
this time general tissue decay and the leaking of lysosomal
intracellular digestive enzymes will cause the muscles to relax.

Answers to Questions for Comprehension
Student Textbook page 341

Q8. Creatine phosphate is a high-energy compound that
builds up when a muscle is resting. This compound
cannot participate directly in muscle contraction;
instead, it can regenerate ATP. The chemical reaction
occurs in the midst of sliding filaments. Therefore, it is
the speediest way to make ATP available to muscles.
Creatine phosphate provides enough energy for only
about eight seconds of intense activity, and then it is
spent.

Q9. Fermentation, such as creatine phosphate breakdown,
supplies ATP without consuming oxygen. This allows
the muscle to continue activity in anaerobic conditions.

Q10. Aerobic cellular respiration, completed in mitochondria,
usually provides most of a muscle’s ATP. Glycogen and
fat are stored in muscle cells. Therefore, a muscle fibre
can use glucose from glycogen and fatty acids from fats
as fuel to produce ATP when oxygen is available.

Biology File: Try This
Student Textbook page 341

The temperature probe should indicate an increase in skin
temperature as the student exercises. The accuracy of the
results will depend on the sensitivity of the thermometers
used in this activity.

Biology File: Web Link
Student Textbook page 342

Studies of creatine supplementation show increases in muscle
phosphocreatine by 15 to 40%. Most studies indicate an
associated improvement in muscle mass, strength, and
performance, especially in high-intensity activity. Animal
studies of the long-term effects of supplementation suggest
possible damaging effects to the liver and kidneys, but
implications of these studies for human health are not
currently established.

Answer to Question for Comprehension
Student Textbook page 342

Q11. When a muscle uses fermentation to supply its energy
needs, it incurs an oxygen deficit. Oxygen deficit is
obvious when a person continues to breathe heavily after
exercising. Replenishing an oxygen deficit requires
replenishing creatine phosphate supplies and disposes of
lactate. Lactate can be changed back to pyruvate and
metabolized completely in mitochondria; it can also be
sent to the liver to synthesize glycogen.

Section 10.1: Review Answers 
Student Textbook page 342 

1.

2. Muscles shorten when they contract, so they can only
pull, not push. 

3. A sketch should show that a skeletal muscle is made of
many multinucleated muscle fibres. The muscle is attached
to bone at each end with a tendon. Striations are visible.

4. Skeletal muscles have a rich supply of blood vessels to
supply oxygen and nutrients to the mitochondria, which
will produce energy needed for contraction. Any wastes
produced, such as carbon dioxide, will be removed via
capillaries and veins. 

5. Actin is a thin myofilament. Two strands of protein
molecules wrap around each other, making it globular.
Myosin is a thick myofilament. Two strands of protein are
wound around each other. It is ten times longer than an
actin myofilament and has a definite shape, with one end
being the “head” and the other being a long rod.

Cardiac 
Muscle

Smooth
Muscle

Skeletal
Muscle

Shape Tubular,
branched

Long and
tapered

Very long
and tubular 

Number of
Nuclei/Fibre 

One One Many

Presence of
Striations

Yes No Yes

Voluntary or
Involuntary

Involuntary Involuntary Voluntary

Location in
Body  

Walls of the
heart 

Walls of the
internal organs;
iris of the eye

Usually
attached to
bones 

Function Pump blood Peristalsis;
dilation and
constriction of
blood vessels;
contraction of
uterus; iris of
the eye

Body
movement;
maintenance
of body
temperature;
support;
protection of
internal
organs;
stabilizing
joints 
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Actin:

Myosin:

6. The following components of skeletal muscle tissue are
given in order of decreasing size and complexity in their
hierarchy of organization:

7. Student sketches and captions should be similar to the
diagrams below.

8. When calcium ions are released, they bind to troponin
that causes the troponin-tryopomyosin complex to shift
away from the myosin heads. This exposes the attachment
sites on the actin.  The myosin now binds to the actin
and contraction occurs. In other words, calcium ions
reposition the molecules that inhibit muscle contraction,
so without calcium, actin and myosin would not come
together.

9. There are three sources of ATP for muscle contraction:
the breakdown of creatine phosphate, aerobic cellular
respiration, and fermentation.

(a) Creatine phosphate is a high-energy compound stored
in resting muscle. It breaks down and generates ATP
for immediate use at the onset of muscle contraction.
It provides enough energy for about eight seconds of
intense activity. The release of energy from ATP is not
dependent on the presence of oxygen.

(b) The process of aerobic cellular respiration takes place
in the mitochondria and usually provides most of the
ATP for muscle contraction, provided that oxygen is
available. The fuels for this cellular respiration are
glucose (from glycogen stores) and fatty acids (from
fats).

actin myosin

myosin headZ line Z line

Component Structure Function

actin
myofilaments

thin filaments inside a
myofibril  that are
composed of the
protein called actin

bind to myosin during
muscle contractions
(part of the functional
unit of contraction)

myosin
myofilaments

thick filaments inside a
myofibril that are
composed of the
protein called myosin

bind to actin during
muscle contractions
(part of the functional
unit of contraction)

Component Structure Function

muscle fibres single muscle cells
grouped into muscle
fibre bundles

muscle contraction

myoglobin oxygen-binding pigment
(similar to hemoglobin)
inside the sarcoplasm
of muscle fibres

binds to oxygen and
stores it for use during
aerobic cellular
respiration in muscle
fibres

sarcolemma membrane surrounding
a muscle fibre

regulates the movement
of materials into and out
of the muscle fibre

sarcoplasm cytoplasm inside a
muscle fibre

site of metabolic
processes for cell
activities; contains
myoglobin and glycogen 

sarcoplasmic
reticulum

smooth endoplasmic
reticulum inside a
muscle fibre

stores calcium ions
needed for muscle
contractions

myofibrils cylindrical bundles of
myofilaments inside a
muscle fibre; as long as
the muscle fibre itself

contain myofilaments of
proteins called actin and
myosin

Myosin molecules

Myosin head

Thick filament

Myosin head

Actin molecules

Thin filament



(c) The release of energy from glucose through
fermentation generates ATP without the use of
oxygen and it creates an oxygen debt in the form of
lactate. Fermentation is limited by accumulating
lactate and increasing acidity in the sarcoplasm,
resulting in cramping and fatigue.

10. Lactate forms in skeletal muscle tissue when oxygen is in
short supply and fermentation occurs. It is removed
during prolonged heavy breathing after strenuous exercise,
as lactate is converted to pyruvate, which is metabolized
aerobically in the mitochondria. Lactate is also
transported to the liver and converted into glycogen.

Connections (Social and Environmental
Contexts) 
How Much Does It Cost To Be the Best?

Student Textbook page 343

Teaching Strategies
■ If the discussion concerning performance-enhancing

substances does not animate the class, consider including
practices strictly aimed at enhancing appearance, including
anti-aging products. 

Answers to Questions
1. Students’ answers should include a count of those who

answered the question affirmatively and those who said
no, plus a chart of anecdotal responses for the reasons
why. Their discussion of the results should include
comments on whether they expected the results they got
and what they thought the reasons given meant in terms
of what is important to people.

2. You may wish to use or adopt BLM 4.2.9: Debate
Organizer for this activity. Appoint a judge or panel of
judges to assess the debate and declare a winning side.
Two students will present factual arguments in favour of
allowing performance-enhancing substances and two will
present factual arguments against allowing their use in
competition. 

Each two-person team can have assistants to help with
research, organization of their points, and practice. The
class can decide how the debate should be organized: how
much time each team member is allotted to present their
points, the order of presentations, how much time will be
allowed for rebuttal, and if speakers will be allowed to
speak out of turn or while someone else is presenting. 

Either the class or the judging panel can set out criteria
for choosing the winner, and the class as a whole can
comment on the judge’s decision. The goal is to give
students practice at taking part in reasoned debate.

10.2 Muscles, Health, and Homeostasis
Student Textbook pages 344–350

Section Outcomes
Students will:
■ explain how the skeletal muscles of the motor system

support other body systems to maintain homeostasis
■ identify conditions that impair the healthy functioning of

muscles and technologies that are used to treat or prevent
these conditions

■ describe the benefits of exercise for maintaining the healthy
structure and functioning of muscles

Key Terms
atrophy
hypertrophy
muscle twitch
slow-twitch fibres
fast-twitch fibres

Biology Background
■ At first, a stimulus to a muscle may be too weak to cause a

contraction, but as soon as the strength of the stimulus
reaches a threshold level, the muscle contracts and then
relaxes. This single contraction is called a muscle twitch. A
simple muscle twitch has three periods—latent,
contraction, and relaxation. When a muscle is not
permitted to relax completely between stimuli, the
contraction gradually increases in intensity. The then
muscle becomes maximally contracted until it fatigues.

■ When a muscle uses anaerobic means of supplying energy
needs, it incurs an oxygen debt. Repaying the oxygen debt
requires replenishing creatine phosphate supplies and
disposing of lactate. 

■ Muscles that are not used, or that are used in only very
weak contractions, decrease in size, or atrophy. Forceful
muscular activity over a prolonged period causes muscle to
increase in size as the number of myofibrils within the
muscle increase. Increased muscle size is called
hypertrophy. 

■ Slow-twitch fibres have a steady tug and have more
endurance. These muscle fibres are most helpful in sports
such as long-distance running, biking, jogging, or
swimming. Because they produce most of their energy
aerobically, they tire only when their fuel supply is gone.
Fast-twitch fibres tend to be anaerobic and seem designed
for strength because their motor units contain many fibres.
These muscle fibres provide explosions of energy and are
most helpful in sports such as sprinting, weight lifting, or
swinging a baseball bat or golf club. 
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