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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.



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, sympathetic and parasympathetic. The autonomic system controls muscles

in the heart, the smooth muscle in internal organs such as the intestine, bladder, and uterus.

PERIPHERAL NERVOUS SYSTEM

The Sympathetic Nervous

System is involved in the “fight

or flight” response.

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 Somatic Nervous System (SNS) of the PNS 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.

PERIPHERAL NERVOUS SYSTEM (PNS)



Autonomic Nervous System: Sympathetic 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 Sympathetic Nervous System

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 in 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".





Autonomic Nervous System: Parasympathetic 

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



Autonomic Nervous System: Parasympathetic System

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

CENTRAL NERVOUS SYSTEM



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 :

1) white matter = bundles of axons each coated with a

sheath of myelin

2) 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)



The Median Plane cuts lengthwise through the

middle of the brain.

The Saggital Plane is parallel to the Median Plane,

but off the main axis.

The Coronal Plane is perpendicular to the Median

Plane, running right between your ears.

The Horizontal Plane runs parallel to the ground as

you stand upright

Anatomical Orientations

Rostral : to the nose

Caudal : to the tail

Cranial : towards the head

Dorsal : toward the back of animal

Ventral : toward the belly

Medial : toward the middle

Lateral : toward the side

http://en.wikipedia.org/wiki/Image:Anatomical-directions.svg
http://en.wikipedia.org/wiki/Image:Anatomical-directions.svg




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.

SPINAL CORD



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.

2) reflex circuit
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http://what-when-how.com/neuroscience/the-spinal-cord-

organization-of-the-central-nervous-system-part-3/



https://www.studyblue.com/notes/note/n/spinal-cord-and-spinal-nerves/deck/2938634



http://what-when-how.com/wp-content/uploads/2012/04/tmp14102.jpg

Direct spinothalamic pathway: the neospinothalamic

tract.

The peripheral processes of these dorsal root ganglion

cells end as receptors sensing pain, temperature, and

simple tactile sensations.

The central processes of these dorsal root ganglion

cells synapse with the neurons of the nucleus proprius.

The axons of these second-order neurons cross via the

anterior white commissure, enter the contralateral white

matter, ascend in the lateral funiculus, and synapse on

third-order neurons located in the ventral posterolateral

nucleus of the thalamus.

The axons of third-order neurons project to the primary

sensory cortex.

Spinal Tracts - examples



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.)



http://accessphysiotherapy.mhmedical.com/data/Multimedia/grandRounds/neuropt/media/neuropt_print.html

http://www.ncbi.nlm.nih.gov/pubmed/21674586

The spinal cord receives its blood supply from

the anterior spinal artery, which runs along the

ventral surface of the cord in the midline and

from the paired posterior spinal arteries,

running along the right and left dorsal surface

of the cord.

The blood-spinal cord barrier (BSCB) is the

functional equivalent of the blood-brain barrier

(BBB) in the sense of providing a specialized

microenvironment for the cellular constituents

of the spinal cord.

Even if intuitively the BSCB could be

considered as the morphological extension of

the BBB into the spinal cord, evidence

suggests that this is not so. The BSCB shares

the same principal building blocks with the

BBB; nevertheless, it seems that

morphological and functional differences may

exist between them. Dysfunction of the BSCB

plays a fundamental role in the etiology or

progression of several pathological conditions

of the spinal cord, such as spinal cord injury,

amyotrophic lateral sclerosis, and radiation-

induced myelopathy.



http://www.iovs.org/content/51/11/5403/F1



CerebroSpinal Fluid (CSF)

Cerebrospinal fluid (CSF) is a clear fluid that circulates in the space surrounding

the spinal cord and brain.

CSF protects the brain and spinal cord from injury by acting like a liquid cushion,

and also functions to support the metabolism of the brain (supplies nutrients to

nervous system tissue; removes waste products from cerebral metabolism).



CSF is usually obtained through a lumbar puncture (spinal tap; actually, that is the ONLY recommended

position to obtain CSF). During the procedure, a needle is inserted usually between the 3rd and 4th

lumbar vertebrae and the CSF fluid is collected for testing.

CSF should ideally be clear.

If the CSF looks cloudy, it could mean there is an infection or a build up of white blood cells or

protein.

If the CSF looks bloody or red, it may be a sign of bleeding or spinal cord obstruction.

If it is brown, orange, or yellow, it may be a sign of increased CSF protein or previous bleeding

(more than 3 days ago).



BRAIN STEM



Brain Stem – Medulla 

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.

http://www.ganino.com/brain_structures_and_their_functions



Brain Stem – Pons 

Pons is rostral to the medulla and protrudes from

the ventral surface of the brain stem.

It is part of the metencephalon in the hindbrain.

It is involved in motor control and sensory

analysis… for example, information from the ear

first enters the brain in the pons.

It has parts that are important for the level of

consciousness and for sleep.

Some structures within the pons are linked to the

cerebellum, thus are involved in movement and

posture.

ie contains a large number of neuronal clusters

that relay information about movement and

sensation

(from the cerebral cortex to cerebellum)

http://www.ganino.com/brain_structures_and_their_functions



Cranial nerves are peripheral nervous system components that connect directly to the brain.

There are 12 pairs of cranial nerves and they are visible on the ventrolateral surface of the brainstem;

and each has a name relative to its appearance or to its function. The cranial nerves are analogous in

some way to spinal nerves, having both sensory and motor functions. However, they also carry out

more specialized functions relating to the organs of the head.



Brain Stem – Midbrain 

It is the smallest part of the brain stem...

Neurons of the midbrain 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.



An important region of the brainstem contains many of these nuclei is the reticular formation. It's named

for the network-like appearance of its fibers in histological sections. The reticular formation extends

throughout the central portions of the brainstem from the medulla to the midbrain. The more caudal

portions of the reticular formation in the medulla and the lower pons tend to be more involved in motor and

autonomic functions.

The rostral reticular formation in the upper pons and midbrain play an important role in regulating level of

consciousness, influencing higher areas mainly through modulation of thalamic activity. Therefore, lesions

that affect the pontomesencephalic reticular formation can cause lethargy and coma.

Brain Stem – Reticular formation



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.

http://www.colorado.edu/kines/Class/IPHY3430-200/05cns.html

http://www.colorado.edu/kines/Class/IPHY3430-200/05cns.html


The cerebellum appears to play several roles.

It stores learned sequences of movements, it

participates in fine tuning and co-ordination of

movements produced elsewhere in the brain, and it

integrates all of these things to produce movements so

fluid and harmonious that we are not even aware of

them.

To do all this, the cerebellum maintains close

communications with the cortex.

The motor, somatosensory, and posterior parietal areas

of the cortex project massive numbers of axons to the

nuclei of the pons, located in the brainstem.

The neurons of the pons then project their axons into

the cerebellum.

This corticopontocerebellar tract forms an extremely

dense nerve bundle containing about 20 million axons,

just about 20 times more than the pyramidal bundle!



Synaptic organization of the basic cerebellar circuit module

http://fisica.cab.cnea.gov.ar/escuelaib2014-

neurociencias/restricted/BOOKS/Principles%20of%20Neural%20Science%20-

%20Kandel/gateway.ut.ovid.com/gw2/ovidweb.cgisidnjhkoalgmeho00dbookimagebookdb_7c_2fc~49.htm

The cerebellum receives two main types of afferent

inputs, mossy fibers and climbing fibers.

Both groups of fibers form excitatory synapses

with cerebellar neurons, but the two groups

terminate differently in the cerebellar cortex and

produce different patterns of firing in the Purkinje

neurons

Mossy fibers originate from nuclei in the spinal cord

and brain stem and carry sensory information from the

periphery as well as information from the cerebral

cortex. They terminate as excitatory synapses on the

dendrites of granule cells in the granular layer. The

axons of the granule cells (the parallel fibers) travel

long distances (up to one-third of the width of the

cerebellar hemisphere) along the long axis of the

molecular layer, thus exciting large numbers of Purkinje

neurons. In humans each Purkinje cell receives input

from as many as one million granule cells, each of

which collects input from many mossy fibers.



http://fisica.cab.cnea.gov.ar/escuelaib2014-

neurociencias/restricted/BOOKS/Principles%20of%20Neural%20Science%20-

%20Kandel/gateway.ut.ovid.com/gw2/ovidweb.cgisidnjhkoalgmeho00dbookimagebookdb_7c_2fc~49.htm

The cerebellum receives two main types of

afferent inputs, mossy fibers and climbing

fibers.

Climbing fibers originate from the inferior

olivary nucleus and convey somatosensory,

visual, or cerebral cortical information. The

climbing fibers are so named because they

wrap around the cell bodies and proximal

dendrites of Purkinje neurons like a vine on a

tree, making numerous synaptic contacts.

Individual Purkinje neurons receive

synaptic input from only a single climbing

fiber, whereas each climbing fiber contacts

1-10 Purkinje neurons.

Synaptic organization of the basic cerebellar circuit module










