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The human skull

The skull consists of 22 bones in total. All
are fused together except for the mandible
(jaw). The neurocranium consists of 8 bones
and houses and protects the brain. The
facial skeleton consists of 14 bones.

The skull balances on the cervical vertebrae
that form the neck.
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Using This Worktext

This worktext is designed as a resource that will help to increase your understanding of the content and skill requirements of
your anatomy and physiology course, and reinforce and extend the ideas developed by your teacher. This worktext includes
many useful features outlined below, and over the next few pages, to help you locate activities and information.

Interacting systems

Summarizes the interactions
of the body system or
systems with other body

systems.
Chapter introduction Chapter summary
Concept maps ] o Identifies the activities relating Test what you know about the
Summary of hO_W disease, medicine, to the guiding questions. ideas, connections, and skills
age, and exercise relate to the you have explored in the chapter.

system or systems.

b 1 1
L 1 L

Activity pages Activity pages

System or systems
Some systems can be grouped together, e.g. systems for control, or systems for support and movement.

Chapter Introductions

» { - .
The chapter number is The Integument
identified for easy navigation. and Homeostasis

Learning objectives
Summarize the learning
objectives for each activity
or group of activities.

Key ldeas
These provide the key
elements in the chapter
and help to focus on
important areas of study.

The activity in the book
related to these learning

Key Terms objectives.
These are important
terms you should know
and understand. They are
defined in the glossary.

Mark the check boxes to
indicate the outcomes
you should complete.
Check them off when
you have finished.

Resource Hub

Scan the QR code to see
the available resources in
BIOZONE's Resource Hub.

Photocopying Prohibited =~ ©2023 BIOZONE International
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Activity Page
The activities make up most of the content of this worktext. The components of the activity page, including the tab system,
are described below.

B Arteries

Koy idea Artares e ck-aaled Slood wessets that carry  Osiver D0Od 10 capllares. Atencles lach e thck lyeny
thoslanmy Yo the heart 1 the Capdiares s e ass o 367ee 3nd Conuet orly o an erdTP el \syer eragped
1 frae, anedes ate B tlood vessels that coery Blood by & fow amoch muncle Thwes o lerviis sleg g,
sry] bom e Desrt 5 U Chpilaces witin e feuss  egh Blocd fow 10 e Tasues i alerad Dy confracion
Gvie Fis medun (VESCOUMENTROn) o relsEation (vasocietion) of the tAvod
wes and Ovpaa vessal wallh Vasoooesticbon sdresses Diood prossere
wmrcien wheh  whereas vasoSiaton has e opooade sfect

Introductory paragraph

The introductory paragraph
provides essential background
and provides the focus of the
page. Note words that appear

in bold, as they are ‘key words’
worthy of including in a glossary
of terms for the topic.

Key Idea: Summarizes
the primary focus of
the activity.

Swucture of s artery
T eSS ans e of

Pave w waste STy Enaiore T ees T
T Dy ¥ wifalars e " (resmre of Uhood

P ey e e et
- ve Dol AToe SR
B hw f wnt S

Lo pamged tom e Near Al e e vre
Ty PP 32 AR prEshse Dy Savevy Some
cartactie atity Parsates (a eatin of Pe
Cortral e brpwr] Acters rmarer e et
e
10 P e thood pressurme of Pe Bood newnyg
e loft aninoe Aneres Arfr bon Pe Neart
Save Mmoms muace 0 het Her Martar Bood
fewesin Aetaees PanTash P steras
P Saate ol W] o deait They wrie
STEOm out T Bow of Dood Besugh e vesse
A Compam Pene T mgors (WL
1A et nre laper of a0 il cels cabed B
s TR vk Sk ) bres T aery

 Yemice mede

Thaok bayns of staedc Samm e
WTO Ao Wase W

5 boIb SRR g ErtiacRon
Fartarey teod fow et

et ot [raseme

- Tunics enterna

Lapes of el correctve Sama
B e it LT
e 2mry o COW Mesams wrvd
W e ey e
Tty Parec o largee shack
. ] P b v s

Easy to understand diagrams
The main ideas of the topic are
often represented and explained
by clear, informative diagrams.

QR code: Scan the QR code to
directly interact with 3D models.

2 A n corwwd laper (T e el of ehastn ~ c Sevtomy mierwa
PR WD WPOXR TuAY TUE Can DOl e
o coreat

3 A0 caser conmeciive Sasue iapet (e Lrce
axtermal has @ b of chaate: Saoue Cross section through a large artery

[ }

Write-on format
Your understanding of the main
ideas of the topic is tested by
asking questions and providing
spaces for your answers. Where
indicated by the space available,

- your answers should be concise.
Questions requiring more
explanation or discussion are
spaced accordingly. Answer the
questions adequately according to
the questioning term used (see the

introduction).

U P dar manon abeove 1o hed) g MOet T [hodyagh (4)4 @ of e cosae sectun theonh a0 aery (swove)

2 Why do Bw wals of arteres teed 10 be Puck with 8 iof of slmas tese?

3 What & Be purpose of the smocth musce n B arery waly?

4 How 1 anenes cordtute o e egpuletion of tiood presssre?

A tab system at the base of each
activity page identifies if resources
are available on BIOZONE's
Resource Hub, and any of the four
themes associated with the activity
(see more below).

Page Tabs

The tab system identifies which of the four related anatomy and physiology themes: disease, medicine and technology,
effects of aging, or exercise, are covered in the activity. The tab panel also indicates whether or not the activity is supported
online on BIOZONE's Resource Hub.

L

Disease: Medicine and technology: Effect of aging: Exercise:

The effect of specific Aspects of how medicine The activity covers The physiological effects
diseases on the body and technology can treat changes to the body of exercise on the body
system are included specific disease or disorders in relation to aging. system are included in
in the activity. are covered. the activity.

The gray hub tab indicates the
activity is supported online at
the BIOZONE Resource Hub.
Online support may include
videos, animations, games,
simulations, articles, 3D models,
and computer models.

Photocopying Prohibited =~ ©2023 BIOZONE International



Using BIOZONE's Resource Hub

» BIOZONE's Resource Hub provides links to online content that supports the activities in the book. From this page,
you can also check for any corrections or clarifications to the book since printing.

» The Resource Hub provides a range of different resources to help explain or support the activity in the worktext.
They provide great support to help your understanding of a topic.

(%) ——www.BIOZONEhub.com

Then enter the code in the text field AN p 3 - 40 8 5

Or scan this QR code

ANATOMY & PHYSIOLOGY

BIOZONE's Resource Hub provides links to online content that supports the activities in the book.
From thes page, you can also check for any errata or clarifications to the book or model answers since
printing

The external websites are, for the most part, narrowly focused animations and video clips divectly

relovant to some aspect of the activity on which they are cted. They provida great support to halp
your understanding

4

on Pumps

Cytoss

(A Mtosts and the Cell Cycle

trol of Cell Cycle

Chapter number and Click on an activity title to go directly to
title the resources available for that activity.

Photocopying Prohibited =~ ©2023 BIOZONE International



1) BIOZONE

Using BIOZONE's Resource Hub

BIOZONE"s Resourcs HUD provices ok 10 onfion contert 1t supeonts tha activithes ) the ook, From s paon, you can slso check for sny

et Of S fications 10 The Dok Of MO Ay Bnce prirtieg

The eermad wobsiios are, for the most part, reaowly Sooused arEmasions and vieo chos chactly mlevart 10 Some aspect of the Scihvity on
which thoy e ciid. Thay Sroviche grost Supocn 10 held your undentancing.

BOIONE Besouses ML The Iegumont 3d Homoeoetaen | 13 P roghe of Hormecetes

19 Principles of Homeostasis

Activity you
are viewing

Anatomy & Physio

1 Collo and Tisoues

20 Feedtack Loops

& Muman body wih organs

j

21 Boay Membranes and Cavities W 8 Aissotsatie? | DSy Supporting material is
22 Maintsining Homeoslasis « PBS: Body cortrol centre < available for this activity.

23 Disgrostio Medkcire & Live Science. Wrat is homecetssis? Hyper"nk to an external
& Momeostasis- Definition, Types, Examples, Appiioatio resource.
& Stencing Croan tystems nvoived in homessiass

24 The integumentary System

25 Thermareguiation

20 Mygoihesmia

27 Myce~harma

28 Drugs and Thermoreguiaton
29 Momoostnss in Newborns

30 Chapter Summary

The Resource Hub icons

L o co & @ > c

Games Simulations  Weblinks Slideshow 3D Models PDF Spreadsheet Video Reference

Explore videos Explore interactive simulations

Ventricle—//

Explore web based resources Explore 3D models

What are neurotransmitters?

« S
N g e ap—

W ge—
W & e peny

Dy ot gy o ey
e —
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R e
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Chapter Summary and Contexts

Homeostasis is a unifying theme throughout Anatomy & Physiology. Each chapter (or in some cases two chapters) is
preceded by a two page summary of homeostatic interactions and contextual examples. The first of the two pages provides
an overview of how the specific body system (or a pair of body systems) interacts with the other body systems to maintain
homeostasis. A lower panel summarizes the general functions of the system. The second of the two pages continues

this theme by showing how the selected body system can be affected by disease, aging, and exercise, and how medical
knowledge can be applied to diagnosing and treating disorders of the body system. These contexts provide a relevant and

interesting framework for understanding the subject matter.

A contextual framework

Interacting systems:

The purpose of this page is to summarize the interactions of
the body system under study (in this case the nervous and
endocrine system) with all other body systems in turn. This
summary describes the way in which systems work together
to maintain homeostasis.

Most systems are treated singly, although those
systems that operate very closely (e.g. nervous
and endocrine) are mapped together.

Ganersd Tunctions and efects on % systems

o wnd ad T w | r

B Ll L

e b M The erOncve e frodaee

P datn Mo Swa gra® al gt

The intersecting regions of the center panel
of the context map highlight topics of focus
within each context. These are specifically
addressed within the worktext.

Photocopying Prohibited

Four-panel Focus:
Each of the four panels on th

is page focuses on one contextual

theme to which you can apply your knowledge and understanding of

the topic’s content.

Disease:

A summary of some of

the diseases affecting

the body system. These
provide a good context for
examining departures from
homeostasis.

Medicine and Technology:

A summary of how medicine
and technology are used to
study the chosen body system,
and how new technologies can
be used to diagnose and treat
specific diseases.
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The Effects of Aging:

Degenerative changes

in the body system are
summarized in this panel.
The effects of aging
provide another context for
considering disruptions to
homeostasis.
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Exercise:

Exercise has different effects
on different body systems.
Some of the physiological
effects of exercise are
summarized here.



Cells and Tissues

Cell structure
and function

Tissues are
made up of
cells with
different roles

Organs are
made up of
different
tissues. Organ
systems have
different roles

Cellular membranes and organelles

Cellular transport processes

* Cell division and specialization

Epithelial tissues
Connective tissues
Muscle tissue
Nervous tissue

Exchanges with the environment

¢ Support and movement

Control and coordination
Internal transport

Internal defense

Reproduction and development
Excretion and fluid balance

Concepts in Anatomy and Physiology

The Integumentary System
The skin and its accessory structures

The Skeletal System

The bones, cartilage, and ligaments

The Muscular System
Smooth, cardiac, and skeletal muscle

The Nervous System

Neurons, glial cells, sensory receptors,
and sense organs

The Endocrine System

Endocrine glands and hormones,
including the hypothalamus

Effects of

. —
disease
The Cardiovascular System
The heart, blood vessels, and blood
Diagnostic
medicine
The Lymphatic System
The lymphoid tissues and organs,
the leukocytes
Medical
treatments
The Digestive System
The digestive tract and accessory organs,
including the liver
New |

technologies

The Respiratory System

The lungs and associated structures
Degenerative N

changes
The Urinary System
The kidneys, bladder, and accessory structures

Effects of >

exercise

The Reproductive System
Effects of The sex organs and associated structures
aging
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Direction and Planes

The location and orientation of structures is important when studying human anatomy. Descriptions and locations of structures
assume the body is in the anatomical position in which the body stands erect facing the observer with feet flat on the floor
and hands at the side, palms turned forward. Directional terms describe the orientation and position of organs and structures

from this position.
Midline

Medial
T Lateral

Superior
A

Proximal

Distal

\/
Inferior

Directional Terms

Planes and Sections

Planes (flat surfaces) may be cut
through a body or organ to a produce
section. The plane is named according to
the relative direction of the cut surface to
the orientation of the organ or structure
in the body.

A frontal plane (also known as a coronal
plane) divides the body into anterior
(ventral) and posterior (dorsal) sections.

A sagittal plane divides the body into

left and right halves. A midsagittal plane
does this down the midline of the body (or
organ), producing equal sections.

—

Specific terms are used to give the

location and orientation of structures in

the body. Many of these terms come in
pairs. It is easier to locate and describe
structures and movements accurately if you
understand these terms.

[
:‘ Proximal: An area towards the attached
. end of a limb or the origin of a structure,
E e.g. proximal convoluted tubule.
Posterior Anterior  pjstal: An area farthest from the point of
i (dorsal) (Ventral) attachment of a limb or origin of a structure

e.g. distal convoluted tubule.

Superior: Above or over another structure.
Towards the head e.g superior vena cava

Inferior: Below or under another structure.
Away from the head e.g. inferior vena cava.

Lateral: Away from the midline of the body
e.g. lateral collateral ligament.

Medial: Towards the midline of the body
e.g. medial collateral ligament

Anterior: Towards the front or ventral
surface of the body e.g anterior pituitary
gland.

Posterior: Towards the back or dorsal
surface of the body e.qg. posterior pituitary
gland.

~Y Y T
V 4 : D
/

/ . J
iey

Frontal section

)
A\
\

Midsagittal
section

A transverse plane divides the body
into superior and inferior sections.

Midsagittal plane

4.\;:'\/
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CHAPTER

Cells and Tissues

KEY IDEAS

Cells are the basic units

of life. Microscopy can be
used to understand cellular
structure.

Cellular metabolism depends
on the transport of substances
across cellular membranes.

Cell size is limited by surface
area to volume ratio.

New cells arise through cell
division.
Cellular diversity arises

through specialization from
stem cell progenitors.

KEY TERMS

Active transport
Cell

Cell cycle
Diffusion
Hypertonic
Hypotonic

lon pump
Isotonic
Membrane
Mitosis

Organ
Organelle
Organ system
Osmosis
Plasma membrane

Tissue

RESOURCE HUB

Scan the QR code to access:
weblinks
E ﬁE videos

lﬁ%ﬁ 3D models

interactives

LEARNING OBJECTIVES number

Activity

Identify the main components of cells and their functions. Understand 1-2
the main chemical elements found in the body and give examples of

their biological roles. Describe the structure of a generic animal cell

and appreciate that different types of cells have specialized features,
depending on their function.

Describe the fluid mosaic model of membrane structure, including the 34
role of phospholipids, cholesterol, glycolipids, proteins, and glycoproteins.
Describe the functions of membranes, including the plasma membrane,

in cells.

Understand what is meant by metabolism. Explain the role of the 5-7
cytoskeleton and identify and describe the following cell organelles.

plasma membrane, nucleus, nuclear envelope, nucleolus
mitochondria, rough/smooth endoplasmic reticulum, ribosomes
Golgi apparatus, lysosomes, peroxisomes

cytoplasm, cytoskeleton (of microtubules), centrioles, cilia (if present)

Explain passive transport across membranes by diffusion and osmosis. 8
Explain the terms hypotonic, isotonic, and hypertonic with reference to
water fluxes in cells. Describe facilitated diffusion (facilitated transport)
involving carrier or channel proteins. Identify when and where facilitated
diffusion might occur in a cell.

Using examples, explain active transport in cells, including ion pumps, 9-11
endocytosis, and exocytosis.

Describe the cell cycle in eukaryotes such as humans. Include reference 12-14
to mitosis, growth (G1, G2), and DNA replication (S). Explain how the cell

cycle is regulated and issues that can arise when regulation goes wrong.
Describe the structure and role of the nucleus and its contents, including

the DNA and chromosomes.

Recognize the hierarchy of organization in multicellular organisms 15
(including humans). Appreciate the role of cooperation between cells,

tissues, organs, and organ systems in the structure and function of

human body.

With reference to specific examples, explain how cells are organized 16
into tissues. Recognize structural and functional diversity in the cells

that make up human tissues. Recognize the characteristic features and
functional roles of the four main tissue types in humans.

Background: Human skin cells



Key Idea: Carbon, hydrogen, oxygen, and nitrogen are the
key elements of life. Together, they combine into the various
key molecules of life, including nucleotides, carbohydrates,
lipids, and proteins.

Water is the main component of organisms and provides
an equable environment in which metabolic reactions can
occur. Apart from water, most other substances in cells
are compounds of carbon, hydrogen, oxygen, and nitrogen.

The Biochemical Nature of the Cell

The combination of carbon atoms with the atoms of other
elements provides a huge variety of molecular structures,
collectively called organic molecules. The organic molecules
that make up living things can be grouped into four broad
classes: carbohydrates, lipids, proteins, and nucleic acids. In
addition, a small number of elements and inorganic ions are
also essential for life, as components of larger molecules or
extracellular fluids.

The elements of life

o
() ©
©
CARBON HYDROGEN
6E, 6P, 6N 1E, 1P

© Electron (E)
© Proton(P)
° © Neutron(N)

[
(4]
OXYGEN NITROGEN [l
8E, 8P, 8N 7E, 7P, 7N

Carbon is abundant. It has four valence (outer shell) electrons that can form up to four covalent (shared electron) bonds with other
atoms. Complex biological molecules consist of carbon atoms bonded with other elements, especially oxygen and hydrogen, but also
nitrogen, phosphorus, and sulfur. Carbon readily forms stable polymers that can participate in chemical reactions.

Nucleic acids (DNA and RNA)
encode information for the

construction and functioning of
an organism. Most of a eukaryotic
cell's DNA is found in the nucleus.
The nucleotide called ATP is the
energy currency of the cell.

Lipids provide insulation and a
concentrated source of energy.
Phospholipids are a major
component of cellular
membranes, including the
membranes of organelles.
Above: Mitochondrion

1. Identify the most four common chemical elements in living organisms:

The components of cells

Water is a major component of cells.
Many substances dissolve in it,
metabolic reactions occur in it, and it
provides support and turgor.

Carbohydrates act as energy
stores, e.g. glycogen, arrowed
above, and are involved in
cellular recognition, cell signaling,
';3 and membrane stability (as
* glycoproteins and glycolipids).

Proteins may be catalytlc
(enzymes), structural (collagen

in skin), proteins in ribosomes, or
they may be involved in movement,
message signaling, internal
defense and transport, or storage.
Above: ribosomes in translation

2. Explain why carbon is so important for building the molecular components of an organism:
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Functions of atoms and ions in the body

Certain elements and inorganic ions are important for the structure and metabolism of all living organisms. An ion is simply an atom
(or group of atoms) that has gained or lost one or more electrons. Many of these ions are soluble in water. Some of these elements
and inorganic ions required by organisms and their biological roles are listed in the table below.

CARBON
Source: Food
Use: Proteins, lipids, nucleic
acids, carbohydrates

PHOSPHORUS
Source: Food
Use: Lipids,
nucleic acids

OXYGEN
Source: Atmosphere
Use: Cellular
respiration,
incorporated into
macromolecules

Adipose (fat) tissue

>
’4

“ence
-

-

BCC Biosg;

NITROGEN
Source: Food
Use: Proteins,
nucleic acids

Glycogen in muscle

In animals, including humans, energy and
carbon are stored as fat and glycogen.

3. ldentify the biological role of each of the following elements or ions in the body:

(a) Calcium:

lon or
element

Ca2+

NO

Fe?*

K+

Cr

Name

Calcium

Nitrate

Iron (1)

Sulfur

As

phosphate

Sodium

Potassium

Chloride

Example of
biological roles

Component of bones and
teeth, required for muscle
contraction.

Component of amino acids.

Component of hemoglobin
and cytochromes.

Component of the thiol (-SH)
functional group and part

of many organic molecules,
e.g. coenzyme A and some
amino acids.

Component of phospholipids
and nucleotides, including
ATP.

Component of extracellular
fluid and needed for nerve
function.

Important intracellular ion,
needed for heart and nerve
function.

Component of extracellular
fluid in multicellular
organisms.

(b) Nitrate:

(c) Sulfur:

(d) Iron:

(e) Sodium:

4. Summarize the role of each of the following cell components:

(a) Carbohydrates:

(b) Lipids:

(c) Proteins:

(d) Nucleic acids:

(e) Inorganic ions:

(f) Water:

5. State the main source of carbon, phosphorus, and nitrogen for animals:
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Basic Cell Structure

Key Idea: All animal cells have a similar basic structure,
although they may vary in size, shape, and function. Cells can
be specialized to carry out specific functions.

Features common to almost all eukaryotic cells include the
nucleus (often near the cell's center), surrounded by a watery
cytoplasm, which is itself enclosed by the plasma membrane.
Animal cells do not have a regular shape, and some (such as
phagocytes) are quite mobile. The diagram below shows

the ultrastructure of a liver cell (hepatocyte). It contains
organelles common to most relatively unspecialized human
cells. Hepatocytes make up 70-80% of the liver's mass. They
are metabolically active, with a large central nucleus, many
mitochondria, and large amounts of rough endoplasmic
reticulum. Thin, cellular extensions called microvilli increase
the surface area of the cell, increasing its capacity for
absorbing nutrients.

The structure of a liver cell

Mitochondria (sing.
mitochondrion):

1.5 um X 2—-8 pm. Ovoid
organelles bounded by
a double membrane.
They are the cell's
energy transformers,
and convert chemical
energy into ATP.

Transverse section "%

s
through a mitochondrion S R

Peroxisomes: Self-replicating
organelles containing oxidative
enzymes, which function to rid the
body of toxic substances. They
are distinguished from lysosomes
by the crystalline core.

Rough endoplasmic reticulum
showing ribosomes (dark spots)
Rough ER: Endoplasmic reticulum
with ribosomes attached to its
surface. It is where the proteins
destined for transport outside of the
cell are synthesized.

Ribosomes: These small (20 nm)
structures manufacture proteins.
Ribosomes are made of ribosomal
RNA and protein. They may be free in
the cytoplasm or associated with the
surface of the endoplasmic reticulum.

Cytoplasm: A watery solution
containing dissolved substances,
enzymes, and the cell organelles
and structures. The cytoplasm
of liver cells contains stored
carbohydrate as glycogen.

Golgi apparatus (above): A series of

flattened, disk-shaped sacs, stacked one

on top of the other and connected with

the ER. The Golgi stores, modifies, and [i] 4% ]
packages proteins. It ‘tags’ proteins so
that they go to their correct destination. [E]54%

Each cell has small projections,
called microvilli, which increase
the surface area for absorption.

Lysosome: A sac bounded _~~
by a single membrane. &
Lysosomes are pinched
off from the Golgi and
contain and transport
enzymes that break
down foreign material.
Lysosomes show little
internal structure but
often contain fragments
of degraded material.

Tight junction: impermeable

@
junction binding neighboring
& % @ f cells together (common in
(

epithelial cells).

Plasma membrane: 3-10 nm
thick phospholipid bilayer with
associated proteins and lipids.

Nuclear pore: A hole in the
nuclear membrane. It allows
communication between the
nucleus and the rest of the cell.

Nucleus (above): 5 pm diameter. A
large organelle containing most of the
cell's DNA. Within the nucleus, the
nucleolus (n) is a dense structure of
crystalline protein and nucleic acids
involved in ribosome synthesis.

Centrioles: Microtubular structures
associated with nuclear division. Under a
light microscope, they appear as small,
featureless particles, 0.25 pm diameter.

Endoplasmic reticulum (ER):

Comeprises a network of tubules and
flattened sacs. ER is continuous with
the nuclear membrane. Smooth ER,
as shown here, is a site for lipid and
carbohydrate metabolism, including
hormone synthesis.
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Engulfing
\\_‘<— bacteria by
phagocytosis

@ 1
\,(/’\
-, Highly mobile cell
- able to move
(a) between other cells

No nucleus

Contains
hemoglobin
(b) molecules

Specializations of animal cells

Site for connection
to nerve ending

Receptor membranes
with light sensitive
(c) pigments

(d)

Plasma membrane

&
Nucleus

>
— Contractile elements within

the cell change its length

Cell linterior filled
with mucus globules

Nucleus at base

(e)

Long cell extension capable
of transmitting electrical
) impulses over long distances

Mitochondrion

Few organelles

Powerful flagellum to
(@) make cell highly mobile

(h)

Calcium carbonate and
calcium phosphate are
deposited around the cell

1. Explain what you understand by the term generalized cell:

2. Each of the cells (a) to (h) above exhibits specialized features specific to its functional role in the body. For each,
describe one specialized feature of the cell and its purpose:

(a) Phagocytic white blood cell:

(b) Red blood cell (erythrocyte):

(c) Rod cell of the retina:

(d) Skeletal muscle fiber (part of):

(e) Intestinal goblet cell:

(f) Motor neuron:

(g) Spermatozoon:

(h) Osteocyte:

3. Discuss how the shape and size of a specialized cell, as well as the number and types of organelles it has, is related to

its functional role. Use examples to illustrate your answer:
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Key Idea: The plasma membrane is composed of a lipid
bilayer with proteins moving freely within it. It is the partially
permeable (also called semi-permeable or selectively
permeable) boundary between the internal and external
cell environments.

All cells have a plasma membrane forming the outer limit of
the cell. Cellular membranes are also found inside eukaryotic
cells as part of organelles, such as the endoplasmic reticulum.
Present day knowledge of membrane structure has been built

The Structure of Membranes

up as a result of many observations and experiments. The
now-accepted model of membrane structure is the fluid-
mosaic model (below). The plasma membrane is more than
just a passive envelope; it is a dynamic structure actively
involved in cellular activities. Specializations of the plasma
membrane, including microvilli and membrane junctions, e.g.
desmosomes and tight junctions, are particularly numerous
in epithelial cells, which line hollow organs, such as the
small intestine.

The fluid mosaic model of membrane structure

Glycolipids in membranes
are phospholipids with
attached carbohydrate.
Like glycoproteins, they are
involved in cell signaling
and cell-cell recognition.
They also help to stabilize
membrane structure.

v
o

Phospholipids
naturally form

Cholesterol is a packing
molecule and interacts
with the phospholipids
to regulate membrane
consistency, keeping it
firm but fluid.

€

[]Xs

Some integral
proteins do not span

a bilayer. the lipid bilayer. Phosphate head
is hydrophilic

,_E-I E! Channel proteins form a pore through

& the hydrophobic interior of the

membrane to enable water soluble

molecules to pass by facilitated diffusion.

Intracellular environment

Water molecules pass
between the phospholipid
molecules by osmosis.

Fatty acid tall
is hydrophobic

Glycoproteins are proteins with
attached carbohydrate. They are
important in membrane stability,
in cell-cell recognition, and in cell
signaling, acting as receptors for
hormones and neurotransmitters.

Attached carbohydrate

<@
—
=
—
E
J
—
&
-
Carrier proteins permit the f \
passage of specific molecules o-helical
by facilitated diffusion or transmembrane
active transport. glycoprotein

Lipid soluble molecules, e.g. gases
and steroids, can move through
the membrane by diffusion, down
their concentration gradient.

(a) Explain how phospholipids organize themselves into a bilayer in an aqueous environment:

(b) Explain how the fluid mosaic model accounts for the observed properties of cellular membranes:
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Membrane specializations
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Tight junctions bind the membranes of Desmosomes (arrowed) are anchoring Microvilli are microscopic protrusions of the
neighboring cells together to form a virtually junctions that allow cell-to-cell adhesion. plasma membrane that increase the surface
impermeable barrier to fluid. Tight junctions Desmosomes help to resist shearing forces area of cells. Microvilli are involved in a wide
prevent molecules passing through the in tissues subjected to mechanical stress variety of functions, including absorption, e.g.
spaces between cells. (such as skin cells). in the intestine.

2. Explain how the membrane surface area is increased within cells and organelles:

3. Discuss the importance of each of the following to cellular function:

(a) High membrane surface area:

(b) Channel proteins and carrier proteins in the plasma membrane:

4. (a) Name a cellular organelle that possesses a membrane:

(b) Describe the membrane’s purpose in this organelle:

5. Describe the purpose of cholesterol in the plasma membrane:

6. Describe the role of each of the following membrane junctions and give an example of where they commonly occur. The
first example is completed for you:

(a) Gap junctions: __Communicating junctiong linking the eytoplagm of neighboring celle. They allow rapid pagsage
of gignale between cells, e.q. electrical mesgages in cardiac mugcle cellg.

(b) Tight junctions:

(c) Desmosomes:

7. Explain why tight junctions are especially abundant in epithelial cells, e.g. in the skin and intestine:

L. Howard, K Connollly Dartmouth College

8. On the diagram below, label the hydrophobic and hydrophilic ends of the phospholipid and indicate which end is
attracted to water:

(@) (b)
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The Role of Membranes in Cells

Key Idea: Many of the important structures and organelles  They perform a number of critical functions in the cell:
in cells are composed of, or are enclosed by, membranes. compartmentalizing regions of different function within the
These include the endoplasmic reticulum, mitochondria,  cell, controlling the entry and exit of substances, and fulfilling
nucleus, Golgi apparatus, and the plasma membrane itself. a role in recognition and communication between cells. Some
All membranes within eukaryotic cells share the same of these roles are described below and electron micrographs
basic structure as the plasma membrane around the cell.  of the organelles involved are on the following page.

What membranes do in a cell

Isolation of enzymes
Membrane-bound lysosomes contain
enzymes for the destruction of wastes and
foreign material. Peroxisomes are the site
for destruction of the toxic and reactive
molecule hydrogen peroxide, formed as a
result of some cellular reactions.

Cell communication and recognition
The proteins embedded in the
membrane act as receptor molecules
for hormones and neurotransmitters.
Glycoproteins and glycolipids stabilize
the plasma membrane and act as

cell identity markers, helping cells to
organize themselves into tissues, and
enabling foreign cells to be recognized.

Role in lipid synthesis
The smooth ER is the site of

lipid and steroid synthesis. Packaging and secretion

The Golgi apparatus is a
specialized, membrane-bound
organelle which produces
lysosomes and compartmentalizes
the modification, packaging, and
secretion of substances, such as
proteins and hormones.

Containment of DNA
The nucleus is surrounded
by a nuclear envelope of
two membranes, forming a
separate compartment for
the cell’s genetic material.

Transport processes

Channel and carrier proteins are
involved in selective transport
across the plasma membrane. The
level of cholesterol in the membrane
influences permeability and
transport functions.

Role in protein and
membrane synthesis
Some protein synthesis occurs on
free ribosomes, but much occurs on
membrane-bound ribosomes on the
rough endoplasmic reticulum. Here, the

protein is synthesized directly into the Entry and export of substances _

space within the ER membranes. The The p_Iasma membrane may take up fluid Eneray transfer

rough ER is also involved in membrane or solid material and form membrane- gy tr o

. I . bound vesicles (or larger vacuoles) within The reactions of cellular respiration (and
synthesis, growing in place by adding L )
proteins and phospholipids the cell. Membrane-bound transport photosynthesis in plants) take place in the
' vesicles move substances to the inner membrane-bound energy transfer systems
surface of the cell where they can be occurring in mitochondria and chloroplasts
exported from the cell by exocytosis. respectively. See the example explained below.
Cisternae Compartmentation within membranes

(membrane-bound sacs)
‘ Membranes play an important role in separating regions

within the cell (and within organelles) where particular

reactions occur. Specific enzymes are, therefore,

often located in particular organelles. The reaction

rate is controlled by the rate at which substrates enter

the organelle and therefore the availability of the raw

materials required for the reactions.

% The Golgi (diagram left and TEM right) modifies, sorts,

esicles transporting
material to the Golgi

&

and packages macromolecules for cell secretion.
Enzymes within the cisternae modify proteins by adding
carbohydrates and phosphates. To do this, the Golgi
imports the substances it needs from the cytosol.

Louisa Howard-Dartmouth College PD

Vesicles leaving the Golgi

1. Discuss the importance of membrane systems and organelles in providing compartments within the cell:
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Functional roles of membranes in cells

The nuclear membrane, which surrounds the Mitochondria have an outer membrane

nucleus, regulates the passage of genetic (O) which controls the entry and exit of membrane-bound sacs (S). It is involved in
information to the cytoplasm and may also materials involved in aerobic respiration. Inner ~ packaging materials for transport or export
protect the DNA from damage. membranes (I) provide attachment sites for from the cell as secretory vesicles (V).

enzyme activity.

N
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The plasma membrane surrounds the cell. Lysosomes are membrane-bound organelles  This EM shows stacks of rough endoplasmic
In this photo, intercellular junctions called containing enzymes capable of digesting reticulum (arrows). The membranes are
desmosomes, which connect neighboring worn-out cellular structures and foreign studded with ribosomes, which synthesize
cells, are indicated with arrows. material. They are abundant in phagocytes. proteins into the intermembrane space.

2. Match each of the following organelles with the correct description of its functional role in the cell:
peroxisome, rough endoplasmic reticulum, lysosome, smooth endoplasmic reticulum, mitochondrion, Golgi apparatus

(a) Active in synthesis, sorting, and secretion of cell products:

(b) Digestive organelle where macromolecules are hydrolyzed:

(c) Organelle where most cellular respiration occurs and most ATP is generated:

(d) Active in membrane synthesis and synthesis of secretory proteins:

(e) Active in lipid and hormone synthesis and secretion:

(f) Small organelle responsible for the destruction of toxic substances:

3. (a) Explain why non-polar (lipid-soluble) molecules diffuse more rapidly through membranes than polar molecules:

(b) Explain the implications of this to the transport of substances into the cell through the plasma membrane:

4. Identify three substances that need to be transported into all kinds of human cells, in order for them to survive:

5. Identify two substances that need to be transported out of all kinds of human cells, in order for them to survive:

(a) (b)
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The Cell's Cytoskeleton

Key Idea: The cytoskeleton provides structural support for the cell.
The cell's cytoplasm is not a fluid-filled space. It contains a
complex network of fibers called the cytoskeleton. The cytoskeleton
provides tension and so provides structural support to maintain the
cell's shape. The cytoskeleton is made up of three proteinaceous
elements: microfilaments, intermediate filaments, and microtubules.
Each has a distinct size, structure, and protein composition, and a
specific role in cytoskeletal function. Cilia and flagella are made up
of microtubules and for this reason they are considered to be part
of the cytoskeleton. The elements of the cytoskeleton are dynamic,
and move and change to alter the cell's shape, move materials
within the cell, and move the cell itself. Movement of materials is
achieved through the action of motor proteins, which transport
material by 'walking' along cytoskeletal 'tracks', hydrolyzing ATP at
each step.

,EWE P cmm——— P ——

/| Microfilaments
[] A {

0

Actin subunit

o “:f:«.:.‘. 7nm

Microfilaments

Plasma
membrane

Rough ER

Microtubule

Nucleus

Intermediate —— : \“

filament

Microfilament

" Intermediate filaments

8-12 nm

Intermediate filaments

p W W 25 nm

NG
o eassssy
AT =

(B’ o Tubulin dimer

Microtubules

* Contraction (muscle)
* Cytokinesis of cell division

Protein subunits | Actin Fibrous proteins, e.g. keratin o and B tubulin dimers
Structure Two intertwined strands Fibers wound into thicker cables Hollow tubes

¢ Maintain cell shape ¢ Maintain cell shape ¢ Maintain cell shape
Functions * Motility (pseudopodia) * Anchor nucleus and organelles * Motility (cilia and flagella)

* Move chromosomes (spindle)
* Move organelles

Intermediate filaments
surrounding nucleus

AV _ Actin microfilaments
/ in mouse embryo cells

Y tambe

Microfilaments are long polymers of the
protein actin. Microfilaments can grow

and shrink as actin subunits are added or
taken away from either end. Networks of
microfilaments form a matrix that helps to
define the cell's shape. Actin microfilaments
are also involved in cell division (during

cytokinesis) and in muscle contraction. helping to anchor it in place.

1. Describe the role that all components of the cytoskeleton have in common:

2. Explain the importance of the cytoskeleton being a dynamic structure:

Intermediate filaments can be composed

of a number of different fibrous proteins

and are defined by their size rather than
composition. The protein subunits are wound
into cables around 10 nm in diameter.
Intermediate filaments form a dense network
within and projecting from the nucleus,

Central pair

Microtubules are the largest cytoskeletal
components and grow or shrink in length
as tubulin subunits are added or subtracted

from one end. The are involved in movement

of material within the cell and in moving
the cell itself. This EM shows a cilia

Chlamydomonas, with the 9+2 arrangement

of microtubular doublets.

Microtubule doublet

e F VT T LK TN

Dartmouth Electron Micrscopy Facility

3. Explain how the presence of a cytoskeleton could aid in directing the movement of materials within the cell:
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Key
specific features.

This activity requires you to summarize information about
the components of a typical eukaryotic cell. Complete the
table using the list provided and by referring to other pages
in this chapter. The first organelle has been completed for

Idea: Organelles can be identified from their

Cell Structures and Organelles

you as a guide and the log scale of measurements (next
page) illustrates the relative sizes of some cells and cell
structures. List of components: nucleus, ribosome, centrioles,
mitochondrion, lysosome (given), endoplasmic reticulum,
Golgi apparatus, plasma membrane (given), cell cytoskeleton,
flagella or cilia (given), cellular junctions (given).

Outer membrane Matrix

Ok
(a) Name:  Blagma membrane :EI >
Location: - Qurrounds the cell
Function: - Gjyeg the cell shape and protection. [t aleo regulates
the movement of subgtances into and out of the cell.
(b) Name:
Location:
Function:

(c) Name:
Microtubules
Location:
Function:

(d) Name:
Large subunit Location:

mall subunit Function:

@

Name:
Location:

Function:

() Name:

Nucleolus .
Location:

Function:

Genetic material
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rER Lysosome

Plasma membrane Nucleus Animal

Human ovum
@ Chloroplast cell

Length of some

= Ribosome 2 T nerve and
X : f: @,. muscle cells up
b s ‘. to 700 mm
- Mitochondrion |
| Corrnld Lol (AN AR L orul L 111 Coonnl
0.1 nm 1 nm 10 nm 100 nm 1um 10 ym 100 pm 1 Am 10 mm
Rough - Ribosomes (9) Name:
% ° ® o
= » o (L[ oo . .
°a ... B = Flattened Location:
% ol 2 o et membrane sacs  Function:
° o ° %
09 ..' .g..
Smooth
Lipid layer (h) Name: Lygogome Dkl
Location: (B
Function:

Fragments of
degraded material

Two central
microtubules

(i) Name: Flagella (some human celle)

9 doublets of Location:
microtubules in .
an outer ring Function:
Extension
of plasma

membrane
Basal body
anchors the
cilium

() Name: Cellular junctione

Tight _[ Location:
Junction Function:
& |— Desmosome  (ap junctiong:
Gap Tight junctione:
junction
Extracellular
matrix Degmogomes:
Plasma membrane (K) Name:
Location:
Function:

«—— Intermediate
filament

Microfilament
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yAl Cell Processes

Key Idea: Having specific processes occurring in specific  maintenance, transport system, and the control center. The
parts of the cell increases efficiency. sum total of all the processes occurring in a cell is known
A cell can be compared to a factory with an assembly line. as metabolism. Some of these processes store energy
Organelles in the cell provide the equivalent of the power in molecules (anabolism) while others release the stored
supply, assembly line, packaging department, repair and energy (catabolism).

Containment of damaging Protein synthesis Transport in and out of the cell
oxidative reactions nucleus, rough endoplasmic reticulum, plasma membrane

peroxisomes free ribosomes Diffusion and active transport

Isolate damaging oxidation Genetic information in the nucleus is mechanisms move substances across
reactions, such as beta oxidation. translated into proteins by attached or the plasma membrane.

Peroxisomes are derived from free ribosomes.

the ER.

Cellular respiration

cytoplasm, mitochondria [E®EE
Glucose is broken down,
supplying the cell with [m]5

energy to carry out the
many other reactions
involved in metabolism.

Cell division

nucleus, centrioles

Centrioles are microtubular
structures involved in key stages
of cell division. They are part

of a larger organelle called the

centrosome.
Secretion Cytosis
Golgi apparatus, plasma membrane

X ’ plasma membrane, vacuoles Breakdown

The Golgi produces secretory Material can be engulfed to bring it into
vesicles (small membrane-bound the cell (endocytosis) or the plasma lysosomes
sacs) that are used to modify and membrane can fuse with secretory Contain hydrolytic enzymes to
move substances around and export vesicles to expel substances from the destroy unwanted cell organelles
them from the cell, e.g. hormones, cell (exocytosis). In animal cells, cytosis and foreign material. Lysosomes
digestive enzymes. may involve vacuoles. are derived from the Golgi.

1. For each of the processes listed below, identify the organelles or structures associated with that process (there may be
more than one associated with a process):

(a) Secretion: (e) Protein synthesis:

(b) Respiration: (f) Cell division:

(c) Endocytosis: (g) Autolysis:

(d) Exocytosis: (h) Transport in/out of cell:

2. (a) Explain what is meant by metabolism and describe an example of a metabolic process:

(b) Identify the organelles in the diagram where catabolic processes occur:

(c) Identify the organelles in the diagram where anabolic processes occur:
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Key Idea: Diffusion is the movement of molecules down a
concentration gradient.

The molecules that make up substances are constantly
moving about in a random way. This random motion causes
them to disperse from areas of high to low concentration. This
dispersal, called diffusion, requires no energy. Each type
of molecule moves down its own concentration gradient. In

What is diffusion?

Diffusion is the movement of particles down a
concentration gradient. Diffusion is a passive process,
meaning it needs no input of energy to occur. During
diffusion, molecules move randomly about, eventually
becoming evenly dispersed.

If molecules can move freely, they move from high to
low concentration (down a concentration gradient) until
evenly dispersed. Each molecule moves down its own
concentration gradient, independent of the concentration
of other types of molecule (diagram, right).

Cells Exchange Substances by Diffusion

biological systems, most diffusion occurs across membranes.
Some molecules move freely (unassisted) across the
membrane by simple diffusion. For other molecules, their
diffusion is helped by proteins in the membrane. Diffusion
is important in allowing cells to make exchanges with their
extracellular environment, e.g. the blood and fluids that bathe

them, and is crucial to the regulation of water content.

Diffusion through membranes

Simple Osmosis
diffusion Lipid soluble Water molecules
solutes
o %
J
°° o D ®
o
) ‘)3 25
JOJ °

B: Osmosis describes the
diffusion of water across a
partially permeable membrane
(in this case, the plasma
membrane). Some water can
diffuse directly through the
lipid bilayer, but movement is
also aided by specific protein
channels called aquaporins.

A: Some molecules, e.g. gases
and lipid soluble molecules,
diffuse directly across the
plasma membrane. Two-way
diffusion is common in biological
systems, e.g. at the alveolar
surface of the lung, CO, diffuses
out and oxygen diffuses into

the blood.

Facilitated diffusion
using carriers

Large lipid-insoluble
solute molecules

Protein carrier
changes shape

C: In carrier-mediated facilitated
diffusion, a lipid-insoluble
molecule is aided across the
membrane by a transmembrane
carrier protein specific to the
molecule being transported,
e.g. glucose transport into red
blood cells.

1. Describe how the following would affect the rate of diffusion (see opposite page):

(a) Increasing the surface area:

Facilitated diffusion
through channels

° 0 Inorganic ion
9

Channel
protein

D: Small polar molecules and
ions diffuse rapidly across the
membrane by channel-mediated
facilitated diffusion. Protein
channels create hydrophilic pores
that allow some solutes, usually
inorganic ions, to pass through.

[=3%%

(b) Decreasing the temperature:
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Factors affecting the rate of diffusion

The rate of diffusion is higher when there is a
greater difference between the concentrations  Temperature
of two regions.

Concentration
gradient

Particles at a high temperature diffuse at a
greater rate than at a low temperature.

Lipid-soluble or non-polar molecules pass

The distance Diffusion over shorter distance occurs at a . .
Solubility across membranes more easily than polar

e e materials, so their rates of diffusion are faster.
The surface The larger the area across which diffusion Solvent - t.h e d_enS|ty & SEIi [T, the A
. e : of diffusion decreases. Cellular dehydration
area involved  occurs, the greater the rate of diffusion. density e e
adversely affects diffusion rates within cells.
Barriers to Thick barriers have a slower rate of diffusion
diffusion than thin barriers.

These factors are expressed in Fick’s law, which governs the rate of diffusion of substances across membranes. It is described by:

Surface area Difference in concentration
of membrane across the membrane

Rate of diffusion ~
Length of the diffusion path
(thickness of the membrane)

2. Suggest how a cell could regulate the rate of facilitated diffusion of specific molecules:

3. Why is a molecule like glucose able to continually diffuse into a cell?

4. Study the images below. Place them in order of first event to last event. Explain your order of events in terms of diffusion:

F &)

5. Explain how concentration gradients across membranes are maintained:

6. Explain the role of aquaporins in the rapid movement of water through some cells:
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Cellular tonicity and osmotic pressure

In physiology, it is important to understand the consequences of
changes to the solute concentrations of cellular environments. The
tendency of a solution to 'pull’ water into it is called the osmotic
pressure and it is directly related to the concentration of solutes in
the solution. The higher the solute concentration, the greater the
osmotic pressure and the greater the tendency of water to move

into the solution. In biology, relative tonicity (isotonic, hypotonic, or

hypertonic) is used to describe the difference in osmotic pressure
between solutions. Only solutes that cannot cross the plasma
membrane affect tonicity.

Tonicity of
solution
relative to

Extracellular

environment
(solution)

Intracellular
environment
(cytosol)

Consequence
to a cell in the
solution

Delivery of intravenous (IV) fluid

the cytosol The relative tonicity of cells can be used to
predict the consequences of changes in solute
. . . Normal shape . . . )
Isotonic Equal osmotic environment and form concentration either side of a partially permeable
membrane, e.g. the plasma membrane around
_ Water enters cell each body cell. Such predictions have practical
Hypotonic | -owersolute | Highersolute | .\ ihe celito | iMPortance. For example, when delivering
concentration | concentration | "y, o (cell lysis) intravenous fluid to patients (intravenous means
within vein), the intravenous (IV) fluids must have the
same osmotic environment as the blood cells they
. Water leaves cell, will be surrounding when delivered, i.e. 0.9% saline
Hypertonic Higher solyte Lower solgte causing shrinkage |  solution. This prevents life-threatening changes to
concentration concentration . )
(crenation) cell volumes.

7. Describe how facilitated diffusion is achieved for:

(a) Small polar molecules and ions:

Michael Berry (Wikipedia)

(b) Glucose:

8. Fluid replacements are usually provided for heavily perspiring athletes after endurance events.

(a) Identify the preferable tonicity of these replacement drinks (isotonic, hypertonic, or hypotonic):

(b) Give a reason for your answer:

9. Describe what would happen to a patient's red blood cells if they were treated with an intravenous drip containing:

(a) Pure water:

(b) A hypertonic solution:

(c) A hypotonic solution:
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Active Transport

Key Idea: Active transport uses energy to transport transport protein from regions of low concentration to regions
molecules against their concentration gradient across a  of high concentration across a cellular membrane. Active
partially permeable membrane. transport needs energy to proceed because molecules are
Active transport is the movement of molecules (orions) bya  being moved against their concentration gradient.

» The energy for active transport comes from ATP
(adenosine triphosphate). Energy is released when ATP
is hydrolyzed (water is added) forming ADP (adenosine
diphosphate) and inorganic phosphate (Pi).

Active

. B
()

» Transport (carrier) proteins in the membrane are used v
to actively transport molecules from one side of the Passi o
K assive
membrane to the other (diagram below).

. . A ball falling is a passive process (it It requires energy to activel
> Active transport can be used to move molecules into and requires nogenergy input)PRepIacif']g mov(i, an objectgaycross a 4
out of a cell. the ball requires active energy input. physical barrier.
> Active transport can be either primary or secondary.
Primary active transport directly uses ATP for the energy o S
to transport molecules. In secondary active transport, \ &' ] )
energy is stored in a concentration gradient. The transport \ V\ Sometimes the energy of a passively
of one molecule is coupled to the movement of another \ moving object can be used to
down its concentration gradient; ATP is not directly o actively move another. For example,
) . a falling ball can be used to catapult
involved in the transport process. Y another (left).

Active transport

0 ATP binds to a e A molecule or ion to be 0 ATP is hydrolyzed and the o The molecule or ion is
transport protein. transported binds to the energy released is used to released and the
transport protein. transport the molecule or transport protein reverts
ion across the membrane. to its previous state.

Transport .

protein

High molecule
concentration

........................

..............

Low molecule
concentration

Molecule to be
transported

1. (a) What is the essential feature of active transport?
(b) How is active transport used in the cell?
2. Where does the energy for active transport come from?

3. Explain the difference between primary active transport and secondary active transport:
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lon Pumps

Key Idea: lon pumps are transmembrane proteins that use ~ pumps move ions (and some molecules) across the plasma
energy to move ions and molecules across a membrane  membrane. The sodium-potassium pump (below) is found in
against their concentration gradient. almost all animal cells and is common in plant cells also. The
Sometimes molecules or ions are needed in concentrations  concentration gradient created by ion pumps is often coupled
that diffusion alone cannot supply to the cell, or they cannot  to the transport of other molecules, such as glucose, across
diffuse through the plasma membrane. In this case, ion the membrane.

Proton pump Sodium-potassium pump Cotransport

Extracellular fluid (the Na'/K'/ATPase)
or lumen of gut @ °
° Glucose

© 0 @ © .0 ®e ©

Potassium ion

e Diffusion of
sodium ions

\‘.T?n’ A WW
GLLLULL LY L LUl

DDA DI DDA DIDIDIDID.

Carrier

Carrier z
protein

AT protein | Nat
ATe ~" |binding
@ site
° 3 Na*are pumped
° out of the cell for
Cell cytoplasm @ Sodium ion every 2 K* ° .

pumped in
Proton pumps Sodium-potassium pump Co-transport (coupled transport)
Proton pumps create a potential difference The sodium-potassium pump is a A gradient in sodium ions drives the active
across a membrane by using energy (ATP or transmembrane protein that uses energy transport of glucose in intestinal epithelial
electrons) to move H* from one side of the from ATP to exchange Na* for K* across cells. The specific transport protein couples

membrane to the other. This difference can be  the membrane. The unequal balance of Na* the return of Na* down its electrochemical
coupled to the transport of other molecules. In  and K* across the membrane creates large  gradient to the transport of glucose into the
cell respiration, the energy for moving the H* electrochemical gradients that can be used intestinal epithelial cell. Glucose diffuses from
comes from electrons, and the flow of H* back  to drive transport of other substances, e.g. the epithelial cells and is transported away in
across the membrane drives ATP synthesis via co-transport of glucose. The Na*/K* pump the blood. A low intracellular concentration of
the membrane-bound enzyme ATP synthase.  also helps to maintain ion balance and so Na* (and therefore the concentration gradient)
helps regulate the cell's water balance. is maintained by a sodium-potassium pump.

1. Why is ATP required for membrane pump systems to operate?

2. (a) Explain what is meant by co-transport:

(b) How is co-transport used to move glucose into the intestinal epithelial cells?

(c) What happens to the glucose that is transported into the intestinal epithelial cells?

3. Describe two consequences of the extracellular accumulation of sodium ions:
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Cytosis

Key Idea: The folding of the plasma membrane enables the  In exocytosis, vesicles merge with the plasma membrane to
cell to import or export material. export material from the cell. Endocytosis is a general term
Cytosis is an active process involving the plasma membrane.  for engulfing of material by infolding of the plasma membrane.

Exocytosis The contents of the vesicle
Plasma are expelled into the
membrane extracellular space.

Vesicle fuses with the
plasma membrane.

Exocytosis (and its
counterpart endocytosis)
Vesicle from the Golgi carrying require energy because
molecules for export moves to they involve movement of
the perimeter of the cell. cytoskeletal proteins.
From Golgi apparatus

Exocytosis (above) is an active transport process in which a secretory vesicle fuses with the plasma membrane and expels its
contents into the extracellular space. In multicellular organisms, various types of cells, e.g. endocrine cells and nerve cells, are
specialized to manufacture products, such as proteins, and then export them from the cell to elsewhere in the body or outside it.

Nerve cell

Dartmouth College

e S = Nerve cell

Golgi apparatus forming vesicles
The transport of Golgi vesicles to the Exocytosis is important in the transport of Alpha cells in the pancreas secrete the
edge of the cell and their expulsion from neurotransmitters (NT) into the junction hormone glucagon via exocytosis. Secretion
the cell occurs through the activity of the (synapse) between nerve cells to transmit is stimulated by hypoglycemia (low blood
cytoskeleton. This requires energy (ATP). nervous signals, as shown in this illustration.  sugar levels)

1. (a) What is the purpose of exocytosis?

(b) How does it occur?

2. Describe two examples of the role of exocytosis in cells:

(@)

(b)

©2023 BIOZONE International

ISBN: 978-1-99-101408-5
Photocopying Prohibited ;{}0




20

Endocytosis

Endocytosis is a type of active transport in which the plasma membrane folds around a substance to transport it across the plasma
membrane into the cell. The ability of cells to do this is a function of the fluid nature of the plasma membrane.

Material (solids or fluids) that are
0 to be brought into the cell are
engulfed by an infolding of the
plasma membrane.
Plasma membrane

(%]
/?
9 Q
o (") *] (*] (] B é.{
Q9 8
o )
Vesicle buds inwards from \ 7 The vesicle carries
the plasma membrane o 90 molecules into the cell.
4 * ™) The contents may then
e ' 9090 be digested by enzymes
delivered to the vacuole by

lysosomes.

Receptors
and pit
beginning
to form

HIV
particle

Dartmouth College

5
o
3
o
=k
E]
3
£
<
o

CcDC

Phagocytosis (or ‘cell-eating’) involves Receptor mediated endocytosis is triggered Pinocytosis (or ‘cell-drinking’) involves
the cell engulfing solid material to form when certain metabolites, hormones, or viral ~ the non-specific uptake of liquids or fine
large phagosomes or vacuoles, e.g. food particles bind to specific receptor proteins suspensions into the cell to form small
vacuoles. It may be non-specific or receptor-  on the membrane so that the material pinocytic vesicles. Pinocytosis is used
mediated. Examples: phagocytosis of foreign can be engulfed. Examples: the uptake primarily for absorbing extracellular fluid.
material and cell debris by neutrophils and of lipoproteins by mammalian cells and Example: uptake in some cells of the liver.
macrophages. endocytosis of viruses.

3. What is the purpose of endocytosis?

4. Is endocytosis active or passive transport?

5. Describe the following types of endocytosis:

(a) Phagocytosis:

(b) Receptor mediated endocytosis:

(c) Pinocytosis:

6. Explain how the plasma membrane can form a vesicle:
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Key ldea: Several stages can be identified in mitosis, in which
the nuclear material is replicated and divided into new cells.
Mitosis refers to the division of the nuclear material and
it is followed immediately by division of the cell. Although
mitosis is part of a continuous cell cycle, it is divided into

Mitosis and Cytokinesis

stages to help distinguish the processes occurring during its
progression. Mitosis is one of the shortest stages of the cell
cycle. Cytokinesis (the division of the newly formed cells) is
part of M-phase but it is distinct from nuclear division. During
cytokinesis, the cell divides into two.

The cell cycle and stages of mitosis in an animal cell

Interphase

Interphase refers to
events between mitoses.
The cell replicates the
nuclear material ready
for mitosis.

Nucleolus

Centrosome

Nucleus (forms spindle)

Nuclear membrane

Cytokinesis
Division of the cytoplasm.
When cytokinesis is
complete, there are two
separate daughter cells, each
identical to the parent cell.
e Telophase

Two new nuclei form. A
furrow forms across the
midline of the parent cell,
pinching it in two.

Other spindle fibers lengthen
by polymerization of the
microtubular proteins,
pushing the poles apart and
causing the cell to elongate.

1. What must occur before mitosis takes place?

‘_/ to chromatids shorten by
disassembly of the microtubular

Early prophase 0

Chromatin condenses into
distinct chromosomes.
Nucleolus disappears, indicating

/\ that the nucleus is about to

break down. Microtubular ©
spindle fibers start to form.

Centrosomes move
to opposite poles

Nucleolus
has gone

Late prophase
(Prometaphase)

Chromosomes appear as two
chromatids held together at

the centromere. The spindle
grows and some fibers start to
"capture" chromosomes. The
nuclear membrane breaks down,
releasing the chromosomes.

/4
Homologous pair of
replicated chromosomes

Metaphase

Some spindle fibers organize
the chromosomes on the
equator of the cell. The fibers
attach to a protein structure
at the centromere called the
kinetochore. Some spindle
fibers span the cell.

Spindle fibers attached

proteins. Sister chromatids move
to opposite ends of the cells.

2. (a) What is the purpose of the spindle fibers?

(b) Where do the spindle fibers originate?

3. Suggest why mitosis and cytokinesis are energetically demanding processes:
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Cytokinesis (division of the cytoplasm)

Cytokinesis (below left) begins shortly after the sister chromatids have separated in anaphase of mitosis. A ring of
microtubules assembles in the middle of the cell, next to the plasma membrane, constricting it to form a cleavage furrow. In
an energy-using process, the cleavage furrow moves inwards, forming a region where the two cells will separate.

Cleavage furrow

-
L
-
-

'
. Constriction by
microtubules

U

“1|. »\90

Cleavage furrow Two cells

Cytokinesis in an animal cell

First gap phase (G,)

Cell increases in size and makes
the mRNA and proteins needed
for DNA replication.

Interphase

S (synthesis) phase
DNA replication, the
chromosomes are duplicated.

DNA replication

is distinct from mitosis.

4. Summarize what happens in each of the following phases of mitosis:

(a) Prophase:

Gz
G continued growth
main gr1 owth and preparation
phase for cell division
&
& Mitosis
nuclear division
M phase
Cycle exit
Cytokinesis Mitosis Second gap phase (G,)
Cytoplasm divides and Nuclear Rapid cell growth and
the two cells separate. It division protein synthesis. Cell

prepares for mitosis.

(b) Metaphase:

(c) Anaphase:

(d) Telophase:

5. Summarize the following steps in the cell cycle:

(@) G1:

(b) S phase:

(c) G2:

(d) Mitosis:
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Mitosis Meiosis
(growth and repair) (gamete formation)

Homologous
chromosomes:
one maternal
and one paternal
2N 2N Genetic material can
be exchanged between
\J chromosomes in meiosis | S
@
Homologous S
chromosomes T
pair up at the c
- o
equatorial plate =
(3}
=
Cell divisi g
ell division
o
Homologous &b
7
chromosomes do o
not pair up at the %}
=

equatorial plate

(O}
L

Daughter cell /
is identical to

parental cell Cell

\& n ’\\ 2N

6. (a) What is the purpose of cytokinesis?

/ \ / \ Cell division
. (NADDOX

Gametes have different combinations of maternal and paternal alleles

Meiosis Il: 'Mitotic' division

(b) How does the cleavage furrow form?

7. Contrast mitosis with meiosis in terms of:

(a) Final chromosome status:

(b) Biological role in humans:

8. If a cell has 24 chromosomes:

(a) After mitosis, how many chromosomes will the daughter cells have?

(b) After meiosis, how many chromosomes will the daughter cells have?
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Key Idea: The cell makes sure the materials and processes
needed to proceed are correct using regulatory checkpoints.
Cell cycle checkpoints provide a way for cells to make
sure that necessary processes at one stage have been
completed successfully before the cell transitions to the next
stage. There are three checkpoints in the cell cycle. At each

Regulation of the Cell Cycle

checkpoint, a set of conditions determines whether or not the
cell will continue into the next phase. Cancer can result when
the pathways regulating the checkpoints fail. Non-dividing
cells enter a resting phase (G;), where they may remain for
a few days or up to several years. Under specific conditions,
they may re-enter the cell cycle.

G, checkpoint
Pass this checkpoint if:
* Cell is large enough

* Cell has enough nutrients

* Signals from other cells have
been received

5707

Go

Resting phase (G;)

* Cells may exit the cell cycle in
response to chemical cues

* Cells in G, may be quiescent (waiting),
differentiated, or senescent (aged)

* Quiescent cells may reenter the cycle
in response to chemical cues

Cancerous . *
cells

o
z

Normal cells

Skin cancer (melanoma). The cancer cells
grow more rapidly than the normal skin cells
because normal cell regulation checkpoints
are ignored. This is why the cancerous cells
sit higher than the normal cells and can
rapidly spread (a process called metastasis).

1. Explain the importance of cell cycle checkpoints:

Checkpoints during the cell cycle

Interphase
N S
G1 G2
°
o® o
G *\0 Mitosis

Metaphase checkpoint
Pass this checkpoint if:

¢ All chromosomes are attached to

the mitotic spindle

Most lymphocytes in human blood are in the
resting G, phase and remain there unless
they are stimulated by specific antigens to re-
enter the cell cycle via G,. G, phase cells are
not completely dormant, continuing to carry
out essential cell functions in reduced form.

— *—/—\
G, checkpoint
Pass this checkpoint if:
* Cell is large enough

¢ Chromosomes have been
successfully duplicated

(57

FHAS

Many fully differentiated (specialized) cells,
e.g. neurons (above), exit the cell cycle
permanently and stay in G,. These cells
continue their functional role in the body,

but do not proliferate. Senescent cells have
accumulated mutations, lose function, and die.

2. In terms of the cell cycle and the resting phase (G), distinguish between the behavior of fully differentiated cells, such
as neurons, and cells that are quiescent, such as B memory cells:
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The trigger for mitosis

Experiments with the eggs of the African clawed frog
(Xenopus laevis) provided evidence that a substance found in
an M-phase cell could induce a G, cell to enter M phase. The
substance was called M-phase promoting factor (MPF).

Cytoplasm of mitotic
phase (M phase) cell
injected into G, cell.

Cytoplasm of
interphase cell
injected into G, cell.

Spindle
fibers form

No change

in G, cell.
G, cell enters 2

M phase.

Other studies have shown that MPF is made up of two subunits.
The first subunit is a protein kinase, which activates proteins

by transferring a phosphate group from ATP to the protein. The
second subunit, called a cyclin, activates the first subunit. The
first subunit, known as a cyclin-dependent kinase, or CdK, is
constantly present in the cell, whereas cyclin is not.

3. Explain why the cytoplasm from an M-phase cell could induce a G, cell to enter M phase:

Checkpoints and the role of cyclins

The cell cycle is driven by cyclin-CdK complexes. CdK
without cyclin is inactive. Once cyclin is bound, it forms an
active enzyme complex that can target the proteins involved
in that phase of the cell cycle.

Growth factors
arrive from
other cells

Cyclin concentration
increases in response
to growth factors.

CdK phosphorylates and
activates target proteins

)

Cyclin activates CdK
ADP

The cyclin-CdK complexes have periodic spikes of activity
associated with orderly progression of the cell cycle. Cyclins
are synthesized in response to growth factors from other cells
and different cyclins are associated with each phase of the cell
cycle. For example, M cyclins send CdKs to M phase protein
targets, e.g. to cause breakdown of the nuclear membrane.

4. (a) Which checkpoint ensures that replicated chromosomes will separate correctly?

(b) Why is this important?

5. Suggest why signals (growth factors) from other cells play a part in regulating the cell cycle:

6. Cyclin D is synthesized during G, and is important in the G, checkpoint and the G,/S transition. Predict a likely
consequence of errors resulting in an over-production of cyclin D:
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Key Idea: When checkpoints fail, cancer may be the result.

Cells that become damaged beyond repair normally undergo
a controlled process of programmed cell death called
apoptosis. However, cancerous cells evade this control and
become immortal, continuing to divide without any checks on

Defective Gene Regulation in Cancer

their proliferation, even though they are faulty. Agents capable
of causing cancer are called carcinogens. Most carcinogens
are also mutagens (they damage DNA). Any one of a number
of cancer-causing factors (including defective genes) may
interact to disrupt the cell cycle and result in cancer.

Cancer: cells out of control

Cancerous transformation results from
changes in the genes controlling normal
cell growth and division. The resulting cells
become immortal and no longer carry out
their functional role.

Normal cell

If the damage is too serious to
repair, the p53 gene activates other
genes to cause the cell to enter

apoptosis (programmed cell death).

[l

O,

Given a continual supply of

nutrients, cancer cells can go on
dividing indefinitely and are said
to be immortal.

Cancer cells may have !
unusual numbers of i )
chromosomes. R Y

Benzo(a)pyrene from tobacco
smoke changes Gto T

DNA strand 245

The bloated, lumpy shape is

readily distinguishable from a
healthy cell, which has a flat,
scaly appearance.

Proto-oncogenes and tumor-suppressor genes

» Two types of gene are normally involved in controlling the cell
cycle: proto-oncogenes, which start cell division and are essential
for normal cell development, and tumor-suppressor genes, which
switch off cell division.

» In their normal form, these types of gene work together, enabling
the body to repair defective cells and replace dead ones. Mutations
in these genes can disrupt this regulation.

» Proto-oncogenes, through mutation, can give rise to oncogenes,
which cause uncontrolled cell division. Mutations to tumor-
suppressor genes initiate most human cancers. The best studied
tumor-suppressor gene is p53, which encodes a protein that halts
the cell cycle so that DNA can be repaired before division. P53 acts
at the G;-S checkpoint and initiates DNA repair or apoptosis.

Tumor-suppressor genes DNA molecule

When damage occurs, the tumor
suppressor gene p53 commands
other genes to bring cell division to a
halt. If repairs are made, then the p53
gene allows the cell cycle to continue.

Damaged
DNA

Proto-oncogenes

Genes that turn on cell division. The
mutated form or oncogene leads to
unregulated cell division. A mutation

to one or two controlling genes might
cause a benign (non-malignant) tumor.
A large number of mutations can cause

Metabolism is disrupted loss of control, causing a cell to become

and the cell ceases to

function constructively. cancerous.
Cancerous cells lose
their attachments to
neighboring cells.
Aflatoxin from moldy
T grain changes G to T T
A A
ATG AAG CGG AGG
246 247 248 249
TAC TTC GCC TCC
~~~~~ . 5 .
UV exposure T Deamination
changes CCto TT changesCtoT
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Normal (left) and apoptotic B lymphocyte \:.

The product of the gene BRCA1 is involved One of the most important proteins in regulating the cell cycle is the protein produced by the

in repairing damaged DNA and BRCA1 gene p53. The p53 tumor-suppressor protein helps regulate the cell cycle, apoptosis, and
deficiency is associated with abnormalities genomic stability. Mutations to the p53 gene are found in about 50% of cancers. Apoptosis is
in cell cycle checkpoints. Mutations to this a controlled process that involves cell shrinkage, blebbing (above), and DNA fragmentation.
gene and another gene called BRCA2 are Apoptosis removes damaged or abnormal cells before they can multiply. When apoptosis
found in about 10% of all breast cancers malfunctions, it can cause disease, including cancer. When cell cycle checkpoints fail, the
and 15% of ovarian cancers. normal rate of apoptosis falls. This allows a damaged cell to divide without regulation.

Reduction in rates of apoptosis can cause cancer

Normal cell division

O_O

Unrepaired Apoptosis
cell damage (cell death)

Tumor suppressor genes, e.g. the p53 gene, normally halt
cell division of DNA damaged cells until the damage is
repaired. If the damage cannot be repaired, apoptosis, a
process of controlled cell death, is triggered.

1. How do cancerous cells differ from normal cells?

Cell division in cancer

Cancerous cells can
disrupt and evade normal
apoptotic pathways,
continuing to divide and
forming tumors.

‘ " \.'A
# ok W
o é;’i
First Second Third Fourth or later No apoptsis and
mutation  mutation mutation mutation uncontrolled growth

Cancerous cells may inhibit the expression of the p53 gene. Around
50% of all human tumors contain p53 gene mutations. Factors known
to disrupt normal cell cycle controls include defective genes, some
viruses, and a number of chemical and environmental factors.

2. Describe the involvement of regulatory genes in control of the cell cycle:

3. (a) Explain how the normal controls over the cell cycle can be lost:

(b) How can these failures result in cancer?
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Levels of Organization

Key Idea: Structural organization in animals, as in all to a hierarchy of structural levels. At each level, new
multicellular organisms, is hierarchical. properties arise that were absent at the simpler level.
Organization and the emergence of novel properties in  Hierarchical organization allows specialized cells to group
complex systems are two of the defining features of living  together into tissues and organs to perform a specific
organisms. Multicellular organisms are organized according  function. This improves efficiency in the organism.

The diagram below explains this o The cellular level
hierarchical organization for a : Cells are the basic structural and
mammalian example - a human. functional units of an organism.
Cells are specialized to carry out
specific functions, e.g. cardiac
(heart) muscle cells (below).

DNA
The organelle level
Molecules associate together to form the
@ ' organelles and structural components of
Y cells, e.g. the nucleus (above).
Atoms and molecules 'Y

)

@ 2.

‘e
The chemical level
All the chemicals essential for
maintaining life, e.g. water, ions,
fats, carbohydrates, amino acids,
proteins, and nucleic acids.

The organ system level
Groups of organs with a common
function form an organ system,
e.g. cardiovascular system (left).

0 The tissue level

Groups of cells with related

functions form tissues, e.g. cardiac
(heart) muscle (above). The cells of
a tissue often have a similar origin.

The organism
The cooperating organ
systems make up the
organism, e.g. a human.

The organ level

An organ is made up of two or
more types of tissues to carry out
a particular function. Organs have
a definite form and structure, e.g.
heart (left).

1. Assign each of the following emergent properties to the level at which it first appears:

(a) Metabolism:

(b) Behavior:

(c) Replication:
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Specialized cells make up tissues and organs
Specialized cells often have modifications or exaggerations to a normal cell feature to help them perform a particular task. They may
have more (or fewer) of a particular organelle in order to perform their role most efficiently.

. Fatcell

—

W l

s,

N

Muscle cells are able to contract There are many types of Thin, flat, epithelial cells line the Nerve cells conduct impulses
(shorten) to bring about the blood cells; they each carry walls of blood vessels (arrow). around the body, enabling
movement of limbs and organs. out a particular job. Large fat cells store lipid. responses to the environment.

In the spaces provided below, assign each of the examples listed to one of the levels of organization, (a-f).

2. Examples: blood, bone, brain, cardiac muscle, cartilage, epinephrine (adrenaline), collagen, DNA, heart, leukocyte,
lysosome, pancreas, mast cell, nervous system, phospholipid, reproductive system, ribosomes, neuron, Schwann cell,
spleen, squamous epithelium, astrocyte, respiratory system, muscular system, peroxisome, ATP, collagen, testis, liver.

(a) Chemical level:

(b) Organelles:

(c) Cells:

(d) Tissues:

(e) Organs:

(f) Organ system:

3. You will learn about the organ systems and their roles in the course of working through this book. Organ systems don't
work in isolation. Each is connected to multiple other organ systems in the body at different parts of the system. For the
systems below, list or describe what you understand about how or where they interact. You can use this as a pretest of
your current knowledge or review it later as you work your way through this book.

(a) Cardiovascular system and respiratory system:

(b) Cardiovascular system and digestive system:
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Tissues of the Body

Key Idea: A tissue is a group of cells that are similar in
structure and perform a specific function. There are four basic
types of tissue in the body.

The microscopic study of tissues is called histology. The cells

Epithelial tissue

Epithelial tissues make up one of the four broad groups
of tissues found in humans and other animals. Epithelial
tissues line internal and external surfaces, e.g. blood
vessels, ducts, gut lining, and protect the underlying
structures from wear and tear, infection, and pressure.
They are found associated with other tissue types, e.g.
muscle and connective tissues, in every organ system of
the body

» Epithelium always has one free surface called the
apical surface. On the lower, basal, surface the
epithelial cells are anchored on a basement membrane
of collagen fibers held together by a carbohydrate-
based glue.

» Except for glandular epithelium, epithelial cells form
fitted continuous sheets, held in place by desmosomes
and tight junctions.

» Epithelial tissues are avascular, i.e. they have no blood
supply and rely on diffusion from underlying capillaries.

» Epithelia are classified as simple (single layered) or
stratified (two or more layers), and the cells may be
squamous (flat), cuboidal, or columnar (rectangular).
Thus, at least two adjectives describe any particular
epithelium, e.g. stratified cuboidal.

» Pseudostratified epithelium is a type of simple
epithelium that appears layered because the
cells are of different heights. All cells rest on the
basement membrane.

» Transitional epithelium is a type of stratified epithelium
which is capable of considerable stretching. It lines
organs such as the urinary bladder.

» Epithelia may be modified, e.g. ciliated, such as in
the respiratory tract; or specialized for secretion,
absorption, or filtration.

Pseudostratified columnar epithelium
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This epithelium lines much of the respiratory tract (above). Mucus
produced by goblet cells in the epithelium traps dust particles.

of a tissue, and their associated extracellular substances, are
grouped together to perform particular functions. Tissues
improve the efficiency of operation because they enable
tasks to be shared amongst various specialized cells.

The simple epithelium of the gastrointestinal tract is easily
recognized by the regular, column-like cells. It is specialized for

secretion and absorption.
. S
[QEONNST” ¥
\\‘. \ ., ‘ ’

Simple cuboidal epithelium

Simple, cuboidal epithelium is common in glands and their ducts
and also lines the kidney tubules (above) and the surface of the
ovaries.

'

Basement
membrane

Stratified squamous epithelium

Stratified epithelium is more durable than simple epithelium
because it has several layers. It has a protective role, e.g. in the
vagina above.
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1. (a) Describe the basic components of a tissue:

(b) Explain how the development of tissues improves functional efficiency:

2. Describe the general functional role of epithelial tissue:

3. Describe the particular features that contribute to the functional role of each of the following types of epithelial tissue:

(a) Transitional epithelium:

(b) Stratified epithelium:

Features of muscle tissue

The muscle tissue of the body is responsible for producing movement. This includes movement of the body, as in locomotion,

and also internal movements, such as heartbeat, intestinal peristalsis, blood vessel constriction and dilation, and contraction and
expansion of the iris of the eye. Muscle tissue is composed of specialized, elongated cells called fibers, held together by connective
tissue. The contractile protein filaments within these fibers give the muscle cells their ability to contract. Muscle is classed as skeletal,
cardiac, or smooth according to its structure, function, and location in the body. Each type is described below.

Skeletal muscle

[=]tiaf=]

Skeletal muscle (TS)

» Skeletal muscle is the major muscle type in the body. It brings about voluntary movement of the skeleton as well as the facial
skin, tongue, and eyeball. The contraction and relaxation of skeletal muscle is under conscious control (hence voluntary). The
fibers are large, with many peripheral nuclei and the regular arrangement of the contractile elements gives them a striated
appearance. Skeletal fibers are innervated by motor neurons. If they lose their nerve supply, they lose function and waste away.

4. (a) Identify the three types of muscle tissue:

(b) What is a muscle cell called?

(c) What is the purpose of muscle tissue?

5. What is the specific purpose of skeletal muscle?
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Smooth muscle

Layer of longitudinal smooth muscle

Smooth appearance v’v - —
e

=2 -~ -

Smooth muscle (LS) Smooth muscle in intestinal wall

» The spindle-shaped cells of smooth muscle have only one nucleus per cell. The contractile elements are not regularly arranged
so the tissue appears smooth. Smooth muscle is responsible for involuntary movements, e.g. peristalsis in the gut wall, and
is found predominantly lining the visceral organs and blood vessels. Smooth muscle cells make contact with each other at
specialized regions called gap junctions. They also receive input from the neurons of the autonomic nervous system.

Cardiac muscle

: PR .

Cardiac muscle (LS) SEM of wall of heart chamber (atrium)

» Cardiac muscle is found only in the heart. It has striations, like skeletal muscle, but the fibers are short and branched and usually
have only one, centrally located, nucleus. The fibers are joined at specialized intercalated disks with gap junctions to allow rapid
communication between the cells. Contraction of cardiac muscle is involuntary - it contracts spontaneously and rhythmically
throughout life, although the rate of beating is influenced by nervous input and hormones.

6. Summarize features of each type of muscle tissue in the following table:

Skeletal muscle Smooth muscle Cardiac muscle
Appearance of cells Large, ot ria’red
Nuclei (number, location) OI’\Q, central
Control lnvolunfarg

7. Compare and contrast the functional role of each type of muscle tissue, relating structure to function in each case:
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Connective tissues

Connective tissue (CT) is the major supporting tissue of the body. Connective tissues bind other structures together and provide
support and protection against damage, infection, or heat loss. Most CTs have a plentiful blood supply, although tendons and
ligaments are poorly vascularized and cartilage is avascular (lacking blood vessels). Connective tissues range from very hard to fluid
and include so-called ordinary CTs (dense and loose CT) and special CTs, e.g. bone, cartilage, fat, and blood. In most ordinary CTs,
collagen is the predominant fiber type. All CTs have three common elements: fibers, cells, and non-cellular matrix material. The most
common cells in all CTs are fibroblasts, which synthesize the collagen and extracellular matrix.

Ordinary connective tissues
=3

Areolar tissue (loose connective tissue)

Danny Wann: Carl Albert State College

Tendon: a dense regular CT

» The so-called ordinary connective tissues are categorized as either loose or dense, depending on the relative abundance of
cells, fibers, and ground substance. Loose connective tissues have more cells and fewer fibers than denser connective tissues.
The fibers are loosely organized as the name suggests. A typical example is areolar tissue, which helps to hold internal organs
in position. Dense regular CT is found where strength is required, such as in ligaments and tendons. The collagen fibers are
arranged in compact bundles with rows of fibroblasts between.

Special connective tissues
4]

Adipose tissue ‘ Blood: a liquid tissue

» Special connective tissues differ from proper CTs in being specialized for particular functions, e.g. elasticity or compression
resistance. They are also more restricted in their distribution than the 'ordinary' CTs described above. Cartilage is more flexible
than bone and forms supporting structures in the skeleton. Fibrocartilage forms the cushion-like disks between vertebrae. Bone
is the hardest connective tissue. In compact bone, the bone cells are trapped within a hard layered matrix. Canals (canaliculi)
penetrate the matrix, allowing the cells to make exchanges with the blood vessels supplying the bone tissue.

» Adipose (fat) tissue is made up of large cells, each containing a single large droplet of fat surrounded by a thin ring containing the
cellular cytoplasm and nucleus. The adipose cells are surrounded by a fine supporting network of collagen fibers.

» Blood is a liquid tissue composed of cells floating in a liquid matrix, which includes soluble fibers. The cells (red blood cells or
erythrocytes, white blood cells or leukocytes, and platelets) make up the formed elements of the blood. The liquid matrix or
plasma makes up ~55% of the blood volume.
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8. (a) Identify the most common cell type in connective tissue:

(b) What is the role of these cells?

(c) Identify a common fiber type in connective tissue:

9. Giving examples, discuss the roles of different connective tissues in the body:

Nervous tissue

Nervous tissue makes up the structures of the nervous system: the brain, spinal cord and all the peripheral nervous tissue, including
sensory structures and sense organs. Nervous tissue contains densely packed neurons, which are specialized for receiving and
transmitting electrochemical impulses. Neurons are usually associated with supporting cells (neuroglia) and connective tissue
containing blood vessels.

A nerve (or nerve fiber) is a cable-like structure in the peripheral nervous system containing the axons of many neurons and their
associated insulating sheaths. Nerves are enclosed and protected by connective tissue. The equivalent structure in the central
nervous system is called a tract.

Neurons - spinal cord Astrocyte

Gerry Shaw cc 3.0

» The large, multipolar (=many-processes) motor neurons of the central nervous system (above left) have a large central nucleus
(N), several radiating cell processes called dendrites, and a long thin axon. The long processes allow nerve impulses to be
transmitted over long distances. Note how the cell processes form a dense network, together with their supporting glial cells.

> Astrocytes (above right) are a type of glial cell. They have a small cell body and numerous processes. They provide physical and
metabolic support to the neurons of the CNS and help maintain the composition of the extracellular fluid.

Axons supplying muscle fibers Transverse section through the spinal cord

» The photograph (above left) shows the terminating axons of a motor nerve. The nerve distributes its axons to the individual
muscle fibers. Each axon ends in a specialized junction called the motor end plate.

» Inthe TS of the spinal cord (above right), staining reveals outer white matter (the myelinated axons of neurons) and inner gray
matter (mostly the cell bodies of neurons). The gray matter is connected across the midline where the central canal is located.
The central canal contains nutritive cerebrospinal fluid and is continuous with the ventricles of the brain. Like the brain, it is
surrounded by connective tissue meninges.
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10. (a) Describe the characteristic features of nervous tissue:

(b) What is the role of glial cells in nervous tissue?

(c) What is the role of the cerebrospinal fluid and how is it supplied to the tissue of the central nervous system?

11. Discuss the role of neural tissue in the body:

12. Identify the tissue types below from the list given (there are more tissue types in the list than images:
Nervous tissue, smooth muscle tissue, simple columnar epithelium, skeletal muscle tissue,
simple cuboidal epithelium, adipose tissue.

(a) [ , ’}';‘7 "Ki (b) ) ‘fe‘ \
’ ” 4 EARE }
Ak % .

Doc. RNDr. Josef Reischig, CSc. CC 3.0

13. Sort the tissues in the following list into epithelial, connective, muscle, or nervous tissue:
Simple squamous epithelium, adipose tissue, blood, smooth muscle, cardiac muscle, spinal cord motor neurons,
myelinated axon, human bone, human elastic cartilage, simple cuboidal epithelium.

(a) Epithelial tissue:

(b) Muscle tissue:

(c) Connective tissue:

(d) Nervous tissue:
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There are 11 organ systems in the human body, each comprising a number of components with specific functions. Match up
the organ system with the image (1-11) above and the function given below. Some labels are given as clues and you can use
BIOZONE's Resource Hub, your textbook, or other chapters in this workbook to help you.

Organ system Organ system name Organ system Organ system function
number number

1 Support and protection of tissues and organs, movement
(with muscular system), blood cells production.

2 Excretion of nitrogenous wastes and other metabolic
waste products. Maintains fluid and electrolyte balance.

3 Physical and chemical digestion and absorption of
ingested food to provide the body's fuel.

4 Movement of body (limbs, locomotion), and its component
parts, e.g. gut.

5 Circulates tissue fluid, internal defense against pathogens.

6 Production of gametes and offspring.

7 Delivers O, and nutrients to tissues and organs and
removes CO, and other waste products.

8 Physical and chemical protection of tissues,
thermoregulation, synthesis of vitamin D precursor.

9 Regulates all visceral and motor functions of the body.

10 Produces hormones that activate and regulate

homeostatic functions, growth, and development

Interface for gas exchange with the internal environment
11 L .
obtaining O, and expelling CO.,.
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Chapter Summary

1. Explain how the properties of the phospholipid molecule result in the bilayer structure of membranes:

2. The diagrams below depict what happens when a red blood cell is placed into three solutions with differing
concentrations of solutes. Describe the tonicity of the solution (in relation to the cell) and describe what is happening:
A

B C

(@) (b) ()

3. Consider the two diagrams below. For each, draw in the appropriate box what you would expect to see after one hour.

Particle with Particle with . After one hour:

diameter of 5 nm diameter of 20 nm

Soluble particles placed
in at high concentration

/

Container
6?‘? of water at
° . ° . 20° C

<— Partially permeable
membrane with
pores of 10 nm.

4. ldentify the four organelles shown in the image of the cell below:

5. An observation of epithelial cells under a microscope shows the cells are arranged in a single layer and look tall and
narrow, with the nucleus located close to the basal side (base) of the cell. Identify the type of epithelial tissue:

6. What three essential components is connective tissue made of?
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CHAPTER

KEY IDEAS

Homeostasis is maintained

using hormonal and nervous

mechanisms via negative
feedback.

Thermoregulation enables
maintenance of an optimum
body temperature for
metabolism.

The integument plays

an important role in
thermoregulation and other
homeostatic processes.

Modern medical technology
enables the diagnosis of
homeostatic imbalances.

KEY TERMS

Dermis

Epidermis

Epithelium
Homeostasis
Hyperthermia
Hypothalamus
Hypothermia
Integumentary system
Membrane

Negative feedback loop
Positive feedback loop
Thermoreceptor

Thermoregulation
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LEARNING OBJECTIVES ]

Explain the need for homeostasis and understand the stimulus response 19
model.

Understand the difference between a positive and negative feedback loop 20
and give examples of each.

Review and correctly refer to the location of anatomical parts using the 21
terms proximal, distal, medial, superficial, anterior (or ventral), posterior

(or dorsal), superior, inferior,and lateral. Describe the ventral and dorsal

body cavities and their roles in enclosing and protecting organs. Describe

the structures and locations of the different types of membranes found in

the body. Understand the relationship between membranes and cavities.

Understand the mechanisms by which the body’s organ systems maintain 22
homeostasis in response to regular fluctuations in the environment.
Understand how the body repairs itself in response to pathogens and

injuries.

-
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Understand some technologies used in diagnostic medicine. Describe the 23
principles behind each technology described, and situations appropriate
to their use.

Understand the functions of the integumentary system and the structure 24
of the skin. Understand that the subcutaneous tissue is not part of the

skin but is closely associated with it. Name some diseases that affect the
integumentary system, and their causes.

Explain the roles that the hormonal system and the nervous system play 25-28
in regulating body temperature. Describe how the body reacts to extreme

cold, and why hypothermia can be dangerous. Describe how the body

most commonly overheats, and why hyperthermia can lead to death.

State the way in which the drug ecstasy (MDMA) affects the body and

some consequences of its use.

Discuss homeostasis in newborn babies and explain why premature 29
babies require careful monitoring to keep them healthy.
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Key Idea: Homeostasis is the process of sustaining a constant
physiological state within the body, regardless of fluctuations in the
external environment.

Organisms maintain a relatively constant physiological state,
called homeostasis, despite changes in their environment. Any
change in the environment to which an organism responds is
called a stimulus. Environmental stimuli are constantly changing,
therefore organisms must adjust their behavior and physiology
constantly to maintain homeostasis. This requires the coordinated
activity of the body's organ systems. Homeostatic mechanisms
prevent potentially harmful deviations from the steady state and
keep the body's internal conditions within strict limits.

Homeostasis is required to maintain constant body temperature
at around 37°C. Similarly, the body must regulate blood glucose
levels, pH, and pressure as well as water and electrolyte
balance. Your body's organ systems coordinate to carry out
these tasks.

How homeostasis is maintained:

the stimulus-response model

To maintain homeostasis, the body must detect stimuli through
receptors, process this sensory information in a control center, and
respond to it appropriately via an effector. The responses provide new
feedback to the receptor. These three components are illustrated below.

Muscles
and glands

Sense organ,
e.g.eye

Receptor

Detects change
(the stimulus) and
sends a message to
the control center.

Effector

Effectors (muscles
and glands) respond
to the output from
the control center.

i A % -4/
Brain and /:d:}i'_}‘f r:\:ld

b Y i 'p | = ]
spinal cord %;'\L-— }f i

Control center ™

Receives the message and
coordinates a response. Sends an
output message to an effector.

1. Define homeostasis:

Principles of Homeostasis

Homeostasis analogies

The analogy of a temperature setting on a home
heating/cooling system explains how homeostasis is
maintained. For example, a heat pump has sensors
(receptor) to monitor room temperature as well as a
control center to receive and process the data from
the sensors. Depending on the data it receives, the
control center activates the effector (heating/cooling
unit), switching either on or off.

When the room is too cold, the heating unit switches
on, and the cooling unit is off. When it is too hot,

the heating unit switches off and the cooling unit

is switched on. This system maintains a constant
temperature, similar to homeostasis in the body.

The analogy of staying upright on a mountain bike
using body weight, arms, pedals, brakes, and
steering demonstrates that many homeostasis
systems have multiple mechanisms to maintain a
steady state.

2. What are the roles of the following components in maintaining homeostasis?

(a) Receptor:

(b) Control center:

(c) Effector:
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Exchanges with the environment

Organ systems work together to maintain the environment necessary for the functioning of the body’s cells. A constant internal
environment allows an organism to be somewhat independent of its external environment so that it can function normally as its
external environment changes. The simplified example below illustrates how organ systems interact with each other to maintain a

constant internal environment.
EI%EI
[=]

Organ systems maintain a
constant internal environment
that provides for the needs of
all the body’s cells, making

it possible for animals to
move through different

and often highly variable
external environments.

This representation shows
how organ systems

permit exchanges with the
environment. The exchange
surfaces are usually internal,
but may be connected to the
environment via openings on

the body surface.
Gas exchange system

Lung tissue provides an
expansive, moist surface for gas
exchange.

LY :‘
Digestive system
The villi of the small intestine
increase surface area for Excretory system
nutrient absorption. Kidney tubules exchange
chemicals with the blood
through capillaries.

Unabsorbed Metabolic
matter wastes

3. Why is it important that body systems are kept in balance?

4. Why is it important that the brain prioritizes the importance of incoming stimuli?

5. Using an example, briefly explain why homeostasis often involves more than one body system:
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Feedback Loops

Key Idea: Feedback loops, driven by various mechanisms,
can stabilize biological systems or exaggerate deviations
from the median condition.

Two types of feedback loop are used in the body, each
producing specific outcomes. Negative feedback loops

Negative feedback loops

maintain homeostasis, e.g. regulation of body temperature.
Positive feedback loops exaggerate any changes in
the internal environment, moving the body away from a
stable state by quickly amplifying changes in the internal
environment e.g. blood clotting.

» Negative feedback loops are control systems that maintain the body's internal environment at a relatively steady state.
» When variations from the norm are detected by the body's receptors, a response or output from the effectors that opposes the

stimulus is classified as negative feedback.

Negative feedback discourages variations from a set point and returns internal conditions to a steady state.
» Most physiological systems achieve homeostasis through negative feedback loops.

Negative feedback keeps body +

Mechanisms to lose o
heat, e.g. sweating.

Stress, e.g. cold
weather, causes
excessive heat loss.

o Stress, e.g. strenuous
exercise, generates too
much body heat.

Food in the stomach activates
stretch receptors, stimulating
gastric secretion and motility. As

We know when we are cold

but we are unaware of most of
the negative feedback loops
operating in our bodies that keep
our systems stable.

for gastric activity declines.

temperature at ~37°C —

\ 0 Return to normal 37°C

(5]

Mechanisms to generate
heat, e.g. shivering.

Negative feedback loops control
almost all the body's functioning
processes including heart rate,
the stomach empties, the stimulus blood glucose, blood pressure,
and pituitary secretions.

/ e Return to normal 37°C

Maintaining a stable blood
glucose level is an important
homeostatic function regulated by
negative feedback. It involves two
opposing hormones.

1. Using information and terms in this activity, construct a diagram of a negative feedback loop that models
thermoregulation (homeostasis of constant body temperature):
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Positive feedback loops

» Positive feedback loops amplify (increase) a response in order to achieve a particular result. Examples include fever, blood
clotting, childbirth (labor), and lactation (production of milk).

» The mechanisms within a positive feedback loop will cease to function once the end result is achieved, e.g. the baby is born or a
pathogen is destroyed by a fever. Positive feedback loops are less common than negative feedback loops in biological systems
because the escalation in response is unstable. Unresolved positive feedback responses, e.g. high fevers, can be fatal.

Positive feedback is involved in fever o Fever

Infection can reset
— normal temperature
+ control so that body

temperature increases

| above the normal
— range, resulting in
a fever. Fever is an
important defense
against infection.

Positive feedback
causes a large
deviation from normal.

Pathogen enters body /

(2]

Pathogen detected.
Body temperature
«begins to increase.

Fever peaks and
body temperature

Normal temperature cycles
starts to fall.

around a set point of 37°C

Normal body temperature
36.2 to 37°C

%4 \‘Y"J
RIS
17 2 ve R SN
Blood clotting - A wound releases Lactation - The rate that milk is produced Labor - Childbirth involves positive
chemicals that activate platelets in the for breast feeding infants is increased in feedback. Pressure of the baby's head

blood. Activated platelets release chemicals the presence of the prolactin hormone. The causes release of a hormone that increases
that activate more platelets, forming a blood more an infant suckles, the more prolactinis  contractions. The feedback loop finally ends
clot. This is a result of positive feedback. produced, hence forming positive feedback. when the baby is born.

2. (a) Why are positive feedback loops much less common than negative feedback loops in body systems?

(b) How can positive feedback lead to a runaway response in the body?

(c) Why can positive feedback be dangerous if it continues for too long?

(d) How is a positive feedback loop normally stopped?

(e) Predict what could happen if a person's temperature continued to increase during a fever, i.e. did not peak, then fall:
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Key Idea: The body is divided into cavities, and organs are
surrounded by protective membranes.

The study of anatomy and physiology requires a basic
understanding of anatomical terms. These include the
directional and regional terms, e.g. distal / pelvic, used to
describe the position of body parts, the location of the body's
cavities (dorsal and ventral), and the way in which the body's
membranes line those cavities and protect the organs within.
A membrane is a thin layer of tissue that covers a structure
or lines a cavity. The body's membranes fall into two broad

Body cavities

Cutaneous membrane (the
skin) forms a protective
covering over the surface of

The body is divided into
two main cavities which
enclose and protect

the organs within. The
dorsal body cavity
contains the cranial and
spinal cavity which are
continuous with each
other.

Cranial

cavity the body.

Spinal
cavity

Thoracic cavity

Diaphragm

Abdominal cavity

Pelvic cavity

The ventral body cavity
contains the thoracic,
abdominal, and pelvic
cavities.

Synovial membranes

Mucous membranes
(muscosa) lines all body
cavities that open to the
exterior, i.e. the hollow
organs of the respiratory,
digestive, urinary, and
reproductive tracts.

Serous membranes (serosa)
line internal body cavities that
are closed to the exterior.
Serosa occur in pairs: the
parietal layer lines the body
wall and the visceral layer lines
the organ within that cavity.
The membranes are separated
by a thin film of serous fluid.

They are named according to
their location in the body:

¢ peritoneum (abdomen)

e pleura (lungs)

* pericardium (heart).

Body Membranes and Cavities

categories: epithelial membranes (the skin, mucosa, and
serosa), and synovial membranes, which lack epithelium.
Membranes line and cover the internal and external surfaces
of the body, protecting and, in some cases, lubricating them.
Epithelial membranes are formed from epithelium and the
connective tissue on which it rests. The skin (cutaneous
membrane) is exposed to air and is a dry membrane but
mucous membranes (mucosa) and serous membranes
(serosa) are moist and bathed in secretions.

Location of the body's membranes

Membranous
lining

Main contents

line the capsules Dorsal Cranial cavity | Brain Meninges
around joints and body
secrete a lubricatin f ;
fluid. 9 cavity Vertebral canal | Spinal cord Meninges
Thorsciocaty | 2 .
Ventral
body Abdominal Digestive organs, spleen, Peritoneum
Above: Location of dorsal and ventral body cavities in cavity cavity kidneys
the human body. A knee joint shows a typical location - - - -
of connective tissue (synovial) membranes. Pelvic cavity Bladder, reproductive organs | Peritoneum

1. Use the information given above to name the serous membranes, labeled A-D, in the diagram above right:

(a) A:

(b) B:

2. (a) Describe the general role of epithelial membranes in the body:

(©) C:

(d) D:

(b) Explain how epithelial membranes differ from synovial membranes:
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Epithelial membranes

Serous membranes

Mucous membranes

Cutaneous membrane

Synovial membranes

Moist - bathed in secretions.

Moist - bathed in secretions.

Dry - open to the air.

Moist - bathed in secretions.

Made of a thin layer of
squamous epithelium resting on
a thin layer of loose connective
tissue.

Composed of some type of
simple epithelium, e.g. columnar
or squamous, resting on loose
connective tissue.

It is made up of an epidermis of
stratified squamous epithelium
and an underlying dermis of
connective tissue.

They are composed of
connective tissue and contain no
epithelial cells.

The parietal and visceral
membranes are separated by a
thin film of serous fluid.

The epithelium of mucosae is
often absorptive or secretory.
Many of them, but not all,
produce mucus.

The outermost cells of skin are
protected by a keratin layer,
which varies in thickness.

They provide a smooth surface
and cushion moving structures.

Line internal body cavities that
are closed to the exterior. Occur
in pairs and named according to
their location, e.g. visceral pleura
(see previous page).

Lines all body cavities that
open to the exterior, i.e. the
hollow organs of the respiratory,
digestive, urinary, and
reproductive tracts.

The skin forms a protective
covering over the surface of
the body.

Synovial membranes line the
capsules around joints and
secrete a lubricating
synovial fluid.

The visceral and
parietal pleural
membranes separate
the organs in the
thoracic cavity from
the thoracic wall.

Pleural cavity —
is the potential
space between
the visceral and
parietal pleura

of the lungs. The
pleural cavity also
contains slippery
serous fluid,
which allows the
pleurae to slide
easily against
each other during
breathing.

Spine

The relationship between membranes and cavities

Parietal pleura
Visceral pleura

Skin
Fat

Mediastinum between

Relationship of parietal and visceral pleural
membranes in the thorax (TS).

Thoracic wall

Parietal peritoneum

The visceral and parietal
peritoneal membranes

Visceral peritoneum | separate the organs in the

abdominal cavity from the
abdominal wall.

Abdominal wall

The peritoneal
cavity is the
potential
space between
the visceral
and parietal
peritoneum.

Relationship of parietal and visceral
peritoneal membranes in the abdomen (TS).

3. (a) What is the significance of serous membranes occurring in pairs?

(b) Describe the role of the serous fluid secreted by these membranes:

4. (a) The stomach (labeled above, right) is covered in visceral peritoneum. What lines its inside surface (the lumen)?

(b) What is the importance of the cutaneous membrane being a dry membrane?
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Key ldea: The various organ systems of the body act to
maintain homeostasis through a combination of hormonal
and nervous mechanisms.

In everyday life, the body must regulate respiratory gases,
protect itself against agents of disease (pathogens), maintain

Regulating respiratory gases

Oxygen demand
changes with

activity level and
environment, e.g.
altitude.

P

CO, production
changes with
activity level and
environment.

Capacity for O,
transport depends on
blood hemoglobin.

Muscular activity
increases oxygen
demand and carbon
dioxide production.

Oxygen (O, must be delivered to all cells and carbon dioxide (CO,) a
waste product of cellular respiration, must be removed. Breathing
brings in O, and expels CO,, and the cardiovascular and lymphatic
systems circulate these respiratory gases (the O, mostly bound

to hemoglobin). The rate of breathing is varied according to O,
demands, as detected by levels in the blood.

Maintaining nutrients and removing wastes

Digestion in the
gut provides the
building materials

for the body to grow
and repair tissue.

Food and drink
provide energy

and nutrients, but
supply is pulsed at
mealtimes with little
in between.

Water must be
reabsorbed from
the digested
material.

Metabolism
generates
waste products,
including urea,
which is formed
in the liver and
excreted by the
kidneys.

The solid waste
products of digestion
must be eliminated.
Nitrogenous wastes
from protein metabolism
are excreted by the
kidney in the urine.

Food and drink is taken in to maintain energy supplies. The digestive
system makes these nutrients available and the cardiovascular
system distributes them throughout the body. Food intake is regulated
largely through nervous mechanisms, while hormones control the
cellular uptake of glucose. The liver metabolizes proteins to form
urea, which is excreted by the kidneys.
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Maintaining Homeostasis

fluid and salt balance, regulate energy and nutrient supply,
and maintain a constant body temperature. All these must
be coordinated and appropriate responses made to incoming
stimuli. In addition, the body must be able to repair itself when
injured and be capable of reproducing (leaving offspring).

Coping with pathogens

Attack by pathogens
inhaled or eaten
with food and drink.

Lymph tissue\

Infections of the
reproductive system
(STIs) from yeasts,
viruses, and bacteria.

Attack on skin and
mucous membranes
from fungal pathogens.

All of us are under constant attack from pathogens (disease
causing organisms). The body has a number of mechanisms that
help to prevent the entry of pathogens and limit the damage they
cause if they do enter the body. The skin, the digestive system, and
the immune system are all involved in the body’s defense, while
the cardiovascular and lymphatic systems circulate the cells and
antimicrobial substances involved.

Repairing injuries

Wounds result in bleeding. Clotting
begins soon after and phagocytes
prevent the entry of pathogens.

Hernias can be caused by
strain, as in heavy lifting
or sudden falls.

-

Muscle and tendon
injuries arise through
excessive activity.

Bone fractures are caused
by falls and blows.

Damage to body tissues triggers the inflammatory response

and white blood cells move to the injury site. The inflammatory
response is started (and ended) by chemical signals, e.g. from
histamine and prostaglandins, released when tissue is damaged.
The cardiovascular and lymphatic systems distribute the cells and
molecules involved.

SO £




Regulating temperature, fluid, and electrolytes

Water and ions
taken in with
food and drink.

Water loss
through breathing.

Loss of water

| l ﬁ and ions via

Metabolism ! sweat
generates heat. |
_ % Changes in
% heat losses
o and gains.

Loss of urea,
water, and ions
via urine. Loss of
water and ions
via feces.

=

S

The balance of fluid and electrolytes and excretion of wastes is

the job of the kidneys. Osmoreceptors monitor blood volume and
bring about the release of the hormones ADH and aldosterone,
which regulate reabsorption of water and sodium from blood via
the kidneys. The cardiovascular and lymphatic systems distribute
fluids around the body. The circulatory system and skin both help to
maintain body temperature.

Coordinating responses

The brain monitors and regulates hormone levels
and coordinates complex movements.

Glands, e.g. the
adrenal, respond
to messages

from the brain to
produce regulatory

stimuli bombard
hormones.

the senses
through ears,

nose, eyes, skin,
and mouth.

Simple reflexes,
such as pain
withdrawal, allow
rapid responses
to stimuli.

The body is constantly bombarded by stimuli from the environment.
The brain sorts these stimuli into those that require a response
and those that do not. Responses are coordinated via nervous

or hormonal controls. Simple nervous responses (reflexes) act
quickly. Hormones, which are distributed by the cardiovascular and
lymphatic systems, take longer to produce a response and the
response is more prolonged.

1. Describe two mechanisms that operate to restore homeostasis after infection by a pathogen:

(@)

(b)

2. Describe two mechanisms by which responses to stimuli are brought about and coordinated:

(a)

(b)

3. Explain two ways in which water and ion balance are maintained. Name the organ(s) and any hormones involved:

(a)

(b)
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Diagnostic Medicine

Key Idea: Sophisticated medical imaging has provided the
means to look in detail at the tissues and organs of the body.
This makes it possible to accurately and rapidly diagnose
disorders, including use of complex computer systems and

X-ray imaging

X-rays are a form of electromagnetic radiation that can pass through
tissues and expose photographic film. The X-rays are absorbed by
dense body tissues, e.g. bone, which appear as white areas, but
they pass easily through less dense tissues, e.g. muscle, which
appear dark. X-rays are used to identify fractures or abnormalities

in bone. X-ray technology is also used in conjunction with computer
imaging techniques.

sometimes Al (artificial intelligence) to analyze data, and
therefore treat people more effectively for medical problems.
As well as imaging techniques, simpler methods, such as
blood tests, are also widely used for diagnostic purposes.

Radionuclide
scanning

Radionuclide (also called SPECT) scanning involves introducing a
radioactive substance (the radionuclide) into the body, where it is
taken up in different amounts by different tissues, e.g. radioactive
iodine is taken up preferentially by the thyroid. The radiation emitted
by the tissues that take up the radionuclide is detected by a gamma
camera. Radionuclide scanning provides better detail of function
than other techniques but gives less anatomical detail.

Diagnostic uses of ultrasound

Ultrasound is a diagnostic tool used to visualize internal
structures without surgery or X-rays. Ultrasound imaging is
based on the fact that tissues of different densities reflect sound
waves differently. Sound waves are directed towards a structure,
e.g. uterus, heart, kidney, liver, and the reflected sound waves
are recorded. An image of the internal structures is analyzed by
computer and displayed on a screen.

Echocardiography uses ultrasound to investigate heart disorders
such as congenital heart disease and valve disorders. The liver
and other abdominal organs can also be viewed with ultrasound
for diagnosis of disorders such as cirrhosis, cysts, blockages,
and tumors. Ultrasound scans of the uterus are commonly used
during pregnancy to indicate placental position and aspects

of fetal growth and development. This information aids better
pregnancy management.

1. X-rays are a common tool to diagnose broken bones. Describe some advantages and disadvantages of this tool:

2. Explain how radionuclide scanning differs from X-ray:

3. Discuss the advantages of ultrasound use in pregnancy:
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Computer imaging techniques

Computers are used extensively to examine the soft tissues and internal structures of the body for diagnostic purposes. Patients are
moved into the tunnel of a special device and exposed to different types of electromagnetic waves, depending on the technique. The
data is captured and analyzed by computers and medical staff to assist detection of abnormalities such as tumors.

Computerized tomography scans Magnetic resonance imaging

Computerized tomography (CT) scans make a series of Magnetic resonance imaging (MRI) uses computer analysis
X-rays through an organ and the picture from each X-ray slice of high frequency radio waves to map out variations in tissue
is reconstructed into a 3-D image using computer software. density, especially of the central nervous system.

4. Describe the basic principle of the scanning technology behind each of the following imaging techniques:

(a) Computerised Tomography (CT):

(b) Magnetic Resonance Imaging (MRI):

5. Describe the benefits of using computer imaging techniques such as MRI or CT:

6. Describe some disadvantages of using computer imaging techniques such as MRI or CT:

(a) CT scan:

(b) MRI scan:
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Endoscopy

An endoscope is an illuminated tube comprising fiber-optic cables with lenses attached. Endoscopy can be used for a
visual inspection of the inside of organs or any body cavity to look for blockages or damage. Endoscopes can also be fitted
with devices to remove foreign objects, temporarily stop bleeding, remove tissue samples (biopsy), and remove polyps or
growths. The advantage of endoscopy use over tradition incision methods is a small entry site, leading to quicker healing.

Laparoscopy is the endoscopic examination of the organs in the  Arthroscopy is used for inspecting joints, usually knee joints
abdominal cavity, and is used during simple surgical operations,  (above), while the patient is under a general anesthetic. Using
e.g. tubal ligation. Endoscopic examination of the stomach is very small incisions, damaged cartilage can be removed from
called gastroscopy. the joint using other instruments.

Biosensors

Biosensors are electronic monitoring devices that use biological material to detect the presence or concentration of a
particular substance. Because of their specificity and sensitivity, enzymes are ideally suited for use in biosensors. The
example below illustrates how the enzyme glucose oxidase is used to detect blood sugar level in diabetics.

The enzyme, glucose oxidase is immobilized in Hydrogen ions from the gluconic acid cause a
a semi-conducting silicon chip. It catalyzes the movement of electrons in the silicon which is

conversion of glucose (from the blood sample) detected by a transducer. The strength of the Results are shown
to gluconic acid. electric current is directly proportional to the on a liquid crystal
blood glucose concentration. display.

Membrane l‘ 9 & I ‘J

Plastic permeable —>| Biological recognition layer Amplifier

sleeve glucose ¥ ¥ > wA

f

The signal is amplified

7. Describe the basic principle of a biosensor:

8. Endoscopy was originally developed as a diagnostic tool. Some types of surgery that used to use invasive techniques
are increasingly using endoscopy as an alternative. Discuss some possible reasons for this trend:
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Key lIdea: The skin, or cutaneous membrane, and its
associated structures (hair, sweat glands, nails) collectively
make the integumentary system.

The skin is the body's largest organ. Unlike other epithelial
membranes, it is a dry membrane, made up of an outer
epidermis and underlying dermis. The subcutaneous tissue

Endocrine system

e Estrogens help to maintain skin
hydration.

* Androgens activate the sebaceous
glands and help to regulate the
growth of hair.

e Changes in skin pigmentation are
associated with hormonal changes
during pregnancy and puberty.

Respiratory system

* Provides oxygen to the cells of the
skin via gas exchange with the
blood.

* Removes carbon dioxide (metabolic
waste from skin) via gas exchange.

Cardiovascular system

* Blood vessels transport O, and
nutrients to the skin and remove
wastes via the blood.

e The skin prevents fluid loss and
acts as a reservoir for blood.

* Dilation and constriction of
blood vessels is an important
thermoregulatory mechanism.

* The blood supplies substances
required for functioning of the skin's
glands.

Digestive system

e Skin synthesizes vitamin D, which
is required for absorption of
calcium from the gut.

e The digestive system provides
nutrients for growth, repair, and
maintenance of the skin, delivered
via the cardiovascular system.

Skeletal system

e Skin absorbs ultraviolet light and
produces a vitamin D precursor.
Vitamin D is involved in calcium
and phosphorus metabolism,
and is needed for normal calcium
absorption and deposition of
calcium salts in bone.

o

yZ % The Integumentary System

beneath the dermis, which is largely fat (a loose connective
tissue) is called the hypodermis. It is not part of the skin, but it
does anchor the skin to underlying organs, thereby insulating
and protecting them. The homeostatic interactions of the skin
with other body systems are described below.

Nervous system

* Many sensory organs, e.g. Pacinian
corpuscle, and simple receptors,
e.g. thermoreceptors, are located in
the skin.

e The nervous system regulates
blood vessel dilation and sweat
gland secretion.

e  CNS interprets sensory information
from the skin's sensory receptors.

* Nervous stimulation of arrector pili
muscles causes erection of hair
(thermoregulatory response).

Reproductive system

¢ Mammary glands, which are
modified sweat glands, nourish
the infant in lactating women.

e Skin stretches during pregnancy
to accommodate enlargement of
the uterus.

e Changes in skin pigmentation are
associated with pregnancy and
puberty.

Lymphatic system and immunity

* Tissue fluid nourishes skin cells.
Lymphatic vessels prevent edema
by collecting/returning tissue fluid
to the general circulation.

Urinary system

e Vitamin D synthesis begins in the
skin but final activation of vitamin
D occurs in the kidneys.

¢ Urination controlled by a voluntary
sphincter in the urethra.

Muscular system

* Muscular activity generates
heat, which is dissipated via an
increase in blood flow to the skin's
surface.

* Muscular activity and increased
blood flow increases secretion
from the skin's glands, e.g.
sweating.

General functions and effects on all systems

The skin is the body's largest organ and the integumentary system covers and provides physical and chemical
protection for most parts of all other body systems. It has a critical role in thermoregulation and in the absorption
of sunlight and synthesis of a vitamin D precursor.
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The structure of the skin

c The upper epidermis consists of stratified squamous epithelium. There are up to five layers of cells in the epidermis, with the
regenerative basal layer furthest from the surface. The basal layer houses the melanocytes containing the pigment melanin,
which gives skin a dark color. Cells divide at the basal layer and migrate towards the surface, becoming flatter and more
keratinized. Like all epithelial tissue, the skin's epidermis lacks blood vessels.

e The lower dermis of dense connective tissue contains collagen (strength), elastic fibers (flexibility), and reticular fibers (support).

The dermis also contains the skin's sensory receptors. The upper papillary region is uneven, with small projections into the
epidermis. The lower reticular layer contains blood vessels, sweat and oil glands, and deep dermal sensory receptors.

i
G
.@ [=
0 £ Fingernail
5 £ Dermal
S papillae
Sebaceous
. (oil) gland
E Arrector pili
g : muscle raises
e; - and lowers hair Fingernails (above) and
(S Hair root toenails are modifications of the
epidermis that protect the ends of
o Sweat (eccrine) the digits. Nails are formed from
£ = the horny layer of the epidermis
D . gland ;
3. (stratum corneum) that contains
g E ~\ Blood vessels hard keratin, and they grow from
f‘ : the basal layer of cells in an area

51

called the nail matrix.

T

/ Hairy skin
2 3

‘. v
= A

Hair is found over almost all of
the body. Each hair has a shaft,
which protrudes above the skin's
surface, and a root and hair
bulb beneath. The root and shaft
are made of dead, keratinized
epithelial cells in three layers:

a central medulla, thick inner
cortex, and outer cuticle. As with
skin, melanin is responsible for
the color of the hair.

Moderately thick
keratinized layer

Oiligland|

Dermis

Basal layer
.f’ -

e

Skin: sole of foot

Photos: Ell

| Q

Scalp skin Skin: palm of hand

There are up to five layers of cells in the epidermis. The thickness of the layers, particularly

the outermost heavily keratinized layer, varies, depending on where the skin is. Keratin
protects the deeper cell layers. Skin subjected to regular wear and tear is heavily keratinized.

1. Describe two homeostatic functions of the skin:
(a)
(b)

2. Identify the location (dermis or epidermis) of each of the following and identify its role in the skin:

(a) Basal layer (stratum basale):

(b) Outermost keratinized layer (stratum corneum):

(c) Sweat glands:

(d) Collagen fibers:
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Changes in skin

(6]
a
8]

Wiki
Wiki

Ringworm is a fungal infection of the skin. Acne is a common skin condition in A tattoo is a permanent marking made by

It can affect any area of the body surface adolescents in which the sebaceous glands inserting ink into the layers of skin. The

and causes raised, ring-like, scaly lesions, become infected and pimples appear on pigment remains stable in the upper layer
which may be itchy and inflamed. It can be the skin. Acne can be extremely severe, of the dermis, trapped within fibroblasts but,
prevented by keeping skin clean and dry, causing deep abscesses and scarring. in the long term, it tends to migrate deeper
and treated with anti-fungal products. into the dermis and the tattoo degrades.

Mpox and skin changes

Mpox (formerly monkeypox) is a disease
caused by the mpox virus producing
similar, but much milder, symptoms to
smallpox, a related virus. A significant
mpox outbreak began in 2022, spreading
beyond its origin into other continents.
The virus spreads from direct human-
to-human skin or secretion contact, and
initially causes flu-like symptoms. 1-4
days later a rash will appear on the skin in
various areas, including the hands.
Anywhere from 1 to 200 round, rubbery, or
firm lesions form on the skin. The lesions
are painful and can often be seen with a
dot on the top, called umbilication. The
lesions eventually fill with pus and after
2-4 weeks a scab will form over the top,
beginning the healing process.

3. Both ringworm and mpox are infectious but can be prevented with non-medical actions. Describe some of these:

(a) Ringworm:

(b) Mpox:

4. Why do some skin changes caused by ringworm and severe acne cause permanent scarring?

5. Why can a vaccine be used to prevent mpox, but not ringworm or acne?
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Thermoregulation

Key Idea: Thermoregulation is controlled both by the
hormonal and nervous systems of the body.

In humans, the temperature regulation center is a region
of the brain called the hypothalamus. The hypothalamus
acts as the control center in the thermoregulation negative
feedback loop. It contains thermoreceptors that monitor
core body temperature and has a ‘set-point’ temperature
of 36.7°C. The hypothalamus acts like a thermostat: it

Regulating body temperature
Skin blood vessels
dilate. Heat is lost from
Y the warm blood at the
skin’s surface.

Activates heat-loss
center in hypothalamus.

/ ¢ heat loss.

Sweat glands are activated.
.| Sweating cools the body by
| evaporation. Hairs on the skin
are flattened, reducing
. insulating layer and promoting

registers changes in the core body temperature and also
receives information about temperature changes from
thermoreceptors in the skin. It then coordinates effector
responses to counteract the changes and restore normal
body temperature. Communication between components
of the negative feedback loop uses both nervous and
hormonal pathways. When normal body temperature is
restored, the corrective mechanisms are switched off.
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Body temperature
decreases and the
hypothalamus heat-
loss center shuts off.

l

(b)

/
mbefe "
Increased body Ce

Decreased body

temperature, e.g.

temperature,

when exercising or
in a hot climate.

e.g. cold
environments.

Body temperature
increases and the
hypothalamus heat-
promoting center
shuts off.

(e)

Thyroid gland releases N
hormones to increase :
metabolic rate.

Rapid contractions of the
skeletal muscles cause reflex
shivering, which expends
energy to generate heat.

"""" Activates heat-
promoting center
in hypothalamus.

o
ot

(d)

Skin’s blood vessels
constrict. Blood is diverted
from the skin so that heat is
not lost.

1. In the diagram above showing the regulation of body temperature:

(a) Identify the stimulus:

(b) Identify the effectors:

(c) What structure(s) would you add to represent the receptors?
2. Label the diagram above by appropriately adding the labels: stimulus, receptors, control center, and effectors.
3. How do the effectors restore body temperature when it increases above the set point?
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Thermoreceptors

» Thermoreceptors are simple sensory receptors located both inside
the body and free nerve endings embedded in the skin. They respond
to changes in temperature. When they detect a temperature change,
they send information (as nerve impulses) to the hypothalamus. Heat
thermoreceptors detect an increase in skin temperature above 37.5°C and
cold thermoreceptors detect a fall below 35.8°C.

» The hair erector muscles, sweat glands, muscles, and blood vessels are the
effectors for mediating a response to information from thermoreceptors.

» The temperature changes resulting from the actions of the effectors is
communicated as negative feedback to the thermoreceptors, and relayed
back to the hypothalamus to deactivate once normal body temperature is
reached. lliness can 'set' the temperature higher, felt as a fever.

lidar Sagdejev CC 3.0

Vasodilation and sweating are Vasoconstriction and ‘goosebumps'
mechanisms in response to high (piloerection) are in response to low
temperature or exertion. temperature or inactivity.

4. Describe the role of each of the following in regulating body temperature:

(a) Shivering:

Regulating blood flow to the skin

i +
s S e .Y
o G e
v vy

S

RM Hunt CC 3.0

Constriction of a small blood vessel. A red
blood cell (R) is in the vessel (TEM).

To regulate heat loss or gain from the skin,
the blood vessels underneath become
narrower (vasoconstriction) to reduce
blood flow, or expand (vasodilation) to
increase blood flow. When blood vessels
are fully constricted, there may be as
much as a 10°C gradient from the outer
to the inner layers of the skin. Extremities
such the hands and feet have additional
vascular controls that can reduce blood
flow to them in times of severe cooling.

(b) The skin:

(c) Nervous input to effectors:

(d) Hormones:

5. What is the purpose of sweating and how does it achieve its effect?

6. Explain how negative feedback is involved in the regulation of body temperature:

7. How do the blood vessels help to regulate the amount of heat lost from the skin and body?
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Skin and sweating

Blood vessels in the
dermis dilate or constrict
to promote or restrict heat
loss.

Hairs raised or lowered to
increase or decrease the

thickness of the insulating
air layer between the skin
and the environment.

Sweat glands produce
sweat, which cools through
evaporation.

Fat in the sub-dermal
layers insulates the organs
against heat loss.

, EE

'J(m»of thé“scalp =]

Human skin contains two main types of sweat glands: apocrine glands
secrete around the hair follicles, and eccrine glands (above) secrete
directly to the skin's surface. Eccrine glands can be found on most areas
of the body and, as well as secreting sweat to aid in cooling, they also
release a range of compounds, such as lactate and urea, to help the skin
retain a barrier to conserve moisture.

Sweat glands and the environment

their life in a cold climate, most of these
become permanently inactive.

> People acclimatized to a warm climate,

such as the young Vanuatu boy above,
produce sweat profusely (up to 3L/ h)
and the sweat is distributed uniformly.

This increases the efficiency of heat loss.
People not acclimatized to warm climates

may only sweatupto 1 L/h and the
sweat usually beads up and drips off
the body.

» Some people have a condition called

anhidrosis, where the sweat glands

do not function normally to produce
sweat, putting sufferers at risk of heat
stroke. This condition can be caused by
environmental damage or injury to the
skin, certain diseases, or be genetically
inherited (Fabry disease).

8. Why does a person from a cool climate have difficulty regulating their body temperature when visiting a hot climate?

People are born with an excess of sweat
glands but if they spend the first years of

Graham Crumb CC 2.0

9. How do sweat glands work to enable a person to maintain homeostasis in hot conditions?
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Hypothermia

Key ldea: Hypothermia is a condition experienced when the
core body temperature drops below 35°C.

Hypothermia is caused by exposure to low temperatures,
and results from the body's inability to replace the heat
being lost to the environment. The condition ranges from

A body temperature of around 37°C allows for optimal
metabolic function. Below 35°C, metabolism slows, causing a
loss of coordination, lethargy, and mental fatigue. Hypothermia

—_
N

mild to severe, depending how low the body temperature
has dropped. Severe hypothermia results in severe mental
confusion, including inability to speak, and amnesia, organ
and heart failure, and death.

Water Exposure and Survival Times

can result from exposure to very low temperatures for a L c
short time or to moderately low temperatures for a long time.
Exposure to cold water produces symptoms of hypothermia far
more quickly than exposure to the same temperature of air. This
is because water is much more effective than air at conducting
heat away from the body.

—
(=)
T

(o)
T

f n

Survival time (hours)
£ (o)}

L Body shape:
short and sto:

tall and
thin

.

Treating hypothermia —/35

> Hypothermia is treated by rewarming. This must be done carefully because
rewarming the body too quickly or with the wrong method can actually cause
the body to attempt to remove the sudden excess of heat and so cause more
heat loss and/or death.

» Mild hypothermics can be rewarmed by passive rewarming using their own body
heat coupled with warm, dry, insulated clothing in a warm dry environment.
Moderate hypothermia requires active external rewarming. This involves using
warming devices such as hot water bottles or warm water baths. Severe
hypothermics must be treated with active internal or core warming. Methods
include delivery of warm intravenous fluids, inhaling warm moist air, or warming
the blood externally by using a heart-lung machine.

1. What conditions might cause a person to become hypothermic?

1
0 5 10

1
15 20 25

Water temperature (°C)
In the graph (above), hypothermia resulting in death is highly likely
in region 1 and highly unlikely in region 2.

Mild hypothermia:
Shivering. Vasoconstriction
reduces blood flow to the
extremities. Hypertension and
cold diuresis (increased urine
production due to the cold).

Moderate hypothermia:
Muscle coordination becomes
difficult. Movements slow or
laboured. Blood vessels in ears,
nose, fingers, and toes constrict
further resulting in these turning
a blue color. Mental confusion
sets in.

Severe hypothermia: Speech
fails, mental processes become
irrational, victim may enter

a stupor. Organs and heart
eventually fail, resulting in
death.

2. (a) With reference to the graph above, which body shape has best survival at 15°C?

(b) Explain your choice:

3. Describe the methods used to rewarm hypothermic people safely:
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Hyperthermia

Key Idea: Hyperthermia is a physiological state in which the
core body temperature exceeds 38.5°C without a change to
the set-point of the heat control center in the hypothalamus.
The most common cause is heat stroke caused by prolonged
exposure to excessive heat or humidity, often associated
with exertion. When the body produces more heat than it can

dissipate, the heat regulating systems of the body can become
overwhelmed and body temperature will rise uncontrollably.
Prolonged elevation in body temperature is potentially fatal
and is thus regarded as a medical emergency. Hyperthermia
is different from a fever, which involves resetting the body's
thermostat to a higher level in response to infection.

Phases in heat exhaustion and hyperthermia

Causes of hyperthermia:
e Dehydration

e Hot environment

e Exercise

* Response to some drugs

Treating hyperthermia

Treating hyperthermia involves rapidly
lowering the core body temperature.
However, care must be taken to avoid
causing vasoconstriction and
shivering, as these produce
heat and make the hyperthermic
condition worse.

External treatments

Mild hyperthermia, e.g. exercising on

a hot day, is treated by drinking water,

removing excess clothing, and resting in a

cool place. In more serious cases, cooling is
achieved by sponging the body with cool water,
or using cooling blankets or ice-packs. A person
may also be wrapped in wet sheets and have a fan
directed on them to increase evaporative cooling
(sweating). Placing the patient in a bathtub of cool
water removes a significant amount of heat in a
short period of time.

Internal treatments

Internal cooling is required when the core
temperature exceeds 40°C, or the patient is
unconscious or confused. These methods are

Phase 1

Overexertion is usually accompanied with a flushed red
face and rapid short breaths. Correction is by seeking
shade and drinking plenty of fluid.

Phase 3
Heat stroke is the final and most serious stage. The body's core

Phase 2
Heat exhaustion is a more serious
problem. It is indicated by profuse
sweating, a dry mouth, cramps, and
nausea. The skin will appear red as
blood is directed to the skin to reduce
core temperature. Physical activity
should be stopped immediately and
shade should be sought. Cool
drinks and ice packs on the skin
may be needed.

temperature may have risen to 41°C. Thermoregulatory mechanisms
fail. Sweat is no longer produced and the skin becomes hot and dry.
Disorientation is followed by collapse and unconsciousness. Metabolic
processes become uncoupled and enzymes denature. Death follows.

more aggressive and invasive. Treatments

include administering cool intravenous fluids,
flushing the stomach or rectum with cold water, or
hemodialysis, where a machine cools the blood
externally before it is returned to the body.

1. (a) What is hyperthermia?

(b) How does hyperthermia differ from a fever?

2. (a) Why is it dangerous to lower the temperature of a hyperthermia patient so quickly that they begin to shiver?

(b) Why are internal cooling treatments used on patients with temperatures over 40°C?

3. Explain why untreated heat stroke can rapidly lead to death:
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Key Idea: Consumption of some drugs can effect the body's
ability to maintain thermoregulation.

Ecstasy, or MDMA, is an illegal stimulant, popular in the
clubbing or dance party scene for the feelings of euphoria
it induces. It has profound psychological and physiological
effects, brought about by an increase in the levels of serotonin

Ecstasy induced hyperthermia

Hyperthermia

Hyperthermia is one of the major side effects of ecstasy use and can result
in organ failure and death if it is not treated. It has been implicated in the
deaths of people attending dance-parties.

To understand how humans may be affected by ecstasy, researchers
investigated how it causes hyperthermia in rabbits. The data (right) shows a
clear positive relationship between the ecstasy dose and body temperature
(figure A). The same research also showed that blood flow to the skin
decreases due to vasoconstriction after ecstasy is taken (figure B).

One of the body's main cooling mechanisms is to increase blood flow to

the skin, so that heat can be lost. Ecstasy shuts down this mechanism, so it
becomes more difficult to lose heat. In humans, the problems of ecstasy use
are exacerbated by hot, crowded dance environments in parties or clubs,
and the physical effort of dancing, which generates heat. The combination of
these behavioral and physiological factors results in abnormal increases in
body temperature, heat exhaustion, and heat stroke.

Drugs and Thermoregulation

in the brain. These effects include changes to temperature
regulation, heart rate, blood pressure, and appetite control.
The effects of ecstasy start 20-60 minutes after taking it and
last for six hours. It can take days or weeks for serotonin
levels to return to normal.

Physiological effect
of ecstasy

Reduces blood flow
to skin

Decreases sweating

Consequence

Reduces heat loss

Increases metabolic
rate

Increases heat
generation

Decreases thirst
recognition

Increases dehydration

Other contributing factors: Hot environment and dancing

(= heat generation)

Ecstasy and hyperthermia in rabbits

37a

Increase in body
temperature (°C)
- n

o
1

Fall in ear pinna blood
flow (cm/s)
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L
1.5

Ecstasy dose (mg/ kg)

L
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Data source: N. P. Pedersen and W. W. Blessing
The Journal of Neuroscience, 1 November 2001, 21(21).

1. (a) Describe the effects of ecstasy on body temperature in rabbits:

(b) What conclusions can you draw about how ecstasy affects blood flow to the skin in rabbits?

2. Discuss how ecstasy can cause hyperthermia in humans:
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Key Idea: Newborn babies need to rapidly switch from
physiological processes supported by the mother to
independently maintaining their own homeostatic state.

Once delivered, the newborn must function independently of
a placental connection. This requires a number of significant

Thermoregulation in newborns

Newborn babies cannot fully thermoregulate
until six months of age. They can become too
cold or too hot very quickly.

Newborns cannot shiver to produce heat and
have limited capacity to generate heat from large
body movements because their ability to move

is limited. Much of an infant's heat production
comes from the metabolic activity of brown fat, a
mitochondrial rich organ abundant in newborns.
Heat is also generated by metabolic activity.

Newborns minimize heat loss by reducing the
blood supply to the periphery (skin, hands,

and feet). This helps to maintain the core body
temperature. Increased brown fat activity and
general metabolic activity generates heat.
Newborns are often dressed in a hat to reduce
heat loss from the head, and tightly wrapped to
trap heat next to their bodies.

Newborns lower their temperature by increasing
peripheral blood flow. This allows heat to be lost,
cooling the core temperature. Newborns can
also reduce their body temperature by sweating,
although their sweat glands are not fully
functional until four weeks after birth.

Thermoregulation in premature newborns

1. Describe the features of a newborn baby that make it susceptible to rapid heat loss:

A baby's body surface

is three times greater
than an adult's. There is
greater surface area from
which heat can be lost.

Newborns have thin skin, and
blood vessels that run close to
the skin. These features allow
heat to be lost easily.

Homeostasis in Newborns

physiological changes associated with temperature
regulation, blood glucose homeostasis, and fluid and
electrolyte balance. Newborns require considerable help to
maintain homeostasis, e.g. dressing them appropriately so
they do not become too hot or too cold.

Heat losses from the
head are high because
the head is very large
compared to the rest of
the body.

Newborns cannot shiver
to produce heat.

e

Newborns have very little
white fat beneath their skin
to insulate them against
heat loss.

Premature babies have even less ability to
thermoregulate than full-term newborns, and
often have a very immature thermoregulatory
system. Heat loss from evaporation when wet,
conduction on cold surfaces, and convection
in drafty rooms can lead to the premature
newborn quickly becoming hypothermic.
Hypothermia can then increase neonatal
(newborn) mortality rates (28% per every 1°C
below 36°C) and increase in sepsis/infection
rates (11% per every 1°C below 36°C).
Premature babies are placed in an enclosed
temperature controlled incubator to help them
maintain a stable temperature (left). Surfaces
and fluids used are pre-warmed.

2. Describe how newborns can control body temperature by altering blood flow to the skin:
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Glucose homeostasis in newborns

Prior to birth, most of the glucose supplied to a fetus/baby
is provided continuously through the placenta from the
mother. Once born, a newborn must rely on its own body
glycogen stores, which release glucose, until sufficient
volumes of milk are consumed. The hormones insulin and
glucagon maintain glucose blood homeostasis and are
present in the fetus from early gestation onwards. In the
hours directly after birth, the ratio of these two hormones
shifts rapidly in the newborn, moving from favoring glycogen
storage in utero to an increase in glycogen breakdown to
supply the now independent baby.

Premature babies are likely to have insufficient glycogen
stores, as are some newborns who have metabolic
mutations, or faced growth restriction in the uterus.

Excessive demands on glucose can be due to hypothermia,
low oxygen levels, infection, or limited access to milk in the
first week. Both lack of stores and increased utilization of
glucose can lead to hypoglycemia (low blood glucose), and
may lead to apnea (cessation of breathing), convulsions,
and eventual death, if not treated. The blood glucose level
— of at-risk infants can be monitored using a meter (left) that

. ¥ . extracts a small drop of blood from the newborn's heel.
Newborn baby being checked for blood glucose levels

Renal homeostasis in newborns Newborn babies have inefficient kidneys. Ten days after
birth, the filtration rate of the kidneys has increased
significantly but is still half that of an adult. It takes one
to two years for renal function to reach adult levels.
The data (left) shows how kidney glomerular filtration
rate, a measure of kidney efficiency, increases through
gestation and after birth.

Kidney
Y= development is

Low renal efficiency affects the ability of the newborn
fully completed

to maintain fluid and electrolyte balance. A newborn's
kidneys are unable to concentrate urine very well,

and absorption of some electrolytes (sodium and
bicarbonate) is poor. Newborn babies have a greater

risk of becoming dehydrated. This is partially because of
their limited ability to concentrate urine, but also because
T their large surface area increases the rate of water loss

o8 3|0 32 34 36 38 40 42 through sweating and breathing.
Gestational age (weeks)

Full term
gestation

Glomerular filtration rate (ml/min)
w
1

Data source: Al-Dahhan et al. Archives
of Disease in Childhood, 1983, 58.

3. (a) In which situations does blood glucose monitoring of newborns become especially important?

(b) Why is a ratio change of insulin to glucagon required for maintaining blood glucose homeostasis in a newborn?

4. What are the consequences of newborns having a limited renal capacity?
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