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abstract

Development of Cerebral Cortex and Serotonin Input

Toshihiro Maeda, Mineko Fujimiya and Hiroshi Kimura

Development of serotonin input to the cerebral
cortex was studied with collective reference to
that of origin cells and pathways, that of receiv-
ing cortical cells and that of their connections.

Wister rats from 14 days of gestation to 2
weeks after birth were used. The fetal brains
examined in this study were all received DL-
tryptophan through maternal systemic administra-
tion (100 mg/kg). Serotonin was visualized by
immunohistochemistry with and without Triton X
for light and electron microscopic studies, respe-
ctively, Observation of the cortex was done mainly
in the somatosensory area (Sml).

Serotonin innervation develops with two
phases to the cerebral neocortex. The earlier input
occures through the limbic structures such as the
septum and cingulum and the entorhinal cortex,
while the later innervation via the fiber bundles
traversing the striatum. Thus, we propose the
designation of “limbic” and “internal capsule”
pathway for the former and the latter, respectively.

The “limbic pathway” arises from the raphe
cells which appeare just caudal to the isthmic
fovea before 15 days of gestation and migrate ven-
tralwards to form the nucleus raphe medianus.
It invades the Sml both from the cingulum and
from the entorhinal area with thick varicose fibers
throughout the subplate where they bigin to form
connections with disseminated cortical neurons up
to postnatal 2 days.

It is at the 3rd day of postnatal life when
the invading fibers to the SmlI from the “internal
capsule” pathway can be recognized with certainty.
They are very fine fibers rather smooth than the
former and make an aggregation of a large amount
of terminals in superficial layer of the subplate.
The origin of this pathway is the nucleus raphe
dorsalis which develops latest in the periaquaduct
just rostral to the isthmic fovea at the 15th day
of embryo.

The aggregation of terminal fibers is transient
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and it disappeares in the dorsomedial SmI area
at 1 week after birth. Instead, smaller sized aggre-
gations are found more laterally in the SmI. A
large number of fine varicose fibers ascend into the
cortical plate and make an appearance of sepa-
rated column. Accordingly they seem to corres-
pond to the barrel field of the somatosensory-
cortex. After disappearing and/or dispersing these
dense terminal fibers, the cell bodies loaded by
them appeare to transform into the granular cells
of the IV layer successively in the vetrolateral
direction.

The two pathways also show different man-
ner in synaptogenesis at their terminals. The
“limbic pathway” neurons which enter earlier the
dorsomedial Sml from the cingulum come in
contact first with the dendrites of the subplate
neurons and later with their cell bodies. Mean-
while very fine terminal fibers, coming from the
“internal capsule pathway” to invade later at the
3rd day Sml, make contact first with the cell
bodies assembled in deep layer of the cortical plate
which show epitheloid structure. While these im-
mature cells develop extending the dendrites, the
axo-dedritic type synapses increase in number.

The brain stem plays an important role,
adding to the neural mechanism essential for living
of organism, as a modulator of higher neural
functions. This may be also the case in the deve-

Jloping brain. The aminergic neurons have long

been considered to take great part in this role
though no definite conclusion is reached.

The present study revealed that there are
two modes in the initiation of serotonin innerva-
tion to the cerebral neocortex. The cell bodies of
origin of each system are also different in stage
of differentiation as well as in synapse receiving
rate. Taking together, it is likely that the “internal
capsule pathway” transmits already polysynaptic
impuls via the nucleus raphe dorsalis when the
serotonin input makes dense contact transitorily



with the premature granule cells in the develop-
ing somatosensory cortex. At the same time, the
premature cells certainly receive the other input
through the thalamo-cortical pathway. Therefore
the somatosensory cortical neurons, the granule
cells in the lamina IV in particular, may develop
in early stage under two different neural influen-
ces: one is somatosensory from enviroment and
another is aminergic from the lower brain stem.
The latter may be designated as initiation of
regulatory or modulatory function of the brain
stem to the higher nervous system.

What is, then, the primary serotonin input
through the “limbic pathway” in terms of trans-

mission or influence? The nucleus raphe medianus
must still remain mostly free from afferent inner-
vation, when its serotonin projection begins syn-
aptogenesis with the cortical neurons in the deep
layer. It seems natural to suppose that some
information other than neural impuls is conveyed
through the“limbic pathway” of serotonin neurons.

In conclusion, the two phases in ontogenesis
of serotonin input to the early developing cortex
revealed in- this study possibly suggest that cortical
maturation undergoes at early period not only
neural but also non-neural influences such as
genetical information derived from the lower
brain stem.
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