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Notice

Medicine is an ever-changing science. As new research and clinical experience
broaden our knowledge, changes in treatment and drug therapy are required. The
editor and the publisher of this work have checked with sources believed to be reli-
able in their efforts to provide intormation that is complete and generally in accord
with the standards accepted at the time of publication. However, in view of the
possibility of human error or changes in medical sciences, neither the editor nor
the publisher nor any otner party who has been involved in the preparation or pub-
lication of this work warrants that the inforation contained herein is in every
respect accurate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from wse of the information contained in this
work. Readers are encouraged to contirm the information contained herein with
other sources. For example and in particular, readers are advised to check the prod-
uct information sheet included in the package of each drug they plan to administer
to be certain that the information contained in this work is accurate and that
changes have not been made in the recommended dose or in the contraindications
for administration. This recommendation is of particular importance in connection
with new or infrequently used drugs.




Dedicated to Dr. Beverly Bishop, Distinguished Professor of Physiology and
Biophysics, for her tireless and timely support of neuroscience at the
University of Buffalo



7 EN tH it 15t A

CPEAEAE SRR AT R SR R 2 A i P R B R 2 B 1 S 5 1
FONZ—, WESM “KEEAHIEE " (United States Medical Licens-
ing Examination, USMLE) FFi% i) F LS Hf. il (B AU
S CEPME S REAR T ) . (R RAE ) | (YRR )|
OR B A G | (BB AR ) . (AP F S A A
A (M FREAE L) . (MARERAZ L) FHM.

AR DA A P R R B 2 O IR R I S A S S RN AR
W T EEEARIEE IR (USMLE) W E25 SN, HHES M
fift 5 AR 10y AR 2 A E R E RN AT Tk S T, 1E
5 TR WY 5 B0 S R R B ) PR R A T A RE (i T R R 2 PR LT
W, Al s a2 BN A A Do RS S A T
i, TEHCH EZndfE& MRS OIRE, TETE AR RGEME AR SCRLIX
F, sk RN RN, RENERREATE FEGE G
PE ARRLE A4, WAF G BEAE IR 5 TR = 8. Biln: 4
M A= S SRR EORE ™ TR AU 1 D230 6 5 5 240 A P A
L, BN TR SRS E G INEE; PR SR 2L
T MaB 1 2 Y SRR IR R B R I R G A PR 5 RN B il

A" bk TVFZ e K ERTE ) A A DL FFE RG] -« SRR 9 S HEAS
(Sl P R Al T UK G PRS2 P, 3B 23 o A s HUR I RE TT . 4
SR, AEAHELIR AR P S REILRE By 2 AR YL L -

ANBEEICRNG, AT ARAEM, Ty, T
M BEF A KA, A A B AS (U RE BEAR T T 48 2% 2 B Ll Bk R LR
SEARER, [FrE, fece2d il e, R RESE ) bl i ik 0 X
S R AMEACE . A ] 1 A B B R AU H ) TR e &
4, WRESMEE “EANIEERX" (USMLE) 9 E B e
GRS N & S %1



-P R E F A C E -

Basic Concepts in Neuroscience: A Student’s Survival Guide is designed to
provide a quick reference to the key topics in neuroscience. It is oriented toward
the needs of medical, graduate, and advanced undergraduate students. Each chap-
ter highlights the basic principles of the field, coupled with a description of exper-
imental protocols that clarifies and amplifies the subject. Although interrelated,
each chapter is intended to be self-explanatory so the student can focus on areas
of interest.

This book is designed to be easily read and to quickly guide students through
the fundamentals of neuroscience. The format of each chapter includes high-
lighted summary statements. The authors made a special effort to include many
flowcharts and figures in each chapter that can serve as study guides. We recom-
mend that students review these statements and figures to obtain an overview of
the chapter. In striving for clarity, we emphasized essential principles and made
brevity a virtue. We hope the reader values this approach; however, we recom-
mend that this book be used in combination with a more extensive neuroscience
textbook.

A group of faculty at the University at Buffalo wrote this book based on a
graduate level course: Introduction to Neuroscience. Each chapter was written by
a faculty researcher who is a specialist on the chapter topic, ensuring that the con-
tent is not only factual but also current. The goal has been to make the descrip-
tions readable and interesting, yet to convey the excitement of the evolving
science of the brain. The faculty’s commitment to exposing students to research-
based learning is clearly shown in the numerous examples of information
imparted within an experimental framework.

I want to thank all of the faculty members who contributed to this book. It
was one more obligation in an overburdened schedule, but each one contributed
magnificently. Special thanks go to John Nyquist and Barbara Evans, whose
drawings enliven every chapter. I am very grateful for the guidance, patience, and
expertise of the editors at McGraw-Hill: Janet Foltin, Harriet Lebowitz, Lester A.
Sheinis, and Arline Keithe.
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CELL BIOLOGY
OF THE
NERVOUS SYSTEM

Dennis M. Higgins

Specialized Adaptations of Neurons

Glia and Other Nonneuronal Cells

The two most important types of cells within the nervous system are neurons
and glia. These cells are specialized to perform three basic functions: to
receive information from the five senses, to integrate these data, and to
generate motor behaviors that ensure the survival of the organism.

To accomplish these tasks, neurons and glia have acquired specialized prop-
erties that facilitate the processing of information. The unique cellular character-
istics of neurons are the most obvious and most important.



* 2 Chapter 1

Confusing terminology. Neuron and nerve cell are synonyms that refer to
the major information-conveying cells in the nervous system. Neural cell,
however, refers to all of the cells in the nervous system, including both
neurons and glia. Nerve refers to long projections that emanate from the
central nervous system. Typically nerves contain axons and glia but not the
cell bodies of nerve cells.

SPECIALIZED ADAPTATIONS OF NEURONS

What happens when you step on a sharp object? First a signal must be con-
veyed from the foot to the spinal cord and higher brain centers (Figure 1-1) indi-
cating the presence of a painful stimulus; the motor neurons must then stimulate

Ixafferent g:l?so y

Inhibitory
interneuron

neurons

Flexor
muscle

Figure 1-1

A simple reflex. Painful stimuli are detected by nerve terminals in the skin and parenchyma.
Pain and pressure are converted by the nerve into electrical signals that are propagated
along the sensory nerve toward the spinal cord. These impulses are then transmitted
across synaptic junctions to cause excitation of motor neurons, which in turn causes the
contraction of distal muscles.
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the muscles, causing the foot to be lifted. To accomplish this seemingly simple
task, information must be conducted over a distance of ~1 m, the distance from
the foot to the spinal cord. One meter is equivalent to 1,000,000 um. Because
human cells rarely exceed 50 pm in diameter, transmission of information over
this distance represents a formidable cellular challenge.

The evolutionary solution for this problem has been for neurons to acquire
the ability to form long, thin processes that can bridge the entire distance
from the foot to the spinal cord. These processes are called axons.

Axons represent only a partial solution to the problem of information trans-
fer over long distances; for the system to function properly other specializations
are needed. To allow the organism to respond to environmertal changes in a
timely manner, information has to be conveyed rapidly from one end of the axon
to the other. This requirement is met by the electrical propagation of signals along
the axon (see Chapter 3). In addition, information must be conveyed in a polar-
ized manner, that is, it must proceed from the sensory neuron to the spinal cord
and then to the motor neuron.

The specialized cellular junctions that direct this information flow are
called synapses.

These are described in more detail in Chapter 4.

Although the axon represents an elegant solution to the problem of convey-
ing information over long distances, this cellular adaptation comes with a signif-
icant cost. Axons typically have diameters ranging from 0.2 to 10 pm, and the cell
body of neurons is typically ~20 pm in diameter. To obtain some idea of what this
means in terms of asymmetry, consider Figure 1-2, which shows the neuronal
cell body with a 20-mm diameter, that is, at a 1000-fold magnification of a neu-
ron that is 20 wm in diameter, and the axon’s diameter at 1000-fold magnifica-
tion. However, at this scale only a small fragment of the axon’s initial length is
shown, because to show the 1,000,000-um length of the axon the figure would
have to be 1,000,000 mm long. This is equivalent to 1 km. Thus, if the axon ter-
minal was drawn to scale, it would require a piece of paper about 0.6 miles long.

How does this extreme asymmetry affect the nerve cell? Imagine what
would happen if you tried to extend a piece of steel wire for a half mile between
two high buildings. It would sag under its own weight and then break.



