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Summary. The synaptic connections of the axon initial 
segment (IS) of retrogradely labeled corticocollicular 
neurons in the rabbit visual cortex were studied using the 
HRP-EM method. Identified IS showed relatively few 
synaptic boutons unevenly distributed along their surface. 
All these axo-axonic terminals contained pleomorphic 
vesicles and formed symmetrical synaptic junctions with 
the IS. The possible origin and chemical nature of these 
synaptic boutons are discussed. 
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Introduction 

It is well established that the primary visual cortex in 
mammals sends projections to subcortical structures (for 
review see Swadlow, 1983) amongst them to the superior 
colliculus (SC). As in other species (Swadlow, 1983; 
Jones, 1984), in the rabbit, visuocortical neurons 
projecting to the SC are located in layer V though some 
are also in layer IV (Swadlow and Weyand, 1981). All of 
them have a pyramidal shape (Jones, 1984). Available 
information from pyramidal neurons includes ultrastructure 
(for review see Feldman, 1984), and the type and 
distribution of synaptic contacts which receive the cell 
body of the cat corticocollicular neurons (Kennedy, 
1982). However, little is known about synapses of the 
axon initial segment (IS) of identified corticocollicular 
neurons. The purpose of the present work was to study 
the number, distribution and type of synapticcontacts on 
the IS of neurons in primary visual cortex which were 
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retrogradely Golgi-like labeled following injections of 
horseradish peroxidase (HRP) in the rabbit SC. Part of 
the results reported here have been published in abstract 
form (Matute et al., 1983). 

Materials and methods 

Twelve pigmented rabbits (i.5-2 Kg body weight) 
anesthetized with ketamine (40 mg/Kg body weight, s.c.) 
followed by urethane (0.75 g/Kg body weight, i.p.) were 
used for injections. After removal of the left occipital 
cortex and the underlying hippocampus 1-2 p1 of an 70% 
W/V H R P  (type VI,  Sigma) aqueous solution were 
injected with a 5 p1 Hamilton syringe in 3-4 different 
sites of the right SC under visual control. Two days 
later the rabbits were deeply reanesthetized and 
perfused first with 500 m1 of saline and then with 1.5 liters 
of a solution containing 1% paraformaldehyde and 2% 
glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4. The 
brains were dissected out of the skull, and stored 
overnight in the same fixative at 4O C. Histochemical 
processing of 100 pm thick Vibratome slices (Vibratome, 
Oxford Instruments) from a block of tissue containing 
the visual cortex was carried out according to the cobalt 
chloride method described by Adams (1977). Sections 
were analyzed under light microscopy and Golgi-like 
labeled neurons drawn by camera lucida. Selected 
sections were osmicated, stained with uranyl acetate, 
dehydrated and flat embedded in an Epon-Araldilt 
mixture. Silver-gold serial thin sections were cut, 
collected in one-single slot gride coated with formvar, 
stained with lead citrate, analyzed and photographed 
with a Philips 201 electron microscope. Drawings of the 
outlines and synapses of the IS were obtained from 
projected negatives, and then the IS was manually 
reconstructed (FairCn and Valverde, 1980). The results 
reported below were obtained from one corticocollicular 
neuron whose IS could be completely followed. Three 
other neurons were studied, however, the full length of 
their IS'S could not be observed. 
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Results 

Following injections of HRP in the rabbit SC a large 
number of retrogradely labeled cells were found in the 
primary visual cortex. Most of them were located in layer 
V and some in layer IV, a result which is consistent with 
previous reports (Swadlow and Weyand, 1981; Pinilla et 
al., 1984). Some of these neurons were Golgi-like 
labeled and, therefore, was possible to observe both the 
dendritic tree and the descending part of their axon. 
Figure 1 shows a camera lucida drawing of the 
corticocollicular neuron whose IS was fully analyzed. 
Since the HRP reaction product is electron-dense, 
identification of labeled cells was relatively easy as 
shown in figure 2. 

Fig. 1. Camera lucida drawing of a Golgi-like labeled neuron in the 
rabbit visual cortex following injection of HRP in the superior 
colliculus. Note the pyramidal shape of this cell together with a 
descending portion of the axon (ax) 

The criteria to define the IS included both the presence 
of the undercoating of the axonlemma and the 
microtubule bundles (Westrum, 1970; Palay et al., 1976; 
Sloper and Powell, 1979). The lenght of the IS of the 
corticocollicular neuron was approximately 40 pm (Fig. 
4) which is similar to other studied IS'S from pyramidal 
cells in the cortex (Westrum, 1970; Sloper and Powell, 
1979). Ten synapses unevenly distributed along the IS 

Fig. 2. Photomontage from a level of the pyramidal neuron (pyr) drawn 
in figure 1.  Note numerous electron-dense elements (arrows) 
corresponding to the HRP-reaction product. Bar: 2pm. 
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Fig. 3. Schematic two-dimensional representation of the axon initial 
segment (is) indicating the localization of the observed synaptic 
boutons. my = myelin sheat. Bar: 1 pm 

Fig. 4. Photomontage showing the axon initial segement (is) from the 
axonal hillock to the myelin sheath (my). Note that the histochemical 
reaction makes the whole initial segment (is) slighly darker than the 
rest of the surrounding neuropil. Frame indicates an area further 
enlarged in figure 5. Bar: 2 pm. 

were observed (Fig. 3), a fact confirming previous 
observations showing that the IS of pyramidal neurons in 
the deep layers of the cerebral cortex receive fewer 
synaptic contacts than pyramids in layers 11-111 and IV 
(Sloper and Powell, 1979; de Felipe et al., 1985). The 
highest density of synapses was found between 10 to 20 
pm distance from the cell body. The axo-axonic 
terminals seen along the IS were elongated with the 
principal axis parallel to the principal one of the IS (Figs. 
5-7). All terminals contained pleomorphic vesicles and 
the synaptic contacts were symmetrical (type I1 synapse 
in Gray's classification, 1959; Figs. 5-7). Although the 
observations in the other three neurons studied only 
refered to a part of their IS'S, they seem to confirm the 
results mentioned above in terms of number, distribution 
and morphology of the synapses. 
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Fig. 5. Photomicrograph from a terminal bouton (T) 
showing a symmetrical synapse (arrowhead) in the 
proximal part of the axon initial segment (is). Bar: 0.5 pm 

Fig. 6 and 7. Photomicrographs from two different 
terminal boutons (T) showing symmetrical synapses 
(arrowheads) on the axon initial segment (is) at 15-20 pm 
distance from the cell body. Bar: 0.5 pm 

Discussion 

The origin of the synaptic boutons on the IS of the 
pyramidal cells in the cerebral cortex has been widely 
studied, and there is a general agreement on the fact that 
most of these terminals are from chandelier neurons 
(Somogyi, 1977: Fairin and Valverde, 1980; Peters et 
al., 1982; Somogyi et al., 1982; de Felipe et al., 1985). 
Chandelier cell bodies are mostly located in layer 11-111 
(for review see Fairen et al., 1984; Peters, 1984) though 
some of them, as well as their typical axonal plexuses, 
have also been found in the deeper layers of the cerebral 
cortex (Tombol, 1978; Fairen and Valverde, 1980; 
Somogyi et al., 1982; Frenud et al., 1983). This fact might 
explain the small amount of synaptic contacts on the IS of 
corticocollicular neurons observed in our material as 
compared to pyramidal cells in more superficial layers 
(Sloper and Powell, 1979; Fairen and Valverde, 1980; de 
Felipe et al., 1985). However, in the present study no 
evidence showing .specific terminal portions,, (stp, 
see Fairen and Valverde, 1980) characteristic from 
chandelier cells on the IS was found. Therefore, it might 
be that the axonal terminals observed on the IS of the 
corticocollicular neurons belong to non-stp of chandelier 
cells (Fairen and Valverde, 1980; Somogyi et  al., 1982; 
Peters, 1984) or to other cortical interneurons such as 
non-spinous stellate cells (Peters and Fairen, 1978) or 
basket cells (Somogyi et al., 1983). 

The synaptic boutons on the IS of pyramidal cells seem 
to be GABAergic since they show immunoreactivity 
with anti-GAD (Peters et al., 1982; Frenud et al., 1983; 
de Felipe et al., 1985) and anti-GABA sera (Somogyi et 
al., 1985). On the other hand. corticocollicular neurons 
have been shown to use excitatory aminoacid transmitters 
(Lund-Karlsen and Fonnum, 1978; Matute and Streit, 
1985). Thus, the GABAergic inhibition (Krnjevic, 1984) 
at the level of the IS might have important influence in 
the firing of these excitatory neurons. 

Acknowledgments: We wish to thank H. Kunzli for his excellent 
photographic assistance and to Dr. J. de Felipe for reading the 
manuscript. 

References 

Adams J. C. (1977). Technical considerations on the use of 
horseradish peroxidase as a neuronal marker. Neuroscience 
2,141 -1 45. 

de Felipe J., Hendty S.H.C., Jones E.G. and Schmechel D. (1985). 
Variability in the terminations of GABAergic chandelier cell 
axons on initial segments of pyramidal cell axons in the 



Axon initial segment of cortical neurons 

monkey sensory motor cortex. J.Comp. Neurol. 231,364-384. 
Fairen A., de Felipe J. and Regidor J. (1984). Nonpyramidal 

neurons. General account. In: Cerebral Cortex, vol. 1 : Cellular 
components of the cerebral cortex. Peters A. and Jones E.G. 
(eds.). Plenum. New York. pp 201 -253. 

Fairen A. and Valverde F. (1980). A specialized type of neuron in 
the visual cortex of cat: a Golgi and electron microscope study 
of chandelier cells. J. Comp. Neurol. 194, 761 -779. 

Feldman M.L. (1984). Morphology of the neocortical pyramidal 
neuron. In: Cerebral Cortex, vol. 1 : Cellular components of the 
cerebral cortex. Peters A. and Jones E.G. (eds.). Plenum. New 
York. pp 123-200. 

Frenud T.F., Martin K.A.C. Smith A.D. and Somogyi P. (1983). 
Glutamate decarboxylase-immunoreactive terminals of Golgi- 
impregnated axoaxonic cells and of presumed basket cells in 
synaptic contact with pyramidal neurons of the cat's visual 
cortex. J. Cornp. Neurol. 221,263-278. 

Gray E.G. (1 959). Axo-somatic and axo- dendritic synapses of the 
cerebral cortex: an electron microscope study. J. Anat. 93, 
420-433. 

Jones E.G. (1984). Laminar distribution of cortical efferent cells. 
In: Cerebral Cortex, vol. 1 : Cellular components of the cerebral 
cortex. Peters A. and Jones E.G. (eds.). Plenum. New York. pp 
521 -553. 

Kennedy H. (1982). Types of synapses contacting the soma of 
corticotectal cells in the visual cortex of the cat. Neuroscience 
7,2159-2164. 

Krnjevic K. (1 984). Neurotransmitters in cerebral cortex: a general 
account. In: Cerebral Cortex, vo1.2: Functional properties of 
cortical cells. Jones E.G. and Peters A. (eds). Plenum. New 
York. pp 39-61. 

Lund-Karlsen R. and Fonnum F. (1 978). Evidence for glutamate as 
a neurotransmitter in the corticofugal fibers to the dorsal 
lateral geniculate body and the superior colliculus in the rat. 
Brain Res. 151,457-467. 

Matute C., Martinez Millan L., Contamina P. and Doiiate Oliver F. 
(1 983). Visual cortical cells origin of cortico-collicular pathway 
in the rabbit: an electron microscope study with HRP. 
Neurosci. Lett. Suppl. 14, S241. 

Matute C. and Streit P. (1985). Selective retrograde labeling with 
D-pH)-aspartate in afferents to the mammalian superior 
colliculus. J. Comp. Neurol. 241,34-49. 

Peters A. (1984). Chandelier cells. In: Cerebral Cortex, vol. 1: 
Cellular components of the cerebral cortex. Peters A. and 
Jones E.G. (eds). Plenum. New York. pp 361 -380. 

Peters A. and Fairen A. (1978). Smooth and sparsely-spined 
stellate cells in the visual cortex of the rat: a study using a 
combined Golgi-electron microscope. J. Comp. Neurol. 181, 
129-1 72. 

Peters A., Palay, S.L. and Webster H. de F. (1976). The fine 
structure of the nervous system. The neurons and supporting 
cells. Saunders. Philadelphia-London-Toronto. pp 406. 

Peters A., Proskaeuer C.C. and Ribak C.E. (1982). Chandelier 
cells in rat visual cortex. J. Comp. Neurol. 206,397-416. 

Pinilla M.J., Matute C., Martinez Ciriano C., Contamina P. and 
Martinez Millan L. (1984). Kortikaleverbindungen zum Tectum 
opticum des kaninchens. Verh. Anat. Ges. 78,551 -552. 

Sloper J.J. and Powell T.P.S. (1979). A study of the axon initial 
segment and proximal axon on neurons in the primate motor 
and somatic sensory cortices. Phil. Trans. R. Soc. Lond. B. 
285, 173-1 97. 

Somogyi P. (1977) A specific <(axe-axonal>> interneuron in the 
visual cortex of the rat. Brain Res. 136,345-350. 

Somogyi P., Freund T.F. and Cowey A. (1982). The axo-axonic 
interneuron in the cerebral cortex of the rat, cat and monkey. 
Neuroscience 7,2577-2608. 

Somogyi P., Freund T.F., Hodgson A.J., Somogyi J., Beroukas D. 
and Chubb I.W. (1985). Identified axo-axonic cells are 
immunoreactive for GABA in the hippocampus and visual 
cortex of the cat. Brain. Res. 332, 143-149. 

Somogyi, P,, Kisvarday Z.F., Martin K.A.C. and Whitteridge D. 
(1983). Synapticconnections of morphologicaly identified and 
physiologically characterized large basket cells in the striate 
cortex of the cat. Neuroscience 10,261 -294. 

Swadlow H.A. and Weyand T.G.(1981). Efferent systems of the 
rabbit visual cortex: laminar distribution of the cells of origin, 
axonal conduction velocities and identification of axonal 
branches. J. Comp. Neurol. 203,799-822. 

Swadlow. H.A. (1983). Efferent systems of primary visual cortex: 
a review of structure and function. Brain Res. Rev. 6, 1-24. 

Tombol T. (1978). Comparative data on the Golgi architecture of 
interneurons of different cortical areas in cat and rabbit. In: 
Architectonics of the cerebral cortex. Braizier M.A.B. and 
Petsche H. (eds). Raven. New York. pp 59-76. 

Westrum L. (1 970). Observations on initial segments of axons in 
the prepyriform cortex of the rat. J. Comp. Neurol. 139, 337- 
356. 

Accepted November 12,1986 


