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LEARNING OBJECTIVES

Know and understand:

Two types of principal cell and five types of interneuron in the cerebral
cortex.

The layers of the cerebral cortex as seen in sections stained to show either
nucleic acids or myelin.

The types of corrtex: allocortex and isocortex.

Major differences between extreme types of isocortex. As seen in primary
motor and primary sensory areas.

Principal cells in different layers give rise to association, commissural,
projection and corticothalamic fibres.

Cortical neurons are arranged in columns of neurons that share the same
function.

Intracortical circuitry provides for neurons in one column to excite one
another and to inhibit neurons in adjacent columns.

The general plan of neuronal connections within nuclei of the thalamus.

The location of motor areas of the cerebral cortex and their parallel and
hierarchical projections to the brain stem and spinal cord.

The primary visual area and its connected association areas, which have
different functions.

Somatotopic representation in the primary somatosensory and motor areas.

Cortical areas concerned with perception and expression of language, and
the anatomy of their interconnections.
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CORTICAL NEURONS:
Thelr organization and

connections
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Cytoarchitectonics

Principal cells

Pyramidal cells
Present in all layers. The larger, more conspicucus ones
are in Layers Il and V. These are the principal cells
of the cerebral cortex. Betz cells (a minority of
the pyramidal cells in Layer V of the primary motor area)
are exceptionally large

Fusiform cells
Characteristic of Layer V1. At least some of these are
principal cells

Interneurons
Stellate cells

Only in Layer IV, The only excitatory cortical interneurons
(glutamate). They are excitatory to dendrites of pyramidal

cells in the same column.

Basket cells
[nhibitory (GABA-ergic) to the cell-bodies of pyramidal
cells in adjacent columns

Grannle cells. This term should not be used. It embraces all
small cortical neurons, including interneurons and small
pyramidal cells. Sometimes used specifically for basket
cells.

Retzius-Cajal cells
Horizontally branching interneurons in Layer 1.

Martinotti cells

Interneurons in Lavers 11l to ¥1. Their axons are directed

towards the cortical surface

.
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ALLOCORTEX (paleccortex)




Allocortex: archicortex (one layer of neurons). Hippocampus and
dentate gyrus
paleocortex (typically 3 layers). Medial temporal lobe
(uncus, entorhinal area)
Isocortex: neocortex (typically 6 layers). Most of the human
cerebral cortex

[Hisfology intermediate between allo- and iso- is seen in parts of the cingulate gyrus and is designated mesocor‘tex]

Cytoarchitectonics ! based on Nissl-stained sections. A cationic dye
sticks to polyanions. In the CNS, polyanions = nucleic acids: nuclear
DNA of all cells, especially glia and small neurons, and RNA (ribosomes
[Nissl substance] and nucleoli) of neurons.

Myeloarchitectonics ! based on sections stained to show myelinated
axons.

Golgi preparations ! dark intracellular precipitate in perhaps

1in 100 cells. Shows dendritic architecture in thick sections.
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LAYER

6. MULTIFORM LAYER
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Some intracortical circuits.
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Excitation of neurons in the same column. Inhibition of neurons in adjacent columns.

Every projection from thalamus to cortex
is reciprocated by a corticothalamic
projection.

FUNCTIONAL CORTICAL AREAS
THEIR INTERCONNECTIONS
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Primary, premotor and supplementary motor

areas (as well as somatosensory cortex) are sources of descending motor tracts 1 corticospinal,
corticobulbar, corticoreticular 1 parallel processing. There is also hierarchical or serial
processing, by way of subcortical association fibres: prefrontal (also parietal, temporal) cortex
—> pre- and supp motor areas —> primary motor area. The SMA is active before making a
movement.

Hierarchical and parallel processing of motor commands
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Visual cortical areas are numbered from V1 (around the calcarine sulcus) to Vé6:
areas in the occipital, parietal and temporal lobes that process increasingly
complex features of images. The inferior femporal cortex remembers complex
scenes.

Dorsal stream Visually guided

Where? G, movements Dorsally directed association

| fibres carry signals that direct
movement of the hand to a seen

target.

Ventrally directed projections from V1
and adjacent visual areas associate with
parts of the femporal lobe that are
involved in moving short-term
experiences intfo permanent storage.

Somatosensory (left) and

motor (right) homunculi, after
Penfield. There is controversy over

representation of the face (cf:
Nakamura et al 1998 NeuroImage
7: 377-386; Servos et al 1999
NeuroReport 10:1393-1395;
Nguyen et al 2004 Neurosci. Res.
50:227-232.)
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Some corticocortical connections relating to reading and speech.

Arcuate fasciculus Conduction ap hasia

Visual association cortex Visual agnosias; optic
ataxia etc. Pure alexia
(L. Side, + callosal fibres)
Angular gyrus Agraphia without aphasia

Middle temporal gyrus  Receptive transcortical
aphasia
Wernicke's area Receptive aphasia

Supplementary motor area Paralysis; mutism
(bilateral lesions)
Broca's area Expressive aphasia

Primary motor area Paresis of vocal muscles

Frontal and parietal opercula removed,

to show insula, primary auditory area Dissection to show superior

and planum temporale. longitudinal (arcuate) fasciculus and
external capsule.



More association and commissural fibres.
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A sagittal section (myelin stained

black) passing through the medial
parts of the temporal lobe.
Dissection showing frontal-temporal
assiciation and femporal-temporal
commissural connections.



