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PREFACE

An understanding of basic human anatomy and physiology Is essential to any 1
person preparing to enter, a health occupation. This Instructional unit I. designed
to introduce you to the structure and functions of the' human circulatory
systemend the interrelationships of the two-rand to familiarize you with some of
the terms and concepts necessary for an understandin'g of the circulatory system.

This unit consists of a oreast; fIe Modules with .their optional activities
and post-teste; and I glossary of terms.

Begin thif modular unit by taking .the brief pretest at the front of the
booklets The pretest Is for your use, only, to give you an Idea of what Is included 1
in this unit; and to give yot'i an indication of the areas within the unit to which yoy
should pay special attention (perhaps by working on the optional aCtivities). When
youhave compie ad the pretest, turn' to the answers in the back (page 39) to check
your own ;tore. u will not ir greded (AI the pretest.

Next, read
tystem, The BI
investigate -any o
you. The optional
presented.

ugh each of the five modules (Introluctiprf to the Circulatory
The Heart, Blood Vessels, and the- Lymphatic Syskem) and

the Optional activities that may be tripful pr Interesting to
otlyitles will help you learn more about some of the material-

At the end Of this unit (page 37) ,is a glossary which provides!' you with brief
definitions of many ckf the terms used In the modules.

-LAW' corripletion of each module, you shotild be able to demonstrate an
understanding of the material presented, by 'your perfoimance on tbe post-test.
When you have finished a module and feel that you understand the Information kr
that module, take the post-test that follows It. Write down your apswers on ONE
piece of paper and pass it in to your Instructor, who will give you tour grade.

c.
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PRETEST

1. Which of the followirfg is a component of the circulatory system?

A.' brain
6. kings
C. heart
D. neryes

2. Thi, fluid that flews through the circulatory system I. called

3. Red bloodIcells:are also known as:

A. monocytes.
B. erythrocytes.
C. osteocytes.
D. basophils.

6

r.

.

4. . Whjch of the folloWing plays the most important role in dlsease preventi

A. erythrocytes
-B. 'platelets

s C. plasma
D. leukocytes

f. Whet is the heart's one continuous.mechanical function?

1
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6. Proper direction of blood flow through the chambers of the heart is
maintained by:

A. 6:ironary circulation.
B. atria.
C. arteriee.
D. valves.

7. Which chamber of the heart pumps blood to the lungs?

8. Whi4i type of blood vessel has valves?
-

A. veins
B. arterioles
C. capillaries
D. arteries

9. Blood leaving the left ventricle of the heart FIFiST travels thrOugh which
arteryl'

A. brachial
B. aorta
C. carotid\
D. femoral,'

10.. Which .of the following is a part of the lymphatic system?

A.
kliiy"er4 B.

C : spleen
D. Intestine

6

1
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INTRODUCTION TO .THE CIRCULATORY SYSTEM

Goals

Upon completion of this module, you should be able to:

1. Identify the major components of the circulatory system.

2. Identify the major function's of the circulatory system.

,t4

A working system must have a way, to Carry materials produced in one area
to other areas where they are needesd and 'to remove those materials after they
have been used. For example, underneath a city ls a complex system Of-pipei used
to carry fresh water to public buildings, factories, and homes, and to remoVe the
water after It has beerl used. In the human body, the- ciiculatory system serves
this ',unction: it carries fresh .blood tb every part of the bodY and removes the
"used" blood and the waste product", of cells. However unlike the water supplied
to a city, which is not returped to the reservoir but Is dumped eliewhere, blood is
constantly recycled: the same blood is used'over sod over again.

The. major component" of the hurrian circulatory system are the blood, heart,
and blood Vessels' (arteries, capillaries, and veins). In additiim, this system
includes the lyinphatic system which consists of lymph (a fluid closely' related to
blood), the lymphatics or lymph vessels, and the lymph nodes and related organs.

The moot important function of the circulatory system is to transport
oxygen and nutrients throughout the bodif, but the circulatory system serwes
severilv. other function's it -removes the waste products of cell meabolism; it
plays an im$artant role in regulating and maintaining the cOnditians necessary for
hormal body functions; and the circulatory 'systeni protect: the body.through blood
clotting and defending against disarms. Although It is only one part of the system,
the blood itself performs ?all of thesek functions; the heart, blood veisals, and
lymphatic system are simply structures that help the blood perform its tasks
properly.



Blood makes up about 7% of total body weight; thus, the volume of blood In -.
person's system varies with each person's body size, or weight. The circulatory

system of man who weighs 70 kilograms (154 pounds) contains five to six liters
of blood. A woman of the same weight would have lightly less-2- ut five liters.
Children, of course, have smaller systems and therefo a smaller votjme of blood.

A

h".4 .
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INTRODUCTION TO THE CIRCULATORY SYSTEM:

Post-Test

1. Arteries, capillaries, and veins are examples of:

A. muscles.
B. blood vessels.
C. neurons.
D. lymph nodes.

2.. One function of the circulatory system is to:

A. supply oxygen and nutrients to body tissues..
B. process food-in the body.
C. transmit nerve impulses from the brain.
0. manufacture vitamins.

3. Which of the following is actually a 'part of the circulatory system?

respiratory, sy stem
B. digestive system
0. nervous systtsrn

_......_ P.!... .1Y,i1710.1atic system..
)

4. An imporeant functipn of the circulatory system-is to:

A. maintainbi3dy weight.
B. break down carbohydrate:L.
C. metabolize fats.
D. fight diseases.



;-
. 4-

-7-

5. One way In whiCh the circulatory system helps to protect the body I. by:

A. surrounding vital organ*.
B. supporting muscle tissue:
C. changing fluid volumes.
D. blood clotting.

116-i

_r\
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TI-IE BLOOD 4

Goals

Upon completion of this module, you should.be able to:

1. Identify ant describe.the iunctions of -blood.

2. Identify the_componets oi blood.

3. Classify the major blood groups.
,o11.

4r-

41-

The red fluid we call blood I. essential to every cell 'In the body. Alt14oUgh it
appears to be simple sUbstance, blood is actually made up of '8 variety of, parts.
The most Important of these are the forined elements, which include various types
of blood cells, and the plasma, a special ROW whlcfi carries the formed elements.
Plasma and each "of the formed elements *have important roles in the many
funetions of blood.

FUKT1ONS Or. BLoOD

The blood's -major functions can"be divided, into three categories; the first;
and probably the most important, is to transport vital substances. Blood carries
many substances to and .from all parts of the body.. These .iubstances are either
dissolved or suspended In the plasma, or attached to the formed 'elements during
transport.. Nutrienti and -oxygen, which- are critical to cell life, are carried to the
cells by both the plasma and blood .celist *Metabolid wastes, the waste *ducts
produced by- normal cell functions, are dissolved in the plasnia and removed.
Regulatory substances such-as hormones and enzymes are transported by the blood
from the areas fshere they are produced to the areas where they exart their
effects.

Second, blood assists in the body's maintenance
can be defined as the process of constahtly mai
necessary to normal body i)'ictioning. One of the w
to maintaining homeostasis is by helping to regulate

is. Homeostasis
e proper balances

hich blood contributes
body temperature: blood

1
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absorbs heat produced by cells end cariles it to the skin and lungs where it is given
off. Blood also helps to maintain-Nomeostasis -by controlling the body's ecid-base
balance. For cell metabolism and other body functions, certain balance between
acids and bases Is tequiridt blood *marries substances th at.. maintain this balance
and removes other substances that would upset this balance. Also, blood
contributes to homeostasis by maintaining the proper level of fluid in body tissues,
which often depends on the blood's ability to form clots to prevent excessive loss
of blood.

Third; blood Neves protective function: disease prevention. Blood plaSma
contains Antibodies that help to protect- the body 'against .disease, and some blood-
cells act specifically, to protect the body against harmful organisms such as
bacteria. All of these functions of the blood are vital to the body, and each
function depends upon the special characteristics of the components of blood.

COMPONEK1TS OF BLOOD

The fluid portion of the blood I. plasma, which makes up slightly more than
tialf the total volume of the blood. Plasma I. a clear yellowish liquid (often
described at "straw-colored") in which the formed elements are suspended.. Most
of the plasma (90%) is made up of water. Plasma also contains various proteins,
elements, salts, cell nutrients, and enzymesiwhich give it its color and consistency
and help, the blood to maintain proper fluid and acid-base balance, as well as to
prevent disease. . ,

The three formed element,. Make up' the rest ttf the blood volume (slightly
less than half). Each of the formed elements- has an important. and distinct
function.

First and most numerous of these formed elements are the erythrocytes, or
red blood cells. A tiny drop of blood contains about 5 million erythrocytes. The
body forms red blood cells in the red bone Marrow at an incredible ratetoughly a
drop of blood per, second. This, rapid rate of production is necessary sinde the life
span of a red blood cell is only abotit 90-120 days. The high number of
erythrocytes indicates their important role in blood functions these small
disc-shaped cells are the oxygen carriers of the circulatory system. Their red
color (which gives blood its color) I. due to the fact thit they contain hemoglobin,
a very important substance that is responsible for the erythrocYtes' ability to pick
up and transport oxy0n.

I.

Hemogtabin, a substance which-contains iron, helps blood to pick up oxygen
in the lungs and carry It to cells throughout the body. Oxygen I. needed- ..

constantly by every cell-in the body. 1

e

V



4

Lees numerous then the erythrotyttv ere the second of t formed elements
In blood, the leukogxtes. There are several types of t -cellar some are
produced Th bOne marrow ?others ere 'formed In the splee and iymph nodes.'i
Leukocyte are also called white- blood dells tiecause they 1 k the hemoglobin,
and- thus the 'red color, of the erythrocyteef but they ha e some interesting
characteristics and abilities which red.blood cells lea.- ,

, I

40-

Leukócmtes'are capable of iovement end can travel ndependently of blood
flow. Although they are cornlisir tively huge cells, leuko tfe ow travel through
blood vessel wells and body tIskue.. They reactto Int ction or Inflammatioru
their numbers increase ifs.an in ction is present in body, and they are

* chemically attracted to the site of)ohe infection. Al)(1,,_ by a process called
phe9opytosis, leukocytes can engulf leo ileistray rnlcrotcopiC-partioles. which rhay
be harmful to the body. (For this reason, theY are also called phagoctiesi Theftmorr

, abilities are important becauie they 4,helvdefend the body against. diiesmie md
infection. The realilts of this leukocytevittion can 'be Siert Eits the yellawish71.1tey,
pus that collects in an infected area; pts is a mixture of cell debris and vihite
blood cells.

,

. 1.-
Plateletsthe third of the formed elementscan also produce, visible

.results. Smaller and more nurnerous than leukocytes, plateleti cq ai a
ubsstance needed for blood clotting. When you. cut yourself, the plat ta

blood release a substance thet combines with other elements of the bl forrn
fibrin4 Fibrin is net.of tiny fibers which forms a visible patch, or.clot, over the
cut. TOW-patch of fibitin Is often called "scab." Blood clotting, or hemostasis,
prevents the cireulatory system from losing too much blood through any cut; large
or small, in the/system.

7.
Figure 1 (seeyage 11) shows types dhd relative sizes of formed elements.

BLOOD GROUPS

Everyone:Mae certain blood.type or blood group. Plume- and erythrocytes .

and the ,way they react to each other, determlne each individual's blood type.
Blood types are very Important when, .for Instance, a patient has loit so much

,../-".blood that a 'transfusion is required. Someone would then donate blqdd tO be given '1.,

to Itie patient, but only certain types of blood are compatible With each other.
The 'dbnor's blood wduld have to .be compatible with .that of the patient: The
reasons for this can be explained through a description of the, erythrocyte-'plasma
reaCtion.

IL)

.8

4



7

S.

A
3

5

.

4

p

/
PLATELETS

,

WHITE BLOOD CELLS

4

I.

.5

Figure 1,The-Formed Elements

.444

vf



1 -12-

blood types aretermined according to two major syskems: the ABO
mati_orn and the Rh sylitem.

On the surfaCe of person's erythrocytes are:anti ens .which are designated
as either type "A" or type "5". -Bloods plastna carr es antibodies, which are
compatible with either the A or B antigens on the erythrocyte:co:0nd incompatible
with the opposite type. For example, if type A red blood cells mix with the wrong
type of plasma, an instant reaction occurs: the cells clump towtther, or
aoolLitinate, a condition that make's the blood nonfunctional.. The/ four blood types
basid on this erythrocyte-plasma reaction aro A, B, ,AB (the pleema labko both
antibodies), and a (the rythrocytes have neither substance- A nor substance 8).
This constitutes the ABO syttern.

Blood, type is also determined tiy the Rh System, or Rh factor, which is
classified as either positive (+) op negative (-). About 85% of the.population have
Rh antigens on'their red blood cells. Their bloOd is designated Rh positive. Blood
without the-antigens (abbut 159 of the population') is called Rh negative.

tThe most comnion blood type of CI+, which matins that the person has neither
A nor B antibodies and has Rh antigens.- The rarest blood type is AB4 (both A and
B antibodies are present on the erythrocytes but_no Rh antigens are present).

Optional Activities

View blood samples under a microscipe, -Can you identify the various
types of cells?

With a blood typing kit, determine your blood type. Then try determining
the blood type ot one of your classmates.

Read about how the Rh factor affects child-bearing.

Find out atiout "universal donor" and "universal recipient" blood tyPes.
of*
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. THE BLOOD

_

°Post-Test

1. The liquid component of blood ls called:

A. fibrin.
las -interstitial-fluiti.
C., plasma.
D. cerebrospinal flUid.

4

2. Leukocytei are alsO called:

A. white blood cells.
B, transport cells.
C. clottind cells.
D. plasma sells.

.

4

3. Which of the formed elements plays the' most important role in' blood
clotting?

I

4. The most important compohent of red blood cells Iv

A. hemoglobin.
B. glucose.
C. plasma. t

---- D. carbon dioxide.

15
3.

,



5. HoW is most of the oxygin ln the bloodstmani transports ?

A. diuolved in plains
'B. bouhd to red blood cells
C. attached to platelets ,

.C. parried brwhite blood cells

(04,

4 V

6. One way that bloOd help* tQ nelntain homeostasis I's by corArPilingt ,,

A. metabollim.
B. body movements.
C. heat proclyetlon..
D.- body temperature.

-7. Substances which- are produced by _all -cellit\and .must be iemoved by the
bloodstream are called:

A. hormones.
B. ;KA@ and bases.
C. clotting faclors.

- D.- metabolic wastes.
0

re.

0

V
8. What sre two regulikory;substances that are_ trarispOrted by the blood?

9.. Which of the following is NOT transported by the bloodstream?

A. phagocytes
B.. urine
C. 'carbon dioxide
O. antibodies
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10. Whaears.the two major blood typing systems?

4

k

N.%

4.4.

a

.11:. Which of the following blood.types is the most common?

A. AB-
B. 0+
C. A+
D. 8-

1
pt

S.
12. Blood types are determined by *interactions between,

A.. leukocytes and interstltial fluid. i.
B. clotting factors and lymph. .

C. erythrOcyte antigens aiid plasma antibeldies.
D. dissolved pxygerf and circulating enzyme's.

a 4 \

Y
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THE HEART

-

,

Upon completion of this module, you should be ablito:

4

4.

1. Identify tha general- cheJteriet1csof the heart.
. . .

2. Identify and describe structures and fUnctions oftthe heart.

. 3. Describe the movements of heart action.

4

The, human heart re a muscular organ whicil Is hollow and roughly
cone-ihiped, and -about the size of a person's fist. Although it is only one part of
the trdy's circulatory system, the heart Is the powerhouse that makes the entire
system function. 'Because it I. such an important organ, the heart is positioned In

well-protected area.' It is protected in the front of the chest by the sternum or
breastbone, on the sides by the.ribs, and by the spinarcolumn in the back.

c

STRUCTURE CiF THE HEART

The basic structure of the heart I. simple but efficient. it is made up of
three rnsijor layers: the pericardium the mvocardium,, and the endocardium. The
-outer layer, the pericardium,. is a toUgh skin or sob which sicrokInds the heart and
serves both to protect and anchor it. The myocardium, the sepond, layer, is the
heart% muscle, the dynamo of the powerhouse. This is the layer responsible for.
the contractions that cause the heart's pumping action. The third layer, the
endocardium, forms both the smooth Inner lining of the heart and the heart's
valves.

Within the heart are four chamberstwo tria and two ventricle& The
ventricles are separated by a thick .wall of tissue called the Intifie two
atria, which are at the top of the heart, have thinner walis and are smaller than
the- ventricles. Each, atrium serves as a receiving area for blood coming from
other parts of the body, Which it then" sends Into the ventricle below. From the (

, ck

18
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,

ventricles, which are lerger _than the iltria and have thicker, more ,muicUlar walls,
blood I. pumped through the body% dhtit.e circulatory system.

Inside the heart, and at the origins of the two large arteries leadingilm the
heart, are four one-way valves which help to maintain the proper di tion of
blOod flow. These 41ves open to-permit blood to pass through, then clamp shut
under back pressure produced by blood trying to flow the Wrong way. The right
atrioventricutar or tricusbid. valve lies -between the right atrium-and the right
ventrifle.1 The left atrioventrkuler ,velve, known as the 'bIcaspid or mitre! valve,
Is -situsted between

. the left atirlurn and left ventricle. lhs pu monary sqmilunar,
valve guards the opening of the pulmonary artery and preventslikoci punlikoci out
of the right ventricle from flowing back into it. Similarly, the aortic semilunar
valve -Iles at the origin of the aorta and snaps shut to prevent thilircrw of bloo
RiEtnto the- ieft-ventrtete;----Yacr-tan-- ihUr Of- the vilves when
you listen td a "heartbeat", which I. actually thesaund of the two sets of valves at
work.

Si

Figure 2 (see page 18) shows the structure of the heart and its associated
valves and blood vessels.

FUNCTIONS OF THE HEART

.4'

The function of the heart is to pump blood; through the blood, oxygen and
nutrients are carried to all bod'y tissues, and waste products are carried away. e.
Deoxygenated blood (blood which has already delivered most of its oxygen -to the
tissues of the body) enters the heart through the right atrium, end I. pumped
through the tricuspid valve to the right ventricle. The ventricle then contracts,
forcing the blood through the pulmonary artery into the lungs. Oxygen I. absorbed
by the blood in the lungs, then flows back to the heart through the left atrium.
(The flow of blood from the heart to the lungs and back to the heart again is
called pulmonarY circulation.) From the left atrium blood is 'sent through' the
bicusPid valve to the left ventricle. A powerful contraCtion then forces the blood ,
-into' the aorta, where it branchei off in different directions to all parts of the
body.. The flow of bibod beibrxi piimped from the left ventricle tb the body tissues
and beck to the heart Is called systemic circulation.

Figure 3(see page 19) Is a schematic diagram shovhng the path:of blood flow
through the heart, lungs, and body.

The heart also has its own circulatory system, called coronary circulation.
'Two arteries, the coronary arteries, lii4anch .off, from the base of the aorta to
supply the heart muscle with the blood end nutrients that'lt nestle. ,

AIL

k
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Like other muscle tissue, heart muscle is stimulated by electrical impUlses'
shlch produce muscle oontrectionin this cue, the contraction of the

- ifiYocardium. Unlike, other muscle tissue, . heart muscle. generates its own
stimulating imptises. Two special messes or 'nc..101, of -cardiac tissue, celled the
sinoetriel (SA) node, or "pacemaker," and the Aiiff&entriculer AV) &de, send outrinis that cause regular Contractions of the heart.

Generally, thi resting heart rate of norrnii atfult is 60 to 10 beats per
minute. In children and infants the heart is *smaller and beets fastir. The heart
rate also speeds up and slows down in response to °hinging body demands for
owygen and nutrients (e.g., during exercise).

The active or contracting, phase of the ventricles is called systole..,
Contraction of The. ventricleccemece buret.ouyaysuaLblopd...tallolik_thraugh_the..
iessels, which /tan be felt at certain points Of the body u pulse. Diastole, the
space or pause between .pulubeats, is the passive (relaxing or filling) phise of the
ventricles. The measurement ql.plood pressure is expressed as the relationship \of
systolic hpressure to diastolic pressure. and can be a valuable indication of how
effectivelythe heart is functioning.

'4,

The tdmbined functions of the heart's natural "pacemaker," the chambers,
and the valves produce the regulars, continuous pumping action of the heart which
sends waves of blood flowing throughout the body's circulatory system.

(

Optional ACtivitles

rind your pulse by placing yotir fingers against the side o# your neck,
wrist, or ankle and count the nurnber of beets per minute while resting.

Do some exercises and tale 'your pulse rate immediately afterward and
then 20 minutes ifterward. What causes the charges?

, Use a stethoscope tp listen to heartosounds. Can you identify which valves
are making which sobrieb?

Basecr on an aVerage of 74è deats per4 minute, calculate how many tirnes
your heart beats,per year.

g,
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THE HEART

Rost.Test

1. Which of the followingsbest describes the physica1appearance of the heart?

A. round and solid
B. squareand hollow
C. cone-shaped and hollow
ED. trian9ular and solid

2. Name the three major layers of the heart.
Ir

3. Whit layer of the heart contains the heart muicle?

".

. f.
The valve bttween the left atrium and left ventricle is the:

A. bicuspid (mitral) valve:
B. j tricuspid valve.
C: aortic semilunar
D. pUlmonary semilunar

4
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5. Match the following parts.of the heart to the corresponding letter. (Not all
letters will be used.)

A

4.

.monmonimo

aft

0111011

septum

tricuspid valve

left ventricle

right atrium'

pulmonary semilunar valve
,1

aprta
i

pulmoinary artery .

i

\.

A

Ai

4.4

0

.:



/

4

-23-

6. What are the names of tha fOur clipmbers of the human heart?

. \
7. What is the name for the flow of blood from the heart to the lungsand badk

1/4

8. The active or pumpingphase of heart action is also called:

A. systole.
deoxygenation.

C. homeostasis.
0: diastole.

9. The impulses which stimulate the heart to contract begin In the:

A. ventricles.,
B. septum.
C. sinoatrial node.
0. valves.

10. The flow of blood from the\ft 'ventricle to all parts of the body and than
-back to the heart is known as:

1

A. systemic circulation.
B. diastolic pressure.
C. coronary circulation.
D. blood t-ransport.



11. the normal resting heart rate Of in adult I. between:

A. 20.40(bliats per minutes. -

B. 40-60 beats per minute.
C. 60-80 boats per minute.
D. 80-100 beats per minute,

I.

P

e
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BLOOD VESSELS

Upon completion of this module, you should be able to:

Identify and describe the structures and functions of arteries,
ceplilaries, and veins.

2.. IderitlYy the major blood vessels of the body.

4

Blood must flow through distinct channels in'order to travel from the heart \
to the itody tissues and back again. These channels are provided by -network of
blocyf

I
els, called the vasCular system, which directs the flow of blood through

a one-way -circuit. Tim sir ICITWscular system is structUred In a way -that enables
blood to circulate throughout the body, end to effect the exchange of materials,
without escaping from the system. There are three types of blood-Vessels In the
vascular systemarteries, capillaries, and veinsand each has ditterent functions
to fulfill.

4
ARTERIES

Arteries function as the channels which conduct the' blood from the heart to
the tislues. Arteries are constructed In three layers, called.,tunicae. The Inner
layer (tunica intirna) is smooth and pliant. The middle layer (tunics mg. , which,
Is the thickest layer in arteries, is made of musCular or elastic tissue. The
elasticity-Of the middle layer enables the arteries to expand and contract to
'withstand the regular burst of blood sent out by each heartbeat. The outer layer
(tunics adventitia) is composed of connective tissue. The smallest arteries, called
arterioles, lack the .outer tunica; because they carry or contain only small amounts
of blood, they tequireonly the two Inner layers.

Most arteries carry oxygenated blood from the heart to the bodyii The
oxygenated- blood then flows:from thot tmajor arteries through the arterioles and
Into the capillaries, where- exchange with the body tissues takes place.
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Exceptions to this are the pulmonary arteries, which carry dloxygenated blood
from the heart to the lungs for oxygenation.

The majoi arteries begin with the watt which stems from the left ventrIcle
of the heart and arches upward before curving down through the body. 'From the
arch of the aorta brench off the carqtid erteries, which riee through the neck to
supply the head with blood (the carotid arteries are -a good place to find a strong
pulse); the subclavien Arteries also branch off from the arch of the arorta and they
in turn divide into the arteries supplying the- died. The, arms and hands ere
supplied by the sicIllSry arteries, Which stem fram the subciavians and branch into
the brachial artar ea in the arms and the radial end AIBE arteries in the forearms.
Ths descending aorta passes through the chest end abdomeniphere It branches off
kto the major internal arteries, includirif the renal artbries to the kidneys.
Towards the legs, the abdominal aorta *pi ts intcr the lc/17117c arteries, which
descend into the logs to become the femoriCarteries. These.in turn branch into
the arterial system of the loWer legs and Ehe fear

CAPILCARIES

*-5 Arteries deliver blood through the arterioles to the microscopic, thin-walled s

capillaries which are found in all of the tissues of the body. Because they havq
such a Wien diameter, the rate of blood flow slows down considerably' In the
capillariesalmost to one cell at a time. This helps the capillaries fulfill their
function, which is to !erve as the area where blood, supplies nutrients and oxygen
to.body cells and removes waste 'materials. Capillary walls arm extrernely thin:and
ore composed of one layer of smooth.tissue that I. only one cell thick; this allows
the materials to seep in and out of the vessels. The capillaries can be thought of
.as the functional units of the vascular syStemthe vessels which serve, the
ultimate purpose of the entire circulatory system.

VEINS'

Blood leaving the capillaries Is drained (collected) by the 4nules. These are
tiny veins which, like their counterparts' the arterioles,.have only two layers; they
drain into larger veins, which are constructed in three layers like -the arteries.
Unlike the arteries, however, the middle layer of the vein walls Is' fairly thin; the
thickest layer la the outer covering of connectiVe tissue. The larger veins have
one-way valves at regular intervals to keep the blood flowing toward the heart.

,



-27-

Veins carry the blood refurning frorethe Capillaries to the heart. Because of .

the small size of the capillaries, which have slowed blood flow, the blood has lost
the driving pressure it had In the arteries, so the veins do not need the elasticity
of the, middle tunics es the arteries do.. They do, however, need valves to keep the
now .comparafivelY sluggish blood flowing toward the heart. Ven duo blood flow I.
al!) helped by body movement as the muscles exert a massaging action on the
veins to help push blood back to the heart..

Blood returning to thirbaheart thibugh the veins has lost most of its oxygen
throuip the capillaries to the' body tissues. Veins normally, carry deoxygenated
blood back to the heart,' where it is pumped to the lunge. for oxygenation.
Exceptions to this :are the pulmonary veins, which carry oxygenated brood to the
heart.from the lungs.

There are two classifications of veins. The deep veins are found next to and
named similarly to the arteries: tfie sybclavian Veins, exillery veins, renal, ijiac,
and femoral veins, and so on. (Blood from the head, hbwever, Is collected by the
luoular. veins.) These veltis drain the same areas supplied by the corresponding
arteries.TE. superficial veins are cloper,to the skin than the arteries: In the
legs, they are the saphenous veins, "and in the arms, the cephalic and dorsal veins.
These are the veins that you can see.i

Thee large veins -that flow into the right atrium of the heart form the
st:Perior yens cave, which drains the upper portion of the body, and the" inferior
vena etrs which drains the-abdomen and legs. Blood flowing into the heart from
the venae caves has completed the circuit of the vasculat system.

*

Figure 4 (see page 28) shoWs the structure of each of the three types of
blood vessels.

lo

.10
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Optional Activiiles

If you get chance to see blood being drawn, can you tll whether it I.
arterial or venous? How?

Why does standing upright without moving for long periods of tithe tend to
make people faint? Why does elevating the legs of a person who has
fainted help the person recover? How could fainting be prevented by
people who must-stland up all day?

Use è digram of the vascular system to locate the major arteriole and
veins of the body.

1

3

ci
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BLOOD VESSELS

POet-Test

1. Which of the folloVting is NOT a part of the vascular system?

A. veins
B. capillarieb
C. lungs
9. arteries

How many layers make up the waltkof the large veins and arteries?

3. The veins usually carryi

A. interstitial fluld.
B. oxygen and nutrients.
C. cerebrospinal fluid.
D. deoxygenited blood.

4. The exchIsinge of gases, nutrients, and wastes between the blood end the
tissues takes place in what type of blood vessel?

5. What is the name of the vessel that carries blood from the right ventricle to
the lungs?
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6. The onljf veins that carry oxygenetid blood to the heart are the:.

saphenpus veins.
B. subclakflan veins.

..C. renal yoke.
D. pulmonary veins.

7. The two large veins which collect all of the blood returning to the. heart and
transport it to the right atrium are called the:

A. venee cavae.
B. lilacs.
C. hepatic&
D. femora's.

00.0

J

8. Which of the following collects blood returning from the.heed to the heart?
119

A. radial arteries
B. jugular veins
C. carotid arteries

axillary veins



THE LYMPHATIC SYSTEM

Goals

Upon completion of this module; you should be able to:

1. Identify the structures of the lymphatic system.

2. Identify and describe the functions of the lymphatic system.

Although not directly powered by the action of the heart, the lymphatic
system is *a 'part of the body's circulatory system and I. closely linked to It in
several ways. nut, It resembles ttle systemic circulatory system in that it, too,
is made, up of network of vessels through which a blood-like fluid flows. Also,
the fluid Within the lymphatic system, called lymph, is derived from and returns to
the blood.

In the beginning of the discussion of the circulatory system, we compared it
to the system- of pipes used to deliver water to different parts of city. Some
water systems include filtering platto the water is diverted through filter
where it is purified, then returned to the Main system. In reldtion to the eliitire
circulatory system, the lymphatic system acts es a filtering plant: it purifies the
blood through a complex filtering. process arid returns it to tila main circulatory
system. ,

Lympl; contains everything found in blood except the erythrocytes and the
plitelets; or tot put it another way, lymph I. composed of blood plasma and
leukpcytes. (Actually, there are slight differences 'between plasma and lymph,
mostly In the types and concentrations of proteins.) Plasma filters oUt of the
capillaries Into the spaces between body cells, where 'It beccnyies interstitjal fluid.
Some of thls fluid returns to the capillaries, but most of it drains
lymphatic copilleries; Once there, it is called lymph.

Lymphatic capillaries are ideal collecting tubes became the lymph can "peas
thrPugh them much more eatily than through the capillaries whidh transport
blood. Because they are draining vessels rather than vessels of circulation, the
lymphatic capillaries come to "dead end" in the body tisiiues. However, they

3



-33-

Or,

drain into larpr lymph vessels ce Itmphlitics which in turn drain into still larger
lymphatics. These vessels have many valves

i
n them to direct the flow of .lymph

towards its ends the thorertic tpahe body'slargest lymphatic, which drains into
the lft subólavian vein In the neek. In this way thi lymphatic system collects and
returns the lymph to the bloodstream.

In` draining tissues, the lymph must flow through small oval or roundish
structures called lyrnph nodes.' The lymph nodose ares:strung Ilke hollow beads in
clusters along the lymphatics,- and- are found. throughout the body. They are
especially rich in white blood cells, which' help the lymphatic system fulfill Its
function in the body. The body fluids, interstitial, fluid and plasma, enter the
lymphatic system and filter throygh the lymph nodes. Here the whitc'blood cells

. engulf ,and destroy unbetirable microorganisms or particles, such as bacteria, bits
of pollution, or cancerous cells* Thek fluid (now called lymph) then drains back into
the cirulatory system without these undesirable elements, which could cause a
great deal of harm if circulated 'through the body. Thus the lymphatic system acts
as the collector snd purifier of the blood.

461tLymph nodes also produce leukocytes, as do other organs Th'th bMy, such as
the spleen and tOnsils. The tonsils are actually three'pairs of ,brgans, located at
the back of the oral and nasal cavities. They produce white blood cells which are
sent into the lymphatics, and eventually into the bloodstream.

The spleen is a red, oval organ situated behind and to the left of the
stomach. It has twa main functions: like the_ tonsils, the, spleen produces white
blood cells and sends them into circulation. It is also the place where old red
blood cells are destroyed and removed from the bloodstream.

Optional Activities

View live amoebas under microscope; observe how they move and how
they ingest their food. Compare their actions to white blood cell actions.

Have you had your tonsils removed? Find out and discuss the reaions why
so many people have their tonsils taken out.

e Try tti complete the word maize on the following page. It uses some of the
terms that you learned in this unit.:
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WORD MAZE

A T.U.M.VDEABOR OCUMA
'PR LEAR NLO I MU TPES
P I N TC I'VENAC A V AO T
E.1) ASP() V.CG'S I MAGII
NV11 VtiR I Grfi TOR SONG
0-E.N5EE TVCO.R H I V R E

'ONAK V A.R EK L A BR AIN

V

I

L

S

MUK,RC S E

EL-ZET A_R
EL AN S PR
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TR EANTQUA

LV E X TOR.ED
MIR A S VS TO
EA.D0 VERC

IR SP LA SMA
IL E G AL I TR

01. E DOMED
STR AtGHK I

A'R GER U
S,H VAR M'

Find the following terms in this maze by circling the words. They may appear
frontwards Or backwlirds, vertically, horizontally, or diagonally.

capillary leukocyte septum

castole lymph nodes vena Cava

. enocardium plaime venuie

erythrocyte Rh system

,
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THE LYMPHA.TIC SYSTEM

Post-Test

1. Lymph is cOmposed of:-

A. blood and bicteria.
B. interstitial fluid and erythrocytes.
C. lymphatics and capillaries.
D. plasma end leukocytes. .

2. The organs of the lymphatic system which filter the lymph end _destroy
bacteria are celled

3. The largest lymphatic in theN4ody is the:j
PA. thoracic duct.

B. 'subciavian Ve
C. lymphatic capillar
D. thymus.

A

An important function of the lymphatic system is to:

A. producs and coticentrate proteins.
B. return fluids to the bloodstream.
C. repair damiged.capillaries.
D. create interstitial fluid.

4.
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Along with lymph nodes, what two or ens of the lymphatic system ptoduce
white blood ceps?

1.1

4)

.

q't
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GLOSSARY

A80 systitnz one of the major: blood-typing systems.
ac ase alance: the balance between acids and bases within body tissues.
antllrache's:"Fig@ns carried in the plasma. .

antioenss proteins carried on red blood cells.
:sorts: the great artery leeding out of the left ventricle of the heart.
erteriole: a small artery..
ertery: a large blood-vessel which carries blood away from the heart.
attloventricular node: a- mass of conducting tissue near the base of the right
atrium.
atrioventribular valve: a valve between an atrium and a ventricle.
atrium (pl. atria): one of the two small, upper chambers of the heart.

bicuspid (mitre!) valsefe: the leit atrioventricular

capillary: a microscopic blood vefisai or lymphatic.

1111
coronary, circulations- the flow of blood to and frorrfthe heart muscle.

If

deoxygenated blood: blood with most of its oxygen removed.
, diastole: the relaxation phase of heart activity...yril.111

endocardlum: the Inner layer of heart tissue. ,

erythrocyte: red blood cell.

formed elements: the cells end cell-like components of.blood.

hemoglobin: the iron-containing component of red blood cells that birids
with oxygen. '

homeostasis: the state of normal belance of body functions.
p

lugular veinal large veins in the neck which dreln blood from the head..

leukocyte: a white blood cell.
lyMph: blood without red blood cells or platelets; the fluid of the lymphatic
system. - :...

lyrryhatics: vessels which carryiymph. . .

, .

ImpE nodes: masses of tissue along lymphatics Which filter lymph.,
. . .

i

t
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myocvdium: heart muscle, the middle of the three layers of the heart.

pericardium: the outer covering or membrane that surrounds the heart.
phaaocyloeiss engulfing of particles by cells.
plow:so the liquid portion of the blood.
latelts: ohs of the formed elements; they carry clotting factors.

p monary arteries: the vessels that carry blood from the right ventricle to the

pulmonery circulations the flow of blood from the heart to the lungs and back to the
eart.

pulmonary veiny the vessels thq. carry blood from the lungs to the heart,.

Rh-systerht one of the major blood-typing systems.

semilunar velvets a valve at the base of a great artery (aortic or pulmonary) of the
hearL

septum: Wall of tissue separating the ventricles.
,

sinoatrial nodet a maso of tissue which6icts as the heart's pacemaker.
sh organ of the lymphatic system, located behinci the stomach.

systemic citculation: the flow of blood from the heart to the body tissues and badk
to the heart.

systole: the active or contracting phase of heart action..

tonsils: organs of the lymphatic system, locited on tJ sides of the throat -at the
-beck of the mouth.
tricuspid valve: the right etrioventricular valve.
tunica (p1767an ca.): one orthe layers of blood vessels.

vspcular syistesiTi the system of blood vessels.
veins a ergs lood vessel which carries blood toward the heart
venee pavies the great veins that carry blood to the right etrium'of the

art.
ventricles one of the two large, lower chambers of the heart.
vonu st: a small vein.

I
4
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ANSWERS TO THE PRETEST

Correctpesponse

blood

3 B.

4

5 pump blood ,(beat)

6

7 right ventricle

A

9 B

10



I.

7

-40-

*

"ow)

0,4

4 ()

I

p.



.1

/KAM
OCCUPATIONS EMOTION

MODULE

se

.\

INSTRUCTOR'S GUIDE

THE CIACULATORY SYSTEM
43



t.

)it

Instructional,Materials in Anatomy and Physiology.
for Pennsylvania Health- Occupations Programs

INSTRUCTOR'S GUIDE:

\ THE CIRCULATORY SYSTEM

Prepared for:

--Research Coordinating Unit kir Vocational Educatibn
Pennsylvania Department of Educaticin

Box 911
Harrisburg, Pennsylvania 17126

Prepared by:

National Evaluation Systems, Inc.
30 Gatehouse Road

Amherst, Massachusetts 01002

June, 1979

4 4

.4



fl
INTRODUCTION

These instructional modular units hive been-developed for the Pennsylvania
Department of Education for use In vocational edi'ication programs. They weredesigned on the assumptist that a basic understanding of hunian anatomy and
physiology is essential to ifiY. person preparing to enter a heliith care occupation
such as practical nursing, nursing assistant, medical assistint, emergencymedical technician, or dental assistant. Each of these modular units will coVer
the most *important aspects of one of the major systems of the human body. Inthe first four units the following systems will be covered: circulatory system,
respiratory system, musculoskeletal system, and digestive system.

- This Instructor's Guide I. designed to provide suggestions to you on how to
use a mcdular unit most effectivelY in your instruction. These recommendations,
however, do not represent the only way to use these units: you may be able to
divise more beneficial re for the materials.

THE MODULAR UNITS

Each modular unit is made-up of several components: a pretest; four to
seven instructional modules_with corresponding post-tests, optional activities forthe students, and a glossary of terms used in the unit. Each of.these components
has a specific purpose And is organized in a specific way, as will be explained in
the following sections.

Pretest
'1

After reading -the preface, which is simply an introduction to these
instructional units, a student working through a Modular unit should first take the
pretest. Ai its name Implies, this test ifi designed to be taken by the student
before beoinning work on the Materials contained In the unit. Its purpose is
twofold: (1) to stimulate interest in the modular unit by giving the student a
preview of the topics covered, and (2) to provide** Means of self-diagnosis so the
student may identify, based on performance on the pretest, those areas of the

k I 0.44J1( 141., 1.1"4 ,"I

4 5
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,

modular unit which may require special attention and extra effort on the part of
the student. . After selecting an answer to each of the pretest questions, the
student should turn to the back of the modular unit and chock he correct
answers. If the student answers incorrectly on a number of questions dealing
with particular subject, then the student should pay closer attention to the
module on that subject.

Instructional Modules

This modular unit is composed of five aeparate but closely related modules,
including: Introduction to the Circulatory System, The Blood, The Heart, 'Blood
Vessels, and The Lymphatic System. 'After taking the pretest and checking.the
answers, the student should read through and study each of the instructional
modules. For the student'Irbenefit, each module begins with a statement of the
goals, or objectives, that a student should have mastered upon completion of that
particular module. The level of achjevernent of these goals is measured by the
student's performance On the corresponding post-test. The language level and
content of each module is aimed toward the student seeking an introduction to
the components, structures and functions, and the basic terminology required for
an understanding of the circulatory system.

Optional Activities

r

Following many modules are -optional activities intended to provide the
student with en opportunity to pursue the content of the module at a more
in-depth level. Many of these activities may require teacher participation, at
least in obtaining and Preparing additional Materials for the student to utilize.

In addition to the optional activities available to the students, you may
chow to provide further informatiOn to the students by teaching a brief unit on
the common disorders, of the circulatory system. Discussion of these disorders
has not been included in the, texts because a basic Anowledge of the .proper
structure and. function of the human body in a healthy individual seems more
appropriate for the purposes of an introductbry program. If you do chobse to,
discuss coMmon disorders, the Imo:a effective ,approach may be (re in which you
use disorders to illustrate what can go Wrong in the body, as a means of
clarifying the students' understanding of how the body works when functioning
oroperly.

You may also wish to provide students, with the names of books or articles
as suggested readings to further their understanding of a particular area./

.c,

e.



A

-3-

Gi ()Seery

After the last ,of the modules in the unit is a glossary. This i not intended
to be a comprehensive glossary to be used by the student as a dictionary.
Rather, it includes the basic terms used in the unit which are necessary to an
understanding of the system covered. Those words which appear in the modyles
and have been defined in the text are not always defined in the glosttary. Some
of these particular terms have been used in the module because they are
essentiabThut ,difficult terms needed to explain the content taught in the unit.
The student should use the glossary to review the vocabulary essential to the unit

before taking the poet-tests.

Post-Tests

The post-tests are the final lioness ment . of a student's understanding of the
material presented in each module. They consist of multiple-choice and
open-ended questions designed to measure a student's mastery of the goals
(objectives) stated at the beginning of each module. Each of the questions has
been written to measure an aspect of the skills and/or knowledge that a student
may be expected to acquire as a result of working through a particular module.
When a student has finished studying a module, has pursued any chosen optional
activities, and has reviewed the vocabulary in the glossary, the student should

0

take the post-test that foklows the module.:

SCORING THE POST-TESTS

k

,

As previdusly mentioned, the purpose of . the post-tests is to measure
whether or not a student has m'astered the objectives (goali) stated at the
beginning of each module. Due to the differing lengths Of the post-tests, the
variety of ways in which teachers may to utilize these modules, and
discrepancies among students' previous exposure tó the subject matter, it is not
practical to set a,standard cut-off score an each f the tests that would indicate
mastery of the objectives. Rather, teachers are asked to use thtr professional

judgment in indiviidual .cases to determirie if a student's performance' on a
post-test indicates that he or she has mastered the objectives ,stated for that
module. Fri making this determination, you should consider at least all of the
following factors:

,



(1) How long is each 6ost-test?

(2) How mUch Information I. included in each module and how compleX isthe information, relative to other modules?

(3) Has the student been exposed to ythe kind of curricular material
before? That is, haa the student been taught the basics of this systemof the body before?

(4) Should the entire class be required to achieve a certain score in order
to pass, or should each student be considered individually? (Thite.depends on how and with whom you use-this module as InstructionaK:material.)

(5) Should the student be graded pass/fail on each post-testi.e., on
mastery of each moduleor'on the unit as a whole?

To facilitate the scoring of post-tests, each student will record his or herinswers to all the post-tests on one separate sheet of paper. You should mark
each answer correct or incorrect, then give the student a "pass" or "fail" on eachmodule, or on the unit as a whole.

Bec of t ubject matter, responses to open-ended questions may vqryslightly from t listed below, but these responses may also be acceptable.
Again, in these cases instructors are asked 'to use their professional judgmentsto
determine if a response is correct.

Use the following list of answers to questions on the post-tests to grade
your students' papers.

48
s.
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ANSWERS TO THE CIRCULATORY SYSTEM POST-TESTS

Module.] Question Correct Response

Introduction to the
Circulatory System:

1

2
3
4
5

The Blood:

A

1

2 A
3 platelets
4 A
5
6
7
8 hormones, enzymes
9

10 ABO, Rh_

11
12

4st.

The Heart:

1

2 pericardium, myocardiurn,
"endocardium

3 myocardium

49\
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Coma Revonse

4 A

5 K septum /
C tricuspid valve

-- left ventricle
-- right atrium

A pulmonary semilunar valve
E aorta
F pulmonary artery

6 left atiium, right atrium,
left ventricle, right ventricl5

7 pulmonary circulation

8 A
9

10 A
11

Blood Vessels:

1

2
3
4
5
6
7

8

The Lymphat stem:

1 D
2 (lymph) nodes'
3 A
4 B
5 tonsils, spleen

three

capillaries
pulmonary artery
0
A
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