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AUTHORS' NOTE:
This book is out of print. Raven Press no longer exists.
The copyright to this book is being transferred to us. We want
to make this information available to all who are interested in
neocortical development. In the files available for download, we
add a few pages that review some of the relevant literature that
has been published since 1991. Our observations in 1991 are
relevant to the multitude of gene expression studies done since
the mid-90s and up to the present day. Many of the hypotheses
that we proposed in this book have been confirmed by these
studies. We also re-examine cell migration in the neocortex; the
labeling patterns in our autoradiograms are consistent with
studies showing tangential migration of GABA-ergic cells from
germinal zones in the basal ganglia into the developing
neocortex. We invite your comments on our work, and would like
to answer any questions that you want to ask about how your
research correlates with our findings.
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Preface
The neocortex is the crown of the mammalian central nervous system both literally and figura
tively. Because an animal can carry out many of its vital functions after structural or functional
decortication, the neocortex is not essential for survival in the strict sense of the term. However,
there is an abundance of direct and indirect evidence that suggests that the neocortex plays a
crucial role in the control of higher perceptual processes, cognitive functions, and intelligent
behavior. Ascending the phylogenetic scale, the six-layered neocortex steadily expands relative
to the rest of the brain, a phenomenon referred to as progressive neencephalization. This expansion
first becomes manifest as the smooth neocortical mantle (lissencephalic pallium) spreads over the
rest of the forebrain and the midbrain. A later manifestation of progressive neencephalization,
one especially pronounced in larger mammals, is the increasing convolution of the cortical surface.
This brings about an increase in the ratio of nerve cell bodies and dendrites relative to the cortical
afferents and efferents, reflecting gains in processing capability and computing power of the cor
tical gray matter. In parallel with progressive neencephalization, there is an increase in the number
of different cytoarchitectonic subdivisions of the neocortex, particularly of those regions tradi
tionally referred to as "association areas." It is widely assumed that the evolutionary growth of
mental life that reaches its zenith in humans is attributable to the progressive expansion and
elaboration of the neocortex.
Neuroanatomists have been studying the structural organization of the neocortex for centuries.
This began with dissections aided by the naked eye and was followed by light microscopic ex
aminations of regional differences in neocortical cytoarchitectonics. There is still an effort to
unravel the gross and fine circuitry of the neocortex using chemical, biochemical, and physiological
tracer techniques at light and electron microscopic levels of resolution. The investigation of the
functional organization of the neocortex became possible with the introduction of electrical stim
ulation and recording techniques in the last century, and advances in electronics and computer
techniques in this century are helping us to understand how information is conveyed to, and
processed in, the neocortex. Neuropsychologists using ablation techniques, as well as electrical
stimulation and recording procedures with implanted electrodes in conscious animals, have con
tributed their share to our current understanding of how the neocortex controls behavior. How
ever, the investigation of the morphogenetic development of the neocortex was lagging behind
the anatomical, physiological, and psychological studies of its structure and function. Gross de
scriptions of the developing neocortex in animals and humans were beginning to become available
at the turn of the century. But the initial efforts of neuroembryologists to analyze the cytological
processes underlying neural development tended to focus on the relatively simple caudal portion
of the neural tube that gives rise to the spinal cord. This state of affairs began to change in the
second half of this century. A steadily growing number of articles are now being published in
various journals that deal with the development of the neocortex in a great variety of species and
at different stages through the embryonic, fetal, and early postnatal periods. A few edited volumes
have also appeared that contain valuable contributions by experts who deal with some selected
aspect of neocortical development in one or another species. However, to our knowledge there
is not a book currently available, written by a single team of investigators, that specifically deals
with the development of the mammalian neocortex as a whole.
This book is the outcome of our own current investigations on neocortical development in which
we relied on a limited number of techniques and concentrated on a single species, the rat. The
lissencephalic cortex of the rat is far less complex structurally than the convoluted cortex of a
carnivore or primate. This represents an advantage from the experimental point of view because
IX
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a study of thtr entire cortical mantle is possible. The major techniques and materials that we have
used ate limited to the following: (a) We have prepared a large collection (several hundred spec
imens) of high quality, methacrylate-embedded Nissl-stained sections that cut through the neo
cortex in the three cardinal planes. This material was used, first, to describe daily changes in the
growth of the neocortex at the histological and cytological levels, and second, as normative ma
terial for comparisons with observations made in experimentally manipulated embryos; (b) A large
collection (several hundred specimens) of embryos that received injections of [3H}thymidine to
label multiplying precursors of neurons and glia were prepared for autoradiography. Three variants
of this technique were used. First, long-survival autoradiography after multiple injections was
used to determine the time of origin of different classes of neurons in different regions of the
developing cortex on successive embryonic days in neonates and adults. Second, short-survival
autoradiography (2 hours) after single injections was used to locate the sites of cell proliferation
and their magnitude as a function of embryonic age. Third, sequential-survival autoradiography
(consecutive 24 hour intervals) after single injections was used to follow the dynamics of cell
proliferation in the cortical germinal matrices; to trace the migration and temporary pause of cells
through the subventricular and intermediate zones of the cortex; and to determine the time of
arrival, final distribution, and settling of young neurons in the cortical gray matter. Finally, we
used low-level x-irradiation as an ancillary technique to study changes in the cellular dynamics
of the germinal matrices giving rise to neurons and glia, and to investigate certain aspects of
neuronal differentiation. Because our techniques are best suited to study developmental change
during the embryonic period at the histological level, developmental changes during the postnatal
period at the cellular and subcellular levels, i.e., dendritic differentiation and synaptogenesis, have
not been investigated.
Shirley A. Bayer
Joseph Altman
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transitional field of neocortex
thalamic neuroepithelium
thalamus (differentiating)
telecephalic vesicles
tenia tecta
up, heavy (labeling pattern in late
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cortical neuroepithelium)
upper tier of the cortical plate
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(Fig. 16-3)
ventroposteromedial thalamic
nucleus (also called VM)
ventricular zone (neuroepithelium)
anterior ventricular zone
posterior ventricular zone
third ventricle
third ventricle, dorsal
third ventricle, ventral
white matter
layer I of neocortex
layer II of neocortex
layer III of neocortex
layer IV of neocortex
layer V of neocortex
layer VI of neocortex

