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GENERAL INTRODUCTION

Congratulation on successful completion of thet fesmester courses,
NSC 215, Human Anatomy | and NSC 221, the precarsbthe current
course. Welcome to the second semester course makRitAnatomy,
NSC 216 — Human Anatomy Ill. This is a second séeneourse and a
continuation of Human Anatomy | (NSC 215) where ybave
increased/improved your knowledge about the basity lstructures and
their organizations. You also covered the protectevering of all the
body organs as well as the supporting systems. Jduend part will
cover other internal organs that are important &ntenance of life. As
indicated in NSC 205, caring always require soundeustanding of the
normal structure of the body organs as to know wdhath manifest
could be wrong and how. Basic assessments doneebglanning
general and nursing care usually consider the wariorgans that
function within systems and as interrelated systeivisu will be
required to be able to describe the various orgadsdiscuss the clinical
correlates of the knowledge of the body parts. Wdll enjoy drawing
and labelling, as well as seeing some of thesensrgareal life. You
will also see the variations in normal and diseageghns as you are
encouraged to participate in all laboratory assigmis

COURSE AIM

The aim of this course is further your understagdif the structural
make up of four of the life supporting systems @ashsprepares you to
apply your knowledge in planning to meet the careds of your body
and that of your clients as such may relate to abramd abnormal
changes in the various organs that make up theragst

COURSE OBJECTIVES
At the completion of this course, you should besdbl

I Discuss the structure, relations, embryologg aistology of the
organs in the following systems:

a. The cardiovascular system
b. The respiratory
C. The digestive system

WORKING THROUGH THIS COURSE

The course will be delivered adopting the blendsailiing 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

iv



NSC 216 COURSE GUIDE

class sessions online. You will have the hard arfd®pies of course
materials, you will also have online interactivessens, face-to-face
sessions with instructors during practical sessioribe 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@nodntribute to the
topical issues that would be raised for everyogetsgtribution. You will
be expected to read every module along with aligassl readings to
prepare you to have meaningful contributions to sasions and to
complete all activities. It is important that yotteanpt all the Self-
Assessment Questions (SAQ) at the end of every tontelp 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.

STUDY UNITS

This course comprises 3 Modules and 10 units. Tdreystructured as
presented:

Modulel Cardiovascular System

Unit 1 Heart and Blood Vessels
Unit 2 Blood
Unit 3 Lymphatic System

Module2 Respiratory System

Unit 1 Anatomy of the lungs
Unit 2 Developmental anatomy of the lungs
Unit 3 Anatomy of the diaphragm and mediastinum

Module3 Digestive system

Unit 1 Anatomy of the Stomach

Unit 2 Anatomy of the Small Intestine

Unit 3 Anatomy of the Large Intestine

Unit 4 Other Accessory Organs of Digestion
REFERENCE TEXTBOOKS

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

Philip Tate (2012) Seeley's Principles of AnatomyRaysiology 2nd
edition.
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Kent M. Van De Graff, R.Ward Rhees, Sidney Palni2éx1.8) Schaum'’s
Outline of Human Anatomy and Physiology 4th edition

Kathryn A. Booth, Terri. D. Wyman (2008) Anatomyhysiology, and
pathophysiology for allied health

Keith L Moore, Persuade T.V.N (2018), The Develgpirluman
Clinically Oriented Embryology 11th Edition Lippiatt
Williams & Wilkins.
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COURSE REQUIREMENTS AND EXPECTATIONS OF
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 laboratories practical u@@%o of the time

3. Submit personal reports from laboratory prattisessions on
schedule

4. Log in to the class online discussion boartkast once a week
and contribute to ongoing discussions.

5. Contribute actively to group seminar preseoii

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 ratlzer dmal-up access

3. MS Office software — Word PROCESSOR, Powerpoint
Spreadsheet

4. Browser — Preferably Internet Explorer, MoxHmefox

5. Adobe Acrobat Reader

NUMBER AND PLACES OF MEETING (ONLINE, FACE-TO-
FACE, LABORATORY PRACTICALYS)

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

DISCUSSION FORUM

There will be an online discussion forum and togasdiscussion will

be available for your contributions. It is mandgttnat you participate
in every discussion every week as will be moderategiour facilitator.

Your participation links you, your face, your ideasd views to that of
every member of the class and earns you some mark

Vi
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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 laborgi@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 asseassddevaluated based
on the following criteria

o In-Cour se Examination: In-course examination will come up in
the middle of the semester. These would come imn fof
Computer Marked Assignment. This will be in aduhtito one
compulsory Tutor Marked Assignment (TMA's) and dér
Computer Marked Assignment that comes after theules.

o Laboratory practical: Attendance, record of participation and
other assignments will be graded and added toother scores
from other forms of examinations.

° Final Examination: The final written examination will come up
at the end of the semester comprising essay anectoe
questions covering all the contents covered indberse. The
final examination will amount to 60% of the toglade for the
course.

LEARNER-FACILITATOR EVALUATION OF THE
COURSE

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

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%

viii
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GRADING SCALE

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

SCHEDULE OF ASSIGNMENTSWITH DATES

Every Unit has activity that must be done by youspslt out in your
course materials. In addition to this, specificigm®ient will also be
provided for each module by the facilitator.

SPECIFIC READING ASSIGNMENTS
To be provided by each module
COURSE OVERVIEW

Human Anatomy (Ill) is the second of three courtest covers the
major organs that are responsible for life. In tbaurse, four main
systems that are responsible for the maintenandbeobody will be

covered. The structures and locations of the varimgans that make
each of the systems will be studied. These are ctreliovascular,

respiratory and digestive systems.

The course has the theory and laboratory comporikatsspread over
15 weeks. The course is presented in Modules withllsunits. Each
unit is presented to follow the same pattern thatles your learning.
Each module and unit have the learning objectiias lhelps you track
what to learn and what you should be able to der atbmpletion. Small
units of contents will be presented every week witidelines of what
you should do to enhance knowledge retention asblead laid out in
the course materials. Practical sessions will bgotigted online with
you as desirable with information about venue, daie title of practical
session.

HOW TO GET THE MOST FROM THIS COURSE

1. Read and understand the context of this course eaylimg

through this course guide paying attention to iet¥ou must

know the requirements before you will do well.

Develop a study plan for yourself.

3. Follow instructions about registration and mastgregtations in
terms of reading, participation in discussion foruend of unit

N
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and module assignments, laboratory practical ahdratirectives given
by the course coordinator, facilitators and tutors.

10.

11.

Read your course texts and other reference texthook

Listen to audio files, watch the video clips andchsdt websites
when given.

Participate actively in online discussion forum anake sure you
are in touch with your study group and your couserdinator.

Submit your assignments as at when due.

Work ahead of the interactive sessions.

Work through your assignments when returned toamaido not
wait until when examination is approaching befasolving any
challenge you have with any unit or any topic.

Keep in touch with your study centre, the NOUN, &uhof
Health Sciences websites as information will bevgled
continuously on these sites.

Be optimistic about doing well.
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MODULE 1 CARDIOVASULAR SYSTEM
I ntroduction

Most buildings in this century have a water pumptemn installed

which comprises the pumping machine, the pipesdisatibute water to

the different parts of the building and the contralves that regulates
the flow. So, you can liken the water pump systerthé cardiovascular
system with the pipes being the vessels, the pumpiachine being the
heart and the valves, well, being the valves. Tharthis a biological

pump that works with miles of blood vessels to syppitrients, oxygen

and also take wastes away to other systems fooshspin this module,
we would cover the structures of the various orgdwas make up the
cardiovascular system.

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

I Discuss the structures of the various orgarsd thake up the
cardiovascular system

CONTENT

Unit 1 Heart and Blood Vessels
Unit 2 Blood

Unit 3 Lymphatic System

UNIT 1 THE HEART AND BLOOD VESSELS
CONTENT

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Pericardium
3.2  Gross anatomy of the heart
3.3 Developmental and microanatomy of the heart
3.4  Developmental and microanatomy of the greasels
4.0 Conclusion
5.0 Summary
6.0  Tutor Marked Assignments
7.0 References
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1.0 INTRODUCTION

People always talk about the heart as the seairafal of emotions. At
one stage or the other in your life, you must hiaien in love or had a
broken heart. People often refer to the heart aswere the seat of
certain strong emotions. A very determined persay be described as
having “a lot of heart”, and a person who has beé&appointed
romantically can be described as having a “brokearth. A popular
holiday in February not only dramatically distotke heart's anatomy
but also attaches romantic emotions to it. One mapd reference,
however about the heart is that “without a funatignheart, there is no
life”. The heart is a muscular organ that is esakfr life because it
pumps blood through the body. Emotions are a piodicbrain
function, not heart function but without the heagerforming its
functions efficiently, brain cells die within a ghdme! In this unit your
knowledge of the structures and the organs inioglatto the heart will
be explored.

20 OBJECTIVES

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

o Describe the location, size and shape of the heart
o Highlight the functions of the heart

) List the parts and functions of the pericardium

o Contrast the thredayers of the heart wall with respect to
structure and function

o With the aid of a well labeled diagram, describe gosition of
the heart

o With the aid of a well labeled diagram, describe pathway for
the flow of blood through the heart chambers amgelavessels
associated with the heart

o Describe the vasculature of the heart with theoh@ diagram

° Describe structural variations in some abnormalioé the heart
and the vessels.

o Explain what happens in pericardial effusion andgaeditis
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3.1 ThePericardium

Fibrous pericardium
Pericardium Parnietal pericardium
Serous Pencardium — viscaral pericardium
(or epicardium)
Pericardial cavity

filled with pericardial
fiuid

Anterior view

The pericardium is a protective sheath that ensldse heart, it has two
parts: the fibrous pericardium and the serous petiam.

Figure 1.1: TheHeart and the Coverings

Fibrous pericardium

The pericardium has an outer single-layered fibsacsthat encloses the
heart and the roots of the great vessels, fusirtg thie adventitia of
these vessels. Its broad base overlies the cemtradon of the
diaphragm, with which it is inseparably blendedihbbeing derived
from the septum transversum.

The phrenic nerves lie on the surface of the fibrparicardium and the
mediastinal pleura is adherent to it, wherevertth® membranes are in
contact with each other. The fibrous pericardiuncasinected to the
back of the sternum by weak sternopericardial ligais

Serous pericardium
A serous layer lines the inside of the fibrous @aEdium, where it is

reflected around the roots of the great vessetover the entire surface
of the heart, where it forms tlepicardium.
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Between these parietal and visceral layers thesdveo sinuses. the
transverse sinus and the oblique sinus of the pericardium.

The transverse sinus is a passage above the betaveen the ascending
aorta and pulmonary trunk in front and the supexiena cava, left
atrium and pulmonary veins behind. The oblique siisua space behind
the heart, between the left atrium in front and fibeous pericardium
behind, posterior to which lies the oesophagus.afidhpassed from
below easily enters the oblique sinus, but thediitigs can only pass up
as far as a double fold of serous pericardium segarates the oblique
and transverse sinuses from each other.

It is through the transverse sinus that a tempdigagure is passed to
occlude pulmonary trunk and aorta during pulmorempolectomy and
cardiac operations.

Nerve supply

The fibrous pericardium is supplied by the phremécve. The parietal
layer of serous pericardium that lines it is simijlannervated, but the
visceral layer on the heart surface is insensitRain from the heart
(angina) originates in the muscle or the vessets iartransmitted by
sympathetic nerves. The pain of pericarditis oag@s in the parietal
layer only, and is transmitted by the phrenic nerve

Blood supply

Pericardial blood supply is derived from the inrthoracic artery, its
pericardiophrenic and musculophrenic branches, dah arteries and
the thoracic aorta. The veins drain into the azygyssem.

Pericardial drainage

A needle inserted in the angle between the xippomtess and the left
seventh costal cartilage and directed upwards aingte of 45, towards
the left shoulder, passes through the central wrafothe diaphragm
into the pericardial cavity. The creation of a dnparicardial window

surgically through the same route, or through theergor end of the

fourth intercostal space, provides more effectirarége.
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3.2 Grossanatomy of the heart

The heart, slightly larger than a clenched fisg double, self-adjusting
suction and pressure pump, the parts of which woitknison to propel
blood to all parts of the body. The right side loé theart (right heart)
receives poorly oxygenated (venous) blood fromkbdy through the
SVC and IVC and pumps it through the pulmonarykrand arteries to
the lungs for oxygenation. The left side of therh@aft heart) receives
well-oxygenated (arterial) blood from the lungsotngh the pulmonary
veins and pumps it into the aorta for distributiorihe body.

i Aoriic arch

Left pulmonary artery
Superior vena cava
Branches of left

Aorta pulmonary artery

Branches of right

pulmonary artery Pulmonary trunk

Left pulmonary veins
Right pulmonary veins

= Left atrium
Right atrium g
Great cardiac vein

Coronary sulcus (in anterior interventricular sulcus)

Right coronary artery Anterior interventricular artery

{in anterior interventricular sulcus)

Right ventricle Left ventricle

Inferior vena cava

Figure 1.2: The Anterior View of the Heart
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Chambersof the heart

The heart hagour chambers: right and left atria and right and left
ventricles. The atria are receiving chambers thahm blood into the

ventricles (the discharging chambers). The synauenpumping

actions of the heart's two atrioventricular (AV)npoes (right and left

chambers) constitute the cardiac cycle. The cyetgris with a period of
ventricular elongation and filling (diastole) andde with a period of

ventricular shortening and emptying (systole).

Two heart sounds are heard with a stethoscopé élkt) sound as the
blood is transferred from the atria into the veais and a dub (2nd)
sound as the ventricles expel blood from the h@du. heart sounds are
produced by the snapping shut of the one-way vahatsnormally keep

blood from flowing backward during contractionstioé heart.

The wall of each heart chamber consists of threeréa from superficial
to deep:

> Endocardium, a thin internal layer (endothelium and
subendothelial connective tissue) or lining membraf the heart
that also covers its valves.

> Myocardium, a thick, helical middle layer compos#dcardiac
muscle.

> Epicardium, a thin external layer (mesothelium)red by the
visceral layer of serous pericardium.

Simple sguamous
epithelium

Loose connective

Epicardium

-
) ._/— (visceral

pericardium)

J———Myocardium
!

Endocardium

Trabeculae
carneae

Fig. 1.3: Wall of the heart
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Contraction of the heart

The walls of the heart consist mostly of myocardi@specially in the
ventricles. When the ventricles contract, they pozda wringing motion
because of the double helical orientation of thediea muscle fibers.
This motion initially ejects the blood from the tedes as the outer
(basal) spiral contracts, first narrowing and tlsortening the heart,
reducing the volume of the ventricular chambersnt@oed sequential
contraction of the inner (apical) spiral elongates heart, followed by
widening as the myocardium briefly relaxes, incnegghe volume of
the chambers to draw blood from the atria.

The muscle fibers are anchored to the fibrous sixelef the heart. This
is a complex framework of dense collagen forming fitdbrous rings (L.
anulifibrosi) that surround the orifices of the wed, a right and left
fibrous trigone (formed by connections between s)ngand the
membranous parts of the interatrial and interveunlar septa.

Skeleton of the heart, = Pulmonary semilunar valve
including fibrous rings )
____Aortic

around valves
semilunar valve

Bicuspid

valve ____ Tricuspid

valve

Cardiac muscle
of the nght
ventricle

Cardiac muscle
of the left ventricle

Fig.1.4: The Musculature and Valves of the Heart
The fibrous skeleton of the heart:

I. Keeps the orifices of the AV and semilunar eslvpatent and
prevents them from being overly distended by acreiased
volume of blood pumping through them.

il. Provides attachments for the leaflets and sushe valves.

iii. Provides attachment for the myocardium, whiatnen uncoiled,
forms a continuous ventricular myocardial band thaginates

7
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primarily from the fibrous ring of the pulmonary lva and
inserts primarily into the fibrous ring of the aorvalve.

Iv. Forms an electrical insulator, by separatthg myenterically
conducted impulses of the atria and ventricleghab they
contract independently and by surrounding and idnog

passage for the initial part of the AV bundle dfet
conducting system of the heart (discussed later this
chapter).

Demar cations

Externally, the atria are demarcated from the veles by the coronary
sulcus (atrioventricular groove), and the right daft ventricles are
demarcated from each other by anterior and posterterventricular
(IV) sulci (grooves). The heart appears trapezoidah an anterior or
posterior view, but in three dimensions it is slthpke a tipped-over
pyramid with its apex (directed anteriorly and tee tleft), a base
(opposite the apex, facing mostly posteriorly), &g sides.
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The apex of the heart:

> Is formed by the inferolateral part of the left trésie.

> Lies posterior to the left 5th intercostal spaceadhults, usually
approximately 9 cm (a hand's breadth) from theiameglane.

> Remains motionless throughout the cardiac cycle.

> Is where the sounds of mitral valve closure are imak (apex
beat); the apex underlies the site where the Ibeatrtmay be
auscultated on the thoracic wall.

The base of the heart:

> Is the heart's posterior aspect (opposite the apex)

> Is formed mainly by the left atrium, with a lessentribution by
the right atrium.

> Faces posteriorly toward the bodies of vertebraef9@nd is
separated from them by the pericardium, obliquecaslial
sinus, esophagus, and aorta.

> Extends superiorly to the bifurcation of the pulmpntrunk and
inferiorly to the coronary sulcus.

> Receives the pulmonary veins on the right andslets of its left

atrial portion and the superior and inferior verzawae at the
superior and inferior ends of its right atrial {pomn.

Thefour surfaces of the heart arethe:

>

>

Anterior (sternocostal) surface, formed mainly Hye tright
ventricle.

Diaphragmatic (inferior) surface, formed mainly llye left
ventricle and partly by the right ventricle; itnslated mainly to
the central tendon of the diaphragm.

Right pulmonary surface, formed mainly by the rigtstum.

Left pulmonary surface, formed mainly by the leéntricle; it
forms the cardiac impression in the left lung.

The heart appears trapezoidal in both anterior pasterior
views.

Thefour bordersof the heart arethe:

Right border (slightly convex), formed by the rightrium and
extending between the SVC and the IVC.
Inferior border (nearly horizontal), formed mainby the right
ventricle and slightly by the left ventricle.
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> Left border (oblique, nearly vertical), formed nigitby the left
ventricle and slightly by the left auricle.

> Superior border formed by the right and left atmal auricles in
an anterior view; the ascending aorta and pulmortaunk
emerge from this border and the SVC enters itstrigde.
Posterior to the aorta and pulmonary trunk anckréot to the
SVC, this border forms the inferior boundary oé ttiansverse
pericardial sinus.
The pulmonary trunk, approximately 5 cm long anch8wide, is
the arterial continuation of the right ventricladadivides into
right and left pulmonary arteries. The pulmonarynk and
arteries conduct low-oxygen blood to the lungsaoygenation.

Aorta

_ 0
Left pulmonary artery —a - 0
A

Superior vena cava

Right pulmonary artery
Left pulmonary veins

—_—=——Right pulmonary veins
Left atrium

Great cardiac vein / '

(in coronary sulcus) \

Coronary sinus 2 p )
Left ventricle j‘ﬂ

Right atrium

Inferior vena cava

Right coronary artery

b ]
g/ - Small cardiac vein
J .ﬂ Posterior interventricular artery
' 4 {in posterior interventricular sulcus)
Right ventricle

Middle cardiac vein
(in posterior inter-
ventricular sulcus)

Apes —_

Figure 1.5: The Posterior Vew of the Heart
Vasculatur e of heart

The blood vessels of the heart comprise the coyomrderies and cardiac
veins, which carry blood to and from most of theoggrdium. The
endocardium and some subendocardial tissue locatedediately
external to the endocardium receive oxygen andemig by diffusion or
microvasculature directly from the chambers of Heart. The blood
vessels of the heart, normally embedded in fatyssoacross the surface
of the heart just deep to the epicardium. Occadlijgnparts of the
vessels become embedded within the myocardiumblidue vessels of
the heart are affected by both sympathetic and syarpathetic
innervation.

10



NSC 216 MODULE 1

Arterial supply of heart.

The coronary arteries, the first branches of thetaacsupply the

myocardium and epicardium. The right and left cargnarteries arise
from the corresponding aortic sinuses at the prakimpart of the

ascending aorta, just superior to the aortic valwed pass around
opposite sides of the pulmonary trunk. The coromatgries supply both
the atria and the ventricles; however, the atri@nbhes are usually
small and not readily apparent in the cadaveriathdde ventricular

distribution of each coronary artery is not shagidynarcated.

Aortic arch
Superior
vena cava s Pulmonary
, Was i trunk
::r::!';:unar = Left coronary
! e
= - —— arter
valve \\‘\-H_H_ A — y
T N Left atrium
Right b | i
atrium - cumfiex
. artery
Right 2
coronary — . N ~_ Left marginal
artery artery
Posterior Anterior

interventricular
artery

interventricular
artery

Right
marginal
artery

- Left ventricle

Right ventricle —

Figure 1.6: The Blood Supply of the Heart

The right coronary artery (RCA) arises from théhtigortic sinus of the
ascending aorta and passes to the right side opuhmonary trunk,
running in the coronary sulcus. Near its origire RCA usually gives
off an ascending sinuatrial nodal branch, whichpfiep the SA node.
The RCA then descends in the coronary sulcus avek gff the right
marginal branch, which supplies the right bordeth&f heart as it runs
toward (but does not reach) the apex of the hédir giving off this

11
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branch, the RCA turns to the left and continuethecoronary sulcus to
the posterior aspect of the heart. At the postexsmrect of the crux (L.
cross) of the heart—the junction of the interataald interventricular
(IV) septa between the four heart chambers—the R@As rise to the
atrioventricular nodal branch, which supplies thé hode. The SA and
AV nodes are part of the conducting system of #erth

Typically, the RCA supplies:

o The right atrium.

o Most of right ventricle.
o Part of the left ventricle (the diaphragmatic soefa
o Part of the IV septum, usually the posterior third.

o The SA node (in approximately 60% of people).
o The AV node (in approximately 80% of people).

The left coronary artery (LCA) arises from the left aortic sinus of the
ascending aorta, passes between the left auriddahenleft side of the
pulmonary trunk, and runs in the coronary sulcnsaagproximately 40%
of people, the SA nodal branch arises from theuanftex branch of the
LCA and ascends on the posterior surface of theakefum to the SA
node. As it enters the coronary sulcus, at thersupend of the anterior
IV groove, the LCA divides into two branches, thaeaior IV branch
(clinicians continue to use LAD, the abbreviatiar the former term
—left anterior descendih@rtery) and the circumflex branch.

The anterior IV branch passes along the IV groavéhe apex of the
heart. Here it turns around the inferior bordethaf heart and commonly
anastomoses with the posterior IV branch of thatrigpronary artery.
The anterior IV branch supplies adjacent partsotii lventricles and, via
IV septal branches, the anterior two thirds of 8. In many people,
the anterior IV branch gives rise to a lateral bragdiagonal artery),
which descends on the anterior surface of the heart

The smaller circumflex branch of the LCA followsetkhoronary sulcus
around the left border of the heart to the postesioface of the heart.
The left marginal branch of the circumflex brandlldws the left

margin of the heart and supplies the left ventriddest commonly, the
circumflex branch of the LCA terminates in the amapy sulcus on the
posterior aspect of the heart before reaching ithee af the heart, but in
approximately one third of hearts it continues tpEy a branch that
runs in or adjacent to the posterior IV groove.

12
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Typically, the LCA supplies:

I The left atrium.

. Most of the left ventricle.

iii. Part of the right ventricle.

\Y2 Most of the IVS (usually its anterior two ttig), including the
AV bundle of the conducting system of the hedntpagh its
perforating IV septal branches.

V. The SA node (in approximately 40% of people).

Venous drainage of the heart

The heart is drained mainly by veins that emptg e coronary sinus
and partly by small veins that empty into the riglium. The coronary
sinus, the main vein of the heart, is a wide venchennel that runs
from left to right in the posterior part of the ooary sulcus. The
coronary sinus receives the great cardiac veirtsateft end and the
middle cardiac vein and small cardiac veins atrigght end. The left
posterior ventricular vein and left marginal veilsaa open into the
coronary sinus.

Aortic arch
Superior ____ Pulmonary
vena cava ] trunk
—————— Left atrium
\
\
Posterior vein
_ of left ventricle
Right
atnum Coronary
. sSinus
Middle Great
cardiac vein cardiac
Small vein
cardiac __Left
vein ventricle

Right ventricle —
Figure 1.7: Venous Drainage of the Heart
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The great cardiac vein is the main tributary of doeonary sinus. Its
first part, the anterior interventricular vein, lregnear the apex of the
heart and ascends with the anterior IV branch ef tIiCA. At the
coronary sulcus it turns left, and its second pams around the left side
of the heart with the circumflex branch of the L&Areach the coronary
sinus. (An unusual situation is occurring here:d8las flowing in the
same direction within a paired artery and vein!gTgreat cardiac vein
drains the areas of the heart supplied by the LCA.

The middle cardiac vein (posterior IV vein) accomipa the posterior
interventricular branch (usually arising from th€AR). A small cardiac

vein accompanies the right marginal branch of tB&ARThus these two
veins drain most of the areas commonly suppliedthey RCA. The

oblique vein of the left atrium (of Marshall) issenall vessel, relatively
unimportant postnatally, that descends over théepos wall of the left

atrium and merges with the great cardiac vein tmfthe coronary sinus
(defining the beginning of the sinus). The obligedn is the remnant of
the embryonic left SVC, which usually atrophiesidgrthe fetal period,
but occasionally persists in adults, replacing ograenting the right
SVC.

Some cardiac veins do not drain via the coronamyssi Several small
anterior cardiac veins begin over the anterior aaf of the right
ventricle, cross over the coronary sulcus, andllysead directly in the
right atrium; sometimes they enter the small cardi@in. The smallest
cardiac veins (L. venae cordisminimae) are minggsels that begin in
the capillary beds of the myocardium and open tiyemto the
chambers of the heart, chiefly the atria. Althowuglied veins, they are
valveless communications with the capillary bedsttef myocardium
and may carry blood from the heart chambers torthecardium.

Lymphatic drainage of the heart.

Lymphatic vessels in the myocardium and subendadacdnnective

tissue pass to the subepicardial lymphatic pleXessels from this
plexus pass to the coronary sulcus and follow tr®mary arteries. A
single lymphatic vessel, formed by the union ofimas lymphatic

vessels from the heart, ascends between the puilsnonak and left

atrium and ends in the inferior tracheobronchialpyh nodes, usually on
the right side.

Innervation of the heart.

The heart is supplied by autonomic nerve fibersftbe cardiac plexus,
which is often quite artificially divided into sugieial and deep
portions. This nerve network is most commonly désc as lying on
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the anterior surface of the bifurcation of the bwe& (a respiratory
structure), since it is most commonly observed issettion after

removal of the ascending aorta and the bifurcatbrthe pulmonary

trunk. However, its primary relationship is to thesterior aspect of the
latter two structures, especially the ascendingaadihe cardiac plexus
is formed of both sympathetic and parasympathéigr$ en route to the
heart, as well as visceral afferent fibers conwgymeflexive and

nociceptive fibers from the heart. Fibers exteramrfrthe plexus along
and to the coronary vessels and to componentsafdhducting system,
particularly the SA node.

The sympathetic supply is from presynaptic fibevgh cell bodies in

the intermediolateral cell columns (IMLs) of thepsuor five or six

thoracic segments of the spinal cord, and postsynaympathetic

fibers, with cell bodies in the cervical and superithoracic

paravertebral ganglia of the sympathetic trunkse Ppbstsynaptic fibers
traverse cardiopulmonary splanchnic nerves andcérdiac plexus to
end in the SA and AV nodes and in relation to teeninations of

parasympathetic fibers on the coronary arteriem@yhetic stimulation
causes increased heart rate, impulse conductiooe fof contraction,

and, at the same time, increased blood flow thrdabglcoronary vessels
to support the increased activity. Adrenergic statian of the SA node
and conducting tissue increases the rate of depalem of the

pacemaker cells while increasing atrioventricutamduction.

3.3 Developmental and microanatomy of the heart

The cardiovascular system is functionally important in
development.

This statement may seem like a no-brainer, bugnt.i Most cells and
organs in an embryo do very little except grow aifferentiate—the

brain, lungs, liver, digestive system, gonads, kiddeys all fall into this

category. But the cardiovascular system has toedb work early on.

The reason is that once the embryo has gottenethitkan 200 to 400
microns, the diffusion of nutrients, oxygen, andboa dioxide is

inadequate to service an inner mass of very matagl active cells. A

circulatory system is needed to keep these calia filying, and it needs
to do it by the middle of the fourth week of gestat(circa embryonic
day 24). And this system has to work continuoushjlevundergoing

some serious remodeling.

Remodelling of the Cardiovascular System with Development

The cardiovascular system is radically remodelecrs times during
development. The system is revamped at least iimest
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> It starts out as an approximately bilateral systd@#ncontractile
blood vessels. Parts coalesce at midline to fosmgle channel
or central pump.

> Parts of the contents regresses in the embryoyudimg some
early renal structures (the mesonephros). As altremtire
systems of veins (and some embryonic arteriex) edgress.
Virtually the entire posterior cardinal venous teys gets re-
absorbed (see below).

> The heart gets split into two pumps. The right sosically
pumps blood straight into the descending aortao(dh the
ductus arteriosus shunt). The left side pumps tdlodo the
rapidly growing cranium and brain.

> At birth the whole pattern of circulation has to beodified
radically in a matter of minutes. The main objees$i are to shut
down the chorionic/placental circulation and opep the
pulmonary circulation. There are several subsydifvanges.

The cardiovascular system is not just made up of splanchnic
mesoder m.

The heart also gets a critical influx of cells frone neural crest. These
crest cells contribute to the formation of the eraddial cushions, which

in turn are critical in converting a simple one-cteer pump into a

complex two-chambered heart with sophisticated emalMhey may be

called "neural” crest, but these cells have an simoraculous ability to

make different types of tissues (cranial skeletmirenals, neurons, glia,
even muscles in the ciliary body).

Thecélsthat giverisetotheheart (and liver) areinitially in front of
the neural plate and around the sides of the foregut

There is a big block of splanchnic mesoderm intfafrthe CNS and in
front of the oropharyngeal opening (or membrand)e TNS grows
forward over this mesenchymal mesoderm, and theodees rotates
down toward the yolk sac. The end result is thathtbart, which is part
of this mesoderm, gets tucked into the embryo'skrielust behind the
heart is more of this big block of mesoderm, noWedathe transverse
septum. It becomes the liver and the diaphragm.

Three systems of veins disgor ge blood into the sinus venosus.
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o The vitelline system from the yolk sac: This system is a nursery
for blood cells. You think of a yolk sac as bepayt of a feeding
system for an embryo. It lost that function whelacpntal
mammals invented our placentas. But, the vitelipstem is still
associated with the gut. In fact, the portal visione important
adult derivative of a plexus vitelline veins thadrround the
duodenum (by the way, the duo+denum is two+tegefia in
length, and "vitelline" means glassy, and gets ti@me from the
shiny appearance of the membrane.)

o The umbilical system: Originally, there are two umbilical veins
that return recharged blood from the chorionicxplef the
placenta. We owe our oversized human brains teethieins (and
the placenta). Most of the right umbilical veirgresses. The left
umbilical vein takes a short cut through the livéihe
ductusvenosus), and the oxygenated blood is detivento the
inferior vena cava and then into the sinus venagirs atrium.
As you would expect, most of this umbilical syst&nuseless
after birth. See the List of Derivatives if yountdhe details.

o The cardinal system: It is messy. Here is the main story—The
anterior cardinals (or precardinals) drain tharbréhe blood gets
dumped into the common cardinal veins, and themanwon
cardinals empty into the sinus venosus. If you toaguess at this
point, you would probably guess that these guys itito parts of
the internal jugular veins and the superior veanaaf adults.

You would be right. The lower part of the left amte cardinal vein
actually regresses, but before it does that, a c@vwduit is needed to
carry blood from the left side of our embryo's cuam back to the heart.
That is where the left brachiocephalic vein conmedtiis a left-to-right
venous shunt that only develops secondarily. Now th@ posterior
cardinals: These veins service the "mesonephrosyveNheard of it.
That's because it regresses pretty quickly (extmepa few leftovers in
the testes). So when the mesonephros regressesmodd parts of the
posterior cardinal veins. The rostral-most partlenright side turns into
the root of the azygos vein (the part that's agddo the superior vena
cava). The inferior vena cava comes from bits aadgs of the 2nd and
3rd generation versions of the cardinal system.s&éh2nd and 3rd
generation systems are called the sub- and supdazals. The
subcardinals drain the kidneys and gonads, andntbes dorsally
situated supracardinals drain the body wall.
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The heart starts out with its venous side (sinus venous and atrium)
located caudally.

From an adult perspective, we think of the atriabagg on top. It
doesn't start that way, however. The venous sideeheart is initially
situated next to the transverse septum. The thysterss of veins,
reviewed above, penetrate the septum transversuanter the sinus
venosus. But over a 3-4 day period the heart otaills in the sagittal
plane. The result is that the sinus venous and aymatrium are now
located dorsal (deep) to the common ventricle.

The heart and arterial trunk are split into the adult compartments
by six growing walls of tissue (septae).

o Septum primum: This first septum grows down the middle of
the common atrium and eventually fuses with tissuleat
surround the narrow lumen between the atrium aextricle
(there is only one atrium and one ventricle a ffoint in the 5th
week of gestation).

o Septum secundum: This slow growing second atrial septum
grows parallel to the 1st septum, but is delaygdlrzouple of
weeks. It is a more robust wall. Both the 1st @&nd septums
(septae) have big holes in them. To make it rauglou the hole
in the first septum is called the second holefoorformal types,
the foramen secundum. The hole in the second sesticalled
the foramen ovale. I'll come back to the functrote of these
holes.

o AV septum/endocardial cushion: The endocardial cushions
give rise to most of the cardiac skeleton thaitsphe atrial and
ventricular sides of the heart. The cushions blstd mitral and
tricuspid valves.

° Interventricular septum, muscular part: A septum can also
form when a central region grows particularly dpwThe
surrounding tissue can bulge outward and fuses Tray be the
mode by which the interventricular septum forms.

. Interventricular septum, membranous part: Maybe you have
felt this part of the septum in the Gross Labkégtout of sight
in the aortic vestibule, maybe not. When this memé forms
from a motley crew of cells from the endocardiasltions and
the bulbar ridges, the heart is finally four-chamdal.

o Aortico-pulmonary septa, bulbar ridges:There is no
pulmonary trunk at early stages, just one big comrarterial
outflow, called the truncusarteriosus, that debvall blood to an
aortic sac. So how does this truncus arteriostisigié into an
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ascending aorta and a pulmonary trunk? That igdheof the bulbar
ridges. These ridges grow into the truncus frorhegiside and fuse in
the middle. They spiral neatly down the truncusiluhiey reach the
ventricle(s). Magic happens, and the aortic halbkdsoup to the left
ventricle; the pulmonary trunk hooks up to the tigéntricle. This last
step occurs at the same time that the membranous gbathe
interventricular foramen is forming. A process asnplex as this can
screw up. Imagine if that partitioning of the truscinto the two
divisions isn't 50-50 but say, 20-80. The bore h# pulmonary trunk
may be too small and that of the aorta too widédt happens you often
end up with a constellation of four (or five) redtabnormalities in a
neonate: stenosus (turbulent and noisy flow of dloow a narrow
pulmonary trunk) often with cyanosis a failure bétmembranous part
of the ventricular septum to form fully—in other g, a ventricular
septal defect the opening of the aorta straddleth beentricles
(overriding aorta) an enlarged right ventricle iitworking harder to
eject blood into the narrow lumen of the pulmoniamk)

3.4 Microanatomy of the great vessels

The cardiovascular system may be divided into foajor components:
the heart, the macrocirculation, the microcircaiatiand the lymph
vascular system. Essentially, the macrocirculatiomprises all vessels,
both arteries and veins that would be visible ® d¢lye. The vessels of
the macrocirculation supply and drain a network fofe vessels
interposed between them, the capillaries. This ogtws also called the
capillary bed.Water and other components of the blood plasma
which exude from the blood vessels form the interstitial fluid, which
iIsreturned to the circulation by the lymph vascular system.

General Structure of Blood Vessels

You have already seen blood vessels of variouss sael types in
preparations available in other laboratory sessiangl you should be
aware that the histological appearances of vesseldifferent sizes
(arterioles vs. arteries) and different types (@te vs. veins) are
different from each other. (if you have not seegsthin the laboratory,
try and do so. These differences are the resujuahtitative variations
of a common structural pattern that can be seatl inood vessels with
the exception of capillaries, i.e. the divisiontbé walls of the blood
vessels into three layers or tunics.

The Tunicaintima

Tunica intima limits the vessel wall towards thenkn of the vessel and
comprises its endothelial lining (typically simplesguamous) and
associated connective tissue. Beneath the conedtsue, we find the
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internal elastic lamina, which delimits the tunioima from the Tunica
media.

The Tunica media

The Tunica media is formed by a layer of circunréed smooth
muscle and variable amounts of connective tissuseéond layer of
elastic fibers, the external elastic lamina, isated beneath the smooth
muscle. It delimits the tunica media from the tan@dventitia,which
consist of mainly of connective tissues fibers.

Tunica adventitia

The tunica adventitia blends with the connectigsue surrounding the
vessel. The definition of the outer limit of thenica adventitia is
therefore somewhat arbitrary.

Vasa Vasorum

A blood vessel that supplies the vessel that sepiiood to the wall of
the vessel.it supplies nutrients to the blood Vesse

Vasa vasorum

Nerve

Tunica
adventitia

Extemnal
elastic membrane i Tunica
media

Smooth muscle

Internal
elastic membrane

Lamina propria
{smooth muscle and | Tunica
connective tissue) intima

Basement
membrane

Endothelium

Fig. 1.8: Histology of a blood vessel. (showing layers of tileod
vessel wall including the intima, media and advex)ti
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Fig. 1.9:
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VARIATIONS OF VESSEL WALL STRUCTURESArteries

Arteries of the head and trunk

Internal carotid
External carotid

Left carotid

Arteries of the upper limb Brachiocephalic

Aortic arch

Pulmonary trunk

Left coronary
Right coronary

Thoracic aorta

Spienic

Celiac trunk

Renal (kidney not shown)
Superior mesenteric

Abdominal aorta

Inferior mesenteric
Common iliac
Internal iliac

Arteries of the lower limb
External iliac

L

L o

)

]

|
Fig. 1.10:

All arterial vessels originate from either the pammary trunk (from the

right ventricle) or the aorta (from the left vente). Specializations of
the walls of arteries relate mainly to two factottse pressure pulses
generated during contractions of the heart (systold the regulation of
blood supply to the target tissues of the artefiég tunica media is the
main site of histological specialisations in thdlsvaf arteries.
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Vessels close to the heart (aorta, pulmonary tamkthe larger arteries
that originate from them) are elastic arteries.

Elastic arteries

The tunica intima of elastic arteries is thickearthn other arteries. A
layer of loose connective tissue beneath the eptioth (subendothelial
connective tissue) allows the tunica intima to mowdependently from
other layers as the elastic arteries distend wighibcrease in systolic
blood pressure. Distension of the walls is fad#ith by concentric
fenestrated lamellae of elastic fibres in a thickica media. In adult
humans, about 50 elastic lamellae are found intuhe&a media of the
aorta. The energy stored in the elastic fibresheftunica media allows
elastic arteries to function as a "pressure res€rwehich forwards

blood during ventricular relaxation (diastole). Sittomuscle cells and
collagen fibres are present between the layersladtie fibres. Both

fibre types are produced by the smooth muscle .c&lch elastic
lamella forms together with interlamellar fibresdanells to form a
lamellar unit. The external elastic lamina is diffit to discern from

other layers of elastic fibres in the tunica medibe tunica adventitia
appears thinner than the tunica media and contaillagen fibres and
the cell types typically present in connectiveuess

The walls of these large arteries are so thick their peripheral parts
cannot derive enough oxygen and nutrients fronbtbed of the vessel

that they form. Larger vessels are therefore acemmed by smaller

blood vessels which supply the tunica adventitid, an the largest

vessels, the outer part of the tunica media ovdssel wall. The vessels
are called vasa vasorum. In macroscopic prepamatiasa vasorum are
visible as fine dark lines on the surface of thgda arteries.

The diameter of individual arteries decreases asoll@v them further
into the periphery. However, their total diametereases, which leads
to a fall in blood pressure. Also, the propertiésthe elastic arteries
have to some extent evened out differences in aliasand systolic
blood pressure. The amount of elastic fibres in taeica media
decreases with these physiological changes. We fiimiva type of
arteries which are termed muscular arteries.

Muscular arteries

The tunica intima is thinner than in elastic adsri Subendothelial
connective tissue other than the internal elasindirha is often difficult
to discern. The internal elastic lamina forms alidefined layer. The
tunica media is dominated by numerous concentyertaof smooth
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muscle cells. Fine elastic fibres and a few colladires are also
present. The external elastic lamina can be cledibtinguished
although it may be incomplete in places. The thedehand appearance
of the tunica adventitia is variable.

The basic structure of the walls of arteries dagschange much as we
come to the next type of arterial vessels. Sizassd to differentiate
them from muscular arteries.

Tunica

adventitia

(a) Elastic arteries. The tunica media
is mostly elastic connective tissue.
Elastic arteries recoil when
stretched, which prevents blood
pressure from falling rapidly.

Tunica media
(elastic tissue
and smooth muscie)

Lamina propria N
Tunica
Endothelium and intima

basement membrane

Tunica adventitia

{b) Muscular arteries. The tunica External Tenica
media is a thick layer of smooth elastic membrane [ o
muscle. Muscular arteries Smooth muscle e
requlate blood flow to different Internal i
regions of the body. elastic membrane

Lamina propria | Tunica
intima

Endothelium and

basement membrane

¢) Medium and large veins. All " -

“ three tunics are gfesent The Tunica adventitia
tunica media is thin but can
reguiate vessel diameter ik madia
because blood pressure in the -

VEnous _systern is Iqw. The Intemal elastic

predominant layer is the tunica b

advenfitia. Lol Tunica
Endothelium and intima

basement membrane

Fig.1.11:
Arterioles

Arterioles are arterial vessels with a diameterowelD.1 - 0.5 mm
(different values in different textbooks). Endothklcells are smaller
than in larger arteries, and the nucleus and sadiog cytoplasm may
'bulge’ slightly into the lumen of the arteriolehelendothelium still rests
on an internal elastic lamina, which may be incateblnd which is not
always well-defined in histological sections. Thita media consists
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of 1-3 concentric layers of smooth muscle cellss Wifficult to identify
an external elastic lamina or to distinguish th@da adventitia from the
connective tissue surrounding the vessel. The dmououscle of
arterioles and, to some extent, the smooth muskclemall muscular
arteries regulate the blood flow to their targssuies. Arterioles receive
both sympathetic and parasympathetic innervatidre flnal branching
of the arterioles finally gives rise to the capija network
(microcirculation).

Capillaries

The sum of the diameters of all capillaries is gigantly larger than
that of the aorta (by about three orders of mageituwhich results in
decreases in blood pressure and flow rate. Alspillaaes are very
small vessels. Their diameter ranges from 4ub® The wall of a
segment of capillary may be formed by a single #&msl@l cell. This
results in a very large surface to volume ratioe Tow rate of blood
flow and large surface area facilitate the fundiohcapillaries in

I providing nutrients and oxygen to the surromgdissue, in

. the absorption of nutrients, waste products aarbon dioxide,
and in

iii.  the excretion of waste products from the body

These functions are also facilitated by a very gnguganization of the
wall of capillaries. Only the tunica intima is pees, which typically

only consists of the endothelium, its basal lamamal an incomplete
layer of cells surrounding the capillary, the pgtgs. Pericytes have
contractile properties and can regulate blood fioveapillaries. In the

course of vascular remodelling and repair, they awo differentiate

into endothelial and smooth muscle cells.

Three types of capillaries can be distinguishecthas features of the
endothelium.

Continuous capillaries - are formed by "continuous” endothelial cells
and basal lamina. The endothelial cell and thelbdasana do not form
openings, which would allow substances to pass ctyallary wall
without passing through both the endothelial cell #he basal lamina.
Both endothelial cells and the basal lamina caraadelective filters in
continuous capillaries.

Fenestrated capillaries -endothelial cell body forms small openings
called fenestrations, which allow components of thieod and
interstitial fluid to bypass the endothelial ceatis their way to or from
the tissue surrounding the capillary. The fenesinatmay represent or
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arise from pinocytotic vesicles which open ontohbtite luminal and

basal surfaces of the cell. The extent of the feattsn may depend on
the physiological state of the surrounding tissue, fenestration may
increase or decrease as a function of the neelistorla or secrete. The
endothelial cells are surrounded by a continuogsldamina, which can
act as a selective filter.

Discontinuous capillaries- are formed by fenestrated endothelial cells,
which may not even form a complete layer of céllse basal lamina is
also incomplete. Discontinuous capillaries forngtairregularly shaped
vessels, sinusoids or sinusoid capillaries. Theyfaund where a very
free exchange of substances or even cells betwkmddiream and
organ is advantageous

Continuous Capillary -
complete

basal lamina

continuous endothelial

Fenestrated Capillary
complete

basal lamina

fenestrated endothelial
lining

incomplete
basal lamina

Fig. 1.12;
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Vens

Veins of the upper limb

MODULE 1

Veins of the head and trunk

Facal

Veins of the lower limb,
External ifiag —

Supenor vena cava
Right puimonary

Small cardiac

Splenic
Hepatic portal

Lef dac

Fig. 1.13:

The walls of veins are thinner than the walls dkm@es, while their
diameter is larger. In contrast to arteries, tlyediag in the wall of veins
is not very distinct. The tunica intima is veryrthOnly the largest veins
contain an appreciable amount of subendothelialneciive tissue.
Internal and external elastic laminae are absenepgy thin. The tunica
media appears thinner than the tunica adventmid,tke two layers tend
to blend into each other. The appearance of thé efaleins also
depends on their location. The walls of veins ia bwer parts of the
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body are typically thicker than those of the upparts of the body, and
the walls of veins which are embedded in tissuasitiay provide some
structural support are thinner than the walls osupported veins.
Venous vessels originate from the capillary netwehich coalesce into
the smallest venous vessels called the venules.

Venules

They are larger than capillaries. Small venules swerounded by
pericytes(A few smooth muscle cells may surroumgdavenules). The
venules merge to form Small to medium-sized veirgclv contain
bands of smooth muscle in the tunica media. Thecauadventitia is
well developed. In some veins (e.g. the veins efggAmpiniform plexus
in the spermatic cord) the tunica adventitia corgtalongitudinally
oriented bundles of smooth muscle.

Aside from most veins in the head and neck, snmalinedium-sized
veins are also characterised by the presence wésalhe valves are
formed by loose, pocket-shaped folds of the tumtana, which extend
into the lumen of the vein. The opening of the miackill point into the

direction of blood flow towards the heart. One hoete (usually two)

pockets form the valve. Blood flowing towards hewitl pass the

pockets. If the flow reverses, blood will fill theockets which will

occlude the lumen of the vein and prevent the netirblood into the

part of the vein preceding the valve. The abilitylee valves to prevent
backflow depends to some extent on the state dfaction (tone) of the
smooth muscle in the wall of the vein.

‘f- Valve closed

(d) Folds in the endothelium form Vein

the valves of veins, which allow
biood to flow toward the heart but

not in the opposite direction Valve open

Direction of
biood flow

Fig. 1.14:

The largest veins of the abdomen and thorax do agonsome
subendothelial connective tissue in the tunicanatibut both it and the
tunica media are still comparatively thin. Collagerd elastic fibres are
present in the tunica media. The tunica adventigery wide, and it
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usually contains bundles of longitudinal smooth aheisThe transition
from the tunica adventitia to the surrounding canive tissue is
gradual. Valves are absent. Vasa vasorum are megednt in the walls
of large veins than in that of the correspondinterégs - probably
because of the lower oxygen tension in the bloodatoned within them.

Additional Specialisations of Vessels

Small arteries and veins often form anastomosintyvoris, which

provides routes for alternative blood supply andirtige if one of the
vessels should become occluded because of patbalogr normal

physiological circumstances. Some arteries are Wiemthe only supply
of blood to their target tissues. These arteries Galledend arteries.
Tissues which are supplied by end arteries didnef arteries become
occluded.

The segments of the kidney and the heads of thieogasmius muscle
are examples of tissues supplied by end arteries.

Arteries and veins may also form arteriovenous t&wahich can shunt
the blood flow that otherwise would enter the dapyl network between
the vessels. These shunts usually contain spetialis of the smooth
muscle in the region of the shunt. Arteriovenousnss are frequently
seen in the blood supply of distal parts of thebbmand the nose
(thermoregulation) and in the blood supply of emtd@organs.

Lymphatic system

Parts of the blood plasma will exude from the bla@dsels into the
surrounding tissues because of transport acrossettdthelium or
because of blood pressure and the fenestrationroé <apillaries (this
process is partly counteracted by the higher osmotessure of the
blood). The fluid entering tissues from capillaraeils to the interstitial
fluid normally found in the tissue. The surplus lofuid needs to be
returned to the circulation. Lymph vessels are cwdd to this
unidirectional flow of liquid, the lymph. Three tgp of lymph vessels
can be distinguished based on their size and mgho

Lymph capillaries are somewhat larger than blood capillaries and very
irregularly shaped. They begin as blind-ending suli@ connective
tissue. The basal lamina is almost completely ateeth the endothelial
cells do not form tight junctions, which facilitateéhe entry of liquids
into the lymph capillary. Temporary openings in galothelial lining
of the lymph capillaries also allow the entry ofger particles into the
lymph capillaries (lipid droplets, which are abssiifrom the lumen of
the gut do not enter blood capillaries, but erfterdirculation via lymph
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vessels which are found in the villi of the ileumdgejunum). Lymph
capillaries merge to formhymph collecting vessels which are larger
and form valves but otherwise appear similar todiincapillaries. The
lymph is moved by the compression of the Ilymph elsssby
surrounding tissues. The direction of lymph flowdistermined by the
valves. Lymph vessels empty intermittently into pimnodes from
which the lymph continues in efferent lymph vessels

Only very little lymph is returned from the limbd they are

immobilized, which illustrates the importance of saular action in

lymph transport. This is also the reason for imriabig limbs that are
either infected or that have been bitten by ven@maustralians. The
effect can also be observed after long intercontadeflight when you

may feel that your shoes and socks are just abmhamber too small.
Finally, impeded lymph drainage is one of the peotd associated with
surgery which requires the removal of lymph noded ahich thereby
interrupts the lymph collecting vessels. Eventuétly lymph collecting

vessels merge to form Lymph ducts.

Lymph ducts which contain one or two layers of smooth musclés ¢e
their wall (some textbooks call this layer the tanimedia of lymph
vessels). They also have valves. The walls of yhegh ducts are less
flexible in the region of the attachment of thevesl to the wall of the
duct, which may give a beaded appearance to theHymucts.
Peristaltic contractions of the smooth muscle cbuate to the
movement of lymph towards the heart in additioth&® compression of
the ducts by surrounding tissues.

The largest lymph duct of the body, the thoracictddrains lymph from
the lower half and upper left quadrant of the bahd empties the
lymph into the circulation by merging with the vakr system close to
the junction of the left internal jugular and suhaan veins. That it is
the largest lymph duct does not mean that it isrgel vessel when
compared to the large arteries and veins. It dgtisinot much larger
(about 5mm in diameter) than one of the superficetarm veins.
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40 CONCLUSION

The heart and the great vessels have differenttates that have
features that can support the functions that ed¢heoorgans perform.
The organs are seen from the perspectives of tleeostopic and
macroscopic features and deviations in any paffioon always have
negative consequences that manifest in diseasss stat

50 SUMMARY

In this unit, you have learnt about following:

I. The structure and functions of the pericardium
ii. The structure, position and function of the tiead the great vessels
iii. Developmental and microanatomy of the head great vessels

Clinical correlates
i Stroke or Cerebrovascular Accident

Thrombi (clots) form on the walls of the left atmuin certain types of
heart disease. If these thrombi detach, or pieceakboff from them,
they pass into the systemic circulation and occlpeepheral arteries.
Occlusion of an artery supplying the brain resutisa stroke or
cerebrovascular accident (CVA), which may affesiom, cognition, or
the motor function of parts of the body previousiyntrolled by the
now-damaged (ischemic) area of the brain.
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i. Valvular Heart Disease

Disorders involving the valves of the heart distuiie pumping
efficiency of the heart. Valvular heart diseasedpices either stenosis
(narrowing) or insufficiency. Stenosis is the fadwf a valve to open
fully, slowing blood flow from a chamber. Insuffesicy or
regurgitation, on the other hand, is failure of thalve to close
completely, usually owing to nodule formation orr (&carring and
contraction of) the cusps so that the edges domest or align. This
allows a variable amount of blood (depending ondéeerity) to flow
back into the chamber it was just ejected from.hBsetenosis and
insufficiency result in an increased workload fbe theart. Because
valvular diseases are mechanical problems, damagediefective
cardiac valves can be replaced surgically in a guoce called
valvuloplasty. Most commonly, artificial valve ptbeses made of
synthetic materials are used in these valve-replaog procedures, but
xenografted valves (valves transplanted from ogpercies, such as pigs)
are also used.

lii.  Pulmonary valve stenosis

In pulmonary valve stenosis, the valve cusps aseduforming a dome
with a narrow central opening. In infundibular polmary stenosis, the
conus arteriosus is underdeveloped. Both typesutignary stenoses
produce a restriction of right ventricular outfloand may occur
together. The degree of hypertrophy of the rigmtrele is variable.

iv.  Pulmonary valve incompetence

If the free margins (lunules) of the cusps of aikemr valve thicken
and become inflexible or are damaged by diseaseydive will not
close completely. An incompetent pulmonary vahsutes in a backrush
of blood under high pressure into the right vefgriduring diastole.
Pulmonic regurgitation may be heard through a essibpe as a heart
murmur, an abnormal sound from the heart, produneithis case by
damage to the cusps of the pulmonary valve.

V. Aortic valve stenosis

Case Study: Mrs Adu is a 62-year-old woman who thedimatic fever
when she was 12 years old. She has had a heartumamage then. Mrs
Adu went to her doctor, complaining of fatigue;aiiess, especially on
rising from a sitting or lying position; and pain her chest when she
exercises. Her doctor listened to Mrs Adu‘s heaunsls and determined
she has a systolic murmur. Her blood pressure $i® Hg) and heart
rate (55 beats/min) were lower than normal. Mrs ‘Adloctor referred
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her to a cardiologist, who did additional tests. @lectrocardiogram
indicated she has left ventricular hypertrophy, @andging techniques
confirmed the left ventricular hypertrophy and aenstsed aortic
semilunar valve. The cardiologist explained to Maglu that the
rheumatic fever she had as a child damaged hec aamilunar valve
and that the valve's condition had gradually becowarse. The
cardiologist recommended surgical replacement ofaoetic semilunar
valve or she will likely develop heart failure.

Aortic valve stenosis is the most frequent valvaamality. For those
born in the early and mid-20th century, rheumagief was a common
cause but now accounts for <10% of cases of asiicosis. The great
majority of aortic stenoses is a result of degemneracalcification and
comes to clinical attention in the 6th decade & br later. Aortic
stenosis causes extra work for the heart, resuitinteft ventricular
hypertrophy.

vi.  Aorticvalveinsufficiency

Insufficiency of the aortic valve results in aontegurgitation (backrush
of blood into the left ventricle), producing a heanurmur and a
collapsing pulse (forcible impulse that rapidly dwshes).

vii.  Echocardiography

Echocardiography (ultrasonic cardiography) is ahmeétof graphically
recording the position and motion of the hearthms/écho obtained from
beams of ultrasonic waves directed through theattiorwall. This
technique may detect as little as 20 mL of fluidhe pericardial cavity,
such as that resulting from pericardial effusion.oppler
echocardiography is a technique that demonstratgsexords the flow
of blood through the heart and great vessels by pl2op
ultrasonography, making it especially useful in tdmgnosis and
analysis of problems with blood flow through theahigsuch as septal
defects, and in delineating valvular stenosis aguirgitation, especially
on the left side of the heart.

viii. Coronary atherosclerosis

The atherosclerotic process, characterized by Gpiosits in the intima
(lining layer) of the coronary arteries, beginsidgrearly adulthood and
slowly results in stenosis of the lumina of theeads. As coronary
atherosclerosis progresses, the collateral chanoelmecting one
coronary artery with the other expand, which maitialty permit

adequate perfusion of the heart during relativectimly. Despite this
compensatory mechanism, the myocardium may notivecenough
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oxygen when the heart needs to perform increasesuai® of work.
Strenuous exercise, for example, increases thd'heativity and its
need for oxygen. Insufficiency of blood supply be theart (myocardial
ischemia) may result in MI.

iIX.  Slowly progressive coronary artery disease

In slow occlusion of a coronary artery, the collateirculation has time
to increase so that adequate perfusion of the mnglaga can occur
when a potentially ischemic event occurs. Consettyyelll may not
result. On sudden blockage of a large coronarydirasome infarction
Is probably inevitable, but the extent of the atemaged depends on the
degree of development of collateral anastomoticnobk. If large
branches of both coronary arteries are partiallystroisted, an
extracardiac collateral circulation may be usedupply blood to the
heart. These collaterals connect the coronary iestenith the vasa
vasorum (small arteries) in the tunica adventitiatlee aorta and
pulmonary arteries and with branches of the intaim@acic, bronchial,
and phrenic arteries. Clinical studies show thahastomoses cannot
provide collateral routes quickly enough to previet effects of sudden
coronary artery occlusion. The functional valuetloése anastomoses
thus appears to be more effective in slowly pragwes CAD in
individuals that are physically active.

X. Transplantation

The patient's heart is removed by incisions throtighaorta, pulmonary
trunk and both atria. The incision line through tiggt atrium leaves the
two venae cavae, the posterior wall of the atriurd the region of the
SA node in situ. The posterior part of the leftiuatr with the four
pulmonary vein orifices is also left intact. Thendo heart is trimmed
through the atria to match up with the remains hef patient's atria,
although the lower end of the donor superior vemaagemains attached
to the right atrium so that the donor heart retéam®wn SA node. For
combined heart—lung transplantation, the donor Klee removed
through the trachea, right atrium and aorta, andred to the recipient
in that order.

6.0 TUTOR MARKED ASSIGNMENTS

6.1 Activity (Note that all activities should be added to your
portfolio)

Using the knowledge acquired in this unit, cheak leart sounds of 10
persons, with the consent of such persons, takeshoaof photographs
of you while checking the heart sound. You can khbe heart sounds
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of your family members, friends and clients buthatlheir consents. In
your personal atlas, draw well labeled structurethe heart, an artery
and a vein. In the laboratory and the clinics, dest@te how to check
heart sounds with your clinical instructors/preocept

6.2 Please answer thefollowing questions

o Describe in your own words the cardiac cycle.

o With regard to structure and functions, discussvillees of the
heart.

o Where will you position your stethoscope to heaarhesounds
and why?
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1.0 INTRODUCTION

Diverse cultures have differing beliefs about thagmal qualities of
blood. I am sure that your culture has at least thaé comes to mind
right now, can you remember? For example, in sooiires, anyone
born into royalty is referred to as “blue blood#/hile growing up as a
child, I was taught a song that simply put sayso6hl is life” and

anything without blood is without life. As | grevpu realized that some
living things don‘t have blood. Blood is essenta@life and it can reveal
so much about what is going on in our body systehng scientific

study of blood is as fascinating as it is importantyour career as a
nurse. Diseases of and in the blood are threatsfetmf patients and
could pose as life threatening to care givers if imandled with care
applying safety precautions. In this unit you vidarn more about the
structural make-up of the blood.

20 OBJECTIVES

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

Discuss the structural make-up of the blood

Discuss the composition of blood

Describe the formed elements

State the major functions of the formed elementdaond
Describe the components of plasma

Discuss the process of haematopoiesis with thefaaddiagram
Explain how the structure of the blood facilitates tcontrol of
bleeding.
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3.0 MAINCONTENT

31

Functions of blood

The total blood volume in the average adult is &b L in females
and 5-6 L in males. Blood makes up about 8% otdted weight of the
body. An average-sized adult contains approximé&tdityes of blood.
However, blood volume varies from person to pemdepending on the
person‘s size, the amount of adipose tissue, aadcdimcentrations of
certain ions in the blood.

The heart pumps blood through blood vessels, wéxténd throughout
the body. Blood helps maintain homeostasis in stwveays:

>

Transport of gases, nutrients, and waste products. Oxygen enters
blood in the lungs and is carried to cells. Carloxide,

produced by cells, is carried in the blood tolthregs, from which
it is expelled. Th e blood transports ingestedients, ions, and
water from the digestive tract to cells, and theob transports
the waste products of cells to the kidneys fanelation.

Transport of processed molecules. Many substances are produced
in one part of the body and transported in theodlto another
part, where they are modified. For example, thecgprsor to
vitamin D is produced in the skin (see chapteartj transported
by the blood to the liver and then to the kidn&ysprocessing
into active vitamin D. Active vitamin D is trangped in the
blood to the small intestines, where it promotes tptake of
calcium. Another example is lactic acid produced dkeletal
muscles during anaerobic respiration. The bloodiasa lactic
acid to the liver, where it is converted into gige.

Transport of regulatory molecules. The blood carries many of the
hormones and enzymes that regulate body procéssmsone
part of the body to another.

Regulation of pH and osmosis. Buffers, which help keep the
blood‘'s pH within its normal limits of 7.35-7.4%re in the
blood. The osmotic composition of blood is alsdtical for
maintaining normal fluid and ion balance.

Maintenance of body temperature. Blood is involved with body
temperature regulation because warm blood is piatesd from
the interior to the surface of the body, wheret ieeeleased from
the blood.

Protection against foreign substances. The cells and chemicals of
the blood make up an important part of the immggstem,
protecting against foreign substances, such asoorganisms
and toxins.
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> Clot formation. Blood clotting protects against excessive blood
loss when blood vessels are damaged. When tissaelamaged,
the blood clot that forms is also the first stegissue repair and
the restoration of normal function.

3.2 Composition of blood

Blood is a type of connective tissue consisting cells and cell
fragments surrounded by a liquid matrix. The caltsl cell fragments
are theformed elements, and the liquid is thelasma. The formed
elements make up about 45%, and plasma makes up 85% of the
total blood volume.

The percentage of red blood cells in a sample @bdls referred to as
hematocrit. A healthy person normally has a hematocrit levehlobut
45%. Most of the cells are red blood cells, and/ @idout 1% are white
blood cells and platelets. The rest of blood (apimately 55%) is
plasma.

Plasma rotens
Plasma
(e antage by weight) KNyurmrs
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Wnte Slood cebs Neuraonis
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Figure 16.1 Composition of Blood PR v a5
Approxemate values for the components of blood in 3 normal aduk

Fig. 2.1;
3.3 Plasma

Plasma is a pale yellow fluid that consists of dab®ifo water; 7%
proteins; and 2% other substances, such as iomsemts, gases, and
waste products. Plasma proteins include albumimbudins, and
fibrinogen. Albumin makes up 58% of the plasma proteins. Although
the osmotic pressure of blood results primarilynrfreodium chloride,
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albumin makes an important contribution. The wdtalance between
blood and tissues is determined by the movememtabér into and out
of the blood by osmosigslobulins account for 38% of the plasma
proteins. Some globulins, such as antibodies ampEment, are part
of the immune system. Other globulins and albumimction as
transport molecules because they bind to molecsles) as hormones,
and carry them in the blood throughout the bodyn&globulins are
clotting factors, which are necessary for the fdramaof blood clots.
Fibrinogen is a clotting factor that constitutes 4% of plaspnateins.
Activation of clotting factors results in the coms®n of fibrinogen into
fibrin, a threadlike protein that forms blood clo&rum is plasma
without the clotting factors. Nutrients in plasnmreclude amino acids,
glucose, nucleotides, and lipids that have all balksorbed from the
digestive tract. Because lipids are not water deland because plasma
Is mostly water, lipids must combine with molecutedledlipoproteins
to be transported. The different types of lipopiregearechylomicrons,
very low density lipoproteins (VLDL), low-densitypbproteins (LDL),
and high-density lipoproteins (HDL).

Plasma Components Functions and Examples

Water Acts 2 a solvent and suspending medsum for blood components

Proteins Mairttain csmotic pressure [albumin), destroy foreign substances (antibodies and complement]), transport molecules
{albumin, globulins), and form clots {fibrmogen)

lons nvolved in csmotic pressure (sodium and chlonde ions), membrane potentials (sodium and potassium ions), and
aad-base balance (hydrogen, hydrowide, and bicarbonate ions)

Nutrents Source of energy and “building blocks” of more complex molecules (glucose, amino acids, triglycerides)

Gases nvolved in aerobic respiration (orygen and carbon diouide]

Waste products Break down products of protesn metabolism (urea and ammona salts), red blood cells (bilinubn), and anaerobsc
respiration (actic aod)

Reguistory substances Catalyze chemical reactions (enzymes) and stimulate or inhabit many body functions (hormones)

3.4 Formed e ements

About 95% of the volume of the formed elements ®isofred blood
cells (RBCs), or erythrocytes. Red blood cells transport oxygen and
carbon dioxide. Most of the remaining 5% of thewné of the formed
elements consists afhite blood cells (WBCs), or leukocytes. There
are five types of white blood cells, which are ilwad in immunity.
Platelets or thrombocytes are tiny cell fragments making a negligible
contribution to plasma volume. Platelets are ingdin blood clotting.
Red blood cells are 700 times more numerous thare wlood cells and
17 times more numerous than platelets.
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Red Blood Cdlls

Red blood cells, calleerythrocytes, are biconcave-shaped cells that are
small enough to pass through capillaries. Matudehleod cells do not
contain nuclei because they must lose their nuiclerder to make room
for a pigment called hemoglobin. Hemoglobin‘s fuoctis to carry
oxygen. Hemoglobin that carries oxygen is calbegthemoglobin and

Is bright red in colour; hemoglobin carries carlodtle is called
deoxyhemoglobin and has a darker red color.

A red blood cell count is the number of red blo@lscin one cubic
millimeter of blood (a cubic millimeter of blood reughly 20 drops of
blood). This count is normally between 4 millionda6.5 million red
blood cells. Because the function of a red blooll iseto transport
oxygen throughout the body, low count reflects arelased ability to
carry oxygen. This condition is known asaemia.

When red blood cells age, macrophages in the awer spleen destroy
them. When a red blood cell is destroyed, a pigmehédbiliverdin is
released from the cell. The liver usually convestbverdin into an
orange-colored pigment callédirubin.
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damaged red blood cells
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Bilirubin is used to make bile, which is needed ttoe digestion of fats.
However, sometimes bilirubin is not used to makke;binstead, it
persists in the bloodstream. This causes a persskifs to appear
yellowish, which is a condition known agaundice. During
development, red blood cells are made in the gl sac, the liver,
and the spleen. However, once a baby is born, medsblood cells are
produced in red bone marrow by cells calleemocytoblasts. The
average life span of a red blood cell is only a2 days, so red bone
marrow is constantly making new cells. The hormemnghropoietin is
responsible for regulating the production of redadol cells. This
hormone is produced by the kidneys and stimuldtesd¢d bone marrow
to produce new red blood cells. The kidneys rel¢laisehormone when
oxygen concentrations in the blood get low.

Vitamin B12 and folic acid are two dietary factéhsit affect red blood
cell production. These vitamins are necessary fdARynthesis, so any
actively dividing tissue such as red bone marrowafiscted when DNA
cannot be produced. Iron is also necessary to rhakenoglobin. Too
few red blood cells or too little haemoglobin casult in anaemia.

Top view

7.5 micrometers

Fig. 2.3:
L eukocytes (white blood cells)

The leukocytes, also calleuhite blood cells, are themobile units of the
body's protective system. They are formed partiadlyhe bone marrow
(granulocytes andmonocytes and a fewymphocytes) and partially in the
lymph tissue Iymphocytes and plasma cells). After formation, they are
transported in the blood to different parts of twely where they are
needed. The real value of the white blood celkh# most of them are
specifically transported to areas of serious inéecand inflammation,
thereby providing a rapid and potent defense agamhsctious agents.
As we see later, the granulocytes and monocytes aapecial ability to
“seek out and destroy” a foreign invader.
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White blood cells, which are calldeukocytes, are divided into two
categories: granulocytes and agranulocy&snulocytes have granules

in their cytoplasm and include neutrophils, eosimlsp and basophils.
Agranulocytes do not have granules in their cytoplasm and include
monocytes and lymphocytes.

Neutrophils account for about 55% of all white blood cells. Yrae
important for destroying bacteria, viruses, andirtexin the blood.
Eosinophils accountfor about 3% of all white blood cells ana ar
effective in getting rid of parasitic infectionscéuas worms. Eosinophils
also help control inflammation and allergic reactidasophils account
for less than 1% of all white blood cells. Theyeade substances such as
histamine and heparin, which promote inflammation.

Monocytes account for about 8% of all white blood cells. Thane
important for destroying bacteria, viruses, andirtexin the blood.
Lymphocytes account for about 33% of all white blood cells and
provide immunity for the body. A white blood cethunt is the number
of white blood cells in 1 cubic millimetre of bloodhis count is
normally between 5000 and 10,000 cells. A whiteollaell count
above normal is termédaukocytosis. This condition often results from
bacterial infections. A white blood cell count b&lamormal is called
leukopenia, which is caused by some viral infections and variother
conditions. The white blood cells formed in the &anarrow are stored
within the marrow until they are needed in the Watory system. Then,
when the need arises, various factors cause thdm teleased (these
factors are discussed later). Normally, about thirees as many white
blood cells are stored in the marrow as circulatine entire blood. This
represents about a 6-day supply of these cells.

A differential white blood cell count lists the pentages of the different
types of leukocytes in a sample of blood. This issaful test because
the numbers of different white blood cells changecértain diseases.
For example, neutrophil numbers increase at thenbew of a bacterial
infection but monocyte numbers will not increasdlabout two weeks
after a bacterial infection.

Eosinophil numbers increase during worm infections. AIDS,

lymphocyte numbers fall. Some white blood cellsystm the

bloodstream to fight infections while others ledte bloodstream by
squeezing through blood vessel walls to reach otissues. The
squeezing of a cell through a blood vessel walhiteddiapedesis.

Neutrophils and macr ophages defend against infections
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Mainly the neutrophils and tissue macrophages lat@ed destroy
invading bacteria, viruses, and other injuriousnégieThe neutrophils
are mature cells that can attack and destroy bactren in the
circulating blood. Conversely, the tissue macroglsapegin life as
blood monocytes, which are immature cells whilé stithe blood and
have little ability to fight infectious agents &iat time. However, once
they enter the tissues, they begin to swell—sonetimcreasing their
diameters as much as fivefold—to as great as @Dtmicrometers, a
size that can barely be seen with the naked eyeselleells are now
called macrophages, and they are extremely capable of combating
disease agents in the tissues.

White Blood Cells Enter the Tissue Spaces by Diapedesis.

Neutrophils and monocytes can squeeze throughdhresf the blood
capillaries bydiapedesis. Though a pore is much smaller than a cell, a
small portion of the cell slides through the poteadaime; the portion
sliding through is momentarily constricted to tieef the pore.

White Blood Cells Move Through Tissue Spaces by Ameboid
Motion. Both neutrophils and macrophages can move throingh t
tissues by ameboid motion. Some cells move at itede@s great as 40
um/min, a distance as great as their own length eachte.

White Blood Cells Are Attracted to Inflamed Tissue Areas by
Chemotaxis. Many different chemical substances in the tisslmsse
both neutrophils and macrophages to move towardsthece of the
chemical. This phenomenon is known @®motaxis. When a tissue
becomes inflamed, at least a dozen different prisdtiat can cause
chemotaxis toward the inflamed area are formedy Tindude (1) some
of the bacterial or viral toxins, (2) degeneragwreducts of the inflamed
tissues themselves, (3) several reaction producteeo—complement
complex activated in inflamed tissues, and (4) severattrea products
caused by plasma clotting in the inflamed area,wa#l as other
substances.
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Fig. 2.4: Diapedesis of white blood cell into a tissue
Phagocytosis

The most important function of the neutrophils amdcrophages is
phagocytosis, which means cellular ingestion of the offending rage
Phagocytes must be selective of the material thaphagocytized,;
otherwise, normal cells and structures of the bodght be ingested.
Whether phagocytosis will occur depends espec@tiythree selective
procedures.

Platelets

Platelets or thrombocytes, are minute fragments of cells, each
consisting of a small amount of cytoplasm surrogndsy a cell
membrane. They are produced in the red bone marfmm
megakar yocytes (mega-, large +*aryon, nucleus +kytos, cell), which
are large cells. Small fragments of these cellalbraff and enter the
blood as platelets, which play an important rolereventing blood loss.
This prevention is accomplished in two ways: (1¢ ttormation of
platelet plugs, which seal holes in small vessais, (2) the formation of
clots, which help seal off larger wounds in these&ts. A normal platelet
count is between 130,000 and 360,000 plateletsyigic millimetre of
blood.

3.5 Bleeding control

When a blood vessel is damaged, blood can leakaifter tissues and
interfere with normal tissue function, or blood d¢anlost from the body.
A small amount of blood loss from the body can dlerated, and new
blood is produced to replace it. If a large amaafriblood is lost, death
can occur.
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Hemostasis refers to the stoppage of bleeding. This is impartahen
blood vessels are damaged and bleeding beginse fnoeesses occur
in hemostasis:

(1) Blood vessel spasm, (2) platelet plug formatiand (3) blood
coagulation.

Vascular Spasm

Vascular spasm is an immediate but temporary constriction of aodlo
vessel resulting from a contraction of smooth maisathin the wall of
the vessel. This constriction can close small uessanpletely and stop
the flow of blood through them. Damage to bloodse¢s can activate
nervous system reflexes that cause vascular spasms.

Platelet Plugs

A platelet plug is an accumulation of platelets that can seal up a
smallbreak in a blood vessel. Platelet plug foromais very important in
maintaining the integrity of the circulatory systdracause small tears
occur in the smaller vessels and capillaries mamgd each day, and
platelet plug formation quickly closes them. Peapl® lack the normal
number of platelets tend to develop numerous sheimorrhages in
their skin and internal organs. The formation gblatelet plug can be
described as a series of steps, but in actualityyno& these steps occur
at the same timePlatelet adhesion results in platelets sticking to
collagen exposed by blood vessel damage. Most|gladelhesion is
mediated througlvon willebrand factor, which is a protein produced,
stored, and released by blood vessel endothelis. a®n Willebrand
factor forms a bridge between collagen and plaelst binding to
platelet surface receptors and collagen. After ghtds adhere to
collagen, they become activated, change shapegetaabe chemicals.

In the platelet release reaction, platelets release chemicals, such as
adenosine diphosphate (ADP) and thromboxane. ARPtmomboxane
bind to their respective receptors on the surfatgdatelets, resulting in
the activation of the platelets. These activatedahts also release ADP
and thromboxanes, which activates more plateldtsis,;Ta cascade of
chemical release activates many platelets.

As platelets become activated, they express sunfaceptors called
fibrinogen receptors, which can bind to fibrinogen, a plasma protein. In
platelet aggregation, fibrinogen forms bridges between the fibrinogen
receptors of numerous platelets, resulting in trenition of a platelet

plug.
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Process Figure 16.9 Piatelet Plug Formation

Fig. 2.5: Platelet plug formation

Blood Clotting vascular spasm and platelet plugs@lare not sufficient
to close large tears or cuts. When blood vesseki®rely damaged,
blood clotting or coagulation results in the forroatblood clots. A
blood clot is a network of thread-like protein fibecalledfibrin that
traps blood cells, platelets and fluids. The fororatof blood clots
depends on a number of proteins calbkatting factors. Most clotting
factors are manufactured in the liver and manyeft require vitamin k
for their synthesis. In addition, many of the chegthireactions of clot
formation require calcium and the chemicals reléagem platelets.
Low levels of vitamin K, low levels of Ca2+, low mlers of platelets,
or reduced synthesis of clotting factors becaudesef dysfunction can
seriously impair the blood clotting process.

Normally, the clotting factors are in an inactivate and do not cause
clotting. After injury, the clotting factors areta@ted to produce a clot.
The activation of clotting proteins begins with #drinsic and intrinsic
pathways. These pathways converge to form the campaihway,
which results in the formation of a fibrin clot.
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Fig. 2.6: Process of Clot Formation
Extrinsic Pathway

The extrinsic pathway is so named because it begithschemicals that
are outside of, or extrinsic to, the blood. Damagedues release a
mixture of lipoproteins and phospho lipids caliédomboplastin, also
known astissue factor (TF), or factor Ill. Th romboplastin, in the
presence of Ca2+, forms a complex with factor Which activates
factor X, which is the beginning of the common pedl.

Intrinsic Pathway

The intrinsic pathway is so named because it bagitischemicals that
are inside, or intrinsic to, the blood. Damage ltmt vessels can expose
collagen in the connective tissue beneath the @etom lining the
blood vessel. When plasma factor XII comes intotacinwith collagen,
factor Xll is activated and it stimulates factor, Mthich in turn activates
factor 1X. Activated factor IX joins with factor Wl platelet
phospholipids, and Ca2+ to activate factor X, whglhe beginning of
the common pathway.
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Common Pathway

On the surface of platelets, activated factor Xgtda V, platelet,
phospholipids, and Ca2+ combine to forrprothrombinase.
Prothrombinase converts the soluble plasma prgeabhrombin into
the enzymethrombin. Thrombin converts the soluble plasma protein
fibrinogen into the insoluble proteifibrin. Fibrin forms the fibrous
network of the clot.

Control of Clot Formation

Without control, clotting would spread from the mobf its initiation
throughout the entire circulatory system. The blamohtains several
anticoagulants, which prevent clotting factors from forming clots
Antithrombin andheparin, for example, inactivate thrombin. Without
thrombin, fibrinogen is not converted to fibrin,damo clot forms.
Normally, there are enough anticoagulants in tlo®dlto prevent clot
formation. At an injury site, however, the actiwatiof clotting factors is
very rapid. Enough clotting factors are activateal the anticoagulants
can no longer prevent a clot from forming. Awaynfrahe injury site
there are enough anticoagulants to prevent clotmdton from
spreading.

The Danger of Unwanted Clots

When platelets encounter damaged or diseased @iréésod vessels or
heart walls, an attached clot, callethaombus, can form. A thrombus
that breaks loose and begins to float through tleailation is called an
embolus. Both thrombi and emboli can result in death if tHagck
vessels that supply blood to essential organs, asadhe heart, brain, or
lungs. Abnormal blood clotting can be preventedhordered by the
injection of anticoagulants, such as heparin, whetts rapidly.
Coumadin, or warfarin, acts more slowly than hepaWarfarin
prevents clot formation by suppressing the producof vitamin K—
dependent clotting factors by the liver.

Clot Retraction and Fibrinolysis

After a clot has formed, it begins to condense iatonore compact
structure by a process known @st retraction. Platelets contain the
contractile proteins actin and myosin, which opeiata fashion similar
to that of the actin and myosin in muscle. Plaselérm small

extensions that attach to fibrin through surfaceptors. Contraction of
the extensions pulls on the fibrin and is respdasibr clot retraction.

Serum, which is plasma without the clotting factorssgueezed out of
the clot during clot retraction. Retraction of ttlet pulls the edges of
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the damaged blood vessel together, helping stopfltve of blood,
reducing the probability of infection, and enhamgcihealing. The
damaged vessel is repaired by the movement of iasts into the
damaged area and the formation of new connectbseidi In addition,
epithelial cells around the wound divide and fillthe torn area.

Clot dissolution

Clots are dissolved by a process calfldatinolysis (fibrino-, fi ber- +
lysis, dissolution) . Plasminogen) is an inactive plasma protein
produced by the liver.

Thrombin, other clotting factors activated durinigtcformation, and
tissue plasminogen activator (t-PA) released from surrounding tissues
can stimulate the conversion of plasminogen tacts/e form,plasmin.
Over a period of a few days, plasmin slowly breddan the fibrin.

3.6 Blood typing

The ABO blood group consists of four different kdotypes: A, B, AB,
and O. They are distinguished from each other m Ipatheir antigens
and antibodies.

Agglutination is the clumping of red blood cells following a btbo
transfusion. This clumping is not desirable becatideads to severe
anemia. Agglutination occurs because proteins aallgigens on the

surface of red blood cells bind to antibodies iaspha. To prevent
agglutination, antigens should not be mixed withiterdies that will

bind to them. Fortunately, most antibodies do natdlo antigens on
blood cells; only very specific ones bind to them.

> Type A People with type A blood have antigen A ba surface
of their red blood cells. They also have antibdglyin their
plasma. Antibody B will only bind to antigen B.

> Type B People with type B blood have antigen B lom $urface
of their red blood cells. They also have antiboslyin their
plasma. If a person with type A blood is giveneyp blood, then
the antibody B in the recipient's blood will bingith the red
blood cells of the donor blood because those bel& antigen B
on their surfaces. Therefore, agglutination occumad the
donated red blood cells are destroyed. This is avipgrson with
type A blood should not be given type B blood (& versa).

> Type AB People with type AB blood have both antigerand
antigen B on the surface of their red blood celleey have
neither antibody A nor antibody B in their plasnReople with
type AB blood are called universal recipients, d&asse most of
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them can receive all ABO blood types. They can ivecéhese blood
types because they lack antibody A and antibody Bieir plasma, so
there is no reaction with antigens A and B of theat blood.

> Type O People with type O blood have neither antigenor
antigen B on the surface of their red blood ceéflswever, they
do have both antibody A and antibody B in theaspha. People
with type O blood are called universal donors bseaheir blood
can be given to most people regardless of redigiétood type.
Type O blood will not agglutinate when given tdet people
because it does not have the antigens to bindtiboaly A or

antibody B.
Table2.1:
Blood That Can

Blood Type Antigen Present Antibody Present Be Received

A A B AandO

B B A BandO

AB AB None A B, AB,and0

0 None AandB 0

The above table shows ABO blood group
The Rhesus Factor

The Rh antigen is a protein first discovered on red blood cellsttué
Rhesus monkey, hence the name Rhesus. People whghapositive
have red blood cells that contain the Rh antigerople who are Rh-
negative have red blood cells that do not contaen Rh antigen. If a
person who is Rh-negative is given Rh-positive O|othen the Rh-
negative person‘s blood will make antibodies thaidbto the Rh
antigens. If the Rh-negative person is given Rhtpesblood a second
time, the antibodies will bind to the donor cellsdaagglutination will
occur. Clinically, it is very important for a feneedo know her Rh type.

If an Rh-negative female mates with an Rh-positnale, there is a
fifty-fifty chance that her fetus will be Rh-posii. When the blood of a
fetus who is Rh-positive mixes with the blood omather who is Rh-
negative, themother develops antibodies againstféhes’s red blood
cells. The first Rh-positive fetus usually does wsaffer from these
antibodies because it takes so long for the mathieody to generate
them. However, if the mother conceives a secongéditive fetus, the
fetus's blood will be attacked by the antibodieghtiaway. The second
fetus then develops a condition callrgthroblastosis fetalis, and the

baby is born severely anemic. Erythroblastosislifeta prevented by
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giving an Rh-negative woman the drehoGAM. RhoGAM prevents
an Rh-negative mother from making antibodies agamesRh antigen.

40 CONCLUSION

The blood is made up of the plasma and the forniechents. The
formed elements are the red blood cells (RBCsgrgthrocytes, the five
types of white blood cells (WBCs) or leukocytes ahd Platelets or
thrombocytes. Structural

50 SUMMARY

In this unit, you have learnt in details the stanetand various functions
of blood, the composition of blood, the various paments of plasma
and the formed elements. We also discussed bleezbngol, blood
typing and its importance. We finally ended thissagdission with
information about the rhesus factor and its clihicansequences. |
sincerely hope that you have not only enjoyed tinis but gained a lot
from it as well.

6.0 TUTOR MARKED ASSIGNMENTS
6.1 Activity (to be submitted in your portfolio)

o Visit the blood bank and document the procedurebloiod
banking.

o Solomon Abubakar, a physical education major, wahnte
improve his performance in an upcoming marathae.rAbout 6
weeks before the race, he donated 500 mL of blaod, the
formed elements were separated from the plasma.fdimed
elements were frozen, and the plasma was re-idfus® his
body. Just before the competition, the formed ele were
thawed and injected into his body. Explain whysthrocedure,
called blood doping or blood boosting, would h&8plomon's
performance. Can you suggest any possible badtgPfe

) Visit the Chemical Pathology laboratory in your pibgl or any
secondary or tertiary institution close to youtemiew the
laboratory scientist on the precautionary measaspted to
prevent contact with blood. Add your report to yportfolio.

6.2 Please answer the following questions:

I Describe the nature of blood as part of thalicarascular system
and highlight its functions.

. What is the blood volume of an average person?

iii.  What are the conditions that can cause a gaan haematocrit?
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V. Can haemoglobin bind other gas molecules dpam oxygen? If
yes, explain how.

V. What are the two pathways that initiate clg#in
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UNIT 3 LYMPHATIC SYSTEM
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1.0 INTRODUCTION

Most people are not aware of the existence ofyhwphatic system and
those that are aware do not fully understand istians. It is one of the
most important systems for survival as one of thidiers that defends
your body against invading enemies. You may be wand how true
that is, but relax, at the end of our discussiany will agree with me.
One of the basic themes of life is that many orgfasi consume, or use,
other organisms to survive. Humans are host tokams of organisms,
including microorganisms, such as bacteria, virusksgi, and
protozoans; insects; and worms. Often, parasitas h@mans, causing
disease and sometimes death. For simplicity, tira f@athogen is used
for any parasite or substance that causes dis€hsdymphatic system
and immunity are the body's defense systems agdmeats arising
from inside and outside the body.

20 OBJECTIVES

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

o Describe the functions of the lymphatic system

o Explain in details how lymph is formed

o List the major lymphatic vessels in the order lymfilbws
through them.

o Describe the structure and functions of diff usappatic tissue,
lymphatic nodules, tonsils, lymph nodes, spleerd #&mymus
gland
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3.0 MAINCONTENT

3.1 Functionsof thelymphatic system

The lymphatic system represents an accessory timaegh which fluid
can flow from the interstitial spaces into the lWo®Most important, the
lymphatics can carry proteins and large particutaédter away from the
tissue spaces, neither of which can be removedbkygrption directly
into the blood capillaries. This return of protetosthe blood from the
interstitial spaces is an essential function withetich we would die
within about 24 hours.

The functions of the lymphatic system includes:

o Fluid balance. Approximately 30 L of fluid pass from the blood
capillaries into the interstitial spaces each ddyreas only 27 L
pass from the interstitial spaces back into th@dlecapillaries. If
the extra 3 L of fluid were to remain in the intéral spaces,
edema would result, causing tissue damage and taleteath.
Instead, the 3L of fluid enters the lymphatic clapiés, where the
fluid is calledlymph, and it passes through the lymphatic vessels
back to the blood. In addition to water, lymph @n$ solutes
derived from two sources: (1) Substances in plasoneh as ions,
nutrients, gases, and some proteins, pass frond dapillaries
into the interstitial fluid and become part of tlyenph and (2)
substances derived from cells, such as hormoneyners, and
waste products, are also found in the lymph.

o Fat absorption. The lymphatic system absorbs fats and other
substances from the digestive tract. Lymphatic lzapms called
lacteals are located in the lining of the small intestinatd~enter
the lacteals and pass through the lymphatic vessdlse venous
circulation. The lymph passing through these lyntighzessels,
calledchyle, has a milky appearance because of its fat cantent

o Defense. Pathogens are filtered from lymph by lymph noded an
from blood by the spleen. In addition, lymphocytesd other
cells are capable of destroying pathogens. The oaegs of this
system includes lymph, lymphatic vessels, lymphdissue,
lymphatic nodules, lymph nodes, tonsils, the splesmmd the
thymus.

3.2 Rateof lymph flow

About 100 milliliters per hour of lymph flows thrgh thethoracic duct
of a resting human, and approximately another 20litars flows into
the circulation each hour through other channelsking a total
estimated lymph flow of about 120 ml/hr or 2 tat8rs per day.
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The fluid that returns to the circulation by way thie lymphatics is
extremely important because substances of highaulaleweight, such
as proteins, cannot be absorbed from the tissuesnynother way,
although they can enter the lymphatic capillariesost unimpeded. The
reason for this is a special structure of the lyatghcapillaries is
because the endothelial cells of the lymphatic lzapi attached by
anchoring filaments to the surrounding connective tissues.

3.3 Lymphatic pathway

The lymphatic system, unlike the circulatory systelmes not circulate
fluid to and from tissues. Instead, the lymphatistem carries fluid in
one direction, from tissues to the circulatory syst Fluid moves from
blood capillaries into the interstitial spaces. Mokthe fluid returns to
the blood, but some of the fluid moves from thesiistitial spaces into
lymphatic capillaries to become lymph. Themphatic capillaries are
tiny, closed-ended vessels consisting of simpleastus epithelium.
Lymphatic capillaries differ from blood capillaries that they lack a
basement membrane and the cells of the simple smusm®pithelium
slightly overlap and are attached loosely to onetlar. Two things
occur as a result of this structure. First, theghatic capillaries are far
more permeable than blood capillaries, and nothinghe interstitial
fluid is excluded from the lymphatic capillariesec®nd, the lymphatic
capillary epithelium functions as a series of orsfwalves that allow
fluid to enter the capillary but prevent it fromgsang back into the
interstitial spaces.

Lymphatic capillary
Lymphatic vessel
Lymph node
Lymphatic vessel
Lymphatic trunk
Collecting duct
Subciavian vein
Fi_g. 3.1: The lymphatic pathway

Lymphatic capillaries are in most tissues of thdybdExceptions are the
central nervous system, bone marrow, and tissud®utiblood vessels,
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such as the epidermis and cartilage. A superfgiaup of lymphatic
capillaries drains the dermis and subcutaneousetjssnd a deep group
drains muscle, viscera, and other deep structures.

The lymphatic capillaries join to form larggmphatic vessels, which
resemble small veins. Small lymphatic vessels havebeaded
appearance because of one-way valves that areasitoithe valves of
veins. When a lymphatic vessel is compressed, #ies prevent the
backward movement of lymph. Consequently, compoessf lymphatic
vessels causes lymph to move forward through thEhnee factors
cause compression of the lymphatic vessels:

o the periodic contraction of smooth muscle in thappatic vessel
wall,

o the contraction of surrounding skeletal muscle myractivity,
and

o pressure changes in the thorax during respiration.

The lymphatic vessels converge and eventually enmpbythe blood at
two locations in the body. Lymphatic vessels frdma tight upper limb
and the right half of the head, neck, and chesttegryo the right
subclavian vein. These lymphatic vessels often eagesto form a short
duct, 1 cm in length, called tméght lymphatic duct, which connects to
the subclavian vein. Lymphatic vessels from the oéghe body enter
the thoracic duct, which empties into the left subclavian vein. The
thoracic duct is the largest lymphatic vesselslapproximately 38-45
cm in length, extending from the twelfth thoracertebra to the base of
the neck.

3.4 Lymphatic tissuesand organs

The lymphatic organs include the tonsils, lymph emdspleen, and
thymus. Lymphatic organs contain lymphatic tissudiich consists
primarily of lymphocytes, but it also includes maghages, dendritic
cells, reticular cells, and other cell types.

Lymphocytes are a type of white blood cell. Whea tiody is exposed
to pathogens, the lymphocytes divide, increaseumber, and are part
of the immune response that destroys pathogensphstit tissue also
has very fine collagen fibers, called reticularefi, which are produced
by reticular cells. Lymphocytes and other cellacit to these fibers.
When lymph or blood filters through lymphatic orgarthe fiber

network traps pathogens in the fluid. Lymphatisdis surrounded by a
connective tissue capsule is said to be encapdytateereas lymphatic
tissue without a capsule is called nonencapsuldigohphatic organs

with a capsule include lymph nodes, the spleen, #red thymus.
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Nonencapsulated lymphatic tissue includes diff lysephatic tissue,

lymphatic nodules, Peyer patches, and the tonBitmencapsulated
lymphatic tissue is found in and beneath the mucoambranes lining

the digestive, respiratory, urinary, and reproditiracts. In these
locations, the lymphatic tissue is well locatedrtercept pathogens as
they enter the body.

Diffuse Lymphatic Tissue and Lymphatic Nodules

Diffuse lymphatic tissue has no clear boundaryndéewith surrounding
tissues, and contains dispersed lymphocytes, mhaggs, dendritic
cells, and other cells. It is located deep to mscmembranes, around
lymphatic nodules, and within the lymph nodes apléen. Lymphatic
nodules are denser arrangements of lymphatic tissganized into
compact, somewhat spherical structures, rangingize from a few
hundred microns to a few millimeters or more innaéder. Lymphatic
nodules are numerous in the loose connective tisube digestive,
respiratory, urinary, and reproductive systems. ePepatches are
aggregations of lymphatic nodules found in theadlibalf of the small
intestine and the appendix. Lymphatic nodules dse &und within
lymph nodes and the spleen

Tonsls

Tonsils are large groups of lymphatic nodules and diff lysephatic

tissue located deep to the mucous membranes wittenpharynx
(throat). The tonsils provide protection againstctbaa and other
potentially harmful material entering the pharynarh the nasal or oral
cavities.

In adults, the tonsils decrease in size and eviytuzay disappear.
There are three groups of tonsils. Tpeatine tonsils are located on
each side of the posterior opening of the oraltgavihey usually are
referred to as “the tonsils.” Theharyngeal tonsil is located near the
internal opening of the nasal cavity. When the phgeal tonsil is
enlarged, it is commonly referred to as #@mkenoid or adenoids. An
enlarged pharyngeal tonsil can interfere with ndrima@athing. The
lingual tonsil is on the posterior surface of the tongue.
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Priaryngeal tonss

Falatimm torsd

Lingusl lonsd

Fig. 3.2: Thetonsils

Lymph Nodes

Lymph nodes are very small, glandular structuras tisually cannot be
felt very easily. They are located along the pathdarger lymphatic
vessels and are spread throughout the body, bytin@ot occur in the
nervous system. One side of a lymph node, calledhilam, is indented.
Nerves and blood vessels enter the node througiithen. They are
small, round, or bean-shaped structures, rangirgize from 1-25 mm
long. They filter the lymph, removing bacteria apither materials. In
addition, lymphocytes congregate, function, andlifer@te within
lymph nodes. Approximately 450 lymph nodes are ébtimoughout the
body.Superficial lymph nodes are in the subcutaneous tissue, degp
lymph nodes are everywhere else. There are three superfioalpg of
lymph nodes on each side of the body: inguinal sodethe groin,
axillary nodes in the axilla (armpit), and cervicaldes in the neck.

A dense connective tissueapsule surrounds each lymph node.
Extensions of the capsule, calleédibeculae, subdivide lymph nodes
into compartments containing diffuse lymphatic uiss lymphatic
nodules, and lymphatic sinusésymphatic sinuses are spaces between
lymphatic tissue containing macrophages and deoadsélls within a
network of reticular fibers. The outaiortex consists of lymphatic
nodules separated by diffuse lymphatic tissue gmaphatic sinuses.
The innermedulla is organized into branching, irregular strands iéff d
use lymphatic tissue separated by lymphatic sinusge important cell
types are found inside the node— macrophages anmgphgcytes.
Macrophages digest unwanted pathogens in the lyasph sits in the
node, and the lymphocytes start an immune respa@gsenst the
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pathogen. Lymph nodes are also responsible fogémeration of some
lymphocytes.

Lymph nodes are the only structures to filter lymphey haveaffer ent
lymphatic vessels, which carry lymph to the lymph nodes, where it is
filtered, andefferent lymphatic vessels, which carry lymph away from
the nodes. As lymph moves through the lymph nodesgrophages
remove the pathogens from the lymph and lymphocsgepond to the
pathogens by dividing and differentiating into selthat can Kill
pathogens. The Ilymph nodules containing the rapidiyiding
lymphocytes are calledgerminal centers. The newly produced
lymphocytes are released into the lymph and evéntteach the blood,
where they circulate and enter infected tissues ather lymphatic
tissues.
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Fig. 3.3: The lymph node
The Spleen

The spleen is the largest lymphatic organ. It ated in the upper left
portion of the abdominal cavity. The spleen isefill with blood,
macrophages, and lymphocytes. It filters blood umcmthe same way
that lymph nodes filter lymph. The spleen also reesoworn-out red
blood cells from the bloodstream. Thgleen is roughly the size of a
clenched fist. It has an outeapsule of dense connective tissue and a
small amount of smooth muscl&rabeculae from the capsule divide
the spleen into small, interconnected compartmeatstaining two
specialized types of tissue calledhite pulp and red pulp.
Approximately one-fourth of the volume of the splae white pulp and
three-fourths is red pulp. Branches of fpéenic artery enter the spleen
and their branches follow the various trabecula® ithe spleen to
supply white pulp within the compartments.
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Fig. 3.4: The spleen

Blood flows from white pulp into red pulp. Veinsom the red pulp
converge, forming the splenic vein, which exits shéeen.

Functions

The spleen destroys defective red blood cells atdcts and responds
to foreign substances in the blood. As red blodis ege, they lose their
ability to bend and fold. Consequently, the ce#la cupture as they pass
slowly through the fi brous network of the splergords or the
intercellular slits of the venous sinuses. Splemacrophages then
phagocytize the cellular debris. Foreign substantdise blood passing
through the spleen can stimulate an immune respbasause of the
presence in the white pulp of lymphocytes.

The spleen also functions as a blood reservoidihgla small volume
of blood. For example, during exercise splenic m@ucan be reduced
by 40%-50%. The resulting small increase in cirtodared blood cells
can promote better oxygen delivery to muscles duraxercise or
emergency situations.

Thymus

Thethymusis a bi-lobed gland located in the superior mediast, the
partition dividing the thoracic cavity into left dmight parts. Each lobe
of the thymus is surrounded by a thin connectissuie capsule.
Trabeculae extend from the capsule into the substance of tardg
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dividing it into lobules. Unlike other lymphatic tissue, which has a
fibrous network of reticular fibers, the framewodt thymic tissue
consists of epithelial cells. The processes of epéhelial cells are
joined by desmosomes, and the cells form smakguiarly shaped
compartments filled with lymphocytes. Near the cépsnd trabeculae,
the lymphocytes are numerous and form dark-stairdrneas of the
lobules called thecortex. A lighter-staining, central portion of the
lobules, called thenedulla, has fewer lymphocytes. The medulla also
contains rounded epithelial structures, callddymic corpuscles
(Hassall corpuscles), which may be remnants of megging cells. The
thymus is the site of the maturation of T cells.rdea numbers of
lymphocytes are produced in the thymus, but mo wniegee. The
surviving T cells enter the blood and travel toesttymphatic tissues
where they act against pathogens.

The thymus increases in size until the first yeérlife, remains
approximately the same size until 60 years of agd,then decreases in
size. Although the size of the thymus is fairly stamt throughout much
of life, functional thymic tissue is gradually raeped with adipose
tissue. By age 50 the ability to produce new, nefiucells is reduced to
20%, and by age 70 it is mostly gone.

Fig. 3.5: The thymus
5.0 SUMMARY

In this unit, we have discussed the three inteidldunctions of the
lymphatic system — fluid balance, fat absorptiod a@efense. We also
learnt that the rate of flow of lymph is 120ml/hr>to 3l per day. We
learnt that the lymphatic system does not circufaiel to and from
tissues but carries fluid in one direction, frossties to the circulatory
system. We have learnt about the lymphatic pathiayphatic tissues
and organs which includes tonsils, lymph nodeseepland thymus,
each of these were discussed in details.
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Clinical correlates

62

Enlarged tonsils make swallowing difficult, andenfed tonsils
stimulate inflammation that causes a sore throat. eflarged
adenoid restricts air flow, causing snoring anesileg with the
mouth open. In addition, an enlarged and/or infe@&denoid is
associated with chronic middle ear infections beeathe
openings to the auditory tubes are located nexhéoadenoid.
Chronic middle ear infections are associated va#s lof hearing,
which in turn affects speech developmentoAsillectomy is the
removal of the palatine tonsils, and adenoidectomy is the
removal of the adenoid. Both procedures performteithea same
time is called a T&A.

Lymphadenitis is an inflammation of the lymph nodes, causing
them to become enlarged and tender. It is an itidicahat
pathogens are being trapped and destroyed withenlytimph
nodes.

Lymphangitisis an inflammation of the lymphatic vessels. This
often results in visible red streaks in the skiattbxtend away
from the site of infection. If pathogens pass tiglouthe
lymphatic vessels and lymph nodes to reach the dbloo
septicemia, or blood poisoning, can result.

A lymphoma is a neoplasm (tumor) of lymphatic tissue that is
almost always malignant. Lymphomas are usuallydeidi into
two groupsHodgkin diseaseand all other lymphomas, which are
called non-Hodgkin Ilymphomas. The different types of
lymphomas are diagnosed based on their histologjgpéarance
and cell of origin. Typically, a lymphoma beginsas enlarged,
painless mass of lymph nodes. Enlargement of thmplynodes
can compress surrounding structures and producdmatigpns.
Immunity is depressed, and the patient has an aseck
susceptibility to infections. Fortunately, treatrhemth drugs and
radiation is effective for many people who sufferom
lymphoma.

Although the spleen is protected by the ribs, dften ruptured in
traumatic abdominal injuries. A ruptured spleen canse severe
bleeding, shock, and death. Surgical interventiay ratop the
bleeding. Cracks in the spleen are repaired usuigres and
blood clotting agents. Mesh wrapped around theesptan hold
it together. A splenectomy, removal of the spleen, may be
necessary if these techniques do not stop the ibge®ther
lymphatic organs and the liver compensate for tss lof the
spleen's functions.
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6.0 TUTOR MARKED ASSIGNMENTS
6.1 Activity

1. Complete the specific assignments with regardagpéction and
dissection of the various organs listed here ia Anatomy
laboratory and report your work as directed byrylastructor.

2. Inspect the tonsil of 10 persons and report what s&e in your
note.

6.2 Please answer the following questions:

1 List 5 functions of the lymphatic system

2. Describe the composition of the lymph

3. Identify the major lymphatic vessels in the body

4 Outline the lymphatic pathways

5 With a well labelled diagram, describe the splébgmus and a
lymph node
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MODULE 2 RESPIRATORY SYSTEM
Introduction

From our first breath at birth, the rate and degpittour breathing are
unconsciously matched to our activities, whetherdging, sleeping,
talking, eating, or exercising. We can voluntarsiop breathing, but
within a few seconds we must breathe again. Bnegthis so
characteristic of life that, along with the pulges one of the first things
we check for to determine if an unconscious persative. Breathing is
necessary because all living cells of the body ireqoxygen and
produce carbon dioxide.

Module objectives
At the end of this module, you will be able to:

I Discuss the structural components of the raspiy system

Contents

Unit 1 Anatomy of the lungs

Unit 2 Developmental anatomy of the lungs

Unit 3 Anatomy of the diaphragm and mediastinum

UNIT 1 ANATOMY OF THE LUNGS
CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1  Anatomical position of the lungs
3.2  Tracheobronchial tree
3.3  Vasculature of lungs and pleurae
3.4  Nerves of the lungs and pleurae

4.0 Conclusion

5.0 Summary

6.0 Tutor Marked Assignments

7.0 References and other resources
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1.0 INTRODUCTION

| am sure that you have some background knowledgatdahe anatomy
and the functions of the lungs. Breathing is sadamental to life that
when it ceases, life stops. Deviations in the stmecor function of the
respiratory system compromises life. Adequate kedgé of the
structures of the various organs are also needethdyurse to pre-
empt, prevent, diagnose early and make approppédes and to
intervene to achieve respiratory sufficiency irests. In this unit, you
will learn that the respiratory system performseottiunctions apart
from breathing and smelling.

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

) Draw, label and describe various organs (includimegfunctions)
that make up the respiratory system

Identify the components of the upper and loweriragpry tract
Describe the trachea-brachial tree

Explain the vasculature of the lungs and pleural

Describe the nerve supply of the lungs and thergleu
Explain the cough reflex

3.0 MAIN CONTENT
3.1  Anatomical position of the lungs

Respiration is necessary because all living cellshe body require
oxygen and produce carbon dioxide. The respiragystem assists in
gas exchange and performs other functions as well:

I Gas exchange. The respiratory system allows oxygen from the air
to enter the blood and carbon dioxide to leavebtbed and enter
the air. The cardiovascular system transports axylgem the
lungs to the cells of the body and carbon dioxidenfthe cells of
the body to the lungs. Thus, the respiratory amdicaascular
systems work together to supply oxygen to all celigl to
remove carbon dioxide.

. Regulation of blood pH. The respiratory system can alter blood
pH by changing blood carbon dioxide levels.

iii. Voice production. Air movement past the vocal folds makes
sound and speech possible.

Iv. Olfaction. The sensation of smell occurs when airborne
molecules are drawn into the nasal cavity.
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V. Protection. The respiratory system provides protection against
some microorganisms by preventing their entry theobody and
by removing them from respiratory surfaces.

The organs of the respiratory system are the nplarynx, larynx,
trachea, bronchial tree (including the bronchi &nahchioles), and the
lungs. The nose is made of bones and cartilagetf@akin covering
them. The openings of the nose are called nosffite hairs of the
nostrils prevent large particles from entering these through air.
Although air frequently passes through the oraltgait is considered to
be part of the digestive system instead of theiragspy system.

Theupper respiratory tract consists of the external nose, nasal cavity,
pharynx, and associated structures, and Ibheer respiratory tract
consists of the larynx, trachea, bronchi, and luiiggese are not official
anatomical terms, however, and there are seveainate definitions.
For example, one alternate definition places thgnba in the upper
respiratory tract. The diaphragm and the musclethefthoracic and
abdominal walls are responsible for respiratory ements.

Extesnal Nasal cavity g U
nosa
Pnarynx — respiratory
(irroat) _| et
Larymx =
Trachea
Lowes
— respirat
Sronchi trac‘:. oy
Lungs

Fig. 1.1:The respiratory system

The nose, consists of the external nose and tred cagity. The external
nose is the visible structure that forms a promirfeature of the face.
The largest part of the external nose is compogeduyaline cartilage
plates, and the bridge of the nose consists of i0flke nasal cavity
extends from the nares to the choanae. The noshrés the external
openings of the nasal cavity and the choanae a®pknings into the
pharynx. The anterior part of the nasal cavityt jnside each nostrils, is

65



NSC 216 MODULE 2

the vestibule The hard palate is a bony plate covered by a mucous
membrane that forms the floor of the nasal cavitgeparates the nasal
cavity from the oral cavity. Theasal septumis a partition of bone and
cartilage dividing the nasal cavity into right aledt parts. A deviated
nasal septum occurs when the septum bulges to idaee Biree bony
ridges, calledconchae resembling a conch shell), are present on the
lateral walls on each side of the nasal cavity.d2dm each concha is a
passageway calledraeatus.Within the superior and middle meatus are
openings from the variouparanasal sinusesand the opening of a
nasolacrimal ductis within each inferior meatus. Sensory receptors f
the sense of smell are found in the superior datteonasal cavity

The lungs are the vital organs of respiration. Tineain function is to
oxygenate the blood by bringing inspired air inknse relation with the
venous blood in the pulmonary capillaries. Althouggdaveric lungs
may be shrunken, firm or hard, and discolored, thgdungs in living
people are normally light, soft, and spongy, andyfwccupy the
pulmonary cavities. They are also elastic and tetoapproximately
one third their size when the thoracic cavity igmogd.

The pharynx is the common passageway of both the digestivetlaad
respiratory systems. It receives air from the nasaaity and receives air,
food, and drink from the oral cavity. Inferiorljye pharynx is connected
to the respiratory system at the larynx and todigestive system at the
esophagus. The pharynx is divided into three regitdme nasopharynx,
the oropharynx, and the laryngopharynx.

Thelarynx is located in the anterior part of the throat arcteds from

the base of the tongue to the trachea. It is aagasgay for air between
the pharynx and the trachea. The larynx is condebie membranes
and/or muscles superiorly to the hyoid bone andsisté of an outer
casing of nine cartilages connected to one anodlyemuscles and
ligaments. Three of the nine cartilages are ungaiaed six of them
form three pairs.

The largest of the cartilages is the unpattedoid cartilage or Adam's
apple. The most inferior cartilage of the larynxhe unpairectricoid
cartilage, which forms the base of the larynx on which theeoth
cartilages rest. The third unpaired cartilage esghiglottis.

The larynx prevents the entry of swallowed matsrialto the lower
respiratory tract and regulates the passage ointrand out of the
lower respiratory tract. During swallowing, the @lpttis tips posteriorly
until it lies below the horizontal plane and covére opening into the
larynx. Thus, food and liquid slide over the epigf toward the
esophagus. The most important event for preventhey entry of
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materials into the larynx, however, is the closafehe vestibular and
vocal folds. That is, the vestibular folds move m#g and come

together, as do the vocal folds. The closure ofvibstibular and vocal
folds can also prevent the passage of air, as \ahggrson holds his or
her breath or increases air pressure within thgdyomior to coughing or
sneezing.

Thetrachea or wind pipe, is a membranous tube attached tdaityax.
The trachea has an inside diameter of 12 mm aedgill of 10-12 cm,
descending from the larynx to the level of thehfifhoracic vertebra. It
consists of dense regular connective tissue andottmanuscle
reinforced with 15-20 C-shaped pieces of hyalinetilage. The
cartilages support the anterior and lateral sideshe trachea. They
protect the trachea and maintain an open passagéwawir. The
posterior wall of the trachea is devoid of cartdag contains an elastic
ligamentous membrane and bundles of smooth musaliedc the
trachealis muscle. The esophagus lies immediately posterior to the
cartilage-free posterior wall of the trachea.

The lungs are the principal organs of respiration. Each lis\gone-
shaped, with its base resting on the diaphragmitandpex extending
superiorly to a point about 2.5 cm above the clavic

The right lung has threlebes called the superior, middle, and inferior
lobes. The left lung has two lobes called the Sop@nd inferior lobes.
The lobes of the lungs are separated by deep, pemmnfissures on the
surface of the lung. Each lobe is divided iritoncho-pulmonary
segmentsseparated from one another by connective tissuta,sept
these separations are not visible as surface @issumdividual diseased
bronchopulmonary segments can be surgically remdeasling the rest
of the lung relatively intact, because major bleedsels and bronchi do
not cross the septa. There are 9 broncho-pulmaegsnents in the left
lung and 10 in the right lung.

The lungs are separated from each other by theast@tim.
Each lung has:

> An apex, the blunt superior end of the lung ascendibove the
level of the 1st rib into the root of the neckttln& covered by
cervical pleura.

> A base, the concave inferior surface of the lungposite the

apex, resting on and accommodating the ipsiladoate of the

diaphragm.

Two or three lobes, created by one or two fissures.

Three surfaces (costal, mediastinal, and diaphragma

Three borders (anterior, inferior, and posterior).

YV V V
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The right lung features right oblique and horizbfissures that divide it
into three right lobes: superior, middle, and irderThe right lung is
larger and heavier than the left, but it is shodaed wider because the
right dome of the diaphragm is higher and the haad pericardium
bulge more to the left. The anterior border of iight lung is relatively
straight.

The left lung has a single left oblique fissureidivg it into two left
lobes, superior and inferior. The anterior bordethe left lung has a
deep cardiac notch, an indentation consequenteadéviation of the
apex of the heart to the left side. This notch prifg indents the
anteroinferior aspect of the superior lobe. Thdemation often shapes
the most inferior and anterior part of the supetimve into a thin,
tongue-like process, the lingula (L. dim. of linguangue), which
extends below the cardiac notch and slides in and af the
costomediastinal recess during inspiration andrakpn.

Relations to the lungs

The lungs of an embalmed cadaver, usually firm ke touch,
demonstrate impressions formed by structures agjdoghem, such as
the ribs, heart, and great vessels. These markirmsade clues to the
relationships of the lungs; however, only the cardimpressions are
evident during surgery or in fresh cadaveric ortipastem specimens.

The costal surface of the lung is large, smoothl, @nvex. It is related
to the costal pleura, which separates it from ths, rcostal cartilages,
and innermost intercostal muscles. The posteriat pa the costal
surface is related to the bodies of the thoracictebeae and is
sometimes referred to as the vertebral part o€tistal surface.

The mediastinal surface of the lung is concave lmx# is related to the
middle mediastinum, which contains the pericardiand heart. The
mediastinal surface includes the hilum, which reegithe root of the
lung. If embalmed, there is a groove for the esgpbhaand a cardiac
impression for the heart on the mediastinal surfaicéhe right lung.

Because two thirds of the heart lies to the lefthef midline, the cardiac
impression on the mediastinal surface of the lefiglis much larger.
This surface of the left lung also features a prmnt, continuous
groove for the arch of the aorta and the descendorta as well as a
smaller groove for the esophagus.

The diaphragmatic surface of the lung, which i® alsncave, forms the
base of the lung, which rests on the dome of tlaphdagm. The
concavity is deeper in the right lung because eftigher position of the
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right dome, which overlies the liver. Laterally ampdsteriorly, the
diaphragmatic surface is bounded by a thin, shagrgm (inferior
border) that projects into the costodiaphragmaiiess of the pleura.

The anterior border of the lung is where the costad mediastinal
surfaces meet anteriorly and overlap the heart.cCéinéiac notch indents
this border of the left lung. The inferior bordértloe lung circumscribes
the diaphragmatic surface of the lung and sepataiesurface from the
costal and mediastinal surfaces. The posterior dsood the lung is

where the costal and mediastinal surfaces meeempady; it is broad

and rounded and lies in the cavity at the siddefthoracic region of the
vertebral column.

Nose — N
b s, % ' Pharynx

=
w ) -Epiglottis
Hyoid bone ¢
Larynx

Thyroid cartilage T i
Cricoid cartilage —_—

Right clavicle

Trachea
Right lung Left primary bronchus
-~ Ribs
Parietal pleura Diaphragm
Visceral pleura Base of left lung
Pleural cavity
Aorta
Inferior vena cava
Vertebral column
Fig. 1.2:
Lung roots

The lungs are attached to the mediastinum by tbésrof the lungs—
that is, the bronchi (and associated bronchial elsks pulmonary

arteries, superior and inferior pulmonary veing, plulmonary plexuses
of nerves (sympathetic, parasympathetic, and \ascaiferent fibers),

and lymphatic vessels. If the lung root is secttbbhefore the (medial to)
branching of the main (primary) bronchus and pulargnartery, its

general arrangement is

o Pulmonary artery: most superior on the left (thpesior lobar or
—eparteriall bronchus may be the most superior on the right).
o Superior and inferior pulmonary veins: most anteaod most

inferior, respectively.
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o Main bronchus: against and approximately in thedeicbf the
posterior boundary, with the bronchial vesselsrsiog on its
outer surface (usually on posterior aspect atgbist).

The hilum of the lung is a wedge-shaped area omibdiastinal surface
of each lung through which the structures forminhg toot of the lung
pass to enter or exit the lung. The hilum (“dooriyaan be likened to
the area of earth where a plant's roots enter thend. Medial to the
hilum, the lung root is enclosed within the areacohtinuity between
the parietal and the visceral layers of pleura—fileural sleeve
(mesopneumonium).

Inferior to the root of the lung, this continuityetveen parietal and
visceral pleura forms the pulmonary ligament, edieg between the
lung and the mediastinum, immediately anteriorhi® ¢sophagus. The
pulmonary ligament consists of a double layer euph separated by a
small amount of connective tissue. When the rodheflung is severed
and the lung is removed, the pulmonary ligameneappto hang from
the root. To visualize the root of the lung, theyshl sleeve surrounding
it, and the pulmonary ligament hanging from it, patan extra-large lab
coat and abduct your upper limb. Your forearm imparable to the root
of the lung, and the coat sleeve represents thegllsleeve surrounding
it. The pulmonary ligament is comparable to thelslaf the sleeve as it
hangs from your forearm; and your wrist, hand, abducted fingers
represent the branching structures of the root—menchi and
pulmonary vessels.

3.2 Tracheobronchial tree

Beginning at the larynx, the walls of the airwaye aupported by
horseshoe- or C-shaped rings of hyaline cartilajee sublaryngeal
airway constitutes the tracheobronchial tree.

The trachea (described with the superior mediastjmescribed in the
previous subunit), located within the superior nasthum, constitutes
the trunk of the tree. It bifurcates at the levethe transverse thoracic
plane (or sternal angle) into main bronchi, oneeéeh lung, passing
inferolaterally to enter the lungs at the hila ¢itar = hilum)
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° The right main bronchus is wider, shorter, and rumere
vertically than the left main bronchus as it pasdieectly to the
hilum of the lung.

° The left main bronchus passes inferolaterally,rinfeto the arch
of the aorta and anterior to the esophagus an@dlwoaorta, to
reach the hilum of the lung.

Within the lungs, the bronchi branch in a consfashion to form the
branches of the tracheobronchial tree. Note thatlfanches of the
tracheobronchial tree are components of the rooteath lung
(consisting of branches of the pulmonary artery agids as well as the
bronchi).

Each main (primary) bronchus divides into secondagar bronchi, two
on the left and three on the right, each of whigppsies a lobe of the
lung. Each lobar bronchus divides into severaliasrt segmental
bronchi that supply the bronchopulmonary segments.

[ Primary bronchi
B Secondary bronchi
[ Tertiary bronchi
Ml Smaller bronchi

Right primary Left primary
bronchus bronchus
Right superior i
secondary bronchus Left superior
secondary
Right middle bronchus

Left tertiary
bronchus
Left inferior
secondary
bronchus

Fig. 1.3:
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The bronchopulmonary segments are:

o The largest subdivisions of a lobe.

o Pyramidal-shaped segments of the lung, with theices facing
the lung root and their bases at the pleural sarfa

o Separated from adjacent segments by connectivestsepta.

) Supplied independently by a segmental bronchusaateftiary
branch of the pulmonary artery.

o Named according to the segmental bronchi suppliyieg.

) Drained by intersegmental parts of the pulmonaigss/éhat lie in

the connective tissue between and drain adjaegmants.

o Usually 18-20 in number (10 in the right lung; 8-itOthe left
lung, depending on the combining of segments).

) Surgically resectable.

o Conducting bronchioles. Bronchioles lack cartilagéeir walls.

Conducting bronchioles transport air but lack gkmd alveoli. Each

terminal bronchiole gives rise to several genenstiof respiratory

bronchioles, characterized by scattered, thin-walleutpocketings

(alveoli) that extend from their lumens. The pulmgnalveolus is the
basic structural unit of gas exchange in the lihge to the presence of
the alveoli, the respiratory bronchioles are ineolvboth in air

transportation and gas exchange. Each respiratonchiole gives rise

to 2-11 alveolar ducts, each of which gives risé516 alveolar sacs.
Alveolar ducts are elongated airways densely Iwét alveoli, leading

to common spaces, the alveolar sacs, into whicstenisi of alveoli open.
New alveoli continue to develop until about agee@ng, by which time

there are approximately 300 million alveoli.

3.3 Vasculature of lungs and pleurae

Each lung has a pulmonary artery supplying blooditt@nd two
pulmonary veins draining blood from it. The rightdaleft pulmonary
arteries arise from the pulmonary trunk at the ll@fehe sternal angle
and carry lowexygen (—venousl) blood to the lungs for oxygenation.
(They are usually colored blue, like veins, in anaital illustrations.)
Each pulmonary artery becomes part of the roothef dorresponding
lung and divides secondary lobar arteries. Thetragid left superior
lobar arteries to the superior lobes arise firefple entering the hilum.
Continuing into the lung, the artery descends poktteral to the main
bronchus as the inferior lobar artery of the laing and as an
intermediate artery that will divide into middlechimferior lobar arteries
of the right lung. Lobar arteries divide into taryi segmental arteries.
The arteries and bronchi are paired in the Ilunganthming
simultaneously and running parallel courses. Camsetly, a paired
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secondary lobar artery and bronchus serves each dold a paired
tertiary segmental artery and bronchus supply daohchopulmonary
segment of the lung, with the arteries usually tedaon the anterior
aspect of the corresponding bronchus.

o Two pulmonary veins, a superior and an inferiompahary vein
on each side, carry oxygeith (—arteriall) blood from
corresponding lobes of each lung to the left atrininthe heart.
The middle lobe vein is a tributary of the rightpstor
pulmonary vein. (Pulmonary veins are commonly cadored,
like arteries, or purple in anatomical illustraton The
pulmonary veins run independently of the arteried laronchi in
the lung, coursing between and receiving blood fradjacent
bronchopulmonary segments as they run toward thembhi
Except in the central, perihilar region of the lutige veins from
the visceral pleura and the bronchial venous citeuh drain into
the pulmonary veins, the relatively small volumela#-oxygen
blood entering the large volume of oxygen-rich lbl@eturning to
the heart. Veins from the parietal pleura join egst veins in
adjacent parts of the thoracic wall.

o Bronchial arteries supply blood for nutrition ofettstructures
making up the root of the lungs, the supportinguges of the
lungs, and the visceral pleura. The two left braaiclarteries
usually arise directly from the thoracic aorta. Tdirgle right
bronchial artery may also arise directly from tharta. Most
commonly it arises indirectly, either by way of theximal part
of one of the upper posterior intercostal artefiessially the right
3rd posterior intercostal artery), or from a comntrmk with the
left superior bronchial artery.

o The small bronchial arteries provide branches te tipper
esophagus and then typically pass along the postaspects of
the main bronchi, supplying them and their branchesfar
distally as the respiratory bronchioles. The mastatl branches
of the bronchial arteries anastomose with brancbesthe
pulmonary arteries in the walls of the bronchiotesd in the
visceral pleura. The parietal pleura is suppliedh®yarteries that
supply the thoracic wall.

o The bronchial veins drain only part of the bloogsied to the
lungs by the bronchial arteries primarily that disited to or
near the more proximal part of the roots of theghkinThe
remainder of the blood is drained by the pulmonagmns,
specifically that returning from the visceral plaurthe more
peripheral regions of the lung, and the distal congmts of the
root of the lung. The right bronchial vein draimsoi the azygos
vein, and the left bronchial vein drains into thecessory
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hemiazygos vein or the left superior intercostahv@&ronchial
veins also receive some blood from esophageal veins

o The pulmonary lymphatic plexuses communicate fredlge
superficial (subpleural) lymphatic plexus lies déephe visceral
pleura and drains the lung parenchyma (tissue) \asderal
pleura. Lymphatic vessels from this superficialxpke drain into
the bronchopulmonary lymph nodes (hilar lymph ngdasthe
region of the lung hilum.

o The deep lymphatic plexus is located in the submsaicof the
bronchi and in the peribronchial connective tisduigs largely
concerned with draining the structures that form tbot of the
lung. Lymphatic vessels from this deep plexus dnaiitnally into
the intrinsic pulmonary lymph nodes, located aldhg lobar
bronchi. Lymphatic vessels from these nodes coatiioufollow
the bronchi and pulmonary vessels to the hilum hef lung,
where they also drain into the bronchopulmonarydignmodes.
From them, lymph from both the superficial and dgepphatic
plexuses drains to the superior and inferior trabhenchial
lymph nodes, superior and inferior to the bifurcatiof the
trachea and main bronchi, respectively. The rigitgl drains
primarily through the consecutive sets of nodeshenright side,
and the superior lobe of the left lung drains prtgathrough
corresponding nodes of the left side. Many, but abtof the
lymphatics from the lower lobe of the left lungwever, drain to
the right superior tracheobronchial nodes; the Iymihen
continues to follow the right-side pathway.

o Lymph from the tracheobronchial lymph nodes passéise right
and left bronchomediastinal lymph trunks, the majgmph
conduits draining the thoracic viscera. These tsunisually
terminate on each side at the venous angles (pnstof the
subclavian and internal jugular veins); howeverge thght
bronchomediastinal trunk may first merge with othgnphatic
trunks, converging here to form the short right pyratic duct.
The left bronchomediastinal trunk may terminateha thoracic
duct. Lymph from the parietal pleura drains inte thmph nodes
of the thoracic wall (intercostal, parasternal, rastinal, and
phrenic). A few lymphatic vessels from the cervigarietal
pleura drain into the axillary lymph nodes.

3.4 Nerves of lungs and pleurae

The nerves of the lungs and visceral pleura arevetkrfrom the
pulmonary plexuses anterior and (mainly) postetoothe roots of the
lungs. These nerve networks contain parasympattstmpathetic, and
visceral afferent fibers.
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The parasympathetic fibers conveyed to the pulmondexus are

presynaptic fibers from the vagus nerve (CN X). yilsgnapse with

parasympathetic ganglion cells (cell bodies of ggsptic neurons) in
the pulmonary plexuses and along the brancheseobtbnchial tree.
The parasympathetic fibers are motor to the smaootiscle of the

bronchial tree (bronchoconstrictor), inhibitoryttee pulmonary vessels
(vasodilator), and secretory to the glands of thenthial tree

secretomotor). The sympathetic fibers of the pulangrplexuses are
postsynaptic fibers. Their cell bodies (sympathgtaglion cells) are in
the paravertebral sympathetic ganglia of the syhweiat trunks. The
sympathetic fibers are inhibitory to the bronchiahuscle

(bronchodilator), motor to the pulmonary vessebBsspconstrictor), and
inhibitory to the alveolar glands of the bronchiagle—type Il secretory
epithelial cells of the alveoli.

5.0 SUMMARY
In this unit, you have learnt about the following:

I Functions of the respiratory system

. Anatomical position and relations of the lungs

iii. Lung roots and traheobronchial tree

\2 Vasculature and nerve supply of the lungs pledra
V. Seven clinical oriented anatomy.

Clinical correlates
Sinusitis

a. Sinusitis is an inflammation of the mucous membrof any sinus,
especially of one or more paranasal sinuses. Vifattions, such as the
common cold, can cause mucous membranes to beadtamed, to
swell, and to produce excess mucus. As a resultsitius opening into
the nasal cavity can be partially or completely ckkd. Mucus
accumulates within the sinus, which can promotedineelopment of a
bacterial infection. Treatments consist of takingtildotics and
promoting sinus drainage with decongestants, hiymratand steam
inhalation. Sinusitis can also result from swellcayised by allergies or
by polyps that obstruct a sinus-opening into theaheavity.

The Sneeze Reflex

a. Thesneeze reflexdislodges foreign substances from the nasal cavity.
Sensory receptors detect the foreign substancdsaaion potentials are
conducted along the trigeminal nerves to the madulongata in which
the reflex is triggered. During the sneeze reftee, uvula and the soft

75



NSC 216 MODULE 2

palate are depressed so that rapidly flowing amfthe lungs is directed
primarily through the nasal passages, althoughrsiderable amount
passes through the oral cavity. Some people hgymic sneeze reflex,
in which exposure to bright light, such as the siam stimulate a sneeze
reflex. The papillary reflex causes the pupils émstrict in response to
bright light. It is speculated that the complicated —wiringl of the
pupillary and sneeze reflexes is intermixed in sp@aple so that, when
bright light activates a pupillary reflex, it alagtivates a sneeze reflex.

The Cough Reflex

a. The function of theough reflex is to dislodge foreign substances
from the trachea. Sensory receptors detect thegforeubstances, and
action potentials are conducted along the vagugeseto the medulla
oblongata in which the cough reflex is triggereduriDg coughing,
contraction of trachealis muscle decreases the et@mof the trachea.
As a result, air moves rapidly through the trachehich helps expel
mucus and foreign substances. Also, the uvula aft malate are
elevated so that air passes primarily through taéaavity.

Establishing Air flow

a. In cases of extreme emergency when the upper ssagaway is
blocked by a foreign object to the extent that ‘feim cannot
breathe, quick reaction is required to save thsques life. An
abdominal thrust, or the Heimlich maneuver, is designed to
force objects out of the air passage by the sudgphication of
pressure

C. to the abdomen. The person who performs the manataeds
behind the victim, with his or her arms under ¥h&im's arms
and hands over the victim‘s abdomen between thelrend the
rib cage. With one hand formed into a fist and titleer hand
over it, both hands are suddenly pulled towardatb@éomen with
an accompanying upward motion. This maneuver, ohed
properly, forces air up the trachea and dislodgest foreign
objects.

Asthma

a. This is a disease characterized by abnormathgased constriction of
the bronchi and bronchioles in response to vargbusuli, resulting in a
narrowing of the air passageways and decreasedatiemt efficiency.

Symptoms include rapid, shallow breathing; wheezcmughing; and
shortness of breath. In contrast to many otherinaspy disorders,
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however, the symptoms of asthma typically revei$eeespontaneously
or with therapy.

Cystic fibrosis (CF) is a disease characterized by frequent, serious
respiratory

a. infections and thick, sticky mucus in the luagsl digestive tract.
It is the most

b. common lethal genetic disorder in Caucasiarysti€fibrosis is
inherited as an

C. autosomal-recessive gene on chromosome 7.

A pneumothorax is the introduction of air into the pleural cavi#ir
can enter by an external route when a sharp olgach as a bullet or
broken rib, penetrates the thoracic wall, or ain @nter the pleural
cavity by an internal route if alveoli at the lusgrface rupture, such as
can occur in a patient with emphysema. When thargalecavity is
connected to the outside by such openings, air mavwe the pleural
cavity because air moves from the higher atmosphmessure to the
lower sub-atmospheric pressure in the pleural gaWhen air moves
into the pleural cavity, the pressure in the plegewity increases and
becomes equal to the atmospheric pressure outsdsotly.

6.0 TUTOR MARKED ASSIGNMENTS

6.1  Activity

I Smoking destroys cilia in the respiratory tréearch the Internet
and download pictures and illustrations of howacgjte affects
and damage the lungs and other parts of the body.

. Draw well labelled diagrams of different orgathat make up the
reproductive system. Include the drawings in ypartfolio for
submission at the conclusion of this module.

iii. Compile different diseases that can affea thfferent organs in
the respiratory system

6.2 Please answer the following questions:

Describe the locations and structures of theviing structures:
pharynx

larynx

primary bronchi

alveoli

epiglottis

Tao ook
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Compare and contrast the right and left lungs

3. In a table list out the arteries and veins thgiply the various
organs that makes up the respiratory system

4. Explain the cough reflex.
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UNIT 2 DEVELOPMENTAL AND MICROANATOMY
OF THE RESPIRATORY SYSTEM.

CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Developmental anatomy of respiratory system
3.2  Histology/Microanatomy of the respiratory tgya

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignments

7.0 References and other resources

1.0 INTRODUCTION

Early spontaneous breathing is normally quiet asmbanplished without
effort. The amount of energy expended on breattamends on the rate
and depth of each breath, airway resistance angl@me (stretch) of
the lungs. The ribs, intercostal muscles and degpinrallow ventilation
(the moving of air in and out of the lungs) undee tcontrol of the
respiratory centre in the brain and the lung sdkbe @&lveoli) allow
oxygen and carbon dioxide gases to exchange wihbibod. The
respiratory system develops after the fourth wdealestation

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

) Describe the embryology of the respiratory system
o Describe the micro- anatomy of the respiratoryeyst

3.0 MAIN CONTENT
3.1 Developmental anatomy of the respiratory syste

In considering the development of this system itmiportant to review
the development of the foregut, in specific and degelopment of the
endoderm overall. It is also important to consitier development of the
respiratory system in terms of its many constitiwemhponents.

The respiratory system begins at the nasal cavity eonsists of a
conducting portion and a respiratory portion. Tlmaducting portion
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includes nasal cavity, pharynx, larynx, trachea,onbhi, and
bronchioles. The respiratory portion consists ofe thespiratory
bronchioles, alveolar ducts, alveolar sacs and dlweoli. Gaseous
exchange occurs in the alveoli. The developmenthef respiratory
system involves the endoderm and the mesodernsthiedunds it. As
discussed previously, the embryo undergoes latewdly folding and
during this process the endoderm forms into a goé.t This G.I. tube
begins cephalically at the oral plate and continuesl it reaches the
cloacal or anal plate. If we look at the gut tubbethee time the body
folding is completed, it can be subdivided intcetindivisions: a foregut,
a midgut and a hindgut.

The early development of the lungs lags behinddéineelopment of the
heart and great vessels. However, as developmecegds the lungs
will eventually occupy more of the thoracic cavihan the heart. This
will be discussed further in the section on thetifpaning of the body

cavities. The structures that are located cephalibe larynx include the
pharynx and the nasal and oral cavities. The depwedmt of these
structures will be discussed later in the course. Wil begin with the

development of the larynx and continue caudally.

Openings of
pharyngeal pouches

Respiratory
diverticulum

> Attachment of
. Midgut b\ ccopharyngeal
Allantois—@& membrane

membrane -
A B Laryngotracheal
orifice

Fig 2.1:5 weeks old embryo showing respiratory diverticulum
Larynx

The larynx is first seen as an outgrowth from thedut. The outgrowth
of tissue is called theespiratory diverticulum or thelung bud. The

formation of the lung bud occurs when two late@t$ of splanchnic
mesoderm and endoderm meet in the midline and aEpdre larynx
and trachea from the esophagus. The lung bud enaat diverticulum
of endoderm that arises from the floor of the fotegaudal to the
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pharynx. The diverticulum forms a groove in theoflof the pharynx
called thelaryngotracheal groove Cephalic to the laryngotracheal
groove is theepiglottal swelling On either side of this groove are the
developingarytenoid swellings.

The epithelium of the larynx develops from the ed&ton of the foregut.
However, the muscles and cartilage arise from ttie ahd the 6th
arches. The development of these structures witlibeussed in a later
lecture.

Trachea

The trachea develops caudal to the larynx. Thehelpitm develops
from the endoderm and the tracheal cartilage anscles develop from
splanchnic mesoderm. Early in developmentithehea bifurcatesinto
the left and right bronchi.

Bronchi and bronchioles

As the bronchi develop they continue to branch. Tigat bronchus
gives off three diverticula and the left bronchusreg off two
diverticula. These diverticula become tlodar bronchi and indicate
that the right lung will have three lobes and thi lung will have two
lobes. Each of the bronchi at this stage will d&vidto smaller bronchi.
The branching of the bronchi continues until trenchioles begin to
form. In all there are 17 divisions of the broncimtil the sixth fetal
month is reached. However, by early childhood theitebe a total of
24 generations of branching that occurs.

Maturation of the lungs

As the lungs develop and divide into smaller diis there are changes
in the vascular supply of the lungs as well. Thegkican be described
as undergoing 4 phases of development. During tfs¢ phase of
development, thgseudoglandular period the bronchi are dividing
into smaller and smaller units, the bronchiolessTgeriod occurs from
the 2nd month through the end of the 4th monthiriyuthe next 2 and
1/2 months the respiratory bronchioles are forniday will give rise to
alveolar ducts. This is called tlvanalicular period (microscope slide
image). During this time period the epithelium remairs a cuboidal
epithelium and the capillaries while proliferatidg not approach the
respiratory epithelium.

The next phase of development occurs from the htimuntil birth.
During this period, théerminal sac phase(microscope slide imagg
the number of capillaries increases and the caigilaapproach the
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respiratory epithelium. At the same time the teahisacs form. This
results in the formation of a squamous epithelinmde up oftype |
alveolar epithelial cells which will permit gaseous exchange. Hence,
from the 7th month on the fetus is capable of sadvilt is also starting
with the 7th month thatype Il alveolar epithelial cellsdevelop. These
type Il cells producesurfactant, the fluid that reduces the surface
tension at the alveolar cell surface.

Finally, from the 8th month on, the mature alveaintinue to be formed
with an increase in the amount of surface area evivapillaries and
alveolar cells are in contact. This period of luigvelopment is the
alveolar period and actually can last through age ten. The growthe

lungs after birth is mainly the result of increasethe number of alveoli
during this time.

Partitioning of the embryonic body cavity

Early during development the embryonic coelom wasingle cavity
and, in the most cephalic region, was identifieth@shorse-shoe shaped
prospective pericardial cavity. The intraembryonic body cavity is
located between the splanchnic and somatic mesodBuring the
cephalic head folding, the perspective pericardiavities moved
caudally and remain continuous with the peritoraaity.

Septum transversum

Caudal to the developing heart in the region wtibeeveins enter the
sinus venosus a septum develops from the bodyafiglt lateral body
folding is completed. This septum is callséptum transversumand
separates the thoracic cavity from the abdominaVitya The
communication between the two cavities that remeaihgcated dorsally
and is called thpericardioperitoneal canals

The fibrous pericardium forms from thpleuropericardial folds.
Mesoderm develops from the dorsolateral body wathe region of the
common cardinal veins. As they extend caudallyetfekls intersect the
septum transversum, the folds grow toward the medénd attach to the
primitive mediastinum and end up separating the heart from the lungs
with the thoracic cavity now divided into a perid@al cavity and two
pleural cavities. The other structure that lieshimitthe pleuropericardial
fold is the phrenic nerve as it descends to inrterilee diaphragm.
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Diaphragm

The diaphragm develops from four structures:

o lateral body wall mesoderm,

o septumtransversum,

o dorsal mesentery of the esophagus, and

o pleuroperitoneal foldsPleuroperitoneal folds arise from the

posterior body wall and lie in a plane that is gtlat to the
septum transversum and perpendicular to the pbeuicardial
folds.

It is the pleuroperitoneal membranes thatlose off the
pericardioperperitoneal canal

The diaphragm is innervated from the 3rd - 5th icatvspinal cord
segments via the phrenic nerve. The diaphragm dpsahitially in a
more cephalic region and during development descemid a more
caudal thoracic position. The phrenic nerves travigh the diaphragm
and come to lie within the fibrous pericardium.

3.2 Histology of the respiratory system

The complex of organs and tissue which are necgdsaexchange
blood carbon dioxide (CO2) with air oxygen (0O2) cslled the
respiratory system. It consists of

) structures, which function as ducts, and which tiogreare called
the conductive portion of the respiratory system

o structures which form the respiratory portion oé ttespiratory
system, in which the exchange of CO2 and O2 sy

) The parts of the thoracic musculo-skeletal apparaand

specialisations of the lung which allow the movemef air
through the respiratory system - the ventilatirechanism.

Nasal Cavity

The Nasal cavity is divided into three structuralind functionally
different parts.
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The vestibules (the first ~1.5 cm of the conductpertion
following the nostrils) are lined with a keratied stratified
squamous epithelium. Hairs, which filter largetjgatate matter
out of the airstream, and sebaceous glands argedsent.

A OMactory epithelium-| | L4
in nasal {."ﬂ\-’l|y’

Olfactary

Fig. 2.1:
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At the transition from the vestibule to the resyrg region of
the nasal cavity the epithelium becomes first iSiedt squamous
and then pseudostratified columnar and ciliatedis Tikipe of
epithelium is characteristic for all conductive gages dedicated
to the respiratory system and therefore also caléspiratory
epithelium. Mucus producing goblet cells are présenthe
epithelium. The surface of the lateral parts of tlasal cavity is
thrown into folds by bony projections called coneh@hese folds
increase the surface area of the nasal cavity eeatecturbulence
in the stream of passing air, both of which faaikt the
conditioning (warming, cooling and filtration) dfi¢ air. Mucous
and serous glands in the connective tissue underlyhe
epithelium, the lamina propria, supplement the etgmm of the
goblet cells. Veins in the lamina propria form thalled,
cavernous sinusoids, also called cavernous bodies.

Tissues on the superior concha and the nasal sefoiumthe
olfactory region of the nasal cavity. Cilia in tepithelium of the
olfactory region arise from olfactory cells. Althgtutheir internal
structure resembles largely that of normal cilieytdo not move,
because they lack dynein arms which are necessaryilial

motility. The cell membrane covering the surfacetloé cilia
contains olfactory receptors which respond to ogwoducing
substances, odorants, dissolved in the serous ingvehe

epithelium. The axons of the olfactory cells cdlleto bundles
in the lamina propria. The olfactory cells and thprocesses
receive mechanical and metabolic support from supygpcells

(or sustentacular cells). Basal cells can dividd differentiate
into either olfactory or supporting cells. The sogjmg cells and
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the secretion of the serous glands contain lipafugcanules,
which give a yellow-brown colour to the surfacetloé olfactory
region.

Pharynx

The pharynx connects the nasal cavity with thenarypepending on
the extent of abrasive forces on the epitheliure, pharynx is either
lined with respiratory epithelium (nasopharynx prpdarynx) or with a

stratified squamous epithelium (oropharynx or mesw hypopharynx),
which also covers the surfaces of the oral cavitg the oesophagus.
Lymphocytes frequently accumulate beneath the elpitm of the

pharynx.

Larynx

The larynx connects the pharynx and trachea. Tloalvimlds of the
larynx control airflow and allow the production ebund. The vocal
folds are lined by stratified squamous epitheliurd aontain the muscle
(striated, skeletal) and ligaments needed to cbiv® tension of the
vocal folds. The larynx is supported by a set omptexly shaped
cartilages.

Trachea

The trachea is a fairly short tube (10-12 cm) vatdiameter of ~2 cm
consisting of Epithelium, Mucosa and Submucosa. ffaehea is lined
by respiratory epithelium. The number of gobleti<es variable and
depends on physical or chemical irritation of thmtheelium which

increase goblet cell number. Prolonged intensetaiton of the

epithelium may lead to its transformation to a tdtel squamous
epithelium (squamous metaplasia). In addition te #taple of basal
cells, ciliated cells and goblet cells, the redpima epithelium also
contains brush cells, endocrine cells (or smalhgia cells, function not
clear), surfactant-producing cells (or Clara cebsid serous cells.

Epithelium and underlying lamina propria are calted mucosa. The
lamina propria consists of loose connective tisaid many elastic
fibres, which condense at the deep border of thmenia propria to form
an elastic membrane. This elastic membrane formdtntder between
the mucosa and the connective tissue below it, lwiéc called the
submucosa. Muco-serous glands in the submucosan(sasal glands)
supplement the secretions of cells in the epitheliThe submucosa
ends with the perichondrium of the tracheal cagéka
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The trachea is stabilised by 16-20 C-shaped cgesla(hyaline
cartilage). The free dorsal ends of the cartilaayesconnected by bands
of smooth muscle (trachealis muscle) and connedctissue fibres.
Longitudinal collagenous and elastic connectiveuts fibres (annular
ligaments) link the individual cartilages and alltwth the lengthening
and shortening of the trachea for example duringllswing or
movements of the neck. They are inseparable froenfithres of the
perichondrium. The tracheal cartilages may ossith wge. The trachea
bifurcates to give rise to the main bronchi. THastological structure
corresponds largely to that of the trachea.

Conductive Structures in the Lung
Bronchi

In the lungs we find the last segments of the cotide portion of the
respiratory system. The main bronchi divide intodobronchi which in
turn give rise to segmental bronchi. The latter pbyp the
bronchopulmonary segments of the lungs. Bronchignthes are
accompanied by branches of the pulmonary artergyeseand lymph
vessels. These structures usually travel in intgnestal and interlobar
sheets of connective tissue. Conductive structofessize down to ~1
mm are termed bronchi. Smaller ones are calleddbiotes. Aside from
their different sizes, bronchi are characterizedHgypresence of glands
and supporting cartilage. The cartilage supportthg bronchi is
typically found in several small pieces.

The histological structure of the epithelium ande tlunderlying

connective tissue of the bronchi corresponds Igrdel that of the

trachea and the main bronchi. In addition, broraiki surrounded by a
layer of smooth muscle, which is located between thrtilage and
epithelium.

Bronchioles

Bronchioles are the terminal segments of the camdrgportion. At the

transition from bronchi to bronchioles the epitbeli changes to a
ciliated columnar epithelium, but most of the dgthes found in the
epithelium of other parts of the conductive portiare still present.
Glands and cartilage are absent. The layer of dmmaotscle is relatively
thicker than in the bronchi.

Respiratory Structures in the Lung

Bronchioles divide into respiratory bronchioles, igvh are the first
structures that belong to the respiratory portidntlte respiratory
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system. Small outpouchings of the walls of the iraspry bronchioles
form alveoli, the site of gas exchange. The nundbalveoli increases
as the respiratory bronchioles continue to divifleey terminate in
alveolar ducts. The "walls" of alveolar ducts caetsiof entirely of
alveoli.

Histological Structure of Alveoli

The wall of the alveoli is formed by a thin shee@ym) of tissue

separating two neighbouring alveoli. This shedbrsned by epithelial

cells and intervening connective tissue. Collagen@few and fine),

reticular and elastic fibres are present. Betwd®n donnective tissue
fibres we find a dense, anastomosing network ofmpualary capillaries.

The wall of the capillaries are in direct contadttwthe epithelial lining

of the alveoli. The basal laminae of the epi- amdlothelium may

actually fuse. Neighbouring alveoli may be connédte each other by
small alveolar pores.

The epithelium of the alveoli is formed by two dgibes:

o Alveolar type | cells (small alveolar cells or typpneumocytes)
are extremely flattened (the cell may be as thi®.85 um) and
form the bulk (95%) of the surface of the alveolalls. The
shape of the cells is very complex, and they mayadly form
part of the epithelium on both faces of the alveuwlall.

o Alveolar type Il cells (large alveolar cells or #pll
pneumocytes) are irregularly (sometimes cuboidadpsd. They
form small bulges on the alveolar walls. Type Neallar cells
contain are large number of granules called cyt@sor(or
multilamellar bodies), which consist of precurstospulmonary
surfactant (the mixture of phospholipids which kesgprface
tension in the alveoli low). There are just abositnzany type |l
cells as type | cells. Their small contributionalveolar area is
explained by their shape.

Cilia are absent from the alveolar epithelium aadnot help to remove
particulate matter which continuously enters theali with the inspired

air. Alveolar macrophages take care of this joleyTimigrate freely over
the alveolar epithelium and ingest particulate eraftowards the end of
their life span, they migrate either towards thenohioles, where they
enter the mucus lining the epithelium to be finaligcharged into the
pharynx, or they enter the connective tissue sefptiae lung.
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5.0 SUMMARY
In this unit, you have just learnt the following:

1. The development of the respiratory system involvbe
endoderm and the mesoderm that surrounds it.

2. The epithelium of the larynx develops from the etelon of the
foregut. However, the muscles and cartilage arnem the 4th
and the 6th arches.

3. The lungs can be described as undergoing 4 phases o
development — pseudoglandular phase, canaliculaasey
terminal sac phase and the alveolar phase.

4. The histology of the various components of the iragpry
system.

6.0 TUTOR MARKED ASSIGNMENTS
6.1  Activity — See Laboratory manual
6.2 Please answer the following questions:

The nasopharynx

is lined with nonkeratinized stratified squamepithelium.
contains the pharyngeal tonsil.

opens into the oral cavity.

extends to the tip of the epiglottis.

is an area through which food, drink, and ainnmally pass.

Pao T

N

The larynx

connects the oropharynx to the trachea.

has three unpaired and six paired cartilages.
contains the vocal folds.

contains the vestibular folds.

all of the above.

®aooTY

Terminal bronchioles branch to form

the alveolar duct.

alveoli.

bronchioles.

respiratory bronchioles.

The parietal pleura

covers the surface of the lung.

covers the inner surface of the thoracic cavity

T rPOT O W
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C. Is the connective tissue partition that divides thoracic cavity
into right and left pleural cavities.

d. covers the inner surface of the alveoli.

e. is the membrane across which gas exchangesoccur
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UNIT 3 ANATOMY OF THE DIAPHRAGM AND
MEDIASTINUM

CONTENT

1.0 Introduction

2.0  Objectives

3.0 Main Content

3.1  Anatomy of the diaphragm

3.2  Functions of the diaphragm

3.3  Anatomy of the mediastinum
4.0 Conclusion

50 Summary

6.0  Tutor Marked Assignments

7.0 References and other resources

1.0 INTRODUCTION

The diaphragm is the primary muscle of respiratibms dome shaped
and consists of a peripheral muscular part andraleténdinous part.
The muscular part arises from the margins of tlogaitic opening and
gets inserted into the central tendon. It has tbpEnings which shall be
discussed extensively in this unit.

2.0 OBJECTIVES

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

I Identify the major structures of the mediastemn

il Describe the structure, functions and inndor&g of the
diaphragm.

3.0 MAIN CONTENT

3.1  Anatomy of the diaphragm

Diaphragm is a muscular and tendinous sheath thaég the opening
between thorax and abdomen and is pierced by stagtthat pass
between these two regions of the body.
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Origin of diaphragm:

The origin of the diaphragm can be divided inte#hparts.

> Sternal part: It consists of small left and right strips thatsari
from the posterior surface of the xiphoid process.

> Costal part: It consists of six slips that arise from the lovser
ribs (rib 7 to rib 12) and their costal cartilages

> Vertebral part: It arises by means of vertical columns, also
known as crura, and from the arcuate ligaments.

Crura The right crus arises from the bodies of first ¢hdembar
vertebrae and their intervertebral discs. Thedaifs, on the other hand,
arises from the bodies of first two lumbar vertebra

From arcuate ligamentsLateral to the crura on both sides, the
diaphragm arises from the medial and lateral aeclighments. Medial
arcuate ligament is thickened upper margin of taghiat covers the
psoas muscle on it anterior surface and the latm@late ligament is
thickened upper margin of the fascia covering thadgatuslumborum
muscle. The medial arcuate ligament is extendenh fitve side of the
body of first lumber vertebra to the tip of thensaerse process of
second lumber vertebra. The lateral arcuate liganercontrast to the
medial, extends from the tip of the transverse g@secof first lumbar
vertebra and is inserted into the lower bordehef12th rib.

I nsertion of diaphragm:

The diaphragm is inserted into the central tendwt ts shaped like
three leaves. On the superior side, the surfadheotendon is partially
fused with the pericardium
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Fig. 3.1:

In anatomic position, the diaphragm curves intdtrignd left domes
(also known as cupolae). The right dome is slightgher than the left
dome and reaches as high as the upper border difttheib. The left

dome may reach up to the lower border of the fifth The reason
behind the right dome being higher than the lef¢ @ probably the
larger size of the right lobe of liver. The centtahdon, which lies
between the two domes, remains at the level ofigipmal joint. The
domes of diaphragm support the right and left lumipse the central
tendon provides support to heart. The position strepe of diaphragm
IS not absolute but vary with the phase of resjinatDuring inspiration,
the diaphragm lies at a lower level and during &tjn, it rises to a
higher level. The position also depends upon trstupe of body (lower
when a person is sitting or standing and highesupine position) and
degree of distention of the abdominal viscera.

Openingsin the diaphragm:

All the structures that pass from the thorax irfte abdomen or rise
from abdomen into the thorax pass through the deph. For this
reason, diaphragm contains numerous openings. &esithny small
openings, there are three major ones as descréled.b

> Aortic opening: This opening transmits aorta, thoracic duct and
azygous vein and lies anterior to the body of l1ftbracic
vertebra between the crura.
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> Esophageal openinglt transmits esophagus, left and right vagus
nerves, esophageal branches of the left gastrgsele and
lymphatics from lower third of the esophagusidslat the level
of 10th thoracic vertebra in a sling of musclesfdbderived from
the right crus.

> Caval opening: It transmits the inferior vena cava and terminal
branches of right phrenic nerve. It lies at theeleof 8th thoracic
vertebra.

Other minor openings: Besides the three major openings, the
diaphragm contains numerous small openings forouaristructures.
Some of the structures that have their own sma#énoms in the
diaphragm are:

° Sympathetic trunk (pass posterior to the medialiae ligament
on both sides)

o Superior epigastric vessels (pass between theastand costal
origins of the diaphragm on each side)

o Left phrenic nerve (pierces the left dome of diagjmn)

o Neurovascular bundles of lower six intercostal sgag¢pass
between the muscular slips of costal origin opdragm)

Action of diaphragm:

Diaphragm is the primary respiratory muscle of thedy. It, on
contraction, increases the vertical diameter ofcthest cavity by pulling
its central tendon downwards. In this way, the Biggt extra space to
expand and air rushes into them.

Nerve supply of diaphragm:

The motor nerve supply of diaphragm is only frore ffhrenic nerve.
The sensory supply of the central tendon of diagrmréhat is covered
by parietal and peritoneal pleura is from phrerecve. Sensory supply
to the periphery of diaphragm is from lower sieitostal nerves.

3.2  Functions of diaphragm

Muscle of inspiration: Diaphragm is the primary resof inspiration
and holds the most important value for the overadicess of exchange
of gases.

Muscle of abdominal straining: With the aid of a contracted
diaphragm, muscles of the anterior abdominal wall caise the intra-
abdominal pressure to evacuate pelvic contents;hwisi important for
micturition, defectaion and parturition. The roledsaphragm is further
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aided when the person takes a deep breath ands dloseylottis of the
larynx. Consequently, the diaphragm is unablede because of the air
trapped in the respiratory tract and the abdommascles can create
increased abdominal pressure. During the procdssn&ver air escapes,
a grunting sound is produced.

Muscle of weight-lifting: By fixing the diaphragm in the same way as
described above, it is possible to raise the iabdeminal pressure to
such an extent that it helps support the vertetodimn and prevent
flexion. This greatly assists postvertebral musatedifting of heavy
weights.

Thoraco-abdominal pump of blood flow: The descent of diaphragm
into the abdomen decreases the intra-thoracic ymesghile increasing
the intra-abdominal pressure at the same time. pressure gradient
causes the blood to flow upward into the heart. pgrwithin the lymph
vessels is also forced to move in a similar way.

3.3 Anatomy of the mediastinum

The mediastinum lies between the right and leftiggein and near the
median sagittal plane of the chest. It extends filoensternum in front to
the vertebral column behind, and contains all therdcic viscera
excepting the lungs. It may be divided for purposesescription into

two parts: an upper portion, above the upper levghe pericardium,

which is named the superior mediastinum; and a iquegtion, below

the upper level of the pericardium. This lower portis again

subdivided into three parts, viz., that in fronttbe pericardium, the
anterior mediastinum; that containing the periaamdiand its contents,
the middle mediastinum; and that behind the pettioan, the posterior
mediastinum.

The Superior Mediastinum is that portion of the interpleural space
which lies between the manubrium sterni in front] ¢he upper thoracic
vertebrae behind. It is bounded below by a sligbbiique plane passing
backward from the junction of the manubrium andybofithe sternum
to the lower part of the body of the fourth thocaeertebra, and laterally
by the pleurse. It contains the origins of the Sibyoidei and
Sternothyreoidei and the lower ends of the Longjictile aortic arch;
the innominate artery and the thoracic portionsthed left common
carotid and the left subclavian arteries; the inmaite veins and the
upper half of the superior vena cava; the left bgjhntercostal vein; the
vagus, cardiac, phrenic, and left recurrent nervéds trachea,
esophagus, and thoracic duct; the remains of theul, and some
lymph glands.
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The Anterior Mediastinum exists only on the left side where the left
pleura diverges from the mid-sternal line. It isubded in front by the
sternum, laterally by the pleurse, and behind bypeecardium. It is
narrow, above, but widens out a little below. It¢eaior wall is formed
by the left Transversusthoracis and the fifth, Isixand seventh left
costal cartilages. It contains a quantity of lo@seolar tissue, some
lymphatic vessels which ascend from the convexaserfof the liver,
two or three anterior mediastinal lymph glands, atid small
mediastinal branches of the internal mammary artery

The Middle Mediastinum is the broadest part of the interpleural space.
It contains the heart enclosed in the pericardilneascending aorta, the
lower half of the superior vena cava with the azsygein opening into

it, the bifurcation of the trachea and the two lotonthe pulmonary
artery dividing into its two branches, the rightddeft pulmonary veins,
the phrenic nerves, and some bronchial lymph glands

The Posterior Mediastinum is an irregular triangular space running
parallel with the vertebral column; it is bounded front by the
pericardium above, and by the posterior surfadgd@®tdiaphragm below,
behind by the vertebral column from the lower bordkthe fourth to
the twelfth thoracic vertebra, and on either sidethe mediastinal
pleura. It contains the thoracic part of the dedoepaorta, the azygos
and the two hemiazygos veins, the vagus and spi@mncterves, the
esophagus, the thoracic duct, and some lymph glands

5.0 SUMMARY
In this unit, you have learnt about the following:

) The diaphragm is the primary muscle of respiratibns dome
shaped and consists of a peripheral muscular gradt central
tendinous part

° The mediastinum extends from the sternum in frantthe
vertebral column behind, and
o The mediastimum contains all the thoracic viscexeept the

lungs. It may be divided for purposes of desamiptinto two
parts: the superior mediastinum; This lower portis again
subdivided into three parts, viz., that in frofttloe pericardium,
the anterior mediastinum; the part containinggéecardium and
its contents, the middle mediastinum; and thatidzehthe
pericardium, the posterior mediastinum.
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6.0 TUTOR MARKED ASSIGNMENTS

6.1  Activity — See Laboratory Instructions as provided by faddita

6.2 Please answer the following questions:

I. Describe the anterior, medial and posterior raaiim
ii. Identify the major structures of the mediastem

lii. Describe the structure, functions and inneivad of the diaphragm.

7.0 REFERENCES AND OTHER RESOURCES
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MODULE 3 THE DIGESTIVE SYSTEM

Introduction

Every cell of the body needs nourishment, yet noedis cannot leave
their position in the body and travel to a foodrseu so the food must
be converted to a usable form and delivered. Thedtive system, with
the help of the circulatory system, acts as a digdmeals on wheels”,
providing nourishment to over a hundred trilliorustomer” cells in the
body. It also has its own quality control and wakigposal system.
Module objective

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

0] Describe in details the various organs ofdigestive system.

CONTENTS

Unit 1 Anatomy of the Stomach

Unit 2 Anatomy of the Small Intestine

Unit 3 Anatomy of the Large Intestine

Unit 4 Other Accessory Organs of Digestion

UNIT 1 ANATOMY OF THE STOMACH
CONTENT

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1  Anatomical position of the stomach
3.2  Component parts of the stomach
3.3 The vasculature and nerve supply to the stbmac
3.4  Gastric glands

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignments

7.0 References and other resources

1.0 INTRODUCTION

The stomach is the most dilated part of the digegtibe, and is situated
between the end of the esophagus and the begirgfindgpe small
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intestine. Its primary functions are to store fooulx food with stomach
secretions into a semi-liquid material, and staotgin digestion.

2.0 OBJECTIVES

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

o Discuss the role of Stomach in digestion
o Describe the different parts and vasculature ostbenach.
o Describe the gastric glands

3.1  Anatomical position of the stomach

The stomachis an enlarged segment of the digestive tract e |dit
superior part of the abdomen. It lies in the efiggsumbilical, and left
hypochondriac regions of the abdomen, and occupiesess bounded
by the upper abdominal viscera, and completedantfand on the left
side by the anterior abdominal wall and the diaghraThe shape and
position of the stomach are so greatly modifiecchbgnges within itself
and in the surrounding viscera that no one form lcandescribed as
typical. The chief modifications are determined by:

the amount of the stomach contents,

the stage at which the digestive process has rdache
the degree of development of the gastric muscwdaand
the condition of the adjacent intestines.

It is however possible by comparing a series ofnsichs to determine
certain markings more or less common to all. Thensich presents two
openings, two borders or curvatures, and two sasfac

Position of the Stomach

The position of the stomach varies with the postwith the amount of

the stomach contents and with the condition ofinkestines on which it

rests. In the erect posture the empty stomachnesdat J-shaped; the
part above the cardiac orifice is usually distendti gas; the pylorus

descends to the level of the second lumbar vertelmch the most

dependent part of the stomach is at the leveleuthbilicus.

Variation in the amount of its contents affects mhaithe cardiac

portion, the pyloric portion remaining in a more lass contracted
condition during the process of digestion.
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As the stomach fills it tends to expand forward awdvnward in the
direction of least resistance, but when this ierigred with by a
distended condition of the colon or intestinesftiredus presses upward
on the liver and diaphragm and gives rise to tledirfigs of oppression
and palpitation complained of in such cases, thraoted stomach has
a sickle shape, the fundus looking directly backivahe surfaces are
directed upward and downward, the upper surfacengahowever, a
gradual downward slope to the right. The greatevature is in front
and at a slightly higher level than the lesser.

The position of the full stomach depends, as aireadicated, on the
state of the intestines; when these are empty tmelus expands
vertically and also forward, the pylorus is disglddoward the right and
the whole organ assumes an oblique position, sbithaurfaces are
directed more forward and backward. The lowest pathe stomach is
at the pyloric vestibule, which reaches to the aegdf the umbilicus.
Where the intestines interfere with the downwargassion of the
fundus the stomach retains the horizontal positibith is characteristic
of the contracted viscus.

Examination of the stomach during life yrays has confirmed these
findings, and has demonstrated that, in the erestupe, the full
stomach usually presents a hook-like appearaneelotig axis of the
clinical fundus being directed downward, medialwaethd forward
toward the umbilicus, while the pyloric portion gas upward to the
duodenopyloric junction.

Diagram of Stomach and its Relations

Hepatogastric
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J— Esophagus
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ligament '\ Diaphragm
W
: i\ -+ Cardia
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Gallbladder . &l
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flexure J J i Greater omentum

Right gastroepiploic
artery (a) Stomach, anterior view

Fig. 1.1:
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Openings

The opening by which the esophagus communicatésthat stomach is
known as thecardiac orifice and is situated on the left of the middle
line at the level of the tenth thoracic vertebrdeTshort abdominal
portion of the esophagusar{trum cardiacuris conical in shape and
curved sharply to the left, the base of the conegoeontinuous with the
cardiac orifice of the stomach. The right margintbéesophagus is
continuous with the lesser curvature of the stomarchile the left
margin joins the greater curvature at an acuteeagimed théncisura
cardiaca

The pyloric orifice communicates with the duodenum, and its position is
usually indicated on the surface of the stomach bycular groove, the
duodenopyloric constriction. This orifice lies toetright of the middle
line at the level of the upper border of the fitshbar vertebra.

The Curvatures
The lesser curvature(curvaturaventriculi minoy

This extends between the cardiac and pyloric @#idorms the right or
posterior border of the stomach. It descends asnénuation of the

right margin of the esophagus in front of the fébef the right crus of

the diaphragm, and then, turning to the rightritsses the first lumbar
vertebra and ends at the pylorus. Nearer its pytban its cardiac end is
a well-marked notch, the incisuraangularis, whiemies somewhat in
position with the state of distension of the visdtuserves to separate
the stomach into a right and a left portion. Thesér curvature gives
attachment to the two layers of the hepatogasganent, and between
these two layers are the left gastric artery aedrigfht gastric branch of
the hepatic artery.

The greater curvature (curvaturaventriculi majoy

This is directed mainly forward, and is four orditimes as long as the
lesser curvature. Starting from the cardiac orifiee the incisura
cardiaca, it forms an arch backward, upward, antiedeft; the highest
point of the convexity is on a level with the siX#ft costal cartilage.
From this level it may be followed downward andward, with a slight
convexity to the left as low as the cartilage @ thinth rib; it then turns
to the right, to the end of the pylorus. Directlgposite the incisura
angularis of the lesser curvature the greater turgapresents a
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dilatation, which is the left extremity of the pyilo part; this dilatation is
limited on the right by a slight groove, the sul@anrmedius, which is
about 2.5 cm, from the duodenopyloric constriction.

The portion between the sulcus intermedius anddib@denopyloric

constriction is termed thpyloric antrum. At its commencement, the
greater curvature is covered by peritoneum contisuavith that

covering the front of the organ. The left part bé tcurvature gives
attachment to the gastrolienal ligament, whiletsoainterior portion are
attached the two layers of the greater omentumaraggd from each
other by the gastroepiploic vessels.

Surfaces

During contraction of the stomach, its surfacesdurected upward and
downward respectively, but when the viscus is did¢el they are
directed forward, and backward. They may theretmeedescribed as
anterosuperior and postero-inferior.

Antero-superior Surface

The left half of this surface is in contact withetldiaphragm, which
separates it from the base of the left lung, thecaelium, and the
seventh, eighth, and ninth ribs, and intercostpéss of the left side.
The right half is in relation with the left and glrate lobes of the liver
and with the anterior abdominal wall. When the stomis empty, the
transverse colon may lie on the front part of thisface. The whole
surface is covered by peritoneum.

Postero-inferior Surface

This is in relation with the diaphragm, the splethe left suprarenal
gland, the upper part of the front of the left laginthe anterior surface
of the pancreas, the left colic flexure, and thepeaiplayer of the

transverse mesocolon. These structures form aoshakd, the stomach
bed, on which the viscus rests. The transverse co&so separates the
stomach from the duodenojejunalflexure and smatesiine. The

postero-inferior surface is covered by peritoneentcept over a small
area close to the cardiac orifice; this area igtdich by the lines of

attachment of the gastrophrenic ligament, andifiegpposition with the

diaphragm, and frequently with the upper portiortha left suprarenal
gland.
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Interior of the Stomach

When examined after death, the stomach is usualsdfat some
temporary stage of the digestive process. If tiseus be laid open by a
section through the plane of its two curvaturess iseen to consist of
two segments:

(@

a large globular portion on the leéind p) a narrow tubular part
on the right These correspond to the clinical subdivisions of
fundus and pyloric portions already described, aredseparated
by a constriction which indents the body and greaurvature,
but does not involve the lesser curvature. To lgfe of the
cardiac orifice is the incisuracardiaca: the progan of this notch
into the cavity of the stomach increases as tharodistends, and
has been supposed to act as a valve preventinggregion into
the esophagus.

In the pyloric portion are seen:

a.
b.

the elevation corresponding to the incisuraangsilamd
the circular projection from the duodenopyloric swittion
which forms the pyloric valve

Esophagus

Muscularis
externa:

* longitudinal layer

Y
Pyloric antrum

Pyloric sphincter

Fig, 1.2:

Interior of the stomach

The pyloric valve ¢alvula pylor) is formed by a reduplication of the
mucous membrane of the stomach,covering a musaaig@rcomposed
of a thickened portion of the circular layer of thescular coat. Some of
the deeper longitudinal fibers turn in and integlagith the circular
fibers of the valve.
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2.0 Component parts of the stomach

A plane passing through the incisura angularishtenlésser curvature
and the left limit of the opposed dilatation on theeater curvature
divides the stomach into a left portion or body andght or pyloric
portion. The left portion of the body is known de fundus, and is
marked off from the remainder of the body by a plapassing
horizontally through the cardiac orifice.

The pyloric portion is divided by a plane through the sulcus
intermedius at right angles to the long axis o$ phortion; the part to the
right of this plane is the pyloric antrum

Esophagus

: Fundus
.
S Gastroesophageal . \!
Rk opening
T Body of stomach
| Lower esophageal
sphincter (LES)
Serosa

P].'|C-!IC

sphincter  Pylorus Longitudinal muscle layer

Circular muscle layer — Musculan
Duodenal —__
bulb Oblique muscle layer
[\ r )
[ \\_u /2 Submucosa
: \ \ \ : , ~Mucosa
Duodenum —— O J
N ]
Fe o g ‘{;
Rugae “‘*»%?‘\e
Fig. 1.3:

If the stomach be examined during the process gédtiion it will be
found divided by a muscular constriction into agadilated left portion,
and a narrow contracted tubular right portion. Thastriction is in the
body of the stomach, and does not follow any of #matomical
landmarks; indeed, it shifts gradually toward thedt las digestion
progressesq, e., more of the body is gradually absorbed into theskab
part.

The wall of the stomach

The wall of the stomach consists of four coatsosgr muscular, areolar,
and mucous, together with vessels and nerves.

The serous coaftunica serosga
This is derived from the peritoneum, and coversahire surface of the
organ, excepting along the greater and lesser ttussat the points of
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attachment of the greater and lesser omenta; Merewo layers of
peritoneum leave a small triangular space, alongchwithe nutrient
vessels and nerves pass. On the posterior surfate gtomach, close
to the cardiac orifice, there is also a small arezovered by
peritoneum, where the organ is in contact withuhder surface of the
diaphragm.

Histology of the Stomach

——— Gastric gland—, - Gastric pit-,

Enteroendocrine
(b)
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The muscular coaftunica muscularis

It is situated immediately beneath the serous @ogewith which it is
closely connected. It consists of three sets ofa@manuscle fibers:
longitudinal, circular and oblique.

The longitudinal fibers(stratum longitudinalg are the most superficial,
and are arranged in two sets.

The first set consists of fibers continuous with tbngitudinal fibers of
the esophagus; they radiate in a stellate manoar fhe cardiac orifice
and are practically all lost before the pyloric tmmr is reached. The
second set commences on the body of the stomaclpasses to the
right, its fibers becoming more thickly distributed they approach the
pylorus. Some of the more superficial fibers okteet pass on to the
duodenum, but the deeper fibers dip inward andrlate with the
circular fibers of the pyloric valve.

The circular fibers (stratum circular@ form a uniform layer over the
whole extent of the stomach beneath the longitudiiers. At the

pylorus they are most abundant, and are aggregatea circular ring,

which projects into the lumen, and forms, with #odd of mucous

membrane covering its surface, the pyloricvalveeyl'lare continuous
with the circular fibers of the esophagus, but snarply marked off
from the circular fibers of the duodenum.

The oblique fibers(fibreeobliquag internal to the circular layer, are
limited chiefly to the cardiac end of the stomaethere they are
disposed as a thick uniform layer, covering bottiagies, some passing
obliquely from left to right, others from right teft, around the cardiac
end.

The areolar or submucous coaftela submucogaconsists of a loose,
areolar tissue, connecting the mucous and muslaylars.

The mucous membrane(tunica mucospis thick and its surface is
smooth, soft, and velvety. In the fresh state dfia pinkish tinge at the
pyloric end, and of a red or reddish-brown coloerthe rest of its
surface. In infancy it is of a brighter hue, thesmalar redness being
more marked. It is thin at the cardiac extremityt thicker toward the
pylorus. During the contracted state of the organsithrown into
numerous plaits or rugae, which, for the most gaate a longitudinal
direction, and are most marked toward the pylond ef the stomach,
and along the greater curvature These folds arebnbbliterated when
the organ becomes distended.
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Structure of the Mucous Membrane

When examined with a lens, the inner surface ofmibeous membrane
presents a peculiar honeycomb appearance from Eagred with

small shallow depressions or alveoli, of a polydawahexagonal form,

which vary from 0.12 to 0.25 mm. in diameter. Thase the ducts of
the gastric glands, and at the bottom of each neageen one or more
minute orifices, the openings of the gland tubese Burface of the
mucous membrane is covered by a single layer afnooar epithelium

with occasional goblet cells. This epithelium conmees very abruptly
at the cardiac orifice, where there is a suddensttian from the

stratified epithelium of the esophagus. The ep#hd&hing of the gland

ducts is of the same character and is continuoub tie general

epithelial lining of the stomach.

3.3 The vasculature and nerve supply to the stomhac

The arteriesssupplying the stomach are: the left gastric, thatrgastric
and right gastroepiploic branches of the hepatiod ahe left
gastroepiploic and short gastric branches of thal.iThey supply the
muscular coat, ramify in the submucous coat, aediaally distributed
to the mucous membrane. The arrangement of thelgassthe mucous
membrane is somewhat peculiar. The arteries brpadt the base of the
gastric tubules into a plexus of fine capillariedietr run upward
between the tubules, anastomosing with each otret, ending in a
plexus of larger capillaries, which surround theuths of the tubes, and
also form hexagonal meshes around the ducts.

The veins arise, and pursue a straight course downward, leetlee
tubules, to the submucous tissue; they end eithethe lienal and
superior mesenteric veins, or directly in the dor&an. The lymphatics
are numerous: they consist of a superficial aneéegpdset, and pass to
the lymph glands found along the two curvaturetheforgan.

The nerves are the terminal branches of the right and leftivéte
former being distributed upon the back, and theedatpon the front part
of the organ. A great number of branches from #i&ac plexus of the
sympathetic are also distributed to it. Nerve ps®suare found in the
submucous coat and between the layers of the narscaat as in the
intestine. From these plexuses fibrils are disteduto the muscular
tissue and the mucous membrane.
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3.4 The Gastric Glands

The gastric glands are of three kinda) pyloric, (b) cardiac, andd)
fundus or oxyntic glands. They are tubular in chg and are formed
of a delicate basement membrane, consisting ofeflat transparent
endothelial cells lined by epithelium.

The pyloric glands are found in the pyloric portion of the stomach.
They consist of two or three short closed tubeswogeinto a common
duct or mouth. These tubes are wavy, and are aiym#thalf the length
of the duct. The duct is lined by columnar cellsntimuous with the
epithelium lining the surface of the mucous memeérahthe stomach,
the tubes by shorter and more cubical cell whiehfismely granular.

The cardiac glandsfew in number, occur close to the cardiac orifice.
They are of two kinds:

) simple tubular glands resembling those of the pylend of the
stomach, but with short ducts;
o compound glands resembling the duodenal glands.

The fundus glandsare found in the body and fundus of the stomach;
they are simple tubes, two or more of which opé¢o @single duct. The
duct, however, in these glands is shorter thanhe gyloric variety,
sometimes not amounting to more than one-sixtthefvthole length of
the gland; it is lined throughout by columnar eeitbhm. The gland
tubes are straight and parallel to each other.hatgoint where they
open into the duct, which is termed the neck, théhelium alters, and
consists of short columnar or polyhedral, granakts, which almost
fill the tube, so that the lumen becomes suddeplysticted and is
continued down as a very fine channel. They arevknas thechief or
central cells of the glands. Between these cells and theerhant
membrane, larger oval cells, which stain deephhwibsin, are found;
these cells are studded throughout the tube atvalge giving it a
beaded or varicose appearance. These are knowheapatietal or
oxyntic cells, and they are connected with the lnrbg fine channels
which run into their substance. Between the glatiis mucous
membrane consists of a connective-tissue frame-wweith lymphoid
tissue. In places, this later tissue, especiallyarly life, is collected into
little masses, which to a certain extent resentidesblitary nodules of
the intestine, and are termed the lenticular glaofdbie stomach. They
are not, however, so distinctly circumscribed as $olitary nodules.
Beneath the mucous membrane, and between it arsiimeucous coat,
Is a thin stratum of involuntary muscular fibenyscularis mucosge
which in some parts consists only of a single lamgjhal layer; in
others of two layers, an inner circular and an olaiegitudinal.

107



NSC 216 HUMAN ANATOMY llI

5.0 SUMMARY

In this unit, you have learnt about the following:

o The location of the stomach-left superior parthef abdomen

o The various modifying factors that determine thapghand size
of the stomach.

o The structure of the stomach

) Details about the gastric glands and the roleshef dtomach
indigestion.

Clinical correlates

Gastroesophageal refl ux disease (GERD)y heartburn, is a painful or
burning sensation in the chest associated withetfiex of acidic chyme

into the esophagus. The pain is usually short-livetimay be confused
with the pain of an ulcer or a heart attack. Oviengaeating fatty foods,

lying down immediately after a meal, consuming toach alcohol or

caffeine, smoking, and wearing extremely tight lulog can all cause
heartburn. A hiatal hernia can also cause heartlasgpecially in older

people. Drugs that neutralize gastric acid or redyastric acid

production can effectively treat GERD.

Treatment of Excess Acid Secretion

Antacids are bases, such as Ca{ @l (OH) 3, and Mg (OH) 2, that
neutralize gastric acid when ingested. They aré &a$ing but have
relatively short duration of eff ect. Antacids a#ective for up to 30
minutes on an empty stomach and neutralize aci@ tor3 hours when
taken with food. Long-term self-treatment with amis should be
avoided because the cause of excess acid produstwuold be
determined. Also, there are more effective treatmen

H2-receptor antagonistsare drugs that block the histamine receptor on
parietal cells. Recall that histamine, gastrin, andtylcholine stimulate
parietal cells to secrete acid and that histamias the greatest
stimulatory eff ect. H2 receptors are the type istamine receptor on
parietal cells. Cimetidine (Tagamet), ranitidineZac), and famotidine
(Pepcid) are H2-receptor antagonists that bind refvy to H2
receptors. They suppress 24-hour gastric acid s@crapproximately
70%. The H2 receptors are different from the Hleptars involved in
allergic reactions.

Antihistamines that block allergic reactions do raftect histamine-
mediated gastric acid secretion, and vice versa.
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Proton pump inhibitors bind irreversibly with the H+—K+ exchange
pump in parietal cells. The pump is inactivated] anid secretion does
not resume until a new pump molecule is manufadtarel inserted into

the plasma membrane. Proton pump inhibitors effelstireduce acid

secretion for 24 to 48 hours

6.0 TUTOR MARKED ASSIGNMENTS

6.1  Activity — As provided by the Facilitator
6.2 Please answer the following questions

I Discuss the role of Stomach in digestion
. Describe the different parts and vasculaturthe stomach.
iii. Describe the gastric glands

1. The stomach

a. has large folds in the submucosa and mucokalcalae.

b. has two layers of smooth muscle in the musulayer.

C. opening from the esophagus is the pyloric cefi

d. has an area closest to the duodenum calleuiloers.

e. all of the above.

2. Which of these stomach cell types@ correctly matched with
its function?

a. surface mucous cells—produce mucus

b. parietal cells—produce hydrochloric acid

C. chief cells—produce intrinsic factor

d. endocrine cells—produce regulatory hormones

3. HCI

a. is an enzyme.

b. creates the acid condition necessary for pepsiork.

C. Is secreted by the small intestine.

d. activates salivary amylase.

e. all of the above.

4. Why doesn‘t the stomach digest itself?

a. The stomach wall is not composed of proteint sonot affected
by proteolytic enzymes.

b. The digestive enzymes of the stomach are mohgtenough to
digest the stomach wall.

C. The lining of the stomach wall has a protectayer of epithelial
cells.

d. The stomach wall is protected by large amoahtaucus.
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5. Which of these hormones stimulates stomaclesens?

a. cholecystokinin

b. insulin

C. gastrin

d. secretin

6. Which of these phases of stomach secretioorrectly matched?

a. cephalic phase—the largest volume of secréipnoduced

b. gastric phase—gastrin secretion is inhibiteddisgension of the
stomach

C. gastric phase—initiated by chewing, swallowing,thinking of
food

d. intestinal phase—stomach secretions are imgabit

7. While anesthetized, patients sometimes vomit. Gitleat the

anesthetic eliminates the swallowing reflex, explahy it is
dangerous for an anesthetized patient to vomit.
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1.0 INTRODUCTION

The small intestine is where the greatest amountdigéstion and
absorption occur. It consists of three parts: thedénum, the jejunum,
and the ileum. The entire small intestine is abYoat long (range: 4.6-9
m). The duodenum is about 25 cm londugdenummeans 12,
suggesting that it is 12 inches long), the jejunambout 2.5 m long,
and the ileum is about 3.5 m long. Two major aazgsglands, the liver
and the pancreas, are associated with the duodenum.

2.0 OBJECTIVES

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

) Describe the location and regions of the smallsitimie and the
way in which it is supported.

) List the functions of the small intestine and ddscthe structural
adaptations through which these functions are aptished.

) Describe the movements that occur within the smadktine.

3.0 MAIN CONTENT
3.1 The gross anatomy of the small intestine

The small intestine is a convoluted tube, extendirog the pylorus to
the colic valve, where it ends in the large intestilt is contained in the
central and lower part of the abdominal cavity, adurrounded above
and at the sides by the large intestine; a powioi extends below the
superior aperture of the pelvis and lies in frohthe rectum. It is in
relation, in front, with the greater omentum and@&hinal parietes, and
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is connected to the vertebral column by a fold efitpneum, the
mesentery.

The small intestine is divisible into three porsorthe duodenum, the
jejunum, and the ileum.

Stomach

Duodenum

Duodenojejunal
flexure

Jejunum

Ascending
colon

Mesentery

lleocecal
junction

Cecum
Appendix
lleum

Fig. 2.1: The small intestine
The Duodenum

It received its name from being about equal in fertg the breadth of
twelve fingers (25 cm.). It is the shortest, thelegt, and the most fixed
part of the small intestine, and has no mesentaing only partially

covered by peritoneum.

Its course presents a remarkable curve,somewhd#teoshape of an
imperfect circle, so that its termination is not f@moved from its
starting-point.In the adult the course of the dumahe is as follows:
commencing at the pylorus it passes backward,upveend to the right,
beneath the quadrate lobe of the liver to the racthe gall-bladder,
varying slightly in direction according to the degrof distension of the
stomach: it then takes a sharp curve and descémuls the right margin
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of the head of the pancreas, for a variable digtagenerally to the level
of the upper border of the body of the fourth lumertebra.

It now takes a second bend, and passes from raglheft across the
vertebral column, having a slight inclination upd;aand on the left side
of the vertebral column it ascends for about 2.5 amd then ends
opposite the second lumbar vertebra in the jejurAsrit unites with the
jejunum it turns abruptly forward, forming the deoajejunal flexure.
Duodenum may be divided into four portions: supermescending,
horizontal, and ascending.

i s Gallbladder
> Ny wm 22 e
Rl Right and left hepatic ducts of liver

\ / —r— Stomach
|

| /

\ - /’ Mucosa

\ ( — with folds Common hepatic duct
‘\J/ —— Bile duct and sphincter

Duodenum Cystic duct

Accessory pancrealic du_l::‘l”/

\

f Pancreas

Duodenum

Hepatopancreatic
ampulla and
sphincter

—— Jejunum

Major duodenal Main pancreatic duct
papilla and sphincter

Fig. 2.2:Relations
The superior portion(pars superior; first portioh

It is about 5 cm. long. Beginning at the pyloragnds at the neck of the
gall-bladder. It is the most movable of the fourtmms. It is almost
completely covered by peritoneum, but a small mdrits posterior
surface near the neck of the gall-bladder and nferior vena cava is
uncovered; the upper border of its first half hhs hepatoduodenal
ligament attached to it, while to the lower bordérthe same segment
the greater omentum is connected.

It is in such close relation with the gall-bladdeat it is usually found to

be stained by bile after death, especially on nit®r@or surface. It is in

relation above and in front with the quadrate labahe liver and the

gall-bladder; behind with the gastroduodenal artéing common bile

duct, and the portal vein; and below and behindh wie head and neck
of the pancreas.

The descending portiofpars descendens; second portion)
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This is between 7 to 10 cm. long, and extends fiteemneck of the gall-
bladder, on a level with the first lumbar vertelalmng the right side of
the vertebral column as low as the upper bordénebody of the fourth

lumbar vertebra. It is crossed in its middle tHigdthe transverse colon,
the posterior surface of which is uncovered by tppaum and is

connected to the duodenum by a small quantity nheotive tissue. The
supra- and infracolic portions are covered in frogtperitoneum, the
infracolic part by the right leaf of the mesenteRosteriorly the

descending portion of the duodenum is not coveyepebitoneum.

The descending portion is in relation, in frongrfr above downward,
with the duodenal impression on the right lobe bé tliver, the
transverse colon, and the small intestine; behihchas a variable
relation to the front of the right kidney in theigigorhood of the hilum,
and is connected to it by loose areolar tissue;rédmal vessels, the
inferior vena cava, and the Psoas below, are abmd it. At its medial
side is the head of the pancreas, and the comn@wmllit; to its lateral
side is the right colic flexure. The common bileciand the pancreatic
duct together perforate the medial side of thigiporof the intestine
obliquely, some 7 to 10 cm. below the pylorus; @loeessory pancreatic
duct sometimes pierces it about 2 cm. above amghtbfi in front of
these.

The horizontal portion (pars horizontalis; third or preaortic or
transverse portion)

It is from 5 to 7.5 cm. long.It begins at the rigide of the upper border
of the fourth lumbar vertebra and passes from righéft, with a slight
inclination upward, in front of the great vesselsdacrura of the
diaphragm, and ends in the ascending portion intfod the abdominal
aorta. It is crossed by the superior mesenterisaelesand the mesentery.
Its front surface is covered by peritoneum, excegar the middle line,
where it is crossed by the superior mesenteric el®ssts posterior
surface is uncovered by peritoneum, except towerdeft extremity,
where the posterior layer of the mesentery may soms be found
covering it to a variable extent. This surfacegegion the right crus of
the diaphragm, the inferior vena cava, and theaadithte upper surface
is in relation with the head of the pancreas.

The ascending portiorfpars ascendens; fourth portipn
It is about 2.5 cm long. It ascends on the lefe sl the aorta, as far as
the level of the upper border of the second lumkatebra, where it

turns abruptly forward to become the jejunum, faorgni the
duodenojejunal flexure. It lies in front of thetléfsoas major and left
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renal vessels, and is covered in front and partlythe sides, by
peritoneum continuous with the left portion of thesentery.

The superior part of the duodenum, as stated alh®veomewhat
movable, but the rest is practically fixed, and besund down to
neighboring viscera and the posterior abdominal lyathe peritoneum.

In addition to this, the ascending part of the darmgm and the
duodenojejunal flexure are fixed by a structuremuch the name of
Musculussuspensoriusduodeas been given. This structure commences
in the connective tissue around the celiac arteny kft crus of the
diaphragm, and passes downward to be insertedhateuperior border
of the duodenojejunal curve and a part of the aingnduodenum, and
from this it is continued into the mesentery.

It possesses, according to Treitz, plain musculbsrs mixed with the
fibrous tissue of which it is principally made upis of little importance
as a muscle, but acts as a suspensory ligament.

Vessels and Nerves

The arteries supplying the duodenum are the rigistrig and superior
pancreaticoduodenal branches of the hepatic, arg itiferior

pancreaticoduodenal branch of the superior mesenidre veins end in
the lienal and superior mesenteric. The nervesdareved from the
celiac plexus. The remainder of the small intestoen the end of the
duodenum is named jejunum and ileum; the formen teeing given to
the upper two-fifths and the latter to the lowerethkfifths. There is no
morphological line of distinction between the tvamd the division is
arbitrary; but at the same time the character efititestine gradually
undergoes a change from the commencement of theupe to the end
of the ileum, so that a portion of the bowel takeom these two
situations would present characteristic and madi#drences.

The Jejunum

(intestinum jejunumnis wider, its diameter being about 4 cm., and is
thicker, more vascular, and of a deeper color ti@nileum, so that a
given length weighs more. The circular folgsl{yulzeconniventgof its
mucous membrane are large and thickly set, andliitsre larger than
in the ileum. The aggregated lymph nodules are simbsent in the
upper part of the jejunum, and in the lower paetlass frequently found
than in the ileum, and are smaller and tend torassaicircular form. By
grasping the jejunum between the finger and thunabdircular folds
can be felt through the walls of the gut; thesengpeibsent in the lower
part of the ileum, it is possible in this way tatihiguish the upper from
the lower part of the small intestine.
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The lleum (intestinum ileumn

It is narrow, its diameter being 3.75 cm, and site thinner and less
vascular than those of the jejunum. It possesse$ehucircular folds,

and they are small and disappear entirely towasdatwer end, but
aggregated lymph nodules (Peyer's patches) areerlasjmd more

numerous.

The jejunum form the most part thatoccupies theilicaband left iliac
regions, while the ileum occupies chiefly the unchil, hypogastric,
right iliac, and pelvic regions. The terminal pafthe ileum usually lies
in the pelvis, from which it ascends over the rifilsbas and right iliac
vessels; it ends in the right iliac fossa by opgnimo the medial side of
the commencement of the large intestine. The jejuund ileum are
attached to the posterior abdominal wall by an resite fold of
peritoneum, the mesentery, which allows the fresstion, so that each
coil can accommodate itself to changes in form g@odition. The
mesentery is fan-shaped,; its posterior border of, mbout 15 cm. long,
is attached to the posterior abdominal wall from left side of the body
of the second lumbar vertebra to the right sa@woilarticulation,
crossing successively. The horizontal part of thedg#num, the aorta,
the inferior vena cava, the ureter, and right Psoascle. Its breadth
between its vertebral and intestinal borders awesadpout 20 cm, and is
greater in the middle than at its upper and loweise

Meckel’s Diverticulum (diverticulum ile)

This consists of a pouch which projects from thedopart of the ileum
in about 2 per cent of subjects. Its average mosiis about 1 meter
above the colic valve, and its average length abocm. Its caliber is
generally similar to that of the ileum, and itsidliextremity may be free
or may be connected with the abdominal wall or witme other portion
of the intestine by a fibrous band. It represetis temains of the
proximal part of the vitelline duct, the duct ofnemunication between
the yolk-sac and the primitive digestive tube inyetetal life.

3.2 The structure of the small intestine

The wall of the small intestine is composed of faaats: serous,
muscular, areolar, and mucous.
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Fig. 2.3:
The serous coaftunica serosa

It is derived from the peritoneum. The superiortjoor of the duodenum
is almost completely surrounded by this membrarse e pyloric end,
but is only covered in front at the other extremitije descending
portion is covered by it in front, except wherdsitcarried off by the
transverse colon; and the inferior portion lies ibéhthe peritoneum
which passes over it without being closely incogted with the other
coats of this part of the intestine, and is sepgdr&tom it in and near the
middle line by the superior mesenteric vessels. ids of the small
intestine is surrounded by the peritoneum, excgpdilong its attached
or mesenteric border; here a space is left forvibesels and nerves to
pass to the gut.

The muscular coat(tunica muscularis

This consists of two layers of unstriped fibers:eaiernal, longitudinal,
and an internal, circular layer. Thiengitudinal fibers are thinly
scattered over the surface of the intestine, aadrare distinct along its
free border. Theircular fibers form a thick, uniform layer, and are
composed of plain muscle cells of considerable tliengfhe muscular
coat is thicker at the upper than at the lower pathe small intestine.
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The areolar or submucous coattela submucosa

It connects together the mucous and muscular layersonsists of
loose, filamentous areolar tissue containing blesgels, lymphatics,
and nerves. It is the strongest layer of the imtest

The mucous membrangtunica mucosp

It is thick and highly vascular at the upper pdrthe smallintestine, but
somewhat paler and thinner below. It consists of fiellowing
structures: next the areolar orsubmucous coat thowble layer of
unstriped muscular fibers, outer longitudinal angher circular,
themuscularismucoseaeinternal to this is a quantityetiform tissue,
enclosing in its meshes lymphcorpuscles, and i it blood vessels
and nerves ramify; lastly, a basement membranepastipg a single
layer of epithelial cells, which throughout theesitine are columnar in
character.

The cells are granular in appearance, and eaclessess a clear oval
nucleus. At their superficial or unattached entlsytpresent a distinct
layer of highly refracting material, marked by veat strise, the striated
border.

The circular folds
(pliceecircularegKerkringi]; valvulseconniventes; valves of Kerkrng

These are large valvular flaps projecting into lin@en of the bowel.
They are composed of reduplications of the mucoesbmane, the two
layers of the fold being bound together by submsedmsue; unlike the
folds in the stomach, they are permanent, and arelliterated when
the intestine is distended. The majority extenddvarsely around the
cylinder of the intestine for about one-half or tirds of its
circumference, but some form complete circles, @theérs have a spiral
direction; the latter usually extend a little mdhan once around the
bowel, but occasionally two or three times. Thegéarfolds are about 8
mm. in depth at their broadest part; but the greatembers are of
smaller size. The larger and smaller folds alternaith each other.
They are not found at the commencement of the dugdebut begin to
appear about 2.5 or 5 cm. beyond the pylorus.

In the lower part of the descending portion, betbe point where the
bile and pancreatic ducts enter the intestine, ey very large and
closely approximated. In the horizontal and asaamgiortions of the
duodenum and upper half of the jejunum they argeland numerous,
but from this point, down to the middle of the ieuthey diminish
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considerably in size. In the lower part of the mtethey almost entirely
disappear; hence the comparative thinness of tligkiop of the

intestine, as compared with the duodenum and jejunlihe circular

folds retard the passage of the food along thestimies, and afford an
increased surface for absorption.

The intestinal villi

They are highly vascular processes, projecting frdma mucous
membrane of the small intestine throughout its wteottent, and giving
to its surface a velvety appearance. They are saged most numerous
in the duodenum and jejunum, and become fewer amley in the
ileum.

The essential parts of a villus are: the lacteakek the blood vessels,
the epithelium, the basement membrane, and theulaudissue of the
mucosa, all being supported and held together bjoma lymphoid
tissue. Thelactealsare in some cases double, and in some animals,
multiple but usually there is a single vessel. &#d in the axis of the
villus, each commences by dilated cecal extremitiear to, but not
quite at, the summit of the villus. The walls ammposed of a single
layer of endothelial cells.

Magnification
of jejunal
mucosal wall

—— Segment

of jejunum

Two cells of the villus epithelium
showing brush border (microvilli}
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Fig 2.4:
The muscular fibers

These are derived from the muscularismucosee, amda@anged in
longitudinal bundless around the lacteal vessdereing from the base
to the summit of the villus, and giving off, latya individual muscle

cells, which are enclosed by the reticulum, andtlaye attached to the
basement-membrane and to the lacteal.

Theblood vesselform a plexus under the basement membrane, and are
enclosed in the reticular tissue. These structaressurrounded by the
basement membranehich is made up of a stratum of endothelial cells,
and upon this is placed a layer @flumnar epithelium,The retiform
tissueforms a net-work in the meshes of which a numbdewofocytes

are found.

The intestinal glands

(glanduleeintestinalg¢kieberkihnj; crypts of Lieberkiihnconsiderable
numbers over every part of the mucous membranieec$iinall intestine.
They consist of minute tubular depressions of theeans membrane,
arranged perpendicularly to the surface, upon wthely open by small
circular apertures. They may be seen with the fallens, their orifices
appearing as minute dots scattered between the Mikir walls are
thin, consisting of a basement membrane lined lynwoar epithelium,
and covered on their exterior by capillary vessels.
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The duodenal glands

(glanduleeduodenal@Brunneri; Brunner's glandy are limited to the
duodenum and are found in the submucous areolsuetisThey are
largest and most numerous near the pylorus, formang almost
complete layer in the superior portion and uppéf dfathe descending
portions of the duodenum. They then begin to disinn number, and
practically disappear at the junction of the duaderand jejunum. They
are small compound acinotubular glands consistihga amumber of
alveoli lined by short columnar epithelium and apgrby a single duct
on the inner surface of the intestine.

The solitary lymphatic nodules

(nodulilymphaticisolitarii; solitary glands are found scattered
throughout the mucous membrane of the small imestout are most
numerous in the lower part of the ileum. Their fsegfaces are covered
with rudimentary villi, except at the summits, améch gland is
surrounded by the openings of the intestinal glag@sh consists of a
dense interlacing retiform tissue closely packethwmph-corpuscles,
and permeated with an abundant capillary netwoHe ihterspaces of
the retiform tissue are continuous with larger lymgpaces which
surround the gland, through which they communiceith the lacteal
system. They are situated partly in the submucizssid, partly in the
mucous membrane, where they form slight projectiongs epithelial
layer.

The aggregated lymphatic nodules

(nodulilymphaticiaggregati; Peyer’s patches; Peyeaglands;agminated
follicles; tonsilleeintestinalgsform circular or oval patches, from twenty
to thirty in number, and varying in length from @ 10 cm. They are
largest and most numerous in the ileum. In the fqueet of the jejunum
they are small, circular, and few in number. They @ccasionally seen
in the duodenum. They are placed lengthwise inintestine, and are
situated in the portion of the tube most distantrfrthe attachment of
the mesentery. Each patch is formed of a groupobifasy lymphatic
nodules covered with mucous membrane, but the eatdb not, as a
rule, possess villi on their free surfaces. They laest marked in the
young subject, become indistinct in middle age, aumetimes
disappear altogether in advanced life. They arelyrsupplied with
blood vessels which form an abundant plexus araauh follicle and
give off fine branches permeating the lymphoidugs# the interior of
the follicle. The lymphatic plexuses are especialyjundant around
these patches.
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3.3 Vasculature of the small intestine

The arteries jejunum and ileum are supplied biyhe superior
mesenteric artery, the intestinal branches of which, having reactned
attached border of the bowel, run between the seemd muscular
coats, with frequent inosculations to the free bordvhere they also
anastomose with other branches running around fipesite surface of
the gut. From these vessels numerous branchesiae gff, which
pierce the muscular coat, supplying it and formangntricate plexus in
the submucous tissue. From this plexus minute l®epsss to the glands
and villi of the mucous membrane.

The veins have a similar course and arrangemetheaarteries. The
lymphatics of the small intestine (lacteals) areamged in two sets,
those of the mucous membrane and those of the mamscoat. The

lymphatics of the villi commence in these structuia the manner
described above. They form an intricate plexusha mucous and
submucous tissue, being joined by the lymphatieanfrthe lymph

spaces at the bases of the solitary nodules, @mdl tiis pass to larger
vessels at the mesenteric border of the gut.

The lymphatics of the muscular coat are situatedatgreat extent
between the two layers of muscular fibers, wheey tform a close
plexus; throughout their course they communicaeeljr with the

lymphatics from the mucous membrane, and empty skbras in the
same manner as these into the origins of the letessels at the
attached border of the gut.

3.4 The nerve supply to the small intestine

The nerves of the small intestines are derived from the plesusf
sympathetic nervesaround the superior mesenteric artery. From this
source they run to theyenteric plexugAuerbach’s plexysof nerves
and gangliasituated between the circular and ladgial muscular
fibers from which the nervous branches are disteithuo the muscular
coats of the intestine.

From this a secondary plexus, the plexus ofstiiemucosaMeissner’s

plexug is derived, and is formed by branches which haertorated the
circular muscular fibers. This plexus lies in th#mucous coat of the
intestine; it also contains ganglia from which reefibers pass to the
muscularis mucosae and to the mucous membrane.€rlae bundles of
the submucous plexus are finer than those of theniayic plexus.
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4.0 CONCLUSION

The small intestine is where the greatest amountdigéstion and
absorption occur. It consists of three parts: thedgénum, the jejunum,
and the ileum. The structure of the small intestineserous coat,
muscular coat, areolar coat, mucous membrane, la@irdolds, the

intestinal glands, The vasculature of the smakgstibe - jejunum and
ileum are supplied by the superior mesenteric @rtgie veins have a
similar course and arrangement to the arteries.

5.0 SUMMARY
In this unit, you have learnt about the following:

The Gross anatomy of the small intestine
The Structure of the small intestine
Asculature of the small intestine

The Nerve supply to the small intestine

Clinical correlates

Peptic ulcers can occur in the duodenum and stontzwwhdenal ulcers
are in the duodenum, usually near the pyloric sghin Approximately

80% of all peptic ulcers are duodenal ulcers. Thestmcommon

contributing factor to developing duodenal ulcarghie over secretion of
gastric juices relative to the degree of mucousakaline protection of

the small intestine. People who experience sevexeely over a long

period are the most prone to developing duoderadrsl They often

have a rate of gastric secretion between mealsishat much as 15
times the normal amount.

6.0 TUTOR MARKED ASSIGNMENTS

6.1  Activity

I What are the primary functions of the smalestine?

. List four structural modifications of the srhahtestine that
increase its absorptive surface area.

iii. Describe the movements of the small intestiné/hich
movements are produced by the circular layer & tihnica
muscularis?
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6.2
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Please answer the following questions:

Describe the location and regions of the snma#stine and the
way in which it is supported.

List the functions of the small intestine amelscribe the structural
adaptations through which these functions areraptished.

Describe the movements that occur within the smadktine.

Which of these structures increase the mucssdhce of the
small intestine?

circular folds

villi

microvilli

length of the small intestine
all of the above

Given these parts of the small intestine:
duodenum

ileum

jejunum

Choose the arrangement that lists the partghenorder food
encounters them as it passes from the stomachghrthe small
intestine.

1,2,3

1,3,2

2,1,3

2,3,1

3,1,2

Which cells in the small intestine have digestienzymes
attached to their surfaces?

mucous cells
goblet cells
endocrine cells
absorptive cells
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UNIT 3 ANATOMY OF THE LARGE INTESTINE
CONTENT

1.0 Introduction
2.0  Objectives
3.0 Main Content
3.1 Gross anatomy of the large intestine
3.2  Structure of the large intestine
3.3  Vasculature and nerve supply of the largesiinie
4.0 Conclusion
50 Summary
6.0  Tutor Marked Assignments
7.0 References and other resources

1.0 INTRODUCTION

The large intestine is the portion of the digestiract extending from
the ileocecal junction to the anus. It consiststlod cecum, colon,
rectum, and anal canal. While in the colon, chymeonverted to feces.
The absorption of water and salts, secretion ofusuand extensive
action of microorganisms are involved in the forimatof feces, which
the colon stores until the feces are eliminated thg process of
defecation.

2.0 OBJECTIVES

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

o Identify the regions of the large intestine andcdiég its gross
and histological structure.
o Describe the functions of the large intestine amglan how

defecation is accomplished.
3.0 MAIN CONTENT
3.1 Gross anatomy of the large intestine

The large intestine extends from the end of themldo the anus. It is
about 1.5 meters long, being one-fifth of the whebgent of the
intestinal canal. Its caliber is largest at its coemcement at the cecum,
and gradually diminishes as far as the rectum, v/biegre is a dilatation
of considerable size just above the anal canaliffiérs from the small
intestine in its greater caliber, its more fixedsition, its sacculated
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form, and in possessing certain appendages toxteynal coat, the
appendices epiploicee.

Further, its longitudinal muscular fibers do notnfioa continuous layer
around the gut, but are arranged in three longialdbands or teeniee.
The large intestine, in its course, describes ah ahich surrounds the
convolutions of the small intestine. It commencasthe right iliac
region, in a dilated part, the cecum. It ascendsuth the right lumbar
and hypochondriac regions to the under surfachefiver; it here takes
a bend, the right colic flexure, to the left andges transversely across
the abdomen on the confines of the epigastric anblilical regions, to
the left hypochondriac region; it then bends agtuna,left colic flexure,
and descends through the left lumbar and iliacoregyito the pelvis,
where it forms a bend called the sigmoid flexurggnf this it is
continued along the posterior wall of the pelvishte anus.

Mesocolon
Right colic
flexure

——Left colic
flexure
Transverse
colon
! 3 Epiploic
Superior appendages
mesenteric — %
artery

Haus!rum—[

Ascending
colon

Descending
colon

Tenia coli
lleocecal
valve

lleum

Cecum

Appendix
g Sigmoid

colon

Rectum

Anal canal
External anal
sphincter

Fig. 3.1:
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The large intestine is divided into tkkecum, colon, rectum andanal
canal.

The Cecum

The commencement of the large intestine is theelangndpouch
situated below the colic valve. Its blind end isedted downward, and
its open end upward, communicating directly witk ttolon, of which
this blind pouch appears to be the beginning odhaadhence the old
name of caput ceecum calias applied to it. Its size is variously
estimated by different authors, but on an averageay be said to be
6.25 cm. in length and 7.5 in breadth. It is sidain the right iliac
fossa, above the lateral half of the inguinal ligan it rests on the
lliacus and Psoas major, and usually lies in camath the anterior
abdominal wall, but the greater omentum and, if tekeum be empty,
some coils of small intestine may lie in front of i

As a rule it is entirely enveloped by peritoneurbut atimes the
peritoneal covering is not complete, so that theeuppart of the
posterior surface is uncovered and connected toilihe fascia by
connective tissue.

The cecum lies quite free in the abdominal cavityd e&enjoys a
considerable amount of movement, so that it mayoinec herniated
down the right inguinal canal, and has occasionélgn found in an
inguinal hernia on the left side,the cecum vanmeshape.

The Vermiform Process or Appendix

This is a long, narrow, worm-shaped tube, whicimtstitom what was
originally the apex of the cecum, and may pass ne of several
directions:

> upward behind the cecum;
> to the left behind the ileum and mesentery;
> downward into the lesser pelvis.

It varies from 2 to 20 cm. in length, its averagénig about 8.3 cm. It is
retained in position by a fold of peritoneum (meseénle), derived from
the left leaf of the mesentery. This fold, in thejamity of cases, is more
or less triangular in shape, and as a rule extaluigy the entire length
of the tube. Between its two layers and closeddrége margin lies the
appendicular artery.
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The canal of the vermiform process is small, extetidoughout the
whole length of the tube, and communicates with ¢dekeum by an
orifice which is placed below and behind the ilezadeopening. It is
sometimes guarded by a semilunar valve formed bglchof mucous
membrane, but this is by no means constant.

The Colic Valve(valvula coli; ileocecal valve

The lower end of the ileum ends by opening into riredial and back
part of the large intestine, at the point of juantof the cecum with the
colon. The opening is guarded by a valve, congjstintwo segments or
lips, which project into the lumen of the largeestine. If the intestine
has been inflated and dried, the lips are of alseai shape.

The upper one, nearly horizontal in direction, tte@hed by its convex
border to the line of junction of the ileum withetleolon; the lower lip,

which is longer and more concave, is attached editte of junction of

the ileum with the cecum. At the ends of the aperthe two segments
of the valve coalesce, and are continued as namewmbranous ridges
around the canal for a short distance, formingtéeula of the valve.

The left or anterior end of the aperture is roundled right or posterior

is narrow and pointed. In the fresh condition, mrspecimens which

have been hardened situ, the lips project as thick cushion-like folds
into the lumen of the large gut, while the openbejween them may

present the appearance of a slit or may be somewhhin shape.

Each lip of the valve is formed by a reduplicatioh the mucous
membrane and of the circular muscular fibers of imestine, the
longitudinal fibers and peritoneum being continuedhterruptedly from
the small to the large intestine. The surfacefheialve directed toward
the ileum are covered with villi, and present tharacteristic structure
of the mucous membrane of the small intestine; evitlose turned
toward the large intestine are destitute of viind marked with the
orifices of the numerous tubular glands peculiar the mucous
membrane of the large intestine. These differentasructure continue
as far as the free margins of the valve.

It is generally maintained that this valve prevaeftux from the cecum
into the ileum, but in all probability it acts asphincter around the end
of the ileum and prevents the contents of the ildutwm passing too
quickly into the cecum.
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The Colon

This is divided into four partghe ascending, transverse, descending
andsigmoid

The Ascending Colon(colon ascendens

This is smaller in caliber than the cecum, with ethit is continuous. It
passes upward, from its commencement at the cempposite the colic
valve, to the under surface of the right lobe @ kiker, on the right of
the gall-bladder, where it is lodged in a shallogpission, the colic
impression; here it bends abruptly forward andhi left, forming the
right colic hepatig flexure It is retained in contact with the posier
wall of the abdomen by the peritoneum, which covigssanterior
surface and sides, its posterior surface being exed by loose areolar
tissue with the lliacus, Quadratus lumborum, apooig origin of
Transversus abdominis, and with the front of theeloand lateral part
of the right kidney. Sometimes the peritoneum catgby invests it, and
forms a distinct but narrow mesocolon. It is irat&n, in front, with the
convolutions of the ileum and the abdominal pasete

The Transverse Colon(colon transversuin

The longest and most movable part of the colon,sgmswith a
downward convexity from the right hypochondriac ioegacross the
abdomen, opposite the confines of the epigastret wmbilical zones,
into the left hypochondriac region, where it cunsdsgarply on itself
beneath the lower end of the spleen, forming tHe delic(spleniq
flexure.

In its course it describes an arch, the concavitybich is directed
backward and a little upward; toward its splenid ¢nere is often an
abrupt U-shaped curve which may descend lower titiamain curve. It
is almost completely invested by peritoneum, andasnected to the
inferior border of the pancreas by a large and vddplicature of that
membrane, the transverse mesocolon. It is in oglatby its upper
surface, with the liver and gall-bladder, the geeaturvature of the
stomach, and the lower end of the spleen; by itkeusurface, with the
small intestine; by its anterior surface, with @aterior layers of the
greater omentum and the abdominal parietes; iteepos surface is in
relation from right to left with the descending pon of the duodenum,
the head of the pancreas, and some of the convotubf the jejunum
and ileum.

The left colic or splenic flexureis situated at the junction of the
transverse and descending parts of the colon, amdrelation with the
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lower end of the spleen and the tail of the parsgrédae flexure is so
acute that the end of the transverse colon ustiaflyin contact with the
front of the descending colon. It lies at a higherel than, and on a
plane posterior to, the right colic flexure, and agached to the
diaphragm, opposite the tenth and eleventh ribsa Iperitoneal fold,

named the phrenicocolicligament, which assistsuppsrting the lower

end of the spleen, lliac colon, sigmoid or pelvadon, and rectum seen
from the front, after removal of pubic bones aradoler.

The Descending Color{colon descendeis

It passes downward through the left hypochondriat lambar regions
along the lateral border of the left kidney. At tberer end of the kidney
it turns medialward toward the lateral border o tRsoas, and then
descends, in the angle between Psoas and Quadtiratberum, to the
crest of the ilium, where it ends in the iliac awoloThe peritoneum
covers its anterior surface and sides, while itstgr@or surface is
connected by areolar tissue with the lower andrdhtpart of the left
kidney, the aponeurotic origin of the Transversbdoainis, and the
Quadratus lumborum .1t is smaller in caliber andrendeeply placed
than the ascending colon, and is more frequentlyema with
peritoneum on its posterior surface than the asngrzblon. In front of
it are some coils of small intestine.

The lliac Colon

This is situated in the left iliac fossa, and i®ail2 to 15 cm. long. It
begins at the level of the iliac crest, where itc@tinuous with the
descending colon, and ends in the sigmoid coldheasuperior aperture
of the lesser pelvis. It curves downward and medied in front of the
lliacus and Psoas, and, as a fugecovered by peritoneum on its sides
and anterior surface only.

The Sigmoid Colon(colon sigmoideum; pelvic colon; sigmoid flexure

This forms a loop which averages about 40 cm. mgte, and normally

lies within the pelvis, but on account of its freed of movement it is

liable to be displaced into the abdominal cavityodgins at the superior
aperture of the lesser pelvis, where it is contusuwith the iliac colon,

and passes transversely across the front of thrareao the right side of
the pelvis; it then curves on itself and turns tahéne left to reach the
middle line at the level of the third piece of tecrum, where it bends
downward and ends in the rectum.

It is completely surrounded by peritoneum, whiclhnfe a mesentery

(sigmoid mesocolon), which diminishes in lengtmirthe center toward
the ends of the loop, where it disappears, soth®atoop is fixed at its
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junctions with the iliac colon and rectum, but ergoa considerable
range of movement in its central portion.

Behind the sigmoid colon are the external iliac vesselg teft
Piriformis, and left sacral plexus of nervesfront, it is separated from
the bladder in the male, and the uterus in the lienty some coils of
the small intestine.

The Rectum(intestinum rectum

This is continuous above with the sigmoid colonjlevbelow it ends in
the anal canal. From its origin at the level of thied sacral vertebra it
passes downward, lying in the sacrococcygeal cuawad, extends for
about 2.5 cm. in front of, and a little below, tie of the coccyx, as far
as the apex of the prostate. It then bends shagiigward into the anal
canal. It therefore presents two antero-postenoves: an upper, with
its convexity backward, and a lower, with its coxitye forward. Two
lateral curves are also described, one to the agposite the junction of
the third and fourth sacral vertebree, and the athhvéhe left, opposite
the left sacrococcygeal articulation; they are, é&esv, of little
importance. The rectum is about 12 cm. long, antsatommencement
its caliber is similar to that of the sigmoid coldiut near its termination
it is dilated to form the rectal ampulla.

The rectum has no sacculations comparable to tbbsee colon, but
when the lower part of the rectum is contractedmticous membrane is
thrown into a number of folds, which are longitualinn direction and
are effaced by the distension of the gut. Besitlesd there are certain
permanent transverse folds, of a semilunar shapmyik asHouston’s
valves

Houston valvesare usually three in number; sometimes a fourth is
found, and occasionally only two are present. Gnsituated near the
commencement of the rectum, on the right side; @orsg extends
inward from the left side of the tube, opposite theldle of the sacrum;

a third, the largest and most constant, projectskward from the
forepart of the rectum, opposite the fundus ofutheary bladder. When

a fourth is present, it is situated nearly 2.5 above the anus on the left
and posterior wall of the tube. These folds areuad@ mm. in width,
and contain some of the circular fibers of the gut.

In the empty state of the intestine they overlagheather, agHouston
remarks so effectually as to require considerable maneogeto
conduct a bougie or the finger along the canal.irTinge seems to be,
—to support the weight of fecal matter, and prevenurging toward
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the anus, where its presence always excites atsanskemanding its
discharge.

The peritoneum is related to the upper two-thirdstiee rectum,
covering at first its front and sides, but lowemahoits front only; from
the latter it is reflected on to the seminal vessicin the male and the
posterior vaginal wall in the female

The level at which the peritoneum leaves the amtaevall of the rectum
to be reflected on to the viscus in front of it a§ considerable
importance from a surgical point of view, in cont@c with the
removal of the lower part of the rectum. It is leghn the male than in
the female. In the former the height of the rectised excavation is
about 7.5 cmi, e., the height to which an ordinary index finger can
reach from the anus. In the female the height & tlctouterine
excavation is about 5.5 cm. from the anal orifice.

The rectum is surrounded by a dense tube of faseisved from the

fascia endopelvina, but fused behind with the fasoivering the sacrum
and coccyx. The facial tube is loosely attachedht rectal wall by

areolar tissue in order to allow of distensionha viscus.

Relations of the Rectum

The upper part of the rectum is in relatidoehind, with the superior
hemorrhoidal vessels, the left Piriformis, and Ietcral plexus of
nerves, which separate it from the pelvic surfaxfebe sacral vertebrae;
in its lower part it lies directly on the sacrumgccyx, and Levatores ani,
a dense fascia alone intervenimg;front, it is separated above, in the
male, from the fundus of the bladder; in the fem#&iem the intestinal
surface of the uterus and its appendages, by someolutions of the
small intestine, and frequently by the sigmoid oolbelow, it is in
relation in the male with the triangular portion thie fundus of the
bladder, the vesiculeeseminales, and ductusdefereraad more
anteriorly with the posterior surface of the prestan the female, with
the posterior wall of the vagina.

The Anal Canal (pars analis recd, or terminal portion of the large
intestine, begins at the level of the apex of thestate, is directed
downward and backward, and ends at the anus.riisfan angle with
the lower part of the rectum, and measures fromd@4bcm. in length. It
has no peritoneal covering, but is invested bySpkincter ani internus,
supported by the Levator ani, and surrounded aeitsination by the
Sphincter ani externus.
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In the empty condition it presents the appearaf@@antero-posterior
longitudinal slit. Behind it is a mass of muscudand fibrous tissue, the
anococcygeal body; in front of it, in the male, k&gparated by
connective tissue from it, are the membranous @orénd bulb of the
urethra, and the fascia of the urogenital diaphragmd in the female it
is separated from the lower end of the vagina byaas of muscular and
fibrous tissue, named tiperineal body.

The lumen of the anal canal presents, in its upydf, a number of
vertical folds, produced by an infolding of the mus membrane and
some of the muscular tissue. They are known asré¢b&&al columns
[Morgagni] and are separated from one another by furrowstdkre
sinuses), which end below in small valve-like foltsmed anal valves,
which join together the lower ends of the rectdlioms.

3.2  Structure of the large intestine
The vermiform process

The coats of the vermiform process are the same¢hese of the
intestine: serous, muscular, submucous, and mudthes.serous coat
forms a complete investment for the tube, excemtigathe narrow line
of attachment of its mesenteriole in its proxinvab4thirds.

The longitudinal muscular fibergdo not form three bands as in the
greater part of the large intestine, but investwim®le organ, except at
one or two points where both the longitudinal amdutar fibers are
deficient so that the peritoneal and submucousscat contiguous over
small areas.

The circular muscle fibersform a much thicker layer than the
longitudinal fibers, and are separated fromthemabgymall amount of
connective tissue. The submucous coat is well ntarkad contains a
largenumber of masses of lymphoid tissue which eah& mucous
membrane to bulge into the lumen and sorenderdtier lof small size
and irregular shape. The mucous membrane is linedcdlumnar
epitheliumand resembles that of the rest of thgelantestine, but the
intestinal glands are fewer in number.

Structure of the Colon; the large intestine has four coats: serous,
muscular, areolar, and mucous.

The serous coaftunica serosais derived from the peritoneum, and
invests the different portions of the large intestio a variable extent.
The cecum is completely covered by the serous mamebrexcept in

about 5 per cent of cases where the upper pahiegbdsterior surface is
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uncovered. The ascending, descending, and iliats p&rthe colon are
usually covered only in front and at the sidesadable amount of the
posterior surface is uncovered. The transverse nca® almost
completely invested, the parts corresponding toati@chment of the
greater omentum and transverse mesocolon being akuoepted.

The sigmoid colon is entirely surrounded. The recia covered above
on its anterior surface and sides; below, on iterasr aspect only; the
anal canal is entirely devoid of any serous cowgrin the course of the
colon the peritoneal coat is thrown into a numbesroall pouches filled
with fat, calledappendicesepiploicadlhey are most numerous on the
transverse colon.

The muscular coat (tunica muscularis consists of an external
longitudinal, and an internal circular, layer ofnasiriped muscular
fibers: Thelongitudinal fibersdo not form a continuous layer over the
whole surface of the large intestine. In the ceamd colon they are
especially collected into three flat longitudinanols (teenaei co), each
of about 12 mm. in width; one, the posterior, iggald along the
attached border of the intestine; the anterior, l#rgest, corresponds
along the arch of the colon to the attachment efdgheater omentum,
but is in front in the ascending, descending, dad parts of the colon,
and in the sigmoid colon; the third, or lateral dhars found on the
medial side of the ascending and descending pattseeacolon, and on
the under aspect of the transverse colon.

These bands are shorter than the other coats aitdstine, and serve to
produce the sacculi which are characteristic of taeum and colon;
accordingly, when they are dissected off, the tode be lengthened,
and its sacculated character disappears. In thmaosig colon the

longitudinal fibers become more scattered; and radahe rectum they
spread out and form a layer, which completely ehesr this portion of

the gut, but is thicker on the anterior and postesurfaces, where it
forms two bands, than on the lateral surfacesdthtian, two bands of
plain muscular tissue arise from the second andd tlsoccygeal

vertebrae, and pass downward and forward to bletidthe longitudinal

muscular fibers on the posterior wall of the aralal. These are known
as the Rectococcygealmuscles. The blood vessetheofectum and
anus, showing the distribution and anastomosisherpbsterior surface
near the termination of the gut.

The circular fibersform a thin layer over the cecum and colon, being
especially accumulated in the intervals between gheculi; in the
rectum they form a thick layer, and in the analataimey become
numerous, and constitute the Sphincter aniinternus.
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The areolar coat(tela submucosa; submucous goa&obnnects the
muscular and mucous layers closely together. Theoosis membrane
(tunica mucospin the cecum and colon, is pale, smooth, destitft
villi, and raised into numerous crescentic foldsalhcorrespond to the
intervals between the sacculi. In the rectum ithisker, of a darker
color, more vascular, and connected loosely tonilascular coat, as in
the esophagus.

The mucous membrane consists of a muscular layer, the
muscularismucosee; a quantity of retiform tissueviich the vessels
ramify; a basement membrane and epithelium whiaf the columnar
variety, and resembles the epithelium found instmall intestine.

3.3 Vasculature and nerve supply of the large ingine

The arteries supplying the colon are derived from the colic arginoid
branches of thenesenteric arteriesThey give off large branches, which
ramify between and supply the muscular coats, died dividing into
small vessels in the submucous tissue, pass tmtlceus membrane.

The rectum is supplied by theuperior hemorrhoidal branclof the
inferior mesenteric, and the anal canal byrthddle hemorrhoidafrom
the hypogastric, and thenferior hemorrhoidalrom the internal
pudendal artery. The superior hemorrhoidal, thetiooation of the
inferior mesenteric, divides into two branches, eihrun down either
side of the rectum to within about 12.5 cm. of #@mis; they here split
up into about six branches which pierce the musadat and descend
between it and the mucous membrane in a longitldiwction,
parallel with each other as far as the Sphincté@ntannus, where they
anastomose with the other hemorrhoidal arteriesfand a series of
loops around the anus.

The veins of the rectum commence in a plexus of vessels which
surrounds the anal canal. In the vessels formigydlexus are smaller
saccular dilatations just within the margin of #ogus; from the plexus
about six vessels of considerable size are givdn Tdiese ascend
between the muscular and mucous coats for abobt d®., running
parallel to each other; they then pierce the masaat, and, by their
union, form a single trunk, the superior hemorrlbidein. This
arrangement is termed the hemorrhoidal plexuspmrmunicates with
the tributaries of the middle and inferior hemordab veins, at its
commencement, and thus a communication is establibletween the
systemic and portal circulations.
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The nerves are derived from the sympathetic plexuses aroural th
branches of the superior and inferior mesentertierias. They are
distributed in a similar way to those found in gmall intestine.

5.0 SUMMARY
In this unit, you have learnt about the following:

I Gross anatomy of the large intestine
. Structure of the large intestine
lii.  Asculature and nerve supply of the large stitge

3.3.5 Clinical correlates

Congenital Herniaa.—There are some varieties of oblique inguinal
hernia depending upon congenital defects in theuss@aginalis, the
pouch of peritoneum which precedes the descertteotestis. Normally
this pouch is closed before birth, closure commemat two points,
viz., at the abdominal inguinal ring and at the edphe epididymis, and
gradually extending until the whole of the interwven portion is
converted into a fibrous cord. From failure in tbempletion of this
process, variations in the relation of the herpiatrusion to the testis
and tunica vaginalis are produced; these constiigknct varieties of
inguinal hernia, viz., the hernia of the funiculprocess and the
complete congenital variety.

Where the processus vaginalis is occluded at twerlgoint only,i.e.,
just above the testis, the intestine descendsh@@ouch of peritoneum
as far as the testis, but is prevented from ergdhe sac of the tunica
vaginalis by the septum which has formed betweesnd the pouch.
This is known ashernia into thefunicular proces®sr incomplete
congenital hernia; it differs from the former in that instead of
enveloping the testis it lies above it.

6.0 TUTOR MARKED ASSIGNMENTS
6.1  Activity

I Identify the four principal regions of the la&rgntestine and
describe the functions of the colon.

6.2 Please answer the following questions:

I Describe the haustra and the taeniae coli apthi their role in
the movements of the large intestine.
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. Discuss the structure of the rectum, anal Gaarad anal sphincter
muscles.

iii. Distinguish complete congenital hernia fromncomplete
congenital hernia
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1.0 INTRODUCTION

Other accessory organs of digestion are those srtijgat are crucial to
the process of digestion but are not usually caieged as organs of
digestion.

They include the liver, the gall bladder and theqraas.

2.0 OBJECTIVES

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

o Describe the location, structure, relations, andcfions of the
liver.

o Draw an annotated diagram of the Liver

o Describe the location of the gallbladder and trtheeflow of bile
through the systems of ducts into the duodenum.

o Describe the location, structure, and functionthefpancreas.

3.0 MAIN CONTENT
3.1 Developmental anatomy of the liver
The liver arises in the form of a diverticulum adlow outgrowth from

the ventral surface of that portion of the gut whafterward becomes
the descending part of the duodenum .This divdttiauis lined by
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entoderm, and grows upward and forward into théusegransversum,
a mass of mesoderm between the vitelline duct &ed pericardial
cavity, and there gives off two solid buds of cellsich represent the
right and the left lobes of the liver. The soliddsuof cells grow into
columns or cylinders, termed the hepatic cylindersich branch and
anastomose to form a close meshwork.

This network invades the vitelline and umbilicaling and breaks up
these vessels into a series of capillary-like Mesgermed sinusoids
(Minot), which ramify in the meshes of the cellulaetwork and
ultimately form the venous capillaries of the livdy the continued
growth and ramification of the hepatic cylinderse tihass of the liver is
gradually formed. The original diverticulum frometlduodenum forms
the common bileduct, and from this the cystic dant gall-bladder
arise as a solid outgrowth which later acquiresmaein. The opening of
the common duct is at first in the ventral walltbé duodenum; later,
owing to the rotation of the gut, the opening isriea to the left and
then dorsalward to the position it occupies indbalt.

As the liver undergoes enlargement, both it and thentral
mesogastrium of the fore-gut are gradually difftegad from the
septum transversum; and from the under surfac@efdtter the liver
projects downward into the abdominal cavity.

By the growth of the liver the ventral mesogastriisnalivided into two
parts, of which the anterior forms the falciforndacoronary ligaments,
and the posterior the lesser omentum. About thel ttmonth the liver
almost fills the abdominal cavity, and its left éls nearly as large as its
right. From this period the relative developmenttloé liver is less
active, more especially that of the left lobe, vwhictually undergoes
some degeneration and becomes smaller than the bigthup to the end
of fetal life the liver remains relatively largdran in the adult.

3.2 Gross anatomy of the liver

Liver, the largest gland in the body, has both mwk and internal
secretions, which are formed in the hepatic césexternal secretion,
the bile, is collected after passing through tHe bapillaries by the bile
ducts, which join like the twigs to form two largkicts that unite to
form the hepatic duct. The bile is either carriedhe gall-bladder by the
cystic duct or poured directly into the duodenumthg common bile
duct where it aids in digestion. The internal seons are concerned
with the metabolism of both nitrogenous and carlboate materials
absorbed from the intestine and carried to the byethe portal vein.
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Hepatic portal vein Hepatic veins

Inferior vena

Left lobe
Bare area
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duct
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duct Gallbladder
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'\ Quadrate lobe
Falciform
ligament
Ligamentum teres Right kobe
Fig. 4.1:
Bare area
Falciform ligament
Left lobe of liver
Right lobe of liver
Round ligament
Gallbladder (ligamentum teres)

Fig. 4.2: Structure of the liver

The carbohydrates are stored in the hepatic aetlse form of glycogen
which is secreted in the form of sugar directlyoithe blood stream.
Some of the cells lining the blood capillaries lo¢ iver are concerned
in the destruction of red blood corpuscles.

It is situated in the upper and right parts of @dedominal cavity,

occupying almost the whole of the right hypochouulrj the greater part
of the epigastrium, and not uncommonly extendingp ithe left
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hypochondrium as far as the mammillary line. In thale it weighs
from 1.4 to 1.6 kilogm., in the female from 1.21td kilogramm.

It is relatively much larger in the fetus than e tadult, constituting, in
the former, about one-eighteenth, and in the lab&ut one thirty-sixth
of the entire body weight. Its greatest transvensasurement is from 20
to 22.5 cm.Vertically, near its lateral or rightface, it measures about
15 to 17.5 cm., while its greatest antero-postatiameter is on a level
with the upper end of the right kidney, and is frdf@ to 12.5 cm.
Opposite the vertebral column its measurement fsefore backward is
reduced to about 7.5 cm.

Its consistence is that of a soft solid; it is bt&y easily lacerated and
highly vascular; its color is a dark reddish broand its specific gravity
is 1.05.

Surfaces

The liver possesses three surfaces, superior, inferior and posteriar
A sharp, well-defined margin divides the inferioorh the superior in
front; the other margins are rounded. The supetioface is attached to
the diaphragm and anterior abdominal wall by angidar or falciform
fold of peritoneum, the falciform ligament, in thee margin of which
is a rounded cord, the ligamentum ter@sliferated umbilical veipn The
line of attachment of the falciform ligament divedéhe liver into two
parts, termed the right and left lobes, the righih much the larger.
The inferior and posterior surfaces are divided ifdur lobes by five
fossae, which are arranged in the form of the létter

The left limb of the H marks on these surfacesdivesion of the liver
into right and left lobes; it is known as the |stgittal fossa, and
consists of two parts, viz., the fossa for the uizddi vein in front and
the fossa for the ductus venosus behind. The figitt of the H is
formed in front by the fossa for the gall-bladdard behind by the fossa
for the inferior vena cava; these two fossee ararsépd from one
another by a band of liver substance, termedthdataiprocess. The bar
connecting the two limbs of the H is the portiaifsverse fissuje in
front of it is the quadrate lobe, behind it the datie lobe.

The superior surface(facies superior comprises a part of both lobes,
and, as a whole, is convex, and fits under thetwafuthe diaphragm
which in front separates it on the right from thetlsto the tenth ribs
and their cartilages, and on the left from the sveand eighth costal
cartilages. Its middle part lies behind the xiphpicess, and, in the
angle between the diverging ribs cartilage of ogpasdes, is in contact
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with the abdominal wall. Behind this the diaphrageparates the liver
from the lower part of the lungs and pleura, tharhand pericardium
and the right costal arches from the seventh tebleenth inclusive. It
Is completely covered by peritoneum except alorgitie of attachment
of the falciform ligament.

The inferior surface (facies inferior; visceral surfade is uneven,

concave, directed downward, backward, and to titedld is in relation

with the stomach and duodenum, the right colic Utex and the right
kidney and suprarenal gland. The surface is almosipletely invested
by peritoneum; the only parts devoid of this congrare where the gall-
bladder is attached to the liver, and at the pbepatis where the two
layers of the lesser omentum are separated from @her by the blood
vessels and ducts of the liver. The inferior swfa the left lobe

presents behind and to the left the gastric imprassnoulded over the
antero-superior surface of the stomach, and toigin of this a rounded
eminence, the tuber omentale, which fits into thecavity of the lesser
curvature of the stomach and lies in front of timedor layer of the

lesser omentum. The under surface of the right islwkvided into two

unequal portions by the fossa for the gall-bladttes;portion to the left,
the smaller of the two, is the quadrate lobe, anthirelation with the

pyloric end of the stomach, the superior portiorthted duodenum, and
the transverse colon.

The portion of the under surface of the right ladoéhe right of the fossa
for the gall-bladder presents two impressions, sitigated behind the
other, and separated by a ridge. The anterior esehiwo impressions,
the colic impression, is shallow and is producedthy right colic
flexure; the posterior, the renalimpression, ispgeeand is occupied by
the upper part of the right kidney and lower pdrthe right suprarenal
gland. Medial to the renal impression is a thirdl atightly marked
impression, lying between it and the neck of thiélgjadder.

This is caused by the descending portion of theldnom, and is known
as the duodenal impression. Just in front of tlierior vena cava is a
narrow strip of liver tissue, the caudate procesgsch connects the right
inferior angle of the caudate lobe to the undefasar of the right lobe.
It forms the upper boundary of the epiploic foranoéthe peritoneum.

The posterior surface (facies posterior is rounded and broad behind
the right lobe, but narrow on the left. Over a &agart of its extent it is
not covered by peritoneum; this uncovered portieralbout 7.5 cm.
broad at its widest part, and is in direct conteith the diaphragm. It is
marked off from the upper surface by the line dlextion of the upper
layer of the coronary ligament, and from the urgiegface by the line of
reflection of the lower layer of the coronary ligamh. The central part
of the posterior surface presents a deep concewitgh is moulded on
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the vertebral column and crura of the diaphragmthEoright of this the
inferior vena cava is lodged in its fossa betwdenuncovered area and
the caudate lobe.Close to the right of this fossh immmediately above
the renal impression is a small triangular depiéssea, the suprarenal
impression, the greater part of which is devoigefitoneum; it lodges
the right suprarenal gland.

To the left of the inferior vena cava is the caedkbe, which lies

between the fossa for the vena cava and the fosshad ductus venosus.
Its lower end projects and forms part of the pastdsoundary of the

porta; on the right, it is connected with the undearface of the right
lobe of the liver by the caudate process, and enlgft it presents an
elevation, the papillary process. Its posteriorfeae rests upon the
diaphragm, being separated from it merely by thpeupart of the

omental bursa.

To the left of the fossa for the ductus venosus ggoove in which lies
the antrum cardiacum of the esophagus. The antbooder (margo
anterior) is thin and sharp, and marked opposite the attaah of the
falciform ligament by a deep notch, the umbilicakah, and opposite
the cartilage of the ninth rib by a second notattiie fundus of the gall-
bladder. In adult males this border generally apoads with the lower
margin of the thorax in the right mammillary linkegt in women and
children it usually projects below the ribs. Th# kxtremity of the liver
is thin and flattened from above downward.

Fossee

The left sagittal fossqfossa sagittalissinistra; longitudinal fissyres a
deep groove, which extends from the notch on ther&mn margin of the
liver to the upper border of the posterior surfaafethe organ; it
separates the right and left lobes. The porta jijreg right angles, and
divides it into two parts.

The anterior part, or fossa for the umbilical vdodges the umbilical
vein in the fetus, and its remains (the ligamentams) in the adult; it
lies between the quadrate lobe and the left lokbefiver, and is often
partially bridged over by a prolongation of the &gp substance, the
pons hepatis. The posterior part, or fossa fordhetus venosus, lies
between the left lobe and the caudate lobe; itdedg the fetus, the
ductus venosus, and in the adult a slender fibcoud, the ligamentum
venosum, the obliterated remains of that vessel.

The porta or transverse fissurgorta hepati¥y is a short but deep

fissure, about 5 cm. long, extending transversalyoss the under
surface of the left portion of the right lobe, revaits posterior surface
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than its anterior border. It joins nearly at rigimigles with the left
sagittal fossa, and separates the quadrate lofserinfrom the caudate
lobe and process behind. It transmits the portal,\tbe hepatic artery
and nerves, and the hepatic duct and lymphatios.hEpatic duct lies in
front and to the right, the hepatic artery to te&, land the portal vein
behind and between the duct and artery.

The fossa for the gall-bladdeffossa vesiceefellgas a shallow, oblong
fossa, placed on the under surface of the righd,lphrallel with the left
sagittal fossa. It extends from the anterior freggm of the liver, which
Is notched by it, to the right extremity of the aor

The fossa for the inferior vena cavéfossa vensecayas a short deep

depression, occasionally a complete canal in carese of the

substance of the liver surrounding the vena cavaxtends obliquely

upward on the posterior surface between the caudbeand the bare
area of the liver, and is separated from the poytthe caudate process.
On slitting open the inferior vena cava the orificg the hepatic veins
will be seen opening into this vessel at its uppent, after perforating

the floor of this fossa.

Lobes

The right lobe (lobushepatisdextgris much larger than the left; the
proportion between them being as six to one. ltupes the right

hypochondrium, and is separated from the left lobets upper surface
by the falciform ligament; on its under and postesurfaces by the left
sagittal fossa; and in front by the umbilical notttis of a somewhat

guadrilateral form, it's under and posterior sueideing marked by
three fossee: the porta and the fossee for the lgaltbr and inferior

vena cava, which separate its left part into twaalten lobes; the

guadrate and caudate lobes.

The quadrate lobe(lobusquadratukis situated on the under surface of
the right lobe, bounded in front by the anteriorrgma of the liver;
behind by the porta; on the right, by the fossatlar gall-bladder; and
on the left, by the fossa for the umbilical veinisl oblong in shape, its
antero-posterior diameter being greater thanatsstrerse.

The caudate lobe(lobuscaudatus; Spigelian lopés situated upon the
posterior surface of the right lobe of the livepposite the tenth and
eleventh thoracic vertebree. It is bounded, beloyihe porta; on the
right, by the fossa for the inferior vena cava; ,aod the left, by the
fossa for the ductus venosus. It looks backwarthgoeearly vertical in

position; it is longer from above downward thamfrside to side, and is
somewhat concave in the transverse direction.

145



NSC 216 HUMAN ANATOMY llI

The caudate process is a small elevation of theatleepubstance
extending obliquely lateralward, from the lowerrextity of the caudate
lobe to the under surface of the right lobe. Kitsated behind the porta,
and separates the fossa for the gall bladder flesmcommencement of
the fossa for the inferior vena cava.

The left lobe (lobushepatis sinistg¢ris smaller and more flattened than
the right. It is situated in the epigastric and lefpochondriac regions.
Its upper surface is slightly convex and is mouldado the diaphragm;
its under surface presents the gastric impressidnoanental tuberosity,
already referred to Ligaments

Ligaments

The liver is connected to the under surface ofdiagphragm and to the
anterior wall of the abdomen by five ligaments; rfaf these—the
falciform, the coronary, and the two lateral—are peritoneal folds; the
fifth, the round ligament, is a fibrous cord, the obliterated umbilical
vein. The liver is also attached to the lesser @ume of the stomach by
the hepatogastric and to the duodenum by the haepatienalligament .

The falciform ligament (ligamentumfalciformehepajiss a broad and
thin antero-posterior peritoneal fold, falciform sihape, its base being
directed downward and backward, its apex upwardlawkward. It is
situated in an antero-posterior plane, but liesqolely so that one
surface faces forward and is in contact with thet@eeum behind the
right Rectus and the diaphragm, while the othediiected backward
and is in contact with the left lobe of the livéiris attached by its left
margin to the under surface of the diaphragm, aedpbsterior surface
of the sheath of the right Rectus as low down asutimbilicus; by its
right margin it extends from the notch on the antemargin of the
liver, as far back as the posterior surface. ¢oisiposed of two layers of
peritoneum closely united together. Its base oe fezlge contains
between its layers the round ligament and the philigal veins.

The coronary ligament (ligamentumcoronariumhepajigonsists of an

upper and a lower layer. Thupper layeris formed by the reflection of
the peritoneum from the upper margin of the baea af the liver to the
under surface of the diaphragm, and is continudtfs tive right layer of

the falciform ligament. Thdower layeris reflected from the lower
margin of the bare area on to the right kidney sungrarenal gland, and
is termed the hepatorenal ligament.

The triangular ligaments (lateral ligament$ are two in number, right
and left.
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> The right triangular ligament t(ligamentumtriangularedextrum
is situated at the right extremity of the bareaarand is a
smallfold which passes to the diaphragm, beingnéat by the
apposition of the upper and lower layers of theowoary
ligament.

> The left triangular ligament (ligamentumtriangularesinistrum
is a fold of some considerable size, which corméut posterior
part of the upper surface of the left lobe to thaphragm; its
anterior layer is continuous with the left laydrtbe falciform
ligament.

The round ligament (ligamentumtereshepajisis a fibrous cord

resulting from the obliteration of the umbilicalinelt ascends from the
umbilicus, in the free margin of the falciform ligant, to the umbilical

notch of the liver, from which it may be tracedits proper fossa on the
inferior surface of the liver to the porta, whetdoeécomes continuous
with theligamentumvenosum.

Fixation of the Liver

Several factors contribute to maintain the liveplace. The attachments
of the liver to the diaphragm by the coronary amangular ligaments
and the intervening connective tissue of the unmerea, together
with the intimate connection of the inferior verava by the connective
tissue and hepatic veins would hold up the posterast of the liver.
Some support is derived from the pressure of thdomimnal viscera
which completely fill the abdomen whose musculalisvare always in
a state of tonic contraction.

The superior surface of the liver is perfectlyefittto the under surface
of the diaphragm so that atmospheric pressure almuéd be enough to
hold it against the diaphragm. The latter in tusnhield up by the

negative pressure in the thorax. The lax falcifdigament certainly

gives no support though it probably limits latedeplacement.

Vessels and Nerves

The vessels connected with the liver dahe hepatic artery, the portal
vein, andthe hepatic veins

The hepatic artery and portal vein, accompaniedinyerous nerves,
ascend to the porta, between the layers of thedessentum.

Thebile ductand the lymphatic vessels descend from the pottades

the layers of the same omentum. The relative mostiof the three
structures are as follows: the bile duct lies @ tight, the hepatic artery
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to the left, and the portal vein behind and betwienother two. They
are enveloped in a loose areolar tissue, the fdcapsule of Glisson
which accompanies the vessels in their course ¢firde portal canals
in the interior of the organ.

They have very little cellular investment, and wttare is binds their
parietes closely to the walls of the canals througfich they run; so
that, on section of the organ, they remain widgdgroand are solitary,
and may be easily distinguished from the branctiehe portal vein,

which are more or less collapsed, and always acaoma@ by an artery
and duct. The nerves of the liver, derived from b vagus and

sympathetic enter at the porta and accompany the vesselslaatd to

the interlobular spaces.

3.3 Histology of the liver

The substance of the liver is composed of lobuiesd] together by an
extremely fine areolar tissue, in which ramify thertal vein, hepatic
ducts, hepatic artery, hepatic veins, lymphaticgl aerves; the whole
being invested by a serous and a fibrous coat.

> The serous coaftunica serosgais derived from the peritoneum,
and invests the greater part of the surface ofdigan. It is
intimately adherent to the fibrous coat.

> The fibrous coat (capsulafibrosgGlissoni; areolar coaj lies
beneath the serous investment, and covers thee entrface of
the organ. It is difficult of demonstration, extieg where the
serous coat is deficient. At the porta it is contius with the
fibrous capsule of Glisson, and on the surfacéheforgan with
the areolar tissue separating the lobules.

The lobules (lobulihepati3 form the chief mass of the hepatic
substance; they may be seen either on the surfattee mrgan, or by
making a section through the gland, as small geartubdies, about the
size of a millet-seed, measuring from 1 to 2.5 nmdiameter. In the
human subject their outlines are very irregulat;ibitsome of the lower
animals (for example, the pig) they are well-dedinend, when divided
transversely, have polygonal outlines. The baseghef lobules are
clustered around the smallest radiclesbl{obula) of the hepatic veins,
to which each is connected by means of a smallcbravhich issues
from the center of the lobulenfralobular). The remaining part of the
surface of each lobule is imperfectly isolated froine surrounding
lobules by a thin stratum of areolar tissue, inalihis contained a plexus
of vessels, the interlobular plexus, and ductssdme animals, as the
pig, the lobules are completely isolated from ometlaer by the
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interlobular areolar tissue. If one of the sublaouteins be laid open,
the bases of the lobules may be seen through imevtil of the vein on

which they rest, arranged in a form resemblingssdkated pavement,
the center of each polygonal space presenting aiteniaperture, the
mouth of an intralobular vein.

Microscopic Appearance of a Lobule

Each lobule consists of a mass of cells, hepatlts,carranged in
irregular radiating columns between which are theodb channels
(sinusoid$. These convey the blood from the circumferenceth®
center of the lobule, and end in the intralobuksinywhich runs through
its center, to open at its base into one of théokultar veins.

Between the cells are also the minute bile capkarTherefore, in the
lobule there are all the essentials of a secrafiagd that is;

° cells, by which the secretion is formed;

. blood vessels, in close relation with the cellsptaming the
blood from which the secretion is derived,;

o ducts, by which the secretion, when formed, isiedraway.

The hepatic cellsare polyhedral in form. They vary in size from D2 t
25 in diameter. They contain one or sometimes tisbndt nuclei. The
nucleus exhibits an intranuclear network and onetvay refractile
nucleoli. The cells usually contain granules; sowfe which are
protoplasmic, while others consist of glycogen,, fatr an iron
compound. In the lower vertebratesg.,frog, the cells are arranged in
tubes with the bile duct forming the lumen and dieessels externally.

The hepatic blood vesselghe blood in the capillary plexus around the
liver cells is brought to the liver principally lilge portal vein, but also
to a certain extent by theepatic artery. The hepatic artery, entering the
liver at the porta with the portal vein and hepatiect, ramifies with
these vessels through the portal canals. It givevaginal branches,
which ramify in the fibrous capsule of Glisson, aagpear to be
destined chiefly for the nutrition of the coatstloé vessels and ducts. It
also gives off capsular branches, which reach tinlase of the organ,
ending in its fibrous coat in stellate plexuses.

Finally, it gives off interlobular branches, whiébrm a plexus outside
each lobule, to supply the walls of the interlobuleeins and the
accompanying bile ducts. From this plexus lobulenbhes enter the
lobule and end in the net-work of sinusoids betw&ercells.
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The portal vein also enters at the porta, and runs through thealport
canals enclosed in Glisson‘'s capsule, dividing is ¢ourse into
branches, which finally break up into a plexus, ithterlobular plexus,
in the interlobular spaces. These branches rec#ieevaginal and
capsular veins, corresponding to the vaginal amswar branches of
the hepatic artery. Thus it will be seen that laf blood carried to the
liver by the portal vein and hepatic artery finds way into the
interlobular plexus. From this plexus the blooaasried into the lobule
by fine branches which converge from the circunieeeto the center of
the lobule, and are connected by transverse brandihe walls of these
small vessels are incomplete so that the bloodrasight into direct
relationship with the liver cells. The lining enbetium consists of
irregularly branched, disconnected cedite(late cells of Kupffer

Developmentally they are formed by the growth & dolumns of liver
cells into large blood spaces or sinuses, and hdreehave received
the name of —sinusoids.| Arrived at the center of the lobule, the
sinusoids empty themselves into one vein, of camnalile size, which
runs down the center of the lobule from apex teebasd is called the
intralobular vein. At the base of the lobule th&nvopens directly into
the sublobular vein, with which the lobule is cocteel.

The sublobular veins unite to form larger and largenks, and end at
last in the hepatic veins, these converge to fomeet large trunks which
open into the inferior vena cava while that vessaituated in its fossa
on the posterior surface of the liver.

The bile ductscommence by little passages in the liver cells Wwhic
communicate with canaliculi termed intercellulalidry passagesb(le
capillaries). These passages are merely little channels arespkeft
between the contiguous surfaces of two cells, dhenangle where three
or more liver cells meet and they are always sépdraom the blood
capillaries by at least half the width of a livezllc The channels thus
formed radiate to the circumference of the lobaed open into the
interlobular bile ducts which run in Glisson's calgs accompanying the
portal vein and hepatic artery. These join witheotducts to form two
main trunks, which leave the liver at the transedrssure, and by their
union form the hepatic duct.

Structure of the DuctsThe walls of the biliary ducts consist of a
connective-tissue coat, in which are muscle cedlanged both
circularly and longitudinally, and an epitheliayéa, consisting of short
columnar cells resting on a distinct basement mansar
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Excretory Apparatus of the Liver

The excretory apparatus of the liver consists of

o the hepaticduct, formed by the junction of the two main ducts,
which pass out of the liver at the porta;

) the gall-bladdeywhich serves as a reservoir for the bile;

o the cystic dugtor the duct of the gall-bladder; and

o the common bile ductprmed by the junction of the hepatic and

cystic ducts.

The Hepatic Duct (ductu shepaticjs—Two main trunks of nearly
equal size issue from the liver at the porta, aoenfthe right, the other
from the left lobe; these unite to form the hepalict, which passes
downward and to the right for about 4 cm., betwden layers of the
lesser omentum, where it is joined at an acuteeahglthe cystic duct,
and so forms the common bile duct. The hepatic duatcompanied by
the hepatic artery and portal vein.

The Gall-bladder (vesicafellex a conical or pear-shaped
musculomembranous sac, lodged in a fossa on ther wutface of the
right lobe of the liver, and extending from neae tight extremity of the
porta to the anterior border of the organ. It @ir7 to 10 cm. in length,
2.5 cm. in breadth at its widest part, and holdsnfi30 to 35 cc. It is
divided into a fundus, body, and neck. The fundushroad extremity,
is directed downward, forward, and to the right] @nojects beyond the
anterior border of the liver; the body and neck directed upward and
backward to the left. The upper surface of the-glatider is attached to
the liver by connective tissue and vessels. Theeusdrface is covered
by peritoneum, which is reflected on to it from waface of the liver.
Occasionally the whole of the organ is invested the serous
membrane, and is then connected to the liver ipdidf mesentery.
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Fig. 4.4:

Relations of the gall bladder

The body is in relation, by its upper surface, witb liver; by its under
surface, with the commencement of the transversenc@nd farther

back usually with the upper end of the descendingign of the
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duodenum, but sometimes with the superior portiothe duodenum or
pyloric end of the stomach. The fundus is compjeteivested by
peritoneum; it is in relation, in front, with thebdominal parietes,
immediately below the ninth costal cartilage; behmth the transverse
colon. The neck is narrow, and curves upon itsedf the letter S; at its
point of connection with the cystic duct it preserg well-marked
constriction.

Structure of the gall bladder

The gall-bladder consists of three coatsrous, fibromuscular and
mucous

The external or serous coaf(tunica serosa vesiceefellgas derived
from the peritoneum; it completely invests the fusdbut covers the
body and neck only on their under surfaces.

The fibromuscular coaf(tunica muscularis vesiceefellgaa thin but

strong layer forming the frame-work of the sac,ssts of dense fibrous
tissue, which interlaces in all directions, and nixed with plain

muscular fibers, disposed chiefly in a longitudirthiection, a few
running transversely.

The internal or mucous coat(tunica mucosa vesiceefellg@s loosely
connected with the fibrous layer. It is generalfyaoyellowish-brown
color, and is elevated into minute rugee. Opposigerteck of the gall-
bladder the mucous membrane projects inward infdh@ of oblique
ridges or folds, forming a sort of spiral valve.eTimucous membrane is
continuous through the hepatic duct with the muamesnbrane lining
the ducts of the liver, and through the common hilet with the
mucous membrane of the duodenum. It is covered wdlumnar
epithelium, and secretes mucin; in some animalssdtretes a
nucleoprotein instead of mucin.

The Cystic Duct (ductus cysticys The cystic duct about 4 cm. long,
runs backward, downward, and to the left from tleeknof the gall-
bladder, and joins the hepatic duct to form the ma@m bile duct. The
mucous membrane lining its interior is thrown iatgeries of crescentic
folds, from five to twelve in number, similar tooge found in the neck
of the gall-bladder. They project into the ductegular succession, and
are directed obliquely around the tube, presentingh the appearance
of a continuous spiral valve. When the duct isetided, the spaces
between the folds are dilated, so as to give tcexierior a twisted
appearance.
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The Common Bile Duct(ductus choledochiisThe common bile duct
is formed by the junction of the cystic and hepaiicts; it is about 7.5
cm. long, and of the diameter of a goose-quilldéscends along the
right border of the lesser omentum behind the sapgortion of the

duodenum, in front of the portal vein, and to tight of the hepatic

artery; it then runs in a groove near the rightdeorof the posterior
surface of the head of the pancreas; here it imtgitl in front of the
inferior vena cava, and is occasionally completiehpedded in the
pancreatic substance.

At its termination it lies for a short distance radothe right side of the
terminal part of the pancreatic duct and passds itvabliquely between
the mucous and muscular coats. The two ducts w@mtk open by a
common orifice upon the summit of the duodenal lp@situated at the
medial side of the descending portion of the duadera little below its
middle and about 7 to 10 cm. from the pylorus. §hert tube formed
by the union of the two ducts is dilated into arpaita,

Structure of the ampulla of vater

The coats of the large biliary ducts are an exteondibrous, and an
internal or mucous. The fibrous coat is composestm@ing fibroareolar
tissue, with a certain amount of muscular tissuearged, for the most
part, in a circular manner around the duct. The ousccoat is
continuous with the lining membrane of the hepalicts and gall-
bladder, and also with that of the duodenum; aid the mucous
membrane of these structures, its epithelium hefcolumnar variety.
It is provided with numerous mucous glands, which labulated and
open by minute orifices scattered irregularly ia thrger ducts.

3.4 Developmental anatomy of the pancreas

The pancreas is developed in two parts, a dorsaélaawentral. The
former arises as a diverticulum from the dorsakaspf the duodenum
a short distance above the hepatic diverticulund, gnowing upward
and backward into the dorsal mesogastrium, forparaof the head and
uncinate process and the whole of the body andt#ile pancreas.

The ventral part appears in the form of a divehtioufrom the primitive
bile-duct and forms the remainder of the head amdnate process of
the pancreas. About the sixth week the two parthefpancreas meet
and fuse and a communication is established betwesnducts. After
this has occurred the terminal part of the accgsdoct, undergoes little
or no enlargement, while the pancreatic duct irsgsan size and forms
the main duct of the gland.
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3.5 Gross anatomy of the pancreas

A compound racemose gland, analogous in its strestio the salivary
glands, though softer and less compactly arraniggal those organs. Its
secretion, the pancreatic juice, carried by thecpeatic duct to the
duodenum, is an important digestive fluid. The peas has an
important internal secretion, probably elaborateg the cells of

Langerhans, which is taken up by the blood streadh ia concerned
with sugar metabolism. It is long and irregularlysmatic in shape; its
right extremity, being broad, is called the heaw & connected to the
main portion of the organ, or body, by a slight stoiction, the neck;

while its left extremity gradually tapers to forinet tail. It is situated
transversely across the posterior wall of the alelgrat the back of the
epigastric and left hypochondriac regions. Its tengaries from 12.5 to
15 cm, and its weight from 60 to 100 gm.

Gallbladder:

Hepatic ducts

Common hepatic duct
Cystic duct
Bile duct

Accessory Pancreatic duct

pancreatic duct

Duodenum

Pancreas:

—~Head
——‘— Duodenojejunal

‘ flexure
Jejunum

Minor duodenal
papilla

Hepatopancreatic —8
sphincter :

Major duodenal
papilla

Circular folds

Fig. 4.5:
Relations
The Head(caput pancreatis

This is flattened from before backward, and is kdigvithin the curve
of the duodenum. Its upper border is overlappethkysuperior part of
the duodenum and its lower overlaps the horizopéat; its right and
left borders overlap in front, and insinuate thelwes behind, the
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descending and ascending parts of the duodenuneatesgy. The
angle of junction of the lower and left lateral thers forms a
prolongation, termed the uncinate process. In tloo\g between the
duodenum and the right lateral and lower borderdramt are the
anastomosing superior and inferior pancreaticodualdarteries; the
common bile duct descends behind, close to thet tginder, to its
termination in the descending part of the duodenum.

Anterior Surface The greater part of the right half of this surfasen
contact with the transverse colon,only areolaruismtervening. From
its upper part the neck springs, its right limitfgemarked by a groove
for the gastroduodenalartery. The lower part ofrtgbt half, below the
transverse colon, is covered by peritoneum contiswwith the inferior
layer of the transverse mesocolon, and is in contéhb the coils of the
small intestine. The superior mesenteric arterysgaslown in front of
the left half across the uncinate process; the reupmesenteric vein
runs upward on the right side of the artery andhirme the neck, joins
with the lienal vein to form the portal vein.

The posterior surfaces in relation with the inferior vena cava, the
common bile duct, the renal veins, the right crithe diaphragm, and
the aorta.

The Necksprings from the right upper portion of the fromttloe head.
It is about 2.5 cm. long, and is directed at fugtvard and forward, and
then upward and to the left to join the body; its@mewhat flattened
from above downward and backward. Its antero-sopesurface
supports the pylorus; its postero-inferiorsurfagani relation with the
commencement of the portal vein; on the right igieoved by the
gastroduodenal artery.

The Body (corpus pancreatjsis somewhat prismatic in shape, and has
three surfaces: anterior, posterior, and inferibne anterior surface
(facies anterioy is somewhat concave; and is directed forward and
upward: it is covered by the postero-inferior soefeof the stomach
which rests upon it, the two organs being separétedhe omental
bursa. Where it joins the neck there is a well-radrbrominence, the
tuber omentale, which abuts against the postetidase of the lesser
omentum.

The posterior surfacdfacies posterioris devoid of peritoneum, and is
in contact with the aorta, the lineal vein, thd latiney and its vessels,
the left suprarenal gland, the origin of the supemesenteric artery,
and the crura of the diaphragm.
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The inferior surface(facies inferio) is narrow on the right but broader
on the left, and is covered by peritoneum; it liepon the
duodenojejunal flexure and on some coils of theinem; its left
extremity rests on the left colic flexure.

The superior border(margo superioy is blunt and flat to the right;
narrow and sharp to the left, near the tail. It omances on the right in
the omental tuberosity, and is in relation with ttediac artery, from
which the hepatic artery courses to the right gisive the gland, while
the lienal artery runs toward the left in a groal@ng this border.

The anterior border(margo anterioj separates the anterior from the
inferior surface, and along this border the twoelayof the transverse
mesocolon diverge from one another; one passingawupwver the
anterior surface, the other backward over the iofesurface. The
inferior border fnargo inferio) separates the posterior from the inferior
surface; the superior mesenteric vessels emergeeruitd right
extremity.

The Tail (cauda pancreatjsis narrow; it extends to the left as far as the
lower part of the gastric surface of the spleemgyn the phrenicolienal
ligament, and it is in contact with the left cofiexure. On the other
hand, the extremity of the pancreas comes in comidlc the spleen in
such a way that the plane of its upper surface wittslittle interruption
upward and backward into the concave gastric serfg#cthe spleen,
which completes the bed behind and to the left, amdning upward,
forms a partial cap for the wide end of the stomatie

Pancreatic Duct(ductuspancreatici8Virsungj; duct of Wirsuny

This extends transversely from left to right thrbufe substance of the
pancreas. It commences by the junction of the schats of the lobules
situated in the tail of the pancreas, and, runrfmogn left to right
through the body, it receives the ducts of theoatazilobules composing
the gland. Considerably augmented in size, it reade neck, and
turning downward, backward, and to the right, imes into relation
with the common bile duct, which lies to its riggitle; leaving the head
of the gland, it passes very obliquely throughniecous and muscular
coats of the duodenum, and ends by an orifice camtoat and the
common bile duct upon the summit of the duodenailliga situated at
the medial side of the descending portion of theddgmum, 7.5 to 10
cm. below the pylorus. The pancreatic duct, neawdinodenum, is about
the size of an ordinary quill. Sometimes the paatorteduct and the
common bile duct open separately into the duoderkraquently there
is an additional duct, which is given off from thancreatic duct in the
neck of the pancreas and opens into the duodenoot &b cm. above
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the duodenal papilla. It receives the ducts from liwer part of the
head, and is known as the accessory pancreatidalatof Santorini

Vasculature and nerve supply of the pancreas

The arteries of the pancreas are derived from thenal, and the
pancreaticoduodendiranches of the hepatic and superior mesenteric.
Its veinsopen into the lienal and superior mesenteric veins.
Innervations are filaments from the lienal plexus.

3.6 Histology of the pancreas

Pancreas resembles the salivary glands. Differdieirg in certain
particulars and is looser and softer in its textlirés not enclosed in a
distinct capsule, but is surrounded by areolauéssvhich dips into its
interior, and connects together the various lobudéswhich it is
composed. Each lobule is tubular and somewhat dotec The minute
ducts connected with the alveoli are narrow anddinvith squamous
cells. The alveoli are almost completely filled kvisecreting cells, so
that scarcely any lumen is visible. The true sawgetells are columnar
in shape and present two zones: an outer one, afehffinely striated
next the basement membrane, and an inner granolmext to the
lumen.

The connective tissue between the alveoli presentsertain parts
collections of cells, which are termed interalvealall islets (slands of
Langerhank

The cells of these stain lightly with hematoxylin @armine, and are
more or less polyhedral in shape, forming a netkworwhich ramify

many capillaries. There are two main types of aellthe islets,

distinguished as A-cells and B-cells according e special staining
reactions of the granules they contain.

5.0 SUMMARY
In this unit, you have learnt about the following:

I Developmental anatomy of the liver

. Gross anatomy of the liver

1 Histology of the liver

V. Developmental anatomy of the pancreas
V. Gross anatomy of the pancreas

Vi. Histology of the pancreas
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6.0 TUTOR MARKED ASSIGNMENTS

6.1 Activity
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Describe the liver based on location? List kblees of the liver
and the supporting ligaments.

Describe the structure of liver lobules analce the flow of blood
and bile in the lobules.

Please answer the following questions

Describe the location, structure, relationsd danctions of the
liver.

Draw an annotated diagram of the Liver

Describe the location of the gallbladder @rate the flow of bile
through the systems of ducts into the duodenum.

Describe the location, structure, and fundiof the pancreas.

The hepatic sinusoids

receive blood from the hepatic artery.
receive blood from the hepatic portal vein.
empty into the central veins.

all of the above.

Given these ducts:
common bile duct
common hepatic duct
cystic duct

hepatic ducts

Choose the arrangement that lists the ductthénorder bile
passes through them when moving from the bile lzaniaof the
liver to the small intestine.

3,4,2

3,2,1

34,1

4,1,2

4,2,1

Which of these might occur if a person suffeosn a severe case
of hepatitis that impairs liver function?

Fat digestion is difficult.

By-products of hemoglobin accumulate in theodlo

Plasma proteins decrease in concentration.

Toxins in the blood increase.
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All of the above occur.

@

The gallbladder

stores bile.

produces bile.

contracts and releases bile in response tetsecr

contracts and releases bile in response to atyrafic stimulation.
both b and c.

coo oo
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