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xv

In the first edition of this text, published in 1981, I remarked, 
“I almost wish I could get parts of this text . . . printed in 
disappearing ink, programmed to fade within 10 years of 

publication, so that I will not be embarrassed by statements 
that will look primitive from some future perspective.” I would 
say the same thing today, except that I would like for the ink 
to fade faster. Biological psychology progresses rapidly, and 
much that we thought we knew becomes obsolete.

Biological psychology is the most interesting topic in 
the world. No doubt many people in other fields think their 
topic is the most interesting, but they are wrong. This re-
ally is the most interesting. Unfortunately, it is easy to get so 
bogged down in memorizing facts that one loses the big pic-
ture. The big picture here is fascinating and profound: Your 
brain activity is your mind. I hope that readers of this book 
will remember that message even after they forget many of 
the details.

Each chapter is divided into modules that begin with an 
introduction and end with a summary, a list of key terms, and 
some review questions. This organization makes it easy for in-
structors to assign part of a chapter per day instead of a whole 
chapter per week. Modules can also be covered in a different 
order, or of course omitted.

I assume that readers have a basic background in psy-
chology and biology, and understand such terms as classical 
conditioning, reinforcement, vertebrate, mammal, gene, chro-
mosome, cell, and mitochondrion. I also assume at least a high 
school chemistry course. Those with a weak background in 
chemistry or a fading memory of it may consult Appendix A.

MindTap for Biological 
Psychology, 13e
MindTap for Biological Psychology, 13th edition, engages 
students to produce their best work. By integrating course 
material with videos, activities, and much more, MindTap 
provides an opportunity for increased comprehension and 
retention.

For students, MindTap provides:

●● activities and assignments that build critical thinking 
and analytic skills that can transfer to other domains.

●● guidance to focus on what the instructor emphasizes, 
with tools for mastering the content.

●● feedback on progress, compared to the student’s own 
past performance and the performance of other stu-
dents in the class.

For faculty, MindTap provides:

●● the ability to specify what the students read and when, 
matched to the course syllabus.

●● an opportunity to assign relevant activities.
●● the ability to supplement the MindTap Reader with 

your own documents or sources such as RSS feeds, 
YouTube videos, websites, or Google Docs.

●● reports on students’ progress and completion of as-
signments.

Changes in This Edition
Reflecting the rapid changes in biological psychology, this 
edition includes revised content throughout, with almost 
700 new references, including more than 550 from 2014 or 
later. Some of the figures are new or revised, and most of the 
review questions at the end of modules are new. The most 
extensive changes are in the later chapters. These organiza-
tional changes are worth notice: Chapter 9 (“Internal Regula-
tion”) includes a new section about anorexia nervosa. Chap-
ter 12 (“Learning, Memory, and Intelligence”) now has four 
modules instead of two. What used to be the first module has 
been split into two, and a new module has been added about 
intelligence. That module includes some material previously 
in the anatomy chapter, plus more, and all of it reorganized. 
In Chapter 13 (“Cognitive Functions”), the previous modules 
on lateralization and language have been shortened and com-
bined into one module. The previous module on social neuro-
science has been expanded with the addition of a section on 
the neurobiology of making decisions. In Chapter 14 (“Psy-
chological Disorders”), the first module (“Substance Abuse”) 
has been reorganized and reordered.

With regard to new or revised content, here are some of 
the highlights:

●● This edition continues the tradition of including photo-
graphs and quotes of some prominent researchers, now 
adding Karl Deisseroth, Margaret McCarthy, May-Britt 
Moser and Edvard Moser, and Stanislas Dehaene. 
Students can name hundreds of singers, actors, and 
athletes. I think they should be able to identify some 
important researchers too, especially in the field in 
which they chose to major.

●● Neuroscientists no longer believe that glia outnumber 
neurons in the human brain.

●● Although many psychologists and others have ex-
plained risky adolescent behavior in terms of an 

Preface

08202_fm_ptg01.indd   15 9/13/17   8:03 PM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



xvi    Preface

immature prefrontal cortex, that explanation looks less 
plausible. Between early adolescence and age 20, most 
risky behaviors increase, even while the prefrontal cor-
tex is approaching maturity. Risky behavior more likely 
reflects increased drive for excitement.

●● Current research indicates that astrocytes and scar 
tissue are more helpful than harmful for regrowth of 
axons.

●● A new study found that people who lose a sensation 
as a result of brain damage also have trouble thinking 
about concepts related to that sensation. For example, 
someone with damage to the auditory cortex might 
regard “thunder” as a nonword.

●● Previous data showed that acetaminophen decreases 
emotional pain. New data say that it also decreases 
pleasant experiences.

●● The text includes updated information about the 
genetic basis of Parkinson’s disease, substance abuse, 
depression, schizophrenia, and autism.

●● Certain bird species sleep while they are flying over 
great distances. Frigate birds, which are large enough 
for researchers to monitor in the air, sometimes sleep 
in one hemisphere at a time, sometimes sleep briefly 
in both hemispheres at once, but overall get very little 
sleep on days when they are at sea.

●● Thirst anticipates needs, and so does satiation of thirst. 
We stop drinking long before the water we have drunk 
reaches the cells that need it.

●● New research sheds important light on male–female 
differences in brain anatomy. Because the mechanisms 
controlling male–female differences vary from one 
brain area to another, it is common for someone to 
have a patchwork of male-typical, female-typical, and 
approximately neutral anatomy in different brain areas.

●● A new hypothesis holds that the rapid formation of 
new neurons in an infant hippocampus is responsible 
for both the ease of new learning and the phenomenon 
of infant amnesia. That is, infants learn rapidly, but also 
tend to forget episodic memories.

●● Chapter 12 includes a new section about the role of 
the hippocampus and surrounding areas in control of 
navigation.

●● Accumulating data cast doubt on the central role of 
dopamine in addictive behaviors.

●● The previous belief that later episodes of depression 
get shorter and shorter was based on a methodological 
artifact. Many people have only one episode, possibly 
a very long one. Only people with short episodes get as 

far as, say, a 10th episode. Therefore, the mean duration 
of all first episodes is not comparable to the mean delay 
of later episodes.

I would also like to mention certain points about my writ-
ing style. You would not have noticed these points, and I know 
that you don’t care either, but I shall mention them anyway: 
I avoid the term incredible, which has been so overused that 
it has lost its original meaning of “not believable.” I also avoid 
the terms intriguing, involved, and outrageous, which are also 
overused and misused. Finally, I avoid the term different after 
a quantifier. For example, I would not say, “They offered four 
different explanations.” If they offered four explanations, we 
can take it for granted that the explanations were different!

Instructor Ancillaries 
Biological Psychology, 13th edition, is accompanied by an 
array of supplements developed to facilitate both instructors’ 
and students’ best experience inside as well as outside the 
classroom. All of the supplements continuing from the 12th 
edition have been revised and updated. Cengage invites you to 
take full advantage of the teaching and learning tools available 
to you and has prepared the following descriptions of each.

Online Instructor’s Manual
The manual includes learning objectives, key terms, a detailed 
chapter outline, a chapter summary, lesson plans, discussion 
topics, student activities, media tools, a sample syllabus, and 
an expanded test bank. The learning objectives are correlated 
with the discussion topics, student activities, and media tools.

Online PowerPoints
Helping you make your lectures more engaging while effec-
tively reaching your visually oriented students, these handy 
Microsoft PowerPoint® slides outline the chapters of the main 
text in a classroom-ready presentation. The PowerPoint® 
slides are updated to reflect the content and organization of 
the new edition of the text.

Cengage Learning Testing, Powered 
by Cognero®
Cengage Learning Testing, Powered by Cognero®, is a flex-
ible online system that allows you to author, edit, and manage 
test bank content. You can create multiple test versions in an 
instant and deliver tests from your LMS in your classroom.
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    3

It is often said that Man is unique among animals. It is worth looking at this term 
unique before we discuss our subject proper. The word may in this context have two 
slightly different meanings. It may mean: Man is strikingly different—he is not iden-
tical with any animal. This is of course true. It is true also of all other animals: Each 
species, even each individual, is unique in this sense. But the term is also often used 
in a more absolute sense: Man is so different, so “essentially different” (whatever that 
means) that the gap between him and animals cannot possibly be bridged—he is 
something altogether new. Used in this absolute sense, the term is scientifically mean-
ingless. Its use also reveals and may reinforce conceit, and it leads to complacency and 
defeatism because it assumes that it will be futile even to search for animal roots. It is 
prejudging the issue.

Niko Tinbergen (1973, p. 161)

The Biological Approach to Behavior
Biological Explanations of Behavior
Career Opportunities
The Use of Animals in Research
In Closing: Your Brain and Your Experience

After studying this introduction, you should 
be able to:

1.	 State the mind–brain problem and con-
trast monism with dualism.

2.	 List three general points that are important 
to remember from this text.

3.	 Give examples of physiological, ontoge-
netic, evolutionary, and functional explana-
tions of behavior.

4.	 Discuss the ethical issues of research with 
laboratory animals.

Introduction
Overview and Major  
Issues

Outline

Learning Objectives

Opposite:

It is tempting to try to “get inside the mind” of people and other animals, to imagine what they 
are thinking or feeling. In contrast, biological psychologists try to explain behavior in terms of its 
physiology, development, evolution, and function. (© Renee Lynn/Corbis/VCG/Getty Images)

What is meant by the term biological psychology? In a sense, all psy-

chology is biological. You are a biological organism, and everything 

you do or think is part of your biology. However, it is helpful to distinguish 

among levels of explanation. All of biology is chemical, and all of chemistry 

is physics, but we do not try to explain every biological observation in terms 

of protons and electrons. Similarly, much of psychology is best described in 

terms of cultural, social, and cognitive influences. Nevertheless, much of psy-

chology is also best understood in terms of genetics, evolution, hormones, 

body physiology, and brain mechanisms. This textbook concentrates mostly 

on brain mechanisms, but also discusses the other biological influences. In 

this chapter, we consider three major issues: the relationship between mind 

and brain, the roles of nature and nurture, and the ethics of research. We also 

briefly consider career opportunities in this and related fields.
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4    INTRODUCTION    Overview and Major Issues

The Biological Approach to Behavior
Of all the questions that people ask, two stand out as the most 
profound and the most difficult. One of those questions deals 
with physics. The other pertains to the relationship between 
physics and psychology.

Gottfried Leibniz (1714/1989) posed the first of these 
questions: “Why is there something rather than nothing?” 
It would seem that nothingness would be the default state. 
Evidently, the universe—or whoever or whatever created the  
universe—had to be self-created.

So . . . how did that happen?
That question is supremely baffling, but a subordinate ques-

tion is more amenable to discussion: Given the existence of a uni-
verse, why this particular kind of universe? Could the universe have 
been fundamentally different? Our universe has protons, neutrons, 
and electrons with particular dimensions of mass and charge. It has 
four fundamental forces—gravity, electromagnetism, the strong 
nuclear force, and the weak nuclear force. What would happen to 
the universe if any of these properties had been different?

Beginning in the 1980s, specialists in a branch of physics 
known as string theory set out to prove mathematically that 
this is the only possible way the universe could be. Succeed-
ing in that effort would have been theoretically satisfying, but 
alas, as string theorists worked through their equations, they 
concluded that this is not the only possible universe. The uni-
verse could have taken a vast number of forms with different 
laws of physics. How vast a number? Imagine the number 1 
followed by about 500 zeros. And that’s the low estimate.

Of all those possible universes, how many could have sup-
ported life? Very few. Consider the following (Davies, 2006):

●● If gravity were weaker, matter would not condense into 
stars and planets. If it were stronger, stars would burn 
brighter and use up their fuel too quickly for life to evolve.

●● If the electromagnetic force were stronger, the protons 
within an atom would repel one another so strongly that 
atoms would burst apart.

●● In the beginning was hydrogen. The other elements 
formed by fusion within stars. The only way to get those 
elements out of stars and into planets is for a star to 
explode as a supernova and send its contents out into the 
galaxy. If the weak nuclear force were either a bit stronger 
or a bit weaker, a star could not explode.

●● Because of the exact ratio of the electromagnetic force to 
the strong nuclear force, helium (element 2 on the peri-
odic table) and beryllium (element 4) go into resonance 
within a star, enabling them to fuse easily into carbon 
(element 6), which is essential to life as we know it. (It’s 
hard to talk about life as we don’t know it.) If either 
the electromagnetic force or the strong nuclear force 
changed slightly (less than one percent), the universe 
would have almost no carbon.

●● The electromagnetic force is 1040 times stronger than 
gravity. If gravity were a bit stronger relative to the elec-
tromagnetic force, planets would not form. If it were a bit 
weaker, planets would consist of only gases.

●● The mass of a neutron is 0.14 percent greater than that of a 
proton. If the difference had been a little larger, all the hydro-
gen would have fused into helium, but the helium would not 
have fused into any of the heavier elements (Wilczek, 2015).

●● Why is water (H2O) a liquid? Similar molecules such as 
carbon dioxide, nitric oxide, ozone, and methane are 
gases except at extremely low temperatures. In a water 
molecule, the two hydrogen ions form a 104.58 angle (see 
Figure Intro.1). As a result, one end of the water molecule 
has a slight positive charge and the other has a slight 
negative charge. The difference is enough for water mol-
ecules to attract one another electrically. If they attracted 
one another a bit less, all water would be a gas (steam). 
But if water molecules attracted one another a bit more 
strongly, water would always be a solid (ice). 

In short, the universe could have been different in many 
ways, nearly all of which would have made life impossible. 
Why is the universe the way it is? Maybe it’s just a coinci-
dence. (Lucky for us, huh?) Or maybe intelligence of some sort 
guided the formation of the universe. That hypothesis clearly 
goes beyond the reach of empirical science. A third possibil-
ity that many physicists favor is that a huge number of other 
universes (perhaps an infinite number) really do exist, and we 
of course know about only the kind of universe in which we 
could evolve. That hypothesis, too, goes beyond the reach of 
empirical science, as we cannot know about other universes. 
Will we ever know why the universe is the way it is? Maybe or 
maybe not, but the question is fascinating.

At the start I mentioned two profound and difficult ques-
tions. The second one is called the mind–brain problem or 
the mind–body problem, the question of how mind relates to 
brain activity. Put another way: Given a universe composed of 
matter and energy, why is there such a thing as consciousness? 
We can imagine how matter came together to form molecules, 
and how certain kinds of carbon compounds came together to 
form a primitive type of life, which then evolved into animals 
with brains and complex behaviors. But why are certain types 
of brain activity conscious?

So far, no one has offered a convincing explanation of 
consciousness. A few scholars have suggested that we abandon 
the concept of consciousness altogether (Churchland, 1986; 
Dennett, 1991). That proposal avoids the question, rather 
than answering it. Consciousness is something we experience, 
and it calls for an explanation, even if we do not yet see how 
to explain it. Chalmers (2007) and Rensch (1977) proposed, 

H H

O

+

–

Figure Intro.1  A water molecule
Because of the hydrogen-oxygen-
hydrogen angle, one end of a water 
molecule is more positive and the 
other negative. The exact difference 
in charge causes water molecules to 
attract one another just enough to 
be a liquid.
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The Biological Approach to Behavior    5

instead, that we regard consciousness as a fundamental prop-
erty of matter. A fundamental property is one that cannot be 
reduced to something else. For example, mass and electrical 
charge are fundamental properties. Maybe consciousness is 
like that.

However, that is an unsatisfying answer. First, conscious-
ness isn’t like other fundamental properties. Matter has mass 
all the time, and protons and electrons have charge all the time. 
So far as we can tell, consciousness occurs only in certain parts 
of a nervous system, just some of the time—not when you are 
in a dreamless sleep, and not when you are in a coma. Be-
sides, it’s unsatisfying to call anything a fundamental property, 
even mass or charge. To say that mass is a fundamental prop-
erty doesn’t mean that there is no reason. It means that we 
have given up on finding a reason. And, in fact, contemporary 
physicists have not given up. They are trying to explain mass 
and charge in terms of the Higgs boson and other principles 
of the universe. To say that consciousness is a fundamental 
property would mean that we have given up on explaining it. 
Certainly it is too soon to give up. After we learn as much as 
possible about the nervous system, perhaps we shall under-
stand what consciousness is all about. Even if not, the research 
will teach us much that is important and interesting.

The Field of Biological Psychology
Biological psychology is the study of the physiological, evo-
lutionary, and developmental mechanisms of behavior and 
experience. It is approximately synonymous with the terms 
biopsychology, psychobiology, physiological psychology, and be-
havioral neuroscience. The term biological psychology empha-
sizes that the goal is to relate biology to issues of psychology. 
Neuroscience includes much that is relevant to behavior but 
also includes more detail about anatomy and chemistry.

Biological psychology is not only a field of study, but also 
a point of view. It holds that we think and act as we do because 

of brain mechanisms, and that we evolved those brain mech-
anisms because ancient animals built this way survived and 
reproduced.

Biological psychology deals mostly with brain activity. Fig-
ure Intro.2 offers a view of the human brain from the top (what 
anatomists call a dorsal view) and from the bottom (a ventral 
view). The labels point to a few important areas that will be-
come more familiar as you proceed through this text. An in-
spection of a brain reveals distinct subareas. At the microscopic 
level, we find two kinds of cells: the neurons (Figure Intro.3)  

Anterior

Dorsal view (from above) Ventral view (from below)

Posterior

Frontal lobe

Precentral gyrus

Postcentral gyrus

Parietal lobe

Occipital lobe

Central sulcus

Longitudinal
	ssure

Olfactory
bulbs

Optic 
nerves

Spinal cord

Frontal
lobe of

cerebral
cortex

Temporal
lobe of

cerebral
cortex

Medulla

Cerebellum

Figure Intro.2  Two views of the human brain
The brain has an enormous number of divisions and subareas; the labels point to a few of the main ones on the surface of the brain.

Figure Intro.3  Neurons, magnified
The brain is composed of cells called neurons and glia.
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6    INTRODUCTION    Overview and Major Issues

evidence tell us why people became depressed? No, it 
does not. To illustrate, consider that people with depres-
sion also have less activity than normal in their legs. 
(They don’t move around as much as other people do.) 
Clearly, the inactive legs did not cause depression. Sup-
pose we also find that certain genes are less common than 
average among people with depression. Does that genetic 
difference explain depression? Again, it does not. It might 
be a useful step toward explaining depression, after we 
understand what those genes do, but the genetic differ-
ence itself does not explain anything. In short, we should 
avoid overstating the conclusions from any research study.

Biological Explanations of Behavior
Commonsense explanations of behavior often refer to inten-
tional goals such as, “He did this because he was trying to . . .”  
or “She did that because she wanted to. . . .” But often, we have 

and the glia. Neurons, which convey messages to one another 
and to muscles and glands, vary enormously in size, shape, 
and functions. The glia, generally smaller than neurons, have 
many functions but do not convey information over great 
distances. The activities of neurons and glia somehow pro-
duce an enormous wealth of behavior and experience. This 
book is about researchers’ attempts to elaborate on that word 
somehow.

Three Main Points to Remember  
from This Book
This book presents a great deal of factual information. How 
much of it will you remember a few years from now? If you 
enter a career in psychology, biology, or medicine, you might 
continue using a great deal of the information. Otherwise, 
you will inevitably forget many of the facts, although you 
will occasionally read about a new research study that re-
freshes your memory. Regardless of how many details you 
remember, at least three general points should stick with you 
forever:

1.	 Perception occurs in your brain. When something 
contacts your hand, the hand sends a message to your 
brain. You feel it in your brain, not your hand. (Elec-
trical stimulation of your brain could produce a hand 
experience even if you had no hand. A hand discon-
nected from your brain has no experience.) Similarly, 
you see when light comes into your eyes. The experi-
ence is in your head, not “out there.” You do NOT send 
“sight rays” out of your eyes, and even if you did, they 
wouldn’t do you any good. The chapter on vision elabo-
rates on this point.

2.	 Mental activity and certain types of brain activity are, so 
far as we can tell, inseparable. This position is known as 
monism, the idea that the universe consists of only one 
type of being. (The opposite is dualism, the idea that minds 
are one type of substance and matter is another.) Nearly all 
neuroscientists and philosophers support the position of 
monism. You should understand monism and the evidence 
behind it. The chapter on consciousness considers this 
issue directly, but nearly everything in the book pertains to 
the mind–brain relationship in one way or another.

It is not easy to get used to the concept of monism. 
According to monism, your thoughts or experiences 
are the same thing as your brain activity. People some-
times ask whether brain activity causes thoughts, or 
whether thoughts direct the brain activity (e.g., Miller, 
2010). According to monism, that question is like asking 
whether temperature causes the movement of molecules, 
or whether the movement of molecules causes tempera-
ture. Neither causes the other; they are just different ways 
of describing the same thing.

3.	 We should be cautious about what is an explanation and 
what is not. For example, people with depression have 
less than usual activity in certain brain areas. Does that 

Researchers continue to debate the function of yawning. Brain mecha-
nisms produce many behaviors that we engage in without necessarily 
knowing why.
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Biological Explanations of Behavior    7

no reason to assume intentions. A 4-month-old bird migrat-
ing south for the first time presumably does not know why. 
The next spring, when she lays an egg, sits on it, and defends 
it from predators, again she doesn’t know why. Even hu-
mans don’t always know the reasons for their own behaviors. 
Yawning and laughter are two examples. You do them, but can 
you explain what they accomplish? Intentions are, at best, a 
weak form of explanation.

In contrast to commonsense explanations, biological 
explanations of behavior fall into four categories: physi-
ological, ontogenetic, evolutionary, and functional (Tinber-
gen, 1951). A physiological explanation relates a behavior 
to the activity of the brain and other organs. It deals with 
the machinery of the body—for example, the chemical 
reactions that enable hormones to influence brain activ-
ity and the routes by which brain activity controls muscle 
contractions.

The term ontogenetic comes from Greek roots meaning  
the origin (or genesis) of being. An ontogenetic explanation  
describes how a structure or behavior develops, including 
the influences of genes, nutrition, experiences, and their in-
teractions. For example, males and females differ on aver-
age in several ways. Some of those differences can be traced 
to the effects of genes or prenatal hormones, some relate to 
cultural influences, many relate partly to both, and some 
await further research.

An evolutionary explanation reconstructs the evolu-
tionary history of a structure or behavior. The characteris-
tic features of an animal are almost always modifications of 
something found in ancestral species. For example, bat wings 
are modified arms, and porcupine quills are modified hairs. 

Unlike other birds, doves and pigeons can drink with their heads down. 
Others fill their mouths and then raise their heads. A physiological expla-
nation would describe these birds’ nerves and throat muscles.  
An evolutionary explanation states that all doves and pigeons share  
this behavioral capacity because they inherited their genes from a  
common ancestor.

Figure Intro.4  A seadragon, an Australian fish related to the 
seahorse, lives among kelp plants, looks like kelp, and usually 
drifts slowly, acting like kelp.
A functional explanation is that potential predators overlook a fish that 
resembles inedible plants. An evolutionary explanation is that genetic 
modifications expanded smaller appendages that were present in these 
fish’s ancestors.

In behavior, monkeys use tools occasionally, and humans 
evolved elaborations on those abilities that enable us to use 
tools even better (Peeters et al., 2009). Evolutionary explana-
tions call attention to behavioral similarities among related 
species.

A functional explanation describes why a structure 
or behavior evolved as it did. Within a small, isolated pop-
ulation, a gene can spread by accident through a process 
called genetic drift. For example, a dominant male with 
many offspring spreads all his genes, including some that 
may have been irrelevant to his success or even disadvanta-
geous. However, a gene that is prevalent in a large popu-
lation probably provided some advantage—at least in the 
past, though not necessarily today. A functional explana-
tion identifies that advantage. For example, many species 
have an appearance that matches their background (see  
Figure Intro.4). A functional explanation is that camouflaged 
appearance makes the animal inconspicuous to predators. 
Some species use their behavior as part of the camouflage. 
For example, zone-tailed hawks, native to Mexico and the 
southwestern United States, fly among vultures and hold 
their wings in the same posture as vultures. Small mam-
mals and birds run for cover when they see a hawk, but 
they learn to ignore vultures, which pose no threat to 
healthy animals. Because the zone-tailed hawks resemble 
vultures in both appearance and flight behavior, their prey 
disregard them, enabling the hawks to pick up easy meals  
(Clark, 2004).

To contrast the four types of biological explanation, con-
sider how they all apply to one example, birdsong (Catchpole &  
Slater, 1995):
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8    INTRODUCTION    Overview and Major Issues

  	 STOP & CHECK
1. � How does an evolutionary explanation differ from a func-

tional explanation?

ANSWER

1. An evolutionary explanation states what evolved from 
what. For example, humans evolved from earlier primates 
and therefore have certain features that we inherited from 
those ancestors, even if the features are not useful to us 
today. A functional explanation states why something was 
advantageous and therefore favored by natural selection.

Career Opportunities
If you want to consider a career related to biological psychol-
ogy, you have a range of options relating to research and ther-
apy. Table Intro.1 describes some of the major fields.

A research position ordinarily requires a PhD in psy-
chology, biology, neuroscience, or other related field. 
People with a master’s or bachelor’s degree might work 
in a research laboratory but would not direct it. Many 
people with a PhD hold college or university positions, 
where they perform some combination of teaching and 

Table Intro.1 Fields of Specialization

Specialization Description

Research Fields Research positions ordinarily require a PhD. Researchers are employed by 
universities, hospitals, pharmaceutical firms, and research institutes.

Neuroscientist Studies the anatomy, biochemistry, or physiology of the nervous system. (This broad term 
includes any of the next five, as well as other specialties not listed.)

Behavioral neuroscientist (almost synonyms: 
psychobiologist, biopsychologist, or 
physiological psychologist)

Investigates how functioning of the brain and other organs influences behavior.

Cognitive neuroscientist Uses brain research, such as scans of brain anatomy or activity, to analyze and explore 
people’s knowledge, thinking, and problem solving.

Neuropsychologist Conducts behavioral tests to determine the abilities and disabilities of people with various 
kinds of brain damage, and changes in their condition over time. Most neuropsychologists 
have a mixture of psychological and medical training; they work in hospitals and clinics.

Psychophysiologist Measures heart rate, breathing rate, brain waves, and other body processes and how they 
vary from one person to another or one situation to another.

Neurochemist Investigates the chemical reactions in the brain.

Comparative psychologist (almost synonyms: 
ethologist, animal behaviorist)

Compares the behaviors of different species and tries to relate them to their ways of life.

Evolutionary psychologist (almost synonym: 
sociobiologist)

Relates behaviors, especially social behaviors, including those of humans, to the functions 
they have served and, therefore, the presumed selective pressures that caused them to 
evolve.

Practitioner Fields of Psychology Require a PhD, PsyD, or master’s degree. In most cases, their work is not directly 
related to neuroscience. However, practitioners often need to understand it enough to 
communicate with a client’s physician.

Clinical psychologist Employed by hospital, clinic, private practice, or college; helps people with emotional 
problems.

Counseling psychologist Employed by hospital, clinic, private practice, or college. Helps people make educational, 
vocational, and other decisions.

Type of 
Explanation Example from Birdsong

Physiological A particular area of a songbird brain grows 
under the influence of testosterone; hence, 
it is larger in breeding males than in females 
or immature birds. That brain area enables a 
mature male to sing.

Ontogenetic In certain species, a young male bird learns its 
song by listening to adult males. Development 
of the song requires certain genes and the 
opportunity to hear the appropriate song during 
a sensitive period early in life.

Evolutionary Certain pairs of species have similar songs. For 
example, dunlins and Baird’s sandpipers, two 
shorebird species, give their calls in distinct 
pulses, unlike other shorebirds. The similarity 
suggests that the two evolved from a single 
ancestor.

Functional In most bird species, only the male sings. He 
sings only during the reproductive season and 
only in his territory. The functions of the song 
are to attract females and warn away other 
males.
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The Use of Animals in Research    9

Table Intro.1 Fields of Specialization

Specialization Description

School psychologist Most are employed by a school system. Identifies educational needs of schoolchildren, 
devises a plan to meet the needs, and then helps teachers implement it.

Medical Fields Require an MD plus about four years of additional specialized study and practice. 
Physicians are employed by hospitals, clinics, medical schools, and in private practice. 
Some conduct research in addition to seeing patients.

Neurologist Treats people with brain damage or diseases of the brain.

Neurosurgeon Performs brain surgery.

Psychiatrist Helps people with emotional distress or troublesome behaviors, sometimes using drugs or 
other medical procedures.

Allied Medical Field Ordinarily require a master’s degree or more. Practitioners are employed by hospitals, 
clinics, private practice, and medical schools.

Physical therapist Provides exercise and other treatments to help people with muscle or nerve problems, pain, 
or anything else that impairs movement.

Occupational therapist Helps people improve their ability to perform functions of daily life, for example, after a 
stroke.

Social worker Helps people deal with personal and family problems. The activities of a social worker 
overlap those of a clinical psychologist.

research. Others have pure research positions in labora-
tories sponsored by the government, drug companies, or 
other industries.

Fields of therapy include clinical psychology, counseling 
psychology, school psychology, medicine, and allied medical 
practice such as physical therapy. These fields range from neu-
rologists (who deal exclusively with brain disorders) to social 
workers and clinical psychologists, who need to recognize 
possible signs of brain disorder so they can refer a client to a 
proper specialist.

Anyone who pursues a career in research needs to stay 
up to date on new developments by attending conventions, 
consulting with colleagues, and reading research journals, 
such as The Journal of Neuroscience, Neurology, Behavioral 
Neuroscience, Brain Research, and Nature Neuroscience. But 
what if you are entering a field on the outskirts of neurosci-
ence, such as clinical psychology, school psychology, social 
work, or physical therapy? In that case, you probably don’t 
want to wade through technical journal articles, but you do 
want to stay current on major developments, at least enough 
to converse intelligently with medical colleagues. You can 
find much information in the magazine Scientific American 
Mind or at websites such as the Dana Foundation at www 
.dana.org. 

The Use of Animals in Research
Certain ethical disputes resist agreement. One is abortion. 
Another is the use of animals in research. In both cases, well-
meaning people on each side of the issue insist that their posi-
tion is proper and ethical. The dispute is not a matter of the 
good guys against the bad guys. It is between two views of 
what is good.

Animals are used in many kinds of research studies, some dealing with 
behavior and others with the functions of the nervous system.
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10    INTRODUCTION    Overview and Major Issues

Given that most biological psychologists and neuroscien-
tists are primarily interested in the human brain and human 
behavior, why do they study nonhumans? Here are four reasons:

1.	 The underlying mechanisms of behavior are similar across 
species and sometimes easier to study in a nonhuman 
species. If you want to understand a complex machine, 
you might begin by examining a simpler machine. We 
also learn about brain–behavior relationships by start-
ing with simpler cases. For example, much research has 
been conducted on squid nerves, which are thicker than 
human nerves and therefore easier to study. The round-
worm Caenorhabditis elegans has only 302 neurons, the 
same for all individuals, enabling researchers to map all 
the cells and all their interconnections. The brains and 
behavior of nonhuman vertebrates resemble those of 
humans in their chemistry and anatomy, but are smaller 
and easier to study (see Figure Intro.5). 

2.	 We are interested in animals for their own sake. Humans 
are naturally curious. We would love to know about life, 
if any, elsewhere in the universe, regardless of whether 
that knowledge might be useful. Similarly, we would like 
to understand how bats chase insects in the dark, how 
migratory birds find their way over unfamiliar territory, 
and how schools of fish manage to swim in unison.

3.	 What we learn about animals sheds light on human evolu-
tion. How did we come to be the way we are? How do we 
resemble chimpanzees and other primates, and how do 
we differ from them? Why and how did primates evolve 
larger brains than other species? Researchers approach 
such questions by comparing species.

4.	 Legal or ethical restrictions prevent certain kinds of 
research on humans. For example, investigators insert 
electrodes into the brains of rats and other animals to 
determine the relationship between brain activity and 
behavior. They also inject chemicals, extract brain chemi-
cals, and study the effects of brain damage. Such experi-
ments answer questions that investigators cannot address 
in any other way, including some questions that are criti-
cal for medical progress. They also raise an ethical issue: 
If the research is unacceptable with humans, is it accept-
able with other species? If so, under what circumstances?

Human

Monkey

Cerebellum

Rat

Cat

Cerebrum

Brainstem

Cerebellum

Cerebrum

Brainstem

Cerebrum

Cerebellum

Brainstem

Cerebrum

Cerebellum

Brainstem

Spinal cord

Figure Intro.5  Brains of several species
The general plan and organization of the brain are similar for all mammals, 
even though the size varies from species to species.

In some cases, researchers simply observe how animal 
behavior in nature varies as a function of times of day, sea-
sons of the year, changes in diet, and so forth. These proce-
dures raise no ethical problems. In other studies, however, 

  	 STOP & CHECK
2. � Describe reasons biological psychologists conduct much of 

their research on nonhuman animals.

ANSWER

2. Sometimes the mechanisms of behavior are easier 
to study in a nonhuman species. We are curious about 
animals for their own sake. We study animals to under-
stand human evolution. Certain procedures that might 
lead to important knowledge are illegal or unethical with 
humans.
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an animal as murder, regardless of whether the intention is 
to eat it, use its fur, or gain scientific knowledge. Keeping 
an animal in a cage (presumably even a pet) is, in their view, 
slavery. Because animals cannot give informed consent to 
research, abolitionists insist it is wrong to use them in any 
way, regardless of the circumstances. According to one 
opponent of animal research, “We have no moral option 
but to bring this research to a halt. Completely. . . . We will 
not be satisfied until every cage is empty” (Regan, 1986, 
pp. 39–40). Advocates of this position sometimes claim 
that most animal research is painful and that it never leads 
to important results. However, for a true abolitionist, nei-
ther of those points really matters. Their moral imperative 
is that people have no right to use animals at all, even if 
the research is highly useful and totally painless.

The disagreement between abolitionists and animal re-
searchers is a dispute between two ethical positions: “Never 
knowingly harm an innocent” and “Sometimes a little harm 
leads to a greater good.” On the one hand, permitting re-
search has the undeniable consequence of inflicting pain 
or distress. On the other hand, banning all use of animals 
would mean a great setback in medical research as well as 
the end of animal-to-human transplants (e.g., transplant-
ing pig heart valves to prolong lives of people with heart 
diseases).

It would be nice to say that this ethical debate has al-
ways proceeded in an intelligent and mutually respectful 
way. Unfortunately, it has not. Over the years, abolitionists 
have sometimes advanced their cause through intimidation. 
Examples include vandalizing laboratories, placing a bomb 
under a professor’s car, placing a bomb on a porch (intended 
for a researcher but accidentally placed on the neighbor’s 
porch), banging on a researcher’s children’s windows at 
night, and inserting a garden hose through a researcher’s 
window to flood the house (Miller, 2007a). Michael Conn 
and James Parker (2008, p. 186) quote a spokesperson for 
the Animal Defense League as follows: “I don’t think you’d 
have to kill—assassinate—too many [doctors involved with 
animal testing]. . . . I think for 5 lives, 10 lives, 15 human 
lives, we could save a million, 2 million, 10 million nonhu-
man lives.” One researcher, Dario Ringach, finally agreed 
to stop his research on monkeys, if animal-rights extrem-
ists would stop harassing and threatening his children. He 
emailed them, “You win.” In addition to researchers who 
quit in the face of attacks, many colleges and other insti-
tutions have declined to open animal research laboratories 
because of their fear of violence. Researchers have replied  
to attacks with campaigns such as the one illustrated in  
Figure Intro.6.

The often fervent and extreme nature of the oppo-
sition makes it difficult for researchers to express inter-
mediate or nuanced views. Many of them remark that 
they really do care about animals, despite using them 
for research. Some neuroscientists are even vegetarians 

including many discussed in this book, animals have been 
subjected to brain damage, electrode implantation, injec-
tions of drugs or hormones, and other procedures that 
are clearly not for their own benefit. Anyone with a con-
science, including scientists, is distressed by this fact. Nev-
ertheless, experimentation with animals has been critical 
to the medical research that led to methods for the pre-
vention or treatment of polio, diabetes, measles, smallpox, 
massive burns, heart disease, and other serious conditions. 
Progress toward treating or preventing AIDS, Alzheimer’s 
disease, stroke, and other disorders depends largely on ani-
mal research. In much of medicine and biological psychol-
ogy, research would progress slowly or not at all without 
animals.

Degrees of Opposition
Opposition to animal research ranges considerably in degree. 
“Minimalists” tolerate certain types of animal research but 
wish to limit or prohibit others depending on the probable 
value of the research, the amount of distress to the animal, and 
the type of animal. (Few people have serious qualms about 
hurting an insect, for example.) They favor firm regulations 
on research. Researchers agree in principle, although they of-
ten differ in where they draw the line between acceptable and 
unacceptable research.

The legal standard emphasizes “the three R’s”: reduction 
of animal numbers (using fewer animals), replacement (using 
computer models or other substitutes for animals, when pos-
sible), and refinement (modifying the procedures to reduce 
pain and discomfort). In the United States, every college or 
other institution that receives government research funds is 
required to have an Institutional Animal Care and Use Com-
mittee, composed of veterinarians, community representa-
tives, and scientists that evaluate proposed experiments, 
decide whether they are acceptable, and specify procedures 
to minimize pain and discomfort. Similar regulations and 
committees govern research on human subjects. In addition, 
research laboratories must abide by national laws requiring 
standards of cleanliness and animal care. Scientific journals 
accept publications only after researchers state that they 
followed all the laws and regulations. Professional organi-
zations such as the Society for Neuroscience publish guide-
lines for the use of animals in research (see Appendix B).  
Rules do differ, however, from one country to another. For 
example, research on treatments for Ebola, Zika, and other 
viruses requires studies on monkeys, but political pressures 
in the United States and Europe block nearly all such re-
search, leaving the world to rely on researchers in China, 
where the government is more permissive (“Monkeying 
around,” 2016).

In contrast to “minimalists,” the “abolitionists” see no 
room for compromise. Abolitionists maintain that all ani-
mals have the same rights as humans. They regard killing 
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12    INTRODUCTION    Overview and Major Issues

(Marris, 2006). But admitting to doubts seems almost like 
giving in to intimidation. The result is extreme polariza-
tion that interferes with open-minded contemplation of 
the difficult issues.

We began this chapter with a quote from the Nobel 
Prize–winning biologist Niko Tinbergen, who argued that no 
fundamental gulf separates humans from other animal spe-
cies. Because we are similar in many ways to other species, we 
learn much about ourselves from animal studies. Also because 
of that similarity, we wish not to hurt them. Neuroscience re-
searchers who decide to conduct animal research do not, as 
a rule, take this decision lightly. They believe it is better to 
inflict distress under controlled conditions than to permit ig-
norance and disease to inflict greater distress. In some cases, 
however, it is a difficult decision.

  	 STOP & CHECK
3. � What are the “three R’s” in the legal standards for animal 

research? 
4. � How does the “minimalist” position differ from the “aboli-

tionist” position?

ANSWERS
3. Reduction, replacement, and refinement. 
 4. A “minimalist” wishes to limit animal research to 
studies with little discomfort and much potential value. 
An “abolitionist” wishes to eliminate all animal research 
regardless of how the animals are treated or how much 
value the research might produce.

Your Brain and Your Experience

The goal in this introduction has been to preview the kinds of 
questions biological psychologists hope to answer. In the next 
several chapters, we shall go through a great deal of technical 
information of the type you need to know before we can start 
applying it to questions about why people do what they do and 
experience what they experience.

Biological psychologists are ambitious, hoping to explain 
as much as possible of psychology in terms of brain processes, 

genes, and the like. The guiding assumption is that the pattern 
of activity that occurs in your brain when you see something 
is your perception. The pattern that occurs when you feel fear 
is your fear. This is not to say “your brain physiology controls 
you” any more than “you control your brain.” Rather, your brain 
is you! The rest of this book explores how far we can go with 
this guiding assumption.

Introduction      In Closing

Summary
1.	 Two profound, difficult questions are why the universe 

exists, and why consciousness exists. Regardless of 
whether these questions are answerable, they motivate 
research on related topics.  4

2.	 Three key points are important to remember: First, 
perception occurs in your brain, not in your skin or in the 
object you see. Second, as far as we can tell, brain activity 
is inseparable from mental activity. Third, it is important 

Figure Intro.6  In defense of animal research
For many years, opponents of animal research have been protesting 
against experimentation with animals. This ad defends such research. 
(Source: Courtesy of the Foundation for Biomedical Research)
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to be cautious about what is or is not an explanation of 
behavior.  6

3.	 Biological psychologists address four types of questions 
about any behavior. Physiological: How does the behavior 
relate to the physiology of the brain and other organs? 
Ontogenetic: How does it develop within the individual? 
Evolutionary: How did the capacity for the behavior 
evolve? Functional: Why did the capacity for this behav-
ior evolve? That is, what function does it serve or did it 
serve?  7

4.	 Many careers relate to biological psychology, including 
various research fields, certain medical specialties, and 
counseling and psychotherapy.  8

5.	 Researchers study animals because the mechanisms are 
sometimes easier to study in nonhumans, because they 
are interested in animal behavior for its own sake, because 
they want to understand the evolution of behavior, and 
because certain kinds of experiments are difficult or 
impossible with humans.  9

6.	 Using animals in research is ethically controversial. Some 
research does inflict stress or pain on animals. However, 
many research questions can be investigated only through 
animal research.  10

7.	 Animal research today is conducted under legal and ethi-
cal controls that attempt to minimize animal distress.  11

Key Terms 
Terms are defined in the module on the page number indi-
cated. They’re also presented in alphabetical order with defi-
nitions in the book’s Subject Index/Glossary, which begins on 

page 589. Interactive flash cards, audio reviews, and crossword 
puzzles are among the online resources available to help you 
learn these terms and the concepts they represent.

biological psychology  (p. 5)
dualism  (p. 6)
evolutionary explanation  (p. 7)

functional explanation  (p. 7)
mind–body or mind–brain  

problem  (p. 4)

monism  (p. 6)
ontogenetic explanation  (p. 7)
physiological explanation  (p. 7)

Thought questions are intended to spark thought and 
discussion. In most cases, there is no clearly right answer.

1. � Is consciousness useful? What, if anything, can we 
do because of consciousness that we couldn’t do 
otherwise?

2. � What are the special difficulties of studying the evolu-
tion of behavior, given that behavior doesn’t leave fos-
sils (with a few exceptions such as footprints showing 
an animal’s gait)?

Thought Question

End of Introduction Quiz

1.	 What is meant by “monism”?
A.	 The idea that all forms of life evolved from a single 

ancestor
B.	 The idea that conscious and unconscious motivations 

combine to produce behavior

C.	 The idea that the mind is made of the same substance 
as the rest of the universe

D.	 The idea that the mind is one type of substance as 
matter is another

2.	 An ontogenetic explanation focuses on which of the following?
A.	 How a behavior develops
B.	 The brain mechanisms that produce a behavior

C.	 The conscious experience that accompanies a 
behavior

D.	 The procedures that measure a behavior

3.	 Of the following, which one is an example of an evolutionary explanation (as opposed to a functional explanation)?
A.	 People evolved a fear of snakes because many snakes 

are dangerous.
B.	 Humans have a (tiny) tailbone because our ancient 

monkey-like ancestors had a tail.

C.	 People evolved an ability to recognize faces because 
that ability is essential for cooperative social behaviors.

D.	 People evolved a tendency to form long-term male–
female bonds because human infants benefit from 
the help of two parents during their long period of 
dependence.
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14    INTRODUCTION    Overview and Major Issues

4.	 Of the following, which is a reason favoring the use of animals in biological psychology research aimed at solving human 
problems?
A.	 Nonhuman animals engage in all the same behaviors 

as humans.
B.	 One human differs from another, but nonhumans are 

nearly the same as one another.

C.	 The nervous system of nonhuman animals resembles 
that of humans in many ways.

D.	 Researchers can study nonhuman animals without 
any legal restraints.

5.	 What does a “minimalist” favor with regard to animal research?
A.	 All research should have a minimum of at least 10 

animals per group.
B.	 A minimum of three people should review each 

research proposal.

C.	 Interference with animal research should be held to a 
minimum.

D.	 Animal research is permissible but should be held to a 
minimum.

Answers: 1C, 2A, 3B, 4C, 5D.

Books
de Waal, F. B. M. (2016). Are we smart enough to know how 
smart animals are? New York: W. W. Norton. An exploration 
of the intelligence of animals and the difficulties in estimating 
it accurately.

Morrison, A. R. (2009). An odyssey with animals: A veterinar-
ian’s reflections on the animal rights & welfare debate. New 
York: Oxford University Press. A defense of animal research 
that acknowledges the difficulties of the issue and the compet-
ing values at stake.

Suggestions for Further Reading

08202_intro_ptg01.indd   14 9/18/17   10:29 AM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



08202_intro_ptg01.indd   15 9/15/17   5:57 PM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



08202_ch01_ptg01.indd   16 9/14/17   12:49 PM

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

Copyright 2019 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part.  WCN 02-200-203



    17

People talk about growing into adulthood and becoming independent, but 

in fact almost no human life is truly independent. How often do you hunt 

your own meat and cook it on a fire you made from scratch? Do you grow your 

own vegetables? Could you build your own house (with tools you made your-

self )? Have you ever made your own clothing (with materials you gathered 

in the wild)? Of all the activities necessary for your survival, which ones—if 

any—could you do completely on your own, other than breathe? People can 

do an enormous amount together, but very little by themselves.

The cells of your nervous system are like that, too. Together they accom-

plish amazing things, but one cell by itself is helpless. We begin our study of 

the nervous system by examining single cells. Later, we examine how they act 

together.

Advice: Parts of this chapter and the next assume that you understand the 

basics of chemistry. If you have never studied chemistry or if you have forgot-

ten what you did study, read Appendix A.

Module 1.1

The Cells of the Nervous System
Neurons and Glia
The Blood–Brain Barrier
Nourishment of Vertebrate Neurons
In Closing: Neurons

Module 1.2

The Nerve Impulse
The Resting Potential of the Neuron
The Action Potential
Propagation of the Action Potential
The Myelin Sheath and Saltatory Conduction
Local Neurons
In Closing: Neurons and Messages

After studying this chapter, you should  
be able to:

1.	 Describe neurons and glia, the cells that 
constitute the nervous system.

2.	 Summarize how the blood–brain barrier 
relates to protection and nutrition of 
neurons.

3.	 Explain how the sodium–potassium pump 
and the properties of the membrane lead 
to the resting potential of a neuron.

4.	 Discuss how the movement of sodium 
and potassium ions produces the action 
potential and recovery after it.

5.	 State the all-or-none law of the action 
potential.

Chapter 1
Nerve Cells  
and Nerve Impulses

Chapter Outline

Learning Objectives

Opposite:

An electron micrograph of neurons, magnified tens of thousands of times. The color is added 
artificially. For objects this small, it is impossible to focus light to obtain an image. It is possible 
to focus an electron beam, but electrons do not show color. (© Juan Gaertner/Shutterstock.com)
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18  

Module 1.2Module 1.1

The Cells of the Nervous System

No doubt you think of yourself as an individual. You don’t 
think of your mental experience as being composed of 

pieces . . . but it is. Your experiences depend on the activity of 
a huge number of separate but interconnected cells. To under-
stand the nervous system, the place to begin is to examine the 
cells that compose it.

Neurons and Glia
The nervous system consists of two kinds of cells, neurons 
and glia. Neurons receive information and transmit it to other 
cells. Glia serve many functions that are difficult to summa-
rize, and we shall defer that discussion until later in this mod-
ule. The adult human brain contains approximately 86 billion 
neurons, on average (Herculano-Houzel, Catania, Manger, & 
Kaas, 2015; see Figure 1.1). The exact number varies from per-
son to person. 

We now take it for granted that the brain is composed of 
individual cells, but the idea was in doubt as recently as the 
early 1900s. Until then, the best microscopic views revealed 
little detail about the brain. Observers noted long, thin fi-
bers between one cell body and another, but they could not 
see whether a fiber merged into the next cell or stopped 
before it. In the late 1800s, Santiago Ramón y Cajal used 
newly developed staining techniques to show that a small 
gap separates the tip of a neuron’s fiber from the surface of 
the next neuron. The brain, like the rest of the body, consists 
of individual cells.

Santiago Ramón y Cajal, a Pioneer  
of Neuroscience
Two scientists of the late 1800s and early 1900s are widely 
recognized as the main founders of neuroscience—Charles 
Sherrington, whom we shall discuss in Chapter 2, and the 
Spanish investigator Santiago Ramón y Cajal (1852–1934). 
Cajal’s early education did not progress smoothly. At one 
point, he was imprisoned in a solitary cell, limited to one 
meal a day, and taken out daily for public floggings—at the 
age of 10—for the crime of not paying attention during his 
Latin class (Cajal, 1901–1917/1937). (And you complained 
about your teachers!)

Cerebral cortex:
16 billion neurons

Rest of the brain:
Less than 1 billion

Spinal cord:
1 billion neurons

Cerebellum:
69 billion neurons

Figure 1.1  Estimated numbers of neurons in humans
The numbers differ from one person to another.
(Source: Herculano-Houzel et al., 2015)

Santiago Ramón y Cajal 
(1852–1934)
How many interesting facts fail to be con-
verted into fertile discoveries because their 
first observers regard them as natural and 
ordinary things! . . . It is strange to see how 
the populace, which nourishes its imagina-
tion with tales of witches or saints, mysteri-
ous events and extraordinary occurrences, 

disdains the world around it as commonplace, monotonous and 
prosaic, without suspecting that at bottom it is all secret, mystery, 
and marvel. (Cajal, 1937, pp. 46–47)
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1.1    The Cells of the Nervous System    19

membrane permit a controlled flow of water, oxygen, sodium, 
potassium, calcium, chloride, and other important chemicals.

Except for mammalian red blood cells, all animal cells 
have a nucleus, the structure that contains the chromosomes. 
A mitochondrion (plural: mitochondria) is the structure that 
performs metabolic activities, providing the energy that the cell 
uses for all activities. Mitochondria have genes separate from 
those in the nucleus of a cell, and mitochondria differ from one 
another genetically. People with overactive mitochondria tend 
to burn their fuel rapidly and overheat, even in a cool environ-
ment. People whose mitochondria are less active than normal 
are predisposed to depression and pains. Mutated mitochon-
drial genes are a possible cause of autism (Aoki & Cortese, 2016). 

Ribosomes are the sites within a cell that synthesize new 
protein molecules. Proteins provide building materials for 
the cell and facilitate chemical reactions. Some ribosomes 
float freely within the cell, but others are attached to the 
endoplasmic reticulum, a network of thin tubes that trans-
port newly synthesized proteins to other locations.

The Structure of a Neuron
The most distinctive feature of neurons is their shape, which 
varies enormously from one neuron to another (see Figure 1.3).  
Unlike most other body cells, neurons have long branching ex-
tensions. All neurons include a soma (cell body), and most also 
have dendrites, an axon, and presynaptic terminals. The tini-
est neurons lack axons, and some lack well-defined dendrites. 
Contrast the motor neuron in Figure 1.4 and the sensory neu-
ron in Figure 1.5. A motor neuron, with its soma in the spinal 
cord, receives excitation through its dendrites and conducts 
impulses along its axon to a muscle. A sensory neuron is spe-
cialized at one end to be highly sensitive to a particular type 
of stimulation, such as light, sound, or touch. The sensory 

Cajal wanted to become an artist, but his father insisted 
that he study medicine as a safer way to make a living. He 
managed to combine the two fields, becoming an outstanding 
anatomical researcher and illustrator. His detailed drawings of 
the nervous system are still considered definitive today.

Before the late 1800s, microscopy revealed few details 
about the nervous system. Then the Italian investigator Camillo 
Golgi found a way to stain nerve cells with silver salts. This 
method, which completely stains some cells without affecting 
others at all, enabled researchers to examine the structure of 
a single cell. Cajal used Golgi’s methods but applied them to 
infant brains, in which the cells are smaller and therefore easier 
to examine on a single slide. Cajal’s research demonstrated that 
nerve cells remain separate instead of merging into one another. 
(Oddly, when Cajal and Golgi shared the 1906 Nobel Prize for 
Physiology or Medicine, they used their acceptance lectures 
to defend contradictory positions. In spite of Cajal’s evidence, 
which had persuaded almost everyone else, Golgi clung to the 
theory that all nerve cells merge directly into one another.)

Philosophically, we see the appeal of the old idea that 
neurons merge. We describe our experience as undivided, not 
the sum of separate parts, so it seemed right that all the cells 
in the brain might be joined together as one unit. How the 
separate cells combine their influences is a complex and still 
mysterious process.

The Structures of an Animal Cell
Figure 1.2 illustrates a neuron from the cerebellum of a mouse 
(magnified enormously, of course). Neurons have much in com-
mon with the rest of the body’s cells. The surface of a cell is its 
membrane (or plasma membrane), a structure that separates 
the inside of the cell from the outside environment. Most chem-
icals cannot cross the membrane, but protein channels in the 

(nuclear
envelope)

(nucleolus)

Nucleus
(membrane-enclosed region

containing DNA; hereditary control)

(ribosomes)

Endoplasmic reticulum
(isolation, modi�cation, transport
of proteins and other substances)

Mitochondrion
(aerobic energy

metabolism)

Plasma membrane
(control of material

exchanges, mediation of cell-
environment interactions)

Figure 1.2  An electron micro-
graph of parts of a neuron from 
the cerebellum of a mouse
The nucleus, membrane, and other 
structures are characteristic of most 
animal cells. The plasma membrane 
is the border of the neuron. Magnifi-
cation approximately x 20,000.
(Source: Courtesy of Dr. Dennis M. D. Landis)
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20    CHAPTER 1    Nerve Cells and Nerve Impulses

neuron shown in Figure 1.5 conducts touch information from 
the skin to the spinal cord. Tiny branches lead directly from 
the receptors into the axon, and the cell’s soma is located on a 
little stalk off the main trunk.

Dendrites are branching fibers that get narrower near 
their ends. (The term dendrite comes from a Greek root word 
meaning “tree.” A dendrite branches like a tree.) The den-
drite’s surface is lined with specialized synaptic receptors, at 
which the dendrite receives information from other neurons.  
(Chapter 2 concerns synapses.) The greater the surface area 
of a dendrite, the more information it can receive. Many den-
drites contain dendritic spines, short outgrowths that in-
crease the surface area available for synapses (see Figure 1.6).

The cell body, or soma (Greek for “body”; plural: so-
mata), contains the nucleus, ribosomes, and mitochondria. 
Most of a neuron’s metabolic work occurs here. Cell bodies 
of neurons range in diameter from 0.005 millimeter (mm) to 
0.1 mm in mammals and up to a millimeter in certain inverte-
brates. In many neurons, the cell body is like the dendrites—
covered with synapses on its surface.

The axon is a thin fiber of constant diameter. (The term 
axon comes from a Greek word meaning “axis.”) The axon con-
veys an impulse toward other neurons, an organ, or a muscle. 
Axons can be more than a meter in length, as in the case of ax-
ons from your spinal cord to your feet. The length of an axon 
is enormous in comparison to its width, and in comparison 

Dendrite

Nucleus

Axon hillock

Soma
Dendritic
spines

Myelin sheath

Presynaptic
terminals

Muscle
�ber

AxonFigure 1.4  The components 
of a vertebrate motor neuron
The cell body of a motor neuron 
is located in the spinal cord. The 
parts are not drawn to scale. In 
reality, an axon is much longer in 
proportion to the soma.

Skin
surface

Cross section
of skin

Sensory
endings

Soma
Nucleus

Axon

Figure 1.5  A vertebrate sensory neuron
Note that the soma is located on a stalk off the main trunk of the axon. As in Figure 1.4, the structures are not drawn to scale.

Figure 1.3  Neurons, stained to appear dark
Note the small fuzzy-looking spines on the dendrites. 
(Source: Photo courtesy of Bob Jacobs, Colorado College)
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1.1    The Cells of the Nervous System    21

to the length of dendrites. Giorgio Ascoli (2015) offers the 
analogy that if you could expand the dendrite of a reasonably 
typical neuron to the height of a tree, the cell’s axon and its 
branches would extend for more than 25 city blocks.

Many vertebrate axons are covered with an insulating 
material called a myelin sheath with interruptions known as 
nodes of Ranvier (RAHN-vee-ay). Invertebrate axons do not 
have myelin sheaths. Although a neuron can have many dendrites, 
it can have only one axon, but the axon may have branches. The 
end of each branch has a swelling, called a presynaptic terminal, 
also known as an end bulb or bouton (French for “button”). At 
that point the axon releases chemicals that cross through the 
junction between that neuron and another cell. 

Other terms associated with neurons are afferent, effer-
ent, and intrinsic. An afferent axon brings information into 
a structure; an efferent axon carries information away from a 
structure. Every sensory neuron is an afferent to the rest of the 
nervous system, and every motor neuron is an efferent from 
the nervous system. Within the nervous system, a given neu-
ron is an efferent from one structure and an afferent to another 
(see Figure 1.7). You can remember that efferent starts with e 
as in exit; afferent starts with a as in admit. If a cell’s dendrites 
and axon are entirely contained within a single structure, the 
cell is an interneuron or intrinsic neuron of that structure. 
For example, an intrinsic neuron of the thalamus has its axon 
and all its dendrites within the thalamus.

1mm
Shaft

Spine

Figure 1.6  Dendritic spines
Many dendrites are lined with spines, short outgrowths that receive 
incoming information. 
(Source: From K. M. Harris and J. K. Stevens, Society for Neuroscience, “Dendritic 
Spines of CA1 Pyramidal Cells in the Rat Hippocampus: Serial Electron Microscopy 
with Reference to Their Biophysical Characteristics.” Journal of Neuroscience, 9 (1989), 
2982–2997. Copyright © 1989 Society for Neuroscience. Reprinted by permission.)

A
Afferent
(to B)

Efferent
(from A)

B

Figure 1.7  Cell structures and axons
It all depends on the point of view. An axon from A to B is an efferent axon 
from A and an afferent axon to B, just as a train from Washington to New 
York is exiting Washington and approaching New York.

Variations among Neurons
Neurons vary enormously in size, shape, and function. The 
shape of a neuron determines its connections with other cells 
and thereby determines its function (see Figure 1.8). For ex-
ample, the widely branching dendrites of the Purkinje cell in 
the cerebellum (see Figure 1.8a) enable it to receive input from 
up to 200,000 other neurons. By contrast, bipolar neurons in 
the retina (see Figure 1.8d) have only short branches, and 
some receive input from as few as two other cells.

Glia
Glia (or neuroglia), the other components of the nervous 
system, perform many functions (see Figure 1.9). The term 
glia, derived from a Greek word meaning “glue,” reflects early 
investigators’ idea that glia were like glue that held the neu-
rons together. Although that concept is obsolete, the term 
remains. Glia outnumber neurons in the cerebral cortex, 
but neurons outnumber glia in several other brain areas, 

ANSWERS

1. The widely branching structures of a neuron are called 
dendrites, and the long thin structure that carries informa-
tion to another cell is called an axon. 2. The longest axons 
occur in the largest animals. For example, giraffes and 
elephants have axons that extend from the spinal cord to 
the feet, nearly 2 meters away.  3. Because an interneu-
ron is contained entirely within one part of the brain, its 
axon is short.

  	 STOP & CHECK
1. � What are the widely branching structures of a neuron called? 

And what is the long, thin structure that carries information 
to another cell called?

2.  Which animal species would have the longest axons?
3. � Compared to other neurons, would an interneuron’s axon be 

relatively long, short, or about the same?
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22    CHAPTER 1    Nerve Cells and Nerve Impulses

especially the cerebellum (Herculano-Houzel et al., 2015; 
Khakh & Sofroniew, 2015). Overall, the numbers are almost 
equal.

The brain has several types of glia. The star-shaped 
astrocytes wrap around the synapses of functionally related 
axons, as shown in Figure 1.10. By surrounding a connection 
between neurons, an astrocyte shields it from chemicals cir-
culating in the surround (Nedergaard & Verkhatsky, 2012). 
Also, by taking up the ions and transmitters released by axons 
and then releasing them back, an astrocyte helps synchronize 
closely related neurons, enabling their axons to send mes-
sages in waves (Martín, Bajo-Grañeras, Moratalla, Perea, & 
Araque, 2015). Astrocytes are therefore important for gener-
ating rhythms, such as your rhythm of breathing (Morquette 
et al., 2015).

Astrocytes dilate the blood vessels to bring more nutri-
ents into brain areas that have heightened activity (Filosa et al.,  
2006; Takano et al., 2006). A possible role in information pro-
cessing is also likely but less certain. According to a popular 
hypothesis known as the tripartite synapse, the tip of an axon 
releases chemicals that cause the neighboring astrocyte to  
release chemicals of its own, thus magnifying or modifying 

Dendrites

Axon

Axon

Apical
dendrite

Basilar
dendrites

(a)

(c)

(b) (d)

(e)

10 mm

Figure 1.8  The diverse shapes of neurons
(a) Purkinje cell, a cell type found only in the cerebellum; (b) sensory neurons from skin to spinal cord; (c) pyramidal cell of the motor area of the cerebral 
cortex; (d) bipolar cell of retina of the eye; (e) Kenyon cell, from a honeybee.
(Source: Part e courtesy of R. G. Goss)

the message to the next neuron (Ben Achour & Pascual, 2012). 
This process is a possible contributor to learning and memory 
(De Pitta, Brunel, & Volterra, 2016). In some brain areas, as-
trocytes also respond to hormones and thereby influence neu-
rons (Kim et al., 2014). In short, astrocytes are active partners 
of neurons in many ways.

Tiny cells called microglia act as part of the immune 
system, removing viruses and fungi from the brain. They 
proliferate after brain damage, removing dead or damaged 
neurons (Brown & Neher, 2014). They also contribute to 
learning by removing the weakest synapses (Zhan et al., 
2014). Oligodendrocytes (OL-i-go-DEN-druh-sites) in 
the brain and spinal cord and Schwann cells in the periph-
ery of the body build the myelin sheaths that surround and 
insulate certain vertebrate axons. They also supply an axon 
with nutrients necessary for proper functioning (Y. Lee et al.,  
2012). Radial glia guide the migration of neurons and 
their axons and dendrites during embryonic development. 
When embryological development finishes, most radial 
glia differentiate into neurons, and a smaller number dif-
ferentiate into astrocytes and oligodendrocytes (Pinto & 
Götz, 2007).
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Microglia

Axon

Schwann
cell

Schwann cell

Oligodendrocyte

Axon

Myelin sheath

Astrocyte

Capillary
(small blood vessel)

Microglia

Astrocyte

Migrating neuron

Radial glia

Figure 1.9  Shapes of some glia cells
Oligodendrocytes produce myelin sheaths that insulate certain vertebrate axons in the central nervous system; Schwann cells have a similar function in 
the periphery. The oligodendrocyte is shown here forming a segment of myelin sheath for two axons; in fact, each oligodendrocyte forms such segments 
for 30 to 50 axons. Astrocytes pass chemicals back and forth between neurons and blood and among neighboring neurons. Microglia proliferate in areas of 
brain damage and remove toxic materials. Radial glia (not shown here) guide the migration of neurons during embryological development. Glia have other 
functions as well.

Neuron

Astrocyte

Synapse enveloped
by astrocyte

Figure 1.10  How an astrocyte synchronizes associated axons
Branches of the astrocyte (in the center) surround the presynaptic ter-
minals of related axons. If a few of them are active at once, the astrocyte 
absorbs some of the chemicals they release. It then temporarily inhibits all 
the axons to which it is connected. When the inhibition ceases, all of the 
axons are primed to respond again in synchrony.
(Source: Based on Antanitus, 1998)

  	 STOP & CHECK
4.  What are the four major structures that compose a neuron?
5. � Which kind of glia cell wraps around the synaptic terminals 

of axons?

4. Dendrites, soma (cell body), axon, and presynaptic 
terminal. 5. Astrocytes.ANSWERS

The Blood–Brain Barrier
Although the brain, like any other organ, needs to receive 
nutrients from the blood, many chemicals cannot cross from 
the blood to the brain (Hagenbuch, Gao, & Meier, 2002). The 
mechanism that excludes most chemicals from the vertebrate 
brain is known as the blood–brain barrier. Before we exam-
ine how it works, let’s consider why we need it.

Why We Need a Blood–Brain Barrier
When a virus invades a cell, mechanisms within the cell ex-
trude virus particles through the membrane so that the im-
mune system can find them. When the immune system cells 
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24    CHAPTER 1    Nerve Cells and Nerve Impulses

Ottersen, 2003). For certain other chemicals, the brain uses 
active transport, a protein-mediated process that expends 
energy to pump chemicals from the blood into the brain. 
Chemicals that are actively transported into the brain include  
glucose (the brain’s main fuel), amino acids (the building 
blocks of proteins), purines, choline, a few vitamins, and 
iron (Abbott, Rönnback, & Hansson, 2006; Jones & Shusta, 
2007). Insulin and probably certain other hormones also 
cross the blood–brain barrier, at least in small amounts,  
although the mechanism is not yet known (Gray, Meijer, & 
Barrett, 2014; McNay, 2014).

The blood–brain barrier is essential to health. In people 
with Alzheimer’s disease or similar conditions, the endothe-
lial cells lining the brain’s blood vessels shrink, and harmful 
chemicals enter the brain (Zipser et al., 2007). However, the 
barrier poses a difficulty for treating brain cancers, because 
nearly all the drugs used for chemotherapy fail to cross the 
blood–brain barrier.

discover a virus, they kill it and the cell that contains it. In ef-
fect, a cell exposing a virus through its membrane says, “Look, 
immune system, I’m infected with this virus. Kill me and save 
the others.”

This plan works fine if the virus-infected cell is, for exam-
ple, a skin cell or a blood cell, which the body replaces easily. 
However, with few exceptions, the vertebrate brain does not 
replace damaged neurons. If you had to sacrifice brain cells 
whenever you had a viral infection, you would not do well! To 
minimize the risk of irreparable brain damage, the body lines 
the brain’s blood vessels with tightly packed cells that keep out 
most viruses, bacteria, and harmful chemicals.

However, certain viruses do cross the blood–brain bar-
rier (Kristensson, 2011). What happens then? When the ra-
bies virus evades the blood–brain barrier, it infects the brain 
and leads to death. The spirochete responsible for syphilis also 
penetrates the blood–brain barrier, producing long-lasting 
and potentially fatal consequences. The microglia are more 
effective against several other viruses that enter the brain, 
mounting an inflammatory response that fights the virus with-
out killing the neuron (Ousman & Kubes, 2012). However, 
this response may control the virus without eliminating it.  
When the chicken pox virus enters spinal cord cells, virus 
particles remain there long after they have been exterminated 
from the rest of the body. The virus may emerge from the spi-
nal cord decades later, causing a painful condition called shin-
gles. Similarly, the virus responsible for genital herpes hides in 
the nervous system, producing little harm there but periodi-
cally emerging to cause new genital infections.

How the Blood–Brain Barrier Works
The blood–brain barrier (see Figure 1.11) depends on  
the endothelial cells that form the walls of the capillaries 
(Bundgaard, 1986; Rapoport & Robinson, 1986). Outside the 
brain, such cells are separated by small gaps, but in the brain, 
they are joined so tightly that they block viruses, bacteria, and 
other harmful chemicals from passage.

“If the blood–brain barrier is such a good defense,” you 
might ask, “why don’t we have similar walls around all our 
other organs?” The answer is that the barrier keeps out useful 
chemicals as well as harmful ones. Those useful chemicals in-
clude all fuels and amino acids, the building blocks for proteins. 
For these chemicals to cross the blood–brain barrier, the brain 
needs special mechanisms not found in the rest of the body.

No special mechanism is required for small, uncharged 
molecules such as oxygen and carbon dioxide that cross 
through cell walls freely. Also, molecules that dissolve in the 
fats of the membrane cross easily. Examples include vitamins 
A and D and all the drugs that affect the brain—from antide-
pressants and other psychiatric drugs to illegal drugs such as 
heroin. How fast a drug takes effect depends largely on how 
readily it dissolves in fats and therefore crosses the blood–
brain barrier.

Water crosses through special protein channels in 
the wall of the endothelial cells (Amiry-Moghaddam & 

Brain tissue

Brain tissue

Fat-soluble molecule

Glucose transport

Amino-acid transport

Blood vessel

Endothelial cell

Large
molecule

Charged
molecules

Cell wall tight
junction

CO2

CO2

O2

O2

+–

Figure 1.11  The blood–brain barrier
Most large molecules and electrically charged molecules cannot cross 
from the blood to the brain. A few small, uncharged molecules such as O2 
and CO2 cross easily, as can certain fat-soluble molecules. Active transport 
systems pump glucose and amino acids across the membrane.
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1.1    The Cells of the Nervous System    25

sperm also rely overwhelmingly on glucose.) Because metab-
olizing glucose requires oxygen, neurons need a steady supply 
of oxygen. Although the human brain constitutes only about 
2 percent of the body’s weight, it uses about 20 percent of its 
oxygen and 25 percent of its glucose (Bélanger, Allaman, & 
Magistretti, 2011).

Why do neurons depend so heavily on glucose? They can 
and sometimes do use ketones (a kind of fat) and lactate for 
fuel. However, glucose is the only nutrient that crosses the 
blood–brain barrier in large quantities.

Although neurons require glucose, glucose shortage is 
rarely a problem, except during starvation. The liver makes 
glucose from many kinds of carbohydrates and amino acids, as 
well as from glycerol, a breakdown product from fats. A more 
likely problem is an inability to use glucose. To use glucose, 
the body needs vitamin B1, thiamine. Prolonged thiamine 
deficiency, common in chronic alcoholism, leads to death of 
neurons and a condition called Korsakoff ’s syndrome, marked 
by severe memory impairments. 

Nourishment of Vertebrate Neurons
Most cells use a variety of carbohydrates and fats for nu-
trition, but vertebrate neurons depend almost entirely on 
glucose, a sugar. (Cancer cells and the testis cells that make 

ANSWERS

6. The blood–brain barrier keeps out viruses (an advan-
tage) and also keeps out most nutrients (a disadvan-
tage). 7. Small, uncharged molecules such as oxygen, 
carbon dioxide, and water cross the blood–brain barrier 
passively. So do chemicals that dissolve in the fats of the 
membrane. 8. Glucose, amino acids, purines, choline, 
certain vitamins, and iron.

  	 STOP & CHECK
6. � Identify one major advantage and one disadvantage of having 

a blood–brain barrier.
7.  Which chemicals cross the blood–brain barrier passively?
8. � Which chemicals cross the blood–brain barrier by active 

transport?

Neurons

What does the study of individual neurons tell us about behav-
ior? Everything the brain does depends on the detailed anat-
omy of its neurons and glia. In a later chapter we consider the 
physiology of learning, where one slogan is that “cells that fire 
together, wire together.” That is, neurons active at the same 
time become connected. However, that is true only if the 
neurons active at the same time are also in approximately the 
same place (Ascoli, 2015). The brain cannot connect dendrites 

or axons that cannot find each other. In short, the locations, 
structures, and activities of your neurons are the basis for 
everything you experience, learn, or do.

However, nothing in your experience or behavior follows 
from the properties of any one neuron. The nervous system is 
more than the sum of its individual cells, just as water is more 
than the sum of oxygen and hydrogen. Our behavior emerges 
from the communication among neurons.

Module 1.1      In Closing

Summary
1.	 Neurons receive information and convey it to other cells. 

The nervous system also contains glia, cells that enhance 
and modify the activity of neurons in many ways.  18

2.	 In the late 1800s, Santiago Ramón y Cajal used newly 
discovered staining techniques to establish that the ner-
vous system is composed of separate cells, now known as 
neurons.  18

3.	 Neurons contain the same internal structures as other 
animal cells.  19

4.	 Neurons have these major parts: a cell body (or soma), 
dendrites, an axon with branches, and presynaptic 
terminals. Neurons’ shapes vary greatly depending 
on their functions and their connections with other 
cells.  19

5.	 Because of the blood–brain barrier, many molecules 
cannot enter the brain. The barrier protects the nervous 
system from viruses and many dangerous chemicals.  23

6.	 The blood–brain barrier consists of an unbroken wall of 
cells that surround the blood vessels of the brain and spi-
nal cord. A few small, uncharged molecules such as water, 
oxygen, and carbon dioxide cross the barrier freely. So do 
molecules that dissolve in fats. Active transport proteins 
pump glucose, amino acids, and a few other chemicals 
into the brain and spinal cord. Certain hormones, includ-
ing insulin, also cross the blood–brain barrier.  24

7.	 Neurons rely heavily on glucose, the only nutrient that 
crosses the blood–brain barrier in large quantities. They 
need thiamine (vitamin B1) to use glucose.  25
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26    CHAPTER 1    Nerve Cells and Nerve Impulses

Key Terms

Module 1.1      End of Module Quiz

Although heroin and morphine are similar in many ways, 
heroin exerts faster effects on the brain. What can we 
infer about those drugs with regard to the blood–brain 
barrier?

Thought Question

Terms are defined in the module on the page number  
indicated. They are also presented in alphabetical order with 
definitions in the book’s Subject Index/Glossary, which begins 

on page 589. Interactive flash cards, audio reviews, and cross-
word puzzles are among the online resources available to help 
you learn these terms and the concepts they represent.

active transport  24
afferent axon  21
astrocytes  22
axon  20
blood–brain barrier  23
cell body (soma)  20
dendrites  20
dendritic spines  20
efferent axon  21
endoplasmic reticulum  19

glia  21
glucose  25
interneuron  21
intrinsic neuron  21
membrane  19
microglia  22
mitochondrion  19
motor neuron  19
myelin sheath  21
neurons  18

nodes of Ranvier  21
nucleus  19
oligodendrocytes  22
presynaptic terminal  21
radial glia  22
ribosomes  19
Schwann cells  22
sensory neuron  19
thiamine  25

1.	 Santiago Ramón y Cajal was responsible for which of these discoveries?
A.	 The human cerebral cortex has many specializations 

to produce language.
B.	 The brain’s left and right hemispheres control differ-

ent functions.

C.	 The nervous system is composed of separate cells.
D.	 Neurons communicate at specialized junctions called 

synapses.

2.	 Which part of a neuron has its own genes, separate from those of the nucleus?
A.	 The ribosomes
B.	 The mitochondria

C.	 The axon
D.	 The dendrites

3.	 What is most distinctive about neurons, compared to other cells?
A.	 Their temperature
B.	 Their shape

C.	 Their internal components, such as ribosomes and 
mitochondria

D.	 Their color

4.	 Which of these do dendritic spines do?
A.	 They synthesize proteins.
B.	 They increase the surface area available for synapses.

C.	 They hold the neuron in position.
D.	 They metabolize fuels to provide energy for the rest of 

the neuron.

5.	 What does an efferent axon do?
A.	 It controls involuntary behavior.
B.	 It controls voluntary behavior.

C.	 It carries output from a structure.
D.	 It brings information into a structure.

6.	 Which of the following is a function of astrocytes?
A.	 Astrocytes conduct impulses over long distances.
B.	 Astrocytes build myelin sheaths that surround and 

insulate axons.

C.	 Astrocytes create the blood–brain barrier.
D.	 Astrocytes synchronize activity for a group  

of neurons.
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  7.	 Which of the following is a function of microglia?
A.	 Microglia remove dead cells and weak synapses.
B.	 Microglia build myelin sheaths that surround and 

insulate axons.

C.	 Microglia dilate blood vessels to increase blood supply 
to active brain areas.

D.	 Microglia synchronize activity for a group of neurons.

  8.	 Which of these can easily cross the blood–brain barrier?
A.	 Fat-soluble molecules
B.	 Chemotherapy drugs

C.	 Proteins
D.	 Viruses

  9.	 Which of these chemicals cross the blood–brain barrier by active transport?
A.	 Oxygen, water, and fat-soluble molecules
B.	 Glucose and amino acids

C.	 Proteins
D.	 Viruses

10.	 What is the brain’s main source of fuel?
A.	 Glucose
B.	 Glutamate

C.	 Chocolate
D.	 Proteins

11.	 For the brain to use its main source of fuel, what does it also need?
A.	 Steroid hormones
B.	 Vitamin C

C.	 Thiamine
D.	 Acetylsalicylic acid

Answers: 1C, 2B, 3B, 4B, 5C, 6D, 7A, 8A, 9B, 10A, 11C.
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Module 1.2

The Nerve Impulse

Think about the axons that convey information from the 
touch receptors in your hands or feet toward your spinal 

cord and brain. If the axons used electrical conduction, they 
could transfer information at a velocity approaching the speed 
of light. However, given that your body is made of water and 
carbon compounds instead of copper wire, the strength of an 
impulse would decay rapidly as it traveled. A touch on your 
shoulder would feel stronger than a touch on your abdomen. 
Short people would feel their toes more strongly than tall peo-
ple could—if either could feel their toes at all.

The way your axons actually function avoids these prob-
lems. Instead of conducting an electrical impulse, the axon 
regenerates an impulse at each point. Imagine a long line of 
people holding hands. The first person squeezes the second 
person’s hand, who then squeezes the third person’s hand, and 
so forth. The impulse travels along the line without weakening 
because each person generates it anew.

Although the axon’s method of transmitting an impulse 
prevents a touch on your shoulder from feeling stronger than 
one on your toes, it introduces a different problem: Because 
axons transmit information at only moderate speeds (varying 
from less than 1 meter/second to about 100 m/s), a touch on 
your shoulder reaches your brain sooner than will a touch on 
your toes, although you will not ordinarily notice the differ-
ence. Your brain is not set up to register small differences in 
the time of arrival of touch messages. After all, why should it 
be? You almost never need to know whether a touch on one 
part of your body occurred slightly before or after a touch 
somewhere else.

In vision, however, your brain does need to know whether 
one stimulus began slightly before or after another one. If two 
adjacent spots on your retina—let’s call them A and B—send 
impulses at almost the same time, an extremely small differ-
ence between them in timing tells your brain whether light 
moved from A to B or from B to A. To detect movement as 
accurately as possible, your visual system compensates for the 
fact that some parts of the retina are slightly closer to your 
brain than other parts are. Without some sort of compensa-
tion, simultaneous flashes arriving at two spots on your ret-
ina would reach your brain at different times, and you might 
perceive movement inaccurately. What prevents this illusion 
is the fact that axons from more distant parts of your retina 

transmit impulses slightly faster than those closer to the brain 
(Stanford, 1987)!

In short, the properties of impulse conduction in an axon 
are amazingly well adapted to your needs for information 
transfer. Let’s examine the mechanics of impulse transmission.

The Resting Potential of the Neuron
Messages in a neuron develop from disturbances of the resting 
potential. Let’s begin by understanding the resting potential.

All parts of a neuron are covered by a membrane about 
8 nanometers (nm) thick. That is about one ten-thousandth 
the width of an average human hair. The membrane is com-
posed of two layers (free to float relative to each other) of 
phospholipid molecules (containing chains of fatty acids and 
a phosphate group). Embedded among the phospholipids are 
cylindrical protein molecules through which certain chemi-
cals can pass (see Figure 1.12).

When at rest, the membrane maintains an electrical  
gradient, also known as polarization—a difference in 

Phospholipid
molecules

Protein
molecules

Figure 1.12  The membrane of a neuron
Embedded in the membrane are protein channels that permit certain ions 
to cross through the membrane at a controlled rate.
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1.2    The Nerve Impulse    29

of the sodium–potassium pump, sodium ions are more 
than 10 times more concentrated outside the membrane 
than inside, and potassium ions are more concentrated in-
side than outside.

The sodium–potassium pump is effective only because of 
the selective permeability of the membrane, which prevents 
the sodium ions that were pumped out of the neuron from 
leaking right back in again. When sodium ions are pumped 
out, they stay out. However, some of the potassium ions in the 
neuron slowly leak out, carrying a positive charge with them. 
That leakage increases the electrical gradient across the mem-
brane, as shown in Figure 1.15.

When the neuron is at rest, two forces act on sodium, 
both tending to push it into the cell. First, consider the electri-
cal gradient. Sodium is positively charged and the inside of the 

electrical charge between the inside and outside of the cell. 
The electrical potential inside the membrane is slightly nega-
tive with respect to the outside, mainly because of negatively 
charged proteins inside the cell. This difference in voltage is 
called the resting potential.

Researchers measure the resting potential by inserting a 
very thin microelectrode into the cell body, as in Figure 1.13. 
The diameter of the electrode must be small enough to enter 
without damaging the cell. The most common electrode is a 
fine glass tube filled with a salt solution, tapering to a tip di-
ameter of 0.0005 mm or less. A reference electrode outside 
the cell completes the circuit. Connecting the electrodes to 
a voltmeter, we find that the neuron’s interior has a negative 
potential relative to its exterior. The magnitude varies, but a 
typical level is –70 millivolts (mV).

Forces Acting on Sodium  
and Potassium Ions
If charged ions could flow freely across the membrane, the mem-
brane would depolarize, eliminating the negative potential in-
side. However, the membrane has selective permeability. That 
is, some chemicals pass through it more freely than others do. 
Oxygen, carbon dioxide, urea, and water cross freely through 
channels that are always open. Several biologically important 
ions, including sodium, potassium, calcium, and chloride, cross 
through membrane channels (or gates) that are sometimes 
open and sometimes closed, as shown in Figure 1.14. When the 
membrane is at rest, the sodium and potassium channels are 
closed, permitting almost no flow of sodium and only a small 
flow of potassium. Certain types of stimulation can open these 
channels, permitting freer flow of either or both ions.

The sodium–potassium pump, a protein complex, re-
peatedly transports three sodium ions out of the cell while 
drawing two potassium ions into it. The sodium–potassium 
pump is an active transport that requires energy. As a result 
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Figure 1.13  Methods for 
recording activity of a neuron
Diagram of the apparatus and a 
sample recording. 
(Source: Fritz Goro)
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Figure 1.14  Ion channels in the membrane of a neuron
When a channel opens, it permits some type of ion to cross the mem-
brane. When it closes, it prevents passage of that ion.
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