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© deflnitions of many af the terms used In the modules.

PREFACE . .° L -

Ay
L]

An understanding of basic human anatomy and phyclolo'qy Is essential to iny I

person preparing to enter, a hesith occupation. This instructional unit is designed

to, introducs you to the struct and functions of the' human circulsatory

system—and the interrelationships of the two--and to familiarlze you with some of
the terms and concepts necessary for an understanding of the circulatory system.

gt amsaggp—

This unit consists of a %ntost; five rodules wlth.thefr ggtloﬁg activities -
end post-tests; and a qlossary of terms. : | o

Begin this modular wiit by taking .the brief pretest at the front of the
booklet. The pretiest is far your use.only, to give you an idea of what Is included
in this unit, snd to give you san indication of the areas within the unit to which you

—

should pay special attention (perhaps by working on the optional activities). When

you have completed the pretest, turrr to the answers in the back (page 39) to check

. your own sfore. u will not l?e graded oh the pretest. -

_ Naxt, read ugh edch of the ﬂ\)c modules (lntroQucth;n'to the Circulatory
System, The Bl ' The Heart, Biocod Vessels, and the- Lymphatic System) and
investigate -any of the optional activities that may be helpful or interesting to

you. The optional \activities will help you iearn more abolit some of the material’

presentad. . -

-

- At the and of this unit (page 37) is a glossary which provided you with brief

When you have finished a module and feel that_you understand the information in
that module, take the post-test that follows it. Writs down your agswers on ONE
piece of paper and pass it in to your Instructor, who will give you Your grade. .

[ [ - ’ |

© 7 UUpbh complstien of each modui_o, you should bp.ab'le to demonstrate am
understanding of the material presented, hy your performance on the post-test.
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' NG .,
Which of the followirlg Is a component of the circulatory system?
A. brain N '
' Bc lmg‘ ’ \ *
C. heart
D. nerves

I

. The fluid that flows through the circulstory system is called

4

3 d ' )
J
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Red blood 'celis are alsé known as: o . Ran

A. mon‘oéytes.

B. erythrocytes.
C. osteocytes. N

O. basophils. : : T

A}

What is the heart's one continuoua'ﬁmechanical-function?

- v '
. - A .
\ . \\ .
- L .'

Whjch of the following plays the most important role in disease pmvontic\)hq\' -
A. erythrocytes - | S | } Y
-8, ‘platelsts : f ' L B
- 'C. plasma - . _ . T
O. leukocytes . . - ’ | )
L

-
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6.  Proper direction of blood flow through the chambou of the heart is
mnlttllnod by: . PN

A. eoronl'y circulation.
B. atria .

C. ' arteries.
D. valves.

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

8. Whi&n type of blood vessel has valves?

' . ’ A. veins _ .
. B. arterioles’ ‘ ‘
' C. capillaries ' '
\ " D. arteries

9. Blood loaving the left ventricle of the heart FIRST travels throUgh which
lrtel‘y :

A. brachial // ' "

8. aorta
- . C. carotid
< : O. femoralv'

v

10.. IWhich-of the following is a part of the lymphatic systeam? . ) .
~ . \-‘.’ . * '
A. kidnays
Y Be liver . : E :
Co- .plﬁbﬂ ) ' ’ \{

. D. Intestine o
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Goals

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

1. Identify the major c;omponenta of the circulatory gyatl;m.

2. Identify:tho major functiors of the circulatory system. e

o

A working system must have a way to Carry materials produced in one area
to other areas where they are needed and to remove those materlals after they
have been used. For example, underneath a city js a complex system of ‘pipes used
to carry fresh watsr to public buildings, factories, and homes, and to remove the
water after it has beeni used. In the human body, the circulatory system serves
this Yunctlon: it carrles fresh blood to qvery part of the body and removes the
"used" blood and the waste products of cells. However, unlike the water supplied
to a city, which is not returned to the reservoir but is dumped elsawheres, blood is

constantly recycled: the same blood Is used‘over and over again.
/ i . .

. . The.major components of the human circulatory system are the blaod, heart,

and blood vaessels (arteries, cipillarles, and “veins). In addition, thls system

includes the lymphatic system, which conslsts of lymph (a fluid closely related to-

bldod), the lymphatics or lymph vessels, and the lymph nodes and related orqans.

The -most_ important function of the girculatory systsm Is to tr.mport-‘

oxygen and nutrients throughout the bod{, but the circulatory system serwes
several' other functions: It .removes the waste products of cell metabollsm; it
plays an Important roi# in regulating and maintaining the conditions necessary for
hormal body functions; snd the circulatory ‘system protects the body.through blood
clotting and defending against diseswe. Although it is only one part of ¢he system,
the blood itself performs, all of thesq functlons; the heart, blood vesssls, and

lymphatic system are simply. structures that help -the blood perform its tasks A

properly.
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Blood makes up about 7% of total body v;iolqht; thus, the volume of blood In -

8 person's system varies with each person's body size, or weight. The circulatory
system of a man who welgle 70 kilograms (154 pounds) contsine flve to six liters
of blood. A woman of the same welght would have glightly less--atout five llters.
Children, of course, have smaller systems and therefors a smaller volume of blood.
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INTRODUCTION TO THE CIRCULATORY SYSTEM:

® ‘ Post-Test

1. Arteries, capillaries, and voi,n‘wnro examples of:

A. muscles. © . _ ) ' : : «
B. blood vessels. - : e -

C. neurons.
- D. lymph Qodes.

2, One function of the circulatory system is to:

C A. aupply oxygen and nutrients to body tiaauea..
e B. process food in the body. ,
‘ C. transmit nerve impulses from the brain. ..
D. maeanufacturs vitamine. .

\

v 3. Which of the following is ;thlly a part of the circulatory system? ° \,

- 2 w  respiratory system
' .« B. digestlve system _
C. nervous system - o . - . P

D. _lymphatic system_ . s o O 0 A U

: | ' | | ,
- < | o Y |
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4, An lﬁwport‘mt function of the circulatory system-is tos

A. maintain body weight. K : Lo

B. break down curbohydrqteq. , .
C. metabolize fats. ' : .
D. fight diseasss. . ' '




*
-

One way in-which the clrculltor'y l'yot'm helpe Eo protect the body is by:

A. surrounding vital argans.
B. supporting muscle tissue.

C. changing fluid volumes. . v
D. blood clotting. : '
# oo L :
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to maintaining homeostasis ‘is by helping to reguiate t

-

THEBLOOD ' e

.Y | ” . *
Goals '

Upon completion of this module, you should be able tos: |
" ‘ . . l

1. Identify ar‘ describe.the "functlons of i)lood. R 2
2. Identify the components of blood.

3. Classify the major blood groups.

The red fluid we call blood is essential to every rell in the body. Alt‘o'ugh it
appears to be a simple substance, blood is actually made up of ‘a variety of parts.
The most important of these are the formed slements, which include various types
of blood cells, and the plasma, a spec uid w carries the formed elements.
Plasma and each ‘of the formed elements have important roles in the many
funttions of blood. S s ' : '

.

FUNICTIONS OF- BLOOD

The blood's major functions can~be divided. into three citogorlea; the first,

and probably the most important, is to transport vital substances. Blood carries |
Meny substances to and from all parts of the body. These substances are either .

dissolved or suspended in the plasma, or attached to the formed elements during
transport. - Nutrients and oxygen, which- are critical to cell life, are cerried to the
cells by both the plasma and blood cslls. ‘Metaboli¢c wastes, the waste products
produced by normal csll functions, are dissolved in the plasma and removed.
Regulatory substances such-as hormones end enzymes are transported by the blood

affecta.

‘from the asreas where they are produced to the areas where they exert their

Secand, blood sssists In the body's maintenance 6T hok
cen be defined as the process of constantly mairtain '@
necessary to normal body f\c)\ctionihg. Oné of the ways :
s body temperature: blood

@ proper balances

O

' - .
eostasis. Homeostasis -

hich blood contributes -

N

~ !
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sbsorbs heat produced by cells end carries it to the skin and lungs where it ls given

off. Blood alsc helps to maintain homeostasis-by controlling the body's acid-base
balance. For cell metabolism and other body functions, a certain balance between

aclds and bases is tequired; blood carries substances tha}e-mdnnln this balance

and removes other substances that would upset this” bslance. Also, blood
contributes to homeostasis by maintaining the proper level of fluid in body tissues,

w:mih often depends on the blood's ability to form clots to prevent excessive loss
of blood. . . ¥ )

~ Third, blood serves a protéctive functiof: diseass prevention. Blood plasma
containe antibodies that help to protect the body ‘against dissass, and some blood
cells act specifically to protect the body against harmful organisms such as
bacteria. All of these functions of the blood ars vital tq the body, and each
function depends upon the special characteristics of the components of blood.

h?

COMPONENTS OF BLOOD

The fluid portion of the blood is plasma, which makes up slightly more than
Ralf the total volume of the blood. Plasma is 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 protsins,
elsments, salts, cell nutrients, and enzymes.which give it its color and consistency
and help: the blood to malntain proper fluid and acid-base balance, as well as to -
prevent diseage. . . e ' *

The thres formed elements miske up the rest of the blood volume (slightly

less than half). Each of the formed elements hes an important, and distinct
function. . .

First and moast numero@ of thess formed elements are the erythrocytes, or

red blood cells. A tiny drop of blood contains about 5 million erythrocytes. The - °

body farms red blood cells in the red bone marrow at an incredible rate--roughly a
drop of blood per, second. This rapid rate of production is necessary sinde the life
span of a red blood cell is only about 90-120 days. The.high number of
erythrocytes indicates thweir Important role in blood function:  these small
disc-shaped cells are the oxygen carriers of the circulatory system. Their red"
color (which gives blood its color) is due to the fact that they contain hemoglobin,
a very important sybgtance that is responsible for the erythrocytes' ability to pick

.

up and transport oxygen. . . , . .
Hemoglobin, a substance which ‘contains iron, helps blood to pick up oxygen
in the lungs and carry it to cells throughout the body. Oxygen ip needed .

constantly by every cell-in the body.

4
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Lees numerous then the orythl}dt:yt\u are the second of the formed elements
In blood, the leukocytes. There sre several types of thesp -cells;' some are
produced th bone marrow, others are formed [n the spleen/ and Jymph. nodes.
Leukocytes are alsa called white- blood cells becauss they lsck the hemaoglobin,
and” thus the red color, of the erythrocytes; Wyt they haye some Interesting , /-
characteristics and abilitiss which red.bjood cells lack.. [ IR

r .

Leukocytes are capable of ghovement snd can travel ndependently of blood
flow. Althaugh they are comparftively huge cells, leukocytes can travel through
blood vessel walls and body tisgues. - They reatt to Iinféction or inflammation:
thelr numbers increass ifaan infection is present in body, and they are

. ' chemically attracted to the sits of phe ‘infection. Also, by a process called
gg%ocﬁtoal!, lsukocytes csn engulf arid Yestroy microscopic particies which may ..
° to the body. (For this resson, shey are also called phagocytes.) Thesec-
. abilitles are important because they ;help defend the body against diseese dnd
. Infection. The results of this leukocyte~agtion can be sedn’. as the yellowish-wgite .-
pus that collects in an infected srea; is a mixture of cell debris' end ‘whité
blood cells. / L ‘ e

‘ . L e
Platelets—the third of the formed elements--can also produce . visible
. results, Smaller and more numerous than leukocytes, platelsts confaig a
substance needed for blood clotting. When you cut yourself, the platu&t:yourv
blood releass a substance thgt combines with other wlements of the bl form -
fibrin. Fibrin is a net of tiny fibers which forms a visible patch, or-clot, over the
cut. This-patch of fibfin is often called a "scab." Blood clotting, or hemostasis,
- prevents the circulatory system from losing too much blood through any cut, large
or small, in the/ayatem. ' : - .
. ~ r . .
Figure 1 (see pags 11) shows types dhd relative sizes of formed slements. -

L4

BLOOD GROUPS N ° ‘ : .

- Everyone.has a certain blood.type or blood group. Plasmd and erythrocytea' _ -
and the way they resct to each other, destermine each Iindividual's blood type.
. Blood types are very ismportant when, .for instance, a patient has lost so much
-~ blood that a transfusion is required. Someone would then donate blqad to be given
to the patient, but only certain types of blood are compatible with sach other. -
-« The "donor's blood would have to be compatible with that of the patient. The
reasons for this can be explained through a description of the erythrocyte-plasma '
reaction. C : ‘ ¢ ‘ .
N ..
BN . . o ¥
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Blood types are “determined according to two major systems: the ABO

. syetem and the Rh syitem. :

oo - . ' . .

" On the surface of a person's erythrocytes are-antigens which are designated

as either type "A" or type "B". ‘Blood. plasma carries antibodies, which aere
compatible with either the A ar B antigens on the srythrocytes.snd incompatible,

with the oppasite type. For example, if typs A red blood cells mix with the wrong
type of plasma, an instant rsaction occurs: the cells clump togsther, or -

ggg&atimto, & condition that makes:the blood nonfunctional. The four blbod types - -

e38d en this erythrocyts-plasma reaction ares A, B, :AB (the plagma latks both

antibodies), and O, (the erythrocytes have'nelrt_hgy gg_bataq.qg_\j_\.__gg_l'_._ag_tgg_t_ggggﬁg_)_.‘_ o

This constitutes the ABO system. -~ S

Blood\'type is also determined By the Rh System, or Rh factor, which is

~ classified as sither positive (+) oe 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 15% of the populatiori) is called Rh negative. :
) X

\ e h Y : i .

Tho‘moot common blood type of 0+, which means that the person has neither

A nor B antibodles and has Rh antigens. The rarest blood type is AB+ (both A and
B antibodies are present on the erythrocytes but no Rh antigens are prasent).

- i,

- '3 %

Optional Activities

o View blood samples under a microcgépo.-~Can you identify the various
types of cells? ° .o .

e With a blood typing kit, determine yoﬁr bleod typé; Then try determining
the blood type o‘one of your classmates, - .

e Read .b,out how the Rh factor affects child-bearing. \

e Find out sbout "universal donor" and "universal roc}rieh;" blood types.

“

L
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L “Post-Test , . .
\ . . ¢ RN
» N
-1, The liquid co‘mponqnt of blood Is called: $.
A. fibrin. o , ~ S
_ - . - 40&"&&0&*%.' e g e e o o . .
C.. plasma. . _ Co L y ) ,
D. cersbrospinal fluid. . —
~ ) ' ,’ '.A’
) & ; -
2. Leukocytes are also called:
| A. whits blood cells. ' ’.
. . * B, transport cells. . . ' -
C. clotting cells. - .
" . D. plasma cells. E "
/ . " -
. A
. 3. Which of the formed elements “"playa the most important role in’ blood
’ clotting? : . . -
L ‘ .
. . k!
4. The most important compohent of red blood cells is:
A, hemoglobin.
B.. glucoss. ' -
" Co pl.‘m.. . 1 \ .
"+ 77 D. carbon dioxide. -
. . )‘ and
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How is .moct of the oxygen In the hlﬁodstmuﬁ trumporfod\? N : : \ ) . j' A
A, dluolvod in plhmn . - . ' )
B. bouhd to red blood ceils - i e \
C. asttached to platelets ., - , . o ‘ .
C. cmlod by*white blood cells . .o A 7
. ’, ] )
A-\ .
One way that blood, halpa ta m!lntﬂln homeostasis is by controlllqu o “~“W,k
A, motnbouam. S C e e
B. hody movements. ) /
C. heatprodpetion.. = S '
D.- body temperature. = ’ . .
' o T ‘ B v ’ ‘ F 4
- Substances which are produced by all ‘celj\and ‘must be removed by the
bloodstream are called: . . v L .
A. Lhormonos. . 7 ‘ A ‘ ' S
B. ac.ds end bases. ) o ) ' ) ' .
C. clotting factors. - L
- D.- metabolic wastes. . ‘
toa . ’ ’ [ . , i 3 i
L 4 Cae P e : .
What are two regulatory'substances that are.transported by the blood?
X
Which of the following is NOT trsnsported by the bicodstream? ’
. ! ‘ . a ‘ b
‘A, phagocytes - T k >
Bo, }.ﬂ'inﬁ . ’ . -
€. carbon dioxide - ° , .
O. antibodles - -
: ’ 4 *
A ) - e ’ 1 N 1

\"
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10. Whlt:m\_tho two mijor 6!0051 typing'ayotem_l? g _' my. ol | _- ; .

L , . ’ . . . .
. ' , -~ e

\ A | - = .
' ‘ l s d )
L4 \\ . -
X _ ) ! /
. ' ' " :
Jl.  Which of tho followlng blood typos la the most common?
A.. AB- - i’ \ * e a‘_' ! ‘ o=
8. O+ . T ¢ o - . _
oo C. As+ ) . . . ' . - e '
: - D. 8- -, C ‘ o ’ Do
' :
” ';{, . \ vl ;

' ' 12, Blood tybes are determined by interactions betweens ™ - T

. <A
oo A.__leukocytes and interstitial fluid. . . .
* ) " B. clotting factors and lymph. " o .

. ‘€. erythrocyte antigens and plasma mtlbodlna.
D. dissolved oxygeri and circulating enzymes.
, - | N ‘ \ ' - .‘. \ B . ] . \
- . . V. , N . ‘ . : . .
. ) . . . N . ‘:'ﬂ) . . . ¥
) . / ' - J . {
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‘ THE HEART =~ = } ..
. 3

. ‘Gaals

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

AN

1. Identify the general ch

'terlatica'of the heart.

2. ldentify and describe tiiifstructures and functions ofsthe heart.

. 3 benc_:ribo the mqvemgnfn of heart action.
' .

A
The, human heart fs a muscular- organ which is .hollow and ro.ughly

cone-shdped, and about the size of a person's fist. Although it is anly one part of -
the body's circulatory syst8m, the heart is the powerhouse that makes the entirs

.. system function. ‘Because it is such sn important organ, the heart is positioned in

a well-protected aree. It is protected in the front of the chest by the sternum or
breastbone, on the sides by the ribs, and by the spinal ‘column in the back.™

( ‘ .
STRUCTURE OF THE HEART L

The basic structure of the heart is simple but efficient. It is made up of

~ three major layers: the pericardium, the myocardium, snd the endocgrdium. The
‘outer layer, the pericardium, is a to@h skin or sac wh,l't_:ﬁ surroynds the heart and -

serves both to protect snd anchor it. The myocardium, the second layer, is the
heart's muscle, the dynamo of the powerhouss. This is the layer responsible for.
the contractions that cause the heart's pumping action. The third layer, the
éndocardium, forms both the smooth inner lining of the hesrt end the heart's
valves. . : T o o
Within the heart are four chambers—two atria snd two ventricles. th
ventricles are separated by a thick ‘wall of- tissue csiled the septum. The two .
atris, which are at the top of the heart, have thinner walls and are smaller than
the- ventricles, Edch: atrium serves as a reesiving srea for biood coming from
other parts of the body, which it then sends into the ventricle below. From the -

t

S .
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© - ventricles, which are larger than the gtria and have thicker, more muscular walls, -

_ blood s pumped through the body's §htite circulatary system. : .

Inside the heart, and at the origins of the two large arteries leading fpom the
- heart, are four one-way valves which help to maintain the proper dirg€tion of
blood flow. These valves open to-permit blood to pass through, then clamp shut
under back pressure produced by blood tryjng to fiow the wrong way. The right
strioventricular or tricuspid valve lies ‘betwean the right atriumand the right

ventrigle,* The left atrioventriculer valve, known as the bicuspid or mitral vFvo,
is -situated between the left atrium’ snd left ventricls. The %x_%g Hunar
oy

valve guarde the opening of the pulmonary artery and preven pu

of the right ventricle from flowing back into it. Simllarly, the sortic umu?ur
valve lies at the origin of the sorta and snaps shut to prevent the fow of bloo
back into the- 1eft-ventricts:You can hdar tHe “snapping shut of the valves when
you listen td a "heartbeat", which is actually the-sdund of the two ssts of valves st
work. ‘

Figure 2 (sse page 18) shows the structure of the heart and its sssociated
' valves and blaod vessels. - : ' :

. " FUNCTIONS OF THE HEART

The function of the heart is to pump blood; through the blaod, oxygen and
nutrients are carried to all body tissues, and waste products are carried away.
Deoxygenated blood (blood ‘which has already-deliversd most of its oxygen -to the

. tissues of the body) enters the heart through the right atrium, snd is pumped
- : through the tricuspid valve to the right ventricle. The ventricle then contracts,
faorcing the blood through the pulmonary artery into the lungs. Oxygen is absorbed
-? by the blood in the lunge, then flows gac ‘to the heart through the left astrium.
(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 poworful contraction then forces the blood.
: - -into’ the aorta, where it branchei off In differsnt directions to all parts of the
\/ body. . The flow of blood bejng pumped from the left ventricle to the body tissues
snd back to the heart is called systemic circulation. .

~

Figure 3 (ses page 19) is a schematic dll@ram sﬁoding the path of blood flow

. through the heart, lungs, and body. «

The heart also has its own c’lrculﬁtory system, called coronary circulation.

"Two arteries, the coronary urteries, bFanch off from the base of the aorta to
supply the heart muscle with the blood and nutrients that it needs.

A
\

»
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Like other muscle tissue, heart muscle is stimulated by slectrical impulses”

*_which produce muacle ocontrection—in this cass, the contraction of the .
‘" myocardium. Unlike. other muscle tissue, . heart muscle. generates its own

stimulating impulses. Two special masses or 'n‘o?gu, of .cerdiac tissue, called the
sinoatrial (SA) node, or "pacemaker," end the atrioventricular (AV) r__fodo, send out
mpuises that cause regular contractions of the heart. .

Generally, the roltlnq heart rate of s normai alfult is 60 to BO beats per

“minute. In children and infants the heart is smalier and beats fastér. The heart

rate also speeds up and siows down in responss to changing body demands for

.onygen and nutrients (e.qg., during exercise).

The acﬂvo or oontrlc‘tlng: phase of the vertricles is ~c:nllod_ stole. .,

_"f,,

Contraction of the ventricles causes a burst or wave of blood to flow
vessels, which /fsn ba felt at cértain points of the body as a pulse. Diastole, the
p'h_d;;

* SpACS or pause between pulsebeasts, is the passive (reiaxing or fiiling) of the

ventricles. The measursment qf blood pressure is expressed as the rsiationship of
systolic pressurs to dlastolic pressurs. and can Ke a valuable indication of how -
effectively the heart is functioning.

The tombined functions of the heart's natural "pacsmaker," the chambers,
and the valves produce the regulsr, continuous pumping action of the heart which
sends waves of blood fiowing throughout the body's circulatory system.

r | C iy .

/

v

Optional Activjties -
N :

e Find your pulse by placing your flnged aguinst the side of your neck,
wrist, or. ankle and count the number of beats per minute while resting.

e Do some exercises and talJo'your puise rate immediately afterward and
then 20 minutes afterward. What causes the changes? -

.o Use a stethoscope llltﬂ; to heart,sounds. Can you identify which valves

are making which so0rids?
¢ Based on an aVoragg of 72 beats per. minute, calcul;_te how many times
your heert beats,per year. :. * '
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" THE HEART

Rost+Test

L -

L Which of the following best describes the physical appearance of the heart?
' s ' v

A. round and solid

8. square:-and hollow ' ‘ '

C. - cone-shaped and hollow . ' .
D. trisngular and solid > '

2. Name the three major liycra of the heart.

-

, 4
3.  What layer of the heart cor‘mtalng‘the heart mugcle?
. ">" . L : \:‘;/ _‘. . RN
C . — A
. J
¢ / -~
- 4, The valve bofween the left atrium and left ventricle is the:
-7 'A. blcuspid (mitral) valve: - | N
' B. / tricuspid valve. - . :

« eortic ssmilunar valve. ’
D. pulmonary semilunar valve.

o
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- S.  Match the followi parts of the heart to the 6orrotpondlng letter. (Not all |
lettere will be used. ~ _ o , - SR

rd

. / Py
- - « /}.
- € /
F.
G. - ’
e ek - "
' t" » -
| J.
\ L 3
([ K.
’ : 4
) ag .E y ' . .
septum .
» tricuspid valve T - |
) . —— left ventricle . , ’
< Y ' ’A ; ) 2 .
, _— right atrium” ‘

. pulmonary semilunar valve

~ammassmdme ]'_ . < e
t . - N - 3 - ‘_"
. : - pulmq"\nry srtery . , . T
- L - L ;. - . \ N

3
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6.  What are the names of the four chgmbers of the humen heart?

'(1

! -

/ A
- A What is the name for the flow of blood from the hagrt to the lungs and back
& . tothe hu.rti’_ S —— _ — e
) SN
{

8. The sctive or pumping phase of heart action is also cslled:

‘ R . A. systole. ) . : ’
B. deoxygenation. .
C. homeostasis. .
O. disstole.

1

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

A. ventricles, ' ¢
B. septum. : ! - ’
C. sdnoatrial node.

D. valves.

N

10. The flow of blood from tha\}t ventricle to all parts of the body and than
buck to the heart is known ass

1 i A. systemic circulation. . ‘
' B. diastolic pressurs. : L !
S C. coronary circulation. o . N '
* " . D. blood transport. A

.
-
{ . §' ¢
1} . P *
. . . ) <
. : . . «
. 3 . .
hd [




e A
11.  The narmal resting heert r_nio of an adult Is petween:
A, 20+40 bests per minuts.

B. 40-60 beats per minute.

, : C. 60-80 beats per minute.
a ' D. -80-100 beats per minute.

5

<
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" BL.OOD VESSEL.S
R
Goals \ /

]

Upon complotlon of this module, you should be .blo tdz

1. ldontlfy and describe the structurss and functiom of nrtorlec,
cqpillu'loc, and valm.

2. ldentﬂ'y the maejor blood vessels of the body.

4

g Blood must flow through distinct channels 'in'order to travel from the hoart\\
to the body tissues and back again. These channels are provided by a network of
blood” els; called the vuﬁular system, which directs the flow of biood through
a one-waycircuit. The entire vescular system Is structured in a way -that enables
blood to circulate throughout the body, gnd to effect the exchange of materials,
without escaping from the system. There ars thres types of blood Vvessels in the

vascular system--arteries, capillaries, and veins--snd each hu difisrent functions
to fulﬂll. . .

D

)] u

~_ ARTERIES ‘ ;

£

Arteries function ss the channels which conduct the blood from the heart to
the tissoes. Arteries are constructed in three layers, called tynicas. The inner
layer (tunica intima) is smooth sand pliant. The middle layer (t i media), which
is the thickest layer In arteries, is made of musculsr or eslastic tissue. The
olutlclty ‘of the middle layer esnables the arteries to expsnd snd contract to

" ‘withstand the regular burst of blood sent out by each hesrtbeat. The outer layer

(tunica adventitia) is composed of connective tissus. The smallest arteries, calied
arterioles, lack the outer tunica; because they carry or contain only small amounts
ot blood, thoy fequire’only tho two inner layers.

" Most arteries carry oxygonatod blood from the hurt to the body«)
oxygenated-blood then flows ‘from the :major arteries through the arterioles and
into the’ capillaries, where exchenge with the body tissues takes placs.

! . ;
¢ . .
- e . ‘ . ‘. ﬁ
. r - : ‘ ‘ .

&
. .- '—;

RN
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.

Exceptions to this are the puimonary srteries, which Carry dtoxygomt-d bicod
from the heart to the iungs for oxygendtion. . ,

The major arteries begin with the EEE!{ which stems from the ieft ventricle
of the heart and erches upward befere curving down through the body. From the
srch of the sorts branch off the tid art which riee through the neck to
“supply the hesd with blood (the carotid arteries are :a good place to find a strong
pulse); the subclevian arteries also brench off from the arch of the arorta and they

in turn divide into the erteries supplying ‘the-chest. . The.arms snd hends ere

supplied by the %oﬂg, which stem from the subciavisne and branch into
the brachial arterjes In arms and the radial and % arteries in the forearms.
The descending eorta passes through the chest and ab d@ivhere it brenches off
into the major internal arteries, inciuding the renal bries to the kidneys.
Towerds the legs, the abdominal sorta splits into the two lllac arteries, which

descend into the legs to become the femoral:arteries. These in turn branch into
the arterial system of the iower iegs and the Test. . ~

CAPLLLARIES
~/

® Arteries deliver blood through the arterioles to the microscopic, thin-walied .

capillaries, which are found in all of the tissues of the body. Bescause they have
such e smiall diameter, the rate of bicod flow slows down considersbly in the
cepillaries--aimost to one cell at a time. This heips the capillaries fulfill their
function, which is to gerve s the area where blood, supplies nutrients and oxygen
to body cells and removes waste ‘materisls. Capillary walls are extrenvely thin and
ere composed of one layer of smooth. tissue that Is only one cell thick; this allows
the miaterials to seep in and out of the vessels. The capiliaries can be thought of
a8 the functional units of the vascular system--the vessels which serve. the
ultimate purpose of the entire circulatory system. -t :

VEINS

»

Biood isaving the capiilaries is drained (collected) by the v&nulog. These are
tiny veins which, like their counterparts the arterioles, have only two layers; they
drain into larger veins, which are constructed in thresé layers like the arteries.
Uniike the arteries, however, the middle iaysr of the vein walls is’ fairly thin; the
thickest layer is the outer covering of connective tissue. The larger veins have
one-way valves at regular intervals to keep the blood flowing toward the heart.



Veine carry the blopd returning fromi‘the caplllaries 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 velns do hot need the elssticity
of the. middle tunica es the erteries do.. They do, howevsr, need veives to keep the

2 now comparatively sluggish blood flowing toward the heart. Venous biood flow is
" also helped by body movement ss the muscles exert a massaging action on the
volm to help push blood back to the heart. , , -

Blood returning to the’heart through the veins has lost most of its' oxygen
through the capillaries to tho body tissues. Veins normally, carry deoxygenated
blood back to the heart,’ where it is pumped to the lungs' for oxygenation.
Exceptions to this ‘are the pulmonery volm, which carry oxygenated blood to the
heart from the lungn. . .

. There are two clnllflcltlom of veins. Tho doop veins are found next to and
nasmed similarly to the arteriess the subclavian yeins, axillgry veins, renal, iliac,
and femoral veins, snd o on. (Blood Trom the head, howesver, s ecte by the
jugular. volm.s tho veins drein the same areas supplied by the correspanding
srteries. The superficial veins are cloger-to the skin than the arteriest in the
‘legs, they are the ssphenous veins, ‘and in the arms, the ¢ gghau c and dorul velm.
Thou are the veins that you can see. , oot

,é
t, The: large veins that flow into thé right atrium of the heart form the
‘ superior vena cava, which drains the upper portion of the body, and the inferior
©© Yena cavs, which drains the -sbhdomen and legs. Blood flowing into the heart from
the venae cavas has completed the circuit of the vucular system.

R

Figure d (see page 28) shows tha atructure of each of the three types of
« blood veseels.

N
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o Use & diagram of the vascular system to locate the major arteries and

Optional Activitles - ' - : . ~

e If you get a chance to see blood being drawn, can you tell whether It is ~
arterial or venouws? How? ‘

e Why does standing upright without moving for long periods of time tend to
make people faint? Why does elevating the legs of a person: who has
fainted help the person recover? How could fainting be preverited by
people who must stand up all day? '

-

veins of the body. . &
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. BLOOD YESSELS

Poet;Test

. : Co . . _
1.  Which of the following is NOT a part of the vascular system?
A. veire '
8. capilleried

C. lungs .
- . - p srteries o . Lo

. 2. How meny layers make up the wallg of the lai'qq veins and arteries?

4]

3. The veins usually carryi

A, - interstitlal fluid.
B. oxygen and nutrients.
, C. cerebrospinal fluid.
N < D. deoxygenated blood. : 28

!

- & . The exchungs of gases, nutrients, and wastes between the blood and the
tlnuu takes place in what type of blood vessel?

4

5.  What is the riarne of the vonol that carries blood from the rlqht ventricle to
the lunqo?

<+ .
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6.  The only veine that carry de blood to the heart are the: - !
, A, s ous veine.
B. "subclavien veine. . .
. .C. renal velne. - T
) _ . D. pulmonary velne. '

. 7. The two large veina which collect all of the blood returning to the heert snd
g transport it to the right atrium are called the:

.
—

A. vense cavae.

B. illecs.
C. hepatics.
" D. femorals. -

- -

8. Which of the following collects blood returnirig from the. head to the heart?
: ) _ - ]

A.
B. jugular velns
C. carotld arteries
O. axillary veine

radial erteries . »

-~




THE LYMPHATIC SYSTEM

Goals

Upon éomplotlon of this module, you should be able tot |

1. ldentify the structures of the lymphatic syaterri.

2. l_dmtl:fy and describe the functions of the iymphatic system.

Although not directly powered by the action of the heart, the lymphatic
system is a part of the body's ctrculatory system and is closely ilnked to it in
several ways. First, it resembles the systemic circulatory system in that it, too,
is made.up of a network of vessels through which a blood-like fluld 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 pipss wsed to deliver water to different parts of a city. Some
water systems include filtering plentsz the water is diverted through a fjjter
where it is purified, then returned to the main system. In reldtion to the éntire
circulatory system, the lymphatic system scts as a filtering plant: it purifies the
blood through a complex filtering process and returns it to the main circulatory
system.. . : R : .

Lymph contains everything found in blood except the erythrocytes and the
platelets; or, tq put it another way, lymph ls compossd of blood plasma and
leukpcytes. (Actually, there are slight diffgrences betwesn plasma and lymph,"
mostly In thé types and concentrations of proteins.) Plasma filters out of the
capillaries Into the spaces between body cells, where it becomes lntarstlglnl fluid.
Some of this fluld returne to the capillaries, but most of it ns Into the
lymphatic capillaries; once there, it is called lymph. - : ’

.. Lymphatic capillaries are ideal collecting tubes because the lymph can pass
through them much more essily than through the capillariés which transport
blood. Because they are draining vessels rather than vessels of circulation, the
lymphatic capillaries come to a "dead end" in the body tissues. However, they

34



drein into larger lymph vessels or lxm%Ftlcor which In turn drain into still 4erger
lymphatics. I'Lco vessels have many valves in tham to direct the flow of lymph

- towards its end: the thor!ﬁlc gggip.th- body's largest lymphatic, which drains into
the left subclavian veln In neck. In this way the lymphatic system collects snd
returne the lymph to the bloodetream. . S *

I’ draining tissuss, the lymph must flow through small oval or roundish
structures called lymph nodes.’ The tymph nodes are.:strung llke hollow beads in -
clusters _along the lymphatics,” and- are found throughout the body. They are
espacially rich In white blood cells, which- help. the lymphatic system fulfill its
function in the body. The body fiuide, interstitial. fluid end plasms, snter the
lymphatic system and fliter throygh the lymph nodes. Here the white blood cells
. engulf and destroy unBesirable microorganisms ot particles, such as bacteria, bits -
af pollution, or cencerous cells. The: fluid (now called lymph) then drains back into
the circulatory system without these undesirable elements, which could cauee a
great deal of herm if circulated through the body. Thus the lymphgtic system acts
ss the collector and purifier of the blood. . !

. . . « . "{‘. #‘ .ﬁxr;‘;g\ o
- Lymph riodes also produce leukocytes, as do other organs ﬁ*’t bckly, such as
the spleen and tonsils. The tonsils are actualiy three pairs of organs, 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 splesn is a red, oval organ situated behind and to the ieft of ‘the
‘ ' stomach. It has two main functions: ilke the_tonsils, the spleen produces white
biood cells and sends them into circulation. It is also the place where old red
blood cells are destroyed and removed from the bloodstrearn.

Optional Activities o B

-

e View live upbebu under a microscope; aobserve how they mo{m snd how
they ingest théir food. Compai® their actions to white blood cell actions.

e Have you had your tonsils removed? Find out and discuss the reasons why -
80 many people have their, tonsils taken out. ‘

~ ‘@ Try t6 complete the word maze on the following page. ‘It uses some of the .
terms that you learned in this unit.'

¥

. /
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WORD MAZE
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Find the following terms in this maze by circli

{

ng the words. They may appeer
N

y vertically, horizontally, or dlagonally.

frontwards or backwards

leukocyte

septum

ctpll!lry

vena cava
venule

lymph nodes

cardium

stole

~ plasma

Rh system

erythrocyte
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2.

A,
B.
c.
0.

THE LYMPHATIC SYSTEM

'Lymph Is composed of:"

blood and bacteria.

" Post-Test

interstitial fluid and erythrocytes.

lymphatics and capillaries.

plasma and lsukocytes., .

bacteria are called

‘. B.

A.

C.
D.

A.

B.

C.

.Do

N

thorscic duct. g

‘subclavisn veir. .

lymphatic capillery.
thymus.

\1}’1

- The organs of the lymphatic s

The largest lymphatic in the body Is the;

produc?land coficentrate proteins.
retyrn fluide to the biSodstream.
repair damaged capillaries.
create interstitial fluid.

An important function of the lymphatic system is to:

ystem which filter the lymph and destroy

V?

.‘-‘.
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.

Along with lymph nodes, whlt two organs of the lymphntlc system produco
white blood colla? \

.:9
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GLOSSARY - .

' ABO tto one of the mnjor blood-typing ayotems.
;cTa allncox the balance betwesn acids snd bases within body tissues.
. - ant E ﬂ 1 proteins carried in the plasma.
. &t%gg%'protqlm carried on red bload cells. .
| . sortas great artery leading out of the left ventricle of the heart.
arteriole: a smatl artery."
tery: -a large blood vessel which carries blood awny from the hnrt.
atrioventricular node: e mass of conducting tissue near the base of the right
atrium.
L atrioventritular valve: a valve between an atrium and a ventrlclo.
atrium (pl. atrh): one of the two amall, upper chambers of the heart.

v

L3

blcuapld (mitral) valve: the lof;: atrioventricular valve.

-capillary: a micrescopic blood véssel or lymphatic.
. coronary circulations- the flow of blood to and from the heart muscle.

deoxygenated blood: blood wlth most of its oxygen removed.
. cﬁutolez the rol.xatlon phua of heart activity.

2]

oy vb s »
endocardlum: tho inner lnyer of heart tissue. .
. erymytez a red blood cell,
. ¥

formed olémantu the cells and cell-like components of blood.

«-

hemog gp_! nt the lron-contalnlng component of red blood cells that binds

with oxygen.
homeostasis: the stato of normal bnlance of body functlons.

. . -+ ., e ! »
- ‘_ . p
.Jugular veins: large veins in the neck which drain blood from the head.

N .
\ - 4

P }nuk yte: a white blood cell. '
- lymph: blood without red blood ceus or platolets; the fluid of the lymphatlc

.~ system. - . C e
. lymphatics: vessels which carry. lymph )
" . lymph no " masses of tissue along lymphatics which filter lymph.-
. X X . \ . ‘ , | ) ,
» 39 D




, .
myocerdium: heart muscle, the middle of the three layers of the heart.

glrlogdlg_t!\: the outer covering or membrane that surrounds the heart.
phegocytosis: engulfing of particles by cells.

lasme: the liquid portion of the blood. ' /

atelets: ohe of the formed elements; the carry ciotting factors.

ulmon arteries: tho vessels that carry blood from the right ventrlcla to the
iunga. :

pulmonary clrcqlutlom tho flow of blood from the heart to the lungs and back to the

heart.

- pulmenary veinst the vessels that carry blood from the lungs to the heart.

e

Rh.system: one of the major blood-typing systems.

semilunar velve: a vdvo at the bess of a grut artory (mortic or- pulmonary) of the

i‘mq b

septum: a wall of tissue ssparating the ventricles. Q

sinoatrial node: a mass of tissue which‘icts as the heart's pacemaker.
[t p—ay, <—ati—

an organ of the lymphatic system, located bshing the stomach.

pieen
~ systemig circulation: the flow. of blood from the heart to the body tissues and back

to the heart.

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

tonsi

Is: organe of the lymphatic system, located or}bo/ sides of the throat at the .
ack of the mouth. '

c&g%gvalvox the right gtrioventricular valve.
ica

pl. tunicae): one of ‘the layers of blood veueln.

- ' Lo _ -

[

_l_g_;ul emt the system of blood vessels. . 2 P
veint a u'go Elood vessel which carries blood toward the heart. L
venee cavee: the great veins that carry blood to the right atrium of tho .

venti
venui

art.
riclet one of the two large, lower chambers of the heart.
venule: a small vein. .

~
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ANSWERS TO THE PRETEST
GQuestion | | T Cormt%hepoﬁu
N

1 C
2 blood
3 8

i\ 4 D
5 pump blood (beat)
6 D
7 : - o right ventricle
8 < i r A
9 ~ - B

~ N : ' *
10 ¥ ‘ C -
A A
o - §
(] ’ :
- -
. :
V 4i
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INTRODUCTION

These instructional modular units have been.developed for the Pennsylvania

.Dcpartment of Education for use in vocatjonal edlication rograms. They were

designed on the sssumptigly that a basic understanding of human anatomy and
physiology is essential to dhy. person preparing to enter a heulth care occupation
such es practical nursing, nursing assistant, madical assistant, emergency
medical technicien, or dental assistant. Each of these modular units will cover

the most important sspects of one of the major systems of the human body. In

the first four units the following systems will be covered: circulatory system,

roapln'tory system, muscuioskeletal system, and digestive system. .

This Instructor's Guide is designed to provide suggestions to yoy on how to
use a modular unit most effectively in your instruction. These recommendations,
however, do not represent the only way to use these units: you may be able to
devise more beneficial grea for the materials.

————t

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 for
the students, and a glossary of terms used in the unit. Each of.these components

hes a specific purposs and Is organized in a specific way, as will be explained in
the following sactions. - , .

L4

Pretest | | : ' '

'-t, ' a1

After reading the preface, which is simply an introduction to these
instructional unity, a student working through a modular unit should first take the
pretest. Ag its name implies, this test is designed to be taken by the student
before be [
twofold: (1) to stimulate interest in the .modular unit by giving the student a
preview of the topics covered, and (2) to provide' a means of self-diagnosis so the
student may identify, bassd on performance on the pretest, those areas of the

ginning work on the miaterials contained in the unit. Its purpose is

e
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moduier unit which may require special attention snd extra effort on the part of
the student. . After selecting an snewer to each of the pretest questions, the
student should turn to the back of the modular unit snd check the correct
snewers. If the student answers Incorrectly on a number of questions dealing
with a particular subject, then the student should pay cioser attention to the
module on that subject.

-

7

Instructionai Moduies

This moduler unit is composed of five separate but closeiy reiated moduies,
inciuding: 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 lnstructionsl
modules. For the student's~benefit, each module begins with a statement of the
goals, or objectives, that a student shouid have mastered upon completion of that
particular moduie. The levei of achjevement of these goais is measured by the
student's performance on the corresponding post-test. The ianguage ievel 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 circuiatory system. '

Optional Activitjes

Foliowing many modules are optional activities intended to provide the
student with an opportunity to pursue the content of the moduie at a more
in-depth level. Maeny 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
choose to provide further information to the students by teaching a brief unit on
the common disordera, of the circulatory system. Discussion of these disorders
has not been included in the texts because a basic .knowledge of the 'proper
structure and. function of the human body.in a healthy indlvidual seems more

appropriate for the purposes of an introductory program. If you do chobse to.

discuss common disorders, the unost effective -approach may be gne 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

properly. "

You may also wish to provide students.. with the names of books or articies

as suggested readings to further their understanding of a particular area,

e v p————— e L e
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. Glossary
Y . N \ ’
' After the last .of the modules in the unit is a glossary. This s 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 sre 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 glossary. Some
~ of these particular terms have been used In the module because they are
. essentiaWbut 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
jbofore taking the post-tests,

Post-Tests \

The post-testy are the final d@ssessmment. of a student's underst anding 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
actlvities, and has reviewed the vocabulary in the glossary, the student.should

take the post-test that follows the module.

<

[

- ' ~ SCORING THE POST-TESTS .

«

As previdusly mentioned, the purpose of.the post-tests is to measure
whether or not a student has mastered the objectives (goals) stated at the.
beginhing of each module. Due to the differing lengths of the post-tests, the
-veriety of ways in which teachers may *Eﬁ&ag'to utilize these modules, and
, discrepancies among students' previous exposure\to the subject matter, it is not
practical to set a.standard cut-off score 6n each f the tests that would indicate
mastery of the objectives. Rather, teachers are asked to use theyr professional
judgment In individual .casés to determine if a student's performance on a
post-test indicates that he or she has mastered the objectives stated for that
module. In making this determination, you should consider at least all of the

. following factors:
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(1) How long is each post-test?

(2)  How much information is included in each module and how complex Is
the information, relative to other modules?

(3)  Has the student been exposed to the kind of curricular material

before? That is, has the student been taught the basics of this system
of the body before? ' T

(4)  Should the entire class be required to schieve s certain score in order
to pass, or should each student be considered individually? (This
depends on how. and with whom You use-this module as inat.ructlonat‘:{'

material.) _ o .

(5)  Should the student be - graded pass/fail on each post-test--i.e., on
mastery of each module--or on the unit as a whole?
» ' -

13

. To facilitate the scoring of post-tests, each student will record his or her
- answers to all the post-tests on one separate shest of paper. You should mark
. each answer correct or incorrect, then give the student a "pass' or "fail" on each

- module, or on the unit as a whole. - . )

Becamwmject matter, responses to .open-ended questions may vgry
slightly from t listed below, but these responses may also be acceptable.

' Agein, in these cases instructors are asked 'to use their professional judgment to .

- determine if a response is correct.
A ] . o

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

‘\
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ANSWERS TO THE CIRCLLATORY SYSTEM POST-TESTS

L

’

Module/Question

‘ lntroduétioﬁ to the

Circulatory System:

W &N -

The Blood:

&

— b st
IO VD dOWVE W

-

)
The Heart:

|

2
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Correct Response

0Qo0>» @

C

A
platelets
A .

B

(D)

D

‘hormones, enzymes

8 :
ABO, Rh
B .

- C

-

~ pericardium, myocardium,
"endocardium

myocardium
L)

.
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' Module/Question Correct Response \(
-4 ' A
S . K- iopttim ‘)
C -- tricuspld valve
-J -~ left ventricle .
8 -- right atrium
.7/ ' A -- pulmonery semilunar valve
- ' E -- sorta
D F — pulmonary artery
6 left atrium, right atrium, '
. left ventricle, right vontriclg
7 pulmonary circulation B
8 A
9 C
10 A
. 11 C
' \
‘ A J
Blood Vesaelagﬂ
1 S C
2 ' three L
3 \ O .
4 capillaries
b) pulmonary artery
6 D ' .
7 A ) - -
8 .

8 _ o i

- . The Lympha%?otom: ‘ ‘ \;,_,_/ - :

o

1 D
. 2 (lymph) nodes !
3 A '
4 B
5

tonsils, spleen




