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The lUl"lIJ\.JvaHJ was one of the first structu-
res in the central nervous where ,," .. ''' ..... nr> 

inhibition could be demonstrated 
. It has been en ,-. O:':'C'1't"rI" 

the neuron for the inhibition is the 
basket first described in the classical studies 
of Ramon y ; this cell is to termi-
nate on the of neurons. 
Later studies led to the conclu-
sion that the chemical mediator of the inhibition 

It should be 

is 
the identification of a new, 

which establishes 

are 
tuated to exert direct control over the 

UH.UU.CU neurons. 
The brains of adult male rhesus 

were fixed ...... "'1"1'n''',.., .... with a 
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up to 
se~~me:nts of 

DOIJul:aticlO of 

fixative30 after the animals 
had been sedated with ketamine and then 
ly anaesthetized with sodium. 
The animals had been used in be-
havioural but there was no reason 

were for 
thick sections were ("yn."rlT""~' artlv .. OO.47 

ted 
identified structures. 

In the clusters of a 
new axonal arborization 
were observed the camera lucida 

which resembled the axons ofaxo
axonic interneurons first identified in the visual 
cortex25 • In 8 cases the 
ced and to Oflfunate 
rons whose III 

of stratum The neurons were 
15-25 Mm in diameter and were 
vl.nu ....... .., v, .. <4,I-''''', .... Their dendrites were 

to the 
midal neurons but were much thinner 

The most feature of the axon is 
that an its collaterals .-.1",(""T1lrt"" characteristic ter-



Fig. 1. Drawing of a sin gle Golgi-stained axo-axonic ce ll in the CA I region of the monk ey hippocam pus. The upper and lower 
extremes of the very extensive axona l arborization mark the borders of the stra tum pyramida le. T he axon (a) gives off several 
mai n collaterals, each of which provides ve rtical terminal segments wh ich appear to lie in the position of the initial segments of 
pyra m idal cells. T h is type of axonal a rbo rization is quite diffe rent fro m th at of the basket cell already descr ibed in the literatu
re ul . W e have no t shown a ll the 202 te rm inal rows ofva ricosities th a t co uld be seen in the m icroscope because some wo uld have 
been superimposed ; fu rthermore , only a few of the pyra mid al cells are shown (asterisks). T wo pyramid al cells, labeled I and 2, 
are illu strated in Fig. 2. O ne possib le reason why this type o f interneuron has not been described be fo re in the m any studi es using 
simi lar procedures is the unp redictable na tu re o f the Golgi method ; however , it is also possib le th at the new type of fi xative used 
in th is study is partly responsible . Scale: 50 fLm. 



Fig. 2. a: light micrograph showing 3 pyramidal neurons (N 1-3) in the CA 1 region of the hippocampus, together with the stained 
vertical terminal segments (arrowheads) of axon colIaterals of the axo-axonic cell illustrated in Fig. 1. The terminal axon seg
ments situated under the pyramidal cell bodies appear to surround and follow the axon initial segments. This was established by 
examination of the same axons and pyramidal cells in the electron microscope (b-e). b: low magnification view of two of the py
ramidal neurons (N h N 2). The axon initial segment ofN2 is in the plane of the section (framed area) and is shown in c. c: several 
Golgi-impregnated, gold-toned boutons (identifiable by the highly electron-dense particles of gold) belonging to the axo-axonic 
cell are in contact with the initial segment (IS); one of them (framed) is shown at higher magnification in d. d: the Golgi-impreg
nated bouton makes two symmetrical synapses (arrows) with the initial segment (IS) . e: convergence of an unstained bouton 
(asterisk) and a bouton from the stained axo-axonic cell, both in symmetrical synaptic contact (arrows) with the axon initial seg
ment of the pyramidal neuron N 2. Scales : a, 25 f.Lm; b, 5 f.Lm; c, I f.Lm ; d,e, 0.2 f.Lm. 
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minal segments consisting of one or more rows 
of varicosities 40-·80 flm long. The colla terals 
form such rows of terminals all along their ar
cadic course as they pass among pyramidal neu
rons. Several thin colla tera ls from differen t p arts 
of the axon arbor may converge to build up a 
single terminal segmen t. The axon arbor re
mains strictly in the stratum pyramidale and its 
tangential spread is about 300- 500 flm . Because 
of the difficulty in following a thin axon from 
section to section on ly partial recons tructions 
could be made. The neuron in F ig. 1 was recon
structed from two sections and formed 202 termi
nal segments, but some of the collaterals were cut 
so that the total n umber must have been higher. 
Each of the terminal axon rows is situated a t the 
base of a pyramidal neuron and is orientated in 
a way which suggests that it is associated with the 
emerging axon of the pyramidal ne uron (Fig. 2a). 

T he latter has been established by electron 
microscopic examination of some of the identi
fi ed terminal axon segments (Fig. 2b- e). Each 
impregnated varicosity fo rms one or two sym
metrical synaptic con tacts with the axon initial 
segment CAIS) of a pyramidal neuron . The ini
ti al segment was id entified by its characteristic 
o rigin at the base of the pyramidal neuron and 
by the microtub ule fascicles and membrane un
dercoati ng (Fig. 2b,c) uniqu e to this part of the 
neuron . Since the id entified boutons of the in
te rneuron are presynaptic to the pyramidal neu
ron's axon, we call th is neuron an 'axo-axonic 
cell' , as with similar cells identified in the neo
cortex25.27,29. The terminal segments of two axo
axonic cells were studied . Sections of twe lve ter
minal rows were obtained from th e neuron 
shown in Fig. I and 6 from another neuron. 
From a terminal segment only some of the bou
tons were studied and from the 2 cells 59 and 69 
synaptic contacts were identified , respectively. 
All of the synapses involved the AIS, indicating 
an absolu te specificity fo r the postsynaptic tar
get. It was estimated that a single axo-axonic cell 
provides about 8-30 synapses to a single AIS of 
an individ ual pyram idal neuron. The same ini
tial segments received a la rge number of similar 
synapses from uns tained terminals (Fig. 2e). Be
ca use the G olgi proced ure usually stains a pro-

cess completely, the unstained terminals prob
ably represent the boutons of other axo-axonic 
neurons converging onto the AIS. This is sup
ported by the observation that when overlapp
ing axonal arbors of several axo-axonic neurons 
are impregnated the region around the presu
med AIS becomes much denser. Although th e 
degree of convergence has not been established , 
the detailed electron microscopic study of Kosa
ka l 7 indicates that up to 143 symmetrical synap
ses may be found along one pyramidal cell AIS 
in the ra t. However, in the latter study the cells 
of origin of the boutons were not identified . In 
th e monkey, both the stained and unstained ter
minals contain small clear pleomorphic vesicles 
and large gran ula ted vesicles and the synaptic 
zones are symmetrical (Fig. 2d ,e). 

The above findings agree well with those ob
served for axo-axonic cells (originally called 
'chandelier ce lls '34) in the neocortex 11 ,25,27. 29 and 
make it likely that axo-axonic cells evolved to 
fulfill a universal role associated with the struc
tural design of pyramidal neurons, rather than 
with a particular brain area. A poss ible cl ue to 
this universal function is that the AIS is general
ly considered as the region responsible fo r 
generating the axonic axon potentiaPI. Whereas 
synaptic control of neuronal firing at the level of 
the soma and dendrites is graded, that a t the 
level of the AIS might well be 'all or nothing'6. 
T hus it is likely that an interneuronal system 
providing a powerful input specifically to this 
part of the neuron could influence the firing of 
the neuron in a very direct way. 

We can on ly speculate about the nature of the 
control exerted by the axo-axonic cell in the hip
pocampus. By analogy with the basket cell sy
napses on Purkinje cell axon initial segments7

.
15 

and with the synapses on the AIS of the Mauth
nef ce119, an inhibitory effect would be the most 
obvious function . Wh ile in these two cases the 
structural design is different and indicates th at 
electrical as well as chemical inhibitory mechan
isms may operate, in the hippocampus the natu
re of the axo-axonic contacts suggests a chemical 
interac tion. A possible inhibitory transmitter is 
y-aminobutyrate and it is noteworthy that gluta
mate decarboxylase is present in the pyra midal 
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