
Time Required
■ 1 class period for students to conduct their research
■ 1 class period for students to make their pamphlet
■ 1 class period for students to present their findings

Helpful Tips
■ Use BLM 11.1.16 to support this activity. Modify as

necessary.
■ To save some time, organize the groups ahead of time and

assign each group one drug to research.
■ Identify the topics that you want students to research. Set

specific limits on the size of the pamphlet, the amount of
time students will have to research their assigned drug, the
amount of time students will have to make their pamphlet,
and the length of their presentations.

Answer to Analysis Question
1. Addictive properties are unique to each drug. However,

one area students may focus on is the action of drugs at a
synapse. A drug can affect a neurotransmitter in these
ways:

(a) it can cause leakage of the neurotransmitter out of a
synaptic vesicle into the axon terminal;

(b) it can prevent release of the neurotransmitter into the
synaptic cleft;

(c) it can promote release of the neurotransmitter into
the synaptic cleft;

(d) it can prevent the re-uptake of the neurotransmitter
by the presynaptic membrane;

(e) it can block the enzyme that breaks down the
neurotransmitter; or

(f) it can bind to a receptor protein, mimicking the
action or preventing the uptake of a neurotransmitter.

Taking drugs that affect the nervous system leads to
physical dependence and withdrawal symptoms if the
drug is not taken regularly.

Answer to Extension Question
2. This question challenges students to debate the effects of

drug use on society as a whole. Caution students to form
their arguments for or against based on facts—not on
emotion or urban legends. Establish guidelines for
presenting their point of view, and protocols for rebuttal
to ensure that the debate does not get out of control.

Assessment Options
■ Design a rubric to evaluate the pamphlet produced by the

group and their presentation. Provide this rubric to the
students prior to the activity. This will ensure that students
know how they are going to be evaluated. 

Section 11.1: Review Answers
Student Textbook page 384

1. A – central nervous system 

B – peripheral nervous system

C – sensory pathways

D – motor pathways

E – somatic nervous system

F – autonomic nervous system

G – sympathetic nervous system

H – parasympathetic nervous system

2. Students’ answers will depend on what they remember
about electricity from Science 9.

Criteria Electric Current in a
Wire

Nerve Impulse

conductor Electric currents travel
along a conductor
such as copper wire. 

Electrochemical action
causes the action
potential to travel along
the axon of a neuron.

propagation Movement of an
electric pulse along a
wire involves the
movement of electrons
along the wire.

A nerve impulse is the
result of ion
concentration
differences across the
axon membrane.

strength of
the impulse

The strength of an
electrical current
diminishes the farther
you get from the
source. 

The strength of the
action potential is the
same along the entire
length of the neuron.

Materials

■ print and electronic information on the effects of drugs on the
nervous system

When to Begin What to Do

1–2 days before ■ Photocopy BLM 11.1.16:
Thought Lab 1.1
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3. Myelinated neurons have a white, glistening appearance.
The myelin sheath is an excellent insulator, protects
myelinated neurons, and greatly enhances the speed of
impulse conduction by forcing the impulse to jump from
node to node along the axon, a process known as saltatory
conduction. The fastest impulses, such as those in a reflex
arc, travel at about 120 m/s. Schwann cells, a type of glial
cell, produce myelin in certain parts of the nervous
system. In the central nervous system, myelinated neurons
form what is known as white matter. In the peripheral
nervous system, most neurons are myelinated.
Unmyelinated neurons form the grey matter in the central
nervous system. The nerve impulses in unmyelinated
neurons, such as those that stimulate smooth muscle in
the digestive tract, travel at only about 2 m/s. 

4. Students’ answers should resemble Figure 11.12 on page
374 of the student textbook. The diagram should indicate
that when a neuron is at rest, the outside of the
membrane of the neuron is positively charged compared
to the inside, which is at –70 mV. This is the result of the
uneven distribution of positively and negatively charged
ions. The diagram should show that outside the cell there
is a high concentration of sodium (Na+) ions and a lower
concentration of potassium (K+) ions. Inside the cell there
is a high concentration of K+ and a lower concentration of
Na+, as well as negatively charged ions such as chloride
(Cl–) and proteins. A neuron achieves this state in 3 ways:
proteins and chloride ions (Cl–), are trapped inside the
cell and unable to diffuse out through the selectively
permeable cell membrane; special membrane proteins can
use the energy of ATP to pump charged particles across
the membrane, but 3 sodium ions move out for every 2
potassium ions pumped into the cell; more ion-specific

channels allow potassium ions to diffuse down their
concentration gradient and out of the cell than channels
allowing sodium ions to move into the cell. The value of
this is that the resting membrane potential provides
energy for the generation of a nerve impulse in response
to an appropriate stimulus.

5. (a) The event occurring at Region 1 is that the
membrane achieves resting potential. At Region 2, the
neuron becomes depolarized. At Region 3, the neuron
becomes repolarized.

(b) At Region 2 (depolarization), sodium ions are
entering the neuron.

(c) At Region 3 (repolarization), potassium ions are
leaving the neuron. 

(d) At Regions 1 and 4 (resting membrane potential), the
sodium ion concentration is higher outside than
inside the neuron. 

6. Acetylcholine is a neurotransmitter that crosses a
neuromuscular junction. Acetylcholine excites the muscle
cell membrane, causing depolarization and contraction of
the muscle fibre. Cholinesterase is the enzyme released
into a synapse to break down acetylcholine. Breaking
down acetylcholine removes it from the protein receptors,
thus allowing the ion channels to close and the membrane
to repolarize in a fraction of a second. One possible
hypothesis is that if there is an overproduction of
cholinesterase, acetylcholine will not be permitted to
fulfill its function. This could affect muscle activity.

7. Neurotransmitters have either excitatory or inhibitory
effects on the postsynaptic membrane. If the effect is
excitatory, the receptor proteins will trigger ion channels
that open to allow positive ions, such as sodium, to flow
into the postsynaptic neuron. This depolarizes the
postsynaptic membrane and, if the threshold potential is
reached, initiates an action potential. The impulse will
travel along the axon to the next neuron or effector.

If, however, the effect is inhibitory, the receptor protein
will trigger hyperpolarization of the membrane. This
means that the inside of the axon will become even more
negatively charged. As a result, the membrane will not
depolarize and there is no action potential.

8. (a) An action potential travels along an axon to the
synaptic terminal. Synaptic vesicles move toward and
fuse with the presynaptic membrane, releasing
neurotransmitters into the synaptic cleft.
Neurotransmitters bind to receptor proteins on the
postsynaptic neuron and affect the movement of ions
across the membrane, either causing an action
potential or not. After the neurotransmitter has had
its effect, enzymes inactivate it so that its components
can be reabsorbed by the presynaptic cell. The
postsynaptic neuron will then return to resting
potential.

Criteria Electric Current in a
Wire

Nerve Impulse

contact Wires have to be in
direct contact with
each other in order for
electricity to flow from
one to the next.

Neurons are not in
direct contact with
each other.
Neurotransmitters
transmit the action
potential from one
neuron to another.

speed Electricity in a wire
travels much faster
than the action
potential in a neuron. 

The action potential in
a neuron travels much
more slowly than
electricity in a wire.

all-or-none A switch regulates the
flow of electrons
through a circuit.

Once threshold
potential is reached, an
action potential will be
generated in the
neuron and will
propagate the entire
length of the neuron.



(b) Cocaine acts by blocking the re-uptake of certain
neurotransmitters such as dopamine. By binding to
the transporters that normally remove the excess of
this neurotransmitter from the synaptic gap, cocaine
prevents dopamine from being reabsorbed by
presynaptic neurons, resulting in an increased
concentration of dopamine in these synapses. As a
result, the natural effect of dopamine on the
postsynaptic neurons is amplified and produces the
feeling of euphoria typically experienced by people
who take cocaine.

(c) (Note: Students may be able to obtain some of this
information from the group presentations or
pamphlets on drugs from Thought Lab 11.1: The
Effect of Drugs on Neurons and Synapses.)
Dopamine has a number of roles. In terms of cocaine
addiction, dopamine is commonly associated with the
“pleasure system” of the brain, providing feelings of
enjoyment and reinforcement to motivate us to do, or
continue doing, certain activities. Students may also
include the other roles that dopamine has in the
brain. For example, dopamine is critical to the way
the brain controls our movements. Shortage of
dopamine causes Parkinson’s disease, in which a
person loses the ability to execute smooth, controlled
movements. In the frontal lobes, dopamine controls
the flow of information from other areas of the brain.
Dopamine disorders in this region of the brain can
cause a decline in cognitive functions, especially
memory, attention and problem solving.

(d) From their research, students may hypothesize that
cocaine causes extreme physical dependence because,
with continued cocaine use, the body begins to make
less dopamine to compensate for a seemingly endless
supply. The user, therefore, experiences increased
tolerance, withdrawal symptoms, and intense cravings
for cocaine.

11.2 The Central Nervous System
Student Textbook pages 385-395

Section Outcomes
Students will:
■ identify the principal structures of the central nervous

system
■ explain the functions of the spinal cord and various regions

of the brain
■ observe the principal features of the mammalian brain
■ explain how technological advances in neuroscience can

provide solutions to practical problems

Key Terms
grey matter
white matter

meninges
cerebellum
medulla oblongata
pons
midbrain
thalamus
hypothalamus
cerebrum
blood-brain barrier
cerebrospinal fluid
cerebral cortex
corpus callosum
occipital lobes
temporal lobes
parietal lobes
frontal lobes
Broca’s area
Wernicke’s area

Biology Background
■ The central nervous system (CNS) consists of the brain

and spinal cord.
■ The spinal cord is a vital communication link between the

brain and the peripheral nervous system.
■ The brain includes centres that control involuntary and

voluntary responses.
■ The brain can be divided into three general regions: the

hindbrain, the midbrain, and the forebrain.
■ The cerebrum is the largest part of the brain. It contains

four lobes, each of which is associated with particular
functions.

Teaching Strategies
■ Check with your local media resource centre to find an

intermediate-level video that provides an overview of the
human brain. Try to find one that does not provide too
much detail, but simply gives your students a broad
introduction to this organ.

■ Most students are fascinated (or grossed out) by Phineas
Gage’s story (as recounted in Figure 11.31 on page 392
and discussed under “Mapping Brain Functions” on the
same page). Phineas Gage was the foreman of a railway
construction gang working for the contractors preparing
the bed for the Rutland and Burlington Rail Road near
Cavendish, Vermont. On 13 September 1848, an
accidental explosion of a charge he had set blew his
tamping iron through his head. Phineas was knocked over
but was believed not to have lost consciousness even
though most of the front part of the left side of his brain
was destroyed. Students may wish to explore web sites that
describe what happened to Mr. Gage over the longer term
and the information that the medical community was able
to learn from him about the function of the brain. They
can also find out more information about the work of
Canadian doctor Wilder Penfield.
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