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GENERAL INTRODUCTION

Welcome to NSC 217 — Human Anatomy II. This is aosel-year

course and runs at the same time as Human AnatdM$C 215). This

part will cover the gross anatomy, embryology amstotogy of the

kidney, ureter, urinary bladder and male and fenuaéthra. The gross
anatomy and clinical relevance of endocrine orgsush as pituitary,
thyroid, parathyroid, pancreas, gonads, and adrglaalds. Caring for
patients always requires a sound understandingeohbrmal structure
of the body organs to know what such manifest cdddwrong and

how. Basic assessments were done before plannmgyajeand nursing
care usually considers the various organs thattfmmavithin systems

and as interrelated systems. You will be requicetié able to describe
these organs and discuss their clinical correl@telse knowledge of the
body parts. You will enjoy drawing and labellings aell as seeing
some of these organs in real life. You will als@ gke variations in
normal and diseased organs as you are encouragetticpate in all

laboratory assignments.

COURSE AIM

The aim of this course is further your understagdif the structural

make up of two (2) of the life-supporting systersssach prepares you
to apply your knowledge in planning to meet theecaeeds of your
body and that of your clients as such may relateotonal and abnormal
changes in the various organs that make up theragst

COURSE OBJECTIVES
By the end of this course, you will be ableto:

I Discuss the structure and relations, embryolagy histology of
the organs in the following systems:
a. The urinary system

b. The endocrine system.
WORKING THROUGH THIS COURSE

The course will be delivered adopting the blendsaiiing mode, 70%
of online but interactive sessions and 30% of f@etce during

laboratory sessions. You are expected to registethis course online
before you can have access to all the materialshand access to the
class sessions online. You will have the hard arftlcopies of course
materials, you will also have online interactivessens, face-to-face
sessions with instructors during practical sessiorike laboratory. The
interactive online activities will be available you on the course link on
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the Website of NOUN. There are activities and assignts online for
every unit every week. It is important that youitvihe course sites
weekly and do all assignments to meet deadlines@ndntribute to the
topical issues that would be raised for everyormfgribution. 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. You must attempt all thelf$\ssessment
Excercises (SAE) at the end of every unit to hepryunderstanding of
the contents and to help you prepare for the insmtests and the final
examination. You will also be expected to keep efplio where you
keep all your completed assignments.

COURSE MATERIALS

Course Guide

Course Text in Study Units
Textbooks (Hard and electronic)
Book of Laboratory Practical
Assignment File/Portfolio

STUDY UNITS

This course comprises 2 Modules and 10 units. Hnetructured as
presented:

Modulel  Urinary System

Unit 1 The anatomy of the kidneys
Unit 2 The anatomy of the ureters
Unit 3 The anatomy of the bladder
Unit 4 The anatomy of the urethra

Module2  Endocrine System

Unit 1 Functions of the Endocrine System
Unit 2 Hormones

Unit 3 Pituitary Gland

Unit 4 Thyroid and Parathyroid Gland
Unit 5 Adrenal Gland

Unit 6 Pancreas



NSC 217 COURSE GUIDE

REFERENCE TEXTBOOKS

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

Philip Tate (2012). Seeley's Principles of Anatorfy Physiology
2nd edition.
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COURSE REQUIREMENTSAND EXPECTATIONS OF
YOU

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

1. Be versatile in basic computer skills.

2. Participate in all laboratory practical up @8 of the time.

3. Submit personal reports from laboratory prattsessions on
schedule.

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

5. Contribute actively to group seminar preseoiei

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

Vi
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3.

4.
5.

MS Office software — Word PROCESSOR, Powerpoint
Spreadsheet

Browser — Preferably Internet Explorer, MozHiaefox
Adobe Acrobat Reader.

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

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

DISCUSSION FORUM

There will be an online discussion forum and topordiscussion will
be available for your contributions. You must papiate in every
discussion every week as will be moderated by yacifitator. Your
participation links you, your face, your ideas, godr views to that of
every member of the class and earns you some marks.

COURSE EVALUATION

There are two forms of evaluation of the progrems gre making in this
course. The first is the series of activities, gssients, 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 exanmatvith multiple-
choice, short answers, and essay questions that7@% of the total
mark that you will do on completion of the course.

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

v" In-Cour se Examination:

In-course examination will come up in the middlelué semester.
These would come in form of Computer Marked AssigninThis
will be in addition to one compulsory Tutor-Markadsignment
(TMA's) and three Computer Marked Assignment thanes after
the modules.

Laboratory practical: Attendance, record of participation and other
assignments will be graded and added to the otluees from other
forms of examinations.

Final Examination: The final written examination will come up at
the end of the semester comprising essay and olgepiestions
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covering all the contents covered in the course. firral
examination will amount to 60% of the total gradethe course.

L ear ner-Facilitator evaluation of the course

This will be done through group review, writtenessment 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%

GRADING SCALE

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

SCHEDULE OF ASSIGNMENTSWITH DATES

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

SPECIFIC READING ASSIGNMENTS

To be provided by each module

COURSE OVERVIEW
Human Anatomy (I1)

Human Anatomy (ll) is the second of the four volsmaf Human
Anatomy. The course covers some of the major orgdwas are
responsible for life. In this course, two systeimst tare responsible for
the maintenance of the body will be covered. Theictires and
locations of the various organs that make eachefslystems will be
studied. These are the urinary and endocrine sgstéime course has
theory and laboratory components that spread o%emwéeks. The
course is presented in Modules with small unitchEanit is presented
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to follow the same pattern that guides your leayniéach module and
unit have learning objectives that help you tradlatvo learn and what
you should be able to do after completion. Smaitsuof contents will

be presented every week with guidelines of what ghould do to

enhance knowledge retention as had been laid outhén course
materials. Practical sessions will be negotiatetinenwith you as

desirable with information about the venue, dated ditle of the

practical session.

HOW TO GET THE MOST FROM THIS COURSE

1. Read and understand the context of this coursedwjimg
through this course guide paying attention toitet#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 farend of unit
and module assignments, laboratory practical diner @irectives
given by the course coordinator, facilitators &urtdrs.

N

4, Read your course texts and other reference texthook

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

6. Participate actively in online discussion forum amake sure you
are in touch with your study group and your cowserdinator.

7. Submit your assignments as at when due.

8. Work ahead of the interactive sessions.

0. Work through your assignments when returned togmmaido not
wait until when examination is approaching bef@solving any
challenge you have with any unit or any topic.

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

11. Be optimistic about doing well.
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MODULE 1 URINARY SYSTEM

Unit 1 The Anatomy of the Kidneys
Unit 2 The Anatomy of the Ureters

Unit 3 The Anatomy of the Bladder
Unit 4 The Anatomy of the Urethra

UNIT 1 THE ANATOMY OF THE KIDNEYS
CONTENTS

1.0 Introduction

2.0 Learning objectives

3.0 Main Content
3.1 Developmental anatomy of the kidneys
3.2  The gross anatomy of the kidneys

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignments

1.0 INTRODUCTION

The kidneys make up the body‘s main purificatiostegn. They control
the composition of blood by removing waste producizny of which are
toxic, and conserving useful substances. The kislteyp control blood
volume and consequently play a role in regulatifapt pressure. The
kidneys also play an essential role in regulatilogt PH. Approximately
one-third of one kidney is all that is needed tontaan homeostasis. Even
after extensive damage, the kidneys can still perfieir life-sustaining
functions. If the kidneys are damaged further, heavedeath results
unless specialised medical treatment is adminidtere
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Fig. 1.1: Theurinary system

20 LEARNING OBJECTIVES
By the end of this unit, you will be able to:

describe the functions of the kidneys

describe the embryology of the kidneys

describe the anatomy of the kidneys

state some clinical conditions related to the kigne

3.0 MAINCONTENT

3.1 Developmental anatomy of the kidneys

Knowledge of the development of the urinary tradt enable you to
understand how abnormalities can easily occur wthle foetus is
growing and why young babies have difficulties wilind challenges.
The system develops from the intermediate mesodermither side of
the dorsal (back) body wall, which gives rise teethsuccessive nephric

2
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structures (filtering units) of increasingly advadcdesign. The kidney
changes three times before it is completed! Thet fkidneys are
transitory, non-functional segmental nephrotomesha cranial region
which regress in the fourth week on days twenty-flmutwenty-five.
After this, an elongated pair of mesonephros appe#re thoracic and
lumbar region either side of the vertebral columhese structures are
functional, as they have complete nephrons and draudally via the
Wolffian ducts to the urogenital sinus. By weekefithe ureteric buds
sprout from the Wolffian ducts and develop into tedinitive kidneys
that will serve the child for life. The bladder exyls from the superior
urogenic sinus, and the inferior section gives tes¢he urethra in both
sexes. Ureters are then emplaced on the bladdér Wed articulation
can give rise to multiple ureters forming or joiginvith the bladder
ineffectively. At week six, germ cells migratingpin the yolk sac induce
the mesonephros to differentiate into Sertoli celihhe male and follicle
cells in the female. At the same time, a new Midlerduct develops
parallel to the mesonephric duct. It is in week, shen the Y
chromosome exerts its effect, that a developmestacke then sees the
forming of the male or female external genitaliad atne kidneys
ascending to their lumbar site in the abdomenritite being lower than
the left due to the presence of the

liver.

Degenerating
pronephros

—— Mesonephros

Ureteric bud with
developing kidney

Fig. 1.2: The kidney bud position
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By the tenth week, the foetal kidney is functioaatl commences urine
production. Foetal urine is important, not to getof waste products from
the blood as the placenta regulates fluid and religteé homeostasis, but
to supplement the production of amniotic fluid. Aptic fluid is vital to
the foetal development as it contains proteins)aaydrates, lipids and
phospholipids, urea and electrolytes. It is a cightly yellow liquid
round the foetus and increases during the pregn@n890 ml at thirty-
four weeks. It is constantly circulated by the teets it swallows and
“inhales” the fluid, replacing it by “exhalation”’nd urination. The
amniotic fluid protects the foetus by cushioninfyaim outside crushing,
allows it to move and develop its muscular-skelsyatem, keeps it at an
even temperature and allows the lungs and gut tarma

The kidney and urine production at birth

The neonate has an immature kidney function ah buttich makes it
vulnerable to water loss and fluid gain, such asmpfluid through rapid
breathing or failure to feed. The neonate's kidnegggh about 23 g but
have their full complement of filtering units (nephs); this weight will
double in six months and treble by the end of it {year eventually
growing to its adult size by puberty which showvismfold increase from
birth. The growth of the kidney depends on its waflkone kidney is
removed the other will double in size and take wa function of both.
When the infant is born the loss of placenta fléslowed by a rapid
increase in the infant ‘s own renal blood flow, sasi a high vascular
resistance in the neonate kidney. This results iengporarily reduced
renal blood flow and filtration through the filtag units to produce urine;
however, as the infant starts to feed and the poadented to the kidney
increases, 95 per cent of infants will pass urméhe first twenty-four
hours after birth. The neonate will pass 20-35 miiricne four times a
day while the intake is low and milk productionadsishes in the mother,
but this soon rises to 100—200 ml ten times a getyé tenth day of life.
The urine that is first produced shows reduced axesetion because of
the overall tissue growth rate in the infant theg¢suthe protein rather than
allowing it to be broken down in the liver. Alsao,the first few days, urea
is deposited in the kidney medulla to create thceatration gradient for
the Loop of Henle function in adjusting water awdism in the blood.
Growth is thus sometimes referred to as the thidthdy. The kidney
capillary network resistance reduces over the fiest weeks of life,
which allows increasing filtration ability by thdogneruli, however, the
newborn kidney glomeruli capsules are formed ofoadifepithelium and
are not fully replaced by thin pavement epithelaumd are fully functional
until after the first year.
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3.2 TheGross Anatomy of the Kidneys

The kidneys excrete the end products of metabo#iath excess water
(regulate the fluid and electrolyte balance ofltbdy). The kidneys also
have endocrine functions producing and releasigtheapoietin which
affects red blood cell formation, renin which irdhces blood pressure,
1,25-dihydroxycholecalciferol, which is involved ithe control of
calcium metabolism.

Abdomnal aora

Fig. 1.3:

The two kidneys are reddish brown, bean-shapednergd@hey lie

retroperitoneally on the posterior abdominal walthin the paravertebra
gutters resting on the muscles of the posteriooatadal wall. They are
largely under cover of the costal margin. Theyclianiocaudally at the
level of the T12 - L3 vertebrae. The hilum is ab®eim from the midline
at the level of L1.
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Fig.1.4:
Dimension and Weight

A normal kidney measures approximately 10 - 12 eremngth, 5 - 6 cm
in width, and 2.5 - 3 cm in thickness (AP dimen$idine average weight
in adult males is about 150 g while in females @lbout 1359

External Topography

Each kidney has 2 borders (medial and lateral)riasess (anterior and
posterior) and 2 poles (superior and inferior).

The upper pole of the right kidney usually lieglstly (about 2.5 cm)
inferior to that of the left kidney, probably owingits relationship to the
bulk of the right lobe of the liver.

Relations

Relations of the kidney could be described in respgits anterior and
posterior surfaces

Posterior Relations

Posteriorly, the right and left kidneys are relatedimilar structures with
a little exception. They include the diaphragm, gssomajor,
guadratuslumborum, aponeurosis of the transvetsdsnainis muscles,
12th rib, transverse process of L1 vertebra, subtusssels (artery and
vein), Subcostal iliohypogastric and ilioinguinaérmes. The posterior
surface of the left kidney is related to the elakaib.

6
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Anterior Relations of theright and left

kidney Right
Right Left
right suprarenal gland left suprarenal gland
e liver and is separated from e stomach
it by hepatorenal recess e spleen
e the descending part of th¢ e body and tail of the
duodenum pancreas
¢ right colic flexure o left colic flexure and the
beginning of the
descending colon,
e Proximal parts of the
jejunum.

Fig. 1.5a: Posterior Relation of the Kidney Fig.1.5b: Anterior
Relation of theright and left Kidney

Renal hilum and renal pelvis

The renal hilum is a deep vertical opening on tleeliad margin of each
kidney through which renal vessels, lymphaticsyegrand ureter enter

7
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and leave the substance of the kidney. Interngdb hilum is continuous
with the renal sinus. Perinephric fat continues itite hilum and sinus
and surrounds all structures.

The Renal pelvis is the funnel-shaped commencepfethie ureter. It is
normally the most posterior of the three main dtrees in the hilum. The
capacity of the average pelvis is less than 5 ml.

Arterial supply: the arterial supply to the kidneys is from the fena
arteries which arise as a lateral branch of the@aithl aorta at the level
of L2. Each renal artery divides into figegmental arteries at the hilum
which, in turn, divide sequentially intlwbar, interlobar, arcuate and
cortical radial branches. The cortical radial branches give rise to the
afferent arterioles which supply the glomeruli agal on to become
efferent arterioles. The differential pressureswieen afferent and
efferent arterioles lead to the production of amaifiltrate which then
passes through, and is modified by, the nephrandduce urine.

Veinous Drainage: The kidneys are drained by the right and left renal
veins. Each renal vein drains into the IVC.

Lymphatic Drainageis to the para-aortic lymph nodes.

Innervation: The innervations of the kidney are from the rerakps
which have sympathetic and parasympathetic patie Jympathetic
contribution is from the least splanchnic nerve &mdbar splanchnic
nerve while the parasympathetic supply is fromvigal trunk.

General structure of the kidneys

Each kidney consists of an outer renal cortex anuhaer renal medulla.

The renal cortex lies beneath the renal capsuig altcontinuous band of
pale tissue that surrounds the renal medulla. Exies of the renal cortex
called the renal columns (of Bertin) project inke tinner aspect of the
kidney; they divide the renal medulla into discanbus aggregations of
striated triangular-shaped tissue called the rpgedmids. The bases of
the renal pyramids are directed outward, towardsréimal cortex, while

the apex of each renal pyramid projects inward atol& the renal sinus
as renal papilla. The renal papilla is surroundgdbminor calyx. The

minor calices receive urine and represent the prakparts of the tube
that will eventually form the ureter. In the rersahus, several minor
calices unite to form a major calyx, and two oethmajor calices unite
to form the renal pelvis, which is the funnel-shdyseperior end of the
ureters.
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Fig. 1.6: The general structure of the kidney
Clinical correlates
Kidney Stones

I. Kidney stonesare hard objects usually found in the renal pai¥is
the kidney. They are normally 2—3 mm in diameteth\& smooth
or a jagged surface. About 1% of all autopsies akwedney
stones, and many of the stones occur without cgusimptoms.
The symptoms associated with kidney stones occenvehstone
passes into the ureter, resulting in intense reflepain down the
back, side, and groin area. The ureter contracisnar the stone,
causing the stone to irritate the epithelium armbpce bleeding.
Kidney stones can also block the ureter, causeatioa in the
ureter, and increase the probability of bacten&ations. About
65% of all kidney stones are composed of calciuylaig mixed
with calcium phosphate, 15% are magnesium ammonium
phosphate, and 10% are uric acid or cystine. Theecaf kidney
stones is usually obscure. Predisposing conditiomdude
concentrated urine and an abnormally high calciontentration
in the urine, although the cause of the high calcaoncentration
is usually unknown.

il. Renal failure can result from any condition that interferes with
kidney function.

Acuterenal failure occurs when kidney damage is extensive and
leads to the accumulation of urea in the blood acdosis. In
complete renal failure, death can occur in 1-2 wegkute renal

9
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failure can result from acute glomerular nephrits,it can be
caused by damage to or blockage of the renal tsbi@eme
poisons, such as mercuric ions or carbon tetrac@pwhich are
common to certain industrial processes, cause siscaf the
nephron epithelium. If the damage does not inteérthg basement
membrane surrounding the nephrons, extensive regféne can
occur within 2-3 weeks. Severe ischemia associatith
circulatory shock resulting from sympathetic vaswtaction of
the renal blood vessels can cause necrosis opitteskal cells of
the nephron.

Chronicrenal failure results when so many nephrons are permanently
damaged that the nephrons that remain functiomalaaadequately
compensate.

Diabetic nephropathy is a disease of the kidney associated with
diabetes mellitus, and it is the principal cau$elmonic renal
failure. It damages renal glomeruli and ultimatedgults in the
destruction of functional nephrons through progjresscar tissue
formation, which is mediated in part by an inflaatory response.
Other causes of renal failure can include: chragimmerular
nephritis, trauma to the kidneys, the absence dhdy tissue
caused by congenital abnormalities, tumors, urindargct
obstruction by kidney stones, damage resulting from
pyelonephritis (inflammation of the renal pelvis).

SELF-ASSESSMENT EXERCISES

4.0

Describe the functions of the kidneys.
Describe the embryology of the kidneys.
Describe the anatomy of the kidneys.

CONCLUSION

The kidney is the major organ of excretion in tbey it is a paired organ
located at the posterior aspect of the lumber regdout 30-50% of one
kidney is sufficient for the body to function norilyaThe kidneys filter

about 180litters of fluid daily and over 99% of flileate are reabsorbed.

5.0

SUMMARY

In this unit, you have learnt that:

10

The urinary system consists of the paired kidneykwaeters and the
unpaired bladder and urethra.
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o The functions of the urinary system include exorgtiregulation
of blood volume and pressure, regulation of cormegion of
solutes in the blood, vitamin D synthesis and ragoh of red
blood cell synthesis.

o The anatomy and histology of the kidneys.

o Clinical conditions associated with kidney malfuons.

6.0 TUTOR-MARKED ASSIGNMENT

Some patients with hypertension are kept on a lavf®w- sodium)
diet. Propose an explanation for this therapy

7.0 REFERENCESFURTHER READING

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

Philip Tate (2012). Seeley's Principles of Anato&hysiology 2nd
edition.

Katherine M. A. Rogers and William N. Scott (2014lurses! Test
yourself in anatomy and physiology.

Kent M. Van De Graff, R.Ward Rhees, Sidney Palr@@i@) Schaum's
Outline of Human Anatomy and Physiology 4th edition

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

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

11



NSC 217 HUMAN ANATOMY I1- UROGENITAL AND ENDOCRINE ANATOMY

UNIT 2 ANATOMY OF URETER
CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1  Gross anatomy of the ureters
3.2  Vasculature of the ureters
3.3  Histology of the ureters

4.0 Conclusion

5.0 Summary

6.0 Tutor Marked Assignments

7.0 References/Further Reading

1.0 INTRODUCTION

The ureters are muscular tubes whose peristalintractions convey
urine from the kidneys to the urinary bladder. Easdasures 25 cm in
length and comprises the renal pelvis, abdomireVi@ and intravesical
portions. Its luminal diameter is 3 mm but is stighess at three areas of
constriction including the pelvi-ureteriar(eter o-pelvic) junction, where
it crosses the common iliac vessels at the pelvro land where it runs
within the wall of the urinary bladder, which iis marrowest patrt.

20 OBJECTIVES

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

° describe the course of the ureters
° describe in details the relations of the ureters
° discuss the vasculature of the ureters.

3.0 MAINCONTENT

3.1 GrossAnatomy of the Ureters
Each descends slightly medially anterior to psoagppomand enters the

pelvic cavity where it curves laterally, then méigias it runs down to
open into the base of the urinary bladder.
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Relations
Abdominal ureter

In the abdomen, both ureters courses anteriora@#oas major, tip of
lumbar process, genitofemoral nerve and postesiggohadal (testicular
& ovarian) vessels. The right ureter courses laterdahe inferior vena
cava and posterior to the descending part of dugdemight colic and
ileocolic vessels, lower part of mesentery and teaimileum. The left
ureter courses posterior to the left colic vessetsys of jejunum, sigmoid
colon and mesentery, medial to the aorta and laterahe inferior
mesenteric vessels. At the pelvic brim the ureterrses anterior to the
bifurcation of the common iliac artery and the sd@c joint

Pelvic ureter

The ureter in both sexes runs anterior to lateedl of the lesser pelvis,
internal iliac artery (I11A), the commencement otexor trunk of 1A and
anteromedial to the umbilical artery, inferior \e=8iartery and middle
rectal artery. In males the ureter courses infdnodhe vas deferens and
anterosuperior to the seminal vesicle; while indéaa it courses posterior
to the ovary, posteroinferior (and later lateraljite uterine artery, lateral
uterus and then anterior vagina.

3.2 Vasculature of theureters
Arterial supply

The ureters receive arterial branches from adjacesgels as they pass
towards the bladder. These vessels include urdieasiaches of the renal
arteries; abdominal aorta, the testicular or ovardateries, and the
common iliac arteries; the internal iliac arter{es. superior vesical and
uterine arteries). In all cases, arteries reaclhinegureters divide into
ascending and descending branches, which form tlohgal
anastomoses.

13
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Common [kac artery

Intermal iliac artery

Syperor wescal artery
Utarine artery

Midda rectal artery

Vagnal arsery
—Infarior vesical anery

Fig. 2.1: Venousdrainage

Veins draining the abdominal part drain into th@aleand gonadal
(testicular or ovarian) veins. Veins draining tiedvic part drain into the
internal iliac veins

Lymphatic drainage

Lymphatic drainage of the ureters follows a pat&milar to that of the
arterial supply. Lymph from the upper part of eachter drains to the
lumbar nodes; those from the middle part of eaeteurdrains to lymph
nodes associated with the common iliac vesselsiewamph from the
inferior part of each ureter drains to lymph nodssociated with the
external and internal iliac vessels.

I nnervation
The innervations are autonomic having sympatheiicgarasympathetic

contributions from T10 — L1 segment of the spinatdcand pelvic
splanchnic nerve (S2 — S4) respectively.
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3.3 Histology of theureters

The wall of the ureter is composed of an externiieatitia, a smooth
muscle layer, and an inner mucosal layer. The naldager consists of
the urothelium (transitional epithelium) and an amyging connective
tissue lamina propria. It has no muscularis mucoshe muscle bundles
are so arranged that morphologically distinct Itugdjnal and circular
layers cannot be distinguished.

SELF-ASSESSMENT EXERCISE

I Describe the course of the ureters.
il Describe in detail the relations of the ureters

40 CONCLUSION

The Ureter is the paired tube that convey the é¢edrerine from the
kidney to the bladder. It has two parts viz: Abdoatiand pelvic parts.
Histologically the ureter is lined by transitioregdithelium.

50 SUMMARY
In this unit, you have learnt that:

) The ureters are muscular tubes whose peristalttractions
convey urine from the kidneys to the urinary bladdeach
measures 25 cm in length and comprises the renkispe
abdominal, pelvic, and intravesical portions.

o The ureters receive arterial branches from adjagesgels as they
pass towards the bladder.

o Lymphatic drainage of the ureters follows a pat@milar to that
of the arterial supply.

o The venous drainage depends on the part of theerubeten
drained.

Clinical correlates
Ureteric stones:

Ureteric stones are kidney stones that graduallyentmown the urinary
system from the kidneys to the bladder.

15
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6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the vasculature of the ureters.
2. Describe the phenomenenwater under the bridge.
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UNIT 3 URINARY BLADDER
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Gross anatomy of the urinary bladder
3.2  Vasculature of the urinary bladder
3.3  Histology of the urinary bladder

4.0 Conclusion

5.0 Summary

6.0  Tutor Marked Assignments

7.0 References/Further Reading

1.0 INTRODUCTION

Infants are expected to be incontinent, but thditalio control the
voiding of urine depends on a complete and funaigpmenal system,
maturation of the nervous supply, opportunity/supgosen to the child
to void, and cultural expectations. Children camrdme anxious and
regress if expectations are beyond their abilityd aontrol. The
maturation of control mechanisms usually takes adivte years for
healthy children to be dry in the day and overniglite urinary bladder
Is a complex organ made of specialised muscle $aged enervated by a
reflex arc to the spine and central coordinatiomhie brain. Remember
that if the child does not want to void, for whageveason, they can
override the messages to their brain from thetedding bladder.

20 OBJECTIVES

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

) discuss the Gross anatomy of the urinary bladder
o explain Vasculature of the urinary bladder
o explain Histology of the urinary bladder.

3.0 MAINCONTENT

3.1 Grossanatomy of theurinary bladder

The urinary bladder is a hollow viscus with a sgjomuscular wall

characterised by its distensibility. It is a temgugrreservoir for urine. It
varies in size, shape, position, and relationspmicg to its content and
the state of neighbouring viscera. When emptyathdt urinary bladder

17



NSC 217 HUMAN ANATOMY I1- UROGENITAL AND ENDOCRINE ANATOMY

lies entirely in the lesser pelvis posterior to fheic bones but as it
distends it expands anterosuperiorly into the abdahtavity and may

ascend to the level of the umbilicus when fullyteigled. In infants and
children, the urinary bladder lies in the abdomeenewhen empty. The
bladder usually enters the greater pelvis by 6syeaiage; It enters the
lesser pelvis after puberty. When empty, it is pyidal in shape and has
an apex, a base, two inferolateral surfaces, asueirface, and the neck
as shown in the diagram below.

Fig. 3.1

The apex of the pyramid points forwards and from it a fibsozord, the
urachus, passes upwards to the umbilicus as mhelian umbilical
ligament. Thebase (posterior surface, fundus) is triangular. In the male,
the seminal vesicles lie on the outer posteriofaser of the bladder and
are separated by the vas deferens. The rectunidiesd the seminal
vesicle. In the female, the vagina intervenes betwine bladder and
rectum.
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The inferolateral surfaces are related inferiorly to the pelvic floor and
anteriorly to the retropubic fat pad and pubic mne

Thesuperior surfaceis triangular. In males, it is completely coversd b
peritoneum which posteriorly reflects on to thetwet as the rectovesical
pouch while in females, it is largely covered byifmmeum, which is
reflected posteriorly onto the uterus at the l@fghe internal os to form
the vesicouterine pouch.

The bladder neck fuses with the prostate in the male whereas it lies
directly on the pelvic fascia (which surrounds thgper urethra) in the
female. The pelvic fascia is thickened in the farfrthe puboprostatic
ligaments (male) andpubovesical ligaments to hold the bladder neck in
position.

Bladder Interior

The mucous membrane of the bladder is thrown ialdsfcalled rugae
when the bladder is empty except for the membraedying thetrigone
which is smooth.

Trigone is a triangular area on the interior of blase of the bladder. The
superior angles of the trigone mark the openingthefureteric orifices
while its inferior angle corresponds to ilmgernal urethral meatus.

3.2 Vasculatureof theurinary bladder

Arterial supply: superior and inferior vesical arteries (brancheshef
internal iliac artery.

Veinousdrainage: The vesical veins coalesce around the bladderrto fo
a plexus that drains into the internal iliac vein.

Lymph drainage: lymphatic vessels from the superolateral aspedtseof
bladder pass to the external iliac lymph nodes edeethose from the
fundus and neck pass to the internal iliac lymptieso

Nerve supply (Vesical Plexus): Sympathetic fibers are conveyed from
inferior thoracic and upper lumbar spinal cord Isve the vesical
plexuses primarily through the hypogastric plexusesd nerves,
parasympathetic fibers from sacral spinal cordlkeaes conveyed by the
pelvic splanchnic nerves and the inferior hypogagiiexus. Motor input
to the detrusor muscle is from efferent parasyngiattibres from S2—-4.
Fibres from the same source convey inhibitory 8bte the internal
sphincter so that coordinated micturition can occ@onversely,

19



NSC 217 HUMAN ANATOMY |- UROGENITAL AND ENDOCRINE ANATOMY

sympathetic efferent fibers inhibit the detrusordastimulate the
sphincter.

Histology of the urinary bladder

The wall of the urinary bladder consists of thregeks: an outer
adventitial layer of soft connective tissue (whigh some regions
possesses a serosal covering of peritoneum); atbBnmascle coat
composed of a triple layer of trabeculated smoaotisaie known as the
detrusor muscle; and an inner mucosal layer which linesinkerior of
the bladder with transitional epithelium. The dstwis thickened at the
bladder neck to form the internal urethra sphincter

40 CONCLUSION

The Bladder is located in the pelvic cavity, jushimd the pubic bone. It
serves as a storage tank for urine before the timmicturition. The
prostate is located at the neck of the bladderoldigically the bladder is
lined by transitional epithelium.

50 SUMMARY
In this unit, you have learnt that:

I The urinary bladder is a muscular organ thateseas a reservoir
for urine and the interior is made up of mucous fokeme thrown
into folds called rugae when the bladder is empiyept for the
membrane overlying thieigone which is smooth.

I The Arterial supply to the bladder is the superand inferior
vesical arteries (branches of the internal iligerg).

iii. The veinous drainage includes The vesicahsaioalesce around
the bladder to form a plexus that drains intoitibernal iliac vein.

V. The Lymph drainage includes the lymphatic etssrom the
superolateral aspects of the bladder pass tothenal iliac lymph
nodes whereas those from the fundus and neck@éss internal
iliac lymph nodes.

Clinical correlates

Urinary Bladder Cancer

In the United States, urinary bladder cancer adfeatre than 60,000 new
patients each year and is among the 10 most corcaraers in men and

women. Half the diagnosed cases of urinary bladwercer can be
attributed to cigarette smoking, even 10 years orenafter cessation of
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smoking. When bladder cancer is detected earlycdheer is confined to
the bladder), the survival rate is 94%, whereaisisfdetected late (after
it has spread to other areas), the survival ra84dsUnfortunately, early
detection of urinary bladder cancer is especidigllenging due to its
rapid growth rate. Frequently, blood in the urisea symptom but,
because this symptom is also associated with dds=r serious problems,
it tends to be ignored. What are the statistiddadder cancer in Nigeria?

6.0 TUTOR-MARKED ASSIGNMENT

Discuss the gross anatomy of the urinary bladder.
Explain vasculature of the urinary bladder.
Explain histology of the urinary bladder.

Describe the concept of urinary incompetence.

PoONPE
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1.0 INTRODUCTION

The urethra is a tube that exits the urinary bladder inferiodgpd
anteriorly. It carries urine to the outside of toly. In males, the urethra
extends to the end of the penis. In females, insgato the vestibule
anterior to the vaginal opening. The female urethempproximately 4 cm
in length, whereas the male urethra is approxima&elcm.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

) discuss the anatomy and the functions of the taeth
° discuss the differences between the male and &unathra.

3.0 MAINCONTENT

3.1 Anatomy of themaleurethra

The male urethra is approximately 20 cm long. tassidered in three
parts:

Prostatic urethra (3 cm): bears a longitudinal elevatiaméthral crest)
on its posterior wall. On either side of the cr@shallow depression, the
prostatic sinus, marks the drainage point for 15-20 prostatic sluthe
prostatic utricleis a 5 mm blind-ending tract which opens into emo®
in the middle of the crest at thverumontanum. The ejaculatory ducts
open on either side of the utricle.
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Fig. 4.1: Membranous urethra

Membranous urethra (2 cm): lies in the urogenital diaphragm and is
surrounded by the external urethral sphincsghifcter urethrae).

Penile urethra (15 cm): traverses the corpus spongiosum of thespen
the external urethral meatus.

Fig.4.2: Vasculature of the male urethra

Arterial supply:

The blood supply is from the vessels of the prestgthincter urethra and
the corpus spongiosum as it passes through theey. ihblude branches
of the inferior vesical artery, middle rectal aytemd internal pudendal
artery.

I nnervation:

The mucous membrane of the penile part receivesmach from the

perineal nerve, while the more proximal parts ameervated by the
inferior hypogastric plexus having sympathetic cimition from sacral
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sympathetic trunk and parasympathetic fibres froengelvic splanchnic
nerve S2-S4.

Lymphatics
Lymphatic drainage is into the internal and exteilrec lymph nodes.

3.2 Anatomy of thefemaleurethra

The female urethra is a narrow membranous canaljtadicm long,
extending from the internal urethra orifice atlkhveer angle of the trigone
of the bladder to the external urethra orificeisltplaced behind the
symphysis pubis, embedded in the anterior wallhef ¥agina and its
direction is obliquely downward and forward. Itsacheter when
undialated is about 6mm. It perforates the fasdiathe urogenital
diaphragm and its external orifice is situatedalyein front of the vagina
opening and about 2.5cm behind the clitoris.

Vasculature of the female urethra
Blood Supply

The upper part of the female urethra is suppliedh®yvagina arteries
while the lower end receives contribution from tihéernal pudendal
artery.

The veins drain into vesical plexus and the intepoaendal veins.

Lymphatics
Lymph vessels pass mainly into the internal iljgmph nodes but some
reach the external iliac groups of nodes.

Nerve Supply
Nerve supply is from the inferior hypogastric plexand the perineal
branch of the pudendal nerve.

3.3 Histology of the male and female urethra

The urethra is composed of mucous membrane, sigaplytsub-mucous
tissue which connects it with the various strucutierough which it
passes.

The mucous membrane, is lined by transitional efiim (typical of
urinary tract) except at the navicular fossa (idespand external urethra
orifice where the mucosa is lined by a non-keraédistratified squamous
epithelium. The urethra mucosa has numerous mugetisra glands (of
Littre).
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40 CONCLUSION

The Urethra is the tube that convey the excretetwdrom the bladder to
the outside of the body. In males, it is about 20@ng while in females
it is just 5cm long. Histologically the urethraalso lined by transitional
epithelium.

50 SUMMARY
In this unit, you have learnt that:

o Theurethrais a tube that exits the urinary bladder inferiahd
anteriorly. In males, the urethra extends to thiee@rthe penis. In
females, it opens into the vestibule anterior owvaginal
opening.

) The male urethra has 3 parts - prostatic, membsgraod penile
urethra.

6.0 TUTOR-MARKED ASSIGNMENT

1. Discuss the anatomy and the functions of the waethr

2. Describe with the aid of a diagram the differeneeneen the
male urethra and the female urethra.

3. From your experience what are the implicationghefdifferent
structures of the urethra for males and femaletimical care?
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1.0 INTRODUCTION

The endocrine systemis composed oendocrine glands,which are
ductless glands secreting chemical messengers th@ocirculatory
system. In contrast, exocrine glands have ductsctray their secretions
to surfaces. The termndocrine is derived from the Greek wor@sdo,
meaning within, ankrino, to separate. The term implies that cells of
endocrine glands produce chemical messengers witleirglands that
influence tissues separated from the glands by sdisiance. The
chemical messengers secreted by endocrine glaadsabed hormones,
a term derived from the Greek wdndrmon, meaning to set into motion.
Thus, hormones stimulate responses from cells.

2.0 OBJECTIVES

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

. describe the functions of the endocrine system
. define the terms endocrine gland and hormone
. explain how the regulation of hormone secreisoachieved
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. describe how hormones are transported and extret
3.0 MAIN CONTENT

3.1  Functions of the Endocrine System
The main regulatory functions of the endocrine esysare the following:

1. Metabolismand tissue maturation. The endocrine system regulates
the rate of metabolism and influences the matunatibtissues,
such as those of the nervous system.

2. lon regulation. The endocrine system helps regulate blood pH, as
well as Na+, K+, and Ca2+ concentrations in thetlo

3. Water balance. The endocrine system regulates water balance by
controlling the solute concentration of the blood.

4, Immune systemregulation. The endocrine system helps control the
production of immune cells.
5. Heart rate and blood pressure regulation. The endocrine system

helps regulate the heart rate and blood pressutéeps prepare
the body for physical activity.

6. Control of blood glucose and other nutrients. The endocrine
system regulates blood glucose levels and otheientiievels in
the blood.

7. Control of reproductive functions. The endocrine system controls

the development and functions of the reproductiystesns in
males and females.

8. Uterine contractions and milk release. The endocrine system
regulates uterine contractions during delivery sighulates milk
release from the breasts in lactating females.

3.2 Transport of Hormones in the Blood

Hormonescan be defined as chemicals secreted by a celaffeadt the
functions of other cells. Once released, most hoemoenter the
bloodstream where they are carried to their tacglls. The target cells
of a hormone are the cells that contain the recggty the hormone. A
hormone cannot affect a cell unless the cell haspters for it. Many
hormones in the body are derived from steroidsiokte are soluble in
lipids and can therefore cross cell membranes &asity. Once ateroid
hormoneis inside a cell, it binds to its receptor, whislcommon in the
nucleus of the cell. The hormone-receptor complexsa gene on or off.
When new genes are turned on or off, the cell lsetpncarry out new
functions, and this is ultimately how steroid hormas affect their target
cells. Examples of steroid hormones agstrogen, progesterone,
testosterone,and cortisol. Non-steroid hormonesare those that are
made of amino acids or proteins. Proteins canmstscthe cell membrane
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easily. Therefore, these hormones bind to receptothie surface of the
cell. The hormone-receptor complex in the membranally activates a
G-protein. The G-protein causes enzymes inside the cell tarped on.
Different chemical reactions then begin insidedék The cell now takes
on new functionsProstaglandinsare local hormones. They are derived
from lipid molecules and typically do not traveltive bloodstream to find
their target cells. Instead, their target cellslacated close by. They have
the same effects as other hormones and are producedany body
organs, including the kidneys, stomach, uterusithead brain.

Transport of Hormones in the Blood

Water-soluble hormones (peptides and catecholamines) are dissolved in
the plasma and transported from their sites oft®gis to target tissues,
where they diffuse out of the capillaries, into theerstitial fluid, and
ultimately to target cellsSeroid and thyroid hormones, in contrast,
circulate in the blood mainly bound to plasma prateUsually, less than
10 percent of steroid or thyroid hormones in thaspia exist free in
solution. For example, more than 99 percent ofhilgeoxine in the blood
is bound to plasma proteins. However, protein-bolmadnones cannot
easily diffuse across the capillaries and gain ss¢e their target cells
and are therefore biologically inactive until théigsociate from plasma
proteins. The relatively large amounts of hormoheand to proteins
serve as reservoirs, replenishing the concentrafitnee hormones when
they are bound to target receptors or lost frontitwilation. The binding
of hormones to plasma proteins greatly slows thksarance from the
plasma.

3.3 Interaction of Hormones with their Target Tissies

Hormones bind to proteins or glycoproteins calleceptors. The portion
of each protein or glycoprotein molecule where artame bind is called
a receptor site, or binding site. The shape andhata characteristics of
each receptor site allow only a specific type oéroical messenger to
bind to it. The tendency for each type of cheminaksenger to bind to a
specific type of receptor, and not to others, iedaspecificity. Insulin,
therefore, binds to insulin receptors but not toeptors for growth
hormone. Some hormones, however, can bind to dewiffarent
receptors that are closely related. For exampleeeprine can bind to
more than one type of epinephrine receptor. Hormreceptors have a
high affinity for the hormones that bind to theng enly a small
concentration of a given hormone results in a §iggmt number of
receptors with hormones bound to them. Hormonessaoeeted and
distributed throughout the body by the circulat@ystem, but the
presence or absence of specific receptor molecnleslls determines
which cells will or will not respond to each horneor-or example, there
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are receptors for thyroid stimulating hormone (T8H)ells of the thyroid
gland, but there are no such receptors in most atbiés of the body.
Consequently, cells of the thyroid gland produceeaponse when
exposed to TSH, but cells without receptor molesuale not respond to
it. In general, the number of functional receptifects the amplitude of
a cell's response to a hormone. More receptorsym®d larger response
than fewer receptors. The number of functional pems can be
regulated. In down-regulation, the number of fumadl receptors is
reduced by temporary or permanent removal of receftom the plasma
membrane, inactivation of receptors, or decreasgdthesis of
replacement receptors. In up-regulation, the numbferfunctional
receptors is increased through increased receypttnesis or availability.
Drugs with structures similar to specific hormomaay compete with
those hormones for their receptors. A drug thatddito a hormone
receptor and activates it is called an agonistifar hormone. A drug that
binds to a hormone receptor and inhibits its adsoralled an antagonist
for that hormone. For example, drugs exist thatmete with epinephrine
for its receptor. Epinephrine agonists activatenephrine receptors,
whereas epinephrine antagonists inhibit them.

3.4  Clinical Correlates
Lipid- and Water-Soluble Hormones in Medicine

Specific hormones are given as treatments foricatiaesses. Hormones
that are soluble in lipids, such as steroids, @taken orally because they
can diffuse across the wall of the stomach andsime into the
circulatory system. Examples include the synthedstrogen and
progesterone-like hormones in birth control pilt&l asteroids that reduce
the severity of inflammation, such as prednisomecdntrast to lipid-
soluble hormones, protein hormones cannot diffgsesa the wall of the
intestine because they are not lipid-soluble. Faurtiore, protein
hormones are not transported across the wall ahtbstine because they
are broken down to individual amino acids by thgedtive system. The
normal structure of a protein hormone is therefdestroyed, and its
physiological activity is lost. Consequently, piatéormones must be
injected rather than taken orally. The most commasdiministered
protein hormone is insulin, which is prescribed tbhe treatment of
diabetes mellitus.

4.0 CONCLUSION

Hormones are substances produced by endocrinesgiaride body and
are transported in the blood to their organs @ugsof function. All
hormones are synthesis from protein, so good rariris required for
maximum hormone production.
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5.0

SUMMARY

The main regulatory functions include water balangterine
contractions and milk release, metabolism and ¢iseaturation,
ion regulation, heart rate and blood pressure edigul, control of
blood glucose and other nutrients, immune systeulagion, and
control of reproductive functions

Endocrine glands produce hormones that are relem$edihe
interstitial fluid and diffuse into the blood. Hoomes act on target
tissues, producing specific responses. The protgoup of
hormones includes hormones that are proteins, gtgteins,
polypeptides, and amino acid derivatives. The ligrup of
hormones includes hormones that are steroids atty &&id
derivatives.

Generalisations about the differences between nidecgine and
nervous systems include the following: (a) The enite system
is amplitude-modulated, whereas the nervous systdraquency
modulated, and (b) the response of target tissué®rtmones is
usually slower and of longer duration than theispanse to
neurons.

Water-soluble hormones, such as proteins, epinephrand
norepinephrine, are rapidly removed from the blodthese
hormones regulate activities that have a rapid toasd a short
duration. Lipid-soluble hormones and thyroid hore®rare not
quickly removed from the blood. They produce aqnged effect.

SELF-ASSESSMENT EXERCISE

Given these events:

Thea subunit of a G protein interacts with Ca2+ chasnel

6.0

1.
2.
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Calcium ions diffuse into the cell.
Thea subunit of a G protein is activated.
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1.0 INTRODUCTION

The pituitary gland is located at the base of tlanband is controlled by
the hypothalamus. This gland is well protected lbpay structure called
the sella turcica. Just superior to the gland is tbptic chiasm, which
carries visual information to the brain for intesfation. The pituitary is
divided into two lobes—the anterior and the posteri

The location of the pituitary gland

Cerebral cortex ——__

Optic nerve ——_

’f:, Hypothalamus
-AC"F__- Optic chiasma
Pituitary stalk —— Sase.
= — Pasterior lobe
. g of pituitar
Anlerior lobe ——=—_3H§ glapnd ;
of pituitary '
gland

Sella turcica

Sphenoidal
sinus

Sphenoid bone-

The pituitary gland, or hypophysis,secretes nine major hormones that
regulate numerous body functions and the secretotiyity of several
other endocrine glands. Thgpothalamusof the brain and the pituitary
gland are major sites where the nervous and endosgistems interact.
The hypothalamus regulates the secretory activith® pituitary gland.
Hormones, sensory information that enters the aengrvous system,
and emotions, in turn, influence the activity of thypothalamus.
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2.0 OBJECTIVES
By the end of this unit, you will be able to:

o describe the structure of the pituitary gland
o discuss the hormones of the pituitary gland.

3.0 MAIN CONTENT

3.1  Structure of the pituitary gland

The pituitary gland is roughly 1 cm in diameter,ighes 0.5-1.0 g, and
rests in the sella turcica of the sphenoid bonis. licated inferior to the
hypothalamus and is connected to it by a stalkisdue called the
infundibulum. The posterior pituitary or neurohypophysis is
continuous with the brain. It is formed during egdmic development
from an outgrowth of the inferior part of the bramthe area of the
hypothalamus. The outgrowth forms the infundibulamd the distal end
of the infundibulum enlarges to form the posteptuitary.

Relationship of the pituitary gland to the brain

Portal vessels are blood vessels that begin imaapy capillary network,
extend some distance, and end in a secondary aigpiletwork. The
hypothalamohypophyseal portal systemis one of two major portal
systems. The other is the hepatic portal system.e Th
hypothalamohypophyseal portal system extends flwrmhipothalamus
to the anterior pituitary. The primary capillary twerk in the
hypothalamus is supplied with blood from arteriest tdeliver blood to
the hypothalamus. From the primary capillary netyorthe
hypothalamohypophyseal portal vessels carry blamdatsecondary
capillary network in the anterior pituitary. Veiriom the secondary
capillary network eventually merge with the genetculation.
Hormones, produced and secreted by neurons ofyth@lalamus, enter
the primary capillary network and are carried te secondary capillary
network. There the hormones leave the blood andactells of the
anterior pituitary. They act either emleasing hormonesjncreasing the
secretion of anterior pituitary hormones or iakibiting hormones,
decreasing the secretion of anterior pituitary hmres. Each releasing
hormone stimulates and each inhibiting hormonebitgithe production
and secretion of a specific hormone by the antgitoitary. In response
to the releasing hormones, anterior pituitary cedlsrete hormones that
enter the secondary capillary network and are edrby the general
circulation to their target tissues. Thus, the higatamohypophyseal
portal system provides a means by which the hypertias, using
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hormones as chemical messengers, regulates treg@gaictivity of the
anterior pituitary.

There is no portal system to carry hypothalamiertares to the posterior
pituitary. Hormones released from the posteriasifaty are produced by
neurosecretory cells with their cell bodies locatedhe hypothalamus.
The axons of these cells extend from the hypothasathrough the
infundibulum into the posterior pituitary and foamerve tract called the
hypothalamohypophyseal tract Hormones produced in the
hypothalamus pass down these axons in tiny vesaidsare stored in
secretory vesicles in the enlarged ends of the saxAantion potentials
originating in the neuron cell bodies in the hy@déimus are propagated
along the axons to the axon terminals in the pmstpituitary. The action
potentials cause the release of hormones fromba germinals, and
they enter the circulatory system.

Hormones of the pituitary gland
Posterior Pituitary Hormones

The posterior pituitary stores and secretes twypegtide hormones
called antidiuretic hormone and oxytocin. A sepaapulation of cells
secretes each hormonAntidiuretic hormone (ADH) is so named
because it prevents the output of large amountsioé diuresis). ADH
binds to membrane-bound receptors and increases veatbsorption by
kidney tubules. This results in less water lossnfriie blood into the
urine, and urine volume decreases. ADH can alseechlood vessels to
constrict when released in large amounts. Conselguéns sometimes
called vasopressin Oxytocin binds to membrane-bound receptors and
causes contraction of the smooth muscle cells efuferus and milk
ejection or milk “let-down” from the breasts in tatng women.
Oxytocin plays an important role in the expulsidrtle fetus from the
uterus during delivery by stimulating uterine sntootuscle contraction.
Commercial preparations of oxytocin are given uraitain conditions
to assist in childbirth and to constrict uterin@dd vessels following
childbirth. Oxytocin also causes the contractiontetine smooth muscle
in non - pregnant women during menses, which hekpel the uterine
epithelium and a small amount of blood. Oxytocisoapromotes the
movement of sperm cells through the uterus andnat¢ubes. Oxytocin
has been called the great facilitator of life. lediéion to its role in
reproduction and lactation, oxytocin produced ia limbic system and
other parts of the brain influences a variety ofigoand non- social
behaviours in females and males. In many specigycn promotes pair
bonding, sexual behaviour, and parental care. Imams, oxytocin
promotes social interactions, feelings of attachineand maternal
behaviour. Oxytocin also inhibits memory, decredbesstress response,
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reduces feelings of anxiety, suppresses appetite, raises the pain
threshold.

Anterior Pituitary Hormones

Releasing and inhibiting hormones that pass from higpothalamus
through the hypothalamohypophyseal portal systenth® anterior
pituitary influence anterior pituitary secretioridie hormones secreted
are proteins, glycoproteins, or polypeptides. Taeytransported in the
circulatory system and bind to membrane-bound itecapolecules on
their target cells. For the most part, each hormesecreted by a separate
cell type. The major hormones of the anterior iy, their target tissues,
and their effects on target tissues are listedvineldnterior pituitary
hormones include growth hormone, thyroid stimulgtihormone,
adrenocorticotropic hormone and related substandasginizing
hormone, follicle-stimulating hormone, and prolacti

Hormones of the pituitary gland

Hormones Structure  Target Tissue Response

Posterior Pituitary

Antidiuretichomone (ADH)  Smallpeptide ~ Kidney Increased water reabsorption (less water i lost n the form of urine)

Orytocin Smallpeptide ~~ Uterus; mammary glands Increased uterine contractions; increased milk expulsion from
mammary lands; unclear function in males

Anterior Pituitary

Growth hormane (GH), Protein Most tissues Increased growth n issues; increased amino acid uptake and

or somatotropin protein synthesis;increased breakdown of fipids and release of
fatty acidsfrom cellincreased glycogen synthess and increased
blood glucose fevels; increased somatomedin production

Thyroid-stimulating Glycoprotein ~~ Thyroid gland Increased thyraid hormone secretion

hormone (TSH)

Adrenocorticotropic Peptide Adrenal cortex Increased glucocortcoid hormone secretion

hormone (ACTH)

Melanocyte-stimulating Paptide Melanocytes in the skin Increased melanin production in melanocytes to make the skin

hormone (MSH) darker in color

Luteinizing hormong (LH) ~~ Glycoprotein ~~ Ovaris in females; testes Ovulation and progesterone production n ovaries;testosterone

in males synthesis and support for sperm cel production in testes

Folice-stimulating Glycoprotein ~ Folicles in ovariesinfemales;  Follicle maturation and estrogen secretion in ovaries;sperm cell

hormane (FSH) seminiferous tubes in males  production n testes

Prolactn Protein Ovaries and mammary glands  Milkproduction i lactating women; increased response of folce

in females toLH and FSH; unclear function in males
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Mechanism by which hypothalamus controls pituitarysecretion

Almost all secretion by the pituitary is controllbg either hormonal or
nervous signals from the hypothalamus. Indeed, whempituitary gland
iIs removed from its normal position beneath the dtlyplamus and
transplanted to some other part of the body, tissraf secretion of the
different hormones (except for prolactin) fall tery low levels. Secretion
from the posterior pituitary is controlled by newignals that originate in
the hypothalamus and terminate in the posteriasitpity. In contrast,
secretion by the anterior pituitary is controllegg bormones called
hypothalamic releasing and hypothalamic inhibitory hormones (or
factors) secreted within the hypothalamus and then coredutd the
anterior  pituitary  through  minute blood vessels lezhl
hypothalamichypophysial portal vessels. In the anterior pituitary, these
releasing and inhibitory hormones act on the gléardcells to control
their secretion.

The hypothalamus receives signals from many sourcéise nervous
system. Thus, when a person is exposed to paiosteomp of the pain
signal is transmitted into the hypothalamus. Likesyiwhen a person
experiences some powerful depressing or excitiogght, a portion of
the signal is transmitted into the hypothalamusfa€bry stimuli
denoting pleasant or unpleasant smells transrongtsignal components
directly and through the amygdaloid nuclei into bypothalamus. Even
the concentrations of nutrients, electrolytes, wated various hormones
in the blood excite or inhibit various portionstbé hypothalamus. Thus,
the hypothalamus is a collection center for infaioraconcerning the
internal well-being of the body, and much of tm#rmation is used to
control secretions of the many globally importaidipary hormones.

Hypothalamus

Mammillary body
Median eminence

Primary capillary
plexus

Hypothalamic-
hypophysial
portal vessels

Posterior pituitary

; Sinuses
Vein

Hypothalamic- hypophyseal system
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Growth Hormone

Growth hormone (GH) stimulates the growth of m@siites and, through
its effect on the epiphyseal plates of bones, Gigé role in determining
how tall a person becomes. GH promotes the pratgithesis necessary
for growth by increasing the movement of amino adito cells and
promoting their incorporation into proteins. It @lslecreases the
breakdown of proteins.

GH plays an important role in regulating blood rerit levels between
meals and during periods of fasting. GH increadeslyisis, the
breakdown of lipids. Fatty acids released fromdalts into the blood
circulate to other tissues and are used as aneseugce. The use of fatty
acids as an energy source “spares” the use of dhwwbse, helping
maintain blood sugar levels. In addition, GH insesaglucose synthesis
by the liver, which releases glucose into the blobldus, through its
effects on adipose tissue and the liver, GH mastar increases blood
sugar levels. GH has indirect effects on some eésdiy stimulating the
production of polypeptides callebmatomeding primarily by the liver
but also by skeletal muscle and other tissues. 8onealins circulate in
the blood, stimulating growth in cartilage and b@mal increasing the
synthesis of protein in skeletal muscles. The kastvn somatomedins
are two polypeptide hormones produced by the lbatledinsulin-like
growth factor | andll because of the similarity of their structure to
insulin. Two hormones released from the hypothaRmagulate the
secretion of GH. Growth hormone-releasing horm@itdRH) stimulates
the secretion of GH, whereas growth hormone ininidgpithormone
(GHIH) inhibits the secretion of GH. Stimuli thaifluence GH secretion
act on the hypothalamus to increase or decreassdtietion of the
releasing and inhibiting hormones. Low blood glectsvels and stress
stimulate the secretion of GH, and high blood ghgctevels inhibit the
secretion of GH. An increase in certain amino asitfaulates increased
GH secretion. Most people have a rhythm of growdimone secretion,
with daily peak levels occurring during deep sleGpowth hormone
secretion also increases during periods of fagtimyprolonged exercise.

Blood growth hormone levels do not become grealyated during
periods of rapid growth, although children tendh&ave somewhat higher
blood levels of growth hormone than do adults. didigon to growth
hormone, genetics, nutrition, and sex hormoneseamnite growth.

Clinical correlates
1. Gigantism is a condition of abnormally increased height that

usually results from excessive cartilage and Honeation at the
epiphyseal plates of long bones. The most comnype tof
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gigantism,pituitary gigantism, results from excess secretion of
GH. The large stature of some individuals, howgean result
from genetic factors rather than from abnormatlswf GH.

2. Acromegalyis caused by excess GH secretion in adults, angg man
pituitary giants develop acromegaly later in lif€he GH
stimulates the growth of connective tissue, intigdones. Bones
in adults can increase in diameter and thickrassnot in length
because the epiphyseal plates have ossified. Tieete of
acromegaly are most apparent in the face and hands
Hypersecretion of GH can also cause elevated ljaanbse levels
and may eventually lead to diabetes mellitus.

3. Dwarfism, the condition in which a person is abnormallyrshe
the opposite of gigantism. Pituitary dwarfism iesuwhen
abnormally low levels of GH affect the whole bodjus
producing a small person who is normally propowtid.

Achondroplasia, or achondroplastic dwarfism,is the most common
type of dwarfism; it produces a person with a neadrmal-sized trunk
and head but shorter-than-normal limbs. Achondsiglas a genetic
disorder, not a hormonal disorder.

Modern genetic engineering has provided a sourchuofian GH for

people who produce inadequate quantities. Humaesgéar GH have

been successfully introduced into bacteria usingetie engineering

techniques. The gene in the bacteria causes GHesiaf and the GH can
be extracted from the medium in which the bactareagrown.

4.0 CONCLUSION

The Pituitary gland is located in the cranial camitregulates most of the
endocrine activities in the body. The gland has paus, the anterior and
posterior parts. The gland is controlled by a feetfimechanism.

5.0 SUMMARY

o The pituitary gland secretes at least nine hormadhasregulate
numerous body functions and other endocrine glanidse
hypothalamus regulates pituitary gland activityotigh hormones
and action potentials.

o The posterior pituitary develops from the floortbé brain and
connects to the hypothalamus by the infundibulutre &nterior
pituitary develops from the roof of the mouth.

o The hypothalamohypophyseal portal system connetis t
hypothalamus and the anterior pituitary. Througle tbortal
system, the hormones inhibit or stimulate hormoraelpction in
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the anterior pituitary. The hypothalamohypophys$esdt connects
the hypothalamus and the posterior pituitary. Hare®o are
produced in hypothalamic neurons. The hormones rdows the
axons of the tract and are secreted from the posfatuitary.

o Antidiuretic hormone (ADH) promotes water retentibg the
kidneys. Oxytocin promotes uterine contractionsrdudelivery
and causes milk ejection in lactating women. GroWwinmone
(GH) stimulates growth in most tissues and is aulegr of
metabolism. GH stimulates the uptake of amino aels their
conversion into proteins and stimulates the breaidof fats and
the synthesis of glucose.

SELF-ASSESSMENT EXERCISE

Examine the histological structure of the pituitgtsgnd and distinguish
between the anterior and posterior pituitary glands

6.0 TUTOR- MARKED ASSIGNMENT

1. Describe the structure of the pituitary gland.
2. Discuss the hormones of the pituitary gland.
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1.0 INTRODUCTION

The thyroid gland consists of two lobes connected by a narrow band
called thesthmus. The lobes are located on each side of the traginsta
inferior to the larynx. The thyroid gland is onetb& largest endocrine
glands, with a weight of approximately 20g. It igHly vascular and
appears more red than its surrounding tissues.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

) describe the anatomy of the thyroid and parathygtadd
o discuss the thyroid hormones and parathyroid hoason

3.0 MAIN CONTENT

3.1  Structure of the thyroid gland

The thyroid gland contains numerdiadlicles, which are small spheres
whose walls are composed of a single layer of adlapithelial cells.
Each thyroid follicle is filled with proteins, calllthyroglobulin which
are synthesised and secreted by the cells of greithfollicles. Large
amounts of the thyroid hormones are stored inttlitd follicles as part
of the thyroglobulin molecules. Between the folg] a delicate network
of loose connective tissue contains scattgrachfollicular cells,or C
cells.

Calcitonin is secreted from the parafollicular cells and playsole in

reducing the concentration of Ca2+ in the bodydBuvhen Ca2+ levels
become elevated.
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Thyroid and parathyroid glands
Thyroid hormones

The thyroid hormones are triiodothyronine (T3) and
tetraiodothyronine (T4). Another name for T4 isthyroxine. T3
constitutes 10% of thyroid gland secretions and 9D86. Although
calcitonin is secreted by the parafollicular celfishe thyroid gland, T3
and T4 are considered to be the thyroid hormoneause they are more
clinically important and because they are secrdtech the thyroid
follicles.

T3 and T4 Synthesis

Thyroid-stimulating hormone (TSH) from the anterigituitary
stimulates thyroid hormone synthesis and secrefi@®H causes an
increase in the synthesis of T3 and T4, which laea stored inside the
thyroid follicles as part of thyroglobulin. TSH alsauses T3 and T4 to
be released from thyroglobulin and to enter theutatory system. An
adequate amount of iodine in the diet is requirdtliyroid hormone
synthesis because iodine is a component of T3 &ndrfie following
events in the thyroid follicles result in T3 and §yhthesis and secretion:

1. lodide ions (I-) are taken up by thyroid fdicells by secondary
active transport (symport). The movement of thasl-against a
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concentration gradient of approximately 30-fold healthy
individuals. TSH promotes the uptake of I-.

2. lodide is transported into the follicle lumendaconverted into
iodine (lo).
3. Thyroglobulin molecules, which contain numertussine amino

acids, are synthesised, packaged into secretoriclegs and
secreted into the lumen of the follicle.

4. lodine atoms are bound to a few of the tyrosimeno acids of
thyroglobulin, producing monoiodotyrosine, whichstane iodine
atom, or diiodotyrosine, which has two iodine atofier the
tyrosines are iodinated, two diiodotyrosine combitoe form
tetraiodothyronine (T4), which has four iodine agmlso, one
monoiodotyrosine and one diiodotyrosine combine foom
trilodothyronine (T3), which has three iodine atol2—-4 months
reserve supply of T3 and T4 is stored within thgdfd follicles
as part of thyroglobulin.

5. Thyroglobulin is taken into the thyroid follel cells by
endocytosis.

6. Lysosomes fuse with the endocytic vesicles, anateolytic
enzymes break down thyroglobulin to release T3,al amino
acids.

7. T3 and T4 are lipid-soluble and diffuse throutjie plasma
membranes of the follicle cells into the interatifiuid and finally
into the blood. The remaining amino acids of thyobglin are
used again to synthesise more thyroglobulin.

Effects of Thyroid Hormones

Thyroid hormones interact with their target tissurea fashion similar to
that of the steroid hormones. They readily diffubeough plasma
membranes into the cytoplasm of cells. Within ¢élisy bind to receptor
molecules in the nuclei. Thyroid hormones combingt their receptor
molecules interact with DNA in the nuclei to infhee genes and initiate
new protein synthesis. The newly synthesised prsteiithin the target
cells mediate the cells’ response to thyroid horesorit takes up to a
week after the administration of thyroid hormonasaf maximal response
to develop, and new protein synthesis occupies ratittat time. Thyroid
hormones affect nearly every tissue in the bodinbuall tissues respond
identically. Metabolism is primarily affected inree tissues, and growth
and maturation are influenced in others.

The normal rate of metabolism for an individual elegls on an adequate
supply of thyroid hormone, which increases the aatghich glucose, fat,
and protein are metabolised. The increased rateetdibolism produces
heat. Thyroid hormones increase the activity of KH—pumps, which
helps increase the body temperature as ATP mokeanéebroken down.
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Thyroid hormones also alter the number and actigftynitochondria,
resulting in greater ATP synthesis and heat pradncthe metabolic rate
can increase 60%-100% when blood thyroid hormoreeslavated. Low
levels of thyroid hormones lead to the opposite@ffMaintaining normal
body temperature depends on an adequate amoumntroid hormones.
Normal growth and maturation of organs also depend thyroid
hormones. For example, bone, hair, teeth, conreetisgue, and nervous
tissue require thyroid hormones for normal growtid aevelopment.
Both normal growth and normal maturation of theirbraquire thyroid
hormones.

Regulation of Thyroid Hormone Secretion

Thyroid hormone secretion is regulated by hormgmesiuced in the
hypothalamus and anterior pituitary. Thyrotropifeasing hormone
(TRH) is produced in the hypothalamus. Chronic expe to cold

increases TRH secretion, whereas stress, suclamatsin, injury, and

infections, decreases TRH secretion. TRH stimulag&d secretion from
the anterior pituitary. Small fluctuations in blotelels of TSH occur
daily, with a small nocturnal increase. TSH stinbeathe secretion of
thyroid hormones from the thyroid gland. TSH alswreases the
synthesis of thyroid hormones, as well as causmnerease in thyroid
gland cell size and number. Decreased blood leokI$SH lead to

decreased secretion of thyroid hormones and thygbaeshd atrophy.

Thyroid hormones have a negative-feedback effe¢hernypothalamus
and anterior pituitary gland. As thyroid hormongels increase in the
circulatory system, they inhibit TRH and TSH seiort Also, if the

thyroid gland is removed or if the secretion ofrthig¢ hormones declines,
TSH levels in the blood increase dramatically.

Calcitonin

In addition to secreting thyroid hormones, the tigrgland secretes a
hormone called calcitonin produced by the parafollicular cells.
Calcitonin secretion is directly regulated by bldocaR+ levels.. As blood
Ca2+ concentration increases, calcitonin secretneoneases, and, as
blood Ca2+ concentration decreases, calcitonineiear decreases.
Calcitonin binds to membrane-bound receptors afardasts and inhibits
them, which reduces the rate of bone matrix breakdand the release
of Ca2+ from bone into the blood. Calcitonin magyant blood Ca2+

levels from becoming overly elevated following aah#éat contains a
high concentration of Ca2+. The role of calcitomrhumans is unclear.
It may be important in slowing bone turnover durpgriods of rapid

growth. Calcitonin helps prevent elevated blood € els, but a lack

of calcitonin secretion does not result in a prgkh increase in blood
Ca2+ levels. Other mechanisms controlling blood €l®els, such as
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parathyroid hormone and vitamin D, can compensatetife lack of
calcitonin secretion.

Parathyroid glands

The parathyroid glands are usually embedded in the posterior part of
each lobe of the thyroid gland. Usually, four phyabtid glands are
present, with their cells organised in densely pdcknasses or cords
rather than in follicles. The parathyroid glandsrete a polypeptide
hormone callegharathyroid hormone (PTH), which is essential for the
regulation of blood Ca2+ levels. PTH is much mamgpartant than
calcitonin in regulating blood Ca2+ levels. PTH ulkeges blood Ca2+
levels by affecting Ca2+ release from bones, Cagsretion by the
kidneys, and vitamin D formation by the kidneys,iethpromotes Ca2+
absorption by the small intestine. PTH increasesdlease of Ca2+ from
bones into blood by increasing the number of o$éste in bone, which
results in increased bone breakdown. PTH promotesnerease in
osteoclast numbers by stimulating stem cells in vede marrow to
differentiate and become osteoclasts. The effed®Tfl on osteoclast
formation, however, is indirect. PTH binds to #septors on osteoblasts,
stimulating them. The osteoblasts, through surfacaglecules and
released chemicals, stimulate osteoclast stemtodbscome osteoclasts.
In the kidneys, PTH increases Ca2+ reabsorptiom ffee urine into the
blood so that less calcium leaves the body in uftieH also increases
the formation of active vitamin D in the kidneystamin D is carried by
the blood to epithelial cells of the small intestinvhere it promotes the
synthesis of Ca2+ transport proteins. PTH increbkexl Ca2+ levels by
increasing the rate of active vitamin D formatiamich in turn increases
the rate of Ca2+ absorption in the intestine. PEretion is directly
regulated by blood Ca2+ levels. As blood Ca2+ cotraéion increases,
PTH secretion decreases; as blood Ca2+ concemirdéioreases, PTH
secretion increases. This regulation keeps blodt+Tavels fluctuating
within a normal range of values.

Clinical correlates

1. Hypothyroidism is reduced or has no secretion of thyroid
hormones. It can be caused by inadequate TSH siiionlof the
thyroid gland, an inability of the thyroid gland pooduce thyroid
hormones or the surgical removal or destructiorthef thyroid
gland for various reasons. Damage to the pitutjgagd can result
in decreased TSH secretion. Tumors and inadequited b
delivery to the pituitary because of blood lossmyichildbirth are
causes of pituitary insufficiency. Lack of iodine the diet can
result in decreased thyroid hormone levels becaodme is
necessary for the synthesis of thyroid hormonesndge to the
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thyroid gland by drugs, chemicals, or an autoimmudisease
(Hashimoto disease) can also reduce thyroid hormooguction.

Hyposecretion of thyroid hormones decreases the it

metabolism. Low body temperature, weight gain, cediappetite,
reduced heart rate, reduced blood pressure, decreasscle tone,
constipation, drowsiness, and apathy are major syms

2. Hyperthyroidism is an abnormally increased secretion of thyroid
hormones. After diabetes mellitus, the most commodocrine
disorder is a type of hyperthyroidism call@daves diseaselt is
an autoimmune disorder that produces a specificuinaglobulin,
calledthyroid-stimulating immunoglobulin (TSI).

3. Goiter is a chronic enlargement of the thyroid gland not tb a
tumor. Goiter eventually develops with chronic hygaeretion of
thyroid hormones. TSI in Graves disease or eleval&H
produced by pituitary tumors results in continuatrstimulation
of the thyroid gland. Thyroid hormone synthesisréases and
thyroid gland cells increase in size and numberdpcing goiter.
Hypothyroidism caused by an iodine deficiency e diet can also
cause goiter. Without adequate iodine to synthesisgoid
hormones, blood levels of thyroid hormones decredsereduced
negative feedback of thyroid hormones on the amtgaituitary
and hypothalamus results in elevated TSH secretiSi causes
increased thyroid gland cell size and number ameased
thyroglobulin synthesis, even though there is maugh iodine to
synthesise thyroid hormones. Historically, goiteresre common
in people from areas where the soil was depletedodine.
Consequently, plants grown in these areas, cabiadrgoelts, had
little iodine in them and caused iodine-deficierisl lodized salt
has nearly eliminated iodine-deficiency goiters. wdwer, it
remains a problem in some developing countries

4.0 CONCLUSION

The Thyroid gland is located just below the laryihas two lobes and
an adjoining part, the hormones produce by theofdygland are T3 and
T4. The Para-thyroid glands are 4 smaller glandatéx in the posterior
aspect of the thyroid gland, they produce parasiiyinormone.

5.0 SUMMARY

. The thyroid gland is just inferior to the laryrikhe thyroid gland
is composed of small, hollow balls of cells calfetlicles, which
contain thyroglobulin. Para-follicular cells are a#tered
throughout the thyroid gland.
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Thyroid hormone (T3 and T4) synthesis occutthymoid follicles.
lodide ions are taken into the follicles by secawdactive
transport (symport), transported to the folliclemkn, and
converted to iodine. Thyroglobulin is secreted ithe follicle
lumen. Tyrosine molecules with iodine combine tanfol'3 and
T4 within thyroglobulin. Thyroglobulin is taken mfollicle cells
and is broken down; T3 and T4 diffuse from theiétdls to the
blood.

Thyroid hormones are transported in the bloddirdid hormones
bind to thyroxine-binding globulin and other plasprateins. The
plasma proteins prolong the time that thyroid hamgsremain in
the blood. T3 and T4 bind with nuclear receptor enales and
initiate new protein synthesis.T3 and T4 affectrlyeavery tissue
in the body. T3 and T4 increase the rate of gludaseand protein
metabolism in many tissues, thus increasing bodyp&zature.
The normal growth of many tissues is dependent®and T4.
Thyrotropin-releasing hormone (TRH) and thyretanulating
hormone (TSH) regulate T3 and T4 secretion. TRHnfrihe
hypothalamus increases TSH secretion. TRH incressasresult
of chronic exposure to cold and decreases as dt rastood
deprivation, injury, and infections. Increased TSiem the
anterior pituitary increases T3 and T4 secretion.

The para-follicular cells secrete calcitonin. Acrease in blood
calcium levels stimulates calcitonin secretion. otahin
decreases blood Ca2+ levels by inhibiting ostetxlas

The parathyroid glands are embedded in the ithygland.
Parathyroid hormone (PTH) increases blood Ca2+IdeTH
stimulates an increase in osteoclast numbers, tirgguin an
increased breakdown of bone. PTH promotes Ca2+sogption
by the kidneys and the formation of active vitaniinby the
kidneys. Active vitamin D increases calcium absorptby the
intestine. A decrease in blood Ca2+ levels stineslaPTH
secretion.

SELF-ASSESSMENT EXERCISE
Examine the slides of the thyroid and parathyroldnds under the
microscope in the histology laboratory.

6.0
1.
2.
3.
4.
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TUTOR-MARKED ASSIGNMENT

Describe events in the thyroid follicles thesult in the synthesis
and secretion of thyroid hormones.

Describe the actions of thyroid hormones T3 B#d

What are some common disorders associated thiynoid
dysfunction?

What two cell types are found in the parathyigiands?
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UNIT 4 ADRENAL GLANDS
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1.0 INTRODUCTION

An adrenal gland sits on top of each kidney. Idigided into two
portions—the adrenal medulla and the adrenal corlégne adrenal
medulla is the central portion of the gland andetesepinephrine and
norepinephrine. These hormones produce the same effects that the
sympathetic nervous system produces. They incleze rate, breathing
rate, blood pressure, and all the other actionsprepare the body for
stressful situations.

2.0 OBJECTIVES
By the end of this unit, you will be able to:

o describe the anatomy of the adrenal gland

) list the hormones released by the adrenal glandsgive the
functions of each.

3.0 MAIN CONTENT

3.1  Anatomy of the adrenal glands

The adrenal glands, or suprarenal (above the kjdylagds, are two small
glands that are located superior to each kidnegh Bdrenal gland has an
inner part, called the adrenal medulla (marrow aidbe), and an outer
part, called the adrenal cortex (bark or outer)e Tortex has three
indistinct layers: the zona glomerulosa, the zas&itulata, and the zona
reticularis.
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The adrenal glands

Abdominal aorta
Superior suprarenal artery

Adrenal gland

Middle suprarenal artery
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Inferior suprarenal artery

Renal artery
Adrenal

Renal vein
glands

Kidney

Ureter

The medulla and the three layers of the cortex strecturally and
functionally specialised. In many ways, an adrgtahd is four glands in
one.

1. Thezona glomerulosa, a thin layer of cells that lies just underneath

the capsule, constitutes about 15 percent of tmenadl cortex.
These cells are the only ones in the adrenal gtaphble of

secreting significant amounts alidosterone because they contain
the enzymeldosterone synthase, which is necessary for synthesis

of aldosterone. The secretion of these cells isroth@ad mainly by
the extracellular fluid concentrations angiotensin 11 and
potassium, both of which stimulate aldosterone secretion.

2. The zona fasciculata, the middle and widest layer, constitutes

about 75 percent of the adrenal cortex and secréte
glucocorticoidscortisol and corticosterone, as well as small
amounts ofadrenal androgens and estrogens. The secretion of
these cells is controlled in large part by thedtliplamicpituitary
axis viaadrenocorticotropic hormone (ACTH).

adrenal androgensdehydroepiandrosterone (DHEA) and

Thezona reticularis, the deep layer of the cortex, secretes the

androstenedione, as well as small amounts of estrogens and some

glucocorticoids. ACTH also regulates secretiontludése cells,
although other factors such a&srtical androgen-stimulating
hormone, released from the pituitary, may also be involvEkle
mechanisms for controlling adrenal androgen prodogc
however, are not nearly as well understood as ethfig
glucocorticoids and mineralocorticoids.
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Zona glomerulosa
aldosterone

Zona fasciculata
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Secretion of adrenocortical hormones by the diffezenes of the adrenal
cortex and secretion of catecholamines by the afireaadulla.

Hormones of the adrenal medulla

Approximately 80% of the hormone released fromatieenal medulla is
epinephrine, or adrenaline. The remaining 20% iepioephrine. The
adrenal medulla consists of cells derived fromsidnme cells that give rise
to postganglionic sympathetic neurons, which secreirepinephrine.
Epinephrine is derived from norepinephrine. Thesadl medulla and the
sympathetic division function together to prepdre body for physical
activity, producing the “fight-or-flight” responsé&Some of the major
effects of the hormones released from the adreradluffa are the
following:

1. Increased breakdown of glycogen to glucosehm liver, the
release of the glucose into the blood, and theass of fatty acids
from fat cells. The glucose and fatty acids areduas energy
sources to maintain the body’s increased rateetébolism.

2. Increased heart rate, which increases bloodspresand blood
delivery to tissues.
3. Increased vasodilation of blood vessels ofhtbart and skeletal

muscle, which increases blood flow to the orgasponsible for

increased  physical activity. The hormones increase
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vasoconstriction of blood vessels to the inteorghns and skin,
which decreases blood flow to organs not direatiolved in
physical activity.

4. Increased metabolic rate of several tissugseotslly skeletal
muscle, cardiac muscle, and nervous tissue. Tease of adrenal
medullary hormones primarily occurs in responsestimulation
by sympathetic neurons because the adrenal medsillia
specialised part of the autonomic nervous syst&averal
conditions, including exercise, emotional excitameinjury,
stress, and low blood glucose levels, lead tadlease of adrenal
medullary hormones.

Hormones of the adrenal cortex

The adrenal cortex secretes three hormone typaseratocorticoids,

glucocorticoids, and androgens. All are similaistructure in that they
are steroids, highly specialised lipids that arevee from cholesterol.
Because they are lipid-soluble, they are not stameithe adrenal gland
cells but diff use from the cells as they are sgsited. Adrenal cortical
hormones are transported in the blood in combinatigth specific

plasma proteins; they are metabolised in the bwel excreted in the bile
and urine. The hormones of the adrenal cortex tomiliclear receptors
and stimulate the synthesis of specific proteirst #re responsible for
producing the cell’s responses.

Mineralocorticoids

The major secretory products of the zona glomeaul@se the
mineralocorticoids. The mineralocorticoids are soned because they
are steroids, produced by the adrenal cortex, dffatt the “minerals”
Na+, K+, and H+.Aldosterone is produced in the greatest amounts,
although other, closely related mineralocortic@ds also secreted.

Aldosterone increases the rate of Na+ reabsorpbprihe kidneys,
thereby increasing blood Na+ levels. Sodium regiigor can result in
increased water reabsorption by the kidneys anthenease in blood
volume, providing ADH is also secreted. Increasémbdb volume can
increase blood pressure. Aldosterone increasesiHa excretion into
the urine by the kidneys, thereby decreasing blewdls of K+ and H+.
When aldosterone is secreted in high concentratiinsan result in
abnormally low blood levels of K+ and H+. The retioic in H+ can
cause alkalosis, an abnormally elevated pH of llaiys.
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Glucocorticoids

The zona fasciculata of the adrenal cortex primarfecretes
glucocorticoids. The glucocorticoids are so namedalse they are
steroids produced by the adrenal cortex that afjectose metabolism.
The major glucocorticoid isortisol. The target tissues and responses to
the glucocorticoids are numerous. The two majoesypf responses to
glucocorticoids are classified as metabolic andi-iaffammatory.
Cortisol increases the breakdown of protein andafat increases their
conversion to forms that can be used as energygassiny the body. For
example, cortisol causes proteins in skeletal negsid be broken down
to amino acids, which are then released into thmeulatory system.
Cortisol acts on the liver, causing it to convertigo acids to glucose,
which is released into the blood or stored as gjgoco Thus, cortisol
increases blood sugar levels. Cortisol also actsdipose tissue, causing
fat stored in fat cells to be broken down to faityds, which are released
into the circulation. The glucose and fatty aciddeased into the
circulatory system are taken up by tissues and asewurces of energy.
Glucocorticoids decrease the intensity of the mfieatory and immune
responses by decreasing both the number of whitedbtells and the
secretion of inflammatory chemicals from tissuésrtisone, a steroid
closely related to cortisol, is often given as adio&tion to reduce
inflammation that occurs in response to injurieéss klso given to reduce
the immune and inflammatory responses that occarrasult of allergic
reactions or diseases resulting from abnormal imewasponses, such as
rheumatoid arthritis or asthma. In response t@stot conditions, cortisol
is secreted in larger than normal amounts. Cortgsds the body in
responding to stressful conditions by providingrggesources for tissues.
If stressful conditions are prolonged, however, umity can be
suppressed enough to make the body susceptibtéections. Cortisol
secretion is regulated through the hypothalamus andrior pituitary
gland. Stress and low blood glucose levels stimulaicreased
corticotropin-releasing hormone (CRH)from the hypothalamus. CRH
stimulates increaseadrenocorticotropic hormone (ACTH) secretion
from the anterior pituitary gland. ACTH stimulatesreased cortisol
secretion.

Clinical correlates
l. Adrenal Tumors
The two major disorders of the adrenal medullabaté tumors.

Pheochromocytoma is a benign tumor; neuroblastsraamalignant
tumor.
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Symptoms, resulting from the release of large artsoofepinephrine and
norepinephrine, include hypertension (high bloodspure), sweating,
nervousness, pallor, and tachycardia (rapid heas).r High blood
pressure results from the effect of these hormonebe heart and blood
vessels and is correlated with an increased chahbeart disease and
stroke.

I. Chronic adrenocortical insufficiency, often called Addison
disease results from abnormally low levels of aldosteromal a
cortisol in the blood. The cause of many cases of chronic
adrenocortical insufficiency is unknown, but ieduently results
from an autoimmune disease which the body's defense
mechanisms inappropriately destroy tadrenal cortex. Other
causes are infections and tumors that damagadiemal cortex.

[ll.  Aldosteronismis caused by an excess production of aldosterone.
Primary aldosteronism results from an adrenal gaenor, and
secondary aldosteronism occurs when an extranemisr f such
as anoverproduction of renin, a substance produced k& th
kidneys, increasesldosterone secretion. Major symptoms of
aldosteronism are hypernatremia (elevated blood Na+t),
hypokalemia (decreased K-glkalosis (decreased H+), and high
blood pressure due to the retentionwvediter and Na+ by the
kidneys.

IV. Cushing syndrome is a disorder characterised by the
hypersecretion of cortisol and androgens and plysbip excess
aldosterone production. Most cases are caused dBseXACTH
production by nonpituitary tumors, which usuallysul# from a
type of lung cancer. Some cases of increased AGDreson do
result from pituitary tumors. Sometimes adrenal dtsnor
unidentified causes can be responsible for hypesen of the
adrenal cortex without increases in ACTH secretion.

4.0 CONCLUSION
The Adrenal glands are two, located on the supgote of each kidney,
the gland has two parts, the cortex, and the medilHe gland develops

from the neural crest cells. Some of the hormonedyred by the adrenal
gland are Aldosterone and Cortisol.

5.0 SUMMARY

o The adrenal glands are near the superior poldsedfitineys. The
adrenal medulla arises from the same cells thaé gise to
postganglionic sympathetic neurons.
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o The adrenal cortex is divided into three layerse thona
glomerulosa, the zona fasciculata, and the zomzutatis.
o Epinephrine accounts for 80% and norepinephrin@8% of the

adrenal medulla hormones. The adrenal medulla hoesprepare
the body for physical activity.

o The zona glomerulosa secretes the mineralocorsceispecially
aldosterone. Aldosterone acts on the kidneys tease Na+ and
to decrease K+ and H+ levels in the blood.

o The zona fasciculata secretes glucocorticoids,ashe cortisol.
Cortisol increases fat and protein breakdown, m®es glucose
synthesis from amino acids, decreases the inflaomagsponse.

) The zona reticularis secretes androgens. In femaledrogens
stimulate axillary and pubic hair growth and sexdrale.

SELF-ASSESSMENT EXERCISE
I Examine microscopic slides of the adrenal glanthenhistology
laboratory.

. Distinguish between the darker cortex with verticarranged
rows of cells and the lighter medulla.

6.0 TUTOR-MARKED ASSIGNMENT
What controls glucocorticoid secretion?
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1.0 INTRODUCTION

The pancreas is located behind the stomach. h isnalocrine gland as
well as an exocrine gland. It is considered an ereqgland because it
secretes digestive enzymes into a duct that leattetsmall intestine. It
is considered an endocrine gland because it cangainctures known as
islets of Langerhans that secrete hormones intobtbedstream. The
islets of Langerhans secrete two hormones—insukhgucagon.

2.0 OBJECTIVES

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

o describe the anatomy of the pancreas
o identify the pancreatic hormones and
o explain their physiological effects.

3.0 MAIN CONTENT

3.1 Anatomy of the pancreas

The pancreas lies retroperitoneally in roughlytt@spyloric plane. For
descriptive purposes, itis divided into head, néckly, and tail. The head
lies in the C-curve of the duodenum and sendshaatricinate process
which hooks posteriorly to the superior mesenteggsels as these travel
from behind the pancreas into the root of the miesgnPosteriorly lie
the inferior vena cava, the commencement of théapaein, aorta,
superior mesenteric vessels, the crura of the dagpoh, coeliac plexus,
the left kidney and suprarenal gland. The tortusplenic artery runs
along the upper border of the pancreas. The splemicruns behind the
gland, receives the inferior mesenteric vein anuhsjothe superior
mesenteric to form the portal vein behind the paatt neck.
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To complete this list of important posterior redaiships, the common bile
duct lies either in a groove in the right extrenafyhe gland or embedded
in its substance, as it passes to open into trendgquart of the duodenum.
Anteriorly lies the stomach separated by the lesaer To the left, the
pancreatic tail lies against the hilum of the spld&ood is supplied from
the splenic and the pancreaticoduodenal artehes;drresponding veins

drain into the portal system.

Pancreatic hormones

Insulin promotes the uptake of glucose by cellstherefore, reduces
glucose concentrations in the bloodstream. It pteonotes the transport
of amino acids into cells and increases proteintr®sis. Glucagon
increases glucose concentrations in the bloodstraadhslows down

protein synthesis.
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(a} Anterior view of the pancreas. (b) A pancreatic islet consists of chusters of specialized cells amang the acini of the exocrine portion of the pancreas. ) Light
micrograph of pancreatic tissue. The stain used for this slide does not distinguish between alpha and beta cells.
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Effect of Insulin and Glucagon on their Target Tissies
Insulin

Insulin increases the uptake of glucose and amonmbsay target cells.

Once insulin binds to its receptors, the receptarsse specific proteins
in the membrane to become phosphorylated. Palnieatell’s response to
insulin is to increase the number of transportgnsin the membrane of
cells for glucose and amino acids. The major tatigsties of insulin are
the liver, adipose tissue, the skeletal musclestlam satiety center within
the hypothalamus of the brain. Tlsatiety centeris a collection of

neurons in the hypothalamus that controls appdiltdike the satiety

center, most of the nervous system does not dependsulin for the

uptake of glucose. Insulin is very important foe thormal functioning of

the nervous system, however, because insulin regulaood glucose
levels. If blood glucose levels are not maintaimgithin a normal range,
the brain malfunctions because glucose is its pynemergy source.
When insulin levels increase, the movement of gdecand amino acids
into cells increases. Glucose molecules that arenmoediately used as
an energy source are stored as glycogen in the skeletal muscle, and
other tissues, or they are converted to fat in@Bgissue. Amino acids
are used to synthesise proteins.

When insulin levels decrease, the opposite effaotsobserved. The
movement of glucose and amino acids into tissuewssl Glycogen is
broken down to glucose, which is released fromlitrex, but not from
skeletal muscle. Adipose tissue releases fattysa@dd proteins are
broken down into amino acids, especially in skéletascle. The amino
acids are released into the blood, taken up bylitee, and used to
synthesise glucose, which is released into thedbldéhen insulin levels
decrease, the liver uses fatty acids to madetoacetic acidwhich is
converted t@acetoneand - hydroxybutyric acid. These three substances
collectively are referred to &etonebodies.The liver releases the ketone
bodies into the blood, from which other tissue®tdlem up and use them
as a source of energy. The ketone bodies are smaltee readily used
“packets” of energy than are fatty acids. Ketonéiés, however, are
acids that can adversely affect blood pH if too ynaithem are produced.
In addition, when insulin levels are low, the liveteases cholesterol and
triglycerides into the blood.

Glucagon
Glucagon increases blood sugar and ketone levélgaGon primarily
influences the liver, although it has some effatiskeletal muscle and

adipose tissue. The pancreas secretes glucagornhimtbepatic portal
system, which carries blood to the liver from tlamqgreas and intestines.
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Glucagon binds to membrane-bound receptors, aesv@atproteins, and
increases CAMP synthesis. In general, glucagonesatle breakdown of
glycogen to glucose and increases glucose syntfresisamino acids.
The release of glucose from the liver increasesflucose levels.

Regulation of pancreatic hormones
Insulin

Blood levels of nutrients, neural stimulation, damrmones control the
secretion of insulin. Elevated blood levels of gise directly affect thp
cells and stimulate insulin secretion. Low blooekls of glucose directly
inhibit insulin secretion. Thus, blood glucose lsvglay a major role in
the regulation of insulin secretion. Certain amamds also stimulate
insulin secretion by acting directly on the celldter a meal, when
glucose and amino acid levels increase in the laitoty system, insulin
secretion increases. During periods of fasting,mibleod glucose levels
are low, the rate of insulin secretion declinese Butonomic nervous
system also controls insulin secretion. The parasghetic stimulation
of digestive system organs is associated with foodake.
Parasympathetic stimulation of the pancreas inesed@s secretion of
insulin and digestive enzymes. Sympathetic stinainhibits insulin
secretion and helps prevent a rapid fall in bloagtgse levels during
periods of physical activity or excitement. Thisgense is important for
maintaining the normal functioning of the nervous/stem.
Gastrointestinal hormones involved with the regatabf digestion, such
as gastrin, secretin, and cholecystokinin, incré@sdin secretion.

Glucagon

Low blood glucose levels stimulate glucagon sesngtand high blood
glucose levels inhibit it. Certain amino acids agthpathetic stimulation
also increase glucagon secretion. After a highgmmatneal, amino acids
increase both insulin and glucagon secretion. ingaluses target tissues
to accept the amino acids for protein synthesid, glncagon increases
the process of glucose synthesis from amino anitisa liver.

Clinical correlates

Diabetes mellitus results from the inadequate secref insulin or the

inability of tissues to respond to insulin. As auk, blood sugar levels
increase. The two major types of diabetes are lyped type 2 diabetes.
Type 1 diabetes mellitus, also called insulin-dejeen diabetes mellitus
(IDDM), results from diminished or absent insulieceetion. It affects

approximately 5%-10% of people with diabetes medliand most
commonly occurs in young people. Type 1 diabetefitasedevelops as
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a result of autoimmune destruction of the pancrcesiiets, and symptoms
appear after approximately 90% of the islets haeenbdestroyed.
Heredity plays a role in the condition, althougé ihitiation of pancreatic
islet destruction may involve a viral infection thfe pancreas. Type 2
diabetes mellitus, also called noninsulin-dependgiabetes mellitus
(NIDDM), results from insulin resistance, the indli of tissues to
respond normally to insulin. It affects approxina@0%— 95% of people
who have diabetes mellitus and usually develop®ople older than 40—
45 years of age, although the age of onset vaniesiderably. People with
type 2 diabetes mellitus have a reduced numbeuraftional receptors
for insulin, or one or more of the enzymes actigtdie the insulin receptor
Is defective. Heredity influences the likelihood @éveloping type 2
diabetes, but it is not as important a risk fae®for type 1 diabetes.

Three potentially life-threatening conditions ass@ciated with untreated
diabetes mellitus: diabetic ketoacidosis, hyperagynic hyperosmolar
state, and insulin shock.

> Diabetic ketoacidosis (DKA) is the triad of hyperglycemia,
ketosis, and acidosi¥Ketosis is the presence of excess ketone
bodies in the blood.

> Hyperglycemic hyperosmolar state (HHS)consists of very
elevated blood sugar levels. It is most likely &velop in type 2
diabetics who have enough insulin to prevent kstosut not
enough insulin to prevent hyperglycemia.

> Insulin shock occurs when there is too much insulin relativént t
amount of blood glucose. Too much insulin, todditbod intake
after an injection of insulin, or increased met&bul of glucose
due to excess exercise by a diabetic patient casecasulin
shock. The high levels of insulin cause targetugssto take up
glucose at a very high rate. As a result, bloodgge levels rapidly
fall to a low level.

4.0 CONCLUSION

The Pancreas is located in the abdominal caviiy rétro-peritoneal, and
the exocrine portion of the pancreas produces paticrdigestive juices.
The endocrine portion consists of the pancreatetsisthe alpha cells
secrete glucagon and beta cells secrete insulin.
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5.0 SUMMARY

o The exocrine portion of the pancreas consists afraplex duct
system, which ends in small sacs, called acini,clviproduce
pancreatic digestive juices.

o The endocrine portion consists of the pancreal&tsisEach islet
Is composed of alpha cells, which secrete glucagoa beta cells,
which secrete insulin.

) Insulin’s target tissues are the liver, adipossuigs muscle, and the
satiety center in the hypothalamus. The nervougeByss not a
target tissue, but it does rely on blood glucoselke maintained
by insulin.

o Insulin increases the uptake of glucose and amtiasay cells.
Glucose is used for energy, stored as glycogeaopverted into
fats. Amino acids are used to synthesise protéiog. levels of
insulin promote the formation of ketone bodies g liver.

o Glucagon'’s target tissue is mainly the liver. Glyma causes the
breakdown of glycogen to glucose and the synthefsglucose
from amino acids. The liver releases glucose inéoltiood.

o Insulin secretion increases because of elevateddbtgucose
levels, an increase in some amino acids, parasyrepat
stimulation, and gastrointestinal hormones. Syngiath
stimulation decreases insulin secretion.

o Glucagon secretion is stimulated by low blood ghecdevels,
certain amino acids, and sympathetic stimulatioom&ostatin
inhibits insulin and glucagon secretion

SELF-ASSESSMENT EXERCISE

|. Examine the microscopic slides of the pancrdague in the histology
laboratory and note the pancreatic islets whichtlaeeendocrine portion
of the pancreas.

II. In the gross anatomy laboratory, study the amgtof the pancreas and
its relations.

6.0 TUTOR-MARKED ASSIGNMENT

1. What are the physiological effects of pancrelatirmones?
2. What are the causes of diabetes mellitus (msigficiency)?
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1.0 INTRODUCTION

There are other hormone-producing organs which rpesple are not
aware of or consider as parts of the endocrineesysiThey will be
discussed in great detail in this chapter, theyuohe the pineal gland,
thymus and hormone-like substances. We will disdhsstestis and
ovaries as well.

2.0 OBJECTIVES

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

o discuss the anatomy and functions of other glanttsemdocrine
functions

o define autocrine and paracrine agents

) discuss the age-related changes that occur imithecene
system.

3.0 MAIN CONTENT

3.1 Pineal body

The pineal gland is a small, pinecone-shaped streidbcated superior
and posterior to the thalamus of the brain. Thegligland produces a
hormone called melatonin, which inhibits the fuang8 of the
reproductive system in some animals. Melatonin siédpregulate your
circadian rhythms, which is your biological clodkour biological clock
helps you decide when you should be awake or asidelatonin is also
thought to play a role in the onset of puberty. dunthat destroy the
pineal gland correlate with early sexual developimand tumors that
result in pineal hormone secretion correlate wetlarded development of
the reproductive system. It is not clear, howevethe pineal gland
controls the onset of puberty.
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The amount of light detected by the eyes reguldiesate of melatonin
secretion. The axons of some neurons in the re@ss from the optic
chiasm to the suprachiasmatic nucleus in the hwgbathus, which
influences the pineal gland through sympatheticores Increased light
exposure inhibits melatonin secretion, whereasraek allows melatonin
secretion. Melatonin is sometimes called the “horen@f darkness”
because its production increases in the dark. imyraaimals, longer day
length (shorter nights) causes a decrease in nia@tasecretion, whereas
shorter day length (longer nights) causes an igerea melatonin
secretion. For example, in animals that breedersiiring, increased day
length results in decreased melatonin secretioth Wécreased inhibition
of the hypothalamus by melatonin, sex hormone ol increases,
which promotes the development of reproductivecstmes and behavior.
In the fall, decreased day length results in ineedamelatonin secretion,
decreased sex hormone production, atrophy of rejotoe

Thymus gland

The thymus is in the neck and superior to the hedine thorax; it secretes
a hormone calledhymosin. Both the thymus and thymosin play an
important role in the development and maturatiothefimmune system
Thymosin promotes the production of certain lymplies.

Other hormone producing organs include:

Cholecystokinins are released from the gastroimasttract. They
regulate digestive functions by influencing theiatt of the stomach,
intestines, liver, and pancreas. The kidneys seerbbrmone in response
to reduced oxygen levels in the kidney. The hormasecalled
erythropoietin. It acts on the red bone marrowntrease the production
of red blood cells. In pregnant women, the placengn important source
of hormones that maintain pregnancy and stimule¢adi development.
These hormones include estrogen, progesteronehamén chorionic
gonadotropin, which is similar in structure anddtion to LH. These
hormones are essential to the maintenance of pnegna

Hormone-like Substances

Autocrine chemical messengers are chemicals relebgea cell that
affect the cell producing it or affect nearby calfsthe same cell type.
Examples of autocrine chemical messengers inclugemap of related
chemical mediators called eicosanoids, which anmevel® from fatty

acids. The eicosanoids include prostaglandins, nthoxanes,
prostacyclins, and leukotrienes.
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Paracrine chemical messengers are chemicals rdlbgsecell that affect
nearby cells of a different cell type. Examplespafracrine chemical
messengers include growth factors, clotting fa¢t@sd histamine.
Autocrine and paracrine chemical messengers diften hormones in
that they are not secreted from discrete endoglmads, they have local
effects rather than systemic effects, or they Hawetions that are not
understood adequately to explain their role indibeéy. The schemes used
to classify chemicals based on their functionsuseful, but they do not
indicate that a specific molecule always perforraste same type of
chemical messenger in every place it is found. Sarhemical
messengers, such as prostaglandins, have bothriaet@nd paracrine
functions. Furthermore, some of these chemicals a0 act as
hormones. Testosterone produced in the testes pasarine effect on
the development of sperm cells, but it is releasemthe blood and has
an endocrine effect on skeletal muscle development.

Effects of aging on the endocrine system

Age-related changes to the endocrine system indugi@dual decrease
in the secretion of some, but not all, endocrinends. Some of the
decreases in secretion may be due to a decregdeysical activity as

people age. GH secretion decreases as people rafj¢hea decrease is
greatest in people who do not exercise. It mayogour in older people
who exercise regularly. Decreasing GH levels mgyanr some of the

gradual decreases in bone and muscle mass andaddheincrease in

adipose tissue in many elderly people.

Administering GH to slow or prevent the consequsrmieaging has not
been established to be effective, however, and otaslaside effects are
possible. A decrease in melatonin secretion mayente age-related
changes in sleep patterns. The secretion of thyrorthones decreases
slightly with age. Age-related damage to the thyigiand by the immune
system can occur, and this happens in women mae th men.
Approximately 10% of elderly women have some reiductn thyroid
hormone secretion.

Parathyroid hormone secretion does not appear ¢oedse with age.
Blood levels of Ca2+ may decrease slightly becaniseduced dietary
calcium intake and vitamin D levels. The greateskt is a loss of bone
matrix as parathyroid hormone increases to maimaod levels of Ca2+
within their normal range.

Reproductive hormone secretion gradually declineslderly men, and
women experience menopause.
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There are no age-related decreases in the aloiliggulate blood glucose
levels. There is an age-related tendency to devglpp 2 diabetes
mellitus in those who have a familial tendencyacd, and it is correlated
with age-related increases in body weight. Thymdsim the thymus
decreases with age. Fewer immature lymphocytemedinre and become
functional, and the immune system becomes lesstaféein protecting
the body. There is an increased susceptibilityteation and cancer.

4.0 CONCLUSION

The other hormone-producing organs in the body theepineal gland,
thymus, testis and ovaries. They produce hormdmegsaict locally. The
pineal gland produces melatonin, thymosin by thyant erythropoietin
by the kidney.

5.0 SUMMARY

o The pineal gland produces melatonin, which can bihhi
reproductive maturation and may regulate sleep-wgktes.
o The thymus produces thymosin, which is involved the

development of the immune system.
o The kidneys produce erythropoietin, which stimwated blood
cell production.

o Autocrine chemical messengers are chemicals tlcallyoaffect
cells producing them or affect cells of the sanpety
o There is a gradual decrease in the secretion fateost, but not

all, hormones. Some decreases are secondary toaljidetreases
in physical activity.

SELF-ASSESSMENT EXERCISE

Discuss the anatomy and functions of other glantts endocrine
functions.

Discuss the age-related changes that occur innthe@ceine system.

6.0 TUTOR-MARKED ASSIGNMENT

What are autocrine and paracrine agents?
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