Discover How Hard Does Your Heart Discover How Does Pressure Affect the ~ Discover What
Work? 2 Flow of Blood? ~ Blood? -
Sharpen Your Skills Creating Data Tables Try This Caught in the W
Skills Lab Heart Beat, Health Beat Real-World Lab Do You Know Your
A-B-0's?




Anod cells travel iln
-tuod vessels to al
-arts of the body.

Progress boxes at the follo

Travels of 4 Red Blood Cej

and then back
Or circuit, endin
you'll learn how Your blood
how your heart p
bn’nging that essentia fluid to
You learn more about the heart ang

a display to show how blood
dy. '

Check Your Progress
this chapter, To keep Project on track,
wing points.

Section ) Review, pag
Section 2 Review, pag
Section 3 Reyj

n
W, page 554: Adq a written desc

: your displa.y.
ription to your

you will

sover Which Foods Are
* *Heart Henltlzy;? ,
This Blocking the Flow
:vn«le at Home Healthy Heorts




DisCOVER

and fast as your heart does?

the other container empty.
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l @ What is the function of the
{ cardiovascular system?

‘ ¢ What role does the heart
| play in the cardiovascular
‘ system?

@ What path does blood take
through the circulatory
system?

Reading Tip As you read,

i create a flowchart that shows
' the path that blood follows as
it circulates through the body.

i
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2. Cover a table or desk with newspapers. Place
two large plastic containers side by side on
the newspapers. Fill one with 2.5 liters of
water, which is about the volume of blood
that your heart pumps in 30 seconds. Leave

3. r’ifgl With a plastic cup that holds about
#5721 60 milliliters, transfer water as quickly as
possible into the empty container without
spilling any. Have a partner time you for 1.
30 seconds. As you work, count how many BRI
transfers you make in 30 seconds.

€

B The Body's Transportation Syster
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How Mard Does Your Hear? Werk?

1. Every minute, your heart beats about 75 to 4. Multiply your results by 2 to find the number
85 times. With each beat, it pumps about of transfers for one minute.
60 milliliters of blood. Can you work as hard

Inferring Compare your performance with the
number of times your heart beats every minute.
What do your results tell you about the strength
and speed of a heartbeat?

T n the middle of the night, a truck rolls rapidly through the
% darkness. Loaded with fresh fruits and vegetables, the truck
'_is headed for a city supermarket. The driver steers off the
interstate and onto a smaller highway. Finally, after drivinz
through narrow city streets, the truck reaches its destination. A~
dawn begins to break, store workers unload the cargo. They work
quickly, because other trucks—carrying meats, canned goods.
and freshly baked breads—are waiting to be unloaded. And whil¢
workers fill the store with products to be sold, a garbage truck
removes yesterday’s trash: All these trucks have traveled long dis
tances over roads. Without a huge network of roads, big and
small, the supermarket couldn’t stay in business.

Like the roads that link all parts of the country, your body has «
“highway” network, called the cardiovascular system, that links
all parts of your body. The cardiovascular system, or circula-
tory system, consists of the heart, blood vessels, and blood. The
cardiovascular system carries needed substances to cells and
carries waste products away from cells. In addition, blood con-
tains cells that fight disease.



Needed Materials Most substances that need to get from one
part of the body to another are carried by blood. For example,
blood carries oxygen from your lungs to your body cells. Blood
also transports the glucose your cells use to produce energy.

Waste Products The cardiovascular system also picks up
wastes from cells. For example, when cells use glucose, they pro-
duce carbon dioxide as a waste product. The carbon dioxide
passes from the cells into the blood. The cardiovascular system
then carries carbon dioxide to the lungs, where it is exhaled.

Disease Fighters The cardiovascular system also transports cells
that attack disease-causing microorganisms. This process can keep
you from becoming sick. If you do get sick, these disease-fighting
blood cells will kill the microorganisms to help you get well.

Blood vessels
in lungs

B Oxygen-rich blood
Oxygen-poor blood

Figure 1 The blood vessels of
the cardiovascular system reach
throughout the entire bady.
Blood flows through these
vessels to every organ in the
body. Classifying Name one
needed material and one waste
product transported by the
cardiovascular system.
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Figure 2 This small stone
sculpture, created by ancient
Egyptians, represents the heart.
Ancient Egyptians believed that
feelings, thoughts, and memories
were created by the heart.

Figure 3 As blood flows out of
the heart and-toward the lungs,
it passes through the valve
shown in the photograph.
The illustration shows how
blood flows through the
open valve.

Applying Concepts What is
the function of the valves in
the heart?
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The Heart
Without the heart, blood wouldn’t go anywhere. The heart is a
hollow, muscular organ that pumps blood throughout the body.
Your heart, which is about the size of your fist, is located in the
center of your chest. The heart lies behind the breastbone and
inside the ribs. These bones protect the heart from injury.
Fach time the heart beats, it pushes blood through the
blood vessels of the cardiovascular system. As you learned in
Chapter 15, the heart s made of cardiac muscle, which can con-
tract over and over without getting tired. The heart beats con-
tinually throughout a person’s life, resting only between beats.
During your lifetime, your heart may beat over 3 billion times.
In a year, it pumps enough blood to fill over 30 competition-size
swimming pools. ¢

The Heart's Structure Look closely at Exploring the Heartas
you read about the structure of the heart. Notice that the heart
has two sides—a right side and a left side—completely separated
from each other by a wall of tissue. Each side has two compart-
ments, or chambers—an upper and a lower chamber. The two
upper chambers, each called an atrium (ay tree um) (plural
atria), receive blood that comes into the heart. The two lower
chambers, each called a ventricle, pump blood out of the heart.
The atria are separated from the ventricles by valves. A valve is a
flap of tissue that prevents blood from flowing backward. Valves
are also located between the ventricles and the large blood ves-

sels that carry blood away from the heart.

How the Heart Works The action of the heart has two main
phases. In one phase, the heart muscle relaxes and the atria fill
with blood. In the other phase, the atria contract and fill the ven-
tricles, and then the ventricles contract to pump blood forward.
The sound of a heartbeat, which sounds something like lub-dup,
is made during this pumping phase.
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When the heart muscle relaxes, blood flows into the cham-
bers. Then the atria contract. This muscle contraction squeezes
hlood out of the atria, through the valves, and then into the ven-
tricles. Next the ventricles contract. This contraction closes the
valves between the atria and ventricles, making the Iub sound
.nd squeezing blood into large blood vessels. As the valves
hetween the ventricles and the blood vessels snap shut, they
make the dup sound. All of this happens in less than a second.

f Checkpocut Contrast the functions of atria and ventricles.

|
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SK‘P&@G&UM@ the Heart

very second of your life, your heart pumps blood through
your body. The right side of the heart pumps blood to the
lungs, while the left side pumps blood to the rest of the body.

Major vein from

upper body to heart
i y Aorta The largest

blood vessel in the
body, the aorta carries
blood from the left
ventricle to the body.

Pacemaker The
pacemaker is a group of
cells in the right atrium.

By sending a signal that

makes heart muscle cells
contract, the pacemaker
regulates the beating of

the heart. Artery from

heart to lungs

Left atrium
Oxygen-rich blood
moves from the
lungs into the left
atrium.

Right atrium The
right atrium receives
blood from the body.
The blood is low in
oxygen and high in
the waste product
carbon dioxide.

Left ventricle The
left ventricle pumps
oxygen-rich blood to

Right ventricle all parts of the body.

When the right
ventricle contracts, it
pumps oxygen-poor
blood to the lungs.

Septum This thick muscular
wall separates the left side of
the heart from the right side.
The septum prevents oxygen-
rich and oxygen-poor blood

Maijor vein from
from mixing in the heart.

lower body to heart
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When you say that a person
has a “heart of gold,” you
mean that the person is kind
and generous—not that the
person’s heart is actually made
of gold metal. “Heart of gold”
is an idiom—an expression
with a meaning that cannot
be understood from the ordi-
nary meanings of the words in
it. The words heart and blood
are found in many idioms. For
example, a “blood-chilling
scream” frightens you, but it
doesn’t lower the temperature
of your blood.

/2 Vour Jomrniat oo

Learn what each of the
following idioms means:

¢ a change of heart

¢ a heart-to-heart talk

# make the blood boil
Then write a sentence using
each of these idioms.

st asl MRS e Ie SO

Figure 4 Activities such as swimming
require a lot of energy. A person’s
heart beats fast in order to supply the
muscles with the blood they need.
The heart’s pacemaker regulates the
speed at which the heart beats.
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A group of cells called the pacemaker, which is located in (hv
right atrium, sends out signals that make the heart muscle con
tract. The pacemaker constantly receives messages about 1l
body’s oxygen needs. It then adjusts the heart rate to match. You
heart beats much faster when you are exercising than when you
are sitting quietly. When you are exercising, the entire proce:-
from the beginning of one heartbeat to the beginning of the nc
can take less than half a second. Your muscles need more oxygc!
during exercise. Your rapid heartbeat supplies blood that carric-
the oxygen.

wrecrarive In some people, the pacemaker becom.
:‘ 7ecunotocy  damaged as a result of disease or an acu
dent. This often results in an irregular or slow heartbeat. In the
1950s, doctors and engineers developed an artificial, batter)
operated pacemaker. The artificial pacemaker is implantc
beneath the skin and connected by wires to the heart. Tiny ele.

5 tric impulses travel from the battery through the wires. Thex

impulses make the heart contract ata normal rate.

M/ Clieckpacat What is the function of the pacemaker?

After leaving the heart, blood travels in blood vessels througl
the body. Your body has three kinds of blood vessels—arterics.
capillaries, and veins. Arteries are blood vessels that carr
blood away from the heart. From the arteries, blood flows int«
tiny vessels called capillaries. In the capillaries, substances arc
exchanged between the blood and body cells. From capillarics
blood flows into veins, which are the vessels that carry blood
back to the heart.
The overall pattern of blood flow through the body is somc

thing like a figure eight. The heart is at the center where the two




Blood vessels

loops cross. In the first loop, blood travels from the in lungs - j
heart to the lungs and then back to the heart. In the L
second loop, blood is pumped from the heart
throughout the body and then returns again to the
heart. The heart is really two pumps, one on the
right and one on the left. The right side pumps blood ~ Artery to
lo the lungs, and the left side pumps blood to the rest fungs
of the body.

Blood travels in only one direction. If you were
a drop of blood, you could start at any point in the
figure eight and eventually return to the same point.
The entire trip would take less than a minute. As
you read about the path that blood takes through
the cardiovascular system, trace the path in Figure 5.

Vein from ,
lungs : ‘

Right atrium {: '

atrium [i

Loop One: to the Lungs and Back When blood
from the body flows into the right atrium, it con- i from
tains little oxygen but a lot of carbon dioxide. This ~ body
oxygen-poor blood is dark red. The blood then

flows from the right atrium into the right ventricle.

Then the ventricle pumps blood into the arteries

that lead to the lungs.

As blood flows through the lungs, large blood in body ;
vessels branch into smaller ones. Eventually, blood —’
flows through tiny capillaries that are in close contact with the air ~ Figure 5 Blood circulates through
that comes into the lungs. The air in the lungs has more oxygen  the body in two loops with the

: S0 heart :
than the blood in the capillaries, so oxygen moves from the lung t; atra ca; :22 ;ea?,:e;f l;']'sgze S

into the blood. In contrast, carbon dioxide moves in the oppo-  beginning at the right atrium.
site direction—from the blood into the lung. As the blood leaves  Interpreting Diagrams Where does
the lungs, it is now rich in oxygen and poor in carbon dioxide.
This blood, which is bright red, flows to the left side of the heart
to be pumped through the second loop.

the blood that enters the left atrium
come from?

Chapter 17 541 j




Loop Two: to the Body and Back The second loop begins
as the left atrium fills with oxygen-rich blood coming from the
lungs. The blood then moves into the left ventricle. From the lefl

Figure 6 If the batter hits the ball, ~ ventricle, the blood is pumped into the aorta (ay AWR tuh), the
the bat will exert a force on the ball. . largest artery in the body.
This force will make the ball zoom Eventually, after passing through branching arteries, blood

through the air. Similarly, when the : S e
ventrigl S cgmra ot flows through tiny capillaries in different parts of your body, such

they exert a force on the blood as your brain, liver, and legs. These vessels are in close contacl
inside them. This force pushes with body cells. Oxygen moves out of the blood and into the body
blood through the blood vessels. cells. At the same time, carbon dioxide passes from the body cells
and into the blood. The blood then flows back to the right
atrium of the heart through veins, completing the second loop.

The Force of the Ventricles
INTEcraTine When the ventricle muscles contract,

b, Puvsis  they exert a force on the blood that is
inside them. A force is a push or a pull. You see examples
of forces all around you. When you lift a book off a tablc,
for example, you exert a force on the book, making il
move upward. The force exerted by the ventricles moves
blood out of your heart and into arteries.

The contraction of the left ventricle exerts much morc
force than the contraction of the right ventricle. The right
ventricle only pumps blood to the lungs. In contrast, the
left ventricle pumps blood throughout the body. As a way
of understanding this, think of the force it would take to
bunt a baseball. Then think about how hard you would
need to hit the ball if you wanted to hit a home run.

.c.--q-;-p.-pao-.--- (“E..PTE‘R /.

i Check Your Brogress PROJECT,” "
1. What is the function of the cardiovascular system? . At this point, you should _
2. What function does the heart perform? : have sketched out the two
3. Describe the route that blood takes through the : loops your red blood cell will travel
cardiovascular system. Begin with blood leaving the Make sure each pathway forms a l
left ventricle. i complete circuit back to the heart.
4. What is the heart’s pacemaker? What causes the : Begin to plan how you will construct

.
.
-
.

your display. Keep a running list of
the materials or equipment you'|l

: need. (Hint: Think about how you
¢ Will show the movement of the

: blood cell in your display.)

pacemaker to change the rate at which the heart beats?

5. Thinking Critically Comparing and Contrasting
Most of the arteries in the body carry oxygen-rich
blood away from the heart. One artery, however,
carries blood that has little oxygen away from the
heart. From which ventricle does that artery carry
blood? To where does that artery carry blood?
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| A Closer Look at Blood Vessels
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How Does Pressure Affect
the Flow of Blood?

1. Spread newspapers over a table or desktop. Then fill a
plastic squeeze bottle with water.

2. Hold the bottle over a dishpan. Squeeze the bottle with one
hand. Observe how far the water travels.

3. Now grasp the bottle with both hands and squeeze again.
Observe how far the water travels this time.

Think 1§ Over

Inferring Blood is pushed through arteries with much more
force than it is pushed through veins. Which part of the activity
models an artery? Which part models a vein? Which organ in
the body provides the pushing force?

ike corridors in a large building, blood vessels run through
all of the tissues of your body. While some blood vessels
are as wide as your thumb, most of them are much finer
than a human hair. If all the arteries, capillaries, and veins in your

IGUIDE FOR READING

¢ What are the functions of
arteries, capillaries, and
veins?

body were hooked together, end to end, they would stretch a dis-
tance of almost 100,000 kilometers. That’s long enough to wrap
around Earth twice—with a lot left over!

Arteries

When blood leaves the heart, it travels through arteries. The
right ventricle pumps blood into the arteries that go to the lungs.
The left ventricle pumps blood into the aorta, the largest
artery in your body. Every organ receives blood from
arteries that branch off the aorta, The first branches,
called the coronary arteries, carry blood to the heart
itself. Other branches carry blood to the brain,
intestines, and other organs. Each artery branches
into smaller and smaller arteries.

Artery Structure The walls of arteries are generally
very thick. In fact, artery walls consist of three layers.
The innermost layer, which is made up of epithelial

Figure 7 If all the blood vessels in your body
were joined end to end, they would wrap around
the world almost two and a half times.

4 What causes blood pressure?

Reading Tip As you read, use
the text headings to make an
outline of the information in
this section.

9
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Connective
tissue

Smooth muscle

Epithelial cells

Math
TO0LBOY

Pulse Rate

A rate is the speed at which
something happens. When
you calculate a rate, you
compare the number of
events with the time period in
which they occur. Here is how
you can calculate the pulse
rate of a person whose heart
beats 142 times in 2 minutes.

1. Write the comparison as a
fraction.
142 heartbeats
2 minutes
2. Divide the numerator and
the denominator by the
denominator.
142+2 _ 71
272 1
The person’s pulse rate is
71 heartbeats per minute.
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This smooth surface enables blood to ilow

tissue, is smoc
freely. The miaaie layer consists mostly of muscle tissue. Tl
outer wall is made up of flexible connective tissue. Becausc ¢!
this layered structure, arteries have both strength and flexibilin
Arteries are able to withstand the enormous pressure of bloc!
pumped by the heart, and to expand and relax in responsc I
that pumping.

Pulse If you lightly touch the inside of your wrist, you can lv:
the artery in your wrist rise and fall repeatedly. The pulse t.u
you feel is caused by the alternating expansion and relaxation o
the artery wall. Every time the heart’s ventricles contract, (h::
send a spurt of blood out through all the arteries in your bodh
As this spurt travels through the arteries, it pushes the artein
walls and makes them expand. After the spurt passes, the artci:
walls become narrower again. When you count the number !
times an artery pulses beneath your fingers, you are countin
heartbeats. By taking your pulse rate, you can determine how
fast your heart is beating.

Regulating Bicod Flow The musclesin the middle wall of an
artery are involuntary muscles, which contract without yout
thinking about it. When they contract, the opening in the arten
becomes smaller. When they relax, the opening becomes largci.
These muscles act . - control gates, adjusting the amount of bloo
sent to different organs. For example, after you eat, your stomatl



'&— Connective tissue

Smooth muscle

Epithelial cells

and intestines need a greater blood supply to help power diges-
tion. The arteries leading to those organs open wider, so that more
blood flows through them. In contrast, when you are running,
your stomach and intestines need less blood than the muscles in
vour legs. The arteries leading to your leg muscles open wider. The
arteries leading to the stomach and intestines become narrower,
which decreases the blood flow to those organs.

—apillaries

:ventually, blood flows from small arteries into the tiny capil-
laries. In the capillaries, materials are exchanged between the
blood and the body’s cells. Capillary walls are only one cell thick.
Because capillaries have thin walls, materials can pass easily
through them. Materials such as oxygen and glucose pass from
blood, through the thin capillary walls, to the cells. Cellular waste
products travel in the opposite direction—from cells, through
the capillary walls, and into blood.

® wvrecranne Recall from Chapter 2 that materials are

c ChemisTRY  exchanged between the blood and the body
cells by diffusion. Diffusion is the process by which molecules
move from an area in which they are highly concentrated to an
area in which they are less concentrated. For example, glucose is
more highly concentrated in blood than it is in the body cells.
Therefore, glucose diffuses from the blood, through the capil-
lary wall, and into the body cells.

Figure 8 The walls of arteries and
veins each have three layers. The
walls of capillaries are only one cell
thick. The photograph shows red
blood cells moving from an artery
into a capillary.
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Figure 9 The wall of the artery

(left) is much thicker than that

of the vein (right).

Making Generalizations Why is it
important for artery walls to be both
strong and flexible?

Sharpen

Skills

Scientists NI
measured the &G’Il’g\!/@u Y
volume of blood that different
organs receive, first when a
person was resting and then
when the person was
engaged in vigorous exercise.

o At rest, the organs of
the abdomen received
approximately 1,400 mL of

blood per minute (mL/min).

During vigorous exercise,
they received 600 mL/min.

o At rest, skeletal muscles re-
ceived about 1,200 mL/min.
During vigorous exercise,
the same muscles received
about 12,500 mL/min.

e At rest, the kidneys received
about 1,100 mL/min.
During vigorous exercise,
they received 600 mL/min.

Create a table to record these

data. Then use the data to

explain why some organs
receive more blood during
exercise, while some receive
less. -
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After blood moves through capillaries, it enters larger blood
vessels called veins, which carry blood back to the heart. The
walls of veins, like those of arteries, have three layers, with musclc
in the middle layer. However, the walls of veins are generall:
thinner than those of arteries.

By the time blood flows into veins, the pushing force of the
heart has little effect. Several factors help move blood through
veins. First, because many veins are located near skeletal mus
cles, the contraction of the muscles helps push the blood along.
For example, as you run or walk, the skeletal muscles in your legs
contract and squeeze the veins in your legs. Second, larger veins
in your body have valves in them that prevent blood from flow-
ing backward. Third, breathing movements, which exert a
squeezing pressure against veins in the chest, also force blood
toward the heart.

of Ctieckpodnt How do skeletal muscles help move blood in veins?

(’ Inrecratine Suppose that you are washing a car. You
& PHYSICS attach the hose to the faucet and turn on the
faucet. The water flows out in a slow, steady stream. Then, while
your back is turned, your little brother turns the faucet on all the
way. Suddenly, the water spurts out rapidly, and the hose almost
jumps out of your hand.

As water flows through a hose, it pushes against the walls of
the hose, creating pressure on the walls. Pressure is the force
that something exerts over a given area. When your brother
turned on the faucet all the way, the additional water flow
increased the pressure exerted on the inside of the hose. The
extra pressure made the water spurt out of the nozzle faster.



What Causes Blood Pressure? Blood
traveling through blood vessels behaves in
a manner similar to that of water moving
through a hose. Blood exerts a pressure,
called blood pressure, against the walls of
blood vessels. Blood pressure is caused
by the force with which the ventricles
contract.In general, as blood moves away
(rom the heart, its pressure decreases. This
happens because the farther away from
the heart the blood moves, the lower the
lorce of the ventricles. Blood flowing
through arteries exerts the highest
pressure. Blood pressure in capillaries
and veins is much lower than in arteries.

g
T

_— o

. Measuring Blood Pressure Blood -
~ pressure can be measured with an instru- Figure 10 Blood pressure is

ment called a sphygmomanometer (sfig moh muh NAHM uh tur). nmoe;seut:?dﬁg}l:; ?Shi ?:;;21;'

Many sphygmomanometers contain a tube of mercury. Blood  ;round the patient’s arm. His blood
pressure is expressed in millimeters of mercury and is recorded  pressure is recorded by the height

as two numbers. The first number, which is the higher of the two ~ ©of the mercury column in the

numbers, is a measure of the blood pressure while the ventricles ~ mStrument on theright.

contract and pump blood into the arteries. The second number -’
measures the blood pressure while the ventricles relax between

heartbeats. The two numbers are written as a fraction. A typical,

healthy blood pressure reading for a young adult is 120/80. This

is expressed as 120 over 80, or the contraction pressure over the

relaxation pressure. You will learn about the effects of high blood

pressure in Section 4.

FE Ay A A S

jew

e e

1. Contrast the functions of arteries, capillaries, and veins. ! By now you shoula ha;é ’

2. What causes blood pressure? b_egun constructing your

3. Explain the factors that enable blood in your leg veins : display. Make sure that the blood
to return to the heart in spite of the downward pull of ; Vessels are depicted accurately. Also
gravity. : check that your display correctly

4. Thinking Critically Applying Concepts Arteries ;23\1{; the path of a red blood cell 3
adjust the amount of blood flowing to different parts 7 callini € place where the red blood
of the body, depending on where blood is needed. i cell picks up oxygen. (Hint: Start to |
Use this fact to explain why it may not be a good : E'nlepare a rough draft of your ﬂ 1
idea to exercise vigorously shortly after you eat. : written description.) (
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Skills Lab

4, Walk in place for one mmute whlle your
partner times you. Stop and rmmedlately take:
your pulse for one minute. Record the number.

- . Inyour data table. .

5. Run in place for one minute. Take your pulse
again, and record the result.

6. Sit down right away, and have your partner

How does physical activity
affect your pulse rate?

Materials
watch or clock with

e et -
LY

:1 Predict how your pulse rate wrll change as
'you go from restmg to being active, then back
to resting again. Then copy the data table into

~ your notebook.

2. Locate your pulse by placing the index and
middle finger of one hand on your other wrist
at the base of your thumb. Move the two
fingers slightly until you feel your pulse.

3. Work with a partner for the rest of this lab.

Begin by determining your resting puise rate.

Count the number of beats in your pulse for

exactly one minute while your partner times

you. Record the number in your data table.

CAUTION: Do not complete the rest of these

procedures if there is any medical reason why

you should avoid physical activities.

e R S e ST

WA

T, e A ST SR
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,as e: °';d 2? nd time you as you rest for one minute. Then tak
grapn pap your pulse rate again.
Procedure g 7. Have your partner time you as you rest for

3 more minutes. Then take your pulse rate
agarn and record it.

Analyze and Conclude

1. Use the data you obtained to create a bar
graph of your pulse rate under the dlfferent
conditions you tested.

2. What conclusion can you draw about the
relationship between physical actlvity and a -
person’s pulse rate?

3. What happens to the pulse rate when the
physical activity has stopped?

4. What can you infer about the heartbeat when 7
the pulse rate increases? '

5. Think About It Do you think the pulse
measurements you made are completely
accurate? Why or why not? How could you - -

"improve the accuracy of your measurements?

Design an Experiment

Do the resting pulse rates of adults, teens, and ,
young children differ? Write a plan to answer this
question. Obtain your teacher’s permission
before carrying out your plan.
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<) Blood and Lymph

DISCOVER _
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f someone fills a test tube with blood and lets it sit for a while,

the blood separates into layers. The top layer is a clear, yel-

lowish liquid. A dark red material rests on the bottom. The .
top layer is plasma, which is the liquid part of blood. The red

Y

i ™ 8 AT

What Kinds of Cells Are in Blood?

1. a Obtain a microscope slide of human blood. Look at
it the slide under the microscope, first under low
power and then under high power.

2. Look carefully at the different kinds of cells that you see.
3. Make several drawings of each kind of cell. Use red pencil
for the red blood cells.

Yhink b ver
Observing How many kinds of cells did you see? How do
they differ from one another?

AGUIDE FOR READING

¢ What are the four
components of blood?

# What determines the type of

material at the bottom is a mixture of blood cells. Blood is made blood that a person can
up of four components: plasma, red blood cells, white blood ~ receive in transfusion?
cells, and platelets. About 45 percent of the volume of blood is  Reading Tip As you read, write

made up of cells. The rest consists of plasma.

Clasmia

Blood, as you have learned, transports materials from one
part of the body to another. Most of those materials travel
in plasma. In fact, 10 percent of plasma is made up of these
dissolved materials. The other 90 percent of plasma is water.

Plasma carries molecules that come from the break-
down of digested food, such as glucose and fats. The vita-
mins and minerals your body needs also travel in plasma.
Plasma also carries chemical messengers that direct body

~activities such as the uptake of glucose by your cells. In
addition, many wastes produced by cell processes are car-
- ried away by plasma.

Protein molecules give plasma its yellow color. There are
three groups of plasma proteins. One group helps to regu-
late the amount of water in blood. The second group, which
is produced by white blood cells, helps fight disease. The
third group of proteins interacts with platelets to form
blood clots.

definitions for each boldfaced
term in your own words.

Figure 11 Bloodina
test tube separates into
two layers.

— Plasma

Blood
cells
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Red Blood Cells

Without red blood cells, your body could not use the oxygen that .
you breathe in. Red blood cells take up oxygen in the lungs and
deliver it to cells elsewhere in the body. Red blood cells, like most
blood cells, are produced in bone marrow.

Exploring Blood Cells shows what red blood cells look like,
Under a microscope, these cells look like disks with pinched-in
centers. Because they are thin, red blood cells can bend and twist
easily. This flexibility enables them to squeeze through narrow -
capillaries. :

A red blood cell is made mostly of hemoglobin (HEE muh
gloh bin), which is an iron-containing protein that binds chem--
ically to oxygen molecules. When hemoglobin combines with
oxygen, the cells become bright red. Without oxygen, they are
dark red. Hemoglobin picks up oxygen in the lungs and releases
it as blood travels through capillaries in the rest of the body,
Hemoglobin also picks up some of the carbon dioxide produced
by cells. However, most of the carbon dioxide is carried by +
plasma. The blood carries the carbon dioxide to the lungs, where
it is released from the body.
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Red Blood Cells

] Oxygen is carried throughout
EK[IJ [] @ B’ood Cells your body by red blood cells. Your

blood contains more red blood
cells than any other kind of cell.

TR Lo S

lood consists of liquid plasma and
three kinds of cells—red blood cells,
white blood cells, and platelets.
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Red blood cells have no nuclei. Without a nucleus, a red
blood cell cannot live very long. In fact, red blood cells live only
about 120 days. Every second, about 2 million red blood cells in
your body die. Fortunately, your bone marrow produces new red
blood cells at the same rate.

E{ Clieckpocat What is the shape of a red blood cell?

KMhite Blood Cells

Like red blood,cells, white blood cells begin their existence in
bone marrow. White blood cells are the body’s disease fighters.
Some white blood cells recognize disease-causing organisms
such as bacteria and alert the body that it has been invaded.
Other white blood cells produce chemicals to fight the invaders.
Still others surround and kill the organisms. You will learn more
about the functions of white blood cells in Chapter 19.

White blood cells are different from red blood cells in sev-
eral important ways. There are fewer of them—only about one
white blood cell for every 500 to 1,000 red blood cells. White
blood cells are also bigger than red blood cells, and they have
nuclei. Most white blood cells live for months or even years.

Platelets

White Blood Cells

By finding and destroying disease-
causing organisms, white blood cells
fight disease. Most white blood cells

are larger than red blood cells.

When you cut yourself, platelets help form the
blood clot that stops the bleeding. Platelets aren't
really whole cells—instead, they are small pieces
of cells that don’t have nuclei.

Chapter 17
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Figure 12 When you cut your
skin, a blood clot forms. The blood
clot consists of blood cells trapped
in a fiber net. Platelets produce the
material of which the fibers are
made.

W

In thi-s activity, ACT“’ETV

you will model “oa s
part of the process by which a
blood clot forms.

1. Cover the opening of a
sturdy plastic cup with a
piece of cheesecloth. Use
a rubber band to hold the
cheesecloth in place.

2. Put some water, paper clips,
and coins in another cup.

3. Carefully pour the water,
coins, and paper clips into
the middle of the
cheesecloth.

Making Models The paper
clips and coins represent
blood cells. What does the
cheesecloth represent? What
starts the production of the
substance that the cheese-
cloth represents?

#
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When you cut your finger, blood flows out of the cut. Aftc
short time, however, a blood clot forms, stopping the blood flow
Platelets (pLaYT lits) are cell fragments that play an importai!
part in forming blood clots.

When a blood vessel is cut, platelets collect and stick to (I
vessel at the site of the wound. The platelets release chemical
that start a chain reaction. This series of reactions eventually pro
duces a protein call..d fibrin (Fy brin). Fibrin gets its name from

"the fact that it weaves a net of tiny fibers across the cut in th
' blood vessel. The fiber net traps blood cells. As more and mo

platelets and blood cells become trapped in the net, a blood ¢l
forms. A scab is a dried blood clot on the skin surface.

qf Checkpoint What role do platelets play in forming blood clot-

If a person loses a lot of blood—from a wound or durin-
surgery—he or she may be given a blood transfusion. A blou
transfusion is the transference of blood from one person (-
another, Most early attempts at blood transfusion failed, but i
one knew why until the early 1900s. At that time Kl
Landsteiner, an Austrian American physician, tried mixing bloo
samples from pairs of people. Sometimes the two blood samplc-
blended smoothly. In other cases, however, the red blood ccll-
clumped together. This clumping accounted for the failure ol
many blood transfusions. If clumping occurs within the body. 1
clogs the capillaries and may kill the person.

Marker Molecules Landsteiner went on to discover that ther
are four types of blood—A, B, AB, and O. Blood types are detc:
mined by marker molecules on red blood cells. If your bloo:!
type is A, you have the A marker. If your blood type is B, you



have the B marker. People with type AB blood have both A and
I markers. The red blood cells of people with type O blood con-
11in neither A nor B markers.

Your plasma contains clumping proteins that recognize red
bluod cells with “foreign” markers and make those cells clump
wgether. For example, if you have blood type A, your blood con-
1iins clumping proteins that act against cells with B markers. So
il you receive a transfusion of type B blood, your clumping pro-
(ins will make the “foreign” type B cells clump together.

safe Transfusions Landsteiner’s work led to a better under- -

~anding of transfusions. The marker molecules on your red
hlood cells determine your blood type and the type of blood
that you can safely receive in transfusions. A person with type A
blood can receive transfusions of either type A or type O blood.
Nvither of these two blood types has B markers. Thus they would
not be recognized as foreign by the clumping proteins in type A
hluod. A person with type AB blood can receive all blood types in
rransfusion, because type AB blood has no clumping proteins.
Figure 13 shows which transfusions are safe for each blood type.

If you ever receive a transfusion, your blood type will be
. hecked, Donated blood that you can safely receive will then be
lound, This process is called cross matching. You may have heard
. doctor on a television show give the order to “type and cross.”
I'he doctor wants to find out what blood type the patient has
.nd then cross match it against donated blood.

| Id Tyes That

Blood Marker Molecules Clumping Can Be Safely Recelved
Type on Red Blood Cells Proteins in a Transfusion
A anti-B Aand O
8 anti-A Band O
AB no A, B, AB,
clumping and O
proteins
o anti-A and o)
anti-B

Figure 13 The chemical markers
on a person’s red blood cells deter-
mine the types of blood he or she
can safely receive in a transfusion.
Interpreting Charts What types of
blood can be given safely to a person
with blood type AB? Who can safely
receive blood type O?
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Lymph nodes

Lymph vessel —————=

Figure 14 Some of

the liquid part of blood

leaks out of blood
vessels. This liquid
enters the lymphatic
system, a system of
veinlike vessels that
returns the liquid to
the bloodstream.

4. Thinking Critically Relating Cause and Effect
People with the disease hemophilia do not produce
the chemical fibrin. Explain why hemophilia is a

serious disease.
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As blood travels through the capillaries in the .
diovascular system, some of the fluid leaks out It
moves through the walls of capillaries and il
surrounding tissues. This fluid carries matert.
that the cells in the tissues need.

After bathing the cells, this fluid moves into 1l
lymphatic system. The lymphatic system (lim FA1 il
is a network of veinlike vessels that returns il
fluid to the bloodstream. The lymphatic systcin
acts something like rain gutters after a rainstor
carrying the fluid away.

Lymph Once the fluid is inside the lymphatic s -
tem, it is called lymph. Lymph consists of water i
dissolved materials such as glucose. It also contan
some white blood cells that have left the capillaric-

The lymphatic system has no pump, so lymls
moves slowly. Lymphatic vessels, which are part «!
the cardiovascular system, connect to large vein-
in the chest. Lymph empties into these veins ai|
once again becomes part of blood plasma.

Lymph Nodes Aslymph flows through the lyn:
phatic system, it passes through small knobs v!
tissue called lymph nodes. Lymph nodes filter (I
lymph, trapping bacteria and other microorgai
isms that cause disease. When the body is fightin:
an infection, lymph nodes often enlarge. If you'v+
ever had “swollen glands” when you’ve been sic
you've actually had swollen lymph nodes.

1. List the four components of blood. Identify whether
each is a cell, a part of a cell, or a liquid.

2. Explain why a person with type O blood cannot
receive a transfusion of type A blood.

3. Where does lymph come from? What happens to

By now, you should be

i cor_npleting your display.

: Write out your description using
: the correct names of blood

: vessels and other terms that

lymph after it travels through the lymphatic system? i you've learned in this chapter.

(Hint: If your display has moving
: parts, test it to make sure that it
: works the way you expect it to.)



Vou Kunow Your Ac-B-0's?

= onated blood is used for blood trans-

. J--fusions. But not every type of blood can be
"’ - safely donated to every individual. In this

© lab, you'll investigate why type O blood is

especially useful in blood transfusions.

Problem

Which blood types can safely receive transfusions
of type A blood? Which can receive type O blood?

Materials

4 paper cups marking pen

4 plastic droppers 8 plastic petri dishes -
white paper toothpicks

four model “blood” types

Procedure

1. Write down your ideas about why type O
blood might be in higher demand than other
blood types. Then make two copies of the
data table in your notebook.

2. Label 4 paper cups A, B, AB, and O. Fill each
cup about one-third full with the model
“blood” supplied by your teacher. Insert one
clean plastic dropper into each cup. Use each
dropper to transfer only that one type of
blood.

3. Label the side of each of 4 petri dishes with a
blood type: A, B, AB, or 0. Place the petri
dishes on a sheet of white paper.

4. Use the plastic droppers to place 10 drops of
each type of bload in its labeled petri dish. Each
sample represents the blood of a potential
receiver of a blood transfusion. Record the
original color of each sample in your data
table as yellow, blue, green, or colorless.

=

4]

2

]
DATA TABLE s

- Donor: Type o
Fotential |Original |Final Color |Safe or )
Receiver | Color |of Mixture [Unsafe? -
y =2
B o
AB 8
0 o'

5. Label your first data table Donor: Type A. To
test whether each potential receiver can
safely receive type A blood, add 10 drops of
type A blood to each sample. Stir each mixture
with a separate, clean toothpick.

6. Record the final color of each mixture in the
data table. If the color stayed the same, write
“safe” in the last column. If the color of the
mixture changed, write “unsafe.”

7. Label your second data table Donor: Type O.
Obtain four clean petri dishes, and repeat
Steps 3 through 6 to determine who could
safely receive type O blood.

Analyze and Conclude

1. Which blood types can safely receive a
transfusion of type A blood? Type O blood?

2. If some blood types are not available, how
might type O blood be useful?

3. Apply Why should hospitals have an
adequate supply of different types of blood?

More to Explore

Repeat this activity to find out which blecod types
can safely receive donations of type B and type
AB bicod.

Chapter 17 .555
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@ Cardiovascular Health

’
............Q.....O........................

Which Foods Are “Heart Healthy”?

1. Your teacher will give you an assortment of foods. If they
have nutrition labels, read the information. '

2. Sort the foods into three groups. In one group, put those
foods that you think are good for your cardiovascular
system. In the second group, put foods that you think
might damage your cardiovascular system if eaten often.
Place foods you aren’t sure about in the third group.

g eceesoce,

Think It Over
Forming Operational Definitions How did you define a
“heart-healthy” food? S

000000000

GUIDE FOR READING hortly after sunrise, when most people are just waking up,
T the rowers are already out on the river. Rhythmically, with
’)’n":i‘;‘:t:lﬁhfa":g{;v?s'zl:}:'rp perfectly coordinated movement, the rowers pull on the

health? oars, making the boat glide swiftly through the water. Despite
Reading Tip Before you read, the chilly n.uorning a%r, sweat glis?ens on the rowers’.faces afld
rewrite the heat‘“ngs ;:‘ t*;)e i arms. And inside their chests, their hearts are pounding, deliv-
section as questions that begin .
seith how, why, or what. Write ering blood to the arm and chest rr}uscles that power t'he oars.
short answers to these Rowers cannot perform at their peaks unless their cardio-
questions as you read. vascular systems are in excellent condition. But cardiovascular

health is important to all people, not just athletes. Cardiovascular

E St
e

e
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disease is the leading cause of death in the United States.
However, people can practice behaviors that decrease their risks
of developing cardiovascular problems.

-ardiovascuiar Discece

Compare the two arteries shown in Figure 15. The one on the
left is a healthy artery. It has a large space in the center through
which blood can flow easily. The artery on the right, in contrast,
has a thick wall and only a small space in the middle. This artery
cxhibits atherosclerosis (ath uh roh skluh ROH sis), a condition
in which an artery wall thickens as a result of the buildup of fatty
materials. One of these fatty materials is cholesterol, a waxy, fat-
like substance. Atherosclerosis restricts the flow of blood in
the arteries.

Atherosclerosis can develop in the coronary arteries that
supply the heart. When that happens, the heart muscle receives
less blood and therefore less oxygen. This condition may lead to
a heart attack. A heart attack occurs when blood flow to part of
the heart muscle is blocked. Cells die in the part of the heart that
does not receive blood. This permanently damages the heart.

Treatment for mild atherosclerosis usually includes a low-fat
diet and a moderate exercise program. In addition, medications
that lower the levels of cholesterol and fats in the blood may be
prescribed. People with severe atherosclerosis may need to
undergo surgery or other procedures to unclog blocked arteries.

qf Checkpacnt Why is atherosclerosis especially serious when it
affects the coronary arteries?

wpertensicmn
High blood pressure, or hypertension (hy pur TEN shun), is a
disorder in which a person’s blood pressure is consistently higher
than normal—greater than 140/90. Hypertension makes the

heart work harder. It also may damage the walls of the blood

] -
frrs

Use this P o
activity to Aq[ﬂ" 4
find out how

fatty deposits affect the flow
of blood through an artery.

1. Put a funnel in the mouth ‘
of a plastic jar. The funnel {
will represent an artery.

2. To model blood flowing
through the artery, slowly
pour 100 mL of water into
the funnel. Have your partner
time how many seconds it
takes for all the water to
flow through the funnel.
Then discard the water. '

3. Use a plastic knife to spread
a small amount of peanut )
butter along the bottom of
the funnel’s neck. Then, with i
a toothpick, carve out a H
hole in the peanut butter so |

that the funnel is partly, but |

not completely, clogged.
4. Repeat Steps 1 and 2.
Predicting If the funnels were
arteries, which one—blocked
or unblocked—would do a
better job of supplying blood
to tissues? Explain.

—_——e——am—

Figure 15 The healthy artery on .
the left is unblocked. In contrast,
notice the narrow opening in the
artery on the right. This person has \
atherosclerosis, which is caused by (
fatty deposits on the artery walls.
Relating Cause and Effect What kind ;
of diet can lead to atherosclerosis? ")'
|
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vessels. Over time, both the heart and arteries can be severely
harmed by hypertension. Because people with hypertension
. often have no obvious symptoms to warn them, hypertension iy
1 sometimes called the “silent killer.”

Hypertension and atherosclerosis are closely related. As the
| arteries narrow, blood pressure increases. Being overweight and
failing to get enough exercise can also increase a person’s risk ol
developing hypertension.

i e pe . _
-i i Cardiovaseular Aeva(es
5 ef. . = e B sf. & P

| in the Twenfieth Cenfury

Scientists today have an in-depth understanding of how

the cardiovascular system works and how to treat

cardiovascular problems. This time line describes some

advances of the twentieth century. =2
1944

Treatment for “Blue Babies”

Helen Taussig identified the heart defect
that causes the skin of some newborn
babies to be bluish in color. The blood

of these “blue babies” does not receive
an adequate amount of oxygen. Taussig
and another surgeon, Alfred Blalock,
developed an operation to correct the
defect and save these babies’ lives.

esssssesacesBsssseeESsERBRN
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1901
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Discovery of Blood Types

Karl Landsteiner demonstrated
that people have different blood
types, which are determined by
marker molecules on their red
blood cells. Landsteiner’s
discovery enabled blood
transfusions to be done safely.

19305-1940s
Blood Banks

Charles Drew demonstrated
that emergency transfusions
could successfully be done with
plasma if whole blood was not
available. During World War Il
Drew established blood banks
for storing donated blood. His
work helped save millions of
lives on and off the battlefield.



4 For mild hypertension, regular exercise and careful food :
®  choices may be enough to lower blood pressure. People with
hypertension need to limit their intake of sodium, which can ’%
increase their blood pressure. Sodium is found in salt and in
processed foods such as soups and packaged snack foods. For

 ———— |
some people who have hypertension, however, medications V2 }6[{{'(70-”/'/1“/ /
are needed to reduce their blood pressure. S
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Choose one of the scienti
vy wt Why is hypertension called the “silent killer"? whose work is desc:iﬂzgtﬁge-
feckpoint Imagine that you are on a
committee that has chosen
him gr her to receive an
award. Write the speech yoy
would give at the award d

Eblr e o2 LI e

Sert

SOt
e

L ceremony. The speech should

A explain the importance of the

i scientist's contributions,

e 1967 —

. First Heart

. Transplant

K Christiaan Barnard, a -

£ South African surgeon,

¢ performed the first ‘ e 1992

¢ transplant of a hul:“a"k " - Laser Beam Unclogs Arteries ﬂ
i heart. Louls Washkansky, the man who The United States government " A

:  received the heart, lived for only 18 days
' after the transplant. But Barnard's work b o b h erial
paved the way for future successes in €am 1o bumn away the materia

X . h ‘ causing blockage in some arteries.
: transplanting hearts and other organs This device can help some people

with atherosclerosis.

approved a device that uses a laser ¢

1982
Artificial Heart

An artificial heart, developed by
Robert Jarvik, was implanted into a
patient by surgeon William DeVries
at the University of Utah. Barney
Clark, the man who received the
artificial heart, lived for 112 days.

: Today artificial hearts are sometimes
| used temporarily in people waiting

i for heart transplants.

9006008600000 000000000506000000000
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Keeping Your Cardiovascular System Health)
Few young people have heart attacks, but atherosclerosis can

) begin to develop in people as young as 20 years old. You can

establish habits now that will lessen your risk of developing ath
erosclerosis and hypertension. To help maintain cardiovascular
health, people should exercise regularly; eata balanced diet that
is low in fat, cholesterol, and sodium; and avoid smoking.

Exercise Do you participate in sports, ride a bike, swim,
dance, or climb stairs instead of taking the elevator?
Every time you do one of those activities, you are help-
ing to maintain your cardiovascular health. Exercisc
strengthens your heart muscle and also helps pre-
vent atherosclerosis.

"1..> A Balanced Diet Foods that are high in choles-
", | terol and fats can lead to a buildup of fatty
| deposits on artery walls. In addition, eating too
’ many high-fat foods can lead to excessive weight
| gain. Foods such as red meats, eggs, and cheesc
are high in cholesterol. These foods also contain
substances that your body needs. Therefore, «
smart approach might be to eat them, but only in
small quantities. Some foods that are especially
high in fat include butter and margarine, potato
chips, doughnuts, and fried foods such as French

Figure 16 Eating foods that are . i ) 3
Ic:\?v inefat can helg keep your fries. Eat high-fat foods only occasionally, if at all.

i I L4 - - . .
cardiovascularsystemheal iy Avoid Smoking Smokers are more than twice as likely to have

1 heart attack than are nonsmokers. Every year, almost 180,000
people in the United States die from cardiovascular diseasc
caused by smoking. If smokers quit, however, their risk of death
from cardiovascular disease decreases.

—

. List three things you can do to help your cardiovascular
system stay healthy.

2. What is atherosclerosis?

3. How does hypertension affect blood vessels? activities, such as bi

4. Thinking Critically Relating Cause and Effect : swimming, that fa I
Coronary heart disease is much less common in some et?joy together. You migh
countries than it is in the United States. What factors : with your family to Coo% t also work
might account for this difference? : "heart-healthy, ” low-fat nig;f‘ serve a

cycling and
mily members can
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' CHAPTER 17 STUDY GUID -

sCllog, ’ . Vo
[ }'he Body’s Transportation Cardiovascular Health
ystem
INTEGRATING HEALTH &
Key Ideas Key ldeas
y ¢ Atherosclerosis is a condition in which an

¢« The heart pumps blood through the blood
vessels. The heart has four chambers. The two
atria receive blood, and the two ventricles
pump blood out of the heart.

< Blood travels from the heart to the lungs and
back to the heart. It is then pumped to the
body and returns again to the heart.

artery wall thickens due to the buildup of
cholesterol and other fatty materials.

< Hypertension is a disorder in which the blood
pressure is higher than normal.

¢ To help prevent atherosclerosis and hypertension,
people need to exercise regularly; eat a diet low
in fat, cholesterol, and salt; and avoid smoking.

Key Terms Kev T
cardiovascular system  valve vein ey iferms . _
heart pacemaker  aorta atherosclerosis hypertension
atrium artery force heart attack
ventricle capillary
"g('l'la

A Closer Look

at Blood Vessels

Key Ideas

< Arteries carry blood from the heart to
capillaries. In the capillaries, materials are
exchanged between the blood and the body’s
cells. From the capillaries, blood flows into

veins that carry it back to the heart. 9 rganizg Information
Key Terms blood Compare/Contrast Table Compare the three
;?g:? ry artery ?10 pressure types of blood vessels by copying and completing
Husion sphygmomanometer the table below. (For more on compare/contrast
pressure tables, see the Skills Handbook.)
CTlo,
5% Blood and Lymph Structure
ymp Blood Vessel| Function of Wall
Key Ideas Artery .2 3layers:
¢ Red blood cells, which contain hemoglobin, 2?:;:_";%3"?' Ussue
carry oxygen and deliver it to body cells. White outer -conn::gv e tissue
blood cells fight disease. Platelets are important 7 7
in forming blood clots. b. =~ z‘:tl‘:;?: of le. L
! Key Terms between cells
i  plasma fibrin and blood
" red blood cell blood transfusion Vein d. 1 e. 1 :
hemoglobin lymphatic system m
. white blood cell lymph
~ platelet lymph node
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Reviewing Conieni

% For more review of key concepts, see the
&Y Interactive Student Tutorial CD-ROM.

Multiple Choice
Choose the letter of the best answer.

1. The heart’s upper chambers are called
a. ventricles. b. atria.
c. valves. d. hemoglobins.
2. Oxygen-rich blood enters the heart
through the
a. left atrium.
b. right atrium.
c. left ventricle.
d. right ventricle.
3. Which of the following is not important in
moving blood through veins?
a. the force with which the atria contract
b. valves
¢. breathing movements of the chest
d. the contraction of skeletal muscles
4. Platelets help the body to
a. control bleeding.
b. carry oxygen.
c. fight infection.
d. regulate the amount of water in plasma.
& 5. Cholesterol is a fatlike substance associated
with
a. lymph nodes.
b. fibrin.
c. atherosclerosis.
d. salt.

True or False

If the statement is true, write true. If it is false,
change the underlined word or words to make
the statement true.

6. The two lower heart chambers are called
ventricles.

7. White blood cells contain hemoglobin.

8. The capillaries are the narrowest blood
vessels in the body.

9. A person with blood type B can receive a
transfusion of blood types B and AB.

& 10. Elevated blood pressure is called

hypertension.
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 CHAPTER 17 ASSESSMENT

Checking Concepts

11. Ared blood cell is moving through an ™
artery in your leg. Describe the path that :
blood cell will follow back to your heart,
Identify the chamber of the heart to whic
it will return. o

12. Contrast the forces with which the right
and left ventricles contract. How does thi
relate to each ventricle’s function? ;

13. How is a capillary’s structure adapted to its!
function?

14. What is the function of hemoglobin in the’
body? ) {

& 15. Give two reasons why the food choices thati3

people make are important to their
\ cardiovascular health.

16. Writing to Learn Write an ad that ,
encourages teenagers to exercise. Your ad -.
will appear in a teen magazine. Thead |
should point out the health benefits of
exercise and identify some ways that
teenagers can exercise.

Thinking Critically

17. Predicting Some babies are born with
an opening between the left and right
ventricles of the heart. How would this
heart defect affect the ability of the
cardiovascular system to deliver oxygen to
body cells?

18. Comparing and Contrasting Contrast
the direction of movement of oxygen in

"lung capillaries and other capillaries in the
body.

19. Relating Cause and Effect People who
do not have enough iron in their diets
sometimes develop a condition in which
their blood cannot carry a norinal amount
of oxygen. Explain why this is so.

& 20. Making Generalizations Why are
atherosclerosis and hypertension
sometimes called “lifestyle diseases™?

.



' Applying Skills

' Uhe graph below shows how average blood pressure,
" measured when the ventricles contract, changes as
L wen and women grow older. Use the graph to

- answer Questions 21-23.
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Blood Pressure When
Ventricles Contract
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20-24 25-29 30~34 3539 40-44
Age Group

21. Interpreting Data At age 20, who is
likely to have the higher blood pressure—
a man or a woman?

22, Drawing Conclusions In general, what
happens to people’s blood pressure as they
age?

23, Predicting Do you think that there is
some age at which both men and women
have about the same blood pressure? Use
the graph lines to explain your prediction.

\
Present Your Project You should now be :
ready to present your display. First showitto
a small group of classmates to make sureitis i
clear and accurate. When you present your :
display, be ready to answer questions.

Reflect and Record As you look at all the
different projects, decide which display did the
best job of teaching you. Use your journal to
write about how the display looked and
worked. Did you learn more from that display
or from working on your own? As you write,
try to decide which way of learning works best
for you.

Test Preparation

Study the table. Then answer Questions 24—27.

Blood Types

Name | Blood | Marker Clumping
Type | Molecules Proteins
Juan A A anti-8
Wanda B 8 anti-A
Kyoko AB Aand B none
Eddie O none anti-A and anti-8

24. What clumping proteins does Kyoko have
in her blood?
a. anti-A
b. anti-B
c. anti-A and anti-B
d. none

Use these questions to prepare for standordized tests.

25, What marker molecules does Wanda have on
her red blood cells?
a. A b.B
c. Aand B d. none

26. If you have Type B blood, from whom could
you receive a blood transfusion?
a. Wanda and Kyoko
b. Wanda and Eddie
c. only Wanda
d. only Eddie

27. If you have Type AB blood, from whom could
you receive a blood transfusion?
a. only Juan
b. only Juan and Wanda
c. only Eddie
d. Juan, Wanda, Kyoko, and Eddie
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L SECTION 17-1 SECTION SUMMARY 'y

The Body’s Transportation System

Guide for | The cardiovascular system, or circulatory system, consists of the

l Reading [ heart, blood vessels, and blood. The cardiovascular system carries
needed substances to cells and carries waste proeducts away from

. t‘:‘;hna::smtgec;urgf;- cells. Blood carries needed oxygen to cells and carries waste products

vascular system? away from cells.

& What role does the The heart. is a muscular organ that pumps blood throughout the
heart play in the body. Each time the heart beats, it pushes blood through the blood
cardiovascular vessels of the cardiovascular system.
system? The heart has a right side and a left side. Each side has two compart-

< What path does ments, or chambers. Each upper chamber, or atrium, receives blood that
blood take comes into the heart. Each lower chamber, or ventricle, pumps blood
through the circu- out of the heart. In each side of the heart, the atrium and ventricle are

latory system? separated by a valve. A valve is a flap of tissue that prevents blood from

flowing backward.

The pacemaker in the right atrium sends out signals that make the
heart muscle contract. The pacemaker adjusts the heart rate according to
the body’s oxygen needs. When the body needs more oxygen, the heart
beats faster. i

After leaving the heart, blood travels through three kinds of blood
vessels. Arteries carry blood away from the heart and into the capillaries.
Capillaries are tiny vessels where substances are exchanged between the
blood and body cells. Blood flows from capillaries into veins. The veins
carry blood back to the heart.

The overall pattern of the body’s blood flow consists of two loops. In
the first loop, blood travels from the heart to the lungs and then back
to the heart. In the second loop, blood is pumped from the heart
through the body and then returns again to the heart. In the first loop,
oxygen-poor blood is pumped by the right ventricle to the lungs, where
it picks up oxygen. Blood is then carried back to the left atrium. In the
other loop, the oxygen-rich blood moves from the left atrium to the left
ventricle. The left ventricle pumps the oxygen-rich blood to the rest of
the body. Blood leaves the left ventricle through the aorta, the largest
artery in the body. After the blood has traveled through the body,
oxygen-poor blood comes back to the right atrium of the heart.

When the ventricle muscles contract, they exert a force on the blood
that is inside them. A force is a push or pull.
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SECTION 17-1 : REVIEW AND REINFORCE

The Body’s Transportation System

¢ Understanding Main
Ideas

Use the diagram to answer the following
questions on a separate sheet of paper.

1. Draw arrows on the diagram to show

the path of the blood flow throughout
the body.

2. What is the function of the atria? What
is the function of the ventricles?

3. Which of the large blood vessels labeled
&, b, ¢, and d are arteries and which are
veins? Explain how you know.

¢ Building Vocabulary

From the list below, choose the term that best completes each sentence.

aorta capillaries cardiovascular system  force
heart pacemaker valve
4. The is a group of cells that adjusts the heart rate.

5. The muscular organ that pumps blood through the body is called the

6. The is made up of the heart, blood vessels, and blood.
7. A(n) is a flap of tissue that prevents blood from flowing
backward.

8. The largest artery is called the

9. Substances are exchanged between the blood and body cells in the
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