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COURSE GUIDE
GENERAL INTRODUCTION

Welcome to the second year course in Human PhygipldSC 222 —
Human Physiology Il. In the first level course, lgarn that Physiology
is about how the body does the work of helpingausttain a state of
health. We also learnt that the nurse must be adelyugrounded in
Physiology to help her/him in determining the fuoality of the various
organs that also work within the systemic framewadike knowledge of
normal function is also the basis of diagnosingtudisances of
physiological processes.

COURSE OBJECTIVES
At the completion of this course, you will be atde

Apply the knowledge of respiratory and gastrointedtphysiology in
analyzing health and nursing care needs and plgruare of patients.

WORKING THROUGH THIS COURSE

The course will be delivered adopting the blen@aaing mode, 70% of
online but interactive sessions and 30% of fackte-during laboratory
sessions. You are expected to register for thisseoanline before you
can have access to all the materials and havesatxdse class sessions
online. You will have hard and soft copies of ceunsaterials, you will
also have online interactive sessions, face-to-faessions with
instructors during practical sessions in the latmwya The interactive
online activities will be available to you on theuese link on the Website
of NOUN. There are activities and assignments enfor every unit
every week. You must visit the course sites weaklydo all assignments
to meet deadlines and to contribute to the tops=sles that would be
raised for everyone’s contribution.

You will be expected to read every module alonghvall assigned
readings to prepare you to have meaningful cortichs to all sessions
and to complete all activities. You must attemptta Self Assessment
Questions (SAQ) at the end of every unit to helpryanderstanding 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.
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COURSE MATERIALS

Course Guide

Course Text in Study Units

Textbooks (Hard and electronic) and Book of LabmmaPractical

Assignment File/Portfolio

STUDY UNITS

This course is made up of 5 modules comprisingri® as listed below:

Module 1
Unit 1
Unit 2
Unit 3
Module 2

Unit 1
Unit 2

Module 3

Unit 1
Unit 2

Module 4

Unit 1
Unit 2

Module5

Unit 1
Unit 2
Unit 3
Unit 4

Gastrointestinal Physiology

Organization and Secretions of tles®intestinal Tract
Gastrointestinal Motility

Gastrointestinal Hormones, Digastand Absorption

Nervous System

Overview of the Nervous System
Integration of Central Nervous Systeith Other Systems

Endocrine System And Reproductive System

The Endocrine System
The Reproductive System

Urinary System

Introduction to Urinary System
The Structure of the Kidney

The Special Senses

The Tongue and the Sense of Taste
The Nose and the Sense of Smell
The Ear and the Sense of Hearing
The Eyes and the Sense of Vision
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COURSE REQUIREMENTSAND EXPECTATIONSOF YOU

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

1. Be versatile in basic computer skills.

2. Participate in all laboratory practical up t&®0f the time.

3. Submit personal reports from laboratory prattsessions on
schedule.
4. Log in to the class online discussion boardeasti once a week

and contribute to ongoing discussions.
5. Contribute actively to group seminar presentestio

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 ratherdia-up access

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

4. nBrowser — Preferably Internet Explorer, MoxHisefox

5. Adobe Acrobat Reader

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

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

DISCUSSION FORUM

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

COURSE EVALUATION

There are two forms of evaluation of the progrems gre making in this
course. The first are the series of activitiesigassents and end of unit,
computer or tutor-marked assignments, and laborgti@ctical sessions
and the report. These constitute the continuoussassent that all carry
30% of the total mark. The second is a written dratron with multiple
choice, short answers and essay questions that @8keof the total mark
that you will do on completion of the course.

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

In-Course Examination: In line with the university’s regulation, in-
course examination will come up in the middle of gemester These
would come in form of Computer Marked AssignmerttisTwill be in
addition to 1compulsory Tutor Marked Assignment &) and three
Computer marked Assignment that comes after evergufe..... 0
Laboratory practical: Attendance, the record oftipgration and other
assignments will be graded and added to the otioees form other forms
of examinations.

Final Examination: The final written examination will come up at the
end of the semester comprising essay and objegtiestions covering
all the contents covered in the course. The firah@nation will amount
to 60% of the total grade for the course.

Learner-Facilitator evaluation of the course

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

vii
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GRADING CRITERIA

Grades will be based on the following Percentages

Tutor Marked Individual Assignments 240
Computer marked Assignment 10%

Group assignment 5% 30%
Discussion Topic participation 5%

Laboratory practical 10%

End of Course examination 70%

GRADING SCALE

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

SCHEDULE OF ASSIGNMENTSWITH DATES

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

SPECIFIC READING ASSIGNMENTS
To be provided by each module

COURSE OVERVIEW NSC 222 - Human Physiology (1)

This course is in continuation of NSC 221, HumagdRilogy (I) where
we covered the functional cell, cardio-vasculadeapulmonary
physiology. In this course we would cover respinatnd gastrointestinal
physiology. Respiration is the commonly acknowleatigign of life.

HOW TO GET THE MOST FROM THIS COURSE

1. Read and understand the context of this cousseehding
through this course guide paying attention to itset¥ou must
know the requirements before you will do well.

2. Develop a study plan for yourself.

3. Follow instructions about registration and mastgectations in
terms of reading, participation in discussion foruend of unit
and module assignments, laboratory practical dneralirectives
given by the course coordinator, facilitators &undrs.

viii
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4. Read your course texts and other referencedekth

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

6. Participate actively in online discussion foramd make sure

you are in touch with your study group and yourrse

coordinator.

Submit your assignments as at when due.

Work ahead of the interactive sessions.

Work through your assignments when returnedtognd do 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 NOUBthool of
Health Sciences websites as information will bevled
continuously on these sites.

11. Be optimistic about doing well.

© N
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MODULE 1 GASTROINTESTINAL PHYSIOLOGY

Unit 1 Organization and Secretions of tlesi®intestinal Tract
Unit 2 Gastrointestinal Motility
Unit 3 Gastrointestinal Hormones, Digastand Absorption

UNIT 1 ORGANIZATION AND SECRETIONS OF THE
GASTROINTESTINAL TRACT

CONTENT

1.0 Introduction

2.0  Objectives

3.0 Main Contents
3.1  Organization of the gastrointestinal tract
3.2  The sphincters
3.3  Characteristics of sphincters
3.4  Functions of sphincters

4.0 Conclusion

5.0 Summary

6.0  Tutor- Marked Assignments

7.0 References/Further Reading

1.0 INTRODUCTION

Beyond air exchange, the body depends on nutrieatshould be taken,
digested and absorbed to supply energy and otlezomitrients needed.
This module covers the organization of the gastesimal system, the
secretions, the hormones and the processes otidigasnd absorption.

Digestion is defined as the process by which faotdroken down into

simple chemical substances that can be absorbedgisaddas nutrients by
the body. Most of the substances in the diet cabeattilized as such.
These substances must be broken into smaller learso that they can
be absorbed into the blood and distributed to wasrjmarts of the body for
utilization. Digestive system is responsible foedd functions. The
gastrointestinal system performs digestive fundidnat provide the
nutrients needed for energy and other organic fonst The GIT system
Is organized with different organs that also allmwthe control release
of contents through sphincters. In this unit, youl \earn about the

organization and the functions of some of the csgarthe GIT.
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2.0

HUMAN PHYSIOLOGY II

OBJECTIVE

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

3.0
3.1

explain the Organization of the gastrointestinattiGIT
describe the sphincters in the GIT

describe the salivary glands and the secretions.

describe other secretions (pancreatic, intestigell, bladder) of
the GIT and their functions.

MAIN CONTENT

Organization of the gastrointestinal tract

The gastrointestinal system includes alimentaryaaextending from
pharynx to anus and accessory organs like saligéagd, liver and
pancreas. Figure 1 shows the entire alimentary.trac

Gal

Upper and lower
esophageal

Liver sphincters

Stomach

Pylorus
Pancreas

Ibladder

Sphincter
of Oddi

Colon

Small
intestine

valve extgrnal anal
sphincters

Figure 1: The Alimentary tract
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Organizational structure

The digestive tract includes the mouth, pharynxpblagus, stomach,
small intestine, large intestine, rectum and aifig. histology is similar
in all parts except the esophagus and the anusvgleeous attachment is
not present.

Figure 2 shows a typical cross-section of the tmiabwall. The basic
structures include: (i) serous coat (ii) muscuérer — longitudinal and
circular layer (iii) sub-mucosa (iv) Mucosa

Lymph node

Villus

Epithelium

Lamina propria
Muscularis mucosae

; .' - /Submucosa

@ _—— Circular muscle

Longitudinal
Serosa muscle

Myenteric Muscularis externa

plexus

Submucosal

plexus Gland in
submucosa

Figure 2: Typical cross section of the gut
Innervation

The wall of gastrointestinal tract (GIT) has infim nervous system
(enteric nervous system) beginning from the esopha&xtending down
the anus. It is composed mainly of two plexus.

1. The outer one lies between the longitudinal ancudr layer and
is called Auerbach’s or Myenteric plexus.

2. submucosa plexus or Meissner’'s plexus lies in ti@msicosa
layer.

The myenteric plexus control GIT movement. It iesBve to stretch
while the submucosal or meissner’s control seaneéind local blood
flow. It is sensitive to osmolar changes, pH changad chemical
composition of food. The enteric nervous systemfaantion on its own,

3
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independently of the extrinsic nerves supply to gle. The extrinsic
innervation can modify the activity of the entenervous system. The
extrinsic supply comes from the autonomic nervese Bympathetic
fibres gives relaxation of smooth muscle and vastrection of smooth
muscle, vasodilation and secretion of the digegtiice.

3.2 The sphincters

The alimentary tract is divided into functional qomamtment by sphincter.
They include:

I Upper esophageal sphincter
. Lower esophageal sphincter

ii.  Pyloric

V. Sphincter of Oddi

V. lleocecal sphincter

Vi. Internal sphincter (smooth muscle/involuntary)

vii.  Outer sphincter (skeletal muscle/voluntary)

Characteristics of sphincters

I They have high tension/pressure area. The tesswithin the
sphincter are very high.

. The resting tone is greater than the other &d@acent segments
which result in intraluminal high pressure zonatteeparate the
two lumen to compartments.

iii. It relaxes in response to appropriate stimulss that flow may
occur from one compartment to the next.

V. It regulates or maintains aurocaudal (moutlanas) flow of GIT
contents

Functions of sphincters

I The upper esophageal sphincter prevent air théoesophagus
during respiration.

. The lower esophageal sphincter prevents irtitgastric from
refluxing into the esophagus

iii.  The pyloric sphincter separates the acidic iemnument of the
stomach from the alkaline environment of the duuhe.

lv.  The ileocecal sphincter separates ileum frone tbecum,
disallowing the faeces in the cecum from refluxbagk into the
ileum.

V. The sphincter of Oddi allows intermittent flowf pancreatic
secretion and bile.

vi.  The internal sphincter has smooth muscle andshbws
involuntary movement of defecation, while the outenal
sphincter has skeletal muscle and shows volumayement.
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3.3 Salivary glands and Secretions

The digestive secretion in the mouth comes fronvaal gland. There
are three major salivary glands.

Parotid (behind the tongue)
Submaxillary (Submandibular)

Sublingual

Prnimary secretion:
1. Ptyalin
2. Mucus
2. BExtracellular fluid

- passive absorption
K+ active secretion

Mat active absorption
HC O~ secretion

Saliva

Figure 3. Formation and secretion of saliva by a submandilaalivary

gland

They are exocrine glands. Each has acini and dilist ¢n the acini, two
types of secreting cells have being found:

Serous secretion containing an alpha-amylase;shthe enzyme
for the digestion of starches.

A mucous secretion, containing mucin, whichingportant for

lubrication purposes There is also lingual lipassgreted by the
Ebner’'s glands. The parotid glands produce entitleéy serous
type of secretion; the submandibular glands sebtethe serous
and mucous types and the sublingual produce omyntbcous
type of secretion.

The submaxillary produces 10% secretion, sublingualduced 5%
secretion and parotid produced 25%.

Innervation

The salivary glands are supplied by both sympatheand
parasympathetic nerves. The sympathetic actionsgiasoconstriction
which causes secretion to be viscous and scanty.
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The parasympathetic effect causes vasodilation @gses copious
secretion. The parasympathetic fiber of craniaveét supplies some
submaxillary and sublingual and cranial nerve-9p$iep the parotid
gland.

Stensen duct

————— Parotid gland

Sublingual -+~ —-——- Submaxillary
gland gland
Wharton -————=—-=
duct

Figure 4: Major salivary glands

The parasympathetic is mediated via the releaseetllcholine that can
be blocked by atropine.

Composition of saliva

I The secretion of saliva per day ranges from 1®001500ml.
. It has a pH of 6.8 which ranges from 6.7- 7.
iii. It contains 99.5% water and 0.5% solid

The solid consists of organic and organic substnidee major inorganic
constituent are: Na+, K+, Cl-, HCO3-, Ca++ amgR+.

The organic substances include the enzyme-amylase, mucin,
lysozymes, IgA, blood group antigens, urea, urid,a&tc.

Duct cells function

The saliva in the duct is isotonic while the salivathe mouth is
hypotonic. This is due to the change that takesepia the lumen of the
ducts. The duct-epithelial cell shows active reghson of sodium ion in
exchange for potassium ion. There is also reahsorpt Cl- in exchange
for HCO3- since the duct cells are impermeabledter, the removal of
sodium and chloride ions makes the saliva to betoypc.



NSC222 MODULE 1

Aldosterone which is a mineralocorticoid acts olivaay duct to cause
sodium ion reabsorption in exchange for potassmm i

The concentration of Na+ and K+ in saliva dependfaw rate. At high
flow rate, less time is allowed for transfer ofseend hence Na+ is more
than K+ but the saliva remains isotonic at a higlvfrate.

Regulation of secretion

Salivary secretion is regulated mainly by neurathamisms. It shows
both conditional and unconditional reflexes.

Conditional reflex is established by learning, dhd secretion can be
seen from sight, smell and thought of food. Uncbodal reflex comes
from presence of food in the mouth.

The secretion of saliva in both sides of reflexesaused by activity of
parasympathetic nerves (VII) and (IX) supplying gtends.

Secretion is almost abolished (reduced) duringpsi€bere is a decrease
in resting flow rate when there is dehydration, iatyx fear and severe
mental effort.

Functions of the saliva

I The enzymexr- amylase acts on boiled starch and convert it to
maltose. The beginning of carbohydrate digestioocucs in the
mouth.

. The mucin present in the saliva lubricate tbed which helps in
mastication

iiil.  Saliva is necessary for swallowing

Iv. Helps in taste perception of food materialsdgsolving them

V. It facilitates speech. Speech is difficult iry anouth

Vi. Lysozymes and IgA present in the saliva giveisthb to
bactericidal and immunity functions respectively.

vii. It neutralizes the gastric acid that refluxet the esophagus and

release heart burn.

3.4 Gastric secretion

Gastric juice is secreted by gastric glands presetite gastric mucosa
of fundus and body of the stomach. There are 3stgpeells namely:

I Neck and surface epithelial cell that secreteous

. The chief cell that secretes enzyme

iii.  Parietal or Oxyntic cells that secrete Hydrlwsit acid (HCI) and
intrinsic factors.
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Composition of gastric secretion

The volume of secretion per day is about 2 litend ¢he pH varies
between 1.8 — 2.0.

The inorganic constituents include Na+, Cl-, P&, and SO4-. The
organic substances present in the secretion arestdig enzyme
(pepsinogen, renin, lipase), mucin and intrinsactdes.

Function of HCI (Hydrochloric acid)

The concentrated Hcl in the gastric juice is nemgsdo activate
pepsinogen to pepsin, the extreme acidity is biaudet. The acid pH in
the upper part of duodenum facilitates ion absormpti

Function of gastric juice

The beginning of protein digestion takes placéaedtomach. Pepsin acts
on protein and convert it to peptone. The enzynsedseted by chief cell
as active pepsinogen.

Gastric renin: Is a milk curdling enzyme which lssant in human but
present in cows.

Gastric lipase: Is a weak fat-splitting enzyme.

Intrinsic factor: Is secreted by the parietal oéllhe fundus. It is required
for the absorption of vitamin B12 (cyanocobalamiregtrinsic factor).
The absorption of vitamin B12 occurs in the terrhilgaum.

Mucus: Is secreted by surface epithelial cell aadk cell of the gland.
The surface epithelial cell also secrete bicarkemabe mucus and the
bicarbonate form gel in the lining of the gastricausa. This gel protects
the mucosa from the action of the acid. Therepsiagradient from the
lumen to the mucosal wall of the stomach. The pthémucosal is 7 and
that of the lumen is 2. The presence of HCO3- andus form the acid
mucosa barrier.

Certain condition like chronic stress, alcohol asgirin tends to arose
the acid mucosa batrrier.

Hydrochloric acid secretion

Hydrochloric acid (HCI) is the gastric juice seektfrom the parietal
cells. The secretion of Hcl is an active proceskitis transported against
the electrochemical gradient.

The concentration of Hcl in gastric juice is 150qgfiEwhereas it is 00004
mMEQ/L in plasma. The source of H+ is from the disstion of H2CO3.
The H2CO3 is formed from hydration of CO2 in theg®nce of carbonic
anhydrase enzyme. Carbonic acid dissociates to dt-HCO3-. The

8
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hydrogen ion formed is exchanged with potassiumaioa the transport
carrier is H+- K+ ATPase. The energy released ftbenbreakdown of
ATP is utilized for the active transport of H+. Ghte ion is also actively
transported from the cell into the lumen and codpiéh H+ to form Hcl.

The active transport of Hcl is followed by the pasdransport of water
into the lumen. The secretion of H+ leaves bicaateion within the cell.
The HCO3- combines with Na+ and enters the blecotlaHCO3. It is
known during digestion, alkaline level in the bloaad urine rise and it
is called Postprandial alkaline tide.

Agents causing secretion of Hydrochloric acid

I Gastrin is released from pyloric antrum

. Acetylcholine is secreted from the vagal ending Histamine
comes from enterochromaffin cell lining the muc@éhaen vagus
Is activated it releases acetylcholine. This slatas the release
of GRP (Gastric Releasing Peptide) followed byreton of
gastrin.

Vagal stimulation also causes the release of hisanAll these cause
release of Hcl.

When there is peptic ulcer, treatment could be ¢edwby inhibiting acid
secretion, and this could be achieved from thevalg

I Inhibiting H2 receptors by cimetidine
. Blocking hydrogen ion — potassium ion ATPasednyeprazole.

Regulation of gastric secretion

Gastric juice secretion is regulated by both newad hormonal
mechanisms. Neural regulation is mediated via #gus. Acetylcholine
Is released by vagal ending. The acetylcholinevatgs phospholipase C
which in turn raises intracellular Ca2+. The ingthdar Ca2+ promotes
the secretion of gastric juice. Hormonal regulai®by gastrin which is
secreted from the pyloric antrum.

3.4.1 Phases of gastric secretion

There are 3 phases of gastric secretion: (1) Cepphbdse (2) Gastric
phase (3) Intestinal phase

Cephalic phase

Conditional reflexes like sight, smell and thoughtood causes secretion
of gastric juice. The presence of food in the malio causes secretion
in the stomach. The cephalic phase occurs by ttratgmf the vagus.
Shaming-feeding experiments in animals like a degggan example of
cephalic secretion. The quantity of juice secresesimall. The cephalic
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phase accounts for about 10% of the total secretgsociated with a
meal.

Gastric phase

The gastric phase accounts for about 80% of tlad $etretion of gastric
juice. This phase is initiated by the presenceootifin the stomach. The
food stretches the stomach wall and this distenstiomulates the gastric
glands via both the extrinsic (vagal) and intringierve plexuses) reflex
pathways to produce gastric juice. Distension efgkloric antrum also
results in the release of gastrin into the bloodahyintrinsic reflex. In
addition, some substances in the food, known asetgogues, elicit
release of gastrin by the intrinsic reflex. Sucbstances include meat
extracts, protein digestion products, alcohol, lEeds and caffeine.
During this phase, maximum secretion occurs.

Intestinal phase

The arrival of food and the product of digestiontive intestine also
stimulates gastric secretion. The quantity producgdvery small.
However, the presence of food in the duodenum itshdecretion of
gastric juice. This inhibition is mediated througyterogastric reflex. The
presence of acid and fat in the duodenum causelb@se of secretin
and cholecystokinin. Also, there is the releas¥I6f, GIP- all of which
are enterogastrones. i.e. they cause inhibitiagasfric secretion.

3.3 Pancreatic secretion

The pancreas has both exocrine and endocrine funsctirhe digestive
enzymes are secreted from exocrine pancreas. Thaie& pancreas
consists of acini and ducts.

Composition

About 1500 ml of pancreatic juice are secretedyd&hncreatic juice is
a watery alkaline fluid; isotonic with plasma anghr in digestive

enzymes. The alkalinity is due to HCO3- secretethfthe duct epithelial
cells. Other inorganic substances are Na+, K+a@d SO4-. The organic
constituents includes: peptidase, amylase, lipasdease.

Regulation of pancreatic secretion

The regulation is mainly from hormones. The 2 tyméshormone
regulating 2 types of secretion.

I Secretin is produced by the duodenal mucosasefoe of acid
chyme in the duodenum is the main stimulus resyltin
secretion of watery fluid which in bicarbonate ttheelps to
neutralize the acid pH.

10
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. Cholecystokinin (CCK) causes secretion of tlangreatic juice
which in digestive enzymes. It also acts on thé lgadder.
Stimulus is product of food digestion entering duedenum.

3.5 Bile

Bile is secreted by the liver cells (liver lobuleahd stored in the
gallbladder. Secretion of bile The volume secrgiedday is 500-700
ml, and secretion occurs when chyme enters theeduod. PH is 7.6-
7.8.\

Composition of bile

Bile released from the gall bladder into the duagernas the following
composition. Water - 92%

Bile Salts - 6%
Bilirubin - 0.3%
Cholesterol — 0.3%
Fatty acids - 0.3%
Lecithin — 0.3%
Other lipids — 0.2%
Na+ - 130mEq/L

K+ - 12mEg/L
Ca2+ - 23mEqg/L
Cl- - 25mEqg/L

HCO3- - 10mEqg/L
BILE SALTS

They are secretory products of the liver. They &eamed from
cholesterol which gives rise to primary bile acichieh becomes
conjugated into Na+ and K+ to form taurocholate ghitocholate.

Formation of bile salts

Bile salts are formed from bile acids. There are psimary bile acids in
human, namely cholic acid and chenodeoxycholic,admich are formed
in liver and enter the intestine through bile. Do¢he bacterial action in
the intestine, the primary bile acids are converted secondary bile
acids:

11
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Cholic acid— deoxycholic acid
Chenodeoxycholic acig-> lithocholic acid

Secondary bile acids from intestine are transpdrtazk to liver through
enterohepatic circulation. In liver, the secondaly acids are conjugated
with glycine (amino acid) or taurin (derivativeari amino acid) and form
conjugated bile acids, namely glycocholic acid aadrocholic acids.
These bile acids combine with sodium or potassums to form the salts,
sodium or potassium glycocholate and sodium orgsaian taurocholate

Functions of bile salts

Bile salts are required for digestion and absorptibfats in the intestine.
The functions of bile salts are:

Emulsification of Fats
Absorption of Fats

Cholagogue Action

Choleretic Action

Laxative Action

revention of Gallstone Formation

o0k wNE

Bile pigments

Bile pigments are the excretory products in bildirdin and biliverdin
are the two bile pigments and bilirubin is the méite pigment in human
beings. Formation of bile salts Bile pigments apemfed during the
breakdown of hemoglobin, which is released fromdéstroyed RBCs in
the reticuloendothelial system.The breakdown ofi@gdobin gives rise
to bilirubin and biliverdin which are bile pigmenthey are excretory
products of the liver. The golden yellow of theeli$ due to the presence
of the pigment.

Destruction in reticuloendothelial system

. Senile RBC S
Globin Reused

Conjugated
bilirubin

Iron

+» Reused

Free bilirubin Enterohepatic

circulation

Biliverdin Via bile

Bilirubin
Urobilinogen
Kidney

|

Urabilinogen through urine

Intestine

Stercobilinogen through feces

Figure 5: Formation and circulation of bile pigments
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Phospholipids

Lecithin is the chief phospholipids present in Hike. It is insoluble in
water. It becomes solubilized in micelles.

Cholesterol

Cholesterol in bile is solubilized in micelles. Theesence of bile salt
keeps cholesterol in solution and prevents itsipitation to form stones.

Functions of the bile

Digestion and absorption of fats and fat solubleamins (ADEK)
depends on presence of bile.

The fat is lipid soluble while the digestive enzyfigase is enzyme
soluble.

To facilitate the action of lipase on lipids, biows the following
effects:

I The bile produces emulsification of fat. By thigrge molecules
are broken down into smaller ones.

. They show hydrotropic effects. This action dlelkenables lipase
enzyme to digest the fat. iii. Bile reduces sweféension. This
effect facilitates the lipase enzyme action.

I The micelles that is formed after digestion proraabesorption.
The micelles consist of digested glycerides combiwith bile.

FUNCTIONS OF BILE
Most of the functions of bile are due to the bidis

digestive function

absorptive functions

excretory functions

laxative action

antiseptic action

choleretic action

maintenance of ph in

prevention of gallstone formation
lubrication function

0. cholagogue action

PBOONOORWNE

ENTEROHEPATIC CIRCULATION

The bile salts that are secreted into the duodearenreabsorbed and
recirculated. About 90% of the bile salt that eriker small intestine are
absorbed from the terminal ileum, and enter therlthrough the portal

13
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circulation. From the liver, it is recirculatedarthe duodenum; this forms
enterohepatic circulation.

Liver

Passive _.-"

Terminal

Heum

o
Ponal
vein .

Figure 6. Enterohepatic circulation of bile acids

The bile salts in circulating pool are only 3-6gut the quantity required
for digestion is 4—8 gram. Normal digestion andaapson of fat can
take place by recirculation. The total circulatipgol circulate twice
during digestion of each meal.

The rate of synthesis depends on the rate of retorthe liver. About 0.2
gm/day of bile is lost in faeces.

Any condition that affects enterohepatic circulatiand decrease bile
pool and causes mal absorption of bile and fatdetamins may result
in steatorrhea.

Regulation of bile

Bile secretion is regulated by hormones. Therearechanisms:

14
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I Hormone secretin produced from duodenum whed elkbyme
enters acts on the biliary duct cells to incressgretion of water
and electrolytes which helps to neutralize thel atiyme, and
this action is known as hydrocholeretic effects.

a. The bile salt in the bile causes stimulatibnhe liver to
secrete more bile. This action is called cholerffect.

. Hormone cholecystokinin (CCK) also acts on Ighladder
smooth muscle causing contraction and expulsiobilef This
action of CCK on gall bladder is called chologugitiect.

Gall bladder

Gall bladder stores, releases and makes the hdecioncentration by
active reabsorption of Na+ and HCO3-, passivelyhayreabsorption of
water.

Gall stones
There are 2 types of gall stone- cholesterol stomkpigment stone.

Normally, cholesterol and lecithin are found intmn by the formation
of micelles. When there is alteration in conceidrgt cholesterol
crystallizes to form stones. Cholesterol stonesad®lucent.

Pigment stones are formed due to infection or abstn of the biliary
tree. The conjugation of bilirubin makes it insdwibresulting in
precipitation. Pigment stones are radiopaque.

Intestinal secretion

The small intestine consists of duodenum, jejunamad, ileum. The small

intestinal secretion is mainly water, mucus andtebdytes. It is alkaline

in nature and ranges between 10001500ml/day. Dwgeshzymes are
not secreted into the lumen, they are presentaraghcal surface of the
villi. At the base of the villi are glands calledy@ts of Lieberkuhn which

contains cells that secrete mucus. The intestilaadgof the duodenum
are called Brunner’s gland which also secrete mubus mucus secreted
by the Brunner’s gland provides protection to thécosa lining against
mechanical damage and also lubricate the mucasa lin

Regulation of intestinal secretion

Regulation is neural and hormonal. Vagal stimukaturing digestion
causes secretion of intestinal hormones. Vasoaatitestinal peptide
(VIP) hormones increase secretion of intestinalngé&a The most
important is the local enteric nervous system.

15
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4.0 CONCLUSION

The gastrointestinal system performs digestivetians that provide
the nutrients needed for energy and other orgamictions. The GIT
system is organized with different organs that alsmw for control
release of contents through sphincters.

5.0 SUMMARY

In this unit, you have learnt about the organizatbthe gastrointestinal
tract and the various sphincters with different reloteristics and
functions. You have also learnt that the salivdands of different types
produce secretions that also perform digestive tions. Gastric,

pancreatic, gall bladder secretions also perfofffierdint functions.

6.0 TUTOR-MARKED ASSIGNMENT

Activity: - See Laboratory manual and the experiments on
gastrointestinal system.

Please answer the following questions:

Describe the organization of the gastrointestireadtt
Describe the sphincters in the GIT

Explain what gastric secretion is and list its maomposition
Describe the three phases of gastric secretion

Discuss the pancreatic secretion and its major ositipn
Describe the composition and functions of the bile.

7.0 REFERENCES/FURTHER READING

Berne, R.M., B. M., & Stanton, B. A. (2010). Ber&d_evy physiology
(6" Edt.). Philadelphia, PA: Mosby/Elsevier.

o0k wnNE

Fox, S.I. (2012). Human Physiology. 12th edition; Mraw Hill, New
York.

Ganong W.F. (2010). Review of Medical Physiolog$rdedition, Mc
Graw Hill, New York.

Guyton, A.C& Hall J.E. (2001). Textbook of Medic&hysiology.
Harcourt International Edition, 10th edition, W.Baunders,
Philadelphia.

Oyebola, D.O. (2002). Essential Physiology, VoNihort Press.
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1.0 INTRODUCTION

The physical activity of processing the food itefnagn the point of entry
to the point of eliminating the waist takes a ceuns gastrointestinal
motility. This unit traces these actions from theuti to the anus.

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

explain the term, Gastrointestinal motility

describe the act and use of Mastication (Chewing)
describe the process of Swallowing (Deglutition)
list the functions of the stomach

describe the act of Gastro-intestinal motility
describe the process of Defeacation.

3.0 MAIN CONTENT

3.1 Gastrointestinal motility

The main function of the alimentary tract is toaesg digest and absorb
food materials. For this to be carried out, appedprmixing must be
provided. The mixing/propulsion are different ackacompartmental
stage of the tract. It requires both neural androoral mechanisms.

I Mastication (Chewing)

. Swallowing (Deglutition)

iii. Gastric motility

\Y2 Motility of the small intestine
V. Motility of the colon

17
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Vi. Defeacation (passage of faeces)

3.2 Chewing

Chewing is the process by which food brought ihi® mouth is broken
down into smaller pieces by the teeth. In the mecthe food is mixed
with saliva. Chewing makes it easier to swallowftiad and contributes
to its enjoyment by homogenizing and mixing thedadth saliva, thus
releasing taste-producing substances. Chewing @ancadsried out
voluntarily, but is more frequently a reflex actiiBy subdividing the
food into smaller particles, chewing makes it ploiesior the food to mix
more readily with digestive secretions of the stomand duodenum. The
tongue and the cheek muscles are used to keepdtierfass between the
teeth during mastication.

3.3 Deglutition (Swallowing)

It refers to the act of swallowing. It consists afl, pharyngeal and
esophageal stages. The 1st stage is voluntargnith@nd 3rd stages are
involuntary and reflex in nature.

EpIgIotis

Figure 1.  Stages of deglutition. A. Preparatory stageQBal stage;
C. Pharyngeal stage; D. Esophageal stage

Oral stage

It is voluntary. The food is masticated by mixingtwsaliva. The solid
food is converted to a soft bolus and positionedhm dorsum of the
tongue. In this stage, the bolus passes througbrtieavity toward the
pharynx assisted by the tongue pressing againstaittepalate.
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Pharyngeal stage

The presence of food at the entry of the pharymiudates receptors in
the tonsil and epiglottis which initiate the refleXhis stage is
involuntary: the efferent and afferent impulses eagried by cranial
nerves V, IX, X and XII.

The center is the swallowing center located innieelulla and the lower
pons. This reflex allows the bolus to enter thepbagus and not the
trachea. The entry of the bolus into the nasophaig/prevented by:

I The soft palate raises and presses againsotenor pharyngeal
wall.

. There is an upward and forward movement of [drgnx which
causes the glottis approximately with the epigdatihd seal with
the larynx. The vocal cord also approximately ltimg speech.

iii.  There is ceasation of respiration at this stahe bolus is
therefore directed at the esophagus. Esophagem st

The bolus enters the esophagus from the pharymoughr the upper
esophageal sphincter and enters the stomach thraghlower
esophageal sphincter.

Entry of food bolus causes distension and relaraifaipper esophageal
sphincter. This is as a result of inhibition of tiiagus nerve. This

distension initiate a wave of peristalsis whichesr along the length of
esophagus pushing the bolus forward. These areapyiperistalsis wave
travelling at 3-4cm/sec (frequency). The force @ity helps the wave

of movement. Liquid travels faster than solid taale the stomach. When
the bolus reaches the lower esophageal sphintterlakes and allows
the bolus to enter the stomach, after which it etogo prevent

regurgitation into the esophagus; this actiongailaed by the myenteric
plexus which secretes VIP or NO (nitric oxide)tH& primary peristalsis

does not completely empty the esophagus, one oe mecondary

peristalsis arises from distal part of esophagus.

Disorders of swallowing

1. Dysphagia - difficulty in swallowing

2. Achalasia — difficulty in emptying the food frothe esophagus
to stomach due to absence of peristalsis in theerdo3rd or
failure of cardiac sphincter to relax.

3.4  Gastric motility Functions of the stomach

I Storage organ: stomach can store large quaanfitipod, as it
shows receptive relaxation.
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. Beginning of protein digestion by pepsin occurghe stomach.

iii. It makes food into chyme by propulsive, migiand retropulsive
movement.

V. The acid in the stomach has bactericidal effddie gastric
secretion has intrinsic factor which is neces$aryabsorption of

vitamin B12.

V. The acid in the stomach convert cane sugar uctdse and
glucose. The acid in chyme in the duodenum fatdg iron
absorption.

-------------------- Esophagus
' " e— Fundus
Cardiac region---%
-- Body
Lesser .———__ :
curvature
--- Greater
Pylorus curvature
|
PR e~~~ —— Antrum
——————————————————————————————— Duodenum

Figure 2: Physiologic anatomy of the stomach
Movement in the stomach Receptive relaxation

The stomach shows receptive relaxation, accommuglddérge volume
of food. The receptors for this are present invtia#t of pharynx and the
stomach. The food is stored in the fundus and tliy bThe afferent and
efferent are the vagus. It causes the plexus te&e¥¢IP. Vagotomy does
not completely abolish reflective relaxation, ilydecreases it.

Digestive peristalsis (Mixing of food)

The distal part of the stomach shows peristaldee distension of the
wall of the distal part (antrum) stimulates intiyglexus. The smooth
muscle first shows slow waves which is not propagatand it's called
basal electrical rhythm (BER). The membrane poééntaches the
threshold level of pharynx. The entry of Nat+ and2€acauses
depolarization, resulting in spike potential (actipotential) which is
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propagatory and forms peristalsis. Peristalsis istgsof wave of
contraction followed by relaxation frequency of watnis 3/min.

When the food reaches the pyloric sphincter, itopil back to the
antrum because the pyloric sphincter is closed. @rbpulsion, mixing
and retropulsion in the pyloric breaks down thedfé@ chyme and helps
through mixing by the gastric juice. Each time peeistalsis arises at the
sphincter, only 2-3 ml is empty to the duodenum.

Gastric emptying

Gastric emptying occurs mainly due to gastroduod@texus cycle
caused by digestive peristalsis of the stomach. tidesit time for the
gastric empty of the food is 3-4 hrs.

As peristalsis reaches the sphincter, the chymetrigpuls allowing only
small quantity (2-3 ml) to emptied into the duodenand closes back.

Factors influencing emptying

Liquid leaves the stomach earlier than solid. Chybloate empty faster
than protein and fat is emptied last. Increasecid pH inhibit emptying.
Isotonic leaves earlier than hypo or hypertoniaigu

Enterogastric reflex

Presence of fats, acid or hyper osmolar solutiathenduodenum inhibit
gastric emptying. Other duodenal factors include:

I The degree of distension of duodenum

. Presence of any degree of irritant in the dutadenucosa
iii.  Degree of acidity in the duodenal chyme

V. Degree of osmolarity of the chyme

The inhibition is mediated by neural and hormon&chanisms. The
neural involves the inhibition of the vagus whilerimonal mechanism
includes release of secretin, VIP, CCK and GIPsé¢heormones inhibit
gastric motility.

3.5 Motility of the small intestine
The movement that are seen in small intestine afellws:

1 Segmental contraction
2. Peristalsis contraction
3. Pendular contraction
4 Villi movement
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Segmental contraction

The frequently occurring movement in the small stitee is the
segmental contraction. Slow waves develop in tteiar smooth muscle
of the wall due to stimulation of the plexus. Whke slow wave reaches
threshold, segmental contraction that is propagattevelops. The
frequency of the slow wave is highest in the duoder(12/min) and
lowest in the ileum (8/min). This facilitates thelus to be propelled
aborally. The segmental contraction involves ritkg-l regular
constriction along the length of the segment of theestine. The
constricted part latter relaxes and the relaxet quarstrict. This process
is repeated over and over again resulting in tHasbmoving back and
forth within the lumen.

Functions of segmental peristalsis are as follows:

I Bolus mixes well with digestive enzymes and litate
completion of digestion

. The segmental contraction causes exposure géstied food to
the villi surface for absorption

iii. The occurrence of segmental contraction ingheximal segment
and inhibition in the distal segment facilitat@pulsion of bolus
toward the segment colon.

Peristalsis contraction

Sometimes the longitudinal muscle contraction givpsndular
contraction which facilitates mixing of bolus widigestive enzymes.

Villi movement

There is contraction of the smooth muscle of tHe tat results into
forward and backward movement. The hormone- villirkstimulates the
movement which facilitates absorption of digesisaiif

Gastroileal reflex

Distension of the stomach by food causes relaxatideocecal sphincter
and allows emptying of the ileal content into tle@cum. Distension of
the ileum will also cause the relaxation of theispter and emptying. On
the other hand, the distension of the caecum weallit in contraction of
the caeca and prevent reflux of the caecal comiémthe ileum. This is
facilitated by the ileocecal valve. The activitytbk ileocecal sphincter
is controlled by the myenteric plexus.

Functions of the small intestine

I It contains pancreatic bile and intestinal s@ore

22



NSC222 MODULE 1

. Completion of digestion and absorption of digesfood occurs
in the small intestine

iii.  Presence of villi facilitates absorption ofgeisted food iv. The
duodenal mucosa secretes gastrointestinal horniikeesecretin,
CCK, VIP, matilin, etc.

V. Payer’'s patches in the ileum are lymphoid osgahich help in
immunity.

Migrating motor complex

It is an interdigesting peristalsis occurring ire tetomach and small
intestine. It occurs in between meal at every 70¥#0s interval. Each
peristalsis last 10mins. It is developed due taviygt of intrinsic
myenteric system. It helps in sweeping the contérthe stomach and
small intestine towards colon toward interdigespeeiod. Motilin is the
hormone responsible.

The large intestine

It includes the caecum, ascending colon, trans\aries and descending
or sigmoid colon, rectum and anus.

The mucosa secretes mucus but there are no atigdino absorption of
food, no digestive enzymes.

However, it has important functions:

I Absorption of water and electrolytes

il. Formation of faeces

ii. Secretion of mucus to lubricate the faeces

Iv. The bacteria fluoride synthesis vit B and vit K

Motility of the large intestine

I The large intestine shows haustral shutting r(sagal
contraction)

. Mass peristalsis (contraction)

iii.  Peristalsis

Haustral shutting

It is similar to segmental contraction of the smialestine. In the large
intestine, the longitudinal muscle forming 3 batakmnia coli. The enteric
plexus below this is greater and the region adjabas a thin wall. It
gives rise to sac-like pouches along the lengteegiment of the colon
that are called haustrau.

The back and forth movement causes the chyme texpesed for
absorption of water and electrolytes. Out of 1,500hthe mixed chyme
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that enters the colon per day, all will be absoileaging 50-100ml in the
faeces.

The haustral shutting also facilitate propulsiveveraent of the faeces to
the distal colon. Transit time in the colon is velgw (5-10cm/hr).

Mass peristalsis

It occurs in a large segment of the colon, thetreation is powerful
enough to cause the colon to be in contracted &iatelong period. It is
stimulated by myenteric plexus. The main funct®ioi sweep the faeces
along the segment of the colon.

The mass contraction occurs 3-5 times per day audlly lead to
defeacation.

Splenic flexure
Transverse colon

Hepatic flexure

o= M % Descending
L \lﬁi colon
% I

i
o U )\ colon

3

Sigmoid colon

Appendix—

Rectum - § _;% Internal L_anaf
= Extemal [ sphincter
= A

Figure 3: The human colon

3.6 Defeacation

Defeacation is the act of passing faeces. It isomptex behavior
involving both reflex and voluntary actions. Thectten is normally
empty. When faeces are pushed into the rectum lsg mavements, the
urge to defeacate is felt. The anal sphincters kewprevent escape of
faeces unless the individual is prepared for defeéaa. There are two
anal sphincters, the internal and the externalngpéis. The internal
sphincters consist of a circular smooth muscle ihan the anal wall,
while the external sphincter consists of striatetlintary muscle that
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surrounds the internal sphincter and also extersdal do it. The internal
sphincter is supplied by parasympathetic nerves tal external
sphincter, which is under voluntary control, is gligd by somatic
nerves.

Act of defecation

Act of defecation is preceded by voluntary effdike assuming an
appropriate posture, voluntary relaxation of exaémsphincter and the
compression of abdominal contents by voluntary memtion of
abdominal muscles. Usually, the rectum is empty.rifdu the
development of mass movement, the feces is pusiedactum and the
defecation reflex is initiated. The process of daf®n involves the
contraction of rectum and relaxation of internald aexternal anal
sphincters. Internal anal sphincter is made upradath muscle and it is
innervated by parasympathetic nerve fibers viaipehterve. External
anal sphincter is composed of skeletal muscle amsl controlled by
somatic nerve fibers, which pass through pudenelaen Pudendal nerve
always keeps the external sphincter constricted taadsphincter can
relax only when the pudendal nerve is inhibited.

The process of defeacation can be subdivided iatio components:

I The part under the defeacation reflexes
. The part under voluntary control

The defeacation reflexes

There are two types of defeacation reflexes

I The intrinsic defeacation reflex

. The parasympathetic defeacation reflex

The intrinsic defeacation reflex is mediated via thyenteric plexuses.
When faeces enter the rectum, distension of th&lreeall initiate
peristaltic waves via a local reflex circuit ancesk peristaltic waves
spread to the descending colon, sigmoid colon eadim forcing faeces
towards the anus. As the peristaltic waves apprtsehnus, the internal
and external relaxes. If the external sphinctailss relaxed, defeacation
will occur. The peristaltic waves produced by th&insic defeacation
reflex is usually weak and may not be effectiveausing defeacation.
This weak contraction is often reinforced by cocifiins mediated by the
parasympathetic defeacation reflex, which involmsasympathetic
nerves in the sacral segment of the spinal corés@lparasympathetic
impulses augment the ineffectual weak movementslymed by the
intrinsic defeacation reflex so that they becomwerdul and effective in
emptying the bowel.
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In spite of the two reflexes above, defeacation caly occur if the

circumstance is socially acceptable for the ace dlhlity not to defeacate
in some circumstances is due to the fact that dmsaous mind takes
over voluntary control of the external sphinctegldXation of the internal
sphincter and forward movement of the faeces tosvilrel anus normally
cause an instantaneous contraction of the exteptahcter. Impulses
from the cerebral cortex which pass through theatmmerves to the
external sphincter will either inhibit the sphincte allow defeacation to
occur or further contract it if the circumstancenst conducive to
defeacation.

When the circumstances are right for defeacationotour, the

defeacation reflex is followed by relaxation of théernal anal sphincter.
Intra-abdominal pressure is elevated to aid inekpulsion of faeces.
Evacuation is normally preceded by a deep breatthat the diaphragm
descends towards the abdominal cavity. The gloftisclosed and
contraction of the respiratory muscles on full lsngaises both the
intrathoracic and intra-abdominal pressure. Cotita®f the muscles of
the wall of the abdomen causes a further increasatia-abdominal

pressure. The additional pressure generated by#asng down effort
as well as the strong contractions of the defeacagflex helps to force
faeces out of the anus through the relaxed sphigicte

—————— From cerebral cortex
Afferent nerve fiber
1

Efferent
nerve fiber

-~
-

colon

_ —————— External sphincter

-

Pudendal (somatic) nerve " Internal sphincter

Figure 4.  Afferent and efferent pathways of the parasympathet
mechanism for enhancing the defeacation reflex
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4.0 CONCLUSION

The main function of the alimentary tract is toesg digest and absorb
food materials. For this to be carried out, appedprmixing must be
provided. The mixing/propulsion are different ackacompartmental
stage of the tract. It requires both neural androoral mechanisms.

5.0 SUMMARY

In this unit, you have learnt about gastrointestmatility, the acts of
mastication, swallowing and movement of the butotigh the tract.

6.0 TUTOR-MARKED ASSIGNMENT
Activity: See the Laboratory manual and directifresn the Facilitator
Please answer the following questions:

Describe the act and use of Mastication (Chewing)
Describe the process of Swallowing (Deglutition)
List the functions of the stomach

Describe the act of Gastro-intestinal motility
Describe the process of Defeacation.

7.0 REFERENCES/FURTHER READING
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1.0 INTRODUCTION

Gastrointestinal hormones are chemical agentstseichy the endocrine
glands released into general circulation and attdhe alimentary tract.
Gastrointestinal (Gl) hormones are the hormonesetst in Gl tract.

These hormones are polypeptides in nature and dpetothe family of

local hormones. Major function of these hormonegoigegulate the
secretory activities and motility of the GI tracthey include the

following: (a) gastrin (b) secretin (c) cholecystok- pancreozymin

(CCK-P2) (d) gastric-inhibitory peptide (GIP) (eaxsoactive intestinal
peptide (VIP) (f) motilin (g) gastric releasingepiide (GRP).

Importantly, hormones help with digestion. The faetich the body

needs can be classified into carbohydrate, protedsfats. This cannot
be absorbed in their natural forms through the rgasestinal tract.

Before they can be made available for body use; thest be broken
down into smaller molecules which can be absorfiéuls process of
breaking down is known as digestion. It is the pratuct of digestion
that is now absorbed. The basic process in thestlageof all food types
is called hydrolysis. This unit will improve youn&wledge on gastric
hormones, digestion and absrbtion.

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

describe the gastric hormones
explain the process of digestion in human
discuss the process of digestion of proteins atwd fa

discuss the absorption processes of carbohydedigrbteins and
vitamins.
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3.0 Main Content
3.1 Gastric Hormones
3.1.1 Gastrin

Gastrin is a peptide with 34 amino acid residuiis. $ecreted mainly by
the G cells of pyloric glands of stomach. It iscsedecreted by TG cells in
stomach, duodenum and jejunum. In fetus, the isietsangerhans also
secrete this hormone There are three forms ofigastrich are being
isolated. We have

G-17-17 amino acid residue
G-34-34 amino acid residue
G-14-14 amino acid residue

G-17 is the most biological active form, the h#i-lbetween G-14 and
G-17 is 2-3mins in circulation while G-34 has 15a;as its half-life.

Action of gastrin

I It stimulates gastric acid and pepsin secrefimore than 1000
times more potent than histamine)

. It stimulates growth of gastric mucosa

iii. It stimulates insulin and glucagon secretidteaa protein meal
but not after carbohydrate

\2 It stimulates the contraction of cardiac splénc

V. It stimulates gastric motility

Regulation of gastrin

I Distension of the stomach.

. Presence of protein and product of protein kdeavn.

iii. Stimulation of parasympathetic supply, pyloriaction and
acetylcholine secretion.

\2 Blood borne factor like Ca2+ and epinephrine.

V. Presence of acid in the stomach has a negatsabfck control
which inhibits gastrin secretion.
Vi. Substances like secretin, GIP, VIP, glucagond aalcitonin

inhibits gastrin secretion.

3.1.2 CCK — P2 (cholecystokinin — pancreozymin)

Cholecystokinin is made up of 39 amino acid ressdieviously it was
thought that there were two separate hormones, Iggoa@creozymin
and cholecystokinin. It was thought that pancredmystimulated the
secretion of pancreatic juice with large amounteokzymes and the
cholecystokinin stimulated the contraction of galttsler. But now it is
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established that the same hormone has actions thngamcreas and
gallbladder. So, it is named as cholecystokininepaozymin (CCK-PZ)
or cholecystokinin (CCK). Cholecystokinin is seektby | cells in
mucosa of duodenum and jejunum. A small quantitthefhormone is
secreted in the ileum also. It is found in the eerin many parts of the
body, including distal ileum, colon, and brainislsecreted in the mucosa
of the upper intestine (duodenum). Porcine CClstexin various form,
e.g. 58, 39, 33, 12, 8 and 4. Half —life is 5 mins.

Action of CCK- P2

I It stimulates secretion of pancreatic juicehrin enzyme or rich
in digestive juice. ii. It augment action of sdordn producing
secretion of an alkaline pancreatic juice

1 It inhibits gastric emptying

\2 It exerts a trophic effect on the pancreas slating the growth of
the exocrine cells

V. It increases the secretion of interleukins

Vi. It enhances motility of small intestine and @ol

vii. It stimulates the contraction of the gall biat and the relaxation

of the sphincter of Oddi
viii.  Along with secretin, it augments contractioh pyloric sphincter
thus preventing the reflux of duodenal content thie stomach
IX. It stimulates the glucagon secretion

3.1.3 Secretin

Secretin is a peptide hormone with 27 amino acsidtees. Historical

importance of secretin is that, it was the firstrelvormone discovered. It
was discovered in 1902 by Bayliss and Starlings kecreted by the S
cells of duodenum, jejunum and ileum. Secretinrs produced in an

inactive form called prosecretin. It is convertedoi secretin by the
acidity of chyme. Secretin is stimulated by thergmtf the product of

food digestion into the duodenum, e.g. amino gmidtein and fat. There
is a positive feedback regulation of secretin Bspnce of food.

Action of Secretin

I It increases the secretion of HCO3- by pandaredtct and
biliary tract

. It promotes the secretion of watery alkali pagatic juice

ii. It augment the action of CCK in producing jpgagatic juice rich
in digestive enzymes

\2 It decreases gastric acid secretion
V. It causes contraction of the pyloric sphincter
Vi. It increases insulin secretion

Regulation of secretin
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I Secretion of secretin is stimulated by acid ckybathing the
duodenum

. Alkali secretion helps to neutralized the atydi

iii.  Products of protein digestion is also a stiosul

3.1.4 Gastric inhibitory peptide

I Gastric inhibitory peptides is produced in thec#l in the
mucosal of duodenum and jejunum. It consists oo acids.
In large doses, it causes inhibition of gastricregon and
motility. In smaller doses, it does not show #ision.

. It stimulates insulin secretion and forms orféle important B-
cells stimulating hormones.

Regulation of gastric inhibitory peptide

1. Secretion of GIP is caused by present of gkei@xl fats in the
duodenum.

3.1.5 Vasoactive intestinal peptide (VIP)

Vasoactive intestinal polypeptide (VIP) containsa28ino acid residues.
This polypeptide is secreted in the stomach andl smestine. A small
amount of this hormone is also secreted in larggestme

Action of vasoactive intestinal peptide

I It stimulates intestinal secretion of electrelytand water
. It relaxes intestinal smooth muscles includihg sphincter
iii. It causes dilatation of peripheral blood vdsse

V. It inhibits gastric acid secretion

V. It potentiate action of acetylcholine of satygland.

Enterogastrones:They are hormones which causes inhibition of gastri
secretion and motility. They are secreted in theddmum in response to
the presence of acid chyme in the lumen. They dekecretin, GIP and
VIP.

3.1.6 Motilin

Motilin is built by 22 amino acid residues. It iscseted by Mo cells,
which are present in stomach and intestine. Itlse delieved to be
secreted by enterochromoffin cells of intestine tiMois secreted when
the chyme from stomach enters the duodenum. Theeotration in the
blood undergoes cyclic fluctuation during fastiitne peak blood level
corresponds to the beginning of the activity of elgatric motor
complex (mmc).
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Action of motilin

I It stimulates gastric acid secretion

. It causes contraction of the gall bladder tocrease bile
concentration.

1 It prepares the intestine for the next meal.

Other hormones include somatostatin, glucagonrigasteasing peptide
(GRP), neurotensin and substance P.

3.2 Digestion Digestion of carbohydrate

Almost all carbohydrate of the diet are large pabgharide or
disaccharide, which are combinations of monosaaddsr bound
together by the process of condensation. Hydrogan(ti+) has been
removed from one of the monosaccharide while adwion (OH-) has
been removed from the next one.

The two monosaccharides combines with each othehiatsite of
removal and the H+ and OH- combine to form wate2@{ The dietary
carbohydrate is mainly; Amylopectin, which constshains of glucose
molecules joined by 1,4¢ linkages, with some branches linked by 1,6 —
a linkages. For digestion of carbohydrate to talecelthe specific ion
returns the H and OH ions to the polysaccharidetb@tby separate the
monosaccharides from each other and this procesdlésl hydrolysis.

R1 R11 +H20 R1H+ R110H

Three major sources of carbohydrate exists in tlmmal human diet and
these are : sucrose; the disaccharide known asstaye, lactose; the
disaccharide in milk and starches, large polysawdés present in almost
all non-animals foods, particularly grains and rsbe

When food is chewed, it is mixed with saliva, whodntains the enzymes
ptyalin and this is am-amylase from the parotid gland. This enzyme
hydrolyzes starch into the disaccharide maltose igondhaltose. An
iIsomaltose is small polymers of glucose containhdo 9 glucose
molecules. Because the food remains in the moutbrfty a short time,
about 3 to 5% of all the starches eaten become®lygeéd. Even though
the food does not remain in the mouth long enoogbtiyalin to complete
the breakdown of starches into maltose, its actc@mscontinue as long
as an hour after the food has entered the stormachnitil the content of
the fundus mix with the stomach secretions. Thes activities of the:-
amylase is blocked by the acid of gastric secrstiBefore food properly
mix with this gastric secretions, about 30-40%haf starches would have
been hydrolyzed into maltose.
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Pancreatic secretions contain a large quantity acedmylase and
immediately after the chyme empties from the stdmaato the

duodenum and mixes with pancreatic juice, starttregshave not already
been split and digested amyloses are convertedebelfi@y pass the
jejunum.

The epithelial cells contain four enzymes: lactaserase, maltase, and
isomaltose, which are capable of splitting disaddes: lactose, sucrose,
maltose and isomaltose into their constituents reaoccharides. The
enzymes are located in the brush border of the telhg the lumen of
the intestine.

Lactose splits into a molecule of glucose and aepwé of galactose.
Sucrose splits into a molecule of glucose and deetMaltose splits into
2 molecules of glucose and isomaltose into seveodécules of glucose.

Since the ordinary diet contains far more starctes sucrose and
lactose. Glucose represents about 80% of the fpralduct of
carbohydrate, while galactose and fructose repted®mut 10% each.

Absorption of glucose from

Through hepatic small intestine
portal vein
! |1
v 1
Glucose » Glucose - » Glucose
Stored glycogen
v Systemic #1598
Glycogen circulation
4 r
Amino Glucose utilized
acid
Triglycerides 4
Pyruvic acid
Anaerobic Aerobic
Tissues other than muscle I l
Lactic acid Lactic acid Acetyl CoA
Glucose +— Glucose
Oxidation * 0,
Energy + H,0 + CO, €0, + H,0

l

Lungs ————————— CO, removed by expired air

Figure 5. The digestion of carbohydrates

33



NSC 222 HUMAN PHYSIOLOGY II

Digestion of fat

Lipid digestion begins in the stomach. Gastricdpéas released in large
guantities from gastric chief cells; it adsorbshte surface of fat droplets
dispersed in the gastric contents and hydrolyzegponent triglycerides
to diglycerides and free fatty acids. Howeverlditipid assimilation can
take place in the stomach because of the acidiofpHe lumen, which
results in protonation of the free fatty acids asked by gastric lipase.
Lipolysis is also incomplete in the stomach becayastric lipase, despite
its optimum catalytic activity at acidic pH, is ncdpable of hydrolyzing
the second position of the triglyceride ester, Wwhimeans that the
molecule cannot be fully broken down into compogetiitat can be
absorbed into the body. There is also little if argakdown of cholesterol
esters or the esters of fat-soluble vitamins. Iddemstric lipolysis is
dispensable in healthy individuals because of tleked excess of
pancreatic enzymes. The majority of lipolysis takéesce in the small
intestine in health. Pancreatic juice contains @hiraportant lipolytic
enzymes that are optimized for activity at neyptdl The first of these is
pancreatic lipase. This enzyme differs from therstoh enzyme in that
it is capable of hydrolyzing both the 1 and 2 pos# of triglyceride to
yield a large quantity of free fatty acids and mglyoerides. At neutral
pH, the head groups of the free fatty acids aregdth and thus these
molecules migrate to the surface of the oil drapletpase also displays
an apparent paradox in that it is inhibited by liégds, which also form
part of the small intestinal contents. Bile acidsab to the surface of
the oil droplets and would thereby cause lipasdigeociate. However,
lipase activity is sustained by an important cajactolipase, which is
also supplied in pancreatic juice. Colipase isiddgamg molecule that
binds both to bile acids and to lipase; it anchipEse to the oil droplet
even in the presence of bile acids. Pancreati® jaiso contains two
additional enzymes that are important in fat digestThe first of these
is phospholipase A2, which hydrolyzes phospholipsdeh as those
present in cell membranes. Predictably, this enzymdd be quite toxic
in the absence of dietary substrates, and thgssigreted as an inactive
pro-form that is activated only when it reaches #meall intestine.
Furthermore, pancreatic juice contains a relatimelgspecific, so-called
cholesterol esterase that can break down not @aéysof cholesterol, as
its name implies, but also esters of fat-solubleandins and even
triglycerides. Interestingly, this enzyme requilele acids for activity
(contrast with lipase, discussed earlier), and itelated to an enzyme
produced in breast milk that plays an importanerol lipolysis in
neonates.
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Absorption of lipids

Through hepatic from small intestine
portal vein
| Liver LSystemic circulation Fat depot |
Triglycerides < Triglycerides Triglycerides
Fatty acids Glycerol » Glycerol
l I l Tissue
Acetyl CoA Glycogen ! )
Triglycerides Utilization

Ketone bodies Ketone bodies

+

| Krebs || Ketone bodies
| cycle

\ 0, E O,
CO,+ H,0 +ATP { Krebs )
cycle
Kidney
Ketone‘bodies

CO,+ H,0 +ATP

Excreted CO,removed by
through urine expired air

Figure 6: Schematic diagram of lipid metabolism

As lipolysis proceeds, the products are abstrafcted the lipid droplet,
first into a lamellar, or membrane, phase and sylpsetly into mixed
micelles composed of lipolytic products, as well @k acids. The
amphipathic (meaning that they have both a hydrbjghend hydrophilic
face) bile acids serve to shield the hydrophobgioms of lipolytic
products from water while presenting their own loyhilic faces to the
aqueous environment (Fig. 29-15). Micelles aregytmilsolution and thus
markedly increase the solubility of lipid in thet@stinal contents. This
increases the rate at which molecules such asdeaittig can diffuse to the
absorptive epithelial surface. Nevertheless, givenvery large surface
area of the small intestine and the appreciablebddl of the products
of triglyceride hydrolysis, micelles are not essarfor the absorption of
triglyceride. Thus, patients who have insufficienitput of bile acids
(caused, for example, by a gallstone that obstroiésoutput) do not
normally show fat malabsorption. On the other haia|esterol and the
fat-soluble vitamins are almost totally insolubtenater and accordingly
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require micelles to be absorbed even after theg baen digested. Thus,
if luminal bile acid concentrations fall below thaitical micellar
concentration, patients can become deficient isdduble vitamins.

Digestion of proteins

Dietary proteins are derived entirely from meat aadetables. Proteins
are formed from long chains of amino acids bindetbgr by peptide
linkages. Digestion of proteins, unlike carbohydrstiart in the stomach.

ﬂ | Small intestine | ﬁ
- Amino acids
\ Y

Systemic |
|_circulation |

Through hepatic
portal vein

E h 4
| Large intestine | :

Amino acid

Gluconeogenesis

Amino acid Amino acid

Glucose

) Ammonia
Plasma proteins

Urea
Excreted

Kidney |

Ammonia

Ammonia

—
| Tissue | Urea

Amino acid Amino acid Amino acid

Growth
and repair

Amino acid

Energy —»

v v

Enzymes —»
Excreted

el S0

Hormones—»

Figure 7. Schematic diagram of protein metabolism

Pepsin is capable of digesting essentially altiifferent types of proteins
in diet. One of its important feature is to digeslagen and albuminoid
that is affected little by other digestive enzyn@allagen is a major
constituent of intercellular connective tissue afah Pepsin, however
only begins the process of protein digestion byigliag as much as 10-
30% of the total protein digestion. Most proteigehtion occurs in the
small intestine under the influence of a proteclyinzymes of the
pancreatic secretion. When protein leaves the stbpribey are in form
of proteases, peptones and large polypeptides. ritarieg the small
intestine, they are trapped by the pancreatic emsyntrypsin,
chymotrypsin and carboxypolypeptidase. Both try@sid chymotrypsin
transmit protein molecules into small polypeptides.
Carboxypolypeptidase then cleaves individual amaads from the
carboxyl ends of the polypeptides. The brush boodesmall intestine
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contains several enzymes for hydrolyzing the fimkdages of remaining
dipeptides and other small polypeptides. These rmapgy are;
aminopolypeptidase and dipeptidase.

3.2 Absorption

The end product of the digestion of different typédood ingested or
secreted electrolytes, vitamins and large quartityvater secreted in
various digestive juices must be moved from thedomf the gut across
the epithelium to the interstitial fluid. The preseof transport from gut
lumen into body's interstitial fluid is called alyption. The main

absorptive portion of the gut is the small intestimith a large surface
area. The surface area is achieved by the following

I The mucosal infolding, called the valvulae cosmtis.

. Billions of small villi projecting about 1mm &m the surface of
the mucosa

lii. A brush border consisting of about 600 vilempcell

The combination of the three above increase therpbge area of the
mucosal about 600 folds. The total area of smaésiine is 250m2.
Absorption occurs basically by active transport difflision.

Absorption of carbohydrate

Glucose, other hexoses and pentoses are rapidiylsdasacross the wall
of small intestine. These sugars are absorbed ddfer content of the
small intestine reach the terminal part of thentetrhe transport is an
active process, and this can be demonstrated bgraleimportant
experimental observation and they are:

I Transport can be blocked by metabolic inhibitetgh as 1AA,
cyanite and phlorhizin

. Transport is selective, the order of preferenéer transporting
difference monosaccharides and their relative sateansport in
comparison with glucose are; galcatose-1.1, gkdo8,
fructose-0.4, mannose-1.2, xylose-0.15, arabif@oke-

iii.  There is competition between certain sugars tfee respective
carrier system

Glucose and galactose in small intestine enterct#ils by secondary

active transport with sodium ion. Transport of othexoses are affected
by the amount of Na ion in interstitial lumen. Gdse and Na share the
same co-transporter or symport called Na-deperglanbse transporter

(SGLT). There are two members of this family; SGLand SGLT 2.

Since the intracellular concentration of Na ionbws in interstitial cell,
Na diffuses into the cell along its concentratioadient. Glucose moves
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with the Na and is released in the cell. The Naisamansported into the
lateral intracellular spaces and the glucose frioeniniside of the cell by
another transporter; the SGLT 2 into the interstitiand finally into the
capillaries.

Absorption of glucose is called a secondary adtiaesport because the
energy for transport is provided indirectly by thetive transport of Na
out of the cell.

Fructose, however, utilizes a different mechanigm absorption is
independent of Na ions or transport of glucose galhctose. It is
transported by facilitated diffusion from the irtteal lumen into the cells
of the intestine by a transporter GLUT 5 and ouths cell into the
interstitium by another transporter GLUT 2. Somefose is converted
to glucose in the mucosal cells. Pentoses are laddoby simple
diffusion. All monosaccharides are absorbed inte ftortal blood
draining the small intestine.

Absorption of lipids (fats)

The digestive end product of fat dissolve in tipdliportion of bile acid
micelles. These micelles are soluble in the chymethis form, the
monoglycerides and fatty acids are transporteldstirfaces of the brush
border microvilli penetrating the recesses of thevimg agitating
microvilli. Here, the monoglycerides and the fatyids diffuse through
the epithelial membrane, because they are solaliteeimembrane.

The bile acid micelles is now left to diffuse backo the chyme,

absorbing more monoglycerides and fatty acids. gasted triglycerides
and diglycerides are both highly soluble in theidipnembrane of
epithelial cells. However, only small quantity dfese are normally
absorbed, because the bile micelles will not féingm to the epithelial
membrane. On entering the epithelial cells, fattgida and

monoglycerides are taken up by the small endopltaseticulum and are
recombined to form new triglycerides. Once form tiniglycerides

aggregate within the endoplasmic reticulum intobgles along with

absorbed cholesterol and phospholipids globulesalled chylomicrons.
These globules diffuses to the side of the epiheklls and is extrude
by process of cellular exocytosis into the spadevden the cells. From
the site of the epithelial cells, chylomicrons fitlteir ways into the
central lactus of the villi, and from here they prepelled along with the
lymph by the lymphatic pump upward through the #oor duct to be
emptied into the great vein of the neck. Betweera®® 90% of all fat
absorbed from the gut get into the interstitiunthis manner.
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Absorption of proteins

Amino acids (and some small peptides) are absorbathly in the
duodenum and upper jejunum into the portal bloodamino acids are
absorbed passively, whereas L-amino acids are labdactively by a
Na-linked carrier mechanism. There are at leastdpacific mechanisms
by which amino acids are absorbed: one for neatraho acids, one for
basic amino acids, one for acidic amino acids ar&for the imino acids
(proline, sarcosine).

Dipeptides and tripeptides may be absorbed frontutimen and are later
hydrolyzed within the epithelial cells. In neonatastibodies and other
proteins contained in colostrum may be absorbeteir intact form by
pinocytosis.

Absorption of Water

Only a small amount of water move across the gastticosa but water
moves in both directions across the mucosa of thallsand large
intestines in response to osmotic gradient.

Absorption of ions/electrolytes

Na+ is actively absorbed throughout the small angd intestines. Active
transport of Na+ is important in the secondarygpamt of glucose and
some amino acid.

Chloride ions are rapidly absorbed mainly by passiiffusion in the
upper part of the small intestines. They move alwaityy the absorbed
Na+ to balance the electrical gradient caused by iNia absorption. K+
ions are absorbed across the gastrointestinal raumppdiffusion.

Absorption of Vitamins

Water soluble vitamins are rapidly absorbed whilke absorption of fat
soluble vitamins is dependent of fat absorption.sMuitamins are
absorbed in the upper small intestine but vitaml2 B absorbed in the
ileum.

4.0 CONCLUSION

Six different hormones secreted in different paftthe gastrointestinal
tract are discussed with information on differaimdtions performed to
prepare the different organs to support digestiod absorption in
different parts of the tract.
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5.0 SUMMARY

In this unit, you have learnt about the followingrimones, Gastrin,
Ccholecystokinin — pancreozymin (CCK — P2), SenretGastric

inhibitory peptide, Vasoactive intestinal peptidéR) and Motilin. You

have also learnt about digestion of the variousllsmanolecules in
different areas of the gastro-intestinal tract. édtpsion through active,
passive transport and diffusion in different arehthe gastro-intestinal
tract.

6.0 TUTOR-MARKED ASSIGNMENT
1. Describe the forms and actions of the followmagmones:

a) Gastrin

b) CCK — P2 (cholecystokinin — pancreozymin)
C) Secretin

d) Gastric inhibitory peptide

e) Vasoactive intestinal peptide (VIP)

f) Motilin
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MODULE 2 NERVOUS SYSTEM

Unit 1 Overview of the Nervous System
Unit 2 Integration of Central Nervous Systeith other Systems

UNIT 1 OVERVIEW OF THE NERVOUS SYSTEM
CONTENTS

1.0 Introduction

2.0  Objectives

3.0 Main Content
3.1  Division of the Nervous System
3.2  Anatomy of the Nervous System

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment
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1.0 INTRODUCTION

The nervous system consists of the brain, spindl, se@nsory organs, and
all of the nerves that connect these organs wighrédst of the body.
Together, these organs are responsible for theatooit the body and
communication among its parts. The brain and spooatl form the
control Centre known as the central nervous syst€MS), where
information is evaluated and decisions made. Ts®@g nerves and
sense organs of the peripheral nervous system (Rié¢8itor when you
sit, stand, or walk by controlling muscular aciest Your body
temperature remains stable on a cold winter day @ warm kitchen
Because your rate of heat generation and heaatessosely regulated.

20 OBJECTIVES

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

o explain the activities of the nervous system

o describe a general overview of the nervous system

o describe the anatomical divisions of the nervossesy and their
functions

. describe the structure of the brain.

41



NSC 222 HUMAN PHYSIOLOGY 11

3.0 MAINCONTENT

The nervous system, which accounts for a mere 8eperof the total
Body weight, is the most complex organ systens Vital not only to life
but also to our appreciation of life. This unitaiét with the Structure and
function of neural tissue and introduces principdésieurophysiology
that are vital to an understanding of the nervgsgesn’s capabilities and
limitations.

3.1 Division of the Nervous System
Central Nervous System

The brain and spinal cord together form the cemtem/ous system, or
CNS. The CNS acts as the control center of the lmydproviding its
processing, memory, and regulation systems. The @K&S in all of the
conscious and subconscious sensory information fhebody’s sensory
receptors to stay aware of the body’s internal exigrnal conditions.
Using this sensory information, it makes decisiabeut both conscious
and subconscious actions to take to maintain tlg’bdvomeostasis and
ensure its survival. The CNS is also responsibigife higher functions
of the nervous system such as language, createxpyression, emotions,
and personality. The brain is the seat of consaess and determines
who we are as individuals.

Peripheral Nervous System

The peripheral nervous system (PNS) includes allhef parts of the
nervous system outside of the brain and spinal.cdrdse parts include
all of the cranial and spinal nerves, ganglia, s&sory receptors.

Somatic Nervous System

The somatic nervous system (SNS) is a divisiomeRNS that includes
all of the voluntary efferent neurons. The SNShis bnly consciously
controlled part of the PNS and is responsible tondating skeletal

muscles in the body.

Autonomic Nervous System

The autonomic nervous system (ANS) is a divisionttdd PNS that
includes all of the involuntary efferent neurontieTANS controls
subconscious effectors such as visceral musclaeetissardiac muscle
tissue, and glandular tissue. There are 2 divisioinshe autonomic
nervous system in the body: the sympathetic andisyampathetic
divisions.
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Sympathetic. The sympathetic division forms the body’s “fightflight”
response to stress, danger, excitement, exercisetians, and
embarrassment. The sympathetic division increasgsration and heart
rate, releases adrenaline and other stress hormames decreases
digestion to cope with these situations.

Parasympathetic. The parasympathetic division forms the body’s t'res
and digest” response when the body is relaxedngestr feeding. The
parasympathetic works to undo the work of the sytimgtec division after

a stressful situation. Among other functions, taeagympathetic division
works to decrease respiration and heart rate, aseradigestion, and
permit the elimination of wastes.

Enteric Nervous System

The enteric nervous system (ENS) is the divisiorthaf ANS that is
responsible for regulating digestion and the fuwrctof the digestive
organs. The ENS receives signals from the centeaVous system
through both the sympathetic and parasympathetisidns of the
autonomic nervous system to help regulate its fanst However, the
ENS mostly works independently of the CNS and ca#s to function
without any outside input. For this reason, the BEblSften called the
“brain of the gut” or the body’s “second brain.”@ENS is an immense
system—almost as many neurons exist in the ENBS tieispinal cord.

Action Potentials

Neurons function through the generation and projpaga of
electrochemical signals known as action potentjalBs). An AP is
created by the movement of sodium and potassiura ibrough the
membrane of neurongesting Potential: At rest, neurons maintain a
concentration of sodium ions outside of the cetll patassium ions inside
of the cell. This concentration is maintained bg sodium-potassium
pump of the cell membrane which pumps 3 sodium @utsof the cell
for every 2 potassium ions that are pumped into c¢ek The ion
concentration results in a resting electrical po&rof - 70 millivolts
(mV), which means that the inside of the cell hasegative charge
compared to its surroundings.

Threshold Potential: If a stimulus permits enough positive ions to ente
a region of the cell to cause it to reach -55 nhidf tegion of the cell will
open its voltage-gated sodium channels and allaigsoions to diffuse
into the cell. -55 mV is the threshold potential feeurons as this is the
“trigger” voltage that they must reach to crossttireshold into forming
an action potential.
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Depolarization: Sodium carries a positive charge that causes théoce
become depolarized (positively charged) comparéd tiormal negative

charge. The voltage for depolarization of all neisras +30 mV. The

depolarization of the cell is the AP that is trarited by the neuron as a
nerve signal. The positive ions spread into neighipg regions of the

cell, initiating a new AP in those regions as thegch -55 mV. The AP

continues to spread down the cell membrane ofelieam until it reaches
the end of an axon.

Repolarization: After the depolarization voltage of +30 mV is readh
voltage-gated potassium ion channels open, allowositive potassium
lons to diffuse out of the cell. The loss of potass along with the
pumping of sodium ions back out of the cell throuiije sodium-
potassium pump restores the cell to the -55 m\inggtotential. At this
point the neuron is ready to start a new actioeuil.

Synapses

A synapse is the junction between a neuron anchanatll. Synapses
may form between 2 neurons or between a neuroraareffector cell.
There are two types of synapses found in the boldgmical synapses
and electrical synapses.

Chemical synapses. At the end of a neuron’s axon is an enlarged region
of the axon known as the axon terminal. The axomitel is separated
from the next cell by a small gap known a the syisageft. When an AP
reaches the axon terminal, it Opens voltage-gatédutn ion channels.
Calcium ions cause vesicles containing chemicalsowkn as
neurotransmitters (NT) to release their contentelgycytosis into the
synaptic cleft. The NT molecules cross the synagigft and bind to
receptor molecules on the cell, forming a synapgie tive neuron. These
receptor molecules open ion channels that may regheulate the
receptor cell to form a new action potential or nrayibit the cell from
forming an action potential when stimulated by aeroineuron.

Electrical synapses: Electrical synapses are formed when 2 neurons are
connected be small holes called gap junctions. gdpejunctions allow
electric current to pass from one neuron to the#o that an AP in one
cell is passed directly on to the other cell thitotlye synapse.

3.3 Anatomy of the Nervous Tissue

The majority of the nervous system is tissue madefuwo classes of
cells: neurons and neuroglia.
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Neurons. Neurons, also known as nerve cells, communic#t@nthe
body by transmitting electrochemical signals. Negrare different from
other cells in the body due to the many long catlpfrocesses that extend
from their cell body. The cell body is the roughbyind part of a neuron
that contains the nucleus, mitochondria, and mdsthe cellular
organelles. Small tree-like structures called dieesiextend from the cell
body to pick up stimuli from the environment, otimeurons, or sensory
receptor cells. Long transmitting processes calbazhs extend from the
cell body to send signals to other neurons or &fezells in the body.

There are 3 basic classes of neurons: afferenbnspefferent neurons,
and interneurons.

1. Afferent neurons
2. Efferent neurons
3. Interneurons
Neuroglia

Neuroglia, also known as glial cells, act as thelgkr” cells of the
nervous system. Each neuron in the body is suredirny 6 to 60
neuroglia cells that protect, feed, and insulate tieuron. Because
neurons are extremely specialized cells that aentisl to body function
and almost never reproduce, neuroglia are vitalmaintaining a
functional nervous system.

3.3.1 Functions of the Nervous System

The nervous system has 3 main functions: sensatggrnation, and
motor.

1. Sensory:
2. Integration:
3 Motor:

40 CONCLUSION

The nervous system is unique in the vast compl@xXitiiought processes
and control of actions that it can perform. It iges each minute literally
millions of bits of information from the differerdgensory nerves and
sensory organs and then integrates all of thedeteymine the responses
that are to be made by the body.
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50 SUMMARY
The study in this unit included an overview of thervous system,

divisions of the nervous system, the anatomy ofni@ous system and
the functions of the nervous system.

6.0 TUTOR-MARKEDASSIGNMENT

1. Discuss in details the divisions of the nerveystem.
2. List and discuss the functions of the nervossesn.

7.0 REFERENCESFURTHER READING

Carola, R., Harley, J.P., Noback R.C. (1992), Hunamatomy and
physiology, Mc Graw Hill Inc., New York, 2nd ed,dapted from
Assefa N & Tsige Y. Human Anatomy and Physiologgciure
notes for Nursing Students. 2003.

Thibodeau, Gary A. and Kevin T. TheHuman Body inakie and
Disease, ed. 6, Philadelphia, 1987, J.B.LippincatGany)

Adapted from Assefa N & Tsige Y. Human Anatomy aftaysiology.
Lecture notes for Nursing Students. 2003.
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1.0 INTRODUCTION

Central nervous system (CNS) consists of brain gidal cord. The
brain plays a central role in the control of mostlity functions such as
awareness, movements, thoughts, speech, learnchgr@mory. The
spinal cord plays an important role in some movdmegia some reflex
pathways without the participation of brain struets The spinal cord is
the extension of brain that descend from foramegnuan to the first
lumber vertebra. It is called central becausentloimes information from
the entire body and coordinates activity acrossahele body.

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

describe the embryonic origin of Central nervoustesy.
describe the divisions of central nervous system

identify the structures and function of the bra@gions

look at the types cells involved, different regiamshe brain and
spinal circuit.

. explain how CNS can be affected by diseases andyinj
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3.0 MAIN CONTENT
3.1 Origin of Central Nervous System

In the developing embryo, the Nervous system d@gefmom ectoderm
the form neural plate, the neural plate differae8aand give rise neural
tube and neural crest. The neural tube differesdiatto central nervous
system (i.e., the brain and spinal cord). The bdeweloped at the cranial
end of the embryonic neural tube. By the end ofrtftouweek of
development the prosencephalon (forebrain), mephiaten (midbrain)
and rhombencephalon (hindbrain) as primary vesieales formed. A
week later, the prosencephalon gives rise to telgmalon and
diencephalon and hindbrain gives rise to metendephaand
myelencephalon resulting in a total of five secagdesicles.

In adults, the telencephalon develops into cereliramispheres,
diencephalon gives rise to thalamus, hypothalamdsogher structures.
Mesencephalon continues as midbrain, metencephddealoped into
pons and cerebellum while myelencephalon becomesiltaeoblongata.
The medulla oblongata, pons, and the midbrain fdrntige adult
brainstem.

3.2 Themeaning of Central Nervous System

The CNS is the formed of nervous system that ireduorain and spinal
cord. It is formed by nerve cells and supportingsazalled glia cell. The
brain is protected by the cranial structure (skald the spinal cord
extend from the back of the brain down to the aeoftéhe spine, stopping
at the lumbar region of vertebral canal. Both Braand spinal cord are
Shielded within a protective triple-layered memleracalled the

meninges. The CNS has been thoroughly studiedsioieatist, but it still

holds many secrets in controlling our emotions, ements, thoughts,
and desires. It also controls our heart rate, raspn, hormonal system,
and homeostasis. However, the retina, optic natactory nerves and
olfactory epithelium considered to be part of tiéSCalongside the brain
and the spinal cord. This is due to their connectivectly to the brain
tissue without intermediate nerve fibers connection

3.3 Scopes of Central Nervous System

The central nervous system consists of brain amdbkgord. Brain is the
most complex organ that controls thought, memomoteons, touch,
motor skills, vision, breathing, hunger, temperataind all processes that
regulates the human body; the cerebral cortexdthermost part of the
brain and the largest part by volume) contains aldd+33 billion
neurons, each of which are connected to thousanadther neurons. In
total, about 100 billion neurons and 1,000 billsuwpporting cells make
up the human brain. brain uses about 20% of taidl/ls energy. The
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brain is divided into three different regions: Toeebrain, the midbrain
and the hindbrain. The brain is the central controtiule of the body and
coordinates activity. However, many higher funcsidike reasoning,
problem-solving and creativity involve differenteas working together
in a Networks.

Part of the brain. Basically, there are three pé&fbrain which include
cerebrum, brainstem and cerebellum.

34 Cerebrum

The cerebrum is the structure of the telenceph@l@ithe largest portion
of the brain of about 80% of its mass and it iskilen region primarily
responsible for the intellectual functions. Othesas of the cerebrum
enable speech, judgment, thinking, as well as reagpproblem-solving,
emotions and learning. Some functions are relatedston, hearing and
other senses. The cerebrum consists of five pholex$ that contains gray
mater in its cortex, and white matter in its cerded in the deeper
cerebral nuclei within the right and left hemisgsewhich are connected
Internally by a large fiber tract called corpusl@slim. These lobes are
frontal, parietal, temporal and occipital, whiche avisible from the
surface and the deep insula, which is covered Ivis gd the frontal,
parietal, and temporal lobes.

Central sulcus
\ Parietal lobe

lobe

1
1
1
1
I
]
r-- Occipital
1
1
1
1
1
1

Lateral .-~
sulcus /

'S ™~

w J
Temporal lobe ™

Figure 1. Lobes of cerebral cortex
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Temporal lobe (green): Contains auditory centers that receive sensory
information for processing sensory input and ass@nt emotional
meaning. The lobe also involved in laying down lkiegn memories,
interpretation, association of auditory and visn&drmation and in some
aspects of language perception are also housed here

Occipital lobe (purple): visual processing region of the brain that
housing the visual cortex. It is responsible faiam and coordination of
eye movements.

Parietal lobe (yellow): the parietal lobe integrates sensory information
including interpretation of textures and shapestiapawareness, and
navigation. Touch stimulation from the skin is miétely sent to the
parietal lobe. It also plays a part in understagdimeech and formulating
words to express thoughts and emotions.

Frontal lobe (pink): positioned at the anterior portion of each cerebral
hemispheres, the frontal lobe contains the majofijopamine-sensitive
neurons and is involved in attention, reward, skemih memory,
motivation, and planning.

Insula lobe: This lobe is responsible for the encoding of menaorg in
the integration of sensory Informa with visual r@sges. It receives
information from olfactory, gustatory, auditory asoimatosensory areas
and helps in control of autonomic responses to \utseeral and
cardiovascular system.

3.5 Brainstem

The brainstem which is the middle of the brain amis the cerebrum
with the spinal cord. The brainstem includes thdbmain, the pons and
the medulla oblongata.

Midbrain (mesencephalon): Is a highly complex structure with a range
of different nuclei and colliculi (neuron clusterseural pathways and
other structures such as substantia nigra and lbgmajlia. These
structures performed various functions, from hepand movement to
calculating responses and environmental changes #iso an area
affected by Parkinson’s disease that is rich inathoipe neurons, also part
of movement and coordination.

Pons. Pons is the bridge that connect between midbrasthraedulla.
The four (CN V, VI, VIl and VIII) out of the 12 craal nerves originated
from pons, which enable a range of activities sashear production,
chewing, blinking, focusing vision, balance, hegramd mood changing.
Damage to the central pons can cause a conditibedckcked-in
syndrome.
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Medulla: Below the pons is the medulla where the brainsteratathe
spinal cord. The medulla is important for survivisledulla regulates
many body activities including heart rhythm, mainitag a correct blood
pressure, breathing, oxygen and carbon dioxidddeW¥&ée medulla also
produces reflex activities such as sneezing, vagiticoughing and
swallowing.

3.6 Cerebdlum

The cerebellum is the second largest structuréefain located at the
back of the head, below the temporal and occipdbes above the
brainstem. Like cerebral cortex, it contains oweay and inner white
mater as well as the two hemispheres. The fundfarerebellum is to
coordinate voluntary muscles movements, motor lagrrand for

coordinating the movement of different joins durmgvements. and to
maintain posture, balance and equilibrium

Deeper structureswithin the Brain

Moreover, we will look at some specific deep stawes of the brain in a
little more detail:

1. Pituitary gland: The pituitary gland sometimesladl master
gland. It is a pea-sized structure found deeperbtiain behind the
bridges of the nose on Sella turcica. The pituiglgnds control
the function of other glands in the body, regulates flow of
hormones from thyroid, adrenals, ovaries and testid he glands
receive the chemical signals from hypothalamusutpnaits stalk
and blood supply.

2. Hypothalamus: It is located above the pituitaryng and sends
it chemical messages that control its function. étigplamus helps
to regulates body temperature, secretes numbers
neurohormones, synchronizes sleep patterns, csrtusiger and
thirst and also plays a role in some aspects of engnand
emotion.

3. Amygdala: This is two almond-shaped strictures o€lei, an
amygdala is located under each half (hemispheses) déthin the
temporal lobe of the brain. Included in the limlsigstem, the
amygdalae regulate emotion and memory and areiagsdevith
the brain’s reward system, stress, and the “figllight” response
when someone perceives a threat.

4. Hippocampus: A curved seahorse-shaped organ on
undersurface of each temporal lobe, the hippocangppsart of
substantial structure called the hippocampal foionatits major
functions are to supports memory, learning, naiogatand
perception of space. It also receives informatromfthe cerebral
cortex and may play an important role in Alzheirsatisease.
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Pineal Gland: This is a melanin secreting glandted deep in the
brain and attached by a stalk to the top of thes théntricle. The
pineal gland responds to light and dark, which l&gs circadian
rhythms and the sleep-wake cycle.

Ventricles and Cerebrospinal Fluid: Deep within ltingin are four
open areas with passageways between them. Thep@dsointo
the central spinal canal and the area below araghager of the
meninges. The ventricles produce cerebrospinal flor CSF, a
watery fluid that circulates in and around the vietds and the
spinal cord, and between the meninges. CSF furgtiento
surrounds and cushions the spinal cord and braashes out
waste and impurities, and delivers nutrients.

Basal ganglia: this is a region of the base ofhitaén that consist
of three clusters of neurons (caudate nucleuspmpariaand Globus
pallidus) that involved in the control of voluntargnotor
movements, procedural learning, and decisions akloigh motor
activities to carry out. Diseases associated With area include
Parkinson’s disease and Huntington’s disease.

Broca’'s area: this is a small area on the left iflehe brain
(sometimes on the right in left-handed individuatbat is
important in language processing. When this arenaged, an
individual finds it difficult to speak but can $tiinderstand speech.
Stuttering is sometimes associated with an undeeact this area.
Corpus callosum: It is a large white matter strretwithin the
brain with a broad band of nerve fibers that jdia keft and right
hemispheres. It allows the two hemispheres to conmcate.
Dyslexic children have smaller corpus callosums leyhieft-
handed people, ambidextrous people, and musigraitatly have
larger ones.

Thalamus: This is structure positioned in the ceatehe brain,
the thalamus receives sensory and motor inputelagy it to the
rest of the cerebral cortex. Its functions involwedhe regulation
of consciousness, sleep, awareness, and alertness.

Brain Coverings (Meninges): Meninges are three riayef
protective covering that surround the brain and gpmal cord.
The outermost layer, called the dura mater, iskthied tough. It
includes two layers: The periosteal layer whictedirthe inner
dome of the skull (cranium) and the meningeal lagyéelow that.
Spaces between the layers allow for the passagesiné and
arteries that supply blood flow to the brain. Thachnoid mater
(middle layer) is a thin, web like layer of conneettissue that
does not contain nerves or blood vessels. Belowathehnoid
mater is the cerebrospinal fluid, or CSF. The inmzst layer
called pia mater, is a thin membrane that hugsstintace of the
brain and follows its contours. The pia materé$ mvith veins and
arteries.
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3.7 Spinal Cord

The spinal cord, lies loosely in the full length thfe back, carries
information between the brain and body, but alsoesout other tasks.
From the brainstem, where the spinal cord meetsbtha, 31 spinal
nerves enter the cord. Along its length, it cons&ath the nerves of the
peripheral nervous system (PNS) that run in froengkin, muscles, and
joints. Motor commands from the brain travel frohe tspine to the
muscles and sensory information travels from timsegy tissues toward
the spinal cord and finally up to the brain.

The spinal cord contains circuits that control @erreflexive responses,
such as the involuntary movement your arm mightemiakour finger
was to touch a flame. The circuits within the spiaa also generate more
complex movements such as walking. Even withouttifimm the brain,
the spinal nerves can coordinate all of the muswegssary to walk. For
instance, if the brain of a cat is separated friangpine so that its brain
has no contact with its body, it will start sporgansly walking when
placed on a treadmill. The brain is only requiredstop and start the
process, or make changes if, for instance, an bamggears in your path.

White and gray matter

The CNS can be roughly divided into white and gmaatter. As a very
general rule, the brain consists of an outer cavtegray matter and inner
housing tracts of white matter. While the gray matif the Spinal cord
Is located centrally surrounded by a white matBath types of tissue
contain glial cells, which protect and support &s: White matter
mostly consists nerve projections called axons @imgbdendrocytes (a
type of glial cell) whereas gray matter consisedjpminantly of neurons.

Central glial cells

Also called neuroglia, glial cells are often callsgpporting cells for
neurons. Neuroglia cells are non-excitable and @atmansmit impulses.
Without glial cells, developing nerves often lokeit way and struggle
to form functioning synapses. Glial cells are foumdboth the CNS and
PNS but each system has different types.

The following are brief descriptions of the neuragiells found in CNS.

Astrocytes: these cells are star-shaped like thae hnumerous
projections and anchor neurons to their blood supphey induce
formation of Blood Brain Barrier (BBB), and alsogtdate the local
environment by removing excess ions and recyclggotransmitters.

Oligodendrocytes: Also called oligodendroglia, @sgible for creating
the myelin sheath. Also provide support to the GN8rons by forming
semi-stiff connective tissues between the neurons.
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Microglia: Are the smallest glia cells derives frenonocytes. Functions
are to engulf and destroys the microorganism arldilae debris by
phagocytosis. Also act as miniature macrophages.

Ependymal cells: lining the internal cavity of sglitord and the brain’s
ventricles (fluid-filled spaces), these create @edrete cerebrospinal
fluid (CSF) and keep it circulating using their whike cilia.

Radial glia: act as scaffolding for new nerve cdlising the embryonic
development nervous system.

3.8 Cranial Nerves(Cn)

The cranial nerves are 12 pairs of nerves that directly from the brain
and pass through foramens in the skull rather theareling along the
spinal cord. These nerves collect and send infoomdetween the brain
and parts of the body (mostly the neck and heaud®. difactory and the
optic nerves (out of 12 pairs) arise from the foagband are considered
part of the central nervous system: The 12 parkerafial nerve are:
Olfactory nerves (CN 1), Optic nerves (CN II), Osmiotor nerves (CN
[lI), Trochlear nerves (CN IV), Trigeminal nerve€N V), Abducent
nerves (CN VI), Fascial nerves (CN VIlI), Vestibuboblear nerves
(VI), Glossopharyngeal nerves (CN IX), Vagus res\(CN X), Spinal
accessory nerves (CN XlI) and Hypoglossal nervésX@).

3.9 Central Nervous System Diseases
The major causes of disorders that affect the QS a

° Trauma
° Infections

Degeneration: Example is Parkinson’s disease whiaives the gradual
degeneration of dopamine-producing cells in thebganglia.

Structural defects: the most common examples arth liefects;
including anencephaly, where parts of the skulgigrand scalp are
missing at birth.

Tumors: both cancerous and noncancerous tumolisett parts of the
central nervous system. Both types can cause daambgield an array
of symptoms depending on where they develop.
Autoimmune disorders: in some cases, an individualimune system
can mount an attack on healthy cells. For instaacate disseminated
encephalomyelitis is characterized by an immuneaese against the
brain and spinal cord, attacking myelin (the nervasulation) and,
therefore, destroying white matter.
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Stroke: a stroke is an interruption of blood supfdythe brain; the
resulting lack of oxygen causes tissue to die énatiected area.

4.0 CONCLUSION

The central nervous system or, shortly, the CN$haskey part of the
nervous system built by neurons concentrated im#rge centers and
located in the spinal canal and the cranial cakyll). It extends along
the longitudinal axis of the body. In humans, #yistem consists of brain,
located in the cranial cavity and the spinal cdodated in the spinal
canal. The brain is the control tower of the body ¢he Spinal cord is
the body’s main message carrier. The parts of timeam CNS are Spinal
cord, and the brain (medulla oblongata, pons, &ditah, diencephalon,
telencephalon, and mesencephalon).

5.0 SUMMARY

The central nervous system (CNS) controls mosttions of the body
and mind. It consists of two parts: the brain dreddpinal cord or medulla
caudalis. The brain is the most complex organ enldtbdy and it is the
center of our thoughts, the interpreter of our exEenvironment, and
the origin of control over body movement. Like anttal computer, it
interprets information from our eyes (sight), e@sund), nose (smell),
tongue (taste), and skin (touch), as well as frotarnal organs such as
the stomach. The spinal cord is the highway for mamication that
carries signals back and forth between the bodytlaadrain. When the
spinal cord is injured, the exchange of informati@tween the brain and
other parts of the body is disrupted.

6.0 TUTOR-MARKED ASSIGNMENT

1. Nervous System consists of:
A. Brain
B. Spinal Cord
C. Nerves
D. All the above

2. Which of the following statement is correct aboetrébellum?
A. It regulates the muscular movement for loconmtio
B. It is a part of brain.
C.BothAand B
D. Neither A nor B

3. Which nerves are attached to the brain and emeogethe
skull?
A. Cranial Nerves
B. Spinal Nerves
C. Thoracic Nerves
D. Sacral Nerves
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4. Name the system that controls every activity toat do?
A. Nervous System
B. Exocrine System
C. Endocrine System
D. Respiratory System

S. What is the unit of Nervous system?
A. Brain
B. Spinal Cord
C. Neuron
D. Nerves
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1.0 INTRODUCTION

This unit introduces the components and functiohghe endocrine
system and explores the interactions between th@ug and endocrine
systems. We shall consider specific endocrine @rgaonrmones and
functions.

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

describe the endocrine system

identify the components of the endocrine system

describe the three categories of hormones

explain the integration between the endocrine sysémd the
nervous system.

3.0 MAINCONTENT

3.1 An Overview of the Endocrine System
The ability of cells to communicate with each othrepresents an

underpinning of human biology. cell-to-cell commeation exists at
various levels of complexity and distance. Endaesignaling involves
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(1) The regulated secretion of an extracellulgnaling molecule,
called a hormone, into the extracellular fluid;

(2)  Diffusion of the hormone into the vasculatarel its circulation
throughout the body; and

(3) Diffusion of the hormone out of the vasculampartment into
the extracellular space and binding to a specdaeptor within
cells of a target organ. Because of the spreadhasmones
throughout the body, one hormone often reguldtesattivity of
several target organs. Conversely, cells frequemtkpress
receptors for multiple hormones. The endocrinetesysis a
collection of glands whose function is to regulamgitiple organs
within the body to

(1) Meet the growth and reproductive needs ofotiganism and

(2) Respond to fluctuations within the internal vieonment,
including various types of stress. The endocringten
comprises the following major glands:

Endocrine pancreas

Parathyroid glands

Pituitary gland (in association with hypothalamiclei)
Thyroid gland

Adrenal glands

Gonads (testes or ovaries)

These endocrine glands synthesize and secretetidg®aormones and,
with the exception of gonads, which perform bothdaarine and
gametogenic functions, are dedicated to hormonedyaton. A
transitory organ, the placenta, also performs anepdocrine function.
In addition to dedicated endocrine glands, theeeesadocrine cells within
organs whose primary function is not endocrine. sehenclude cells
within the heart that produce atrial natriuretiqpee, liver cells that
produce insulin-like growth factor type | (IGF-Bells within the kidney
that produce erythropoietin, and numerous cell sypeithin the
gastrointestinal tract that produce gastrointestiwoamones. There also
exist collections of cell bodies (called nuclei}tmm the hypothalamus
that secrete peptides, called neurohormones, mypdlaries associated
with the pituitary gland. A third arm of the endo& system is
represented by numerous cell types that expresaceitlular enzymes,
ectoenzymes, or secreted enzymes that modify ugaptecursors or less
active hormones into highly active hormones. An nepke is the
generation of angiotensin Il from the inactive paptide
angiotensinogen by two subsequent proteolytic egas. Another
example is activation of vitamin D by two subsedukpdroxylation
reactions in the liver and kidney to produce thghhyi bioactive hormone
1,25-di hydroxyvitamin D (vitamin D).
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Figure 2: Glands of the endocrine system.

CONFIGURATION OF FEEDBACK LOOPS WITHIN THE
ENDOCRINE SYSTEM

The predominant mode of a closed feedback loop gnerdocrine
glands is negative feedbadk a negative feedback loop, "hormone A"
acts on one or more target organs to induce a eh@iidper a decrease or
increase) in circulating levels of "component Bridathe change in
component B then inhibits secretion of hormone Agéative-feedback
loops confer stability by keeping a physiologicalgmeter (e.g., blood
glucose) within a normal range. There are alsaveefeamples of positive
feedback in endocrine regulation. A positive clo$eedback loop, in
which hormone X increases levels of component Y emaponent Y
stimulates secretion of hormone X, confers insitgbilUnder the control
of positive-feedback loops, something has "gotite.§ For example,
positive-feedback loops control processes thattieadpture of a follicle
through the ovarian wall or expulsion of a fetus

from the uterus.

SELF- ASSESSMENT EXERCISE

I What are endocrine cells?
. List the four endocrine organs that you know.
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3.3 Hormones

Hormones are chemical messengers that are rel@aset tissue and
Transported in the bloodstream to reach specifis oceother tissues.

Types of Hormones

Hormones are classified biochemically as protemsipes,

catecholamines, iodothyronines, or steroid hormoridse chemical
nature of a hormone determines (1) how it is sysitesl, stored, and
released; (2) how it is transported in blood; {8)iological half-life and
mode of clearance; and (4) its cellular mechanisacton.

Proteins/Peptides Protein and peptide hormonesbeagrouped into
structurally related molecules that are encoded geye families.
Protein/peptide hormones gain their specificityrrtheir primary amino
acid sequence and from posttranslational modiboati especially
glycosylation. Because protein/peptide hormones destined for
secretion outside the cell, they are synthesizedpancessed differently
from proteins destined to remain within the celltorbe continuously
added to the membrane (Fig. 37-5). These hormamesyathesized on
the polyribosome as larger preprohormones or preboes. The nascent
peptides have at their N-terminal a group of 183@amino acids called
the signal peptide. The signal peptide interactl wiribonucleoprotein
particle, which ultimately directs the growing pept chain through a
pore in the membrane of the endoplasmic reticulocated on the
cisternal (i.e., inner) surface of the endoplasmgticular membrane.
Removal of the signal peptide by a signal peptidgserates a hormone
or prohormone, which is then transported from tistecnae of the
endoplasmic reticulum to the Golgi apparatus, witaspackaged into a
membrane-bound secretory vesicle that is subsdguefgased into the
cytoplasm. The carbohydrate moiety of glycoprotasy@dded in the
Golgi apparatus.

Functions of Hor mones

1. Help regulate:
. Chemical composition and volume of internal
environment (interstitial fluid)
. Metabolism and energy balance
. Contraction of smooth and cardiac muscle fibers
. Glandular secretions
. Some immune system activities
2. Control growth and development.
3. Regulate operation of reproductive systems.
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4. Help establish circadian rhythms.

SELF - ASSESSMENT EXERCISE

----------------------- and -------

40 CONCLUSION

You should have seen that the endocrine systemdaslall the endocrine
cells and tissues of the body. They have glandsgaretory cells that
release their secretions into the extracelluladfliihe main function of
the endocrine system is to preserve homeostasisobgdinating and
regulating the activities of other cells, tissuggjans, and systems. The
endocrine system consists of cells, tissues, amg@nsr that secrete
hormones critical to homeostasis. The body cootdsas functions
through two major types of communication: neura andocrine. Neural
communication includes both electrical and chensaghaling between
neurons and target cells. Endocrine communicatimolves chemical
signaling via the release of hormones into theageltular fluid. From
there, hormones diffuse into the bloodstream ang travel to distant
body regions, where they elicit a response in taog#ls. Endocrine
glands are ductless glands that secrete hormonasy Mrgans of the
body with other primary functions—such as the hestvmach, and
kidneys—also have hormone-secreting cells. Hormaneslerived from
amino acids or lipids. Amine hormones originatarirthe amino acids
tryptophan or tyrosine. Larger amino acid hormanekide peptides and
protein hormones. Steroid hormones are derived friootesterol.

5.0 SUMMARY

In this unit we have considered the fact that erndeccells are different
from exocrine cells; the latter secrete their paiguonto epithelia’s
surfaces generally by way of ducts. Also, theresaneeral similarities as
well as distinctions between the endocrine system #he nervous
system.

6.0 TUTOR-MARKEDASSIGNMENT

Discuss the synergistic relationship of the endmcand nervous
systems.
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UNIT 2 THE REPRODUCTIVE SYSTEM
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1.0 INTRODUCTION

The reproductive system is the only system thabiessential to the life
of the individual, although its activities do impaather systems. The
system ensures the continuous existence of the muate. Sexually
mature males and females produce individual reprbgri cells that
come together and produce new being.

20 OBJECTIVES

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

o describe the mail reproductive organs
o describe the female reproductive organs
o describe the hormones involved in reproduction.

3.0 MAINCONTENT

3.1 Malereproductive organs

A) Testes: The structures include epididymis, gtratubules, ciliated
rete testes, lobules and seminiforous tubules (@8 lobule) which
consists of the following:

. Leydig cells
. Sertoli cells
. Spermatogonia

Other reproductive structures include:
Vas deferens - muscular walls, propels spermattmeards urethra
Seminal vesicle - contributes 60% seminal volume.
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Prostate gland - contributes 25% of seminal volume

Cowper’s gland — produces mucus

Hormones of the male reproductive system include:

Gonadotropin releasing hormone (GnRH) - triggersl RS_H

release from anterior pituitary.

Follicle stimulating hormone (FSH) - triggers spatogenesis,

inhibin.

Lutenizing hormone (LH) - stimulates testosteroeerstion
Testosterone - induces secondary male charaatsrigiimulates late
spermatogenesis steps.

Androgen binding protein (ABP) - binds testosterarmncentrates it in
seminal tubules

SELF-ASSESSMENT EXERCISE

I Highlight the importance of the reproductivessm.
. What are the components of the testes?

3.2 Femalereproductive organs

Suspensory Utarine {fallopian) tube
ligament of ovary

Ovarian blood ‘ Fundus—,  Lumen (cavity)
vassels of uterus \ \nf ulerus

S8 Ampulla

k ’ A
Mesosalpin —+—=£=—"" ./—D\'ar‘!' _!_ |sthmus | Uletine
”@Wf*"”’“——‘;:a_._ / L f=— Infundbulum | 1be
Broad / j W - Fimbriae
ligamen NS A
| W =
Mesomatrium ———__ _H/_F? I
T / \ Round figament of uterus
Ovanan ligament A Vi \ R - 5
P | e Endometrium
Body of uterus ' . ~Myometrium - Wall of
Urater 5 / _” | Perimetrium | Uerus
Ulerine blood vessels ) 510 i Internal o8
- I ;
) lthmus ——————— Cervical canal
."‘Lf Uterosacral ligament —— Extemal o
‘U Lateral cervical /A 1
Ii (cardinal) igament / )
| Lateral fornix !
Carvix Vagina
(a)

Copyright ©2001 Benjamin Cummings, an imprint of Addison Wesley Longman, inc

Fig 3: Female Reproductive Organs
Ovaries. Produce oocytes and hormones: Oestrogens anédteogne.

Uterine tubes. Deliver oocytes or embryo to uterus; normal sife
fertilization
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Uterus: Site of embryonic development and exchange betwasgternal
and embryonic bloodstreams.

Vagina: Site of sperm deposition; acts as birth candkeévery; provides
passageway for fluids during menstruation.

External genitalia (Clitoris): Contains erectile tissue; produces
pleasurable sensations during sexual activities.

Labia: Contain glands that lubricate entrance to vagina.
Mammary glands. Produce milk that nourishes newborn infant.

/'h)'pdhdum hacels i ©1999 Enayclopadia Britannica, Inc.
gonadotropin- D) e
releasing ( - {5 cightcells
hormone A Z 0\ implantation
(GnRH) QJ 4 ’ ostium of blastocyst
\ .“s
pituitary devaloping  °
follicles
Iminiﬁng estrogen .
hormone .
(LH)
follicle-

N

corpus
[uteum

andometrium

( } @ ./ owlation
mw/ \ Lterus ovum
vagha”" " cenvix

Fig 4: Femalereproductive Hormones and their roles
Source: 1999 Encyclopedia Britannica, Inc
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Thereproductive process

testes ( Sperth?rndm:ﬁun) ova mature and

ovaries ( ore ejechad

epididymus (spermsio )
Y e pe.:i'hnea.l cauly
ductus deferens uterine tubes

V . .

e (gt )
v

Vagina. (it not ferhlized)

\

outside world

Fig 5: Illustration of the reproductive process
Sourcewww.relief/manual

SELF-ASSESSMENT EXERCISE

I Name five parts of the female reproductive syst
. What is the role of the uterus?

40 CONCLUSION

The reproductive system, though not important tmdalive, is very
important for procreatian

5.0 SUMMARY

In this unit we have learnt that the Reproductiystesm is different for
the male and female, the reproductive hormonealacedifferent.

6.0 TUTOR-MARKED ASSIGNMENT

1. List four male reproductive hormones.
2. Describe the reproductive process.
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1.0 INTRODUCTION

Excretion is the process by which the unwantedtsmloss and metabolic
wastes are eliminated from the body. The urinastesy is the entire
system of ducts and channels that conduct urirma fre kidneys to the
exterior. It includes the ureters, the urinary bladand the urethra. The
main function of the urinary system is to maintaomeostasis of blood
composition, volume and pressure.

20 OBJECTIVES

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

o discuss the overall function of the urinary system

o identify the major organs of the urinary system dadcribe their
functions

o describe the mechanism of action of the urinaryesgs
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3.0 MAIN CONTENT

3.1 Introduction tothe Major Organs of the Urinary System
The major organs of the Urinary system are the:

Kidneys
Ureters
Urinary bladder
Urethra

A Kidney

----------- Renal vein
____________ Renal artery

Inferior
-—-— yena cava

- - Aorta

- Ureter

- Bladder

e Urethra

Figure 1. Urinary system

They are located in the abdomen, pelvis and peminend are
responsible for the formation elimination of urised other waste
materials from the body.

3.2 Introduction to the Structure and Function of the
Kidney

Hilum —This is the entrance to renal sinus.

Renal pelvis — An expansion of the ureter.

Calyces (major and minor) — These are tubes enmgniom
renal pelvis.

Inner medullary region — This contains renal colsrand
pyramids (site of nephrons).

Outer cortex - Forms the outer cover and renalmaohi

YV WV VVYVY
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> Renal columns —This is the portion of cortex extegdetween
renal pyramids

> Renal pyramids — The number is approximately 8etfians per
kidney.

The Major Functions of the Kidney

The kidney:

> Regulates blood volume and composition

> Regulates blood pressure as it monitors renal bpwessure and

the secretion of rennin
> Regulates certain aspects of metabolism like glecganesis.

3.3 An Overview of the Nephron

There are two principal types of nephrons: cortieghron and
juxtamedullary nephron.

Each nephron has two major portions:

1. Renal corpuscle.
2. Renal tubule.

Efferent arteriole

Glomerulus

Afferent arteriole —

Bowman capsule ————-

Proximal convoluted —————— 2 ) |\ - Distal convoluted
tubule tubule

Thick descending ————-———————————f-{ = | b e Thick ascending
segment segment

O EE— —#— Thin ascending

Thin descending ——mMmMm————————- segment
segment

-—— Collecting duct

Hairpin bend

Figure 2: The nephron of human kidney
3.4 Filtrate Production

This is a three-step process:

1. Glomerular filtration: Filters fluid and wass®lutes out of the
blood.
2. Tubular reabsorption: Returns important soltdethe blood.
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3. Tubular secretion: Selective secretion of memutes into
filtrates.

The one major factor affecting the glomerular dition rate (GFR) is the
glomerular hydrostatic pressure (HPg), which isedatned by the

diameter of afferent/efferent arterioles. The majechanisms regulating
GFR are:

1. Renal autoregulation

2. Hormonal regulation, like aldosterone and ant&tic hormone
(ADH)

3. Neuronal regulation

SELF- ASSESSMENT EXERCISE

I What are the three major functions of the kidneys?
. The four major organs of the urinary system are---------------
--------- , m-mmmmmmmmemees ANA --mmemmemeeemeees

40 CONCLUSION

The kidney is very essential to life because iphéb get rid of
substances that are toxic to the body, and algzsltelmaintain
homeostasis.

5.0 SUMMARY
This unit has shown that the urinary system comsisthe kidneys, the

ureters, the urinary bladder and the urethra. portant role played by
the nephron is the process of glomerular filtration

6.0 TUTOR-MARKEDASSIGNMENT

1. What is the basic function of a nephron?
2. Write out the three steps of renal filtration.
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1.0 INTRODUCTION

The urinary system is also called the excretorytesysof the body
because one of its functions is to remove wastdymts from the blood
and eliminate them from the body. The urinary syst®nsists of two
kidneys which are the organs that extract wastes the blood, balance
body fluids and form urine. The two ureters aresgnyhich conduct urine
from the kidneys to the urinary bladder while tirenary bladder is a
reservoir that receives and stores the urine britoghby the two ureters.
The urethra is a tube that conducts urine frombthdder to the outside
of the body for elimination.

20 OBJECTIVES

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

) Discuss the structure & functions of the kidney
o Describe Accessory excretory structures of theauyiisystem
o Discuss Urine and urination

3.0 MAINCONTENT
3.1 Structureand functions of the Kidney

This is a pair of reddish brown, bean shaped olgzated in the posterior
wall of the abdominal region, one in each sidehaf vertebral column.
They usually span between T12 to L3. They are ptetkat least partially
by the last pair of ribs and capped by the adrglzald. The bean shape
of the kidney is medially concave and laterally wex On the medial
concave border is the hilus (small indented ardagres blood vessels,
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nerves & ureters enter and leave the kidney. Cogeand supporting
each kidney are three layers of tissue:

. Renal capsule — innermost, tough, fibrous layer

. Adipose or fatty capsule — the middle layer coseal of fat,
giving the kidney protective cushion.

. Renal fascia — is outer sub-serous connectgeidi layer.

----------- Cortex
___________ Medullary
- pyramid

. Renal sinus

--- Renal artery
- Renal pelvis

---- Renal vein

——N=—=q--==2-——— Major calyx
- Minor calyx

- (———— Ureter

Fig. 3: the structure of kidney

The kidneys are slightly protected by the ribs are surrounded by fat
for protection.

3.1.1 Internal Anatomy of the kidney

A sagittal section of the kidney reveals threeingstregions called pelvis,
medulla and cortex from inside to out.

Therenal pelvisis the large collecting space within the kidneynied
from the expanded upper portion of the ureters. géieis branches into
two levels of cavities; these are 2-3 major calyaed 8 to 18 minor
calyces.

The Renal medulla is the middle portion of the kidney. It consists8of
to 18 renal pyramids, which are longitudinallysdl, cone-shaped areas.
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The base of each pyramid is adjacent to the ootéex: The apex of each
renal pyramid ends in a papilla, which opens tar@omcalyx. Pyramids
contain tubules and collecting ducts of the nephifime tubules are
involved in transportation and re-absorption ofefiéd materials. Th
renal cortex is the outermost portion of the kidney. It is deatinto two
regions: the outer cortical and the inner juxtantiady region. The
cortical tissue that penetrates between the pymnicdms Renal
Columns. The renal columns are composed of mainly colhgctibules.

Arcuate
blood vessels

Minor calyx

Major calyx
Renal pelvis

Pyramid

Papilla

‘. f Renal column
¥ R ———

Cadae Cortex

Figure 4. Internal structure of the Kidney
3.1.2 Functions of the Kidney

All the functions are directly or indirectly relat¢o the formation of
urine. The series of events leads to:

o] Elimination of wastes

o] Regulation of total body water balance.

o] Control of the chemical composition of blood andestbody
fluids

o] Control of acid base balance

The processes in urine formation are: -

1. Blood filtration; every day the kidneys filter 170ters of blood
2. Tubular re-absorption
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3. Tubular secretion

The relative amounts of filtration, re-absorptiondaexcretion in the
kidney tubular system is influenced by daily dittjd intake, weather
factors and exercise, all of which determine thagosition of urine

3.2 Accessory Excretory structures

Urine is formed in the kidney, but accessory stitet are required to
transfer, store and eventually eliminate urine frdm body. These
structures are the two ureters, urinary bladderuaathra.

3.2.1 Ureters

Attached to each kidney are two tubes called theews. Ureters transport
urine from the renal pelvis to the urinary bladd€he ureters spass
between the parietal peritoneum and the body wailhé pelvic cavity,
where they enter the pelvic cavity. It is narrowtleg kidney and widen
near the bladder. The wall of the ureters is corapas three layers:

a. Innermost Tunica Mucosa
b. The middle Tunica Muscularis (made of smooth myscle
C. The outer Tunica Adventitia

3.2.2 Urinary bladder

Urinary bladder is a hollow, muscular organ thdtemts urine from the
ureters and store it until it is excreted. It uguatcumulates 300 to 400
ml of urine but it can expand twice as much. losated on the floor of
the pelvic cavity like the kidneys and uretersisiRetroperitoneal. In
males it is anterior to the rectum and above thstpte gland. In females,
it is located somewhat lower, anterior to the weand upper vagina.

3.2.3 Urethra

Urethra is a tube of smooth muscle lined with mattsyer. It leaves the
bladder at its inferior surface (base) and trartspmine outside the body
during urination. It is an average of 4 cm longemales and 12 cm in
length in males. In females it opens between tlggnaaand clitoris. In
males, it passes through the prostate, membranousorp (pelvic
diaphragm muscle), spongy portion (that passes ugfirocorpus
spongiosus muscle) and open at the tip of penis.spongy portion is
joined by ducts from the bulbo-uretheral gland (Msisecreting gland).
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3.3 Urineé& urination

Composition of urine varies depending on the dexercise, water
consumption and other. However, it is composed aihity water, urea,
chloride, potassium, sodium, creatinin, phosphaifates and uric acid.
Proteins, glucose, casts (decomposed blood) amdlcélom minerals
are abnormal if present in urine. The PH of urie&.0 to 8.0 (mostly
acidic) and has translucent (clear, not cloudypicol'o maintain the
proper osmotic concentration of the extra celltilad to excrete wastes
and to maintain proper kidney function the body meiscrete at least
450ml of urine per day. A healthy person excref@301to 1800 ml of
urine daily. The volume and concentration of uigieontrolled by:

0 Antidiuretic hormone
o] Aldestrone
o] The Renin — angiotensin mechanism

3.3.1 Micturition

Urination is emptying of the bladder; it is the pess of conscious
andunconscious nerve control. Steps of urinatien ar

Conscious desire to urinate

Pelvic diaphram muscles relax

Urinary bladder neck moves down, outlet opens

Wall stretches

Receptors are stimulated

Smooth muscle of Urinary bladder Contracts & uefects.

40 CONCLUSION

Urine is a fluid of variable composition that reeps specialized
structures to remove it from the body safely anficienhtly. Blood is
filtered, and the filtrate is transformed into wiat a relatively constant
rate throughout the day. This processed liquidogesl until a convenient
time for excretion. All structures involved in ttransport and storage of
the urine are large enough to be visible to theedakye. This transport
and storage system not only stores the waste t lpubtects the tissues
from damage due to the wide range of pH and osiitylaf the urine,
prevents infection by foreign organisms, and foe thale, provides
reproductive functions.
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5.0 SUMMARY

In this unit, we have discussed the structure &fioms of the kidney,
accessory excretory structures of the urinary systérine and urination.

6.0 TUTOR-MARKED ASSIGNMENT

Discuss the external structures of kidney
Briefly discuss the structures involved in removingqne from the body
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MODULE 5 THE SPECIAL SENSES

Unit 1 The Tongue and the Sense of Taste
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1.0 INTRODUCTION

Taste is mainly a function of thiste buds in the mouth, but it is

common experience that one’s sense of smell alstribates strongly

to taste perception. In addition, the texture obdipas detected by
tactual senses of the mouth, and the presencebstasices in the food
that stimulate pain endings, such as pepper, gredter the taste
experience. The importance of taste lies in the fthat it allows a

person to select food in accord with desires atehah accord with the
body tissues’ metabolic need for specific substance

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

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

describe the histology and function of a typicatésbud
explain the neuronal pathways for the sensation
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3.0 MAIN CONTENT

3.1 Functions of Taste

Substances calletdstants dissolve in saliva, enter the taste pores, and
by various mechanisms cause the taste cells tdalemm For example,
the diffusion of the positively charged ions Na+idad+ into the taste
cells causes depolarization. The binding of tastémtreceptors on the
taste hairs activates G proteins, which resultsd@polarization by
causing Ca2+ channels to open or K+ channels secM/hen the taste
cells depolarize, they release neurotransmittess diffuse to sensory
neurons associated with the taste cells. The namsmitters stimulate
action potentials in the sensory neurons, which cmeducted to the
brain, where the sense of taste is perceived. piiveary tastes have
been identified in humans: salty, sour, sweetehittnd umami (a
Japanese term loosely translated as savoury). Hity $aste is
stimulated by Na+; sour by acids; sweet by sugamne other
carbohydrates, and some proteins; bitter by aldalgjbases); and
umami by the amino acid glutamate and related comg®. The umami
taste sensation is most intense when coupled Wwérsalty taste, hence
the popularity of adding salt to tomatoes, ketchagy sauce, and the
food additive monosodium glutamate (MSG). Even giownly five
primary tastes have been identified, humans caceper a fairly large
number of different tastes, presumably by combiniregfive basic taste
sensations. Thresholds for the five primary tastanui vary.
Sensitivity for bitter substances is the highestany alkaloids are
poisonous, and the high sensitivity for bitter éastnay be protective
because of the avoidance of bitter foods. On tierohand, humans
tend to crave sweet, salty, and umami tastes, psrimaresponse to the
body’'s need for sugars, carbohydrates, proteing,nainerals. Many of
the sensations thought of as being tastes areg$gromfluenced by
olfactory sensations.

This phenomenon can be demonstrated by pinching oiese to close
the nasal passages while trying to taste somethivigh olfaction
blocked, it is difficult to distinguish between ttaste of a piece of apple
and the taste of potato. Much of the “taste” i msthis action. This is
one reason that a person with a cold has a redseeshtion of taste.
The tongue can detect other stimuli besides tasteh) as temperature
and texture, and these stimuli can influence tmsat#on of taste. Food
served at the wrong temperature is perceived agastiesul.
Stimulationense of taste of hot receptors by capsair black pepper is
interpreted as hot or spicy, and stimulation ofdcakceptors is
perceived as fresh or minty.
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3.2 Location of Taste Buds

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

(1) A large number of taste buds are on the walihe troughs that
surround the circumvallate papillae, which fornv dine on the
surface of the posterior tongue.

(2) Moderate numbers of taste buds are on theiffung papillae
over the flat anterior surface of the tongue.

(3) Moderate numbers are on the foliate papiltamted in the folds
along the lateral surfaces of the tongue. Addéidaste buds are
located on the palate, and a few are found onath&llar pillars,
on the epiglottis, and even in the proximal esgpisa Adults
have 3000 to 10,000 taste buds, and children hafesv more.
Beyond the age of 45 years, many taste buds deggeneausing
taste sensitivity to decrease in old age.

Taste pore

_________ Type | cell

) --—-=Type |l cell

_ Type lll cell
(receptor cell)

Type IV cell
(Basal cell)

.

—=>-—— Nerve fibers

FIGURE 1: Taste bud

3.3 Histology of Taste Buds

Each of the 10,000 taste buds on a person’s toogusists of three
major types of specialised epithelial cells. Thassey cells of each
taste bud consist of about 50 taste cells. Eade tasll has several
microvilli, called taste hairs, extending from #épex into a tiny opening
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in the epithelium called the taste pore. The remgitwo nonsensory
cell types are basal cells and supporting cellke lalfactory cells, the
cells of the taste buds are replaced continuoeslgh having a normal
life span of about 10 days.

3.4 Taste Preference and Control of Diet

Taste preference simply means that an animal wdbse certain types
of food in preference to others, and the animabmatically uses this to
help control the diet it eats. Furthermore, itstdagreferences often
change in accord with the body’'s need for cert@iecgic substances.
The following experiments demonstrate the abilityoimals to choose
food in accord with the needs of their bodies.

First, adrenalectomies, salt-depleted animals aatically select
drinking water with a high concentration of sodiuahloride in
preference to pure water, and this is often swficio supply the needs
of the body and prevent salt depletion death.

Second, an animal given injections of excessive ui of insulin
develops a depleted blood sugar, and the animahwiically chooses
the sweetest food from among many samples.

Third, calcium-depleted parathyroidectomies animalstomatically
choose drinking water with a high concentrationcafcium chloride.
Also, human beings reject any food that has aneaasant affective
sensation, which in many instances protects ouielsddom undesirable
substances. The phenomenon of taste preferencastaterainly results
from some mechanism located in the central nensystem and not
from a mechanism in the taste receptors themsel@kispugh the
receptors often become sensitised in favour of ede& nutrient. An
important reason for believing that taste prefeeeiscmainly a central
nervous system phenomenon is that previous exmperiewith

unpleasant or pleasant tastes plays a major robeiermining one’s
taste preferences. For instance, if a person bexaioik soon after
eating a particular type of food, the person gdherdevelops a
negative taste preference, or taste aversion, Hat particular food
thereafter; the same effect can be demonstratiedver animals

3.5 Clinical Correlates

Much of what is perceived as a taste defect iy auprimary defect in
olfaction resulting in an alteration in taste.
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SELF-ASSESSMENT EXERCISE

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

4.0

CONCLUSION

In this unit, you learnt the main function of ttaste buds in the mouth,
and the common experience that one’s sense of sisellcontributes
strongly to taste perception.

5.0

6.0

82

SUMMARY

Taste is mainly a function of thaste buds in the mouth, but it is
common experience that one’s sense of smell alsdrilbotes
strongly to taste perception.

Receptors on the hairs detect tastants (disd@ubstances). Five
basic types of taste exist sour, salty, bitter,espw@nd umami.
Taste buds usually are associated with pap#agcumvallate,
fungiform and foliate papillae.

Taste buds consist of taste cells, basilar cealgl supporting
cells. The taste cells have taste hairs that exténdaste pores.
Taste preference simply means that an animéalchwlose certain
types of food in preference to others, and the ahim
automatically uses this to help control the diet aats.
Furthermore, its taste preferences often changedord with the
body’s need for certain specific substances.

TUTOR-MARKED ASSIGNMENT

Taste cells

a. are found only on the tongue.

b. extend through tiny openings called taste buds.

C. have no axons but release neurotransmitters when
stimulated.

d. have axons that extend directly to the taste afrdaeo
cerebral cortex.

Which of these irot one of the basic tastes?

a. spicy
b. salty
C. bitter
d. umami
e. sour

What are the three kinds of lingual papillagg avhere are they
located?
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4, Do taste receptors undergo adaptation?
5. Describe taste preference in relation to detrol.
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1.0 INTRODUCTION

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

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

comparison with the sense of smell in many lowemais.

2.0 OBJECTIVES

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

. describe the histological structure and functdrithe olfactory
epithelium and the olfactory bulb

. explain how the perception of many different oidois possible

. describe the neuronal pathways for the sensenetfl.

3.0 MAIN CONTENT

3.1 Olfactory Epithelium and Bulb

A small superior part of the nasal cavity is linedth olfactory

epithelium. Ten million olfactory neurons are pmsevithin the

olfactory epithelium. Olfactory neurons are bipolaeurons with
dendrites extending to the epithelial surface @& ttasal cavity. The
ends of the dendrites are modified into bulbousrg@ments with long,
specialised cilia, called olfactory hairs, whicé in a thin mucous film
on the epithelial surface. The mucus keeps thel rgsthelium moist
traps and dissolves molecules, and facilitateseh@val of molecules
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and particles from the olfactory epithelium. Airberodorants become
dissolved in the mucus on the surface of the elpitmeand bind to
molecules on the membranes of the olfactory haaiged olfactory
receptors. The odorants must first be dissolved in fluid iderto reach
the olfactory receptors. When an odorant bindstsoreceptor, a G
protein associated with the receptor is activafeda result of activation
of the G protein, Na+ and Ca2+ channels in the nmangopen. The
influx of ions into the olfactory hairs results depolarization and the
production of action potentials in the olfactory udens. Once an
odorant binds to its receptor, however, the regeptcommodates and
does not respond to another odorant for some time.

3.2 Threshold for detection of odors

The threshold for the detection of odours is vesw,l so very few

odorants bound to an olfactory neuron can initeteaction potential.
Methylmercaptan, which has nauseating odour sindlahat of rotten

cabbage, is added to natural gas at a concentraitiabout one part per
million. A person can detect the odour of about51Hillionth of a

milligram of the substance and therefore is awéith® presence of the
more dangerous but odourless natural gas. Thereagpeoximately

1000 different odorant receptors, which can reactotorants of

different sizes, shapes, and functional groups. dlerage person can
distinguish among approximately 4000 different dmelt has been
proposed that the wide varieties of detectable dare actually

combinations of a smaller number pfimary odours. The seven

primary odours are camphoraceous (e.g., moth baitsisky, floral,

peppermint, ethereal (e.g., fresh pears), pungemt, putrid. It is very

unlikely, however, that this list is an accurateresentation of all

primary odours, and some studies point to the pdggiof as many as

50 primary odours.

3.3 Neuronal Pathways for Olfaction

Axons from olfactory neurons form tledfactory nerves (I), which pass
through the olfactory foramina of the cribriformaf@ and enter the
olfactory bulb. There they synapse with interneurons that retpma

potentials to the brain through tb#actory tracts. Each olfactory tract
terminates in thelfactory cortex and theamygdala in the temporal
lobe. It is here that the sensation of smell iscpeed. The olfactory
cortex is part of the limbic system, projecting ttee hypothalamus,
amygdala, and hippocampus of the cerebrum. Odoars produce
strong emotional reactions, memories, and oth¢oreses
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Olfactory tract
I

***** Mitral cell
“““““““ Olfactory bulb

e Olfactory glomerulus

______ Cribriform plate of
ethmoid bone

---- Olfactory receptor

--------------- Sustentacular cell

Olfactory rod
e Mucus membrane

Figure 2: Olfactory mucus membrane and pathway for olfactory
sensation

3.4 Clinical Correlates

I. Anosmia -a complete loss of smell

il. Hyposmia —partial loss of smell or decreased sensation oflsme

iii. Hyperosmia —enhanced smell sensitivity

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

V. Parosmia —distortion of perception of an external stimulus

Vi. Phantosmia —smell perception with no external stimulus.

Common causes of smell disorders include:
Aging, sinus and other respiratory infections, smgkgrowths in nasal
cavities, head injury, hormonal disturbances, dgmablems, exposure

to certain chemicals, such as insecticides andestdy radiation for
treatment of head and neck cancers.

4.0 CONCLUSION

In this unit, you have learnt that the sense oflsimsea subjective
phenomenon that cannot be studied with ease inrlanienals.
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5.0 SUMMARY

. Olfaction is the sense of smell.
. Olfactory neurons in the olfactory epitheliumeabipolar
neurons.

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

. The receptors activate G proteins, which resalt®n channels
opening and depolarization.

. At least seven (perhaps 50) primary odours eXise olfactory
neurons have a very low threshold and accommodatdly.

. Axons from the olfactory neurons extend as dtfgcnerves to

the olfactory bulb, where they synapse with internaes. Axons
from these cells form the olfactory tracts, whiadngect to the
olfactory cortex.

The olfactory bulbs and cortex accommodate to aglour
SELF-ASSESSMENT EXERCISE

At the histology laboratory, examine the olfactaeglls slides under the
microscope.

At the gross anatomy laboratory, identify the lomatof the olfactory
epithelium and its relationship to the olfactorybbland the cribriform
plate on the sagittal head model.

6.0 TUTOR-MARKED ASSIGNMENT
1. Olfactory neurons

a. have projections called cilia. b. have axons tlwablzine to form
the olfactory nerves.

connect to the olfactory bulb.

have receptors that react with odorants dissolnelid.

all of the above.

What are the characteristics of an odorant—anata molecule
that stimulates a smell receptor?

Does adaptation of smell receptors occur?

Do all of the volatile chemicals in the nosemsiate smell
receptors?

5 Which of the cranial nerves innervate the oiacimucosa?

Neoo

B w
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1.0 INTRODUCTION

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

2.0 OBJECTIVES

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

. describe the anatomy of the ear and the funafeach part

. explain how sounds travel through the ear amdirsterpreted in
the brain

. explain the role of the ear in maintaining eifpuitim

. describe various disorders of the ear.

3.0 MAIN CONTENT

3.1 Auditory Structures

External Ear/Auricle

The auricle is the fleshy part of the external earthe outside of the
head. The auricle opens into the external acoustigtus, a passageway

that leads to the tympanic membrane. The auridleas sound waves
and directs them toward the external acoustic nseawhich transmits
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them to the tympanic membrane. The external acous#atus is lined
with hairs and ceruminous glands, which produceien, a modified
sebum commonly called earwax. The hairs and cerumedm prevent
foreign objects from reaching the delicate tympamembrane. The
tympanic membrane is a thin membrane separatingxteznal ear from
the middle ear. It consists of a thin layer of cective tissue
sandwiched between two epithelial layers. Soundesaeaching the
tympanic membrane cause it to vibrate.

Middle Ear

Medial to the tympanic membrane is the air-fille/ity of the middle
ear. Two covered openings, tbeal window and theround window on
the medial side of the middle ear, connect the taiédr with the inner
ear. The middle ear contains threeaditory ossicles the malleus,
incus, andstapes.These bones transmit vibrations from the tympanic
membrane to the oval window. The malleus is attddioethe medial
surface of the tympanic membrane. The incus cosribet malleus to
the stapes. The base of the stapes is seated mvéhevindow and is
surrounded by a flexible ligament. Two small musdtethe middle ear
help dampen vibrations of the auditory ossiclesseduby loud noises.
Thetensor tympani muscle is attached to the malleus and is innervated
by the trigeminal nerve (V). Thetapediusmuscle is attached to the
stapes and is innervated by the facial nerve (Mo openings provide
air passages from the middle ear. One passage apenthe mastoid
air cells in the mastoid process of the temporal bone. Theerot
passageway is thauditory tube, also called thepharyngotympanic
tube or theeustachian tube.The auditory tube opens into the pharynx
and enables air pressure to be equalised betweenutkide air and the
middle ear cavity. When a person changes altitaglepressure outside
the tympanic membrane changes relative to the m@asspre in the
middle ear. With an increase in altitude, the pressoutside the
tympanic membrane becomes less than the air peegsside the
middle ear and the tympanic membrane is pushed avdtwVith a
decrease in altitude, the air pressure outsideetttebecomes greater
than in the middle ear and the tympanic membranaushed inward.
Distortion of the tympanic membrane can make sowssisn muffled
and stimulate pain. These symptoms can be relibyedpening the
auditory tube to allow air to pass through the tuglitube to equalise
air pressure. Swallowing, yawning, chewing, anddingl the nose and
mouth shut while gently trying to force air outtbg lungs are methods
use to open the auditory tube.
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Fig.3: Major Parts of the Ear

Inner Ear

The inner ear contains the sensory organs for mgand balance. It
consists of interconnecting, fluid-filled tunnelsdachambers within the
temporal bone called the bony labyrinth. The boalyytinth is lined
with endosteum. When the inner ear is drawn, tihésendosteum that is
depicted. The bony labyrinth is divided into thresgions: cochlea,
vestibule, and semicircular canals. The vestibalk semicircular canal
are involved primarily in balance, and the cochisainvolved in
hearing. Inside the bony labyrinth is a similarhaped but smaller set
of membranous tunnels and chambers called the nagrobs labyrinth.
The membranous labyrinth is filled with a cleardlgalled endolymph,
and the space between the membranous and bonynlsyrs filled
with a fluid called perilymph. Perilymph is veryrslar to cerebrospinal
fluid, but endolymph has a high concentratiopofassium and a low
concentration of sodium, which is opposite to pemph and
cerebrospinal fluid. The membranous labyrinth & tochlea separates
the bony labyrinth into two parts. The cochlea hased like a snail
shell—that is, a coiled tube. The base of the @sldonnects to the
vestibule and the apex of the cochlea is the entieotoiled tube. The
bony core of the cochlea, around which the tubésc@ shaped like a
screw with threads called the spiral lamina. A &®&d, membranous
complex divides the cochlea into three portionse bhse of the Y is the

91



NSC 222 HUMAN PHYSOLOGY Il

spiral lamina. One branch of the Y is the vestibut@mbrane, and the
other branch is the basilar membrane. The spaceebat these
membranes is called the cochlear duct.

3.2 Neuronal Pathway for Hearing and Balance

The axons of the sensory neurons supplying hds @im the cochlear
nerve. These sensory neurons are bipolar neuradstheair cell bodies
are in the cochlear, or spiral, ganglion, locatadthe bony core of
thecochlea. The cochlear nerve joins the vestim#ave to become the
vestibulocochlear nerve (VIII), which traverses timernal acoustic
meatus and enters the cranial cavity. The speerades of hearing and
balance are both transmitted by the vestibulocech&Ill) nerve. The
termvestibular refers to the vestibule of the inner ear, whicmislved
in balance. The ternsochlear refers to the cochlea of the inner ear,
which is involved in hearing. The vestibulocochlearve functions as
two separate nerves carrying information from twpasate but closely
related structures. The auditory pathways withie tDNS are very
complex, with both crossed and uncrossed tractslatdral CNS
damage therefore usually has little effect on mgarlThe neurons from
the cochlear ganglion synapse with CNS neuronshim ¢ochlear
nucleus in the medulla oblongata. These neuromsrineither synapse
in or pass through the superior olivary nucleutheamedulla oblongata.
Neuronsterminating in the superior olivary nuclengy synapse with
efferent neurons returning to the cochlea to madutgtch perception.
Nerve fibers from the superior olivary nucleus alsmject to the
trigeminal (V) nucleus, which controls the tensgnpani, and the facial
(V1) nucleus, which controls the stapedius musdleis is part of the
sound attenuation reflex pathway. Ascending neufam the superior
olivary nucleus synapse in the inferior collic@nd neurons from there
project to the thalamus, where they synapse withianes that project to
the cortex. These neurons terminate in the auditanyex. Neurons
from the inferior colliculi also project to the senpor colliculi, where
reflexes that turn the head and eyes in respondeutb sounds are
initiated.
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3.3 Clinical Correlates

Tympanic Membrane Rupture

Chorda Tympani

Human Speech and Hearing Impairment
Loud Noises and Hearing Loss

Meniere Disease

"0 TY

4.0 CONCLUSION

In this unit you learnt about the organs of headnd balance which are
divided into three parts: the external, middle, amer ear.

5.0 SUMMARY

. The osseous labyrinth is a canal system withéntémporal bone
that contains perilymph contains perilymph andrtrembranous
labyrinth. Endolymph is inside the membranous latilkir

. The external ear consists of the auricle anctraal acoustic
meatus. The middle ear connects the external aret gars. The
tympanic membrane is stretched across the extexrocalistic
meatus.
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. The malleus, incus, and stapes connect the tgimpaembrane
to the oval window of the inner ear.
. The auditory tube connects the middle ear topharynx and

equalises pressure. The middle ear is connecttx tmastoid air
cells. The inner ear has three parts: the semiaraanals; the
vestibule, which contains the utricle and the skgcand the
cochlea.

. The cochlea is a spiral-shaped canal withintdmporal bone.
The cochlea is divided into three compartmentsheywvestibular
and basilar membranes. The scala vestibuli andh dgahpani
contain perilymph. The cochlear duct contains eyrdph and
the spiral organ.

. The spiral organ consists of inner hair celld anter hair cells,
which attach to the tectorial membrane.
. Pitch is determined by the frequency of soundesaand volume

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

. Axons from the vestibulocochlear nerve synapstheé medulla.
Neurons from the medulla project axons to the iofecolliculi,
where they synapse. Neurons from this point projectthe
thalamus and synapse. Thalamic neurons extendetauditory
cortex.

SELF-ASSESSMENT EXERCISE

Identify the major anatomical features of the eadgis provided.

6.0 TUTOR-MARKED ASSIGNMENT

1. Name the three parts of the ear, and statefthetions.
2. Describe the structural components of ithiddle ear and their
functions.
3. Which of these structures is found within oraispart of the
external ear?
oval window
auditory tube
ossicles
external acoustic meatus
e. cochlear duct
4. Given these auditory ossicles:
- incus(1)
- malleus(2)
- stapes(3)
Choose the arrangement that lists the auditoryclessin order
from the tympanic membrane to the inner ear.
a. 12,3
b.1,3,2

coow
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c.2,1,3
d. 2,31
e. 3,21
5. The spiral organ is found within the
a. cochlear duct.
b. scala vestibuli.
c. scala tympani.
d. vestibule.
e. semicircular canals.
6. An increase in the loudness of sound occura assult of an
increase in the sound wave.
a. frequency
b. amplitude
C. resonance
d. bothaandb

7. Interpretation of different sounds is possillecause of the
ability of it to vibrate at different frequenciaad stimulate the:
a. vestibular membrane, vestibular nerve
b. vestibular membrane, spiral organ
C. basilar membrane, vestibular nerve
d. basilar membrane, spiral organ
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1.0 INTRODUCTION

The visual system includes the eyes, the accesgngtures, and the
sensory neurons that project to the cerebral coutdwere action

potentials conveying visual information are inteted. Theeyeconsists

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

depends on our ability to read words and numbessiadV input includes
information about light and dark, movement, col@and hue.

2.0 OBJECTIVES

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

. list the accessory structures of the eye, anglagx their
functions

. describe the anatomy of the eye

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

. explain the structure of the retina, and hovatligntering the eye
results in action potentials in the optic nerve

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

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

Fibrous Layer

The sclera is the firm, opaque, white, outer layer of the past
fivesixths of the eyeball. It consists of denselag@nous connective
tissue with elastic fibers. The sclera helps mainthe shape of the
eyeball, protects its internal structures, and i@y an attachment point
for the extrinsic eye muscles. A small portion lo¢ sclera can be seen
as the “white of the eye”. The sclera is continuaith thecornea the
anterior sixth of the eyeball. The cornea is aviscand transparent,
permitting light to enter the eye. The focusing tegs of the eye
refracts, or bends, light and focuses it on themes layer (retina). The
cornea is responsible for most of the refractiotigsft entering the eye.
The cornea consists of a connective tissue matinaining collagen,
elastic fibers, and proteoglycans, with a layerstrhtified squamous
epithelium covering the outer surface and a layesimple squamous
epithelium on the inner surface. The outer epitimlis continuous with
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the conjunctiva over the sclera. The transpareridyne cornea results
from its low water content. In the presence of wabeoteoglycans trap
water and expand, which scatters light. In the adseof water, the
proteoglycans decrease in size and do not intevfiégrethe passage of
light through the matrix.

Vascular Layer

The vascular layer of the eye is so named becausmntains most of
the blood vessels of the eye. The posterior poxioine vascular layer,
associated with the sclera, is ttieoroid. This is a very thin structure
consisting of a vascular network and many melaomtaining pigment
cells so that it appears black in colour. The blealour absorbs light so
that it is not reflected inside the eye. If lighene reflected inside the
eye, the reflection would interfere with vision.€él'mteriors of cameras
are black for the same reason. The choroid is icoatis anteriorly with
the ciliary body, which consists of an outer c¥iaing and an inner
group of ciliary processes. The ciliary ring ane thase of the ciliary
processes contain smooth muscle called ciliary teascSuspensory
ligaments attach the ciliary ring and processdbedens of the eye, and
contraction of the ciliary muscles can change tiaps of the lens. The
ciliary process also produces aqueous humour. Tierycbody is
continuous anteriorly with the iris of the eye, ahiis the “coloured
part” of the eye. The iris is a contractile struetuconsisting mainly of
smooth muscle, surrounding an opening called th@l.plight enters
the eye through the pupil, and the iris regulatesamount of light by
controlling the size of the pupil. The iris contifwvo groups of smooth
muscles: a circular group called the sphincter lfagoand a radial group
called the dilator pupillae. The sphincter papiliae innervated by
parasympathetic fibers from the oculomotor nervd).(When they
contract, the pupil constricts and less light entiwe eye. The dilator
pupillae are innervated by sympathetic fibers. Wtiey contract, the
pupil dilates and more light enters the eye. Thkargi muscles,
sphincter pupillae, and dilator pupillae are somes referred to as the
intrinsic eye muscles. The colour of the eye d#férom person to
person. A large amount of melanin in the iris causéo appear brown
or even black. Less melanin results in light brogmeen, or gray irises.
Even less melanin causes the eyes to appear blheré is no pigment
in the iris, as in albinism, the iris is pink besaublood vessels in the
eye reflect light back to the iris. The geneticsegk colour is quite
complex.

Retina

The retina is the inner layer of the eye, covethmginner surface of the
eye posterior to the ciliary body. The retina ha®rol26 million
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photoreceptor cells, which respond to light. Aesult, action potentials
are generated and conducted by the optic nervelftlpf the eye to the
cerebral cortex, where the sense of vision takexepl When the
posterior region of the retina is examined with gvhthalmoscope,
several important features can be observed. Nearcémter of the
posterior retina is a small, yellow spot approxiehatfour (4) mm in
diameter, the macula. In the center of the masudasmall pit, the fovea
centralise. The fovea, followed by the macula, hhse highest
concentration of photoreceptor cells in the retiffaus, they are the part
of the retina most sensitive to light. Just metbathe macula is a white
spot, the optic disc, through which the centrainedtartery enters and
the central retinal vein exits the eyeball. Braschm these vessels
spread over the surface of the retina. The opsc @ also the place
where axons from the neurons of the retina convesgerm the optic
nerve, which exits the posterior eye. The optic disntains only axons
and no photoreceptor cells. Therefore, it doegegpond to light and is
called the blind spot of the eye.

Chambers of the Eye

The interior of the eye is divided into three chamsb

o Anterior chamber
o posterior chamber,and
o vitreous chamber

Lacrimal Apparatus

The lacrimal apparatus consists of a lacrimal gland, lacrimal
canaliculi, and a nasolacrimal duct. The lacrimgparatus produces
tears, releases the tears onto the surface ofytheaad removes excess
tears from the surface. Thacrimal gland is in the superolateral corner
of the orbit and is innervated by parasympathetiers from the facial
nerve (VII). The lacrimal gland produces tears, acihieave the gland
through severdhcrimal ducts and pass over the anterior surface of the
eyeball. The lacrimal gland produces tears congtahthe rate of about
one (1) mL/day to moisten the surface of the eyritate the eyelids,
and wash away foreign objects. Tears are mostlgnvatith some salts,
mucus, and lysozyme, an enzyme that kills certactdria. Most of the
fluid produced by the lacrimal glands evaporatesifthe surface of the
eye, but excess tears are collected in the medralec of the eye by
small tubes called th&crimal canaliculi. One lacrimal canaliculus
opens on the inner, medial surface of the uppelickyand the other
lacrimal canaliculus opens on the inner, mediafasgr of the lower
eyelid. The lacrimal canaliculi connect to th@solacrimal duct, which
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opens into the inferior meatus of the nasal ca#peath the inferior
nasal concha.

Extrinsic Eye Muscles

The extrinsic eye muscles attach to the outsidthe®yeball and cause
it to move. There are four rectus muscles,

the superior,

inferior,

medial, and

lateral rectus muscles

ProONPE

Medial rectus (Ill) Superior rectus (IIl) Superior oblique (IV)
\ /

Optic nerve

~,

‘!
7 Cornea
/ e
Sphenoid / Eyeball
bone o wie e _
/ ! ! ~~ Maxilla

Lateral rectus (VI) Inferior rectus (1) Inferior oblique (IIf)
Fig. 6: The Extrinsic Muscles of the Right Eye

3.2 Functions of the Eye

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

Properties of Light
The electromagnetic spectrumis the entire range of wavelengths, or

frequencies, of electromagnetic radiation. Gammaewahave the
shortest wavelength and radio waves the longestleagth.
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Visible light, the portion of the electromagnetic spectrum that lba
detected by the human eye, is a small part of tketremagnetic
spectrum. Within the visible spectrum, each colbas a different
wavelength. An important characteristic of light tisat it can be
refracted, or benfAs light passes from air to a denser substancé, @sic
glass or water, its speed is reduced. If the sartddhat substance is at
an angle other than 90 degrees to the directionlite rays are
traveling, the rays are bent as a result of vanmaitn the speed of light as
it encounters the new medium. This bending of light called
refraction. The greater the curvature of the surface, the graatthe
refraction of light. If the surface of a lens isncave, with the lens
thinnest in the center, the light rays diverge assalt of refraction. If
the surface is convex, with the lens thickest i ¢kenter, the light rays
converge. As light rays converge, they finally teac point at which
they cross. This point is called tfecal point (FP),and causing light to
converge is calledocusing. If light rays strike an object that is not
transparent, they bounce off the surface. This pimemon is called
reflection. The images we see result from light reflected fabjects.

The Eye as a Camera

The eye is optically equivalent to the usual phoapgic camera. It has
a lens system, a variable aperture system (thd)papd a retina that
corresponds to the film. The lens system of theigy®mposed of four
refractive interfaces:

(1) the interface between air and the anterioiaserof the cornea,

(2) the interface between the posterior surfacthefcornea and the
aqueous humour,

(3) the interface between the aqueous humour &edanterior
surface of the lens of the eye, and

(4) the interface between the posterior surfaceheflens and the
vitreous humour. The internal index of air is e ttornea, 1.38;
the agueous humour, 1.33; the crystalline (oviayey, 1.40; and
the vitreous humour, 1.34.

Focusing System of the Eye

The light entering the eye passes through the fogusy/stem of the eye
to strike the retina. Thi®cusing system of the eyayhich refracts light,

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

image is produced at the focal point. Past thelfpomt is a place
where the image passing through the focusing syst@mbe clearly
seen. In a normal eye, the focused image falldherrdtina. The image
Is inverted and reversed right to left becauselitieé rays cross at the
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focal point. The cornea and lens are the most ilapbelements of the
focusing system of the eye. The cornea is resplensib most of the
refraction of light because the greatest contrastmedia density is
between the air and the cornea. The shape of tme@@nd its distance
from the retina are fixed, however, so that no stipent in the location
of the focused image can be made by the cornea.déjustments to the
location of the focused image are accomplishedhanging the shape
of the lens. Increasing the curvature of the leseases the refraction
of light, moving the focused image closer to thesleDecreasing the
curvature of the lens decreases the refractionighft,| moving the
focused image farther from the lens. In camerasgrascopes, and
telescopes, focusing is not accomplished by chandens shape.
Instead, focusing is accomplished by moving the ldoser to or farther
from the point at which the image will be focused.

Distant and Near Vision

Distant vision occurs when looking at objects 20 feet or more fthen
eye, whereasear vision occurs when looking at objects that are less
than 20 feet from the eye. In distant vision, til@ary muscles in the
ciliary body are relaxed. The suspensory ligamemsyever, maintain
elastic pressure on the lens, thereby keeping latively flat. The
condition in which the lens is flattened so thatanhe parallel rays from
a distant object are focused on the retina is mrefleto asemmetropia
and is the normal resting condition of the lense Ploint at which the
lens does not have to thicken for focusing to odsucalled thefar
point of vision and normally is 20 feet or more from the eye. Whan
object is brought closer than 20 feet to the dye,itage falling on the
retina is no longer in focus. Three events occurring the image into
focus on the retina: accommodation by the lenssttmtion of the
pupil, and convergence of the eyes.

1. Accommodation

When the eye focuses on a nearby object, theciiarscles contract as
a result of parasympathetic stimulation from thalomotor nerve (lll).
This sphincter like contraction pulls the choromlvard the lens to
reduce the tension on the suspensory ligaments. dlluws the lens to
assume a more spherical form because of its owstielaature. The
more spherical lens has a more convex surface,intaugreater
refraction of light, which brings the image backoifiocus on the retina.
This process is called accommodation. As an obgetirought closer
and closer to the eye, accommodation becomes morenare difficult
because the lens cannot become any more convesomé¢ point, the
eye no longer can focus the object, and it is seea blur. The point at
which this blurring occurs is called the near pahtvision, which is
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usually about two to three inches from the eyectatdren, four to six
inches for a young adult, 20 inches for a 45-yddr adult, and 60
inches for an 80-year-old adult. This increasenarear point of vision
is called presbyopia. It occurs because the lensrbes more rigid with
increasing age, which is why some older peoplethay could read
with no problem if they only had longer arms.

2. Pupil constriction

When we look at a close-up object, the pupil dimndecreases, which
increases the depth of focus. The depth of fagdse greatest distances
through which an object can be moved and still ranmafocus on the
retina. The main factor affecting depth of focushis size of the pupil.
If the pupillary diameter is small, the depth ofdis is greater than if the
pupillary diameter is large. With a smaller papilapening, an object
may therefore be moved slightly nearer or fartmemfthe eye without
disturbing its focus. This is particularly importawhen viewing an
object at close range because the interest inldetaiuch greater, and
therefore the acceptable margin for error is smalhen the pupil is
constricted, the light entering the eye tends wspaore nearly through
the center of the lens and is more accurately ftilsan light passing
through the edges of the lens. Pupillary diametso aegulates the
amount of light entering the eye. The smaller tagijdiameter, the less
light entering the eye. As the pupil constricts idgrclose vision,
therefore, more light is required on the objechbebserved.

3. Convergence

Because the light rays entering the eyes from @ami®bject are nearly
parallel, both pupils can pick up the light raysemhthe eyes are
directed more or less straight ahead. As an objeaves closer,
however, the eyes must be rotated medially so ttheatobject is kept
focused on corresponding areas of each retina.r@ges the object
appears blurry. This medial rotation of the eyesdsomplished by a
reflex that stimulates the medial rectus muscleeath eye. This
movement of the eyes is called convergence.

Structure and Function of the Retina

The retina consists of an inner, neural layer amcuater, pigmented
layer. Theneural layer contains three layers of neurons: photoreceptor,
bipolar, and ganglionic. The photoreceptor layentams rods and
cones,which are the photoreceptor cells that respondgtd.l The rods
and cones synapse withipolar cells, which in turn synapse with
ganglion cells. Axons from the ganglion cells pass over the inner
surface of the retina, converge at the optic diiod spot), and exit the
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eye as the optic nerve (CN 1) The neural layees sgparated by the
plexiform (like a braid) layers. The outer plexiiodayer is where the
photoreceptor cells synapse with the bipolar celtsd the inner
plexiform layer is where the bipolar cells synapgéh the ganglion
cells. Thepigmented layer consists ofretinal pigment epithelium
(RPE), a single layer of cuboidal epithelial cells fdlevith melanin. It
rests on thé&ruch membrane, which is the inner layer of the choroid
consisting of collagen and elastic fibers. Celldled RPE phagocytize
the spent tips of rods and cones and produce fdtorm vitamin A.
Along with the choroid, the pigmented layer prowde black-brown
matrix that enhances visual acuity by isolatingvittbal photoreceptors
and reducing light scattering.

Layer of rods and cones

External === :
limiting

membrane Outer nuclear layer

Outer plexiform layer

Horizontal cell ======= = --
¢ A% Inner nuclear layer
Amacrine cell ==-====1§ .-

Inner plexiform layer

Layer of ganglion cells

Internal limiting Layer of nerve fibers

e t1

Light
Fig. 6: Layers of Retina
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Rods

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

Cones

Cones are responsible for colour vision and visuality. Colour is a
function of the wavelength of light, and each coleasults from a
certain wavelength of visible light Cones requiedatively bright light
to function. As the light decreases, so does tlh@ucof objects that can
be seen until, under conditions of very low illuediion, the objects
appear gray. This occurs because, as the lighedses, the number of
cones responding to the light decreases but thebeunof rods
increases. Cones are bipolar photoreceptor cetls aviconical, light-
sensitive part that tapers slightly from base texap

Distribution of Rods and Cones in the Retina

Each eye has approximately 120 million rods andtsiseven million

cones. The cones are most concentrated in the fomei@alis and the
macula. The fovea centralis has approximately 35,00nes and no
rods. The rest of the macula has more cones thds. ilGones are
involved in visual acuity, in addition to their eoin colour vision. When
one is looking at an object directly in front ofetleye, the focusing
system of the eye places the image on the macudaea centralis.
The high concentration of cones makes it possibleee fine details.
The rods are 10-20 times more plentiful than cames most of the
retina away from the macula. The high number oEredables them to
“collect” light, and they are more important in ldight conditions.

Inner Layers of the Retina

Within the inner layers of the retina, interneuranedify the signals
from the photoreceptor cells before the signal dsathe retina.
Horizontal cells in the outer plexiform layer synapse with
photoreceptor cells and bipolar cellamacrine cells in the inner
plexiform layer synapse with bipolar and gangliei< Interplexiform
cells connect cells in the outer and inner plexiform tayeforming
feedback loops. The interneurons are either excitadr inhibitory
onthe cells with which they synapse. By increading signal from
some photoreceptors and decreasing the signal fodmers, these
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interneurons increase the differences between l@oiesl such as the
edge of a dark object against a light background.

3.3 Visual Pathway

The optic nerve (Il) leaves the eye and exits tiwet ohrough the optic
foramen to enter the cranial cavity. Just antetioothe pituitary gland,
the optic nerves are connected to each other atoptie chiasm
Ganglion cell axons from the nasal (medial) reticr@ss through
theoptic chiasm and project to the opposite sidéhefbrain. Ganglion
cell axons from the temporal (lateral) retina p#s®ugh the optic
chiasm and project to the brain on the same sidinefoody without
crossing. Beyond the optic chiasm, the axons fdmenafptic tracts.
Most of the optic tract axons terminate in the @dhals. Some axons do
not terminate in the thalamus but separate from dpic tracts to
terminate in thesuperior colliculi, the center for visual reflexes.
Neurons from the thalamus form the fibers of thic radiations,
which project to thevisual cortexin the occipital lobe. Neurons of the
visual cortex integrate the messages coming framwehna into a single
message, translate that message into a mental jraadethen transfer
the image to other parts of the brain, where kevaluated and either
ignored or acted on. The image seen by each elye igsual field of
that eye. The visual field of each eye can be dwidnto temporal
(lateral) and nasal (medial) parts. The temporat paa visual field
projects onto the nasal retina, which projectshtovisual cortex on the
opposite side of the brain. The nasal part of aalifield projects onto
the temporal retina, which projects to the same sifithe brain. The
nerve pathways are arranged in such a way thatashagtering the eye
from the right part of each visual field (right tparal and left nasal)
project to the left side of the brain. Conversehg left part of each
visual field (left temporal and right nasal) prdagdo the right side of
the brain. The visual pathway
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Left visual field  Right \;isual field
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Fig.7: The Visual Pathway

34 Clinical Correlates

Myopia
Hypermetropia
Presbyopia
Astigmatism
Night Blindness
Glaucoma

oA WNE
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4.0 CONCLUSION

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

5.0 SUMMARY

. The fibrous layer is the outer layer of the egleldt consists of
the sclera and cornea. The sclera is the posteuoififths of the
eyeball. It is white connective tissue that maimathe shape of
the eyeball and provides a site for muscle attachnide cornea
Is the anterior one-fifth of the eye. It is transgd and refracts
light that enters the eye.

. The vascular layer is the middle layer of thelajl. The black
choroid prevents the reflection of light inside #he. The iris is
smooth muscle regulated by the autonomic nervosgesy It
controls the amount of light entering the pupil.eThiliary
muscles control the shape of the lens. The ciliprgcess
produces aqueous humour.

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

. The eyeball has three chambers: anterior, gostemnd vitreous.
The anterior and posterior chambers are filled vatfueous
humour, which circulates and leaves by way of ttleral venous
sinus. The vitreous chamber is filled with vitredusnour.

. Accessory structures of the eye are the eyehrtheseyelids, the
conjunctiva and lacrimal glands.
. Visual pathway comprises ganglion cell axonsrfahe optic

nerve, optic chiasm, and optic tracts. They extéadthe

thalamus, where they synapse. From there, neuroms the

optic radiations that project to the visual cortex.
SELF-ASSESSMENT EXERCISE

In the anatomy laboratory, examine the eye mode iaentify the
accessory structures of the eye.
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MODULE 5
TUTOR-MARKED ASSIGNMENT
Tears
a. are released onto the surface of the eye theamedial
corner of the eye.
b. in excess are removed by the scleral venows si
C. in excess can cause a sty.
d. can pass through the nasolacrimal duct irecotial
cavity.
e. contain water, salts, mucus, and lysozyme.
The fibrous layer of the eye includes the
a. conjunctiva.
b. sclera.
C. choroid.
d. iris.
e. retina.
Concerning axons in the optic nerve from tigatreye,
a. they all go to the right occipital lobe.
b. they all go to the left occipital lobe.
C. they all go to the thalamus.
d. they all go to the superior colliculus.
e. some go to the right occipital lobe and soméogthe left
occipital lobe.
Contraction of the smooth muscle in the cilibogly causes the

a. lens to flatten.

b. lens to become more spherical.

C. pupil to constrict.

d. pupil to dilate.

Given these events:

a. medial rectus contracts

b. lateral rectus contracts

C. pupils dilate

d. pupils constrict

e. lens of the eye fl attens

lens of the eye becomes more spherical

Assume you are looking at an object 30 feet awhyou
suddenly look at an object that is one (1) fooaawvhich events
occur?

a. 1,3,6
b. 1,4,5
C. 1,4,6
d. 2,3,6
e. 2,45

Why do you get a “runny nose” when you cry?
What are the layers of the retina?
Which are more numerous, rods or cones?
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