
Each year, nearly 250 
bicyclists die because 
of brain injuries. 
Wearing a bicycle helmet 
reduces the risk of head 
trauma by more than 
70 percent. 
Evaluating Viewpoints 
Should there be helmet 
laws for bicyclists just as 
there are seatbelt laws for 
automobile 
ddvers7  

Brain 
The brain is the body's main pro-
cessing center. Encased entirely . 
within the skull, the brain contains 
about 100 billion neurons. An aver-
age adult brain weighs about 1.5 kg 
(3 lb). Thoughts, feelings, emo-
tions, behavior, perception, and 
memories are controlled by your. 
brain. Your brain also enables you 
to learn and process information, 
such as the text in this book, Scien-
tists have determined the location 
of various functions in the brain. 
The brain consists of three major 
parts, shown in Figure 7—the cer-
ebrum, the cerebellum, and the 
brain stem. 

Thalamus 
Upper brain — 

stem 
Hypothalamus 

Cerebrum 

Corpus callosum 

Midbraln Cerebellum 

Figure 7 Brain. The 
cerebrum is divided into two 
hemispheres. This view shows 
the right hemisphere. 
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Central Nervous System 
Neurons are the most important cells of the nervous system. The func- 
tions of the nervous system depend on the complex interaction  
between billions of neurons. Networks of neurons constantly gather, 
integrate, interpret, and respond to information about the body's inter- 
nal state and environmental conditions. How are neurons organised in 
the nervous system? As shown in Figure 6, there are two main divi- 
sions of the nervous system—the central nervous system, shown in 
orange, and the peripheral nervous system, shown in purple. The 
central nervous system (CNS) consists of the brain and the spinal 

cord. The CNS is the control center of the body. The CNS interprets 
and responds to information from 
the environment and from with-
in the body. The peripheral nervous 
system (PNS) contains sensory neu-
rons and motor neurons. Sensory 
neurons send information from 
sense organs, such as the skin, to 
the CNS. Motor neurons send com-
mands from the CNS to muscles and 
other organs. 1  

Cerebrum The cerebrum (seh REE bruhm) is the largest part of the 
brain. The capacity for'learning, memory, perception, and intellec-
tual function resides in the cerebrum. The cerebrum has a folded 
outer layer with many bumps and grooves. A long, deep groove 
down the center divides the cerebrum-into right and left halves, or 

j hemispheres. The cerebral hemispheres communicate through a 
connecting band of axons rnlled the corpus callosum (KOR puhs 

kuh LOH suhm). In general, the left cerebral hemisphere receives 
sensations from and controls movements of the right side of the 
body. The right cerebral hemisphere receives sensations from and 
controls movements of the left side of the body. 0 

Most sensory and motor processing occurs in the cerebral cortex 
(KOHR teks), the folded, thin (2-4 mm) outer layer of the cerebrum. 
The cerebral cortex contains about 10 percent of the brain's neu-
rons. The folded outer surface of the cerebrum is the cerebral cor-
tex, which has a large surface area. The cerebral cortex is primarily 
involved with the functioning of sensory systems. 

Cerebellum The cerebellum (ser uh BEL uhm), which is located at 
the posterior base of the brain, regulates balance, posture, and 
movement. The cerebellum smooths and coordinates ongoing 
'movements, such as walking, by timing the.contraction of skeletal 
muscles. The cerebellum integrates and responds to information 
about body position from the cerebrum and the spinal cord to con-
trol balance and posture. 

Brain Stem At the base of the brain is the stalklike brain stem. The 
brain stem is a collection of structures leading down to the spinal 
cord and connecting the cerebral hemispheres with the cerebellum. 
The lower brain stem consists of the midbrain, the pons, grid the 
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Figure 6 Nervous system. 
The central nervous system 
(orange) consists of the brain 
and the spinal cord. The 
peripheral nervous system 
(purple) branches throughout 
the body. 



I Figure 8 Spinal cord 

I Spinal nerves have a dorsal root and a ventral root that diverge as they enter the spinal cord. 
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medulla oblongata (mi DUHL uh ahb lahn GAHT uh). These st Uc-
tures relay information throughout the CNS and play an important 
role in homeostasis by regulating vital functions. such as heart rate, 
breathing rate, body temperature, and sleep. I 

The upper brain stem contains important relay centers that 
direct information to and from different parts of -the brain. The 
thalamus (THAL uh muhs) is a critical site for sensory processing. 
Sensory information from all parts of the body converges on the 
thalamus, which relays the information to appropriate areas of the 
cerebral cortex. Below the thalamus, at the base of the brain, is the 
hypothalamus. The hypothalamus, along with the medulla oblon-
gata, helps regulate many vital homeostatic functions, such as 
breathing and heart rate. The hypothalamus is responsible for feel-
ings of hunger and thirst. It also regulates many functions of the 
endocrine system by controlling the secretion of many hormones, i 

The thalamus and hypothalamus are linked to some areas of the 
cerebral cortex by an extensive network of neurons galled the limbic 
system. The limbic system includes structures of both the brain stem 
and the cerebrum. The limbic system has an important role in mein-
cry, learning, and various emotions, such as pleasure and anger. 

Spinal Cord 
The spinal cord, shown in Figure 8, is a dense cable of nervous tis-
sue that runs through the vertebral column. The spinal cord extends 
from the medulla oblongata through the vertebrae to a level just . 
below the ribs, The spinal cord links the brain to the PNS. The brain 
receives information that travels upward through the spinal cord. 
Through the spinal cord, the brain also sends commands that con-
trol the rest of the body. In addition to relaying messages, the spinal 
cord functions in reflexes. A reflex is a sudden, involuntary con-
traction of muscles in response to a stimulus. 

The spinal cord is linked to the PNS through 31 pairs of spinal 
nerves. The spinal nerves, which branch from the spinal cord, carry 
information to and from the CNS. Spinal nerves in the upper part 
of the spinal. cord branch into the arms and upper body, and spinal 

j 	nerves in the lower part of the spinal cord branch into the legs and 
j 	lower body. Each spinal nerve has a dorsal root and a ventral root. 

Dorsal roots contain sensory neurons, which carry information 
from areas of sensory input to the CNS. Ventral roots contain motor 
neurons, which carry motor responses from the CNS to muscles, 
glands, and other organs. As shown in Figure 8, dorsal and ventral 
roots come together to form the spinal nerves near the spinal cord. 

The spinal cord contains a core of gray matter covered by a 
sheath of white matter, as shown in Figure 8. Gray matter contains 
the cell bodies of neurons, whereas white matter contains the axons 
of neurons. Included in the gray matter are interneurons, which 
link  neurons to each other. 

Unlike most other parts of the 
body, the spinal cord does 

not heal after an injury. Damaged 
neurons stop conducting nerve 
impulses at the site of injury, per-
manently paralyzing the legs or, 
in some cases, all four limbs. 

Every year, spinal cord 
injuries—whether incurred in 
athletics or automobile acci-
dents—leave nearly • 15,000 
Americans partially or totally par-
alyzed. In 1995, actor Christo-
pher Reeve, shown in the photo 
at right, injured his spinal cord 
after falling headfirst from a 
horse. The fall broke vertebrae in 
Reeve's neck, paralyzing him 
from the neck down. 

A treatment currently available 
for people with spinal cord 
injuries is an anti-inflammatory 
drug called methylprednisolone. 
If given within.8 hours after the 
spinal cord is injured, the drug 
can improve chances of recov-
ery. Even .with this drug, how-
ever, recovery is usually far from 
complete. 

;Story/ 
0 Interpreting Graphics. 

As you look at Figure 8, 
think of the spinal cord as 
a busy two-way highway 
with sensory traffic going 
north and motor traffic 
going south. 

Stopping Cell Death 
Cells continue to die near the 
site of a spinal cord injury for 
several weeks after injury 
occurs. Myelin-producing cells 
die, leaving neurons in the spinal 
cord unable to function. Some 
scientists think that stopping the 
death of these cells could help 
avoid paralysis. In experiments 
on rats, researchers have found 
that a cell-death inhibitor 
improves the rats' ability to use 
their hind legs after a spinal cord 
injury. Researchers are investi-
gating other cell-death inhibitors 
that could be used on humans. 

Bridging the Gap 
After the spinal cord is injured, 
damaged axons begin to regrow. 
However, their growth" is inhib-
ited by substances in the spinal 
cord. Peripheral nerves lack 
these substances, so the axons 
in these nerves can regrow quite 
well. To stimulate the growth of 
axons in the injured spinal cord, 
researchers have grafted pieces 

of peripheral nerves into thi 
spinal cord. The nerve graft 
provide tunnels for regrowin! 
axons. Rats with such new 
grafts begin to show signs c 
recovery within 3 weeks. Withii 
a year, they can support thel 
own weight. Similar grafts hav 
not yet been tried on humans. 

Spinal Cord Injury 



Figure 9 ' Knee-jerk reflex 

I When the ligament below the patella is tapped, the quadriceps contracts, 
I the hamstrings relax, and the leg rapidly extends. 
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Peripheral Nervous System 
The peripheral nervous system connects the brain and the spinal cord 
to the rest of the body. In addition to the 31 pairs of spinal nerves, 12 
pairs of cranial nerves connect the brain with areas in the head and 
neck. The PNS contains two principal divisions the sensory division 
and the motor division. The sensory division directs sensory informa-
tion to the central nervous system. The motor, division .carries out 
responses to sensory information. The motor division of the PNS con-
sists of two independent systems—the somatic nervous system and 
the autonomic nervous system. 

Somatic-  Nervous System 

Most motor neurons that stimulate skeletal muscles are-under our 
conscious control. These neurons are part of the somatic nervous 
system. Some activity in the somatic nervous system, such as spinal 
reflexes, is involuntary. A spinal reflex is a self-protective motor 
response. Spinal reflexes are extremely rapid because they usually 
involve the spinal cord but do not involve the brain. 

The knee-jerk reflex, shown in Figure 9, is an example of a spinal 
reflex. When the ligament below your kneecap is tapped, your lower 
leg suddenly kicks forward. Tapping the ligament stimulates a sensory 
neuron, shown in red. The sensory neuron sends a nerve impulse to 
the spinal cord and excites a motor neuron, shown in green, which 
causes the quadriceps to contract. This causes. the leg to extend 
rapidly. The sensory neuron also stimulates an interneuron,'shown in 
blue. The interneuron inhibits a motor neuron that would normally 
cause the hamstrings to contract, allowing the hamstrings to relax,  

Autonomic Nervous System 
Peripheral motor neurons that regulate smooth muscles do not 
require our conscious control. These neurons are part of the auto-
nomic nervous system, which regulates heart rate and blood flow 
by controlling contractions of cardiac muscle in the heart and 
smooth muscle lining the walls of blood vessels. It also controls 
muscles in the digestive, urinary, respiratory, and reproductive sys-
tems, as well as the secretions of many glands. 

Two divisions of the autonomic nervous system—the parasympa-
thetic division and the sympathetic division-maintain stability in the 
body by counterbalancing each other's effects. The parasympathetic 
division is most active under normal conditions. It keeps your body 
functioning even when you are not active. For example, you continue 
to breathe when you fall asleep. 

The sympathetic division. dominates in times of physical or emo-
tional stress. It controls the "fight-onflight" response that you 
experience during a stressful situation, such as "nervousness" when 
taking a pop quiz. The sympathetic division increases  blood pres-
sure, heart rate, and breathing rate. It also directs blood flow toward 
your heart and skeletal muscles. Effects of the autonomic nervous 
system are summarized in Table 1. 

-Sec~an~2~R~vev+~` 
Name the two main divisions of the nervous 
system, and state their general functions. 60 10A 

compare the functions of the cerebellum and 
the brain stem. Q.10A 

Distinguish between dorsal roots and ventral 

F. 	
roots of the spinal cord. d 10A 

0) Name the division of the autonomic nervous 
system that is more active under normal 
conditions. (Q- IOA 

8 Interpreting Graphics 

As you look at Figure 9, 
notice that In a spinal reflex, 
motor neurons stimulate 
muscles in the same region 
in which the stimulus that 
caused the reflex originated. 

i 	 ea~s 	 m 	 ysetRiTale - 	o0[    

Organ Effect of sympathetic division Effect of parasympathetic division 

Eyes Pupils dilate Pupils constrict 

Heart Heart rate increases Heart rate decreases 

Lungs Bronchioles dilate Bronchioles constrict 

Intestines Gastric secretions decrease Gastric secretions increase 

Blood vessels Blood vessels dilate Little or none 

Aft 
Critical Thinking Comparing Functions 
Why is a spinal reflex more rapid than a voluntary 
movement? Q,  10A 

AHSi~P Prg0) A sudden stretch of the 
quadriceps muscle triggers the knee-jerk reflex, 
which maintains homeostasis by'causing the 	1 
A patella to elongate. 

B hamstrings to contract. 

c quadriceps to elongate. 

D quadriceps to contract. 
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