Histology of Nervous System



Central Nervous System (CNS)

- Consists of the brain and spinal cord

- The brain is part of the CNS that is located in
the skull and the spinal cord is connected to the
brain through the foramen magnum of the
occipital bone and is encircled by the bones of
the vertebral column

- Source of thoughts, emotions and memories

- Most signals that stimulate muscles to contract
and glands to secrete originate in the CNS
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Peripheral Nervous System (PNS)

- Consists of all nervous tissue outside the CNS
Components of PNS

- Nerves

- Ganglia

- Enteric plexus

- Sensory receptors

PNS is divided into

- Somatic Nervous System (SNS)

- Autonomic Nervous System (ANS)
- Enteric Nervous System (ENS)



Receptors

sensory structures that detect changes in the internal
or external environment

Effectors

are target organs whose activities change in response
to neural commands

Somatic Sensory Receptors

provide position, touch, pressure, pain, and
temperature sensations

Special Sensory Receptors

provide sensations of smell, taste, vision, balance, and
hearing

Information Processing

includes the integration and distribution of information
iIBhe CNS 4



Nerves

Is a bundle of hundreds and thousands of axons plus
associated connective tissue and blood vessels
Ganglia

are small masses of nervous tissue, consisting
primarily of neuron cell bodies, that are located outside
of the brain and spinal cord

Enteric plexuses

are extensive networks of neurons located in the walls
of organs of the gastrointestinal tract. The neurons of
these plexuses help regulate the digestive system
Sensory receptors

refers to a structure of the nervous system that
monitors change in the external or internal
aitvironment :



Somatic Nervous System (SNS)
the part of the peripheral nervous system that controls
voluntary movement of skeletal muscles

SNS consists of

- Sensory neurons that convey information to the CNS
form somatic receptors in the head, body wall, and
limbs and from receptors for the special senses of
vision, hearing, taste and smell

- Motor neurons that conduct impulses from the CNS
to skeletal muscles only. Because of these motor
responses can be consciously controlled the action of
this part of the PNS is voluntary
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Autonomic Nervous System (ANS)

the part of the peripheral nervous system that controls the
glands and the muscles of the internal organs (such as the
heart). Its sympathetic division arouses; its parasympathetic
division calms.

ANS consists of

- sensory neurons that convey information to the CNS form

autonomic sensory receptors, located primarily in visceral
organs e.g. stomach and lungs

- motor neurons that conduct nerve impulses from the CNS to
smooth muscle, cardiac muscle and glands. Motor responses
are not normally under conscious control - action is
iInvoluntary.
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The motor part of the ANS consists of 2 branches

- Sympathetic Division

- Parasympathetic Division

Sympathetic Division

helps support exercise or emergency actions - the 'fight of
flight' response

Parasympathetic Division

takes care of rest-and-digest’ activities



Enteric Nervous System (ENS)
neural tissue associated with the digestive system that is
responsible for nervous control through autonomic

connections

Operation of ENS is involuntary

ENS
- many of the neurons function independently of the ANS and

SNS to some extent - they also communicate with the CNS

via sympathetic and parasympathetic neurons.
- sensory neurons monitor chemical changes within the Gl

tract smooth muscle to propel food through the Gl tract,
secretions of Gl organs and activities of Gl tract endocrine
cells, which secrete hormones.
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Functions of the Nervous System

- Sensory (input)

- Integrative (process)

- Motor (output)

Sensory (input)

sensory receptors detect internal stimuli or external stimuli. This
iInformation is then carried into the brain and spinal cord through

cranial and spinal nerves.
= Millions of receptors monitorthings.

= Externally they monitor things such as temperature,
sound, and light, including that from the "special senses’
of touch, smell, taste, hearing, and sight from the
external environment.

" |nside the body, receptors detect variations of
pressure, pH, carbon dioxide concentration, and the
evels of various electrolytes and including pain, body
position (proprioception).

stm Al| of this information gathered is called sensory input.
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Integrative (process)

the nervous system processes sensory information by analysing it

and making decisions for appropriate response - an activity known
as integration

Motor (output)
once sensory information is integrated, the nervous system may

elicit an appropriate motor response by activating effectors to
secrete.
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Nervous System

" The three major
organs are:

Central nervous
system

Brain
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Nervous System

Autonomic Nervous System

Preganglionic
neuron: soma is
usually in the brain-
stem or sacral
{(toward the bottom)
spinal cord

Postganglionic
Neuron: soma is
usually in a
ganglion near the
target organ

Meurotransmitters
released from
postganglionic
sSynapse:
acetylcholine or nitric
oxide

Parasympathetic

Sympathetic

Preganglionic
neuron: soma is
usually in the spine

' synapse:

Meurotransmitter
released from the
preganglionic

Target organ
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Nervous System
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Nervous System

The Nervous System
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Nervous System

The major components and functions of the nervous system

Central Nervous System
The central nervous system
(CNS) consists of the brain and

for integrating, processing,and £}

the CNS.

Iinformation processing
includes the integration and
distribution of information in

nervous system
(PMNS) includes all the
neural tissue oulside
the CHS,

The sensory division of the PNS
brings information to the CNS
from receptors in peripheral
tissues and organs.

Somatic sensory

receptors provide receptors pnwida

position, touch, sensations of

pressure, pain, and smell, taste, vision,

temperature sensations. balance, and
hearing.

Visceral sensory receplors |
monitor internal organs.

ﬂﬂlniptnu are sensory structures that detact
changes in the internal or external
environment.
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g‘lha maotor division of the
PNS carries motor commands
from the CNS to peripheral
tissues and systems.
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Nervous System
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" The axons are bundled

Nerves

" Anerve is theprimary
structure of the
peripheral nervous
system (PNS) that et >
encloses the axonsof -
peripheral neurons.

Blood vessels ..~ .

Perineurium _
(around one
fascicle)

together into groups Endoneurium
called fascicles, and Schwanncell |\ _LS0=)
each fascicle is —— -
wrapped In a layer of =~ aen 58

connective tissue called ®

the perineurium
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Nerve Fiber:
A nerve fiber consists of an axon. The axon Is covered
by axolemma and contains cytoplasm called axoplam. It

arises from a conical extension of the cell body called
axon hillock.
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Types of nerve fibers:

Unmyelinated nerve fibers: have no myelin sheath. It is
subdivided into;

1. Unmyelinated fibers without sheath of Schwann cells
(neurolemma) as in gray matter (naked)

2. Unmyelinated nerve fibers with sheath of Schwann cells
as in sympathetic post ganglionic fibers.



Myelinated nerve fibers: have myelin sheath. It is
subdivided into;

1. Myelinated nerve fibers without sheath of Schwann cells
as in white matter .

2. Myelinated nerve fibers with sheath of Schwann cells as
In peripheral nerve fibers .

NOTE:

Myelin is a large lipoprotein complex, composed mainly of lipid
bilayers and membrane proteins.

Myelin is an insulating layer, or sheath that forms around
nerves, including those in the brain and spinal cord.

This myelin sheath allows electrical impulses to transmit quickly
and efficiently along the nerve cells. If myelin is damaged, these
impulses slow down. This can cause diseases such as multiple

%ﬂerosis. 21



Schwann cells

@ Schwann cells (named for 19th century German histologist
Theodor Schwann), are sometimes called
neurolemmocytes.

@ They are found only in the PNS and differentiate from
precursors in the neural crest.

@ Schwann cells are important for myelination of peripheral
axons, like the oligodendrocytes of the CNS.

® One Schwann cell forms myelin around a segment of one
axon.



Ganglia

They are collections of nerve cells outside the central
nervous system.

They are of 2 types sensory (spinal) and autonomic
(sympathetic and parasympathetic).



Nerves

Axon
— Myelin sheath

Endoneurium ——== “ Fascicle

| perineurium
i v

Perineurium

| j | T ; J

Epineurium
— Blood
vessels

— Epineurium




" There are:

® 12 pairs of cranial
nerves and their
branches

® 31 pairs of spinal
nerves and their
branches

SPINAL AND CRANIAL NERVES

Nerves .
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" The brain has three

major parts:
" Forebrain or

Prosencephalon

= Cerebrum or
telencephalon

" Diencephalon
" Cerebellum

® Brainstem®

" Midbrain or
mesencephalon

" Pons
" Medulla oblongata

Brain
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Brain

® Cerebellum
® The cerebellum is divided

into hemispheres with three

lobes in each.

® The section between
hemispheres is called the
vermis.

® Functions

® Coordinates somatic motor
function

® Fine muscle control (adjusts
output of somatic motor
centers resulting in smooth
operation)

® Balance and coordination
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Brain

® Brainstem

® Connects the spinal cord to the brain, and
in turn contains 3 parts:
= Midbrain ormesencephalon
= Pons
= Medulla Oblongata

" Functions:
= Midbrain:
® Processes visual and auditory data

® Control of consciousness and
awareness

= Pons

® Relays information to the thalamus and
cerebellum

" Regulates subconscious somatic and
visceral motor centers

Medulla oblongata
u Eligtr?_‘ys information to the thalamus and brain

= Regulates visceral function
= Houses the reflex centers e.g. those

associated with respiratory (breathing) and
cardiovascular system (blood presssure, heartbeat),
swallowing, digestion, body temperature, sleep

= Channels the ascending and descending tracts
between the spinal cord and brain

= Contains the nuclei of all the cranial nerves except
HE  thefirst2




Brain

® Forebrain

® Functions
® Cerebrum:

= Conscious o

thought
processes

= Memory storage Thatermus
= Consclous re ulatinn Hypathainmus

CDH%'EIC?GHS Be i

® Diencephalon Amygoals

= Control of internal
organs (viscera) P

" Directing Sense

Impulses
Throughout the
Body

Autonomic Function Control
Endocrine Function Control
Motor Function Control
Homeostasis

Hearing, Vision,
§Q‘ Smell, Taste and
= Touch Perception
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Brain

"= Cerebrum or telencephalon
® |n turn it contains:
= Cerebral Cortex responsible for
information processing, thought and

lanning, spoken and written
%nguaggé ¥ Forebrain - Telencephalon

® Corpus callosum responsible for
_ connecting brain hemistﬁhe%res
SHRCand ong TR memmony "
=" NOTE: Sometimes you’ll see

the hippocampus mentioned as uypocamps
partcnP{%e Iimgic system N

" Limbic system responsible for 7 -
controlling emotions (fear, anger, W 3 e Lelmcepheln inclaces [
rage, etc) and motivation caree] calee (o carpus cllsom)

. Limbic Lobe
~~ (Cingulate Gyrus)

Oifactory Bulb



Brain

Ventriculos laterales 0 =

Epitalama

= Diencephalon

" |n turn has 4 divisions

" Thalamus, responsible for
traffic of information (it is a

Subtalamo

erebeko

repetition station) Mot

® Subthalamus, function is
mostly unknown but might bpe @ oo
responsible for check of S - — —
muscular responses Hpotiiam Epitsamo

" Hypothalamus responsible for
hormone regulation, “flight
and fight”, feeding and sex,
and body function in general

® Epithalamus (including the
pineal gland), responsible for
»L  melatonin and the circadian 32
s rhytm LI

Cerebelo Cerebelo



Brain

® Brain
= Divided into 2 e
hemispheres :
" The left hemisphere is
dominant with regard to Speaks smectins
language and and
speech, as well as

logical processing,
writing, and arithmetic

" the right hemisphere
concerned with
imagination, art,
symbols and spatial
perception, and your
personality in general

Processes informanon all

atthe same ume, solvethe
problems entirely

Unusual solotions



Brain

Brain Lateralization

Left Field

Motor Skills
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Brain

Roger W. Sperry, USA (1913-)

1981 Nobel Prize in
Physiology or Medicine “for his
discoveries concerning the
functional specialization of the
cerebral hemispheres.”




Brain

" PBrain
= __.and 4 lobes:

= The frontal lobe is associated with
executive functions, motivation and
inhibition, concentration, judgement
and motor performance. _
= {}I}% E . the motor cortex is part of

e

= The temporal lobe is associated with
the retention of short and and long
term memories, and processes
sensory input including auditory
information, language comprehension
and naming.

= The occipital lobe is the visual
processing center of the brain.

= The parietal lobe is associated with
sensory sKkills, calculation spelling,
body sense and position, object
perception.

® NOTE: the sensory cortex is

part of this lobe
pe
iR

Frontal lobe

Executive functions,

thinking, planning,
organising and
problem solving,
emotions and
behavioural control,
personality

~

Motor cortex
Moverment

Sensory cortex

Sensations

Temporal lobe
Memory, understandin
language

g\

Parietal lobe

Perception, making
sense of the world,
arithmetic. spelling

Occlpital lobe

Vision
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Brain

«+s++sss Parietal Lobe

* Knowing right
from left

Frontal Lobe «++««=

* Movement

* Thinking inicadon
* Reasoning (judgement)
* Behavior (emotions)

* Sensauon

* Reading

* Understanding
spacial reladonships
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* Fine muscle conool
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-3 1S e * Vision
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* Behavior E cess Cerebellum
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Brain Stem
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* Blood pressure * Body temperature
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Brain: Other functions

Corpus callosum:

axon fibers connecting the Cerebral cortex:
ultimate control and

two cerebral hemispheres i s e

Right hemisphere

Thalamus:

relays messages between
lower brain centers

and cerebral cortex
Hypothalamus:

controls maintenance
functions such as eating;
helps govern endocrine
system; linked to emotion
and reward

Pituitary:
master endocrine gland

Reticular formation:

hah:mﬁ% - —_—
Medulla: .': kY
controls heartbeat and .
breathing /
Spinal cord:

pathway for neural fibers

traveling to and from brain;
controls simple reflexes

Cerebellum:
coordinates voluntary
movement and balance

Cerebral cortex Limbic system Brainstem ﬂFd 51;|PP°“5 memories
of suc

Left hemisphere

= e K



Cortex parcellation

® The cortex is divided into regions or cortical

areas that facilitate understanding how the brain
Works.

" These cortical areas differ from their neighbours
IN.
® Microstructural cytoarchitecture
" Functional specialization or segregational function
® Functional integration or connectivity

® |ntra-area topographic organization

® The resulting division of the cortex in areas Is
referred to as brain parcellation.



Cortex parcellation

® Parcellation can:

®" Provide a map of where things happen in the
brain

® Enable efficient comparison of resultsacross
studies

= Reduce data complexity for neuroimaging
analysis



Cortex parcellation

The HCP's multi-modal corbical parcellation (HCP_MMP1.0)

(Unprecedented
resolution) 180 areas
per hemisphere. This

i considered a
lower bound as new
areas might emerge
at higher resolutions

Figure 3 | The HCP's mllti-modal parcellation, version 1.0 (HCP (green), visual (blue), task positive (towards white), or task negative
MMP1.0). The . d and identified in both left and right (towards black) groups of areas (see Supplementary Methods 5.4).
|1r.-i't'|i:1ph-:'| &% Are dtﬁpLﬂ_.'-:'-.l on inflated and Aattened cortical surfaces. Black The iz'gr.'r'lv;l o the boltom 1 ighl illustrates the 3D colour space used
outlines indicate areal borders. Colours indicate the extent to which the in the figure. Data at http://balsa.wustl.edu/WN56

areas are associated in the resting state with auditory (red), somatosensory

[Glasser MF et al (2016),
Nature
»e | a1
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HISTOPHYSIOLOGY (AND
BLOOD IRRIGATION)
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