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abstract

Development of Cerebral Cortex and Serotonin Neuron

II. Morphogenesis of serotonergic terminal

Toshihiro Maeda, Mineko Fujimiva and Hiroshi Kimura

It is widely assumed that the aminergic neu-
ron may participate in development of the brain.
Despite many experimental studies in this line
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of thinking, anything is hardly known about the
fundamental relationship between the two. One
reason for this may lie in little information con-



cerning terminal formation of the aminergic ne-
uron referring to neuronal differentiation in de-
veloping nervous tissue. The present study aimed
to clarify morphogenesis of serotonergic terminal
in developmental process of postnatal cerebral cor-
tex of the rat.

Rats from 0 to 6 postonatal days were sub-
jected to immunohistochemistry of serotonin. The
anterodosal part of somatosensory cortex (Sm I)
was observed at light and electron microscopic
levels.

The anterodosal part of somatosensory area
studied in the present study shows characteristics
of both the motor and the sensory cortex in
terms of the function and also morphology. It is
composed of dense laminac of IV and V with
numerous glanular and pyramidal cells respecti-
vely in mature cortex.

Thick varicose fibers showing immunoreacti-
vity of serotonin innervate the subcortical plate
and also, but less densely, the superficial layer of
cortex during early period up to 2 days. From
these, several scattering fibers diverge toward the
cortical plate.

At 3 days the serotonergic terminal fibers are
closely packed to form a columnar mass in the
subplate where the cell bodies are seen to be
surrounded by numerous immunoreactive va-
ricosities. A number of varicose fibers leaving from
this plexus innervate up to middle layer of the
cortical plate situated just dorsally.

Enzyme antibody method used in the present
study well preserved fine structure of immature
nervous tissue and allowed us to analyze the
process of morphogenesis of serotonergic terminal.

In the upper cortical plate where immature
nerve cells are very closely packed, serotonin con-
taining plate-like fibers enter intercellular space
as surrounding cell boy. They show small bulges
at places which contain mitochondria and sy-
naptic vesicles but show no special contact stru-
cture with cell membrane. In the lower cortical
plate where nerve cells are somewhat loosely ar-
ranged, the immunoreactive bulgings become large
in size and comprise a large number of synaptic
vesicles. The cleft of apposed membranes has
tendency to be wide. The cytoplasm contacted
with the varicosity usually protrudes into neuropil.
Serotonin containing varicosities located in the
narrow neuropil surrounding the cell body show
a synapﬁc structure of axodendritic type.

In the subplate there are numerous immu-
noreactive bulgings, most of which contact with
dendritic process with synaptic structure. Aoxoso-
matic terminals are also seen but always show no

special synaptic profile. )

The synthesis of various pictures of the sero-
tonin containing structure described above leads
us to suppose the morphogenesis of serotonergic
terminal as follows. Plate-like ending first associ-
ates with immature cell and swells at places. The
swelling grows rapidly while synthesizing and pre-
sumably liberating serotonin in situ. The cyto-
plasm contacted with serotonin containing bulging
protrudes gradually into the neuropil to form the
dendritic process. The nerve cell migrates vent-
rally in relative position as extending the den-
dritic process loaded by serotonergic terminals
which are sequentially added. This results in
apparent dispersion of serotonergic terminals which
show a transitory concentration in the vicinity
of immature cell during early development.

Morphogenetical process of serotonergic ter-
minal newly revealed in this study presents some
important problems in terms of neurobiology. Fi-
rst, serotonergic nerve terminal actively contacts
with very immature nerve cells which are still clo-
sely packed with each other. Serotonin is synthe-
sized in situ and probably is liberated from ter-
minal before synapse formation. It is easily sup-
posed that this serotonin does not play a role in
the transmission of nerve impulse but affects
early differentiation of target cells as a hu-
moral substance. Secondly, the parts of cytoplasm
contacted with terminals grow up into dendritic
pocess. That is, the cell membrane already diffe-
rentiates with respect to receptive capacity before
morphological differentiation, since terminal input
should discern the definite receptor.

Among the results obtained from experimental
studies dealing with deprivation of aminergic in-
nervation during development, of great interest is
an acceleration of synaptogenesis of other neurons
resulted from absence of aminergic terminal. It
is suggested that aminergic innervation postpones
effect of other neurnal input. Development and
differentiation of neuron progress in general de-
pending on effect of input. However it is likely
that the effect of input is not always favorable
for differentiation of neuron in the case that
innervation is done during too premature stage
in particular. In this context it is very important
fact that transistory dense innervation of sero-
tonergic neuron takes place generally in the sen-
sory cortex including the anterodosal area of the
SmI and is associated closely with lamina IV.
Therefore it is highly probable that control me-
chanism of input on premature neuron is one of
the functional significances of serotonin neuron du-

ring neurogenesis.
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