
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
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