Neurobiology
Chapter 7: The structure of the nervous system

The nervous system the importance of neuroanatomy
· The structure of the nervous system tells us about brain function.
· Brain organization the mammalian plan 

Anterior/rostral head/beak/nose
Posterior/caudal bum 
Dorsal back
Ventralstomach
Anything closer to middle line medial
Anything farther from middle line  lateral 
Midsagittal cutting the brain from rostralcaudal

Gross organization: Central nervous system
Cerebrum
·  two hemispheres, contralateral control
· Largest part of the brain 
· The right side receives sensations from and controls movement of the left side and vise versa. 

Cerebellum
· “little brain”, movement
· contains as many neurons as both cerebral hemispheres combined
· movement control center that has connections with the cerebrum and spinal cord
· the left side is affiliated with movements of the left side and vise versa.

Brain stem
· forms the stem that the cerebral hemispheres and cerebellum sprout from. 
· It’s a complex nexus of fibers/cells that relay information from the cerebrum to the spinal cord and cerebellum vice versa. 
· It also regulates vital functions such as breathing, consciousness and the control of body temperature. 
· It is considered the most primitive part of the brain and important to life, you cannot survive damage to this. 

Spinal cord attached to the brain stem, conduit for skin, joints &muscles. 
· Conduit of information from the brain to the body 
· We get information from the skin, joints, muscles
· Communicates with the body via the spinal nerves which exit the spinal cord through notches between vertebrae’s in the vertebral column. 
· Each spinal nerve attaches to the spinal cord by two branches: the dorsal root and the ventral root. 
· Spinal nerves dorsal root sensory, afferent
· Ventral root motor, efferent 

Peripheral nervous system
It is the nervous system which is outside the brain and spinal cord
1) The somatic PNS 
· Everything under voluntary control 
· innervates skin, joints and muscles.
· Somatic motor axons command muscle contractions
· Somatic sensory neurons innervate and collect information 
 the dorsal root ganglia: clusters of neuronal cell bodies outside the spinal cord that contain somatic sensory axons.
· There is a dorsal root ganglion for each spinal nerve. 
2) Visceral PNS/involuntary/ vegetative/ autonomic nervous system
· Consists of the neurons that innervate internal organs, blood vessels and glands. 
· Visceral sensory axons bring information about visceral function to CNS such as the pressure and oxygen content of the blood in the arteries. 
· Visceral motor neurons command the contraction and relaxation of muscles that form the walls of the intestines and blood vessels (called smooth muscles), the rate of cardiac muscle contraction and the secretory function of various glands. 

Afferent (Sensory neurons) carry to
Efferent (the axons that emerge from the CNS to innervate the muscles and glands) carry from 

There are twelve pairs of cranial nerves that arise from the brain stem and innervate the head.  
· They can be axons from the CNS, the somatic PNS or the visceral PNS. 
· Each cranial nerve had a name and a number associated with it (galen) 

The meninges separates the CNS from the brain. Three membranes protect the brain. 
1) Dura mater outermost covering, it forms a tough, inelastic bag that surrounds the brain and spinal cord
2) Arachnoid membrane under the dura mater (spider), 
3) Pia mater thin membrane that adheres closely to the surface of the brain. There are many blood vessels that ultimately dive into the substance of the underlying brain.
· It is separated from the arachnoid by a fluid filled space the subarachnoid space is filled with cerebrospinal fluid. 
· In a sense, the brain floats inside the head in the thin layer or CSF. 

The ventricular system
Ventricles are filled with cerebrospinal fluid (CSF), they are caverns and canals inside the brain.
· Choroid plexus specialized tissue in ventricles that secrete cerebrospinal fluid.
· CSF circulates through the ventricles and is absorbed in the subarachnoid space. 

The central nervous system forms the walls of a fluid-filled neural tube, the insides of the tube become the ventricular system. 

The embryo begins as a flat disk with three distinct layers of cells 
1) Endoderm  gives rise to the lining of many of the internal organs
2) Mesoderm arises the bones of the skeleton and the muscles
3) Ectoderm the nervous system and the skin derive from the ectoderm. 

Neural plate changes in the part of the ectoderm that give rise to the nervous system. 
· The brain consists only of a flat sheet of cells; the next event of interest is the formation of a groove in the neural plate called the neural groove. 
Neural groove the walls of the groove are called neural folds
Fusion of neural folds these move together and fuse dorsally, forming the neural tube. 
Neural tubes the entire central nervous system develops from the walls of the neural tube. As the folds come together, some neural ectoderm is pinched off and come to lie to the neural tube. forms CNS neurons
Neural crest this is a tissue. 
· It develops in close association with the underlying mesoderm
· All neurons with cell bodies in the PNS derive from the neural crest
·  forms PNS neurons
Mesoderm the mesoderm at this stage in development forms prominent bulges on either side of the neural crest called somites
Somites 33 individual vertebrae of the spinal column and the related skeletal muscle will develop. 
· The nerves that innervate these skeletal muscles are therefore called somatic motor nerves. 

Neurulation process by which the neural plate becomes the neural tube
· It occurs very early in the embryonic development, 22 days after conception.

Differentiation: process by which structures become more complex and functionally specialized during development
· The entire brain derives from the three primary vesicles of the neural tube. 

Three primary brain vesicles
1) Prosencephalon (forebrain) secondary vesicles sprout off on both sides, the secondary vesicles are the optics vesicles and the telencephalic vesicles. 
· The secondary structure that remains after the secondary vesicle have sprouted off called the diencephalon (between brains). 
· The optic vesicles grow and fold in to form the optic stalks and the optic cups which eventually become the optic nerves and the two retinas in adults. 
· The retina Is part of the forebrain not the peripheral nervous system

2) Mesencephalon (midbrain) 
3) Rhombencephalon (hindbrain) connects with caudal neural tube, giving rise to the spinal cord. 

4) Telencephalon (end brain)  the telencephalic vesicles together form the telencephalon consisting of two cerebral hemispheres, it grows in four ways.
· The telencephalic vesicles grow posteriously so that they lie over and lateral to the diencephalon 
· Another pair of vesicles sprout off the ventral surfaces giving rise to the olfactory bulbs and structures related to smell
· The cells of the walls of the telencephalon divide and differentiate into various structures.
· White matter systems develop, carrying axons to and from the neurons of the telencephalon. 
· The neurons of the telencephalon vesicles form the cerebral cortex and the basal telencephalon.
· The fluid filled spaces within the cerebral hemispheres are called the lateral ventricles 
· This is a landmark in the adult brain because whenever you see a paired fluid ventricle, you know the tissue on the side is the telencephalon. 
· The space at the center of the diencephalon is called the third ventricle. 

5) The diencephalon diffuses into two structures:
· The thalamus and the hypothalamus 
· The neurons of the developing forebrain extend axons to communicate with other parts of the nervous system, these axons bundle together to form three major parts of the nervous system 
· Major white matter systems: Axons extend from developing forebrain to other parts of the nervous system
 The cortical white matter contains all the axons that run to and from the neurons in the cerebral cortex
 The corpus callosum is continuous with the cortical white matter and forms an axonal   bridge that links cortical neurons of the two hemispheres.
 The cortical white matter is also continuous with the internal capsule which links the cortex with the brain stem, particularly the thalamus. 

Differentiation
Forebrain seat of perceptions, conscious awareness, cognition and voluntary action, this all depends on extensive interconnections with the sensory and motor neurons of the brain stem and spinal cord. 
· Cerebral cortex (brain) the most important structure in the forebrain, has expanded the most over the course of human evolution. 
· Cortical neurons receive sensory information, form perceptions of the outside world and command voluntary movements. 
· Neurons in the olfactory bulbs receive information from cells that sense chemicals in the nose and relay information to a part of the cerebral cortex for further analysis. 
1) Thalamus  gateway to the cerebral cortex
· The axons from the thalamus to the cerebral cortex pass though the internal capsule
· They carry information from the contralateral side of the body
· The axons from the cortex to the thalamus also pass through the internal capsule
2) The hypothalamus has not changed much over time 
· controls the visceral nervous system which regulates bodily functions in response to the needs of the organism 
· ex: when you are faced with a threatening situation, the hypothalamus signals your fight or flight response. 
· It also plays a role in motivating animals to drink, eat and have sex in response to their needs/
· It directs bodily responses via connection with the pituitary gland located below the diencephalon. This gland communicates with many parts of the body by releasing hormones into the bloodstream. 

Basal structures deep in the brain and the basal ganglia lie deep within the cerebrum. 
· The basal ganglia is poorly understood, damage to this disrupts the ability to initiate voluntary movements. 

The midbrain differentiates a little amount 
· Contains axons descending from the cerebral cortex to the brain stem and spinal cord (corticospinal tract)
· Information conduit from the spinal cord to the forebrain and vice versa. 
1) The tectum dorsal surface of mesencephalic surface becomes the tectum which differentiates into two structures
superior colliculus receives sensory info from the eyes (optic tectum)
· Controls eye movements
inferior colliculus receives sensory info from the ears
· Serves as an important relay station for auditory information en route to the thalamus. 
2) tegmentum floor of midbrain becomes
· one of the most colorful regions of the brain because it contains:
· substantia nigra (black substance and red nucleus) control voluntary movement

The hindbrain important conduit for information passing from the forebrain to the spinal cord & vice versa. 
1) Cerebellum movement control
· Formed by the growth and fusion of the rhombic lips. 
· It receives massive axonal inputs from the spinal cord and the pons. 
· Damage to the cerebellum results in uncoordinated and inaccurate movements. 
2) Pons switchboard connecting cerebral cortex to cerebellum
3) Cochlear nuclei project axons to different structures
4) Medulla oblongata contains neurons that perform many different sensory and motor functions. 
· Functions in touch and taste, it contains neurons that relay somatic sensory information from the spinal cord to the thalamus

Decussation crossing of axons from one side to another. 

The grey matter between the dorsal root and the ventral horns is called the intermediate zone.
· Everything else is white matter consisting of columns of axons that run up and down the spinal cord. 
· The axons running along the dorsal surface of the spinal cord are the dorsal columns. 
· Intermediate zone cells are interneurons that shape motor outputs in response to sensory inputs and descending commands from the brain. 

The grooves on the surface of the cerebrum are called sulci and the bumps are called gyri. 
· They result from the tremendous expansion of the surface area of the cerebral cortex during human fetal development, 

Differences between rat and human brain
· Convulsions on human cerebrum surface (sulci & gyri)
· Size of the olfactory bulb
· Growth of cerebral hemisphere (the lobes).

Common features of cerebral cortex in vertebrates
· Cell bodies in layers/sheets
· Surface layer separated from pia mater layer 1
· Apical dendrites form multiple branches

The cortex amount has evolved, not the structure.
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