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OBJECTIVES

1. Components of the nervous
system

Thelr functions and
coordination

Applied physiology ®




NERVOUS SYSTEM

Functions

Sensory input — monitoring stimuli occurring inside & outside the body
Integration — interpretation of sensory input

Motor output — response to stimuli by activating effector organs

Figure 11.1
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ORGANIZATION OF THE NERVOUS SYSTEM

CENTRAL PERIPHERAL
Central nervous system NERVOUS NERVOUS
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Peripheral nervous Sl
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PERIPHERAL NERVOUS SYSTEM:

Afferent (sensory) division —
transmits impulses from
receptors to the CNS.

Somatic afferent fibers —
carry impulses from skin,
skeletal muscles, and joints

Visceral afferent fibers —
transmit impulses from
visceral organs
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Motor (efferent) division —
transmits impulses from the
CNS to effector organs. Two
subdivisions:

Somatic nervous system —
provides conscious control of
skeletal muscles

Autonomic nervous system
— regulates smooth muscle,
cardiac muscle, and glands
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General somatic senses — receptors are widely spread
Touch
Pain
Vibration
Pressure
Temperature

Proprioceptive senses — detect stretch in tendons and muscle
Body sense — position and movement of body in space

Special somatic senses
Hearing
Balance
Vision
Smell
Visceral sensory

General visceral senses — stretch, pain, temperature, nausea, and
hunger

Widely felt in digestive and urinary tracts, and reproductive organs
Special visceral senses - taste



General somatic motor — signals contraction of
skeletal muscles
Under our voluntary control
Often called “voluntary nervous system”
Visceral motor
Regulates the contraction of smooth and cardiac muscle
Makes up autonomic nervous system
Controls function of visceral organs
Often called “involuntary nervous system” or



Highly developed

Makes up about 80% of total brain weight
(largest portion of brain)

Inner core houses basal nuclel

Outer surface is highly convoluted cerebral
cortex
Highest, most complex integrating area of the brain
Plays key role in most sophisticated neural functions



Three specializations
Sensory areas - sensory input translated into perception
Motor areas - direct skeletal muscle movement

Association areas - integrate information from sensory and motor
areas, can direct voluntary behaviors
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Each half of cortex divided into four major lobes
Occipital lobe - carries out initial processing of visual input
Temporal lobe - initial reception of sound sensation, taste, smell
Parietal lobe - somatosensory processing
Frontal lobe responsible for

o Voluntary motor activity
o Speaking ability
o Elaboration of thought

Primary motor cortex
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Schematic Linking of
Various Regions of the
Cortex

® Brooks/Cole - Thomson Leaming

Sensory input
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Primary sensory areas
(somatosensory, 1° visual,
1° auditory cortices)
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Higher sensory areas
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Higher motor areas ]
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[ Primary motor cortex J

:

Motor output

>

Relayed from afferent neuronal
receptors

Initial cortical processing of
specific sensory input

Further elaboration and process-
ing of specific sensory input

Integration, storage, and use of
diverse sensory input for
planning of purposeful action

Programming of sequences of
movement in context of diverse
information provided

Commanding of efferent motor
neurons to initiate voluntary
movement

Relayed through efferent motor
neurons to appropriate skeletal
muscles, which carry out desired
action

For simplicity, a number of interconnections have been omitted.



Located in the precentral gyrus (=7~ Motor
Composed of pyramidal cells

whose axons make up the
corticospinal tracts

Allows conscious control of
precise, skilled, voluntary
movements

Motor homunculus — caricature
of relative amounts of cortical
tissue devoted to each motor
function

Tongue
Swallowing

Motor cortex
(precentral gyrus)



Located in the postcentral
gyrus, this area:
Receives information from the
skin and skeletal muscles

Exhibits spatial discrimination

Somatosensory homunculus —
caricature of relative amounts
of cortical tissue devoted to
each sensory function

Somatic
sensory cortex
(postcentral gyrus)

< o

o

~ Tongue

Pharynx

Intra-
abdominal



BRAIN OVERVIEW

Parietal lobe

Occipital lobe

(e) The skull

bone

Medulla oblonggta




CENTRAL NERVOUS

SYSTEM:

o Brain
o Spinal cord

CENTRAL NERVOUS SYSTEM, POSTERIOR VIEW

(a)
Cranium

Cerebral
hemispheres

Cerebellum

Cervical spinal
nerves

Thoracic spinal —— 4
nerves

Sectioned

Lumbar spinal
vertebrae

nerves

Sacral spinal
nerves




SPINAL CORD REGIONS

CENTRAL NERVOUS SYSTEM, POSTERIOR VIEW
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Figure 9-4a: ANATOMY SUMMARY: The Central Nervous System




SPINAL CORD ORGANIZATION

ga) One segment of spinal cord, ventral view, showing (b) Gray matter consists of sensory and motor nuclei.
its pair of nerves. Visceral sensory nuclei

White matter  Gray matter

- Somatic sensory nuclei
Dorsal root: ganglion
carries sensory
(afferent)
information g
to CNS. Lateral
Ventral root: horn

carries efferent g

(motor) Ventral “AS

information to root

muscles and glands. Somatic motor nuclei

Autonomic efferent nuclei

(c) White matter in the spinal cord consists of
axons carrying information to and from the brain.

To the From the
brain brain

Ascending tracts carry sensory Descending tracts carry
information to the brain. commands to motor neurons.




MENINGEAL LAYERS

o Meningeal layer of the brain cushion and protect delicate
neural tissue

Dura mater

Venoussinus

Arachnoid
membrane

Pia mater

(| . Brain
Subdural Subarachnoid ‘

space space

Figure 9-4b




CEREBROSPINAL FLUID

o Shock absorbing medium

o Provides a optimum and
stable environment for
generating nerve
impulses

o Provides a medium for
the exchange of nutrients
and wastes between
blood and nervous tissue

b) Cerebrospinal fiuid is secreted into .
ihl ventricles and flows throughout the Choroid plexus (d) Cerebrospinal fluid is reabsorbed back into the blood at

subarachnoid space where it cushions of third ventricle , . id  fingerlike projections of the arachnoid membrane called vill.
the central nervous system. = - Vil

Cerebrospinal  Bone of
fluid / skull
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CEREBROSPINAL FLUID

o Formed by selective transport across ependymal cells

o Volume 125-150 ml and is replaced > 3 times/day, flow maintained
by 10 mmHg pressure gradient

o Path: ventricles — subarachnoid space, reabsorbed into blood In
dural sinuses through arachnoid villi

(b) Cerebrospinal fluid is secreted into
the ventricles and flows throughout the
subarachnoid space where it cushions
the central nervous system.

Choroid plexus (d) Cerebrospinal fluid Is reabsorbed back into the blood at
of third ventricle Araclrlmoid fingerlike projections of the arachnoid membrane called villi
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Extensive capillaries & sinuses
Tight junctions promoted by astrocyte

Limits permeability for most molecules except 02, CO2, alcohol,
steroids, H20

Protects brain: hormones & circulating chemicals
Protects CNS from chemical fluctuations
Prevents entry of harmful substances
Prevents entry of molecules that could act as neurotransmitters

Brain receives 15% of blood pumped by heart
Brain responsible for about half of body’s glucose consumption

Membrane transporters move glucose from plasma into the brain
interstitial fluid

- \ \
Astrocyte foot\.\ o~ ’ i
processes | J___T‘th

| junction

_ Astrocyte foot processes
-~ secrete paracrines that ™

——<_Basement \\\\
membrane N\

promote tight
junction formation.

N, Y _ Tight junction prevents
~  solute movement

. . =
between endothelial cells. Capillary lumen




SUMMARY OF THE NERVOUS SYSTEM

|
Peripheral NS

|
Central NS

Efferent Division

|
Afferent Division

| .
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|
Somatic
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|
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AUTONOMIC NERVOUS SYSTEM

1) SYMPATHETIC
(THORACOLUMBAR) DIVISION.

2 ) PARASYMPATHETIC
(CRANIOSACRAL) DIVISION.



* Two divisions:
— sympathetic
— Parasympatheitic

 Control involuntary functions

— heartbeat

— blood pressure
— respiration

— perspiration

— digestion

« Can be influenced by thought and
emotion



Sympathetic N.S.

Like the accelerator of
your car

Mobilized the body for
action

Preganglionic: short, synapse
within the lateral & collateral
ganglia

Postganglionic: long

Has a wide distributions

PARASYMPATHETIC N.S.

Like the brakes in your car

Slows the body down to
keep Its rhythm

Enables the body to
conserve and store energy

Preganglionic: long, synapse
within the terminal ganglia

Postganglionic: short

Has a restricted distributions
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4- somatic
tissues

(body wall, limbs)

postganglioni
via 31 spinal
nerves

to somatic tissues
of neck, body wall,

and limbs

sympatheti
trunk

CS

<

C/

SYMPATHETIC SYSTEM: SUMMARY

visceral tissues
(organs)

- Cervical division

2- Cardiopulmonary

Splanchnics: postganglionic

fibers to thoracic viscera

3- Abdominopelvic
Splanchnics: preganglionic
Ibers to prevertebral ganglia,
postganglionic fibers to
abdominopelvic viscera
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Parasympathetic fibers
—————— Presynaptic
Postsynaptic

N D

four cranial
nerves)

Sacral

parasympathetic
outflow (via pelvic
splanchnic nerves)

Ciliary ganglion

@ Pterygopalatine ganglion

\ \.@ gangl‘ixtn—/_"' %‘_

W} ) Cranial
/ :a:: pathetic
7 / oratﬂ‘:)v: (via

Innervation via
cranial outflow

Otic ganglion
Submandibular

@y Lacrimal gland
Nasal, palatine,

Eye and pharyngeal
(iris, S glands Lo
ciliary
muscles)
Parotid Qi
gland T '
59  Sublingual and |
! submandibular
glands -
A
Heart S
- T
3 Larynx "
)\ Trachea | /!
| Bronchi / {

h
& Lungs - -
oy

Stomach
Pancreas

Left colic
v (splenic) flexure

, dividing sacral para-
! sympathetic supply
/ from cranial supply

/" Large intestine
Small intestine
Rectum

Penis (or |
clitoris) « Innervation via
i sacral outflow

Cranial outflow

« CN I, VII, IX, X

* Four ganglia in head

 Vagus nerve (CN X) is major
preganglionic parasymp.
supply to thorax & abdomen

« Synapse in ganglia within
wall of the target organs (e.g.,
enteric plexus of Gl tract)

Sacral outflow

« S2-54 via pelvic splanchnics

 Hindgut, pelvic viscera, and
external genitalia

Clinical Relevance

» Surgery for colorectal cancer
puts pelvic splanchnics at risk

» Damage causes bladder &
sexual dysfunction




 Cranial outflow
— Comes from the brain

— Innervates organs of the head, neck, thorax,
and abdomen

 Sacral outflow

— Supplies remaining abdominal and pelvic
organs



COMPARISON OF SOME EFFECTS OF SYMPATHETIC &
PARASYMPATHETIC BRANCHES

Sympathetic nervous
system

contracts anal & bladder
sphincters

contracts erector pili
muscles

Increases sweat production

no comparable effect

Parasympathetic nervous
system

relaxes anal & bladder
sphincters

no comparable effect

no comparable effect

INncreases secretion a




Sympathetic Stimulation

stimulate sweat glands
constrict peripheral vessels

increase blood to skeletal
muscles

Increase and
Inoft effects

bronchodilation

stimulation of NRG 7771
production ' ' e
reduce blood flow to J . X i
abdomen W e Tk
decrease digestive activity " \ N\eB tidney

relax smooth muscle in wall
of bladder

release glucose stores from
Iiver : =ladder

Genitals

arge mtestine

Reciur




Parasympathetic Nervous System

m Stimulation Results in:
= pupillary constriction

= secretion by digestive
| glands

= increased smooth muscle
St activity along Gl tract

Sl = bronchoconstriction

= reduced HR & negative
Inotropic effects

Heart

Largz
intestine
Splanchnic Ve
S

rerve /
|
~ | %
o—/)—ﬁ e
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Cranial Nerves

© ® N Ok oODbhPR

Olfactory nerve

Optic nerve

Oculomotor nerve
Trochlear nerve
Trigeminal nerve
Abducent nerve

Facial nerve
Vestibulocochlear nerve
Glossopharyngeal nerve
Vagus nerve

Accessory nerve
Hypoglossal nerve




CRANIAL NERVES

Table 9-1: The Cranial Nerves

NUMBER NAME TYPE FUNCTION
| Olfactory Sensory Olfactory (smell) information from nose
Il Optic Sensory Visual information from eyes
i Oculomotor Motor Eye movement, pupil constriction, lens shape
IV Trochlear Motor Eye movement
v Trigeminal Mixed Sensory information from face, mouth; motor signals
for chewing
Vi Abducens Motor Eye movement
VI Facial Mixed Sensory for taste; efferent signals for tear and
salivary glands, facial expression
Vil Vestibulocochlear Sensory Hearing and equilibrium
IX Glossopharyngeal Mixed Sensory from oral cavity, baro- and chemoreceptors
in blood vessels; efferent for swallowing, parotid
salivary gland secretion
X Vagus Mixed Sensory and efferents to many internal organs,
muscles, and glands
XI Spinal accessory Motor Muscles of oral cavity, some muscles in neck and
shoulder
XII Hypoglossal Motor Tongue muscles



SUMMARY OF FUNCTION OF CRANIAL NERVES

Cranial nerves | Sensory | Motor | PS* Cranial nerves | Sensory | Motor | PS*
|-V function | function | fibers Vil - XII function | function | fibers
| Olfactory Yes (smell No No VIl Facial Yes (taste)  Yes Yes
Il Optic Yes (vision)  No No VIl Vestibulocochlear Yes (hearing  No No
lIl Oculomotor No Yes Yes and balance)
IV Trochlear No Yes No X Glossopharyngeal Yes (taste)  Yes Yes
V Trigeminal ~ Yes (general  Yes No X Vagus Yes (taste)  Yes Yes
sensation) XI Accessory No Yes No
VI Abducens No Yes No XIl Hypoglossal No Yes No

b) 'PS = parasympathetic




CLASSIFICATION OF CRANIAL NERVES

Sensory cranial nerves: contain only afferent (sensory) fibers
I Olfactory nerve
I Optic nerve
VIl Vestibulocochlear nerve

Motor cranial nerves: contain only efferent (motor) fibers
IT Oculomotor nerve
IV Trochlear nerve
VIAbducent nerve
XI Accessory nerv
XI Hypoglossal nerve

Mixed nerves: contain both sensory and motor fibers---
V Trigeminal nerve,
VI Facial nerve,
IXGlossopharyngeal nerve
XVagus nerve
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