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Summary. There are numerous hypotheses for the 
role of the axon collaterals of pyramidal cells. Most 
hypotheses predict that pyramidal cells activate 
specific classes of postsynaptic cells. We have studied 
the postsynaptic targets of two layer III pyramidal 
cells, that were of special interest because of their 
~lumped axon arborization near, and also 
0.4-1.0 mm from the cell body, in register in both 
layers III and V. 191 terminations from four sites 
(layers III and V, both in the column of the cell and 
in distant clumps) were analysed by electron 
microscopy. Only one bouton contacted a cell body 
and that was immunoreactive for GABA. The major 
targets were dendritic spines (84 and and the 
remainder were dendritic shafts. Of these 13 were 
classed as pyramidal-like (P), 8 smooth cell-like (S) 
and three could not be classified. Four of five S types, 
but none of the seven P types tested were 
immunoreactive for GABA, supporting the fine 
structural classification. The putative inhibitory cells 
therefore formed not more than 5% of the postsyn
aptic targets, and their activation could only take 
place through the convergence of pyramidal cells 
onto a select population of GABA cells. The results 
show that the type of pyramidal cells with clumped 
axons studied here make contacts predominantly 
with other pyramidal cells. Thus the primary role of 
both the intra and intercolumnar collateral systems is 
the activation of other excitatory cells. 
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Introduction 

The abundance of local axon collaterals originating 
from pyramidal cells is one of the most impressive 
and most consistently demonstrated features of the 
neocortical circuitry (Raman y Cajal 1899; Lorente 
de N6 1922; Sho1l1955; Scheibel and Scheibel1970; 
Szentagothai 1965, 1973; Lund 1973). From studies 
of Golgi impregnated neurons it was recognised that 
the origin and distribution of collaterals were not 
random (Lorente de Na 1922; Lund and Boothe 
1975). The lateral spread of the local collaterals, 
extending often for several millimeters was also 
emphasized in some Golgi (Scheibel and Scheibel 
1970) and degeneration (Fisken et al. 1975; Creutz
feldt et al. 1977) studies. However, the real extent of 
the intracortical axon arborizations of different 
pyramidal cells has only recently been revealed by 
injecting single cells intracellularly with horseradish 
peroxidase (HRP), (Gilbert and Wiesel 1979, 1983; 
Landry et al. 1980; Martin and Whitteridge 1984; 
Noda and Yamamoto 1984). 

The various suggestions that have been made for 
the possible role of the pyramidal axon collaterals 
can be summarised in three main points. 

1. Since the cortex receives input that is often 
localised to some but not all of the laminae, the 
collaterals could transfer information vertically to 
functionally related cell groups in other laminae 
(Lund and Boothe 1975; Mitzdorf and Singer 1978, 
1979; Lund et al. 1979; Gilbert and Wiesel 1979, 
1983; Ferster and Lindstrom 1983; Martin and Whit
teridge 1984; Mitzdorf and Singer 1978, 1979). 

2. Local collaterals are also present around the 
dendritic field of the parent cell (Raman y Cajal 
1899) and one of their possible roles may be the 
activation of inhibitory interneurons thereby provid
ing the structural basis of recurrent inhibition (Phil-
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lips 1959; Stefanis and Jasper 1964; Creutzfeldt et al. 
1969). In both the above cases the receptive fields of 
the pyramidal cell and its nearby targets would need 
to overlap. 

3. The role of long intercolumnar collateral 
systems (Rockland and Lund 1982; Rockland et al. 
1982; Gilbert and Wiesel 1983; Martin and Whit
teridge 1984) remains much more obscure because 
the classical receptive fields of the pyramidal cell and 
its distant targets may not overlap. According to one 
view their collaterals may connect distant cell groups 
providing the basis for the summing of receptive 
fields from different visual field locations (Gilbert 
and Wiese11983; Gilbert 1985), or connect cells with 
similar response properties reinforcing their common 
characteristics (Mitchison and Crick 1982; Nelson 
and Frost 1985; Ts'o et al. 1986). Others suggested 
that these collaterals may operate to inhibit groups of 
cells with dissimilar response properties (Matsubara 
et al. 1985) or produce inhibitory flanks or end zones 
(Gilbert and Wiesel 1983). 

Pyramidal cells are considered to be excitatory 
(Emson and Lindvall 1979; Baughman and Gilbert 
1981; Ferster and Lindstrom 1985), but through the 
activation of inhibitory interneurones they could also 
exert disynaptic inhibition. Putative inhibitory inter
neurons in the cortex probably use y-aminobutyrate 
as transmitter and they differ from putative excita
tory neurons in that they have few or no dendritic 
spines (Ribak 1978; Freund et al. 1983; Somogyi et 
al. 1985a). Thus, on the one hand, if the main role of 
the axon collaterals was the activation of the target 
areas, then one would expect most of the pyramidal 
axon boutons to give synapses onto dendritic spines 
of the recipient spiny, presumably also excitatory 
neurons. On the other hand, if the main role was the 
inhibition of the target cell groups, then one would 
expect the pyramidal cell boutons to terminate 
mainly on dendritic shafts and somata of inhibitory 
neurons. 

Previous studies on the postsynaptic targets of 
pyramidal cell boutons emphasised the prevalence of 
dendritic shafts and suggested the activation of 
putative inhibitory interneurons (Somogyi 1978; 
Winfield et al. 1981; McGuire et al. 1984), although 
the biochemical characterization of the dendrites had 
not been attempted. 

To test the hypotheses surveyed above in points 
1-3, we examined the postsynaptic targets of layer IH 
pyramidal cells, revealed by intracellular HRP injec
tion, that allowed the sampling of both their proximal 
and distal axon collaterals in the radial and horizontal 
directions. In addition to tentative ultrastructural 
identification of their synaptic targets in some cases 
we also tested their immunoreactivity for GABA. 

Methods 

Two neurons analysed in this study were obtained from two adult 
cats used in a large series of physiological experiments. Animals 
were anaesthetised and prepared as described previously (Martin 
and Whitteridge 1984). Blood pressure, heart rate and end-tidal 
CO2 were monitored continuously during the experiment. 
Intracellular recording and iontophoresis of HRP was carried out 
following the methods of Friedlander et a1. (1979). At the end of 
the experiment the animals were deeply anaesthetised and per
fused with a fixative containing 2.5% glutaraldehyde (TAAB) and 
1 % paraformaldehyde (T AAB) in 0.1 M phosphate buffer solu
tion (pH 7.4). 

Tissue processing 

Blocks of the area containing the intracellularly HRP filled 
neurons were dissected and sectioned on a Vibratome (Oxford 
Instruments), then processed to reveal peroxidase enzyme 
using the p-phenylene/catechoI reaction (Hanker et al. 
supplemented with cobalt/nickel intensification (Adams 
Sections were dehydrated and mounted on slides in Durcupan 
ACM resin (Fluka). The injected cells were drawn and photo
graphed under light microscope using a 100 x oil immersion 
objective. Parts of the axonal fields were re-embedded for electron 
microscopy to obtain a sample of the postsynaptic elements. For 
this all boutons that fall in the plane of the section were followed in 
serial sections till the postsynaptic element was identified. Since 
the plane of the section was not chosen to fit the axon arborisation 
in any particular way the sample can be considered randomised. 
The physiological properties and a two dimensional drawing of 
neuron No 2 was reported earlier (Fig. 6B Martin and Whitteridge 
1984). 

Postembedding GABA -immunocytochemistry on electron 
microscopic sections 

Dendrites postsynaptic to layer In pyramidal cells (N] and N2) had 
different ultrastructural features. To see if these structural differ
ences indicated neurochemical heterogeneity we reacted ultrathin 
sections of some dendrites with an antiserum to GABA (Hodgson 
et al. 1985; Somogyi et al 1985b) using the postembedding 
colloidal gold method (Somogyi and Hodgson 1985). Briefly, the 
sections were mounted on formvar coated single slot grids, treated 
with 1 % sodium periodate and 1 % periodic acid for the etching of 
the resin and removal of the osmium. After they were 
floated sequentially on drops of: 5% normal serum (NGS), 
rabbit anti-GABA serum (code No 9, 1 : 2000), colloidal 
gold (15 nm) coated with goat anti-rabbit (Janssen Life 
ScLProd., dill: 20 with 0.05% carbovax, mw 20000, 
dissolved in 50 mM tris buffer, pH 7.0). Between these steps the 
grids were washed in tris (10 mM)-phosphate mM)-buffered 
saline (TPBS) containing 1% NGS. Following the incubation, 
grids were washed in distilled water and the contrast increased 
with lead citrate. 

Results 

Location of pyramidal cell somata and distribution 
of their processes 

The two pyramidal cells intracellularly filled with 
HRP were selected on the basis of their characteristic 
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Fig. 1. Drawing of a layer III pyramidal cell (Nb No 1 in Table 1) in area 17 of the cat's visual cortex that was reconstructed from nineteen 
80 !-tm thick sections. The axon extended 1500 !-tm anterior-posteriorly and was distributed in patches in both layers III and V. This is partly 
obscured by the two dimensional image. One collateral projected through the border between areas 17 and 18 (arrow). The postsynaptic 
targets of the cell were studied in four clusters (asterisks), one near the cells dendritic field in layer Ill, another one just below the cell in 
layer V, and in two distal patches in layers III and V, respectively. Scale: 100 !-tm 

axonal distribution. No physiological data were 
obtained for neuron NI' The second cell, N2 (see 
Martin and Whitteridge 1984, Fig. 6B) was a simple 
cell with one subfield, had a receptive field 0.75 
degrees in width and 1.4 degrees in length, it was 
monocularly activated and monosynaptically driven 
from the lateral geniculate nucleus (LGN). 

Both pyramidal cells reported here were located 
at the borders of layers III and IVa. Their basal 
dendrites penetrated into upper layer IV. The apical 
dendrite terminated in layer I, and emitted several 
side branches in lower layer Ill. 

The most characteristic feature of both cells was 
the distribution of their axon collaterals in different 
cortical laminae (Fig. 1). The main axons emitted 
two sets of collaterals before descending radially into 
the white matter. The first set emerged close to the 

origin of the axon in upper layer IV and arborised in 
layers Il and Ill. The second set emerged from the 
main axon in layer V and arborised mainly in this 
layer. Both the main axons and the secondary 
collaterals were myelinated as proved by subsequent 
electron microscopic examination. The secondary 
collaterals travelled 0.5-1 mm horizontally emitting 
terminal branches in a patchy fashion, each patch 
occupying an area of about 300-400 [,tm in diameter 
in layers Il-III. The branches of N2 in layer V were 
not revealed completely but the collaterals of NI in 
layer V formed a projection similar to that in the 
supragranular layers. Interestingly, as also shown by 
Gilbert and Wiesel (1983) the clumps of collaterals in 
the supra- and infragranular layers were in register 
radially i.e. they occupied the same "column" 
(Fig. 1). From the two-dimensional reconstruction of 
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Fig. 2. A Light micrograph showing club-like (large arrows) or en passant boutons (small arrows) on the axon collateral of pyramidal cell 
No 1 in layer Ill. B Electron micrograph of a spine (s) receiving type I synaptic contact (arrow) from a bouton (asterisk) of pyramidal cell 
No 1, while its parent dendrite (d) receives a type I contact from another, unlabelled bouton (open arrow). Scales: A 20 [lm; B 0.5 [lm 

Table 1. Distribution of 191 electron microscopically identified postsynaptic elements to layer III pyramidal cells 

Postsynaptic elements 

In the column of dendritic arbor In distal axonal clump 

Pyr. layer III layer V layer III layer V 
cell 
No Dend. Dend. Dend . Dend. 

Soma shaft Spine shaft Spine shaft Spine shaft Spine Soma 

l. 0 2 14 0 3 7 31 2 11 0 
2. 1 7 48 5 28 2 30 ** ** 1 

* Numbers in brackets indicate those dendrites from the total that had smooth cell characteristics (type S) 
** No distal axonal clump was filled by HRP in layer V 

Dend. 
shaft 

11 (4*) 
14 (4*) 

25 (8*) 

Total 

Spine Total 

59 70 
106 121 

165 191 



neuron NI and N2 it is not obvious that most of the 
axon collaterals seen around the somata in layers 
II-III formed in fact axonal clusters at some distance 
from the cell body in the antero-posterior direction 
similar to those seen for N 1 on the left side in Fig. 1. 
Many of the collaterals in layers II-III and V emitted 
fine branches bearing varicosities in the column in 
which the soma was located. Analysing the axonal 
distribution of neurons NI and N2 it was evident that 
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Fig. 3A-C. GABA immunoreactiv
ity in dendrite receiving pyramidal 
cell input. A Electron micrograph of 
a dendrite (d) postsynaptic to the 
HRP filled bouton (asterisk) of 
pyramidal cell No 2. The dendrite 
was in layer In within the axonal 
clump in the vicinity of the pyrami
dal cell soma. B The same HRP 
filled bouton (asterisk) as shown in A 
is seen at higher magnification mak
ing a type I synaptic contact (filled 
arrow), similarly to an unlabelled 
bouton (open arrow). C A serial 
section of the same dendrite (d) as in 
A was reacted for GABA by the 
immunogold method. The post
synaptic dendrite as well as other 
neuronal processes (black asterisks) 
show GABA immunoreactivity. The 
dendrite contains large mitochondria 
and is in synaptic contact with 
numerous boutons (two of them 
marked by stars for correlation with 
A, some of which are GAB A-po si
tive. Scales: A, C 1 fLm; B 0.2 fLm 

the axons were extending for greater distances 
antero-posteriorly than medio-laterally in agreement 
with the findings of Gilbert and Wiesel (1983). The 
two cells differed in the size of their axonal field; NI 
had an axon extending 1.5-2 mm antero-posteriorly 
while the axon of N2 extended about 1 mm in the 
same direction. The unmyelinated terminal branches 
of the axons were studded with club-like and en 
passant boutons (Fig. 2A). 
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Fig. 4A-C. Electron micrographs of serial sections of a GAB A-immunoreactive perikaryon that was postsynaptic to the HRP-filled 
pyramidal cell No 2. A The soma receives several synapses (arrows) one of them provided by the HRP labelled pyramidal cell bouton 
(asterisk in A-C). The HRP filled and an unlabelled bouton Cb)) in the framed area are shown in B, C at higher magnification as they make 
type I synaptic contacts (large arrows) . C The same perikaryon and a bouton (b2) that establishes type II synaptic contact with the soma are 
GABA-immunoreactive as shown by the accumulation of gold particles . Scales: A 1 !lm; B, C 0.6 !lm 

Electron microscopy of postsynaptic targets 

The main aim of the present study was to identify the 
postsynaptic elements contacted by pyramidal cells 
with clustered axons. Since different layers of cortex 
contain different cell populations and since the axon 
may contact different targets in a distant clump and 
in the column of the soma, the sample of boutons was 
collected from four areas. Axon collaterals of both 
cells were serially sectioned for electron microscopy 

from the column of the dendritic field separately 
either in layer II/III or in V. Similarly, axon coil at -
erals were studied in the distant axon clusters sepa
rately in layers II/III and in V. Altogether 191 
postsynaptic elements were encountered for the two 
cells (Table 1). Each bouton was found to establish 
asymmetric, type I synaptic contact with its target 
element (Figs. 2A, 3B, 4B). All but five boutons 
made synaptic contact with only one element. 

Dendritic spines were the most frequent postsyn-
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Fig. 5. Cumulative diagram showing the quantitative distribution 
of postsynaptic elements to pyramidal cells NI and N2 in layers 
II-III (upper graphs) and V (lower graphs). Data were obtained 
from axonal clusters either in the same column (graphs on the left) 
or in clusters distant (graphs on the right) from the perikaryon 

aptic targets compnsmg about 84-87% of all ele
ments (Table 1, and Fig. 5). They were identified in 
serial sections on the basis of their shape (Fig. 2B), 
the presence of spine apparatus and by the absence of 
mitochondria. Postsynaptic spines could often be 
traced back to their parent dendrite (Fig. 2B). 

Dendritic shafts represented 12-15% of the post
synaptic targets in each cluster examined (Table 1, 
and Fig. 5). They were heterogeneous with regard to 
their ultrastructural features. Two categories could 
be recognised, type P (pyramidal-like) and type S 
(smooth dendritic cell-like) postsynaptic dendrites. 
Thirteen dendrites, classified as type P, had light 
cytoplasm, relatively few mitochondria and in the 
same section received only a few synapses from 
terminals other than the HRP labelled bouton. They 
did not have particular orientation. Dendritic spines 
could sometimes be seen to emerge from postsynap
tic type P dendrites. One postsynaptic dendrite 
showed characteristics similar to the apical dendrites 
of pyramidal cells. It was 1-2 ~m in diameter, 
oriented radially and rich in parallel running 
microtubules. Eight postsynaptic dendrites were clas
sified as type S. They were typically filled with 
mitochondria, which were usually much wider in 
cross section than those in type P dendrites 
(Fig. 3C). In addition type S dendrites frequently 
contained clusters of polyribosomes, and were 
densely covered by synaptic boutons of different 
types (Fig. 3). Three dendritic shafts postsynaptic to 
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pyramdial cell boutons, could not be classified as S or 
P type. 

GABA-immunocytochemistry of postsynaptic 
elements 

Type S dendrites are thought to belong to smooth 
dendritic non-pyramidal cells, some of which have 
been shown to be immunoreactive for GABA 
(Somogyi et al. 1985b; Somogyi and Hodgson 1985). 
This was directly confirmed in the present study 
by postembedding GAB A-immunocytochemistry 
(Somogyi and Hodgson 1985) using the colloidal gold 
technique. Once the synaptic contact was identified 
on the dendrite, further ultrathin sections of the same 
dendrite were reacted with the GABA antiserum. 
Five dendrites classified as type S on the basis of fine 
structural criteria (see above) were tested for GABA 
immunoreactivity, and four of them were positive for 
GABA (Fig. 3). In contrast, none of the seven 
type P dendrites that were postsynaptic to HRP 
labelled pyramidal cells and incubated with the 
GABA antiserum showed immunoreactivity. Thus, 
out of twelve dendritic shafts tested for the presence 
of GABA one third were positive. 

One postsynaptic element was a neuronal soma in 
layer III (Figs. 4A-C). It was located in the vicinity 
of the perikaryon of pyramidal cell no 2. The fine 
structural characteristics and the synaptic input of 
this cell were similar to cells with smooth dendrites 
(see Peters and Saint-Marie 1984). The soma 
received numerous synapses, many forming asym
metrical synapses (Fig. 4A). The cytoplasm was very 
rich in free polyribosomes (Fig. 4) and granular 
endoplasmic reticulum. This soma was also 
immunoreactive for GAB A (Fig. 4C). 

Discussion 

Neuronal elements postsynaptic to pyramidal cells 

The results show that dendritic spines form the 
overwhelming majority of postsynaptic targets for 
the local collaterals of layer III pyramidal cells having 
patchy axons. The parent cells of the spines could not 
be directly identified, but since layers III and V do 
not contain spiny stellate cells (Lund 1984), and 
sparsely spinous nonpyramidal cells are rare, we 
conclude that the majority, if not all of the spines 
originate from pyramidal cells. This conclusion is also 
supported by the fine structural features of the parent 
dendrites when the spine could be traced to them. In 
addition to the spines more than half (type P) of the 
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postsynaptic dendritic shafts had characteristics simi
lar to the dendrites of pyramidal cells (see Feldman 
1984). Our differentiation of Sand P type dendrites 
on the basis of their ultrastructure is strongly sup
ported by the evidence that most of the S type 
dendrites tested were also GABAergic, while no P 
type dendrite was found to be GABAergic. The one 
S-type dendrite that was immunonegative may con
tain neurotransmitters other than GABA and techni
cal reasons can not be ruled out for our negative 
results for P type dendrites. Nevertheless the avail
able evidence strongly that the P-type 
dendrites originate from pyramidal cells, as shown 
previously (Somogyi et al. 1983). Thus all in all over 
90% of postsynaptic elements probably originate 
from pyramidal cells. Putative inhibitory cells form 
not more than 5% of the postsynaptic elements. 
These results provide strong evidence for previous 
predictions (Szentagothai 1965, 1978) that the main 
targets of pyramidal cells are other pyramidal cells in 
the cortex. 

As shown in Fig. 5, there is a striking uniformity 
in the relative proportion of postsynaptic elements in 
the four target areas, indicating that III pyrami
dal cells perform the same operational task both in 
layers III and V, in the vicinity of as well as remote 
from the parent cell. Our results on the distant 
targets of layer III cells in the patches agree well with 
preliminary results published in the primate visual 
cortex (McGuire et al. 1985) and with the targets of 
pyramidal cells in layer V of the cat (P. L. A. 
Gabbott, K. A. C. Martin, D. Whitteridge, submitted 
for publication). These studies also concluded that 
the majority of postsynaptic elements were spines 
and suggested that they originated from pyramidal 
cells. Thus, it seems that pyramidal cells with patchy 
termination have a similar range of cells. 
These results contrast with the distribution seen for 
layer VI pyramidal cells that project to layer IV in 
the cat, where the major targets are dendritic shafts, 
possibly originating from sparsely spiny cells 
(McGuire et al. 1984). The differences may be 
related to the different roles that pyramidal cells in 
each layer perform. 

It has been suggested that paths of different 
functional significance may end on different locations 
of cortical cells (Freund et al. 1985). Thus, the role of 
the layer III pyramidal cells is probably different 
from that of the layer VI pyramidal cells, which are 
thought to be involved either in inhibitory functions 
like end-stopping (McGuire et al. 1984) or in some 
form of gain control of the geniculocortical transmis
sion (Ferster and Lindstr6m 1985; Martin and 
Somogyi 1985). In any case, layer III pyramidal cells 
contact different postsynaptic neurons, and it is 

worth reassessing previous suggestions for the role of 
collaterals, given in the Introduction. 

Interlaminar connections 

The wiring up of the cortex ensures that excitatory 
inputs to a particular column arrive at restricted 
laminar locations and are then distributed to other 
laminae by the radial components of the axonal 
arbors of the recipient cells, such as spiny stellate and 
pyramidal neurons. This organisation would form the 
basis of the hierarchy of visual processing as origi
nally concluded from physiological results (Hubel 
and Wiesel 1962, 1963). The radial connections 
would also ensure that cells lying adjacent to or 
within the same column as the pyramidal cell in layer 
III would share similar receptive field properties and 
position in the visual field. The collaterals around the 
dendrites of these pyramidal cells extend over 
300 f!m, and they might contribute to the scatter of 
the excitatory centres observed for the receptive 
fields of cells in the same functional column (Creutz
feldt et al. 1974a, b; Albus 1975). The projections 
from layer III to V have been shown to be the main 
pathway that activates the neurons in layer V (Mitz
dorf and Singer 1978; Ferster and Lindstr6m 1983), 
and our results are compatible with the predomi
nantly activating role. 

Intercolumnar interactions 

When viewed from the surface most columnar sys
tems appear as stripes. The different columnar sys
tems, e.g. orientation or ocular dominance, appear 
to be independent and intersect each other at oblique 
angles. Thus, as Hubel and Wiese1 (1977, 28) 
have suggested, a long bar presented to one eye 
activates fragmented patches of striate cortex. They 
proposed that to link regions of striate cortex acti
vated by such a stimulus would specifically require 
patchy connections (Hubel and Wiesel 1968, 1977). 
The increased binocularity of the cells in layer III 
argues against an ocular dominance column-specific 
innervation, and leaves the suggested orientation 
column links (Hubel and Wiese11977; Mitchison and 
Crick 1982; Gilbert and Wiesel 1983) as a strong 
possibility. Three-dimensional reconstructions indi
cate that the patches formed by pyramidal cell axons 
have the required repeat interval (Gilbert and Wiesel 
1983) for these columns. This hypothesis requires 
that the terminals activate cell groups as opposed to 
inhibiting them. Intracortical facilitation of co-axially 
aligned co-oriented simple cells has recently been 



found over several millemetres of cortex (Nelson and 
Frost 1985). Pyramidal cell axon collaterals are one 
of the candidates that may mediate this activation. 
As most of their targets appear to be pyramidal cells 
contacted directly without the insertion of an inhibi
tory interneuron into the pathway, the main effect of 
the collaterals would be excitation. This may be 
reinforced by the action of the local collaterals of 
those cells that reach firing threshold in the target 
group. Thus pyramidal cell axon collaterals may be 
responsible for the correlated firing of cell groups 
with similar orientation preference that has been 
demonstrated to occur over distances of several 
millimetres in the cat cortex (Ts'o et al. 1986). 

However, orientation is known to depend on 
inhibition mediated by GABA (see Sillito 1984), that 
is unlikely to be the transmitter of pyramidal cells. 
Thus, the GABA antagonist bicuculline applied 
iontophoretically greatly redu.ced orientation selec
tivity (see Sillito 1984), implying that the cells 
received inputs of all orientation and local GABAer
gic inhibition rather than excitation by pyramidal cell 
collaterals is the main factor determining orientation 
specificity. However, long range pyramidal collat
erals may play some role especially for cells activated 
polysynaptically from the LGN, explaining the 
residual orientation selectivity remaining in some 
cells following bicuculline application (Sillito 1979). 

The results of Matsubara et al. (1985) are also 
contrary to the role of long range patchy pyramidal 
collaterals in connecting cells with similar orienta
tion. They determined the organisation of the ocular 
dominance and orientation columns in a of 
area 18, and then retrogradely labelled cells within 
this region by small adjacent injection of HRP. Their 
conclusion was that cells with orthogonal orientation 
ore~ter'enj3eS were being connected and that the con
nections were probably inhibitory. However, appli
cation of HRP locally mainly labels pyramidal cells 
(Rockland and Lund 1982; Rockland et al. 1982), 
similar to those patchy layer III cells that we studied 
in area 17. Thus the results of Matsubara et al. (1985) 
obtained in area 18 can not be reconciled either with 
the view that iso-orientation columns are connected, 
or the present evidence that in the striate cortex over 
90% of the connections are onto other excitatory 
cells. Similarly, on the present evidence it now seems 
unlikely that the pyramidal cells are directly involved 
in creating, via an inhibitory interneuron, the inhibi
tory end-zones or flanks of receptive fields (Gilbert 
and Wiesel 1983). The lateral inhibitory effects on 
different orientation columns and the inhibitory side 
bands are more likely mediated by the large basket 
cells that are probably GABAergic and also have 
axons comparable in extent to those of layer III 
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pyramidal cells (Martin et al. 1983; Somogyi et al. 
1983). It is possible that in the study of Matsubara et 
al. (1985) basket cells, that could mediate the cross
orientation inhibition, were also labelled retro
gradely by HRP, but overshadowed by the large 
population of pyramidal cells mediating other effects. 

Divergence and convergence 

Some postsynaptic dendrites were immunoreactive 
for GABA; all of them being of the S type, probably 
originating from smooth dendritic, GABAergic non
pyramidal cells. The sparse pyramidal cell input to 
putative inhibitory neurons could only have signifi
cance if a select population of GABAergic cells were 
contacted. Putative inhibitory neurons may be a 
more significant target for other types of pyramidal 
cell (Somogyi 1978; Winfield et al. 1981; McGuire et 
aI. 1984) and the method employed here could be 
useful in testing this possibility. 

It is apparent at first sight that within the axonal 
arbor of pyramidal cells the number of potential 
recipient neurons far exceeds the number of boutons 
in the axonal arborization. We never found two 
synaptic contacts from one cell onto the same post
synaptic element. More than one of the postsynaptic 
spines could originate from the same pyramidal cell, 
but as pointed out by Szentagothai (1978, 1979), the 
meeting of dendrites and pyramidal axons seems to 
occur at angles that prevent number of 
multiple contacts. Szentagothai (1975, 1979) pre
dicted on the basis of Golgi studies that in general 
pyramidal cells were connected by one or very few 
synapses. With regard to the functional correlate of 
such sparse connections, Gilbert (1985) suggested 
that peripheral influences beyond the classical recep
tive field could be mediated by long horizontal 
connections. These influences seem to be weak and 
this is compatible with the weak influence that any 
pyramidal cell is likely to have on its target cells. 
Even if, as suggested by theoretical considerations, 
the termination mainly on spines as opposed to 
dendritic shafts was to increase the effectiveness of 
the input (Diamond et al. 1970; Jack et al. 1975; 
Pongracz 1985), our data suggest that the input from 
pyramidal cells to other pyramidal cells could 
become significant only through strong convergence. 

Creutzfeldt et al. (1969) pointed out that it was 
unlikely that the activation of a single synapse on a 
spine would lead to a detectable EPSP at the soma. 
Along the same line it has been suggested that at 
least 100 synapses are needed to bring the cell to 
threshold (see Martin 1984), implying that the cell 
will only fire when there is a sufficient 'consensus' 
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amongst the large number of cells providing its 
excitatory inputs. This allows for a much more 
versatile use of the cortical wiring because a single 
neuron can then be incorporated into a number of 
different networks involved in different operations. 

Cortical output columns 

The pyramidal cells that project to different cortical 
areas are aggregated into independent columnar 
systems (Gilbert and Kelly 1975; Bullier et al. 1984; 
Segraves and Innocenti 1985). One characteristic of 
these systems is that cells from a number of different 
slabs converge on a localised region of another visual 
area, e.g. area 18. These same projection cells rarely 
form collateral projections to an additional cortical 
area, such as areas 18 and 19. In the cat, as yet there 
are no known physiological differences of cells pro
jecting to different cortical areas, but their separation 
into output columns and lack of collateralisation 
implies that they are functionally different. Because 
of the strong possibility that one cell contributes only 
a few synapses to any other cell, a high degree of 
convergence is needed for a group of cells in area 17 
to activate one cell in area 18. This could be achieved 
with the sort of circuitry found here; pyramidal cells 
projecting to another visual area could provide 
activation of other pyramidal cells within the same 
projection column and of pyramidal cells in other 
projection columns that innervate the same target 
visual area. Thus the clumps seen may not correlate 
particularly with any known functional columnar 
system, but may be related to the anatomically 
defined output columns (Gilbert and Wiesel 1983). 
This does not exclude a role for the intracortical 
collaterals in forming receptive fields within area 17 
and could account for the strikingly similar target 
specificity of all portions of the axonal arbor of these 
layer III pyramidal cells. 
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