SOME ASPECTS ON THE STRUCTURAL

ORGANISATION OF THE NUCLEUS
OF THE LATERAL OLFACTORY TRACT

M. NOOR EL-DIN, A. M. KAMAL,
M. ABD EL-REHIM and R.M. ZAAFARANY

Departments of Anatomy, Faculty of Medicine,

and Islamic Faculty of Girls, Al-Azhar University

INTRODUCTION

The nucleus of the lateral olf-
actory tract forms an important
primary olfactory centre. It is com-
posed of a spherical mass of cells
overlying the medical edge of the la-
teral olfactory tract (Fig. 1.A).

Although this nucleus was des-
cribed in the studies of Johnston
(1923 ), Gurdian (1925), Young
(1936), Hunphery (1936) and Fox
(1940), real interest of neuroanato-
mists in ifs cyto-architecture began
only with the work of Valverde
(1965), TOmbol and Szafranska —
Kosmal (1972) Hall (1972), and
Kamal and Tombol (1975). These
authors gave a general description
of some cells observed in their golgi
studies on the amygdaloid complex.
No studies were made on the ultra-
structure of this nucleus. For these
reasons it was deemed to focus this
work primarily upon the cytoarchi-
tecture and on the synaptic archi-
tecture both in golgi preparation
and in electron microscopical speci-

mens.
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MATERIAL AND METHODS

Brains of 2—3 months-0ld cats
were prepared by Golgi-Kopsch
perfusion technique, as modified by
szentagothai (1963 ) and tOmbol
(1966—1967). The successfully im-
pregnated blocks were embedded in
celloidine and frontal serial sections
of 100 to 120 UM Thickness were
cut.

The electron mieroscopic analysis
was performed on normal brains
after perfusing animals under phe-
nobarbital anesthesia with kar.
novsky (1965) solution. Excised ma-
terials were postfixed with 2%
osmium tetra-oxide solution. The
sites of excision were identified by
routine histological examination of
the brain specimens.

RESULTS

Golgi observations :

Two types of neurons were ob-
served.

1. Neurons with long axons (pro-
jective neurons) : Most of these
neurons were pyramidal in
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shape with strong apical dend-
rites and several basal dend-
rites (Fig. 1.B). The terminal
arborisations of both the apical
and basal dendrites were cover-
ed with dendritic spines. Usual-
ly the pyramidal cells were ar-
ranged with their apical dend-
rites directed to the center of
the nucleus, while the bases
gave rise to the axons which ap-
peared projecting from the sur-
face of the sphere. The axons
were usually directed to the an-
terior amygdaloid area.

2. Neurons with locally arborising
axons (Golgi type II. interneu-
rons): The somata of these
neurons were usually smaller in
diameter (Fig. 1.C). Some of
these somata were oval in
shape while others were multi-
angular. They usually gave rise
to poorly - arborising primary
dendrites. These dendrites had
virtually no spines. The axons
of these neurons arose from the
cell body and arborised locally
after a short distance from
their origin.

Electron microscopic observations :
Cell types -

In agreement with the Golgi re-
sults, examination of the wultra-
structure of the nucleus of the la-
teral olfactory tract revealed that
the cells in this nucleus could be
classified into 2 types :

usual-
in shape.

1. Relatively large cells,
ly rounded or oval

In some sections these neu-
rons showed pyramidal « tri-
angular» configurations (Fig. 2
A). with an apical large dendri-
te extending vertically from one
angle of the cell body. These
cells were rich in plasma stru-
cture. Their cytoplasm contain-
ed relativly a large number of
lysosomes, ribosomes arranged
in rosettes and was rich in gra-
nular endoplasmic reticulum.
The organelles of these cells
continued for certain distances
into the dendrites, but their
density rapidly diminished.

2. Relatively smaller cells, round-
ed or oval in shape (Fig. 2. B).
Their plasma seemed to be re-
duced relative to the size of the
nucleus. The plasma structure
was light containing a less a-
mount of lysosomes, riboso-
mes and granular endoplasmic
reticulum. However, these cells
were charactrised by a plenty
of axosomatic synaptic con-
tacts. It was obvious that the
larger cell type corresponded to
the projective pyramidal neu-
rons, and the relatively smaller
cell type corresponded to the
Golgi type II interneuron.

Dendrites :

Two types of dendrites could be
distinguished in the neuropil of the
nucleus of the lateral olfactory tract.

1. Dendrites of projective neurons
(Fig. 3.A). exhibited all the or-
ganelles found in the perikar-
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yon. As observed in Golgi pre-
parations, the proximal portions
of these dendrites bear no spi-
nes. Their surface membrane
was richly covered with ter-
minal boutons establishing axo-
dendritic synaptic contacts. The
distal portions of these dend-
rites gave rise to many dendri-
tic spines (Fig. 3. B).

2. Presynaptic dendrites (Fig. 4.
A): were characterised by re-
lativly small pale dendritic pro-
files containing mitochondrea
and a mixture of flattened and
rounded (i.e. pleomorphic) sy-
naptic to the large dendrites of o
cisterns and ribosomes were Oc-
casionally observed. These
dendrites were usually presy-
naptic vesicles. Endoplasmic
the projective neurons and
postsynaptic to the other axo-
nal boutons containing round-
ed vesicles.

Most probably these dendrites
were belonging to the Golgi type II
interneurons which were present in
the nucleus of the lateral olfactory
tract.

Azon terminals :

Four types of boutons could be 3
identified in the neuropil of the nu-
cleus of the lateral olfactory tract:

1. The first type of boutons, BI.
(Fig. 4.B) was densely filled
with rounded vesicles and was
relatively uniform in size. The

Four type of boutons could be
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sicles between the rounded ve-
sicles was a common feature of
this type of boutons. They were
presynaptic to neuronal peri-
karya, large and small dendri-
tes, presynaptic dendrites and
dendritic spines.

In the area of the synaptic
contacts, the postsynaptic mem-
brane was usually thicker
than the presynaptic mem-
brane was usually thicker than
the presynaptic membrane cor-
racteristically fewer rounded
cal synapse.

The second type of boutons,
BII (Fig. 5.A). contained cha-
responding to the asymmetri-
vesicles which were loosely scat-
tered throughout the terminals.
A characteristic feature of
these boutons by which we
could easily differentiate was
their electron lucent appea-
rance. This type of boutons
most often contacted the peri-
karya, large and small dendri-
tes, and the dendritic spines.
They usually established asym-
metrical types of synaptic con-
tacts.

The third type of boutons, BIII
(Fig. 5.B) was charactrised by
the presence of flattened vesi-
cles. This type of boutons was
presynaptic to the cell somata,
large dendrites, less frequently
to the small dendrites and vir-
tually never to dendritic spines.
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4. The fourth type of boutons,
BIV (Fig. 5.C) contained small
and large spheroidal vesicles.
Occasionally dense-core vesicles
could be observed in these bou-
tons. This type of terminales
was presynaptic most fre-
quently to the dendritic spines,
less often to the somatic mem-
branes or small and large dend-
rites. Usually the synapses were
of the asymmetrical type.

DISCUSSION

Concerning the cell types in the
nucleus of the lateral olfactory tract
and the characteristics of the dend-
rites of each type, the ultrastructure
pictures are in a fair agreement
with the Golgi results. The cells are
identified as projective neurons and
Golgi type II interneurons. The
soma of the projective type is large,
pyramidal in shape and rich in the
plasma structure and cytoplasmic
organells, The cell membrane has
scanty or no axosomatic contact.
On the other hand the soma of the
Golgi type II interneuron is relati-
vely small in size and poor in the
plasma structure and the cytopla-
smic organells, The cell membrane
usually has a plenty of axosomatic
contacts.

As regards the dendrites of the
projective neurons, the main stem
of these dendrites bears no spines.
Their surface membrane is richly
covered with terminal boutons for-
ming axodendritic synaptic con-
tacts. However, the distal parts of

these dendrites establish their syna-
ptic contacts by means of the dend-
ritic spines, which are present in
abundance along the course of these
dendrites.

A considerable interesting finding
in this study is the observation of
the new presynaptic dendrites in
the neuropil of the nucleus of the
lateral olfactory tract. In the pre-
sent study it was unable to demon-
strate them at their origin from the
soma but according to the results
of Rall et al, (1966), Dowling and
Boycott (1966), Ralston and Her-
man (1969), Famiglietti (1970), Fa-
miglietti and Peters (1972), Wong
(1970), Le Vay (1971), Pasik et al
(1973), Hajdu et al (1974) and Ha-
mori et al (1974) it is assumed that
these dendrites belong to the Golgi
type II interneurons which apear in
the Golgi specimens. However, the
existence of these dendrites in the
phylogenetically old nucleus of the
lateral olfactory tract, which acts as
a relay station for olfaction, is sus-
pected. This is because these dendri-
tes have been observed only in the
lower centres, particularly in the
systems for sensory and other
relays such as the olfactory bulb
(Rall et al, 1966), retina (Dowling
and Boycoti, 1966), and the lateral
and medial geniculate bodies (Fa-
miglietti, 1970). No such dendrites
have been found in the new cortex.

According to the shape of their
synaptic vesicles the terminal bou-
tons are classified into 4 types: BI
with round vesicles which are equal
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in diameter; BII-With round vesicle
Within translucent profile BIII-
with flattend vesicles and BIV-with
rounded synaptic vesicles but with
marked variation in diameter.

The functional significance of the
differences in the shape of the syna-
ptic vesicles is still uncertain. In
the cerebellar cortex the rounded
and the flat vesicles can be correlat-
ed with the excitatory and inhibitory
functions of the respective neurons
(Unchizono 1965 ). Additionally,
there are many regions of the
central nervous system : notably the
thalamus and geniculate nuclei, and
the spinal cord. Uchizono concept
seems to be accepted whether this
correlation will hold as general
principle applicable widely through
the central nervous system remains
still to be seen.

SUMMRY

The neuronel structure of the nucleus
of the lateral olfactory tract was studied

in cat with golgi-kopsch perfusion te-

chnique. Two types of neurons were

distinguished. a) Projective neurons

“Long axonal” pyramidal
b) Golgi type 11 interneurons.

confirmed by

in shape.
This was
electron  microscopical
examination which also threw more light
on the types of dendrites and terminal

boutons as well as their synaptic con-
tacts.

Two types of dendrites were identified
(a) Denrdites of projective neurons, hav-

ing synaptic confacts on thier proximal
smooth part. Dendritic spines were abun-
dant in the distal portion of these dend-

rites. (b) Dendrites with synaptic vesi-
¢les, most probably belonging to Golgi
type II interneurons. According to the
shape of their synaptic vesicles four types
of synaptic boutons were identified: B (I)
with round vesicles equal in diameter, B
(IT) with round vesicles within a trans-
lucent profile, B (HI) with flattened ve-
sicles and B (IV) with round vesicles but
with marked variation in diameter.

REFERENCES

1. Dowling, J.E., Boycott, B.B. : Orga-
nization of the primate retina: elect-
ron microscopy. Proc. Roy. Soc. B.
166, 80 - 111, (1966).

Ly

Famiglietti, E.V. : Dendro-dendritic
synapses in the lateral geniculate nu-
cleus of the cat. Brain Research, 20,
181 - - 191, (1970).

3.  Famiglietti, Jr., E.V,, Peters, A. The
synaptic glomerulus and the intrin-
sie neuron in the dorsal lateral ge-
niculate nueleus of the cat. J. comp.
Neurol., 144, 285--334, (1972).

4, Fox, C.A, Certain basal telencephalie
centers in the cat. J. Comp. Neurol,
2, 1-—62, (1940).

5. Gurdjian, E.S8.: Olfactory connections
in the albino rat, with special refe-
rence to the stria medullaris and the
anterior commissure. J. Comp. Neu-
rol., 38, 127—163, (1925).

6. Hajdu, F., Somogyi, GY., Tombol, T.
Neuronal and synaptic arrangement
in the lateralis posterior-pulvinar
complex of the thalamus in the cat.
Brain Research, 73, 89—104, (1974).

7. Hall, E, : The amygdala of the cat:
a Golgi study. Z. Zellforsch. 134,
439 — 458, (1972).

— 13 —


Administrator
Rectangle

Administrator
Rectangle


10.

11.

12,

13.

14,

Hamori, J., Pasik, T., Pasik, P,
Szentagothai. 3. Triadic synaptic ar-
rangements and their possible signi-
ficance in the Lateral gerniculate nu-
cleus of the monkey. Brain Research,
80, 379—393, (1974).

Humphrey, T. : The telencephalon
of the bat. I. the noncortical nuclear
masses and certain pertinent fiber
connections. J. Comp. Neurol 65,
603—711, (1936).

Johnston, J.B. ; Further contributions
to the stduy of the evolution of the

forebrain. J. Comp. Neurol. 35,
337 — 481, (1923).

Kamal, A.M., Tombél, T. : Golgi
studies on the amygdaloid nuclei of
the cat. J. Hirnforsch,, 16, 171—197,
(1975).

Le Vay, 8.: On the neurons and sy-
napses of the lateral geniculate nu-
cleus of the monkey, and the effects
of eye enucleation. Z. Zellforsch.
113, 396—419, (1971).

Pasik, T., Pasik, P., Hamori, J,
Szentagothai, Interneurons in the
monkey lateral geniculate nucleus.
Exp. Brain Res 17, 18—34, (1977).

Ralston, H.J., Herman, MM, : The
fine structure of neurons and sy-
napses in the ventrobasal thalmus of
the eat, Brain Res., 14, 77—97, (1969).

Rall, W,, Shepherd, G.M., Reese, T.S.,
Brightman, M.W.: Denrdo-dendritic

16.

17.

18.

19.

21.

synaptic pathway for inhibition in
the olfactory bulb. Exp. Neurol. 19,
44—56, (1966).

Szentagothal, J. : The structure o
the synapse in the lateral geniculate
body. Acta Anat. (Basal), 55, 166 —
186, (1963).

Tdémbol, T. : Short neurons and their
synaptic relations in the specific
thalamic nuclei. Brain Research, 3,
309—326, (1966/1967).

Tébol, T., Szafranska-Kosmal-, A. :
Golgi study of the amygdaleid com-
plex in the cat. Acta Neurobial Exp.
32, 835—848, (1972).

Uchizono, K. ; Characteristics of ex-
citatory and inhibitory synapses in

the central nervous system of the
cat., Nature (Lond). 207, 642—643,
(1965).

Valverde, F. : Studies on the piri-

form Lobe. Cambridge Harvard uni-
versity Press (1965).

Wong, M.T.T.; Somato-dendritic and
dendro-denhritic synapses in the
squirrel monkey lateral geniculate
nucleus. Brain Research, 20, 135—139,
(1970).

Young, MW, : The nuclear pattern
and fiber connections of the neocor-
lical centers of the telencephalon in
the rabbit (Lepus cuniculus). J
Comp. Neurol. 63, 295—401, (1936).

— 14 —


Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

Administrator
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle


EXPLANATION OF FIGURES

Fig. (1. A) The nucleus of the lateral
olfactory tract (marked Dby arrow) as
seen in Forntal scction of eat brain stain-
ed with Nissl. The nucleus iz overlying
the medial end of the lateral olfactory
tract, X 15.

Fig. (1.B) Pyramidal projective neu-
ron in the nucleus of the lateral olfactory
tract Note that the axon is directed dor-

sally (marked by arrow). Golgi-Kopsch,
X 500.
Fig. (1. C), Golgi Ltype II in interneu-

ron. Note that the axon arborises locally
(marked by arrow) Golgi-Kopsch, X 500.

Fig. (2. A) Electron mictrograph of a
nerve cell in the nucleus of the lateral
olfactory tract. Note that the body is tri-
anglar in shape and the cell membranc
has no axosomatic contacts X 7000.

Fig. (2. B). Electron micrograph of a
nerve cell in the nucleus of the lateral
olfactory tract. Note the presence of
many axosomatic contacls, (marked by
arrows). X 7000.

Fig. (3. A) Main stem of a dendrite of
a projective (D). The surface
membrane is totally covered with termi-
nal boutons in synaptic contact. (marked
hy arrows) X 22356,

neuron

Fig. (3.B) Dendritic spine (S) arising
from a dendrite of a projective neuron
(). X 22356.

Fig. (4. A) Presynaptic dendrite (PL.
with its characteristic flattend and smaza™
spheroidal vesicles, It is presynaptic to
dendrite of projective neuron (D) anc
postsynaptie to BI boutons. X 47655.

Fig. (4. B) BI bouton densely-fillec
with rounded vesicles that are uniform
in size. X 22356.

Fig. (5.A) BII bouton contains rounded
vesicles within a {ranslucent profile. X
22356.

Fig. (5.B) BIII bouton contains flattend
vesicles synapting with a soma (marked
with arrow). X 20000,

Fig. (5.C) BIV bouton contains small
and large spheroidal vesicles and some
densecore vesicles, X 47655,
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Figs. (2. A and 2. B)
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Figs. (4. A and 4. B)

Figs. (5. A, 5. Aand 5. ©)
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