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Refer to the following URLs.
Be sure to study these along with your book.

|. Introduction

%

$ Or

gans of the central nervous system are the brain & spinal
cord.

*The brain lies within the cranial cavity of the skull.

he spinal cord continues from the brain & is inside the
vertebral canal within the vertebral column.

rotection of the brain and spinal cord is provided by bonef

fluid, & by the membranes called meninges that surround
these structures.
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BRAIN & SPINAL CORD

The brain includes:
cerebrum, diencephalon, brain stem, & cerebellum

The brain lies within the cranial cavity of the skull.

The brain stem includes:
midbrain, pons, medulla oblongata

The brain stem connects the brain and spinal cord
& allows 2-way communication between them.

The spinal cord occupies the vertebral canal within
the vertebral column.

II. Meninges

The meninges have 3 layers: (meninx — singular)
dura mater (outermost meninx) is made up of

itough, white dense connective tissue, contains

many blood vessels, it continues into the
vertebral canal as a strong, tubular sheath that
urrounds the spinal cord, has epidural space

® *arachnoid mater (middle meninx) - is thin &

lacks blood vessels, cerebrospinal fluid is housed
th the subarachnoid space (between the pia mater
& the arachnoid mater).

*pia mater (innermost) -_is thin & contains many.
blood vessels (nourish underlying cells of the
brain & spinal cord) & nerves.
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Meninges (1)

: :

The dura mater is being lifted away from the brain.
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Meninges (2)

Skin
/ Subcutaneous
-’( tissue

—Bone of skull
—Dural sinus
Arachnoid
granulation
— Dura

—- Arachnoid Meninges

White matter
Gray matter :|—Cerebrum
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Spinal Cord— V- Spinal cord
Protective  ventra_ - Pia mater
Layers (1) root i

Arachnoid
mater

——Dura mater

Dorsal root
Spinal nerve

Dorsal root
ganglion A
#

Thoracic
vertebra

Spinal Cord— Body of
Protective "
Layers (2) Spinaly/ 7 70 Eg;c:::ral
Pia mater e
Arachnoid mater :’:gttral
Dura mater
Spinal nerve—/f’/ 3
—
Dorsal D\\I/{
t | orsa
;%?19|ion Subarachnoid |
space Epidural

lll. Ventricles & Cerebrospinal Fluid

interconne ities (spaces ) within the
cerebral hemi res & brain stem, are continuous
h the central al of the spinal cord, & are
filled h cerebrospinal fluid

>horoid ple es (red cauliflowerlike) in the walls of ventrigli

brospinal fluid

ependymal cells of the choroid pl gulate the
composition of cerebrospinal fluid

*cerebrospinal fluid is clear, viscid liquid, helps maintain
eionic tration in the C ides a
pathway to the blood for ste. Also supplies
info about the internal environment to autonomic
centers in the hypothalamus & brain stem
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Lateral
ventricle]
Interventricular
fforamen
Third
ventricle]
Cerebral
aqueduct
Brain and Venticie
Brain Stem
Ventricles —

To central canal
of spinal cord

Anterior View

7]
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Ventricles and Cerebro
Spinal Fluid (1)

Arachnoid
granulations

Choroid plexus

Blood-filled
dural space

Choroid plexus
of third
ventricle

Interventricular
foramen

Cerebral vein

Third ventricle - pia mater

Cerebral i
aqueduct S;;Jg;achnmd
Fourth

ventricle

Arachnoid

Choroid mater
plexus

of fourth Dura mater
ventricle

Lumbar Puncture

Spinal cord

Conus
medullaris

Subarachnoi
Third lumbar 2

vertebra

Dura mater

Arachnoid mater

Sacrum

Filum terminale
Coceyx

Third
ventricle

Cerebral
aqueduct

oV T AT, COpyIOT T YO ThE

Brain and Brain Stem
Ventricles —Lateral View

Interventricular foramen

Lateral ventricle

Z_Fourth
ventricle

To central canal
of spinal cord
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Ventricles and

Central canal of
spinal cord

Cerebros

-

Filum terminale

pinal Fluid (2)

Pia mater

Subarachnoid
space

Arachnoid
mater

Dura mater




IV. Spinal Cord

of nerve fibers that begins at
1ds down through the vert
near the intervertebral disk that

~ond lumbar vertebr

ves rise to a pair of
central nervous syste
supplies nerves to the upper limbs
upplies ner to the | r limbs

v oV T AT, COpyIORT T YO ThE TRE T

Spinal Cord

7
" Foramen magnum

: Cervical
enlargement

Spinal cord

Vertebral
canal

Lumbar
enlargement
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Spinal Cord— @g— Brain stem
Posterior View || _
i Cervical

enlargement
|

il
i
L— Lumbar

|  enlargement
' Conus medullaris

— Filum
terminale

deep longitudinal grooves divide the spinal
cord into right &

matter; white matter i
myelinated nerve fibers
fgray matter produces a pattern that resembles
a butterfly with outspread wings; neurons in
gray matter are interneurons

#central canal — continuous with the ventricles of
the brain & contains cerebrospinal fluid

*gray matter divi the white matter into 3 regions
called anterior, lateral

*each funiculi is lumn of myelinated nerve
ils] that comprise major nerve pathways
called nerve tracts

An actual spinal cord
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Spinal Cord—Cross Section (1)

Posterior horn

Dorsal root
ganglion

Anterior horn \\

W,

Ventral root of spinal nerve




Spmal Cord — Cross Section (2)
Posterior funiculus
Posterior median
sulcus

Gray commissure

< Central canal

Lateral horn

Anterior
R funiculus
Anterior
median \,/i Spinal
fissure nerve

" Shier/ButlerrLewia, Hole's Human Aratomy and Physiology, 6th editian, Gopyright © 1999, The NcGraw-Hill Companics, Inc. Al righta reserved

Reflex Arc

Receptor Spinal cord
Interneuron Dorsal

: White
Sensory |neuron, : matter

Effector Ventral Central

(muscle canal
or gland)

Knee- Jerk Reflex
Axon of sensory neuron
Cell body of sensory neuron

Spinal—+ Dendrite of sensory neuron
cord Fleceptor — ends of
Dendrite of ___Sensory neuron
motor neuron : /7 Patella
Cell body of 4/

A ?'F
.,w;\Patellar

ligament
imotor neuron

Effector — quadriceps |
femoris muscle group J
./

C. Eunctions of the Spinal Cord

2 major functions
#1 — conduit for nerve impulses to & from the brain

#2 — center for spinal reflexes
*spinal cord provides a 2-way communication system
between the brain & structures outside the nervous system

D. Reflex Ar carry out simplest responses

Includes the sensory receptor of a sensory neuron,
an‘interneuron(s) within the CNS, a motor neuron whose
fibers pass outward from the CNS to effectors.

Refle whose arcs pass through the spinal cord-are
spinal refl SH

E. Reflex Behavior
*reflexes are automatic, subconscious responses to changes
® *they help maintain homeostasis (ie.) heart rate, breathing
rate, blood pressure, & digestion

“the knee-jerk reflex employs only 2 neurons

“Hwithdrawal reflexes are protective actions

*crossed extensor reflex — allows sensory impulses arriving
at one side of the cord to pass across to the other side and
produce an opposite effect
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Withdrawal Reflex

Axon of sensory neuron
Cell body of sensory neuron

Interneuron

Spigal_ Dendrite of sensory
cor neuron
Cell body of Direction of impulse|

motor neuron

Axon of
motor neuron

Effector — flexor.
muscle contracts &t

and withdraws part "~
being stimulated

Pain receptors
in skin
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Crossed Extensor Reflex

@® = Stimulation
@ = Inhibition

Sensory neuron

Interneuron N \
Motor neurons Motor neurons \ |\ |

Flexor contracts \
Flexor relaxes 4

3\ K \\ i A ‘
\\ Forearm _}Forearm :
/lextends [ flexes .
Extensor N = - Extensor
contracts AN L/ - relaxes
1
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Spinal Cord—Ascending Nerve Tracts
Fasciculus cuneatus\ Fasciculus gracilis

Posterior ! J |7
spinocerebellar ; \ f

tract
[/’
// // / '

Anterior
spinocerebellar 'l

tract !
\ )

= qt
Lateral ———— ) | N \
spinothalamic / i / \\‘

tract ¢ @Q {// {) !
I

The nerve tracts of the spinal ¢ md together with the spinal
nerves provide a two-way communication system between
the brain and body parts outside the nervous system.

*tracts are composed of axons; names that identify nerve
tracts often reflect origins & terminations —ie.
spinothalamic tract begins in the spinal cord & cagries
sensory impulses of pain & touch to thalamus of\Dr&im

*ascending tracts carry sensory impulses to the brain
include: fa lus gracilis, cuneatus, spinothalamies
& spinocerebellar tracts ( Know functions)

(many of the fibers in the as ding & descending tracts
cross over in the spinal cord or brain)

*descending tracts carry motor mpuls@s to muscles &
glands; in
rubrospinal
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Spinal Cord— Descendmg Nerve
Tracts

Lateral
corticospinal
tract

Lateral
reticulospinal
tract

Rubrospinal
tract

Anterior
reticulospinal
tract

Anterior spinothalamic tract

corticospinal tract

Sensory Impulse + .
Pathways ( <)
Cerebrum o A ¥
(coronal - Al
section) Thalamus
Hl 4
Midbrain jj —_-Spinothalamic
Brainstem K tract
(transverseH i
sections) “E= Fasciculus
Pons ‘——cuneatus
& tract
Medulla |1 ﬁﬁ;ﬁfgg
Spinal cord ) from skin
(transverse Sensory” > “‘* temperature,
section) fibers touch or pain
Ccross over receptors

Motor cortex—_ Motor Impulse
of cerebrum Pathways
Cerebrum \5/
(coronal
section) — - »_-Corticospinal
J tract
Midbrain || '
Brainstem
(transversef &
sections) R
Pons Motor fibers
Medulla cross over
loblongata
Spinal cord @
(transverse ]
section) ¥ Motor impulse to
skeletal muscle
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SBiﬂﬂ' Cord —— Spinal cord
Injury from
Dislocated Atlas

Atlas

Axis
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Brain Devel‘gpmentmf""lmim

Prosencephalon (forebrain)

Mesencephalon (midbrain)

Rhombencephalon (hindbrain)

Neural tube
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Brain Development ?2)

Telencephalon

Diencephalon

Mesencephalon

Metencephalon

Myelencephalon

R _/-.J'-._/'\_.(

Neural tube
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Brain Development (3)

Cerebral
hemispheres
Diencephalon
Midbrain
Pons Cerebellum

Medulla
oblongata \
Spinal cord

= ..NI.P-‘

Left hemisphere of the brain;
note the gyri on the brain’s surface.




Brain

brain (larg

ral hemisp

brain; ber

that mak

up the bu

et Ty
Inside the right hemisphere.

part)

Cergbral

Parietal lobe

[Transverse
fissure

Cerebellar hemisphere
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Hemisphere — Lateral View
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Central sulcus|
Convolution
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Major Portions of the Brain

Skull a
/’\\ Convolution
Meninges / / Sulcus

Cerebrum

Corpus
callosum

Diencephalon

Midbrain

Brain
steni |PONS

Medulla
oblongata

ransverse

fissuref
Cerebellum|
Spinal cord

f the amed after the

*
cerebral he e
nes that they underlie
1. Frontal lobe

Parietal lobe

3. Temporal lobe

vital lo

5. Insula - ed deep within the frontal, pariet: mporal |
(integrates memories & sensations of taste, sound, sight, & touch)

Cerebral Hemispheres —Viewed
from Above

Frontal lobe

Central sulcus

Longitudinal
fissure

Parietal lobe

Occipital lobe
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Central sulcus

Parietal lobe

Cerebral Hemisphere —Insula Exposed

Frontal lobe

Insula

o Retracted
Occipital lob: temporal lobe

= e L e
lotor areas involved with the
control of voluntary muscles

[Concentration, planning
jproblem solving -

Auditory area

Frontal lobe
Motor speech area
(Broca's area)

Lateral sulcus

Interpretation of sensory experiences,
memory of visual and auditory patterns

Temporal lobe

Brain Regions
and Functions (1)
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Central sulcus

” Sensory areas involved with
“+._cutaneous and other senses

Understanding speech,
% using words

Parietal

General
interpretative
area

Occipital lobe

Combining

visual images,
visual recognition
of objects

Visual area

B rain Cerebellum

Brain stem

Functions (2)
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Cerebral
Cortex — Motor
Area Control

Parietal lobe
Sensory area
Central sulcus

nd toes
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fissure
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Cerebral
Cortex— Sensory
Area Control .=

Geni

168
and QUMS

Longitudinal —~
fissure

K

.
&

i

-f‘y}-\\—Parletal lobe

~_Sensory area

Tongue
and pharynx

Central sulcus—"1 =~
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*masses of gray matter located deep within the cerebral
hemispheres (unmyelinated); called the
caudate nucleus, putamen, & globus pallidus

*develop from anterior portion of the forebrain

*they relay motor impulses originating in the cerebral
cortex, & aid in controlling motor activities
(muscular activities)

*they produce most of the inhibitory neurotransmitter
dopamine thus controlling certain muscular,
activities (lack of causes Parkinson’s DiseaSe)

# H. Diencephalon

*located between the cerebral hemispheres & above brain
stem; *contains tt % hypothalamus

®thalamus — bulges into 3 ventricle; selects incoming
sensory impulses & relays them to the cerebral cOrftexs
does not receive sense of smell

*hypothalamus — forms lower walls & floor of the 3™
ventricle; important in maintaining homeostasis by
regulating a variety of visceral activities & by linking
the nervous system & endocrine systems

Brain Stem (continue:

reticular formation

- scattered throughout the medulla oblongata, pons,
midbrain; a complex network of nerve fibers that
nnect centers of the hypothalamus, basal nuclei,

cerebellum, & cerebrum with fibers in all the major

ascending & descending tracts

The reticular formation filters incoming sensory impUlSes;
arousing the cerebral cortex into wakefulness in resSponse
to meaningful impuls

Normal sleep results from decreasing activity of the
reticular formation, & paradoxical sleep occurs when
activating impulses are received by some parts of the
brain, but not by others
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Left Cerebral
Hemisphere — Coronal Section

Longitudinal
issure
Right

cerebral
hemisphere

Caudate
nucleus
Putamen

Globus
pallidus

Basal ganglia

Thalamus Cerebellum

Hypothalamus

Brain stem Spinal cord

Brain Stem
connects the brain to the spinal cord; consists of the

midbrain, pons, & medulla oblongata; these
structures include many tracts of nerve fibers &
masses of gray matter called nuclei

*midbrain — short section of the brain stem, it
contains bundles of myelinated nerve fibers that join
lower parts of the brain stem & spinal cord with:
higher parts of the brain; helps with eye & head
movements

*pons —arounded bulge on the underside of the brain
stem, helps regulate rate & depth of breathing

*

la oblongata — ends from the level of the
foramen magnum to the pons; transm

ascending & descending impulses &
several vital & nonvital reflex centers
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Hypothalamus

|} Diencephalon

Corpus
callosum

quadrigemina

Formatio ‘ = Corpora

Cerebral

Midbrain aqueduct

Pons
Reticular
formation

Spinal cord

Medulla
oblongata
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Brain Stem — Ventral View

Optic ———7—\ .A';‘C—Optic chiasma
Pituitary gland

nerve . "

Y

Optic

tract
Mammillary
body

Pons
Olive

Pyramidal
tract

Spinal cord

= W Cerebellum

onsists o
Ira mat
gomposed of white matter

*a thin cortex of gray matter surrounds the white matter of
tt bellum

Inctions primarily as ar enter, coordinating skeletal
muscle movement aintaining equilibrium
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Cerebellum

Splenium of
corpus
callosum

Cerebellum
Middle peduncle

Inferior peduncle

Brain stem

Brain Stem — Dorsal View
Thalamus 3

Third
ventricle

Pineal gland

Hypothalamus

Superior

colliculus Cerebellar
. peduncles

Inferior

colliculus

Fourth ventricle
Medulla oblongata
Spinal cord

Inferior view of the brain: cerebrum  cerebellum

Brain Waves
Alpha Al
waves .
Beta W%A W -
waves b
Theta WA i nf‘kwf"u
waves T
Delta EEEE "
waves s
S50uv |
[E—




VI. Peripheral Nervous System

The peripheral nervous system (PNS) consists of the
cranial and spinal nerves that arise from the central
nervous system and travel to the remainder of the
body.

REVIEW: The PNS is made up of the sc
system that oversees voluntary activitie
cular contraction), and the

system that controls involuntary activiti

(subconscious) that connect the actions of the viSCera
to the CNS.
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Cranial
Nerves

Olfactory (I

Optic (1l

Olfactory bulb
Olfactory tract
Optic tract

Hypoglossal (XII)

Vagus (X) Accessory (XI)
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Facial Nerves

Temporal nerve
Zygomatic nerve
Buccal nerve
Facial nerve

Posterior auricular
nerve

Parotid salivary
gland

Mandibular nerve
Cervical nerve
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Pei‘ipherél
Mixed Nerve

Peripheral nerve

Fascicle
/

Epineurium
Perineurium

Endoneurium Motor ending

Schwann cell
Neurilemma

% I Sensory receptor

Ranvier
Myelin sheath

Lacrimal nerve
Ophthalmic division Lacrimal gland
Maxillary Eye
division Infraorbital
M_apqibular nerve
division Maxilla
Lingual nerve
Inferior alveolar Tongue
nerve
Trigeminal
Nerves Mental nerve
Mandible

agus Meningéal T T e T E"a!r"lglion
Auricular branch p of vagus nerve

Nerves Palate Inferior ganglion
of vagus nerve

Superior laryngeal nerve 9

Pharyngeal branch

Nerve XI
Nerve Xl

Carotid
body

Left vagus nerve

Recurrent Laryngeal
nerve

Cardiac nerves

Lung
Liver Stomach
y Spleen

Pancreas
Kidney

Large intestine

Small intestine
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Spinal Wbl view

Nerves
=t
\\ Cervical
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Dermatomes
on Anterior
Body
Surface

nerves
Thoracic
7 nerves
T8
T9
T Lumbar
. e nerves
Cauda equina 2
ks Sacral
s1 nerves
s2
& c |
S5 occygea
o= nerve
TSy S I STegy ST SO Copy T YO0 T TRE T NS TESarveT
Dermatomes on c2
Posterior Body Sca e o
c7
Surface cs
Ti2 — L1
1
L5
S1g, <
$4 o5

L1

L3

L4
L5
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Thoracic and Lumbar Spinal Nerve

Posterior branch|
of spinal nerve

Anterior branch
of spinal nerve

Paravertebral
ganglion

Visceral branch)
of spinal nerve
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Spinal Nerve Structure

Posterior Dorsal root

median
sulcus

Dorsal root ganglion

Posterior horn

Lateral horn
[Anterior horn
Central canal
Anterior median fissure
Ventral root

of spinal nerve

Posterior branch
of spinal nerve

Visceral branch of
spinal nerve

Paravertebral ganglion

T T TN T o
Posterior

f view

£ C1

Intercostal
Nerves
and Plexuses jZ&ocs!  (ci-ca)

usculocutaneous Brachial plexus|

erve i\ (C5-T1)
xﬂl_ary nerve T
adial nerve |/

di Te Intercostal
edian nerve 5 \ nerves
Inar nerve Ti0

T11]
hrenic nerve i3
L2
Femoral e
herve Ig’; Lumbosacral|
S2 \ plexus
bturator nerve §§ (T12-85)

ciatic nerve




Brachial
Plexus
Nerves

Musculocutaneous n.

Radial n.

Radius

e e R e e

Median n.

Ulnar n.

Ulna
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Lumbosacral Plexus
Nerves — Anterior
View

Obturator n.

Femoral n.

Saphenous n.
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Lumbosacral Plexus
Nerves — Posterior View

Superior gluteal n.
Inferior gluteal n.

Sacral plexus

Sciatic n.

Common
peroneal n.
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Autonomic and Somatic Pathways

Dorsal root

anglion
Dorsal root gang
ganglion

Sensory
neuron

Viscera

Autonomic
-7 ganglion
Postganglionic

fiber
Autonomic pathway

Spinal cord
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Interneurons

VIl. Autonomic Nervous System

The autonomic nervous system (PNS) has the task of
maintaining homeostasis of visceral activities
without conscious effort.

Includes 2 divisions: Sympathetic & Parasympathetic

These divisions interact: Many viscera have nerve fibefs

from each of these divisions. Impulses on one set of
fibers may activate an organ, impulses on the otherset
Inhibit the organ. Thus they function antagonistically &
regulate the actions of some organs by alternately
activating or inhibiting them

Somatic pathway

Paravertebral Ganglia Spinal cord
Ventral root - Dorsal root
Sympathetic Pﬁ ] Dorsal root
trunk —— Y o ganglion
Paravertebral '* Pia mater
ganglion ~Fd Arachnoid
- mater
Spinal
nerves Dura mater
Transverse
process

(forms part of Body of
intervertebral vertebra
foramen)
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Sympathet|c Fibers Pathway

— Preganglionic neuron -
- Postganglionic neuron DorsalDrcc:::stal root &

Posterior ganglion)\" ,“

Gray ramus
White ramus
Dorsal branch off
spinal nerve
Sympathetic
trunk
=2 Ventral branch
of spinal nerve

Paravertebral
ganglion

horn

Spinal ﬁngl
cord Ventral
root /

Visceral effector
(intestine)

>=To visceral
effectors
(smooth
muscle of blood
vessels,
arrector pili
muscles, and
sweat glands)

Collateral

ganglion
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Midbrain
Medulla
Paravertebral
chain ganglion
i i Parotid gland
Pregangllonlc Submandibular|

and sublingual
salivary glands

Fibers —  Saaien

ympathetic I rache
P T
Division Lung
Stomach
Pancreas
,_J--S‘mall intestine
10— Spleen
T11 —4 Adrenal gland
(medul
E]
Superior
mesenteric
ganglion }Kidney
Inferior

mesenteric ‘\ Urinary bladder
ganglion _ and genitals

Ciliary ganglion & ﬁﬁl’;ﬁlser\,e m
ulla
Preganglionic £ Sibmanaibuar |
Fibers — fpgersane // T
- Cranial nerve IX
Parasympathetlc I Cranial nerve X
Division oncgangnon—@/ 0

Lungp«y [ Heart

15

[—T6

17

Stomach %
Small intestine i Ti0
Pancreas : . T11
pleen T T12

L1

intestine &) = L2

-
Kidney | ¥ 52
Urinary bladder a
and genitals Pelvic nerves |
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Adrenergic and Cholinergic Fibers

Brain ACh = acetylcholine
NE = norepinephrine

Cranial
parasympathetic
fibers

4 l’AEh\ [ IVisceral
T. ,1' {ACh |effectors
Ganglic - t !
—_— Paravertebral
/’ \(' b ———————n
ACh ganglion (INE Visceral
\ / J\effectors
Sympathetic - Collateral
ibers RCK ganglion e
g \ (NE |Visceral
\\\ i v effectors
Sacral Visceral
pbarasympathetic (@
fibors ACh ACh effectors

Muscarinic and Nicotinic Receptors

Parasympathetic fiber  Nicotinic  pusearinic
receptors receptors
oo

CNS| % Ny Effector
cell
Sympathetic fiber
(cholinergic) Nicotinic Muscarinic
receptors recetors
CNS| & N ®)
Effector
cell
Somatic motor fiber Nicotinic
receptors

=)
@, L
CNS B Skelet_al

he End

Remember — At the end of the chapter is a Chapter
Summary that is your Study Guide for the
Chapter 11 test.



