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Combined Golgi and Electron Microscopic Study on the 
Synapses Formed by Double Bouquet Cells in the 
Visual Cortex of the Cat and Monkey 
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(P.S.), Department of Experimental Psychology, University of Oxford, Oxford OXl 3UD, 
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ABSTRACT Tpe morphology of certain Golgi-stained cells was examined in 
the striate and peristriate cortex of the cat and in the striate cortex of the rhesus 
monkey. Neurons in layer III were selected on the basis of their characteristic 
vertical axon bundles, which are 20-150 }Lm in diameter and traverse layers 
II-V. 

Selected neurons were examined under the electron microscope to characterize 
their synapses and to establish their postsynaptic targets. It was found that 
double bouquet cells form symmetrical or type II synapses. In the cat the 
postsynaptic membrane specialization was more extensive than in the monkey. 
After removing the Golgi precipitate from boutons of two cells in the cat, small 
pleomorphic and flattened vesicles were found in the boutons. 

Earlier suggestions that double bouquet cells make synapses preferentially 
with spines of apical dendrites could not be confirmed. Out of 66 boutons in area 
17 of the cat, 86.4% formed synapses with dendritic shafts, many of them 
belonging to non pyramidal cells, 9% with perikarya of non pyramidal cells, and 
only 4.6% with spines. Out of 19 synapses examined in area 18, 74% were 
contacting dendritic shafts and the rest contacted spines. In the monkey 600/0 of 
a total of 35 double bouquet cell synapses made synapses with dendritic shafts. 
A different type of double bouquet cell with densely spiny dendrites is also 
described in layer IV of the monkey striate cortex. This neuron formed asym
metrical synapses. 

It is suggested that layer III double bouquet cells with vertical axon bundles 
are probably inhibitory and act on other nonpyramidal cells and certain parts of 
pyramidal cells. 

One of the most interesting yet poorly 
understood cortical local circuit inter neurons 
is Raman y Cajal's "cellule a double bouquet 
dendritique," first described in various cortical 
areas from man (Raman y Cajal, '11) but 
subsequently found in the somatosensory cor
tex of the cat (Szentagothai, '73) and monkey 
(Jones, '75), and in the visual cortex of the 
monkey (Szentagothai, '73; Valverde, '78). Val
verde described these neurons in area 18 of 
the monkey but did not find them in the 
striate cortex (Valverde, '71), nor were they 
mentioned in another Golgi study (LUlld, '73), 
Although the cell is called "double bouquet" 
or "double tufted" after its dendritic arbori
zation, a far more characteristic and unique 
feature of this cell is its narrow, columnar 
axon bundle passing radially through several 
layers. 
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Previous Golgi studies (Raman y Cajal, '11; 
Colonnier, 66; Jones, '75; Szentagothai, '73, 
'75, '78) agree in describing the vertical axon 
bundles of double bouquet cells as following 
apical dendrites, which are known to receive 
asymmetrical or type-I synapses on their 
spines (Le Vay, '73; Fairen et al., '77; Somogyi, 
'78). The idea that the axon bundles provide 
the synapses on the apical dendritic spines is 
based on the respective courses of apical den
drites and the tight fascicles of the double 
bouquet cells. However, the Golgi method, 
though successful in revealing individual neu
rons, has obvious limitations in identifying 
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TABLE 1. Distribution of structures postsynaptic to double bouquet cells 

Species 

Cat 

Cell No. 

area 1 (Figs. 1, 4- 9) 
17 2 (Fig. 10A,B, 11) 

3 (Fig. 12A,B) 

Total 

area 4 (Figs. 13, 14) 
18 

Monkey area 
17 5 (Figs. 15-17) 

area 
17 6' (Figs. 18-20) 

Layers 
examined 

by electron 
microscope 

lII-V 
III 
III 

III 

Ill-IV 

IV 

Number of identified boutons contacting: 

Perikaryon of 
Dendritic nonpyramidal 

Spine shaft neuron Total 

47 5 53 
7 1 9 
3 4 

3 (4.6%) 57 (86.4%) 6 (90/0) 66 (100%) 

5 (26%) 14 (74%) 19 (100%) 

14 (400/0) 21 (60%) 35 (1000/0) 

2 7 9 

I This is a different type of cell found in layer IV. All the other cells are from layer Ill. 

diately (Fig. 13). From 30-50 fLm from its 
origin it divides into coUaterals which them
selves divide and form five to ten main collat
erals, ascending and descending radially. A 
distinct feature of the axon is that the main 
collaterals increase in diameter as they pass 
radially. 

In the cat the radial fibers ascend to layer 
II and descend to upper layer V (Figs. 1, 2, 
13). They may course in a loose plexus 
100-150 fLm in diameter (Fig. 2) or some of 
the collaterals may form interwoven fascicles, 
in which case the entire bundle is only 20-50 
fLm in diameter (Figs. 1, 4A, 13). The main 
radial collaterals have swellings throughout 
their length and bear small branches crowded 
with bulbous enlargements (Figs. 1, 2, 4A, 
13). These branches are most numerous in 
layer V and especially in layer Ill, and as a 
result the axonal field increases in these lay
ers (Figs. 2, 13). 

In the monkey striate cortex the radial fi
bers always form small fasciculi about 20-50 
fLm in diameter (Figs. 15, 16). They have more 
swellings and fewer side branches. The num
ber of bulbous enlargements decreases toward 
the bottom of layer V where the radial fibers 
terminate and give off a few short collaterals 
(Fig. 15). 

In both species the tight axon fasciculi pro
vide very high bouton density per tissue vol
ume. 

Electron microscopy of Golgi-stained boutons 
of layer III double bouquet cells 

The Golgi-stained axon collaterals were fol
lowed in electron microscopic serial sections 
for fine structural characterization of the syn
apses and to identify the postsynaptic struc-

tures. It has been extensively demonstrated in 
two previous papers (Somogyi, '78; Somogyi 
et al., '79) that with our method any stained 
bouton can be correctly identified and re
covered for electron microscopy; therefore, to 
save space the light and electron microscopic 
correlation is shown only in one example (Fig. 
4). The synapses formed by the impregnated 
boutons were compared on electron micro
graphs to synapses established by unstained 
boutons with the same postsynaptic structure 
(Figs. 5, 6, 7, 17B,D) as well as to synapses 
nearby in the same section (Figs. 3, 12A). 

In the cat the synapses formed by axon 
collaterals of double bouquet cells have sym
metrical membrane specializations (Figs . 
4C,D, 5D, 6, 7, 8, 10A,B, 11, 12A,B, 14A). 
However, as compared to the symmetrical 
axosomatic synapses received by pyramidal 
cells, the postsynaptic membrane thickening 
was more pronounced (Figs. 5D, 6, 10A,B). 
Depending on the plane of the section this 
postsynaptic membrane specialization varied 
in extent from synapse to synapse but never 
reached the thickness of asymmetrical axos
pinous or axodendritic postsynaptic speciali
zations (Figs. 3, 6, 7, 12A). In a few cases 
symmetrical attachment plaques were also 
found between boutons of double bouquet cells 
and dendrites (Fig. 9). Within the synaptic 
cleft material an electron-dense line could 
occasionally be observed (Fig. 10A,B). 

In the monkey all 35 synapses were of the 
symmetrical type with very little postsynaptic 
membrane specialization (Figs. 17 A-C). 

In the boutons of the two cells which re
ceived 5% ethanol treatment the silver chro
mate precipitate had been partially removed. 
This enabled us to study the synaptic vesicles. 
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Fig. 1. Double bouquet cell with very narrow axonal (A) and dendritic (B) field in the lateral 
gyrus of the cat. Arrow indicates the axon initial segment, CC) position of the cell in the cortex, and 
this area is shaded in the lateral gyrus (D). Scale A, B: 50 !Lm; C: 200 !Lm; D: 2 mm. See electron 
microscopic data in Table 1. 
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Fig. 2. Double bouquet cell in the medial wall of the 
lateral gyrus in the cat. Note wider dendritic and axonal 
field than in Figure 1. Scales and labelling as in Figure 1. 

The boutons contained flattened or small pleo
morphic vesicles (Figs. 10-12) with occasional 
large dense-core vesicles also present. This 
corresponds well to the vesicle types in un
stained boutons in the same material, where 
symmetrical membrane specialization and 
pleomorphic vesicles are found together (Fig. 
3). 

Electron microscopy of postsynaptic structures 

The nature and distribution of postsynaptic 
structures is summarized in Table 1. It can be 
seen that there is a difference between the 
two species and also between areas 17 and 18 
in the cat. However, in view of the small 
number of cells examined and the large vari
ance within the group of three cells in area 17 
of the cat it is not our intention to attach any 
special significance to these differences. 

In area 17 of the cat 86.4% of the boutons 
terminated on small and medium size dendri
tic shafts (Figs. 4B-D, 6, 7, 10, 11, 12A) which 
show no particular orientation. Some of these 
dendrites were followed in long section series 
but no spines could be detected on their sur
face. Many (64%) of the postsynaptic dendrites 
received synapses from one or more nonim
pregnated synaptic boutons in the same sec
tion which included the impregnated bouton 
(Figs. 6, 7). The majority of nonimpregnated 
boutons established asymmetrical contacts. 
Main shafts of pyramidal cell apical dendrites 
were not encountered among the postsynaptic 
dendrites. Six axosomatic synapses (Figs. 5, 8) 
were identified between the Golgi-stained bou
tons and four nonpyramidal neurons, three of 
which were fusiform with dendrites originat
ing from the upper and lower pole of the 
perikaryon. One of the synapses was in fact 
on the emerging main shaft, but was classified 
as axosomatic (Fig. 5). These neurons could be 
identified as being nonpyramidal since they 
received both asymmetrical and symmetrical 
synapses from unstained boutons on their per
ikaryon (Colonnier, '68; Parnavelas et aI., '77). 
No pyramidal cell perikaryon or axon initial 
segment was ever found among the postsyn
aptic structures. The origin of the three spines 
postsynaptic to the stained neurons in area 17 
of the cat could not be determined. 

One neuron was studied under the electron 
microscope in area 18 (Figs. 13, 14). Spines 
were more frequently (26%) found postsynap
tic to the axon of this neuron (Fig. 14A) but 
the majority of the synapses were still estab
lished with dendritic shafts. One of these 
shafts could be an apical dendrite since it had 
a radial course and was about 2 fLm in diam
eter. It received only symmetrical synapses on 
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Fig. 3. A bouton containing spherical vesicles fonus an asymmetrical or type I synapse (single arrow) with a dendrite 
in the striate cortex of the cat. Another bouton containing smaller pleomorphic vesicles fonus a symmetrical or type II 
synapse (double arrows) with the same dendrite. Note the extensive postsynaptic membrane specialization at the type I 
synapse. Scale = 0.2 /-tm. 

the shaft and two spines receiving asymmetr
ical synapses were seen to emerge from its 
surface. Another shaft in synaptic contact 
with an impregnated bouton emitted two 
spines, both of which received asymmetrical 
synapses (Fig. 14B). The other dendrites were 
small or medium size without particular ori
entation. Only a small number of unstained 
boutons were found to terminate on the post
synaptic dendrites, indicating that some of 
them are different from those in area 17. 
Synapses were seen only in four cases in the 
plane of the impregnated bouton. 

One layer III double bouquet neuron in the 
monkey striate cortex was reprocessed for 
electron microscopy. Many more spines were 
found to be postsynaptic to this neuron than 
in the cat (Table 1). The proportion of spines 
was somewhat greater in layer III than in 
layer IV. All these spines received one asym
metrical synapse from boutons containing 
round synaptic vesicles (Fig. 17 A) in addition 
to the symmetrical synapse established with 
the impregnated bouton. The spines had very 
long but thin stalks which made it impossible 
to trace back to the parent dendrites. Postsyn
aptic dendritic shafts (Fig. 17B,C) were small 
to medium diameter and 19% of them were in 
asymmetrical synaptic contact with nonim
pregnated boutons (Fig. 17C). They had no 
particular orientation. 

We were particularly interested to see 
whether one postsynaptic structure receives 
multiple synapses from one double bouquet 
cell. In each species two reconstructions were 
made from serial sections. It was found that 
neighboring or closely situated boutons usu
ally form synapses with different structures. 
Two neigh boring synapses on the same den
drite were only occasionally observed (Fig. 6). 
However, two of the postsynaptic perikarya 
received two adjacent synapses from a double 
bouquet cell. 

Layer IV spiny double bouquet cells in the 
monkey 

The lack of specific synaptic relationship 
between apical dendrites of pyramidal cells 
and the axons of double bouquet cells found in 
layer III leaves the question of the origin of 
presynaptic boutons on apical dendritic spines 
open. 

Double bouquet cells have also been de
scribed in layer IV (Szentagothai, '73, '78)' 
Therefore we thoroughly studied this layer, 
but so far have failed to find similar cells to 
those in layer Ill. However, we encountered a 
new type of small spiny cell with a remarkably 
narrow vertical dendritic field (Figs. 18, 19). 
The fusiform perikaryon was about 7-10 [Lm 

in diameter and was always in layer IVCa. 
The radial dendri tes formed two narrow col-
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4A 
Fig. 4. (A) Photomontage of part of the vertical axon bundle of the neuron shown in Figure 1. Framed area is shown 

at the electron microscopic level in (B). Structures common to A and B are a neuron (N), a glial cell (Gl), the Golgi-stained 
axon collateral (ac), and a Golgi-stained bouton (b) from another collateral. This bouton is shown at higher magnification 
(C) forming a synapse (arrow) with a dendritic shaft (d). The same bouton (b) is seen three sections away at the largest 
extension of the synaptic contact (arrow). Scales = A: 20 p.m; B: 2 p.m; C and D: 0.2 p.m. 
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Fig. 5. A and B. Serial sections of a nonpyramidal cell (NC) which received two synapses from the Golgi-stained 
boutons of the double bouquet neuron in Figure 1. In addition to the impregnated bouton (framed area) two boutons 
(arrows) are seen to make type I synapses with the same neuron. One of these (open arrow) is shown at higher 
magnification in (C). In (D) the framed area in cB) is shown at higher magnification where the impregnated bouton 
establishes a type II synaptic contact (arrow). Note the more extensive postsynaptic density at the type I contact in (C). 
Scales = A and B: 1 /Lm; C and D: 0.2 /Lm. 
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Fig. 6. Two boutons of the same axon collateral from the axon plexus of the cell in Figure 1 make type II synapses 
(arrows) with a nonpyramidal cell dendrite (d), which also receives three type I synapses from boutons containing 
spherical vesicles (asterisks). Scale = 0.5 j.Lm. 

Fig. 7. A dendritic shaft (d) containing a lamellar body Ob) receives a type II synapse (arrow) from the bouton of the 
cell in Figure 1 and a type I synapse from a bouton with spherical vesicles (asterisk) . Scale = 0.2 j.Lm . 

Fig. 8. Axosomatic synapse (arrow) established by the impregnated bouton of the cell in Figure 1 with the perikaryon 
of a nonpyramidal cell. Scale = 0.2 j.Lm . 

Fig. 9. Desmosomoid symmetrical attachment plaque (open arrow) between the impregnated bouton and a dendrite 
(d) with dense material accumulation on both sides. Scale = 0.2 j.Lm. 
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Figs. 10-12. Golgi-impregnated boutons of double bouquet cells. The Golgi precipitate was partially removed from the 
boutons. Scales = 0.2 }J-m. 
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Fig. 13. Drawing of a cell with vertical axon bundle in layer II I of area 18 in the cat's lateral gyrus. The axon is only par
tially drawn, as indicated with a horizontal line in A and B. Scales and labelling as in Figure 1. See electron microscopic data 
in Table 1. 

Fig. la. (A,B) Serial sections of an axodendritic synapse (large arrow) established by neuron No. 2. in Table l. Note 
flattened synaptic vesicles (white arrows) and an electron-dense line in the synaptic cleft. 

Fig. 1l. A cluster of pleomorphic vesicles (white arrows) in a bouton of the same cell as in Figure la. The bouton 
makes a synapse (arrow) with a dendritic shaft (d). 

Fig. 12. (A,B) 1\vo boutons of neuron No. 3. in Table l. (A) One bouton contains small pleomorphic vesicles and 
establishes a type II synapse (arrow) with a dendrite (d) . 1\vo other boutons (asterisks) containing larger vesicles establish 
type I synapses with spines (S). (B) Small pleomorphic vesicles are revealed in a bouton of the same neuron after removal 
of the Golgi precipitate. Scales = 0.2 /Lm. 
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Fig. 14. (A) Type II synapse established by the cell in Figure 13 with the neck of a spine CS>. In (B) a dendrite (d) 
emitting a spine (S,) receives a synapse (arrow) from the impregnated bouton of the same cell. Because of the tangential 
plane of the section, the synaptic cleft is not seen here. Another spine (SJ was traced in seria l sections to the same 
dendrite. Both spines received synapses from boutons containing round vesicles. Scale = 0.2 p.m. 
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Fig, 15, Drawing of a Golgi-impregnated cell (B) with vertical axon bundle CA) in the striate cortex of the monkey, The 
axon bundle has been separated into three parts which should be continuous at the points marked by broken lines at X, 
X I , and Y, Y' , Arrow indicates the axon hillock. The position of the neuron in the cortex is shown in (C). See electron 
microscopic data in Table 1. Scales = A and B: 50 /Lm; C: 100 /Lm, 
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Fig. 16. Photomontage of part of the vertical axon bundle of the cell shown in Figure 15. Scale = 20 /Lm. 

Fig. 17. Boutons from the axon plexus seen in Figure 16 are shown to make type II synapses (arrows) with a spine (A) 
and with dendritic shafts (B and Cl. The spine and the shaft in C receive a type I synapse from boutons containing round 
synaptic vesicles (asterisksl. Scale = 0.2 /Lm. 
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Fig. 18. Drawing of two spiny double bouquet cells in layer IV of the striate cortex of the 
monkey. The axon hillock is indicated by an arrow. The position of the cells is shown in C. Cell B 
was studied under the electron microscope (see Table 1), and two of its collaterals were found to 
become myelinated (m) . Scale = A and B: 50 j.Lm ; C: 100 j.Lm. 
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umns of about 20-50 /-Lm in diameter, descend
ing and ascending in layers IVB-C. They 
branch once or twice but the branches pre
serve a radial direction. The largest dendrites 
may terminate in a small tuft. Shortly after 
leaving the soma the dendrites become en
crusted with typical long-stalked spines (Figs. 
18, 19) . 

The axon usually originates from the lower 
pole of the perikaryon, takes a descending 
course, and emits several recurrent collater
also So far we have been able to reveal only 
small parts of the axonal field. One reason for 
this, as later electron microscopic studies 
showed, is that many of the collaterals become 
myelinated. 

Nine of the boutons of the impregnated part 
of the axon were studied under the electron 
microscope (Table n. All made asymmetrical 
synaptic contacts with pronounced postsyn
aptic membrane specializations. Spines (Fig. 
20A) and dendritic shafts (Fig. 20B) were the 
postsynaptic elements, the latter being more 
numerous. 

DISCUSSION 

The neurons described in layer III of cat or 
monkey are identical to Raman y Cajal's "cel
lules a double bouquet dendritique" (Raman 
y Cajal, '11, Figs. 345, 348, 351), to some of 
the "cells with horse tail shape axon" de
scribed by Szentagothai ('73, '75, Szentagothai 
and Arbib '74), to type 3 cells of Jones ('75), 
and to Valverde's "cells with tight vertical 
bundles" (Valverde, '78). It is astonishing how 
the description given by Jones ('75) of cells in 
the monkey somatosensory cortex accurately 
depicts the features of cells found in our study 
in different cortical areas and in different 
species, which may indicate the ubiquitous 
role played by these neurons in cortical cir
cuitry. 

The naming of cortical neurons is a matter 
needing clarification (Mann, '79). The essen
tial difference between neuron classes is the 
difference in input and output. As efforts to 
characterize the afferent and efferent connec
tions of identified cortical neurons started only 
recently (LeVay, '73; Kelly and Van Essen, '74; 
Somogyi, '77, '78, '79; Parnavelas et al., '77; 
Fairen et al., '77; White, '78; Peters and Fair
en, '78; Peters et al., '79; Gilbert and Wiesel, 
'79; Lin et al., '79), the data do not allow a 
comprehensive differentiation. Consequently 
classifications based either on light micro
scopic single neuron staining, such as the 
Golgi method, or on purely electron micro
scopic analysis remain in use. To avoid intro-

ducing yet another term in the present study 
we frequently use the name "double bouquet 
dendritic neuron" coined by Raman y Cajal. It 
must be emphasized, however , that other neu
rons with totally different axon arborizations 
may have similar double bouquet dendritic 
fields. Fusiform neurons with similar smooth 
or sparsely spinous dendrites have been de
scribed in layer III of the visual cortex of the 
rat, but their axons form specialized terminal 
bouton rows synapsing on the axon initial 
segment of pyramidal cells (Somogyi, '77)' 

In the present study another double bouquet 
cell was described in layer lVC of the monkey's 
striate cortex. Although possessing a narrow 
dendritic cylinder like that of the layer Ili 
cells, it differed sharply from the latter by 
having densely spiny dendrites and making 
asymmetrical synaptic contacts. This means 
that its connections are different from the 
layer III cells, yet it is properly described as 
a double bouquet cell. This neuron is probably 
a variety of spiny stellate cell, s ince the latter 
also form asymmetrical synaptic contacts 
(LeVay, '73; Somogyi, '78; Somogyi and Cow
ey, unpublished observations in the monkey). 
The relatively small number of identified syn
apses established by this cell type does not yet 

. allow the characterization of the postsynaptic 
neurons. The nine identified synaptic contacts 
do not indicate the invol vement of apical den
drites among the postsynaptic structures. In 
previous Golgi studies (Valverde, '7 1; Szenta
gothai, '73; Lund, '73) on the monkey striate 
cortex no similar neuron was described, which 
shows the limitations of this method in sam
pling neuronal populations. 

As the dendritic morphology is not entirely 
unique to the neuron type the vertical axon 
bundle was used as an additional criterion in 
this study, and the synapses and postsynaptic 
structures were also characterized to obtain 
information on the connectivity of the neu
rons. 

Interest has been focused on this type of 
neuron because its morphology is well suited 
to distributing information in the vertical di
rection through layers II-V. This idea fits well 
wi th the resul ts of physiological studies dem
onstrating a columnar organization of the vis
ual (Hubel and Wiesel, '77) as well as other 
cortical areas (Mountcastle, '57; Asanuma, 
'75) in which the initial input is confined 
predominantly to layer IV and is distributed 
by local circuit interneurons to other layers 
in a narrow column. Such a scheme is sup
ported by proposals that the vertical axon 
bundles of layer III double bouquet cells ter-



, , 

J / 

19-

SYNAPSES OF DOUBLE BOUQUET CELLS IN THE CORTEX 563 

Fig. 19. Photomontage of neuron B in Figure 18. White arrow indicates the axon hillock. Boutons of this cell labelled 
by arrows are shown in Figure 20. Scale = 20 iJ.m . 

Fig. 20. Asymmetrical or type I syna pses (arrow) formed by the Golgi-stained boutons labelled in Figure 19. In (A) the 
synapse is on a spine (S) and in (B) it is on a dendritic shaft (d). Scale = 0.2 iJ.m . 
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minate on the spines of apical dendrites (Ra
mon y Cajal, '11; Colonnier, '66; Szentagothai, 
'73, '75, '78). This proposal could not be con
firmed in the present study. In neither species 
were spines of apical dendrites a major syn
aptic target of double bouquet cells. On the 
basis of Golgi studies Valverde ('78) has also 
questioned whether the apical dendrites could 
be the postsynaptic targets. 

Whether a cell exerts mainly inhibitory or 
excitatory action through its synapses is not 
possible to determine by morphological meth
ods. However, there is converging evidence 
that in the cerebral cortex at least some of the 
boutons which form symmetrical synapses and 
contain pleomorphic vesicles are inhibitory. 
Glutamic acid decarboxylase, the synthetizing 
enzyme of y-amino butyric acid (GABA), has 
been localized in these boutons in the cortex 
of both rat (Ribak, '78) and monkey (Ribak et 
al., '79). Furthermore, there is increasing evi
dence that GABA is an inhibitory transmitter 
in the cerebral cortex (Iversen et al., '71; Rose 
and Blakemore, '74; Sillito, '77; 'Thumoto et 
al., '79). It is even more pertinent to the 
present study that fusiform cells with vertical 
dendrites have been shown to contain glutam
ic acid decarboxylase (Ribak, '78) and to ac
cumulate H:l-GABA in layer III (see Emson 
and Lindvall, '79). This indicates, although it 
does not prove, that GABA is a transmitter in 
these neurons, and also possibly in the neu
rons described here in layer Ill. 

In the monkey the synapses of the cell with 
vertical axon bundles were unambiguously 
and typically symmetrical or type Il (Gray, 
'59) . However, in the cat the synapses had 
more pronounced postsynaptic membrane spe
cializations than the axosomatic synapses of 
pyramidal cells , or the synapses found on 
pyramidal cell axon initial segments in the 
same material. This indicates that synapses 
classified as type II or symmetrical in conven
tional electron microscopic material may not 
be homogeneous. When a subpopulation of 
synapses is separated, as in the present study 
through the Golgi staining, subtle differences 
can be repetitively observed. Compared to 
asymmetrical axosplnous or axodendritic syn
apses the identified synapses with impregnat
ed boutons had much smaller postsynaptic 
densities. After the partial removal of the 
Golgi precipitate the presence of pleomorphic 
and predominantly elongated synaptic vesi
cles provides further evidence that the boutons 
of layer III cells form type II synapses. 

All nonpyramidal cells with smooth or 
sparsely spiny dendrites examined so far have 

been found to establish symmetrical or type Il 
synapses (Le Vay, '73; Parnavelas et al., '77 ; 
Somogyi, '77, 79; Somogyi et al. , '79; Peters 
and Fairen, '78). It was suggested furthermore 
that all these neurons might be inhibitory 
(Peters and Fairen, '78). It follows that any 
synaptic interaction between them results in 
the inhibition of an inhibitory interneuron. 
Such interaction has been proposed to occur 
in the striate cortex of the cat to explain the 
discharge characteristics of cortical neurons 
excited by stimulation of the retina (Toyama 
et al., '77 ). It was found that for all cells an 
initial excitation was followed by a depression , 
probably mediated by ISPSs, which was rap
idly succeeded by a rebound discharge, possi
bly as a result of inhibition of the first-order 
inhibitory interneuron. The interneuron with 
vertical axon bundles described in area 17 of 
the cat ideally fits the role of the second-order 
inhibitory neuron because: (i) the character
istics of its synapses suggest it is inhibitory; 
(ii) it frequently makes synapses with peri
karya and dendrites of other nonpyramidal 
cells which could also be inhibitory ; (iii) it is 
situated in upper layer Ill , and is thus unlike
ly to receive input from specific afferents to 
cause the first-order inhibition. 

To provide more direct evidence for this 
hypothesis it will be necessary to reveal the 
postsynaptic neurons in more detail together 
with their axons, perhaps through a method 
which makes it possible to localize intracell
ular HRP in cells postsynaptic to Golgi
stained interneurons in the cortex (Somogyi 
et al., '79 ). 

Some of the dendritic shafts postsynaptic to 
layer III double bouquet cells could be the 
basal dendrites of pyramidal cells or side 
branches of apical dendrites. In two cases in 
area 18 of the cat, spiny dendrites , very likely 
of pyramidal cell origin, were the postsynaptic 
target. Spines which in layer III probably 
belong to pyramidal cells are a significant 
postsynaptic structure in area 18. In the mon
key the proportion of spines was greater than 
in the cat and the number increased in layer 
Ill, where the majority can belong only to 
pyramidal cells. In conclusion, besides non
pyramidal neurons demonstrated in area 17 of 
the cat, certain parts of pyramidal cells also 
receive synapses from the descending axons of 
double bouquet cells. 

It is difficult to assess whether the differ
ences in the nature of postsynaptic structures 
between the two species and between the two 
cortical areas of the cat are significant. The 
number of boutons studied is not sufficient for 
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a thorough statistical analysis. Nevertheless 
for the two most extensively studied neurons 
in area 17, the difference between the cat and 
the monkey probably indicate a difference in 
the efferent synaptic relationships of these 
particular neurons in the two species. This 
implies that caution is necessary in extrapo
lating from one species to another when syn
aptic relationships of morphologically similar 
neurons are concerned. 

The idea of apical dendrites being the post
synaptic target of double bouquet cells has 
been attractive since it seemed to explain the 
narrow, strictly radial course of the axon. It 
suggested a climbing type of interaction. This 
could not be confirmed in the present study 
since the radial beaded axons do not seem to 
follow any particular postsynaptic structure. 
Multiple synapses on the same dendrite were 
rarely observed. However, since the vertical 
axon plexus has a very high bouton density it 
is likely that the axon of one double bouquet 
cell encounters the dendrites or perikaryon of 
the same postsynaptic neuron several times. 

Instead of the climbing type of connection 
other factors could also explain the small 
diameter of the axon cylinder . If one thinks of 
not one neuron but assemblies of double bou
quet cells with vertical axon bundles, these 
axons together form dense "curtains" from 
layer II down to layer V. The shape of these 
axon curtains, as viewed from the surface of 
the cortex, may vary according to which dou
ble bouquet cells are active but the edges 
would be extremely sharp because of the small 
lateral spread of the axons. Such axonal as
semblies may contribute to causing differences 
in the activity of neighboring neuron popula
tions in a slablike fashion. 

Cortical inter neurons with smooth or sparsely 
spiny dendrites have been studied to establish 
their postsynaptic targets. Peters and Fair€m 
('78) have reported six neurons in the rat 
striate cortex which established synapses with 
practically all structures known to receive 
symmetrical synapses. Thus pyramidal cell 
perikarya, axon initial segments, apical den
dritic shafts, as well as nonpyramidal cell 
dendri tes and soma were found among the 
postsynaptic structures. In contrast to this 
diverse collection of terminal sites another 
local circuit interneuron, the axo-axonic cell, 
was found to make synapses exclusively with 
the axon initial segments of pyramidal cells 
in the rat, cat, and monkey (Somogyi, '77, '79; 
Somogyi et aI., '79). This is a very high degree 
of specificity with regard to the postsynaptic 
targets, which is echoed by the spatial speci-

ficity of layer III double bouquet cell, whose 
overall specific geometry is unsurpassed 
among known cortical local circuit interneu
rons. Especially in the monkey but also in the 
cat the axon bundles occupy a narrow cylinder 
between layers I and VI. Regarding the post
synaptic structures these neurons are not ab
solutely specific but neither pyramidal cell 
perikarya nor axon initial segments were 
found among the 120 synapses examined so 
far and an apical dendritic shaft was possibly 
found in only one case. This clearly shows 
selectivity and preference for certain postsyn
aptic elements and emphasizes yet again the 
intricate wiring of the cerebral cortex. 
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