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" Objectives

At the end of the lecture, students should be able to:
v’ List the parts of the nervous system.

v List the function of the nervous system.

v’ Describe the Structural & Functional Organizations.
v’ Define the terms:

v Nervous tissue, grey matter, white matter, nucleus, ganglion, tract,
nerve.

v’ List the parts of the brain.
v’ List the structures protecting the central nervous system.



Introduction
How does the nervous system work?

The nervous system has three functions:

1. Collection of sensoryinput:

o ldentifies changes occurring inside or outside the

body by using sensory receptors. These changesare
called stimuli.

2. Integration:

o Processes, analyzes, and interprets these changes
and makes decisions.

3. Motor output, or response by activatingmusclesor
glands (effectors).

Sensory receptor

Integrati

Brain and spinal cord



Classification

l. Anatomical or Structuralclassification:

1 Central Nervous System
(brain and spinal cord)

2 Peripheral Nervous System

(everything coming out of the CNS:cranialand
spinal nerves, ganglia, and receptors)

Cranial
nerves

Posterior view

Peripheral
Hf nervous
system

n To remember: SAME
1157 Sensory: Afferent / Motor: Efferent

. Physiological or Functionalclassification:
1Sensory division (Afferent)

2-Motor division (Efferent):
o Somatic (voluntary)
o Autonomic (involuntary)

Sympa- Parasym-
thetic pathetic



Classification
Structural Organization e -

|
Brain [

Two subdivisions: 7 “herve
o Central Nervous System(CNS) \

e Consists of Brain & Spinalcord

e Occupiesthe dorsal body cavity.

\|

A\

A
W\

e Actsasthe integrating and command
centers.

?\
A\

o Peripheral Nervous System(PNS)

e Consists of nerves, ganglia, receptors.

e |tisthe part of the nervous system
outside the CNS.




Classification Afferent - approach the QNS

Functional Organization

o Twosubdivisions:
o Sensoryor afferentdivision:

e Consists of nerve fibers that convey impulses from receptors
located in various parts of the body, to the ONS.

o Motor or efferentdivision:

e Consists of nerve fibers that convey impulses from the ONSto the
effector organs, muscles and glands.

Efferent 2 exit the O\S

_ AFFERENT NERVE

Functional Organization of the Nervous System

[Centra| nervous system] [Peripheral nervous system)

Both sensory and motor subdivisions are further divided into visceral —
and somatic

Motor subdivision isdivided into:
e Somatic division: concerned with skin, skeletal musclesand joints.

e Autonomic (visceral) division: concerned with the visceralorgans
(sympathetic and parasympathetic).

. Spinal | Sensory Motor
division division

Visceral Somatic Visceral Somatic

sensory sensory motor motor

division division division division
(autonomic)

Sympathetic = Parasympathetic
division division

Extra



[ Central nervous system (CNS) |«

ol

Functional Organization of the PNS

: Pmlmmmm)J

ﬂ_‘

Sensory (afferent) division J Motor (efferent) division
Somatic sensory | Visceral sensory Somatic nervous Autonomic
General: Touch, pain, | General: Stretch, system MNWM
pressure, vibration, || pain, temperature, Motor innervation of
temperature, and chemical changes, all skeletal muscles || Motor innervation
proprioception in and irritation in of smooth muscle,
skin, body wall, and || viscera; nausea and cardlac muscle,
limbs hunger and glands
Special: Hearing, || Special: Taste, smell I—Ll
equilibrium, vision

. . Sympath Parasympathetic
division division

Additional picture for moreunderstanding.




The Nervous System

o Itisthe major controlling, regulatory & communicating systemin the body.

o Itisthe center of all mental activity including: Thought, Learning, Behavior and Memory.

o Together with the endocrine system, the nervous system s responsible forregulating and
maintaining homeostasis. (Nervous System + Endocrine System ) Homeostasis)

i dendrite astrocyte (glial cell)] | oligodendrocyte
Nervous Tissue " e
o Nervous systemis composed of nervoustissue, which | e
contains two types ofcells: ‘\
H"“--—._._ & S e
1 Nerve cells or neurons /;\ L P
W

L/

2 Supporting cells or neuroglia (glia).

o

fi

o Nervous system contains millions of neuronsthat varyin
their shape, size, and number of processes.

;.-

axon terminals



Nervous Tissue
Neurons

What is aneuron?

O

It is the basic structural (anatomical), functional and
embryological unit of thenervous system.

The human nervous system is estimated to contain
about 101,

Thejunction site of two neurons is calleda

“synapse orrelay”.

In the synapses the membranes of adjacent cells are in
close apposition (contiguity=contact, not continuity).
They are adjacent to each other and maycome into

contact but are not continuous with one another,

Synapse

synaptic vesicles




Nervous Tissue
Dendrites

o Theneuron hascell body with multiple processes.

Dendrites are like ears so they receive information.
Axons are like the mouth so they send information.

o Most of the processes of the cell body are short with variable

numbers and are receptive in function.

o They are known as Dendrites.

o Oneof these processes leaving the cell body is called the axon

which carries information awayfrom thecell body.

o Axons are highly variable in length and may divide into several branches
or collateralsthrough which information can be distributed to a

number of differentdestinations.

o At the end of the axon, specializations called terminalbuttons occur

where information is transferred
dendrites of otherneurones.

to the

Cytoplasm_y\ )

Terminal
buttons

narites

Dendrites

g o L ‘
4 " b Nucleus

Axon

hillock /}}

From other neurons toward cell body

axons

Termina
buttons

Away from cell body

To dendrites of other neurons




Remember the difference!

Nucleus= Agroup of neurons within the O\S

Ganglion= Agroup of neurons outside the O\NS

Tract= Agroup of nerve fibers (axons)within
the ONS

erve= Agroup of nerve fibers (axons) outside
the ON\S

Ulnar nerve

Superficial branch

: ,7—. of radial nerve
|l
.,___

edian nerve




Nervous Tissue
Nervous tissue is organized as:

Grey Matter White Matter

|. Cell Bodies No cell bodies
inthe white

matter

|. Processes of
the neurons

2. Processes of
the neurons

3. Neuroglia 2. Neuroglia

4. Blood Vessels 3. Blood vessels

White matter

Gray matter

\ N
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Oligodendrocyte

Dendrite

Cell body

Axon terminal of
presynaptic cell




Nervous Tissue
Neuroglia (or glia or glial cells)

o Neuroglia, or glia cells constitute the other major cellular component of the nervous tissue.

o Itisaspecialized connective tissue supporting framework for the nervous
system

o Unlike neurones, neurogliado not have a directrolein information processing but they are essential for
the normal functioning of the neurons, theyactas supporting and nutrition forneurons

5

UL

Ependymal cells

Bxtra

Satellite cells Schwann cells Oligodendrocytes Astrocytes Microglia



Only on the boy’s slides

Spinal Cord ST

J

o Elongated almost cylindrical suspended in thevertebral
canal, surrounded by the meninges and cerebrospinal ...
fluid. Start from foramen magnum to L1-1.2 C |5

o Approximately 45 cm long in adult and is aboutthe ' |
thickness of the little finger.

o It extends from the foramen magnumto the upper
border of the2ndlumbar vertebra.

o Continuous above withthe medulla oblongata.

Its lower end is called conusmedullaris*.

o Givesrise to 31 pairs of spinalnerves: AN
e 8 Cervical e
e 12 Thoracic
e 5 Lumbar

O

Luns(osacrdd

orlryerres! Conn

L M TE

Loccyon

*Recall from foundation:
* 5 Sacral End of spinal cord: conus medullaris.
* ONE Coccygeal End of spinal nerves: cauda equina.
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Peripheral Nervous System

o Spinal nerves supplying the upper or lower limbsform
plexuses e.g brachial or lumbar plexus.

o Nerve cell bodies that are aggregated outside the O\S
are called GANGLIA.

Autonomic Nervous System

o Neurons that detect changes and control the activity ofthe
visceraare collectively referred to asthe autonomic nervous
system.

o Its components are present in both the centraland
peripheral nervous systemes.

o The autonomic nervous system innervates:

o Smooth muscles

o Cardiac muscle

o Secretory glands

Autonomic nervous system
(= Parasympathelic nervas




Autonomic Nervous System

o Itis an important part of the homeostatic mechanisms that
control the internal environment of the body with the
endocrine system.

o The autonomic nervous system is divided into two anatomically
and functionally distinct parts:
 Sympathetic: Or Thoracolumbar outflow
* Parasympathetic: Or Craniosacral outflow.

o Sympathetic and parasympathetic , divisions are generally have
antagonistic effects on the structures that they innervate.

o E.g. Sympathetic increases the heart rate, while the
parasympathetic decreases the heart rate.

Autonomic nervous system
(O Pammsympathelc nervas




The Brain

o Thebrain is composed of 4 parts:
1. Cerebral hemispheres [V cerebrum)
2. Diencephalon
3. Brainstem
4. Cerebellum

11:57

Cerebral
hemisphere

= Cerebellum

Brain stem

Central sulcus
Frontal lobe

1. Cerebral Hemisphere

o Thelargest part of the brain.

o They have elevations, called gyri (singular: gyrus)

o Gyri are separated by depressions called sulci (singular: sulcus).

o Eachhemisphere is divided into 4 lobes named accordingto the
bone of the skullabove.

o Lobesare separated by deeper grooves called fissures or sulci.
Example: central sulcus separates the frontal lobe and parietal lobe.

lateral sulcus separates frontal, parietal and temporal lobes oblongata

Spinal cord

Parietal lobe

Lateral sulcus

Temporal lobe

Occipital
lobe

Cerebellum



The Brain

1.

Cerebral Hemisphere

Tissue of the cerebral hemispheres:

O
O

Theouter layeris the gray matter or cortex.
Deeper is located the white matter, or medulla,
composed of bundles of nerve fibers, carrying

impulses to and fromthe cortex
Basalnuclei are gray matter that arelocated deep
within the white matter.

They help the motorcortex in regulation of
voluntary motor activities.

Precentral gyrus Central sulcus

Postcentral gyrus

Parietal lobe
Parieto-occipital
sulcus (deep)

Frontal lobe

Lateral sulcus
Occipital lobe

Temporal lobe
Cerebellum
Pons

Medulla

Spinal cord
Cortex

(gray matter)
Fissure
(a deep sulcus)

Longitudinal fissure

Cerebrum
Corpus callosum

Lateral ventricle
(

Septum pellucidum

Internal capsule

Basal nuclei

| Corpus

Putamen striatum
Lentiform

Globus | nucleus
pallidus -

Third ventricle

Insula
Thalamus

Subthalamic nucleus

Hypothalamus

Optic tract

(b) Anterior view of frontal section



The Brain
2. Diencephalon

o Thediencephalon is located
between the 2 cerebral
hemispheres and is linked to
them andto thebrainstem.

o Themajor structures of the
diencephalon are the Thalamus,
Hypothalamus, Subthalamusand
Epithalamus.

Third ventricle Parietal lobe of

cerebral hemisphere

Intermediate

mass of thalamus Corpus callosum

(Choroid plexus of third ]
lventricle

Occipital lobe of
cerebral hemisphere

Thalamus
(encloses third ventricle)

FPineal body
(part of epithalamus)

Corpora
j quadrigemina Midbrain

Frontal lobe
of cerebral
hemisphere

Anteriqr
commissure

Cerebral
aqueduct

Pituitary gland Cerebral peduncle

of midbrain

Temporal lobe of

cerebral Fourth ventricle

Mammillary body

hemisphere Choroid plexus
Pons Cerebellum
Medulla oblongata
Spinal cord
Stria medularis _Epithalamus Thalarais
T Stria medularis
// N I 4 (epithalamus)
/ \
,, ]
- ;\; \,7\
) — (/ Mesencephalon \

s o Xy rs
Jh / 4
&3 Ly M\
ST F & )
- N (
4 _ A 75
Hypothalamus A p
: '] /ILBrain stem

- l -
©2011 UTHealth ! :

Subthalamic nucleus

Extra




The Brain
3. Brainstem

o Thebrainstem hasthree parts
midbrain, Pons and medulla
oblongata(continues asthe
spinal cord).

o It isconnectedto the
cerebellumwith 3 paired
peduncles: Superior, middle

and inferior.
*Superior peduncle connects midbrain
with cerebellum
Middle peduncle connects ponswith
cerebellum
Inferior peduncle connects medulla
oblongata with cerebellum

Third ventricle

Intermediate
mass of thalamus

Frontal lobe
of cerebral
hemisphere

Anterior
commissure

Hypothalamus

Optic chiasma

Pituitary gland

Temporal lobe of
cerebral

hemisphere Mammillary body

Pons
Medulla oblongata
Spinal cord

Thalamus

Diencephalon

Midbrain
=« Superior| Corpora
colliculus |- quadrigemina

e Inferior | oftectum
colliculus

« Trochlearnerve (IV)
« Superiorcerebellarneduncile
Pons
Middle cerebellarpeduncle|
Medulla oblongata
Anterior wall of .
fourth ventricle " « Facialnerve
— « Vestibulocochlearnerve (VIII)
Choroid plexus —+1 > ,\-Glossopharyngealnerve (1X)
(fourth ventricle) A\ § "+ Vagus nerve (X)
Dorsalmedian sulcus s + Accessory nerve (XI)
.Thalamus

- Hypothalamus |
Midbrain |

N
(c) Dorsal view E)(t ra B yequia
oblongata -

r~Diencephalon

Cpons [~Brainstem

Parietal lobe of
cerebral hemisphere

Corpus callosum

Choroid plexus of third
ventricle

Occipital lobe of
cerebral hemisphere

Thalamus
(encloses third ventricle)

Pineal body
(part of epithalamus)

Corpora

quadrigemina
Cerebral

aqueduct

Cerebral peduncle
of midbrain

Fourth ventricle
Choroid plexus
Cerebellum

A sagittal section through the vermis showing the internal organization of
the cerebellum and the locations of the three cerebellar peduncles

' Cerebellar Peduncles

Superior cerebellar peduncle — Y
Middle cerebellar peduncle - S Cerebellar nucleus
Inferior cerebellar peduncle - — ! Cerebellar cortex
‘ Posterior lobe

[/ Choroid plexus of
Medulla oblongat the fourth ventricle

Extra

Lateral view

02011 Poaren Educatn, e



The Brain
4. Cerebellum

O

Cerebellum has 2 cerebellar hemispheres with
convoluted surface.

It hasan outer cortex ofgraymatter
and an innerregion of whitematter.

It provides precise coordination for body
movements and helps maintain equilibrium.

Cerebrum

Cerebellum

Bxtra

© TeachMeAnatomy

Third ventricle

Parietal lobe of

, cerebral hemisphere
Intermediate

mass of thalamus

Corpus callosum

Choroid plexus of third
ventricle

Occipital lobe of
cerebral hemisphere

Frontal lobe
of cerebral
hemisphere

Thalamus
(encloses third ventricle)

Pineal body
B (part of epithalamus)

Hypothalamus +—= T : Corpora
e ; 4 quadrigemina | .. .
Midbrain

Cerebral

aqueduct

Anterior
commissure

Optic chiasma :

Cerebral peduncle
of midbrain

Fourth ventricle
Choroid plexus

Pons / I Cerebellum
Medulla oblongata

Spinal cord

cerebral

hemisphere Mammillary body




Meninges

o There are three connective tissue
membranes invest the brain andthe spinal
cord.

o Theseare from outward to inwardare:

1 Dura mater, 1=
2 Arachnoid mater, “i s

3 Piamater, »lwe S0 4a a0l
o The space between the arachnoid mater
and pia mater is the subarachnoid space
for the CS-(cerebrospinal fluid).
o Note that is NO subpia space

Dyra - Outside
Pia = |nside

Toremember the order from outside to inside:
Dora Ate Pie

The meninges are
the membranes
covering the brain
and spinal cord

N Al




Lateral ventricles
in the cerebral
hemispheres

Brain Ventricles

Third
ventricle

) Cerebral
aqueduct

o Brainis bathed by the cerebrospinal fluid
(CSF).

o Inside the brain, there are 4 ventriclesfilled
with Gk -
o The4 ventricles are: Interventricular foramen
» 2lateral ventricles: Onein each hemispheres. Vintielas of the Brain
* 3rdventricle:in the Diencephalon.

%

Fourth
ventricle

Lateral ventricles

Anterior horn / ( / . :
,. Posterior

* 4thventricle: between Pons, Medulla oblongata &

Cerebe“um / ) n ‘ “ Interventricular ;;.\i
N.B. Cerebral aqueduct™® (within midbrain): K i ¥
connects the 3rd tothe 4th ventricle. o~ b m,dve.m.;- 7 B nerior

=" horn

Median
Aperture

Lateral ““‘

u\\\\‘
Aperture -
apertures of {‘ w

40V lead to
subarachnoid space

Cerebral aqueduct
n 2 3@ and 4t V

Lateral
aperture

Central canal
of spinal cord

(a) Anterior view (b) Left lateral view Bdra




Cerebrospinal Fluid (CSF)

o CSFis constantly produced by the choroid
plexuses inside the ventricles.

o Inside the brain, CSF flows from the lateral

ventricles to the 3rd and 4th ventricles*

From the 4th ventricle, a part of the CSF

flows down in the central canal of the spinal

cord.

o Most of the CSF drains from the 4th ventricle
to distribute in the subarachnoid space
around the brain and returns to the dural
sinuses through the arachnoids villi.

o Arachnoid villi are small protrusions of the
arachnoid.

o Villiabsorb cerebrospinal fluid and return it
finally to the dural venous circulation.

O O

Superior sagittal sinus

Choroid plexus. Arachnoid villus

Subarachnoid space

Cerebrum covered Arachnoid

with pia mater Meningeal dura mater

~— Periosteal dura mater
Corpus
callosum

Tentorium
cerebelli

Third ventricle
Pituitary gland Cerebellum

Cerebral aqueduct

Fourth ventricle

- Central canal
of spinal cord




pia mater arachnoid mater dura mater

31 pairs of spinal nerves:
« 8 Cervical, 12 Thoracic, 5 Lumbar, 5 Sacral
and ONE Coccygeal.

medulla oblongata pons

Elongated (45 cm long extends from the
foramen magnum to the upper border of
the 2L). and cylindrical suspended vertebral
canal, surrounded by the meninges and CSF.

epithalamus sub thalamus hypothalamus thalamus diencephalon

parts
temporal occipital parietal frontal m

2 lateral ventricles one in each hemisphere

connected via

cerebral
aqueduct

£

— 3rd ventricle in the diencephalon

4th ventricle between the pons, medulla
oblongata and the cerebellum

CSF is produced in choroid plexus inside the ventricles, CSF moves from the lateral to 3rd to 4th
ventricle, then part of it drain int the central canal, and most of it drains in the sub arachnoid
space , next via the arachnoid villi it returns to the dura mater where it finally returns to the dural

venous circulation

meninges: connective tissue covering the
brain and the spinal cord. from outer to
inner

ventricles: the brain have 4 ventricles

that contain the CSF. they are :-

Summary

spinal cord

brain

sensory (Afferent):from
sensory organs to CNS

M fiokor (Elsent | autonomic

from CNS to the
rest of the body nervous system

CNS; integrating and
commanding center

neurons parts:

orgenisation of the
nervous system

neuroglia

Spinal nerves supplying the upper or lower i :
limbs form plexuses PNS gray matter containing cell bodies

white matter
(axones)

sympathatic fight and flight

parasympathatic rest and digest

cell body

dendrits

axone

containing nerve fibers

carries impulse
toward the cell body

only one for each cell that
carries impulses away
from cell body




(1) CSF is constantly produced by?
A) Cerebral Aqueduct
C) Diencephalon

B) Choroid Plexuses
D) Brachial plexuses

(2) What is the final drainage of CSF?
A) Arachnoids Villi
C) Dural Sinuses

B) Subarachnoid Space
D) Choroid plexuses

(3) The 3rd ventricle lies in?
A) Cerebral hemisphere B) Diencephalon
C) Cerebellum D) Brain stem

(4) Autonomic nervous system is present in?

A) Central nervous system B) peripheral nervous system
C) A&B D) Non of them

(5) Which one of the following is related to the nucleus?
A) Neurons outside the CNS

B) Neurons inside the CNS

C) Nerve fibers within the CNS

D) Nerve fibers outside the CNS.

(6) What is the functional unit of nervous tissue?
A) Neuron B) Neuroglia
C) Nephron D) Non of them

(7) Which component is NOT found in white matter?
A) Cell body B) Blood vessels
C) Processes of the neuron D) Neuroglia

(8) Which one in NOT innervated by ANS?
A) Skeletal muscle
C) cardiac muscle

B) Smooth muscle
D) secretary glands

(9) The meninges layers from outward to inward?
A) Pia mater , arachnoid mater, dura mater
B) Arachnoid mater , pia mater , dura mater
C) Dura mater, arachnoid mater, pia mater
D) Arachnoid mater , dura mater, pia mater

(10) connects the 3rd to the 4th ventricle?
A) Arachnoid villi B) Cerebral aqueduct
C) Central canal D) Choroid plexuses
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(1) How does the cerebrospinal fluid circulate?
Cerebrospinal fluid (CSF) is produced in the choroid plexus of the lateral ventricles to the
3rd ventricle then 4th ventricle via cerebral aqueduct. Part of CSF then circulates down in
the central canal of the spinal cord. But most of the CSF drains from the 4th ventricle to
distribute in the subarachnoid space around the brain and returns to the dural sinuses
through the arachnoids villi

(2) What does peripheral nervous system consist of?
Consists of nerves, ganglia, receptors.

(3) What are the three layers of the meninges from outward to inward?

Which layer of the meninges contains the cerebrospinal fluid?
* Dura mater.
* Arachnoid mater.
* Pia mater.
Cerebrospinal fluid is located in the subarachnoid space between the arachnoid mater and
the pia mater.
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