

It thus appears that an analysis of spine alterations may be valuable in assessing 
the sites of synaptic termination of particular afferent systems. In the present investi- 
gation we have employed this technique to explore further the pattern of inputs to 
the visual cortex. While previous investigators have treated the layer V pyramidal 
cells as a homogeneous population, it has long been recognized that this layer may 
be divided into distinct sublaminae. Lorente de N6 distinguished pyramidal cells in 
layer Va from those in Vb on the basis of cell body size and axonal projections. 
He suggested that the smaller pyramidal ceils of layer Va give rise to 'association" 
fibers, while the large cells of layer Vb give rise to descending 'projection' fibers 1:~. 
These anatomical differences suggest the possibility that distinct groups of layer V 
pyramidal cells may also receive different types of synaptic input. In order to explore 
this possibility, we have examined the effects of visual deafferentation in these two 
populations of cells. 

Fourteen Sprague-Dawley rats from 3 litters were employed as subjects. Seven 
served as control subjects, and the remaining 7 were enucleated bilaterally one day 
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Fig .  1. Spine counts on 75 # m  segments of  layer V pyramidal cells in visual cortex. Each black 
dot (.) represents a single pyramidal cell count and the solid line ( - - )  represents the median for 
a single subject. 

after birth. Subjects were sacrificed at 25 days of age. Coronal slabs of visual cortex 
were stained by the rapid Golgi method s, sectioned at 80 #m, embedded in mounting 
material, and coded to prevent a counting bias. Resolvable spines were counted at 
× 500 magnification. For the purpose of counting, layer V pyramidal cells were 
divided into a superficial group with cell bodies located 500-600 #m below the cortical 
surface, and a deep group with cell bodies located at depths of 650-850 ym. Only 
completely impregnated cells whose dendrites extended to the molecular layer were 
included. Spines were counted on the portion of the apical dendrite located 400- 
475 #m below the cortical surface. This corresponds to the region of specific thalamic 
afferent termination as determined by anterograde degeneration techniques (Killackey 
and Winslow, unpublished observations). 
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Fig. 2. The superficial and deep pyramidal cells of layer V of visual cortex shown in relation to 
the spine counting zone (dashed lines). The median spine counts for each condition are expressed 
in spines//~m (s//0. 

Fig. 1 presents individual spine counts and median values for each subject. (The 
median was chosen as the best indicator of central tendency because fewer assump- 
tions are required concerning the distribution of the data.) In deep layer V pyramidal 
cells, a significant reduction in spine density is noted in enucleated animals as com- 
pared with control animals (Mann-Whitney U-test, two-tailed analysis, P < 0.002) 15. 
The median spine densities, expressed in spines//~m, are 0.62 and 0.93 for enucleated 
and control subjects (see Fig. 2). This suggests a spine loss of approximately 3 0 ~  
following enucleation, a figure consistent with previous reports s. However, compar- 
ison of  spine densities in superficial pyramidal cells reveals no significant differences 
between enucleation and control groups (Mann-Whitney U-test, two-tailed analysis). 
The median spine densities are 0.93 spines/pm for the enucleation group and 0.89 
spines//zm for the control group (see Fig. 2). 

These results suggest that visual deafferentation has differential effects on deep 
and superficial layer V pyramidal cells within visual cortex. Following enucleation, 
the deeper cells exhibit a dramatic reduction in spine density along the portion of 
the apical dendritic shaft which traverses the region of specific thalamocortical input, 
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while spine density in the same portion of the apical dendrite remains unchanged 
in more superficial cells. On the basis of comparison of Nissl and Golgi material, 
we feel that our superficial cells are roughly comparable to the smaller cells of layer 
Va and the deep cells equivalent to those of layer Vb. 

Previous investigators have suggested on the basis of such spine loss data that 
the geniculostriate projections terminate directly on the apical shafts of pyramidal 
cells v,s. However, it is not possible to determine whether reductions in spine density 
are the direct result of geniculostriate deafferentation, or whether the loss is mediated 
through other affected cortical neurons. The phenomenon of transneuronal degener- 
ation is particularly robust in the visual system, where deafferentation has been shown 
to result in the progressive degeneration of the postsynaptic element 2-4,12,14. This 
transneuronal effect is not restricted to the first postsynaptic site, but can involve 
successive neuronal links in the visual pathway. The sensitivity of spines to such 
transneuronal influences is probably dependent on such variables as age, species, 
severity of manipulation, and the time course of experimental observations. It is also 
unclear whether denervation effects truly represent spine losses, or whether reductions 
in spine density reflect a failure of normal spine development during early postnatal 
maturation. 

Despite these interpretational difficulties, some tentative conclusions may be 
drawn from the present data. Specifically, two points deserve discussion: the dif- 
ferential response of the deep and superficial pyramidal cells to enucleation, and the 
failure of visual deafferentation to completely denude the layer IV portion of the 
apical dendrite in the affected deeper cells. Both results suggest that the layer V 
pyramidal cells receive major projections other than (or in addition to) direct thalamic 
inputs, and that these inputs are responsible for the maintenance of spine populations 
within layer IV. The most probable source of this input is the layer IV stellate cell. 
Valverde has reported results which indicate that these cells receive direct thalamic 
inputs iv. He observed that stellate cell dendrites 'migrate' away from the zone of 
deafferentation following enucleation and suggested that this migration might 
reflect the establishment of new synaptic connections by the deafferented cells. These 
alterations in dendritic organization were present in 48-day-old animals, but not in 
animals 24 days of age. Valverde proposed that this difference may be attributable 
to the fact that stellate cells are not completely mature in the 24-day-old mouse. 
This suggestion is supported by our observations of growth cones at the tips of many 
stellate cell dendrites in the 25-day-old rat. It is possible that these immature cells 
may not transmit the effects of deafferentation to the pyramidal cells at this early 
stage of development. In this context, it is also significant that Valverde noted more 
diffuse spine losses on pyramidal cell apical dendrites in 48-day-old animals as com- 
pared with younger subjects 17. 

In a more recent study, Valverde has explored the development of pyramidal 
cell spine populations is. He compared spine counts in normally reared mice, dark- 
reared mice, and mice raised in darkness for 20 days and returned to a normal light 
cycle. The results of this study suggest that spine growth occurs in two phases: one 
which precedes eye opening, and one which follows this event. The first phase of 
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growth  is apparen t ly  independent  o f  visual input ,  but  l ight s t imula t ion  is necessary 

for  an accelerated second phase of  spine growth.  Whi le  the dis t inct ion between direct 

sensory  deafferenta t ion and da rk - rea r ing  should be kept  in mind,  these results none- 

theless suggest tha t  different inputs  to the pyramida l  cells may  develop at different 

t imes. 

In conclusion,  we suggest that  the spine loss noted  in deeper  cells indicates 

that  they may receive direct  tha lamocor t i ca l  input.  There  is s t rong presumpt ive  

evidence that  layer IV stellate cells also receive such input  and in turn project  to 

bo th  classes o f  layer V pyramida l  cells. This in te rpre ta t ion  implies that  there are 

two channels  for  the processing of  specific tha l amocor t i ca l  input  which have different 

deve lopmenta l  t ime courses. The first is a direct  channel  to the deep layer V pyramida l  

cells, which develops  relat ively early. The second channel  reaches ma tu r i ty  later  and 

is med ia ted  th rough  the layer IV stellate cells. Each o f  these channels  may  subserve 

different aspects  o f  visual processing. Final ly,  the relat ively late deve lopment  o f  the 

stellate cell system suggests that  these connect ions  may be more  sensitive to pos tnata l  

env i ronmenta l  influences. 

This research was suppor t ed  by Nat iona l  Science F o u n d a t i o n  Gran t  No. 

GB41294. 

1 BLACKSTAD, T., Mapping of experimental axon degeneration by electron microscopy of Golgi 
preparations, Z. Zellforsch., 67 (1965) 819-834. 

2 COLONNIER, M., Experimental degeneration in the cerebral cortex, J. Anat. (Lond.), 98 (1964) 
47-53. 

3 COOK, W., WALKER, J., AND BARR, M., A cytological study of transneuronal atrophy in the 
cat and rabbit, J. comp. Neurol., 94 0965) 267-291. 

4 COWAN, W. M., Anterograde and retrograde transneuronal degeneration in the central and 
peripheral nervous system. In W. J. H. NAUTA AND S. O. E. EaBESSOr-J (Eds.), Contemporary 
Research Methods in Neuroanatomy, Springer, New York, 1970, pp. 215-251. 

5 FIFKOVA, E., The effect of monocular deprivation on the synaptic contacts of the visual cortex, 
J. Neurobiol., 1 (1970) 285-295. 

6 FfFKOVA, E., Changes of axosomatic synapses in the visual cortex of the monocularly deprived 
rats, J. Neurobiol., 2 (1971) 61-71. 

7 GLOBUS, A., AND SCHEtaEL, A., Loss of dendrite spines as an index of presynaptic terminal 
patterns, Nature (Lond.), 212 (1966) 463--465. 

8 GLOBUS, A., AND SCHEtBEL, A., Synaptic loci on visual cortical neurons of the rabbit: the specific 
afferent radiation, Exp. Neurol., 18 (1967) 116-131. 

9 GLoavs, A., AND SCHEIBEL, A., The effect of visual deprivation on cortical neurons: a Golgi 
study, Exp. Neurol., 19 (1967) 331-345. 

10 GRAY, E. G., Axosomatic and axodendritic synapses of the cerebral cortex: an electron microscope 
study, J. Anat. (Lond.), 93 (1959) 420-433. 

11 GRAY, E. G., Electron microscopy of synaptic contacts on dendrite spines of the cerebral cortex, 
Nature (Lond.), 183 (1959) 1592-1593. 

12 GYLLENSTEN, L., MALMFORS, T., AND NORRLIN, M., Effects of visual deprivation on the optic 
centers of growing and adult mice, J. comp. Neurol., 124 (t965) 149-160. 

13 LORENTE DE N6, R., Cerebral cortex: architecture, intracortical connections and motor projec- 
tions. In J. F. FULTON (Ed.), Physiology of the Nervous System, Oxford Univ. Press, New York, 
1938, pp. 291-339. 

14 MATTHEWS, M. R., COWAN, W. M., AND POWELL, T. P. S., Transneuronal cell degeneration in 
the lateral geniculate nucleus of the macaque monkey, J. Anat. (Lond.), 98 (1960) 145-169. 



559 

15 SIEGEL, S., Nonparametric Statistics for the Behavioral Sciences, McGraw-Hill, New York, 1956, 
pp. 116-127. 

16 VALVERDE, F., Apical dendritic spines of the visual cortex and light deprivation in the mouse, 
Exp. Brain Res., 3 (1967) 337-352. 

17 VALVERDE, F., Structural changes in the area striata of the mouse after enucleation, Exp. Brain 
Res., 5 (1968) 274-292. 

18 VALVERDE, F., Rate and extent of recovery from dark rearing in the visual cortex of the mouse, 
Brain Research, 33 (1971) 1-11. 

19 WALBERG, F., Role of normal dendrites in removal of degenerating terminal boutons, Exp. 
Neurol., 8 (1963) 112 124. 


