8TH
EDITION

PERSPECTIVES

=UCCH) =

NELSONNET

ACCESS copg




- % CENGAGE
% Learning

COPYRIGHT NOTICE

Copyright in this work is owned by Cengage
Learning Australia (“the work”). A condition of
purchase of this electronic version of the work is
that you agree to respect the copyright in the
work, abide by the Copyright Act 1968 and
specifically agree not to transfer, sell, assign,
misuse, copy or transmit an electronic or other
version of the work to any third party.

Please note: This product is accompanied by a
licence (single user, network or adoption)
governing the terms and conditions of its use.



This is a legal agreement between the you,
(the “Customer”) and Cengage Learning
Australia Pty Limited (ABN 14 058 280 149)
(the “Licensor”) which provides the terms
and conditions of this non-exclusive licence
and the limited warranty for the Product.
Use of the Product indicates an
acknowledgement that the Customer has
read and agreed to be bound by the terms
and conditions of this Agreement. If you do
not agree to these terms and conditions,
return the Product to the place of purchase
within 15 days of the date of purchase (with
proof of purchase) for a full refund

1. Licence Grant
You do not receive title to the Product.
Copyright in the Product (which includes
all images, photographs, video,
animations, audio, music and text
incorporated in the Product, including all
of the accompanying printed material) is
owned by the Licensor and/or its
suppliers and is protected by Australian
copyright laws. The Licensor grants you
a non-exclusive licence to use the
Product subject to the restrictions and
terms set out in this Agreement.

2. AlLicence allows you to:
Use the Product on your computer. The
Customer represents that they shall in
no way place the Product in the public
domain or in any way compromise our
copyright in the Material. You agree to
take reasonable steps to protect our
copyright.

3. You may not:
Alter, modify, translate, reverse
engineer, decompile, or adapt the
software or create derivative works
based on the Product. Make further
copies by any means technological,
electronic, digital whatsoever without
the written permission of the Licensor.
Rent or transfer all or any part of your
rights under this Agreement. Remove or
alter any copyright or other proprietary
notice or label attached to the software.

4. Termination
Any failure to comply with the terms and
conditions of this agreement will result
in the automatic termination of this
licence. Upon termination of this licence
for any reason, the Customer must
destroy or return to the Licensor all
copies of the software and
accompanying documentation.

5. Warranties
To the extent permitted by law, the
Licensor’s liability for any breach of the
warranty or any term implied by law into
this licence is limited to the lowest cost
of replacing the goods, acquiring
equivalent goods or having the goods
repaired.



8TH
EDITION

>
- TJ NEWTON © AP JOYCE

RACHEL WHAN

v
-

PERSPECTIVES




-
v &
iw

NELSON

A Cengage Company

Human Perspectives ATAR Units 3 & 4
8th Edition

TJ Newton

AP Joyce

Rachel Whan

ISBN 9780170449168

Publisher: Sarah Craig

Project editor: Robyn Beaver

Copy editor: Robyn Flemming

Text design: Rina Gargano (Alba Design)

Cover design: Jenna Lee Fai (Jenki)

Project designer: Justin Lim

Cover image: Getty Images/Victor Habbick Visions/Science Photo Library
Permissions researcher: Helen Mammides

Production controller: Alice Kane

Typeset by: SPi Global

Any URLs contained in this publication were checked for currency during the
production process. Note, however, that the publisher cannot vouch for the

ongoing currency of URLs.

Acknowledgements

Extracts from the Human Biology ATAR course Year 12 syllabus are used by
permission, School Curriculum and Standards Authority. 2020 Human Biology
ATAR Year 12 course syllabus: Homeostasis and disease unit content and 2020
Human Biology ATAR Year 12 course syllabus: Human variation and evolution
unit content. The School Curriculum and Standards Authority does not endorse

this publication or product.

© 2020 Cengage Learning Australia Pty Limited

Copyright Notice
This Work is copyright. No part of this Work may be reproduced, stored in a
retrieval system, or transmitted in any form or by any means without prior

written permission of the Publisher. Except as permitted under the

Copyright Act 1968, for example any fair dealing for the purposes of private study,

research, criticism or review, subject to certain limitations. These limitations

include: Restricting the copying to a maximum of one chapter or 10% of this

book, whichever is greater; providing an appropriate notice and warning with the

copies of the Work disseminated; taking all reasonable steps to limit access to

these copies to people authorised to receive these copies; ensuring you hold the

appropriate Licences issued by the Copyright Agency Limited (“CAL"), supply a

remuneration notice to CAL and pay any required fees. For details of CAL licences

and remuneration notices please contact CAL at Level 11, 66 Goulburn Street,
Sydney NSW 2000, Tel: (02) 9394 7600, Fax: (02) 9394 7601
Email: info@copyright.com.au

Website: www.copyright.com.au

For product information and technology assistance,
in Australia call 1300 790 853;
in New Zealand call 0800 449 725

For permission to use material from this text or product, please email

aust.permissions@cengage.com

National Library of Australia Cataloguing-in-Publication Data
A catalogue record for this book is available from the National Library of

Australia.

Cengage Learning Australia
Level 7, 80 Dorcas Street
South Melbourne, Victoria Australia 3205

Cengage Learning New Zealand
Unit 4B Rosedale Office Park
331 Rosedale Road, Albany, North Shore 0632, NZ

For learning solutions, visit cengage.com.au

Printed in China by 1010 Printing International Limited.
12345672423222120



CONTENTS

Using Human Perspectives v
Author acknowledgements viii
UNIT3

HOMEQOSTASIS AND DISEASE 1
INVESTIGATING HUMAN BIOLOGY 2

11 Types of investigations

12 Conducting investigations

1.3 Reporting on scientific investigations 17
Activities 2l
Chapter 1 summary 23
Chapter 1glossary 24
Chapter 1 review questions 26

3 HORMONES HELP CONTROL

THE BODY 28
21 Endocrine system 42
2.2 Hypothalamus and pituitary gland 4
2.3 Other endocrine glands 35
Activities 41
Chapter 2 summary 42
Chapter 2 glossary 43
Chapter 2 review questions 45
3 NEURONS COMMUNICATE QUICKLY 47
31 Nerve cells 48
3.2 Nerve impulses S4
3.3 Receptors and reflexes 61
34  Comparison of hormonal and nervous

coordination 64
Activities 66
Chapter 3 summary 72
Chapter 3 glossary 74
Chapter 3 review questions 76

9780170449168

23 THE NERVOUS SYSTEM IS HIGHLY
ORGANISED

41 Central nervous system

4.2 Peripheral nervous system

Activities

Chapter 4 summary

Chapter 4 glossary

Chapter 4 review questions

5 HOMEOSTASIS CONTROLS BLOOD
GLUCOSE AND BODY TEMPERATURE

5.1 Homeostasis

5.2 Regulation of blood sugar

53 Thermoregulation

Activities

Chapter 5 summary

Chapter S glossary

Chapter S review questions

3 HOMEOSTASIS CONTROLS FLUID AND
GAS LEVELS

6.1  Regulation of the composition of body fluids

6.2 Regulation of gas concentrations
Activities

Chapter 6 summary

Chapter 6 glossary

Chapter 6 review questions

THE BODY CAN PROTECT ITSELF
FROM INFECTION

71 Pathogens

72 Non-specific defences against disease

73  Specific defences against disease

74 Prevention and treatment of disease

Activities

Chapter 7 summary

Chapter 7 glossary

Chapter 7 review questions

78

79
88
95
98
100
102

104

105
109

114
123
124
125
127

129

130
139

149
151
152

154

155
160
167
175
183
191
193
196



IE} TECHNOLOGY IS USED TO TREAT

DISEASES 198
81 Recombinant DNA 199
8.2 Synthetic hormones 207
8.3 Other technologies 213
Activities 217
Chapter 8 summary 224
Chapter 8 glossary 226
Chapter 8 review questions 228

UNIT 4
HUMAN VARIATION AND EVOLUTION 231

EN EVOLUTION PRODUCES CHANGES

ACROSS GENERATIONS 232
91 Mutations 233
9.2 Migration 243
9.3 Natural selection 244
94 Genetic drift 251
9.5 Speciation 254
Activities 256
Chapter 9 summary 263
Chapter 9 glossary 265
Chapter 9 review questions 267
BIOTECHNOLOGY PROVIDES

EVIDENCE OF EVOLUTION 270
101 Processing DNA 271
10.2 DNA provides evidence of evolution 279
10.3 Other biochemical evidence 282
Activities 286
Chapter 10 summary 291
Chapter 10 glossary 292

Chapter 10 review questions 293

OTHER EVIDENCE OF EVOLUTION

111 Fossils

112 Dating fossils

113 Comparative anatomy
114 Phylogenetic trees
Activities

Chapter 11 summary
Chapter 11 glossary

Chapter 11 review questions

TRENDS IN HOMINID EVOLUTION

121 Humans as primates

12.2  Variation within the family Hominidae
Activities

Chapter 12 summary

Chapter 12 glossary

Chapter 12 review questions

HOMININ EVOLUTION

131 Evolutionary trends in hominins
132 Comparison of hominin species
13.3 Cultural evolution

Activities

Chapter 13 summary

Chapter 13 glossary

Chapter 13 review questions

Index

295

296
299
306
310
314
318
319
320

322

323
325
337
340

341
342

344

346
350
358
365
369

371
372

374

9780170449168



USING HUMAN PERSPECTIVES

Human Perspectives has been comprehensively updated to address all aspects of the School Curriculum and

Standards Authority (SCSA) Human Biology ATAR course. This series will enable you, the student, to achieve maximum
understanding and success in this subject. Each page has been carefully considered to provide all the information you
need in a variety of different formats such as text, figures and links to online material. You will find it easy to navigate
through each chapter and see connections to the practical activities and investigations through the use of icons,
highlighting the importance of the interconnectedness between the conceptual and practical aspects of Human Biology.

Each chapter begins with a chapter opening page, which presents the learning outcomes to
be covered in the chapter under the Science Inquiry Skills, Science as a Human Endeavour
and Science Understanding strands from the SCSA Human Biology ATAR syllabus.

B HOMEOSTASIS INVESTIGATING [yt
AND DISEASE

HUMAN BIOLOGY

Important ideas, concepts and theories are summarised in
key concept boxes throughout the chapters. These provide
reinforcement and summary for improved assimilation of new ideas.

2

HURMUNES UNIT 3 CONTENT
HELP CONTROL
THE BODY

Key concept

Regular opportunities to recall new terms and facts, and Connections to practical activities and investigations are
to apply concepts, are provided in question sets at the indicated using margin icons. Interactive icons link to
end of each chapter section. digital worksheets and websites.

9780170449168



Practical activities and
investigations introduce
and reinforce the Science
Inquiry Skills listed in
the SCSA Human Biology
ATAR syllabus. They
allow you to discover and
explore the living world.
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INVESTIGATING
H U MAN BIOLO GY SCIENCE INQUIRY SKILLS

»

identify, research and construct questions for investigation;
propose hypotheses; and predict possible outcomes

design investigations, including the procedure(s) to be
followed, the materials required, and the type and amount
of primary and/or secondary data to be collected; conduct
risk assessments; and consider research ethics, including
animal ethics

conduct investigations, including the collection of data
related to homeostasis and the use of models of disease
transmission, safely, competently and methodically for the
collection of valid and reliable data

represent data in meaningful and useful ways, including the
use of mean, median, range and probability; organise and
analyse data to identify trends, patterns and relationships;
discuss the ways in which measurement error, instrumental
accuracy, the nature of the procedure and the sample size
may influence uncertainty and limitations in data; and select,
synthesise and use evidence to make and justify conclusions

communicate to specific audiences, and for specific
purposes, using appropriate language, nomenclature, genres
and modes, including scientific reports

Source: School Curriculum and Standards Authority,
Government of Western Australia
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CHAPTER1 | Investigating human biology

Herbert Spencer, an English philosopher who lived from 1820 to 1903, neatly summarised what
science is all about: science is a process of inquiry aimed at finding answers to problems and
discovering new knowledge about the natural world. The knowledge discovered as a result of
scientific inquiry becomes a part of science. That is, science means two things: a process of discovery
and the knowledge that is discovered. The information presented in this book is science. It is

some of our present knowledge about the human species, knowledge that has been obtained by
scientific investigation.

BB TYPES OF INVESTIGATIONS

Scientists use a range of techniques to expand our knowledge.

Observations

Observation is an essential part of science. Any investigation, regardless of the procedure
used, will involve some form of observation. In investigations based on observation, scientists
are looking for patterns. When a pattern becomes evident it may be possible to draw
tentative conclusions.

An example of an investigation based on observation is the discovery that peptic ulcers
are caused by a bacterial infection. In 1979, Dr Robin Warren, a pathologist at the Royal Perth
Hospital, observed the presence of bacteria in samples of stomach tissue that he was examining.
Continued observation over the next few years showed that the bacteria were often present in
the stomachs of patients suffering from stomach inflammation. Warren'’s discovery was not taken
seriously because, at the time, it was believed that the stomach contents were too acidic for
bacteria to survive.

In collaboration with Dr Barry Marshall, a doctor specialising in stomach disease, Warren was
able to show that a particular species of bacterium was present in the majority of cases of stomach
and duodenal ulcers. They also found that it was rare to have an ulcer without being infected by the
bacterium that Warren had discovered. Marshall and Warren went on to culture the bacterium and to
show that it did indeed cause ulcers. As a result of their discovery it became easy to treat stomach and
duodenal ulcers with antibiotics. The discovery that the bacterium Helicobacter pylori was the cause
of ulcers began with simple observation and became one of the most significant events in Australian
medical history. Robin Warren and Barry Marshall were awarded the Nobel Prize in Physiology or
Medicine in 2005.

Shutterstock.com/Tatiana Shepeleva
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Another example of
systematic observation is when
it is used to gain knowledge
of animal behaviour. Jane
Goodall, the first person to
observe the social organisation
of chimpanzees in the wild,
documented the interactions
of chimps with one another,
their social hierarchy, their tool
making and many other features
of their society. She began her
observations in 1960, and her
work is being continued today
through the Jane Goodall
Institute.

chive/NATIO

FIGURE 1.2 Jane Goodall observing the behaviour of chimpanzees

Controlled experiments

Controlled experiments, sometimes called fair tests, are designed to investigate
relationships between factors (or variables). They involve changing one variable while all
the other variables are kept the same. Any differences in the results should be due to the
changed variable.

Howard Florey, an Australian working at Oxford in England, used controlled experiments to
demonstrate the effectiveness of penicillin in treating bacterial infections. In 1940 a crucial experiment
to test the effectiveness of penicillin as an antibiotic was carried out. Eight mice, all the same weight
and age, were each injected with 100 million streptococci, a type of bacterium. Previous experiments
had shown that an injection of that size would kill all mice injected. After the injection of streptococci,
four of the mice were put back in their cages and given no further treatment. The other four mice
were given injections of penicillin. The mice in the control group — those that did not receive
penicillin — all died within 12 hours. Mice in the experimental group, which were given penicillin,
survived for many days — one for more than six weeks.

Experiment: Eight mice were infected with a pathogen bacteria (haemolytic Streptococcus)

Control: No further treatment Experimental: Penicillin injections

Aad > A o
Aud > Al o

Results: All mice dead at 24 hours post-infection Results: All mice alive at 24 hours post-infection

Conclusion: Penicillin has antibiotic properties (kills bacteria, but not host cells)

FIGURE 1.3 A controlled experiment was used to investigate the effectiveness of penicillin

9780170449168



CHAPTER1 | Investigating human biology

The only difference between the mice in the two groups was the injection of penicillin,
so the survival of those mice was good evidence that penicillin was effective in combating
bacterial infections. Further positive feedback from repeated controlled experiments gave Florey
and his co-workers the confidence to try penicillin on humans suffering from bacterial infections.
The results were outstanding. Florey and his colleague Ernst Chain were awarded the Nobel Prize in
Physiology or Medicine in 1945.

Surveys

A survey is a process of systematically collecting, analysing and interpreting information about an
aspect of a study. Surveys are usually designed to collect data from a large number of subjects.
The information may be collected using a questionnaire or by interview. Using the large amount of
information collected, the researcher can then look for patterns in the data.

Dr Karl Kruszelnicki was stimulated by a listener to his radio program to carry out a survey
into the origins of belly button lint. The survey was conducted over the Internet, with 4799
people responding, and publicised on the radio station Triple J. The patterns in the responses
revealed that people more likely to have belly button lint are male, hairy, with a concave belly
button, and that the amount of lint increases with age. This was a light-hearted exercise, but it
does demonstrate the principles involved in conducting a survey. In 2002, ‘Dr Karl' received an Ig
Nobel Prize for his efforts. Ig Nobel Prizes are awarded for research that makes people laugh and
then makes them think.

Trial and error

Trial and error sounds like a random process, but when used in scientific research it is systematic.
The process involves one attempt to solve a problem being followed by another. Each trial is
recorded, and the results allow the investigator to gradually home in on the solution to a problem.
Thomas Edison, who developed the electric light globe, had to find a suitable material for the filament
in the light globe. Using trial and error, he examined more than 600 different materials before finding
one that was satisfactory.

Many new drugs, such as antibiotics, have been discovered using trial and error. Chemical
compounds extracted from plants can be tested on cultures of bacteria to see whether they have any
effect. Those that show promise can then be subjected to further testing under different conditions.
Meticulous records of the results of each trial must be kept. Such research is often prolonged and
tedious, but it is often the only way to find effective substances.

Case studies

A case study is an in-depth investigation of one particular person or situation. Case studies are
frequently used in areas such as education and business management. However, they may also be
useful in some areas of science. For example, in medicine the progress of a particular disease in one
person may be documented. Such a case study can extend or help to confirm what is already known
about the disease.

Longitudinal studies

A longitudinal study is conducted over a long period of time. It is similar to a case study but is more
prolonged. Longitudinal studies may take place over many years, even decades. They can also be
done retrospectively, which means that the researcher can examine records of past events to build up
a picture of change over time.
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Busselton Health Study

The Busselton Health Study is a longitudinal study
of the population of Busselton, a coastal town in the
south-west of Western Australia. Begun in 1966 and
continuing today, it is the world’s longest-running study
of the health of a population.

A longitudinal study on a smaller scale was carried
out by an American doctor, William Bean, who studied
the growth of his fingernails for 35 years. He did this
by filing a horizontal line on his thumbnail just above
the cuticle and recording how long it took the mark to
reach the tip of his thumbnail. From his records he was
able to calculate the growth rate. In 1980, after 35 years
of measurements, Bean was able to conclude that the
growth of his nails had slowed from 0.123 mm a day
when he was 32 years of age to 0.095 mm a day at the
age of 67.

Key concept

FIGURE 1.4 Dr William Bean used lines in
his fingernails to study their growth rate in a
longitudinal study

Scientists use a range of different methods to acquire new knowledge, including observations, controlled

experiments, surveys, trial and error, case studies and longitudinal studies.

Questions 1.1

RECALL KNOWLEDGE

1 List the methods of investigation used
in science.

2 Describe how observation led to our current
understanding of stomach and duodenal ulcers
in humans.

3 Classify each of the following as either a

other 15 students drank coffee with the
same breakfast.

Casey suffers from epilepsy. Her doctors
have been keeping records of the frequency,
length and triggers for her seizures for the
last 30 years.

APPLY KNOWLEDGE

controlled experiment, survey, case study or 4

longitudinal study.

a  Ascientist analysed information about the 5
diets and health conditions of 500 people in
Western Australia. 6

b The ability to concentrate in school was
investigated in 30 students. Fifteen students
drank only water at breakfast, while the

Discuss the implications for an investigation if
more than one variable is changed.

Explain why trial and error is often a long
investigation process.

State how case studies and longitudinal
studies are:

a  similar
b  different.

CONDUCTING INVESTIGATIONS

As we have seen, there are many ways of conducting investigations in science; however, they are all
done in a methodical and systematic way. The exact method used will be the one that best suits the
situation. Many investigations lead to the testing of a hypothesis and follow a similar pattern, called

the scientific method, as follows:

1
2
3

Recognise a problem and define a question.

Collect as much information as possible relating to the problem.

Propose a hypothesis — a possible explanation for the problem. The hypothesis is written as a

statement that can be tested.
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Test the hypothesis using an experiment.
Analyse and interpret the data collected from the experiment.
Draw conclusions about whether the hypothesis was supported or disproved.

N oo b

Report on the investigation.
Note that although a hypothesis may be disproved, it cannot be proved. The results of an
experiment can only provide support for the hypothesis. As Albert Einstein said:
No amount of experimentation can ever prove me right; a single
experiment can prove me wrong.
The scientific method outlined above can be applied to many problem-solving situations.
Figure 1.5 shows how a doctor uses the scientific method to arrive at a diagnosis. A mechanic
would probably use the same method to solve the problem of why a car won't start.

Problem

A patient with a sore throat visits a doctor. The doctor
recognises the problem and formulates a question:
‘What is causing the patient’s sore throat?’

Collect information

The doctor asks the patient how long her throat has
been sore; takes the patient’s temperature; feels the
throat for swelling; looks carefully inside the patient’s
mouth.

Propose a hypothesis
The doctor proposes a hypothesis:
‘The sore throat is caused by a bacterial infection.’

Test the hypothesis
The doctor takes a swab from the patient’s throat and
sends it for testing at a laboratory.

Analyse and interpret data

The laboratory staff examine the culture from the
patient’s swab and check for disease-causing bacteria.
They send their findings to the doctor.

Draw conclusions

As a result of the information from the pathology
laboratory, the doctor decides that the patient's sore
throat is caused by an infection of Streptococcus.
The doctor’s hypothesis is supported by the data
collected from the test.

9780170449168
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The scientific
method

Scientific method
This website has
one interactive that
describes the scientific
method and another
that shows how it is
applied in astronomy.

How science works
This website provides
a series of modules
designed to answer
the question: 'What is
science and how does it
work?’
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Key concept

The scientific method provides a systematic approach to conducting investigations in order to test
a hypothesis.

Some scientists are critical of descriptions of the ‘scientific method’ because of the many different
ways of gathering data. One of the main criticisms of using this ‘'method’ as a model of scientific
investigation is that it does not give enough weight to the importance of observation as a means
of obtaining knowledge. In some investigations, observation alone can lead to new understanding
without the need for any experimentation.

Despite the criticisms, the scientific method is a useful model because it can be applied to
many investigations. When you conduct investigations yourself, you will find the model a useful
planning tool.

Literature review

One of the early steps in the scientific method is to ‘collect as much information relating to the
problem as possible’. One way of collecting information is to carry out a literature review. A literature
review is a survey of the material that has been written about the subject under consideration.
Literature reviews used to involve long hours of library research; however, the Internet has made them
much easier to carry out.
The purposes of a literature review are as follows:
» To help the researcher define the problem: defining the problem carefully helps in the design of
an investigation that will contribute to solving the problem.
» To find out what is already known about the problem: this prevents duplication of effort and
allows the researcher to build on knowledge that is already available.
e To assess research methods: methods used by others may be used or adapted for the researcher’s
own investigation.
» To allow researchers to relate their findings to what is already known: this is particularly
useful for the final report on an investigation. It is also helpful in considering areas for
further research.

Safety

It is important that an investigation presents no danger to the participants or to the investigators.
Examine the design of your investigation to make sure that any associated safety risks are minimised
and controlled. Consider the need for safety devices such as fire extinguishers, fire blankets, fume
hoods and eye washes. Also assess the need for personal protection such as safety glasses, gloves,
face masks and protective clothing. For some investigations it may be necessary to assess the
participants. For example, do they have any allergies to the substances being used? Do they have
health problems that could be affected by the activities involved?

Safety considerations should include not just the physical safety of the people involved, but also
factors such as whether the participants will feel insecure, threatened or embarrassed.

Ethics

Ethics are a set of moral principles or values. They are standards that are observed by most
people in our society. Ethical behaviour is behaviour that follows those principles or values.
In scientific research, especially research involving human participants, there are many
ethical issues.
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The following are some of the principles that an investigation involving humans must satisfy if it is
to be ethically sound:

» Voluntary participation — the subjects should not be pressured into taking part in
the investigation.

» Informed consent — the subjects should be fully informed about the objectives of the research,
the procedures to be followed, any possible risks and the potential benefits of the research;
consent should only be sought after all information has been given.

e Norisk of harm — as mentioned in the section on safety, there should be no risk of physical or
psychological harm.

» Confidentiality — the identities of participants will not be revealed except to people directly
involved in the study.

Just as humans must be treated in an ethical way, so too must animals. The requirements for
investigations involving animals are set out in the Australian Code for the Care and Use of Animals for
Scientific Purposes, 8th edition (2013). The code sets out detailed requirements, but in general terms
any use of animals in research or teaching should be:

+ valid

¢ humane

e justifiable

e considerate.

Controlling variables

A variable is any factor that may change during an experiment.

The independent variable is the factor that is being investigated — it is deliberately changed to
determine its effect. This variable is deliberately made different in the control and the experimental
groups in an experiment. By comparing the results from the control and experimental groups, the
effect of the independent variable can be determined.

The independent variable may also be called the experimental variable or the
manipulated variable.

The dependent variable is the factor that changes in response to the changes made to the
independent variable. It is sometimes called the responding variable. The hypothesis should state the
predicted relationship, or trend, between the independent variable and the dependent variable.

Controlled variables are the factors that are kept the same for both the control and the
experimental groups in an experiment.

In any experiment it is important that, with the exception of the independent variable, all variables
are kept the same for the control and the experimental group of subjects. If one or more is not kept
the same, it is impossible to tell which variable is causing any difference between the two groups
of subjects.

Sometimes it is difficult or impossible to keep all variables the same. Uncontrolled variables are
variables that are not kept the same for the control and the experimental groups in an experiment.
They may have been overlooked by the experimenter, or they may have been impossible to control.
If there are uncontrolled variables in an investigation, this must be taken into account when
interpreting the results.

Repetition and replication

Scientific experiments always involve repetition or replication. Repetition means doing the same
experiment many times. Replication means having a number of identical experiments running
together or performing the experiment on a large number of subjects at the same time. Both
repetition and replication help to demonstrate that results are consistent. If results are different each
time an experiment is performed, they are of little value.
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Repetition and replication can also help to overcome the effects of uncontrolled variables. For
example, if 10 subjects are used in an experiment and one of them is unusual in some way, it will have
a big effect on the overall result. If 100 subjects were used, one unusual subject in 100 would not
have much effect on the average result.

In designing any experiment, plan for as much repetition or replication as time and resources
will allow.

Validity, accuracy and reliability of results

When an experiment tests what it is supposed
to test, it has validity. Some scientists were
testing the hypothesis that ‘consumption of junk
food affects people’'s memory'. They fed one
group of young rats on fatty food for 12 weeks,
and fed another group of older rats a low-

fat diet. The rats’ memories were then tested
using an activity that involved pressing a lever.
The rats fed on junk food were more forgetful,
so it was concluded that the hypothesis was
supported. This experiment did not test what it
was supposed to test, for two reasons.

» Testing one species, rats, will only
demonstrate the effect on the memory of
rats, not any other species.

» Rats’ memories may be affected by age.
The two groups of rats should have been
of the same age.

Experiments can also be invalid if there
are uncontrolled variables — that is, if there
are factors that could affect the result of an
experiment that are not kept the same for the
experimental and the control set-ups. When
experimenting with humans, it is often very
difficult to design a valid experiment because it
is hard to control all the variables.

The accuracy of data refers to how close

the data is to the exactl value. Accuracylls FIGURE 1.6 Where possible, design an experiment
dependent on the equipment used, which so that the results are expressed as measurements.
needs to be calibrated correctly. For example, if  Measuring height in millimetres is much more

an investigation involved measuring the mass is  meaningful than observations such as ‘tall’ or ‘short’
eaten, it would be more accurate to weigh the

food with a laboratory balance than with bathroom scales. The balance would also need to be zeroed
prior to weighing the food, for the mass to be accurate.

Reliability is the extent to which an experiment gives the same result each time it is performed.
The measuring instruments used in the experiment must also be reliable; that is, they must give the
same measurement each time they are used. For example, you may have a set of bathroom scales
that give three different weights when you step on them three separate times. Those scales are
unreliable, and if used in an experiment would make the results unreliable. The bathroom scales may
give the same reading every time but it may be consistently higher or lower than the actual weight. In
that case, the scales are reliable, but inaccurate.

Repetition and replication are used to identify that results are reliable, but they do not improve the
accuracy of the experiment.

\/Peoplelmages
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Key concept

During a controlled experiment the independent variable is changed to determine its effect on the
dependent variable. All other variables are controlled so that the investigation is valid. The correct
equipment is chosen and calibrated to ensure accuracy, and the experiment is repeated and replicated to

ensure the data is reliable.

Types of data

Data from an investigation can be one of two types:
e quantitative data — expressed in numbers and usually involving measurement; for example, ‘the
students are 174 and 176 cm in height’
» qualitative data — observations that do not involve numbers or measurement; for example,

‘student A is taller than student B'.

Wherever possible, you should design an investigation so that the results are quantifiable.
Numerical results can be ranked, averaged and manipulated in other ways. They can also be
summarised using graphs.

Sometimes it is possible to quantify qualitative data. For example, if asking people’s opinions on
something, they can be asked ‘Do you disagree strongly, disagree, agree or agree strongly?’ or asked
to answer using a numerical value such as 1 for ‘disagree strongly’ to 4 for ‘agree strongly’.

Secondary data

Secondary data is data that has been collected by someone other than the people who are using

the data. For example, earlier in this chapter we quoted the rate of growth of Dr William Bean'’s
fingernails. This is secondary data — fingernail growth was measured by Dr Bean, not by the authors of
this book.

Errors and limitations in data

It is important that data is checked carefully for errors. In science, an error is not necessarily a mistake.
Rather, it is any deviation from the result that should have been obtained. One of the reasons why
scientists provide comprehensive reports on their investigations is so that others can check their data
for errors.

Measurements made with any measuring instrument are approximate. For example, if you
measure a person’s height at several different times, the measurements are unlikely to be the same
every time. This may be because there is natural variation in the subject, variation in the measurement
process, or both. This uncertainty in measurement is called measurement error. In this case the word
‘error’ does not mean the same as ‘mistake’. Your measurements are not wrong; the measurement
error is the difference between the measurements you made and the true value of what you were
measuring. Repetition can help to reduce measurement error, but it cannot overcome error caused
by the limitations or deficiencies of the measuring instrument.

It is also important to understand the limitations of data obtained from an investigation. You
must not draw conclusions that go beyond the data. Sometimes it is difficult to look objectively at
data, and even experienced scientists can draw conclusions that are not necessarily supported by
their data.

One example of reading too much into the data obtained in an investigation arose from a report
by Norwegian scientists on the incidence of breast cancer in 25624 women. Published in the New
England Journal of Medicine (1997, vol. 336, no. 18, p. 1269), a prestigious medical journal, the results
of the scientists’ survey showed that the incidence of breast cancer in women who exercise regularly
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was reduced by 37%. The media reported on the investigation with headlines stating that ‘exercise
prevents breast cancer'.

Other scientists pointed out that women who exercise regularly are also likely to be non-smokers,
drink less alcohol, have healthier diets, and have higher levels of education and higher incomes than
women who do not exercise. Which of these variables was actually contributing to the reduction in
breast cancer? Was it really exercise, or could it be having a healthier diet, being a non-smoker, having
a better education, and so on? Could it be a combination of some of these factors? Each factor
and combination of factors would have to be investigated before arriving at a firm conclusion. This
example illustrates some of the pitfalls in analysing data.

Data may sometimes include a confidence interval. A confidence interval is used to indicate the
reliability of data. It is the range of values above and below a result in which the actual value is likely
to fall. For example, opinion polls published in the media may say that 53% plus or minus 1.5% of
people will vote for Party X. The confidence interval is 51.5% to 54.5%. A confidence interval should be
quoted along with a confidence level. The confidence level most commonly used in research is 95%.
This means that if the research were repeated a number of times, the range of values obtained would
contain the true value 95% of the time. In the survey of voters, if the survey were repeated many
times, the proportion of people who intend to vote for Party X would be between 51.5% and 54.5%,
95% of the time.

Another example may help to clarify this concept. Suppose you wanted to find the average height
of Year 12 students in Western Australia. You could measure the height of every Year 12 student in
the state and then calculate the average height. This would give you an accurate result (the true
value), but it would be impractical. A more practical method would be to measure a sample of Year
12 students. If you took a sample of 20 Year 12 students and calculated their average height it would
give you an estimated result, but it would not tell you how certain you could be that your result was
correct. Using a mathematical formula, a confidence interval could be calculated that would indicate
the reliability of your estimate. The calculated confidence interval may show, for example, that using
the same sampling method, the average height of Year 12 students will be between 167 and 179 cm,
95% of the time.

Processing data

If you have designed an experiment to give quantitative data, you will end up with a mass of figures
that you must interpret. In a controlled experiment you will have to compare the control and the
experimental results. There are some simple calculations that you can do to make the numbers
more meaningful.

Average

In science a description of a set of numbers almost always includes a measure of its centre, or
its average. Averages are a very common and simple way of handling sets of numerical data. The
average that is most often calculated is the arithmetic mean, often just called the mean. To calculate
the mean of a group of measurements, you add up all the measurements in the group and divide by
the total number of measurements.

Sometimes in a set of measurements there will be values that are well beyond the range
of the rest of the measurements. These are called outliers. The mean is affected by outliers,
because a very high or very low outlier value will make the mean higher or lower than it would
be without the outlier included. Outliers may result from mistakes in measurement, the failure of
equipment or other errors. If the outliers clearly result from an error, they may be excluded when
the mean is calculated.
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FIGURE 1.7
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Median

The median is the middle of a set of numbers. It divides the lower set of numbers from the upper set.
For example, the heights of the members of a cricket team were measured and (in centimetres) they
were: 164, 176, 177, 177, 178, 181, 182, 182, 183, 185, 191.

The median height of the team was 181cm; that is, 181 is the middle value — there are five
team members with heights lower than 181cm and five with heights higher. If there is an even
number of measurements, then the median is taken as the mean of the two values in the middle of
the set of numbers.

Using the median of a set of numbers reduces the influence of outliers. Outliers due to
measurement error could have a significant effect on the mean of a set of numbers, but would have
much less effect on the median.

Range
A measure of the centre of a group of numbers can be misleading. The mean, or the median, gives us
no idea about whether all the values are clustered around the centre or whether there is a very wide
spread from highest to lowest value. Any description of a set of numbers should therefore include
both a measure of centre and a measure of spread.

The simplest way to indicate the spread is to quote the range — that is, the highest and lowest
measurements in the group. For example, we could say that the heights of students in a Year 12 class
ranged from 151 to 183cm, with a mean of 171cm.

Ratios and rates

A ratio is a numerical statement of how one variable relates to another. That is, itis a
comparison of two numbers. Ratios are written as two numbers separated by a colon. For
example, on older TV screens the ratio of width to height was 4:3. If the width is 40cm, the height
is 30cm; if the width is 60cm, the height is 45cm; and so on. Modern, widescreen TVs have a
ratio of 16:9.

A rate is a special kind of ratio that shows how long it takes to do something. For example, a very
good athlete can run 10000m (10 km) in around 30 minutes. This is a rate of 1km per 3 minutes, or
20km per hour. Rate is much more meaningful than a simple count of how often something occurs.
If you were investigating the effect of exercise on breathing, counting a person'’s breaths would be
meaningless unless you knew how many breaths there were in a given time. That is, you need to
know the rate in breaths per minute.
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Percentages

‘Per cent’ means ‘per hundred’. Percentages are used to express how large one variable is in relation
to another. For example, if a breakfast cereal is labelled as containing 1.5% fat, it means that 100 g of
the cereal contains 1.5g of fat.

In Western Australia in 2011, males aged 15 to 19 years made up 6.7% of the population;
females of the same age made up 6.4%. This means that for every 100 people in the
population, 6.7 (or 67 per thousand) are 15 to 19 year-old males and 6.4 (64 per thousand)
are 15 to 19 year-old females.

Percentage change

Calculating a percentage increase or decrease is often a good way to understand changes in a
variable over time. For example, if a person weighing 100kg lost 10kg after dieting for six months, we
could say that the person had lost 10% of their body weight as a result of the diet. If another person
weighing 120 kg lost 13kg after six months on the same diet, the percentage decrease would be
10.8%. Percentage change is helpful in making such comparisons.
To calculate percentage change:

1 subtract the old value (120kg) from the new value (107kg)

2 divide by the old value (120kg)

3 multiply the result by 100 and add a per cent sign (%) to it.
This can be written as a formula:

Percentage change = New value —Old value

Old value

If the percentage change is positive, it indicates an increase; if the change is negative, it indicates
a decrease.

Frequency

Frequency is the number of times an event occurs. For example, some students conducted a
survey to find out how many drinks containing caffeine were consumed by the members of

their class in a two-day period. The table of data they collected is called a frequency distribution
or frequency table. A frequency table summarises the data by showing how often the variable

in question occurs (Table 1.1). Frequencies can also be presented graphically as a histogram
(Figure 1.8).

TABLE 1.1 Frequency table showing number of caffeine

drinks consumed by students in a Year 12 class over a 8
two-day period .
NUMBER OF DRINKS
L6
CONSUMED NUMBER OF STUDENTS £
g5
0 3 @
S 4
1 0 5
é 3
2 3
Z 2
3 7 1
4 6 0 T T T T T T T T
5 3 0 1 2 3 4 5 6 7
Number of drinks consumed
6 1
5 5 FIGURE 1.8 Histogram showing number of

caffeine drinks consumed by students in a Year
12 class over a two-day period
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Presentation of data
Tables

A convenient way to present numerical data is in the form of a table. The table of results for the
students’ survey of the number of caffeine drinks consumed in a Year 12 class over a two-day
period could look something like Table 1.1.

Notice that the table follows these guidelines:

It has a title. The title should state the variables represented by the data; in this case, the number
of drinks consumed and the number of students are the two variables.

e The data is presented in columns. Usually the independent variable (in this case, the number

of drinks consumed) is in the left column and the dependent variable (number of students)

is in the right column. This rule is not always applied — it is more important that the table be
easily understood.

Each column has a heading and, where appropriate, the heading must state the units in which the
data has been measured.

Graphs

Graphs are a pictorial way of presenting numerical data. A graph shows how changes in one variable
affect another variable. From a graph it is easy to see any trends in the data. It is also possible to
predict what the values would have been between the points plotted (interpolation), or the trend
beyond the data shown in the graph (extrapolation).

When drawing any graph, the following rules must be observed.

The graph should have a title that states the two variables shown on the graph.

Types of graphs

The independent variable is plotted on the horizontal axis and the dependent variable is plotted
on the vertical axis.

Each axis is labelled with one of the variables and the units in which it is measured.

Equal intervals of units are used on each axis.

The most commonly used graphs are line graphs (for continuous data), histograms (for frequencies)
and, column graphs and bar graphs (for discrete data).
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FIGURE 1.9 a Line graph; b Column graph. Data source a: Australian Bureau of Statistics, 4364.0.55.001 — National Health Survey: First
Results, 2017-18. CC-BY 4.0 (https://creativecommons.org/licenses/by/4.0/); Data source b: Australian Institute of Health and Welfare
(AIHW) CC-BY 3.0 (https://creativecommons.org/licenses/by/3.0/au/)

Key concept

Data is represented in tables and graphs and analysed to identify trends and patterns.
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1.1 Scientific
investigations

Models

In science, a model is a simplified representation of an idea or process. Figure 1.5 (page 7) is a model
of the scientific method, where it is being applied to the steps a doctor may take in trying to diagnose
an illness. Once a model has been developed it can be applied to a number of situations. The model
for the scientific method can be applied to most scientific investigations.

Figure 2.2, in Chapter 2 (page 30), is a model showing in simple diagram form how hormones
may affect the functioning of a cell. The stimulus—response—feedback model shown in Figure 5.3,
in Chapter 5 (page 106), is a model that can be applied to the regulation of body temperature, blood
glucose and many other situations.

A model may be a diagram, a flow chart or a physical model such as a model of the atoms in a
protein. Scientific models often have to be modified as new data is collected.

Flow charts

A flow chart is a diagram that shows Sensory neuron
the steps involved in a process. The stimulus G, NS
steps are usually shown in boxes and Relay
- . neuron
Mot
the sequence of steps is indicated py Response e otorneuron ¢
arrows. Flow charts are very useful in

summarising and visualising the steps FIGURE 1.10 Flow chart for a reflex
in a complex process.

Reference to the work of others

An extensive examination of the literature at the start of an investigation allows the researcher to fully
grasp the available information relating to the problem under consideration. This review also allows
the results to be seen in the context of what is already known. Research done by others can also be
used to support or confirm what has been discovered in the investigation. Demonstrating how your
findings relate to what is already known will give credibility to your research and will add to the body
of knowledge on the subject under review.

Questions 1.2

RECALL KNOWLEDGE 2 List four procedures or devices that increase
1 Arrange the steps of the scientific method in safety during an investigation. For each one,
“he CorTEEE G describe a risk that it would be used for.
+  Report on the investigation. 3 Define ‘ethics.
. Recognise a problem and define a question. 4 Describe the principle of informed consent with
«  Draw conclusions about whether regards to investigations involving humans.
the hypothesis was supported 5 Match the description with the relevant term.

or disproved.

»  Test the hypothesis using an experiment. During an experiment, the

+  Analyse and interpret the data collected REPETITION scientist completed five trials

from the experiment. for each variation of the

«  Propose a hypothesis — a possible independent variable.
Five different scientists
. Collect as much information as possible REPLICATION followed the same method to

relating to the problem. test the same hypothesis.

explanation for the problem.
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APPLY KNOWLEDGE rates, in beats per minute, were recorded prior
to exercise.

54 65 62 58 60 66 84 57 61 65 59 63

a  Calculate the mean for the data.

6 Explain why an investigation may disprove a
hypothesis but not prove it.

7 Literature review is an important

C e L b  Identify any outliers in the data.
component of a scientific investigation, as )
) o ¢ State the median pulse rate.
it allows scientists to assess methods used
i o d  State the range for the data.
?y oth.ers. .Explaln why this improves an e During exercise, the mean pulse rate
Investigation. was 96 beats per minute. Calculate the
8 A group of students was testing the percentage increase in pulse rate due
following hypothesis: '‘Drinking caffeine to exercise.
increases focus while studying. The 10 The average heights of males of different ages
students tested 20 Year 12 students, with are shown in the table.
ﬁVe girls and ﬁVe bOYS drlnklng a can Of AGE AVERAGE HEIGHT (MALE) (CM)
cola prior to studying and five girls and five
. 20-24 16444
boys drinking the same volume of water
prior to studying. The time each student 25-29 164.32
remained focused during their study 30-34 163.59
was recorded. 35-39 163.59
a  State the independent variable for the
. S 40-44 163.31
investigation.
b  State the dependent variable for the 45-49 163.50
investigation. 50-54 162.93
¢ Describe the control group.
. . 55-59 162.16
Rewrite the hypothesis to better reflect what
was tested. 60-64 161.21
e  Was the investigation valid? Justify 65-69 16046
your answer. . R
> o

9 During an investigation about the effect of
different types of exercise, the following pulse ~ Construct an appropriate graph to represent the data.

REPORTING ON SCIENTIFIC INVESTIGATIONS

When an investigation has been completed, the findings need to be made known to others. This is
usually done by a written report. Reports are a very important part of communication in science.
Scientists inform others of their research by publishing a report in a scientific journal. There are
thousands of scientific journals, some of which deal with a very narrow field of science. Examples are
Nature, Science, Journal of Musculoskeletal Research and Journal of Genetics.

The editors of scientific journals use a process called peer review to make sure that the report
is worthy of publication. A submitted report is sent to one or more scientists who are experts in the
field and who may or may not recommend publication. This process is important as it helps to keep
scientific literature free of incorrect, bogus or misleading information.

A scientific report includes a description of an investigation, the results that were obtained and
any conclusions that can be drawn from the results. The description of how the investigation was
done must be sufficiently detailed to allow other scientists to repeat the experiment. It is common
practice for scientists to repeat experiments that others have performed. If the results obtained
are not the same as those for the original experiment, any conclusions that may have been drawn are
questionable.

9780170449168
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Report writing
This Monash University
website gives detailed
advice on report
writing for scientific
investigations.

Report writing FAQ
This University of New
South Wales website
gives advice on report
writing and links to
other useful sites.

Scientific report format

Scientific reports generally follow a fairly standard format, as follows:
 title of the report and name of the author or authors
e introduction, stating the nature of the problem investigated and the hypothesis tested

* materials and equipment, listing the apparatus used, particularly any specialised items
of equipment

» method, describing the exact method used to carry out the investigation
» results, often presented as tables, graphs, diagrams or photographs

» discussion, including comments about the results and the way they relate to the hypothesis that
was tested as well as an evaluation of the investigation

e conclusion, summarising the most important parts of the discussion and stating whether or not
the hypothesis was supported

» further research, as scientific investigations often raise more questions than they answer — many
reports suggest areas that need further investigation

o references, which list any reports, books, journal articles, websites or other sources of information
referred to in the report

» acknowledgements, of people who helped with the investigation or of organisations that
provided funds for the research.

The discussion

The most important, and longest, part of a report is usually the discussion. The discussion is about the
results and the method used to obtain the results. The discussion needs to be very thorough and to
address all aspects of the research.
A checklist of questions that could be answered in the discussion section is as follows.

» Were there any defects in the design of the investigation or in the procedure?

o Were any results different from those expected?

» How do the results fit into the broader context of what is already known about the topic?

» Are there any practical applications for the results?

» Do the findings relate to any earlier work in the same area?

» Did the results support the hypothesis, or did they indicate that the hypothesis was incorrect?

» Were there any limitations in the research?

e Could the investigation have been improved in any way?

» Were there any variables that could not be controlled?

» Was there any bias in the results?

» |s there any information available from other reliable sources that would support the results?

» |s there a need for further research to clarify any of the results?

This is not an exhaustive list of questions. When writing a report, you will be able to think of other
points that need to be discussed.

Key concept

Scientific reports are used to communicate information about investigations. These reports undergo peer
reviews to ensure the validity of the processes and results.

9780170449168
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Case study of a scientific investigation

French scientist Louis Pasteur (1822-95) conducted
hundreds of investigations. His achievements include
showing that micro-organisms cause disease, developing
vaccines for rabies and some animal diseases, showing
that micro-organisms are responsible for fermentation,
and showing how the development of micro-organisms
could be prevented by boiling and then cooling a liquid.
This last process became known as pasteurisation.

Pasteur’s investigations followed the scientific method.
We can use aspects of his work as examples of many
of the points discussed here. We will focus on Pasteur’s
demonstration that spontaneous generation does not occur.
Spontaneous generation is the idea that living organisms can
develop spontaneously from non-living matter.

Italian physician Francesco Redi had shown in 1668
that maggots develop from eggs laid by flies. Until then it
was believed that maggots formed naturally from rotting
meat. Another ltalian, Lazzaro Spallanzani, demonstrated
100 years later that micro-organisms come from the air and that boiling can kill them.

Despite the work of Redi and Spallanzani, the belief persisted that micro-organisms could
spontaneously develop in decaying organic matter. The French Academy of Sciences arranged
a contest for scientists to disprove the idea of spontaneous generation. Pasteur took up the
challenge in 1859. This is a good example of how scientific knowledge builds over time. First

EZ)

Activity 1.1
Researching for
Mightypharm

FIGURE 1.11 Louis Pasteur

Pasteur’s reports
This website has one

Redi, then Spallanzani and later Pasteur and many others were involved in debunking the idea of of Pasteur's research
spontaneous generation. reports on the growth
. . s . . . of micro-organisms,
Pasteur had a problem to be solved and his hypothesis was ‘that micro-organisms occur in published in 1860.

sterile culture medium only when exposed to contaminated air from the outside’. To test the
hypothesis he began a series of meticulous experiments. He opened flasks of sterile broth in the
streets of Paris and found that after a time there was abundant growth of micro-organisms in the
broth. He opened flasks high in the Alps and the broth nearly always remained sterile. Variables
other than the location of exposure were kept the same: the flasks were the same size and shape,
with the same volume of the same type of broth. All flasks were opened for the same period of
time and kept at the same temperature, and so on. From his results Pasteur was able to conclude
that the flasks exposed in Paris became infected because of the large numbers of micro-organisms
in the air. The flasks exposed in the Alps remained free of micro-organisms because there are fewer
micro-organisms in the air at high altitude.
Another experiment that Pasteur performed involved placing broth in flasks and heating them
to kill micro-organisms. Some of the flasks then had their necks heated and drawn out into a long
S-shaped curve. The necks of control flasks were heated but left straight, allowing the air to access
the broth. All flasks were left in the same location with their necks open to the air. After several weeks
the broth in the flasks with straight necks had gone cloudy due to the _
activity of micro-organisms. Broth in the curved-neck flasks remained FIGURE 1.12
clear; the micro-organisms and dust in the air settled in the bend Types of flasks
of the S-shaped tube and did not reach the broth in the flasks. This used by Pasteur
experiment confirmed Pasteur’s earlier conclusion that the air contains in his experiment
micro-organisms. Pasteur summarised his findings in a report titled ‘On to demonstrate
the Organised Bodies that Exist in the Air. Examination of the Doctrine that spontaneous

., eneration did
of Spontaneous Generation'. 9
not occur
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EZ)

Activity 1.2
Validating Pasteur’s
experiment

Support for Pasteur’s conclusions came from English physicist
John Tyndall. He showed that sterile broth exposed to air but kept
in a dust-free chamber remained sterile indefinitely. Tyndall and
Pasteur were aware of each other’s work — an example of one
scientist producing evidence that supported the findings of another.

Despite the convincing evidence, the dispute over spontaneous
generation continued. Many were not convinced, and Pasteur often
had to defend his research. At a lecture in 1864 he said:

... there is now no circumstance known in which it can

be affirmed that microscopic beings came into the world

without germs, without parents similar to themselves. Those ¥ ,

who affirm it have been duped by illusions, by ill-conducted
experiments, spoilt by errors that they either did not

perceive or did not know how to avoid.

FIGURE 1.13 John Tyndall

This situation persists in science today. The findings of scientists are subject to intense scrutiny by
others and are often the subject of criticism — sometimes warranted, sometimes not. One reason for
writing reports and presenting papers at conferences is so that other experts can examine the results.

|deas about spontaneous generation were not finally laid to rest until 1876, when Pasteur and
his assistant, Charles Chamberland, discovered that some bacteria produce spores that are resistant
to high temperatures. These resistant spores accounted for the development of micro-organisms
in cultures that had apparently been sterile for long periods. Some scientists had claimed that such
development was the result of spontaneous generation. Spontaneous generation had finally been
refuted 16 years after Pasteur’s first convincing experiments and more than 200 years after Redi’s

research on the topic.

Questions 1.3

RECALL KNOWLEDGE

1 State the reasons that peer reviews are an
important part of scientific investigations.
2 Describe what you should include in each of

the following sections of a scientific report:
a  introduction

b  method

c results

d conclusion

e acknowledgements.

3 Where did people believe micro-organisms

came from prior to Pasteur's investigations?

APPLY KNOWLEDGE

4 The largest part of a scientific report is the

discussion. The information presented in the

discussion can be classified as:

»  discussing the results and their implications

»  evaluating the results

»  evaluating the method.

Classify each of the following according to
these options.

a  Were there any defects in the design of the

investigation or in the procedure?

b Were any results different from those
expected?

¢ How do the results fit into the broader
context of what is already known about
the topic?

d  Did the results support the hypothesis,
or did they indicate that the hypothesis
was incorrect?

e Could the investigation have been improved
in any way?

f  Were there any variables that could not
be controlled?

g Was there any bias in the results?

Explain how Pasteur’s investigation using

broth in flasks with different necks was

able to support the hypothesis ‘that micro-

organisms occur in sterile culture medium
only when exposed to contaminated air from
the outside’.

Discuss the importance of Tyndall and

Chamberland's work supporting Pasteur’s

in disproving the idea of spontaneous

generation.
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CHAPTER [8 ACTIVITIES

acTiviTy 11 Researching for Mightypharm

Researchers working for the pharmaceutical company Mightypharm were extracting
chemicals from a new species of toadstool discovered in the rainforests of Brazil. Several of the
chemicals were compounds that had never been found before. The researchers decided that the
new compounds might have the potential to be used as antibiotics in the treatment of human
bacterial infections.

Imagine that you are one of the Mightypharm researchers and your task is to test the
new compounds with the goal of eventually producing an antibiotic that can be used to treat
bacterial infections in human patients.

« Stage 1: Propose a hypothesis linking the two variables (chemical compounds and effect
on bacteria). Describe how you would test the hypothesis to find out whether any of the
compounds are effective in killing bacteria. Make your description detailed enough for
someone else to follow and carry out the same tests that you propose. Describe how you
would present your results and what sort of results would indicate that a compound had
potential for use as an antibiotic.

« Stage 2: Suppose that one of the compounds tested in stage 1 showed promise as an
antibiotic. Describe how you would test that compound on animals to find out whether
it worked and whether there were any side effects from use of the compound. Make
your description detailed enough for someone else to follow your procedure exactly, and
remember that there are ethical considerations relating to the use of animals in research.

« Stage 3: The promising compound has successfully passed stages 1 and 2. Describe how you
would carry out human trials on the compound. Also, describe how you would deal with
any ethical issues that may arise.

In writing your descriptions of stages 1, 2 and 3 you may wish, or your teacher may ask you, to
present your material as a paper to be published in a scientific journal. Refer to page 18 for the
format of a scientific report.

Further investigation

You may wish to investigate how a prescription drug currently in use was discovered,
developed and marketed.

acTivity1.2 Validating Pasteur's experiment

You can repeat Pasteur’s experiment in which he used flasks with S-shaped necks, to see
whether you get the same results.

You will need

For each pair or group:
« Dbeef stock cubes
« filter funnel and filter paper
« four 100 mL conical flasks
« four one-hole stoppers
« straight glass tubing and S-shaped glass tubing
« source of heat (hot plate or Bunsen burner)

9780170449168
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What to do

P W N R

o u1

Make a broth using the beef stock cubes.

Filter the broth so that it is clear.

Place equal volumes of broth in each of the four flasks.

In two flasks, place a stopper with straight glass tubing and in the other two flasks place a
stopper with S-shaped tubing.

Gently boil the broth in each flask for 15 minutes.

Leave the flasks in a warm place and check every couple of days for evidence of the
growth of micro-organisms, such as cloudiness, a scum or mould on the surface of the
liquid, or bubbles. You may need to leave your flasks for several weeks before any changes
are apparent.

At the conclusion of the investigation do not open any of the flasks. They must first

be autoclaved at 120°C for 20 minutes under 100 kPa pressure to destroy any
micro-organisms.

Straight glass tubing S-shaped glass tubing

Conical flask

Clear
beef broth

Studying your results

W

Describe your results, giving a description of the broth in each flask.

Combine your results with those of other groups in the class. Explain the advantage of
combining results.

Were your results similar to Pasteur's? Were the class results similar to Pasteur's?

If your results were not similar to Pasteur’s, can you suggest any explanation?

If you were to repeat the experiment, how could you improve it?
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e Scientists use a range of different
methods to acquire new knowledge,
including observations, controlled
experiments, surveys, trial and error,
case studies and longitudinal studies.

¢ Controlled experiments involve changing
one variable to identify the effect it has
on the results.

e Surveys collect data from a large number
of subjects to identify
patterns.

e In science, trial and error involves testing
a wide range of possibilities to find
solutions.

e (Case studies and longitudinal studies
involve studying a particular person
or situation. Longitudinal studies are
conducted over a longer period than
case studies.

e The scientific method provides a
systematic approach to investigations.

¢ The scientific method involves
identifying a problem, collecting
information, proposing a hypothesis,
testing the hypothesis, analysing the data
and drawing a conclusion.

e Literature reviews survey material
already written about the topic. This
allows scientists to identify what
is already known, assess research

methods and relate findings to previous
knowledge.

e Itis always important to predict
and address any safety issues for an
investigation.

e Any investigations involving humans
must adhere to ethical standards.
This includes voluntary participation,
informed consent, no risk of harm and
confidentiality.

9780170449168
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SUMMARY

Ethical principles must also be applied
when working with animals.

In a valid investigation, the independent
variable is changed to determine its
effect on the dependent variable. All
other variables are controlled.

Accurate data is close to the actual
measurement. It is obtained by using the
appropriate equipment, which has been
calibrated correctly.

Investigations are repeated and
replicated in order to ensure the results
remain the same.

Reliable results occur when reliable
measuring instruments are used and the
same method is repeated.

Data may be qualitative (descriptive)

or quantitative (numerical), and can be
represented in tables and graphs.

An error, or a deviation from the correct
value, is not necessarily a mistake in a
scientific investigation. It can be due to
a variation in the subject or measuring
process.

Data can be processed to determine the
mean, outliers, median, range, ratio or
rates, percentage change or frequencies.
Models and flow charts can be used to
represent ideas or processes.

Peer reviews of scientific investigations
ensure that they are valid.

Scientific reports are used to
communicate the process and findings
from investigations.
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CHAPTER B GLOSSARY

Accuracy How close a measurement is to
the true value

Arithmetic mean Often called the mean; the
total measurements in a group divided by the
total number of measurements

Average The total measurements in a
group divided by the total number of
measurements

Casestudy An in-depth investigation of one
particular person or situation

Controlled experiment An experiment in
which there are two almost identical set-ups;
the only difference between them is the one
variable being tested

Controlled variable A factor kept the same
for both the control and the experimental
groups in an experiment

Dependent variable In an experiment, the
factor that changes in response to changes
made to the independent variable; also
called the responding variable

Ethical behaviour Behaviour that follows a
set of moral principles or values

Ethics A set of moral principles or values

Extrapolation An estimation beyond the
range of the original data

Frequency The number of times an event
occurs

Frequency distribution see frequency table

Frequency table A summary of the data
showing how often the variable in question
occurs

Graph A pictorial way of presenting
numerical data; shows how changes in one
variable affect another variable

Histogram A graph to represent the
frequency distribution of data

Hypothesis A statement of the relationship
between the independent and dependent
variables that is testable

Independent variable In an experiment,
the factor being investigated; the factor
deliberately changed to determine its effect;

also called the experimental variable or the
manipulated variable

Interpolation An estimation within the
range of the original data

Literature review A survey of the material
that has been written about a subject under
consideration

Longitudinal study A study conducted over
a long period of time; may be carried out
over years or even decades

Mean see arithmetic mean

Measurement error The difference between
a measurement and the true value of what is
being measured

Median The mid-point of a set of numbers

Model A simplified representation of an
idea or a process; may be a diagram, a flow
chart, a simplified description of a complex
situation or a physical model such as a
model of a cell; examples are the stimulus—
response—feedback model and the lock and
key model for enzyme action

Observation The process of using the
senses to acquire information

Outlier A measurement well beyond the
range of other measurements in a set

Peer review The evaluation of work by
people with similar skills and knowledge

Qualitative data Observations that do not
involve numbers or measurement

Quantitative data Data expressed in
numbers; usually involves measurement

Range The difference between the highest
and lowest measurements in a group
Rate A ratio that shows how long it takes

to do something

Ratio A numerical statement of how one
variable relates to another; written as two
numbers separated by a colon

Reliability The extent to which an
experiment gives the same result each time
it is performed
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Repetition Doing the same experiment
many times

Replication Having a number of identical
experiments running together, or performing
the experiment on a large number of subjects
at the same time

Scientific method A process of conducting
valid investigations

Secondary data Data collected by someone
other than the person using the data

Survey The systematic collection, analysis
and interpretation of information about a
particular question or series of questions;
usually designed so that data is collected
from a large number of subjects

9780170449168
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Trialand error A problem-solving method
in which one attempt to solve the problem
is followed by another; each trial is recorded
and the results allow the investigator to
gradually home in on the solution

Uncontrolled variable A variable that could
not be kept the same for the control and the
experimental groups in an experiment

Validity The extent to which an experiment
tests what it is supposed to test

Variable Any factor that may change during
an experiment




26

CHAPTER

UNIT 3 | HUMAN PERSPECTIVES ATAR UNITS 3 & 4

REVIEW QUESTIONS

Recall
1 What is a controlled experiment? 5 What are outliers? Should outliers be
2 List four principles that must be excluded when drawing conclusions
satisfied if an investigation is to from a set of data?
be ethical. 6 Describe what a peer review is and why
3 What is a literature review and what are they are used.
some of the reasons for carrying out such | 7 Describe some of the points that should
areview? be included in the discussion section of
4 Describe how you would calculate the a scientific report.
mean of a set of measurements. 8 What is an ‘error’ when discussing a
scientific investigation?
Explain
9 Explain the difference between: 12 Use an example to explain the difference
a observations and surveys between the validity and the rehablhty
b longitudinal studies and case of an investigation.
studies. 13 Explain the difference between
10 a What is a hypothesis? qualitative and quantitative data.
b Can a hypothesis be proved? Explain.
11 a Explain the difference between the
dependent and the independent
variable in an experiment.
b Explain the difference between
controlled and uncontrolled
variables.
Apply
14 Re-read the account of Florey’s experiment ¢ What is the ratio of males to females
in which he injected mice with penicillin in your Human Biology class?
(page 4). List the variables that Florey d How has a particular person’s
controlled in his experiment. growth rate changed from birth to
15 What did Albert Einstein mean when he age 157
said: ‘No amount of experimentation can 17 In addition to phySiC&l activity that is
ever prove me right; a single experiment part of their job or daily routine, many
can prove me wrong’? people deliberately exercise by going to
16 Identify the type of investigation that a gym or by walking or jogging. Describe
would be the best for finding a solution how you would conduct a survey to
to the following problems. Explain the find out the average amount of time
reasons for your choice in each case. the teachers at your school spend on
a Can people taste the difference deliberate exercise.
18 The table below shows the systolic blood

between two different brands of milk
chocolate?

b What proportion of students in your
school are left-handed?

pressure of students in a Year 12 Human
Biology class.
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SYSTOLIC BLOOD PRESSURE OF
YEAR 12 STUDENTS (mmHg)

109 123 141 115 131 126
144 138 106 115 49 109
125 132 128 114 116 120
195 143 132 116 13

a  Are there any obvious outliers in the
data in the table? If so, which are
the outliers and why should they be
regarded as outliers?

b Calculate the mean systolic blood
pressure for the class, excluding
any outliers.

¢ What is the range of blood pressures
in the class?

d What percentage of students had
a blood pressure of 130 mmHg or
higher?

e The average systolic blood pressure
for adults is 120 mmHg. What
proportion of students have blood
pressures above this average?

19
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Researchers investigating the benefits
of exercise in preventing heart disease
studied the health outcomes for women
after participating in an exercise
program. They calculated the risk of
heart disease at 0.18 with a confidence
interval of 0.04 to 0.80 at the 95%
confidence level. Explain what the

data means.

Extend
20 In 2003, a team of Australian

anthropologists discovered skeletal
remains on the Indonesian island of
Flores. One skeleton was of a small
human with a small brain, and dating
showed it to be 18 000 years old. The
team claimed it was a new species of
human and named it Homo floresiensis.
Experts are divided on whether the
discovery is a new type of human or
whether there is some other explanation
for the small stature and small brain.
This is a good example of scientific
debate about the meaning of data.

Use the Internet to find out some of the
hypotheses put forward to explain why
the skeleton is really our own species,
Homo sapiens.

9780170449168
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A research method sometimes used by
scientists is meta-analysis. Find out what
is meant by ‘meta-analysis’ and give an
example of an investigation that used
this method of research.

Some controlled experiments are said to
be ‘double-blind’ experiments. Find out
what is meant by the term ‘double-blind
experiment’ and give examples of how
such experiments might be used.
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HORMONES
HELP CONTROL
THE BODY

UNIT 3 CONTENT
SCIENCE INQUIRY SKILLS

»

select, use and/or construct appropriate representations,
including diagrams, models and flow charts, to communicate
conceptual understanding, solve problems and make
predictions

SCIENCE UNDERSTANDING

Endocrine system

»

hormones can be lipid soluble and able to cross cell
membranes to bind with and activate intracellular receptors,
or water soluble and able to bind with and activate receptors
on cell membranes, and require secondary messengers to
affect cell functioning

the hypothalamus, pituitary, thyroid, parathyroid, pancreas,
thymus, gonads, pineal and adrenal glands are endocrine
glands found in the human body

hormones secreted from the hypothalamus, pituitary,
thyroid, parathyroid, pancreas and adrenal glands are
involved in homeostasis by affecting specific target organs
the secretions of the pituitary gland are controlled by the
hypothalamus through transport of hormones, either via
nerve cells or the vascular link between them

Source: School Curriculum and Standards Authority,
Government of Western Australia
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The body is composed of trillions of cells that are organised into tissues, organs and systems. All these
structures must work together in a coordinated way. This coordination is achieved through the
activities of the nervous system and the endocrine system.

* The nervous system exerts control by the transmission of nerve impulses to and from the

various tissues.

e The endocrine system influences the activity of cells by the release of chemical messengers
known as hormones.

Much of the work of the endocrine system is concerned with keeping the environment inside
the body fairly constant. Maintaining a stable internal environment is known as homeostasis. In this
chapter, we will discuss how the endocrine system maintains homeostasis and controls cellular
activities through chemical messengers.

ENDOCRINE SYSTEM

The endocrine system is made up of the endocrine glands, which secrete hormones.

Endocrine glands

Pineal gland

FIGURE 2.1
Endocrine glands

Hypothalamus

Pituitary gland

Thyroid gia nd

Y

Parathyroid glands (usually four)

4

Thymus

N

Adrenal glands
(two) 4

I 3 e A
eﬁ ‘ R g
| e g
Kidneys (two)

Endocrine system
This website contains
more information about
the endocrine system,
the endocrine glands
and hormones.

Pancreas

Ovaries (two) in females

CO

Uterus Testes (two) in males
(in females)
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Protein or amine
hormone

There are two types of glands in the body.

» Exocrine glands secrete into a duct that carries the secretion to the body surface or to one of the
body cavities. Sweat glands, mucous glands, salivary glands and the glands of the alimentary canal
are examples of exocrine glands.

e Endocrine glands secrete hormones into the extracellular fluid that surrounds the cells that make
up the gland. The secretion then usually passes into the capillaries to be transported by the blood.
Endocrine glands are sometimes called ductless glands.

Hormones

Hormones are chemicals, secreted by endocrine glands, that are transported throughout the body
in the blood. They change the functioning of cells by changing the type, activities or quantities of
proteins produced. They are not enzymes; however, in many cases, hormones exert their influence by
changing the activity of enzymes or their concentration. Hormones may:
e activate certain genes in the nucleus so that a particular enzyme or structural protein is produced
e change the shape or structure of an enzyme so that it is turned ‘on’ or ‘off’
¢ change the rate of production of an enzyme or structural protein by changing the rate of
transcription or translation during protein production.
Hormones are only able to influence cells that have the correct receptor for the hormone.
Therefore, a hormone may affect:
o all the cells of the body
e only particular groups of cells, target cells
» only particular organs, target organs.
Hormones may be steroids, proteins or amines.

Steroid hormones

Steroid hormones, such as oestrogen, progesterone, cortisol and aldosterone, are lipid-soluble, meaning
they do not dissolve in water. Once they are released into the blood, the hormones bind to transport
proteins, enabling them to travel in the bloodstream. When they reach the target cells, the steroid
hormones separate from the transport proteins and diffuse across the cell membrane. Inside the cell
they work by combining with a receptor protein in the cytoplasm or nucleus. The hormone-receptor

complex activates the genes controlling the formation
Receptor in of particular proteins. It does this by binding to the
ﬂzmarane P promoter section of a certain gene, stimulating

(or inhibiting) transcription and, therefore, protein
synthesis. Steroid hormones are slow to have an
effect, but the effect is long lasting.

Secondary

—_ messenger substance M H
oo o Protein and amine hormones

Protein and amine hormones are water-soluble.
Because they are not lipid soluble, they are unable to
diffuse across the cell membrane. Instead, they work
by attaching to receptor proteins in the membrane

Cytoplasm

Blood Extracellular fluid

of the target cell. The combination of the hormone
with the receptor causes a secondary messenger
substance to diffuse through the cell and activate
particular enzymes. For example, the hormone
Receptor in . . . . .
Steroid hormone nucleus insulin binds to a receptor protein and this leads to

passes through an increase in glucose absorption by the cell. Protein
membrane

and amine hormones tend to be quick to cause a
response; however, the effect is short lasting.

FIGURE 2.2 Hormones combine with receptors on the cell membrane or with

receptors inside the cell
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Hormone receptors

Receptor proteins are specific. Each type of receptor will bind with only one specific molecule.
The lock and key analogy can be used to describe this interaction. The lock, the receptor protein, will
only work with the correct key, the binding molecule.

There are a limited number of receptor proteins in the membrane of each cell. When each
receptor is bound to a molecule, there can be no further increase in the rate of the cell’s activity.
For example, when each insulin receptor in the cell membrane is bound to insulin, the cell’s rate of
glucose uptake cannot increase any further, even if the amount of insulin increases. This means that
saturation can occur; once all the receptor molecules are occupied by hormone molecules, the
addition of more hormones does not produce any greater effect.

Different cells have different types and numbers of receptor proteins. This is why there is variation
in the sensitivities of cells to hormones and other substances.

Enzyme amplification

One hormone molecule does not cause the manufacture or activation of just one molecule of an
enzyme - it activates thousands of molecules. This is achieved through a process called enzyme
amplification. The hormone triggers a cascading effect in which the number of reacting molecules
involved is increased hundreds or thousands of times for each step along the metabolic pathway. One
hormone molecule could trigger the production of more than a billion enzyme molecules. Thus, a
very small stimulus can produce a very large effect.

Hormone clearance

Once a hormone has produced the required effect, it must be turned off. This is done by breaking
down the hormone molecules. Some hormones are broken down in the target cells, but most are
broken down in the liver and the kidneys. The degraded hormones are then excreted in either the bile
or the urine.

Control of hormone secretions

To maintain homeostasis, the amount of hormone produced by an endocrine gland must be very
closely regulated. Any oversecretion or undersecretion of a hormone will cause the body to function
abnormally.

Hormonal secretions are generally regulated by negative feedback systems whereby the
response produced by the secretion of the hormone is the opposite of the stimulus that caused the
secretion. Negative feedback systems will be covered in more detail in Chapter 5.

Key concept

The endocrine system is made up of the endocrine glands, which secrete steroid, protein or amine

hormones that affect the functioning of the cell.

Questions 2.1

RECALL KNOWLEDGE 3 List the three ways that hormones are able to

1 Where do exocrine glands secrete their change the functioning of cells.

products? 4 Use a flow chart to show what happens to

2 How do the products of endocrine glands protein and amine hormones after they are

move to their target cells? secreted from the endocrine gland.

9780170449168
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5 Describe the following properties of hormone APPLY KNOWLEDGE
receptors: 6 Explain why the receptors for steroid

a  specific hormones are located inside the cell.

L) SRl 7 Predict what would happen if hormone

clearance were unable to occur.

HYPOTHALAMUS AND PITUITARY GLAND

The hypothalamus and pituitary gland work together to control the functioning of many of the other
glands. For this reason, the pituitary gland is often called the master gland. Combined, they can be
thought of as the command centre for the body.

Hypothalamus

The hypothalamus has roles in both the nervous and endocrine systems and serves as a connection
between the two systems. It regulates many of the basic functions of the body, such as body
temperature, water balance and heart rate, in addition to increasing or decreasing the secretions of
other glands.

The hypothalamus is located at the base of the brain, below the thalamus and above the pituitary
gland. It is about the size of an almond.

FIGURE 2.3 Location
of the hypothalamus
and the lobes of the
pituitary gland

—— Thalamus

Hypothalamus

Infundibulum

{Anterior lobe —
Pituitary
gland Posterior lobe —
Hypothalamus and

pituitary gland
This website provides

more information on the
relationship between

the hypothalamus and
the pituitary gland. Many of the functions of the hypothalamus are carried out through the pituitary gland.
e The hypothalamus secretes releasing factors, which stimulate the secretion of a hormone, or
Pituitary gland and oo . .
hypothalamus inhibiting factors, which slow down the secretion of a hormone. These factors travel through
This website gives more blood vessels to the anterior lobe of the pituitary gland, affecting the secretion of its hormones.
detailed inf ti .
aboiflt;e ;;;;tr}?:l;:us * Other hormones are produced by the hypothalamus and pass along the nerve fibres to the
and pituitary glands. posterior lobe of the pituitary gland where they are then released.

Pituitary gland

The pituitary gland, or hypophysis, lies just under the hypothalamus and is joined to the
hypothalamus by a stalk called the infundibulum. It is not much bigger than a large pea, about 13mm
in diameter, but it is absolutely vital to the normal functioning of the body.
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The pituitary gland consists of an anterior lobe and a posterior lobe, each of which functions
separately. The anterior (front) lobe has no nerves connecting it to the hypothalamus; rather, they are
connected by a complex network of blood vessels lying in the infundibulum. The posterior (rear) lobe
is joined to the hypothalamus by nerve fibres that come from nerve cell bodies in the hypothalamus
and pass through the infundibulum to the posterior lobe. It is not a true endocrine gland because it
does not secrete substances. Instead, it simply stores and releases hormones.

Hypothalamus

Nerve fibres

Bl |
ood v Infundibulum

Anterior lobe
of the pituitary

gland .
Posterior lobe

of the pituitary
gland

Anterior lobe of the pituitary gland

The anterior lobe of the pituitary gland (the adenohypophysis) releases a number of hormones that
regulate a great range of bodily activities. Secretions of the anterior lobe are in turn controlled by
releasing and inhibiting factors secreted by the hypothalamus.

The following hormones are released by the anterior lobe of the pituitary gland:

« Gonadotropins are hormones that affect the gonads, the ovaries and testes. Follicle-stimulating
hormone (FSH) stimulates development of the follicles that contain eggs in the ovary of the
female. In the male, FSH stimulates the production and maturation of sperm in the testes.
Luteinising hormone (LH) works with FSH in the female to bring about ovulation and to form a
structure called the corpus luteum after ovulation. In the male, LH stimulates interstitial cells in
the testes to secrete male sex hormones.

e Growth hormone (GH), or somatotropin, stimulates body growth, particularly growth of the
skeleton. It increases the rate at which amino acids are taken up by cells and built into proteins.
GH is secreted throughout life as it helps to maintain the size of organs once maturity is reached.

e Thyroid-stimulating hormone (TSH), or thyrotropin, stimulates production and release of
hormones from the thyroid gland.

e Adrenocorticotropic hormone (ACTH), or adrenocorticotropin, controls production and release
of some of the hormones from the cortex of the adrenal glands.

» Prolactin (PRL), or lactogenic hormone, works with other hormones to initiate and maintain milk
production in females.
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run through the
infundibulum,
connecting the
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gland
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Posterior lobe of the pituitary gland

The posterior lobe of the pituitary gland (the neurohypophysis) releases the hormones oxytocin and
antidiuretic hormone, but neither is manufactured in the posterior lobe. Both hormones are produced
in special nerve cells in the hypothalamus of the brain. These cells have long extensions that pass
through the infundibulum to the posterior lobe. Hormones manufactured in the cells move down

the extensions and are stored ready for release into the bloodstream. The release of the hormones is
triggered by nerve impulses initiated in the hypothalamus and conducted along the cell extensions.

Cell bodies of secretory

FIGURE 2.5 cells in hypothalamus

Hormones made in

the hypothalamus

are transported to

the posterior lobe of

the pituitary gland

and can then be

. Artery to
released into the posterior lobe
bloodstream of pituitary

Vein from

posterior lobe
of pituitary \/

Posterior lobe
of the pituitary

Hormones made in the hypothalamus
pass along these cell extensions to
the posterior lobe of the pituitary.

Oxytocin (OT) stimulates contraction of the muscles of the uterus. It is released in large quantities
during labour. Oxytocin also stimulates contraction of cells in the mammary glands, resulting in

release of milk during breastfeeding.

Antidiuretic hormone (ADH), or vasopressin, causes the kidneys to remove water from urine that
is forming. This water is returned to the bloodstream. In this way, ADH helps to retain fluid within the
body. At higher concentrations, ADH can also cause constriction of small arteries, the arterioles.

This is why its alternative name is vasopressin.

TABLE 2.1 Hormones released by the pituitary gland

HORMONE TARGET ORGAN

Anterior lobe of the pituitary gland

Ovaries (fi l

Follicle-stimulating hormone (FSH) varies (females)
Testes (males)

Ovaries (females)

Testes (males)
All cells

Luteinising hormone (LH)

Growth hormone (GH)
Thyroid-stimulating hormone (TSH) Thyroid gland
Adrenocorticotropic hormone (ACTH) Adrenal cortex

Prolactin (PRL) Mammary glands

MAIN EFFECTS

Growth of follicles

Production of sperm

Ovulation and maintenance of corpus luteum
Secretion of testosterone

Growth and protein synthesis
Secretion of hormones from the thyroid
Secretion of hormones from the adrenal cortex

Milk production
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HORMONE TARGET ORGAN
Posterior lobe of the pituitary gland
Antidiuretic hormone (ADH) Kidneys
Ut
Oxytocin (OT) erus
Mammary glands
Key concept

CHAPTER 2 | Hormones help control the body

MAIN EFFECTS

Reabsorption of water

Contractions of uterus during childbirth
Release of milk

The hypothalamus is connected to the pituitary gland through nerves and blood vessels in the

infundibulum. The hypothalamus communicates to the pituitary gland through these structures,

influencing the release of hormones.

Questions 2.2
RECALL KNOWLEDGE

Describe the location of the hypothalamus.
2 One of the types of hormones that the
hypothalamus secretes is releasing factors.

a  How do releasing factors reach their target

cells?

b What are the target cells of releasing factors?
¢ What is the function of releasing factors?

3 What is the alternative name for the
neurohypophysis?

4 Compare and contrast the anterior and
posterior lobes of the pituitary gland.

5 List the gonadotrophins secreted by the

anterior lobe of the pituitary gland and explain

why they are classified as gonadotrophins.

6 List the hormones released from the posterior

lobe of the pituitary gland.

7 Describe the target cells and function of each

of the following hormones:
adrenocorticotropic hormone
prolactin

growth hormone

oxytocin

luteinising hormone
antidiuretic hormone
thyroid-stimulating hormone

Q ™m0 o0 T 9

follicle-stimulating hormone.

APPLY KNOWLEDGE

8

10

Explain why the pituitary gland is known as
the master gland.

Predict what would happen if the
infundibulum was severed.

Explain why the posterior lobe of the pituitary
gland is technically not an endocrine gland.

OTHER ENDOCRINE GLANDS

Pineal gland

The pineal gland is found deep inside the
brain. In children it is about the size of a
pea. After puberty it gradually decreases

in size. Its role remains something of a
mystery, but it is known that it secretes the
hormone melatonin, which is involved in
the regulation of sleep patterns. Production
of melatonin by the pineal gland is
stimulated by darkness and inhibited

by light.
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FIGURE 2.6 The pineal gland is located deep in the brain
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Thyroid gland

The thyroid gland is located in the neck, just below the larynx. It consists of two lobes that lie on either
side of the trachea and are joined by a narrow piece of tissue that lies across the front of the trachea.

Cartilage of
) larynx \

Thyroid
gland

Science Photc

Trachea

Right lobe .:j Left lobe

FIGURE 2.8 Scan of the thyroid gland,

FIGURE 2.7 Location of the an endocrine gland in the neck. A

thyroid gland radioactive tracer has been used to
show the most active areas of the
gland. These areas appear as yellow

patches on the scan

The follicular cells in the thyroid gland secrete two hormones

FIGURE 2.9 Anterior lobe of the pituitary gland
Thyroxine in response to thyroid stimulating hormone: thyroxine (or T4) and
production TSH triiodothyronine (or T3). The structure of both T3 and T4 is based on
Thvroid aland two molecules of the amino acid tyrosine. T3 has three iodine atoms
yroiegan attached while T4 has four iodine atoms attached. Thyroxine is much
Thyroxine, less active than triiodothyronine but lasts a lot longer. Approximately
triiodothyronine . R
807% of the thyroid hormones produced are thyroxine and only 20%
Cells are trilodothyronine. Once released, enzymes convert T4 into T3.
Thyroxine controls body metabolism by regulating reactions in
Increase metabolism which complex molecules are broken down to release energy, and
other reactions in which complex molecules are synthesised from
simple ones. The overall effect of thyroxine is to bring about the release of energy and, because some
of the energy released is in the form of heat, to maintain body temperature.

The thyroid gland also plays a role in regulating the levels of calcium and phosphate in the blood
through the release of calcitonin by C-cells. When the concentration of calcium in the blood increases,
the thyroid gland releases calcitonin, which reduces the reabsorption of calcium by the kidneys and the

breakdown of bone. If the concentration of phosphate in the
FIGURE 2.10

blood becomes too high, calcitonin acts to move phosphate
into bone and reduces its reabsorption by the kidneys. These
actions allow calcium and phosphate concentrations to
decrease.

Location of the
parathyroid glands
(as seen from the
rear of the body)

Pharynx

S
N\
8
&
=
N
k%
h

Parathyroid
glands

moa Parathyroid glands

land
aen The parathyroid glands are located in the rear surface of the

lobes of the thyroid gland. There are usually four parathyroid
Back of glands, although some people have more. Each is about the
trachea  size of a small pea.

Oesophagus
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The parathyroid glands secrete parathyroid hormone (PTH, or parathormone), which increases
calcium levels in the blood and phosphate excretion in the urine.

Normal level of calcium

ack S :
e feedP?e - 7 inthe blood T > Levelof calcium in the
e’ - blood becomes too low d

Level of calcium in the
blood rises

Parathyroid gland
releases parathormone

In the kidneys: In the bones:
increased calcium reabsorbed increased calcium released
into blood from urine In the intestines: into blood

increased calcium absorbed
from digested food

FIGURE 2.11 The regulation of blood calcium level by parathyroid hormone is a good example of negative feedback

Thymus

The thymus is located in the chest just
above the heart and just behind the sternum.
Like the pineal gland, the thymus is largest

in infants and children, and begins to shrink
after puberty. The thymus secretes a group
of hormones called thymosins. These
hormones influence the maturation of
disease-fighting cells called T-lymphocytes.
The role of T-lymphocytes will be discussed
in Chapter 7.

Larynx

Thyroid gland

Trachea

Thymus

Lung

Heart

Diaphragm

Adrenal glands

There are two adrenal glands, one

immediately above each kidney. Each T )
ransverse section of

adrenal gland has an inner adrenal medulla adrenal gland

and an outer adrenal cortex. These two

parts are quite different in their structure

and function. Thus, each adrenal gland is _ -

really two separate endocrine glands. 4 A Adrenal

Adrenal medulla

The hormones produced by the adrenal
medulla are adrenaline and noradrenaline.
* Adrenaline, also called epinephrine, )

o Inferior . Aorta
has an effect similar to that of the vena ‘ ‘
sympathetic division of the autonomic cava
nervous system. Adrenaline helps to
prepare the body for reaction to a FIGURE 2.13 Location of the adrenal glands

Kidney
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threatening situation; that is, it is concerned with fight-or-flight responses. These responses will
be discussed in more detail in Chapter 4.

* Noradrenaline, also called norepinephrine, has effects similar to those of adrenaline. In particular,
it increases the rate and force of the heartbeat.

Adrenal cortex

More than 20 different hormones are produced in the adrenal cortex and they are known collectively
as corticosteroids. The two main ones are:
» aldosterone, which acts on the kidney to reduce the amount of sodium and increase the amount
of potassium in the urine
» cortisol, which, with related hormones, promotes normal metabolism, helping the body to
withstand stress and to repair damaged tissues.

Pancreas

The pancreas is a soft organ approximately 15cm long. It lies just below the stomach and alongside
the duodenum, the first part of the small intestine.

FIGURE 2.14
Location of the
pancreas

l QOesophagus

Liver

Stomach
Gallbladder
Pancreas

Bile duct

Small
intestine

The pancreas is both an exocrine gland and an endocrine gland. The exocrine part secretes
digestive enzymes into the small intestine through the pancreatic duct. The endocrine part is made
up of clusters of special cells called islets of Langerhans (also called pancreatic islets). These cells
secrete two important hormones.

A » Insulinis secreted by the beta cells of the islets of Langerhans. It reduces the amount of glucose
G_/fj in the blood (the blood sugar level). It does this by promoting the uptake of glucose from the
blood by the cells of the body. In the liver, insulin causes the conversion of glucose to glycogen
Activity 2.1 r . . . .
Researching the and fat; in skeletal muscles, it causes formation of glycogen from glucose; and in fat storage
discovery of insulin tissue, it causes glucose to be converted into fat. The level of secretion of insulin by the pancreas
is determined by the amount of glucose in the blood and is controlled through a negative
feedback system. This will be covered in more detail in Chapter 5.
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e Glucagon, secreted by the alpha Islets of Langerhans
cells of the islets of Langerhans, \
acts in the opposite way to insulin. It
works to increase the blood glucose
level, mainly by promoting the
breakdown of glycogen to glucose
in the liver. Glucagon also stimulates
the breakdown of fat in the liver and
in fat storage tissues.

Gonads

The gonads are the testes and the
ovaries. In Units 1 & 2, you learnt about
their role in the reproductive system,
with their production of sperm and eggs.
They are also a part of the endocrine
glands due to their production of
hormones.

Shutterstock.com/Jose Luis Calvo

FIGURE 2.15 Micrograph of islets of Langerhans within the
pancreas

Androgens - for example, testosterone — are known as the male sex hormones. They are
responsible for the development and maintenance of the male sex characteristics. In males,
androgens are produced by the testes. Females also produce androgens in the ovaries, adrenal glands
and fat cells. However, the levels produced in females are much lower than in males.

Oestrogens and progesterone are the female sex hormones produced by the ovaries. They
stimulate the development and maintenance of the female sex characteristics. Together with the
gonadotropic hormones of the pituitary, they also regulate the menstrual cycle and are involved in
changes that occur during pregnancy.

Other endocrine tissues

In addition to the major endocrine glands discussed above, there are other tissues, many of which are
not called endocrine glands, that secrete hormones. For example:
e The stomach and small intestine both secrete hormones that coordinate the exocrine glands of
the digestive system.
e The kidneys secrete hormones, including erythropoietin (EPO) — a hormone that stimulates
production of red blood cells by the bone marrow.
¢ The heart secretes a hormone that helps to reduce blood pressure.
¢ The placenta secretes a number of hormones during pregnancy that help to maintain the
pregnancy, stimulate development of the foetus and stimulate the mother's mammary glands.

TABLE 2.2 Hormones produced by endocrine glands other than the pituitary gland

Thyroid Thyroxine and Most body cells Increases metabolic rate and therefore oxygen
triiodothyronine consumption and heat production
Calcitonin Bones, kidney Decreases calcium and phosphate levels in the blood
Parathyroid Parathyroid Bones Increases level of calcium in blood
hormone Kidneys
Thymus Thymosins T-lymphocytes Stimulates development and maturation of

T-lymphocytes
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2.1 Chemical
messengers

Activity 2.2
Understanding

endocrine dysfunction

GLAND

Adrenal cortex

Adrenal medulla

Pancreas

Testes

Ovaries
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HORMONE

Corticosteroids,
including:
Aldosterone

Cortisol

Adrenaline and
noradrenaline

Insulin

Glucagon

Androgens;
e.g. testosterone

Oestrogens

Progesterone

Questions 2.3

RECALL KNOWLEDGE

TARGET CELLS

Kidneys

Most body cells

Most body
tissues

Most body cells

Liver and fat
storage tissues

Many tissues

Many tissues

Uterus and

mammary glands

Which endocrine gland secretes melatonin?

Describe the location of the thyroid gland.

Name the hormone secreted by the

parathyroid gland and describe its function.

4 Name two endocrine glands that decrease in

size with age.

5 Describe the location of the adrenal glands,

and the arrangement of the adrenal medulla

and adrenal cortex.

MAIN EFFECTS

Increases reabsorption of sodium ions and excretion
of potassium ions

Promotes normal metabolism; helps the body deal
with stress; promotes repair of damaged tissues
Prepares the body for fight-or-flight responses;
reinforces the effects of the sympathetic nervous
system

Stimulates uptake of glucose; lowers blood glucose
level

Stimulates breakdown of glycogen and fat; increases
blood glucose level

Stimulate sperm production, growth of skeleton

and muscles, and development of male sexual
characteristics

Stimulate development of female sexual
characteristics; regulate the menstrual cycle
Regulates menstrual cycle and pregnancy; prepares
mammary glands for milk secretion

APPLY KNOWLEDGE

7 Explain why people who suffer from
hyperthyroidism (overactive thyroid)
experience weight loss.

8 Explain how insulin and glucagon are able to
keep blood glucose at the correct level.

9 Explain why oestrogen and progesterone are
called the female hormones when they exist in
both males and females.

10 Explain how the body is able to maintain a
consistent level of calcium in the blood.

6 Match the hormone in the following table with
the gland that produces it.

HORMONE ENDOCRINE GLAND
adrenaline adrenal cortex
thyroxine pancreas

aldosterone adrenal medulla

cortisol ovaries
testosterone testes

insulin adrenal cortex
oestrogen thyroid gland
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CHAPTER () ACTIVITIES

acTiviTy 2.1 Researching the discovery of insulin

Insulin, a hormone secreted by the islets of Langerhans in the pancreas, was discovered in
1921-22 by researchers at the University of Toronto in Canada. The discovery is recognised as
one of the greatest medical breakthroughs of all time.

Research into insulin continues to the present day. In the 1950s the full sequence of amino

acids in the insulin molecule was determined, and in 1969 scientists worked out its three-
dimensional structure.

Your task

1

2

Use the Internet to research the story of insulin's discovery by:

+ Frederick Banting

+ Charles Best

+ JIR Macleod

+ James Collip.

For each scientist, include the method they used to isolate insulin.

In 2006 a research team at the CSIRO in Australia made another important discovery in
the quest for a full understanding of how insulin works. Find out what the discovery was
and its implications for the understanding of insulin.

activity 2.2 Understanding endocrine dysfunction

Many disorders can be caused by an oversecretion or undersecretion from one or more of the
endocrine glands. Some of these disorders are listed below.

Acromegaly

Addison's disease

Androgen insensitivity syndrome
Cushing'’s syndrome
Exophthalmia

Gigantism

Goitre

Graves' disease

Myxoedema
Phaeochromocytoma

Select one of these hormonal problems and use references to learn about:

the endocrine gland and hormone involved

the symptoms of the disorder

whether the disorder is caused by an oversecretion or undersecretion of the hormone
the treatment that is available for the disorder.

Write a short essay to show the cause-and-effect relationship between the information that you
researched.
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CHAPTER

The nervous and endocrine systems are
responsible for maintaining homeostasis.
Endocrine glands secrete hormones into
the extracellular fluid, where they diffuse
into capillaries to be transported in the
blood vessels.

Hormones change the functioning of
cells by altering the type, activity or
quantity of proteins produced.
Hormones affect target cells, which have
specific receptors for the hormone.
Lipid-soluble hormones (steroid hormones)
diffuse through the cell membrane to bind
to receptors inside the cell.

Water-soluble hormones (protein and
amine hormones) bind to receptors

on the cell membrane. This triggers a
secondary messenger in the cell.
Hormone receptors are specific and can
become saturated.

One hormone can lead to the production
of many enzyme molecules. This is
known as enzyme amplification.
Negative feedback systems control the
secretion of hormones.

The hypothalamus and pituitary gland
work together, and control many other
endocrine glands.

Secretions from the anterior lobe of

the pituitary gland are controlled by
releasing and inhibiting factors from the
hypothalamus. These secretions travel to
the anterior lobe through blood vessels
in the infundibulum.

The anterior lobe of the pituitary

gland secretes follicle-stimulating
hormone, luteinising hormone, growth
hormone, thyroid-stimulating hormone,
adrenocorticotropic hormone and
prolactin.

The posterior lobe of the pituitary gland
stores and releases hormones that are
produced by the hypothalamus. They
travel to the posterior lobe along nerve
fibres in the infundibulum and are

SUMMARY

released due to nerve impulses from the
hypothalamus.

The posterior lobe of the pituitary gland
releases oxytocin and antidiuretic
hormone.

The pineal gland secretes melatonin,
which regulates sleep patterns.

The thyroid gland releases thyroxine
and triiodothyronine, which increase
metabolism to release energy, including
heat. It also secretes calcitonin, which
decreases the level of calcium and
phosphate in the blood.

The parathyroid glands release
parathyroid hormone, which increases
the calcium level in the blood and
phosphate excretion in the urine.

The thymus secretes thymosins, which
play a role in the maturation of
T-lymphocytes.

The adrenal medulla is the inner part of
the adrenal gland. It secretes adrenaline
and noradrenaline, which play a role in
the fight-or-flight response.

The adrenal cortex is the outer part of
the adrenal gland. It secretes aldosterone,
which regulates sodium and potassium
excretion, and cortisol, which protects
the body from stress.

The endocrine cells in the pancreas form
the islets of Langerhans. They secrete
insulin, which decreases blood glucose
levels, and glucagon, which increases
blood glucose levels.

Androgens, such as testosterone, are
produced by the testes and are responsible
for the male sex characteristics.
Oestrogens and progesterone are
produced by the ovaries. They

are responsible for the female sex
characteristics and help to regulate the
menstrual and ovarian cycles.

The stomach, kidneys, heart and
placenta are also considered endocrine
glands as they produce hormones.
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CHAPTER [ GLOSSARY

Adrenal cortex The outer portion of an
adrenal gland; secretes the hormones
aldosterone and cortisol

Adrenal glands Two endocrine glands,

one immediately above each kidney; each
consists of an inner adrenal medulla and an
outer adrenal cortex

Adrenal medulla The inner portion of
an adrenal gland; secretes the hormones
adrenaline and noradrenaline

Adrenaline A hormone secreted from the
adrenal medulla that prepares the body

for the fight-or-flight responses; also called
epinephrine

Adrenocorticotropic hormone (ACTH)

A hormone that controls the production and
release of some of the hormones from the
cortex of the adrenal glands

Aldosterone A hormone that acts on the
kidney to reduce the amount of sodium
in the urine and increase the amount of
potassium

Amine hormone A hormone composed of
an amino acid with modified groups

Androgen Any of the male sex hormones
produced by the testes; responsible for the
development and maintenance of the male
sex characteristics

Antidiuretic hormone (ADH) A hormone
produced by the hypothalamus and released
by the posterior lobe of the pituitary gland
that stimulates the kidneys to remove water
from urine, thus reducing urine production;

also known as vasopressin

Calcitonin A hormone secreted by the
C-cells of the thyroid gland that decreases
the concentrations of calcium and phosphate

Corticosteroid Any of a group of more than
20 hormones secreted by the adrenal cortex;
the two main hormones are aldosterone and
cortisol

Cortisol A hormone that, along with related
hormones, promotes normal metabolism

Endocrine gland A gland that secretes
hormones directly into adjacent tissue; also
called a ductless gland

9780170449168

Enzyme amplification A series of chemical
reactions in which the product of one step
is an enzyme that produces an even greater
number of product molecules at the

next step

Epinephrine see adrenaline

Erythropoietin (EPO) A hormone that
stimulates production of red blood cells by
the bone marrow

Exocrine gland A gland that secretes into a
duct that carries the secretion to the surface
of the body cavities

Follicle-stimulating hormone (FSH)

A hormone that stimulates the development
of a follicle in the ovary

Glucagon A hormone secreted by the
pancreas that increases blood sugar level

Gonadotropin A hormone that affects the
sex organs

The testes and ovaries

Growth hormone (GH) A hormone that
stimulates body cells to grow and multiply,
especially the skeleton and skeletal muscles

Gonads

Homeostasis The maintenance of a
relatively constant internal environment
despite fluctuations in the external
environment

Hormone A chemical that is secreted by
an endocrine gland and that affects the

functioning of a cell or organ; often carried
in the blood

Hypophysis An alternative name for the
pituitary gland

Hypothalamus The part of the brain lying
just below the thalamus and above the
pituitary gland; controls many homeostatic
mechanisms, such as body temperature,
water balance and heart rate

Infundibulum The stalk-like structure that
joins the pituitary gland to the
hypothalamus

Inhibiting factor A hormone that slows the

release of another hormone

Insulin A hormone, secreted by the
pancreas, that decreases blood sugar level
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Islets of Langerhans Clusters of endocrine
cells in the pancreas; secrete the hormones
insulin and glucagon

Luteinising hormone (LH) A hormone that
promotes final maturation of the ovarian
follicle and the formation of the corpus
luteum

Melatonin A hormone secreted by the
pineal gland that regulates sleep patterns

Negative feedback Feedback that reduces the
effect of, or eliminates, the original stimulus

Noradrenaline A hormone secreted from the
adrenal medulla that has effects similar to
that of adrenaline; in particular, it increases
the rate and force of the heartbeat; also called
norepinephrine

Norepinephrine see noradrenaline

Oestrogen A female sex hormone; develops
or maintains female reproductive structures
and regulates the menstrual cycle and
pregnancy

Oxytocin The hormone that stimulates
contraction of the muscles of the uterus

Pancreas A gland that lies just below the
stomach; both an endocrine and exocrine
gland; secretes digestive enzymes from the
exocrine cells, and the hormones insulin and
glucagon from endocrine cells

Pancreatic islet see islets of Langerhans
Parathormone see parathyroid hormone

Parathyroid gland One of four (usually)
small glands about the size of a small pea
embedded in the rear surface of the
thyroid gland; secretes parathyroid
hormone (PTH)

Parathyroid hormone (PTH) A hormone that
controls calcium and phosphate levels in the
blood; also known as parathormone

Pineal gland A small gland, about the size
of a pea in children, found deep inside

the brain; in adults it is just a tiny lump of
fibrous tissue; the functions of the hormones
it secretes have still not been identified

Pituitary gland An endocrine gland located
below the brain; joined to the hypothalamus
by a stalk called the infundibulum

Placenta The organ that supplies nutrients
to, and removes wastes from, the foetus; also
produces a number of hormones, including
oestrogens and progesterone

Progesterone A female sex hormone
produced by the ovaries; helps prepare the
uterine lining for a fertilised egg; also prepares
the mammary glands for milk secretion

Prolactin (PRL) A hormone that promotes
milk production during and after pregnancy

Protein hormone A hormone consisting of a
long chain of amino acids (a protein)

Releasing factor A hormone whose purpose
is to control the release of another hormone

Secretion A useful substance produced
and released by a gland or cell (noun); the
process of producing and releasing a useful
substance (verb)

Steroid hormone A hormone derived from
the lipid cholesterol

Target cell A cell whose activity is affected
by a particular hormone

Target organ An organ whose activity is
affected by a particular hormone

Thymosin Any of a group of hormones
secreted by the thymus that stimulate the
immune system by helping the maturation of
T-lymphocytes

Thymus An endocrine gland located in the
chest just above the heart and behind the
sternum; secretes a group of hormones called
thymosins

Thyroid gland An endocrine gland, consisting
of two lobes, located in the neck just below the
larynx; secretes the hormone thyroxine

Thyroid-stimulating hormone (TSH)

A pituitary hormone that stimulates
production and release of hormones from the
thyroid gland; also known as thyrotropin

Thyroxine A hormone secreted by the
thyroid gland that regulates metabolism,
growth and development
Triiodothyronine The more active
thyroid hormone that increases the rate of
metabolism, also known as T3

Vasopressin  see antidiuretic hormone
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CHAPTER REVIEW QUESTIONS

Recall
1 a Describe the endocrine system. 5 a Whatis a target organ?

b Describe the relationship b  How do hormones get from their
between endocrine glands and source to the target organ?
hormones. ¢ Describe target organs/cells and the

2 a Define ‘hormone’. role of the following hormones.
b List the different types of i Oxytocin
hormones. ii  Antidiuretic hormone
3 Describe enzyme amplification and state iii Adrenaline
why it is important. iv Parathyroid hormone
4 The pituitary gland is sometimes v Insulin

described as the ‘master gland’ because vi Glucagon

it secretes hormones that regulate the vii Thyroxine

activity of other endocrine glands. 6 a Which gland produces thymosins,

Describe the pituitary hormones that and what is the function of these

are involved in the control of other hormones?

endocrine glands. b Which gland secretes melatonin?

What is the role of melatonin?
Explain
7 Explain the difference between 10 Hormones act by changing the
endocrine and exocrine glands and give functioning of a cell. Explain how they
five examples of each. are able to do this.
8 Hormones are specific. Explain what this | 11 Hormones that are lipid-soluble work in
means and how it is achieved. a different way from those that are water-
9 The hypothalamus and the pituitary soluble. Explain the difference and why
gland are closely related. Describe their it occurs.

relationship in terms of: 12 Hormones secreted by the posterior

a their location in the body lobe of the pituitary are not actually

b the ways in which they function. made in the posterior lobe. Explain

the process of producing and releasing
these hormones.
Apply
13 Explain why endocrine glands are 16 Construct a flow diagram similar to
sometimes called ductless glands. Figure 2.11 for the hormone ADH and its
14 Hormones affect the activity of their role in water balance. Include the role of
target cells. Explain why the addition feedback in your diagram.
of more and more hormone does not 17 Thyroid-stimulating hormone (TSH)

continue to increase the intensity or rate
of the response.

15 Athletes have sometimes taken (illegally)
the hormone erythropoietin in an effort
to improve their performance. In what
ways would this hormone improve
sporting performance?

9780170449168

is secreted by the anterior lobe of the
pituitary gland. If a cancer patient had
their thyroid gland removed, would you
expect the level of TSH in the person’s
blood to rise or fall? Explain your
answer.
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Extend

18 Many famous people have suffered from | 19 In an average person the thymus weighs

endocrine disorders.

a John F Kennedy, President of the
United States from 1960 until his
assassination in 1963, suffered
from Addison’s disease. Consult
references to see if you can find out
some of Kennedy’s medical history.
How was he able to carry out his
duties as President of the United
States while having such a serious
illness?

b Napoleon Bonaparte is believed
to have suffered from a disease
of the hypothalamus that caused
the pituitary gland to function
abnormally. Because the anterior
lobe regulates the functioning of
the gonads and the adrenal and
thyroid glands, these organs were
also affected. See if you can find
out the symptoms of Napoleon’s
disorder.

¢ Akhenaton, an Egyptian pharach
who lived 3500 years ago, is
portrayed in statues made later in
his life with feminine features —
prominent breasts, hips wider than
the shoulders, and a large amount of
fat on the buttocks and thighs. It has
been suggested that Akhenaton may
have had a disorder of one of the
endocrine glands. Which gland, or
glands, could it have been, and what
hormones could have been involved?

20

about 35 g just before puberty, but by age

50 it has shrunk to around 12g and by

75 to about 6g. It has been suggested that

this decline in size may be responsible

for elderly people becoming more

susceptible to disease. Research the

thymus to find out:

a how the role of the thymus was
discovered

b  the role of the thymus in providing
defence against disease.

New hormones are still being identified.

One well-known example is the hormone

leptin, discovered in 1994 through the

study of obese mice. Leptin is secreted

by fat storage tissues (adipose tissues).

Find out:

a how leptin was discovered

b the target cells for leptin

¢ the effect of the hormone.
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UNIT 3 CONTENT
SCIENCE INQUIRY SKILLS

»

NEURONS
COMMUNICATE
QUICKLY

identify, research and construct questions for investigation;
propose hypotheses; and predict possible outcomes

design investigations, including the procedure(s) to be followed,
the materials required, and the type and amount of primary and/
or secondary data to be collected; conduct risk assessments;
and consider research ethics, including animal ethics

conduct investigations, including the collection of data
related to homeostasis and the use of models of disease
transmission, safely, competently and methodically for the
collection of valid and reliable data

represent data in meaningful and useful ways, including the
use of mean, median, range and probability; organise and
analyse data to identify trends, patterns and relationships;
discuss the ways in which measurement error, instrumental
accuracy, the nature of the procedure and the sample size
may influence uncertainty and limitations in data; and select,
synthesise and use evidence to make and justify conclusions
interpret a range of scientific and media texts, and evaluate
models, processes, claims and conclusions by considering
the quality of available evidence, and use reasoning to
construct scientific arguments

select, use and/or construct appropriate representations,
including diagrams, models and flow charts, to communicate
conceptual understanding, solve problems and make
predictions

communicate to specific audiences, and for specific
purposes, using appropriate language, nomenclature, genres
and modes, including scientific reports

SCIENCE UNDERSTANDING

Central and peripheral nervous system

»

9780170449168

transmission of nerve impulses is via electro-chemical
changes that occur at the generation of the impulse, the
propagation of the impulse along the nerve fibre, and the
transfer of the impulse across the synapse

different receptors detect changes in the internal and external
environments, including thermoreceptors, osmoreceptors,
chemoreceptors and receptors for touch and pain

the reflex arc is composed of specially structured neurons,
including sensory, interneuron and motor neurons, to
transmit information from the receptor to the effector to
respond rapidly to stimuli

the nervous and endocrine systems work together to
co-ordinate functions of all body systems, but differ in
terms of:

— speed of action

— duration of action

— nature and transmission of the message

— specificity of message

Source: School Curriculum and Standards Authority,
Government of Western Australia
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The nervous system is one of the body’s two communications systems. Along with the endocrine
system studied in Chapter 2, it coordinates all our voluntary and involuntary actions. The nervous
system receives and processes information from sense organs and brings about responses to the
information received.

NERVE CELLS

Nerve cells, or neurons, are the

basic structural and functional units
of the whole nervous system. They
are highly specialised cells perfectly
designed for rapid communication of
messages in the body.

Structure of neurons

Neurons vary in size and shape, but
they all consist of a cell body and two
different types of extension from the
cell - the dendrites and the axon.

FIGURE 3.1 A coloured scanning electron micrograph of two nerve

ce" body cells from the brain

The cell body is the part of the neuron that contains the nucleus
and is responsible for controlling the functioning of the cell.
Around the nucleus is cytoplasm containing the organelles that
are found in most cells: mitochondria, endoplasmic reticulum, 3
ribosomes and Golgi apparatus. 0/ O Nucleus

Dendrite

Cell body

Dendrites

Dendrites are usually fairly short extensions of the cytoplasm
of the cell body. They are often highly branched and they carry
messages, or nerve impulses, into the cell body.

Axon

The axon is often a single, long extension of the cytoplasm. It /
usually carries nerve impulses away from the cell body. Although Schwann cell{ %‘
usually longer than the dendrites, the length of axons varies -

enormously. Those in the brain may be only a few millimetres 0 cx;:,d

long, while the axons that run from the spinal cord to the foot m";:[;n

may be a metre or so in length. sheath
At its end, the axon divides into many small branches. Each neus&%ma

. . Node of Ranvier
of these branches terminates at the axon terminal.

Myelin sheath

Most axons are covered with a layer of fatty material called
the myelin sheath. The term nerve fibre is used for any long Axon terminals
extension of a nerve cell, but usually refers to an axon. Those
that have a myelin sheath are called myelinated fibres and
those that do not are said to be unmyelinated.

FIGURE 3.2 Structure of a typical
neuron with a myelinated axon
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Qutside the brain and spinal cord, the myelin sheath is formed by special cells called Schwann
cells, which wrap around the axon. At intervals along the axon are gaps in the myelin sheath, called
nodes of Ranvier.
The myelin sheath has three important functions:
e ltacts as an insulator.
e |t protects the axon from damage.
e |t speeds up the movement of nerve impulses along the axon.
The outermost coil of the Schwann cell forms a structure called the neurilemma around the
myelin sheath. This structure helps in the repair of injured fibres. A
In the brain and spinal cord, the myelin sheath is produced by oligodendrocytes. The fatty %
nature of the myelin means that the areas containing myelinated fibres appear white and are called
. . . . Activity 3.1
white matter. The areas made up of cell bodies and unmyelinated fibres are called grey matter due to Creating a model of
their grey colour. aneuron

Key concept

Nerve cells, called neurons, are composed of a cell body, axon and dendrites.

2]

Schwann

cell Axon Schwann cell

wraps around
axon

Neurilemma

Nucleus

FIGURE 3.3 a Schwann cells form the sheath of a myelinated axon by wrapping around the axon. b Coloured transmission electron
micrograph of a transverse section of a myelinated axon. The myelin sheath (brown) is formed when Schwann cells wrap around
the axon and deposit layers of myelin between each coil. The outermost layer (green) is the cytoplasm of the Schwann cell — the
neurilemma

Synapses

Nerve impulses have to be passed from neuron to neuron. This usually occurs where the
axon terminal of one neuron joins with a dendrite or the cell body of another. This junction is
called a synapse.

The neurons do not actually physically touch at the synapse; instead, there is a small gap between
them. Messages have to be carried across this gap, which occurs by the movement of chemicals
called neurotransmitters.

A similar synapse exists where an axon meets a skeletal muscle cell. This tiny gap is called the
neuromuscular junction.

Synapses and neuromuscular junctions will be discussed further in Section 3.2 of this chapter.
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FIGURE 3.4 A
synapse is a small
gap between
adjacent neurons

8
Direction ..‘]’1..
of impulse N
b Axon terminal

Nerve cell Nerve cell Synapse
body body

Types of neurons

Neurons can be classified based on their function or structure.

Functional types of neurons

Neurons may be classified into three types depending on the function each performs.

Sensory (also known as afferent or receptor) neurons carry messages from receptors in the
sense organs, or in the skin, to the central nervous system (brain and spinal cord).

Motor (also known as efferent or effector) neurons carry messages from the central nervous
system to the effectors, the muscles and glands.

Interneurons are located in the central nervous system and are the link between the sensory and
motor neurons. Interneurons may also be called association neurons, connector neurons or
relay neurons.

Structural types of neurons

Another way of classifying neurons is by their structure. This classification is based on the number of
extensions from the cell body.

Multipolar neurons have one axon and multiple dendrites extending from the cell body. This type
of neuron is the most common and includes most of the interneurons in the brain and spinal cord
as well as the motor neurons that carry messages to the skeletal muscles.

Bipolar neurons have one axon and one dendrite. Both the axon and dendrite may have many
branches at their ends. Bipolar neurons occur in the eye, ear and nose, where they take impulses
from the receptor cells to other neurons.

Unipolar neurons have just one extension, an axon. These types of neurons are not found in
humans or other vertebrates. They are found in insects.
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¢ Pseudounipolar neurons have properties of both unipolar neurons and bipolar neurons. There
is a single axon from the cell body, which then separates into two extensions. One extension
connects to dendrites, while the other ends in axon terminals. The arrangement of the cell body
and axon means that the cell body lies to one side of the main axon. Most sensory neurons that
carry messages to the spinal cord are of this type.

Peripheral nervous system Central nervous system

Sensory (afferent) neurons
conduct signals from receptors
to the central nervous system.

———
7 P 2
Interneurons send
messages from sensory
neurons to motor
neurons.
(o)
E J

Motor (efferent) neurons
conduct signals from the central
nervous system to effectors such
as muscles and glands.

TABLE 3.1 Summary of structural neurons

Multipolar neurons many Motor neuron

Interneuron
Bipolar neurons one one Neurons in eye, ear and nose
Unipolar neurons  one nil Not found in humans
Pseudounipolar one that divides into two  nil Sensory neuron

Key concept

Neurons can be classified based on either their structure or their function.

9780170443168
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FIGURE 3.5 The
direction of nerve
impulses through
sensory neurons,
interneurons and
motor neurons

/

3.1 Neurons
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FIGURE 3.6
Types of neurons
based on their

structure

Unipolar Bipolar Pseudounipolar Multipolar

Dendrite

Cell body

Myelin

Sensory
receptor

Sensory
receptor

Nerve fibres

As previously mentioned, the axons and dendrites of nerve cells are known as nerve fibres. Outside
the brain and spinal cord, nerve fibres are grouped together to form a nerve. Nerve fibres are
arranged into bundles held together by connective tissue, with multiple bundles joining together
to form a nerve.

Nerve fibre Connective tissue  Bundle of nerve fibres

Bundle of
nerve fibres

Connective

tissue — Nerve

Nerve

FIGURE 3.7 a Cross-section of a nerve; b Cross-section of a nerve viewed under a microscope

TABLE 3.2 The difference between neurons, nerve fibres and nerves
A nerve cell
Any long extension of cytoplasm of a nerve cell body, although the term usually refers to an axon

Bundles of nerve fibres held together by connective tissue

9780170449168
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Questions 3.1\

RECALL KNOWLEDGE
1 Label the diagram below to identify the axon, 4 Classify the neuron shown below and justify
cell body, myelin sheath, dendrite, nucleus, your choice.

axon terminal, cytoplasm, node of Ranvier

and Schwann cell.

Shutterstock.com/Ldarin

5 Describe the arrangement of nerve fibres

in a nerve.

2 Complete the table to state the function of the , , ) )
6 Define ‘synapse’ and state its function.

parts of a neuron.

Mitochondria 7 Explain why the white matter in the brain is
Axon white in colour.
Dendrite 8 Compare and contrast a synapse and a

Myelin sheath neuromuscular junction.

Neurilemma 9 Suggest why interneurons are multipolar
in structure.

3 State the function of:
a  motor neurons
b  interneurons

c SEeNnsory neurons.
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NERVE IMPULSES

The message that travels along a nerve fibre is called a nerve impulse. Nerve impulses are transmitted
very quickly, making it possible for the body to respond rapidly to any change in the internal or
external environment.

Conduction of a nerve impulse

A nerve impulse is an electrochemical change that travels along a nerve fibre. It is described as
electrochemical because it involves:
* achange in electrical voltage
» thatis brought about by changes in chemicals (specifically, the concentration of ions inside and
outside the cell membrane of the neuron).

Electrical charge and potential difference

There are two types of electrical charges: positive and negative. Two positive or two negative charges
repel each other. A positive and a negative charge attract each other. That is, like charges repel and
opposite charges attract.

When opposite charges are separated, an electrical force tends to pull them together. The force
that pulls unlike charges together can be measured, and its strength increases as the charges get
closer or larger. When positive and negative charges come together, energy is released. If a group of
positive and negative charges are separated, they have the potential to come together and release
energy. The potential, or potential difference, between two places can be measured. It is called the
voltage and is measured in volts (V) or millivolts (mV), where there are 1000 mV in 1 V.

Potential difference across a cell membrane

When some chemical substances are dissolved in water, they break up into electrically charged
particles called ions. This happens to some of the substances dissolved in the fluid around and
inside cells.
» The fluid outside the cell, the extracellular fluid, contains a high concentration of sodium chloride,
and so most of its charged particles are positive sodium ions (Na*) and negative chloride ions (CL7).
» The fluid inside the cell, the intracellular fluid, has a low concentration of sodium ions and
chloride ions. Its main positive ions are potassium (K*), and the negative ions come from a variety
of organic substances made by the cell.

Differences in the concentration of ions mean that there is a potential between the inside and the
outside of the cell membrane. This potential difference is called the membrane potential. It occurs in all
body cells, but is particularly large in nerve and muscle cells. The membrane potential of unstimulated
nerve cells, known as the resting membrane potential, can be measured and is about =70 mV. This
means that the potential of the inside of the membrane is 70 mV less than that of the outside.

Key concept

The resting membrane potential of an unstimulated neuron is approximately —70 mV due to the fluid
inside the cell being more negatively charged than the fluid outside of the cell.

lons are unable to diffuse through the phospholipid bilayers of the cell membrane
directly. Instead, they move through protein channels. Some channels, called leakage channels,
are open all the time; others, called voltage-gated channels, only open when the nerve is stimulated.

9780170449168



CHAPTER 3 | Neurons communicate quickly

The resting membrane potential of neurons is due mainly to differences in the distribution
of potassium ions (K*) and sodium ions (Na*) on either side of the cell membrane, making the
extracellular fluid more positively charged than the intracellular fluid.

» The concentration of sodium ions is about 10 times higher outside the neuron than inside. The
cell membrane is only slightly permeable to sodium ions due to the limited number of sodium
leakage channels. This limits the facilitated diffusion of sodium ions.

» The concentration of potassium ions is about 30 times greater inside the neuron than outside.
The cell is highly permeable to potassium due to the larger number of potassium leakage
channels. Therefore, more potassium ions are able to diffuse than sodium ions.

* The concentration of chloride ions is higher outside the neuron than inside. The cell membrane is
highly permeable to chloride ions, allowing their diffusion through protein channels.

» The concentration of large, negatively charged organic ions is higher inside the neuron than outside.
The cell membrane is impermeable to these ions; therefore, they stay inside the cell.

In addition to protein channels, sodium and potassium ions move across the cell membrane
through a carrier protein known as the sodium—potassium pump. The pump moves two potassium
ions into the cell for every three sodium ions that are removed. Therefore, there is a net reduction of
positive ions inside the cell. This movement is against the concentration gradient and, therefore, is
active transport and uses adenosine triphosphate (ATP).

! 2 The splitting of ATP provides
The sodium—potassium pump energy to change the shape of
binds three sodium ions and a the channel. The sodium ions
molecule of ATP. are driven through the

channel.

The sodium ions are released to Release of the phosphate allows
the outside of the membrane, the channel to revert to its

and the new shape of the original form, releasing the
channel allows two potassium potassium ions on the inside of
ions to bind. the membrane.
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FIGURE 3.8 The
sodium—potassium
pump uses active
transport to move
three sodium ions
out of the cell for
every two potassium
ions that move into
the cell
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Potassium channel

Sodium—potassium
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The combination of the location of the ions, the permeability of the cell membrane and the sodium-—
potassium pump means that there is a net flow of positive ions out of the cell because more potassium
ions are diffusing out of the cell than there are sodium ions diffusing into the cell. This, in addition to the
negative organic ions inside the cell, results in the inside of the cell being more negative than the outside.
This produces a negative resting membrane potential, and the membrane is said to be polarised.

O (@
Outside cell (@) (@) (®——— Na* higher
O O O O O o @) (@) concer?tration
o O O Extracellular fluid O O
®) o (®) o O »——— Kt lower

o O concentration

Closed-voltage
sodium channel

Cell membrane

Sodium channel

Closed-voltage
potassium channel

o O 07 Na* lower
o O O o concentration
° © o o °¥ K* higher
o O 0 o o ) (@) concentration
o o o Intracellular ﬂouid O o Large negatively
o charged ions
Inside cello (@) O o © ° ©

FIGURE 3.9 Relative concentrations of ions creating the resting membrane potential

Key concept

The resting membrane potential is maintained by a difference in the number of leakage channels for
sodium and potassium ions, the membrane being impermeable to large organic negative ions and the
sodium-—potassium pump. This results in the intracellular fluid being less positively charged than the
extracellular fluid.

Action potential

If the stimulus to a neuron is sufficient, the signal will be passed along the neuron. This happens due
to the opening and closing of voltage-gated channels, which causes the rapid depolarisation and
repolarisation of the membrane. This lasts approximately 1 millisecond and is called an action potential.

1 Depolarisation
Depolarisation is the sudden increase in membrane potential. This occurs if the level of stimulation
exceeds about 15 mV, or the threshold.

When a neuron is stimulated by a neurotransmitter or a sensory receptor, some sodium channels
are opened. These channels are known as ligand-gated or mechanical-gated channels. Once they are
open, more sodium ions move into the cell. This makes the intracellular fluid less negative, increasing
the potential difference.

If the stimulus is strong enough to increase the potential to =55 mV, then voltage-gated sodium
channels open. This produces a movement of sodium ions into the cells that proceeds independently
of the stimulus. That is, the size of the response is not related to the strength of the stimulus. This is
known as an all-or-none response.

This inward movement of sodium ions is too great to be balanced by an outward movement of
potassium ions, making the inside of the membrane more positive than the outside. The original polarity of
the membrane increases, reaching approximately +40 mV. The membrane is then said to be depolarised.
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Change in
membrane
potential (voltage)

After a short period, repolarisation occurs. The sodium channels close, which stops the influx of
sodium ions. At the same time, voltage-gated potassium channels open, increasing the flow of
potassium ions out of the cell. This makes the inside of the membrane more negative than the
outside and decreases the membrane potential. The membrane is repolarised.

The potassium channels remain open longer than what is needed. This results in the membrane
potential dropping lower than the resting membrane potential, and the membrane is hyperpolarised. This
process is called hyperpolarisation.

3 Refractory period

Once the sodium channels have opened, they quickly become inactivated. This means that they
are unresponsive to stimulus. Therefore, for a brief period after being stimulated, the membrane
will not undergo another action potential. This period, called the refractory period, lasts from when
the membrane reaches the threshold of —=55mV until it returns to the resting membrane potential

of —70mV.
+30 —
Refractory period
+15 4 ye
% 04 --- iesiloiE= s
= — Action potential
s -154
5
g ~307 Threshold
o
Y -45-
Q ________________________
£ —60+ Resting
2 — 7O e membrane
potential
I T T T 1
0 1 2 3 4 5
Time (ms)
Key concept

1 Slow depolarisation of
the membrane brings the
potential to the threshold.

2 Sodium channels in the
membrane open; sodium
ions flood into the cell;
membrane becomes
depolarised; membrane
voltage rises.

3 Sodium channels close
and membrane becomes
repolarised.

4 Membrane is hyperpolarised
and then returns to resting
state.

An action potential is the rapid depolarisation and repolarisation of the membrane. A refractory period

means that there is a period of time before another action potential can occur at the same location.
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FIGURE 3.10 The
opening of voltage-
gated sodium ion
channels leads to
the movement of
sodium ions into the
cell, increasing the
membrane potential

3.2 Nerve impulses

FIGURE 3.11
Development of an
action potential on a
nerve cell membrane

Action potential
Watch a simulation of
the changes in potential
during an action
potential.

Activity 3.2
Storyboarding an action
potential
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Transmission of the nerve impulse

A single action potential occurs in one section of a membrane. However, it triggers an action
potential in the adjacent membrane. This process continues along the length of the neuron and is
called a nerve impulse.

Thus, an action potential does not travel along the nerve fibre; it is the message, or nerve impulse,
that travels along the fibre. The situation has been likened to a line of dominoes. When the first
domino falls it pushes over the second, which in falling pushes over the third, and so on. No one
domino travels along the line, but the energy that triggers the fall is transmitted from the first domino
to the last.

Conduction along unmyelinated fibres

In an unmyelinated nerve fibre, depolarisation of one area of the membrane causes a movement
of sodium ions into the adjacent areas. This movement stimulates the opening of the voltage-
gated sodium channels in the next part of
the membrane, which initiates an action
potential in that area of the membrane.
The process repeats itself along the whole
length of the membrane so that the action

Cell body Axon

potential moves along the membrane away Dendrites
Lt Aol el e oo e e b ol e e o e o
from the point of stimulation. e
If the stimulus should occur in the . Action potential
middle of a fibre, impulses will travel in both . e LT
directions along the fibre, away from the PR e N GO
point of stimulation. However, in the body Membrane still in
. ) ) refractory period
this would be unusual as stimulation normally i
occurs at the end of a fibre. EREEREE RS RAEERRY
. . . Membrane able to
The nerve impulse is prevented from going generate an action Mj_’f' ==
backwards along the fibre by the refractory potential
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and so the nerve impulse is unable to travel in unmyelinated fibre. Successive action potentials are
that direction. generated along the membrane of the nerve fibre

Transmission along myelinated fibres

In a myelinated fibre, the myelin sheath insulates the nerve fibre from the extracellular fluid. This does
not occur at the nodes of Ranvier because the myelin sheath is absent from the nodes. Therefore,
where the nerve fibre is surrounded by myelin, ions cannot flow between the inside and outside of
the membrane and an action potential cannot form. Instead, the action potential jumps from one
node of Ranvier to the next. This jumping conduction’, known as saltatory conduction, allows

the nerve impulse to travel much faster along myelinated fibres than along unmyelinated ones. A
large myelinated fibre can conduct impulses at a speed of up to 140 metres per second (m/s); in an
unmyelinated fibre the maximum speed of transmission is 2 m/s.
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Key concept

Nerve impulses travel much faster along a myelinated fibre due to saltatory conduction.

Size of the nerve impulse

A nerve impulse that travels along a fibre is always the same size, regardless of the size of the
stimulus. A weak stimulus, provided it exceeds the threshold, produces the same action potential
as a strong one. As mentioned before, this is called an all-or-none response — a stimulus is either
strong enough to trigger an impulse, or it is not. The magnitude of the impulse is always the
same. If you stub your toe, nerve impulses will be generated that travel along an axon all the way
up to your spinal cord. The voltage of the impulses arriving at the spinal cord will be the same as
the voltage of those generated at the toe. This situation has been likened to a burning fuse. When
the fuse is lit, the heat generated ignites the next part of the fuse, which then produces enough
heat to light the next part, and so on. The end of the fuse burns with the same amount of heat

as the beginning. Like the heat in a burning fuse, a nerve impulse does not become weaker with
distance.

How is it, then, that we are able to distinguish stimuli of different intensities? For example,
how do we tell a light tap on the shoulder from a heavy slap on the back? Two things enable us to
determine the strength of a stimulus: a strong stimulus causes depolarisation of more nerve fibres
than a weak stimulus; and a strong stimulus produces more nerve impulses in a given time than a
weak stimulus.

Transmission across a synapse

The synapse is the very small gap between adjacent neurons. We have seen how the nerve impulse
is transmitted along the membrane of a neuron by a change in the ion concentration on each side of
the membrane, but at the synapse there is no membrane and so some other method of transmission
must be involved. The process is as follows:
1 When the nerve impulse reaches the axon terminal, it activates voltage-gated calcium
ion channels.
2 As there is a higher concentration of calcium ions in the extracellular fluid, they flow into
the cell at the pre-synaptic axon terminal.
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Activity 3.3
Examining the discovery
of neurotransmitters

FIGURE 3.14
Transmission of a
nerve impulse across
a synapse

Chocolate and
neurotransmitters
Do you like chocolate?
This website explores
how chocolate may
have an effect on
neurotransmitters in
the brain.

Nerve agents
This website provides
more information about
nerve agents.
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Activity 3.4
Investigating synapse
response in Daphnia

3 This causes synaptic vesicles to fuse with the membrane, releasing special chemicals called
neurotransmitters by exocytosis.
4 The neurotransmitters diffuse across the gap and attach to receptors on the membrane of the
next neuron.
5 This stimulates ligand-gated protein channels to open, which allows the influx of sodium ions and
initiates an action potential in the post-synaptic membrane.
Neurotransmitters are removed from the synapse by being reabsorbed by the presynaptic
membrane, by being degraded by enzymes or by moving away through diffusion.
More than 100 different substances are either confirmed as or suspected of being neurotransmitters,
including acetylcholine, adrenaline, dopamine and histamine.
The transmission of nerve impulses across a synapse occurs in only one direction — from axon to
dendrite or from axon to cell body.

Presynaptic
neuron

il
Action potential arrives
at axon terminal.

Axon terminal
Ca?* entry causes the
neurotransmitter-containing
synaptic vesicles to release

their contents by exocytosis. Synaptic vesicles

2

Voltage-gated Ca2+
channels open and
Ca2* enters the axon
terminal.

Synaptic
cleft

BY-SA 4.0 attribution licence

Neurotransmitter diffuses
across the synaptic cleft and
binds to receptors on the
postsynaptic membrane,

N X . Postsynaptic neuron
initiating an action potential.

Boundless.com. CC

Key concept

Nerve impulses travel from one neuron to the next by neurotransmitters diffusing across the synapse.

Effect of chemicals on the transmission
of nerve impulses

There are many chemicals, both natural and synthetic, that influence the transmission of nerve
impulses, mostly at the synapse or at the neuromuscular junction. Stimulants such as caffeine and
benzedrine stimulate transmission at the synapse. Other drugs, such as anaesthetics or hypnotics,
depress the transmission. Venom from certain species of snakes and spiders also affects the
neuromuscular junction.

Nerve agents (also called nerve gases) contain organophosphates, which cause the build-
up of acetylcholine at the neuromuscular junction. All muscles in the body then try to contract
and the loss of muscle control prevents breathing. Organophosphates are also used in some
insecticides.
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RECALL KNOWLEDGE

1

Describe the difference between an action
potential and a nerve impulse.

Are there more sodium leakage channels or
potassium leakage channels in the membrane
of a neuron?

Explain the role of large organic ions in
establishing the resting membrane potential.
Use a flow chart to describe the events that
happen during an action potential.

Describe the concept of an all-or-none
response in relation to an action potential and
the relevance of the threshold.

Describe how a nerve impulse travels along

a nerve fibre.

Draw, and label, a graph representing the
membrane potential before, during and after

an action potential.

10

CHAPTER 3 | Neurons communicate quickly

List the ways in which a large stimulus is able to

be recognised as different from a weak stimulus.

Add labels and additional structures to
the diagram below to show how a nerve
impulse travels from one neuron to the next.

Describe the process of saltatory conduction.

APPLY KNOWLEDGE

11

12

13

14

Explain the difference between a membrane
potential of —70 mV and +40 mV.

Suggest how the resting membrane potential
would be different if the sodium—potassium
pump did not work.

Compare and contrast the progression of a
nerve impulse along a myelinated fibre and
along an unmyelinated fibre.

Explain why organophosphate poisoning

results in continual muscle contractions.

)

RECEPTORS AND REFLEXES

A receptor is a structure that is able to detect a change in the body’s internal or external environment.

Sometimes receptor cells of a particular type are grouped together in a sense organ, such as the
light receptors in the eye or the receptors sensitive to sound vibrations in the ear. Other receptors

are simple nerve endings and may be spread through parts of the body or even the whole body, such

as pain receptors or the temperature receptors in the skin. When a receptor is stimulated, the body
is able to respond to the change. In some cases, this is via an automatic reflex; in other cases the
response is more complex.

Types of receptors

Changes in the environment may come from different sources. Therefore, there are different types of

receptors to be able to detect the different types of stimuli.
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Thermoreceptors

Thermoreceptors are able to respond to heat and cold. Skin thermoreceptors inform the brain (the
hypothalamus and the cerebrum) of changes in the temperature outside the body. In this way, we are
consciously aware of the temperature of our surroundings. Peripheral thermoreceptors in the skin
are nerve endings that are sensitive to either heat or cold, but not both. If the skin is tested with hot
and cold probes, it is found that there are definite hot spots and cold spots, depending on the type of
thermoreceptors present.

The temperature inside the body, the core temperature, is monitored by thermoreceptors in the
hypothalamus, which detect the temperature of the blood that is flowing through the brain. Using
information received from the skin and from its own thermoreceptors, the hypothalamus can regulate
body temperature. This process will be discussed further in Chapter 5.

Osmoreceptors

Osmotic pressure is determined by the concentration of substances dissolved in the water of the
blood plasma. The higher the concentration, the greater the osmotic pressure. Osmoreceptors are
located in the hypothalamus and are sensitive to even very small changes in osmotic pressure. They
can stimulate the hypothalamus so that the body’s water content is maintained within very narrow
limits. This process will be discussed further in Chapter 6.

Chemoreceptors

Chemoreceptors are stimulated by particular chemicals. They are present in the nose, making

us sensitive to odours, and in the mouth, giving us sensitivity to tastes. There are also internal
chemoreceptors that are sensitive to the composition of body fluids. Of particular importance

are chemoreceptors in certain blood vessels that are sensitive to the pH of the blood and to the
concentrations of oxygen and carbon dioxide. These chemoreceptors are involved in the regulation
of the heartbeat and of breathing, which will be discussed in Chapter 6.

Touch receptors

Touch receptors (also known as mechanoreceptors or pressure receptors) are found mainly in the skin.
There are a number of different types of touch receptors. Some are close to the surface of the skin and
are sensitive to very light touch. These occur in greater concentrations in areas such as the lips, fingertips,
eyelids and external genital organs.

Nerve endings are also
associated with the base Pain Pressure Fine touch
of each hair follicle. These receptor  receptor receptors
respond to any light touch
that bends the hair. Touch
receptors close to the skin =
surface and those attached /
to the hairs adapt rapidly,
and so after a short time we

Epidermis

are no longer aware of the ~ Sebaceous —| Dermis
touch. For example, when gland
first putting on clothing we
are aware of it touching Hair —] |
the skin, but that sensation receptor ) /
disappears very quickly.
Other touch receptors
are located deeper in the

skin and are sensitive to
pressure and vibrations.

Pressure and Stretch
vibration receptor receptors

FIGURE 3.15 Section of the skin showing receptors
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Pain receptors

Pain receptors (also called nociceptors) are stimulated by damage to the tissues, such as from a cut
or a heavy bump, by poor blood flow to a tissue, or by excessive stimulation from stimuli such as
heat or chemicals. The receptors for pain are especially concentrated in the skin and the mucous
membranes. They occur in most organs, but not in the brain.

Pain is uncomfortable, but it is essential for our wellbeing. Pain warns us that damage to
tissues is occurring, and we can therefore take evasive action or seek medical help so that damage is
minimised.

Unlike many other receptors, pain receptors adapt little or not at all, so that pain continues for as long
as the stimulus is present. In some cases, prolonged stimulation of pain receptors makes the pain worse.
The failure of pain receptors to adapt keeps the person aware that a tissue-damaging situation exists.

Reflexes

A reflex is a rapid, automatic response to a change in the external or internal environment. All reflexes
have four important properties.

e A stimulus is required to trigger a reflex — the reflex is not spontaneous.

¢ Areflex is involuntary — it occurs without any conscious thought.

* Areflex response is rapid — only a small number of neurons are involved.

* Areflex response is stereotyped — it occurs in the same way each time it happens.

Some reflexes involve the unconscious parts of the brain, but most are coordinated by the
spinal cord. When a nerve impulse comes into the spinal cord from a receptor, the message is not
necessarily carried up to the brain. The impulse may be passed to motor neurons at the same level in
the cord, or it may travel a few segments up or down the cord before travelling out through a motor
neuron. In these cases, the reflex is carried out by the spinal cord alone and is known as a spinal
reflex. The pathway a nerve impulse follows in travelling from a receptor to an effector is known as a
reflex arc or, in the case of a spinal reflex, a spinal reflex arc.

Even though contraction of skeletal muscles may occur in a spinal reflex, it does not involve
the brain and therefore is involuntary. Impulses may be sent to the brain, and so we become aware
of what is happening, but this awareness does not occur until after the response has been initiated.
For example, if you step on something sharp with bare feet, the reflex response is to withdraw your
foot from the painful stimulus. By the time your brain becomes consciously aware of the painful
stimulus, your foot has already been withdrawn.

A reflex arc has the following basic components.

* The receptor reacts to a change in the internal or external environment by initiating a nerve
impulse in the sensory neuron.

e A sensory neuron carries impulses from the receptor to the spinal cord or brain.

¢ Thereis at least one synapse; the nerve impulse may be passed directly to a motor neuron, or
there may be one or more interneurons that direct the impulse to the correct motor neuron.

¢ A motor neuron carries the nerve impulse to an effector.

* An effector receives the nerve impulse and carries out the appropriate response. Effectors are
muscle cells or secretory cells.

Figure 3.16 shows the components in a simple spinal reflex involving three neurons. The response
would occur in a fraction of a second; while it was occurring, impulses would travel up the spinal cord
to the brain. Only after the response had been made would the person become consciously aware of
the situation. Many reflexes, such as withdrawing the hand from a painful stimulus, protect the body
from injury. Blinking when something touches the cornea of the eye, sneezing or coughing when
something irritates the nose or trachea, and constriction of the pupil in response to intense light are
other protective reflexes.
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FIGURE 3.16 The
neurons involved
and the pathway
followed by the
nerve impulses in
a spinal reflex. In
this example, the
impulses enter and
leave the spinal cord
by the same spinal
nerve. This is not
always the case

Simple reflexes and
reflex arcs
This website provides
more information
about simple reflexes
and reflex arcs and an

animation of the latter.

Activity 3.5
Investigating reflexes

Activity 3.6
Investigating reaction
time

o
o

Activity 3.7
Testing more reaction
times

3 Information is
processed in the central
nervous system. One
or more interneurons
pass the message to the
appropriate motor

2 Sensory neuron
conducts the nerve
impulse from the
receptor to the
spinal cord.

Spinal nerve
Dorsal root with ganglion

Ventral root

4 Stimulus

neuron.
1 Pain receptors
in the skin detect the
stimulus and produce
a nerve impulse.
Spinal cord fmpu

White matter

Grey matter

5 The effector, in this
case the biceps muscle,
contracts, removing
the hand from the
painful stimulus.

4 Motor neuron
carries a nerve
impulse to the

effector. Response

4

Other reflexes include secretion of saliva in response to the sight, smell or taste of food, the
ejaculation of semen during sexual intercourse, and the responses brought about by the autonomic
nervous system.

Learnt reflexes

The protective reflexes mentioned above are present from birth. More complex motor patterns appear
during a baby’s development, including reflexes such as suckling, chewing or following movements
with the eyes. These innate reflexes are determined genetically.

Some complex motor patterns are learnt and are called acquired reflexes. Muscular
adjustments required to maintain balance while riding a bike, jamming on the brakes of a car to
avoid a dangerous situation, or catching a ball are all acquired reflexes. They are learnt through
constant repetition.

Questions 3.3

RECALL KNOWLEDGE APPLY KNOWLEDGE

1 List the different types of receptors and state 4 Compare and contrast pain and
the relevant stimulus for each. touch receptors.

2 List the properties of all reflexes. 5 Explain how a gag reflex protects the body.

3 Draw a labelled diagram to represent a 6 Describe the steps involved in the reflex

spinal reflex arc. initiated by touching a hot object.

COMPARISON OF HORMONAL AND NERVOUS
COORDINATION

Both the endocrine system and the nervous system are involved in communication within the
body. However, they do not duplicate each other’s roles; rather, they complement and reinforce
each other.
The differences between the actions of nerves and hormones are as follows.
* Nervous responses are more rapid than hormonal ones, because nerve impulses travel rapidly
along nerve fibres, while hormones are transported in the bloodstream. The nervous system
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responds to a stimulus in milliseconds, while the release of hormones may take from several

seconds to several days.

* When a stimulus ceases, the nervous system stops generating nerve impulses and the response
ceases almost immediately. Thus, nerve impulses bring about an immediate response, which lasts
for only a short time. Hormones are typically slower acting, and responses can last a considerable
time (even for years).

¢ Nervous messages are an electrochemical change that travels along the membrane of a
neuron. Endocrine messages are chemicals (hormones) that are usually transported by
the blood.

* Nerve impulses travel along a nerve fibre to a specific part of the body and often influence just
one effector; hormones travel to all parts of the body, are carried by the blood and often affect a
number of different organs.

It should be stressed that these differences are only generalisations. There are exceptions to each
of them. For example, response to the hormone adrenaline can be quite rapid, and some chemical
messengers are not carried by the blood because their site of action is adjacent to the cells in which
they are produced.

Despite these differences there are important overlaps between the two systems.

* Some substances function as both hormones and neurotransmitters. Examples are noradrenaline,
antidiuretic hormone and dopamine.

* Some hormones such as oxytocin and adrenaline are secreted by neurons into the
extracellular fluid.

» Some hormones and neurotransmitters have the same effect on the same target cells.

For example, noradrenaline and the hormone glucagon both act on liver cells to cause glycogen

to be broken down into glucose.

Table 3.3 compares the nervous and endocrine systems.

TABLE 3.3 A comparison of the nervous and endocrine systems

CHARACTERISTIC NERVOUS SYSTEM ENDOCRINE SYSTEM

Nature of message Electrical impulses and neurotransmitters Hormones

Transport of message  Along the membrane of neurons By the bloodstream

Cells affected Muscle and gland cells; other neurons All body cells

Type of response Usually local and specific May be very general and widespread
Time taken to respond Rapid — within milliseconds Slower — from seconds to days

) ) . ) Longer lasting — may continue long
Duration of response Brief — stops quickly when the stimulus stops )
after the stimulus has stopped

Questions 3.4

RECALL KNOWLEDGE g Is quick to respond.
h  Affects all body cells.

1 For each property listed below, state whether
i Effectslast a short time.

it describes the nervous system or the

. 2 State two ways in which the nervous system is
endocrine system.

a  Has a specific target. similar to the endocrine system.
b  Produces a long-lasting effect. APPLY KNOWLEDGE

¢ Message is carried through the
3 Explain why the body needs both the

bloodstream.

d Is slow to respond to a stimulus. endocrine and nervous systems.

e  Messages travel due to an electrochemical 4 Suggest which system (nervous or endocrine)
change. would have the biggest effect on heart rate.

f  Affects muscles, glands and other neurons. Justify your answer.
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CHAPTER [EJ ACTIVITIES

AcTIviTY 3.1 Creating a model of a neuron

Models are a useful way to represent information. In this activity, you will create a model of a
multipolar neuron with a myelinated axon.

1 In groups of two or three, brainstorm the various components that you will need to show
in your model and the materials you will represent them with. For example, you might use
play dough, plasticine, lollies and pipe cleaners.

Create your model.

Take a photo of your model.

Annotate or label all the structures that make up your model of a neuron.

Make a video of your model by using your photo and adding a voice-over to explain the
structures and their functions.

a b wWwN

ACTIVITY 3.2 Storyboarding an action potential

Imagine that you are a sodium ion in the extracellular fluid around a neuron. Tell the story of
your life during times when the neuron is unstimulated as well as when the neuron is sending a
message in the body.

To make your story as accurate as possible, brainstorm the following:

What will be the setting of your story?

What will you (the ion) be doing during each of the different situations?

What other characters will be in your story?

What is the plot of the story?

Write your story using clear explanations. Include relevant scientific terms to ensure the
accuracy of the information.

P W N R

AcTIvITY 3.3 Examining the discovery of neurotransmitters

Neurotransmitters are chemicals released from a neuron that cause a response in an adjacent
neuron, muscle or organ. A German pharmacologist, Otto Loewi, was the first person to
demonstrate that nerve impulses exert their effect on muscles through the secretion of a
neurotransmitter. In 1921 he performed an experiment that showed conclusively the effect of
neurotransmitters. The idea for Loewi's experiment came to him in a dream. In his book From
the Workshop of Discoveries (1953, University of Kansas Press), he said:

In the night of Easter Saturday, 1921, I awoke, turned on the light, and jotted down

a few notes on a tiny slip of paper. Then I fell asleep again. It occurred to me at six

o’clock in the morning that during the night I had written down something most

important, but I was unable to decipher the scrawl. That Sunday was the most
desperate day in my whole scientific life. During the next night, however, I awoke

again, at three o’clock, and I remembered what it was. This time I did not take

any risk; I got up immediately, went to the laboratory, made the experiment on

the frog’s heart, described above, and at five o’clock the chemical transmission of

nervous impulse was conclusively proved.

The experiment that Loewi performed involved the use of two hearts from freshly killed
frogs. The still beating hearts were placed in separate beakers of salt solution. Heart A still had
the vagus nerve attached; heart B did not. When the vagus nerve of heart A was electrically
stimulated, the heart slowed down. Loewi then took a dropper of the salt solution from around
the slowly beating heart A and placed the fluid into the salt solution surrounding heart B. After
a short time, heart B slowed down. Loewi concluded that a chemical produced by the vagus
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nerve of heart A had caused heart B to slow down. In 1936, Loewi was awarded a Nobel Prize for
his discovery.

Heart A Heart B

3 Sample of fluid taken 4 Fluid added to heart B

from outside heart A

1 Vagus nerve
stimulated

2 Heart rate slowed 5 Rate of heart B slows

MAAA MAAA

Questions

1 Explain how the result of Loewi's experiment enabled him to claim that a chemical was
involved in slowing the rate of beating of the hearts.

2 Would Loewi have gotten the same result if he had placed both hearts in the same beaker of
salt solution?

3 What control experiments would have been necessary before Loewi could claim that a
chemical secreted by nerve cells was involved in slowing the hearts?

4 Loewi called the chemical 'vagusstoff’ (or ‘'vagus stuff’' when translated into English). Find
out what we now call the neurotransmitter that is released at neuromuscular junctions.

5 If Loewi was doing such an experiment today, what do you think he would write
down as his:
a hypothesis?
b prediction?

SOUTHERN \, Developed exclusively by Southern Biological

Biological

ACTIVITY 3.4 Investigating synapse response in Daphnia

Daphnia, commonly known as ‘water fleas) are small freshwater invertebrate animals with

an exoskeleton and paired appendages. Daphnia are translucent, making them an excellent
organism in which to observe digestion and to study metabolic rates. This also makes Daphnia
a great organism for studying homeostasis, as its clear external skeleton (carapace) allows
visibility of the heart, located in its back. Homeostasis is the maintenance of a stable internal
environment. Homeostatic mechanisms within animals are triggered by increases in cellular
respiration. These mechanisms increase breathing and heart rate, so that more oxygen is
available to cells and more carbon dioxide is removed from cells.

Aim
To investigate how different stimulants and depressants affect the neurotransmitters within

Daphnia
Time requirement: 45 minutes
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You will need

Concavity slides; 1% ethanol solution (1 drop); 1% caffeine solution (1 drop); 0.01% nicotine
solution (1 drop); 1 plastic pipette (with the end cut); 3 plastic pipettes; Daphnia in culture;
specimen container; cotton wool; vial for Daphnia disposal; paper towels; clock or stopwatch;
compound microscope; disposable gloves

Risks

WHAT ARE THE RISKS IN THIS INVESTIGATION? HOW CAN YOU MANAGE THESE RISKS TO STAY SAFE?

Daphnia are harmless to humans, but swamp or | Wash hands after touching Daphnia.

pond water may contain pathogens.

Ethanol is highly flammable. Store and use away from ignition sources. Do not heat
in a container over an open flame; use a water bath
that is spark-proof.

Nicotine may cause eye irritation. Wear lab coats, safety glasses and gloves; wash hands
thoroughly at the end.
Caffeine can be toxic at high doses. Do not consume.
What to do

1 Place a very small piece of cotton wool in the centre of a concavity slide.

2 Using a plastic pipette with the end cut off, carefully transfer a Daphnia along with
one drop of the culture liquid on to the slide (on top of the cotton). Keep the liquid to a
minimum to prevent the Daphnia from swimming out of your field of view. If necessary,
use a paper towel to draw off some water. Take care to leave some water for the Daphnia,
and do not touch it with the paper towel because it will stick to the paper.

3 Place the slide under the compound microscope and adjust the focus until the Daphnia is in
clear view. You should be able to clearly see the beating of the heart. Use the image below as
a guide to locate the heart.

Brood pouch

Gills

Gut

Shutterstock.com/SrjT

4 Ensure the microscope light is turned off to avoid overheating the Daphnia.
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Measuring control heart rate

5 Using a stopwatch, count the number of heartbeats you observe in 10 seconds. You may
wish to do this in pairs, so you can count the heartbeats as your partner keeps time. Try to
take your measurements as quickly as possible, as the Daphnia will become stressed when
kept in a small volume of water for an extended period.

6 Fill in the number of heartbeats in 10 seconds in the table below, and multiply the number
by six to find the number of beats per minute.

7 Repeat this test twice until you have three separate heart rate measurements, then
carefully transfer the Daphnia into the used-Daphnia vial. Calculate the average
heart rate of the three measurements. This will serve as your control.

Measuring heart rate under the influence of chemicals

8 Using a new plastic pipette, add one drop of 1% caffeine solution to a new concavity slide.

9 Transfer a single Daphnia on to it, using the same technique as previously. Try to add as
little culture liquid as possible when transferring the Daphnia to avoid diluting the caffeine
too much.

10 Wait 30 seconds, then turn on the microscope light and count the number of heartbeats in
10 seconds. Record the result in the table.

11 Repeat this test twice so that you have three separate heart rate measurements. Multiply
each number by six to generate the heart rate per minute. Calculate the average of your
three measurements.

12 Carefully discard the Daphnia into the used-Daphnia vial, and repeat steps 8 to 11 for nicotine
and ethanol using a fresh Daphnia and slide each time. Record your results in the table.

Studying your results

1 Copy and complete the table below with the results of your experiment.

CHEMICALS
CONTROL STIMULANTS DEPRESSANT
CAFFEINE NICOTINE ALCOHOL (ETHANOL)
TRIAL 10sec. BPM(x6) 10sec. BPM(x6) 10sec. BPM(x6) 10 sec. BPM (x6)
1
2
3
AVERAGE

2 Which chemical caused the Daphnia heartbeat to beat the fastest?
3 Which chemical caused the Daphnia heartbeat to beat the slowest?

Discussion

1 Evaluate the accuracy of your counting method. Suggest how the accuracy of the
procedure might be improved.

2 Describe how each of these chemicals affects the heart rate of the Daphnia.

3 There are two kinds of neurotransmitters: inhibitory and excitatory. Excitatory
neurotransmitters stimulate the brain. Inhibitory neurotransmitters calm the brain and help
create balance. Describe how the chemicals you tested affect neurotransmitters in the Daphnia.
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4 What factors can cause neurotransmitter levels to become out of balance? Describe how
imbalances in neurotransmitter levels may affect human health.

Taking it further

Test how temperature changes the heart rate in Daphnia.

ACTIVITY 3.5 Investigating reflexes

In this activity, you will examine some simple reflex responses.

You will need (for each pair)

Ruler

What to do

For each of the following tests, one member of the pair should act as the subject, the other as
the investigator. After you have conducted the tests once, swap roles and test the reflexes of the
other person.

Knee reflex

The subject should sit on a stool or a bench-top with one leg crossed over the other. Using a
ruler, the investigator should lightly strike the subject's crossed leg just below the kneecap.
1 Describe the response that occurs. The stimulus for the response is the stretching of the
patellar tendon just below the kneecap.
2 Describe the location of the muscle or muscles that produce the response.
3 Describe, in words, the reflex arc that is involved in the response. Try to get a response with
the knee straight and bent at different angles.
4 Does the response seem to be stronger at any particular angle of flexion? If so, can you
suggest an explanation?

Heel reflex

Stand the subject beside a stool or chair with one leg kneeling on the seat of the chair. Use a
ruler to strike the back of the subject's ankle.
5 Describe the response.
6 What is the stimulus in this case?
7 Inwhat ways is the heel reflex similar to the knee reflex?
8 Doctors often test reflexes such as the knee and heel reflex. What do you think testing such
reflexes would tell a doctor?

Eye reflex

With the subject seated directly in front, the investigator should suddenly clap their hands in
front of the subject’s face.
9 Describe any response observed.
10 Isthe response a natural or a learnt response?
11 Does the response have a purpose? Explain.

Conclusions

1 Do all the reflexes that you have investigated have the four important properties that were
described in this chapter?

2 Write a brief statement summarising the importance of reflexes to the normal functioning
of the human body.
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CHAPTER 3 | Neurons communicate quickly

ACTIVITY 3.6 Investigating reaction time

Responses do not occur instantaneously; even reflex responses require time for perception
of the stimulus, for conduction of impulses to and from the brain or spinal cord, and for the
effector to carry out the response. Reaction time is the time it takes to respond to a stimulus.
It depends on many factors, including the type and intensity of the stimulus and whether
conscious thought is involved in the response.

Design and carry out an investigation into reaction time. Some things to consider are:

« What variable will you test? For example, you might test left vs right hand, different ages,
different times of the day, males vs females, the effect of drinking caffeine, the effect of
practice or of distraction.

« What is your hypothesis?

» What reactions will you test? For example, you might test how quickly a person is able to
catch a falling ruler or to react to a light coming on.

« How will you measure the reaction time? You may be able to use an electronic device, a test
on the Internet, or measure the distance of a falling object. (See the following graph for
converting the distance into time.)

» How many trials will you conduct?

« What format will you use to record your results?

« How can you maximise the accuracy, reliability and validity of the investigation?

» What conclusion can you reach? Does it support your hypothesis?
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ACTIVITY 3.7 Testing more reaction times

Reaction time is the time that elapses between a stimulus and the response to the stimulus.
You can test your reaction time by following the weblink.

1 Describe the pathway taken by the nerve impulses involved in detecting the stimulus and
making the response.
Is the response an innate or an acquired response?
Draw a column graph showing your reaction time for five trials.
Does your reaction time decrease with practice? If so, suggest why.
Do five trials with your left hand and then five trials with your right hand. Describe and
explain any difference between the two sets of trials.

Reaction times

a b wWwN
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CHAPTER

Neurons are specialised cells that allow
rapid communication within the body.
Neurons are made up of:

— acell body, which contains
organelles and controls the
functioning of the cell

— dendrites, which take messages to
the cell body

— axons, which take messages away
from the cell body.

Axons are surrounded by a myelin sheath

that is produced by Schwann cells.

The gaps between the myelin sheath are
called nodes of Ranvier.

The gap between adjacent neurons is
called a synapse. Neurotransmitters cross
the gap and transmit messages from one
neuron to the next.

Neurons can be classified as sensory, motor
or interneurons based on their function.

Neurons can also be classified as
multipolar, bipolar, unipolar or
pseudounipolar based on their structure.

Axons are also known as nerve fibres.
These are arranged in bundles that

are surrounded by connective tissues.
Multiple bundles are joined together to
form a nerve.

Messages travel along nerve fibres by

an electrochemical change known as a
nerve impulse.

A potential difference is created by

a separation of positive and negative
charges. In the case of cells, it is due to
ions creating a negative charge inside the
cell and a positive charge outside the cell.
The fluid outside the cell has a high
concentration of positive sodium ions.
The fluid inside the cell has a high
concentration of positive potassium ions
in addition to negative organic ions. This
difference creates a resting membrane
potential of =70 mV, meaning that the
inside is 70 mV more negative than the
outside.

Ions are able to cross the membrane
through leakage channels that are

SUMMARY

always open, or through gated channels
that only open in response to a
particular stimulus.

Sodium and potassium ions are also
moved across the membrane through

a sodium—potassium pump, which
moves three sodium ions out of the

cell for every two potassium ions that
move into the cell. This goes against the
concentration gradient and, therefore, is
active transport.

An action potential is the rapid
depolarisation and repolarisation of the
cell membrane.

Depolarisation is started by a stimulus
from another neuron or a receptor.
This stimulus opens some sodium
ion gated channels, resulting in an
influx of sodium ions that makes the
inside of the cell more positive. If
the membrane potential increases by
15 mV, then it reaches the threshold
which leads to the opening of voltage-
gated sodium ions, resulting in a
greater flow of sodium ions into the
cell. The inside of the cell becomes
more positive than the outside,
reaching approximately +40 mV.
Repolarisation occurs due to the closing
of the sodium channels and opening of
potassium channels. The flow of sodium
ions into the cell decreases and the

flow of potassium ions out of the cell
increases. This process makes the inside
of the cell more negative than the outside,
reducing the membrane potential.

An action potential in one area of the
membrane stimulates an action potential
in the adjacent area. Thus, the action
potential moves along the nerve fibre in
a nerve impulse.

The sodium ion voltage-gated channels
become inactivated after they open,

and so they cannot be stimulated for
the period during and shortly after the
action potential, the refractory period.
This means that a nerve impulse cannot
travel backwards.
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e Myelin acts as an insulator on the cell
membrane, preventing the formation
of an action potential. Therefore,
the action potentials jump from one
node of Ranvier to the next. This is
called saltatory conduction and means
that the nerve impulse travels much
faster in myelinated fibres than in
unmyelinated fibres.

e Nerve impulses are always the same
strength. They can, however, differ in the
frequency of impulses and the number
of nerve fibres affected. This allows us to
differentiate between stimuli.

e  When a nerve impulse reaches a
synapse, calcium ion voltage-gated
channels are opened, allowing calcium
ions to flow into the cell. This stimulates
the release of neurotransmitters by
exocytosis. The neurotransmitters diffuse
across the synapse and bind to receptors
on the next neuron, stimulating an
action potential.

9780170449168

CHAPTER 3 | Neurons communicate quickly 73

There are different receptors to
detect different stimuli, including
thermoreceptors, osmoreceptors,
chemoreceptors, pain receptors and
touch receptors.

Reflexes are a rapid, automatic response
to a change in environment. They often
protect the body from harm, and may be
innate or learnt.

Spinal reflexes are carried out

without input from the brain. They
involve a stimulus, a receptor, a
sensory neuron, possibly one or

more interneurons, a motor neuron and
an effector.

The endocrine and nervous systems both
transmit messages through the body.

The nervous system reacts quickly and
affects specific targets, but the effect is
short lasting.

The endocrine system is slower to react
and generally has a broader target, but
the effect is longer lasting.
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CHAPTER [EJ GLOSSARY

Acquired reflex A response to a stimulus
that has been learnt through practice

Action potential The rapid depolarisation
and repolarisation of the cell membrane

Afferent neuron see sensory neuron

All-or-none response A response of a
constant size regardless of the strength of
the stimulus; with respect to nerve cells, a
nerve impulse is transmitted at full strength
or not at all

Association neuron see interneuron

Axon An extension of the cell body of a
nerve cell; carries nerve impulses away from
the cell body

Axon terminal
the axon

The end of a branch of

Bipolar neuron A neuron with two
processes — one axon and one dendrite —
arising from opposite sides of the cell body;
these neurons are sensory, such as the
neurons found in the retina of the eye

Cellbody The part of a neuron that contains
the nucleus

Chemoreceptor A receptor sensitive to
particular chemicals

Connector neuron see interneuron

Core temperature The temperature inside
the body

Dendrite An extension of the body of

a nerve cell; carries nerve impulses into
the cell body

Depolarisation The process of becoming
depolarised

Depolarised Describes the membrane of
a nerve cell when there is no difference in
electrical charge between the inside and
outside of the membrane

Effector neuron see motor neuron

Efferent neuron see motor neuron

Electrochemical change The change in
electrical voltage brought about by changes
in the concentration of ions inside and
outside the cell membrane of a neuron

Extracellular fluid Fluid outside the body
cells; includes tissue fluid and blood
plasma

Hyperpolarisation The process of becoming
hyperpolarised

Hyperpolarised Describes the membrane of
a nerve cell when it has a lower membrane
potential than normal

Innate reflex A response to a stimulus
that is acquired genetically and is therefore
present at birth

Interneuron A nerve cell in the brain or
spinal cord that carries messages between
other nerve cells; also called association
neuron, connector neuron or relay neuron

Intracellular fluid The fluid inside cells
lon A charged atom or molecule

Leakage channel A protein channel that is

always open

Membrane potential The electrical voltage
across the membrane of a cell (usually a
nerve cell)

Motor neuron A nerve cell that carries
messages from the brain or spinal cord to
effector organs (muscles and glands); also
called an effector neuron

Multipolar neuron A nerve cell with one
axon and many dendrites; the most common
type of neuron

Myelin sheath A white, fatty sheath that
surrounds some nerve fibres

Myelinated fibre A nerve fibre that has a
myelin sheath

Nerve A bundle of nerve fibres

Nerve fibre A projection from a nerve cell

body with its associated coverings; usually
refers to an axon

Nerve impulse The electrochemical change
that travels along the membrane of a nerve
cell; the message carried by a nerve

Neurilemma A sheath surrounding a
nerve fibre
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Neuromuscular junction The junction
between branches of a motor nerve cell and a
muscle fibre; also called the motor end plate

Neuron A nerve cell; the basic structural
and functional unit of the nervous system

Neurotransmitter A molecule that carries a
nerve impulse across the small gap between
branches of adjacent nerve cells

Node of Ranvier A gap in the myelin sheath
of a nerve fibre

Osmoreceptor A receptor sensitive to
osmotic pressure of body fluids

Pain receptor A receptor that is stimulated
by damage to tissues

Polarised Describes the situation when the
inside of the membrane of a nerve cell has
a negative electrical charge compared with
the outside

Potential difference A difference in
electrical charge between two locations
Pseudounipolar neuron A neuron with a
single process that splits into two; the cell
body is to one side of the axon; in humans,
such neurons are sensory and carry messages
to the spinal cord

Receptor A structure that detects a stimulus
Receptor neuron see sensory neuron

Reflex A rapid, automatic response

to a change in the external or internal
environment; tries to restore homeostasis
Reflexarc The pathway travelled by nerve
impulses from receptor to effector in a reflex
Refractory period A short period following
a stimulus during which a nerve cell or a
muscle fibre cannot be stimulated again
Relay neuron see interneuron

Repolarisation The process of becoming
repolarised

Repolarised A membrane that has returned
to a polarised state
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Resting membrane potential The membrane
potential of unstimulated nerve cells

Saltatory conduction The conduction of

a nerve impulse along a myelinated nerve
fibre; the impulse seems to jump from one
node of Ranvier to the next

Schwann cell A cell that wraps around a
nerve fibre, forming the myelin sheath

Sense organ Receptors grouped into a
discrete organ such as the eye

Sensory neuron A nerve cell that carries
messages from receptors to the brain or
spinal cord; also called a receptor neuron

Sodium—potassium pump A mechanism in
the membrane of a nerve cell that transports
sodium ions out of the cell and potassium
ions into the cell by active transport

Spinal reflex A reflex carried out by
the spinal cord without involvement of
the brain

Spinal reflex arc  The pathway travelled by a
nerve impulse from receptor to effector in a
spinal reflex

Stimulus Any change, internal or external,
that causes a response (plural: stimuli)
Synapse The junction between the branches
of adjacent neurons

Thermoreceptor A temperature receptor;
located in the skin or the hypothalamus
Threshold The potential after which an all-
Or-NONE resSponse 0CCurs

Touch receptor A receptor sensitive

to touch

Unipolar neuron A neuron with a single
process, an axon; does not occur in
humans

Unmyelinated fibre A nerve fibre that has no
myelin sheath

Voltage-gated channel A protein channel
that is opened by an electrical stimulus
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CHAPTER [EJ REVIEW QUESTIONS

Recall

1 Describe how the sheath of a myelinated
fibre is formed.

2 One way that neurons can be classified
is based on their function. Name the
three types of neurons and describe the
function of each.

3 a Define ‘electrical potential’.

b  What is the potential of the
membrane of a nerve cell when it is
not conducting a nerve impulse?
Define ‘action potential’.

b Formation of an action potential is
an all-or-none response. Define
‘all-or-none response’.

5 What is the ‘refractory period’ of an
action potential?

6 a Explain how a nerve impulse passes

along a nerve fibre.

b Explain the difference between the
way a nerve impulse is conducted
along a myelinated and an
unmyelinated nerve fibre.

10

11

a What is a synapse?

b Describe how a nerve message is
carried across a synapse.

What is the difference between a synapse

and a neuromuscular junction?

a Describe three differences
between the action of nerves and
that of hormones.

b Describe some of the similarities
between the nervous and
endocrine systems.

In what parts of the body are

thermoreceptors found?

In the diagram below, identify the

receptors that would be stimulated by:

a light touch

b pressure or vibration

¢ movement of hairs

d pain.
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12 Explain the difference between 15 Explain how the potential of a resting
a myelinated fibre and an nerve cell membrane is maintained.
unmyelinated fibre. 16 Explain the role of calcium ions in the

13 a Explain the difference between transmission of a nerve impulse across

multipolar, bipolar, unipolar and a synapse.

pseudounipolar neurons. 17 Explain why a nerve impulse can only
b Give an example of where each of cross a synapse in one direction.

these can be found. 18 Explain how we are able to distinguish

14 Explain the difference between a neuron, between a light touch and heavy
a nerve and a nerve fibre. pressure on the skin.

19 In what ways do nerve cells differ from 25 Name the type of receptor that
most body cells? would recognise:

20 A nerve impulse is often described as an a an increase in carbon dioxide in
electrochemical change. Explain why it the blood
is described in this way. b agraze on an elbow

21 Hyperkalaemia is a higher-than-normal ¢ alight breeze blowing.
level of potassium in the blood and 26 Many reflexes are protective. List five
therefore in the extracellular fluid. What protective reflexes.
effect would hyperkalaemia have on the 27 A driver approaching traffic lights
resting membrane potential of nerve cells? saw the lights change from green to

22 In an examination a student stated that amber. She transferred her foot from
‘an action potential is another name for a the accelerator to the brake in order
nerve impulse’. Is this statement correct? to stop. Describe the pathways of the
Explain your answer. nerve impulses that would be involved

23 Lightly press a pencil point on to the skin in this response.
of your palm. Gradually increase the force | 28 When you withdraw your hand from a
with which you are pushing the pencil. painful stimulus, the response occurs
How are you able to distinguish different before you become consciously aware
intensities of the same stimulus? that you have hurt yourself. Explain how

24 The speed of transmission of nerve this is possible.
impulses can vary from 2 m/s to 140 m/s. 29 Why would it be unwise to continually
Explain how there can be such a wide take painkillers for a particular pain
range of speeds of transmission of impulses. without seeking medical help?

30 Multiple sclerosis is caused by exaggeration of a particular reflex may
destruction of the myelin sheath. Use indicate damage to nerves or to the
references to find out how damage to spinal cord through injury or disease.
the sheath results in the jerky body and Conduct research to find out about the
limb movements, double vision, slurred following reflexes and what absence or
speech and paralysis that may occur as a exaggeration of the reflex could indicate:
result of the disease. a patellar reflex (knee jerk)

31 Doctors may use reflexes to find out Achilles reflex (ankle jerk)

whether a patient has an impairment
of the nervous system. Absence or
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¢ abdominal reflex
d plantar reflex and Babinski sign.
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THE NERVOUS
SYSTEM

IS HIGHLY
ORGANISED

UNIT 3 CONTENT
SCIENCE INQUIRY SKILLS

» select, use and/or construct appropriate representations,
including diagrams, models and flow charts, to communicate
conceptual understanding, solve problems and make
predictions

SCIENCE UNDERSTANDING

Central and peripheral nervous system

» structure and function of the divisions of the nervous
system can be observed and compared at different levels in
detecting and responding to the changes in the internal and
external environments, including:
— central—peripheral
— afferent—efferent
— autonomic—somatic
— sympathetic—parasympathetic

the parts of the central nervous system, including the brain
(cerebrum, cerebellum, medulla oblongata, hypothalamus,
corpus callosum) and spinal cord, have specific roles in the
co-ordination of body functions and are protected by the
meninges and cerebro-spinal fluid

Source: School Curriculum and Standards Authority,
Government of Western Australia
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The trillions of cells that make up the human body work together in an integrated and coordinated
way. To achieve integration and coordination, cells must communicate with one another. The
nervous system is the communication network and control centre of the body and is made up of
the brain, spinal cord and nerves. While it can be divided into parts, or divisions, on the basis of their
structure and functions — the central nervous system (CNS) consists of the brain and spinal cord;
and the peripheral nervous system (PNS) is made up of the nerves that connect the CNS with the
receptors, muscles and glands — these all work together in a coordinated way.

CENTRAL NERVOUS SYSTEM

The central nervous system is where incoming messages are processed and outgoing messages are
initiated.

Protection of the central nervous system

The brain and the spinal cord are very delicate and vital parts of the body. Therefore, it is important
that they are well protected. Three structures protect the CNS:
¢ bone

¢ membranes called meninges

e cerebrospinal fluid.

Cranium and vertebrae

The outermost protective layer is bone. The brain is protected by the cranium, the part of the skull that
houses the brain, while the spinal cord runs through the vertebral canal, an opening in the vertebrae.
These bones provide a strong, rigid structure to protect the structures underneath.

Cranium

Vertebrae
FIGURE 4.1 The central nervous system — brain and FIGURE 4.2 The cranium and vertebrae
spinal cord protect the brain and spinal cord

9780170449168
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Meninges
Inside the bones, and covering the surface of the brain and spinal cord (i.e. the entire CNS), are three
layers of connective tissue forming membranes called the meninges.

» The outer meningeal layer, the dura mater, is tough and fibrous, and therefore provides a layer
of protection for the brain. It sticks closely to the bones of the skull, but on the inside of the
vertebral canal it is not so close fitting. This outer membrane has been described as having a
texture and thickness similar to a household rubber glove.

e The middle meningeal layer, the arachnoid mater, is a loose mesh of fibres.

e The inner layer, the pia mater, is far more delicate. It contains many blood vessels and sticks
closely to the surface of the brain and spinal cord.

Cerebrospinal fluid - filling spaces in between the
FIGURE 4.3 e middle and inner meningeal layers

a Structures that Bl
protect the brain; Fibrous outer covering —@_
b Structures that of the bone (periosteum) I
protect the spinal

cord Quter
(dura nm. =

) Middle
Meninges (arachnoid
mater)

Skin of scalp

Inner
(pia mater)

Blood vessels

Folded surface of the brain — the cerebral cortex
(covered by the inner meningeal layer)

o Area containing fat
storage cells

Outer layer \.
(dura mater) ;
Middle layer / , "
Meninges— (arachnoid mater) | / //
Inner layer /,
(pia mater) /

/L
Spinal cord—— " /4/,7
i\

Vertebra —\.

Cerebrospinal fluid occupies
spaces between the middle
and inner layers of meninges
and the central canal of the
spinal cord.

Vertebral canal

Spinal cord
Central canal of

spinal cord

Spinal nerve
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Cerebrospinal fluid
The third protective structure is cerebrospinal fluid (CSF), which occupies a space between the
middle and inner layers of meninges. It also circulates through cavities in the brain and through a
canal in the centre of the spinal cord. The CSF is a clear, watery fluid containing a few cells and some
glucose, protein, urea and salts.
The CSF has three functions:
» Protection: the CSF acts as a shock absorber, cushioning any blows or shocks the CNS
may sustain.
e Support: the brain is suspended inside the cranium and floats in the fluid that surrounds it.
e Transport: the CSF is formed from the blood, and circulates around and through the CNS before
eventually re-entering the blood capillaries. During its circulation it takes nutrients to the cells of
the brain and spinal cord and carries away their wastes.

Key concept

The central nervous system is protected by bones, meninges and cerebrospinal fluid.

The brain

The brain is a very complex organ, both in structure and function. Much of the brain’s workings are
still a mystery and new discoveries are constantly being made. In this section we will deal only with
those parts of the brain that have major functions, but it is important to remember that the brain
works as an integrated whole.

Cerebrum - largest part
of the brain. The surface is
folded into convolutions.

Corpus callosum - a large
bundle of nerve <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>