Chapter #3: Anatomy of the Nervous System
[bookmark: _GoBack]3.1 General Layout of the Nervous System:
Meninges, Ventricles and Cerebrospinal Fluid (CSF)  
· Protecting the CNS is cerebrospinal fluid (CSF), which fills the subarachnoid space, central canal of the spinal cord, and the cerebral ventricles
· These three areas are connected by a series of openings that form a single reservoir 
· Cerebral aqueduct: connects the third and fourth ventricles 
· Occasionally the flow of the CSF is blocked by a tumor near one of the narrow channels that link the ventricles 
· The buildup from a blockage causes the walls of the ventricles (and the entire brain) to expand producing a condition known as hydrocephalus (water head) and must be treated by draining the excess fluid 
Blood-Brain Barrier (BBB) 
· Blood-Brain Barrier (BBB): a mechanism that impedes the passage of many toxic substances from the blood into the brain
· The cells that form this blood vessel are tightly pack, forming a barrier to the passage of many molecules, especially large ones and proteins 
· Some large molecules are needed, and are actively transported through the blood vessel walls, and also, the walls in some areas of the brain allow certain large molecules to pass
· The degree to which therapeutic or recreational drugs influence brain activity depends on the ease with which they penetrate the blood-brain barrier 
3.2 Cells of the Nervous System: 
Classes of Neurons 
· Interneurons: neurons with a short axon or no axon at all. Their function is to integrate the neural activity within a brain structure, not to conduct from one structure to another 
Glia: The Forgotten Cells
· Only Schwann cells can guide axonal regeneration (regrowth) after damage 
3.3 Neuroanatomical Techniques and Directions: 
· Electron Microscopy: provides information about the details of neuronal structures
· Coat the thin slices of neural tissue with an electron-absorbing substance that is taken up by different parts of neurons to different degrees, and then passing a beam of electrons through the tissue onto a photographic film 
· The result is an electron micrograph, which captures neuronal structure in exquisite detail 
· A scanning electron microscope provides electron micrographs in three dimension, but not as much magnification as a conventional electron microscope 

Neuroanatomical Tracing Techniques
· Neuroanatomical tracing techniques are of two types:
· Anterograde: used when you want to trace the paths of axons projecting away from cell bodies. This is done by injecting into an area a chemical that is taken up by cell bodies, transported forward along their axons and to their terminal buttons 
· Retrograde: want to trace the paths of axons projecting into an area. A chemical is injected and is taken up by the terminal buttons and transported backwards
3.5 Five Major Divisions of the Brain: 
· In the vertebrate embryo, the tissue that develops into the CNS is recognizable as a fluid filled tube 
· Three “swellings” eventually become the adult forebrain, midbrain and hind brain 
· Before birth, these initial swellings become five
· The forebrain goes on to swell into two different swellings, and so does the hindbrain
· The swellings become the telecephalon, the diencephalon, the mesencephalon (midbrain), the metencephalon and the myelencephalon 
· An easy way to remember this is to know that telencephalon is on top and then the other four go below it in alphabetical order
· The telencephalon (left and right cerebral hemispheres) undergoes the greatest growth during development 
· The other four divisions of the brain are referred to as the brain stem 
3.6 Major Structures of the Brain: 
Diencephalon 
· Thalamus: the two lobes are joined by mass intermedia (white lamia)
· Hypothalamus
· Exerts its effects by regulating the release of hormones from the pituitary gland, which dangles from the ventral surface of the brain 
· Two other structures also appear on the inferior surface of the hypothalamus: 
· Optic chiasm: the point at which all the axons from the optic nerves come together in an X shape
· Half of the axons are decussate (cross over to the other part of the brain and run contralaterally)
· The non-decussate fibers run ipsilateral (stays on the same side of the body) 
· Mammillary bodies: pair of spherical nuclei located on the inferior surface of the hypothalamus 
The Cerebral Cortex
· The cerebral hemispheres are covered by a layer of tissue called the cerebral cortex 
· Mainly composed of gray matter
· Beneath the cortex is mainly composed of white matter
· Deeply convoluted to increase the amount of cerebral cortex without increasing the volume of the brain 
· Most mammals are lissencephalic (smoothed brain) 
· The two major landmarks on the lateral surface of each hemisphere are the central fissure and the lateral fissure 
· These fissures partially divide the hemisphere into four lobes “FPOT”
· The largest gyri are as follows:
· Precental gyri  frontal
· Postcentral gyri  parietal 
· Superior temporal gyri  temporal 
· The two large functional areas in each parietal lobe are the postcentral gyrus (analyzes sensations from the body) and the remaining parts in the parietal lobes play roles in perceiving the location of both objects and our bodies and in directing attention
· The cortex of each temporal lobe has three general functioning areas:
· Superior temporal gyrus: hearing and language
· Inferior temporal cortex: identifies complex visual input
· Medial portion of temporal cortex: important for certain kinds of memory
· ~90% of the human cerebral cortex is neocortex (six layered cortex of relatively recent evolution) 
· The layers of neocortex are numbered one to six starting at the surface
· Three important characteristics:
· First, many cortical neurons fall into one of two different categories:
· Pyramidal cells: large, multipolar neurons with pyramid shaped bodies, and apical dendrites 
· Stellate cells: short, star-shaped interneurons 
· Second, it is apparent that the six layer differ in terms of size and density of their cell bodies and their relative proportion of pyramidal and stellate cell bodies that they contain
· Third, it is apparent that many long axons and dendrites course vertically through the neocortex 
· The vertical flow of information is the basis of the neocortex’s columnar organization neurons in a given vertical column of neocortex often form a mini circuit that performs a single function 
· Fourth, there are variations of layer thickness from area to area 
· The hippocampus is one important areas of cortex that is not neocortex  it only has three layers 
Limbic System and the Basal Ganglia 
· Although much of the subcortical portion of the telecephalon is taken up by axons, projecting to and from the neocortex there are several large subcortical nuclear groups
· The limbic system: circuit of midline structures that circle the thalamus 
· Amygdala: almond shape nucleus in the anterior temporal lobe that is involved with emotion
· Posterior to the amygdala is the hippocampus, next is the cingulate cortex and the fornix
· Cingulate cortex: large tip of cortex in the cingulate gyrus on the medial surface of the cerebral hemispheres 
· Encircles the dorsal thalamus
· Septum: a midline nucleus located at the anterior tip of the cingulate cortex; several tracts connect the septum and mammillary bodies with the amygdala and hippocampus thereby completing the limbic ring 
· There are caudate coming out of each amygdala which has a striatum attached
· The remaining structure is the pale circular structure known as the globus pallidus located medial to the putamen 
· A pathway of interest projects to the striatum from the substantia nigra of the midbrain. Parkinson’ s disease is associated wit the deterioration of this pathway 
· Nucleus accumbens is thought to play a role in rewarding effects of addictive drugs and other reinforcers
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