
■  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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childhood. Acromegaly is the result of the overproduction
of human growth hormone after the individual reaches
adulthood.

3. Note: Some students may be aware that the releasing
hormone in this situation is also known as TRH
(thyrotropin-releasing hormone).

4. An overactive thyroid produces an excess of thyroxine,
resulting in hyperthyroidism. Since thyroxine stimulates
metabolism, which releases stored energy as ATP, the
symptoms of hyperthyroidism include anxiety, insomnia,
heat intolerance, an irregular heartbeat, and weight loss.
(Note: Weight loss and constant hunger are the result of
the “burning off ” of calories that occurs with high levels
of thyroxine.)

5. One of the by-products of a nuclear power plant explosion
is the release of radioactive iodine. In the human body,
iodine is quickly swept up by the thyroid, so that the total
intake of radioactive iodine becomes concentrated there.
The thyroid has a maximum uptake of iodine, however, so
some protection against radioactive iodine releases can be
afforded by taking iodine (potassium iodide) tablets to
load up the thyroid to capacity so that radioactive iodine
would be more likely to be excreted.

6. The hGH treatment might help her because hGH
stimulates the growth of muscles, connective tissue, and
growth plates at the end of the long bones, which causes
the elongation of these bones.

7. Students’ answers should include a listing of the
advantages and disadvantages. They may also differentiate
between the treatment of age-related health problems and
anti-aging treatments that are done more for cosmetic
than health improvement reasons. Their answer should
reflect an opinion on using hGH to counteract the effects
of aging.

13.3 Hormonal Regulation of the Stress 
Response

Student Textbook pages 451-455

Section Outcomes
Students will:
■ explain how the nervous and endocrine systems act

together to regulate the stress responses
■ identify and describe the actions of epinephrine and

norepinephrine in the human body
■ describe the effects of cortisol and aldosterone on the

human body during the long-term stress response
■ describe the physiological effects of chronic stress or an

imbalance in the stress hormones

Key Terms
adrenal glands
adrenal medulla
epinephrine
norepinephrine
short-term stress response
fight-or-flight response
adrenal cortex
long-term stress response
cortisol
adrenocorticotropic hormone (ACTH)
aldosterone

Biology Background
■ The adrenal glands respond to stress; in the short term, the

adrenal medulla secretes epinephrine and norepinephrine,
which bring about the responses we associate with
emergency situations.

■ If stress occurs long term, the adrenal cortex produces
glucocorticoids (e.g., cortisol) and mineralocorticoids (e.g.,
aldosterone).

■ Cortisol stimulates the hydrolysis of proteins to amino
acids that are converted to glucose, as well as the
breakdown of fat cells to release glucose; in these ways, it
raises the blood glucose level.

Label Description Effects

A more releasing hormone is
secreted

stimulates the anterior
pituitary gland to secrete
TSH

B more thyroid-stimulating
hormone (TSH) is secreted

the anterior pituitary
responds to increased
levels of releasing
hormone by releasing
more TSH into the blood

C more thyroxine is secreted in response to increasing
TSH, the thyroid gland
secretes more thyroxine

D less releasing hormone is
secreted

increased levels of
thyroxine in the blood
exert negative feedback
on the hypothalamus,
resulting in lower levels
of releasing hormone

E less TSH is secreted lowers levels of releasing
hormone reduce the
levels of TSH produced
by the anterior pituitary

F less thyroxine is secreted lower levels of TSH result
in lower production of
thyroxine by the thyroid
gland
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