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r Nervous System 1

| - Central Peripheral
- _HNervous — Nervous
. System System

-~ {CNS) PNS)

r
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Somatic Autonomic

. Nervous Nervous
- System System

(voluntary) (involuntary)

Refays information Relays information

to and from skin and to internal organs.

Controls organs in times of stress.
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Nervous System and Senses
D 2, 7 e
The nervous system consists of two typfiof gells.
Nerve cells are called neurons. -'

Various support cells are assoé’at@rwith the
_. neurons, most typically, Schwann cells.

The parts of a neuron include the dendrite which
receives the impulse (from another nerve cell or
from a sensory organ), the cell body (numbers of
which side-by-side form gray matter) where the
nucleus 1s found, and the axon which carries the
impulse away from the cell.
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Wrapped around the axon are the\Sch n cells,
and the spaces/junctions between SchWann cells
are called nodes of Ranvier. == hoal
—

Collectively, the Schwann cells make up the
myelin sheath (numbers of which side-by-side
form white matter).

Schwann cells wrap around the axon (like the
camp food, ““pigs in a blanket™).

Having an intact myelin sheath and nodes of

Ranvier are critical to proper travell ‘of the nerve

impulse. ! |~ ‘ »
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Diseases which destroy the Smyehs sheath
(demyelinating disorders) can cause paralysis or

other problems. Aol

.. Schwann cells are analogous to the insulation on
[V _ . . . . s, & -
* electrical wires, and just as electrical wires short

out i1f there’s a problem with the insulation, so
also, neurons cannot function properly without
intact myelin sheaths.
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The nervous system has three basic fur%tions:

ot

17 Sensory neurons receive 1nformaj:R;n from the

sensory receptors. 19

Interneurons transfer and interpret impulses.

Motor mneurons send appropriate 1impulses/
instructions to the muscles and glands.
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~( Nervous’'System Function

_ Somatic NS
<
voluntary muscles

Vs

Y AKtonomiéNS

visceral/ s\ng;oth @ _§

and reflexes
J

cardiac rm{scle

Svmpathetic
NS

Increases
energy
expenditure
prepares for
action

P?fa sympa
thetic NS

decreases
energy
expenditure
gains stored
energy

These have the opposite

effects on the same organs-.
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Peripheral NS Vs \"/Ceilltrid NS (CNS)
(PINS) interneurons: brai d spine
gensory and motor RPN
neurons )r’

covered with three membranes,
the meninges

inflammation of these 1s called
meningitis

brain has gray matter on
outside and white 1n center

== spine has white matter on

| — outside and grg)y in center ~~,
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PERIPHERAL DIVISIONS

Two Functional Subdivisions of the PNS

¢ Sensory division
e ““afferent division™

« Nerve fibers conveying impulses to the CNS

*® Somatic afferent fibers convey impulses from the skin,
muscles, and joints

* Visceral afferent fibers convey impulses from visceral
organs

¢ Motor division
» , “efferent division”
« Nerve fibers conveying impulses from the CNS




Key:
- Coantral nervous system (CNS)
o= Anatomy » Brain and spinal cord

m = Physiology m Integrative and

control contars
Peripheral nervous sysftem (PNS)
» Cranial nerves and spinal
nerves
= Communication lines
between the CNS and the

rest of the body

Sensory (afferent) division Motor (efferent) division
» Somatic and visceral o Motor nerve fibers
sensory nerve fibers = Conducts impulses from
= Conducts impulses from the CNS to effectors
receptors to the CNS (musclies and glands)
Sympathetic division Autonomic nervous Somatic nervous
= Mobilizes body systems system (ANS) system
d;'""“? R L SR 3 @ * Involuntary « Voluntary (somatic
situations . (visceral motor) motor)
= Conducts impuises m Conducts impuises
Parasympathetic division from the CNS to from the CNS to
= Conserves energy < cardiac muscies, skeletal muscies
= Promotes nonemergency smooth muscles,
functions and glands
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G?neral Functions of the\“Nervous

System_> =
Sensory receptors at the ends of ﬁriphﬁ} nerves
gather information and convert it v neve

if 1 ; A R
impulses e
~ When sensory impulses are integrated in the brain

as perceptions, this 1s the integrative function of
the nervous system.

Conscious or subconscious decisions follow,

leading to’_r}ﬁotor functions via effectors.
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The nervous system sorts and
interprets incoming information
before directing a response.

0 Receptors in the skin sense
a tap or other stimulus.

G Sensory neurons trans-
mit the touch message.

The message is inter-
preted. A response

is sent to the motor
neurons.

0 Motor neurons trans-
mit a response mes-
sage to the shoulder
muscles.

e The neck muscles are
activated, causing the
head to turn.
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{ ~ Neuron St’ructure |
A mneuron has a cell boﬁ}jf -Wit mi \hondria,
lysosomes, a Golgi apparatus, bodies
9onta1n1ng rough endoplasmic \(etlculum, and

neurofibrils. —

Dendrites

L

Axon terminals
i

/;1

Mode of Ranvier
7

Axan =ynapses |

RMucleus

4'

Myelm

Cell body
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Nerve fibers include a solifafy E?X(% and numerous
dendrites.

3

/ Branching dendrites carry impulses from other
neurons (or from receptors) toward the cell
body. ~

7

The axon transmits the impulse away from the

axonal hillock of the cell body and may give off
side branches.

Larger axons are enclosed by sheaths of myelin
provided by Schwann cells and Aré myelinated

fibers. ~— A D]
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~ The outer layer of mygl'in.?s surrounded by a
neurilemma (neurilemmal shegh) de up of

the cytoplasm and nuclei of thé\Schwann celts

Narrow gaps 1n the myelin sheaﬁ/ between
Schwann cells are called nodes of Ranvier.

The smallest axons lack a myelin sheath and are
unmyehinated fibers.

White matter in the CNS 1s due to myelin sheaths 1n
this area.

Unmyelinatéd nerve tissue in the CNS "apbears gray™
e SRR A K E g
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NEURONS
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A onofanether De n d rites of
~ neuron “another neuron
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Typgs of Neurons & Neuroglial Cells_
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Neurons can be grouped in two ways: he basis
of structural differences (bipolar, unipwelar, and
multipolar neurons), and by functional differences

~ (sensory neurons, interneurons, and motor
[ neurons). B
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Claséltlcatlon of Neurons: L
=

Bipolar neurons are found in th eye ,\ nose, and
ears, and have a single axon and ' dendrite
/extending from opposite sides of\the ;ell body.
P~
Unipolar neurons are found in ganglia outside the
CNS and have an axon and a dendrite arising
from a single short fiber extending from the cell

body.

Multipolar neurons have many nerve fibers
arising from their cell bodies and'are commﬁnly

found in the braln\and spinal cord.__
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Sensory neurons (afferent neﬁon%onduct
impulses from peripheral receptors t e CINS
and are usually wunipolar, although  some are

‘bipolar neurons. il
U L ©
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Interneurons are multipolar neurons lying within
the CNS that form links between other neurons.

Motor neurons are multipolar neurons that
conduct impulses from the CNS to effectors.
| — } ¢ -
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Clqsséhcatlon of Neurocﬂlal Cel%s :
Neuroglial cells fill spe\x'c/es sippo neurons
provide structural frameworks,,prod myelin,
/and carry on phagocytosis. N
T

Schwann cells are the meylin-roducing neuroglia of
the peripheral nervous system; other types are
components of the central nervous system.

Microglial cells are small cells that phagocytize
bacterial cells and cellular debris.

Ollgoderfdrocytes form myelin 1n ,the brain and

spinal cord. — ( »
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Astrocytes are near blood vessels and s ort
structures, aid in metabolism, and respond to brain
ihjury by filling in spaces. S

.)r"

/" Ependyma cover the inside of ventriclés and form

choroid plexuses within the ventricles.
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4 Nerve Im’pulse’\
] s
A nerve impulse is conducted asthl otential
1s reached at the trigger zone and s ds by a

local current flowing down the ﬁBer d adjacent

areas of the membrane reach action poter tial.
/1) 3,
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Impulse Conduction g z
/  Unmyelinated fibers conduchifnpulses over
their entire membrane surface. ot
T

Myelinated fibers conduct impulses from node
of Ranvier to node of Ranvier, a phenomenon
called saltatory conduction.

Saltatory conduction 1s many times faster than
conduetion on unmyelinated neurons.
k- — ' -
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Allor-None Response L z
/ If a nerve fiber responds at all te a stimulus, it

responds completely by conducting an
impulse (all-or-none response). ~

~

Greater intensity of stimulation triggers more
impulses per second, not stronger impulses.



The Synapse —~

The jimction between two commynlcating\neurons 1S

called a synapse; there exists - synaptic cleft
between them across which the mmpulse must be
. conveyed. e
ynaptic Transmission T

E¥ The process by which the impulse in the presynaptic
neuron 1s transmitted across the synaptic cleft to the
postsynaptic neuron i1s called synaptic transmission.

When an impulse reaches the synaptic knobs of an axon,
synaptic vesicles release neurotransmitter into the synaptic
cleft.

—

The neurotransmitter reacts with specific réceptors on~the
postsynaptic membranes, N’ |
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\ @D vesicie fuses
with
membrane

, (exocytosis)

- ’___—Jl-—'"aendflm

0 Vesicle with

neuro transmltters
inside

Calcium

channey A% ‘
Synapse Ca &~
A 5
o Neurotransmitter Synaptic 9 l".'eu'l"ﬂ'trans
diffuses across space ftfét;d 1.
synapse and binds relea

with receptar on P synapse
dendrite - ? %ﬂ -
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Convergence N
A single neuron within a pool may receive tmpulses
/' from two or more fibers (convergen&), \}Lhich makes

it possible for the neuron to summate imp{;lses from
different sources. S

Divergence

Impulses leaving a neuron 1n a pool may be passed into
several output fibers (divergence), a pattern that serves
to amplify an impulse. |
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N Typées of Nerves
y & 7 = '
A nerve 1s a bundle of nerve fibéers heitogether

by layers of connective tissue.

b .
Nerves can be sensory, motor, or mlw carrying

.. both sensory and motor fibers.
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Posterior median sulcus
Gray commissure

Posterior funiculus

Dorsal (posterior) horn o
White Anterior funiculus Ventral (anterior) horn m.tror
columns Loteral funtowlus Lateral horn
Dorsal root A ‘
gangtion -—g : . :
Spinal nerve . P Y
5 ~ — ) Ny % Central canal
Dorsal root ‘ = ~7—Anterior median
e -/// fvsare
Ventral root _ -
o - gu— I
: e - Pu mater
e &
~
LA — Arachnoid

Spinal mater
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= Spinal Cord’ —

§ T S
The spinal cord begins at the base@’f the-brain and
extends as a slender cord to the le of the
" iftervertebral disk between the First }nd second

~ lumbar vertebrae.
(U | e ¥
BACK OF BODY

White matter et N s : SeNsory
r—— g infarmation

Dorsal _— '__.;‘_\:-: ~ = 3 ; 5 -" o T 2
root o | :

!6(.

o
-

o ":g
; Motor

s 2t e _ infarmation
\

Merve fibers « Gray matter

FRONT OF BODY

ventral - »
root
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Structure of the Spinal Cord’

The spinal cord consists of 3 lseggentsach of,
/Which gives rise to a pair of spinal neryes.

A cervical enlargement gives rise to nervesleading to
the upper limbs, and a lumbar enlargement gives rise
to those innervating the lower limbs.

Two deep longitudinal grooves (anterior median
fissure and posterior median sulcus) divide the cord
into right and left halves.

White matter, made up of bundles of myelinated
nerve fibers (merve tracts), surrounds a ' butterfly-
shaped core of gray matter housing interneyrons. e
A central canal ‘contains cerebrospinal fluid. R R
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Functions of the Spinal Cord 7 \: ~ .
3 [Senebre
The spinal cord has two major funcpim' tes .«____m
/transmlt impulses to and from the brain, and
~ to house spinal reflexes. - dres Lag 5
Tracts carrying sensory information to the fp R
brain are called ascending tracts; descending &¢=
tracts carry motor information from the <55
brain. ¢~
The names that identify nerve tracts identify b | cerchrae
the origin and termination of the fibers in Ay |
the tract. - B |
Many sp*n?l reflexes also pass through the { e
spinal cord. | R &
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< Nervous System
> & & I 1
(' ' - Central Peripheral
: - _Hervous — Nervous
| , .- System System
~ {cns) (PNS)
J |
l
U :
/ & . Somatic Autonomic
. Nervous Nervous
(voluntary) (involuntary)
Relays information Relays information
to and from skin and to internal organs.

= - . Controls organs in times of stress.
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/Peripheral Nervous:System
< o, e |
N/ s

1. “The peripheral nervous system_(PNSy) consists
of the cranial and spinal nerves that a¥ise from

/  the central nervous system and travel to the
remainder of the body. [~

' 2. The PNS is made up of the somatic nervous
system that oversees voluntary activities, and
the autonomic nervous system that controls
involuntary activities.
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C rjaéial Nerves

12 pairs of cranial nerves ai&i—s'e,ﬁjorn the underside of
the brain, most of which are mixed Igrvesz

The 12 pairs are designated by number and name and
7 1nclude the olfactory, optic, oculomot trochlear,
trigenimal, abducens, facial, vestibulocochlear,
glossopharyngeal, vagus, accessory, and hypoglossal
nerves.

Cranial Nerve Mame

- OHactory

- Optic

1 - Oculomotor
IV - Trochicar
V¥ - Trigeminal
V1l - Abducens

§SN- VIl - Facial

\ % X =] VII- Vestibulocochlear

Y i = g IX- Glossopharyngecal
——~ X - Vagus

. Xl - Spinal Accessory ( /\

T —XIl - Hypoglossal \

!
-~ o ;



Nnmber Name Function

1 Olfactory Sense of smell

1 Optic Vision

I Oculomotor Motor control of some eve muscles and eyelid

v Trochlear Motor control of some eye muscles

'V Trigeminal G-‘_Chewing muscles and some facial sensation

Vi Abducent Motor control of some eye muscles

Vil Facial Motor control of facial muscles, salivation. Taste and
cutaneous sensations.

Vi Acoustic Equilibration, static sense and hearing

IX Glossopharyngeal | Salivation, sensations of skin, taste and viscera

X Vagus Motor control of the heart and viscera, sensation from the
thorax, pharynx and abdominal viscera

XI Accessory Motor impulses to the pharynx and shoulder

X1 Hypoglossal Motor control of the tongue, some skeletal muscles, some
viscera, sensation from skin and viscera
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Spinal/Nerves j e
1. 3[ pairs of mixed nerves make up the spinal nerves.

2. Spinal nerves are grouped\aéc_o?ding_ to the level from
which they arise and are num‘li:red:gl sequence,

beginning with those in the cervicabregion.

3./ Each spinal nerve arises from two™roots: a dorsal, or

sensory, root, and a ventral, or motor, root. s
4. The main branches of some spinal nerves form plexuses.

5. Cervical Plexuses — Lie on either side of the neck and
supply muscles and skin of the neck.

6. Brachial Plexuses — Arise from lower cervical and upper
thoracic nerves and lead to the upper limbs.

7. Lumbrosacral Plexuses — Arise from the lower spinal
cord and lead to the lower abdomen, external genitalia,
buttocks, dnd legs. t X »
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~ Autonomic Nervous: System._
The autonomic nervous system has %task of

maintaining homeostasis of viscera ctivities
without conscious effort. N
| e
..
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/ General Characteristics
> < 7 e
The autonomic nervous system in es 'two
divisions: the sympathetic and), parasympathetic
divisions, which exert opposing éffegsron target

~_organs.

15
The parasympathetic division operates under
normal conditions.

The sympathetic division operates under
conditions of stress or emergency.

g
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~( Autonomic Nerve Fibers
In the autonomic motor system, motor pathways
include two fibers: a pregangl%nic ber that

leaves the CNS, and a postgarfglionic iber that
innervates the effector. iy

18
Sympathetic Division

Fibers 1n the sympathetic division arise from the
thoracic and lumbar regions of the spinal cord, and

synapse in paravertebral ganglia close to the vertebral
column.

Postganglfonic axons lead to an effecto’r o(rgan. »
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ENSOry “ELIID“S

Sersg_ury-
somatic

Nervyous
S}"Stem>

-~ v

> ( SENSOrY NeUurons

" External _
~ Environment

. Autonomic
| nervous

hMotor neurons Motor neurons
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Parasympathadic
nervous systism L

Sympathotic
Dervols sysiem

Contracts pupils " " Dilates pupils

Stimulates salivation” " Inhibits salivatien

i
'.’-‘|'A'

Contrscts Bronch|

Slows heartheat """ B & A i M | 7 Accelerates heartbeat

Stimulates. oo S T £l TN nnibits digestive
digestive activity . Rt 3 B achivity

Stimulates gallbladder *~ - Stimulates glucose

release by liver

Cm'tmct’ bud" T e — ; ‘ g rppnessiiis R.lam blid!h

- ”
-----



Parasympathetic Division’ — ‘F ibers in the
parasympathetic division arise fgoin the brainstem
and sacral region of the sp\i‘ﬁal 'co?, and_synapse
in ganglia close to the effector organ. %

Alutonomic Neurotransmitters NS ol
1. Preganglionic fibers (PF) of both symf;athetic and
parasympathetic divisions release acetylcholine.
Parasympathetic PF are cholinergic fibers and

release acetylcholine.

2. Sympathetic postganglionic fibers are adrenergic
and release norepinephrine.

3. The éffects of these two divisionis,ﬁ‘based on the
effecls[of‘“releasing different neurotfansmitter@to

‘the.eMector, are generally antagenistie. \



Pupils

salivary
glands

Heart

Branchy of

8
e lungs

Liver

w Stomach
= smatl Intestines

Adrenal giand
Kianey

=
|} Large intestine
Recum

Bladder
Genitals

Y :;/:

The syiﬁpathetlc
system.
Preganglionic
fibers, solid line;
post ganglionic
fibers, broken lines.
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6. Control of Autonomic Activity \_
a. The autonomic nervous system largely

dontrolled by reflex centers in the rag}@nd spinal
. cord.
b. The limbic system and cerebral cortex alter

the reactions of the autonomic nervous system
through emotional influence.



NERVOUS SYSTEM

X4

Response (og&:t)

(input) —  Cardiac muscle,
Skeletal smooth muscle,
muscle and glands

PNS Sensory division Somatic Autonomic
Sensory conducts action nervous nervous
receptors, potentials system system
nerves, from the . Motor division _/
ganglia, periphery conducts action potentials

and plexuses k to the periphery
Processin

, g and ,
Brain and integrating information,

spinal cord  jhjtiates responses. mental activity







