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PREFACE

When Human Perspectives was first published in 1979, stem cells were found only in the stems of plants,
AIDS were devices to make life easier, and fingerprints were made from fingers not from DNA. One
of the exciting things about human biology is the continual accumulation of new knowledge about our
species. This new knowledge is reflected in the many differences between this new edition of Human
Perspectives and previous editions.

This seventh edition of Human Perspectives Book 2 has been revised to suit the Year 12 syllabus of the
new ATAR Human Biology course in Western Australia. The content has been rearranged to reflect
the three outcomes of the course: ‘Science Inquiry Skills’, ‘Science as a Human Endeavour’ and ‘Science
Understanding’. The unit content that is addressed by each chapter is listed on the title page for that
chapter. These content statements are taken directly from the unit content statements in the Year 12
Human Biology syllabus document published by the School Curriculum and Standards Authority
of Western Australia. That syllabus covers the content for Units 3 and 4 of ATAR Human Biology.

We have tried to make the chapters as self-contained as possible so that teachers can follow a
sequence different from that presented in the book.

In this edition, we have included Science inquiry activities to help address the required outcome of
‘Science Inquiry Skills’. Although included in the chapter where the content is most relevant, many of
them could be used to support other areas of content. This particularly applies to those activities relating
to scientific method. Many Science inquiry activities could be used as assessment tasks.

Extension activities in each chapter involve the student in delving a little deeper into some of the
material discussed in the chapter. They could be used for interest, homework or assessment, or they
could be omitted altogether.

A NelsonNet website has been included with Human Perspectives. This website provides students
with digital resources that supplement and complement material presented in the textbook.The
textbook is also available as a NelsonNetBook. NelsonNetBook is a web-based ebook for secondary
schools, friendly to interactive whiteboards, computers and iPads. Optional Web 2.0 functionality
enables class groups and individuals to add highlights, annotations, audio clips and weblinks.

Whether you are a student or a teacher, we commend this book to you and wish you well in your
studies of the biology of the human species.

Terry Newton
Ashley Joyce
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CHAPTER

01

SCIENCE INQUIRY

e
UNIT 3 AND 4 CONTENT

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

conduct investigations, including the use of virtual or real
biotechnological techniques of polymerase chain reaction (PCR),
gel electrophoresis for deoxyribose nucleic acid [DNA] sequencing,
and techniques for relative and absolute dating, safely, competently
and methodically for valid and reliable collection of 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, including interpreting confidence
intervals in secondary data; 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




ISBN 9780170351218 | CHAPTER 1 | SCIENCE INQUIRY

In science the important thing is to modify and change one’s ideas as science advances.

Herbert Spencer

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 1s some of our present knowledge about the human species, knowledge that has been obtained
by scientific investigation.

Types of investigation
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 for Physiology or Medicine in 2005.

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.

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.
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Figure 1.1

All scientific
investigation involves
the collection of
data. These students
are collecting data
on the pH of a liquid.

Dr Karl’s survey

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 and
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. I[g 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.
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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.

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 0.123mm a
day when he was 32 years of age to 0.095mm a day at the age of 67.

1 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.

2 Some controlled experiments are said to be ‘double-blind" experiments. Find out what is
meant by a double-blind experiment and give examples of how such experiments might be
used.

Scientific method

Scientists investigate in a methodical and systematic way. Wherever possible the data they collect is
quantitative — that is, in the form of numbers. Detailed records are kept of the procedure followed
and the results obtained.

As we have seen, there are many ways of investigating in science. The method used will be the
one that best suits the situation. However, many investigations lead to the testing of a hypothesis
and will follow a pattern similar to the following.

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.

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.

NN UL AW e

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 1.2 shows how a doctor uses the scientific method to arrive at a diagnosis. A mechanic
would probably go about solving the problem of a car that would not start in the same way.

Busselton Health Study
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Scientific method

This website has one section
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 worke’

Figure 1.2 The scientific method

Some scientists are not happy with descriptions of the ‘scientific method’ because of the many
different ways that can be used to gather 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 do investigations yourself, you will find the model a useful planning tool.
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Planning an investigation
Literature review

One of the early steps in the scientific method described above is to ‘collect as much information
relating to the problem as possible’. One way of collecting the 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 but
since the Internet was established they have become much easier.
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 a solution of 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.
> 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 there are no safety risks associated with
any of the steps in the procedure. 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.

Some of the principles that an investigation involving humans must satisfy if it is to be ethically
sound are:
> woluntary 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

> risk 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, the same applies to 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 > justifiable
> humane > considerate.
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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.

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.

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 person 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 and reliability of results

An experiment is valid when it tests what it is supposed to test. 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.
1 Testing one species, rats, will only demonstrate the effect on the memory of rats, not any

other species.
2 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.
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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 inaccurate.

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

Analysing results
Quantifying results

Data from an investigation can be one of two types:

> 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
(Figure 1.3). 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

Science Photo Library/Adam Gault

strongly, disagree, agree or agree strongly?’ or asked to

answer using a numerical value such as 1 for ‘disagree  Figure 1.3 Where possible, design an experiment so that the results are
strongly’ to 4 for ‘agree strongly’. expressed as measurements. Measuring height in millimetres is much
more meaningful than observations such as 'tall’ or ‘short’.

Errors and limitations in data

It is important that data are checked carefully for errors. In science an error is not necessarily a
mistake. 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



10

UNIT 3 | HUMAN PERSPECTIVES UNITS 3 & 4 | ISBN 9780170351218

in the New England Journal of Medicine (1997, volume 336, number 18, page 1269), a prestigious
medical journal, the results of the scientists’ survey showed that the incidence of breast cancer in
women who exercise regularly 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.

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.

Secondary 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 50.5 to 54.5%. A confidence
interval should be quoted along with a confidence level. The confidence level most commonly used in
research 1s 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
50.5 and 54.5%, 95% of the time.

Another example may help 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
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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.

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 181 cm. 181 is the middle value — there are five team
members with heights lower than 181 cm 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 183 cm with a mean of 171 cm.

Scientists use a number of other measures of spread, such as quartiles or standard deviation, but
range should be sufficient for your investigations.

Ratios and rates

A ratio is a numerical statement of how one variable relates to another. That is, it is 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 40 cm, the height is 30 cm; if the
width is 60 cm, the height is 45 cm and so on. Modern, widescreen T'Vs 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
good athlete can run 10000 m (10km) 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.

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 1.5¢g 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. Or we
could say that for every 64 girls aged 15 to 19 in Western Australia, there are 67 boys aged 15 to 19.

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 6 months,
we could say that the person had lost 10% of their body weight as a result of the diet. If another

1
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person weighing 120 kg lost 13 kg after 6 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 (107 kg)
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:

new value — old value

%100 = percentage change
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 1.4).

Table 1.1 Frequency table showing number of

caffeine drinks consumed over a two-day period 81
Number of Number of 77
drinks consumed students o 6
c
[
0 3 T 5+
7]
1 0 S 4
]
2 3
2 3 €
Z 2
3 7
’| -
4 6
0
5 3 o 1 2 3 4 5 6 7
6 1 Number of drinks consumed
7 2 Figure 1.4 Histogram showing number of caffeine
drinks consumed by students in a Year 12 class over a

two-day period

Probability

Probability is the chance, or likelihood, that a particular event will occur. Many outcomes cannot
be predicted with certainty. In such cases the best we can do is to say how likely it is that the event
will occur. For example, the weather bureau cannot know with certainty when it will rain. If they
forecast that there is a 20% chance of rain, they are stating a probability.

Often the probability of an event occurring can be expressed in more precise mathematical
terms. Probability is the number of ways an event can occur divided by the number of possible
outcomes. For example, what is the probability that when you throw a die you will get a three?
There is only one way you can get a three but there are 6 possible outcomes. The probability of
throwing a three is therefore ¢ .

What is the probability of throwing an even number? There are three ways you can get an even
number from 6 possible outcomes, so the probability of throwing an even number is { or 5. The
probability can also be expressed as a percentage (50%) or as a decimal (0.5).
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Probability is useful in many areas of science investigation. For example, in genetics (covered in
Unit 2 of Human Biology) it is possible, in a simple cross, to state the probability that the offspring
will inherit a certain characteristic.

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 aYear 12 class over a two-day

period could look something like Table 1.1.
Notice that the table follows these rules:

> 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.

> The data are 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 have been measured.
Other examples of tables may be seen in Activity 9.1 on page 125.

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).
Figure 8.2 on page 103 is a typical line graph.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. For example,
the title for Figure 8.2 describes what the graph is about.
> The independent variable (‘Time’in Figure 8.2) is plotted on the horizontal axis and the
dependent variable (‘Blood glucose concentration’) is plotted on the vertical axis.

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

> Equal intervals of units are used on each axis. At the Australian Bureau of
. . . Statistics website you can find
The most commonly used graphs are line graphs (e.g. Figure 3.9 on page 42), histograms, more information on graphs,

column graphs (e.g. Figure 17.18 on page 263) and bar graphs. Descriptions of how these graphs and download the document

‘What Graph or Display to

are used may be found in Human Perspectives Units 1 & 2 ATAR. Use When'.

Models

In science a model is a simplified representation of an idea or process. Figure 1.2 is a model

of the scientific method. Once a model has been developed it can be applied to a number of
situations. The model for scientific method can be applied to most scientific investigations. It can
also be applied to other situations, as in Figure 1.2 where it is being applied to the steps a doctor
may take in trying to diagnose an illness.

Figure 2.2 on page 23 is a model showing in simple diagram form how hormones may affect
the functioning of a cell. The steady state control system described on page 76 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 are collected.
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Flow charts

A flow chart is a diagram that shows the steps involved in a process. The steps are usually shown in
boxes and the sequence of steps is indicated by arrows. Flow charts are very useful in summarising
and visualising the steps in a complex process. Numerous flow charts are used in this book — for
example, the flow chart illustrating the stimulus-response-feedback model on page 77 and the flow
chart on page 90 showing how body temperature is regulated.

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.

Reporting

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.

Reports follow a fairly standard format, similar to that described below.

Scientific report format

Reports may be written using the following headings.

> Title of the report and name of the author or authors

> 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

> Procedure, 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

> Conclusion, summarising the most important parts of the discussion and stating the success or
otherwise of the investigation

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

vV VWV VWV V V V V V V VvV Vv v

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?

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?

Could the investigation have been improved in any way?

‘Were there any variables that could not be controlled?

‘Wias there any bias in the results?

Is there any information available from other reliable sources that would support the results?
Is 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.

A case study of a scientific
Investigation

French scientist Louis Pasteur (1822—-1895) 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.

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.

develop from eggs laid by flies. Until that time it was believed that
maggots formed naturally from rotting meat. Another Italian, Lazzaro
Spallanzani, demonstrated 100 years later that micro-organisms come
from the air and that boiling can kill them.

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

Pasteur’s investigations followed the scientific method. We can use

Italian physician Francesco Redi had shown in 1668 that maggots

Despite the work of Redi and Spallanzani, the belief persisted that

up the challenge in 1859. This is a good example of how scientific Figure 1.5 Louis Pasteur

Report writing

This Monash University website
gives detailed advice on report
writing.

Report writing FAQ

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

Photo Library
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Pasteur’s reports

This website has one of
Pasteur’s research reports on
the growth of micro-organisms,

published in 1860.

Figure 1.6 The types of

knowledge builds over time. First Redi, then Spallanzani and later Pasteur and many others were
involved in debunking the idea of spontaneous generation.

Pasteur had a problem to be solved and his hypothesis was ‘that micro-organisms occur in
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

/r\ 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 (Figure 1.6). The necks of control flasks were
heated but left straight. 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 clear;

flasks used by Pasteur in his the micro-organisms and dust in the air settled in the bend of the S-shaped tube and did
experiment to demonstrate not reach the broth in the flasks. In the straight-tubed flasks, micro-organisms and dust
that spontaneous generation were able to reach the broth, where the micro-organisms multiplied and made the broth

did not occur

nce Photo Library
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Figure 1.7 John Tyndall

go cloudy. This experiment confirmed Pasteur’s earlier conclusion that the air contains
micro-organisms. Pasteur summarised his findings in a report titled, ‘On the organised
bodies that exist in the air. Examination of the doctrine of spontaneous generation’.
Support for Pasteur’s conclusions came from English physicist John Tyndall
(Figure 1.7). 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.

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. Many scientists have to vigorously defend their research in the face of criticism from peers
and others.

Ideas 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 spontaneous generation.

Pasteur made a great many discoveries about micro-organisms, but there was still a lot to find
out. The scientific process of building knowledge continues in microbiology today.
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Science inquiry

ACTIVITY 1.1 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:
> beef 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)

WHAT TO DO

1 Make a broth using the beef cubes.

2 Filter the broth so that it is clear.

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

4 In two flasks place a stopper with straight glass tubing and in the other two flasks place a

stopper with S-shaped tubing (Figure 1.8).

Gently boil the broth in each flask for 15 minutes.

6 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.

7 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.

(3,1

Straight glass tubing S-shaped glass tubing

Conical flask

beef broth [

Figure 1.8 Flasks for validating Pasteur’s experiment

STUDYING YOUR RESULTS

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

2 Combine your results with those of other groups in the class. What is 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?

5 If you were to repeat the experiment, how could you improve it?

N W
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ACTIVITY 1.2 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 result 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 14 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.
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Review questions

1 Explain the difference between:
a observations and surveys
b longitudinal studies and case studies.
2 What is a controlled experiment?
3 a Whatis a hypothesis?
b Can a hypothesis be proved? Explain.
4 What is a literature review and what are some of the reasons for carrying out such a review?

5 List four principles that must be satisfied if an investigation is to be ethical.
6 a Explain the difference between the dependent and the independent variable in an
experiment.
b Explain the difference between controlled and uncontrolled variables.
7 What is the difference between the validity and the reliability of an investigation?
8 Explain the difference between qualitative and quantitative data.

9 Describe how you would calculate the mean of a set of measurements.
10 What are outliers? Should outliers be excluded when drawing conclusions from a set of data?
11 What is a peer review? Why are peer reviews used?
12 Describe some of the points that should be included in the discussion section of a scientific
report.
13 Whatis an ‘error’ when discussing a scientific investigation?

Apply your knowledge

1 Re-read the account of Florey's experiment in which he injected mice with penicillin (pages 3-4).
What variables did Florey control in his experiment?

2 What did Albert Einstein mean when he said: '‘No amount of experimentation can ever prove me
right; a single experiment can prove me wrong'?

3 What type of investigation would be best for finding a solution to the following problems?
Explain the reasons for your choice in each case.
a Can people taste the difference between two different brands of milk chocolate?
b What proportion of students in your school are left-handed?
¢ What is the ratio of males to females in your Human Biology class?
d How has a particular person’s growth rate changed from birth to age 157

4 |n addition to physical activity that is part of their job or daily routine, many people deliberately
exercise by going to a gym or by walking or jogging. Describe how you would conduct a survey
to find out the average amount of time the teachers at your school spend on deliberate
exercise.

5 The table below shows the systolic blood pressure of students in a Year 12 Human Biology
class.

Table 1.2 Systolic blood pressures of Year 12 students

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

195 143 132 116 113

19
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a Arethere any obvious outliers in the data in Table 1.27 If so, which are the outliers and why

should they be regarded as outliers?

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

What is the range of blood pressures in the class?

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

The average systolic blood pressure for adults is 120 mmHg. What proportion of students

have blood pressures above this average?

6 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 18000 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.

7 If you randomly draw a card from a standard pack of 52 playing cards,

a whatis the probability that you will draw a spade?
b what is the probability that you will draw a king?

8 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 mean.

m o nNn T




CHAPTER

02

CHEMICAL
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UNIT 3 CONTENT

SCIENCE AS A HUMAN ENDEAVOUR

> synthetic hormones may be developed to
control or treat endocrine dysfunction,
including diabetes mellitus, hypothyroidism
and hyperthyroidism, to improve the quality
of life for individuals

SCIENCE UNDERSTANDING

Endocrine system

> 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

> 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
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Figure 2.1 The major
endocrine glands in
the body

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. 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. 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.
Feedback is very important in regulating the secretion of hormones from endocrine glands.
When the body responds to a change, or stimulus, by secreting more or less of a hormone, that
response changes the original stimulus. This is known as feedback. Feedback systems are discussed
in more detail in Chapter 6.

Endocrine glands

There are two kinds 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.

>  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. The major endocrine glands
are shown in Figure 2.1.

Hypothalamus

Pineal gland

Thyroid gland

Parathyroid glands (usually four)

Adrenal glands
(two)

Ovaries [two) in females

Testes (two) in males
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Hormones

As stated above, the secretion of an endocrine gland is called a hormone. Hormones may be
proteins, steroids or amines. They are transported throughout the body in the blood. A hormone
may affect all the cells of the body or only particular groups of cells, target cells, or particular
organs, target organs.

Cells may communicate with other cells in the same tissue by secreting chemicals that diffuse
to adjacent cells. These substances are called paracrines or sometimes local hormones. Paracrines
are secreted by all cells in a particular tissue and move through the extracellular fluid. Hormones,
however, are secreted only by specialised cells and are transported by the bloodstream.

Hormones are only able to influence cells that have the correct receptor for the hormone.

That is, hormone receptors are specific. Saturation can also occur. Once all the receptor molecules
are occupied by hormone molecules, the addition of more hormones does not produce any
greater effect.

Protein and amine hormones work by attaching to receptor proteins in the membrane 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 (Figure 2.2). For example, the
hormone insulin binds to a receptor protein and this leads to an increase in glucose absorption
by the cell. 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 also limited numbers of receptor

proteins in the membrane of each cell, so when < R[e A

each receptor is bound to a molecule there can Protein or amine &a;nrﬁane Target
be no further increase in the rate of the cell’s hormone cell
activity. For example, when each insulin receptor <4

in the cell membrane is bound to insulin, the

Secondary
messenger substance
diffuses through cell.

cell’s rate of glucose uptake cannot increase any
further, even if the amount of insulin increases.
Different cells have different types and >

numbers of receptor proteins. This is why Cytoplasm

.

there is variation in the sensitivities of cells to

hormones and other substances. >

Steroid hormones work by entering >

target cells and combining with a receptor

protein inside the cell. The receptor may be Blood | Extracellular fluid

on the mitochondria, on other organelles or in > _
Receptor in

the nucleus. The hormone—receptor complex Steroid hormone  nuclous

activates the genes controlling the formation of passes through

particular proteins (Figure 2.2). membrane

Hormones change the functioning of cells
by ch~angmg the type, activities or quantities of receptors inside the cell.
proteins produced. They are not enzymes, but in
many cases hormones exert their influence by changing the activity of enzymes or by changing the
concentration of enzymes. 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 ‘oft’ Steroid hormones

e change the rate of production of an enzyme or structural protein by changing the rate of This website provides an
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Figure 2.2 Hormones combine with receptors on the cell membrane or with

animation of the way steroid

transcription or translation during protein production. hormones work.
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Hypothalamus and pituitary
This website provides more
information on the relationship
between the hypothalamus and
the pituitary.

Enzyme amplification

One hormone molecule does not cause the manufacture or activation of just one enzyme
molecule — it activates thousands of enzyme 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 either in the
bile or in 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. Some negative feedback systems involve the nervous system through the release of
regulating factors from the hypothalamus of the brain. These factors regulate the function of the
pituitary gland. The hypothalamus can secrete releasing factors, which stimulate the release of a
hormone, or inhibiting factors, which slow down the secretion of a hormone.

The hypothalamus and the
pituitary gland

The hypothalamus is located at the base of the brain (Figure 2.3). This organ regulates many of
the basic functions of the body, such as body temperature, water balance and heart rate. Many of
the functions of the hypothalamus are carried out through the 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
13 mm in diameter, but it is absolutely vital to the normal functioning of the body.

Hypothalamus

+— Infundibulum

I Posterior lobe
Pituitary gland
+— Anterior lobe

——+— Bone of skull

Figure 2.3 The location of the hypothalamus and the lobes of the pituitary gland



ISBN 9780170351218 | CHAPTER 2 | CHEMICAL MESSENGERS

The pituitary consists of an anterior lobe and a posterior lobe, each of which functions
separately (Figure 2.3). The anterior (front) lobe has no nerves connecting it to the hypothalamus
but it is connected to it by a complex network of blood vessels. The posterior (rear) lobe is not a
true gland because it does not secrete substances. It 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.

The hypothalamus produces many different hormones. Some of them are carried by the blood
to the anterior lobe of the pituitary, where they stimulate or inhibit the release of hormones made
in the anterior lobe. Other hormones pass along the nerve fibres from the hypothalamus to the
posterior lobe of the pituitary where they are then secreted.

Many pituitary hormones regulate the activity of other endocrine glands. For this reason the
pituitary is sometimes referred to as the ‘master gland’.

Anterior lobe of the pituitary

The anterior lobe of the pituitary (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. These factors are themselves

hormones, because they are secreted into the extracellular fluid around the cells of the

hypothalamus and are carried by the blood to the anterior lobe of the pituitary.
Hormones released by the anterior lobe of the pituitary include:

e gonadotropins, which are hormones that affect the gonads, the ovaries and testes. Follicle-
stimulating hormone (FSH) in the ovary of the female stimulates development of the
follicles that contain eggs. 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, which 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, which stimulates production and
release of hormones from the thyroid gland

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

e prolactin (PRL), or lactogenic hormone, which works with other hormones to initiate and

maintain milk secretion in females.

Posterior lobe of the pituitary

The posterior lobe of the pituitary (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 (Figure 2.4, page 26).

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.

25
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Cell bodies of secretory
cells in hypothalamus

Artery to O

posterior lobe
of pituitary

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

Vein from
posterior lobe

of pituitary / Posterior lobe
of the pituitary

Figure 2.4 Hormones made in the hypothalamus are transported to the posterior lobe
of the pituitary and can then be released into the bloodstream.

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 (giving rise to the alternative name, vasopressin).

Table 2.1 Hormones released by the pituitary gland

Hormone Target organ Main effects

Anterior lobe of the pituitary

‘ Follicle-stimulating hormone Ovaries (females] | Growth of follicles
(FSH)
Testes (males) Production of sperm
Luteinising hormone (LH) Ovaries [females) | Ovulation and maintenance of corpus luteum
Testes (males) Secretion of testosterone
‘ Growth hormone (GH) All cells Growth and protein synthesis
Thyroid-stimulating hormone Thyroid gland Secretion of hormones from the thyroid
(TSH)
Adrenocorticotropic hormone Adrenal cortex Secretion of hormones from the adrenal cortex
(ACTH]
Prolactin (PRL) Mammary glands | Milk production
Posterior lobe of the pituitary
Antidiuretic hormone (ADH) Kidneys Reabsorption of water
Oxytocin (OT) Uterus Contractions of uterus during childbirth
Mammary glands | Release of milk
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The pineal gland is found deep inside the brain and in children 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.

The French philosopher René Descartes (1596-1650) described the pineal gland as the ‘seat
of the soul’. Science cannot investigate beliefs such as the presence of a soul, but the role of
the pineal gland has still not been defined and it continues to intrigue scientists.

Find out:

> the names of hormones secreted by the pineal gland

> some of the hypotheses that have been proposed for the function of the pineal gland
> the evidence on which these hypotheses have been based.

The 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 (Figures 2.5 and 2.6).

The main hormone secreted by this gland
is thyroxine. It is made from iodine and an
amino acid, and is continuously manufactured
in the thyroid gland. Thyroxine controls
body metabolism by regulating reactions in
which complex molecules are broken down
to release energy, and other reactions in which

Right lobe M % Left lobe

Cartilage of

o\

complex molecules are synthesised from - - Trachea . .
. . Figure 2.6 A scan of the thyroid
simple ones. The overall effect of thyroxine ! : ;
. . . ) ) gland, an endocrine gland in the
is to bring about the release of energy and, Figure 2.5 The location of the thyroid  ocy A radioactive tracer has been

because some of the energy released is in the gland
form of heat, to maintain body temperature.

Thyroxine is secreted in response to
thyroid-stimulating hormone from the
anterior lobe of the pituitary.

The parathyroid
glands

There are usually four parathyroid glands, although
some people have more. Each is about the size of a
small pea and they are embedded in the rear surface of

the lobes of the thyroid gland (Figure 2.7).

used to show the most active areas
of the gland. These areas appear as
yellow patches on the scan.

Pharynx

Parathyroid

Thyroid
glands

gland

Figure 2.7 The
location of the
parathyroid glands
back of (as seen from the
trachea rear of the body)
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The parathyroid glands secrete parathyroid hormone (PTH, or parathormone), which
controls calcium and phosphate levels in the blood (Figure 2.8).

Normal level of calcium

ck .
a{\veﬁ_e?ét—)a— """ * in the blood T | evel of calcium in the
$%g___— blood becomes too low

’
Level of calcium in the
blood rises

In the kidneys:
increased calcium reabsorbed

into blood from urine In the intestines:

Parathyroid gland
releases parathormone

In the bones:
increased calcium released
into blood

increased calcium absorbed

from digested food

Figure 2.8 Regulation of blood calcium level by parathyroid hormone is a good example of negative feedback.

Larynx

Thyroid gland

Trachea

Thymus

Diaphragm

Figure 2.9 The location of the thymus

The thymus

The thymus is located in the chest just

above the heart and just behind the sternum
(breastbone) (Figure 2.9). 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 11.

In an average person the thymus weighs 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 and find out:

> how the role of the thymus was discovered

> the role of the thymus in providing defence against disease.
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The adrenal glands

There are two adrenal glands, one Transverse section of

immediately above each kidney, as shown in adrenal gland

Figure 2.10. Each adrenal gland has an inner Cortex

adrenal medulla and an outer adrenal
cortex. These two parts are quite different in

their structure and function. Thus, each adrenal | Adrenal glands

gland is really two separate endocrine glands.

Adrenal medulla

The hormones produced by the adrenal
medulla are adrenaline and noradrenaline.

> Adrenaline, also called epinephrine, has Aorta
an effect similar to that of the sympathetic

division of the autonomic nervous system

(Chapter 4). Adrenaline helps to prepare the

Figure 2.10 The location of the adrenal glands

body for reaction to a 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 also helps with repair of damaged tissues.

The pancreas

The pancreas lies just below the stomach and alongside the duodenum, the first part of the small

intestine (see Figure 2.11a, page 30). It is both an exocrine gland and an endocrine gland. The exocrine

part secretes digestive enzymes into the small intestine through the pancreatic duct. Within the pancreas

are clusters of special cells called islets of Langerhans (also called pancreatic islets). The islets are the

endocrine part of the pancreas (see Figure 2.11b, page 30). They secrete two important hormones.

> Insulin reduces the amount of glucose in the blood — that is, 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 and fat; in skeletal muscles, it causes formation of
glycogen from glucose; and in fat storage tissue, it causes glucose to be converted into fat. The
level of secretion of insulin by the pancreas is determined by the amount of sugar in the blood
and is controlled through a negative feedback system (see Figure 6.4 on page 76).

> Glucagon acts in the opposite way to insulin. It works to increase the blood sugar 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.
The roles of insulin and glucagon in maintaining a constant level of glucose in the blood will be

discussed in more detail in Chapter 8.
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Liver

Gallbladder

Duodenum

Pancreas

Figure 2.11 a The location of the pancreas b A micrograph of an islet of Langerhans within the pancreas

Major endocrine glands
This website provides further
discussion of the major
endocrine glands.

The gonads

The gonads are the testes and the ovaries. They produce hormones as well as sperm and eggs.

> Androgens are the male sex hormones produced by the testes. These hormones are
responsible for the development and maintenance of the male sex characteristics.

> Oestrogens and progesterone are the female sex hormones produced by the ovaries. They
stimulate the development and maintenance of the female sexual 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. Some of these are:

> the stomach and small intestine, which both secrete hormones that coordinate the exocrine
glands of the digestive system

> the kidneys, which secrete hormones including erythropoietin (EPO), a hormone that
stimulates production of red blood cells by the bone marrow
the heart, which secretes a hormone that helps to reduce blood pressure

> the placenta, which 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.

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:
> how leptin was discovered

> the target cells for leptin
> the effect of the hormone.

Getty Images/Science Photo Library



Table 2.2 Hormones produced by endocrine glands other than the pituitary

Gland | Hormone | Target cells | Main effects
Thyroid Thyroxine Most cells Increases metabolic rate and
therefore oxygen consumption and
heat production
Parathyroids Parathyroid hormone | Bones Increases level of calcium in blood
Kidneys

Thymus

Thymosins

T lymphocytes

Stimulates development and
maturation of T lymphocytes

Adrenal cortex

Corticosteroids,
including:

Aldosterone

Cortisol

Kidney

Most cells

Increases reabsorption of sodium
ions and excretion of potassium
ions

Promotes normal metabolism;
helps the body deal with stress;
promotes repair of damaged
tissues

Adrenal medulla

Adrenaline and
noradrenaline

Most tissues

Prepares the body for fight-or-
flight responses; reinforces the
effects of the sympathetic nervous
system

mammary glands

Pancreas Insulin Most cells Stimulates uptake of glucose;
lowers blood glucose level
Glucagon Liver and fat Stimulates breakdown of glycogen
storage tissues and fat; increases blood glucose
level
Testes Androgens Many tissues Stimulate sperm production;
growth of skeleton and muscles;
male sexual characteristics
QOvaries Oestrogens Many tissues Stimulate development of female
characteristics; regulate the
menstrual cycle
Progesterone Uterus and Regulates menstrual cycle and

pregnancy; prepares mammary
glands for milk secretion
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Chemical messengers
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Science inquiry

ACTIVITY 2.1 Endocrine dysfunction

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

Acromegaly Gigantism

Addison’s disease Goitre

Androgen insensitivity syndrome Graves disease
Cushing’s syndrome Myxoedema
Exophthalmia Phaeochromocytoma

Select one of these hormonal problems (or your teacher may assign one for you) and use

references to find out:

>

>
>
>

the cause of the problem - that is, the endocrine gland and hormone involved

the symptoms of the disorder

whether the disorder is caused by oversecretion or undersecretion of the hormone

the treatment that is available for the disorder.

Write a brief report on the disorder that you chose. The report should be in a format that could

be presented to the rest of your class.

ACTIVITY 2.2 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.

1

Use the Internet to research the story of insulin’s discovery. There are websites with
biographies of the four researchers involved - Frederick Banting, Charles Best, J. J. R. Macleod
and James Collip - and descriptions of the methods used to isolate insulin.

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.

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.
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Review questions

1

10

1"

a What is a feedback system?

b Define ‘negative feedback’.

Explain the difference between endocrine and exocrine glands and give five examples of each.
a Whatisahormone?

b Explain the difference between a hormone and a paracrine.

Explain how hormones change the functioning of cells.

Hormones that are steroids work in a different way from those that are proteins or amines.
Explain the difference.

Describe ‘enzyme amplification’.

The hypothalamus and the pituitary gland are closely related. Describe their relationship in
terms of:

a their location in the body

b the ways in which they function.

The pituitary gland is sometimes described as the ‘master gland’ because it secretes
hormones that regulate the activity of other endocrine glands. Describe the pituitary hormones
that are involved in the control of other endocrine glands.

Hormones secreted by the posterior lobe of the pituitary are not actually made in the posterior
lobe. Describe the origin of these hormones and explain how they get to the posterior lobe of
the pituitary gland.

a Whatis atarget organ?

b How do hormones get from their source to the target organ?

¢ Describe target organ/cells and the role of the following hormones.

i Oxytocin

ii  Antidiuretic hormone
iii  Adrenaline

iv  Parathyroid hormone
v Insulin

vi Glucagon

vii Thyroxine
a Which gland produces thymosins and what is the function of these hormones?
b Which gland secretes melatonin? What is the role of melatonin?

Apply your knowledge

1

Explain why endocrine glands are sometimes called ductless glands or glands of internal

secretion.

Hormones are specific. What does this mean and how is specificity achieved?

Hormones affect the activity of their target cells. Explain why the addition of more and more

hormone does not continue to increase the intensity or rate of the response.

Athletes have sometimes taken (illegally) the hormone erythropoietin in an effort to improve

their performance. In what ways would this hormone improve sporting performance?

Many famous people have suffered from 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 be President of the United States despite
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 pituitary 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.
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¢ Akhenaton, an Egyptian pharaoh 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 been afflicted with a disorder of one of the endocrine glands. Which gland, or
glands, could it have been and what hormones could have been involved?
6 Construct a diagram similar to Figure 2.8 on page 28 using the hormone ADH and its role in
water balance as the example. Be sure to include the role of feedback in your diagram.
7 Thyroid-stimulating hormone (TSH] 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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The trillions of cells that make up the human body all 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. It
is also involved in maintaining a constant environment inside the body, a task it shares with the
endocrine system (see Chapter 2).

The nervous system can be divided into two main parts: the central nervous system and the
peripheral nervous system. Although these two parts are themselves called ‘nervous systems’, they
are in fact both part of the one nervous system.

The central nervous system (CNS) consists of the brain and spinal cord. It is the control
centre for the whole nervous system. The nerves that connect the central nervous system with the
receptors, muscles and glands make up the peripheral nervous system (PINS). In this chapter
we will discuss the specialised cells that make up both the central and peripheral nervous systems
and the way in which those cells transmit information.

Nerve cells

Nerve cells, or neurons, are the basic structural and functional units of the whole nervous system.
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 (Figures 3.1 and 3.2).

Most of the neurons in the brain and many in the spinal cord are interneurons (also called
connector neurons or association neurons), as shown in Figure 3.3. They have many branches
that are able to send or receive messages to or from adjacent neurons.

The cell body is the part of the neuron that contains the nucleus. Around the nucleus is
cytoplasm containing the organelles that are found in most cells — mitochondria, endoplasmic
reticulum, ribosomes and Golgi apparatus.

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. The axon is
often a single, long extension of the cytoplasm. It usually carries nerve impulses away from the cell
body. Although usually longer than the dendrites, the length of axons varies enormously. Those
in the brain may be only a few millimetres long, while the axons that run from the spinal cord
to the foot may be a metre or so in length. Most axons are covered with a layer of fatty material

Figure 3.1 A coloured scanning electron micrograph of two nerve Figure 3.2 Nerve cells showing cell body, dendrites and axon
cells from the brain. The cell bodies can be clearly seen with
many extensions, called dendrites, branching from them.

zyka / Shutterstock.com
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Cell body s
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cell body.

Figure 3.3 Interneurons. The arrows show the direction in which nerve impulses travel.

called the myelin sheath. The term nerve fibre is used for any long extension
of a nerve cell, but usually refers to an axon. Those that have a myelin sheath are
called myelinated fibres and those that don’t are said to be unmyelinated.

When parts of the central nervous system of a mammal are cut open, they
are seen to consist of some areas that are greyish in colour and others that are
white. The grey areas, known as grey matter, consist of nerve cell bodies
and unmyelinated fibres. The white areas, or white matter, are composed of
myelinated fibres (the lipid myelin that covers these fibres is white).

Outside 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 sheath has three
important functions: it acts as an insulator; it protects the axon from damage;
and it speeds up the movement of nerve impulses along the axon. Around the
myelin sheath the outermost coil of the Schwann cell forms a structure called
the neurilemma, which helps in the repair of injured fibres (see Figure 3.4, and

Figure 3.5 on page 38).

Types of neurons
Functional types

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

> Sensory (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 (or effector) neurons carry messages from the central nervous system
to the muscles and glands — the effectors. A typical motor neuron is shown in
Figure 3.4.

> 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. Typical examples
can be seen in Figure 3.3.

Dendrites often have many
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Figure 3.4 Structure of a typical neuron
with a myelinated axon
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Figure 3.5 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.

Structural types

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

extensions from the cell body (see Figure 3.6).

> 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 and also the motor neurons that carry messages to the skeletal muscles.

> Bipolar neurons have one axon and one dendrite. Both 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. The cell body is to one side of the axon.
Most sensory neurons that carry messages to the spinal cord are of this type.
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As mentioned, the axons and dendrites of nerve cells are known collectively as nerve fibres.
Outside the central nervous system, nerve fibres are arranged into bundles called nerves. In a
nerve the fibres are held together by sheaths of connective tissue.

Table 3.1 The difference between neurons, nerve fibres and nerves

Neuron A nerve cell |

Any long extension of cytoplasm of a nerve cell body, although the term usually refers
to an axon

Nerve fibre

Abundle of nerve fibres held together by connective tissue |

Synapses
Nerve impulses have to be passed from neuron to neuron. The junction between the branches of
adjacent neurons is called the synapse. At the synapse the neurons do not actually join — there is
a very small gap between them. Most synapses occur between the end branches of an axon of one
neuron and a dendrite or the cell body of another neuron (Figure 3.7). Messages have to be carried
across the synapse.

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

Direction
of impulse

End of branch
of axon

Nerve cell Nerve cell Synapse
body body

Figure 3.7 A synapse is a small gap between one neuron and the next.
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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.

A nerve impulse is an electrochemical change that travels along a nerve fibre. It is described
as electrochemical because it involves a change in electrical voltage that is brought about by
changes in the concentration of ions inside and outside the cell membrane of the neuron.

Although all nerve impulses travel quickly, there is a lot of variation in speed of transmission.
The speed at which an impulse travels depends on whether the nerve fibre is myelinated or
unmyelinated and also on the diameter of the fibre. In unmyelinated fibres the impulse travels
steadily along the fibre. The maximum speed of this type of transmission is 2m/s, which is
equivalent to about 7 km/h.

In myelinated fibres the myelin sheath is not continuous. It is punctuated by the gaps called the
nodes of Ranvier. The nerve impulses jump from one node to the next. This jumping conduction,
known as saltatory conduction, allows the nerve impulse to travel much faster. Depending
on the diameter of the fibre, impulses can travel at speeds from 18 m/s (65km/h) up to 140m/s
(500km/h).

When you consider the short distances involved, some responses are almost instantaneous.
Blinking when something is coming towards the eye is an example. The eye senses the approaching
object, sends a message to the brain, which then sends a message to the muscles of the eyelid. The
distance travelled is very small and the response, therefore, very rapid.

The nature of a nerve impulse - an action potential

Sending messages in the form of nerve impulses is the quickest way the body has of responding
to changes in the internal and external environment. To understand the nature of a nerve impulse
we must first understand some basic electrical concepts. Many of these you will recall from other
science courses you have done.

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 unlike charges attract.

When unlike 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. 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) (1000mV = 1V).

‘What do these electrical charges have to do with nerve impulses and nerve cells? 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.

Extracellular fluid (outside the cell) contains a high concentration of sodium chloride, and so
most of its charged particles are positive sodium ions (Na*) and negative chloride ions (CI"). In the
intracellular fluid (inside the cell) these ions are in very low concentration. Here the main positive
ions are potassium (K*) and the negative ions come from a variety of organic substances made by
the cell. Thus, if there were a difference between the concentration of ions inside and outside a cell,
there would be a potential between the inside and the outside of the cell membrane. This occurs in
all body cells: there is a difference in the ion concentration on either side of the cell membrane.

The potential difference created is called the membrane potential and it 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 70mV less than that of the outside.
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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. The concentration
of sodium ions is about 10 times higher outside the neuron than within, and that of potassium ions
is about 30 times greater inside the neuron than outside. The cell membrane is highly permeable
to potassium and chloride ions, only slightly permeable to sodium ions and impermeable to the
large negatively charged organic ions.

There is a tendency for potassium ions to diffuse out of the cell, resulting in the inside of the
cell becoming electrically negative. The cell membrane maintains this potential difference in two
ways. First, it actively moves ions across the membrane. This activity is described as a sodium-—
potassium pump and it transports sodium ions out of the cell and potassium ions in. Second,
the cell membrane is not equally permeable to all ions and there are large numbers of negatively
charged ions trapped inside the cell. Although sodium and potassium ions are both positively
charged, there are not enough potassium ions inside the cell to counteract the effect of the large
number of negative ions. Thus, the membrane is maintained so that the inside is negative in
relation to the outside. In this state the membrane is said to be polarised (Figure 3.8).
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Figure 3.8 Sodium ions are much more concentrated outside the cell than inside, while the reverse is true for potassium ions.
Large negatively charged ions that are unable to pass through the cell membrane give the inside of the cell a negative charge.
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Action potentials

This website provides
another exp|c1nc1ﬁon of
action potentials.

If a sufficiently strong stimulus is applied to a nerve fibre, the membrane becomes more
permeable to sodium ions and so sodium ions move across the membrane and into the cell. This
inward movement is too great to be balanced by an outward movement of potassium ions and the
membrane becomes depolarised. Depolarisation occurs only if the level of stimulation exceeds
a certain threshold. If the stimulus is strong enough to cause a change of about 15mV, then the
movement of sodium ions 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.

Because of the movement of sodium ions, the original polarity of the membrane decreases to
zero and then the inside actually becomes positive relative to the outside. Almost as quickly, the
membrane is restored to its original condition. This rapid depolarisation and repolarisation of the
membrane is called an action potential and involves a change in the membrane voltage lasting
only 1 millisecond (ms) (Figure 3.9). The movement of the action potential along a nerve fibre is
the nerve impulse.
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Figure 3.9 Development of an action potential on a nerve cell membrane

During an action potential, and for a very brief time afterwards, that part of the nerve fibre
cannot be stimulated to respond again. This is called the refractory period (Figure 3.10). The
refractory period of an action potential is important in the transmission of an impulse along a fibre.
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Figure 3.10 The refractory period is the time during which another
action potential cannot be generated.



ISBN 9780170351218 | CHAPTER 3 | NERVE CELLS AND NERVE IMPULSES

Cell membranes contain gated channels - channels that can open or close under the
influence of particular stimuli. Such channels regulate the flow of ions from one side of the
cell membrane to the other.

Find out about:

> the different types of gated channels
> the role of gated channels in establishing an action potential.

Transmission of the nerve impulse
Conduction along unmyelinated fibres

In an unmyelinated nerve fibre, depolarisation of one area of the membrane causes a local current
flow between neighbouring areas on the membrane. This current flow causes depolarisation
immediately adjacent to the site of the original stimulus. The process repeats itself along the whole
length of the membrane so that the action potential moves along the membrane away from the
point of stimulation. If the stimulus should occur in the middle of a fibre, impulses will travel in
both directions along the fibre, away from the point of stimulation. However, in the body this
would be unusual as stimulation normally occurs at the end of a fibre.

Figure 3.11 shows how a nerve impulse is transmitted. Each action potential generates another
action potential just in front of it. Thus, an action potential does not travel along the nerve fibre;
it is the message, or nerve impulse, that travels along the fibre. This 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.

The nerve impulse is prevented from going backwards along the fibre by the refractory period
(Figure 3.10). During the refractory period of an action potential, another action potential cannot
be generated at that point on the fibre.
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