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INTRODUCTION

Welcome to the second semester course in HumarofryatNSC 218 —
Human Anatomy IV. This is a second semester coussd a
continuation of Human Anatomy | (NSC 215) and Hurdaratomy |l
(NSC 217) where you have increased/improved yoowkedge about
some, body structures and their organisations. ¥so covered the
protective covering of all the body organs as veslthe supporting
systems. This second part will cover other interaedans that are
important to maintenance of life. As indicated ir8@l 215, caring
always require sound understanding of the nornmatsire of the body
organs as to know what could be wrong and how soghifest. Basic
assessments done before planning general and gucsire usually
consider the various organs that function withirstegns and as
interelated systems. You will be required to beeatd describe the
integumentary system that maintain, integrate amohtrol body
functions. The anatomy of other sense organs ssaye, ear, tongue
and olfactory organ shall be covered. The grossoama of the brain
and spinal cord shall be covered. Peripheral artdnamic nervous
system, and discuss the clinical correlates oftbibay parts. You will
enjoy drawing and labelling, as well as seeing somtihese organs in
real life. You will also see the variations in n@nand diseased organs
as you are encouraged to participate in all lalboyaissignments.

COURSE OVERVIEW

Human Anatomy (1V)

Human Anatomy (IV) is the fourth of the coursesttbavers the major
organs that are responsible for life. In this ceurse are going to study
the integumentary system, the special senses,henddrvous system.
These are the regulatory systems. The structurdslamations of the

various organs that make each of the systems witbdied.

COURSE OBJECTIVE

At the completion of this course, you should be ableto:

o Discuss the anatomy and functions of the skin pedial senses

o Describe the various disorders of the special sense

o Discuss the formation of the brain and the spimmati drom the
most primitive neural tube.

o Discuss the anatomy of the central nervous system.

o Differentiate between structural and functionalislons of the

nervous system.
o Discuss the peripheral and autonomic nervous system
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COURSE IMPLEMENTATION

DOING THE COURSE

The course will be delivered adopting the blendsaiiing mode, 70%
of online but interactive sessions and 30% of f@etce during
laboratory sessions. You are expected to registethis course online
before you can have access to all the materialshand access to the
class sessions online. You will have hard and sofiies of course
materials, you will also have online interactivessiens, face-to-face
sessions with instructors during practical sessiorike laboratory. The
interactive online activities will be available you on the course link on
the Website of NOUN. There are activities and assignts online for
every unit every week. It is important that youitvihe course sites
weekly and do all assignments to meet deadlines@ndntribute to the
topical issues that would be raised for everyonerigribution.

You will be expected to read every module alonghwatl assigned
readings to prepare you to have meaningful cortioha to all sessions
and to complete all activities. It is important ttheu attempt all the
Self-Assessment Questions (SAQ) at the end of eweityto help your
understanding of the contents and to help you peefm the in-course
tests and the final examination. You will also beexted to keep a
portfolio where you keep all your completed assignts.

COURSE REQUIREMENTSAND EXPECTATIONSOF YOU

Attendance of 95% of all interactive sessions, dsbion of all
assignments to meet deadlines; participation IrCMIA, attendance of
all laboratory sessions with evidence as providedthe log book,
submission of reports from all laboratory practicsgssions and
attendance of the final course examination. Youaése expected to:

1. Be versatile in basic computer skills

2. Participate in all laboratory practical up to 90%ilee time

3. Submit personal reports from laboratory practicadssons on
schedule

4. Log in to the class online discussion board attlease a week

and contribute to ongoing discussions.
5. Contribute actively to group seminar presentations.
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EQUIPMENT AND SOFTWARE NEEDED TO ACCESS
COURSE

You will be expected to have the following tools:

1. A computer (laptop or desktop or a tablet)

2. Internet access, preferably broadband rather tlesug access

3. MS Office software — Word PROCESSOR, Powerpoint,
Spreadsheet

4. Browser — Preferably Internet Explorer, Moxilla éfmx

5 Adobe Acrobat Reader

NUMBER AND PLACES OF MEETING (ONLINE, FACE-
TOFACE, LABORATORYPRACTICALS

The details of these will be provided to you at thene of
commencement of this course

DISCUSSION FORUM

There will be an online discussion forum and togasdiscussion will
be available for your contributions. It is mandgttimat you participate
in every discussion every week. Your participatioi you, your face,
your ideas and views to that of every member ofcthses and earns you
some mark.

COURSE EVALUATION

There are two forms of evaluation of the progrems gre making in this
course. The first are the series of activitiesigagsents and end of unit,
computer or tutor marked assignments, and labgrg@ctical sessions
and report that constitute the continuous assedsthanall carry 30%
of the total mark. The second is a written exanmmatvith multiple
choice, short answers and essay questions that7@de of the total
mark that you will do on completion of the course.

Students evaluation: The students will be asseasddevaluated based
on the following criteria

o IN-COURSE EXAMINATION:

In line with the university’s regulation, in-coursgamination will come
up in the middle of the semester. These would comdorm of

Vi
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Computer Marked Assignment. This will be in additim 1compulsory
Tutor Marked Assignment (TMA’'s) and three Computerarked
Assignment that comes after every module

o LABORATORY PRACTICAL:

Attendance, record of participation and other assignts will be graded
and added to the other scores form other formsaheations.

o FINAL EXAMINATION:
The final written examination will come up at thedeof the semester
comprising essay and objective questions coverilhgthe contents

covered in the course. The final examination witloaint to 60% of the
total grade for the course.

LEARNER-FACILITATOR EVALUATION OF THE
COURSE

This will be done through group review, written @ssment of learning
(theory and laboratory practical) by you and thelitators.

GRADING CRITERIA

Grades will be based on the following Percentages

Tutor Marked Individual Assignments 10%
Computer marked Assignment 10%

Group assignment 5% 30%
Discussion Topic participation 5%

Laboratory practical 10%

End of Course examination 70%

GRADING SCALE

A =70-100
B =60-69
C=50-59
F=<49

SCHEDULE OF ASSIGNMENTSWITH DATES

To be provided for each module by the facilitatoaddition to the ones
already spelt out in the course materials.

SPECIFIC READING ASSIGNMENTS

Vi
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To be provided by each module

REFERENCE/FURTHER READING

Hutchinson, M., Mallat, J., Marieb, E.N., WilhelmB? (2007). A Brief
Atlas of the Human Body. Sna Franscisco: Pearsamc&obn
Inc.

Katherine M. A. Rogers and William N. Scott (2014urses! Test
Yourself in Anatomy and Physiology

Kathryn A. Booth, Terri. D. Wyman (2008) AnatomyhyBiology, and
Pathophysiology for Allied Health

Keith L Moore, Persuade T.V.N (2018), The Develgpirluman
Clinically Oriented Embryology 11th Edition Lippiatt
Williams & Wilkins

Kent M. Van De Graff, R.Ward Rhees, Sidney Palm2éx Q) Schaum's
Outline of human Anatomy and Physiology 3rd edition

Philip Tate (2012) Seeley's Principles of AnatomyRfaysiology 2nd
ed.

Sadler T.W (2012), Langman‘s Medical EmbryologyHL2dition.

Seeley's Principles of Anatomy & Physiology, Secedition Published
by McGraw-Hill, a business unit of The McGraw-Hill
Companies, Inc., 1221 Avenue of the Americas, NewkYNY
10020. Copyright ¢ 2012- Chapter 17&18
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MODULE 1 THE SPECIAL SENSES
UNIT 1 INTEGUMENTARY SYSTEM
CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1  Functions of the integumentary system

3.2 Skin
3.3 Nails
3.4 Hair

3.5 Clinical correlates
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

The integumentary system is familiar to most pedy@eause it covers
the outside the appearance of the system It is osetpof a complex set
of organs that includes the skin and its derivati{gaveat and oil glands,
hairs, and nails).

Skin without blemishes is considered attractiveemgls acne is a source
of embarrassment for many people. The developmentriokles and
the graying or loss of hair are signs of aging tbate people find
unattractive. Because of these feelings, much tefi®rt, and money
are spent on changing the appearance of the inegany system. For
example, people apply lotion to their skin, colegit hair, and trim their
nails. They also try to prevent sweating with agtgpirants and body
odor with washing, deodorants, and perfumes.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

o Describe the components and functions of the integuary
system.

Explain the role of skin in regulating body tempara.

Describe the layers of skin and the characteristiesach layer.
Explain the factors that affect skin colour.

Outline the disorders associated with the integuargrsystem.
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3.0 MAIN CONTENT

3.1 Functions of integumentary System

The appearance of the integumentary system caaoaitedphysiological
imbalances in the body. Some disorders, such as acnvarts, affect
just the integumentary system. Disorders of ottetspof the body can
be reflected there, and thus the integumentaryesyss useful for
diagnosis. For example, reduced blood flow throtlgh skin during a
heart attack can cause a pale appearance, whaoeaased blood flow
as a result of fever can cause a flushed appearatsm® the rashes of
some diseases are very characteristic, such aagshes of measles,

Major functions:

1. Protection: The skin protects against abrasod ultraviolet
light. It also prevents the entry of microorgangssand prevents
dehydration by reducing water loss from the body.

2. Sensation: The integumentary system has semesoeptors that
can detect heat, cold, touch, pressure, and pain.

3. Temperature regulation: Body temperature isileggd through
the control of blood flow through the skin and thetivity of
sweat glands.

4. Vitamin D production: When exposed to ultragidight, the skin
produces a molecule that can be transformed itdonin D.

5. Excretion: Small amounts of waste productslasethrough the
skin and in gland secretions.

3.2 Skin

The skin is made up of two major tissue layers. €palermis is the
most superficial layer of the skin; it consists egithelial tissue. The
epidermis resists abrasion on the skin’'s surfackraduces water loss
through the skin. The epidermis rests on the derwisch is a layer of

connective tissue. The dermis is responsible fostnod the structural

strength of the skin. The strength of the dermiseisn in leather, which
is produced from the hide (skin) of an animal. Tégidermis is

removed, and the dermis is preserved by tanning.

The skin rests on the hypodermis which is a laydpose connective
tissue. The hypodermis is not part of the skin lgg integumentary
system, but it does connect the skin to underlymgcle or bone.
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THE SKIN

MODULE 1

Epidermis

Stratum lucidum

Stratum spinosum

Papllary layer

Reticular Layer

Superficial part of skin; stratified squamous epithelium;
composed of four or five strata

Most superficial strata of the epidermis; 25 or more
layers of dead squamous cells

Three to five Layers of dead cells; appears transparent;
present in thick skin, absent in most thin skin

A total of 8-10 layers of many-sided cells

Deepest strata of the epidermis; single layer of cuboidal
or columnar cells; basement membrane of the epidermis
attaches to the dermis

Deep part of skin; connective tissue composed of two
layers

T —
Mat ofcollagenan eastnfibers;dnse el
connective tissue

Not part of the skin; loose connective tissue with
abundant ft depesits

Barrier that prevents water loss and the entry of
chemicals and mi protects
abrasion and ultraviolet light; produces
gives rise to hair, nails, and glands

Provision of structural strength by keratin within cells;
prevention of water loss by lipids surrounding cells;
sloughing off of most superficial cells resists abrasion

Dispersion of keratohyalin around keratn fibers

aqainst
vitamin D;

Production of keratohyalin granules; lamellar bodies
release lipids from cells; cells die

Production of keratin fibers; formation of lamellar bodies

Production of cells of the most superficial strata;
melanocytes produce and contribute melanin, which
protects against ultraviolet light

for the structural strength and flexibility

of the skin; the epidermis exchanges gases, nutri-
ents, and waste products with blood vessels in the
dermis

papillae form ingerprints and footprints
Main fibrous Layer of the dermis; strong in many
directions; forms cleavage lines

‘Attaches the dermis to underlying structures; fat tissue

Wmm mmmm
dermis
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COMPARISON OF THE SKIN (EPIDERMIS &DERMIS) AND
HYPODERMIS

Dermis

It is composed of strong and flexible connectiv&sue. Its cells are
typical of those found in any connective tissuepgro

I. Fibroblasts: cells that form the fibers of centive tissue
. Macrophages: protective cell capable of phatsis

ii. Mast cells: immune cell that initiates inflanation

\2 White blood cells: protection

Its semifluid matrix is heavily embedded with:

> Collagen: strong, fibrous (threadlike) insolubletein
> Elastin: extracellular connective tissue protein
> Reticular fibers: supporting framework tissue

The dermis binds the entire body together like @ylsiocking. It is your
hide and corresponds exactly to animal hides usedhdke leather
products. It is richly supplied with nerve fiberslood vessels, and
lymphatic vessels. Major portions of hair follicless well as oil and
sweat glands, are derived from epidermal tissuedsidle in the dermis

The layers of dermis

1. The thin, superficial papillary layer: highly vascularized
areolar connective tissue containing a woven rhabllagen and
elastin fibers. Its superior surface is thrownoinpeglike
projections called dermal papillae (papill=nippteat indent the
overlaying epidermis. Many contain: Capillary Isppneissner’s
corpuscles: touch receptors and pain receptors.

On the palms of the hands and soles of the feesetipapillae lie atop
larger mounds called dermal ridges, which in tuanse the overlying
epidermis to form epidermal ridges that increasgtibn and enhance
the gripping ability of the fingers and feet. Epithal ridge patterns are
genetically determined and unique to each of usaBse sweat pores
open along their crest, our fingerprints leave idgng films of sweat
called fingerprints on almost anything they touthere are three types
of skin markings: Finger prints, Cleavage linegxire lines

2. The reticular layer: It is deeper and account for 80% of the
thickness of the dermis. Extracellular matrix eoms$ thick
bundles of interlacing fibers that run in variqulanes, most run



NSC 218 MODULE 1

parallel to the skin surface, less dense regioasyden these bundles
form cleavage, or tension lines. Collagen fibergegskin strength and
resiliency, binds water, helping keep the skin hyeld while elastin

fibers provide the stretch-recoil properties onski

Skin Colour: This is determined by three pigments: Melanin,
Hemoglobin and carotene

Melanin- Only pigment made in the skin, it is ayokr of tyrosine
which is an amino acid, ranges in color from yellmarreddish-brown to
black. Synthesis depends on an enzyme in melarocygtdled
tyrosinase. It passes from melanocytes to the lkasatinocytes.

Melanocytes are stimulated by sunlight which causedstantial
melanin buildup, which helps protect the DNA ofhl@skin cells from
UV radiation by absorbing the light and dissipatihg energy as heat.

Carotene: Yellow to orange pigment found in certplant products
such as carrots. It tends to accumulate in théustr@orneum and in the
tissue of the hypodermis, it is the color most obeiin the palms and
soles, where the stratum corneum is thickest (el@ntipe skin of the
heel).

Epidermis

Derivatives of the epidermis include the Sweat déanSebaceous
glands, Nails, Hair, Hair Follicles

Sweat (Sudoriferous) glands:Distributed over the entire skin surface
except the nipples and parts of the external gemifewo types of sweat
glands:

1 Eccrine
2 Apocrine

Eccrine: sweat glands, or merocrine sweat glands, produeesweat,
they are the most numerous of the sweat glands,aaemdarticularly
abundant on the palms of the hands, soles of teg &nd forehead.
Secretory part lies coiled in the dermis: The dexdends to open in a
funnel-shaped pore at the skin surface. Secrebamwonly called sweat
is a hypotonic filtrate (lower osmotic pressurentl@areference) of the
blood that passes through the secretory cellsefteat glands and is
released by exocytosis. It contains 99% water, wtitime salts (mostly
sodium chloride), Vitamin C, Antibodies, Dermicid{microbe-killing
peptide and traces of metabolic waste (urea, @it ammonia)
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Apocrine: It is largely confined to the axillary and anogahiareas,

Larger than eccrine glands. Ducts empty into hallicfes. Secretion

contains the same basic components as true swesitigtty substances
and proteins. Odorless BUT, when its organic mdesuare

decomposed by bacteria on the skin, it takes omuskynand generally
unpleasant odor (BODY ODOR).

3.3 Nails

The distal ends of primate digits have nails, whsrenost other
mammals have claws or hooves. Nails protect the ehthe digits, aid
in manipulation and grasping of small objects, aam@ used for
scratching. A nail consists of the proximal naibtr@nd the distal nail
body. The nail root is covered by skin, and thd hady is the visible
portion of the nail. The lateral and proximal edgdsthe nail are
covered by skin called the nail fold, and the edgresheld in place by
the nail groove.

= — MNa body

The stratum corneum of the nail fold grows onto tiad body as the
eponychium, or cuticle. Beneath the free edge efrthil body is the
hyponychium, a thickened region of the stratum eam. The nail root
extends distally from the nail matrix. The nail alattaches to the
underlying nail bed, which is located between tlad matrix and the
hyponychium. The nail matrix and bed are epithetisbue, with a
stratum basale that gives rise to the cells thahfthe nail. The nail
matrix is thicker than the nail bed and produceariyeall of the nail.
The nail bed is visible through the clear nail apgears pink because of
blood vessels in the dermis.
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A small part of the nail matrix, the lunula, is sgbrough the nail body
as a whitish, crescent-shaped area at the badeeatfail. The lunula,

seen best on the thumb, appears white becausdotbe \eessels cannot
be seen through the thicker nail matrix. The nartains a hard keratin,
which makes the nail hard. As the nail is formedhiea nail matrix and

bed, it slides over the nail bed toward the distadl of the digit. Nails

grow at an average rate of 0.5-1.2 mm per day,fiaug@rnails grow

more rapidly than toenails. Unlike hair, they grosontinuously

throughout life and do not have a resting phase.

3.4 Hair

The presence of hair is one of the characteristesimon to all
mammals; if the hair is dense and covers most@btidy surface, it is
called fur. In humans, hair is found everywheretlom skin except the
palms, the soles, the lips, the nipples, parthefexternal genitalia, and
the distal segments of the fingers and toes.

By the fifth or sixth month of fetal developmenglidate, unpigmented
hair called lanugo has developed and covered tans.fBlear the time of
birth, terminal hairs, which are long, coarse, aiginented, replace the
lanugo of the scalp, eyelids, and eyebrows. Véihiss, which are short,
fine, and usually unpigmented, replace the lanugath® rest of the
body.
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The hair follicle

At puberty, terminal hair, especially in the puliied axillary regions,
replaces much of the vellus hair. The hair of thest, legs, and arms is
approximately 90% terminal hair in males, compareuth
approximately 35% in females. In males, terminairshaeplace the
vellus hairs of the face to form the beard. Therdbgpubic, and axillary
hair are signs of sexual maturity. In addition, jguand axillary hair
may function as wicks for dispersing odors produlsgdecretions from
specialized glands in the pubic and axillary regiolt also has been
suggested that pubic hair protects against abradimimg intercourse
and axillary hair reduces friction when the arms/eno

3.5 Clinical correlates

I Cleavage lines in the reticular layer of thendis are important to
a surgeon because incision made parallel to thesg the skin
gapes less and heals more readily than when dt&dn is made
across cleavage lines.

. Folliculitis, which is a disorder specific to hair, is an
inflammation of hair follicles. This disorder udlyaresults from
shaving or excess rubbing of skin areas. It mag be caused by
bacteria and fungi. Follicles become red and itehg often look
like pimples. Treatments include regular cleansioiy skin,
topical antibiotics, and use of electric razorsteéad of razor
blades.

lii. Acne is an active inflammation of the sebacgoglands
accompanied by “pimples” (pustules or cysts) ome tkin.
Usually caused by bacterial infection, particylarlby
staphylococcus.

\Y2 Seborrhea: cradle cap in infants, caused keramtive sebaceous
glands.Raised lesions that gradually become yeiolrown and
begin to slough off oily scales

V. A burn is injury to a tissue caused by heat, cold, frictio
chemicals, electricity, or radiation. Burns arassified according
to the extent of surface area involved and thehdepthe burn.
For an adult, the surface area that is burnedoeaconveniently
estimated by “the rule of nines,” in which the Bosl divided into
areas that are approximately 9%.

Vi. Scabies is a very contagious skin conditioratses is caused by
mites that burrow beneath skin. Sometimes theolsrof the
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mites, which look like red pencil marks, can benseRedness and
severe itching are usually the only symptoms obssa Most cases are
easily treated with prescription medications. Be&seauscabies is
contagious, it is wise to treat an entire familpiife member is infected.

Self-Assessment Exercises

At the histology laboratory, examine slides of bar, skin and nail and
identify the parts of each of these componentsoREgour findings in
the logbook.

o Describe the components and functions of the integuary
system.

o Explain the role of skin in regulating body tempara.

o Describe the layers of skin and the characteristiesach layer.

4.0 CONCLUSION

The integumentary system is familiar to most pedygeause it covers
the outside the appearance of the system It is osetpof a complex set
of organs that includes the skin and its derivati{gaveat and oil glands,
hairs, and nails).

50 SUMMARY
In this unit, you have learnt that:

I The components of the integumentary systenudes the skin,
the nails, glands and hairs.

. The integumentary system protects us from teeternal
environment. Other functions include sensatiommperature
regulation, vitamin D production, and excretionsaiall amounts
of waste products.

iii.  The epidermis is stratified squamous epitinelidivided into five
strata.

Iv. Melanocytes produce melanin inside melanosoraed then
transfer the melanin to keratinocytes. The siz @stribution of
melanosomes determine skin color. Melanin productis
determined genetically but can be influenced lgauiolet light
(tanning) and hormones.

V. The nail is stratum corneum containing harcakerand the nalil
root is covered by skin, and the nail body isvisgle part of the
nail. Nearly all of the nalil is formed by the nailatrix, but the
nail bed contributes.
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Vi. Integumentary system is easily observed amehofeflects events
occurring in other parts of the body (e.g., cyaogmundice,
rashes).

6.0 TUTOR MARKED ASSIGNMENTS

1. The integumentary system

a. helps regulate body temperature.

b. is a site of fat storage.

C. Is a site of vitamin E production.

d. eliminates large amounts of waste products fiteerbody.

e. all of the above

2. A layer of skin (where mitosis occurs) thatlaeps cells lost
from the outer layer of the epidermis is the

a. stratum corneum.

b. stratum basale.

C. stratum lucidum.

d. reticular layer.

e. subcutaneous tissue.
For questions 3—7, match the layer of the epidemith the
correct description or function:

a. stratum basale

b. stratum corneum

C. stratum granulosum

d. stratum lucidum

e. stratum spinosum

3. Production of keratin fibers; formation of ldiaebodies

4. Desquamation occurs; 25 or more layers of dgadmous cells

5. Production of cells; melanocytes produce andrdmte melanin;
hemidesmosomes present

6. Production of keratohyalin granules; lamelladies release
lipids; cells die

7. Dispersion of keratohyalin around keratin fddayer appears
transparent; cells dead

8. In which of these areas of the body is thidk $&und?

a. back of the hand d. bridge of the nose
abdomen e. sole of the foot
C. over the shin

o
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1.0 INTRODUCTION

Taste is mainly a function of theaste budsin the mouth, but it is
common experience that one’s sense of smell alatribates strongly
to taste perception. In addition, the texture aidfoas detected by tactual
senses of the mouth, and the presence of substandhe food that
stimulate pain endings, such as pepper, greaty tie taste experience.
The importance of taste lies in the fact that libvas a person to select
food in accord with desires and often in accorchvifte body tissues’
metabolic need for specific substances.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

discuss the anatomy of the tongue and the funcii@ach part.
describe how taste sensations are created angnetied
discuss the five primary taste sensations

describe the histology and function of a typicateésbud
explain the neuronal pathways for the sense of tast

3.0 MAIN CONTENT
3.1 Functions of Taste

Substances calletstants dissolve in saliva, enter the taste pores, and
by various mechanisms cause the taste cells tdatgge For example,
the diffusion of the positively charged ions Naidan+ into the taste

12
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cells causes depolarization. The binding of tastéamtreceptors on the
taste hairs activates G proteins, which resultsd@polarization by
causing Ca2+ channels to open or K+ channels &echM/hen the taste
cells depolarize, they release neurotransmitteas diffuse to sensory
neurons associated with the taste cells. The namsitters stimulate
action potentials in the sensory neurons, which ameducted to the
brain, where the sense of taste is perceived.

Five primary tastes have been identified in humans: salty, sour, sweet,
bitter, and umami (a Japanese term loosely tratslas savoury). The
salty taste is stimulated by Na+; sour by acidsseiwy sugars, some
other carbohydrates, and some proteins; bitterlkalads (bases); and
umami by the amino acid glutamate and related camg®. The umami
taste sensation is most intense when coupled Wwélsalty taste, hence
the popularity of adding salt to tomatoes, ketchggy sauce, and the
additive monosodium glutamate (MSG). Even thougly éue primary
tastes have been identified, humans can percefa@la large number
of different tastes, presumably by combining theefibasic taste
sensations.

Thresholds for the five primary taste stimuli va8ensitivity for bitter
substances is the highest. Many alkaloids are poisg and the high
sensitivity for bitter tastes may be protectivedese of the avoidance of
bitter foods. On the other hand, humans tend teecsaveet, salty, and
umami tastes, perhaps in response to the body'sl Mee sugars,
carbohydrates, proteins, and minerals.

Many of the sensations thought of as being tastesteongly influenced
by olfactory sensations.

This phenomenon can be demonstrated by pinching ose to close
the nasal passages while trying to taste somethiiigh olfaction
blocked, it is difficult to distinguish between ttaste of a piece of apple
and the taste of potato. Much of the “taste” ig lmsthis action. This is
one reason that a person with a cold has a redseeshtion of taste.
The tongue can detect other stimuli besides tasieh as temperature
and texture, and these stimuli can influence timsatgon of taste. Food
served at the wrong temperature is perceived aasti$ul. Stimulation
of hot receptors by capsaicin or black pepper isrpreted as hot or
spicy, and stimulation of cold receptors is peredias fresh or minty.

13
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3.2

Location of Taste Buds

The taste buds are found on three types of papifathe tongue, as
follows:

14

A large number of taste buds are on the walls efttbughs that
surround the circumvallate papillae, which fornv dine on the
surface of the posterior tongue.

Moderate numbers of taste buds are on the fungifoapmillae
over the flat anterior surface of the tongue.

Moderate numbers are on the foliate papillae lataiehe folds
along the lateral surfaces of the tongue. Add#idaste buds are
located on the palate, and a few are found onath&llar pillars,
on the epiglottis, and even in the proximal oesgpis. Adults
have 3000 to 10,000 taste buds, and children hafesv more.
Beyond the age of 45 years, many taste buds degene
causing taste sensitivity to decrease in old age.
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Basal cell
oell

Taste
cell

Taste
hair

Taste pore
Epithelium

(c)

Figure 13.2 Tongue, Papillae, and Taste Buds
{a) Surface of the tongue, (b) A papilla. (c) A taste bud.

Fig 2.1 Tongue, Papillae and Buds a) Surface of the tohjyudepapilla

c) A taste bud

15



NSC 218 HUMAN ANATOMY IV

3.3 Histology of Taste Buds

Each of the 10,000 taste buds on a person’s toogusists of three
major types of specialised epithelial cells. Thessey cells of each taste
bud consist of about S@ste cells Each taste cell has several microvilli,
called taste hairs, extending from its apex into a tiny opening in the
epithelium called theaste pore.The remaining two non-sensory cell
types arébasal cellsandsupporting cells.Like olfactory cells, the cells
of the taste buds are replaced continuously, easingp a normal life
span of about 10 days.
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: = Nerve fibers
Necrowilli \\ . I‘ M — = . - e }ﬁ
) : - LAY
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w . o e
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v .
o A connechve
= . T2 9 tissue

Fig.2.2: Taste Bud
3.4 Taste Preference and Control of Diet

Taste preference simply means that an animal Wwdbse certain types
of food in preference to others, and the animabmatically uses this to
help control the diet it eats. Furthermore, itstdagreferences often
change in accord with the body’s need for certpec#ic substances.

The following experiments demonstrate this abiifyanimals to choose
food in accord with the needs of their bodies. tFieglrenalectomies,
salt-depleted animals automatically select drinkingter with a high
concentration of sodium chloride in preference uoepwvater, and this is
often sufficient to supply the needs of the bodyd grevent salt
depletion death. Second, an animal given injectiafisexcessive
amounts of insulin develops a depleted blood sugad the animal
automatically chooses the sweetest food from ammoagy samples.

16
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Third, calcium-depleted parathyroidectomies animalstomatically

choose drinking water with a high concentrationcafcium chloride.

Also, human beings reject any food that has aneasaint affective
sensation, which in many instances protects ouielsddom undesirable
substances. The phenomenon of taste preferencestaterainly results
from some mechanism located in the central nengystem and not
from a mechanism in the taste receptors themselakispugh the

receptors often become sensitised in favour of edee@ nutrient. An

important reason for believing that taste prefeeeilscmainly a central
nervous system phenomenon is that previous exmeriith unpleasant
or pleasant tastes plays a major role in determinime’'s taste

preferences. For instance, if a person becomesssiock after eating a
particular type of food, the person generally depsla negative taste
preference, or taste aversion, for that particidad thereafter; the same
effect can be demonstrated in lower animals.

3.5 Clinical Correlates

Much of what is perceived as a taste defect iy tauprimary defect in
olfaction resulting in an alteration in taste.

Self-Assessment Exercise (1)

o discuss the five primary taste sensations
o describe the histology and function of a typicatésbud
o explain the neuronal pathways for the sense of tast

Self-Assessment Exercise (2)

At the histology laboratory, examine the histol@jistructure of the
papillae with taste buds on the taste bud slide.

4.0 CONCLUSION

In this unit you learnt main function of thaste budsn the mouth, and
the common experience that one’s sense of smell atmtributes
strongly to taste perception.

5.0 SUMMARY

° Taste is mainly a function of thiaste budsn the mouth, but it is
common experience that one’s sense of smell asdributes
strongly to taste perception.

o Receptors on the hairs detect tastants (dissolviestances). Five
basic types of taste exist: sour, salty, bitteeet, and umami.

17
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6.0
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Taste buds usually are associated with papillae
circumvallate,fungiform and foliate papillae.

Taste buds consist of taste cells, basilar cehs, supporting
cells. The taste cells have taste hairs that ext&o taste pores.

Taste preference simply means that an animal Wwibse certain
types of food in preference to others, and themahi
automatically uses this to help control the di¢t eats.
Furthermore, its taste preferences often changeadord with the
body’s need for certain specific substances.

TUTOR MARKED ASSIGNMENT
Taste cells

are found only on the tongue.

extend through tiny openings called taste buds.

have no axons but release neurotransmittera simaulated.
have axons that extend directly to the tasta af the cerebral
cortex.

Which of these isotone of the basic tastes?
spicy

salty

bitter

umami

sour

What are the three kinds of lingual papillaed avhere are they
located?

Do taste receptors undergo adaptation?

Describe taste preference in relation to dietrol.
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1.0 INTRODUCTION

Smell is the least understood of our senses. Bsiglts partly from the
fact that the sense of smell is a subjective phe&mam that cannot be
studied with ease in lower animals. Another congtiry problem is

that the sense of smell is poorly developed in hunb&ings in

comparison with the sense of smell in many lowemais.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o describe the histological structure and functiornthed olfactory
epithelium and the olfactory bulb

o explain how the perception of many different oddargossible

o Describe the neuronal pathways for the sense df.sme

3.0 MAIN CONTENT
3.1 Olfactory Epithelium and Bulb

A small superior part of the nasal cavity is linedth olfactory
epithelium. Ten million olfactory neurons are pmsevithin the
olfactory epithelium. Olfactory neurons are bipolaeurons with
dendrites extending to the epithelial surface efrihsal cavity. The ends
of the dendrites are modified into bulbous enlarget® with long,
specialised cilia, called olfactory hairs, whick In a thin mucous film
on the epithelial surface. The mucus keeps thel rgstinelium moist,
traps and dissolves molecules, and facilitatesrehgoval of molecules
and particles from the olfactory epithelium. Airberodorants become
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dissolved in the mucus on the surface of the elpitimeand bind to
molecules on the membranes of the olfactory haaited olfactory

receptors. The odorants must first be dissolved in fluid iderto reach
the olfactory receptors. When an odorant bindstsoreceptor, a G
protein associated with the receptor is activateda result of activation
of the G protein, Na+ and Ca2+ channels in the nmandopen. The
influx of ions into the olfactory hairs results depolarization and the
production of action potentials in the olfactory udens. Once an

odorant binds to its receptor, however, the regeptcommodates and
does not respond to another odorant for some time.
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Fig 2.30Olfactory Region, Epithelium and Bulb
3.2 Threshold for detection of odors

The threshold for the detection of odours is vesw,l so very few
odorants bound to an olfactory neuron can initeeaction potential.
Methylmercaptan, which has a nauseating odour airtol that of rotten
cabbage, is added to natural gas at a concentr@tiabout one part per

21



NSC 218 HUMAN ANATOMY IV

million. A person can detect the odour of aboutS1Hllionth of a
milligram of the substance and therefore is awérth® presence of the
more dangerous but odourless natural gas. Thereappeoximately
1000 different odorant receptors, which can reacidorants of different
sizes, shapes, and functional groups. The averagem can distinguish
among approximately 4000 different smells. It hagrb proposed that
the wide varieties of detectable odors are actuatignbinations of a
smaller number ofprimary odours. The seven primary odours are
camphoraceous (e.g., moth balls), musky, florappeemint, ethereal
(e.g., fresh pears), pungent, and putrid. It isywerlikely, however, that
this list is an accurate representation of all arnynodours, and some
studies point to the possibility of as many as Bthary odours.

3.3 Neuronal Pathways for Olfaction

Axons from olfactory neurons form tlodéfactory nerves (1), which pass
through the olfactory foramina of the cribriformaf@ and enter the
olfactory bulb. There they synapse with interneurons that retdipm
potentials to the brain through tb#actory tracts. Each olfactory tract
terminates in thelfactory cortex and theamygdala in the temporal
lobe. It is here that the sensation of smell iscp@ed. The olfactory
cortex is part of the limbic system, projecting ttee hypothalamus,
amygdala, and hippocampus of the cerebrum. Odoars produce
strong emotional reactions, memories, and othemporeses. For
example, the perfume or cologne of a loved one eaoke good
feelings, and memories and food odours can caubeatgan and
hunger. Within the olfactory bulb and olfactory tex, feedback loops
occur that tend to inhibit transmission of actiamtgntials resulting from
prolonged exposure to a given odorant. This feddbgdus the
temporary decreased in sensitivity at the levahefreceptors, results in
adaptation to a given odour. For example, if yoieeea room that has an
odour, you are aware of the odour, but you adapthé odour and
cannot smell it as well after the first few minutdsyou leave the room
for some time and then re - enter the room, theiodgain seems more
intense.

3.4 Clinical Correlates

Anosmia -a complete loss of smell

Hyposmia —partial loss of smell or decreased sensation oflsme
Hyperosmia —enhanced smell sensitivity

Dysosmia —distortion in odour perception(includes parosmid an
phantosmia)

Parosmia —distortion of perception of an external stimulus

o Phantosmia —smell perception with no external stimulus.
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Common causes of smell disorders include:

Aging, sinus and other respiratory infections, smgkgrowths in nasal
cavities, head injury, hormonal disturbances, dgmablems, exposure
to certain chemicals, such as insecticides andestdy radiation for
treatment of head and neck cancers.

Self-Assessment Exercises

1. At the histology laboratory, examine the olfactamgils slides
under the microscope.

2. At the gross anatomy laboratory, identify the lowatof the
olfactory epithelium and its relationship to tH&aotory bubs and
the cribriform plate on the sagittal head model.

4.0 CONCLUSION

The ability to smell comes from specialized sensoglls, called
olfactory sensory neurons, which are found in allspatch of tissue
high inside the nose.

5.0 SUMMARY

) In this unit you have learnt that the sense of kimel subjective
phenomenon that cannot be studied with ease iarlawimals

o Olfaction is the sense of smell.

o Olfactory neurons in the olfactory epithelium angdbar neurons.

Their distal ends have olfactory hairs. The obfagthairs have
receptors that respond to dissolved substanceereTlare
approximately 1000 different odorant receptors.

. The receptors activate G proteins, which result®imchannels
opening and depolarization.
o At least seven (perhaps 50) primary odours exise ®lfactory

neurons have a very low threshold and accommadptdly.

. Axons from the olfactory neurons extend as olfactoerves to
the olfactory bulb, where they synapse with inteimons. Axons
from these cells form the olfactory tracts, whmnnect to the
olfactory cortex. The olfactory bulbs and cortex@mmodate to
odours.
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6.0 TUTOR MARKED ASSIGNMENT

1. Olfactory neurons

a. have projections called cilia.

b. have axons that combine to form the olfact@was.

C. connect to the olfactory bulb.

d. have receptors that react with odorants digsbin fluid.
e. all of the above.

2. What are the characteristics of an odorant—eamital molecule
that stimulates a smell receptor?
: Does adaptation of smell receptors occur?
4, Do all of the volatile chemicals in the nosansiate smell

receptors?
4 Which of the cranial nerves innervate the otiacimucosa?
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1.0 INTRODUCTION

The organs of hearing and balance are divided thtee parts: the
external, middle, and inner ear. Tagternal earis the part extending
from the outside of the head to ttygnpanic membrane,or eardrum.
The middle ear is an air-filed chamber medial to the tympanic
membrane. Thener ear is a set of fluid-filled chambers medial to the
middle ear. The external and middle ears are iratbiw hearing only,
whereas the inner ear functions in both hearingbatance.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o describe the anatomy of the ear and the functiceaoh part

o explain how sounds travel through the ear and raegpreted in
the brain

o explain the role of the ear in maintaining equililon

o describe various disorders of the ear.
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3.0 MAIN CONTENT

3.1 Auditory Structures
External Ear/ Auricle

The auricle is the fleshy part of the external earthe outside of the
head. The auricle opens into the external acoust@tus, a passageway
that leads to the tympanic membrane. The auridleas sound waves
and directs them toward the external acoustic nseathich transmits
them to the tympanic membrane. The external acous#iatus is lined
with hairs and ceruminous glands, which produceircen, a modified
sebum commonly called earwax. The hairs and ceruinedm prevent
foreign objects from reaching the delicate tympanembrane.

The tympanic membrane is a thin membrane separtitengxternal ear
from the middle ear. It consists of a thin layer aainnective tissue
sandwiched between two epithelial layers. Soundesaeaching the
tympanic membrane cause it to vibrate.

Middle Ear

Medial to the tympanic membrane is the air-filleavity of the middle
ear. Two covered openings, tbeal window and theround window on

the medial side of the middle ear, connect the taiédr with the inner
ear. The middle ear contains theaalitory ossicles themalleus, incus
and stapes. These bones transmit vibrations from the tympanic
membrane to the oval window. The malleus is attddioethe medial
surface of the tympanic membrane. The incus cosrtbet malleus to
the stapes. The base of the stapes is seated wvéhavindow and is
surrounded by a flexible ligament. Two small musdlethe middle ear
help dampen vibrations of the auditory ossiclesseduby loud noises.
Thetensor tympani muscle is attached to the malleus and is innervated
by the trigeminal nerve (V). Thstapedius muscle is attached to the
stapes and is innervated by the facial nerve (VII).

Two openings provide air passages from the middle ®ne passage
opens into thenastoid air cellsin the mastoid process of the temporal
bone. The other passageway is theditory tube, also called the
pharyngotympanic tube or the eustachian tube.The auditory tube
opens into the pharynx and enables air pressuve eqgualised between
the outside air and the middle ear cavity.

When a person changes altitude, air pressure eut$id tympanic
membrane changes relative to the air pressureeimitidle ear. With an
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increase in altitude, the pressure outside the &map membrane
becomes less than the air pressure inside the eniddl and the
tympanic membrane is pushed outward. With a deergmaltitude, the

air pressure outside the ear becomes greater théne imiddle ear and
the tympanic membrane is pushed inward. Distortbrithe tympanic

membrane can make sounds seem muffled and stimpdate These
symptoms can be relieved by opening the auditdog tiw allow air to

pass through the auditory tube to equalise airspres Swallowing,

yawning, chewing, and holding the nose and moutit sile gently

trying to force air out of the lungs are methodsdut open the auditory
tube.
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Auricle
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Stapes , Cochlea

/
~— Vestibulocochlear
nerve

Oval window (under stapes)
Round window
Tympanic cavity
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Fig.3.1 Major Parts of the Ear
Inner Ear

The inner ear contains the sensory organs for mgand balance. It
consists of interconnecting, fluid-filled tunnelsdachambers within the
temporal bone called the bony labyrinth. The boalyytinth is lined

with endosteum. When the inner ear is drawn, thésendosteum that is
depicted. The bony labyrinth is divided into thresgions: cochlea,
vestibule, and semicircular canals. The vestibatk semicircular canals
are involved primarily in balance, and the coch¢eiavolved in hearing.
Inside the bony labyrinth is a similarly shaped lsualler set of
membranous tunnels and chambers called the memizdabyrinth.

The membranous labyrinth is filled with a cleardlgalled endolymph,
and the space between the membranous and bonynlisyrs filled

with a fluid called perilymph. Perilymph is verynslar to cerebrospinal
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fluid, but endolymph has a high concentration otagsium and a
lownconcentration of sodium, which is opposite froperilymph

andcerebrospinal fluid. The membranous labyrinth tieé cochlea
separates the bony labyrinth into two parts. Thehlga is shaped like a
snail shell—that is, a coiled tube.

The base of the cochlea connects to the vestimdetlze apex of the
cochlea is the end of the coiled tube. The bony arthe cochlea,
around which the tube colls, is shaped like a soratv threads called
the spiral lamina. A Y-shaped, membranous compléxdes the

cochlea into three portions. The base of the Yhésdpiral lamina. One
branch of the Y is the vestibular membrane, andother branch is the
basilar membrane. The space between these memhsacadied the

cochlear duct.

3.2 Auditory Functions

Properties of Sound

Vibration of matter, such as air, water, or a satigterial, creates sound.
No sound occurs in a vacuum. For example, whemiadguork vibrates,
it causes the surrounding air to vibrate. The d@bdrations consist of
bands of compressed air followed by bands of leagpcessed air.

When these pressure changes are graphed through ttiey have a
wave form; hence, they are called sound waves.elbesnd waves are
propagated through the air, somewhat as ripplepraygagated over the
surface of water. Thgolume, or loudness, of sound is a function of
wave amplitude, or height, measured in decibelse Tneater the
amplitude is, the louder the sound. Tpich of sound is a function of
the wave frequency. It is measured in hertz (Hhictvis the number of
waves or cycles per second. The higher the frequesnt¢he higher the
pitch. The normal range of human hearing is 20<4ZD,Bz and 0 or
more decibels (db). Sounds louder than 125 db anefy) to the ear.
Timbre is the resonance quality or overtones ofoand. A smooth
sigmoid curve is the image of a “pure” sound waweat such a wave
almost never exists in nature. The sounds made usycal instruments
and the human voice are not smooth sigmoid cures rather, are
rough, jagged curves formed by numerous, superiatpasirves of
various amplitudes and frequencies.

External Ear

The auricle collects sound waves and directs thetm ithe external
acoustic meatus. Sound waves travel relatively Isiow air, 332 m/s,
and a small time interval may elapse between time @ sound wave
reaches one ear and the time it reaches the dtherbrain can interpret
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this interval to determine the direction from whiahsound is coming.
Sound waves are conducted through the externalsticomeatus and
strike the tympanic membrane, causing it to vibrate

Middle Ear

Vibration of the tympanic membrane causes vibratadnthe three
auditory ossicles of the middle ear, and by thiscmamical linkage
vibration is transferred to the oval window. Theabwindow is

approximately 20 times smaller than the tympanicmim@&ne. The
mechanical force of vibration is amplified about-2l as it passes
from the tympanic membrane through the auditoryctss to the oval
window because of this size difference. This angatifon is necessary
because more force is required to cause vibratianliquid, such as the
perilymph of the inner ear, than is required in air

/ Anterior

Superior ligament
of malleus

Incus Head of malleus
Posterior ligament Anterior ligament
of incus of malleus
Chorda tympani Tensor tympani
nerve muscle
Stapedius muscle Auditory tube

Tympanic membrane
Aar

P > .
/
Y- &
Posterior‘/ o’

Medial view

> Handle of malleus

Stapes

Fig.3.2: Middle Ear
Middle Ear

The tensor tympani and stapedius muscles are attath auditory
ossicles. Excessively loud sounds cause these esusal reflexively
contract and dampen the movement of the auditmsicles. Thissound
attenuation reflex protects the delicate inner ear structures from
damage by loud noises. The sound attenuation re#éeponds most
effectively to low-frequency sounds and can redoge factor of 100
the energy reaching the oval window. The refleto slow to prevent
damage from a sudden noise, such as a gunshott eanot function
effectively for longer than about 10 minutes, ispense to prolonged
noise.
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Inner Ear

As the stapes vibrates, it produces sound wavéseiperilymph of the
scala vestibuli. Vibrations of the perilymph arangsmitted through the
vestibular membrane and cause simultaneous vibsatiof the

endolymph. The mechanical effect is as though thelymph and

endolymph were a single fluid because the vestibmmbrane is very
thin. Vibration of the endolymph causes distortioh the basilar

membrane, which is most important to hearing. Aslthsilar membrane
moves, the hair cells resting on it move relatiee the tectorial

membrane, which remains stationary. The inner ¢airstereocilia are
bent as they move against the tectorial membraggyltmg in the

release of neurotransmitter and the productionabiba potentials in

sensory neurons.

The basilar membrane is not uniform throughout lgagth. The
membrane is narrower and denser near the oval wirsdw wider and
less dense near the apex of the cochlea. The waregions of the
membrane can be compared to the strings in a pwnich has strings
of varying length and thickness. As a result o§ thiganisation, sounds
with higher pitches cause the basilar membraneendglae oval window
to distort maximally, whereas sounds with lowerclp#s cause the
basilar membrane nearer the apex of the cochldetiart maximally.
Depending on which hair cells are stimulated altimg length of the
basilar membrane, the brain interprets the pitath tambre of sounds.
Sound volume, or loudness, is a function of souadernamplitude.

As the volume of sound increases, the vibratiothefbasilar membrane
increases, the stimulation of hair cells increas@sl, the production of
action potentials increases. The brain interptegshigher frequency of
action potentials as a louder sound. The outerdwais are involved in
regulating the tension of the basilar membranesethe increasing the
sensitivity of the inner ear to sounds. Stimulatadrthe inner hair cells
by the nervous system stimulates the contractioraaiin filaments
within the hair cells, causing them to shorten.sTadjustment in the
height of the outer hair cells, attached to bothliasilar membrane and
the tectorial membrane, fine-tunes the tensiorhefliasilar membrane
and the distance between the basilar membraneeatatial membrane.
Sound waves in the perilymph of the scala vestiardi also transmitted
the length of the scala vestibuli and through tleé&cbtrema into the
perilymph of the scala tympani. This transmissidnsound waves is
probably of little consequence because the he&owmdr is very small.
Vibration of the basilar membrane produces moshefsound waves in
the perilymph of the scala tympani. Sound wavethe scala tympani
perilymph cause vibration of the membrane of thentb window.
Vibration of the round window membrane is importaot hearing
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because it acts as a mechanical release for seuaass within the scala
tympani. If this window were solid, it would reflethe sound waves,
which would interfere with and dampen later sourael@s. The round
window also allows the relief of pressure in thelgmph because fluid
IS not compressible, thereby preventing compressiamage to the
spiral organ.

3.3 Neuronal Pathway for Hearing and Balance

The axons of the sensory neurons supplying has t@im the cochlear
nerve. These sensory neurons are bipolar neuradsthair cell bodies
are in the cochlear, or spiral, ganglion, locatedhie bony core of the
cochlea. The cochlear nerve joins the vestibulawvenéo become the
vestibulocochlear nerve (VIII), which traverses timernal acoustic
meatus and enters the cranial cavity. The speerses of hearing and
balance are both transmitted by the vestibulocach{MIll) nerve.

The termvestibularrefers to the vestibule of the inner ear, which is
involved in balance. The teroochlearrefers to the cochlea of the inner
ear, which is involved in hearing. The vestibulddear nerve functions
as two separate nerves carrying information frono tseparate but
closely related structures. The auditory pathwaythiwv the CNS are
very complex, with both crossed and uncrosseddradnilateral CNS
damage therefore usually has little effect on mgarlThe neurons from
the cochlear ganglion synapse with CNS neuronsarcochlear nucleus
in the medulla oblongata. These neurons in tutreegynapse in or pass
through the superior olivary nucleus in the medoldongata. Neurons
terminating in the superior olivary nucleus may agyse with efferent
neurons returning to the cochlea to modulate pgetception. Nerve
fibers from the superior olivary nucleus also pcojeo the trigeminal
(V) nucleus, which controls the tensor tympani, dahd facial (VII)
nucleus, which controls the stapedius muscle. Ehart of the sound
attenuation reflex pathway.

Ascending neurons from the superior olivary nucleysapse in the
inferior colliculi, and neurons from there projéctthe thalamus, where
they synapse with neurons that project to the gorfdnese neurons
terminate in the auditory cortex. Neurons fromitiferior colliculi also
project to the superior colliculi, where reflexést turn the head and
eyes in response to loud sounds are initiated.

Neuronal Pathways for Balance

The axons of the sensory neurons supplying hals célthe maculae
and crista ampullaris form the vestibular nerveedéhsensory neurons
are bipolar neurons, and their cell bodies arb@westibular ganglion, a
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swelling of the vestibulocochlear nerve locatedha internal acoustic
meatus. The sensory neurons terminate in the wéstibucleus within

the medulla oblongata. Axons run from this nuclBusumerous areas
of the CNS, such as the spinal cord, the cerebellbencerebral cortex,
and the nuclei controlling the extrinsic eye muscle

Balance is a complex process not simply confinedne type of input.
In addition to vestibular sensory input, the vagfib nucleus receives
input from proprioceptive neurons throughout theyas well as from
the visual system. People are asked to close ¢lyes while balance is
evaluated in a sobriety test because alcohol affdet proprioceptive
and vestibular components of balance (cerebellaction) to a greater
extent than it does the visual portion.

Reflex pathways exist between the dynamic balanag pf the

vestibular system and the nuclei controlling thériegic eye muscles
(oculomotor, trochlear, and abducent). A reflexhpaty allows the

maintenance of visual fixation on an object while head is in motion.
This function can be demonstrated by spinning agearound about 10
times in 20 seconds, stopping him or her, and ebseye movements.
A slight oscillatory movement of the eyes, callegbtagmus, occurs.
The eyes track in the direction of motion and nmetwith a rapid

recovery movement before repeating the trackinganot

3.4 Balance

The sense of balance, or equilibrium, has two comepts:

staticnbalance and dynamic balance. Static bale@ssociated with
the vestibule and is involved in evaluating the ijp@s of the head
relative to gravity. Dynamic balance is associatgith the semicircular
canals and is involved in evaluating changes indihbection and rate of
head movements.

Static balance

Static balance is associated with the utricle amel $accule of the
vestibule. It is primarily involved in evaluatinge position of the head
relative to gravity, although the system also resiso to linear
acceleration or deceleration, such as when a passona car that is
increasing or decreasing speed. Most of the uatficaihd saccular walls
consist of simple cuboidal epithelium. The utrialed saccule, however,
each contain a specialised patch of epithelium atvew to three mm in
diameter called the macula. The macula of theletrgcoriented parallel
to the base of the skull, and the macula of thewdaas perpendicular to
the base of the skull. The maculae resemble thralspigan and consist
of hair cells, sensory neurons, and supportingsc@lhe “hairs” of the
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hair cells consist of numerous microvilli, callstereocilia, and one
cilium, called &inocilium.

The stereocilia and kinocilium are embedded in tb®lithic
membrane, which is a gelatinous mass weighted with crystals o
calcium carbonate and protein calletbliths. The otolithic membrane
moves in response to gravity, bending the haiscatid initiating action
potentials in their associated sensory neurons. st&eocilia function
much as do the stereocilia of cochlear hair celiff) tip links connected
to gated K+ channels. Deflection of the hairs taw#re kinocilium
results in depolarization of the hair cell. Therhaells are constantly
being stimulated at a low level by the presencéefotolith-weighted
covering of the macula. When the otolithic membrameves in
response to gravity, the pattern and intensity aif leell stimulation
change. The change in action potentials producedarisslated by the
brain into specific information about head positicor linear
acceleration/deceleration. Much of this informatisn not perceived
consciously but is dealt with subconsciously. Tluelyb responds by
making subtle tone adjustments in the muscles efbiéick and neck,
which are intended to restore the head to its progetral, balanced
position.

Dynamic Balance

Dynamic balance is associated with the semicircalanals and is
involved in evaluating movements of the head. Thare three
semicircular canalsplaced at nearly right angles to one another. One
semicircular canal lies nearly in the transversm@] one in the frontal
plane, and one in the sagittal plane. The arrangeofehe semicircular
canals enables a person to detect movement iireditions. The base of
each semicircular canal is expanded into aampulla. Within each
ampulla, the epithelium is specialised to forrarigta ampullaris. This
specialised sensory epithelium is structurally dodctionally very
similar to the sensory epithelium of the maculae.

Each crista consists of a ridge or crest of epithelwith a curved,
gelatinous mass, theupula, suspended over the crest. The hair like
processes of the crista hair cells, which are stéira similar to those in
the maculae and cochlear hair cells, are embedudidei cupula. The
cupula contains no otoliths and therefore does redpond to
gravitational pull. Instead, the cupula is a fldhat is displaced by
endolymph movements within the semicircular candls. the head
begins to move, the endolymph does not move atdnee rate as the
semicircular canals, which are part of the tempored. This difference
causes displacement of the cupula in a directigrosite to that of the
movement of the head. To appreciate this effecggine holding a
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feather (the cupula) in your hand (the crista amaps). If you rapidly

move your hand, the feather bends over in the wirempposite the
movement as it drags through the air (endolymphg bending of the
stereocilia results in the stimulation of sensosunons. The brain
interprets the direction of head movement baseioich hair cells in

which crista ampullaris are stimulated. The seroudar canals detect
changes in the rate of movement rather than moveailene because
displacement of the cupula is most intense whenrdie of head
movement changes rapidly. As with the static badarice information

the brain obtains regarding dynamic balance islgrgubconscious.

If a person continually spins in one direction, #edolymph of the
semicircular canals begins to move and catchesitiptiae cupula, and
stimulation is stopped. If spinning suddenly stofise endolymph
continues to move because of its momentum, caudisacement of
the cupula in the same direction as the head haa lm®ving. The brain
interprets this movement of the cupula to mearhted is moving in the
opposite direction of the spin, even though thedhesa no longer
moving. This is why a person has a feeling of mgwaven after he or
she has stopped spinning.

3.5 Clinical Correlates

Tympanic Membrane Rupture

Rupture of the tympanic membrane may result inihgampairment.

Foreign objects thrust into the ear, pressure,irfiedtions of the middle
ear can rupture the tympanic membrane. Suffici#ferdntial pressure
between the middle ear and the outside air canrafstore the tympanic
membrane. This can occur in flyers, divers, orvitlials who are hit on
the side of the head by an open hand.

o Chorda Tympani

The chorda tympani is a branch of the facial necagrying taste
impulses from the anterior two-thirds of the tongliecrosses through
the middle ear between the malleus and incus. Tibeda tympani have
nothing to do with hearing but is just passing tigto. This nerve can be
damaged, however, during ear surgery or by a miedle infection,
resulting in loss of taste sensation from the amtedwo-thirds of the
tongue on the side innervated by that nerve.

o Human Speech and Hearing Impairment

The range of normal human speech is 250-8000 Hs. i¥lthe range
that is tested for the possibility of hearing intpant because it is the
most important for communication.
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o Loud Noises and Hearing Loss

Prolonged or frequent exposure to excessively Iooides can cause
degeneration of the spiral organ at the base ottlblea, resulting in
high-frequency deafness. The actual amount of damag vary greatly
from person to person. High-frequency loss cane&auperson to miss
hearing consonants in a noisy setting. Loud musigplified to 120 db,
can impair hearing. The defects may not be detkctab routine
diagnosis, but they include decreased sensitiatysdund in specific
narrow frequency ranges and a decreased abildistsiminate between
two pitches. Loud music, however, is not as harrafuis the sound of a
nearby gunshot, which is a sudden sound occurtidg@db. The sound
Is too sudden for the attenuation reflex to protketinner ear structures,
and the intensity is great enough to cause audidampage. In fact,
gunshot noise is the most common recreational caluserious hearing
loss.

° Meniere Disease

Meniere disease is the most common disease ingpldizziness from
the inner ear. Its cause is unknown but it appgéargwvolve a fluid
abnormality in one (usually) or both ears. Symptan@ude vertigo,
hearing loss, tinnitus, and a feeling of “fullnegs’the affected ear.

Treatment includes a low-salt diet and diureticatéw pills). Symptoms
may also be treated with medications for motioRrssss.

Self-Assessment Exercises

o describe the anatomy of the ear and the functiceaoh part

o explain how sounds travel through the ear and raezpreted in
the brain

o explain the role of the ear in maintaining equililon

o describe various disorders of the ear.

4.0 CONCLUSION

The organs of hearing and balance are divided thtee parts: the
external, middle, and inner ear
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5.0 SUMMARY
In this unit you learnt

o The osseous labyrinth is a canal system withinehgporal bone
that contains perilymph contains perilymph and ritembranous
labyrinth. Endolymph is inside the membranous tadbly.

o The external ear consists of the auricle and eateacoustic
meatus. The middle ear connects the externalraret ears. The
tympanic membrane is stretched across the extexoalistic
meatus.

) The malleus, incus, and stapes connect the tympaaiobrane
to the oval window of the inner ear.

o The auditory tube connects the middle ear to tharyix and
equalises pressure. The middle ear is connectdtk tmastoid air
cells. The inner ear has three parts: the semiaircanals; the
vestibule, which contains the utricle and the gbgcand the
cochlea.

o The cochlea is a spiral-shaped canal within thepteal bone.
The cochlea is divided into three compartmentshieyvestibular
and basilar membranes. The scala vestibuli anth dgenpani
contain perilymph. The cochlear duct contains grdph and
the spiral organ.

o The spiral organ consists of inner hair cells aoteohair cells,
which attach to the tectorial membrane.
o Pitch is determined by the frequency of sound waresvolume

by the amplitude of sound waves. Timbre is themasce quality
(overtones) of sound.

o Axons from the vestibulocochlear nerve synapsénérmedulla.
Neurons from the medulla project axons to theriafecolliculi,
where they synapse. Neurons from this point ptojec the
thalamus and synapse. Thalamic neurons extendet@auditory
cortex

6.0 TUTOR MARKED ASSIGNMENT

Name the three parts of the ear, and stateftitions.
Describe the structural components of middle earand their
functions.

3. Which of these structures is found within oraispart of the
external ear?

oval window

auditory tube

ossicles

N =

oo
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d. external acoustic meatus

e. cochlear duct

4. Given these auditory ossicles:
1 incus
2 malleus
3 stapes

Choose the arrangement that lists the auditorclessin order from the
tympanic membrane to the inner ear.

a. 1,2,3

b 1,3,2

C. 2,13

d. 2,3,1

e 3,2,1

5. The spiral organ is found within the

a. cochlear duct.

b. scala vestibuli.

C. scala tympani.

d. vestibule.

e. semicircular canals.

6. An increase in the loudness of sound occura assult of an
increase in the sound wave.

a. frequency

b. amplitude

C. resonance

d. both a and b

7. Interpretation of different sounds is possilbecause of the
ability of it to vibrate at different frequenciaad stimulate the:

a. vestibular membrane, vestibular nerve

b. vestibular membrane, spiral organ

C. basilar membrane, vestibular nerve

d. basilar membrane, spiral organ
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UNIT 5 THE EYES AND THE SENSE OF VISION
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1.0 INTRODUCTION

The visual system includes the eyes, the accestargtures, and the
sensory neurons that project to the cerebral comérere action

potentials conveying visual information are intetpd. Thesyeconsists

of the eyeball, or globe of the eye, and the optic nerve. Muchhef t
information we obtain about the world around usdetected by the
visual system. Our education is largely based uali input and

depends on our ability to read words and numbesiaY input includes
information about light and dark, movement, coland hue.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o list the accessory structures of the eye, and axghair functions

o describe the anatomy of the eye

o describe the focusing system of the eye and haaljiists to see
distant and near objects

° explain the structure of the retina, and how lightering the eye
results in action potentials in the optic nerve

o outline the neuronal pathways for vision.
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3.1 Anatomy of the Eye

Vitreous chamber
(filled with
vitreous humor)

Central retinal

; Conjunctiva
artery and vein

Cornea (ibrous layer)
Anterior chamber _L Both filled

with aqueous
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(vascular layer)

Sclera
(fibrous layer)

Fig. 4.1: Sagittal Section of the Eye

The eyeball is composed of three layers. From $updrto deep they
are thefibrous layer, vascular layer, and retina. The fibrous layer
consists of the sclera and cornea; the vasculasr lagnsists of the
choroid, ciliary body, and iris.

Fibrous Layer

The sclerais the firm, opaque, white, outer layer of the past five-
sixths of the eyeball. It consists of dense colages connective tissue
with elastic fibers. The sclera helps maintain shape of the eyeball,
protects its internal structures, and provides tsachment point for the
extrinsic eye muscles. A small portion of the sztlean be seen as the
“white of the eye”.

The sclera is continuous with thedrnea the anterior sixth of the
eyeball. The cornea is avascular and transparamtnifting light to
enter the eye. The focusing system of the eye asfrar bends, light
and focuses it on the nervous layer (retina). Tdraea is responsible for
most of the refraction of light entering the eye.

The cornea consists of a connective tissue matmtaining collagen,
elastic fibers, and proteoglycans, with a layersthtified squamous
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epithelium covering the outer surface and a layesimple squamous
epithelium on the inner surface. The outer epitimlis continuous with
the conjunctiva over the sclera. The transpareridh@ cornea results
from its low water content. In the presence of wabeoteoglycans trap
water and expand, which scatters light. In the abseof water, the
proteoglycans decrease in size and do not intevfigrethe passage of
light through the matrix.

Vascular Layer

The vascular layer of the eye is so named becagsatains most of the
blood vessels of the eye. The posterior portiorthef vascular layer,
associated with the sclera, is ttieoroid. This is a very thin structure
consisting of a vascular network and many melaoimaining pigment
cells so that it appears black in colour. The blealour absorbs light so
that it is not reflected inside the eye. If lighene reflected inside the
eye, the reflection would interfere with vision.él'mteriors of cameras
are black for the same reason.

The choroid is continuous anteriorly with the ctiabody, which
consists of an outer ciliary ring and an inner grad ciliary processes.
The ciliary ring and the base of the ciliary prasss contain smooth
muscle called ciliary muscles. Suspensory ligamattizch the ciliary
ring and processes to the lens of the eye, andaatian of the ciliary
muscles can change the shape of the lens. Theycpiecess also
produces aqueous humour. The ciliary body is caotis anteriorly
with the iris of the eye, which is the “colouredaf the eye. The iris
is a contractile structure, consisting mainly of ogth muscle,
surrounding an opening called the pupil. Light entbe eye through the
pupil, and the iris regulates the amount of lightcbntrolling the size of
the pupil. The iris contains two groups of smoothbsoies: a circular
group called the sphincter pupillae and a radiaugrcalled the dilator
pupillae. The sphincter papillae are innervategénasympathetic fibers
from the oculomotor nerve (lll). When they contrabe pupil constricts
and less light enters the eye. The dilator pupibae innervated by
sympathetic fibers. When they contract, the puitgtes and more light
enters the eye. The ciliary muscles, sphincter liagi and dilator
pupillae are sometimes referred to as the intriag& muscles.

The colour of the eye differs from person to persdtarge amount of
melanin in the iris causes it to appear brown @nevack. Less melanin
results in light brown, green, or gray irises. E\@ss melanin causes the
eyes to appear blue. If there is no pigment iniisgas in albinism, the
iris is pink because blood vessels in the eye c¢efight back to the iris.
The genetics of eye colour is quite complex.
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Retina

The retina is the inner layer of the eye, covethmginner surface of the
eye posterior to the ciliary body. The retina hagrol26 million
photoreceptor cells, which respond to light. A®sult, action potentials
are generated and conducted by the optic nerve\ftipf the eye to the
cerebral cortex, where the sense of vision takexepl When the
posterior region of the retina is examined with @whthalmoscope,
several important features can be observed. Nearcémter of the
posterior retina is a small, yellow spot approxiehatfour (4) mm in
diameter, the macula.

In the center of the macula is a small pit, theefoeentralise. The fovea,
followed by the macula, has the highest concewoimatif photoreceptor
cells in the retina. Thus, they are the part ofréténa most sensitive to
light. Just medial to the macula is a white splo¢, optic disc, through
which the central retinal artery enters and thereémetinal vein exits

the eyeball. Branches from these vessels spreadtiosesurface of the
retina. The optic disc is also the place where aXoom the neurons of
the retina converge to form the optic nerve, whaslits the posterior

eye.

The optic disc contains only axons and no photgiece cells.
Therefore, it does not respond to light and isechthe blind spot of the
eye.

Chambers of the Eye

The interior of the eye is divided into three chamnsb anterior
chamber, posterior chamber,andvitreous chamber. The anterior and
posterior chambers are located between the comkéha lens. The iris
separates the anterior chamber from the postenamber, which are
continuous with each other through the pupil. Themlarger vitreous
chamber is posterior to the lens. A fluid callegueous humourfills
the anterior and posterior chambers. Aqueous hurhelps maintain
intraocular pressure, which keeps the eyeball teflaand is largely
responsible for maintaining the shape of the eyebdle aqueous
humour also refracts light and provides nutritionthe structures of the
anterior chamber, such as the cornea, which havlood vessels.
Aqueous humour is produced by the ciliary processea blood filtrate
and is returned to the circulation through a venos called thescleral
venous sinus(canal of Schlemm) (shlem), which is located at the
junction of the sclera and cornea. The productiom aemoval of
aqueous humour result in the “circulation” of aquecumour and
maintenance of a constant intraocular pressure.
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Glaucomais an abnormal increase in intraocular pressure rigults
when the rate of production of aqueous humour aseats rate of
removal. A transparent, jellylike substance calléceous humour fills
the vitreous chamber. The vitreous humour helpshta@ intraocular
pressure and therefore the shape of the eyebdllit &iolds the lens and
retina in place. It also functions in the refrantiof light in the eye.
Vitreous humour is not produced as rapidly as & dbgueous humour,
and its turnover is extremely slow.

Lens

Thelensis an avascular, transparent, biconvex disk locasdund the
pupil. Biconvexmeans that each side of the lens bulges outward. Th
lens is part of the focusing system of the eye, lagid passing through
the lens is focused on the retina. The lens isxailfle structure, and
changing the shape of the lens is involved wittusitlig the focus of
light. The lens consists of a layer of cuboidaltleglial cells on its
anterior surface and a posterior region of veryglaolumnar epithelial
cells calledlens fibers. Cells from the anterior epithelium proliferate
and give rise to the lens fibers. The lens fibese Itheir nuclei and other
cellular organelles and accumulate a set of preteafledcrystalline. A
highly elastic, transparentens capsule surrounds the lens. The
suspensory ligaments connect the lens capsuletaltary body.
Through the lens capsule and the suspensory ligantbe ciliary body
can change the shape of the lens.

Accessory Structures

Accessory structures protect, lubricate, and mbeeelye. They include
the eyebrows, eyelids, conjunctiva, lacrimal appexaand extrinsic eye
muscles.

Eyebrows

The eyebrowsare curved lines of hair over the orbit. They pcotine
eyes by preventing perspiration, which can irritébe eyes, from
running down the forehead and into them, and tredy bhade the eyes
from direct sunlight.

Eyelids

The eyelidsare moveable folds covering the anterior surfacthefeye
when closed. The upper and lower eyelids meet atntbdial and
lateral angles of the eye.The medial angle contains a small,
reddishpink mound called thearuncle. The caruncle contains some
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modified sebaceous and sweat glands. dyedidsconsist of five layers
of tissue. From the outer to the inner surfacey tre (1) a thin layer of
skin on the external surface; (2) a thin layeraufske connective tissue;
(3) a layer of skeletal muscle consisting of theiarlaris oculi and
levator palpebrae superioris muscles; (4) a cressteaped layer of
dense connective tissue called thisal plate, which helps maintain the
shape of the eyelid; and (5) the conjunctiva.

The eyelids, with their associated lashes, prdtesteyes from foreign
objects. If an object suddenly approaches thetbgeeyelids protect the
eye by rapidly closing and then opening, a respaadied the blink
reflex. Blinking, which normally occurs about 25&s per minute, also
helps keep the eye lubricated by spreading teass tive surface.
Movements of the eyelids are a function of skeletalscles. The
orbicularis oculi muscle closes the lids, and tleeator palpebrae
superioris elevates the upper lid. The eyelids dlstp regulate the
amount of light entering the eyEyelashesare attached as a double or
triple row of hairs to the free edges of the eyeldiliary glands are
modified sweat glands that open into the hair ¢t#k of the eyelashes to
keep them lubricated. When one of these glandsrbesanflamed, it is
called asty. Tarsal glands,or meibomian glands,are sebaceous glands
near the inner margins of the eyelids. They prodseteum, an oily,
semifluid substance that lubricates the lids anstraens tears from
flowing over the margin of the eyelids. An infectior a blockage of a
tarsal gland is called @éalazion or meibomian cyst.

Eyebrow

Eyelashes
Upper :
eyelid Pupil

Iris
Caruncle

Sclera
Medial Lateral
angle angle
of eye of eye
Lower
eyelid

Fig. 4.2: The Left Eye and Accessory Structures.
Conjunctiva

The conjunctiva is a thin, transparent mucous membrane. It coves t
inner surface of the eyelids and the anterior whiiface of the eye.
The conjunctiva reduces friction as the eyelids enover the surface of
the eye. It also is a barrier to the entry of micganisms.
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Lacrimal Apparatus

The lacrimal apparatus consists of a lacrimal gland, lacrimal
canaliculi, and a nasolacrimal duct. The lacrimpparatus produces
tears, releases the tears onto the surface ofytheaed removes excess
tears from the surface. Thecrimal gland is in the superolateral corner
of the orbit and is innervated by parasympathekiers from the facial
nerve (VII). The lacrimal gland produces tears, clihieave the gland
through severdblcrimal ducts and pass over the anterior surface of the
eyeball. The lacrimal gland produces tears constahthe rate of about
one (1) mL/day to moisten the surface of the eybritate the eyelids,
and wash away foreign objects. Tears are mostlgnvaitth some salts,
mucus, and lysozyme, an enzyme that kills certaictdysia. Most of the
fluid produced by the lacrimal glands evaporatesifthe surface of the
eye, but excess tears are collected in the medialec of the eye by
small tubes called thé&crimal canaliculi. One lacrimal canaliculus
opens on the inner, medial surface of the uppelickyand the other
lacrimal canaliculus opens on the inner, mediafamer of the lower
eyelid. The lacrimal canaliculi connect to th@solacrimal duct, which
opens into the inferior meatus of the nasal caligpeath the inferior
nasal concha.

Extrinsic Eye Muscles

The extrinsic eye musclesttach to the outside of the eyeball and cause
it to move. There are four rectus muscles, #Huperior, inferior,
medial, andlateral rectus muscles.
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Optic nerve

Levator palpebras
superiors (cut)

Lateral rectus Medial rectus 3

Superior oblique ?_’}

Trochiea

Superior reclus

Inferior oblique

(a) Superior view

—— Trochiea

Levator palpebrae ’ e O3 Superior obligue
superioris (cut) == - - M Superior rectus View A\
Optic nerve { — - i ) f
i - - L & Lateral rectus
Inferior rectus ————— = - TR,
. b o

(b} Lateral view

Fig. 4.3: The Extrinsic Muscles of the Right Eye

Rectus means straight, and the fibers of these musclesnaeely

straight with the anterior-posterior axis of theelegll. There are two
oblique muscles, thsuperior andinferior oblique muscles,so named
because they are at an angle to the axis of thiealy@he movements
of the eye can be described graphically by a figasembling the letter
H. The clinical test for normal eye movement is therefcalled theH

test. A person’s inability to move the eye toward onet gditheH may

indicate dysfunction of an extrinsic eye musclettar cranial nerve to
the muscle. The superior oblique muscle is innexvdty the trochlear
nerve (IV). The nerve is so named because the isugslique muscle
goes around a little pulley, or trochlea, in thpeswmedial corner of the
orbit. The lateral rectus muscle is innervatedheydabducent nerve (VI),
so named because the lateral rectus muscle abithectsye. The other
four extrinsic eye muscles are innervated by thdasootor nerve (lIl).

3.2 Functions of the Eye

The eye receives light and produces action potenti@hen the brain
interprets the action potentials, it results inons

Properties of Light

The electromagnetic spectrumis the entire range of wavelengths, or
frequencies, of electromagnetic radiation. Gammavewsa have
the,shortest wavelength and radio waves the lonvgagtlengthVisible
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light, the portion of the electromagnetic spectrum that loa detected
by the human eye, is a small part of the electroveg spectrum.
Within the visible spectrum, each colour has aedéht wavelength. An
important characteristic of light is that it can kefracted, or bentAs
light passes from air to a denser substance, ssidiags or water, its
speed is reduced. If the surface of that substasratan angle other than
90 degrees to the direction the light rays areelrag, the rays are bent
as a result of variation in the speed of light taencounters the new
medium. This bending of light is callefraction. The greater the
curvature of the surface, the greater is the retmacof light. If the
surface of a lens is concave, with the lens thinimethe center, the light
rays diverge as a result of refraction. If the sacefis convex, with the
lens thickest in the center, the light rays congerés light rays
converge, they finally reach a point at which tleegss. This point is
called thefocal point (FP), and causing light to converge is called
focusing.

If light rays strike an object that is not transgdr they bounce off the
surface. This phenomenon is calledlection. The images we see result
from light reflected from objects.

The Eye as a Camera

The eye is optically equivalent to the usual phapbic camera. It has a
lens system, a variable aperture system (the pugilyl a retina that
corresponds to the film. The lens system of theigymmposed of four
refractive interfaces: (1) the interface between ad the anterior

surface of the cornea, (2) the interface betweerptisterior surface of
the cornea and the aqueous humour, (3) the interfaween the

aqueous humour and the anterior surface of thedéftize eye, and (4)
the interface between the posterior surface oflehe and the vitreous
humour. The internal index of air is 1; the corng&8; the aqueous
humour, 1.33; the crystalline (on average), 1.40¢ dhe vitreous

humour, 1.34.

Focusing System of the Eye

The light entering the eye passes through the fogus/stem of the eye
to strike the retina. Thimcusing system of the eyayhich refracts light,

is the cornea, aqueous humour, lens, and vitreoombr. Light passing
through the focusing system is refracted, produ@nipcal point. No

image is produced at the focal point. Past thel oot is a place where
the image passing through the focusing system eacidarly seen. In a
normal eye, the focused image falls on the refiie image is inverted
and reversed right to left because the light ragsscat the focal point.
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The cornea and lens are the most important elenwntise focusing
system of the eye. The cornea is responsible fat wicthe refraction of
light because the greatest contrast in media deisibetween the air
and the cornea. The shape of the cornea and tendes from the retina
are fixed, however, so that no adjustment in tlwation of the focused
image can be made by the cornea. Fine adjustmetiie {ocation of the
focused image are accomplished by changing theesbéghe lens.
Increasing the curvature of the lens increasesréfraction of light,
moving the focused image closer to the lens. Deangahe curvature of
the lens decreases the refraction of light, mouimg focused image
farther from the lens. In cameras, microscopes,taledcopes, focusing
iIs not accomplished by changing lens shape. Instéaclsing is
accomplished by moving the lens closer to or farfhem the point at
which the image will be focused.

Distant and Near Vision

Distant vision occurs when looking at objects 20 feet or more fthm
eye, whereasear vision occurs when looking at objects that are less
than 20 feet from the eye. In distant vision, tilery muscles in the
ciliary body are relaxed. The suspensory ligamemisyever, maintain
elastic pressure on the lens, thereby keeping ldtively flat. The
condition in which the lens is flattened so thaanheparallel rays from a
distant object are focused on the retina is refetoeasemmetropia and
is the normal resting condition of the lens. Théenpat which the lens
does not have to thicken for focusing to occuralted thefar point of
vision and normally is 20 feet or more from the eye. Wharobject is
brought closer than 20 feet to the eye, the imagmd on the retina is
no longer in focus. Three events occur to bringith&ge into focus on
the retina: accommodation by the lens, constricobrihe pupil, and
convergence of the eyes.

1. AccommodationWhen the eye focuses on a nearby object, the
ciliary muscles contract as a result of parasyhgdat stimulation
from the oculomotor nerve (lll). This sphinctekdicontraction
pulls the choroid toward the lens to reduce thesitsn on the
suspensory ligaments. This allows the lens to raesa more
spherical form because of its own elastic natdree more
spherical lens has a more convex surface, caugnmegter
refraction of light, which brings the image baaokoi focus on the
retina. This process is calladcommodation.
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As an object is brought closer and closer to the, @commodation
becomes more and more difficult because the lenaatabecome any
more convex. At some point, the eye no longer ocang the object, and
it is seen as a blur. The point at which this bhgroccurs is called the
near point of vision, which is usually about two to three inches from
the eye for children, four to six inches for a yguadult, 20 inches for a
45-yearold adult, and 60 inches for an 80-yearaoldlt. This increase in
the near point of vision is callgatesbyopia It occurs because the lens
becomes more rigid with increasing age, which isyvdome older
people say they could read with no problem if tloeyy had longer
arms.

Pupil constriction.When we look at a close-up object, the pupll
diameter decreases, which increases the deptloafsf The
depth of focusis the greatest distances through which an object
can be moved and still remain in focus on thengetiThe main
factor affecting depth of focus is the size of thapil. If the
pupillary diameter is small, the depth of focugreater than if
the pupillary diameter is large. With a smallepitiary opening,
an object may therefore be moved slightly neardadher from
the eye without disturbing its focus. This is pautarly important
when viewing an object at close range becausentieeest in
detail is much greater, and therefore the accéptatargin for
error is smaller. When the pupil is constrictdt tight entering
the eye tends to pass more nearly through thesccentthe lens
and is more accurately focused than light passimgugh the
edges of the lens. Pupillary diameter also regal#tie amount of
light entering the eye. The smaller the pupil desen, the less
light entering the eye. As the pupil constrictsinlg close vision,
therefore, more light is required on the objedhb®bserved.

3. ConvergenceBecause the light rays entering the eyes from a
distant object are nearly parallel, both pupils p&ck up the light
rays when the eyes are directed more or lesgbtrahead. As an
object moves closer, however, the eyes must laedimedially
so that the object is kept focused on correspagndmeas of each
retina. Otherwise, the object appears blurry. Theglial rotation
of the eyes is accomplished by a reflex that dates the medial
rectus muscle of each eye. This movement of tles &y called
convergence.
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Structure and Function of the Retina

The retina consists of an inner, neural layer amcbater, pigmented
layer. Theneural layer contains three layers of neurons: photoreceptor,
bipolar, and ganglionic. The photoreceptor layentams rods and
cones,which are the photoreceptor cells that respondgtd.l The rods
and cones synapse withipolar cells, which in turn synapse with
ganglion cells. Axons from the ganglion cells pass over the inner
surface of the retina, converge at the optic didiaq spot), and exit the
eye as the optic nerve (CN Il). The neural layees separated by the
plexiform (like a braid) layers. The outer plexifordayer is where the
photoreceptor cells synapse with the bipolar celled the inner
plexiform layer is where the bipolar cells synapgéh the ganglion
cells.

The pigmented layerconsists ofretinal pigment epithelium (RPE), a
single layer of cuboidal epithelial cells filled twimelanin. It rests on
theBruch membrane,which is the inner layer of the choroid consisting
of collagen and elastic fibers. Cells of the RPagitytize the spent
tips of rods and cones and produce retinal frommib A. Along with
the choroid, the pigmented layer provides a blacdwin matrix that
enhances visual acuity by isolating individual mweteptors and
reducing light scattering.

Choroid —[

:‘ng mented Pigment
ol cell

-~ Bruch membrane

| Retinal pigment
4 epithalium

Direction
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i | leyer potential
] propagation
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Fig. 4.4: Retina
Rods

Rods are responsible for non - colour vision arsibwvi under conditions
of reduced light. Even though rods are very sewesito light, they
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cannot detect colour, and sensory input reachiagothin from rods is
interpreted by the brain as shades of gray. Raglbigolar neurons with
modified, light-sensitive dendrites, which are ngliical in shape.

Cones

Cones are responsible for colour vision and visality. Colour is a
function of the wavelength of light, and each coloasults from a
certain wavelength of visible light. Cones requeétively bright light
to function. As the light decreases, so does thaucof objects that can
be seen until, under conditions of very low illuatiion, the objects
appear gray. This occurs because, as the lighedses, the number of
cones responding to the light decreases but thdeuof rods increases.
Cones are bipolar photoreceptor cells with a coniigdt- sensitive part
that tapers slightly from base to apex.

Distribution of Rods and Cones in the Retina

Each eye has approximately 120 million rods andtgigeven million
cones. The cones are most concentrated in the fomealis and the
macula. The fovea centralis has approximately 3b,06nes and no
rods. The rest of the macula has more cones thds. lGones are
involved in visual acuity, in addition to their eoin colour vision. When
one is looking at an object directly in front ofetleye, the focusing
system of the eye places the image on the macuddmmea centralis.
The high concentration of cones makes it possihtee fine details.
The rods are 10-20 times more plentiful than cames most of the
retina away from the macula. The high number oSredables them to
“collect” light, and they are more important in ldight conditions.

Inner Layers of the Retina

Within the inner layers of the retina, interneuransdify the signals
from the photoreceptor cells before the signaldsate retina.

Horizontal cellsin the outer plexiform layer synapse with photoptoe
cells and bipolar cellsAmacrine cells in the inner plexiform layer
synapse with bipolar and ganglion celisterplexiform cells connect
cells in the outer and inner plexiform layers, forghfeedback loops.
The interneurons are either excitatory or inhiljiton the cells with
which they synapse. By increasing the signal fromes photoreceptors
and decreasing the signal from others, these eteoms increase the
differences between boundaries, such as the edge d&rk object
against a light background.
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3.3 Visual Pathway

The optic nerve (ll) leaves the eye and exits thm@t dhrough the optic
foramen to enter the cranial cavity. Just antetoothe pituitary gland,
the optic nerves are connected to each other atophie chiasm

Ganglion cell axons from the nasal (medial) retmmass through the
optic chiasm and project to the opposite side eflttain. Ganglion cell
axons from the temporal (lateral) retina pass thnothe optic chiasm
and project to the brain on the same side of tltly Bothout crossing.

Beyond the optic chiasm, the axons form tipic tracts. Most of the
optic tract axons terminate in the thalamus. Soxo@sdo not terminate
in the thalamus but separate from the optic tréztterminate in the
superior colliculi, the center for visual reflexes. Neurons from the
thalamus form the fibers of theptic radiations, which project to the
visual cortexin the occipital lobe. Neurons of the visual coriietegrate
the messages coming from the retina into a singlssage, translate that
message into a mental image, and then transfanihge to other parts
of the brain, where it is evaluated and either rgdmr acted on.

The image seen by each eye is Wimual field of that eye. The visual
field of each eye can be divided into temporal eflaf) and nasal
(medial) parts. The temporal part of a visual fiptdjects onto the nasal
retina, which projects to the visual cortex on tpposite side of the
brain. The nasal part of a visual field projectsootine temporal retina,
which projects to the same side of the brain. Tae/en pathways are
arranged in such a way that images entering thereye the right part

of each visual field (right temporal and left ndgabject to the left side
of the brain. Conversely, the left part of eactualidfield (left temporal

and right nasal) projects to the right side oflihan.
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The visual pathway

1. Each visual field is divided into temporal and nasal parts.

2. Aher passing through the lens, light from each pant of a
visual field projects to the opposite side of the retina

3. An optic nerve consists of axons extending from the retina
to the optic chiasm

4. In the optic chiasm, axons from the nasal part of the retina
cross and project to the opposite side of the brain. Axons
from the temporal part of the retina do not cross

5. An optic tract consists of axons that have passed through
the optic chiasm {with or without crossing) to the thalamus

o

. The axons synapse in thalamic nuciei. Collateral branches
of the axons in the optic racts synapse in the superior
collicull

-

An optic radiation cansists of axons from thalamic neurons
that project to the visual corex in the occipital lobe.

The: right part of each visual field (dark grean and lght
bhue) projects 1o the left side of the brain, and the left pan
of each visual field (fght green and dark biue) projects to
the right side of the brain

Fig.4.5: The Visual Pathway

3.4 Clinical Correlates
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Myopia or short - sightednessis the ability to see close objects
clearly while distant objects appear blurry. Myoms a defect of
the eye in which the focusing system, the cornee lans, is
optically too powerful, or the eyeball is too lonfs a result,
images are focused in front of the retina. Myapieorrected by a
concave lens that spreads out the light rays aprarthe eye so
that, when the light is focused by the eye, ifasused on the
retina. Such lenses are called “minus” lenses.

Hypermetropia or long — sightedness is the ability to see distant
objects clearly while close objects appear bluHypermetropia

is a disorder in which the cornea and lens sysseoptically too
weak or the eyeball is too short. As a result,fdoeised image is
“behind” the retina when looking at a close ohjeth
hypermetropia, the lens must accommodate to bsomewhat
distant objects into focus, which would not be essary for a
normal eye. Closer objects cannot be broughtfimtas because
the lens cannot change shape enough to focusriagei on the
retina. Hypermetropia is corrected by a convess lérat causes
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light rays to converge as they approach the eyetanfdcus on the
retina. Such lenses are called “plus” lenses.

3.

54

Presbyopiais the normal, presently unavoidable degeneraifon
the accommodation power of the eye that occurs aas
consequence of aging. It occurs because the leosnies hard
and less flexible. The average age for onset e$lpyopia is the
mid-forties. Avid readers and people engagedna,fclose work
may develop the symptoms earlier. Presbyopia eandorected
by the use of “reading glasses” which are wornydol close
work and are removed when the person wants tatsgelistance.
Alternatively, the problem may be corrected by thee of
bifocals, which have a different lens in the top and thedottor
by progressive lensean which the lens is graded.

Astigmatism This is a defect in which the cornea or lens is not
uniformly curved and the image is not sharply kexull Glasses
may be made to adjust for the abnormal curvatsri®r@g as the
curvature is not too irregular. If the curvaturetioe cornea or
lens is too irregular, the condition is diffictdt correct.

Night Blindness Everyone sees less clearly in the dark than in
the light. A person with night blindness, or nyoma, however,
may not see well enough in a dimly lit environmémtfunction
adequately. Night blindness results from lossaaf function. It
can result from general retinal degeneration, sagloccurs in
retinitis pigmentosis or detached retinas. Temporaight
blindness can result from a vitamin A deficien@cause vitamin

A is necessary to produce retinal. Patients wightnblindness
can be helped with electronic optical devices, luding
monocular pocket scopes and binocular goggles that
electronically amplify light.

GlaucomaGlaucoma is a condition involving excessive pressur
build- up in the aqueous humour. Glaucoma resfuti;m an
interference with normal reentry of agqueous humuo the
blood or from an overproduction of aqueous humoline
increased pressure within the eye can close efbtbod vessels
entering the eye and may destroy the retina orc opérve,
resulting in blindness. Everyone older than 40ryeshould be
checked every two to three years for glaucomasehmder than
40 who have relatives with glaucoma should haveaanual
check-up. Glaucoma is usually treated with eyegsrovhich do
not cure the problem but keep it from advancimgséme cases,
laser or conventional surgery may be used.
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Self-Assessment Exercises

describe the anatomy of the eye

describe the focusing system of the eye and haaljiists to see
distant and near objects

explain the structure of the retina, and how lighitering the eye
results in action potentials in the optic nerve

4.0 CONCLUSION

You learnt that the visual system includes the eyhe accessory
structures, and the sensory neurons that projettaacerebral cortex
where action potentials conveying visual informatése interpreted.

5.0

>

SUMMARY

The fibrous layer is the outer layer of the eyebaltonsists of
the sclera and cornea. The sclera is the posteuetfifths of the

eyeball. It is white connective tissue that mamgahe shape of
the eyeball and provides a site for muscle attaetinThe cornea
is the anterior one-fifth of the eye. It is traaggnt and refracts
light that enters the eye.

The vascular layer is the middle layer of the ellefde black
choroid prevents the reflection of light inside thye. The iris is
smooth muscle regulated by the autonomic nervgstems. It
controls the amount of light entering the pupilheT ciliary
muscles control the shape of the lens. The ciliprgcess
produces agueous humour.

The retina is the inner layer of the eyeball andtaims neurons
sensitive to light. The macula (fovea centralis)the area of
greatest sensitivity to light. The optic dischg focation through
which nerves exit and blood vessels enter the #ybas no
photosensory cells and is therefore the blind sptie eye.

The eyeball has three chambers: anterior, postenat vitreous.
The anterior and posterior chambers are fillednwagueous
humour, which circulates and leaves by way ofsttleral venous
sinus. The vitreous chamber is filled with vitredwmour.

Accessory structures of the eye are the eyebrdweseyelids, the
conjunctiva and lacrimal glands.

Visual pathway comprises ganglion cell axons folme bptic
nerve, optic chiasm, and optic tracts. They extdadthe
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thalamus, where they synapse. From there, neurorma the optic
radiations that project to the visual cortex.

6.0 TUTOR MARKED ASSIGNMENT

1. Tears

a. are released onto the surface of the eye heangdial corner of
the eye.

b. in excess are removed by the scleral venouws sin

C. in excess can cause a sty.

d. can pass through the nasolacrimal duct intmthEcavity.

e. contain water, salts, mucus, and lysozyme.

2. The fibrous layer of the eye includes the

a conjunctiva.

b. sclera.

C. choroid.

d iris.

e retina.

3. Concerning axons in the optic nerve from thatreye,

a they all go to the right occipital lobe.

b. they all go to the left occipital lobe.

C. they all go to the thalamus.

d they all go to the superior colliculus.

e some go to the right occipital lobe and somet@dhe left
occipital lobe.

»

Contraction of the smooth muscle in the cilibogly causes the

lens to flatten.

lens to become more spherical.
pupil to constrict.

pupil to dilate.

oo oW

o

Given these events:

medial rectus contracts

lateral rectus contracts

pupils dilate

pupils constrict

lens of the eye flattens

lens of the eye becomes more spherical

ogkwdpE
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Assume you are looking at an object 30 feet awlayou suddenly look
at an object that is one (1) foot away, which eseacur?

1,3,6

1,4,5

1,4,6

2,3,6

2,4,5

Why do you get a “runny nose” when you cry?
What are the layers of the retina?

Which are more numerous, rods or cones?

©ONOOD® QO TR

REFERENCES/FURTHER READING

N
o

Hutchinson, M., Mallat, J., Marieb, E.N., WilhelmB? (2007). A Brief
Atlas of the Human Body. Sna Franscisco: Pearsamc&obn
Inc.

Katherine M. A. Rogers and William N. Scott (2014urses! Test
Yourself in Anatomy and Physiology

Kathryn A. Booth, Terri. D. Wyman (2008) AnatomyhyRBiology, and
Pathophysiology for Allied Health

Keith L Moore, Persuade T.V.N (2018), The Develgpirluman
Clinically Oriented Embryology 11th Edition Lippiatt
Williams & Wilkins

Kent M. Van De Graff, R.Ward Rhees, Sidney Palm2éx(Q) Schaum's
Outline of human Anatomy and Physiology 3rd edition

Philip Tate (2012) Seeley's Principles of AnatomyR&aysiology 2nd
ed.

Sadler T.W (2012), Langman‘s Medical EmbryologyHl2dition.

Seeley's Principles of Anatomy & Physiology, Secedition Published
by McGraw-Hill, a business unit of The McGraw-Hill
Companies, Inc., 1221 Avenue of the Americas, NewkYNY
10020. Copyright ¢ 2012- Chapter 17&18

57



NSC 218 MODULE 2

MODULE 2 CENTRAL NERVOUS SYSTEM

CONTENTS

Unit 1 Embryology of the central nervous system
Unit 2 Spinal cord

Unit 3 Brain stem

Unit 4 Dienecephalon and Basal ganglia

Unit 5 Cerebral hemisphere

Unit 6 Ventricles and cerebrospinal fluid

Unit 7 Blood supply of central nervous system

1.0 INTRODUCTION

During a picnic on a sunny spring day, it is easgdncentrate on the
delicious food and the pleasant surroundings. Trent@nance of
homeostasis requires no conscious thought. Thenantic nervous
system (ANS) helps keep body temperature at a aonskevel
bycontrolling the activity of sweat glands and theount of blood
flowing through the skin. The central nervous sys(€NS) consists of
the brain and spinal cord, the peripheral nervyssesn (PNS) consists
of sensory receptors and nerves outside the CN&.PNS includes 12
pairs of cranial nerves and 31 pairs of spinal @rvihe CNS receives
sensory information, integrates and evaluates itifatmation, stores
some information, and initiates reactions.

2.0 OBJECTIVES

At the end of this module, you should be able to:

o discuss the formation of the brain and the spimat drom the
most primitive neural tube
o discuss the anatomy of the central nervous system.

UNIT 1 EMBRYOLOGY OF THE CENTRAL NERVOUS
SYSTEM

CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1 Anomalies of closure
3.2  Spinal cord

4.0 Conclusion

50 Summary
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6.0 Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Brain development occurs at several stages durimghood. The
critical period for brain growth appears to be dgrithe first sixteen
weeks of life. At birth, a baby’s brain weighs amgmately 25 per cent
of its future adult weight. By the time the chikltivo years old the brain
has increased to 75 per cent, and by six yearpeB@ent of its eventual
weight. This, then, indicates phenomenal growtlhef central nervous
system during the early years. Peripheral nervegiraee to become
myelinated (grow fatty sheaths to increase neraesmission rate) and
fine physical control appears as the child movestds adult status.
With the unique environment impinging on every wakiand sleeping
hour, this plastic nervous system constantly mataed changes as
demands are put upon it.

2.0 OBJECTIVES

At the end of this unit, you will be able to:

o describe the transformation of the neural tube tht different
parts of the definitive brain.

o differentiate between the events that lead to tnmétion of the
brain and the spinal cord.

o discuss the cellular formation, differentiation ameyration, and
the role of such processes in the formation ofitaén and spinal
cord.

3.1 Anomalies of closure

The CNS is an ectodermal derivative that begindifferentiate in the
3rd intrauterine week in humans.

The brain starts its development soon after comuept is vulnerable to
damage through pregnancy. The first indicatiorhefriervous system is
within the neural plate, a thickened area of thedsrm that forms after
the ovum has been fertilised in the third week estgtion, Slippers
shaped neural plate thickens rostral to the pvmitiode and midline
depression in the neural plate forms the neurabwgoEdges of the
neural groove rise on both sides of the midlinesirfg to convert the
groove to a tube. This neural tube is the beginmhghe brain and
spinal cord. As the neural tube separates fromstiréace ectoderm
cells, the neural folds form the neural crest. Giangf the spine, cranial
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and autonomic nervous system develop from the hetgat. Fusion of
the neural groove edges begin in the cervical regrmal proceed in

cephalocaudal directions.

Formation of the neural tube.

A more cranial site of closure is noted in the bveen to close the
cranial neuropore in conjunction with the cervicldsure site on the
25th intrauterine day. Caudal neuropore closesmilas fashion 2 days
after the cranial counterpart. The neural tube gise to the brain and
spinal cord, the canal of the tube differentiatdés the ventricles and the
central canal of the spinal cord.

The embryo at twenty-three days shows the hindbaaoh midbrain to
be formed, and the neural tube closes. In the iongek the head folds
begin to develop as the forebrain grows rapidithinfifth week the eye
starts to grow, and cerebral hemispheres also oevebm this area.
The nerves of the branchial arches become theatnamives. Peak head
breadth growth velocity occurs at thirteen post-steral weeks,
although a relatively high velocity continues taabthirty weeks. Peak
head circumference velocity occurs two to threekséater, because the
cerebellum situated at the back of the skull grdeter than the
cerebrum. Head volume, representing brain sizejthgeeak velocity at
thirty weeks and growth rapidly slows after this.
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Anomalies of the closure of the neural tube resmtseveral clinical

conditions such as anencephaly and spinal bifid&riods degrees of
these anomalies noted in many regions of the waoleé. introduction of

folic acid supplementation in ante-natal care hiastically reduced the
occurrence of such anomalies.

Anencephaly Spina bifida
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3.1.3 Brain Vesicle Formation

Fourth ventricle

Mesencephalon
Rhombencephalon

Telencephalon

The 4th week witnesses the differentiation of then@l part of the

neural tube into the 3 brain vesicles. Boundary aeation follows

differential growth rate leading to the formatiohtbe prosencephalon,
mesencephalon and rhombencephalon cranio-caudalBame

mechanism results in the formation of 2 flexuresyical and cephalic
flexures. Cephalic flexure opens to the ventralasig while the cervical
opens to the dorsal surface.

By the 5th week of development, the Prosencephaldivided into the
Telencephalon and Diencephalon by differential dhowate. The
Rhombencephalon also divides into the cranial Mmtphalon and
caudal Myelencephalon roughly by the cephalic (Petflexure. The
canal of the neural tube follows the differentiatieading to formation
of Lateral, 3rd, 4th ventricles and the AqueducEglvius.

Telencephalon

The prosencephalon undergoes massive growth iGttheveek. Growth
is more in the cranio-lateral portion as against itidline portion. The
differential growth rate results in the ballooniof the lateral portion
forming the telencephalon while the more quiesamidline portion
forms the diencephalon. Ballooning is more in tloesdl part of the
telencephalon, the ventral part consist largelyth&f corpus striatum.
The roof plate ependymal layers in addition to cunding vascular
mesenchyme form the choroid plexus.
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The choroid plexus bearing portion get “invaginatdde to the lateral
expansion of the ballooning lateral wall.

Just beyond the choroid plexus bearing region etliiproliferation of
neuroblast resulting in the slightly thickened pmrtthat forms the
Hippocampus. The hippocampal portion get “buriedithuwm the
enlarging cortex alongside the roof portion. Itdmd into the cavity of
the lateral ventricle. The enlarging dorsal portafnthe telencephalon
forms the cerebral cortex. Expansion is in the raateposterior and
lateral directions forming the frontal, occipitahda temporal lobes
respectively. The ballooned cerebral cortex envedape diencephalon,
mesencephalon and upper part of metencephalon.

Axons from the cortical neurons coalesce and passigh the corpus
striatum dividing it into the medial caudate nudeand the lateral
lentiform nucleus. The dividing axonal bundle forrnise internal
capsule.

In the latter quarter of gestation, expansion o terebral cortex
exceeds the capacity of the cranial vault resuitingpnvolutions.

The degree of convolutions is directly related twe tdegree of
behavioural and neuronal complexity.
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Diencephalon

The portion of the prosencephalon just caudal aretiah to the
telencephalon. It consists of roof plate and 2 plate, basal plate and
floor plate are absent. The roof plate consistspahdymal lining which
forms the choroid plexus with the surrounding véscmesenchyme.
There is a caudal neuroepithelial thickening ondbesal surface which
evaginates around the 7th week to form the pinedylsitting on the
mesencephalon.

The alar plate witness aggregation of cells whgcHivided into a dorsal
thalamus and a ventral hypothalamus by a hypothalaunicus. Cells of
the thalamus proliferate very rapidly resultingaim inward bulge of the
Thalamus obliterating the cavity and forming an emibn. A ventral
thickening of the neuro-epithelium results in thernfation of the
mammillary body which is functionally related taethypothalamus. An
extension of the ventral wall forms the infundibmluThe infundibulum
alongside the Rathke’s pouch (from the oral cavity)n the pituitary
gland sitting in the Sella Turcica. The cephalextlre topographically
makes the connection possible.

Mesencephalon

It has the typical basal and alar portions, theab@&ntral) part mediate
motor functions while the alar (dorsal) part meekasensory function.
The sulcus limitans forms the boundary betweentisedes. The basal
plate contains 2 groups of motor cells that aggeemao nuclei viz;

Somatic efferent medially placed CN3 and CN4 motor supply to the
extraocular muscles.

General visceral efferent laterally placed nucleus of Edinger-Westphal
(sphincter pupillary muscle).

Fibers that connect the spinal cord through thesdoom the cerebral
cortex pass through the marginal layer over thalbkyer. Marginal
layer over the basal layer enlarges to accommdilades forming the
crus cerebri. No particular nucleus is formed ie #&dar plate of the
mesencephalon. The overlying marginal layer of #ter plate had
neuroblast wave in it resulting in its enlargemémitially 2 longitudinal

elevation is noticed in the marginal layer of thar glate, with further
development, a transverse furrow separates theoalli4¢uli are thus
formed namely the inferior and superior collicuh both sides of the
median sulcus. Serve as synaptic relay centre ddit@y and visual
impulses respectively.
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Metencephalon

It is the cranial portion of the Rhombencephaldnhds well defined

basal and alar plate in which neuroblasts formutailaggregates that
form nuclei. The roof plate consists largely of mgynal layer, opened
alar plate. It is also the point of formation oétbons and cerebellum.

The fibres from the cerebral cortex to the spir@aicpass through the
marginal layer that overlies the basal plate. Rpsséthe fibres result in
the enlargement of the marginal layer forming tleead? In addition to

the fibres, pontine nuclei that are formed from #iar region of the

rhombencephalon migrate in the marginal layer theoPons. The basal
plate neuroblast differentiate into neurons thataranged into 3 motor
nuclei mediolaterally;

Somatic efferent CN6 for extraocular mm,

Special visceral efferent CN5, CN7 for the 1st and 2nd pharyngeal
arches.

General visceral efferenf CN9 secretomotor supply submandibular
and sublingual glands

The alar plate of the metencephalon contains 3pgaf nuclei that
subserve sensory modalities;

Somatic afferent CN5, CN8 complex
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The dorsolateral part of the marginal layer ovee thlar plate
differentiates into the Rhombic lip.

The rhombic lip is wide apart caudally but closeanally. Pontine
flexure ensures the folding of the metencephaloniteelf while the
rhombic lip differentiates into the cerebellar pwt At 12 weeks, a
central vermis and 2 lateral dilated cerebellar isphere are identified.
A transverse fissure separates the cerebellar pidean upper and
lower parts. The fissure separate the vermis froenNodule while the
hemisphere is separated from the Flocculus. Theldping cerebellum
consist of 3 layers viz; neuroepithelial, mantled amarginal. The
external granular layer differentiates from the noepithelial layer. The
EGL give rise to granule, purkinje, golgi Il neuraells by the 8
month, while the other cells (basket and stellate) derived from the
marginal layer

Myelencephalon

This is the caudal portion of the rhombencephaltime dorso-lateral
wall is opened up, basal and alar plate are dlhiifiable separated by
the sulcus limitan. 3 set of motor nuclei are idfead in the basal plate;

Somatic efferent forms a motor column continuous cranio-caudally,
CN12, (tongue) CN6, CN4, CN3 (eye) at differentlsyv
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Special visceral efferentcontinues cranially as a motor column CN11,
CN10, CN9 supplying the striated muscles of the gafate and larynx,
pharynx, heart and gut.

General visceral efferent supply the involuntary muscle of the gut,
heart and respiratory system.

The alar plate have similar arrangement;

Somatic afferent CN8, CN5 for the ear and head surface.

Special visceral afferent CN9 for the tongue taste bud. The ependymal
lining of the roof plate alongside the vascular emehyme form the
choroid plexus that produces CSF.

NEUROEPITHELIAL CELLS

The neuroepithelial cells lining the neural tube af simple columnar
type.

Increase cellular proliferation after closure ofbdyu giving rise to

neuroblast (large deeply stained nucleus and pgtepkasm). The

neuroblast gives rise to the 2nd layer, mantlerlayleich differentiate

into the gray matter. The axons of the mantle langrrons coalesce in
the 3rd layer (outermost) forming the marginal faye

Ny Lrpat
Loy
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ventricular layer

white matter

mantle layer groy mater
2y ol
marginol layer

white mofter

The mantle layer differentiates into a basal aad plate.

The roof and floor plate are usually devoid of mdlast, have only the
ependymal layer.

The ependymal layer is the final derivative of tleuroepithelial layer.
The dorsal Alar plate houses neurons that subssmsory modalities,
while the ventral basal plate houses neurons théisesve motor
modalities.
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Anterior funioulua

Floor-plate

NEUROHISTOLOGY

Neuroblast; derived from neuroepithelial cell, drééntiate through uni,
bi to multipolar neurons. Neurons may take différehapes and size
depending on function.

Glial cell; produced by the neuroepithelial cetiidwing the production

of neurons. Differentiate into astrocyte in the tlanlayer and
oligodendrocyte in the marginal layer.
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Astrocytes are star shaped, mainly protoplasmitiénmantle layer and
fibrous in the marginal layer. It is important fire formation of the
blood brain barrier.

Oligodendrocytes have small round deeply stainedeg usually with
a halo in routine stain, appear in pair or strifige Iformation. It is
responsible for myelination in the central nervaystem. Myelination
of the white matter begins in the 2nd trimester ematinues postnatally.

Microglia are of mesenchymal origin, invade the CiNShe latter half
of gestation. Usually cigar shaped with fine preess They are
phagocytic cells

Ependymal cells are the final derivative of neurtheghial cells. They
line the ventricle and central canal. They are alddcand low columnar
in shape.

3.2 Spinal Cord

The mantle layer gives rise to the gray matterhef $pinal cord, while
the marginal layer forms the white matter of thenapcord. Ventral

basal plate subserves motor function while dortal plate subserves
sensory functions. Neuroblast aggregation in betvike basal and alar
plate for the intermediate horn in some part of deeeloping spinal

cord. Intermediate horn neuroblast differentiatés the neurons of the
sympathetic portion of the autonomic nervous systatermediate horn
is limited to the region of T1 to T12 and L2-L3.

Alat plate
Central canal

s o L

limitans 2 \

o -f'n 1
| |

!“L/-J'J

/ Basal pﬁlite

Pesudostratified columaar tehaa i iy f Anterior median fissure
epithelial cells(Ependymal layer| (Mental ayer ) Marginal zone

The axons of the basal plate neuron coalesce gxitimough the
marginal layer to form the ventral motor root of ttorresponding spinal
nerve about the 4th week. Dorsal root ganglia aevdtives of the
neural crest cells, its neuroblast differentiate inipolar neurons.

The medial process enters the marginal layer oatheplate of the SC
ending in the dorsal horn or ascending to highertass. The other
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process that grows peripherally coalesces withvémdral motor root to
form the spinal nerve trunk. Myelination is a fuoat of the Schwann
cells in the axons outside the SC while the portathin the SC is
myelinated by oligodendrocyte.

The rate of elongation of the spinal cord and teeebral column is not
the same. The vertebral column outpaces the spardl resulting in an
apparent ascent of the developing spinal cord. batua 3rd month of
life, spinal cord extends the entire length of tleetebral column, at
birth spinal cord ends at the lower border of L3la/at adult hood it
ends at
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L2/L3 boundary. Implication is the obliquity of s@l nerve forming
cauda equine and the formation of filum terminale.

NEURONAL MIGRATION

The neuroblast of the cerebral cortex proliferaisidly around the
ventricle, forming neurons and supporting (glia)lsceThe glial cells
differentiate into the oligodendrocyte and astrecyt

The neurons that are formed from the neuroblastaagely of 2 types;
viz granular (sensory cortex) and pyramidal (motbijferent sizes and
composition of neurons at each point confer aigdtarrangement on
the cerebral cortex. Each layer consists of neurohsspecified

composition and subserves similar functions. Movamef forming

neurons from the point of neuroblast proliferatimntheir definitive

position is mediated by internal and external cues.

Mechanism of migration is either radial or tangantneans. While
radial migration means is mainly employed by thengtar and
pyramidal neurons, the tangential mean is empldygdnterneurons.
Settling of the neuron in their definitive positios in an inside-out
fashion. Migration results in 6-layered corticalaangement.

Molecular; few oligodendrocyte almost no neuron.

External granular; more of round granular neurons.
External pyramidal; contains small pyramidal neston
Internal granular; contain granular cells that@dosely packed.



NSC 218 HUMAN ANATOMY IV

o Internal pyramidal; contain medium to large pyraahiaells,
home to Betz cells.
° Multiform layer; contains different cell type.

Clinical correlates

Anencephaly -this is the absence of a major portion of the hrskull
and scalp that occurs during embryonic r. It issphalic disorder that
results from a neural tube defect that occurs whemrostral (head) end
of the neural tube fails to close, usually betwden23rd and 26th day
of conception. With very few exceptions, infantghwihis disorder do
not survive longer than a few hours or possiblysdafyer birth.

Spina bifida - this is a developmental congenital disorder caulgethe
incomplete closing of the embryonic neural tubem8overtebrae
overlying the spinal cord are not fully formed amuinain unfused and
open. If the opening is large enough, this allowsogion of the spinal
cord to protrude through the opening in the borié®re may or may
not be a fluid — filled sac surrounding the spigald. Spinal bifida
malformations fall into three categories: spinaidaif occulta, spina
bifida cystic with meningocele, and spina bifida sty with
myelomeningocele. The most common location of tldfgrmations is
the lumbar and sacral areas. Spina bifida can tgcslly closed after
birth, but this does not restore normal functionht® affected part of the
spinal cord.

Self — Assessment Exercises

1. describe the transformation of the neural tube tht different
parts of the definitive brain.
2. differentiate between the events that lead to tmmétion of the

brain and the spinal cord.

3. discuss the cellular formation, differentiation ameyration, and
the role of such processes in the formation ofbitaén and spinal
cord.

4.0 CONCLUSION

The CNS is an ectodermal derivative that begindiferentiate in the
3rd intrauterine week in humans.

5.0 SUMMARY

o The first indication of the nervous system is witlihe neural
plate, a thickened area of the ectoderm that fa&ftes the ovum
has been fertilised in the third week of gestation
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o The neural plate thickens rostral to the primitimede and
midline depression in the neural plate forms tkearal groove.
Edges of the neural groove rise on both sideshefmidline,
fusing to convert the groove to a tube. The netubk is the
beginning of the brain and spinal cord. As the rakuube
separates from the surface ectoderm cells, theah&lds form
the neural crest. Ganglia of the spine, cranial antonomic
nervous system develop from the neural crest.

° Anomalies of the closure of the neural tube resultseveral
clinical conditions such as anencephaly and siiifiala.

o The 4th week witnesses the differentiation of then@l part of
the neural tube into the 3 brain vesicles whichd&e to the
formation of the prosencephalon, mesencephalon and
rhombencephalon cranio-caudally. Same mechanisultsein
the formation of 2 flexures, cervical and cephdliexures.
Cephalic flexure opens to the ventral surface avktile cervical
opens to the dorsal surface.

o By the 5th week of development, the Prosencephialalivided
into the Telencephalon and Diencephalon by diffeaé growth
rate. The Rhombencephalon also divides into thanial
Metencephalon and caudal Myelencephalon roughly thos
cephalic (Pontine) flexure.

o The neuroblast of the cerebral cortex proliferatgsdly around
the ventricle, forming neurons and supportingalglells. The
glial cells differentiate into the oligodendrocyed astrocyte.

6.0 TUTOR MARK ASSIGNMENTS

=

What is the neural plate?

2. What are the differences between the right andhefhispheres
of the brain?

What are the primitive general functional areathefbrain?
When do the fontanelles of the skull close?

how
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1.0 INTRODUCTION

The spinal cord is extremely important to the overall function bkt
nervous system. It is the major communication logtween the brain
and the PNS (spinal nerves) inferior to the healde Bpinal cord
participates in the integration of incoming infotma and produces
responses through reflex mechanisms.

2.0 OBJECTIVES

At the end of this unit, you will be able to:

) discuss the parts of the spinal cord

o describe the three meningeal layers surroundingspheal cord
and brain

o describe the spinal cord in cross section and tlggnoof spinal
nerves

. describe the blood supply of the spinal cord

3.0 MAIN CONTENT

3.1 General structure of the spinal cord

The spinal cord connects to the brain at the lexfelthe foramen
magnum and extends inferiorly in the vertebral tamdevel L1-L2 of
the vertebral column. It is considerably shortantkthe vertebral column
because it does not grow as rapidly as the vettelmiamn during
development. The spinal cord gives rise to 31 pafrspinal nerves,
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which exit the vertebral column through intervertdband sacral
foramina.

Develops from the caudal portion of the neural fubis a region of less
differentiation. It consists of 31 segments corddrby the emergence of
the spinal nerves; cervical -8, thoracic- 12, lumba sacral-5,
coccygeal- 1. Measuring about 42-45cm in adult.

The spinal cord is not uniform in diameter throughds length. The
cervical enlargementin the inferior cervical region is where spinal
nerves supplying the wupper limbs originate. Thembosacral
enlargementin the inferior thoracic, lumbar, and superior shcegions
is the site where spinal nerves supplying the Idimens originate.

Immediately inferior to the lumbosacral enlargemehe spinal cord
tapers to form a conelike region called t@nus medullaris. Nerves

arising from the inferior lumbosacral enlargememid athe conus
medullaris extend inferiorly through the vertebcahal before exiting
the vertebral column. The numerous roots (origiok)these nerves
resemble the hairs in a horse’s tail and are tbesetalled thecauda

equine
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3.2 Meninges of the spinal cord

The spinal cord is a long cylindrical structure twitflattened
anterioposterior surfaces. The spinal cord andnbaa¢ surrounded by
connective tissue membranes calteeninges The most superficial and
thickest membrane is tltira mater. The dura mater forms a sac, often
called thethecal sac,which surrounds the spinal cord. The thecal sac
attaches to the rim of the foramen magnum and ahtise level of the
second sacral vertebra. The spinal dura mater néincmus with the
dura mater surrounding the brain and the connetitgeie surrounding
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the spinal nerves. The dura mater around the spmal is separated
from the periosteum of the vertebral canal bydpilural space,which
contains spinal nerves.

3.3 Internal structure of the spinal cord

The internal structure of the spinal cord considtshe white and gray
matter.

White matter is a collection of myelinated fibrewhile cellular
aggregates are in the gray matter.

H-shaped gray matter located within the cylindriehite matter, bridge
of the h incorporating the central canal. Dorsailbs of the h form the
posterior horn which extends close to surface.

The anterior horns are farther away from the setfathe medial
anterior horn cell innervate trunk muscles, latgpalrt supplies the
limbs. Ventral part of lateral horn supplies theximal muscles while
dorsal part supplies distal muscles of limbs. Tih&evmatter is bounded
by the limbs of the H-shaped gray matter are grdupe the anterior,
posterior and lateral white column.

A narrow white commissure separates the anteriatianefissure from
the grey commissure.
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Spinal segments

Segmental differences exist with respect to the sfzhe grey horn and
the white column.

Cervical segment large oval shaped structure, relatively largeitevh
matter. Posterior horn is smaller than the anteRosterior intermediate
septum divides the posterior column into gracilesl @uneatus. The
posterior horn is enlarged from the C5 level dowrdsa Reticular
process is at the base of the posterior horn.

Thoracic segmentsthe gray matter is relatively smaller than thetevh

matter. Gracilis and cuneatus extend as far asthachcic segments,
while gracilis continues caudally. T1 is more afavical in outline and

gray and white matter proportion. Lateral hornhat Ibase of the anterior
horn, give rise to the preganglionic sympathetfereint. Dorsal nucleus
of Clarke located on the medial side of the basé&efposterior horn,

most obvious in T10-T12.

Lumbar segment almost circular in transverse section. White eratt
proportionally less than gray matter. Gracilis asined out. Blunt

lateral process on the lateral side of the basstafit anterior horn.

Dorsal nucleus of Clarke in L1-L2.

Sacral segmentsmall cylindrical structure. Gray matter relatyvenore
than the white matter.

Thickened gray commissure, posterior and anterasn.hSmall lateral
horn for the preganglionic parasympathetic cells.

3.4 Clinical correlates
Introduction of Needles into the Subarachnoid Space

Several clinical procedures involve the insertidnaoneedle into the
subarachnoid space inferior to the level of theosddumbar vertebra.
The needle is introduced into either the L3/L4 dre tL4/L5
intervertebral space. The needle does not corttactinal cord because
the spinal cord extends only approximately to tleEosd lumbar
vertebra of the vertebral column. The needle entdhe
subarachnoidspace, which extends to level S2 ovénebral column.
The needle does not damage the nerve roots ofatldacequine located
in the subarachnoid space because the needle epsily pushes them
aside. Inspinal anesthesia,or spinal block, drugs that block action
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potential transmission are introduced into the safanoid space to
prevent pain sensations in the lower half of théybo

A spinal tap is the removal of CSF from the subarachnoid space.
spinal tap may be performed to examine the CSHknfectious agents
(meningitis), for the presence of blood (hemorrhagaer for the
measurement of CSF pressure. A radiopaque substangealso be
injected into this area, andnayelogram (radiograph of the spinal cord)
may be taken to visualize spinal cord defects onaige.

Damage to the spinal cord can disrupt ascendirggstfaom the spinal
cord to the brain, resulting in the loss of semsatand/or descending
tracts from the brain to motor neurons in the dpwoad, resulting in the
loss of motor functions. Automobile and motorcydecidents are
leading causes, followed by gunshot wounds, fadisg swimming
accidents. Spinal cord injury is classified accogdio the vertebral level
at which the injury occurred, whether the entiredcs damaged at that
level or only a portion of the cord, and the mea$@nof injury. Most
spinal cord injuries occur in the cervical regianab the thoracolumbar
junction and are incomplete.

Self — Assessment Exercise

o discuss the parts of the spinal cord

o describe the three meningeal layers surroundingspheal cord
and brain

. describe the spinal cord in cross section and tlggnoof spinal
nerves

o describe the blood supply of the spinal cord

4.0 CONCLUSION

The spinal cord connects to the brain at the lesfethe foramen

magnum and extends inferiorly in the vertebral tamdevel L1-L2 of

the vertebral column. It is considerably shortemtithe vertebral column
because it does not grow as rapidly as the vettelmiamn during

development.

5.0 SUMMARY

> The spinal cord gives rise to 31 pairs of spinal’es. The spinal
cord has cervical and lumbosacral enlargementm frehich
spinal nerves of the limbs originate.

> The spinal cord is shorter than the vertebral coluNerves from
the end of the spinal cord form the cauda equina.
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Three meningeal layers surround the spinal cordomFr
superficial to deep they are the dura mater, a@dhmater, and
pia mater.

The epidural space is between the periosteum ofvéntebral
canal and the dura mater, the subdural spacewsbe the dura
mater and the arachnoid mater, and the subaratlspzice is
between the arachnoid mater and the pia mater.

Gray matter is divided into horns. The dorsal hoowhtain
sensory axons that synapse with interneurons.véhe&al horns
contain the neuron cell bodies of somatic motarroes, and the
lateral horns contain the neuron cell bodies dbmomic motor
neurons.

The dorsal root contains sensory axons, the vemtal has
motor axons, and spinal nerves have sensory anat @ons.

TUTOR MARKED ASSIGNMENTS

In the anatomy museum, identify the major feaduon the
models and slide of a cross — section of the $pior@; also note
the three layers of the meninges on the crossiosemodels.

The spinal cord extends from the

medulla oblongata to the coccyx.

level of the third cervical vertebra to the cpc

level of the axis to the lowest lumbar vertebra

level of the foramen magnum to level L1-L2 bé tvertebral
column.

axis to the sacral hiatus.

Axons of sensory neurons synapse with the bellies of
interneurons in the of spinal cord gray matter.

anterior horn
lateral horn
posterior horn
gray commissure
lateral funiculi

Cell bodies for spinal sensory neurons aretéute the
anterior horn of spinal cord gray matter.

lateral horn of spinal cord gray matter.

posterior horn of spinal cord gray matter.

dorsal root ganglia.

posterior columns.
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4. Contrast the epidural and the subarachnoidespac
5. Describe the appearance of the spinal cordosscsection.
6 Discuss the anatomy of the terminal portiothefspinal cord.
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1.0 INTRODUCTION

The Brain Stem is a structural connection betwéerdiencephalon and
the spinal cord. Thberainstem consists of the medulla oblongata, pons,
and midbrain. It connects the spinal cord and adhedm to the
remainder of the brain, and 10 of the 12 pairs rahi@l nerves arise
from it. In general, the posterior part of the bsdém contains ascending
tracts from the spinal cord, cerebellum, and cltaméaves, whereas the
anterior part of the brainstem contains descentliagfs involved with
motor control. The brainstem contains several nuololved in vital
body functions, such as the control of heart ratepd pressure, and
breathing.

The caudal portion of the brain stem transit irite spinal cord at the
level of the foramen magnum. It contains ascendind descending
fibers interspersed with cellular aggregate knownttee nuclei. The

corticospinal (motor), posterior column (fine touefibration sense and
proprioception) and spinothalamic (crude touch,gerature and pain).

2.0 OBJECTIVES

At the end of this unit, you will be able to:

o to describe the anatomy of the different partdeflirain stem.

o to identify the characteristic features of the malb, pons and
medulla oblongata.

3.0 MAIN CONTENT

3.1 Cranial nerve nuclei
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The cranial nerve nuclei 3-12 are located in therbstem in addition to
other anatomically distinct nuclei.

The midbrain contains CN 3, 4
The Pons contains CN 5, 6, 7
The Medulla contains CN 9, 10, 11, 12

The CN 8 is located in the pontomedullary junctiintfuse cellular
arrangements are also located in the brain stemirgr the Reticular
system. The reticular formation is related to seleital centers. The
sensory part of the CN 5 spans the whole of thenlstem as far as the
upper spinal cord. All cranial nerves emerge frown ventral surface of
the brain stem except the Trochlear.

Mid-brain

It is the shortest part of the brainstem measuaimgut 2cm. Ventrally it
Is characterized by a V shaped crura that convergehe superior
surface of the pons. Dorsally, the superior andriaf colliculi form 2
pairs of round elevation. The superior cerebeldymcle connects the
cerebellum to the dorsal surface of the midbradea to the inferior
colliculus.

The medial geniculate body and lateral geniculatdylare lateral to the
superior colliculus, while the pineal gland andvmér are superiorly
related.

sup. collrculus,

N

dh . A
.'. r' .“ ’ |
- - e |
feg N\ |
/ﬁc:eus \\

» The CN 3 emerges from the ventral surface on thdiahside of the
cerebral peduncle, while the CN 4 courses ventfatyn its point of
emergence on the dorsal surface inferior to therioi colliculus.
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The 2 CN run between the superior cerebellar aratepor cerebral
arteries which provide blood supply for the midhrai

It is ventro-dorsally divisible into the base, tegmum and tectum.

Histologically the superior and inferior collicufprovide a logical
reference point.

Superior colliculus level; the oculomotor nuclessclose to midline
with the Edinger-Westphal nucleus cranial to it.eTred nucleus is
lateral and ventral to CN 3, the axons of the CNspthrough it. It
receives input from the contralateral cerebellamisphere (dentate
nucleus) via the superior cerebellar peduncle.

Inferior colliculus level; the nucleus of CN 4 Mentral to the aqueduct,
its fibers run dorsally decussating dorsal to ttpeegluct.

The Substantia Nigra forms the boundary betweenctis and the
tegmentum. Its cells contain melatonin giving ts@igrostriatal fibers.

Fibers project to the other basal ganglia nuclesd. of dopamine
producing cells explains Parkinsonism. Mesenceplmalcleus of CN 5
lies in the central gray matter, while spinal anedmal lemnisci lie in the
lateral region of tegmentum.

The reticular formation is located between the mkeldmniscus and the
central gray matter.

The crura contain corticospinal and corticonucl#agrs in the middle
2/3rd portion while frontopontine and temporopoatfibers occupy the
medial and lateral 1/6th.

The tectum is occupied by the superior and infeca@liculi with inputs
from the retina and cochlea respectively.

Efferent fibers travel in the tectospinal and teéclbar tracts for general
light and sound reflexes

The pretectal nucleus is located at the junctidwéen the midbrain and
the diencephalon subserving the pupillary lighkeveds.
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3.3.4 Pons
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(3} Anterior view DI Posterolateral view

The parts of the brainstem

The pons forms a bridge between the midbrain, nedahd the
cerebellum. It contains the respiratory centes ttansversely running
fibers coalesce to form the middle cerebellar petunThe motor and
sensory part of the CN 5 emerges from its ventrdiase just lateral to
the midline.

A midline groove houses the basilar artery, whike superior cerebellar
artery curves around its boundary with the midbraist the
pontomedullary junction CN 6 emerges at the midiutile CN 7 and 8
emerge more laterally. The cerebellum covers thealsurface of the
pons with the pontine part of the 4th ventriclebetween them. The
central aqueduct opens directly into the 4th velari The superior
medullary velum (anchored on SCP) intervenes asdbkbetween the
ventricle and the cerebellum. The upper part amgtqgart of the pons
are distinguishable by the presence or absenceeaienl 4th ventricle.
The ventral part of the pons has pontine nuclén warticopontine fibers
passing through them.

Upper pons the motor nucleus of CN 5 is located on the &tpart of
the floor of 4th ventricle, while the main sensamycleus (touch) is
lateral to it. The sensory nucleus is continuouth whe mesencephalic
nucleus (proprioception) in the midbrain.

Lower pons the nucleus of CN 6 lie on the floor of the 4#ntricle
near midline while that of CN 7 lies ventral antetal to it. Fibers of
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CN 7 course dorsal to the nucleus of CN 6 raisirigcal colliculus on
the floor of the 4th ventricle. The nucleus of CNeBon the floor of the
4th ventricle lateral to the CN 7 extending to thedulla, the vestibular
portion is more medial.

Vestibular part receives fibers from the internadwastic meatus, while
the cochlea part receives fibers from the spiralg§a of cochlea. Both
travel in the inferior cerebellar peduncle.

Blood supply is from the basilar artery superioretellar and anterior
inferior cerebellar arteries.

Medulla oblongata

This is the portion of the brain stem that connéatspons to the spinal
cord. It is continuous with the spinal cord at tdewel of foramen
magnum. Dorsally the upper part is covered by #relmellum with the
caudal part of the 4th ventricle intervening. Tipisrtion of the #
ventricle is roofed by a layer of ependyma andnpéter.

The caudal part of the dorsal surface presentevagbns namely the
gracile and cuneate tubercle secondary to underlyimuclei
mediolaterally. Ventrally, the upper part is grodvea the midline, the
pyramid and olive are elevations lateral to thelim& The pyramid is
secondary to the corticospinal fibers while the®lis secondary to the
inferior olivary nucleus. The most lateral elevatitorms the lateral
boundary, the inferior cerebellar peduncle.

The CN 6, 7 and 8 emerge from the pontomedullargctjon

mediolaterally. The CN 9, 10 and 11 emerge as et®thteral to olive
and CN 12 between pyramid and olive. 3 levels ofdula are

identifiable, the open part, the upper closed pad the lower closed
part.

Open part; the floor of the 4th ventricle is the site of mognial nerve

nuclei. The hypoglossal nucleus is located adjadenthe midline

beneath the hypoglossal trigone. The nucleus ofvims is located
lateral to the hypoglossal beneath the vagal tegdn controls the

cardiac and visceral muscle and glandular secretidhe nucleus of
tractus solitarus lie lateral to that of vagal,atanial part receives fibers
from chorda tympani, glossopharyngeal and intelarghgeal branch of
vagus.

The nucleus ambiguus lies lateral containing matell bodies for
larynx, soft palate, pharynx and upper oesophakgiet®l muscles. The
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inferior olivary nucleus is a crenated C-shapenb stf gray matter with
its open end facing the opposite cerebellar pe@uncl

Upper closed part it shows the central decussation of the fibeed th
form the medial lemniscus (fibers of gracile andeate nuclei).

Lower closed part it is characterized by the pyramidal decussation.
Centre for the control of reflex activities suchaighing, swallowing
and vomiting. Centers for the control of respirgtarardiac and motor
function are also located in the medulla.

Blood supply of the medulla: anterior spinal braméhvertebral artery
(medial medullary syndrome).Posterior inferior telar artery (lateral
medullary syndrome).

3.2 Clinical correlates

Parkinsonism: this is a neurological syndrome characterized egnar,
hypokinesia, rigidity and postural instability. Theeurodegenerative
condition Parkinson’s disease is the most commomusea of
Parkinsonism. The motor symptoms of this diseaseltrérom the death
of dopamine — generating cells in the substantigrani Modern
treatments are effective at managing the early meymptoms of the
disease, these include levodopa and dopamine agjonis

Brainstem stroke syndromesthere are a large number of well-defined
brainstem stroke syndromes, most of which involsehémia in the
distribution of the basilar or vertebral arteriddagnetic resonance
imaging (MRI) is frequently needed to make a spedcifagnosis.

SELF — ASSESSMENT EXERCISE
o to describe the anatomy of the different partdeflirain stem.

) to identify the characteristic features of the malb, pons and
medulla oblongata.

4.0 CONCLUSION

The Brain Stem is a structural connection betwéendiencephalon and
the spinal cord. The brainstetonsists of the medulla oblongata, pons,
and midbrain
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5.0

6.0

SUMMARY

The midbrain is superior to the pons. The corparadggemina
consists of four colliculi. The two inferior catlili are involved
in hearing and the two superior colliculi in visueflexes.

The substantia nigra and red nucleus help regulaidy
movements. The cerebral peduncles are the majsredding
motor pathway

The pons is superior to the medulla. Ascending @estending
tracts pass through the pons. The pons connextsetiebrum and
the cerebellum. Pontine nuclei regulate breathswallowing,
balance, chewing, and salivation.

The medulla oblongata is continuous with the spi@id and
contains ascending and descending tracts. Megulharclei
regulate the heart, blood vessels, breathing, lswilg,
vomiting, coughing, sneezing, hiccuping, balancend
coordination. The pyramids are tracts controllimgluntary
muscle movement.

TUTOR MARKED ASSIGNMENT

Important centers for heart rate, blood presswbreathing,
swallowing, coughing, and vomiting are locatedhe

a. cerebrum.

b. medulla oblongata.
C. midbrain.

d. pons.

e. cerebellum.

In which of these parts of the brain does deatisn of
descending tracts involved in the conscious coérmifoskeletal
muscles occur?

a. cerebrum

b. diencephalon

C. midbrain

d. pons

e. medulla oblongata

Important respiratory centers are located én th

a. cerebrum.

b cerebellum.

C. pons and medulla oblongata.
d midbrain.
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e. limbic system
4. The cerebral peduncles are a major descendoigrnpathway
found in the
a. cerebrum.
b. cerebellum.
C. pons.
d. midbrain.
e. medulla oblongata.
5. The superior colliculi are involved in, where#tse inferior

colliculi are involved in

hearing, visual reflexes
visual reflexes, hearing
balance, motor pathways
motor pathways, balance
respiration, sleep

®PoOoTY
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1.0 INTRODUCTION

The forebrain consists largely of white matter wiitlwried grey matter
aggregates.

Largest grey matter aggregate is the thalamus. rOginey matter
aggregate lies lateral to the thalamus known addsal ganglia/nuclei.
The unexpanded portion of the forebrain that ith@ midline is known
as the diencephalon. The grey matter aggregatelataral relations of
the diencephalon, the thalamus more medial thabdbkal ganglia.

2.0 OBJECTIVES

At the end of this unit, you will be able to:

) describe the diencephalon and basal ganglia

o discuss the anatomy of the thalamus and its sudiogn
structures

o discuss the anatomical basis of Parkinson’s disease

3.1  Structure of the diencephalon

The 3rd ventricle is the cavity of the diencephaldris a slit-like space
which lies in the sagittal plane roofed by the frand the corpus
callosum. The lateral wall of the 3rd ventriclelasgely formed by the
thalamus. The thalamus is separated from the hgfmotius on the
lateral wall of the 3rd ventricle by the hypothalarsulcus. The sulcus
runs from the interventricular foramen towards #mpueduct of the
midbrain. The lower part of the lateral wall and tfloor of the &

ventricle is formed by the hypothalamus. The oph@asma forms the
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anterior end of the floor of the 3rd ventricle. Tinédundibulum is just
behind the optic chiasma and projects downward ifggnthe pituitary
stalk. The pituitary stalk provides a path of conmication between the
hypothalamus and the posterior lobe of pituitagngl Other featureson
the external surface of the floor are mammillaryliee and posterior
perforated substance.

The median eminence is the portion of the floort jbehind the

infundibulum. It contains cells that control thetexmor pituitary gland.

The anterior wall of the 3rd ventricle is the lamiterminalis extending
from the anterior commissure to the optic chiasifiae body of the

fornix separates the anterior commissure from thierventricular

foramen. Between the rostrum, genu and body ofctrpus callosum

and the body of the fornix is a 2 ply thin partitiknown as the septum
pellucidum. The roof is formed by pia matter whatwvers the superior
surface of the thalamus. The roof is invaginatedhsy pair of choroid

plexus.

The posterior wall tapers towards the midbrain. Tgieeal gland
projects posteriorly from the posterior wall, abowlee superior
colliculus. This small conical body secretes maelatp its stalk is
attached to the posterior commissure. Calcificatibthe pineal gland is
common after 40 years and is thus useful for radist as an indicator
of brain symmetry.

3.2 Thalamus

It is the largest of the cellular aggregate of theebrain. It forms the
lateral wall of the diencephalon. The medial swefaof the thalamus lie
parallel to each other slightly bulging into thed3wentricle. An
interthalamic adhesion joins the 2 thalami in ab60t80% of cases,
there is however no exchange of substance viadbmection. The
pulvinar is the posterior end of the medial surfat¢he thalamus. The
opening of the interventricular foramen forms timteaor limit of the
thalamus, while the posterior commissure is thetgoms limit. It
extends from the 3rd ventricle to the medial sitlthe posterior limb of
the internal capsule.

The superior surface of the thalamus tapers anlfefi@m the pulvinar
to the small anterior pole. The pia matter coverofgthe superior
surface extends to the pulvinar as far backwarth@pineal gland. The
lateral edge of the superior surface is covere@pmsndyma and forms
part of the floor of the lateral ventricle. The stdance of the thalamus is
divided into lateral, medial and anterior portidns the sheet of white
matter known as the internal medullary lamina.
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The lateral surface is closely related to the maércapsule. Lateral
boundary corresponds with the position of the diraninalis and the
terminal vein. The inferior surface is medially tonous with the
hypothalamus separated by the hypothalamic sulcus.

The thalamic nuclei are grouped, following struatudelineation by the
internal medullary lamina and function.

Anterior nuclei group; the anterior end of the thalamus separated from
the other part by the limbs of the internal medyllamina. Connected
to the mammillary body and projects to the cingrilgyrus.

Medial nuclei group; the gray substance medial to the internal
medullary lamina, it projects to the frontal cortex

Lateral nuclei group; mass of cells anterior to the pulvinar on the
lateral side of the thalamus, project to differgrarts of the brain
including motor cortex, postcentral gyrus and gatimbe.

It receives fibres from the medial lemniscus, sfhatamic and
trigeminal tracts.

Posterior nuclei group this consists of the pulvinar and the medial and
lateral geniculate bodies. The pulvinar is the dapgsterior nuclei that
projects to the temporal and parietal lobes.

The medial geniculate body is ventral to the pwdviand lateral to the
midbrain, receives fibres from the lateral lemngcand inferior
colliculus, projects into the temporal lobe.

The lateral geniculate body is an oval elevatiorttan posterior end of
the pulvinar, receives fibres from the optic tracid projects to the
visual cortex.

3.3 Basal ganglia

This consist of the caudate nucleus, lentiform ews] amygdaloid body
and claustrum. The lentiform nucleus consists obater putamen and
an inner globus pallidus. The caudate and putamen the striatum. It
is the larger part of the basal ganglia and iterefit part.

Caudate nucleus:lt is a comma shaped structure with a demonstrable
bulbous head, body and tail attached to the amggtiabdy.
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The basal ganglia

The convexity of the caudate nucleus projects thw ventricle. The
internal capsule fibres run in the concavity of tlueleus. The lentiform
nucleus; consist of the putamen and globus pallittus biconvex in
shape with the putamen lateral and smaller metbalug pallidus.

The caudate nucleus and the putamen are joined lanym
interconnecting fibre running through the antemart of the internal
capsule (corpus striatum).

Amygdaloid body. a group of grey matter at the tip of the tailtioé
caudate nucleus. It lies on the roof of the inflehiorn of the lateral
ventricle. It has numerous neurons that conndotthe frontal, temporal
and olfactory lobes. Its efferent bundle (striartexalis) runs parallel to
the concavity of the caudate nucleus. The clausisuensaucer shaped
thin lamina of grey matter, lateral to the putamen.
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Functional anatomy

> The corpus striatum is the afferent centre of theab ganglia
receiving fibres from the cortex, thalamus andssaiiitia nigra.

> The globus pallidus is the efferent pathway of Ilasal ganglia
sending fibres to the thalamus, subthalamic nsglsubstantia
nigra etc

> The basal ganglia offer supraspinal control ovezletil muscle
movement, modulating the rate, range and cooridimat

> Several neurotransmitter are involved in the défgrpathways
such as the acetylcholine, dopamine, glutamatet®n etc

> Parkinsonism is the most common anomaly of thelbasdei. It
involves a decrease in dopamine in the nigrosiripathway
following destruction of dopaminergic cells of tlseibstantia
nigra. Huntington's disease is as a result ofrdeson of the
neurons in the striatum.

3.4 Clinical correlates

Huntington's disease -his is a neurodegenerative genetic disorder that
affects muscle coordination and leads to cognitiecline and
behavioural symptoms. The disease can affect bath and female and
presents mostly in mid — adult life although phgsisymptoms can
begin at any age. It is much more common in Wedtemopean people.
Parkinsonism -as discussed in the earlier unit.

Self — Assessment Exercises

) describe the diencephalon and basal ganglia

o discuss the anatomy of the thalamus and its sudiogn
structures

) discuss the anatomical basis of Parkinson’s disease

4.0 CONCLUSION

The basal ganglia are a group of structures falesp withinthe
cerebral hemispheres. The structures generallyded in the basal
ganglia are the caudate, putamen, and globus psllid the cerebrum,
the substantia nigra in the midbrain, and the slbthic nucleus in the
diencephalon
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5.0

6.0

96

SUMMARY

The diencephalon is located between the brainstath the
cerebrum. It consists of the thalamus, subthalampishalamus,
and hypothalamus.

The thalamus consists of two lobes connected by the

interthalamic adhesion. The thalamus functionaragtegration
center. All sensory input that reaches the cerabaxcept for the
sense of smell, synapses in the thalamus. Paagistered in the
thalamus.

The thalamus interacts with other parts of therbtai control
motor activity. The thalamus is involved with emaos and pain
perception. The subthalamus is inferior to thdatmais and is
involved in motor function.

The epithalamus is superior and posterior to treathus and
contains the habenula, which influence emotionaudh the
sense of smell. The pineal gland may play a molthé onset of
puberty and the sleep—wake cycle.

The hypothalamus is inferior to the thalamus. Tijedthalamus
is a major integrating center for the ANS, helpountrol heart
rate, blood vessel diameter, urine release from dhinary
bladder, and the movement of food through the giige tract.
The hypothalamus regulates body temperature, husgéety,
thirst, and swallowing and interacts with the qel@r activating
system.

The hypothalamus is involved with sensations (sepleasure,
good feelings, rage, and fear). The mammillaryié®dre reflex
centers for olfaction.

TUTOR MARKED ASSIGNMENTS

The major relay station for sensory input tpadjects to the
cerebral cortex is the

a. hypothalamus.
b. thalamus.

C. pons.

d. cerebellum.

e. midbrain.

Which part of the brain is involved with olfacy reflexes and
emotional responses to odours?

a. inferior colliculi
b. superior colliculi
C. mammillary bodies



NSC 218 HUMAN ANATOMY IV

d. pineal gland
e. pituitary gland

3. Which of the following is a function of the hgghalamus?
a. regulates autonomic nervous system functions
b. regulates the release of hormones from theepost
pituitary
C. regulates body temperature
d. regulates food intake (hunger) and water in{éhkiest)
e. all of the above.
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1.0 INTRODUCTION

The cerebrum is the part of the brain that mospjeethink of when the
term brain is mentioned. The cerebrum accounts for the langeston
of total brain weight, which is about 1200 g in fdes and 1400 g in
males. Brain size is related to body size; largains are associated
with larger bodies, not with greater intelligence.

The cerebrum is divided into left and right hemis@s by a
longitudinal fissure. The most conspicuous featwesthe surface of
each hemisphere are numerous folds called gyrictwhreatly increase
the surface area of the cortex. The grooves betweegyri are called
sulci. The central sulcus, which extends acrosdatesal surface of the
cerebrum from superior to inferior, is located aboudway along the
length of the brain. The general pattern of thei ggrsimilar in all
normal human brains, but some variation exists eetwindividuals and
even between the two hemispheres of the same aenebr

Each cerebral hemisphere is divided into lobesclwlare named for the
skull bones overlying each one.

2.0 OBJECTIVES

At the end of this unit, you will be able to:

o Describe the different regions of the cerebral Ispmere.
o Identify the boundaries of the different regionstbé& cerebral
hemisphere.
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. Identify the different gyri and sulci as well ag tfunctional areas
of the cerebrum.

3.0 MAIN CONTENT

3.1 Superolateral surface

Each lobe consists of gyri and sulci that have i§pecame. 3 main
sulci delineate the boundary of the lobes, vizt@dnlateral and parieto-
occipital. Lateral sulcus (fissure of Sylvius) eetsulcus that separates
the frontal from the temporal lobe. The anteriod esf the sulcus
penetrates (anterior and ascending rami) the wofefiontal gyrus
dividing it into the Orbital, Triangularis and Opeatum parts. Central
sulcus; (fissure of Rolando) runs on the supermtsurface of the
cerebrum just caudal to the anterio-posterior miupdt runs downward
and forward stopping short of the lateral sulctiseparates the frontal
from the parietal lobe. The precentral gyrus ig pugterior to it, while
the postcentral gyrus is just behind it.

| Right

hemisphere
Posterior
Longitudnal

fissure

Left
[~ hemisphere

= Cerebelium

(] Lateral view
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Medial surface

On the medial surface of the cerebral hemisphléee corpus callosum

stands out as a collection of white matter thaneats the 2 hemisphere.
The cingulate gyrus lies above the corpus callogtnie the medial and

superior frontal gyri lie above it separated by ¢imgulate sulcus.

The paracentral lobule caps the medial end of thdral sulcus. The
calcarine and parieto-occipital sulci form a Y sé@dpurrow lying on its

side facing posteriorly. The precuneus gyrus liesva the upper arm
and limb of the 'Y’. The cuneus gyrus lies in beénghe 2 arms of the
‘Y’ The lingual gyrus lies below the ‘Y’ at the iafio-medial border of
the cerebrum. The inferior surface revealed théusegyrus, olfactory
tract/bulb and orbital gyrus and sulcus from methdateral.

Parrahippocampal gyrus lies medially on the infesiarface of temporal
lobe terminate in the uncus

The brain stem is the other major structure oniriferior surface of an
intact brain.

Central
sulcus

Parietal
Frontal lobe —— lobe
Corpus e Parieto-
callosum ; ' occipital
‘ . \ sulcus
Thalamus - .

“'\!’ - ‘
Hypothalamus )~ e \ — Occipital
AN

Midbrain ,‘,;;" LN
- — : 4 = ';' F___:_— Cerebellum
S
- -

Medulla oblongata ——

Spinal cord 4\-—
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Medlal view of major Central sulcus
subdivisions of cortex — Paciotet lobs

3.2 Cortical area and structure

The primary motor sensory area corresponds withptieeentral gyrus
and frontal lobe (Area 4 and 6). Afferent fibersitexia the
corticonuclear and pyramidal bundles, modulatedhgyThalamus and
Cerebellum. The supplementary motor area correspoitth part of the
medial surface of the frontal lobe (Area 6 and 8he primary
sensorimotor area corresponds with the postcergyals and the
adjoining medial surface of the parietal lobe (ABg& and 1). Subserve
touch, kinaesthetic and vibration senses.

The inferior portion of postcentral gyrus corresp®nwith the

supplementary sensory area (Area 40 and 43), sudbseain and

temperature modalities. Anterior Motor speech #&Braca) corresponds
to the inferior orbital gyrus of the dominant hepmsre and the pars
triangularis (Area 44 and 45). Posterior speecla §véernicke) is the
posterior end of the superior and middle temposal gnd the lower

part of the parietal lobe.

Frontal eye field (Area 6, 8 and 9) is the centréhe middle frontal
gyrus, it subserves the voluntary eye movement acwbmmodation
functions.

Olfactory area corresponds with the Uncus and amjgi area. Visual
area (Area 17) is the medial surface of occipitdlel posterior lip of
calcarine sulcus as far as the occipital pole. $tnmte cortex is the
association visual area (Area 18 and 19). Auditoea (Area 41 and 42)
is the floor of the lateral sulcus and the supetamporal gyrus, the
surrounding Area 22 is the association area. Gugtaarea is the
inferior lip of the postcentral gyrus.
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CORTICAL STRUCTURE

The cerebral cortex consists of aggregates of aelidefinite pattern.
The assembly of cells is along morphological amitfional lines. Over
90% of the cortex has a 6 layered arrangement.

> Layer I; plexiform or molecular layer, few cells sily glia.
> Layer II; external granular layer, cells predomitiansmall
granular type

> Layer lll; external pyramidal, predominantly pyralai cells.

> Layer IV; internal granular, consist of medium tarde size
granular cells.

> Layer V; internal pyramidal, pyramidal cells aredien to large
size, giant pyramidal cells (Betz) characterise ldyer

> Layer VI, multiform layer, different cell types afeund in the

layer. The ratio of granular to pyramidal cellsany layer is
dependent on the modality it subserves

Cerebral white matter

The white matter of the cerebrum is made up ofeBbthat can be
grouped into 3 viz;

> Commissural fibres, these fibres connect the 2 cerebral
hemispheres in a symmetrical fashion. They coalésdorm the
corpus callosum, anterior and posterior commissure

> Association fibres they connect different parts of the same
cerebral hemisphere.
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> Projection fibres; they connect the grey matter of the cerebral
hemisphere to subcortical nuclei in the brain stepinal cord
etc.

Commissural fibre

The corpus callosum is the most prominent commagdsdibres
collection.

It provides asymmetrical connection between theisgineres. From its
commencement at the anterior commissure it thickesseriorly. It has
4 parts viz, Rostrum, Genu, Body, Splenium.

Forceps minor is formed by the laterally extendiiogrs of the genu,
while that of the splenium form the Forceps majgorceps minor
connects the frontal cortex while Forceps majorneats the occipital
cortex. The laterally extending fibers of the renmag parts of the
corpus callosum form a sheet of white matter tlmanfthe roof and
lateral walls of the different parts of the latevahtricles

Projection fibres

The Internal capsule is the most prominent prapectibre. Consist of
afferent fibres from thalamic nuclei and efferenbrés that travel
through the cerebral peduncle of midbrain.

It is separated from the cavity of the lateral wete by the caudate
nucleus. The globus pallidus of the lentiform nusléndents its lateral
edge conferring a lateral concavity on it. It has anterior limb, a
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posterior limb connected by the genu. Retrolentif@and sublentiform
parts are posteriorly located.

The Anterior Limb lies between the head of caudatedially) and the
lentiform (laterally) nuclei. Contain frontopontifires that travel from
cell bodies in the frontal part of the cortex te thontine nuclei on
which they arborize. Passing through the thalanihgy toccupy the
medial part of the base of the cerebral pedunckeef from the frontal
eye field to the oculomotor nucleus are suspeategatss through it.
Genu is the bent portion of the internal capsulent@in corticonuclear
fibres from the cerebral cortex to the motor nudecranial nerves in
the brain stem.

Posterior limb is located between the Thalamus {atigyl and the
lentiform nucleus (laterally).

The anterior 2/3rd contains corticospinal fiberattiravel from the

cortical cell bodies to the anterior horn cellstbé spinal cord. The
fibers pass through the brainstem to the lower @iaitte medulla where
most of them decussate to form the lateral conpiced tract.

Haemorrhage or thrombosis of the striate arteryraiothe posterior
fiber results in paralysis of the opposite skeletaiscles. Fibers of the
Broca’'s speech are affected on the left side. Postd&/3rd of the

posterior limb contain Thalamocortical fibers frahalamus to sensory
cortex.

=
hl
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Retrolentiform part; located in the posterior eridemtiform nucleus,
contains the corticopontine fibres which occupy kieral part of the
cerebral peduncle as well as optic radiations.

Sublentiform part is located below the posteriod eof lentiform
nucleus, contains auditory radiations from MGBHhe auditory area of
cortex.

3.3 Clinical correlates

> Head injuries are classified as open or closednlropen injury
the cranial cavity contents are exposed to thsideit whereas in
a closed injury the cranial cavity remains int&iosed injuries,
which are more common than open injuries, invalve head
striking a hard surface or an object striking thead. Such
injuries may result in brain trauma.

> The most common type of traumatic brain injury (A8%%) is a
concussion, which is an immediate, but transienpairment of
neural function, such as a loss of consciousnebiiged vision.
In some cases, postconcussion syndrome occukiatishe after
the injury. The syndrome includes increased mugelesion
ormigraine headaches, reduced alcohol toleraniéfcudty in
learning new things, reduction in creativity, cbas in
motivation, fatigue, and personality changes. $yraptoms may
be gone in a month or may persist for as long y=aa

> A hematoma is a localized mass of blood releasenh fblood

vessels but confined within an organ or a spacea¢cumulated
mass of blood can apply pressure to the brairsicgudamage to
brain tissue. Blood is toxic to brain tissue. Hewnaas of the
brain are classified according to where the blegdoccurs.
Epidural hematomas result from an accumulatioblodd in the
epidural space and occur in about 1%—2% of magadhnjuries.
Subdural hematomas result from an accumulatidsiamid in the
subdural space and occur in 10%—-20% of major hgades.

Self- Assessment Exercise

o Describe the different regions of the cerebral lspmere.

o Identify the boundaries of the different regionstbé cerebral
hemisphere.

o Identify the different gyri and sulci as well agtfunctional areas

of the cerebrum.
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4.0 CONCLUSION

The cerebrum is divided into left and right hemis@s by a
longitudinal fissure. The most conspicuous featwesthe surface of
each hemisphere are numerous folds called gyrichwbreatly increase
the surface area of the cortex. The general patiethe gyri is similar
in all normal human brains, but some variation ®xibetween
individuals and even between the two hemispheresthef same
cerebrum. Each cerebral hemisphere is divided liobes, which are
named for the skull bones overlying each one.

5.0 SUMMARY

o The cortex of the cerebrum is folded into ridgekedagyri and
grooves called sulci, or fissures. The longitubiresure divides
the cerebrum into left and right hemispheres. Baemisphere
has five lobes.

° The frontal lobes are involved in voluntary motamétion,
motivation, aggression, the sense of smell, anddnorhe
parietal lobes contain the major sensory areasivieg sensory
input, such as touch, pain, temperature, balaawd,taste. The
occipital lobes contain the visual centers. Theperal lobes
evaluate smell and hearing input and are involwedhemory,
abstract thought, and judgment.

° Gray matter forms the cortex and nuclei of the lmenmm. White
matter forms the cerebral medulla, which con$tthree types
of tracts (Association, Commissural and Projectibbers)
connect cerebrum to other parts of the brain hadpinal cord.

6.0 TUTOR MARKED ASSIGNMENTS

1. Which of these cerebral lobes is important alumtary motor
function, motivation, aggression, sense of snaeil mood?
a. frontal
b. insula
C. occipital
d. parietal
e. temporal
2. Fibers that connect areas of the cerebral xavithin the same

hemisphere are:

projection fibers.
commissural fibers.
association fibers.
all of the above.

apop
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3. The basal nuclei are located in the

a inferior cerebrum.
b. diencephalon.

C midbrain.

d all of the above.

4, Describe the two layers of the cerebrum. Whihes outer layer
convoluted?
5. Distinguish between a sulcus and a fissure.
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1.0 INTRODUCTION

The ventricles are cavities within the brain foe tproduction and
drainage of Cerebrospinal fluid (CSF). It consisit the lateral

ventricles, the 3rd ventricle and the 4th ventri@lee ventricular system
of the brain is continuous with the central carfalhe spinal cord. The
ventricles contain CSF that cushions the brainsgpidal cord within its

bony container as well as provide nourishment. They modified

derivative of the neural canal.
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2.0 OBJECTIVES

At the end of this unit, you will be able to:

o Differentiate the parts of the ventricular systemd aelate them to
the different regions of the brain.

o Describe the walls of the different parts of thatvieular system.

) Discuss the production and flow of the cerebroddinal.

3.0 MAIN CONTENT
3.1 Lateral ventricle

It is a C-shaped continuous cavity within the ceaklhemisphere. It
consist of the body, anterior, posterior and imfiehorns. Its medial wall
iIs marked by the slit like opening on the medialfate of the
hemisphere. This marks the point of invaginatiothef pia matter and
ependyma for the formation of the choroid plexusciiproduces the
CSF.

The choroid plexus of the lateral ventricle is aombus with that of the
3rd ventricle. The lateral ventricle produces naighe CSF.

Anterior Horn ; it is triangular in outline with the apex poingin
laterally. The forceps minor forms the roof, while floor is indented
by the head of the caudate nucleus.

Laterally the roof and the floor converge whileytlage kept apart by the
septum pellucidum on the medial side. The laterantncle
communicates with the 3rd ventricle via the intetvieular foramen of
Monro located just behind the anterior column ainfe. It is also the
point of continuation of the Choroid plexus of thedy and 3 ventricle.

Body; the interventricular foramen of Monro is the bdary between
the anterior horn and body. The Thalamus and tldy lob the caudate
nucleus bulge into its floor. Thalamostriate vesgein between them.
The roof is formed by the corpus callosum and thaylof fornix.
Invagination of the choroid plexus is via the médmall (septum
pellucidum). Posterior Horn; the existence is Malga The collateral
eminence bulges on its floor. 2 bulges are on tadiah wall, upper bulb
of posterior horn and lower calcar avis. The 2 ohliterate the horn.
The tapetum forms the roof and lateral wall. Theicopadiation is
related to the lateral wall.
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Inferior Horn ; it is the largest part of the ventricles. The ptpampus
(medial) and the collateral eminence (lateral) foine floor of the horn.
The tail of the caudate nucleus forms the roof egdn a convexities
formed by the amygdaloid body and pes hippocampitedal wall
formed by the tapetum.

Third ventricle

It is a slit-like space beneath the fornix and csrpgallosum. Bounded
anteriorly by the anterior column of fornix and tierventricular

foramen of Monro. The lateral wall is largely ocagby the thalamic
bulge. The hypothalamic sulcus on the lateral w@atinects the IVFM to
the aqueduct of the midbrain.

Body of Baody of fomix — — Corpus calfosum
lateral venirizle —

— Chiroid plexus

— Caudaie nucleus
— Arierior part
of fhaiarmus

Righl intarnal
careteal wain

Medial parl
of thelarmus

— Latarat par|
of thalarmus

Third veniricle

Fourth ventricle

It communicates with the 3rd ventricle via the atpet of the midbrain.

The pons and the upper medulla are ventral relatiamile the

cerebellum is largely a supero-dorsal relation. Tleer is diamond

shaped with a tent like roof. It is triangular imggtal section. Caudally
the lateral boundary of the floor is formed by tracile and cuneate
tubercles with the inferior cerebellar peduncleesupposed on them.
The lateral boundary of the floor cranially is fadhby the superior
cerebellar peduncle.

A thin stretch of white matter (superior medull@sium) connects the 2
superior cerebellar peduncle forming the craniat p& the roof. The
caudal part of the roof is formed by a combinatdpia and ependyma.
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The foramen of Magendie is a central opening of Tthe
cerebellomedullary cistern communicates via tharfan.

-~

)

The narrow lateral recess has the foramen of Luschkat

communicates with the pontine cistern. The T-shagaloid plexus

indents the cranial part of the roof. The floor @Rtboid fossa) has a
midline groove (median sulcus) which connects tipgeduct of Sylvius
to the central canal of the spinal cord.

The cranial part of the floor is divided into theedmal pontine part and
lateral vestibular part. The pontine part of theofl has a bulge (facial
colliculus) adjacent to the medial sulcus. Latgratixtending white
matter (medullary striae) is found at the widestt d the floor. The

vestibular area overlies the vestibular nuclei. Tiber of the medullary
part is divided into 2 by a faint groove that extenaterally from

median sulcus towards the lateral recess. The Inediall triangle

(hypoglossal trigone) overlying the hypoglossal laus, while the

lateral (vagal trigone) overlies the dorsal nucletigagus.

3.2 Cerebrospinal fluid (CSF)

It is produced by a modified ependymal cells android plexus which
is found in most part of the ventricular system%70f the CSF is
produced from the ventricles while the remaininge38 produced from
brain capillaries. Total CSF volume is about 13Cablput 30ml is found
in the ventricles while the subarachnoid space anstabout 100ml.
The body of the lateral ventricle and the 3rd Vielgrare major site of
production. The fluid drains through the IVFM toetl8rd ventricle,
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through the Aqueduct of Sylvius to the 4th vengiclt exits via the
Foramina of Magendie and Luschka into the suba@dmspace or flow
straight into the central canal of spinal cord. Tlned flows around the
superior sagittal sinus and is reabsorbed via thehaoid granulation
into the venous system.

Carnbnum

— Skl

1. The choroig piexuses proguce camebrospinal Ry o .

fud [CSF) from the Dicod 0 eacn of he Dural venous L ol - - s mater

vertricles. CSF fiow s represanied by the ET;LS.::HI‘:: iy 3 Aracnnold matar

walte FToWS sagital snus) - - o i

i -~ W™ Subarachnold

2. Ditection of CSF fow. CSF Sows (0 e fourth Aracrnnia . ; 1 '\i space

WONINCIe and omors the subarachnols space Grarulabon = 3d

Ewrough e isteral and modian apemtuTs. : i b Fla mater

Some CSF anters e contral canal of the Subarachnoid —— ¥ 1755 :

spinal cord. SpaCe LGS

i

3. CSF Niows through the subarachnold spece
i Mo Arachnoid Qranuiatons. whase i
antars (ne Giood I 3 dural venous SNLS
SUCh 35 e supanon sagilal sirs (inse
upper gty

Dural i

Superior
sagital sirus

Arachinodd qrarulanon

(2]

Subarachnold space Latoral ventncie

—— {raprveniricutar foramen

it Corpir ¥ agquedunt

Fourtnh vertnoe

Lateral aperture

@ Crorod piexuses

Medan apesurs

Subarachnold space

Dura mater :
Cerrg canal of
Spiredl corg

Flow of CSF
3.3 Clinical correlates

l. Lumbar puncture is a sterile procedure done to withdraw C.S.F.
from the spinal subarachnoid space and must benpestl well
clear of the termination of the cord. A line joigithe iliac crests
passes through the 4th lumbar vertebra and theretbe
intervertebral spaces immediately above or belaw ldndmark
can be used with safety. The spine must be fullyetl (with the
patient either on his side or seated) so that tkeebral
interspinous spaces are opened to their maximumnexihe
needle is passed inwards and somewhat craniallgtlgxa the
midline and at right angles to the spine; the sspreous and
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interspinous ligaments are traversed and then the ds
penetrated, the latter with a distinct ‘give’. Osicaally root pain
is experienced if a root of the cauda equina isniggd upon, but
usually these float clear of the needle. At sppahcture C.S.F.
can be obtained for examination; antibiotics, rampaque
contrast medium or anaesthetics may be injected the
subarachnoid space, and the C.S.F. pressure castimeated
(normal, when lying on the side, 80-180mm C.S.F.).

Il. Hydrocephalus

CSF is produced at a rate of approximately 0.4 nm/i CSF returns
to the blood at the same rate, the volume of CSthenventricles and
subarachnoid space is constant. If the aperturdsedurth ventricle or
the cerebral aqueduct are blocked, CSF can acctenwdhin the
ventricles. This condition is callednternal hydrocephalus, or
noncommunicating hydrocephalus,and it results in increased CSF
pressure. The production of CSF continues, evemlie passages that
normally allow it to exit the brain are blocked. rGequently, fluid
builds inside the brain, causing pressure, whighpgresses the nervous
tissue and dilates the ventricles. Compressionhef riervous tissue
usually results in irreversible brain damage. & 8kull bones are not
completely ossified when the hydrocephalus occins, pressure may
also severely enlarge the head. The cerebral aquethy be blocked at
the time of birth or may become blocked later fa because of a tumor
growing in the brainstem. Internal hydrocephalus ba successfully
treated by placing a drainage tube (shunt) betvieerbrain ventricles
and abdominal cavity to eliminate the high interpedssures. There is
some risk of infection being introduced into theaibrthrough these
shunts, however, and the shunts must be replacix g®rson grows. A
subarachnoid hemorrhage may block the return of G8Fthe
circulation. If CSF accumulates in the subarachispigce, the condition
Is calledexternal hydrocephalus,or communicating hydrocephalus.
In this condition, pressure is applied to the beiternally compressing
neural tissues and causing brain damage.

Self-Assessment Exercises

) Differentiate the parts of the ventricular systamd aelate them to
the different regions of the brain.

o Describe the walls of the different parts of thatvieular system.

. Discuss the production and flow of the cerebroddinal.
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Activity

Locate and identify the ventricles, canals and |Eapibeds associated
with the circulation of cerebrospinal fluid on theain models provided
or preserved animal brains in the anatomy laboy&ttirseum.

4.0

CONCLUSION

The ventricles are cavities within the brain foe tproduction and
drainage of Cerebrospinal fluid (CSF). It consigit the lateral

ventricles, the 3rd ventricle and the 4th ventridlee ventricular system
of the brain is continuous with the central carfalhe spinal cord. The
ventricles contain CSF that cushions the brainsgpidal cord within its

bony container as well as provide nourishment.

5.0

6.0

N
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SUMMARY

The lateral ventricles in the cerebrum are conmktdethe third
ventricle in the diencephalon by the interventacdoramina.
The third ventricle is connected to the fourth vietd in the pons
by the cerebral aqueduct. The central canal ofsgheal cord is
connected to the fourth ventricle.

The fourth ventricle is connected to the subarachspace by
the median and lateral apertures.

CSF is produced from the blood in the choroid ptexf each
ventricle by ependymal cells. CSF moves from #terhl to the
third and then to the fourth ventricle. From tloairth ventricle,
CSF enters the subarachnoid space through theztiegs.

CSF leaves the subarachnoid space through arachnoid
granulations and returns to the blood in the duealbus sinuses.

TUTOR MARKED ASSIGNMENTS

Cerebrospinal fluid is produced by the
circulates through the ventricles, and enters stbbarachnmd
space. The cerebrospinal fluid leaves the subacaghspace
through the

a choroid plexuses, arachnoid granulations
b. arachnoid granulations, choroid plexuses
C dural venous sinuses, dura mater
d. dura mater, dural venous sinuses

Describe the ventricles of the brain.
What are the physical characteristics of CSF?
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UNIT 7 BLOOD SUPPLY OF THE CENTRAL
NERVOUS SYSTEM

CONTENTS

1.0 Introduction
2.0  Objective
3.0 Main Content
3.1 Internal carotid system
3.2  Vertebral system
3.3 Basilar system
3.4  The Circle of Willis
3.5 Venous drainage
3.6  Clinical correlates
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1.0 INTRODUCTION

The brain requires a tremendous amount of bloagddmtain its normal

functions. The brain has a very high metabolic,rated brain cells are
not capable of storing high-energy molecules for l@mgth of time. In

addition, brain cells depend almost entirely oncghe as their energy
source. Thus, the brain requires a constant bloggplg to meet the

demands of brain cells for both glucose and oxydgamen though the
brain accounts for only about 2% of the total weigh the body, it

receives approximately 15%—-20% of the blood pumpgdhe heart.

Interruption of the brain’s blood supply for onlgc®nds can cause
unconsciousness, and interruption of the blood Isufgs minutes can

cause irreversible brain damage.

2.0 OBJECTIVE

At the end of this unit, you will be able to:

o describe the arterial supply of the brain and thead cord.
o describe the venous drainage of the brain andginlscord.
o define the blood-brain barrier and its effect oa thovement of

materials into and out of the brain.
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3.0 MAIN CONTENT
3.1 Internal carotid system

The main blood supply to the central nervous systenmclude the
internal carotid, vertebral and basilar systemartdries.

Blood Circulation

The internal carotid system consists of the antexri@ middle cerebral
arteries, anterior choroidal and posterior commaiimg arteries. The
internal carotid artery proceeds superiorly alodgghe optic chiasma,
bifurcates into the middle cerebral artery and mmteerebral artery.

It contributes to the formation of the choroid plexof the lateral
ventricle (especially inferior horn). It gives 2 aler branches before
bifurcating viz; anteriorchoroidal artery and pogie communicating
artery.

Anterior Choroidal Artery ; It runs posterior to the optic tract,
clinically significant, long and thin artery. It fsequently involved in
CVA. It supplies:

Optic tract, Lateral geniculate body, Optic radiafiUncus, Amygdala,
Hippocampus, Internal capsule, Lentiform nucledslgs pallidus and
putamen) and Thalamus
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Posterior Communicating Artery; It runs posterior inferiorly to the
optic tract joining the posterior cerebral artelyparticipates in the
formation of the circle of Willis.

Anterior Cerebral Artery ; It runs superiorly and medially to the optic
nerve to enter the longitudinal fissure.

Anterior
cerebral artery

Anterior
communicating

attery Internal

carotid artery

Basiliar

Posterior
communicating
artery Vertebral
artery
Fosterior
cerebral

arteny

The two are interconnected by the anterior comnaiimg artery just
before entering the longitudinal fissure. It rumsteriorly following the
corpus callosum supplying the medial surfaces oftal and parietal
lobes rostral to the parieto-occipital sulcus.

It divides into 2 prominent branches:
Peri-callosal artery; adjacent to the corpus callosum.

Calloso-marginal artery; which follows the cingulate sulcus.
It supplies the paracentral lobule (medial aspettthe precentral and

postcentral gyri), and then its occlusion will caugestricted
contralateral motor and somatosensory deficits.

Middle Cerebral Artery ; runs laterally into the lateral sulcus, supply
the insula and temporal pole. Numerous branchesadpout from the
sulcus to supply the lateral surface of the cemabits occlusion causes
major motor and somatosensory deficits. Also, € aft hemisphere is
involved, language deficits are almost invarialdyrid. Deep structures
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of diencephalon and telencephalon are suppliedpumerous small
branches (lenticulostriate arteries).

3.2 Vertebral system

Vertebral Arteries; they run alongside the medulfase at the
pontomedullary junction to form the basilar arteBgfore the union it
gives 3 branches;

The posterior spinal artery; runs along the dorsolateral aspect of SC
supplying the dorsal 1/3rd.

The anterior spinal artery; join together to form a single anterior
spinal artery, run on the antero-medial surfac&Gfto supply ventral
2/3rd.

Posterior Inferior Cerebellar Artery (PICA); approaches
thecerebellum to supply its inferior surface. Ascitrves around the
brainstem, the artery supplies the choroid plexXub®4th ventricle and
much of the lateral medulla.

3.3 Basilar system

The basilar artery runs in the pontine groove, rodites at midbrain
level into 2 posterior cerebral arteries. Also gnse to the following;
Anterior inferior cerebellar artery ; formed rostral to formation of
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basilar artery, supplies the anterior part of tiferior cerebellar surface
and the lower part of pons.

Vertebrals

Superior cerebellar artery; it is formed just before the bifurcation of
basilar artery, supplies the upper part of pongesar surface of
cerebellum and caudal part of midbrain.

The internal auditory artery; It supplies the middle ear, occlusion
causes vertigo and deafness. Often comes from AINAmMerous
unnamed branches; e.g pontine arteries.

Posterior Cerebral Artery; it runs around the midbrain passing through
the superior cistern.

It supplies the medial surfaces of the occipital samporal lobes. Also
send branches to the upper part of midbrain andedopart of

diencephalon. It also gives rise to several pasteshoroidal arteries.
Since the primary visual cortex is located in tkeipital lobe, occlusion
of the posterior cerebral artery could lead to @&isless among other
symptoms

Posterior Choroidal Arteries; form the choroid plexus of 3rd and that
of body of 4th ventricles.

3.4 The Circle of Willis

The posterior cerebral artery is connected to tivermal carotid artery
by the posterior communicating artery. This congdetan arterial
polygon called the circle of Willis which allows rf@anastomotic blood
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flow in case of occlusion. Several small arteriegseafrom the circle
which are grouped thus;

The antero-medial supplies the head of caudate, anterior limb of
internal capsule and anterior part of hypothalamus.

- anterior cerebral artery

anterior communicating artery

circle
of Willis —|

middie cerebral artery

posterior communicating artery

posterior cerebral artery

basilar artery

vertebral artery

posterior inferior
cerebellar artery

The circle of willis

The anterolateral; also known as lenticulostriate, supplies therimaé
capsule, globus pallidus, putamen, head of cauddsistrum and
external capsule.

The posteromediaj supplies medial part of midbrain, anteriomedial
part of thalamus, subthalamic region, middle andtgror part of
hypothalamus.

The posterolateral also known as thalamogeniculate artery, suppy th
posterior part of thalamus and lateral part of madn

3.5 Venous drainage

The principal route of venous drainage of the braithrough a system
of cerebral veins. These empty into the dura vensusises and
ultimately into the internal jugular vein. There atso a collection of
emissary veins.

These connect the extracranial veins with the dsiralses. There is a
basilar venous plexus around the base of the lhanhcommunicates
with the epidural venous plexus of the spinal c&@drebral veins are
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divided into superficial and deep groups. Gener#llg superficial veins
lie on the surface of the cerebral hemispheres emgty into the

superior sagittal sinus. The deep veins drain matestructures and
eventually drain into the straight sinus. Cerelw@hs are valve-less.
They are also interconnected by numerous functianastomoses both
within a group and between the superficial and dgepps.

3.6 Clinical correlates
Blood Brain Barrier

o Branches of the arteries supplying the brain aocatkd in the
subarachnoid space. Smaller branches from theiemten the
subarachnoid space extend into the brain and lyuitkide into
capillaries. The epithelial cells of these capila are surrounded
by the foot processes of astrocytes. The astregytemote the
formation of tight junctions between the epitheleells. The
epithelial cells with their tight junctions fornie blood—brain
barrier, which regulates the movement of materfatsn the
blood into the brain.

Materials that would enter many tissues by pasdiegween the
epithelial cells of capillaries cannot pass throtigh blood—brain barrier
because of the tight junctions. Most materials #vaer the brain pass
through the epithelial cells. Lipid-soluble subst@s, such as nicotine,
ethanol, and heroin, can diff use through the ptasmembranes of the
epithelial cells and enter the brain. Water-soluimlelecules, such as
amino acids and glucose, move across the plasmabraass of the
epithelial cells by mediated transport.

. The permeability characteristics of the bloboain barrier must
be considered when developing drugs designedeotahe CNS.
For example, Parkinson disease is caused by a dacthe
neurotransmitter dopamine, which normally is prsih by
certain neurons of the brain. A lack of dopamimsuits in
decreased muscle control and shaking movementsiristering
dopamine is not helpful because dopamine canno$scihe
blood—brain barrier. Levodopa (L-dopa), a precurso
dopamine, is administered instead because it icas ¢the blood—
brain barrier. CNS neurons then convert levodapddpamine,
which helps reduce the symptoms of Parkinson desea

Self-Assessment Exercises

o describe the arterial supply of the brain and thead cord.
o describe the venous drainage of the brain andginalscord.
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) define the blood-brain barrier and its effect oa thovement of
materials into and out of the brain.

Activity

In the anatomy museum, identify the arterial suggpland venous
drainage of the central nervous system.

4.0 CONCLUSION

The brain requires a tremendous amount of bloagdamtain its normal

functions. The brain has a very high metabolic,rated brain cells are
not capable of storing high-energy molecules for l@mgth of time. In

addition, brain cells depend almost entirely oncghe as their energy
source. Thus, the brain requires a constant bloggplg to meet the

demands of brain cells for both glucose and oxygen.

5.0 SUMMARY

o The blood—-brain barrier is formed by the endothel@ls of the
capillaries in the brain. It limits what substamcenter brain

tissue.

o The principal route of venous drainage of the braithrough a
system of cerebral veins

o The main blood supply to the central nervous systexides the
internal carotid, vertebral and basilar systemartdries.

o The internal carotid system consists of the anteaimd middle
cerebral arteries, anterior choroidal and posteranmunicating
arteries

o Vertebral arteries run alongside the medulla, fuse the

pontomedullary junction to form the basilar arteltyhas three
divisions: anterior spinal, posterior spinal arasterior inferior
cerebellar artery.

o The basilar system with several branches.

6.0 TUTOR MARKED EXERCISES

1. Which of the following statements is true?
a. The brain requires constant delivery of glucrse
oxygen to function.
b. The foot processes of astrocytes surround lagaps in
the brain.
C. Tight junctions between capillary epithelialledorm the

blood — brain - barrier.
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d. Glucose passes through capillary epithelids dst
mediated transport.

e. all of the above.

2. Discuss the importance of thimod-brain barrierin maintaining
homeostasis within the brain.

3. True or false:Alcohol passes readily through the BBB because it
is a lipid-soluble compound.

Discuss the circle of willis.
5. Discuss the venous drainage of the centralousrgystem.

»
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MODULE 3 THE PERIPHERAL AND AUTONOMIC
NERVOUS SYSTEM

INTRODUCTION

Anatomically, the nervous system is divided inte tentral nervous
system (CNS) and theperipheral nervous system (PNS). The CNS
includes thebrain and thespinal cord (see previous module). The PNS
(described in this module) includes ttranial nerves, arising from the
inferior aspect of the brain, and tg@nal nerves, arising from the spinal
cord.

The autonomic nervous system (ANS) is a functional division of the
nervous system. It consists of components withen@NS and specific
nerves. The ANS is subdivided inggmpathetic and parasympathetic
divisions that provide innervation to smooth and cardiac nesscas
well as glands. The ANS functions autonomically toaintain
homeostasis and carry out many involuntary funestionthe body. The
peripheral nervous system consists of nerves ttaich off the CNS.
These nerves are called peripheral nerves andamsfeed in two types,
cranial nerves andspinal nerves.

20 OBJECTIVE
At the end of this module, you should be able to:

) Differentiate between structural and functionalisions of the
nervous system.
o Discuss the peripheral and autonomic nervous system

CONTENT

Unit 1 Cranial nerves
Unit 2 Spinal nerves
Unit 3 Autonomic nervous system

UNIT 1 CRANIAL NERVES
CONTENT

1.0 Introduction

2.0  Objectives

3.0 Main content
3.1 Names and function
3.2  Trigeminal nerve and dental anesthesia
3.3 Brain stem reflexes
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3.4  Clinical correlates
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

Cranial nerves are peripheral nerves that origirfaben the brain.
Roman numerals and names designate the twelveratiffecranial
nerves. The cranial nerves also have names in munoeder, this
mnemonic can help you remember their names:

On OccasionOur Trusty Truck Acts Funny; Very Good Vehicle Any
How. The mnemonic corresponds to tkdfactory (I), Optic (ll),
Oculomotor (Ill), Trochlear (1V), Trigeminal (V), Abducent (VI),
Facial (VII), Vestibulocochlear (VIII),Glossopharyngeal (IX)Vagus
(X), Accessory (XI), antHypoglossal (XIl) nerves

2.0 OBJECTIVES

At the end of this unit, you will be able to:

° Discuss the distribution and function of each & ¢hanial nerves
° Discuss the brain stem reflexes

3.0 MAINCONTENT

3.1 Namesand function

o Olfactory nerves carry smell information to the brain for
interpretation.

° Optic nerves carry visual information to the brain for
interpretation.

o Oculomotor nerves are found within the muscles that move the

eyeball, eyelid, and iris.

o Trochlear nerves act in the muscles that move the eyeball.

o Trigeminal nerves carry sensory information from the surface of
the eye, the scalp, facial skin, the lining of thems, and the

palate to the brain for interpretation. They alse ®und within
the muscles needed for chewing.
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o Abducens nerves act in the muscles that move the eyeball.

o Facial nerves are found in the muscles of facial expression as
well as in the salivary and tear glands. These agnlso carry
sensory information from the tongue.

o Vestibulocochlear nerves carry hearing and equilibrium
information from the inner ear to the brain foreirgretation.

o Glossopharyngeal nerves carry sensory information from the
throat and tongue to the brain for interpretatibhey also act in
the muscles of the throat.

o Vagus nerves carry sensory information from the thoracic and
abdominal organs to the brain for interpretationede nerves are
also found within the muscles in the throat, stdmautestines,
and heart.

° Accessory nerves are found within the muscles of the throat,
neck, back, and voice box.

o Hypoglossal nerves are found within the muscles of the tongue.
3.2 Trigeminal nerve and dental anesthesia

Trigeminal means three twins, and the sensory distributionthef
trigeminal nerve in the face is divided into thregions, each supplied
by a branch of the nerve. The three brancbpbthalmic, maxillary,
and mandibular—arise directly from the trigeminal ganglion, which
serves the same function as the dorsal root gaofjliae spinal nerves.
Only the mandibular branch contains motor axonsiclwvibypass the
trigeminal ganglion, much as the ventral root @p@al nerve bypasses
a dorsal root ganglion.

The maxillary and mandibular branches are importarentistry. The
maxillary nerve supplies sensory innervation to thexillary teeth,
palate, and gingiva. The mandibular branch supgkesory innervation
to the mandibular teeth, tongue, and gingiva. Tleious nerves
innervating the teeth are referred toahgeolar nerves. The superior
alveolar nerves to the maxillary teeth are derived from the maxjlla
branch of the trigeminal nerve, and iinéerior alveolar nerves to the
mandibular teeth are derived from the mandibulaanbh of the
trigeminal nerve.
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Dentists inject anesthetic to block sensory trassion by the alveolar
nerves. The superior alveolar nerves are not usaatsthetized directly
because they are difficult to approach with a needor this reason, the
maxillary teeth are usually anesthetized locallyifserting the needle
beneath the oral mucosa surrounding the teeth. ififlegior alveolar
nerve probably is anesthetized more often thanahgr nerve in the
body. To anesthetize this nerve, the dentist indbe needle somewhat
posterior to the patient’'s last molar and extersreedle near where
the mandibular branch of the trigeminal nerve entéie mandibular
foramen. Several nondental nerves are usually laetestd during an
inferior alveolar block. The mental nerve, whichpplies cutaneous
innervation to the anterior lip and chin, is a alidiranch of the inferior
alveolar nerve. When the inferior alveolar nervéliscked, the mental
nerve is blocked also, resulting in a numb lip ahih. Nerves lying
near the point where the inferior alveolar nervéeenthe mandible
often are also anesthetized during inferior alveaaesthesia. For
example, the lingual nerve can be anesthetizedréousce a numb
tongue. The facial nerve lies some distance froenitifierior alveolar
nerve, but in rare cases anesthetic can diffuserfaugh posteriorly to
anesthetize that nerve. The result is a tempoiialf palsy, with the
injected side of the face drooping because of fthoouscles, which
disappears when the anesthesia wears off. If tialfaerve is cut by an
improperly inserted needle, permanent facial palay occur.

3.3 Brain stem reflexes

Many of the brainstem reflexes are associated wiidnial nerve
function. The circuitry of most of these reflexastoo complex for our
discussions. In general, these reflexes involves@gninput from the
cranial nerves or spinal cord, as well as the motdput of the cranial
nerves. Turning of the eyes toward a flash of lightudden noise, and a
touch on the skin are examples of brainstem reflekoving the eyes
to track a moving object is another complex bramstreflex. Some of
the sensory neurons from cranial nerve VIl (vadbbochlear) form a
reflex arc with neurons of cranial nerves V (trigeat) and VIl (facial),
which send axons to muscles of the middle ear amdpen the effects
of very loud, sustained noises on delicate innersgactures. Reflexes
that occur during the process of chewing allowj#ves to react to foods
of various hardness and protect the teeth fromkiagga Both the
sensory and motor components of the reflex arccarged by cranial
nerve V (trigeminal). Reflexes involving input tlugh cranial nerve V
(trigeminal) and output through cranial nerve Xhypoglossal) move
the tongue about to position food between the téathchewing and
then move the tongue out of the way so that ibishitten.
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Brainstem reflexes are used to determine if thenbtam is functioning.

Brainstem reflexes are mediated by cranial nerms@s nuclei, cranial

nerve motor nuclei, and reticular formation nuclBhe presence of a
reflex indicates that sensory input reaches thengiem and the nuclei
are functioning to produce a response. The abseihaeeflex is taken

to indicate damage to the nuclei involved in théere

3.4 Clinical correlates
Cranial Nerve Disorders

Trigeminal neuralgia, also called tic douloureuwdlves the trigeminal
nerve and consists of sharp bursts of pain indbe.fThis disorder often
has a trigger point in or around the mouth, whighen touched, elicits
the pain response in some other part of the faoe.ciuse of trigeminal
neuralgia is unknown. Facial palsy (called Bellsgalis a unilateral
paralysis of the facial muscles. The affected sfldhe face droops
because of the absence of muscle tone. Althougicdlise of facial
palsy is often unknown, it can result from inflantroa of the facial

nerve or a stroke or tumor in the cerebral cortelBrainstem. The facial
nerve passes from deep to superficial through theotp gland,

andtemporary facial palsy can result from inflamoratof the parotid

gland. Temporary facial palsy can even result fextieme cold in the
face, where the superficial branches of the fawaVe are located.

Disorders of the cranial nerves can be determined using the
following tests:

> The olfactory nerves (I) are tested by asking aepato smell
various substances.

> Cranial nerves lll, IV, and VI are tested by askengatient to
track the movement of the physician’s finger. Ipatient cannot
move her eyeballs properly, there may be damagadcof these
nerves. Recall that these nerves control the rasishiat move the
eyeballs.

> Cranial nerve V controls the muscles needed fowaige To
assess this nerve, a patient is asked to clenchteleith. The
physician then feels the jaw muscles. If they feap or weak,
this nerve may be damaged.

> If a person can no longer make facial expressitren; cranial

nerve VII may be damaged. This nerve controls rinescles
needed to make facial expressions.
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> If a patient cannot extend his tongue and moveoitnfside to
side, cranial nerve Xl may be damaged. This newatrols
tongue movement.

Self-Assessment Exercises

° Discuss the distribution and function of each & ¢hanial nerves
° Discuss the brain stem reflexes

40 CONCLUSION

Cranial nerves are designated by Roman numeraXdi)ler specific
names.

5.0 SUMMARY

o The two types of general functions are sensory arador.
Sensory includes special senses and general seNkssr
includes somatic motor and parasympathetic.

o The trigeminal nerve (V) has three branches—ophiizal
maxillary, and mandibular. The superior alveolarve (branch
of the maxillary) and the inferior alveolar nergl@anch of the
mandibular) are used for dental anesthesia.

o Many reflexes are mediated through the brainstdm.Brainstem
is considered to be non-functional when reflexieallalevels of
the brainstem are non-functional and there is ponwneous
breathing, which is mediated through the medublamgata

6.0 TUTOR MARKED ASSIGNMENTS

1. The cranial nerve involved in chewing foodhs t
a. trochlear (IV).
b. trigeminal (V).
C. abducent (VI).
d. facial (VII).
e. vestibulocochlear (VIII).
2. The cranial nerve involved in moving the tonggithe
a. trigeminal (V).
b. facial (VII).
C. glossopharyngeal (1X).
d. accessory (XI).
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e. hypoglossal (XII).
The cranial nerve involved in feeling a tootinads the

trochlear (1V).
trigeminal (V).
abducent (VI).

facial (VII).
vestibulocochlear (VIII).

®oo o

From this list of cranial nerves:

optic (I1)
oculomotor (111)
trochlear (1V)
trigeminal (V)
abducent (VI)

Select the nerves that are involved in moving yese

o

arwpbpE

PO TQ

1,2,3
1,2,4
2,34
2,45
2,3,5

From this list of cranial nerves:

trigeminal (V)

facial (VII)
glossopharyngeal (1X)
vagus (X)
hypoglossal (XII)

Select the nerves that innervate the salivary gland

o

ProONPE

®o 0T

1,2
2,3
3,4
4,5
3,5

From this list of cranial nerves:
oculomotor (111)
trigeminal (V)

facial (VII)
vestibulocochlear (VIII)
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glossopharyngeal (1X)

vagus (X)

Where do the cranial nerves attach to the Brain

Of all the cranial nerves, which is most impattto a dentist?

NGO
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UNIT 2 SPINAL NERVES
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1.0 INTRODUCTION

Spinal nerves are peripheral nerves that origifrat® the spinal cord.
There are 31 pairs of spinal nerves: 8 pairs ofical nerves (numbered
C1 through C8), 12 pairs of thoracic nerves (nurddrl through T12),
5 pairs of lumbar nerves (numbered L1 through I5pairs of sacral
nerves (numbered S1 through S5), and one pair ofygeal nerves
(Co).

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. Locate and describe the spinal nerves.
. Discuss the spinakflex arc.

3.0 MAINCONTENT
3.1 Structureof nerves

Nerves consist of collections of axons, Schwaniscahd connective
tissue in the PNS. Each axon, or nerve fiber, sm8chwann cell sheath
are surrounded by a delicate connective tissue,|l#tlye endoneurium. A
heavier connective tissue layer, the perineuriuanfosinds groups of
axons to form nerve fascicles. A third layer of slerconnective tissue,
the epineurium, binds the nerve fascicles togetihdorm a nerve. The
connective tissue of the epineurium is continuouth whe dura mater
surrounding the CNS. An analogy of this relatiopskia coat (the dura)
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and its sleeve (epineurium). The connective tisayers of nerves make
them tougher than the nerve tracts in the CNS.

Adipose tissue

Epineurium —. ' /
. -
s -
e -

Perineurium —, s

f' ' \ AP\ ___ Atery
Endoneurium . .7 and vein
\ “— Loose connective tissue
Schwann
cell — > Fascicle
Axon

Structure of anerve
3.2 Distribution of nerves

There are 31 pairs of spinal nerves, each idedtifig a letter and a
number. The letter indicates the region of the elmdl column from
which the nerve emerges: C, cervical; T, thoraticjumbar; and S,
sacral. The single coccygeal nerve may be idedtdi Co, but typically
receives no designation. The number indicates tation in each
region where the nerve emerges from the vertelwhinm, with the
smallest number always representing the most supenigin. For
example, the most superior nerve exiting from tiedcic region of the
vertebral column is designated T1. The cervicavegrare designated
C1-C8, the thoracic nerves T1-T12, the lumbar reebde-L5, and the
sacral nerves S1-S5. Note that the number of egod of nerve
matches the number of each type of vertebrae, éXoeghe cervical
nerves. Although there are only 7 cervical vertepthere are 8 pairs of
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cervical spinal nerves because 2 pairs of nervesassociated with the
first cervical vertebra. The first pair of cervica¢rves exit the spinal
cord between the skull and the first cervical Jer@eand the second pair
exit through the intervertebral foramina betweea fiist and second
cervical vertebrae. The nerves arising from eadiore of the spinal
cord and vertebral column supply specific regiofisthe body. Not
surprisingly, the nerves supply skeletal musclesainop to bottom
pattern: the cervical nerves supply muscles ohted, neck, shoulders,
and upper limbs; the thoracic nerves supply musaig¢se upper limbs,
thorax, vertebral column, and hips; the lumbar esrsupply muscles of
the vertebral column, hips, and lower limbs; and #acral nerves
supply muscles of the lower limbs.

Each of the spinal nerves except C1 has a spemit@neous sensory
distribution. A dermatome is the area of skin supplied with sensory
innervation by a pair of spinal nerves.d& matomal map shows the
distribution of all the dermatomes.
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Functions
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£ Upper limb
_____ ' movement

Rib movement
in breathing,
vertebral column
—  movement, and
tone in postural
back muscles

Thoracic
nerves
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— Hip movement
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| Lower imb
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Dermatomes of the skin

3.3 Major nerveplexuses

Spinal nerves arise from the spinal cord as rootl@the rootlets
combine to form the ventral and dorsal roots, witichbine to form the
spinal nerve. The spinal nerve divides to form bhas called rami.
Each spinal nerve has a dorsal and a ventral rarAdslitional
communicating rami are associated with the sympiatievision of the
ANS. The dorsal rami innervate most of the deepahegsof the dorsal
trunk responsible for movement of the vertebraluooi. They also
innervate the connective tissue and skin near titdina of the back.
The ventral rami are distributed in two ways. Ie thoracic region, the
ventral rami form intercostal (between ribs) nerwekich extend along
the inferior margin of each rib and innervate thiiicostal muscles and
the skin over the thorax. The ventral rami of tkevical, lumbar, sacral,
and coccygeal spinal nerves form plexuses. The pezxas means braid
and describes the organization produced by thenmbgling of the
nerves. The brachial plexus will be used to illatgrhow the spinal
nerves intermingle within a plexus and then gige rio nerves that are
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distributed throughout the body. Th e brachial pkexs the most
complicated plexus, and other plexuses have simitat simpler,
interconnections.

Brachial plexus

The brachial plexus originates from spinal nervés-T1.. The ventral
rami of the spinal nerves are called the rootsheflexus. These roots
should not be confused with the dorsal and ventrats from the spinal
cord, which are more medial. The five roots joinféom three trunks,
which separate into six divisions and then joiniaga create three
cords (posterior, lateral, and medial) from whiokefmajorbranches,
or nerves, emerge. The five major nerves are akidary, radial,
musculocutaneous, ulnar, and median nerves. They supply the upper
limb.

[l Roots (ventral rami): C5, C6, C7, C8, T1
[ Trunks: upper, middie, lower

[l Anterior divisions

[ Posterior divisions

B cords: posterior, lateral, medial

[[] major branches:
Axillary nerve
Radial nerve

Musculocutaneous nerve
Median nerve

Ulnar nerve
Upper
Dorsal scapular nerve trunk
Subclavian nerve
C6
Thoracodorsal nerve
Upper and lower 2
subscapular nerves mﬁi‘e
Suprascapular nerve
Posterior cord — c7
Axillary nerve
Lateral cord
Radial nerve Long
Musculo- %%zc'c
cutaneous
nerve Cc8
Medial and
lateral
pectoral —
nerves e
Median
nerve
Medial cord
Ulnar nerve
y ! Medial brachial
Medial antebrachial /  ctaneous nerve
cutaneous nerve

Anterior view
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The brachial plexus

HUMAN ANATOMY IV

The distribution of the radial nerve to skeletalsties of the upper limb

is shown below.

Posterior cord
Lateral cord \

Medial cord

Long head of
triceps brachii

Medial head of
triceps brachii

Radial nerve

Lateral head of
triceps brachii

Brachioradialis

Extensor carpi
radialis longus

Extensor carpi
ANConeus radialis brevis
Supinator
Extensor digitorum
Extensor digiti minimi Adductor pollicis
Extensor carpi ulnaris longus

Extensor indicis

Extensor poilicis

Theradial nerve

brevis and longus

In a similar fashion, nerves arising from plexuses distributed to
skeletal muscles throughout the body. Nerves @riBom plexuses also
supply the skin. Note that axons of spinal nervésTl can reach the
radial nerve through the interconnections of thacbral plexus. Thus,
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axons in the radial nerve arise from levels C5-fTthe spinal cord. The
cutaneous distribution of a nerve arising from expk is different from
the cutaneous distribution (dermatome) arising franspinal nerve
because the plexus nerve consists of axons frone than one level of
the spinal cord.

Cervical Plexus

The cervical plexusis a relatively small plexus originating from sgina
nerves C1-C4. Branches derived from this plexusrivate superficial
neck structures, including several of the musctesched to the hyoid
bone. The cervical plexus innervates the skin efrtack and posterior
portion of the head. Thphrenic nerve, which originates from spinal
nerves C3-C5, is derived from both the cervical Arachial plexus.
The phrenic nerves descend along each side of ébhk t enter the
thorax. They descend along the sides of the meulimstto reach the
diaphragm, which they innervate. Contraction of thiephragm is
largely responsible for the ability to breathe.

Lumbar and Sacral Plexuses

The lumbar plexus originates from the ventral rami of spinal nerves
L1-L4 and thesacral plexus from L4 to S4. Because of their close,
overlapping relationship and their similar disttibn, however, the two
plexuses often are considered together as a dingibosacral plexus
(L1-S4). Four major nerves exit the lumbosacrakygeand enter the
lower limb: the obturator, femoral, tibial, and common fi bular
(peroneal) nerves. Other lumbosacral nerves supply muscles of the
lower back, hip, and lower abdomen and the skithefhip and thigh.
The tibial and common fi bular nerves originatenirgpinal segments
L4-S3 and are bound together within a connectssug sheath for the
length of the thigh. The two nerves bound togeénerreferred to jointly
as thesciatic nerve. The sciatic nerve is by far the largest peripheral
nerve in the body. It passes through the greatatisootch in the coxal
bone and descends in the posterior thigh to thi bathe knee, where
the tibial and common fibular nerves separate fregch other. The
sciatic nerve supplies the posterior thigh musclbg, tibial nerve
supplies the posterior compartment of the leg, tsedcommon fibular
supplies the anterior and lateral compartmentsn@ras of the two
nerves combine to form theairal nerve, which supplies the skin on the
posterior and lateral leg.

Coccygeal Plexus

The coccygeal plexus is a very small plexus formed from the ventral
rami of spinal nerve S5 and the coccygeal nervg.(Cas small plexus
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supplies the muscles of the pelvic floor and thi skver the coccyx.
The dorsal rami of the coccygeal nerves also iratergome skin over
the coccyx.

3.4 Clinical correlates
Radial Nerve Damage

The radial nerve lies near the humerus in theaxXi¥hen crutches are
used improperly, the crutch is pushed tightly ithe axilla. This can
damage the radial nerve by compressing it agaihst humerus,
resulting incrutch paralysis. In this disorder, muscles innervated by the
radial nerve lose their function. The major symptomradial nerve
damage isvrist drop, an inability to extend the wrist when the pronated
forearm is held parallel to the ground. Consequetttke wrist drops into

a flexed position. The radial nerve can be permiyelamaged by a
fracture of the humerus in the proximal part of &nm. A sharp edge of
the broken bone may cut the nerve, resulting imp@ent paralysis
unless the nerve is surgically repaired. Becausgot#ntial damage to
the radial nerve, a broken humerus should be tteadry carefully.

Ulnar Nerve Damage

The ulnar nerve is the most easily damaged ohallperipheral nerves,
but such damage is almost always temporary. Stightage to the ulnar
nerve may occur where it passes posterior to théiahepicondyle of
the humerus. The nerve can be felt just below kire & this point, and,
if this region of the elbow is banged against adhaiject, temporary
ulnar nerve damage may occur. This damage resulginful tingling
sensations radiating down the ulnar side of theedon and hand.
Because of this sensation, this area of the ellowften called the
funny bone or crazy bone.

Median Nerve Damage

Damage to the median nerve occurs most commonlyenibenters the
wrist through thecarpal tunnel. This tunnel is created by the concave
organization of the carpal bones and the retinasutin the anterior
surface of the wrist. None of the connective tissamponents of the
carpal tunnel expand readily. The tendons passingugh the carpal
tunnel may become inflamed and enlarged as a reduiepetitive
movements. This inflammation can produce pressutieinvthe carpal
tunnel, thereby compressing the median nerve arslltreg in
numbness, tingling, and pain in the fingers. Then#r muscles,
innervated by the median nerve, have reduced famctiesulting in
weakness in thumb flexion and opposition. This ¢ionl is referred to

141



NSC 218 MODULE 3

ascarpal tunnel syndrome. Carpal tunnel syndrome is common among
people who perform repetitive movements of the twrisnd fingers,
such as keyboard operators. Surgery is often reduio relieve the
pressure.

Self-Assessment Exercises

. Describe the spinal nerves.

. Discuss the spinakflex arc.

Activity

o In the histology laboratory, observe and recognittes
microscopic slides of a nerve and its connectissui coverings.

o In the gross anatomy laboratory/ dissection roamentify the

major spinal nerve plexuses — cervical, brachiambdar and
sacral plexuses.

40 CONCLUSION

The five major plexuses are the cervical (C1-C4achial (C5- T1),

lumbar (L1-L4), sacral (L4-S4), and coccygeal (St a@occygeal

nerve). The lumbar and sacral plexuses are oftasidered together as
the lumbosacral plexus. A major nerve of the cetviglexus is the

phrenic nerve. The major nerves of the brachiatydeare the axillary,

radial, musculocutaneous, ulnar, and median nerves.

50 SUMMARY

o Individual axons are surrounded by the endoneuri@noups of
axons, called fascicles, are bound together byp#reurium.
The fascicles form the nerve and are held togetherthe
epineurium.

o Eight cervical, 12 thoracic, 5 lumbar, 5 sacralrgaiand 1
coccygeal pair make up the spinal nerves. Theildigion of
spinal nerves to skeletal muscles has a top-twimopattern in
which superior nerves supply superior muscles arfdrior
nerves supply inferior muscles.

o Spinal nerves have specific cutaneous distributiaraled

dermatomes. Spinal nerves branch to form rami. ddrsal rami
supply the muscles and skin near the midline efoéick.
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6.0 TUTOR MARKED ASSIGNMENTS

1. Which of these is a correct count of the spirealves?
a. 9 cervical, 12 thoracic, 5 lumbar, 5 sacralpdcygeal
b. 8 cervical, 12 thoracic, 5 lumbar, 5 sacralpécygeal
C. 7 cervical, 12 thoracic, 5 lumbar, 5 sacralpicygeal
d. 8 cervical, 11 thoracic, 4 lumbar, 6 sacraiptcygeal
e. 7 cervical, 11 thoracic, 5 lumbar, 6 sacralpdcygeal

Given these structures:
1. dorsal ramus

2. dorsal root

3 plexus

4 ventral ramus

5 ventral root

Choose the arrangement that lists the structurethanorder that an
action potential passes through them, given that attion potential
originates in the spinal cord and propagates terglperal nerve.

2,1,3

2,3,1

3,4,5

534

54,3

PO TQ

3. Damage to the dorsal ramus of a spinal ners@tsein
a. loss of sensation.
b. loss of motor function.
C. both a and b.

4. A dermatome
a. is the area of skin supplied by a pair of dpneaves.
b. exists for each spinal nerve except C1.
C. can be used to locate the site of spinal condeove root
damage.
d. all of the above.

5. A collection of spinal nerves that join togetladter leaving the
spinal cord is called a

a. ganglion.

b. nucleus.

C. projection nerve.
d. plexus.
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6. Which of these nerves arises from the cenptatus?
a. median
b. musculocutaneous
C. phrenic
d. obturator
e. ulnar sheath.

7. The sciatic nerve is actually two nerves cormbimwithin the
same. The two nerves are the

femoral and obturator.

femoral and gluteal.

common fibular (peroneal) and tibial.
common fibular (peroneal) and obturator.
tibial and gluteal.

®oo o
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1.0 INTRODUCTION

During a picnic on a sunny spring day, it is easygdncentrate on the
delicious food and the pleasant surroundings. Thent@nance of
homeostasis requires no conscious thought. Thenantic nervous
system (ANS) helps keep body temperature at a aonhdevel by
controlling the activity of sweat glands and theoamt of blood flowing
through the skin. The ANS helps regulate the competivities
necessary for the digestion of food. The moveméabeorbed nutrients
to tissues is possible because the ANS controlg hat, which helps
maintain the blood pressure necessary to deliveodlto tissues.
Without the ANS, all of the activities necessaryraintain homeostasis
would be overwhelming.

A functional knowledge of the ANS enables you tedxct general
responses to a variety of stimuli, explain respsnge changes in
environmental conditions, comprehend symptoms tfesult from
abnormal autonomic functions, and understand howgsiraffect the
ANS.
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20 OBJECTIVES

At the end of this unit, you will be able to:

o distinguish further between the ANS and the sonstatem
o predict the effects of sympathetic versus parasyinepia
stimulation on specific organs.

3.0 MAINCONTENTS

3.1 Differencebetween PNS and ANS

The peripheral nervous system (PNS) is composeérmgory and motor
neurons. Sensory neurons carry action potentialw the periphery to
the central nervous system (CNS), and motor neugaisy action
potentials from the CNS to the periphery. Motor noes are either
somatic motor neurons, which innervate skeletalabeir autonomic
motor neurons, which innervate smooth muscle, aardnuscle, and
glands.

Although axons of autonomic, somatic, and sensewyrans are in the
same nerves, the proportion varies from nerve toend-or example,
nerves innervating smooth muscle, cardiac muscde,gands, such as
the vagus nerves, consist primarily of axons ofomomic motor

neurons and sensory neurons. Nerves innervatirgtakenuscles, such
as the sciatic nerves, consist primarily of axomissomatic motor

neurons and sensory neurons. Some cranial nerves) as the

olfactory, optic, and vestibulocochlear nerves, @mposed entirely of
axons of sensory neurons. The cell bodies of semadtor neurons are
in the CNS, and their axons extend from the CNSkigletal muscle.
The ANS, on the other hand, has two neurons inressextending

between the CNS and the organs innervated.

The first neurons of the series are called pregamigl neurons. Their
cell bodies are located in the CNS within eithez tirainstem or the
lateral part of the spinal cord gray matter, anéirttaxons extend to
autonomic ganglia located outside the CNS. The rewtuc ganglia
contain the cell bodies of the second neurons efséries, which are
called postganglionic neurons. The preganglionigroies synapse with
the postganglionic neurons in the autonomic gangliee axons of the
postganglionic neurons extend from autonomic gangt effector
organs, where they synapse with their target tssue
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3.2 Anatomy of the ANS

The ANS is subdivided into th@/mpathetic and theparasympathetic
divisions and theenteric nervous system (ENS). The sympathetic and
parasympathetic divisions differ structurally in) ¢he location of their
preganglionic neuron cell bodies within the CNS é2)dthe location of
their autonomic ganglia. The enteric nervous sysiena complex
network of neuron cell bodies and axons withinvitadl of the digestive
tract. An important part of this network is sympatb and
parasympathetic neurons. For this reason, theiemtervous system is
considered to be part of the ANS.

3.3 Sympathetic Division
Cell bodies of sympathetic preganglionic neuromsiarthe lateral horns

of the spinal cord gray matter between the firsirdoic (T1) and the
second lumbar (L2) segments. The sympathetic diviss sometimes

147



NSC 218 MODULE 3

called thethoracolumbar divison because of the location of the
preganglionic cell bodies.

The axons of preganglionic neurons are small inmdiar and
myelinated. The short connection between a spiraven and a
sympathetic chain ganglion through which the preggianic axons pass
is called a white ramus communicans because oWthesh colour of
the myelinated axons. Sympathetic axons exit thapsghetic chain
ganglia by the following four routes:

1. Soinal nerves - Preganglionic axons synapse with postganglionic
neurons in sympathetic chain ganglia. They can Es@at the
same level that the preganglionic axons enter ymepathetic
chain, or they can pass superiorly or inferiorlyotigh one or
more ganglia and synapse with postganglionic neuron a
sympathetic chain ganglion at a different level.

Axons of the postganglionic neurons pass througiag ramus
communicans and re - enter a spinal nerve. Podigaitgaxons
are not myelinated, thereby giving the gray ramusmunicans
its grayish colour. All spinal nerves receive pasiglionic axons
from a gray ramus communicans. The postganglioxans then
project through the spinal nerve to smooth musde glands
located in the skin and skeletal muscles.

2. Sympathetic nerves - Preganglionic axons enter the sympathetic
chain and synapse in a sympathetic chain gangtitimeasame or
a different level with postganglionic neurons. Tgwstganglionic
axons leaving the sympathetic chain ganglion foymgathetic
nerves, which supply organs in the thoracic cavity.

3. Spolanchnic nerves- Some preganglionic axons enter sympathetic
chain ganglia and, without synapsing, exit at tlaene or a
different level to form splanchnic nerves. Thoseganglionic
axons extend to collateral ganglia, where they gyeawith
postganglionic neurons. Axons of the postganglioneurons
leave the collateral ganglia through small nerved extend to
effector organs in the abdominopelvic cavity.

4. Innervation to the adrenal gland — The splanchnic nerve
innervation to the adrenal glands is different frother ANS
nerves because it consists of only preganglionirores. Axons
of the preganglionic neurons do not synapse in syhgtic chain
ganglia or in collateral ganglia. Instead, the axpass through
those ganglia and synapse with cells in the adnerealulla. The
adrenal medulla is the inner portion of the adreghlnd;

148



NSC 218 HUMAN ANATOMY IV

itconsists of specialized cells derived during eyohic
development from neural crest cells, which are Hame
population of cells that gives rise to the postdiang: cells of
the ANS. Adrenal medullary cells are round, havearons or
dendrites, and are divided into two groups. Abod®8of the
cells secrete epinephrine also called adrenalirk adoout 20%
secrete norepinephrine, also called noradrena8timulation of
these cells by preganglionic axons causes the seleaf
epinephrine and norepinephrine. These substaneegate in the
blood and affect all tissues having receptors tackwhhey can
bind. The general response to epinephrine and maglrine
released from the adrenal medulla is to preparentheidual for
physical activity. Secretions of the adrenal meulhre
considered hormones because they are releasethantgeneral
circulation and travel some distance to the tissneshich they
have their effect.

3.4 Parasympathetic Division

The cell bodies of parasympathetic preganglioniaromes are either
within cranial nerve nuclei in the brainstem orhaitthe lateral parts of
the gray matter in the sacral region of the spooatl from S2 to S4. For
that reason, the parasympathetic division is sonesi called the
craniosacral division. Axons of the parasympathetic preganglionic
neurons from the brain are ananial nerves |11, VII, I X, and X and
from the spinal cord irmpelvic splanchnic nerves. The preganglionic
axons course through these nervestdaminal ganglia, where they
synapse with postganglionic neurons. The axondefpostganglionic
neurons extend relatively short distances fromt#reninal ganglia to
the effector organs. The terminal ganglia are eittear or embedded
within the walls of the organs innervated by theraggmpathetic
neurons. Many of the parasympathetic ganglia asl dsat some, such
as those in the wall of the digestive tract, argda
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3.5 Physology of ANS
Neurotransmitters

Sympathetic and parasympathetic nerve endings teeomee of two
neurotransmitters. If the neuron secretes acetiifeho it is a
cholinergic neuron; if it secretes norepinephrine (or epinephrine)s it
anadrenergic neuron. Adrenergic neurons are so named because at one
time it was believed that they secreted adrenahvigich is another
name for epinephrine. All preganglionic neuronghaf sympathetic and
parasympathetic divisions and all postganglionicuraes of the
parasympathetic division are cholinergic. Almost pbstganglionic
neurons of the sympathetic division are adrenerdiaf a few
postganglionic neurons that innervate thermoregoyfatweat glands are
cholinergic. In recent years, substances in additio the regular
neurotransmitters have been extracted from ANS amsur These
substances include nitric oxide; fatty acids, sumh eicosanoids;
peptides, such as gastrin, somatostatin, choldayato vasoactive
intestinal peptide, enkephalins, and substancené n@onoamines, such
as dopamine, serotonin, and histamine. The speuifec that many of
these compounds play in the regulation of the Adl8nclear, but they
appear to function as either neurotransmitters euremodulator
substances.

3.6 Receptors

Receptors for acetylcholine and norepinephrine laated in the
plasma membrane of certain cells. The combinatfamearotransmitter
and receptor functions as a signal to cells, cgusitem to respond.
Depending on the type of cell, the response istatxy or inhibitory.
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Cholinergic Receptors

Cholinergic receptors are receptors to which acetylcholine binds. They
have two major, structurally different formMicotinic receptors bind
to nicotine, an alkaloid substance found in tobaaoed muscarinic
receptor s bind to muscarine, an alkaloid extracted from sqmisonous
mushrooms. Although nicotine and muscarine arenadarally in the
human body, they demonstrate the differences betwee two classes
of cholinergic receptors. Nicotine binds to nicatineceptors but not to
muscarinic receptors, whereas muscarine binds wcaninic receptors
but not to nicotinic receptors. On the other hamitotinic and
muscarinic receptors are very similar because ktetjne binds to and
activates both types of receptors. The membraned| glostganglionic
neurons in autonomic ganglia and the membraneka&etal muscle
cells have nicotinic receptors. The membranes @dctir cells that
respond to acetylcholine released from postganglioreurons have

muscarinic receptors.
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3.7 Regulation of ANS

Much of the regulation of structures by the ANS wsc through

autonomic reflexes, but input from the cerebrure, ilgpothalamus, and
other areas of the brain allows conscious thoughtsactions, emotions,
and other CNS activities to influence autonomicctions. Without the
regulatory activity of the ANS, an individual hasnited ability to

maintain homeostasig\utonomic refl exes, like other reflexes, involve
sensory receptors, sensory neurons, interneuroosrmeurons, and
effector cells. For exampleyaroreceptors (stretch receptors) in the
walls of large arteries near the heart detect cbsmg blood pressure,
and sensory neurons transmit information from theroteceptors
through the glossopharyngeal and vagus nerves & rtedulla

oblongata. Interneurons in the medulla oblongatéegmate the

information, and action potentials are producediimonomic neurons
that extend to the heart. If baroreceptors detechange in blood
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pressure, autonomic reflexes change heart rategchwiaturns blood
pressure to normal.

A sudden increase in blood pressure initiates agyanpathetic reflex,
which inhibits cardiac muscle cells and reducesthage, thus bringing
blood pressure down toward its normal value. Coselgr a sudden
decrease in blood pressure initiates a sympatheditex, which

stimulates the heart to increase its rate and fofceontraction, thus
increasing blood pressure. Other autonomic reflgpasicipate in the
regulation of blood pressure. For example, numersysipathetic
neurons transmit a low but relatively constant @iepy of action
potentials that stimulate blood vessels throughbet body, keeping
them partially constricted. If the vessels consfiucther, blood pressure
increases; if they dilate, blood pressure decreaBess, altering the
frequency of action potentials delivered to blooéssels along
sympathetic neurons can either raise or lower bjwedsure.

The brainstem and the spinal cord contain imporéanonomic reflex
centers responsible for maintaining homeostasie Mipothalamus,
however, is in overall control of the ANS. Almoshyatype of

autonomic response can be evoked by stimulatingad pf the

hypothalamus, which in turn stimulates ANS centerthe brainstem or
spinal cord. Although there is overlap, stimulatioh the posterior
hypothalamus produces sympathetic responses, v#heteaulation of

the anterior hypothalamus produces parasympathesponses. In
addition, the hypothalamus monitors and controlyltemperature. The
hypothalamus has connections with the cerebrumisrah important
part of the limbic system, which plays an importasie in emotions.
The hypothalamus integrates thoughts and emotionsrdduce ANS
responses. Pleasant thoughts of a delicious bannitiete increased
secretion by salivary glands and by glands withie stomach and
increased smooth muscle contractions within theestige system.
These responses are controlled by parasympathetioms. Emotions
such as anger increase blood pressure by incredsag rate and
constricting blood vessels through sympathetic @ation. The enteric
nervous system is involved with autonomic and logzflexes that
regulate the activity of the digestive tract. Foample, in an ANS
reflex, sensory neurons detecting stretch of tigestive tract wall send
action potentials to the CNS. In response, the 3¢8ds action
potentials out the ANS, causing smooth muscle & digestive tract
wall to contract.

The neurons of the enteric nervous system alsatpardependently of
the CNS to produce local reflexes.ldcal reflex does not involve the
CNS, but it does produce an involuntary, unconsgsiosiereotypic
response to a stimulus. For example, sensory nsuronhconnected to
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the CNS detect stretch of the digestive tract Widlese sensory neurons
send action potentials through the enteric plexdsesiotor neurons,
causing smooth muscle contraction or relaxation.

Clinical correlates
Effects of Spinal Cord Injury on ANS Functions

Spinal cord injury can damage nerve tracts, rasylin the loss of
sensation and motor control below the level of itjary. Spinal cord

injury also interrupts the control of autonomic rans by ANS centers
in the brain. For the parasympathetic division, eefibr organs
innervated through the sacral region of the spooail are affected, but
most effector organs still have normal parasympathienction because
they are innervated by the vagus nerve. For thepagimetic division,

brain control of sympathetic neurons is lost betbw site of the injury.

The higher the level of injury, the greater the bemof body parts
affected.

Immediately after spinal cord injury, spinal coedlexes below the level
of the injury are lost, including ANS reflexes. Witime, the reflex
centers in the spinal cord become functional agaéhms recovery is
particularly important for reflexes involving uriti@n and defecation.
Autonomic reflexes mediated through the vagus rexethe enteric
nervous system are not affected by spinal cordynju

Dopamine and the Treatment of Shock

Norepinephrine is produced from a precursor mokcalled dopamine.
Certain sympathetic neurons release dopamine, whicids to
dopamine receptors. Dopamine is structurally sintdanorepinephrine
and it binds to beta receptors. Dopamine hydroaldohas been used
successfully to treat circulatory shock becaussit bind to dopamine
receptors in kidney blood vessels. The resultingpddation increases
blood flow to the kidneys and prevents kidney daegnafyt the same
time, dopamine can bind to beta receptors in tla@theausing stronger
contractions.

Self-Assessment Exercise

Describe the effects of sympathetic versus paraagmegic stimulation
on specific organs.

Activity
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In the anatomy museum, locate and examine any patte autonomic
nervous system on models available.

4.0

CONCLUSION

The cell bodies of somatic motor neurons are latatethe CNS, and
their axons extend to skeletal muscles, where tteye an excitatory
effect that usually is controlled consciously.

5.0

SUMMARY

The cell bodies of the preganglionic neurons of &kS are
located in the CNS and extend to ganglia, wherg 8ymapse
with postganglionic neurons. The postganglionicrexextend to
smooth muscle, cardiac muscle, or glands and haexatatory
or inhibitory effect, which usually is controlleshconsciously.
Preganglionic cell bodies are in the lateral hoohghe spinal
cord gray matter from T1 to L2. Preganglionic axqpesss
through the ventral roots to the white rami comroantes to the
sympathetic chain ganglia.

Preganglionic cell bodies are in nuclei in the hstem or the
lateral parts of the spinal cord gray matter frod ® S4.
Preganglionic axons from the brain pass to ganti@ugh
cranial nerves. Preganglionic axons from the sa@gion pass
through the pelvic splanchnic nerves to the ganglia
Preganglionic axons pass to terminal ganglia withewall of or
near the organ that is innervated.

Sympathetic, parasympathetic, and sensory neurdesniingle
in autonomic nerve plexuses. Sympathetic axonshreagans
through spinal, sympathetic, and splanchnic nerves.
Parasympathetic axons reach organs through crandlpelvic
splanchnic nerves. Sensory neurons run alongsidgayetic
and parasympathetic neurons within nerves and n@exeises.
Acetylcholine is released by cholinergic neuronsll (a
preganglionic neurons, all parasympathetic postgamg
neurons, and some sympathetic postganglionic neuron
Norepinephrine is released by adrenergic neuron®stm
sympathetic postganglionic neurons). Acetylcholibeds to
nicotinic receptors (found in all postganglionicunens) and
muscarinic receptors (found in all parasympathetit some
sympathetic effector organs). Norepinephrine antheghrine
bind to alpha and beta receptors (found in most psyhetic
effector organs).
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o Activation of nicotinic receptors is excitatory, aieas activation
of muscarinic, alpha, and beta receptors is eitheitatory or
inhibitory.

6.0 TUTOR MARKED ASSIGNMENT

1. Given these phrases:
1. Neuron cell bodies in the nuclei of cranialvesr
2. Neuron cell bodies in the lateral gray mattethe spinal
cord (S2-S4)
3. Two synapses between the CNS and eff ectonerga
4. Regulates smooth muscle

Which of the phrases are true for the autonomigaes system?

®oo o

1,3

2,4
1,2,3
2,3,4
1,2,3,4

2. Given these structures:

2.
3.

gray ramus communicans
white ramus communicans
sympathetic chain ganglion

Choose the arrangement that lists the structurékerorder an action
potential passes through them from a spinal nernamteff ector organ.

®oo o

1,2,3
1,3,2
2,1,3
2,3,1
3,2,1

3. Given these structures:

PONPE

collateral ganglion
sympathetic chain ganglion
white ramus communicans
splanchnic nerve

Choose the arrangement that lists the structurékerorder an action
potential travels through them on the way from aapnerve to an
effector organ.
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a. 1,3,2,4
b. 1,4,2,3
C. 3,1,4,2
d. 3,24,1
e. 4,3,1,2
4. The white ramus communicans contains
a. preganglionic sympathetic fibers.
b. postganglionic sympathetic fibers.
C. preganglionic parasympathetic fibers.
d. postganglionic parasympathetic fibers.
5. The cell bodies of the postganglionic neurohthe sympathetic

division are located in the

a. sympathetic chain ganglia
b. collateral ganglia.
C. terminal ganglia.
d. dorsal root ganglia.
e. both a and b.
6. Splanchnic nerves
a. are part of the parasympathetic division.
b. have preganglionic neurons that synapse ircdtlateral
ganglia.
C. exit from the cervical region of the spinalaor
d. travel from the spinal cord to the sympathehain
ganglia.
e. all of the above.
7. Which of the following statements regarding #drenal
gland is true?
a. The parasympathetic division stimulates themalrgland
to release acetylcholine.
b. The parasympathetic division stimulates thesaalr gland
to release epinephrine.
C. The sympathetic division stimulates the adregiahd to
release acetylcholine.
d. The sympathetic division stimulates the adregiahd to
release epinephrine.
8. The parasympathetic division
a. is also called the craniosacral division.
b. has preganglionic axons in cranial nerves.
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C. has preganglionic axons in pelvic splanchnives
d. has ganglia near or in the wall of eff ectayaors.
e. all of the above.
9. Which of these imot a part of the enteric nervous system?
a. ANS motor neurons
b. neurons located only in the digestive tract
C. sensory neurons
d. somatic motor neurons

10.  Concerning the distribution of autonomic axons

a. autonomic nerve plexuses contain sympathetic an
parasympathetic axons.

b. sympathetic axons reach the skin and sketetesicles of
most of the body through spinal nerves.

C. sympathetic axons reach thoracic organs ans péthe
head and neck through sympathetic nerves.

d. sympathetic axons reach abdominopelvic orghraugh
splanchnic nerves.

e. all of the above.
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