FIGURE LEGENDS
FIGURE 3.1 Typical morphology of projection neurons. (Left) A Purkinje cell of the cerebellar cortex and (right) a pyramidal neuron of the neocortex. These neurons are highly polarized. Each has an extensively branched, spiny apical dendrite, shorter basal dendrites, and a single axon emerging from the basal pole of the cell. The scale bar represents approximately 200 μm.

FIGURE 3.2 Schematic representation of four major excitatory inputs to pyramidal neurons. A pyramidal neuron in layer III is shown as an example. Note the preferential distribution of synaptic contacts on spines. Spines are labeled in red. Arrow shows a contact directly on the dendritic shaft.

FIGURE 3.3 Ultrastructure of dendritic spines and synapses in the human brain. A and B: Narrow spine necks (asterisks) emanate from the main dendritic shaft (D). The spine heads (S) contain filamentous material (A, B). Some large spines contain cisterns of a spine apparatus (sa, B). Asymmetric excitatory synapses are characterized by thickened postsynaptic densities (arrows A, B). A perforated synapse has an electron-lucent region amidst the postsynaptic density (small arrow, B). The presynaptic axonal boutons (B) of excitatory synapses usually contain round synaptic vesicles. Symmetric inhibitory synapses (arrow, C) typically occur on the dendritic shaft (D) and their presynaptic boutons contain smaller round or ovoid vesicles. Dendrites and axons contain numerous mitochondria (m). Scale bar = 1 μm (A, B) and 0.6 μm (C). Electron micrographs courtesy of Drs. S. A. Kirov and M. Witcher (Medical College of Georgia), and K. M. Harris (University of Texas–Austin).
FIGURE 3.4 Left, photomicrograph from one of the Cajal’s preparations of the “occipital pole” of an eighteen-day-old cat, showing the soma of a pyramidal cell (Py) and a neurogliaform cell (interneuron; Int) stained with the Golgi method. Right, the principal cellular types based on the works of Cajal on the cerebral cortex of small mammals (rabbit, guinea pig, rat, and mouse). A, pyramidal cell of medium size; B, giant pyramidal cell; C, polymorphic cell; D, cell whose axon is ascending; E, cell of Golgi; F, special cell of the molecular layer. Copyright © Herederos de Santiago Ramón y Cajal.
FIGURE 3.5 A schematic circuit based upon the known cortical cells upon which thalamic afferent fibers terminate in cats and monkeys. The GABAergic interneurons (blue) are identified by the names that they have received in these species. Arc, neuron with arciform axon; Ch, chandelier cell; DB, double bouquet cell; LB, large basket cell; Ng, neurogliaform cell; Pep, peptidergic neuron; SB, small basket cell. Excitatory neurons (black) include pyramidal cells of layers II–VI and the spiny stellate cells (SS) of layer IV. Courtesy of Dr. E. G. Jones.
FIGURE 3.6 Morphology and distribution of neocortical pyramidal neurons. Note the variability in cell size and dendritic arborization, as well as the presence of axon collaterals, depending on the laminar localization (I–VI) of the neuron. Also, different types of pyramidal neurons with a precise laminar distribution project to different regions of the brain (less important projections zones are indicated by parentheses). Adapted from Jones (1984).
FIGURE 3.7 An electron micrograph of a transverse section through part of a myelinated axon from the sciatic nerve of a rat. The tightly compacted multilayer myelin sheath (My) surrounds and insulates the axon (Ax). Mit, mitochondria. Scale bar = 200 nm.

FIGURE 3.8 An oligodendrocyte (OL) in the central nervous system is depicted myelinating several axon segments. A cutaway view of the myelin sheath is shown (M). Note that the internode of myelin terminates in paranodal loops that flank the node of Ranvier (N). (Inset) An enlargement of compact myelin with alternating dark and light electron-dense lines that represent intracellular (major dense lines) and extracellular (intraperiod line) plasma membrane appositions, respectively.

FIGURE 3.9 An “unrolled” Schwann cell in the PNS is illustrated in relation to the single axon segment that it myelinates. The broad stippled region is compact myelin surrounded by cytoplasmic channels that remain open even after compact myelin has formed, allowing an exchange of materials among the myelin sheath, the Schwann cell cytoplasm, and perhaps the axon as well.

FIGURE 3.10 Astrocytes appear stellate when their intermediate filaments are stained (red, GFAP), but membrane labeling (green, membrane-associated EGFP) highlights the profusion of fine cellular processes that intercalate among other neuropil elements such as synapses and neurons (N). Scale bar = 10 μm. Image courtesy of Dr. M. C. Smith.
FIGURE 3.11 The arrangement of astrocytes in human cerebellar cortex. Bergmann glial cells are in red, protoplasmic astrocytes are in green, and fibrous astrocytes are in blue.

FIGURE 3.12 Radial glia perform support and guidance functions for migrating neurons. In early development, radial glia span the thickness of the expanding brain parenchyma. (Inset) Defined layers of the neural tube from the ventricular to the outer surface: VZ, ventricular zone; IZ, intermediate zone; CP, cortical plate; MZ, marginal zone. The radial process of the glial cell is indicated in blue, and a single attached migrating neuron is depicted at the right.
FIGURE 3.13 Astrocytes (in orange) are depicted in situ in schematic relationship with other cell types with which they are known to interact. Astrocytes send processes that surround neurons and synapses, blood vessels, and the region of the node of Ranvier and extend to the ependyma, as well as to the pia mater, where they form the glial limitans.

FIGURE 3.14 The glutamate–glutamine cycle is an example of a complex mechanism that involves an active coupling of neurotransmitter metabolism between neurons and astrocytes. The systems of exchange of glutamine, glutamate, GABA, and ammonia between neurons and astrocytes are highly integrated. The postulated detoxification of ammonia and the inactivation of glutamate and GABA by astrocytes are consistent with the exclusive localization of glutamine synthetase in the astroglial compartment.

FIGURE 3.15 Activation of microglial cells in a tissue section from human brain. Resting microglia in normal brain (A). Activated microglia in diseased cerebral cortex (B) have thicker processes and larger cell bodies. In regions of frank pathology (C) microglia transform into phagocytic macrophages, which can also develop from circulating monocytes that enter the brain. Arrow in B indicates rod cell. Sections stained with antibody to ferritin. Scale bar = 40 μm.

FIGURE 3.16 Microvasculature of the adult mouse somatosensory barrel field (S1BF) cortex. Microvessels were stained with antibodies against collagen type IV, a protein component of the extracellular matrix, and lightly counter-stained with cresyl violet (Nissl). Cortical layers (I–VI) and the corpus callosum (CC) are indicated. An area of increased vascular density in layer IV, where contralateral somatosensory inputs from the thalamus terminate, is indicated by an arrow. Scale bar = 50 μm.

FIGURE 3.17 Ultrastructural analysis of the cerebral microvasculature of a 10-month-old wild-type mouse. A transversely sectioned capillary is shown from the prefrontal cortex. An endothelial cell (E) surrounding the lumen, a pericyte (P), and an astrocytic end-foot process (A) are indicated. Scale bar = 1 μm.

