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DEVELOPMENT

This subcourse reflects the current thought of the Academy of Health Sciences and
conforms to printed Department of the Army doctrine as closely as currently possible.
Development and progress render such doctrine continuously subject to change.

When used in this publication, words such as "he,"” "him," "his," and "men" are intended
to include both the masculine and feminine genders, unless specifically stated
otherwise or when obvious in context.

ADMINISTRATION

Students who desire credit hours for this correspondence subcourse must meet
eligibility requirements and must enroll through the Nonresident Instruction Branch of
the U.S. Army Medical Department Center and School (AMEDDCA&S).

Application for enrollment should be made at the Internet website:
http://www.atrrs.army.mil. You can access the course catalog in the upper right corner.
Enter School Code 555 for medical correspondence courses. Copy down the course
number and title. To apply for enroliment, return to the main ATRRS screen and scroll
down the right side for ATRRS Channels. Click on SELF DEVELOPMENT to open the
application and then follow the on screen instructions.

In general, eligible personnel include enlisted personnel of all components of the U.S.
Army who hold an AMEDD MOS or MOS 18D. Officer personnel, members of other
branches of the Armed Forces, and civilian employees will be considered eligible based
upon their AOC, NEC, AFSC or Job Series which will verify job relevance. Applicants
who wish to be considered for a waiver should submit justification to the Nonresident
Instruction Branch at e-mail address: accp@amedd.army.mil.

For comments or questions regarding enroliment, student records, or shipments,
contact the Nonresident Instruction Branch at DSN 471-5877, commercial (210) 221-
5877, toll-free 1-800-344-2380; fax: 210-221-4012 or DSN 471-4012, e-mail
accp@amedd.army.mil, or write to:

NONRESIDENT INSTRUCTION BRANCH
AMEDDC&S

ATTN: MCCS-HSN
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CORRESPONDENCE COURSE OF THE
U.S. ARMY MEDICAL DEPARTMENT CENTER AND SCHOOL

SUBCOURSE MDO0007
BASIC HUMAN PHYSIOLOGY
INTRODUCTION

In this subcourse, you will study basic human physiology. Anatomy is the study
of body structure. Physiology is the study of body functions, particularly at the cellular
level. Anatomy and physiology are two subject matter areas that are vitally important to
most medical MOSs. Do your best to achieve the objectives of this subcourse. As a
result, you will be better able to perform your job or medical MOS.
Subcourse Components:
This subcourse consists of 14 lessons and an examination. The lessons are:

Lesson 1, Introduction to Basic Human Physiology.

Lesson 2, Physiology of Cells and Miscellaneous Tissues.

Lesson 3, Envelopes of the Body.

Lesson 4, The Skeletal System.

Lesson 5, Physiology and Actions of Muscles.

Lesson 6, The Human Digestive System.

Lesson 7, The Human Respiratory System and Breathing.

Lesson 8, The Human Urinary System.

Lesson 9, The Human Reproductive (Genital) System.

Lesson 10, Cardiovascular and Other Circulatory Systems of the Human Body.

Lesson 11, The Human Endocrine System.

Lesson 12, The Human Nervous System.

Lesson 13, The Special Senses.

Lesson 14, Some Elementary Human Genetics.
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Credit Awarded:

Upon successful completion of this subcourse, you will be awarded 26 credit
hours.

Material Furnished:

In addition to this subcourse booklet, you are furnished an examination answer
sheet and an envelope. Answer sheets are not provided for individual lessons in this
subcourse because you are to grade your own lessons. Exercises and solutions for all
lessons are contained in this booklet.

You must furnish a #2 pencil to be used when marking the examination answer
sheet.

Procedures for Subcourse completion:

You are encouraged to complete the subcourse lesson by lesson. When you have
completed all of the lessons to your satisfaction, fill out the examination answer sheet
and mail it to the AMEDDC&S along with the Student Comment Sheet in the envelope
provided. Be sure that your name, rank, social security number, and address is on all
correspondence sent to the AMEDDC&S. You will be notified by return mail of the
examination results. Your grade on the examination will be your rating for the
subcourse.

Study Suggestions:
Here are some suggestions that may help you complete this subcourse:
Read and study each lesson assignment carefully.
After reading and studying the first lesson assignment, work the lesson exercises
for the first lesson, marking your answers in the lesson booklet. Refer to the text
material as needed.
When you have completed the exercises to your satisfaction, compare your
answers with the solution sheet located at the end of the lesson. Reread the

referenced material for any questions answered incorrectly.

After you have successfully completed one lesson, go to the next lesson and
repeat the above procedures.

When you have completed all of the lessons, complete the examination. Reread
the subcourse material as needed. We suggest that you mark your answers in the
subcourse booklet. When you have completed the examination items to your
satisfaction, transfer your responses to the examination answer sheet.
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Student Comment Sheet:
Provide us with your suggestions and comments by filling out the Student

Comment Sheet found at the back of this booklet and returning it to us with your
examination answer sheet.
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LESSON ASSIGNMENT

LESSON 1 Introduction to Basic Human Physiology.
LESSON ASSIGNMENT Paragraphs 1-1 through 1-10.
LESSON OBJECTIVES After completing this lesson, you should be able to:

1-1. Define physiology.

1-2. Describe the levels of function and the
relationship between structure and function in
the human body.

1-3. Identify the effects of fundamental laws,
concepts, and forces of the Universe.

1-4. Identify processes which distinguish living from
nonliving objects.

1-5. Match three somatotypes with their
descriptions.

1-6. Identify general body functions and their
descriptions.

1-7. ldentify fundamental processes for providing
energy to human beings.

SUGGESTION After completing the assignment, complete the

exercises at the end of this lesson. These exercises
will help you to achieve the lesson objectives.
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LESSON 1

INTRODUCTION TO BASIC HUMAN PHYSIOLOGY

1-1. DEFINITION

Physiology is the study of the functions of the body at the cellular level.
1-2. LEVELS OF FUNCTION

Function in the human body occurs at three general levels:

a. Molecular. The basic functional entity is the molecule. The structure and
interaction of the molecules of the body is the subject of the science of biochemistry.

b. Cellular. The individual cell is the basis of the structure and function of the
human body. The individual human body consists of great numbers of these cells
working together as a total organism. Groups of like cells performing a common
function are called tissues. Different tissues collected together form individual organs.
Groups of organs performing an overall function are called organ systems, for example,
the digestive system, the respiratory system, etc. When these systems are together in
a single individual, we refer to that individual as an organism. The cellular level of
function is the primary subject matter of physiology.

c. Regional. Here, individual parts of the human body (made up of specific
organs) perform activities as a unit. For example, the hand serves as a grasping,
tool-holding apparatus. The study of this level of function is called functional anatomy.

1-3. INTERRELATIONSHIPS

There is an inseparable relationship between structure and function in the human
body. Every structure is designed to perform a particular function or functions.
Likewise, every function has structures designed to perform it.

1-4. LAWS OF NATURE

The Universe has a fundamental order. The Universe is governed by discrete
and precise laws of nature. These laws are universal, unchangeable, and omnipresent.
The human organism is ultimately controlled by these laws. The organic body of the
human being is essentially operated by the laws of physics and chemistry.

a. Gravitational Force and Mass.

(1) Gravitational force. As you stand upon the surface of the Earth, your
body and its parts experience the force called gravity. The measure of this force is
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called weight. Gravity is one type of gravitational force, a force which attracts all
particles and bodies to each other. Gravity acts upon your body during every instant of
your life.

(2) Mass. If you were standing on the surface of the Moon, you would weigh
1/6 of your weight on Earth, but your mass would remain the same. Mass is an intrinsic
property of a particle or object that determines its response to a given force. In a given
location, the weight of an object depends upon its mass.

b. Space and Time. Each individual occupies a certain amount of space. We
exist over a span of time. During the passage of time, we change--from an infant, to a
child, to an adult, to an adult of advanced age.

c. Physical States of Matter. The matter around and in us exists in several
states. These various states generally reflect the closeness of the molecules that make
up the matter.

(1) Solid. The most compact organization is the solid, which retains its
specific form and shape.

(2) Liquid. Liguids tend to flow but still stay together.

(3) Gas. Gases also flow but are widely spread and will readily dissipate in
many directions.

d. Pressure Gradients. Substances that flow (gases and liquids) flow in very
specific directions. They flow from an area of higher pressure or concentration to an
area of lower pressure or concentration as long as the two areas are freely
interconnected. The difference in pressures of two interconnected areas is called a
pressure gradient. When plotted on graph paper, it is in the form of a slope. The
greater the difference, the steeper is the slope and the faster the material flows.

1-5. MECHANICS/BIOMECHANICS

Machines are devices that do work. The different kinds of machines and their
modes of action are the study of applied mechanics. The human body, as already
stated, conforms in its structural organization to the laws of physics. The body uses
several different kinds of machines, such as levers, pulleys, and valves, in its operation.
We refer to these operations as biomechanics.

1-6. LIFE PROCESSES

The planet upon which we live is composed of inanimate (nonliving) materials
such as minerals, water, etc. Living organisms reside upon or in this mass of nonliving
material. You can distinguish living from nonliving material by the fact that living
material carries on a series of functions known as the life processes. A living thing
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takes in substances, grows, moves, is irritable, and reproduces. Often, it is difficult to
distinguish between living and nonliving materials. But in the ultimate analysis only
living materials perform all of these functions.

1-7. VARIATIONS AMONG HUMAN ORGANISMS

The human organism is known scientifically as Homo sapiens, meaning the
intelligent human being. There is a more or less common form for human beings. This
common form includes one head, two upper members, two lower members, etc., but
there are no two individuals exactly alike in detail. (This even includes identical twins.
One tends to be left-oriented and the other right-oriented.) As a result, there is a
tremendous variation among humans which has been further complicated by selection
and propagation of specific traits by humans themselves.

1-8. SOMATOTYPES

Given the variations among human organisms, various methods of categorization
have been established to achieve some common order. The method we will use is
referred to as somatotyping. See Figure 1-1.

A. B.

C.
ECTOMORPH MESOMORPH ENDOMORPH

Figure 1-1. Human somatotypes.
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a. In this method, human beings are categorized into three different groups:
(1) Ectomorphs, who tend to be thin-bodied individuals.
(2) Endomorphs, who tend to be broad-bodied individuals.
(3) Mesomorphs, who have a body form between the other two.

b. It has been demonstrated that there are significant differences among human
beings in these categories. These differences exist not only in body form but also in
internal anatomy of structures and susceptibility to diseases.

1-9. GENERAL BODY FUNCTIONS
The living human being performs many functions as a part of daily life.

a. Nutrition. The body takes in materials for energy, growth, and repair. Since
the body cannot produce its own energy, it must continually take in foods to supply that
energy to carry on the life processes. This food also provides materials for growth and
repair of the cells and tissues.

b. Motion and Locomotion. Being an erect, standing organism, the body
requires special supporting structures. At the same time, it needs a mechanical
arrangement to allow the parts to move (motion) and to move from place to place
(locomotion).

c. Reproduction. For the species to continue, there must be reproduction, the
formation of new human beings belonging to subsequent generations.

d. Control. All of this activity is controlled by three major systems of the
body--heredity/environment, hormones, and the nervous system. Hormones provide a
chemical control system. The nervous system works much like circuitry in a computer.
In the final analysis, however, all of the structures and functions of the body are
determined by special units called genes, the study of which is genetics and the
transmission of which is heredity. Heredity determines the potential range of an
organism's characteristics. The environment determines which potential characteristics
are developed and to what degree.

1-10. ENERGY

As we have previously mentioned, energy is required to carry on the life
processes of each individual human being.

a. One of the laws of nature is conservation of energy. This means that energy
cannot be created or destroyed but only transformed. For example, electricity can be
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transformed into heat. The human body cannot produce energy on its own and must,
therefore, continuously take in a fresh supply of energy.

b. Except for a few special situations, all of the energy for living matter on Earth
is received from the Sun through solar radiation. Green plants trap and bind this solar
energy in molecules of glucose by the process of photosynthesis.

c. Humans take this glucose into their bodies directly by eating green plants or
indirectly by eating the flesh of plant-eating animals. The human body releases the
trapped energy from glucose by a process known as metabolic oxidation.

d. The released energy is used to form the compound ATP (adenosine triphos-
phate) from ADP (adenosine diphosphate). ATP is like a charged battery; the
"discharged battery" is called ADP. Molecules of ATP are present in all of the living
cells of the body. Within each cell, molecules of ATP are "discharged" to release a
large quantity of energy to drive the various life processes. Through further metabolic
oxidation, the resulting ADP molecules are "recharged” to form ATP molecules once
again.

Continue with Exercises
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EXERCISES, LESSON 1

REQUIREMENT. The following exercises are to be answered by completing each
incomplete statement.

After you have completed all the exercises, turn to "Solutions to Exercises" at the
end of the lesson, and check your answers.

1. Physiology is the study of the s of the body at the level.

2. Function in the human body occurs at three general levels:

m , C ,and r . A science related to the first level
isb y. The second level is studied in p y. The third level is
studied in f a

3. Every structure is designed to perform a particular . Every function has

s designed to perform it.

4. As you stand upon the surface of the Earth, your body and its parts experience the
forces called . The measure of this force is called

If you were standing on the surface of the Moon, you would weigh much less, but
your would remain the same.

Matter which retains its specific form and shape is a . Matter which
flows but stays together is a . Matter which flows and dissipates in many
directions is a

5. Aslong as two areas are freely interconnected, a substance flows from an area
where its pressure or concentration is (higher) (lower) to an area where its pressure or
concentration is (higher) (lower). The difference in pressure between the two areas is
the

6. A living thing S substances, g s, m S,
ISi e,andr S.

7. [Ectomorphs are -bodied individuals. Endomorphs are -bodied
individuals. A body form between the other two consists of the S.
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8. Important general body functions include n for e , g

andr ;m and | o r ;and ¢ .
Three important control systems are h le , h s, and the
n system. The potential range of an organism's characteristics is determined
by h . The extent to which these potential characteristics are developed

is determined by the e

9. Solar energy is first trapped on Earth by s in the process of

p is. The molecules of g are consumed directly or
indirectly by humans. Within the human body, the trapped energy is released by the
process of m . The released energy is used to form

(ATP) (ADP) from (ATP) (ADP)

Check Your Answers on Next Page
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SOLUTIONS TO EXERCISES, LESSON 1

1. Physiology is the study of the functions of the body at the cellular level. (para 1-1)

2. Function in the human body occurs at three general levels: molecular, cellular, and
regional. A science related to the first level is biochemistry. The second level is
studied in physiology. The third level is studied in functional anatomy. (para 1-2)

3. Every structure is designed to perform a particular function. Every function has
structures designed to perform it. (para 1-3)

4. As you stand upon the surface of the Earth, your body and its parts experience the
forces called gravity. The measure of this force is called weight.

If you were standing on the surface of the Moon, you would weigh much less, but
your mass would remain the same.

Matter which retains its specific form and shape is a solid. Matter which flows but
stays together is a liquid. Matter which flows and dissipates in many directions is a
gas. (para 1l-4athruc)

5. Aslong as two areas are freely interconnected, a substance flows from an area
where its pressure or concentration is higher to an area where its pressure or
concentration is lower. The difference in pressure between the two areas is the
pressure gradient. (para 1-4d)

6. A living thing takes in substances, grows, moves, is irritable, and reproduces.
(para 1-6)

7. Ectomorphs are thin-bodied individuals. Endomorphs are broad- bodied
individuals. A body form between the other two consists of the mesomorphs.
(para 1-8)

8. Important general body functions include nutrition for energy, growth, and repair;
motion and locomotion; reproduction; and control. Three important control systems
are heredity/ environment, hormones, and the nervous system. The potential range
of an organism's characteristics is determined by heredity. The extent to which
these potential characteristics are developed is determined by the environment.
(para 1-9)

9. Solar energy is the first trapped on Earth by plants in the process of photosynthesis.
The molecules of glucose are consumed directly or indirectly by humans. Within
the human body, the trapped energy is released by the process of metabolic
oxidation. The released energy is used to form ATP from ADP. (para 1-10)

End of Lesson 1
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LESSON 2

LESSON ASSIGNMENT

LESSON OBJECTIVES

SUGGESTION

MDO007

LESSON ASSIGNMENT

Physiology of Cells and Miscellaneous Tissues.

Paragraphs 2-1 through 2-35.

After completing this lesson, you should be able to:

2-1.

2-2.

2-5.

2-6.

2-7.

2-9.

Match the major components of a "typical”
animal cell with their functions.

Identify important functions of ATP and ADP.

Match the names of the fluid compartments with
their descriptions.

Identify a general requirement for electrolytes,
and match terms related to tonicity with their
descriptions.

Identify functions and characteristics of water.

Identify examples of homeostasis and feedback
mechanisms.

Match terms related to the movement of
materials into and out of cells with their
descriptions or examples.

Match terms related to membrane potentials,
cell growth, and cell multiplication with their
descriptions.

Match types of tissues with their characteristics.

After completing the assignment, complete the
exercises at the end of this lesson. These exercises
will help you to achieve the lesson objectives.
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LESSON 2

PHYSIOLOGY OF CELLS AND
MISCELLANEOUS TISSUES

Section |. CELLS

2-1. THE CELLULAR LEVEL

a. The individual cell is the unit of structure of all living things. An entire
organism may consist of a single cell (unicellular) or many cells (multicellular).

b. In human beings and other multicellular organisms, the cells tend to be
organized in specific ways. A group of like cells performing a particular function is
referred to as a tissue. An organ is a discrete structure composed of several different
tissues together. An organ system is a group of organs together performing an overall
function. (An example of an organ system is the digestive system.) The individual
organism is the combination of all of these things as a discrete and separate entity.

c. Although all living matter is composed of cells, animal cells and plant cells are
significantly different from each other. Not only do plant cells contain chlorophyll, a
green coloring matter; plant cells also have a cell wall around them which is made up of
a very complex carbohydrate known as cellulose. Neither chlorophyll nor a cell wall is
present in connection with animal cells.

2-2. THE MAJOR COMPONENTS OF A "TYPICAL" ANIMAL CELL
A "typical" animal cell is illustrated in Figure 2-1.

a. Cell Membrane. As its outer boundary, the animal cell has a special structure
called the cell or plasma membrane. All of the substances that enter or leave the cell
must in some way pass through this membrane.

b. Protoplasm. The major substance of the cell is known as protoplasm. Itis a
combination of water and a variety of materials dissolved in the water. Outside the cell
nucleus (see below), protoplasm is called cytoplasm. Inside the cell nucleus,
protoplasm is called nucleoplasm.

c. Organelles. Within the cytoplasm, certain structures are called organelles.
These organelles include structures such as the endoplasmic reticulum, ribosomes,
various kinds of vacuoles, the Golgi apparatus, mitochondria, and centrioles.

(1) The endoplasmic reticulum resembles a circulatory system for the
individual cell. It is a network composed of unit (single-thickness) membranes.
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CELL MEMBRANE

CYTOPLASM
RIBOSOMES

GOLGI
APPARATUS

) \ - Yod .- CENTRIOLES

NUCLEUS
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~ ENDOPLASMIC
RETICULUM

VACUOLE

MITOCHONDRION LYSOSOME

Figure 2-1. A “typical” animal cell.

(2) The ribosomes are granular particles concerned with protein synthesis.
They may be found free, clustered, or attached to the endoplasmic reticulum.

(3) The vacuoles are small spaces or cavities within the cytoplasm. These
serve functions at the cellular level such as digestion, respiration, excretion, and
storage.

(4) The Golgi complex is a portion of the endoplasmic reticulum that aids in
the final preparation of certain proteins and mucus-like substances and in the
movement of these substances. It is best-developed in secretory cells.

(5) The mitochondria are the "powerhouses" of the cell. They "recharge”
ADP molecules to form ATP molecules.

(6) There are ordinarily two centrioles. These organelles play a major role in
cell division.
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d. Nucleus. Within the cell is the nucleus. This structure has a nuclear
membrane separating it from the cytoplasm. Within the nucleus is the chromatin
material, made up of the protein deoxyribonucleic acid (DNA). At the time of cell
division, this chromatin material is aggregated into individual structures known as
chromosomes. Each chromosome has a set of specific genes, which determine all of
the physical and chemical characteristics of the body, which represent its structure and
function.

2-3. ENERGY

a. We mentioned in lesson 1 that the human body depended upon external
sources for energy. Plants use solar radiation to make glucose and other nutrients.
The human body takes glucose and other nutrients directly or indirectly from plants.
The body receives oxygen from the air. The energy that was once derived by plants
from solar radiation is released within human cells by the process of metabolic
oxidation. This involves the combination of glucose and other nutrients with oxygen,
releasing the stored energy.

b. The mitochondria of the cells use this released energy to form ATP molecules
from ADP molecules. Adenosine diphosphate is converted to ATP by the addition of a
"part of a molecule” called a phosphate radical. The binding of this phosphate radical
requires a large quantity of energy, which can be released later when the phosphate
radical is separated off. Adenosine triphosphate provides energy for cellular processes
such as active transport of substances across membranes, synthesis of chemical
compounds for the body, and mechanical work (such as muscle contraction). When an
Adenosine triphosphate molecule provides energy for such a process, it loses a
phosphate radical and becomes ADP. Then, the cycle begins again as ADP is
converted into ATP within the mitochondria.

c. Certain cells, such as muscle cells and nerve cells, require great amounts of
energy. Such cells have well-developed mitochondria.

Section Il. BODY FLUIDS
2-4. INTRODUCTION
Approximately 56 percent of the human body consist of fluids. Soft tissues

consist almost completely of fluids. These body fluids are composed largely of water.
Thus, water is the major component of living substances.
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2-5. FLUID COMPARTMENTS

Regarding the human body, we speak of fluid compartments or spaces. These
are intracellular fluid, the interstitial fluid, and the circulating (plasma) fluid. See Figure
2-2 for a scheme of the body fluids and fluid compartments.

ORAL RESPIRATORY
INPUT LOSSES
(VOMITING
LOSSES)

EXTRACELLULAR
(INTERSTITIAL)
FLUIDS

(INTERSTITIAL)
FLUIDS

A PERSPIRATION
LOSSES

INTRACELLULAR FLUIDS

L }

URINE FECES
(DIARRHEA)
_J

~"
EXCRETORY LOSSES

Figure 2-2. Scheme of the body fluids and fluid compartments.

a. Within the cell, we have seen that the major constituent is water. This fluid is
called intracellular fluid ("within the cell™).

MDO007 2-5



b. Therefore, all other fluids are extracellular. The extracellular fluids are found
in two different compartments.

(1) The tissue fluid is located among but not within the cells of the body. Itis
therefore called interstitial or intercellular fluid.

(2) In some systems, fluids serve as a vehicle to carry items around the
body. These systems are called circulatory systems. The circulating fluid is called the
plasma--the non-cellular component of blood.

2-6. ELECTROLYTES

Within the fluids of the body, there are certain chemicals known as electrolytes.
Electrolytes are chemicals that dissociate ("break up") into ions ("charged particles")
when they are dissolved. To maintain life and good health, electrolytes must be in
balance. That is, they must be present in certain proportions and concentrations in
each fluid compartment.

2-7. WATER
As we have mentioned, water is the main constituent of the human body.

a. Some Physical Characteristics. Water has several important physical
characteristics that make it extremely useful to the body.

(1) First, itis a_fluid. Therefore, it has the capacity to flow.
(2) Secondly, it is often called the "universal solvent." This refers to its ability

to dissolve so many substances within itself. Thus, water is an excellent vehicle for the
circulatory systems.

(3) Water is very useful in the temperature control mechanisms of the body.
This is because of its heat-carrying capacity and its tendency to remove large numbers
of calories during evaporation.

b. Sources. Water thirst and water satiation is controlled by special centers in
the hypothalamus of the brain. The human body obtains water in two primary ways:

(1) Most items that humans drink or eat consist largely of water.
(2) A second source of water is metabolic oxidation. This water is referred to

as metabolic water. As various food substances are oxidized within the individual cell,
water is one of the main by-products.
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Cc. Losses.

(1) Perspiration. Water is continuously lost from the body in the form of
perspiration or sweat. With high surrounding temperatures and/or vigorous exercise,
the sweat is obvious. This is called sensible perspiration. Otherwise, the sweat is
usually not obvious, and there is a low level of water loss. This is called insensible

perspiration.

(2) Respiration. The surfaces of the lungs must be moist to ensure the
passage of gases to and from the blood. Air is moistened within the respiratory
passages and the alveoli of the lungs. Thus, moisture passes out of the body along
with the exhaled breath.

(3) Urination. Water is also lost from the body in the form of urine. Urine
carries nitrogenous wastes of protein metabolism, dissolved in the water.

(4) Vomiting and diarrhea. During vomiting and diarrhea, the body loses
large quantities of water and dissolved electrolytes. In infants and the elderly, this loss
of water and electrolytes can be very dangerous. Sometimes, even death may result.

2-8. DISSOLVED SUBSTANCES

As mentioned before, one of the characteristics of water that makes it so
desirable is its capacity to dissolve almost anything ("universal solvent").

a. Gases. Oxygen and carbon dioxide are exchanged between air in the lungs
and the blood. They are also exchanged between the blood and the individual cells of
the body. At least in part, these gases are carried as dissolved substances in the water
of the blood.

b. Nutrients. By nutrients, we mean the end products of digestion, and vitamins
and minerals from the digestive system. By being dissolved in the water of the blood,
these nutrients are distributed to the individual cells of the body.

c. Wastes. Wastes result from the metabolic processes of the body. Wastes
are picked up from the individual cells and delivered dissolved in the water to the
excretory organs of the body, such as the kidneys.

d. Hormones. Hormones are carried from the endocrine glands to specific
target organs while dissolved in the water of the blood.

2-9. TISSUE FLUID CYCLE
That portion of the extracellular fluid found among the cells is called the tissue

fluid, or interstitial fluid. Tissue fluid originates primarily with a fluid portion of the blood
that escapes into the tissues from the capillaries. Part of this escaped fluid enters the
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beginning of the venous vessels. However, a large percentage of the tissue fluid is
picked up by another circulatory system, the lymphatic system. Thus, there is a
continuous flow of the fluids throughout the body. In addition, the intracellular fluid and
the immediate extracellular fluid are continually being exchanged.

Section Ill. HOMEOSTASIS

2-10. INTRODUCTION

a. The body fluids play an important role in homeostasis. Homeostasis is the
body's tendency to maintain a steady state. The tissue fluid forms the immediate
environment of the living cell. In order to maintain the life processes of the individual
cells, there must be appropriate concentrations of oxygen, carbon dioxide, nutrients,
electrolytes, and other substances within the tissue fluid.

b. One of the chief functions of any organ system is to help to maintain this
steady state. For example, the digestive system helps to maintain a steady
concentration of nutrients. The respiratory system helps to maintain steady
concentrations of oxygen and the removal of carbon dioxide.

c. All organ systems are at least partially controlled by a feedback mechanism.
A feedback mechanism resembles the household thermostat. When the concentration
of a substance is too low, the feedback mechanism stimulates an increased production
and/or distribution. Once the level returns to normal, the feedback mechanism signals a
decrease in production. There is a similar feedback mechanism for body temperature.

2-11. WATER BALANCE

The body has a natural requirement for a certain amount of water to continue its
processes properly. Lack of fluid in the circulatory system can result in heart failure.
Excessive amounts of fluid in the tissue spaces cause swelling of the body, known as
edema. There are feedback mechanisms to maintain water balance.

2-12. ELECTROLYTE BALANCE
The electrolytes must also be in balance. Electrolyte balance is an important

consideration when fluids are administered to a patient. See Figure 2-3 for an
explanation of tonicity.
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Figure 2-3. Tonicity (cell with semipermeable membrane, nonpermeable to
electrolytes present).

a. Hypertonicity. If the overall concentration of electrolytes is greater in the
tissue fluid surrounding a cell than it is in the intracellular fluid within the cell, the tissue
fluid is hypertonic (noun: hypertonicity). The cell tends to be destroyed by loss of its
fluid to the hypertonic environment.

b. Hypotonicity. If the overall concentration of electrolytes as less in the tissue
fluid than it is in the intracellular fluid within the cell, the tissue fluid is hypotonic (noun:
hypotonicity). In a hypotonic environment, fluid will enter a cell and cause it to swell
and burst.

c. Isotonicity. If the concentrations of electrolytes are the same in the tissue
fluid and the intracellular fluid, the situation is balanced (homeostatic). That is, the fluids
are isotonic.
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2-13. MOVEMENT OF MATERIALS INTO AND OUT OF THE CELL

We noted earlier that all substances that enter or leave the cell must pass
through the cell membrane in some way.

a. Semipermeability. The permeability of a membrane is its capacity to allow
materials to move through it. Since the cell membrane of animal cells is selective and
does not allow all materials to pass through it, we say that it is semipermeable (noun:
semipermeability).

b. Diffusion. Some materials readily pass through the membrane from an area
of higher concentration to an area of lower concentration. This process is called
diffusion. When materials require help to pass through the cell membrane, the process
IS referred to as facilitated diffusion.

c. Active Transport. In certain situations, materials pass through the cell
membrane against the concentration gradient. In this case, an expenditure of energy is
required. The process is called active transport. An example is the sodium/potassium
pump, in which the sodium ions are forced out of the cytoplasm of the cell and into the
surrounding tissue fluid and potassium ions are pumped back into the cell cytoplasm.

d. Osmosis. Sometimes a substance is not able to pass through the cell
membrane. When the concentration of this substance is greater on one side of the cell
membrane than the other, water will tend to pass through the membrane to the area of
greater concentration. This process is called osmosis. This process involves the
concept of tonicity, discussed in paragraph 2-12.

e. Pinocytosis and Phagocytosis. Sometimes, the cell membrane will engulf a
minute amount of tissue fluid and its contents. This process is called pinocytosis.
During pinocytosis, the cell membrane produces a vacuole to contain the engulfed
material. When the cell membrane engulfs larger particles, such as bacteria or other
cells, the process is called phagocytosis. After either pinocytosis or phagocytosis,
digestive fluids may pass from the cytoplasm into the vacuole. The end products of
digestion are absorbed from the vacuole into the cell cytoplasm.

2-14. MEMBRANE POTENTIALS

In living cells, there is generally a higher concentration of positively charged ions
on the outside of the cell and a higher concentration of negatively charged ions on the
inside of the cell. Thus, there is a concentration gradient (an electrical potential or
polarity) across the membrane that we call the membrane potential that creates an
electrical gradient.

a. Resting Potential. When the cell is in a resting state, the membrane
potential is maintained by the sodium/potassium pump. The sodium/potassium pump
actively transports 3 positive sodium ions (Na+) to the outside of the cell membrane and
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2 potassium ions to the inside of the cell membrane. This results in a negative charge
inside the cell and a positive charge outside the cell, producing a potential or polarity
across the membrane.

b. Action Potential. The electrical activity that occurs in a stimulated neuron or
muscle fiber is called the action potential. This involves depolarization and subsequent
repolarization. First, sodium ions move into the cell by diffusion. This reverses the
polarity (depolarization). Second, potassium moves out of the cell by diffusion that
causes repolarization. The sodium/potassium pump then restores the ionic balance by
actively (energy required) pumping sodium back out and potassium back into the cell.
These various electrical potentials can be measured with appropriate instruments.

Section IV. CELL GROWTH AND MULTIPLICATION

2-15. CELL GROWTH

a. The individual cells have the capacity to grow. They do this by acquiring
various substances from the blood and converting them into appropriate cellular
elements.

b. Sometimes, a tissue such as muscle tissue will increase in mass without an
increase in the number of units. This condition is called hypertrophy.

2-16. CELL MULTIPLICATION

a. On the other hand, if an increase in tissue mass results from a greater
number of cells, we refer to this as hyperplasia.

b. Cell multiplication is accomplished through a process called mitosis. In
mitosis, the genetic material of the cell is doubled. Then, the cell divides into halves.
One-half of the genetic material goes into each of the two daughter cells. In this
manner, the two new cells each have the same genetic composition as the original cell.

Section V. EPITHELIAL CELLS AND TISSUES

2-17. INTRODUCTION
Tissues are groups of like cells together performing a common function or

functions. The epithelial tissues are specialized to cover surfaces and line cavities.
They are also secretory.
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2-18. EPITHELIAL CELL TYPES

By observing microscopic preparations of epithelial tissues, one can classify the
cells of epithelial tissues into three general types: columnar, cuboidal, and flat

(squamous).

2-19. EPITHELIAL TISSUE TYPES

If an epithelial tissue consists of a single layer of cells, it is called a simple
epithelial tissue. When there are several layers of cells, it is called a stratified epithelial
tissue. In both cases, the epithelial tissue is further identified by the type of epithelial
cell that forms the outermost layer of the tissue. For example, the outer layer
(epidermis) of the skin is a stratified squamous epithelium; squamous cells form the
outermost of many layers.

2-20. LINING OF SEROUS CAVITIES

The many serous cavities of the body are lined with a simple squamous
epithelium. This epithelial tissue also secretes a serous fluid to act as a lubricant,
reducing frictional forces of organs moving against each other. An example is the outer
surfaces of the lungs, which move on the inside of the chest wall (within the pleural
cavity) during breathing.

2-21. OUTER SURFACE OF THE BODY

The outer layer of the skin is a stratified squamous epithelium. In it, there are
many layers of cells. The outermost layers consist of squamous, or flat, cells.

2-22. SECRETORY PROCESSES
Secretory epithelial cells, such as those in various glands, have a well-developed
Golgi complex. In one type of secretory cells, the secretions are passed through the

cell membrane. In another type of secretory cells, those of the sebaceous glands, a
portion of the cell containing the secretion is sloughed off from the cell.
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Section VI. FIBROUS CONNECTIVE TISSUE

2-23. INTRODUCTION

Tissues that generally support the body parts in various ways are known as the
connective tissues (CT).

a. All of these connective tissues are characterized by having the major
substance outside of the cell but formed by the cell. This extra-cellular material is called
the matrix.

b. One type of CT is called the fibrous connective tissue (FCT). In FCT, the cell
known as the fibroblast forms a long narrow thread-like structure known as the fiber.
During the life of the individual, the fibroblast actually moves up and down the fiber.
During this movement, it keeps the fiber in repair and restructures it in response to the
stresses applied to the body.

2-24. TYPES OF FIBROUS CONNECTIVE TISSUE FIBERS

Two types of fibers are formed--the collagen or white fibers and the elastic or
yellow fibers. The collagen fibers are limited in stretchability, particularly when
compared to the elastic fibers.

2-25. FIBROUS CONNECTIVE TISSUES
The fibers of the FCT are variously organized to perform particular functions.

a. Loose Areolar Fibrous Connective Tissue. In some locations, the fibers
are loosely arranged with spaces between them. This tissue serves as filler material in
the spaces between the organs. This loose areolar FCT is also found between the skin
and the underlying structures of the body. Thus, the skin is able to move more or less
freely over the surface of these structures.

b. Dense Fibrous Connective Tissue. The fibers of dense FCT are closely
packed and more or less parallel. As membranes, dense FCT envelops areas or
structures of the body (as in capsules around organs). Other examples of dense FCT
are ligaments and tendons. A ligament is a band of dense FCT that holds the bones
together at a joint. A tendon attaches a muscle to a bone.

2-26. LENGTH AND TENSION
As a collagen fiber is increased in length, the tension (resistance to stretch)

increases considerably. This can be shown by a length-tension (L-T) curve diagram,
similar to the one in Figure 2-4.
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Figure 2-4. Length tension curve of an FCT fiber.
2-27. TEMPERATURE AND TENSION

a. The degree of elasticity (stretchability) of an FCT is more or less proportional
to its temperature. The cooler it is, the less stretchable and the more subject to damage
itis. On the other hand, as the fiber becomes warmer, its stretchability and resistance
to damage increase.

b. This characteristic is the basis of warm-up exercises before participating in
strenuous activities such as sports. By exercising to the point of sensible perspiration
(para 2-7c), the body, temperature is raised to the desired level. At this level, the FCT
are able to stretch and withstand the various forces applied to them.
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Section VII. FATTY TISSUES

2-28. INTRODUCTION

Another supportive tissue of the body is fatty tissue (fat connective tissue). Here,
the matrix is a lipid material, but found within the cell rather than outside of the cell.

2-29. LIPIDS

Lipids are fats, oils, and similar compounds such as fatty acids. Lipids are stored
mostly in the form of neutral fat. Neutral fat consists of triglycerides, a type of molecule
formed from glycerol (a type of alcohol) and three fatty acids. According to the length of
each fatty acid, the triglyceride may be a liquid (oil) or a solid (fat). The triglycerides are
kept in a liquid form, and even in cold weather, their lengths are adjusted in order to
maintain a liquid state.

2-30. BROWN FAT AND YELLOW FAT

There are two types of fat within the body---brown fat and yellow fat. Both are
excellent means of energy storage. When metabolized, they both yield large amounts
of energy, especially when compared to carbohydrates. Brown fat is more common in
infants and children, whereas adults tend to have mostly yellow fat.

2-31. TURNOVER OF FATS

Fats are essentially a temporary storage phenomenon. There is a continuous
turnover of the triglycerides. There is a complete turnover within a 3-week period.

2-32. SOURCES

The diet is the major source of fat in the human body. Fats may be taken in as
fats or converted from other substances, such as carbohydrates.

2-33. OBESITY

Obesity occurs when excessive amounts of fats and/or carbohydrates are taken
into the body. When the energy contained in these compounds is not used in bodily
activities, the surplus is generally stored as the triglycerides in fatty tissues of the body.

2-34. STORAGE OF FAT-SOLUBLE SUBSTANCES

a. A number of fat-soluble substances may be stored in the fat of the body.
Vitamins A and D are fat-soluble.
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b. In addition, organophosphoric compounds of modern pesticides are often
stored in human fat. Although these compounds may have been required in food
production, they may also be ingested along with the food.

c. The storage of such substances becomes particularly important when an
individual goes on a crash diet. As fat is lost during such a diet, these fat-soluble
substances are released into the general system. They may reach dangerous levels.
In addition, the organs supported by the fat may become loose within the body and
subject to injury.

2-35. CHOLESTEROL
Cholesterol is a special lipid-type substance. It is very important for the proper
functioning of several structures and processes of the body, particularly in the liver.

However, there are some indications that, in some individuals, excessive cholesterol
may be damaging to the cardiovascular system of the body.

Continue with Exercises
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EXERCISES, LESSON 2

REQUIREMENT. The following exercises are to be answered by completing the
incomplete statement.

After you have completed all the exercises, turn to "Solutions to Exercises" at the

end of the lesson, and check your answers.

1. All substances that enter or leave a cell must in pass through the cell
Resembling a circulatory system for the individual cell is the e

r . Granular particles concerned with protein synthesis are the
r S. Spaces or cavities which serve functions at the cellular level such as
digestion, respiration, excretion, and storage are the v s. A portion of the
endoplasmic reticulum that aids in the final preparation of certain proteins and
mucus-like substances is the complex. The "powerhouses" of the cell are
the a. Playing a major role in cell division are the two
c S.

Each chromosome has a set of specific s. These determine the
p ical and ¢ ical characteristics of the body.

2. Adenosine triphosphate (ATP) provides y for cellular processes such

as ac etr t of substances across s, synthesis of chemical
c s for the body, mechanical k (such as muscle n).
When an ATP molecule provides y for such a process, it loses a e
radical and becomes . Then, the cycle begins again as ADP is converted
into within the a.
3. The major component of living substances is . The fluid within
the cell is called fluid. Located among the cells is the

[ fluid. In the circulatory systems, fluids serve as a v e. Together,
the interstitial and circulating fluids are called e fluid.

4. Certain chemicals dissociate into ions when they are dissolved. These
chemicals are called s. For good health, these chemicals must be in
b . In other words, each fluid compartment must have a certain ¢ n
of a given electrolyte.
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5. Water has several important physical characteristics: First, itis a f ;

therefore, it has the capacity of f . Second, itis abletod many substances
within itself; thus, it is an excellent v . Because of its h -carrying capacity
and its ability to remove large numbers of s during evaporation, water is very
useful in controlling the body's e.

6. The human body obtains water in two primary ways: First, water is the major
component of items we d k or . Second, as food substances are o d
within individual cells, water is one of the main b S.

7. Water is lost from the body during p n, r n, u n,
v g,and d a.

8. Substances dissolved in the water of the body include g ,n ,
w ,and h

9. Interstitial fluid originates primarily as the d's fluid portion which
escapes into the tissues from the s. Part of this fluid enters the b g
of the v s vessels. A large portion is picked up by the | system.

10. The body's tendency to maintain a steady state is called h . As a part of
this, the body maintains appropriate concentrations of o , C d ,
n S, e s, and other substances within the tissue fluid. A system
that helps to maintain the appropriate concentration of o and c d

isther y system. A system which helps to maintain the appropriate
concentration of n sisthed system. Such organ systems are at
least partially controlled by f k mechanisms. These mechanisms resemble the
household t t.

11. The body needs a certain amount of w to function properly. Lack of fluid
may result in h failure. Too much fluid tends to result in swelling, known as e .
To maintain water balance, there are f mechanisms.

12.  If the concentration of electrolytes is greater in the tissue fluid than in the
intracellular fluid, the tissue fluid is tonic. If the concentration of electrolytes is
less in the tissue fluid than in the intracellular fluid, the tissue fluid is tonic.

If the concentration of electrolytes are equal in the tissue fluid and intracellular fluid, the
fluids are tonic.
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13.  Assume that a substance is more concentrated on one side of a membrane than
the other but that it cannot pass through the membrane. The process in which water
passes to the side of greater concentration is called

If, however, the substance can easily pass through the membrane, the process in
which the substance passes through the membrane to the area where it is less
concentrated is called . If the substance needs assistance to pass through
the membrane, we call the process f d n.

Since the cell membrane allows only some types of substances to pass
through it, the cell membrane is ble.

When energy is used to move a substance across a membrane to an area of
higher concentration, the process is called e t.

When a minute amount of tissue fluids is engulfed by the cell membrane, the
process is cytosis. When larger patrticles are engulfed, the process is

cytosis.

14.  When the cell is in a resting state, the membrane potential is maintained by the
s /p pump. This membrane potential is called the ing potential.
The s p pump actively transports 3 (positive)(negative) sodium
ions to the outside of the cell membrane and 2 potassium ions to the inside of the cell
membrane. This results in a tive charge inside the cell and a tive charge
outside the cell.

When a neuron or muscle fiber is stimulated, the resulting activity is called the

potential. This involves tion and subsequent tion. First,
sodium ions move into the cell by n. This reverses the y. Second,
potassium moves out of the cell by diffusion which causes tion.

15. A condition in which tissue mass increases without an increase in the number of
cells is called hyper . When tissue mass increases due to an increase in
the number of cells, it is hyper . Another word for cell multiplication is m

16.  The epithelial tissue lining a serous cavity secretes a s fluid to act as a
t. The secretion of sebaceous glands is formed as portions of the cells are

ghed off.
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17. In FCT, the fibroblast moves up and down the _____. During this movement, it
keeps the fiberinr r and restructures it in response to the s es applied
to the body. The collagen fibers are limited in y, particularly when
compared to the e c fibers. As a collagen fiber lengthens, the t n increases
considerably. As an FCT becomes warmer, it becomes more able and more
resistant to d ; this is the basis of w -u___ exercises before more strenuous
activities.

18. Fats, oils, and fatty acids are types of ds. Such substances are stored
mostly as n | fat, which consists of tri s. A molecule of tri is
formed from a glycerol and three fatty s. Within the body, triglycerides are kept in a
(liquid) (solid) state by adjusting the length of each f a . Within a 3-week
period, there is a complete t r of the triglycerides. Fats may be takeninas __s
or converted from other substances, such as c s. When the diet
contains more fats and carbohydrates than necessary for body activities, the result may

be y.

Check Your Answers on Next Page
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SOLUTIONS TO EXERCISES, LESSON 2

1. All substances that enter or leave a cell must in some way pass through the cell
membrane. Resembling a circulatory system for the individual cell is the endoplasmic
reticulum. Granular particles concerned with protein synthesis are the ribosomes.
Spaces or cavities that serve functions at the cellular level such as digestion,
respiration, excretion, and storage are the vacuoles. A portion of the endoplasmic
reticulum that aids in the final preparation of certain proteins and mucus-like substances
is the Golgi complex. The "powerhouses" of the cell are the mitochondria. Playing a
major role in cell division are the two centrioles.

Each chromosome has a set of specific genes. These determine the physical
and chemical characteristics of the body. (para 2-2)

2. Adenosine triphosphate (ATP) provides energy for cellular processes such as
active transport of substances across membranes, synthesis of chemical compounds
for the body, mechanical work (such as muscle contraction). When an ATP molecule
provides energy for such a process, it loses a phosphate radical and becomes ADP.
Then, the cycle begins again as ADP is converted into ATP within the mitochondria.
(para 2-3b)

3. The major component of living substances is water. The fluid within the cell is
called intracellular fluid. Located among the cells is the interstitial fluid. In the
circulatory systems, fluids serve as a vehicle. Together, the interstitial and circulating
fluids are called extracellular fluid. (paras 2-4 and 2-5)

4. Certain chemicals dissociate into ions when they are dissolved. These
chemicals are called electrolytes. For good health, these chemicals must be in balance.
In other words, each fluid compartment must have a certain concentration of a given
electrolyte. (para 2-6)

5. Water has several important physical characteristics: First, it is a fluid; therefore,
it has the capacity of flow. Second, it is able to dissolve many substances within itself;
thus, it is an excellent vehicle. Because of its heat-carrying capacity and its ability to
remove large numbers of calories during evaporation, water is very useful in controlling
the body's temperature. (para 2-7a)

6. The human body obtains water in two primary ways: First, water is the major
component of items we drink or eat. Second, as food substances are oxidized within
individual cells, water is one of the main by-products. (para 2-7b)

7. Water is lost from the body during perspiration, respiration, urination, vomiting,
and diarrhea. (para 2-7c)

8. Substances dissolved in the water of the body include gases, nutrients, wastes,
and hormones. (para 2-8)
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9. Interstitial fluid originates primarily as the blood's fluid portion that escapes into
the tissues from the capillaries. Part of this fluid enters the beginning of the venous
vessels. A large portion is picked up by the lymphatic system. (para 2-9)

10. The body's tendency to maintain a steady state is called homeostasis. As a part
of this, the body maintains appropriate concentrations of oxygen, carbon dioxide,
nutrients, electrolytes, and other substances within the tissue fluid. A system that helps
to maintain the appropriate concentrations of oxygen and carbon dioxide is the
respiratory system. A system that helps to maintain the appropriate concentration of
nutrients is the digestive system. Such organ systems are at least partially controlled by
feedback mechanisms. These mechanisms resemble the household thermostat.

(para 2-10)

11. The body needs a certain amount of water to function properly. Lack of fluid may
result in heart failure. Too much fluid tends to result in swelling, known as edema. To
maintain water balance, there are feedback mechanisms. (para 2-11)

12.  If the concentration of electrolytes is greater in the tissue fluid than in the
intracellular fluid, the tissue fluid is hypertonic. If the concentrations of electrolytes is
less in the tissue fluid than in the intracellular fluid, the tissue fluid is hypotonic. If the
concentration of electrolytes are equal in the tissue fluid and intracellular fluid, the fluids
are isotonic. (para 2-12)

13. Assume that a substance is more concentrated on one side of a membrane than
the other but that it cannot pass through the membrane. The process in which water
passes to the side of greater concentration is called osmosis.

If, however, the substance can easily pass through the membrane, the process in
which the substance passes through the membrane to the area where it is less
concentrated is called diffusion. If the substance needs assistance to pass through the
membrane, we call the process facilitated diffusion.

Since the cell membrane allows only some types of substances to pass through
it, the cell membrane is semipermeable.

When energy is used to move a substance across a membrane to an area of
higher concentration, the process is called active transport.

When a minute amount of tissue fluids is engulfed by the cell membrane, the
process is pinocytosis. When larger particles are engulfed, the process is phagocytosis.
(para 2-13)
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14.  When the cell is in a resting state, the membrane potential is maintained by the
sodium/potassium pump. This membrane potential is called the resting potential. The
sodium/potassium pump actively transports three positive sodium ions to the outside of
the cell membrane and two potassium ions to the inside of the cell membrane. This
results in a negative charge inside the cell and a positive charge outside the cell.

When a neuron or muscle fiber is stimulated, the resulting activity is called the
action potential. This involves depolarization and subsequent repolarization. First,
sodium ions move into the cell by diffusion. This reverses the polarity. Second,
potassium moves out of the cell by diffusion that causes repolarization. (para 2-14)

15. A condition in which tissue mass increases without an increase in the number of
cells is called hypertrophy. When tissue mass increases due to an increase in the
number of cells, it is hyperplasia. Another word for cell multiplication is mitosis.

(paras 2-15 and 2-16)

16. The epithelial tissue lining a serous cavity secretes a serous fluid to act as a
lubricant. The secretion of sebaceous glands is formed as portions of the cells are
sloughed off. (paras 2-20, 2-22)

17. In FCT, the fibroblast moves up and down the fiber. During this movement, it
keeps the fiber in repair and restructures it in response to the stresses applied to the
body. The collagen fibers are limited in stretchability, particularly when compared to the
elastic fibers. As a collagen fiber lengthens, the tension increases considerably. As an
FCT becomes warmer, it becomes more stretchable and more resistant to damage; this
is the basis of warm-up exercises before more strenuous activities.

(paras 2-23 thru 2-27)

18. Fats, oils, and fatty acids are types of lipids. Such substances are stored mostly
as neutral fat, which consists of triglycerides. A molecule of triglyceride is formed from
a glycerol and three fatty acids. Within the body, triglycerides are kept in a liquid state
by adjusting the length of each fatty acid. Within a 3-week period, there is a complete
turnover of the triglycerides. Fats may be taken in as fats or converted from other
substances, such as carbohydrates. When the diet contains more fats and
carbohydrates than necessary for body activities, the result may be obesity.

(paras 2-29 thru 2-33)

End of Lesson 2
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LESSON ASSIGNMENT

LESSON 3 Envelopes of the Body.
LESSON ASSIGNMENT Paragraphs 3-1 through 3-42.
LESSON OBJECTIVES After completing this lesson, you should be able to

identify the functions of the envelopes of the body.

SUGGESTION After completing the assignment, complete the
exercises at the end of this lesson. These exercises
will help you to achieve the lesson objectives.
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LESSON 3

ENVELOPES OF THE BODY

Section I. INTRODUCTION

1. INTEGUMENT
PROPER

SEBACEOUS GLAND

2. SUBCUTANEOUS LAYER HAIR FOLLICLE

3. INVESTING DEEP FASCIA

CUTANEOUS

ARTERY
SWEAT GLAND CUTANEOUS

VEIN
SENSORY N. HAIR ROOT

Figure 3-1. The integument and related structures.
3-1. INTRODUCTION

The envelopes of the body serve to protect the living structures within the body in
a number of ways. The envelopes are like an air conditioner; they help to remove heat.
The envelopes are like a blanket; they help to retain heat when the surrounding air is
cold. One of the envelopes, the skin, is like a chemical factory; it manufactures vitamin
D in the presence of sunlight. The skin is like an umbrella; it helps to protect us from
the sun and the rain. The skin also protects the body from dehydration and friction.

3-2. ENVELOPES OF THE BODY

a. The human body has three concentric coverings (Figure 3-1), one inside of
the other. The outermost layer is the integument proper (skin). Immediately beneath
the skin is the subcutaneous layer. Beneath this layer is the investing deep fascia, a
membrane which completely covers the remaining structures of the body.
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b. These three concentric layers form complete envelopes around the body,
except for the various openings.

3-3. THE INTEGUMENTARY SYSTEM

An organ system is a group of organs performing a common overall function.
The outermost covering of the body is the inteqgument proper, the largest single organ of
the body. A number of structures are formed or derived from the various layers of the
integument proper. These structures are known as the inteqgumentary derivatives,
sometimes referred to as "appendages.” Together, the integument proper and the
integumentary derivatives make up the integumentary system.

Section Il. INTEGUMENT PROPER

3-4. INTRODUCTION

The integument proper has two major parts--the dermis and the epidermis. The
dermis (or corium) is made up of rather dense FCT, forming a continuous layer around
the body. On top of the dermis is the epidermis. The epidermis and dermis are
interlocked by extensions of the dermis up into the epidermis. These extensions are
known as papillae.

3-5. LAYERS OF EPIDERMIS

The epidermis is a stratified squamous epithelial tissue. This means that it has
several layers of epithelial cells and that its outermost layer is made up of squamous
(flat) epithelial cells.

a. Mitotic Activity. The layer adjacent to the dermis is known as the basal
layer. The basal layer is made up of columnar epithelial cells. Since all of the mitotic
(cell-multiplying) activity of the epidermis occurs in the basal layer, the basal layer is
often called the germinative layer. This mitotic activity involves about 4 percent of the
cells in the basal layer at any given time. It occurs primarily between midnight and 0400
hours.

b. Migration of Cells to the Surface. Over a period of weeks, new cells
gradually migrate from the basal layer to the surface. During this migration to the
surface, the cells change in shape from the original columnar to cuboidal and then
finally to squamous. As the cells become squamous in form, they also become
hardened, or cornified, through the development of a special type of protein. As they
approach the surface, they die. Thus, the outermost layers of the epidermis are dead,
horny scales.
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3-6. SPLIT LINES

There are specific lines of tension or stress that varies from one area of the body
to the next. The dense FCT of the dermis tends to be oriented along these lines. If a
blunt probe is inserted into the dermis, the FCT fibers will separate to form a split. The
lines of splits, or split lines, follow the lines of tension in the local area.

3-7. DERMATOGLYPHICS

The surfaces of the palms, soles, and digital pads of the hands and feet are
thrown up into ridges and grooves. The patterns formed by these ridges and grooves
are called dermatoglyphics. These dermatoglyphics are used as a means of
identification, both by law enforcement agencies and by hospitals for newborns. We
often refer to such procedures as fingerprinting or foot-printing.

3-8. CREASES

The body is jointed to allow motion. To facilitate motion of the joints, the skin
develops natural creases. These creases are in relationship to the joints, but not
exactly opposite to the joints.

3-9. THICKNESS

As the continuous covering of the body, the integument proper, or skin, is
everywhere. However, the actual thickness of the dermis and/or epidermis varies
considerably from very thin to very thick. For example, the thickest skin is located
across the back between the shoulders.

3-10. PIGMENTATION

The integument proper of humans has some type of coloration (pigmentation).
This coloration is because the presence of special chemicals called pigments. Black,
red, and yellow are the most common colors of these pigments.

a. Development. Special cells are located in the dermis, just below the basal
layer of the epidermis. These special cells provide the precursors of the pigments to the
basal cells. As these basal cells migrate to the surface, the precursor materials are
gradually converted into the actual pigments or colors.

b. Genetic Control. Genes control the type of color for each individual. There
are various genes (sometimes multiple genes) for each color.

(1) When these genes are absent, the individual is an albino. There is a pink
glow to the skin and eyes that is produced by the red color of the blood shining through
the clear layers of the skin. There is also a whiteness of the skin produced by the
refraction of light rays.

MDO007 3-4



(2) Sometimes, the skin color varies for reasons other than genetic.
(3) Not only is the color of the integument determined by genes, the pattern
of distribution of the color is determined by other genes.

Section Ill. INTEGUMENTARY DERIVATIVES

3-11. INTRODUCTION

A number of structures are derived from the layers of the integument proper.
These structures are referred to as the integumentary derivatives or "appendages.”

3-12. HAIRS

More or less covering the body are derivatives called hairs. The hairs of the
body vary in construction from area to area. An individual's genes determine the
specific construction, growth, and pattern of hairs for that individual. Sex hormones
more or less control the distribution of hairs (sexual dimorphism). Also, in different
cultures of human beings, different patterns of hair growth have arisen because of
cultural selection.

3-13. NAILS

Another integumentary derivative is the nails. A nail covers the dorsal aspect of
the end of each digit (fingers and toes).

3-14. GLANDS
The various glands are another kind of integumentary derivative.
a. Sweat Glands. There are at least two types of sweat (sudoriferous) glands:

(1) The general type throughout the body. This type produces a sensible
and insensible perspiration. (See paragraph 2-7c(1).)

(2) A second type found in special areas. This type is found especially in the
palms of the hands. Such sweat glands respond to emotional stresses to produce the
"clammy" hands of the frightened individual.

b. Sebaceous Glands. Oil-producing (sebaceous) glands are usually found in
relationship to the hair follicles. The oily product of these glands keeps the following
structures flexible:

(1) The outer layers of the skin.
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(2) The shafts of the hairs.

c. True Scent Glands. A third type of gland associated with the integument is
the true scent gland. At least in older days, the product of these glands was supposed
to be attractive to the opposite sex. (Here, we are not referring to the body odor known
as BO. BO is a metabolic by-product produced by microorganisms located on the skin.
These microorganisms act upon residue from perspiration, left after the water has
evaporated.)

Section IV. FUNCTIONS OF THE INTEGUMENTARY SYSTEM

3-15. INTRODUCTION

The integumentary system forms the outermost covering of the human body.
Thus, it is the boundary between the organism and the ambient (surrounding)
environment. Because of this relationship, the integumentary system has a number of
functions related to the environment and the individual's reactions to the environment.

3-16. REDUCTION OF FRICTION AND ITS EFFECTS

Over time, the body is likely to rub against many varied objects. The resulting
frictional forces would be expected to damage the body surface. For comparison,
consider the outer surfaces of older automobiles and other man-made objects.

a. Hairs. Hairs minimize friction by allowing surfaces to slip or slide over each
other.

b. Outer Dead Cells. Where there is no hair (glabrous condition), the outer
dead squamous cells rub off to reduce frictional forces. Within a couple of weeks after
they arrive at the surface, the outer dead cells are removed during the activities of daily
life.

c. Thickening of the Integument. The dermis and epidermis tend to become
thicker whenever they are subjected to forces of pressures greater than average.
Callouses are an extreme example of this.

3-17. WATERPROOFING

The outer layers of dead horny cells are kept flexible by oil from the sebaceous
glands. Thus, these layers form an essentially waterproof covering for the body. This is
very important in preventing general dehydration of the body. Dehydration (water loss)
is a very important problem in burn patients who have lost a full thickness of the
integument.

MDO007 3-6



3-18. PROTECTION FROM SOLAR RADIATION

The integument also protects the body from excessive penetration of solar
radiation. Solar radiation is blocked by pigments (para 3-10) and by the layers of dead
horny cells.

3-19. GENERAL SENSIBILITY

Not the least of the functions of the integument is its general sensibility. As the
interface between the organism and the immediate environment, the integument is
subjected to many stimuli. A number of general sensory receptor organs are located in
the integument and the underlying subcutaneous layer. These receptor organs
continuously inform the brain of the conditions immediately surrounding the body.
These conditions include pain, temperature, light and heavy pressures, touch, and so
forth.

Section V. SUBCUTANEOUS LAYER

3-20. INTRODUCTION

Between the integument proper and the investing deep fascia is the middle layer
called the subcutaneous layer.

SUB = under
CUTANEOUS = skin

In general, the subcutaneous layer is made up primarily of loose areolar FCT and fat.
The fat tends to be localized in special areas that are different in the two sexes. (In
affluent societies, there may be general obesity rather than localized fat.)

3-21. CUTANEOUS NAVL

Also found in the subcutaneous layer are the cutaneous NAVL (nerves, arteries,
veins, lymphatics). In addition, some of the sensory receptors of the nervous system
actually extend from the subcutaneous layer up into the papillae of the dermis,
immediately below the epidermis.

a. Cutaneous Capillaries. The cutaneous capillaries of the subcutaneous layer
tend to be localized at two levels. First, there is a superficial layer near the underside of
the dermis. Second, there is a deeper layer near the investing deep fascia. These two
layers of capillaries are more or less separated by the fatty tissue in the subcutaneous
layer.
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b. Sensory Innervations. If one looks at a zebra or a tiger, one can
immediately see that the fur of these animals has a belt-like color pattern. There is also
a belt-like pattern in the integument of humans. It is not a pattern of colors, as with
zebras and tigers. It is a pattern of sensory innervations. A "belt" is innervated by a
specific spinal nerve, left and right. This belt-like area is called a dermatome. We refer
to the nerves supplying these areas as segmental nerves because they "segment” the
integument into dermatomes. Except for the three dermatomes of the face, there is an
overlap of adjacent dermatomes.

3-22. INTEGUMENTARY MUSCLES

Also associated with the subcutaneous layer are a number of integumentary
muscles.

a. Facial Muscles. As the term implies, facial muscles are associated with the
face. Facial muscles are mainly involved with the various openings of the face. They
are able to open and close these openings. Because they are also used in visual
communication, they are sometimes called mimetic muscles ("muscles of expression").

b. Arrector Pili Muscles. Another group of integumentary muscles is known as
the arrector pili muscles. Ordinarily, the hairs and the hair follicles are at an angle to the
skin rather than perpendicular (straight up or down). At times of emotional stress, the
arrector pili muscles contract. In hairy areas, the contraction of these muscles, attached
to the follicles, causes the hairs to stand "straight up." In glabrous areas, their
contraction produces "goose bumps.”

Section VI. INVESTING DEEP FASCIA

3-23. INTRODUCTION

The innermost of these three concentric layers is the investing deep fascia. The
investing deep fascia is essentially a membrane of dense FCT completely surrounding
the body. It overlies all of the remaining structures of the body.

3-24. VARIATIONS IN THICKNESS

a. The investing deep fascia varies in thickness in various parts of the body.
This membrane is generally thicker the further inferior we go. In many areas, it is thick
enough to be specifically named. For example, the investing deep fascia of the lower
member is called the fascia lata.

b. The majority of the tissues of the body are made up primarily of water.

Moreover, the interstitial spaces are filled with water. Therefore, the body within the
investing deep fascia can be thought of as a hydrostatic column. As such, hydrostatic
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pressures become greater as one goes inferiorly in the body. Accordingly, the fascia
becomes thicker to withstand the increasing pressures.

3-25. INTERMUSCULAR SEPTA

a. In the limbs of the upper and lower members, dense FCT membranes extend
from the underside of the investing deep fascia to the bones. The membranes are
known as the intermuscular septa. They divide the space within the investing deep
fascia into discrete muscular compartments.

b. Each muscular compartment is a hydrostatic chamber. In a normal healthy
human being, each compartment is full. Therefore, as arterial blood flows into a
compartment, hydrostatic pressures are created which assist the flow of blood in the
venous vessels back to the heart.

Section VIl. BODY TEMPERATURE CONTROL

3-26. INTRODUCTION

In order to function properly, the human body must be maintained within a
relatively narrow range of temperature.

3-27. SOURCES OF BODY HEAT
Body heat is derived from several sources.

a. Muscle Contractions. Muscle contractions produce a significant amount of
heat. If muscles were very efficient, they would produce energy in the form of
contractions and very little heat. Since muscles are inefficient, they produce much heat
as they contract. For example, during strenuous physical exercise, the body
temperature tends to rise by several degrees.

b. Metabolic Activity. Another source of heat in the body is certain organs
such as the brain, liver, and so forth. These organs produce heat during their metabolic
activity.

c. Solar Radiation. Another source of body heat is solar radiation. When
received in excess, solar radiation can cause sunstroke.

3-28. TYPES OF BODY TEMPERATURE

a. Core Temperature. The core temperature is the temperature within the body
proper. Normally, the core temperature is maintained within narrow limits. The core
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temperature of the blood is continuously monitored by special temperature detectors.
These detectors are located in the hypothalamus of the brain.

b. Peripheral Body Temperature. The temperature of the body surface and
the upper and lower members is called the peripheral body temperature. Peripheral
body temperature can vary widely. Temperature receptors in the body periphery
monitor the peripheral body temperature.

3-29. COUNTERCURRENT MECHANISM

In the limbs of the upper and lower members, the venous blood often has a low
temperature. The return of this non-warmed blood to the core of the body might be
dangerous. However, within the upper and lower members, the deep veins are
generally located adjacent to the major arteries. As the venous blood flows toward the
center of the body, it is gradually warmed by the arterial blood coming from the body.
This condition is called the countercurrent mechanism.

3-30. REMOVAL OF HEAT

By selecting shady or cool surroundings, an individual can avoid becoming
overheated. In other cases, however, the body heat may become excessive. In such
cases, if the body is to remain healthy, the surplus body heat must be removed.

a. Sweating. Sweat (perspiration) is made up primarily of water, with various
substances dissolved in it. As one of its physical characteristics, water has a relatively
high heat-carrying capacity. In addition, it evaporates from the surface of the body.
Another physical characteristic of water is that it removes large numbers of calories
during evaporation.

b. Radiation. In addition, heat can be radiated directly from the surfaces of the
body. This is particularly true of the surfaces of the axillae (armpit areas), the inside of
the elbow areas, and the groin. These are areas where the skin tends to be thinner
than average.

3-31. CONSERVATION OF HEAT

When the ambient (surrounding) temperature is cool or cold, the body must
conserve heat rather than remove it.

a. Less Sweating. An immediate means of conserving heat is to stop sweating.
This prevents heat loss by evaporation.

b. Less Radiation.

(1) In cool surroundings, the superficial capillaries are shut down. Thus,
circulation is limited to the deep cutaneous capillaries. Because of the insulating fatty

MDO007 3-10



tissues of the subcutaneous layer, these deep cutaneous capillaries radiate much less
heat to the surface.

(2) If the exposed surface area is reduced, there will be less loss of body
heat. This can even serve as a lifesaving measure. For example, if an individual has
been in cold water (as in a shipwreck or other accident), his body can be folded to
reduce exposure.

c. Shivering. During shivering, muscles contract without synchronization.
Although this produces minimal motion, it produces considerable heat.

d. Proper Clothing. Obviously, proper clothing is a measure for conserving
body heat.

e. External Heat Sources. External heat sources are commonly used by
humans to conserve body heat.

Section VIII. VITAMIN D PRODUCTION

3-32. INTRODUCTION

Vitamin D is a fat-soluble vitamin. It is required by the body in relation to calcium
metabolism.

3-33. MECHANISM OF PRODUCTION

The human body produces vitamin D in the integument. An organic compound
known as ergosterol is converted into vitamin D by ultraviolet solar radiation.

3-34. CONTROL OF PRODUCTION
Excessive production of vitamin D can become lethal to a human being. The
main purpose of skin pigmentation seems to be the limitation of vitamin D production.

In their "original” distribution, the peoples of the equatorial (sunny) areas tended to be
dark skinned. The peoples of subarctic (unsunny) areas tended to be light skinned.
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Section IX. SUPERFICIAL WOUND HEALING
3-35. INTRODUCTION

A wound of the integument creates an opening. This opening is an avenue for
infection and water loss.

3-36. RELATIONSHIP WITH SPLIT LINES

A wound crossing the split lines of the dermis tends to gape open. A wound
parallel to the split lines closes easily. For this reason, when a surgeon can choose an
incision, he tends to follow the split lines.

3-37. HEALING

A wound is healed by the reuniting of the margins. This is accomplished by the
growth and multiplication of the cells at the margins of the wound.

3-38. SCARRING
Scars result from the healing process. In some human groups (for example,

Orientals), scars can become quite large and are called keloids. For all groups, the scar
(cicatrix) is much less prominent for wounds that parallel the split lines.

Section X. GENERAL ADAPTATIONS FOR GRASPING/HOLDING

3-39. INTRODUCTION

The hands grasp or hold onto things. The soles of the feet provide a nonslipping
contact with the ground. For these reasons, frictional forces are maximized in the palms
of the hands and the soles of the feet. This is accomplished by several adaptations of
the coverings of the body in these areas.
3-40. ADAPTATIONS

These adaptations are described below:

a. The epidermis and dermis are quite thickened in these areas.

b. These two areas are hairless (glabrous).

c. The dermal papillae holding the dermis and epidermis together are increased
in number and size.
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d. The surface of the skin has many ridges and grooves. These, in effect, form
miniature suction cups.

e. Deep in the palm and sole, there is a very dense FCT, referred to as the
palmar aponeurosis and plantar aponeurosis. A thickened subcutaneous layer firmly
attaches the modified integument to the underlying aponeurosis.

Section XI. VARIATIONS IN PENETRATION

3-41. VARIATIONS IN INFANTS AND THE ELDERLY

In infants and the elderly, substances more readily penetrate the skin than with
other age groups. One such substance is hexachlorophene. Hexachlorophene is an
ingredient in some soaps and detergents used to maintain a germ-free environment in
the hospital. If the skin of the infant or elderly person is not thoroughly rinsed after the
use of such soaps or detergents, the skin of these individuals will readily absorb the
residual hexachlorophene. This may produce neurological damage.

3-42. VARIATIONS ACCORDING TO BODY AREA
This condition may also exist in other age groups in those areas where the skin is

thinnest. These areas include the inner surfaces of the flexing joints, axillae, and groin
and particularly the areas between the fingers and toes.

Continue with Exercises
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EXERCISES, LESSON 3

REQUIREMENT. The following exercises are to be answered by completing the
incomplete statements.

After you have completed all the exercises, turn to "Solutions to Exercises," at
the end of the lesson and check your answers.

1. The envelopes of the body are like an air conditioner; they help to remove ____ .
The envelopes are like a blanket; they help to retain ____ when the surrounding air is

d. The skin is like a chemical factory; it manufactures v __inthe
presence of sunlight. The skin is like an umbrella; it helps to protect us fromthe s and
ther :

2. The mitotic activity of the epidermis occurs inthe ____|layer. At any given time,
about __ percent of the cells in this layer are involved in m s. As cells migrate to
the surface, they change shape from rto | and finally to s. As
the cells become squamous, they also become h d,orc d.

3. The color of the skin is due to special chemicals called s. Special cells
located in the dermis provide the p s of pigments to the basal cells. As basal cells
migrate to the surface, the precursors are gradually converted to the actual p S.
The type of color for each individual is controlled by S.

4. The integumentary system is the boundary between the organism and the

surrounding e t. For this reason, the integumentary system has a number of
functions related to the t.

Friction against the integument is reduced by s and outer dead s. When
subjected to friction, the integument tends to become er.

The outer layers of cells are kept flexible by ___| from the sebaceous glands. This
forms an essentially w f covering for the body. This is important in preventing
general d n of the body.

Because of pigments and outer layers of dead cells, the integument helps to
protect the body from excessive r radiation.

Receptor organs in the integument and the subcutaneous layer continuously
inform the n of conditions immediately surrounding the body.
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5. Sources of body heat include m contractions, m c activity, and
r radiation.

The core temperature is the temperature within the b p r. The core
temperature is continuously monitored by detectors in the h s of the brain.
The temperature of the body surface and the upper and lower members is called the

p | body temperature.

Blood within the deep veins of the upper and lower members is warmed by the

adjacent major s. This situation is called the ¢ t mechanism.
Heat is removed from the body by s gandra n.
Means of conserving heat are decreased s g, shutting down of the
superficial s, reduction of the exposed s a , and external t
s S.

6. The main purpose of skin pigmentation seems to be the limitation of the production
of

7. The opening of a wound is an avenue for i n and w loss. In healing,
the cells at the margins of the wound w and y to reunite the margins.

Check Your Answers on Next Page
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SOLUTIONS TO EXERCISES, LESSON 3

1. The envelopes of the body are like an air conditioner; they help to remove heat.
The envelopes are like a blanket; they help to retain heat when the surrounding air is
cold. The skin is like a chemical factory; it manufactures vitamin D in the presence of
sunlight. The skin is like an umbrella; it helps to protect us from the sun and the rain.
(para 3-1)

2. The mitotic activity of the epidermis occurs in the basal layer. At any given time,
about 4 percent of the cells in this layer are involved in mitosis. As cells migrate to the
surface, they change shape from columnar to cuboidal and finally to squamous. As the
cells become squamous, they also become hardened, or cornified. (para 3-5)

3. The color of the skin is because of special chemicals called pigments. Special cells
located in the dermis provide the precursors of pigments to the basal cells. As basal
cells migrate to the surface, the precursors are gradually converted to the actual
pigments. The type of color for each individual is controlled by genes. (para 3-10)

4. The integumentary system is the boundary between the organism and the
surrounding environment. For this reason, the integumentary system has a number of
functions related to the environment.

Friction against the integument is reduced by hairs and outer dead cells. When
subjected to friction, the integument tends to become thicker.

The outer layers of cells are kept flexible by oil from the sebaceous glands. This
forms an essentially waterproof covering for the body. This is important in preventing
general dehydration of the body.

Because of pigments and outer layers of dead cells, the integument helps to
protect the body from excessive solar radiation.

Receptor organs in the integument and the subcutaneous layer continuously
inform the brain of conditions immediately surrounding the body. (paras 3-15 thru 3-19)

5. Sources of body heat include muscular contractions, metabolic activity, and solar
radiation.

The core temperature is the temperature within the body proper. The core
temperature is continuously monitored by detectors in the hypothalamus of the brain.
The temperature of the body surface and the upper and lower members is called the
peripheral body temperature.

Blood within the deep veins of the upper and lower members is warmed by the
adjacent major arteries. This situation is called the countercurrent mechanism.
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Heat is removed from the body by sweating and radiation.

Means of conserving heat are decreased sweating, shutting down of the superficial
capillaries, reduction of the exposed surface area, and external heat sources.
(paras 3-27 thru 3-31)

6. The main purpose of skin pigmentation seems to be the limitation of the production
of vitamin D. (para 3-34)

7. The opening of a wound is an avenue for infection and water loss. In healing, the
cells at the margins of the wound grow and multiply to reunite the margins.
(paras 3-35, 3-37)

End of Lesson 3
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LESSON ASSIGNMENT

LESSON 4 The Skeletal System.
LESSON ASSIGNMENT Paragraphs 4-1 through 4-40.
LESSON OBJECTIVES After completing this lesson, you should be able to:

4-1. Identify and describe functions of major skeletal
components.

4-2. Match important skeletal elements with their
functions.

SUGGESTION After completing the assignment, complete the

exercises at the end of this lesson. These exercises
will help you to achieve the lesson objectives.
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LESSON 4

THE SKELETAL SYSTEM

Section I. GENERAL

4-1. INTRODUCTION

The skeleton forms the framework for the human body. It is composed of
individual bones. These bones meet (are articulated with) each other at joints.

4-2. GENERAL FUNCTIONS

a. Support. In general, the skeleton supports the body.

b. Motion and Locomotion. Because of the joints and the attached skeletal
muscles, the parts of the body can move with respect to 