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fIG. 7. Three dimensional reconstruction of the Purkinje 
cell axon initial segment of the cat (A) and that of the 
rat (B) to illustrate synapsing basket terminal distribution. 
Shaded areas demonstrate synaptic contacts by basket 
axons. Note that in the cat one basket axon establishes 
synaptic contact with both the soma and the initial seg-

ment of the Purkinje cell. 

cialization area is also considerably larger (compare 
Figs. la and 2 with Fig. 5; see also Table 2). It is 
noteworthy that a relatively large part of the surface 
of the IS membrane is in actual synaptic apposition 
with basket cell terminals: 0.7- 2% in the rat and 
1-6% in the cat. 

The distribution of boutons terminaux or boutons 
en passant along the IS is rather uneven. Most of 
the basket boutons can be observed on the proximal 
one third of the IS, although smaller boutons may 
also occur further down (Figs. 7(A), (B)). In some 
cases we were able to follow basket axon collaterals 
which in addition to synapsing on the soma de­
scended and also established synapses with the initial 
segmen t (Figs. 4a, b). 

DISCUSSION 

It appears from this study that axo-axonic synapses 
between basket cell axon terminals and the IS of the 
Purkinje axon are not accidental but regular struc­
tures. The three-dimensional electron microscopical 
analyses of 17 IS has revealed the presence of a minor 
but nevertheless significant number of such syanapses 
(3.5 on the average in the cat, 2.9 in the rat). The 
surface of the IS occupied by specialized synaptic con­
tact with presynaptic basket axon profiles is surpris-

ingly large: about 2% of the total surface of the IS. 
This is not much less than the average on dendritic 
and soma surfaces of central neurons (for example 
4-9°10 in the monkey lateral geniculate nucleus; PASIK, 
PASIK & HAMORl, unpublished). The extension of the 
synaptic contact areas, as well as the size of the 
synapsing basket boutons are much smaller in the 
rat than in the cat. This may explain, at least partially, 
the contradiction between earlier statements on 
numerous such contacts in the ca t (HAMORI & SZEN­
TAGOTHAI , 1965) versus assurances that they occur 
only very occasionally in the rat (PALAY, 1964a,b, 
1967; PALAY et al., 1968). Obviously, the larger bou­
tons and extended synaptic surfaces in the cat are 
more likely to appear in random sections, used ex­
clusively earlier, than tbe smaller basket boutons and 
contact areas of the rat. The discrepancy between the 
two sets of observations has become less, more 
recently (PALAY & CHAN PALAY , 1974; GOBEL, 1971; 
M UGNAINJ, 1972). 

Measurements of the length of the Purkinje cell 
IS by our method resulted in approximately the same 
value, about 17 pm, in botb the cat and the rat cere­
bellum. In light microscopic studies of Golgi material 
the length of the Purkinje cell IS was found to be 
about 30 pm by ECCLES, ITo & SZENTAGOTHAI (1967), 
50 {lm by MUGNAINI (1972) and approx 40- 50 pm by 
PALAY & CHAN-PALAY (1974). However, with the 
Golgi method the measurement of the length of the 
IS can not be expected to be quite accurate, due to 
difficulties in determining the point of the beginning 
of the myelin sheath. 

Speculations about the functional significance of 
the localization of the inhibitory synapses in the axon 
hillock region go back to an early concept proposed 
by GESSEL (J 940). Identification of the IS as the site 
of generation of the propagated spike potential 
(ARAKI & OTANI , 1955; COOM13S et al. , 1957) gave 
further emphasis to the possible localisation of inhibi­
tory synapses on this strategic region of the neuron. 
Eventually, the inhibitory action exercised upon the 
Purkinje cells by the basket terminals (ANDERSEN et 
al., 1963) became one of the best examples for the 
concept of a strategic localization of inhi bitory 
synapses. 

However, the highly elaborate structure, the so 
called 'pinceau' formed around the IS of Purkinje 
cells by basket axon terminals, is hard to expJain in 
view of the many other cases of inhibitory pericell ular 
basket terminals, where no such structures are pres­
ent. Earlier it was postulated tbat this structure may 
be responsible for the slow build-up of basket cell 
inhibitory action (ECCLES et al., 1967). It was specu­
lated that transmitter released from basket axons in 
a relatively large space and parti ally remote from 
their target of the IS, could diffu se wi thin the space 
surrounded by the glia and could therefore exert a 
long lasting tonic action. This idea �~�a�s� further sup­
ported by what appeared as an unusual amoLlnt of 
extracellular space between small processes of basket 



.-

• 

Synapses on the Purkinje cell axon initial segment 365 

axons (HAMORI & SZENT AGOTHAI, 1965). This hypoth­
esis was recently criticised (PALAY & CHAN-PALAY, 
1974) on the basis of the absence of both structural 
requirements; that is, the outer glial sheath and the 
larger extracellular space. However, observations on 
complete section series of several basket arrangements 
suggest that the outer mantle of the relatively bulky 
basket axon collaterals and the surrounding glial do, 
in fact, fOl'm a capsule, penetrated by relatively few 
extracellular channels toward the interior of the pin­
ceau. Moreover, although the apparent extracellular 
space between cell processes described by HAMORI & 
SZENTAGOTHAI (1965) was a fixation artefact of tech­
niques used at that time, there is obviously a rela­
tively high proportion of extracellular space within 
the pinceau simply due to the small diameter of the 
numerous twisting twigs and finger-like processes of 
basket axons. This results, for obvious geometric rea­
sons, in an extraordinary extension of membrane sur­
faces and correspondingly in an increased proportion 
of the extracellular space. 

We can thus conclude, that the postulate of ECCLES 
et al. (1967) still has its structural basis although more 
physiological, quantitative morphological work is 
necessary to elucidate the function of the structures 
surrounding the IS. 

Our quantitative measurements have also con­
firmed earlier observations (PALAY, 1964a; PALAY et 
al., 1968) that the Purkinje axon IS is richly covered 
by glial processes. About 75% of the IS total surface 
in the cat, and 85% in the rat is contacted by an 
extremely thin sheath of glial strips and bars. The 
pinceau itself except for the very few thin glial pro­
cesses passing through which originate from the glial 
cell bodies and are addressed exclusively to the IS, 
is otherwise void of glial elements. At present it is 
rather difficult to find a satisfactory explanation for 
the function of the peculiar glial sheath around the 
IS, although one possibility is that the large glial 
membrane surface may have a role in uptake and/or 
release of ions during the firing of the neuron. 
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