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Abstract:

The central nervous system is so named because it integrates
information it receives from, and coordinates and influences the
activity of, all parts of the bodies of bilaterally symmetric animals
— that is, all multicellular animals except sponges and radially
symmetric animals such as jellyfish, and it contains the majority of
the nervous system. Arguably, many consider the retina® and the
optic nerve (2nd cranial nerve),®!*! as well as the olfactory nerves
(1st) and olfactory epithelium® as parts of the CNS, synapsing
directly on brain tissue without intermediate ganglia. Following
this classification the olfactory epithelium is the only central
nervous tissue in direct contact with the environment, which opens
up for therapeutic treatments. ! The CNS is contained within the
dorsal cavity, with the brain in the cranial cavity and the spinal
cord in the spinal cavity. In vertebrates, the brain is protected by
the skull, while the spinal cord is protected by the vertebrae, both
enclosed in the meninges.
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INTRODUCTION
Central nervous system

The central nervous system is so named because it integrates information it receives
from, and coordinates and influences the activity of, all parts of the bodies of bilaterally
symmetric animals — that is, all multicellular animals except sponges and radially
symmetric animals such as jellyfish, and it contains the majority of the nervous system.
Arguably, many consider the retinal?2l and the optic nerve (2nd cranial nerve),31[4] as
well as the olfactory nerves (1st) and olfactory epitheliuml! as parts of the CNS,
synapsing directly on brain tissue without intermediate ganglia. Following this
classification the olfactory epithelium is the only central nervous tissue in direct contact
with the environment, which opens up for therapeutic treatments. [51 The CNS is
contained within the dorsal cavity, with the brain in the cranial cavity and the spinal
cord in the spinal cavity. In vertebrates, the brain is protected by the skull, while the

spinal cord is protected by the vertebrae, both enclosed in the meninges.!®!

The central nervous system (CNS) is the part of the nervous system consisting of the
brain and spinal cord. The peripheral nervous system (or PNS), is composed of nerves

leading to and from the CNS, often through junctions known as ganglia.
Structure

The central nervous system consists of the two major structures: the brain and spinal
cord. The brain is encased in the skull, and protected by the cranium.[”l The spinal cord
is continuous with the brain and lies caudaly to the brain,[8] and is protected by the
vertebra.l’l The spinal cord reaches from the base of the skull, continues through!’! or
starting below[®! the foramen magnum,[’l and terminates roughly level with the first or

second lumbar vertebra, 8% occupying the upper sections of the vertebral canal.[4]

White and gray matter
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Dissection of a brain with labels showing the clear division between white and gray

matter.

Microscopically, there are differences between the neurons and tissue of the central
nervous system and the peripheral nervous system.[citation needed] The central nervous
system is divided in white and gray matter.[8! This can also be seen macroscopically on
brain tissue. The white matter constitutes of axons and oligodendrocytes, while the gray
matter chiefly constitutes of neurons. Both tissues include a number of glial cells
(although the white matter contains more), which are often referred to as supporting
cells of the central nervous system. Different forms of glial cells have different functions,
some acting almost as scaffolding for neuroblasts to climb during neurogenesis such as
bergmann glia, while others such as microglia are a specialized form of macrophage,
involved in the immune system of the brain as well as the clearance of various
metabolites from the brain tissue.[*l Astrocytes may be involved with both clearance of
metabolites as well as transport of fuel and various beneficial substances to neurons
from the capillaries of the brain. Upon CNS injury astrocytes will proliferate, causing

gliosis, a form of neuronal scar tissue, lacking in functional neurons.*]

The brain (cerebrum as well as midbrain and hindbrain) consists of a cortex, composed
of neuron-bodies constituting gray matter, while internally there is more white matter
that form tracts and commissures. Apart from cortical gray matter there is also

subcortical gray making up a large number of different nuclei.(8!
Spinal cord

From and to the spinal cord are projections of the peripheral nervous system in the
form of spinal nerves (sometimes segmental nervesl’]). The nerves connect the spinal
cord with skin, joints, muscles etc. and allow for the transmission of efferent motor as
well as afferent sensory signals and stimuli.[8] This allows for voluntary and involuntary
motions of muscles, as well as the perception of senses. All in all 31 spinal nerves
project from the brain stem,[8] some forming plexa as they branch out, such as the
brachial plexa, sacral plexa etc.[”l Each spinal nerve will carry both sensory and motor
signals, but the nerves synapse at different regions of the spinal cord, either from the
periphery to sensory relay neurons that relay the information to the CNS or from the

CNS to motor neurons, which relay the information out.[8l
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Diagram of the columns and of the course of the fibers in the spinal cord. Sensory
synapses occur in the dorsal spinal cord (above in this image), and motor nerves leave
through the ventral (as well as lateral) horns of the spinal cord as seen below in the

image.

Different ways in which the central nervous system can be activated without engaging
the cortex, and making us aware of the actions. The above example shows the process in
which the pupil dilates during dim light, activating neurons in the spinal cord. The
second example shows the constriction of the pupil as a result of the activation of the

Eddinger-Westphal nucleus (a cerebral ganglion).

The spinal cord relays information up to the brain through spinal tracts through the
"final common pathway" [8] to the thalamus and ultimately to the cortex. Not all
information is relayed to the cortex, and does not reach our immediate consciousness,
but is instead transmitted only to the thalamus which sorts and adapts accordingly. This
in turn may explain why we are not constantly aware of all aspects of our

Surroundlngsl [citation needed]
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Reflexes may also occur without engaging more than one neuron of the central

nervous system as in the below example of a short reflex.
Cranial nerves

Apart from the spinal cord, there are also peripheral nerves of the PNS that synapse
through intermediaries or ganglia directly on the CNS. These 12 nerves exist in the head
and neck region and are called cranial nerves. Cranial nerves bring information to the
CNS to and from the face, as well as to certain muscles (such as the trapezius muscle,

which is innervated by accessory nerves!’l as well as certain cervical spinal nerves).[”]

Two pairs of cranial nerves; the olfactory nerves and the optic nervesl?l are often
considered structures of the central nervous system. This is because they do not
synapse first on peripheral ganglia, but directly on central nervous neurons. The
olfactory epithelium is significant in that it consists of central nervous tissue expressed
in direct contact to the environment, allowing for administration of certain

pharmaceuticals and drugs. [5]
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Brain

Rostrally to the spinal cord lies the brain.[8! The brain makes up the largest portion of
the central nervous system, and is often the main structure referred to when speaking
of the nervous system. The brain is the major functional unit of the central nervous
system. While the spinal cord has certain processing ability such as that of spinal
locomotion and can process reflexes, the brain is the major processing unit of the

nervous System_[citation needed)
Brain stem

The brain stem consists of the medulla, the pons and the midbrain. The medulla can be
referred to as an extension of the spinal cord, and its organization and functional
properties are similar to those of the spinal cord.[8] The tracts passing from the spinal

cord to the brain pass through here.[8]

Regulatory functions of the medulla nuclei include control of the blood pressure and
breathing. Other nuclei are involved in balance, taste, hearing and control of muscles of

the face and neck.[8!

The next structure rostral to the medulla is the pons, which lies on the ventral anterior
side of the brain stem. Nuclei in the pons include pontine nuclei which work with the
cerebellum and transmit information between the cerebellum and the cerebral cortex.8I

In the dorsal posterior pons lie nuclei that have to do with breathing, sleep and taste.[®]

The midbrain (or mesencephalon) is situated above and rostral to the pons, and

includes nuclei linking distinct parts of the motor system, among others the cerebellum,
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the basal ganglia and both cerebral hemispheres. Additionally parts of the visual and
auditory systems are located in the mid brain, including control of automatic eye

movements.[8]

The brain stem at large provides entry and exit to the brain for a number of pathways
for motor and autonomic control of the face and neck through cranial nerves,[8 and
autonomic control of the organs is mediated by the tenth cranial (vagus) nerve.[l A
large portion of the brain stem is involved in such autonomic control of the body. Such

functions may engage the heart, blood vessels, pupillae, among others.[®]

The brain stem also hold the reticular formation, a group of nuclei involved in both

arousal and alertness.[8l
Cerebellum

The cerebellum lies posteriorly or dorsally and rostrally to the pons. The cerebellum is
composed of several dividing fissures and lobes. Its function includes posture and
coordination of movements of eyes, limbs as well as that of the head. Further it is
involved in motion that has been learned and perfected though practice, and will adapt
to new learned movements.[8l Despite its previous classification as a motor structure,
the cerebellum also displays connections to areas of the cerebral cortex involved in
language as well as cognitive functions. These connections have been recently shown

through anatomical studies, such as fMRI and PET.[8]

The body of the cerebellum holds more neurons than any other structure of the brain
including that of the larger cerebrum (or cerebral hemispheres), but is also more
extensively understood than other structures of the brain, and includes fewer types of
different neurons.[8! It handles and processes sensory stimuli, motor information as well

as balance information from the vestibular organ.[¢]
Diencephalon

The two structures of the diencephalon worth noting are the thalamus and the
hypothalamus. The thalamus acts as a linkage between incoming pathways from the
peripheral nervous system as well as the optical nerve (though it does not receive input
from the olfactory nerve) to the cerebral hemispheres. Previously it was considered
only a "relay station”, but it is engaged in the sorting of information that will reach

cerebral hemispheres (neocortex).[8!
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Apart from its function of sorting information from the periphery, the thalamus also
connects the cerebellum and basal ganglia with the cerebrum. In common with the
aforementioned reticular system the thalamus is involved in wakefullness and

consciousness, such as though the SCN.[8]

The hypothalamus engages in functions of a number of primitive emotions or feelings
such as hunger, thirst and maternal bonding. This is regulated partly through control of
secretion of hormones from the pituitary gland. Additionally the hypothalamus plays a

role in motivation and many other behaviors of the individual.8!
Cerebrum

The cerebrum of cerebral hemispheres make up the largest portion of the human brain.
Various structures combine forming the cerebral hemispheres, among others, the
cortex, basal ganglia, amygdala and hippocampus. The hemispheres together control a
large portion of the functions of the human brain such as emotion, memory, perception
and motor functions. Apart from this the cerebral hemispheres stand for the cognitive

capabilities of the brain.8l

Connecting each of the hemispheres is the corpus callosum as well as several additional
commissures.[8] One of the most important parts of the cerebral hemispheres is the
cortex, made up of gray matter covering the surface of the brain. Functionally, the

cerebral cortex is involved in planning and carrying out of everyday tasks.![®!

The hippocampus is involved in storage of memories, the amygdala plays a role in
perception and communication of emotion, while the basal ganglia play a major role in

the coordination of voluntary movement.[8]
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A map over the different structures of the nervous systems in the body, showing the

CNS, PNS, and ENS.

This differentiates the central nervous system from the peripheral nervous system,
which consists of neurons, axons and Schwann cells. Schwann cells and
oligodendrocytes have similar functions in the central and peripheral nervous system
respectively. Both act to add myelin sheaths to the axons, which acts as a form of
insulation allowing for better and faster proliferation of electrical signals along the
nerves. Axons in the central nervous system are often very short (barely a few
millimeters) and do not need the same degree of isolation as peripheral nerves do. Some
peripheral nerves can be over 1m in length, such as the nerves to the big toe. To ensure

signals move at sufficient speed, myelination is needed.

The way in which the Schwann cells and oligodendrocytes myelinate nerves differ. A
Schwann cell usually myelinates a single axon, completely surrounding it. Sometimes
they may myelinate many axons, especially when in areas of short axons.[”]
Oligodendrocytes usually myelinate several axons. They do this by sending out thin

projections of their cell membrane which envelop and enclose the axon.
Bipolar disorder

Bipolar disorder, also known as bipolar affective disorder (and originally called
manic-depressive illness), is a mental disorder characterized by periods of elevated
mood and periods of depression.[11l21 The elevated mood is significant and is known as
mania or hypomania depending on the severity or whether there is psychosis. During
mania an individual feels or acts abnormally happy, energetic, or irritable.[!] They often
make poorly thought out decisions with little regard to the consequences. The need for
sleep is usually reduced.[?] During periods of depression there may be crying, poor eye
contact with others, and a negative outlook on life.[!l The risk of suicide among those
with the disorder is high at greater than 6% over 20 years, while self harm occurs in 30-
40%.[11 Other mental health issues such as anxiety disorder and drug misuse are

commonly associated.[!]
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