MBG 640 Advanced Neurobiology

Week 2

Development of the nervous system – embryonic neurogenesis

FIRST: BASIC NEUROANATOMY
THE NERVOUS SYSTEM

Multicellular animals must monitor and maintain a constant internal environment as well as monitor and
respond to an external environment. In many animals, these two functions are coordinated by two
integrated and coordinated organ systems: the nervous system and the endocrine system.
Three basic functions are performed by nervous systems:
•
Receive sensory input from internal and external environments
•
Integrate the input
•
Respond to stimuli

Sensory Input
Receptors are parts of the nervous system that sense changes in the internal or external environments.
Sensory input can be in many forms, including pressure, taste, sound, light, blood pH, or hormone
levels, that are converted to a signal and sent to the brain or spinal cord.
Integration and Output
In the sensory centers of the brain or in the spinal cord, the barrage of input is integrated and a
response is generated. The response, a motor output, is a signal transmitted to organs than can convert
the signal into some form of action, such as movement, changes in heart rate, release of hormones, etc.
Endocrine Systems
Some animals have a second control system, the endocrine system. The nervous system coordinates
rapid responses to external stimuli. The endocrine system controls slower, longer lasting responses to
internal stimuli. Activity of both systems is integrated.

Not all animals have highly specialized nervous systems.
Those with simple systems tend to be either small and
very mobile or large and immobile. Large, mobile animals
have highly developed nervous systems: the evolution of
nervous systems must have been an important
adaptation in the evolution of body size and mobility.
Coelenterates, cnidarians, and echinoderms have their
neurons organized into a nerve net. These creatures
have radial symmetry and lack a head. Although lacking
a brain or either nervous system (CNS or PNS) nerve
nets are capable of some complex behavior.

Bilaterally symmetrical animals have a body plan that
includes a defined head and a tail region.
Development of bilateral symmetry is associated with
cephalization, the development of a head with the
accumulation of sensory organs at the front end of the
organism.
Flatworms have neurons associated into clusters known
as ganglia, which in turn form a small brain.
Vertebrates have a spinal cord in addition to a more
developed brain.

The Peripheral Nervous System (PNS) contains only
nerves and connects the brain and spinal cord (CNS) to
the rest of the body.
The axons and dendrites are surrounded by a white
myelin sheath. Cell bodies are in the central nervous
system (CNS) or ganglia. Ganglia are collections of nerve
cell bodies.
Cranial nerves in the PNS take impulses to and from the
brain (CNS).
Spinal nerves take impulses to and away from the spinal
cord.
There are two major subdivisions of the PNS motor
pathways:
the somatic and the autonomic.

Two main components of the PNS:
sensory (afferent) pathways that provide input from the
body into the CNS.
motor (efferent) pathways that carry signals to muscles
and glands (effectors).
Most sensory input carried in the PNS remains below the
level of conscious awareness. Input that does reach the
conscious level contributes to perception of our external
environment.

PERIPHERAL NERVOUS SYSTEM

The Somatic Nervous System (SNS) includes all nerves controlling the muscular system and external
sensory receptors. External sense organs (including skin) are receptors. Muscle fibers and gland cells are
effectors.
The Autonomic Nervous System is that part
of PNS consisting of motor neurons that
control internal organs. It has two
subsystems. The autonomic system controls
muscles in the heart, the smooth muscle in
internal organs such as the intestine, bladder,
and uterus.
The Sympathetic Nervous System
involved in the “fight or flight” response.

is

The Parasympathetic Nervous System is
involved in relaxation.
Each of these subsystems operates in the
reverse of the other (antagonism). Both
systems innervate the same organs and act in
opposition to maintain homeostasis.

The Sympathetic Nervous System
The preganglionic motor neurons of the sympathetic system arise in the spinal cord. They pass into sympathetic
ganglia which are organized into two chains that run parallel to and on either side of the spinal cord.
The preganglionic neuron may do one of three things in the sympathetic ganglion:
1) synapse with postganglionic neurons which then reenter the spinal nerve and ultimately pass out to the sweat
glands and the walls of blood vessels near the surface of the body.
2) pass up or down the sympathetic chain and finally synapse with postganglionic neurons in a higher or lower
ganglion
3) leave the ganglion by way of a cord leading to special ganglia (e.g. the solar plexus) in the viscera. Here it may
synapse with postganglionic sympathetic neurons running to the smooth muscular walls of the viscera.

However, some of these preganglionic neurons pass right on through this second ganglion and into the adrenal
medulla. Here they synapse with the highly-modified postganglionic cells that make up the secretory portion of the
adrenal medulla.

The neurotransmitter of the preganglionic sympathetic neurons is
acetylcholine (ACh). It stimulates action potentials in the postganglionic
neurons.
The neurotransmitter released by the postganglionic neurons is
noradrenaline (also called norepinephrine).

The action of noradrenaline on a particular gland or muscle is excitatory
is some cases, inhibitory in others. (At excitatory terminals, ATP may be
released along with noradrenaline.)
The release of noradrenaline
1) stimulates heartbeat
2) raises blood pressure
3) dilates the pupils
4) dilates the trachea and bronchi
5) stimulates the conversion of liver glycogen into glucose
6) shunts blood away from the skin and viscera to the skeletal muscles,
brain, and heart
7) inhibits peristalsis in the gastrointestinal (GI) tract
8) inhibits contraction of the bladder and rectum

In short, stimulation of the sympathetic branch of the autonomic
nervous system prepares the body for emergencies: for "fight or flight".

The Parasympathetic Nervous System
The main nerves of the parasympathetic system are the tenth cranial nerves, the vagus nerves.
They originate in the medulla oblongata. Other preganglionic parasympathetic neurons also extend from the
brain as well as from the lower tip of the spinal cord.

Each preganglionic parasympathetic neuron synapses with just a few postganglionic neurons, which are
located near - or in - the effector organ, a muscle or gland.
Acetylcholine (ACh) is the neurotransmitter at all the pre- and many of the postganglionic neurons of the
parasympathetic system. However, some of the postganglionic neurons release nitric oxide (NO) as their
neurotransmitter.

Parasympathetic stimulation causes
1) slowing down of the heartbeat
2) lowering of blood pressure
3) constriction of the pupils
4) increased blood flow to the skin and viscera
5) peristalsis of the GI tract
of change occurring during sleep or hypnosis.

In short, the parasympathetic system returns the body functions to normal after they have been altered by
sympathetic stimulation. In times of danger, the sympathetic system prepares the body for violent activity. The
parasympathetic system reverses these changes when the danger is over.
The vagus nerves also help keep inflammation under control. Inflammation stimulates nearby sensory neurons of
the vagus. When these nerve impulses reach the medulla oblongata, they are relayed back along motor fibers to
the inflamed area. The acetylcholine from the motor neurons suppresses the release of inflammatory cytokines,
e.g., tumor necrosis factor (TNF), from macrophages in the inflamed tissue.

Although the autonomic nervous system is considered to be involuntary, this is not entirely true. A certain amount
of conscious control can be exerted over it as has long been demonstrated by practitioners of Yoga and Zen
Buddhism. During their periods of meditation, these people are clearly able to alter a number of autonomic
functions including heart rate and the rate of oxygen consumption. These changes are not simply a reflection of
decreased physical activity because they exceed the amount of change occurring during sleep or hypnosis.

The Central Nervous System (CNS) is composed of the brain
and spinal cord. The CNS is surrounded by bone-skull and
vertebrae. Fluid and tissue also insulate the brain and spinal
cord.
The CNS has 7 major divisions:
1- spinal cord
2- medulla
3- pons
4- midbrain
5- cerebellum
6- diencephalon
7- cerebral hemispheres

The central nervous system is made up of the
spinal cord and brain
1) The spinal cord
conducts sensory information from the peripheral
nervous system (both somatic and autonomic) to the
brain
conducts motor information from the brain to our
various effectors
Ex. skeletal muscles, cardiac muscle, smooth
muscle and
glands
It serves as a minor reflex center

2) The brain
receives sensory input from the spinal cord as well as
from its own nerves (e.g., olfactory and optic nerves)
devotes most of its volume (and computational
power) to processing its various sensory inputs and
initiating appropriate — and coordinated — motor
outputs.

White Matter vs. Gray Matter

Both the spinal cord and the brain consist of
white matter = bundles of axons each coated with a
sheath of myelin

gray matter = masses of the cell bodies and dendrites
— each covered with synapses.

In the spinal cord, the white matter is at the surface,
the gray matter inside.
In the brain of mammals, this pattern is reversed.
However, the brains of "lower" vertebrates like fishes
and amphibians have their white matter on the
outside of their brain as well as their spinal cord

SPINAL CORD

The spinal cord is a thin, tubular structure that is an extension of the central nervous system from the brain and is enclosed in
and protected by the bony vertebral column. The main function of the spinal cord is transmission of neural inputs between the
periphery and the brain.

The spinal cord carries out two main functions:
1) It connects a large part of the peripheral nervous system to the brain.
Information (nerve impulses) reaching the spinal cord through sensory
neurons are transmitted up into the brain. Signals arising in the motor areas
of the brain travel back down the cord and leave in the motor neurons.
2) The spinal cord also acts as a minor coordinating center responsible for
some simple reflexes like the withdrawal reflex.

The interneurons carrying impulses to and from specific receptors and
effectors are grouped together in spinal tracts.

31 pairs of spinal nerves arise along the spinal cord. These are "mixed" nerves because each contain both sensory
and motor axons. However, within the spinal column,
• all the sensory axons pass into the dorsal root ganglion where their cell bodies are located and then on into the
spinal cord itself.
• all the motor axons pass into the ventral roots before uniting with the sensory axons to form the mixed nerves.

Crossing Over of the Spinal Tracts
Impulses reaching the spinal cord from the left side of the body eventually
pass over to tracts running up to the right side of the brain and vice versa.
In some cases this crossing over occurs as soon as the impulses enter the
cord. In other cases, it does not take place until the tracts enter the brain
itself.

Medulla is the direct rostral extension of the Spinal Cord.

It resembles the SC in both organization and function...
Neuronal groups in the medulla participate in the regulation of blood pressure and respiration.
Also present are neuronal groups that form some of the early relay nuclei involved in taste, hearing and
maintenance of balance – as well as control of muscles in the neck and face.

Figure 2 - Origin of cranial nerves involved
in swallowing.
From the following article
Physiology of oral cavity, pharynx and upper
esophageal sphincter
Benson T. Massey
GI Motility online (2006)
doi:10.1038/gimo2

This illustration is a lateral view of the brain
stem. Note that cranial nerves V and VII arise
in pons and IX, X and XII arise in medulla. In
medulla, these nuclei are closely packed and
can be affected together in medullary lesions.
(Source: Netter medical illustration with
permission of Elsevier. All rights reserved.)

Pons (Latin bridge) is rostral to the medulla and protrudes from the ventral surface of the brain stem.
Contains a large number of neuronal clusters that relay information about movement and sensation
(from the cerebral cortex
to cerebellum)

It is the smallest part of the brain stem...
Neurons provide important linkages between components of motor systems, such as cerebellum, basal
ganglia, and cerebral hemispheres.
Ex. Substantia nigra, a distinct nucleus of the midbrain, is important in regulating voluntary movements.
The dopaminergic neurons of the substantia nigra are affected in Parkinson’s Disease.
Midbrain also contains components of the auditory and visual systems, and regulate eye movement. It also
has to do with fight or flight reaction: Links the cerebrum’s perception of fear to the autonomic physiological
reactions to fear… it can suppress pain or raise heart rate and blood pressure

CEREBELLUM

Lies over the pons and contains far greater number of neurons than any other subdivision of the brain...
However, there are very few TYPES of neurons, hence the circuitry is well-understood.
Cerebellum receives somatosensory information from the spinal cord, motor information from the cerebral cortex, and
input about balance from the vestibuluar organs of the inner ear.

It is important for maintaining posture and for coordinating head and eye movements, as well as for fine tuning muscular
movement and in learning motor skills.
TO BE CONTINUED….
http://www.colorado.edu/kines/Class/IPHY3430-200/05cns.html

The diencephalon contains two major subdivisions: thalamus
and the hypothalamus...

Thalamus is an essential link in the transfer of sensory
information (other than olfactory) from receptors in the periphery
to sensory processing regions in the cerebral hemispheres.
Thalamus is NOT just a relay station – it has recently been
shown that thalamus also acts as a gating and modulatory
component of the brain.
Thalamus determines whether sensory information reaches the
conscious awareness in the neocortex or not.

Thalamus also participates in integrating motor information from the cerebellum and basal ganglia and transmitting this
information to the regions of the cerebral hemispheres associated with motor function.
Diencephalon also has regions like the reticular formation that are thought to influence levels of attention and
consciousness.

Hypothalamus regulates several behaviours that are essential
for homeostasis as well as reproduction..
It controls growth, eating, drinking, maternal behavior, by
regulating the hormonal secretions of the pituitary gland.

It is also an essential component of the motivational system of
the brain, initiating and maintaining behaviors that the organism
finds rewarding.
One part of the hypothalamus, called the Suprachiasmatic Nuclei
(SCN), regulates circadian rhythms, cyclic behaviors that are
entrained to the daily light-dark cycles.

Thalamus ("Sensory Relay Station")
Amygdala ("Aggression Center")
Hippocampus (Memory Formation)
Hypothalamus (Regulates Temperature, Hunger, Activity of ANS,
hormone release via pituitary, site of "pleasure center" )

BRAIN – CEREBRAL HEMISPHERES

The cerebrum is the largest part of the brain and controls voluntary actions, speech, thought, and memory.
The surface of the cerebral cortex has grooves or infoldings, the largest of which are termed fissures. Some fissures
separate lobes.
The cerebrum is divided into 2 halves, known as the right and left hemispheres.
A mass of fibers called the corpus callosum links the hemispheres.
The right hemisphere controls voluntary limb movements on the left side of the body, and
the left hemisphere controls voluntary limb movements on the right side of the body.

Almost every person has one dominant hemisphere. Each hemisphere is divided into 4 lobes, or areas, which are
interconnected.

EACH FUNCTIONAL SYSTEM INVOLVES SEVERAL BRAIN REGIONS….

The functional systems in the brain feed into each other:
In some sensory systems,
receptors in the periphery may project to one or more regions in the spinal cord, brain stem and thalamus….
The thalamus projects into the primary sensory cortices…..
These in turn project into other regions of the cerebral cortex.

The components of the functional systems are called relays, although these systems do not simply relay the
information, but also modify it through integration of the multitude of synaptic inputs before relaying into the next
level…..

Usually, the neurons in information processing can be classified into 2 groups:
1- projection (or principal) neurons
2- local interneurons

Principal neurons convey the information over large distances, from one region of the brain to another and are
often excitatory…
Local interneurons may have synaptic input from the same source as principal neurons, but they only convey the
information locally and are often inhibitory…

Pathways link components of a functional system…..
Axons leaving one component of a functional system are often bundled together –
And their location is more or less similar in different brain samples….
These pathways are readily observable by the naked eye…
This group of fibers carries messages for voluntary motor movement
to the lower motor neurons in the brain stem and spinal cord.

Approximately 80% of the cell bodies of the pyramidal tract are
located on the precentral gyrus of the frontal lobe, which is also
known as the motor strip. Particularly large cells located here whose
axons are part of the pyramidal tract are called pyramidal cells.
Approximately 20% of the pyramidal tract fibers also originate in the
postcentral gyrus of the parietal lobe, in Brodmann's areas 1, 2, and 3.
Regardless of the location of their cell bodies, pyramidal tract fibers
begin their descent from the cortex as a corona radiata (radiating
crown) before forming the internal capsule.
This tract is direct and monosynaptic, meaning that the axons of its
neurons do not synapse with other cells until they reach their final
destination in the brain stem or spinal cord. These direct connections
between the cortex and the lower motor neurons allow messages to
be transmitted very rapidly from the central nervous system to the
periphery.

CORTEX IS CONCERNED WITH COGNITIVE FUNCTIONING
The cortex, also called gray matter, is the most external layer of the brain and
predominantly contains neuronal bodies (the part of the neurons where the DNAcontaining cell nucleus is located).
The gray matter participates actively in the storage and processing of information.
An isolated clump of nerve cell bodies in the gray matter is termed a nucleus (to be
differentiated from a cell nucleus). The cells in the gray matter extend their
projections,
called
axons,
to
other
areas
of
the
brain.
Fibers that go from the motor cortex to the brainstem (for example, pons) or the spinal
cord receive a name that generally reflects the connections (that is, corticopontine
tract for the former and corticospinal tract for the latter).

The cerebral cortex is highly convoluted, including grooves (sulci) that
separate elevated regions (gyri) – which is likely to have resulted through
a need for increased number of neurons during evolution…..
The thickness of the cortex is pretty much similar across species –
however the surface area can change substantially.

Cortex is organized into different functional layers, and important for
information processing…

Cortical areas receive their names according to their general function or lobe name.
If in charge of motor function, the area is called motor cortex.
If in charge of sensory function, the area is called a sensory or somesthetic cortex.
The calcarine or visual cortex is located in the occipital lobe (also termed occipital cortex) and receives visual input.
The auditory cortex, localized in the temporal lobe, processes sounds or verbal input.
Knowledge of the anatomical projection of fibers of the different tracts and the relative representation of body regions
in the cortex often enables doctors to correctly locate an injury and its relative size, sometimes with great precision.

BRAIN TOPOGRAPHY

Organization of most sensory systems is represented topographically on the brain…..

Neighboring groups of cells in the retina, for instance, project into neighboring groups of cells in the visual
portion of thalamus…….
… which in turn project into neighboring regions of the visual cortex…

These neural maps not only reflect the position of the receptors, but also their density.
For instance in the retina, the fovea has the highest density of receptors – and as such, the area in the
visual cortex devoted to information from fovea is greater than the rest of the receptors in the retina….

Motor map, like the sensory maps, does
not represent every part of the body
equally – the extent of representation
reflects the density of innervation of that
particular part, and therefore reflects on the
fineness of control required for movements
of that body part….

HIERARCHICAL ORGANIZATION OF INFORMATION PROCESSING
In most brain systems, information processing is organized hierarchically – for example, in the visual system, the
Lateral Geniculate Nucleus (LGN, within the thalamus) is responsive to a spot of light in a particular region of the visual
field.
The axons of several adjacent thalamic neurons converge on cells in the primary visual cortex, where each cell fires
only when a particular arrangement of presynaptic cells is active (such as when the eye perceives a single bar of light
in a given orientation)

Cortical Control of Movement

Neurons in the primary motor cortex control movements by four different
pathways.
They directly control the corticospinal and corticobulbar pathways and
indirectly control two sets of pathways that originate in the brain stem.
The corticospinal pathway consists of axons of cortical neurons that
terminate in the gray matter of the spinal cord. The largest concentration
of cell bodies responsible for these axons is located in the primary motor
cortex, but neurons in the parietal and temporal lobes also send axons
through the corticospinal pathway.
The axons leave the cortex and travel through subcortical white matter to
the ventral midbrain, where they enter the cerebral peduncles. They leave
the peduncles in the medulla and join the pyramidal tracts, so-called
because of their shape.
At the level of the caudal medulla, most of the fibers cross over and
descend through the contralateral spinal cord, forming the lateral
corticospinal tract.
The rest of the fibers descend through the ipsilateral spinal cord, forming
the ventral corticospinal tract.

The frontal lobes are located in the front of the brain and are responsible for voluntary movement and, via
their connections with other lobes, participate in the execution of sequential tasks; speech output;
organizational skills; and certain aspects of behavior, mood, and memory.
The parietal lobes are located behind the frontal lobes and in front of the occipital lobes. They process
sensory information such as temperature, pain, taste, and touch. In addition, the processing includes
information about numbers, attentiveness to the position of one’s body parts, the space around one’s body,
and one's relationship to this space.
The temporal lobes are located on each side of the brain. They process memory and auditory (hearing)
information and speech and language functions.
The occipital lobes are located at the back of the brain. They receive and process visual information.

LAYERS OF THE CEREBRAL CORTEX
The cerebral cortex can be divided into the evolutionarily older archicortex (hippocampus and olfactory cortex) and the
newer neocortex.
The neocortex is not the only section of the brain which is disproportionately larger in humans and primates. So is the
thalamus, the lateral lobes of the cerebellum and the hippocampus.
But it is the neocortex which is commonly believed to be the organ of thinking. It is in the neocortex that demonstrably
increased blood-flows occur during the performance of various mental tasks. It is therefore the neocortex that seems to be
the most likely candidate for "the anatomical basis of mind".

Approximately 75-85% of the neurons in the neocortex are
pyramidal cells (pyramid-shaped), characterized by a broad
base at the bottom, and an apex that points upwards to the
cortical surface.
The neurotransmitter of pyramidal neurons is glutamate,
which is excitatory.
Most of the axons in the neocortex connect pyramidal
neurons with other pyramidal neurons. A large pyramidal
neuron may have 20,000 synapses (the average neocortical
neuron has 6,000).

Non-pyramidal neurons in the neocortex are referred to
collectively as interneurons. Most of these interneurons
(smooth stellate, basket cells, chandelier cells and
double bouquet cells) use the inhibitory neurotransmitter
gamma-amino butyric acid (GABA).
In the illustration, next to the names of the layers are three columns, indicating
the results of different staining methods. The leftmost column indicates a Golgi
stain, which causes silver chromate salt precipitation in less than 2% of cells -but these cells are stained in their entirety. The second column uses a stain that
reveals only cell bodies and the third column uses a stain that reveals only
myelin (axons).

The other common interneuron is the spiny stellate cell,
which is excitatory.
The average cortical neuron is idle 99.8% of the time.

LAYER I – acellular layer, also called molecular layer.
Occupied by dendrited of cells located in deeper cortex as
well as by axons that travel through or form connections in
this layer.
LAYER II – composed of mainly spherical granule cells,
therefore called external granule cell layer. Receives input
from other cortical layers.
LAYER III – mostly pyramidal cells, and called external
pyramidal cell layer
LAYER IV – is made up of granule cells mainly, and called
the internal granule cell layer. Receives input from outside
the cortex.
LAYER V – is made up of mainly pyramidal cells and is
called the internal pyramidal cell layer. These are typically
longer than cells in Layer III.
LAYER VI – is a heterogenous layer of neurons, therefore
called the polymorphic or multiform layer. It blends into
the white matter, carrying axons to and from the cortex.

Most cortical outputs leading to the thalamus originate in layer 6, whereas most outputs to other subcortical nuclei
originate in layer 5.

Layer 4 tends to be thickest in primary sensory cortex
and it is virtually missing in the motor cortex (the
"agranular cortex").
Layer 4 is so thick and specialized in the primary
visual cortex that it is subdivided into 4A, 4B and 4C.

Cell density is also very high in the primary visual
cortex: 250,000 neurons per square millimeter, versus
100,000 in the rest of the neocortex.
Most cortical outputs leading to the thalamus originate in
layer 6, whereas most outputs to other subcortical nuclei
originate in layer 5.

Sensory inputs first activate neurons in layer 4, which
propagate the excitement up to layers 2 and 3, and from
there down to layers 5 and 6. Recurrent pathways will send
excitation back from layer 6 to layer 4. These rich
interconnections between layers, and the organization of
these connections into vertical columns, have led to
models of the cortex in which billions of cortical columns
act as the functional units. In sensory areas, these
vertically-integrated columns actually have an inhibitory
effect on adjacent columns (lateral inhibition) which is
believed to increase resolution of sensory information.

Neurons in different layers of the neocortex project to different parts of the brain –
The neocortex receives inputs from the thalamus, from other regions on either side of the brain, and various other sources.
The output also depends on a variety of brain regions…
The layering of the neurons provides an efficient means for organizing the input-output relationships.

Why are we learning all these neuroanatomical structures? –
To understand how they develop during embryogenesis !!!!

1.Development May 1, 2012 ; vol. 139 no. 9 1535-1546

Usually, the neurons in information processing can be classified into 2 groups:
1- projection (or principal) neurons
2- local interneurons

Principal neurons convey the information over large distances, from one region of the brain to another
and are often excitatory…

They are located mainly in Layers III, V, and VI.
Use the excitatory amino acid glutamate as their primary transmitter.

Local interneurons may have synaptic input from the same source as principal neurons, but they only
convey the information locally and are often inhibitory…
They are located in all layers, constituting about 20-25 % of the neurons in neocortex.
Use the inhibitory neurotransmitter GABA.

THE CEREBELLUM AND MOTOR CONTROL

The cerebellum comprises a bilaterally symmetrical
expansion of the superior dorsal lip of the
hindbrain, which is divided by deep horizontal
fissures into an anterior lobe, large posterior lobe,
and a small flocculo-nodular lobe.
The cerebellar surface is covered by a three layered
mantle or cortex of grey matter. The cortex is
thrown into extensive, parallel, horizontal folds
which increase the surface area.

The total surface area of cerebellar cortex is equal
to that of the cerebral cortex.

The innermost layer of the cerebellar cortex is the
granule cell layer containing the small granule cells
whose axons run up to the surface, bifurcate and run
along the folia as parallel fibres in the outermost layer
of the cortex - the molecular layer.
Between these two layers is the Purkinje Cell layer
with the cell bodies of the large Purkinje cells. The
large, fan-like dendritic trees of these cells lie in the
molecular layer, oriented across the folia, and
receiving excitatory synaptic contact from the parallel
fibres.
Basket and stellate cells in the molecular layer mediate
lateral inhibition across the folia.

Most inputs to the cerebellar cortex terminate on granule cells as excitatory mossy fibers.
Inputs from the inferior olive terminate directly on the Purkinje cells as strongly excitatory climbing fibres. These fibres are
strongly activated during the learning new motor activity; their activity is minimal when well-rehearsed tasks are carried out.
Axons from the Purkinje cells, the sole outputs from the cortex, run through the granule cell layer, to make inhibitory (GABAergic) synapses on the cells of the deep nuclei. The cells of the deep nuclei give rise to the outputs from the cerebellum.

SUBCORTICAL REGIONS OF THE BRAIN

The ability of the cerebral cortex to process sensory information, to associate it with emotional states, to store it as memory, and to
initiate action Is modulated by three structures within the cerebral hemispheres:
1)
2)
3)

Basal ganglia
Hippocampus
Amygdala

The Basal Ganglia consists of the caudate nucleus, putamen, and
globus pallidus.
Neurons in the basal ganglia regulate movement and also contribute to
certain cognitive functions such as learning of skills.

They receive information from all parts of the cerebral cortex, but only send
information to the frontal lobe through thalamus.

The hippocampus and the associated cortical regions are responsible
for long-term memories of our daily experiences.
However, the hippocampus is not the permanent site for memory
storage.
Damage to the hippocampus results in patients with problems in
forming new memories, without any impairment of old memories.
In Alzheimer's disease, the hippocampus becomes one of the first
regions of the brain to suffer damage; memory problems and
disorientation appear among the first symptoms.

Cajal’s drawing of hippocampus

Although there is a lack of consensus relating to terms describing the hippocampus and the adjacent cerebral cortex,
the term hippocampal formation generally applies to the dentate gyrus, the Cornu Ammonis fields CA1-CA3 (and
CA4, frequently called the hilus and considered part of the dentate gyrus), and the subiculum.

The CA1, CA2 and CA3 fields make up the hippocampus proper.
Information flow through the hippocampus proceeds from the dentate gyrus to CA3 to CA1 to the subiculum, with
additional input information at each stage and outputs at each of the two final stages.
CA2 represents only a very small portion of the hippocampus and its presence is often ignored in accounts of
hippocampal function, though it is notable that this small region seems unusually resistant to conditions that usually
cause large amounts of cellular damage, such as epilepsy.

The hippocampus is formed by two interlocking sheets of cortex and in cross-section has a very
defined laminar structure with layers visible where rows of pyramidal cells are arranged. The
connections within the hippocampus generally follow this laminar format and, as a rule, are unidirectional. They form well-characterised closed loops that originate mainly in the adjacent entorhinal
cortex.

Perirhinal and Post-Rhinal Cortices
The perirhinal and postrhinal cortices are part of the cortical region that surround the hippocampal
formation (in the human brain, the 'postrhinal cortex' is made up of areas TH and TF of the
parahippocampal cortex). They lie adjacent to the hippocampus within the temporal lobe. Unlike the
hippocampus itself, these regions are much less structured in terms of having a strict organisation of
neurons into distinct layers, but are functionally separate. The perirhinal and postrhinal cortices receive
incoming sensory information from the visual, olfactory and somato-sensory cortices (among many other
inputs) and they are closely involved in the interpretation of novelty and familiarity, e.g in visual recognition
memory.
The connectivity within these areas is complex, but can be simplified to two main loops; perirhinal-LEChippocampus and postrhinal-MEC-hippocampus

http://www.bristol.ac.uk/synaptic/pathways/

Amygdala
Amygdala lies rostral to the hippocampus and is involved in analyzing the emotional and motivational
significance of sensory stimuli and in coordinating the actions of many brain systems to allow an
individual to make an appropriate response.

The amygdala receives input directly from the major sensory systems – and then projects back to the
neocortex, basal ganglia, the hippocampus, and other subcortical structures such as the hypothalamus.
It projects to the brainstem and can thus modulate somatic PNS, and coordinate the body’s responses to
a given situation – responses to danger such as heart rate and respiration are controlled through the
amygdala.

BLOOD-BRAIN BARRIER

The blood-brain barrier (abbreviated BBB) is composed of
endothelial cells packed tightly in brain capillaries that more greatly
restrict passage of substances from the bloodstream than do
endothelial cells in capillaries elsewhere in the body.
Processes from astrocytes surround the endothelial cells of the BBB
providing biochemical support to the epithelial cells.
The BBB should not be confused with the blood-cerebrospinal fluid
barrier, a function of the choroid plexus.

• BBB allows diffusion only of lipid soluble
substances across the astrocyte membrane
surrounding the capillary (Such as Nicotine,
ethanol, heroin)

• Water soluble substances may pass but only by
mediated transport (such as Glucose, amino acids)

http://www.medical-animations.com/feature.php

Development of the Nervous System

"It is not birth, marriage, or death, but gastrulation, which is truly the most important time in your life."
Lewis Wolpert (1986)

Although the details of gastrulation differ between various groups of animals, the cellular mechanisms
involved in gastrulation are common to all animals. Gastrulation involves changes in cell motility, cell shape,
and cell adhesion.
Below are schematic diagrams of the major types of cell movements that occur during gastrulation.
Invagination: a sheet of cells (called an epithelial sheet) bends inward.
Ingression: individual cells leave an epithelial sheet and become freely migrating mesenchyme cells.
Involution: an epithelial sheet rolls inward to form an underlying layer

Show below are images of human embryos during gastrulation,13 - 19 days post ovulation. Notice the primitive streak…

Neurulation
Neurulation in vertebrates results in the formation of the
neural tube, which gives rise to both the spinal cord
and the brain. Neural crest cells are also created
during neurulation. Neural crest cells migrate away
from the neural tube and give rise to a variety of cell
types, including pigment cells and neurons.

The CNS (central nervous system) comprises the brain and spinal cord. A primitive
CNS appears early on in the development of the embryo and originates from
EMBRYONIC ECTODERM.
Its development is as follows:
The NOTOCHORD, a cellular rod derived from MESODERM, develops from the
notochordal process.
The notochord defines the primitive midline axis of the embryo and forms the basis
of the axial skeleton.
The notochord lies ventral to the ectoderm and INDUCES a thickening of the
ectoderm - the NEURAL PLATE.
The ectoderm in the neural plate is now known as neuroectoderm and gives rise to
the CNS (and other structures).

A shallow depression appears in the neural plate as it continues to thicken and this
is termed the NEURAL GROOVE. As the neural plate thickens, the groove
deepens and the neural plate becomes defined from the adjacent ectoderm
(NEURO-ECTODERMAL JUNCTION).
The neural plate starts to fold at the edges along the length of the embryo to form
the NEURAL TUBE. This process starts about a third of the way down the length
of the plate (from the rostral end), but fusion continues both cranially and caudally
along the plate until the neural tube is complete.

Fusion of the neural plates to form the neural tube
The walls of the neural tube thicken to form the brain and
spinal cord.
The lumen of the neural tube is the precursor of the ventricles
of the brain and the central canal of the spinal cord.
At this stage, the rostral two thirds of the neural plate and
tube (i.e. everything rostral to the 4th pair of somites) are the
primordium of the future brain.
The distal third represents the upper cervical region of the
future spinal cord. The part of the neural plate from which the
rest of the spinal cord will develop has not yet appeared.
At first, the neural tube is open at both ends - the ROSTRAL
and CAUDAL NEUROPORES. The neuropores communicate
freely with the amniotic cavity. The rostral pore closes quickly
as the brain develops rapidly but the caudal pore closes later.

Failure of the rostral pore to close leads to a condition known
as ANENCEPHALY where neural tissue is exposed on the
skull suface. It is uncommon and is invariably fatal.
If the caudal neuropore fails to close, it leads to malformation
and non-fusion of the vertebral arches - a condition known as
SPINA BIFIDA. This condition can be seen in ruminants,
horses, cats and dogs.

Along the line where the folds of the neural plate fuse, neuroectodermal cells migrate ventrolaterally to form
the NEURAL CREST between the surface ectoderm and the neural tube. When tubulation is complete, the
neural crest cells lie close to the dorsal lateral margins of the neural tube.
The adult derivatives of the neural crest cells are:
• dorsal root and cranial nerve ganglia
• ganglia of the autonomic nervous system
• the adrenal medulla
• SCHWANN CELLS which form the myelin sheaths around peripheral nerves
• neuroendocrine cells of the gastrointestinal tract

Differentiation of the neural tube
After the neural tube has formed, the walls of the tube divide into three
layers.
Adjacent to the neural canal is the GERMINAL LAYER containing
proliferative neuroepithelial cells.
Some of these cells differentiate into NEUROBLASTS (immature nerve
cells) and GLIOBLASTS (precursors of glial cells).
Eventually, this layer is exhausted to leave only a single layer of
EPENDYMAL cells around the lumen. These cells line all the cavities of the
CNS i.e. the ventricles and the central canal.
The MANTLE LAYER is formed from the neuroproliferative cells that
migrated from the germinal layer and will form the grey matter in the adult. In
this layer, the axons of developing neuroblasts become formed into bundles
(TRACTS) and together with glial cells make the outer MARGINAL LAYER
that develops into the white matter of the adult.
Neuroblasts become neurones as their axons develop.
In the cerebellum and cerebral cortices, neuroblasts migrate to the outside
of the neural tube, thus in the adult, the grey matter of these areas is
peripheral to the white matter.

Figure 27-10. Neuropoietic model of neural crest cell lineage. Analogous to the process of hemopoiesis, early
multipotent neuropoietic stem cells undergo extensive migration along complex pathways to different embryonic
environments. Committed progenitor cells, including enteric, parasympathetic and others as listed, generate restricted
sublineages under the influence of environmental growth factors. These cell populations expand in number and undergo
terminal differentiation to the final adult phenotypes. SIF, small, intensely fluorescent cells. (Modified from [ 35], with
permission.)
From Basic Neurochemistry, Ed.s Siegel et al, 1998

Nervous system development has 4 stages:
1) specification of the neural cell identity (neural or glial),
2) neuron migration and axon outgrowth,
3) synapse formation with target (neurons, muscles or gland cells)
4) synaptic connection refinement (elimination of axon branches and cell death).

Specification of cell identity in the nervous system
Neurons in Drosophila arise from proneural clusters.
The neurogenic zone or neurectoderm consisting of cells that can
become either neural cells or epidermis form on either side of the ventral
mesoderm in the early embryo.
Proneural gene expression, such as the transcription factor genes of
the achaete-scute complex gives the potential to become neural
precursors.
This complex encodes a number of basic helix-loop-helix transcription
factors that form homodimers and heterodimers that bind to genes that
initiate neural specification.

The Vertebrate nervous system
Most of the vertebrate CNS comes from the neural plate.
In addition sensory placoids in the head region give rise to the
cranial nerves.
Specification of vertebrate neuronal precursors also involves
lateral inhibition.
Delta activates Notch which inhibits synthesis of neurogenin
(related to the achaete-scute proteins).
The one cell expressing neurogenin then expresses neuroD (a
transcription factor required for neuronal differentiation).

The pattern of differentiation of cells along the D/V axis of the spinal cord depends on ventral and
dorsal signals.
The spinal cord depends upon D/V patterning.

During early development, motor neuron are ventral, commissural neurons (along spinal cord) are dorsal.
Sensory neurons (from neural crest cells) arise laterally and dorsally.

The pattern of differentiation of cells along the D/V axis of the
spinal cord depends on ventral and dorsal signals.
Early on Pax gene expression differs along the D/V axis of the neural
tube.
Sonic hedgehog (Shh, from the floor plate of the neural tube)
represses Pax3 & Pax7 to induce ventral cell fates.

Shh

Neurons in the mammalian central nervous system arise from asymmetric cell divisions, then migrate
away from the proliferative zone.

In both the brain and spinal cord, the neurons and glia arise from the ventricular proliferative zone (VPZ), a
layer
of
epithelial
cells
lining
the
lumen
of
the
neural
tube.
Once formed the neuron does not divide again (?)
The
mammalian
cerebral
cortex
has
6
layers,
each
with
distinctive
All originate in the VPZ and migrate out to their final position along the elongated radial glial cells.

cells.

Each cortical neuron is specified before migration starts by the time when it is born (the time of its last mitotic
division). Early neurons migrate to close sites, while later ones travel past them to far locations.

http://www.frontiersin.org/Molecular_Psychiatry/10.3389/fpsyt.2012.00050/full

The neural tube generates a large number of different neuronal and glial cell types.

Embryonic Stem Cells and Neural Stem Cells

Embryonic stem (ES) cells are isolated from the inner cell mass (ICM) of mouse or human blastocysts. ICM cells are grown,
typically on a mouse feeder cell layer, and stem cell colonies are isolated. These ES cells can give rise to all germ layers.
Recent evidence from mouse and human ES cells indicates that bone morphogenetic protein (BMP) signalling regulates
ectodermal fate specification in ES cells, as in the embryo. Two experimental paradigms that support the neural default model
and the role of BMPs in the acquisition of ectodermal fates are depicted. Tissue-specific markers are given from the studies of
Tropepe et al.83 and Kawasaki and colleagues94.
Emx, empty spiracles (Drosophila) homologue; FGF2, fibroblast growth factor 2; GFAP, glial fibrillary acidic protein; LIF, leukaemia inhibitory
factor; MAP2, microtubule-associated protein 2; NCAM, neural cell adhesion molecule; Oct4, POU domain, class 5, transcription factor 1; SDIA,
stromal-cell-derived inducing activity; TE, trophectoderm.

Ignacio Muñoz-Sanjuán & Ali H. Brivanlou, 2002

