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Introduction

The aim of the International Baccalaureate Sports, exercise and health science (SEHS) syllabus is to
integrate concepts, topic content and the nature of science (NOS), through inquiry. The course is divided
into three themes, each explored through the dual lenses of health and performance, with the syllabus
content organized into topics and subtopics. Students and teachers are encouraged to personalize their
approach to the syllabus according to their circumstances and interests.

Nature of science

The effective pursuit of modern scientific work and its theories depends on the nature of science. Scientists
act as observers, looking for patterns and trends. Patterns lead to a possible explanation, formulated as a
hypothesis, which may be tested through experiments. Measurements can be qualitative or quantitative,
but it is always important to know the limitations of data. Sometimes the observations in experiments are
unexpected and lead to serendipitous results or new models. Scientists learn to be sceptical and require
claims to be tested and theories to be supported by evidence. Peer review is an essential tool to verify the
research methods of knowledge claims. The global scientific community is responsible to society for the
consequences of its work and must communicate findings to the public honestly and clearly.

From the author

Writing this course companion would not have been possible without a team approach. | gratefully
acknowledge my dedicated and talented co-authors and colleagues at the University of Edinburgh who
gave graciously of their time for one purpose: to try to provide an excellent resource to our next generation
of IB DP SEHS students. | would like to thank the staff at Oxford University Press, and a special thanks to
Alice for her patience and insightful feedback. Also, | am extremely grateful to the expert reviewers who
offered insightful suggestions for improvement. They have contributed generously and with enormous
goodwill in supporting my enthusiasm and interest in the education of IB students globally.

Historically, the value of SEHS in schools has received less recognition than other curricular areas. Fortunately,
this has changed and, backed by research, SEHS now has the same recognition as other subjects. SEHS

is situated in meaningful contexts for teaching and learning to address the needs and challenges of young
people today. The study of SEHS has traditionally been approached from a mono-disciplinary point of
view, but improving performance for those who participate in sports, exercise and health-related activity

is complex. This can comprise many interacting variables, such as physiological fitness, psychological
preparedness, functional anatomy and physical development, and perceptual-cognitive-motor skill. This is
one reason why shifting SEHS to an interdisciplinary approach that involves the integration and application
of knowledge from different sub-disciplines within SEHS is of great importance pedagogically, and for the
study of SEHS to be relevant in the lives of IB DP students. An interdisciplinary study of SEHS will enable
students to achieve a range of knowledge, skills, and competencies that is much broader than that afforded
by approaches centred only on physical performance and sports.

| dedicate this book to those who have had the greatest impact in my life: my parents, my wife Bee Leng (Maggie),
and our two children of whom we are immensely proud: Sean (a doctor specialising in anaesthetics) and
Laura-Beth (a Geography teacher at Gordonstoun School). Their patience and support are sincerely appreciated.
Hopefully, we continue to take forward Alec Peterson’s vision for the IBO. A message to our IB DP SEHS students:

The greatest glory in living lies not in never falling, but in rising every time we fall.

Nelson Mandela

This book, like any course book, isn't perfect, and | would be most grateful to have feedback (good or bad)
from the people who matter most: you.

John Sproule, Professor of Physical Education, University of Edinburgh.
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Course book definition

The IB Diploma Programme course books are resource
materials designed to support students throughout
their two-year Diploma Programme course of study

in a particular subject. They will help students gain an
understanding of what is expected from the study of

an IB Diploma Programme subject while presenting
content in a way that illustrates the purpose and aims of
the IB. They reflect the philosophy and approach of the
IB and encourage a deep understanding of each subject
by making connections to wider issues and providing
opportunities for critical thinking.

The books mirror the IB philosophy of viewing the
curriculum in terms of a whole-course approach; the use
of awide range of resources, international mindedness,
the IB learner profile and the IB Diploma Programme core
requirements, theory of knowledge, the extended essay,
and creativity, activity, service (CAS).

Each book can be used in conjunction with other
materials and, indeed, students of the IB are required
and encouraged to draw conclusions from a variety
of resources. Suggestions for additional and further
reading are given in each book and suggestions for
how to extend research are provided.

In addition, the course companions provide advice
and guidance on the specific course assessment
requirements and on academic honesty protocol.
They are distinctive and authoritative without being
prescriptive.

IB mission statement

The International Baccalaureate aims to develop
inquiring, knowledgeable and caring young people
who help to create a better and more peaceful world
through intercultural understanding and respect.

To this end, the organization works with schools,
governments and international organizations to
develop challenging programmes of international
education and rigorous assessment.

These programmes encourage students across the
world to become active, compassionate and lifelong
learners who understand that other people, with their
differences, can also be right.

The IB learner profile

The aim of all IB programmes is to develop
internationally minded people who work to create
a better and more peaceful world. The aim of the
programme is to develop this person through ten
learner attributes, as described below.

Inquirers: They develop their natural curiosity. They
acquire the skills necessary to conduct inquiry and
research and show independence in learning. They
actively enjoy learning and this love of learning will be
sustained throughout their lives.

Knowledgeable: They explore concepts, ideas and
issues that have local and global significance. In so
doing, they acquire in-depth knowledge and develop
understanding across a broad and balanced range of
disciplines.

Thinkers: They exercise initiative in applying thinking
skills critically and creatively to recognize and approach
complex problems, and to make reasoned, ethical
decisions.

Communicators: They understand and express

ideas and information confidently and creatively in
more than one language and in a variety of modes of
communication. They work effectively and willingly in
collaboration with others.

Principled: They act with integrity and honesty, with
a strong sense of fairness, justice and respect for the
dignity of the individual, groups and communities.
They take responsibility for their own actions and the
consequences that accompany them.

Open-minded: They understand and appreciate their
own cultures and personal histories, and are open to the
perspectives, values and traditions of other individuals
and communities. They are accustomed to seeking and
evaluating a range of points of view, and are willing to
grow from the experience.

Caring: They show empathy, compassion and respect
towards the needs and feelings of others. They have

a personal commitment to service, and to act to make
a positive difference to the lives of others and to the
environment.

Risk-takers: They approach unfamiliar situations and
uncertainty with courage and forethought, and have the
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independence of spirit to explore new roles, ideas and
strategies. They are brave and articulate in defending
their beliefs.

Balanced: They understand the importance of
intellectual, physical and emotional balance to achieve
personal well-being for themselves and others.

Reflective: They give thoughtful consideration to their
own learning and experience. They are able to assess
and understand their strengths and limitations in order
to support their learning and personal development.

A note on academic integrity

It is of vital importance to acknowledge and
appropriately credit the owners of information when
that information is used in your work. After all, owners
of ideas (intellectual property) have property rights.

For a piece of work to be authentic, it must be based

on your individual and original ideas with the work of
others fully acknowledged. Therefore, all assignments,
written or oral, completed for assessment must use your
own language and expression. Where sources are used
or referred to, whether in the form of direct quotation
or paraphrase, such sources must be appropriately
acknowledged.

How do | acknowledge the work of others?

The way that you acknowledge that you have used the
ideas of other people is through the use of footnotes
and bibliographies.

Footnotes (placed at the bottom of a page) or endnotes
(placed at the end of a document) are to be provided
when you quote or paraphrase from another document
or closely summarize the information provided in
another document. You do not need to provide a
footnote for information that is part of a ‘body of
knowledge’. That is, definitions do not need to be
footnoted as they are part of the assumed knowledge.

Bibliographies should include a formal list of the
resources that you used in your work. ‘Formal’ means
that you should use one of the several accepted forms
of presentation. This usually involves separating the
resources that you use into different categories (e.g.
books, magazines, newspaper articles, internet-

based resources, CDs and works of art) and providing
full information as to how a reader or viewer of your
work can find the same information. A bibliography is
compulsory in the Extended Essay.

What constitutes malpractice?

Malpractice is behaviour that results in, or may result in,
you or any student gaining an unfair advantage in one
or more assessment components. Malpractice includes
plagiarism and collusion.

Plagiarism is defined as the representation of the ideas
or work of another person as your own. The following
are some of the ways to avoid plagiarism:

* words and ideas of another person to support one'’s
arguments must be acknowledged

® passages that are quoted verbatim must
be enclosed within quotation marks and
acknowledged

® email messages, websites on the internet and any
other electronic media must be treated in the same
way as books and journals

® the sources of all photographs, maps, illustrations,
computer programs, data, graphs, audio-visual and
similar material must be acknowledged if they are
not your own work

® when referring to works of art, whether music, film
dance, theatre arts or visual arts and where the
creative use of a part of a work takes place, the
original artist must be acknowledged.

Collusion is defined as supporting malpractice by
another student. This includes:

® allowing your work to be copied or submitted for
assessment by another student

® duplicating work for different assessment
components and/or diploma requirements.

Other forms of malpractice include any action that
gives you an unfair advantage or affects the results of
another student. Examples include taking unauthorized
material into an examination room, misconduct during
an examination and falsifying a CAS record.
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Take learning online
with Kerboodle

What is Kerboodle? Find out
more and

Kerboodle is a digital learning platform that works alongside your print X
sign up for

textbooks to create a supportive learning environment. Available for UK and
international curricula, Kerboodle helps you save time and reinforces student a free trial!
learning with a range of supportive resources.

Use Kerboodle to:

Enable learning anywhere with online and offline access to digital books
Enhance student engagement with activities and auto-marked quizzes
Boost performance and exam confidence with assessment materials
Support independent learning with easy access across devices

Deliver responsive teaching underpinned by in-depth reports

Save time with tools to help you plan, teach, and monitor student progress
Improve the classroom experience by highlighting specific content

Get fast access with single sign-on via school Microsoft or Google accounts

For the best teaching
and learning experience
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www.oxfordsecondary.com/kerboodle

Need help?
Contact your local Educational Consultant: www.oxfordsecondary.com/contact-us
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How to use this book

The aim of this book is to develop conceptual understanding, aid in skills
development, provide opportunities to reflect upon your learning and cement
knowledge and understanding through practice.

Feature boxes and sections throughout the book are designed to support these
aims, by signposting content relating to particular ideas and concepts, as well as
opportunities for practice. This is an overview of these features:

Developing conceptual understanding

Guiding questions

At the start of every topic, a guiding question gives a sense of what is
covered in the topic and acts as a prompt for inquiry.

@ Linking questions

Within each chapter, you will find examples of linking questions followed by
prompts for consideration. The linking questions help you view the course
content through a different lens.

Nature of Science

These illustrate NOS using issues from both modern science and science history,
and show how the ways of doing science have evolved over the centuries. There
is a detailed description of what is meant by NOS and the different aspects of
NOS on page iv of this book and in the subject course guide.

TOK

This is an important part of the IB Diploma course. It focuses on critical thinking
and understanding how we arrive at our knowledge of the world. The TOK
features in this book pose questions for you that highlight these issues.

Content marked as additional higher level is required for HL students only.

9
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Developing skills

@ Approaches to learning

The approaches to learning (ATL) framework seeks to promote skills that will
support your learning processes in a way that is useful to all of your IB subjects
and in your academic career following your study of the IB. The framework
consists of five general skill categories: thinking skills, communication skills, social
skills, research skills and self-management skills. Throughout the text, there are
examples of how the SEHS course can support ATL skill development.

Reflecting

Summary sections provide a recap of the key learning at the end of each
chapter.

Check your understanding

Use this feature to reflect upon the understanding you have developed
throughout the chapter.

Practising

Activity

Throughout each chapter, activities provide opportunities to apply your
learning and deepen your understanding.

Self-study questions

At the end of each chapter, these questions allow you to check your
understanding and reflect upon your learning.

@ Data-based questions

Data-based questions have been included at the end of each chapter.
These allow you to practise the skills of data presentation, processing and
analysis.

Practice questions

Use these questions to practise answering exam-style questions. Many of
these are past SEHS exam questions.
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‘J How does the body send and receive information
about its internal environment to maintain optimal
functioning conditions?

The endocrine and nervous systems work together to
control all of the physiological processes that support
= - exercise. This topic begins with a focus on how the

:f' & oo, OO nervous system controls and generates movement,

3 U < before progressing to consider the endocrine system,
which helps to control the body'’s activities by releasing
hormones. Homeostasis is the interplay of the body’s
regulatory processes to maintain equilibrium in the

; body’s internal environment, for example, during

exercise or when adapting to stressful environments

(such as heat, humidity, cold or altitude). The topic

concludes with the cardiovascular and respiratory

systems and their important functions in the body,
such as the transport of oxygen to and the removal of

/ . carbon dioxide from all tissues of the body.
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Inter-system communication

A.1.1.1 The nervous system senses both internal and external conditions to
coordinate the responses of the body’s physiological systems effectively.

A.1.1.2 The endocrine system, made up of the body's glands and hormones,
regulates all biological processes in the body.

Introduction

The nervous system is a complex, highly organized network of billions of
neurons. It influences all functions within the human body in some way. The
nervous system carries out a range of tasks, such as producing speech, regulating
internal organs and providing signals that control body movements. Nerves are
the wiring through which electrical impulses are sent to—and received from—
tissues of the body.

The brain acts as a central computer. It integrates incoming information, selects
an appropriate response, and signals for organs and tissues to take action.

Activities of the nervous system can be grouped into three basic functions.

¢ Sensory function—detecting internal stimuli, such as an increase in
blood acidity.

¢ Integrative function—analysing (and storing some) sensory information and
making decisions for responses.

*  Motor function—responding to integration decisions; in other words, motor
(or efferent) neurons carry information from the brain towards the spinal cord
(or from the brain and spinal cord to, for example, muscle fibres).

The nervous system allows communication, coordination and interaction of the
tissues and systems in the body, as well as between the body and the external
environment.

During exercise and exposure to extreme environments, the body must make
physiological adjustments. For example, cardiovascular and respiratory function
adjust to match the demands placed on body systems as the body transitions
from resting to an active state. For example, the rate of metabolism increases to
provide energy during exercise.

Although the nervous and endocrine systems act together to coordinate
functions of all body systems, their means of control are different. The nervous
system acts through nerve impulses to control body activities, whereas the
endocrine system controls body activities by releasing hormones. A hormone
(ancient Greek hormon = to excite or get moving) is a molecule that is released in
one part of the body but regulates the activity of cells in other parts of the body.
The circulating blood delivers hormones to cells throughout the body. Responses
of the endocrine system are often slower than responses of the nervous system—
some hormones act within seconds, but most take several minutes to cause
aresponse. The endocrine and nervous systems work together to control all
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Inter-system communication

physiological processes that support exercise. The effects achieved by activating
the nervous system are generally quicker but briefer (that is, short-lived, local
effects), whereas the endocrine system responds more slowly but has broader,
longer-lasting effects.

Structure and functions of the nervous system

The nervous system:

* influences all functions in the human body
® sensesinternal and external conditions
* allows communication, coordination and interaction:
o oftissues within the body (such as muscle and tendon tissue to move limbs)

o of systems within the body (such as cardiovascular and respiratory systems
to supply the muscle tissue with oxygen)

o between the body and the external environment
® jisdivided into two main divisions:
o the central nervous system (CNS)

o the peripheral nervous system (PNS).

The CNS

The CNS consists of the brain and the spinal cord.

The brain acts as a central computer for both conscious and unconscious nervous
activity. It is responsible for processing and interpreting sensory information, initiating
and coordinating movements, and regulating the body’s physiological functions.

The spinal cord enables information to travel between the brain and the rest of
the body.

The CNS is key in maintaining a relatively stable and constant internal environment
through the processes of homeostasis by responding to changes in the
environment and regulating body functions, such as respiration and heart rate.

You will study homeostasis in more detail in chapter A.1.2.

The PNS

The PNS consists of all the nerves outside of the CNS.

ltis divided into sensory (or afferent) nerves and motor (or efferent) nerves.

Sensory nerves inform the CNS about what is going on within the body and
outside the body (for example, “itis hot”). In response to signals coming in from
the sensory division, motor nerves send information from the CNS to tissues,
organs and systems of the body.

The motor nerves of the PNS are further divided into:

® the somatic nervous system, which controls voluntary movements of the
skeletal muscles

® the autonomic nervous system, which regulates involuntary bodily
functions, such as heart rate, digestion and breathing.
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The autonomic nervous system is further divided into:

* the sympathetic nervous system, which activates the “fight-or-flight” response

® the parasympathetic nervous system, which has a major role in carrying
out processes such as digestion, urination, glandular secretion and

1

conservation of energy—it is the body’s “housekeeping system”.

Two examples of the effects of sympathetic stimulation are:

® peripheral vasodilation of blood vessels to increase blood flow to active
skeletal muscles during exercise

® vasoconstriction in most other tissues (such as liver and kidneys) to divert
blood to the active muscles, where it is needed most.

The organization of the nervous system is shown in Figure 1.

Central nervous system
(brain and spinal cord)

T )

{ Peripheral nervous system }

T !

Sensory(aﬁerent)‘ ‘ Motor (efferent) ‘

Somatic nervous
system

nerves nerves

Autonomic
nervous system

Sympathetic Parasympathetic
nervous system nervous system

A Figure 1 The organization of the nervous system

The brain and the spinal cord

The brain consists of four major parts: the brain stem, cerebellum, cerebrum
and diencephalon (Figure 2).

Cerebrum u
Diencephalon /\%/
= O
(containing f\/ >

hypothalamus
and thalamus)

Brain stem

Cerebellum

Key terms

Vasodilation The widening of
blood vessels (caused by relaxation
of the smooth muscle in the wall of
the blood vessel).

Vasoconstriction The narrowing
of blood vessels (caused by
contraction of the smooth muscle in
the wall of the blood vessel).

<« Figure 2 The four main regions of the brain: brain
stem, cerebellum, cerebrum and diencephalon
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The brain stem connects the brain and the spinal cord. Nerve messages (sensory
and motor) pass through the brain stem and relay information in both directions
between the brain and the spinal cord.

The cerebellum governs balance and coordinates skilled movements.

The cerebrum is composed of two connected hemispheres that communicate
with each other. The cerebral cortex is the outermost layer of the cerebrum
(about 2-4 mm thick). The cerebral cortex is the conscious brain, allowing
athletes to think, be aware of sensory stimuli and voluntarily control their
movements.

The diencephalon contains the thalamus (very important for motor control) and
the hypothalamus (control centre for homeostasis).

The hypothalamus is responsible for maintaining homeostasis. This is done by
regulating processes that affect the body’s internal environment, including:

® Dblood pressure ® appetite control and food intake
® heart rate and stroke volume ® sleep-wake cycles
® respiration ® bodytemperature.

® digestion, thirst and fluid balance

Figure 3 shows the role of the hypothalamus in controlling body temperature.

Increased
370 blood and internal

temperature Vasodilation occurs

in skin blood vessels
N~ somore heatis lost
¢V across the skin

\ 37° Body

temperature
decreases

e

Impulses go to
hypothalamus

Sweat glands
become more

active, increasing
evaporative
heat loss

A Figure 3 The role of the hypothalamus in controlling body temperature

The autonomic nervous system

The autonomic nervous system consists of the sympathetic and parasympathetic
nervous systems. It controls the body’s involuntary internal functions. Functions
key to sport, exercise and physical activity include heart rate, blood pressure,
blood distribution and lung function.

Sympathetic nervous system

Stimulation of the sympathetic nervous system with its “fight-or-flight” response is
important during sport and exercise. Some of the effects of sympathetic nervous
system stimulation are shown in Table 1.
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V¥ Table1 Some of the effects of sympathetic nervous system stimulation and their
importance during sport and exercise

heart Tincreased heart rate and strength of contraction | T increased cardiac output
T dilation of coronary blood vessels T increased blood supply to the heart muscle
blood vessels T dilation of peripheral blood vessels T increased blood flow to active skeletal muscles
T vasoconstriction in tissue not essential for T increased blood flow to active muscle
activity .
{ reduced blood flow to, for example, kidneys
circulatory system | T increased blood pressure T increased blood flow through muscle
capillaries

T increased flow of venous blood returning to
the heart

lungs T dilation of bronchi and bronchioles in lungs T increased ventilation

T increased exchange of O, and CO, gas

metabolism T increased metabolic rate T increased ability to meet demands of physical
activity

brain T increased mental activity T increased concentration on performance

liver Tincreased glucose from liver to blood T increased availability of energy source

skin T increased sweat gland activity T sweating helps thermoregulation

Parasympathetic nervous system

The parasympathetic nervous system is responsible for regulating the body'’s
involuntary functions. This plays an important role in processes such as digestion,
urination and glandular secretion. It contributes to maintaining homeostasis by
promoting rest, relaxation and the conservation of energy. Some of the effects of
the parasympathetic nervous system are shown in Table 2.

V¥ Table 2 Some effects of the parasympathetic nervous system on various body targets

heart 1 decreased rate of contraction 1 decreased heart rate
of heart muscle

T increased vasoconstriction of 1 decreased blood

coronary blood vessels pressure

lungs T constriction of bronchi and  decreased ventilation
bronchioles in lungs

digestive system | T peristalsis T increased digestion
1 ) and absorption of

gl_andular secretion relaxes nutrients

sphincters

pupils T increased constriction of pupils | { decreased light

entering eye
bladder T contraction of bladder T urine removed from

the body
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The role of the nervous system in controlling
heart rate

The heart is the main pump for circulating blood through the cardiovascular
system. The heart has two atria that act as receiving chambers, and two
pumping chambers (the right and left ventricles). The right atrium contracts and
blood flows to the right ventricle. The right ventricle contracts and pumps the
blood into the lungs for reoxygenation. After the blood is oxygenated in the
lungs, the blood flows to the left atrium, which contracts to move the blood
into the left ventricle. The left ventricle contracts and blood is distributed to the
systemic circulation. Cardiac muscle has the unique ability to generate its own
electrical signal, which allows it to contract without any external stimulation.
This is known as intrinsic excitation. The impulse for heart contraction is
initiated in the sinoatrial (SA) node located in the wall of the right atrium. The
electrical impulse generated by the SA node spreads through both atria and
reaches the atrioventricular (AV) node located in the right atrial wall near the
centre of the heart. The atria contract, and the AV node conducts the electrical
impulse from the atria into the ventricles. From the AV node, the electrical
impulse enters the bundle of His. This is the only site where electrical impulses
can conduct from the atria to the ventricles. After moving along the bundle of
His, the electrical impulse is conducted by Purkinje fibres from the apex of the
heart upwards to the ventricles. The ventricles contract, pushing the blood to
the systemic circulation. Refer to chapter A.1.2 for a diagram of the heart.

The heart initiates its own electrical impulse, but both the heart rate and the force
of contraction can be altered by three extrinsic factors:

® the parasympathetic nervous system
® the sympathetic nervous system
* the endocrine system (hormones).

Within the parasympathetic nervous system, stimulation of the vagus nerve leads
to slower electrical conduction, which causes a decrease both in heart rate and in
the force of heart muscle contraction.

Stimulation of the sympathetic nervous system, which has the opposite effect
of faster electrical conduction, leads to increases in both heart rate and force of
contraction.

As we will see later in this chapter, hormones released by the endocrine system
also stimulate the heart, increasing both heart rate and force of contraction—
similar to the action of the sympathetic nervous system.

How does a sensory stimulus bring about a
motor response?

To be able to participate in sport, exercise and physical activity, the body’s
sensory and motor systems need to be coordinated. For example, when
someone is taking part in a cross-country running event, how do the muscles in
the legs coordinate to move the weight of the whole body upwards (flight phase
of running) and forwards?
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To coordinate a response, the sensory and motor systems must communicate
with each other.

Consider the runner in Figure 4:

* asensory stimulus is received (their foot contacts the ground)

* thisinformation travels along sensory nerves to the CNS

* the CNS selects an appropriate response

® the CNS sends a message along the motor nerves to the skeletal muscles

* amotorresponse occurs (for example, eccentric contraction in the
quadriceps muscles to control the runner’s body on impact with the ground,
followed by concentric contraction in the quadriceps muscles to propel the
runner upwards and forwards).

Sensory stimulation travels along sensory nerves to the spinal cord. This can then
terminate at the spinal cord or travel on up via sensory pathways to different parts
of the brain (brain stem, cerebellum, thalamus or the cerebral cortex). Table 3
outlines some examples of how this sensory input is interpreted and linked to
motor response(s).

A Figure4

V¥ Table 3 Parts of the CNS and linked motor responses

spinal cord reflex pulling a finger away from a
hot surface
brain stem subconscious postural control (sitting,
standing, moving)
cerebellum coordination contracting muscle groups
to perform the desired
movement
thalamus consciousness distinguishing between
various sensations
cerebral cortex location of sensory knowing where parts of
input from skin, muscles, | the body are, relative both
tendons and joints to each other and to our

surroundings

As shown in Table 3, a sensory stimulus can be received and lead to a motor
response that starts at different levels of the CNS. Simple reflex movements (for
example, mistakenly touching and immediately pulling a finger away from boiling
water) have their level of control at the spinal cord. However, motor responses
for more complicated movements—ones that require you to think and make
decisions about complex movement patterns—come from the cerebral cortex
and the cerebellum in the brain.
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A Figure5

A Figure 6

For example, the mountain biker in Figure 5 is attempting to quickly (but safely)
navigate their way down a tree-lined, constantly changing route. They must make
appropriate decisions and coordinate postural adjustments to maintain balance,
keep control of their bicycle and avoid crashing into a treel!

Proprioceptors, chemoreceptors and
baroreceptors

Information about sensory stimuli is provided by specialized receptor cells.

Proprioceptors are specialized cells located in muscles, tendons, joints and
the inner ear. They provide information about body position, muscle length
and tension, position and movement of joints, and help maintain balance (and
equilibrium). For example, proprioceptors allow us to monitor:

® where our head and limbs are located and how they are moving without
looking at them

® the degree to which muscles are contracted
® the amount of tension on tendons
® the positions of joints

® the orientation of the head relative to the ground and head position
during movement.

The brain is continually receiving nerve impulses related to the position of

different body parts and makes adjustments to ensure coordination. Additionally,
proprioceptors communicate the rate of movement of one body part relative to other
body parts—this allows us to do things without using our eyes, such as walk or put on
socks. Proprioceptive sensations help us decide the correct amount of muscular effort
needed to perform a task, whether it is lifting a spoon to eat, performing a “clean and
jerk” Olympic weightlifting movement or changing direction while skiing (Figure 6).

Proprioceptors also provide an important stimulus for the quick rise in heart rate
when starting physical activity. For example, as exercise begins, proprioceptors
monitor the position of limbs, and muscles send an increased frequency of nerve
messages to the cardiovascular centre in the brain (the part of the nervous system
responsible for regulation of heart rate).

Additionally, chemoreceptors and baroreceptors provide input to the
cardiovascular centre in the brain. Chemoreceptors monitor chemical changes
in the blood. Baroreceptors monitor stretching caused by blood in major arteries
and veins. These factors work together with the intrinsic mechanisms controlling
heart rate (chapter A.1.2).

Chemoreceptors detect chemicals in the mouth (taste), nose (smell) and

body fluids. For sports science, the chemoreceptors that monitor the chemical
composition of blood are especially interesting. These are located in different parts
of the body including the neck (carotid bodies) and the aorta (aortic bodies).

Chemoreceptors detect changes in levels of oxygen (O,), carbon dioxide (CO.,)
and hydrogen ions (H*) in the blood. Hypoxia (lowered O, availability), acidosis
(an increase in H* concentration) or excess CO, stimulate the chemoreceptors
to send messages to the brain to do something about this disturbance to
homeostasis. For example, these chemoreceptors provide input to the
respiratory centre in the brainstem, which can respond by adjusting how quickly
and how deeply we breathe.
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Baroreceptors are pressure-sensitive nerve cells. They can detect higher or lower .

pressure. They are located in the aorta and carotid arteries (and other large arteries
in the neck and chest). They are sensitive to changes in arterial pressure and send
messages to the cardiovascular centre in the brain to help regulate blood pressure.

Baroreceptors are also located
in the walls of bronchi and

When blood pressure falls, the baroreceptors are stretched less, and they send bronchioles. When you
messages at a slower rate to the brain. Parasympathetic stimulation of the heart inhale, the baroreceptors are
decreases and sympathetic stimulation of the heart increases. Conversely, stretched, a message is sent

when heart rate increases, blood pressure is elevated. The baroreceptors send
messages to the brain, which responds by sending messages to the heart
(increased parasympathetic stimulation and less sympathetic stimulation). Heart
rate lowers, which causes blood pressure to decrease back to normal—and
homeostasis is restored.

to the inspiratory centre in the
brain, inspiration is inhibited and
exhalation begins. As air leaves
the lungs during exhalation,

the lungs deflate and the
baroreceptors are no longer

@ Linking question stimulated. The inspiratory centre
in the brain is no longer inhibited,

How does coordination between the nervous system and the and a new inhalation begins.

muscular system result in the ability to produce various types of

What is the Hering-Breuer reflex,
movement? (B.1.3) ' INng-breu X

and what is its purpose?
Consider:

* how the specific muscle (or group of muscles) knows when to contract

® the role of the neuromuscular junction

® motor unit recruitment.

Look at the cyclist in Figure 7. Consider:

® what ensures the appropriate muscle group is contracting to provide the
main force through the pedals to move the bicycle forward

* whether this muscle group contracts in both limbs at the same time (left
and right simultaneously) or alternates

* how the muscle group “knows” to do this.

A Figure7
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The endocrine system

Structure and function of the endocrine system

The endocrine system is the partner of the nervous system in regulating the
human body and controlling the responses to physiological challenges. Many of
the nervous system responses are fast (within seconds) and acute in nature. The
endocrine system responses tend to be a little slower (they can take minutes, or
longer), but the effects last longer. Aimost all cells of the body are influenced by
the endocrine system, through the release of mediators, called hormones. The
endocrine system consists of all tissues or glands that secrete hormones.

Hormones are chemicals released by glands or tissues to control and regulate
the activity of other cells around the body. The majority of endocrine glands
secrete these hormones directly into the blood for transport to target cells.
However, each hormone can only interact with specific receptors on some cells
to cause a specific response. So, the human body has lots of different endocrine
glands, which each secrete numerous different hormones with widely varying
effects. The major endocrine organs of the body are shown in Figure 8.

Pineal gland
Hypothalamus

Pituitary gland

Thyroid gland
Parathyroid gland

Thymus

Adrenal gland x
8 5

Pancreas

Testes (male reproductive system) w
% Ovary (female reproductive system)
Uterus (female reproductive system)
A Figure 8 The major endocrine glands

Table 4 shows some of the hormones that are particularly important for sports.

V¥ Table 4 Hormones important for sports

Epinephrineand | ¢ released from the adrenal medulla
norepinephrine | | increase heart rate and force of contraction

e increase the pumping output of the heart (which increases blood pressure), preparing the body
for a fight-or-flight response

* increase blood flow to the heart, liver, skeletal muscles and adipose tissue
¢ dilate airways to the lungs
* increase blood levels of glucose and fatty acids

* norepinephrine also plays a role in arousal (awakening from deep sleep), dreaming and
regulating mood
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Inter-system communication

Insulin and * produced by the pancreas
glucagon * help regulate blood sugar concentration
e insulin assists glucose entry into cells

* glucagon promotes increased breakdown of liver glycogen to glucose

Antidiuretic e secreted by the pituitary gland

hormone * regulates fluid and electrolyte balance in the blood by reducing urine production

Oestrogen e female sex hormone secreted by the ovaries

* promotes body growth by broadening the pelvis, stimulating breast development and
increasing fat deposition, particularly in the thighs and hips

*  promotes secondary sex characteristics (voice pitch and hair growth on the body)
* increases protein anabolism, including building strong bones
* Jowers blood cholesterol and helps our bodies store glycogen

e insufficient oestrogen causes joints to feel stiff and not move as easily

Progesterone e female sex hormone secreted by the ovaries

* playsa key role in the menstrual cycle and pregnancy

Testosterone * predominant male sex hormone secreted by the testes
* needed for the development of sperm
* helps control the development of male reproductive hormones

e promotes the development and maintenance of male secondary sex characteristics (such as
body hair)

*  helps with bone formation (to make them stronger)
* aidsin muscle growth and repair through protein synthesis

* helpsinthe production of erythropoietin, which ensures the body has enough oxygen-carrying
red blood cells

Activity 1

Footballer Lionel Messi (Figure 9) is widely regarded

as one of the greatest players of all time. However,

he was born with an endocrine hormone disorder

and received important treatment to enable him to

realize his potential.

1. What was the disorder and what hormone was
affected?

2. How was he medically treated and what
physiological effects does this have?

3. Does such treatment give an unfair advantage
through use of drugs in sport?

A Figure 9 Lionel Messi
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Inter-system communication

Types of hormones

Hormones can be grouped into two categories—steroid, or non-steroid—
dependent on their chemical make-up.

® Steroid hormones are fat-soluble and can easily pass through cell membranes
to interact with the receptors and elicit a response. Examples of steroid
hormones include testosterone, oestrogen and progesterone.

* Non-steroid hormones, which are not fat-soluble, must interact with receptors
on the cell surface to trigger messenger chemicals inside the cell that then
elicit the response. Examples of non-steroid hormones include epinephrine
(also known as adrenaline and secreted by the adrenal glands) or glucagon
(secreted by the pancreas).

Another type of hormone—prostaglandins, which fall into the non-steroid
group—are produced in the membranes of most cells. Prostaglandins are
secreted very near the site of action, although some can be transported short
distances before they are quickly broken down. An example of prostaglandin
action is part of the inflammation response following an injury, where
prostaglandins are secreted at the injury site and stimulate a local swelling
response.

Hormones are typically released in waves or pulses in response to direct stimuli,
whereas others are more regular or sustained. For example, the menstrual cycle
in a menstruating female will see a repeating cyclical release of hormones (refer
to Figure 10 in chapter A.3.1). In contrast, Table 5 provides some examples of
hormone involvement in the integrated physiological systems’ responses to

the immediate challenge of exercise, aligned with the major endocrine organs
(Figure 9). Hormones must bind to specific target cells to exert an effect (Figure 10).

Hypothalamus

Pituitary gland
secretes hormone

Kidney

Hormone molecules
transported in blood

Target cell with receptors

A Figure 10 Hormones are transported to specific target cells
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Inter-system communication

V Table 5

hypothalamus | growth hormone | pituitary | increased secretion stimulates

stimulating gland the pituitary gland to secrete
hormone growth hormone
pineal melatonin unknown | decreased secretion with

evening exercise may cause
disrupted sleep

pituitary growth hormone | muscle increased secretion promotes
muscle growth

thyroid thyroxine muscle increased secretion contributes
to increased metabolic rate

adrenal epinephrine cardiac | increased secretion increases

tissue heart rate, cardiac output and

blood pressure

pancreas insulin muscle decreased secretion slows
glucose storage to increase
availability

ovaries oestrogen muscle small increase may contribute to

muscle growth

testes testosterone muscle small increase may contribute to
muscle growth

@D Thinking skills

What does the research evidence tell us regarding testosterone as the one
essential muscle growth hormone?

It has long been argued that testosterone is the key anabolic (building)
hormone required for muscle growth (hypertrophy). That is why some
bodybuilders use drugs to boost testosterone levels and enhance muscle
growth. But contemporary research shows that a much wider range of training
loads can elicit the muscle hypertrophy response, provided the level of effort
is sufficient.

Furthermore, it is not as simple as merely increasing testosterone to increase
muscle mass; research has highlighted the importance of having sufficient
target receptor activity in skeletal muscle. Otherwise, any testosterone
increase is wasted. A suitable goal with resistance training can, therefore, be
to up-regulate these testosterone receptors to take advantage of training-
induced increases in testosterone. Nevertheless, we recognize that genetics
also plays a significant role in determining this, and hence the magnitude

of training-induced hypertrophy. Testosterone is still a piece of the complex
muscle-building puzzle, in concert with other coordinated signalling and
hormonal pathways. It is certainly not a case of “one size fits all”.
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Hormone regulation

The endocrine system responds to a wide range of stimuli from around the body
to increase or decrease hormone secretion in response to the changing internal
environment. Almost all endocrine glands operate using a negative feedback
system. In a negative feedback system, an increase in a monitored variable is
detected, invoking a coordinated physiological response (such as hormone
secretion) to reduce the elevated variable. This was illustrated in Figure 3
showing the response when body temperature becomes too high.

There are three main sources of information that increase or decrease hormone
secretion: neural, humoral and hormonal.

Neural

Neural sources of information are signals from the nervous system. For example,
when exercising intensely, the sympathetic branch of the autonomic nervous
system stimulates the adrenal gland to secrete epinephrine into the blood. This
will increase the cardiovascular response to the exercise in proportion to the
intensity of the exercise, to improve delivery of oxygen and nutrients to active
muscles, yet preserve other physiological functions.

Humoral
X Humoral sources of information are due to changes in the chemistry of the blood.
Key point For example, when blood glucose levels increase after eating, the pancreas is
stimulated to release more insulin. The insulin interacts with cell receptors to
The regulation of blood glucose by increase the uptake of glucose into cells and increase the conversion of glucose to
insulin and glucagon is an example glycogen for storage. This reduces blood glucose levels and the pancreas reduces

of a feedback mechanism. Refer

insulin release again. In contrast, glucagon, which is also secreted by the pancreas,
to chapter A.1.2 for more detail.

has the opposite effect and is increased when blood glucose is too low.

Hormonal

Hormones relay information by responding to changes in other hormone
levels. For example, when the stomach is empty of food, it secretes more
ghrelin into the bloodstream, which signals the hypothalamus in the brain to
increase appetite. After eating, the stomach reduces ghrelin release, and the
hypothalamus detects this change, leading to decreased appetite. This process
is part of the complex mechanisms that control appetite and satiety.

The master gland

The pituitary gland in the brain is the most important endocrine gland involved in
maintaining homeostasis. The pituitary gland secretes many different hormones
to stimulate or inhibit organs in a highly coordinated way. It is often considered
the “master gland” governing homeostasis.

However, with improvements in scientific techniques, it is now apparent that
the pituitary gland itself is controlled primarily by the hypothalamus. So, the
hypothalamus is the real master.

Although the hypothalamus is located only slightly above the pituitary gland
in the brain, the hypothalamus can regulate the release of hormones from the
pituitary gland through both neural mechanisms (for example, antidiuretic
hormone, ADH) and hormonal mechanisms (for example, growth hormone
secretion), as shown in Figures 11 and 12.
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@ Exercise leads to
increase in sweat rate

@ Sweating causes an
increase in concentration
of electrolytes in the blood

© Hypothalamus
detects change
in concentration

of electrolytes @ Hypothalamus

sends signals
to the pituitary
gland

® ADHactson .
the kidneys, « *

@ Pituitary gland
secretes ADH

into the blood @ Kidneys reabsorb

more water and
produce less urine

=
\.

A Figure 11 The hypothalamus stimulates the pituitary to release ADH and trigger fluid conservation

Hypothalamus
5 IGnmEﬁes |- Secretes GHRH or GHIH
release
| Stimulates
Feedback > GHIH [ |
e release _——
Inhibits GH | gen
—> synthesis — l
and release )
- Growth hormone

Liver and other organs

A Figure 12 The hypothalamus secretes either growth-hormone-releasing hormone (GHRH)
or growth-hormone-inhibiting hormone (GHIH) to regulate growth hormone secretion by the

pituitary gland
The impact of female reproductive hormones on health

and performance

The menstrual cycle involves large fluctuations in female reproductive hormones,
including oestrogen and progesterone. For example, during the luteal

phase (the second half of the menstrual cycle), progesterone levels increase.
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We will study the menstrual cycle in more detail in chapter A.3.1, including
considerations for training programmes. Some impacts of these hormones on
health and performance are discussed below.

Oestrogen and joint stiffness

Oestrogen is thought to influence joint stiffness through its effects on various tissues,
including bones, cartilage and the synovium (the tissue lining the joint capsule). When
oestrogen levels decrease, such as during the menopause, bone density loss can
occur, leading to conditions like osteoporosis. Weakened bones can contribute to
joint stiffness and discomfort. Also, oestrogen is believed to play a role in maintaining
cartilage health, and reduced oestrogen levels could potentially lead to decreased
cartilage quality and contribute to joint stiffness. Additionally, oestrogen may
influence the production of synovial fluid (helps reduce friction in the joints). Changes
in oestrogen levels might affect the composition and production of synovial fluid,
potentially leading to joint stiffness. Finally, oestrogen can help reduce inflammation
in the joints; that is, reduced oestrogen levels might cause inflammation, which can
lead to joint stiffness and discomfort. However, note that the relationship between
oestrogen and joint stiffness is complex and can vary from person to person. This is
because factors such as age and genetics can also influence joint stiffness.

Oestrogen and glycogen sparing

Oestrogen and progesterone influence metabolism, muscular fitness and body
composition. There is consensus among researchers that biological females rely
more on fat as a source of fuel and spare more glucose compared with biological
males both at rest and during exercise. It seems there is a link between sex,
intensity of exercise, and the differences found in use of carbohydrates and fats,
and more specifically muscle glycogen (Fernandez del Valle, 2023).

Progesterone and fuel availability

Some research indicates that during the luteal phase of the menstrual cycle, when
progesterone levels are higher, there might be a shift in fuel utilization. This shift
could involve a relatively greater reliance on fat as a fuel source compared with
carbohydrates. This impact of progesterone on fuel availability might be more
noticeable during low-to-moderate-intensity exercise. At higher exercise intensities,
the body tends to rely more on carbohydrates for quick energy production (Isacco,
Boisseau, 2023).

Progesterone and thermoregulation

Thermoregulation is the process by which the body keeps a relatively constant
temperature over a wide range of environments and activity levels. Progesterone
tends to promote higher body temperatures during the luteal phase of the menstrual
cycle when progesterone levels are elevated (refer to chapter A.3.1 for a diagram
showing a theoretical pattern of hormone levels during the menstrual cycle). The
mechanism for increased temperature during the luteal phase of the menstrual cycle
is thought to be a progesterone-related shift to a higher “thermoregulatory set-
point” (Charkoudian, Stachenfeld, 2016). Imagine a thermostat in a room that can be
adjusted to make the room warmer or cooler. Your body has something similar. The
body’s thermoregulatory set-point is like a temperature goal that your body wants to
keep. When it is too hot outside, your body tries to cool down to reach this goal. And
when it is too cold, your body tries to warm up to get there. Refer to chapter A.1.2 for
more on sex differences and thermoregulation.
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Progesterone and sleep qualit ~
9 Y @ Research skills
Progesterone has a calming and sedative effect on the CNS. Increased

progesterone levels during the second half of the menstrual cycle (the luteal How might progesterone impact
phase) can contribute to feelings of relaxation and drowsiness. This sedative breathing, sleep regulation and
effect can help promote falling asleep and staying asleep. Progesterone can mood regulation?

slightly increase body temperature, and this rise in temperature is thought to
facilitate the transition from wakefulness to sleepiness. As we will study in
chapter A.3.3, the quality of sleep can affect both recovery and performance.

% How much athletic advantage is due to Hormone therapy is used to reduce testosterone
3 reproductive hormones? concentration and increase female sex hormones in
1] some individuals. Some argue that there should be a
¢ Naturally produced reproductive hormones see fixed below-threshold blood testosterone concentration
@ largeincreases in production during puberty, and that competitors must have before competing in female
U these may confer physiological benefits for athletic sport. Others suggest that eligibility criteria focusing
performance. For biological males, testosterone is only on testosterone levels are too narrow. This issue has
involved in increasing protein synthesis, promoting presented an inclusive debate that has divided athletes,
bone size and strength, and increasing haemoglobin sports and governing bodies across the world.
levels for oxygen transport. For biological females, 1. Resssrehliow bislogies) sexis eemined.
elevated oestrogen and progesterone have been
associated with sparing muscle glycogen, for 2. Inwhat sports would this issue most likely present
example, but also with some increases in ligament a challenge?
injury risk assoqated with reduce'ol stn‘frpss, altered 3. What are the ethical and moral challenges that
thermoregulation and sleep quality. Estimated . .
athletic benefits for biological males have ranged exist for both sides of the debate?
from 0% to 30% dependent on the sport (Heather,
2022). This raises the question of what advantages
an athlete assigned male at birth may gain in female
competition.
At Tokyo 2020, weightlifter Laurel Hubbard (Figure 13)
became the first athlete assigned male at birth to
compete in female competition at an Olympic
Games. In an interview, she said, “I'm mindful | won't
be supported by everyone but | hope that people S e - e
can keep an open mind and perhaps look at my
performance in a broader context.” A Figure 13| laurel Hubbard
Practice questions
1. Outline the nervous control and mechanics of inspiration during
exercise. (6 marks)
2. Explain how the hypothalamus regulates the pituitary gland. (4 marks)
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The nervous system is divided into two main divisions: the
central nervous system (CNS) and the peripheral nervous
system (PNS).

The CNS consists of the brain and the spinal cord. The
PNS is all the nerves outside of the CNS.

Sensory (afferent) nerves inform the CNS about what is
going on within the body and outside the body. Motor
(efferent) nerves send information from the CNS to tissues,
organs and systems of the bodly.

The somatic nervous system controls voluntary
movements of the skeletal muscles. The autonomic
nervous system, which consists of the sympathetic
nervous system and the parasympathetic nervous system,
regulates involuntary bodily functions.

The cerebral cortex is the centre of conscious motor control.

The diencephalon is a major control centre for maintaining
the body’s internal environment.

The cerebellum is critical for coordinating movement.
The brain stem connects the brain and the spinal cord.

Proprioceptors provide information about body position
and movements.

Baroreceptors sense changes in blood pressure.

Chemoreceptors detect the presence of and reactto a
chemical stimulus.

The endocrine system includes all tissues or glands that
secrete hormones.

Hormones are chemicals that are released by glands or
tissues to control and regulate the activity of other cells
around the body.

Hormone actions take longer than neural actions but
effects often last longer.

Only tissues with very specific receptors can be controlled
by a specific hormone.

The main endocrine organs are the hypothalamus, pineal
gland, pituitary gland, thyroid gland, adrenal gland,
pancreas, ovaries and testes.

Hormones are classed as steroid or non-steroid, with a
third category of hormone-like prostaglandins.

Epinephrine and norepinephrine increase heart rate, force
of contraction and the pumping output of the heart.

Insulin and glucagon help regulate blood sugar concentration.

Antidiuretic hormone, secreted by the pituitary gland,
regulates the fluid and electrolyte balance in the blood by
reducing urine production.

Oestrogen and progesterone are female sex hormones
secreted by the ovaries.

Oestrogen helps our bodies store glycogen. When we
do not have enough oestrogen, our joints can feel stiff and
not move as easily.

Progesterone plays a key role in the menstrual cycle and
pregnancy. It influences fuel availability and can affect
thermoregulation and sleep quality.

Testosterone is the predominant male sex hormone. It
helps with bone formation, aids in muscle growth and
repair through protein synthesis, and also helps in the
production of erythropoietin, which ensures our body has
enough oxygen-carrying red blood cells.

Hormones can be secreted into the blood or produced
locally to the target action.

Endocrine glands use negative feedback loops.

Three main sources of information increase or decrease
hormone secretion: neural, humoral or hormonal.

The hypothalamus and pituitary gland are the main endocrine
glands maintaining homeostasis in the body.

The hypothalamus regulates pituitary action using
hormones and nervous system signals.

Check your understanding

After reading this chapter, you should be able to:

® describe the structure and function of the nervous
system and its divisions

® outline how the sensory and motor systems
communicate to coordinate responses to internal
and external conditions

® explain the roles of proprioceptors, baroreceptors
and chemoreceptors

® label the location of the major endocrine organs in
the human body

® outline the functions of key hormones

* describe the role of circulating (blood) and local
hormones

® explain how circulating hormone levels are regulated

® explain the relationship between the hypothalamus
and the pituitary gland.
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Inter-system communication

Self-study questions

1. List three functions of the nervous system.

2. Describe the importance of sympathetic nervous system stimulation during
sport and exercise.

3. Explain how proprioceptive sensations help us decide the correct amount of
muscular effort needed to perform an exercise task.

4. List three sources of information that regulate hormone release.

5. Explain how interaction between the hypothalamus and pituitary gland
successfully maintains homeostasis of a chosen variable during exercise.

/) Data-based question

one day each week would help to reduce stress and
have positive effects on brain activity, compared

with all education in the classroom. Cortisol levels
were measured from saliva samples taken at the start
of term, mid-term and the end of term. On each of
those three days the samples were taken at 08.30am,
10:30am and 12:30pm.

Cortisol is an endocrine hormone secreted by

the adrenal gland. It is often described as a stress
hormone because increased cortisol can be
detected in the blood and saliva during and following
stress—including intense exercise. Cortisol plays an
important role in regulating metabolism. However,
too much cortisol may be associated with negative

consequences. , ,
Table 6 shows the mean (SD) for the salivary cortisol

concentrations (ug ™) for the outdoor and indoor
groups.

A research study on 48 young people at school
investigated whether education delivered outside
the classroom (including physical education) for

V Table 6

Salivary cortisol concentrations (ugl™’)
Mid-term

Term start Term end

Time

Outside of
classroom

Inside of
classroom

Outside of
classroom

Inside of
classroom

Outside of
classroom

Inside of
classroom

08.30

0.45(0.27)

0.39(0.16)

0.36(0.24)

0.40(0.24)

0.42(0.19)

0.41(0.13)

10.30

0.30(0.20)

0.30(0.19)

0.35(0.21)

0.43(0.20)

0.21(0.21)

0.34(0.15)

12.30

0.29(0.24)

0.32(0.13)

0.24(0.19)

0.39(0.12)

0.25(0.20)

0.40(0.17)

1. Identify:

a. which group had the lowest cortisol value at any point

b. whattime of day elicited the highest cortisol value.

3. Explain why reduced cortisol levels may be beneficial for the participants.

2. Distinguish the effect of time of day on cortisol responses between the outdoor and indoor
groups.

(1 mark)
(1 mark)

(3 marks)
(4 marks)
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Maintaining homeostasis

A.1.2.1 Homeostasis is any self-regulating biological process aiming
to produce a relatively stable, constant internal environment for optimal
functioning of the body. In response to changing internal and external
conditions, various mechanisms work constantly towards homeostasis.

A.1.2.2 The body has acute and possible long-term responses to the
environment in which it functions.

THV

Introduction

The French physiologist Claude Bernard (1813-1878) suggested that the cells of
the human body flourish because they live in the relative constancy of “le milieu
interieur —the internal environment of the body. How the body’s organ systems,
tissues and cells work and how their functions are integrated to regulate the
body’s internal environment is a process called homeostasis.

Homeostasis is the condition in which the body's internal environment remains
relatively constant, within physiological limits. It occurs due to the body's
continuous balancing act of various regulatory processes. It is a dynamic state.
Challenging environments such as hot and humid, cold, and high altitudes
can affect the body during sports, exercise and physical activity. Extreme
temperatures can harm performance, increase the risk of heat illness or cold
injury and even pose life-threatening situations. This chapter will enhance your
understanding of homeostasis, environmental physiology and their impact on
sports, exercise and health.

—a
=

A Figurel A Figure2

Homeostasis

To understand homeostasis, we need to study how the body functions and
adapts to stressors, including physical activity, and cold, hot and humid
environments.
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Maintaining homeostasis

Stressors may be internal (within the body, such as a low blood glucose level) or
external (outside the body, such as intense heat or lack of oxygen). A relatively
stable, constant internal environment is essential to maintain optimal conditions
for performance and safe functioning of the body.

The hypothalamus is a part of the brain located within the diencephalon
(Figure 3). ltis responsible for maintaining homeostasis by regulating most
processes that affect the body'’s internal environment, including:

® blood pressure ® bodytemperature

® heartrate ® thirstand fluid balance

® strength of contraction of the ® interaction of the nervous system
cardiac muscle tissue and endocrine system

® respiration ® appetite and food intake

® digestion ® sleep-wake cycles.

Hypothalamus

A Figure 3 The hypothalamus

Control of homeostasis by feedback mechanisms

During physical activity and exposure to extreme environments (for example,
participating in the heat of a desert marathon, or cold water swimming) the body
must make many rapid and well-coordinated physiological adjustments. The
body may need to:

® increase metabolism to meet energy demands

* adjust cardiovascular and respiratory responses to ensure a supply of oxygen (O,)
* clear metabolic by-products (such as carbon dioxide [CO,])

* regulate body temperature to prevent hyperthermia/hypothermia.

This physiological regulation and integration is done by the nervous system and
the endocrine system. The nervous system regulates homeostasis by sending
nerve messages to organs. The endocrine system has glands that secrete
hormones (chemical messages) into the blood. Nerve messages usually cause
rapid changes, whereas hormones usually work more slowly.
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Maintaining homeostasis

The body regulates its internal environment using feedback mechanisms to
monitor variables such as body temperature or blood glucose level.

The three basic components that make up a feedback mechanism are:

® areceptor (such as nerve endings in the skin that sense temperature)
® 3 control centre (such as the hypothalamus)
* an effector (such as shivering if your body temperature drops sharply).

There can be negative feedback mechanisms to reverse the effects of the
stimulus, and positive feedback mechanisms to enhance or intensify the stimulus.
Homeostasis is generally maintained by negative feedback mechanisms, such as
the negative feedback regulation of blood pressure (Figure 4).

A stimulus causes blood 4 Homeostasis

pressure to decrease is restored
4
| ,
Heart rate |
and strength
of contraction l
increase /
Baroreceptors in the /
aorta and carotid |
arteries become less
stretched )

\ Parasympathetic !
stimulation of the /
\
heart decreases Blood
— pressure
S theti increases
ympathetic
stimulation of the /

heart increases

Cardiovascular
centre detects
change in signals
from baroreceptors Blood vessels
constrict

A Figure 4 Negative feedback regulation of blood pressure via baroreceptors

Regulation of blood pH

The pH of blood is an important component of homeostasis. The normal pH
range of arterial blood is 7.35-7.45 (slightly alkaline). CO, produced by cellular
metabolism is transported in the blood to the lungs and expelled. An increase
in CO, concentration in the blood can lead to an increase in hydrogen ion (H*)
concentration. This can lower the blood pH and make it more acidic, which can
have harmful effects on the body's tissues and organs.

To maintain homeostasis, the respiratory control centre in the brain and
chemoreceptors throughout the body monitor the blood pH and CO,
concentration. If the blood pH drops below the normal range (becomes more
acidic), the respiratory control centre increases the rate and depth of breathing.
This increases the removal of CO, from the lungs and helps to restore the normal
blood pH. This is an example of a negative feedback mechanism.

Regulation of the heart

Unlike other muscular contractions in the body, the cardiac cycle does not
require a nerve stimulation to make the heart muscle contract. The regulation
. of the heart involves both intrinsic excitation and extrinsic excitation. Intrinsic
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Maintaining homeostasis

excitation refers to the electrical activity that originates within the heart itself,
while extrinsic excitation refers to the signals that come from outside the heart,
such as from the nervous and hormonal systems.

Intrinsic excitation of the heart

Intrinsic excitation of the heart is controlled by the sinoatrial (SA) node (sometimes
referred to as the heart’s natural pacemaker). The SA node is a specialist group

of cells found in the wall of the right atrium. The SA node generates electrical
impulses that cause it to contract and pump blood. The rate at which the SA node
fires electrical impulses is influenced by several factors, including the level of O,
and CO, in the blood, and hormones (such as epinephrine and norepinephrine
from the adrenal gland).

The SA node sends an impulse through the walls of the atria (left and right sides) to
a second group of specialist cells called the atrioventricular (AV) node (Figure 5).
This rapid conduction of the impulse causes the muscles in the walls of the atria to
contract simultaneously, increasing the pressure in the atria and forcing blood from
the atria, through the AV valves, into the ventricles. The AV valves then close.

Following a very brief delay, the impulse is conducted rapidly via a bundle of
specialist cells called the bundle of His. These cells rapidly conduct the impulse
along the very fast conducting Purkinje fibres that spread the impulse along the
ventricle walls. This impulse causes the fibres in the ventricle walls to contract
simultaneously, increasing ventricular pressure and pushing blood up and out
through the main arteries leaving the heart.

The semi-lunar valves at the openings into the aorta and pulmonary artery now
close and, as the ventricles relax, the cycle begins again with the atria filling with
blood returning to the heart, triggered by the firing of the SA node.

Sinoatrial node Left atrium

Atrioventricular node

Right atrium
Atrioventricular bundle (bundle of His)

Right ventricle Left ventricle

Purkinje fibres

A Figure 5 Excitation of the heart

Extrinsic excitation of the heart

Extrinsic excitation of the heart is controlled by the autonomic nervous system, which
can speed up or slow down the natural pacemaker firing rate by adjusting the relative
contributions from the sympathetic and parasympathetic branches, respectively. The
sympathetic nervous system is responsible for increasing the heart rate and force of
contraction, while the parasympathetic nervous system is responsible for slowing
down the heart rate and decreasing the force of contraction. For example, the
sympathetic nervous system releases the hormone epinephrine, which causes heart
cells to contract more forcefully and more frequently, increasing both heart rate and .
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cardiac output. In contrast, the stimulation of the parasympathetic nervous system can
lead to the release of acetylcholine (a hormone), which slows down the firing rate of

the SA node, reducing the force of contraction, and results in a decrease in both heart

Glycogen The storage form
of glucose.

rate and cardiac output. Refer to chapter A.1.1 for more about the role of the nervous
system in controlling the heart rate.

This involuntary control is an example of systems responding to a range of
stimuli to try to maintain homeostasis, by increasing or decreasing the release of

specific chemicals cal

led neurotransmitters. For example, when exercise begins,

parasympathetic stimulation is reduced (this normally keeps the heart rate low), and
sympathetic stimulation is increased, resulting in an increased heart rate.

@ Thinking skills

The cardiovascular centre, located in the brain stem,
receives input from the cerebral cortex. The cerebral
cortex processes sensory, motor and integrative signals.
Sensory receptors receive messages via:

® proprioceptors (monitoring movements)
® chemoreceptors (monitoring blood chemistry)
® baroreceptors (monitoring blood pressure).

The motor areas of the cerebral cortex initiate movements,
and integrative functions include memory, emotions and
personality traits.

The cardiovascular centre then directs what happens
by increasing or decreasing the frequency of messages

Raises blood glucose ‘ >‘ High blood glucose ‘

Promotes
Promotes conversion of
protein/fat into glucose

(gluconeogenesis) glucose

Glucagon secreted ‘4—

Glycogen Glucose

N

Pancreas

Insulin secreted

|

>‘ Low blood glucose ‘7

-«
Stimulates glycogen

formation

Promotes

Facilitates glucose
transport into cells | conversion
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A Figure 6 Regulation of blood glucose by glucagon and insulin

conversion of
glycogen into

(glycogenolysis)

into glycogen
(glycogenesis)

(nerve impulses) in the sympathetic and parasympathetic
divisions of the autonomic nervous system. It is not unusual
for there to be an anticipatory rise in heart rate before
exercise begins—this happens because the limbic system
(part of the brain concerned with aspects of emotion and
behaviour) sends messages to the cardiovascular centre.

Then, as physical activity begins, proprioceptors
(monitoring the position of limbs and muscles) send an
increased frequency of messages to the cardiovascular
centre to increase heart rate. Stimulation of the
sympathetic division leads to an increase in heart rate and
stroke volume.

Regulation of blood glucose

The pancreas secretes the hormones insulin and
glucagon to control blood glucose concentration.
When blood glucose is elevated, the pancreas
secretes insulin into the blood. Insulin facilitates
glucose transport into the cells, especially muscle
fibres, and this reduces the amount of glucose in
the blood. When blood glucose falls below normal
concentrations, the pancreas secretes glucagon.
Glucagon promotes glycogenolysis (breakdown
of liver glycogen to glucose) and gluconeogenesis
(conversion of protein or fat into glucose).

During exercise (lasting >30 minutes), the body
tries to maintain plasma glucose concentrations, but
insulin concentrations tend to decline. The ability
ofinsulin to bind to its receptors on muscle cells
increases during exercise—increasing the body's
sensitivity to insulin (as well as reducing the need

to maintain high plasma insulin concentrations for
transporting glucose into the muscle cells).

This work must not be reproduced, stored, transmitted or circulated in any other form.



Provisioned to Campion Education (Aust) Pty Ltd on 13/09/2024 under licence.

Maintaining homeostasis

Regular exercise improves insulin sensitivity, which means that the body needs

less insulin to transport glucose into cells (and lower blood glucose levels). Thisis
because exercise promotes the uptake of glucose by muscle cells, which reduces
the amount of glucose circulating in the bloodstream and lowers insulin resistance.
Insulin resistance is a condition in which the body’s cells (including muscle cells)
become less sensitive to insulin, and this can lead to high blood sugar levels, which
can cause serious health problems (such as type 2 diabetes). Insulin resistance results
in the pancreas producing more insulin to regulate blood sugar levels, and over

time the body becomes less sensitive to insulin. Factors that can contribute to insulin
resistance include a sedentary lifestyle and a diet high in processed foods. Therefore,
it is important to be physically active, exercise regularly and eat a healthy diet because
this can improve insulin sensitivity, whereas a sedentary lifestyle and a diet high in
processed and sugary foods can decrease insulin sensitivity.

A Figure 7 Exercise limits the release of

insulin and improves insulin sensitivity

@ Linking question

How does the endocrine system interact with the energy systems to
maintain appropriate blood glucose levels? (A.2.2 and A.2.3)

Consider:

® insulin helps to lower blood glucose levels by stimulating the uptake of
glucose from the blood into the body's cells, where it can be used for energy

* when blood glucose levels are high (for example, after a meal) the
pancreas releases insulin into the bloodstream

® insulin signals the liver and muscle cells to take up glucose and convert
itinto glycogen for storage, and stimulates adipose tissue to take up
glucose and store it as fat

* when blood glucose levels are low (for example, during exercise) the
pancreas releases glucagon
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