
on page 203). The use of a pan-balance or even a metre
stick balanced on a fulcrum-like object may help students
visualize what happens when hormone levels get too high
or too low. Homeostasis would be represented when the
balance or metre stick is level (horizontal). Raising one end
of the balance would indicate that levels of the hormone
are higher than normal during that part of the feedback
loop (see Figure 13.25 on page 457 of the student
textbook), while lowering one end would indicate that
levels are below normal. Other instances of negative
feedback loops in this chapter include Figure 13.9 on page
441, which illustrates the negative feedback loop
controlling the secretion of ADH; Figure 13.18 on page
449 in the next section shows the negative feedback loop
that regulates calcium in the blood; and Figure 13.25 on
page 457 of Section 13.4 shows the negative feedback loop
that regulates blood sugar.

■ The following overhead masters and reinforcement tools
have been prepared for this section. Many are adapted
from illustrations in the student text and can be used to
practise or test recall. You will find them with the Chapter
13 BLMs on the CD that accompanies this Teacher’s
Resource or at www.albertabiology.ca, after logging on to
the Instructor Edition at the Online Learning Centre.

Number (Type)
13.1.1 (HAND) Endocrine System Review
13.1.2 (OH) Glands and Their Secretions
13.1.3 (OH) Secretion of ADH
13.1.4 (OH) Regulatory Pathway of Tropic Hormones

■ Many of the concepts about endocrine physiology discussed in
Chapter 13 can be related to the concepts of homeostasis that
were introduced in Biology 20. ESL students can develop graphic
organizers to assist in and reinforce learning about the feedback
loops associated with the regulation of each type of hormone
discussed in this section. 

■ Create a 2- or 3-page study guide of ideas in the section. This
guide can be of great assistance to students who struggle with
print materials, lectures, or even organization of information. The
guide could be in paragraph form, point form, a graphic organizer,
or a combination. It might also spotlight key vocabulary and
provide essential questions the section is designed to address. 

■ Advanced students could be encouraged to make a digital
version of this guide using presentation software. 

Figure 13.2 
Student Textbook page 436

The two systems are linked by the hypothalamic region of the
brain. The main function of the hypothalamus is homeostasis,
or maintaining the body’s status quo. Factors such as blood
pressure, body temperature, fluid and electrolyte balance, and

body weight are held to a precise value called the set-point.
Although this set-point can migrate over time, from day to
day it is remarkably fixed. To achieve this task, the
hypothalamus must receive information about the state of the
body and must be able to initiate compensatory changes if
anything drifts out of balance.

Once the hypothalamus is aware of a problem, it sends
signals to the autonomic nervous system and/or specific
glands of the endocrine system. 

The autonomic nervous system includes the
parasympathetic nervous system and a group of cells that
descend to the sympathetic system in the spinal cord. With
access to these systems, the hypothalamus can control heart
rate, vasoconstriction, digestion, sweating, etc.

As students will discover, the hypothalamus regulates the
activity of both the anterior and posterior pituitary glands.
Ultimately, the hypothalamus can control every endocrine
gland in the body, and alter blood pressure, body temperature,
metabolism (through TSH), and adrenaline levels (through
ACTH).

Answers to Questions for Comprehension
Student Textbook page 437

Q1. The axons of motor neurons, for example, lie in close
proximity to specific muscles or glands (effectors). An
appropriate stimulus will elicit an immediate response
from the effector in milliseconds. A hormone, on the
other hand, may be released at a great distance from its
target organ. The target organ is waiting for the arrival of
a hormone. Hormones must travel through the blood to
their target cells and bind to the cell membranes in order
to change the activity of the cell. This process can take
from several seconds to several days to occur, and the
responses tend to be more prolonged.

Q2. A hormone is a chemical that is produced by an
endocrine (ductless) gland. When the endocrine gland
receives a signal from the nervous system or from another
hormone, it releases its hormone into the bloodstream.
The hormone travels to its target cells, binds to the cell
membranes, and then changes the activity of the cell. For
example, the pancreas (endocrine gland) produces the
hormone insulin. Insulin is released into the bloodstream
and affects its target cells by making them more
permeable to glucose.

Q3. Four reasons why the distinction between the nervous and
endocrine systems is sometimes blurred are:
■  Sometimes nervous system tissues secrete hormones.

■  Several chemicals function as both neurotransmitters
and hormones, depending on their location in the body.

■  The endocrine and nervous systems both include
responses that are regulated by negative feedback loops.

■  The regulation of several physiological processes
involves both the nervous and endocrine systems acting
in conjunction with each other.
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Figure 13.3
Student Textbook page 437

The differences between the nervous and endocrine systems
include:
■ Nervous system responses are faster and the response

usually takes place in a fraction of a second. Endocrine
system responses are slower but the response tends to be
prolonged over longer periods of time.

■ The axons of neurons lie in close proximity to the effector
(muscle, gland, or another neuron). Endocrine glands
produce hormones that are released into the bloodstream at
a distance from the target cells.

■ The endocrine system affects a broader range of cell types.

Figure 13.5
Student Textbook page 438

Capons do not crow, fight with other roosters, or try to mate.
Capons do not grow as large as the roosters or develop the
typical male plumage.

Answers to Questions for Comprehension
Student Textbook page 439

Q4. Berthold’s experiments showed that, because the replaced
organs were not connected to any nerves, the testes must
have released something into the rooster’s bloodstream
that caused developmental changes in the male birds.

Q5. Challenges to researchers include the following:
■  It is difficult to get useful information because different

hormones often work together and one hormone can,
in some cases, compensate for another that is missing.

■  Some glands produce more than one hormone.
■  The concentration of most hormones is extremely low.
■  Hormones are not released on a continual basis. Their

release can be triggered by environmental factors, or
may follow a pattern that repeats over hours, weeks, or
years.

Q6. Two technologies used to study the endocrine system:

■  Nuclear scanning devices such as PET and high-
powered microscopes have allowed scientists to visualize
glands, hormones, and target-cell membranes.

■  Fluorescent stains are used to colour the different
hormones in a tissue sample. 

■  To view endocrine glands in the living body, doctors
can have patients ingest capsules containing a small
amount of radioactive material—effectively the same
amount of radiation someone would receive from a
standard X ray. This radioactive dye accumulates in a
specific gland, which makes the gland easier to
distinguish in PET scans or by other nuclear scanning
techniques.

Student Textbook page 441

Q7. The two groups of hormones are lipid-soluble
(composed of lipids) and water-soluble (composed of
amino acids). Lipid-soluble hormones can easily diffuse
through the lipid bilayer of the cell membranes and bind
to their receptor proteins inside the target cell.

Water-soluble hormones cannot diffuse across the cell
membrane. Typically, a water-soluble hormone will bind
to a receptor protein on the surface of a target cell.  

Q8. Each target cell contains receptor proteins. Circulating
hormones bind to their specific receptor proteins, like a
key into a lock. When the hormone binds to its receptor,
this triggers other reactions in the target cell. In other
words, the target cell receives and responds to the
chemical message sent by the hormone. 

Q9. Thyroxine is secreted by the thyroid gland; human
growth hormone is secreted by the anterior pituitary;
cortisol is secreted by the adrenal cortex; antidiuretic
hormone is secreted by the posterior pituitary; insulin is
secreted by the pancreas; glucagon is secreted by the
pancreas.

Student Textbook page 442

Q10. When the blood plasma becomes too concentrated (if a
person is dehydrated), receptors in the hypothalamus
detect this and send a neural signal to the posterior
pituitary gland to release ADH. ADH targets the
nephrons of the kidneys, causing them to become more
permeable to water. As a result, the body excretes less
(but more concentrated) urine, and blood pressure
increases. The hypothalamus detects this and sends a
signal to the posterior pituitary to stop secreting ADH.

Q11. A tropic hormone is a hormone that stimulates other
endocrine glands to release their hormones.

Q12. Typically, the hypothalamus secretes a releasing hormone
into the anterior pituitary gland. This causes the anterior
pituitary to release a tropic hormone into the
bloodstream. The tropic hormone then stimulates the
target gland to release a third hormone into the blood.
The third hormone travels to another target tissue and
produces an effect. This system is controlled by a negative
feedback loop in which the third hormone also prevents
further release of the first two hormones in the pathway.

Figure 13.10 
Student Textbook page 441

Many of the hormones released from the anterior pituitary
and hypothalamus are called tropic hormones, which means
that their targets are other endocrine glands. Tropic hormones
stimulate endocrine glands to release other hormones. The
action of the hypothalamus and anterior pituitary is regulated
by negative feedback loops in which a third hormone prevents
further release of either the stimulating or releasing hormones
in the pathway.
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word “thyro,” which means coming from the thyroid gland. Then
have them write “stimulating,” which implies it is going to cause
the thyroid to increase secretions. When they put the root
meanings of these terms together, they should link TSH to a
hormone that stimulates the production of hormones by the
thyroid gland.

■ Create a 2- or 3-page study guide of ideas in the section. This
guide can be of great assistance to students who struggle with
print materials, lectures, or even organization of information. The
guide could be in paragraph form, point form, a graphic
organizer, or a combination. It might also spotlight key
vocabulary and provide essential questions the section is
designed to address. 

■ Advanced students could be encouraged to make a digital
version of this guide using presentation software. 

Figure 13.11
Student Textbook page 444

Tropic hormones are hormones that stimulate endocrine
glands to release other hormones. Human growth hormone is
considered a tropic hormone because it is released by the
anterior pituitary into the blood where it travels to the liver
and stimulates the liver to secrete hormones called growth
factors. 

Answers to Questions for Comprehension
Student Textbook page 446

Q13. hGH increases protein synthesis, increases metabolic
breakdown and release of fats stored in adipose (fat)
tissue, increases cell division and growth, especially the
growth of cartilage, bone, and muscle (specifically, hGH
stimulates the growth of muscles, connective tissues, and
the growth plates at the end of the long bones, which
causes elongation of these bones). 

Q14. Two benefits of synthetic hGH are that larger quantities
can be produced and that it is safer than the hGH
obtained from human cadavers.

Investigation 13.A: Evaluating 
Potential Uses for Human Growth 
Hormone

Student Textbook page 447

Purpose
Students will evaluate the use of hormone therapy in the
treatment of humans.

Outcomes
■ 30-A2.1sts
■ 30-A2.2sts
■ 30-A2.1s

■ 30-A2.2s
■ 30-A2.4s

Advance Preparation

Time Required
1 to 2 classes depending on how much time you allow for
research

Helpful Tips
■ Use BLM 13.2.3: Investigation 13.A to support this

activity. Modify it as necessary.
■ Arrange students in teams of 3 or 4 and assign each group

one of the issues to investigate.
■ Design a marking rubric that you will use to evaluate

student presentations. Make this available to students
before they start this activity.

■ A common format for individual or group collection of
information will greatly facilitate the compiling,
synthesizing, and displaying of information. 

■ Uploading to the school’s server a file of bookmarked
URLs that deal with this topic will cut down on the
“searching time” required to complete this activity. Web
links related to the issue of human growth hormone can be
found at www.albertabiology.ca. Log on to Instructor
Edition and follow the links to Chapter 13.

Safety Precautions
This activity does not require any special safety precautions.

Answers to Opinions and Recommendations
3. (a) Some possible questions include:

■  What is human growth hormone?
■  What does human growth hormone normally do?

Materials

■ access to print and electronic resources

When to Begin What to Do

3 to 4 weeks before ■ Book computer lab and/or
library.

■ Obtain permission, if
required, to upload a file of
bookmarks (favourites) to
the school or district server.

2 days before ■ Photocopy BLM 13.2.3:
Investigation 13.A

■ Photocopy Assessment
Checklist 4: Performance
Task Group Assessment
from Appendix A.
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■  Why is human growth hormone replacement
therapy normally used?

■  What are the dangers of excess human growth
hormone?

■  What other health risks are associated with human
growth hormone?

■  What is the cost of human growth hormone therapy?

(b) Parents might want synthetic hGH for their children to
increase their growth or to reduce obesity. Parents should
be aware that it is very expensive ($25 000 or more per
year) and is associated with several negative health effects.

(c) Some possible questions students should consider in
deciding whether athletes should be allowed to use
synthetic hGH include:
■  Is it fair for an athlete to use a substance that

enhances his/her athletic ability? 

■  How close are officials to determining ways of
detecting the use of human growth hormone in
athletes?

■  What are the dangers of excess growth hormone?
■  What other health risks are associated with human

growth hormone?
■  Can athletes easily obtain safe hGH pills over the

Internet?
■  Where can I find more information?

(d) Some possible questions students might research in
preparing an answer for whether health insurance
should cover hGH therapy include:
■  What are the costs associated with hGH therapy?
■  Does hGH therapy really work?
■  For which health conditions would using hGH

therapy improve the quality of life? 

■  What are the health risks involved in not using
hGH therapy for those that need it?  

■  What is the current state of gene therapy?
■  What factors might limit the effectiveness of gene

therapy?

■  What other health risks are associated with human
growth hormone?

■  Where can I find more information?

4. Students’ tables could resemble the one shown below.

Assessment Options
■ Use Assessment Checklist 4: Performance Task Group

Assessment from Appendix A.
■ Use the rubric that you developed to assess student

presentations or Checklist 8: Oral Presentations.

Answers to Questions for Comprehension
Student Textbook page 449

Q15. The thyroid gland is like a metabolic thermostat because,
in the same way that a thermostat responds to the level
of heat in a building, the thyroid gland responds to the
level of thyroxine in the body, shutting off production
and secretion when levels are high and stimulating
production and secretion when levels are low.  

Q16. The primary effect of thyroxine is to increase the rate at
which the body metabolizes fats, proteins, and
carbohydrates for energy. Thyroxine does not have one
specific target organ but especially stimulates the cells of
the heart, skeletal muscles, liver, and kidneys to increase
the rate of cellular respiration. Thyroxine also plays an
important role in the growth and development of
children by influencing the organization of various cells
into tissues and organs.

Q17. Hypothyroidism occurs when the thyroid produces
extremely low quantities of thyroxine. If there is
insufficient thyroxine in the blood, there will be no signal
to stop the secretion of TSH by the anterior pituitary.
The relentless stimulation of the thyroid gland by TSH
causes a goitre (an enlargement of the thyroid gland).

Section 13.2: Review Answers
Student Textbook page 450

1. Tropic hormones are hormones that stimulate endocrine
glands to release other hormones. Human growth
hormone is considered a tropic hormone because it is
released by the anterior pituitary into the blood, where it
travels to the liver and stimulates the liver to secrete
hormones called growth factors. 

2. The overproduction of human growth hormone causes
gigantism and acromegaly. Gigantism is the result of the
overproduction of human growth hormone during

Issue Benefits Risks 

2. Should hGH be
approved as a diet
treatment for
obesity?

3. Should athletes be
allowed legal
access to hGH?

Issue Benefits Risks 

1. Should people
have the option to
take synthetic hGH
just to increase
their genetically
predetermined
height?
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■ Aldosterone causes the kidneys to reabsorb sodium (Na+)
ions and to excrete potassium (K+) ions.

■ Addison’s disease develops when the adrenal cortex is
underactive, and Cushing’s syndrome develops when the
adrenal cortex is overactive.

Teaching Strategies
■ This section introduces students to a number of new

terms, such as adrenocorticotropic hormone (ACTH).
Many of these terms are long, and students may be
intimidated. They may find exercises to break the words
down to root meanings helpful. For example, have students
write down part of this term “adreno” and its root meaning
(adrenal gland); then have them write “cortico” and its root
meaning (cortex); finally, have students write down the
suffix “tropic” and its root meaning (a hormone that
targets other hormones). When they put the root meanings
of these terms together, they should discover that ACTH
stimulates the adrenal cortex to secrete hormones
(glucocorticoids). 

■ Struggling learners may grasp an idea better by looking at
diagrams or pictures. Use the various blackline masters
provided in this resource to help these students.

■ Create a 2- or 3-page study guide of ideas in the section.
This guide can be of great assistance to students who
struggle with print materials, lectures, or even organization
of information. The guide could be in paragraph form,
point form, a graphic organizer, or a combination. It might
also spotlight key vocabulary and provide essential
questions the section is designed to address.

■ Advanced students could be encouraged to make a digital
version of this guide using presentation software.

■ The following overhead masters and reinforcement tools
have been prepared for this section. You will find them
with the Chapter 13 BLMs on the CD that accompanies
this Teacher’s Resource or at www.albertabiology.ca, after
logging on to the Instructor Edition at the Online
Learning Centre.

Number (Type)
13.3.1 (HAND) The Adrenal Glands
13.3.1A (ANS) The Adrenal Glands Answer Key
13.3.2 (OH) Hormonal and Nervous System Interaction
in the Stress Response
13.3.3 (HAND) Short- and Long-term Stress Responses
13.3.3A (ANS) Short- and Long-term Stress Responses
Answer Key

■ A significant number of new terms is introduced in this section.
Students can make their own study aids by drawing a picture in
colour that will cue their memory for that term. Then ask them to
come up with a story to go with the term and to include the term

to be memorized written in colour somewhere near the picture
and story.

■ Refer ESL students to the glossary at the back of their text.

Figure 13.18
Student Textbook page 451

Students should be able to link the picture of the individuals on
the roller coaster to the fight-or-flight response from their
studies of the nervous system. Most will have experienced some
type of adrenaline (epinephrine) rush and may be able to make
the connection between adrenaline and the endocrine system.

Answers to Questions for Comprehension
Student Textbook page 453

Q18. The short-term response to stress is commonly referred
to as the fight-or-flight response. Like the nerve impulses
of the sympathetic nervous system, the hormones of the
adrenal medulla prepare the body for fight-or-flight by
increasing metabolism. 

Q19. The hypothalamus stimulates the sympathetic division of
the autonomic nervous system and the adrenal medulla
glands during the short-term, fight-or-flight response.
Both the sympathetic neurons and the adrenal glands
release epinephrine and norepinephrine, which help
prepare the body for fight-or-flight by increasing
metabolism.

Q20. The following chart summarizes the major physiological
changes that occur in the short-term and long-term stress
response.

Biology File: Web Link
Student Textbook page 454

The third stage of GAS is called exhaustion. In this stage, the
body has run out of its reserve of body energy and has a
reduced immune system response—the body’s ability to resist
disease may be almost totally eliminated. Patients who
experience long-term stress may succumb to heart attacks or
severe infection due to their reduced immunity.

Recent findings have helped explain the general
neurochemistry of the general adaptation syndrome, although

Short-term stress response Long-term stress response

■ heart rate and blood
pressure increase

■ blood flow to the heart and
muscles increases

■ breathing rate increases
■ rate of metabolism

increases
■ blood glucose rises

■ sodium ions and water are
absorbed by the kidney

■ blood volume and pressure
increase

■ protein and fat metabolism
is stimulated, which
releases glucose

■ inflammation is reduced
and immune cells are
suppressed
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much remains to be discovered about how the endocrine
system interacts with other systems.

Answers to Questions for Comprehension
Student Textbook page 454

Q21. Cortisol raises blood sugar levels by promoting the
breakdown of muscle protein into amino acids. The
amino acids are taken out of the blood by the liver,
where they are used to make glucose, which is released
back into the blood.

Q22. One of the ways the body fights disease is by
inflammation, in which cells of the immune system
attack foreign material, such as invading bacteria.
Cortisol is a natural anti-inflammatory in the body,
which is probably why sustained high levels of cortisol
make people more susceptible to infection.

Student Textbook page 455

Q23. Aldosterone stimulates the nephrons of the kidneys to
increase the absorption of sodium into the bloodstream.
This increases the solute concentration of the blood,
which then draws in more water from the nephrons,
raising blood pressure.

Q24. Addison’s disease is caused by damage to the adrenal
cortex. However, the symptoms of the disease would
result from the loss of the glucocorticoids,
mineralocorticoids, and gonadocorticoids. The symptoms
of Addison’s disease include hypoglycemia (low blood
sugar), sodium and potassium imbalances, rapid weight
loss, and general weakness. Low aldosterone results in a
loss of sodium and water from the blood due to increased
urine output. As a result, blood pressure drops. A person
with this condition needs to be treated within days, or the
severe electrolyte imbalance will be fatal. 

Section 13.3: Review Answers
Student Textbook page 455

1. See chart.

2. (a) It would be beneficial for the soccer player because
the fight-or-flight response increases heart rate and
blood pressure, increases breathing rate, and increases
blood flow to the heart and skeletal muscles. All of
these would help the soccer player compete.

(b) The student writing the final exam would need to
remain calm, so the fight-or-flight response would
likely be detrimental.

(c) The fight-or-flight response would be beneficial if you
are late for your bus because it increases heart rate
and blood pressure, increases breathing rate, and
increases blood flow to the heart and skeletal muscles.
All of these would help you run to catch your bus.

(d) The fight-or-flight response might be beneficial if you
need to get “psyched up” before going on stage, but it
might be detrimental if you get too excited before
going on stage.

3. A long-term stress situation could involve a high-pressure
job or having to deal with a family member or friend who
is gravely ill. This can be detrimental to your health
because in response to long-term stress situations, the cells
of the adrenal cortex secrete cortisol into the blood for
long periods of time. Cortisol is a natural anti-
inflammatory in the body, which is probably why
sustained high levels of cortisol make people more
susceptible to infections.

4. The body responds to stress by increasing blood glucose
levels and increasing metabolism. The result is a depletion
of “sugar” in the body which could trigger a craving for
sweets.

5. Cortisol is an anti-inflammatory that is used to reduce
inflammation associated with joint injuries. Long term
use of cortisol, however, is harmful because it inhibits the
regeneration of connective tissue.

6. Norepinephrine is both a hormone released by the adrenal
medulla and a neurotransmitter released by neurons
associated with the sympathetic nervous system.

Short-term response Long-term response

Effects on the
body

■ heart rate and
blood pressure
increase

■ blood flow to the
heart and muscles
increases

■ breathing rate
increases

■ rate of metabolism
increases

■ blood glucose rises

■ blood volume
and pressure
increase

■ protein and fat
metabolism is
stimulated,
which releases
glucose

■ inflammation is
reduced, and
immune cells are
suppressed

Short-term response Long-term response

Part of adrenal
gland

adrenal medulla adrenal cortex

System
responsible for
stimulating &
hormones
involved

sympathetic nervous
system: neurons

hypothalamus–
anterior pituitary
complex:
adrenocorticotropic
hormone (ACTH)

Substances
secreted

epinephrine and
norepinephrine (also
called adrenaline and
noradrenaline)

glucocorticoids
(cortisol) and
mineralocorticoids
(aldosterone)
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7. An adrenaline rush is associated with the fight-or-flight
response. Adrenaline (epinephrine) is released by both the
sympathetic nervous system and the adrenal glands.

The body’s response to the adrenaline rush is:

■  heart rate and blood pressure increase
■  blood flow to the heart and muscles increases
■  breathing rate increases
■  rate of metabolism increases
■  blood glucose rises

13.4 Hormonal Regulation of Blood 
Sugar

Student Textbook pages 456-462

Section Outcomes
Students will:
■ describe the structure of the pancreas and its role in

homeostasis
■ explain how insulin and glucagon regulate levels of blood

glucose
■ describe the physiological effects of diabetes and how the

condition occurs
■ analyze data and infer the role of various hormones based

on observations
■ explain how science and technology are developed to meet

societal needs and expand human capability

Key Terms
pancreas
islets of Langerhans
beta cells
alpha cells
insulin
glucagon
diabetes mellitus
hyperglycemia
type 1 diabetes
type 2 diabetes

Biology Background
■ The hormones of the pancreas act antagonistically to

maintain blood glucose levels within a narrow range. The
cells of the islets of Langerhans in the pancreas secrete
insulin, which lowers the blood glucose levels, and
glucagon, which has the opposite effect.

■ The most common illness caused by hormonal imbalance
is diabetes mellitus, which is due to the failure of the
pancreas to produce insulin or the failure of the cells to use
insulin to make them permeable to glucose. Type 1
diabetes, in which the immune system has destroyed the
beta cells of the pancreas, is usually diagnosed in childhood
and those suffering from it must inject insulin daily. Type

2 diabetes usually develops later in life and has been linked
with certain lifestyle choices. Those with Type 2 usually
have a wider range of treatment options available. 

Teaching Strategies
■ Diabetes is a disorder that affects many Canadians.

Contact local branches of the Canadian Diabetes
Association to see if a representative of this association
might be available to talk to your students about this
disease, or contact a regional health unit to see if they can
provide a guest speaker for your class.

■ Contact your local media resource centre to see if it offers
any videos that trace the history of diabetes research in
Canada.

■ The overhead masters and reinforcement tools listed below
are in addition to the BLMs developed to support
activities. You will find them with the Chapter 13 BLMs
on the CD that accompanies this Teacher’s Resource or at
www.albertabiology.ca, after logging on to the Instructor
Edition at the Online Learning Centre.

Number (Type)
13.4.1 (HAND) The Pancreas
13.4.1A (ANS) The Pancreas Answer Key
13.4.2 (HAND) Regulating Blood Glucose
13.4.2A (ANS/OH) Regulating Blood Glucose Answer
Key

■ Continue working on the “root meaning” exercise. Have students
write down the prefix “hyper” (excessive); then have them write
“glycemia,” which is related to “glyco” (sugar) and “emia”
(condition of the blood). When they put the root meanings of
these terms together, they should link hyperglycemia to higher
than normal blood sugar levels. If students are having trouble
distinguishing the prefix “hyper” from “hypo,” remind them that a
hypodermic needle goes “under (or below) the skin.”

■ Create a 2- or 3-page study guide of ideas in the section. This
guide can be of great assistance to students who struggle with
print materials, lectures, or even organization of information. The
guide could be in paragraph form, point form, a graphic
organizer, or a combination. It might also spotlight key
vocabulary and provide essential questions the section is
designed to address. 

■ Advanced students could be encouraged to make a digital
version of this guide using presentation software.

Answers to Questions for Comprehension
Student Textbook page 457

Q25. The two types of cells in the pancreas are the alpha cells
and the beta cells. The beta cells of the pancreas secrete
insulin, which decreases blood glucose levels. The alpha

5-88 MHR • Unit 5 The Nervous and Endocrine Systems



cells of the pancreas secrete glucagon, which increases
blood glucose levels.

Q26. To maintain homeostasis, insulin is released from the
pancreas into the blood when blood glucose levels go
above the normal range. Insulin decreases blood sugar
levels. If blood glucose levels go below normal, the
pancreas releases glucagon which raises the blood glucose
levels.

Figure 13.25
Student Textbook page 457

To maintain homeostasis, insulin is released from the pancreas
into the blood when blood glucose levels rise above the
normal range. Insulin decreases blood sugar levels. If blood
glucose levels drop below normal, the pancreas releases
glucagon, which raises the blood glucose levels.

Answers to Questions for Comprehension
Student Textbook page 458

Q27. The symptoms of diabetes mellitus are fatigue, an
acetone odour to the breath, glucose in urine, and high
urine output and thirst. The following explains these
symptoms:

■  Fatigue: Insulin circulates throughout the body and
acts on specific receptors to make the target cells more
permeable to glucose. Diabetes mellitus results when
the body does not produce enough insulin, or does
not respond properly to insulin. As a result, levels of
blood glucose tend to rise sharply after meals, and
remain at significantly high levels. Without insulin,
cells remain relatively impermeable to glucose and
cannot obtain enough from the blood. The individual
experiences fatigue as the cells become starved for
glucose. 

■  Acetone breath: If glucose can’t get into the cells, the
body compensates by switching to protein and fat
metabolism for energy. Fat metabolism releases ketones
(such as acetone) as a toxic by-product, which can be
smelled on the breath.

■  Glucose in urine: The kidneys are incapable of
reabsorbing all of the glucose that is filtered through
them from blood, and so glucose is excreted in the
urine.

■  High urine output and thirst: Glucose being excreted
in urine changes the osmotic gradient across the
nephrons of the kidneys. Large volumes of water
therefore follow the glucose by osmosis into the kidney
tubules and it gets excreted. The loss of excess
quantities of water in the urine triggers the thirst
response.

Q28. Hyperglycemia is high blood glucose levels.

Q29. The effects of long-term high levels of blood glucose can
lead to blindness, kidney failure, nerve damage, and
gangrene in the limbs. Diabetes can also be fatal if not
properly treated.

Thought Lab 13.2: Blood Glucose 
Regulation and Homeostasis

Student Textbook page 458

Purpose
Students will analyze and interpret collected data on blood
glucose levels, identify healthy patterns of blood glucose levels,
and infer the effects of diabetes mellitus on blood glucose
levels.

Outcomes
■ 30-A2.1sts
■ 30-A2.2s
■ 30-A2.3s

Advance Preparation

Time Required
30 to 45 min

Helpful Tips
■ Use BLM 13.4.3: Thought Lab 13.2 to support this

activity. Modify as necessary.
■ Use this opportunity to teach students how to use

graphing software or the chart capabilities found in most
spreadsheet software.

Answers to Analysis Questions
1. Students’ graphs should look similar to the one shown

below. Note: The scale for “Time” on the x-axis has been

Materials

■ graph paper or access to computer with spreadsheet or
graphing software

When to Begin What to Do

2 to 3 days before ■ Check supply of graph
paper or book computer lab
if students are going to use
spreadsheet or graphing
software to plot graph.

■ Photocopy BLM 13.4.3:
Thought Lab 13.2
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compressed to save space. This scale on students’ graphs
should be equally spaced.

2. Based on the graph, Tamika likely is diabetic. Her blood
glucose levels were at 15.0 mmol/L 2 hours after lunch
(12:00 PM) and 18.0 1 hour after supper (6:00 PM).
These levels are much higher than the healthy range for
blood glucose of 4.5–5.0 mmol/L. Tamika’s blood glucose
levels decreased sharply after these measurements because
she would have taken an insulin shot when the level
reached above 13–15 mmol/L. Insulin circulates
throughout the body and acts on specific receptors to
make the target cells more permeable to glucose. Diabetes
mellitus results when the body does not produce enough
insulin, or does not respond properly to insulin. As a
result, levels of blood glucose tend to rise sharply after
meals, and remain at significantly high levels.

3. Students should note that release of insulin happens
shortly after a meal. Insulin lowers blood glucose levels.
Maria’s blood glucose levels rise in the hour or two after a
meal, then decrease because of insulin by the beginning of
the next meal. 

4. Students should indicate that glucagon levels will be
higher between meals or after the person has been active.
Glucagon raises blood glucose levels.

5. The woman with diabetes could take insulin to help her
blood glucose levels return to healthy levels after a meal.
By injecting insulin directly into the bloodstream, the
insulin makes the cells more permeable to glucose,
thereby lowering blood glucose levels.

6. Tamika could drink fresh fruit juice or a prepared sports
drink, or eat something that contains sugar. Students may
suggest other answers as well.

Assessment Options
■ Collect and assess students’ answers to the Analysis questions.

Answers to Questions for Comprehension
Student Textbook page 459

Q30. In type 1 diabetes (also called juvenile diabetes), the
immune system produces antibodies that attack and
destroy the beta cells of the pancreas. As a result, the
beta cells degenerate and are unable to produce insulin.

Q31. The risk factors associated with type 2 diabetes are
unhealthy diet and weight gain.

Investigation 13.B: Analyzing 
Endocrine Disorders

Student Textbook pages 460–461

Purpose
Students will analyze and compare data collected from
simulated blood and urine samples, integrate data, and
identify hormonal imbalances suggested by the data.

Outcomes
■ 30-A2.1sts
■ 30-A2.1s
■ 30-A2.2s
■ 30-A2.3s
■ 30-A2.4s

Advance Preparation

Materials

■ digital blood glucose monitor (if available)
■ medicine dropper
■ 10 mL test tubes (10)
■ test-tube rack
■ 10 mL graduated cylinder
■ 400 mL beaker
■ hot plate
■ test-tube clamp
■ beaker tongs

When to Begin What to Do

2 to 3 days before ■ Make up simulated urine and
blood samples (see Helpful Tips
for directions).

■ Photocopy BLM 13.4.4:
Investigation 13.B

■ Photocopy Assessment
Checklist 2: Laboratory Report
from Appendix A if you are
going to use this as part of your
formal assessment strategy for
this investigation.
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5. The lack of hGH, epinephrine, and cortisol could be the
result of an underactive pituitary gland (hypopituitarism)
and a disorder of the adrenal cortex. The anterior
pituitary gland produces human growth hormone and
adrenocorticotropic hormone (ACTH). The low level of
ACTH would result in low levels of cortisol. hGH also
stimulates other hormones that cause the release of
glycogen from the liver. Epinephrine released by the
adrenal cortex also stimulates the conversion of glycogen
to glucose in the liver. Lower levels of these hormones
would result in lower than normal blood glucose levels. 

The pancreas would secrete glucagon to help compensate
for the low blood sugar levels. Glucagon stimulates the
liver to convert glycogen back into glucose, which is
released into the blood.

6. Patient A—normal; no treatment required

Patient B—diabetes mellitus; insulin injections and islet
cell transplants are two possible treatments

Patient C—diabetes insipidus; ADH tablets

Patient D—Addison’s disease; aldosterone replacement
therapy

Patient E—pituitary gland and adrenal gland disorders;
hormone supplements 

Assessment Options
■ Collect and assess students’ answers to the Analysis,

Conclusion, and Application questions.
■ Use Assessment Checklist 2: Laboratory Report from

Appendix A.

Answers to Questions for Comprehension
Student Textbook page 462

Q32. By tying off a dog’s pancreatic duct with some string,
Banting and his research team were able to remove some
islets of Langerhans from the dog’s pancreas, and then
isolate insulin from the islets. They then found a way to
isolate insulin from the pancreas of embryonic calves.
They worked with a biochemist from the U of A to
purify the extracted insulin and used it to successfully
treat a boy with diabetes.

Q33. To check blood glucose levels, insert a test strip with a
drop of blood into a blood glucose monitor. 

Section 13.4: Review Answers
Student Textbook page 462

1. A negative feedback mechanism for regulation of blood
glucose levels is shown below:

2. Skipping breakfast lowers blood sugar levels. To maintain
homeostasis, the pancreas secretes the hormone glucagon
into the blood. Glucagon causes adipose tissue to break
down fat to glucose and the liver to break down glycogen
to glucose. Both of these raise blood glucose levels.

3. Type 2 diabetes can occur if the insulin receptors on the
body’s cell membranes stop responding to insulin. In this
case, insulin injections are not effective because the
problem is not a lack of insulin, but the fact that the
specific receptors on the target cells do not allow an
increase in the permeability of these cells to glucose.
Hyperglycemia is the result. Other treatments include
diet, exercise, and oral medications.

4. Advantages of synthetic insulin might include the
following: the cost of manufacturing it is lower, it is pure
human insulin and not insulin from another animal, and
the supply would be uninterrupted. The disadvantages of
any medication are the negative side effects that can occur
in some people.

5. (a) The individual’s insulin levels drop after he/she starts
to exercise. Rigorous exercise (or skipped meals) can
cause blood glucose levels to drop. As a result, insulin
production will drop to keep blood glucose levels
higher to meet the metabolic requirements of the
body during exercise. A drop in insulin production
means that the liver will stop storing glucose, the
muscle cells will stop storing glycogen, and the
adipose tissues will stop using glucose to form fat. 

(b) The individual’s glucagon levels rise after he/she starts
exercising. Low blood sugar caused by exercise

pancreas secretes insulin

high blood glucose

liver stores glucose muscle cells store
glycogen

adipose tissue uses
glucose to form fat

liver breaks down
glycogen to glucose

adipose tissue breaks down
glycogen to glucose

pancreas secretes
glucagon

carbohydrates digested and glucose absorbed into bloodstream

low blood glucose

normal blood glucose
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