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Chapter 14

Medicinal Chemistry
THE MAIN IDEA

Medicines are like keys that unlock 
various biological responses.

14.1 Medicines Improve Health
14.2 The Lock-and-Key Model
14.3 Chemotherapy
14.4 The Nervous System 
14.5 Psychoactive Drugs
14.6 Pain Relievers
14.7 Medicines for the Heart

14.4 The Nervous System 

Many drugs function by affecting the nervous system. To 
understand how these drugs work, it is important to know 
the basic structure and functions of the nervous system.

Thoughts, physical actions, and sensory input all 
involve the transmission of electric signals through the body. 
The path for these signals is a network of nerve cells, or neu-
rons. Neurons are specialized cells capable of sending and 
receiving electric impulses. First, in what is called the resting 
phase, a nerve cell primes itself for an impulse by ejecting 
sodium ions, as shown in Figure 14.20a. A higher concentra-
tion of sodium ions outside the neuron than inside creates 
a charge imbalance. The charge imbalance gives rise to an 
electric potential of around −70 millivolts across the cell 
membrane. As shown in Figure 14.20b, a nerve impulse is a 
reversal in this electric potential that travels down the length 
of the neuron to the synaptic terminals. The reversal of the 
electric potential within an impulse occurs as sodium ions 
flush back into the neuron.

After the impulse passes a given point along the 
neuron, the cell again ejects sodium ions at that point to 
re-establish the original distribution of ions and the −70-mil-
livolt potential.
Unlike the wires in an electric circuit, most neurons are not 
physically connected to one another. Nor are they connected 
to the muscles or glands on which they act. Rather, as Figure 
14.21 shows, they are separated from one another or from a 
muscle or gland by a narrow gap known as the synaptic cleft.

What is a nerve impulse?
READING CHECK
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Figure 14.21 > 
The passage of neurotransmitters 
across a synaptic cleft.

^  Figure 14.20
(a) The resting phase of a neuron maintains a greater 
concentration of sodium ions outside the cell. This 
results in a voltage of about −70 millivolts. (b) In the 
impulse phase, sodium ions flush back into the cell 
through channels to give a voltage of about +30 
millivolts.
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A nerve impulse reaching a synaptic cleft causes bubble-like 
compartments in the terminal, called vesicles, to release neurotrans-
mitters into the cleft. Neurotransmitters are organic compounds 
released by a neuron that are capable of activating receptor sites 
within an adjacent neuron.

A neurotransmitter, once released into the synaptic cleft, 
migrates across the cleft to receptor sites on the opposite side. If 
the receptor sites are located on a postsynaptic neuron, as shown in 
Figure 14.21, the binding of the neurotransmitter may start a nerve 
impulse in that neuron. If the receptor sites are located on a muscle 
or an organ, then binding of the neurotransmitter may start a bodily 
response, such as muscle contraction or the release of hormones.

Two important classes of neurons are the stress and mainte-
nance neurons. Both types are always firing. But in times of stress, 
as when facing an angry bear or giving a speech, the stress neurons 
are more active than the maintenance neurons. This condition is 
the fight-or-flight response, during which fear causes stress neurons 
to trigger rapid bodily changes to help defend against impending 
danger: the mind becomes alert, air passages in the nose and lungs 
open to bring in more oxygen, the heart beats faster to spread the 
oxygenated blood throughout the body, and nonessential activities 
such as digestion are temporarily stopped. In times of relaxation, 
such as sitting down in front of the television with a bowl of potato 
chips, the maintenance neurons are more active than the stress neu-
rons. Under these conditions, digestive juices are secreted, intestinal 
muscles push food through the gut, the pupils constrict to sharpen 
vision, and the heart pulses at a minimal rate.

C O N C E P T   C H E C K
What is a neurotransmitter?

CHECK  YOUR  ANSWER   A neurotransmitter is a small organic molecule released by a neuron. It 
influences neighboring tissues, such as nerve membranes, by binding to receptor sites.

How is pumping iron (weight 
lifting) connected to pumping 
sodium ions?

CONNECTIONS
CHEMICAL

Neurotransmitters
On the chemical level, stress and maintenance neurons can be dis-
tinguished by the types of neurotransmitters they use. The primary 
neurotransmitter for stress neurons is norepinephrine. The primary 
neurotransmitter for maintenance neurons is acetylcholine. Both are 
shown in Figure 14.22. As we shall see in the following sections, 
many drugs function by altering the balance of stress and mainte-
nance neuron activity.

In addition to norepinephrine and acetylcholine, a host of 
other neurotransmitters contribute to a broad range of effects. 
Three examples are the
neurotransmitters dopamine, serotonin, and gamma-aminobutyric 
acid, shown in Figure 14.23.
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Dopamine plays a significant role in activating the brain’s 
reward center, which is located in the hypothalamus. This is an area 
at the lower middle of the brain, as illustrated in Figure 14.24. The 
hypothalamus is the main control center for the involuntary part 
of the peripheral nervous system and for emotional response and 
behavior. Stimulation of the reward center by dopamine results in 
a pleasurable sense of euphoria, which is an exaggerated sense of 
well-being.

Serotonin is the neurotransmitter used by the brain to block 
unneeded nerve impulses. So that we can make sense of the world, 
the frontal lobes of the brain selectively block out a multitude of 
signals coming from the lower brain and from the peripheral ner-
vous system. We are not born with this ability to selectively block 
out information. In order to have an appropriate focus on the world, 
newborns must learn from experience which lights, sounds, smells, 
and feelings outside and inside their bodies must be damped. A 
healthy, mature brain is one in which serotonin successfully sup-
presses lower-brain nerve signals. Information that does make it to 
the higher brain can then be sorted efficiently.

Figure 14.22 > 
The chemical structures of the 
stress neurotransmitter norepi-
nephrine and the maintenance 
neurotransmitter acetylcholine.

 Figure 14.23
The chemical structures of three 
neurotransmitters important to 
the central nervous system.

^
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C O N C E P T   C H E C K
Match the neurotransmitter to its primary function:

_____ norepinephrine a. inhibits nerve transmission
_____ acetylcholine b. stimulates reward center
_____ dopamine c. selectively blocks nerve impulses
_____ serotonin d. maintains stressed state
_____ GABA e. maintains relaxed state

CHECK  YOUR  ANSWER   d, e, b, c, a.

<  Figure 14.24
The human brain.

Drugs such as LSD, which modify the action of serotonin, 
alter the brain’s ability to sort information, and this alters perception. 
While hallucinating, for example, an LSD user rarely sees something 
that isn’t there. Rather, the user has an altered perception of some-
thing that does exist.

The control of physical responses ultimately allows us to 
perform such complex tasks as driving a car or playing the piano. 
The control of emotional responses allows us to refine our behavior, 
such as overcoming anxiety in tense social interactions or remaining 
calm in an emergency. The brain controls both physical and emo-
tional responses by inhibiting the transmission of nerve impulses. 
The neurotransmitter responsible for this inhibition—gamma-am-
inobutyric acid (GABA)—is the major inhibitory neurotransmitter of 
the brain. Without it, coordinated movements and emotional skills 
would not be possible.

Recently developed drugs, 
known as ampakines, have 
been clinically shown to 
enhance learning and 
memory skills. these “smart 
pills” are being developed 
as a possible treatment for 
narcolepsy, attention defi-
cit disorder, Parkinson’s and 
Alzheimer’s disease. These 
agents act primarily within 
the central nervous system 
(brain and spinal cord), 
and they do not cause the 
jitteriness commonly asso-
ciated with caffeine and 
amphetamines.
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