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1

CONSTRUCTING A FOUNDATION

CHAPTEr 1

CHAPTEr OBJECTivES:

• Explain the difference between anatomy and physiology.

• Explain the relationship between structure and function.

• Describe major levels of organization for a particular  
organ system.

• Define homeostasis and identify examples of this  
concept.

• Recognize negative and positive feedback systems.

• Use anatomic terminology to describe body locations.

• Identify major body cavities and describe their  
structures.
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THE DiSCiPLiNES OF ANATOMY 
AND PHYSiOLOGY

T he purpose of this book is to help you develop an understanding of the human body. Such 
understanding requires an appreciation for both the structure and function of various body 

parts. The study of body structure is called anatomy, whereas the study of body functions is 
called physiology. These two disciplines of biology are closely related. In fact, it is almost 
impossible to learn about function without understanding structure; for example, imagine how 
difficult it would be to understand how bones support the body without an appreciation for 
the fact that they are rigid structures comprised of a protein matrix and minerals. On the 
other hand, a lack of knowledge about function makes the study of structure very tedious. It is 
possible to learn the names of all the muscles and bones in the human body, but these names are 
almost meaningless without understanding how each of these structures allows us to move. As 
you will soon learn, both the structure and function of the human body can be understood at 
several levels including: 1) organ systems; 2) individual organs; 3) tissues; 4) cells; 5) molecules.

Humans have been studying the structure of the human body for thousands of years. For 
much of this time these studies were confined to macroscopic or gross anatomy, a practice 
that typically required dissection of cadavers. The term anatomy is derived from a Greek term 
meaning “I cut up.” Cadaver dissections are still important for studying the human body plan, but 
today it is possible to study human anatomy with the use of scale models, virtual representations 
of human structure, as well as in living persons using X-ray, ultrasound, and other imaging tech-
nologies. The invention of microscopes expanded anatomy to include microscopic investigations. 
This includes the study of tissues (histology) and the study of cells (cytology).

Human physiology focuses on the mechanical, physical, and biochemical functions of humans 
at each of the aforementioned levels of organization. In other words, physiology involves the 
application of chemistry and physics to describe how the human body works. 

CONCEPTUAL FrAMEWOrK 
FOr STUDYiNG HUMAN ANATOMY 
AND PHYSiOLOGY

Learning about a subject is usually facilitated by first providing a conceptual framework; that 
is, the organization of major concepts or ideas that provide a foundation for a particular subject 
matter. An investigation of human anatomy and physiology is typically organized by organ system; 
that is, a collection of organs that serve a particular process or set of processes. The major organ 
systems are:

• integumentary (Skin)

• Skeletal
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• Muscular

• Nervous

• Endocrine

• Cardiovascular

• Lymphatic/immune 

• respiratory

• Digestive

• Urinary

• reproductive

Our studies of these systems will embrace three fundamental themes that will help you 
organize information.

1 Structure determines function.

2 The body is organized in multiple levels.

3 Organ systems perform various processes that maintain homeostasis.

STRUCTURE DETERMINES FUNCTION
One of the fundamental themes of biology is that the structure of a feature determines its 
function. This theme is particularly important in the combined study of human anatomy and 
physiology. This relationship applies to whole bodies as well as body parts. It also applies at the 
macroscopic, microscopic, and molecular levels. This concept is easily illustrated by examining 
the structures shown in Figure 1.1. Which one of these seems most suited to transporting fluids? 
Which one is better suited to storing fluids? As you study the structure and function of the body, 
keep this relationship in mind. It will help you learn both anatomy and physiology.

Figure 1.1: Which structure is better suited for transporting a fluid? Which one is better 
suited for storing fluid?
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MULTIPLE LEVELS OF ORGANIZATION

As noted in the first section of this chapter, anatomy and physiology are typically studied at mul-
tiple layers; that is, at the systemic, organ, tissue, cell, and chemical levels. The human body can 
be reduced to a mixture of chemicals; that is, individual molecules of water, protein, fats, etc. The 
chemicals combine to form organelles, microscopic structures that make up individual cells. 
Groups of cells that perform a common function are called tissues; for example, epithelial, 
muscle, nervous, and connective tissues. Different tissue types combine to form organs, and 
a group of organs that work together to perform common processes is referred to as an organ 
system. Our investigations of structure and function will involve all of these levels. Consider 
the biceps brachii muscle, an organ that allows us to flex our arms at the elbow joints. Aside from 
its location, the organ itself reveals little about its function. To understand how the muscle can 
move the bones that are joined at the elbow, we require knowledge of the tissues that make up 
the muscle, the cells that make up the muscle tissue, the organelles of the muscle cells, and the 
molecular structures of the organelles. 

HOMEOSTASIS

The most fundamental characteristic of all living beings is the ability to maintain itself in the 
face of a continually changing external environment. The human body, like all other living 
bodies, maintains itself through a set of biochemical reactions (i.e., metabolism) that cap-
ture, transform, and provide energy for vital life processes and activities (e.g., reproduction, 
growth, movement). Normal body metabolism occurs within a narrow range of physical and 
chemical conditions (e.g., temperature, pH, osmolality). The ability of the human body to 
maintain such stable internal conditions in the face of varying external conditions is referred to 
as homeostasis.

One of the most important things to understand about homeostasis is that it requires expendi-
ture of energy; for example, maintaining a stable level of glucose in blood depends on biochemical 
reactions that are driven by chemical energy derived from adenosine triphosphate (ATP).  
Homeostasis is often incorrectly equated with a state of equilibrium, but the two concepts 
are very different. In a state of equilibrium molecules are widely dispersed and are therefore 
at a highly disorganized, low-energy state (i.e., low potential energy). Homeostasis, on the 
other hand, is a highly ordered state that requires energy to maintain. The difference between 
these two concepts is illustrated by comparing how a dam works. When a dam is constructed 
across a stream, water builds up behind the dam to create a reservoir. This is a highly ordered 
arrangement of water molecules: the bulk of water is held in the reservoir and less flows in the 
streambed downstream from the dam. The construction and maintenance of the dam require a 
great deal of energy, and the water in the reservoir contains a tremendous amount of potential 
energy. Compare this situation to the unrestricted flow of water in the undammed stream. The 
flow of water in the stream is driven by gravity (not energy), and water molecules meander in a 
highly disordered manner without creating potential energy. 

The regulation of blood glucose is analogous to our stream example. Glucose is the primary 
source of energy for most cells. Following a meal, glucose is absorbed from the gut into the blood 
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and then transported to various tissues where it is stored or used as a fuel to drive metabolism. 
Interestingly, levels of blood glucose remain stable between meals because the liver can store glu-
cose and release it into the blood when dietary glucose is not available. The absorption, storage, 
and mobilization of glucose are energy-dependent processes. These mechanisms are analogous to 
a dam. The dam prevents the random dispersal of water, whereas glucose regulatory mechanisms 
prevent glucose molecules from dispersing randomly throughout the body.

THE BODY’S iNTErNAL 
ENvirONMENT

Approximately 60% of the human body is made up of fluids that consist of water and various 
solutes (Figure 1.2). Major solutes include ions, nutrients, proteins, and other substances (e.g., 
hormones). Most of the body’s water (63%) is intracellular (i.e., within cells). The remaining 
37% of body fluids are extracellular. Eighty percent of the extracellular fluid is interstitial 
(i.e., between cells), while 20% is blood plasma (the fluid portion of blood). At the cellular 
level homeostasis involves maintaining stable concentrations of oxygen, ions, nutrients, and other 
solutes in the extracellular and intracellular fluids.

Figure 1.2: Distribution of body water (L) in a 70-kg person.

The intracellular fluid of a cell is separated from the extracellular fluid by the plasma mem-

brane. This membrane is selectively permeable and therefore creates differences in compositions 
of the intracellular and extracellular fluids. In spite of these differences, changes in one fluid can 
effect changes in the other; for example, loss of body water will affect both intracellular and 
extracellular fluid volumes.
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rOLE OF OrGAN SYSTEMS iN 
MAiNTAiNiNG HOMEOSTASiS

The major focus of physiology is how various organs and organ systems interact to maintain 
homeostasis within the body’s internal environment. Homeostasis depends on five fundamental 
processes: 1) transport of fluids and solutes; 2) procurement of nutrients; 3) removal of wastes; 
4) protection from pathogenic organisms and toxic conditions; 5) communication between or-
gans. Each of the body’s organ systems serves one or more of these processes.

TRANSPORT OF FLUIDS

Normal body function depends on the ability to sustain adequate volumes of extracellular 
fluid. The circulatory system (heart and blood vessels) governs fluid transport. Transport of 
 extracellular fluid occurs in two stages. First, blood is transported throughout the body via blood 
vessels. Second, fluid moves between capillaries (the smallest blood vessels) and the interstitial 
space. Different forces drive the two stages. Movement of blood within blood vessels is driven 
by a pressure gradient created by the pumping action of the heart. Transport of fluid across the 
porous walls of capillaries is due to osmosis. Capillaries are so densely distributed that most cells 
are less than 50µm away from one of these tiny blood vessels. This allows the continual delivery 
of nutrients to and removal of wastes from cells.

PROCUREMENT OF NUTRIENTS

Nutrients are a class of solutes that provide nourishment to cells. Without these chemicals cells 
cannot perform the biochemical reactions required to maintain homeostasis. The respiratory, 
gastrointestinal, muscular, and skeletal systems are all involved with procuring nutrients. 

When one thinks of obtaining nutrients, the gastrointestinal tract is usually the first organ 
system to come to mind. The organs that make up this system break down (digest) foods into 
their chemical components (nutrients) and transport these substances to sites where they can be 
absorbed into blood. Once in the blood these nutrients travel directly to the liver where they can 
be stored or sent to other body tissues.

There is disagreement over whether or not oxygen should be classified as a nutrient. It is, 
however, required for production of ATP via the aerobic metabolism of glucose, fatty acids, 
and amino acids. In this sense, oxygen provides nourishment and can be considered a nutrient. 
The respiratory system is responsible for the uptake and transfer of oxygen from the atmosphere 
to blood.

The muscular and skeletal systems work together to create body movements. Several body 
movements are required for procuring food. Locomotion is necessary to locate and gather food, 
while numerous movements are involved with eating.
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REMOVING WASTES

The metabolism of nutrients results in production of end products that are toxic or cannot be 
used by the body. Homeostasis depends on preventing the buildup of these substances in the 
extracellular fluid. Waste removal is therefore a critical component of homeostasis. Carbon 
dioxide is a waste product of aerobic metabolism and is readily removed from the body through 
exhalation. Nongaseous wastes such as urea are removed from blood and excreted in urine via 
the urinary system. The liver, an accessory organ of the gastrointestinal system, also plays a 
role in waste removal. Various waste products are detoxified by the liver, released into the bile, 
transported to the intestine, and excreted with the feces.

PROTECTION

Pathogens such as viruses, bacteria, and parasites can interfere with the normal functions of 
cells and disrupt homeostasis. The body relies on the immune and integumentary systems 
to protect itself from infections by these organisms. The immune system protects the body via 
cellular and chemical mechanisms; that is, via cells and chemicals that attack and destroy invader 
cells. The integumentary system includes the skin and associated structures (e.g., hair, nails) and 
protects the body by providing a physical barrier between the external and internal environments.

COMMUNICATION

Communication among cells is often necessary to maintain internal stability. The nervous 
 system and endocrine system provide the means for this type of intercellular communica-
tion. Communication within the nervous system occurs along nerve cells (neurons) that conduct 
electrical impulses from one location to another. Endocrine communication involves hormones, 
chemical messengers that travel between cells via the extracellular fluid. 

CONTrOL SYSTEMS

The human body relies on thousands of control systems to maintain internal stability. Some of 
these operate within cells to maintain normal cell function. Others are extracellular and work to 
coordinate different cells within an individual organ or to coordinate interrelationships between 
cells of different organs. 

NEGATIVE FEEDBACK

Negative feedback systems provide the primary means for maintaining stability. A negative 
feedback control system consists of the following components: 1) a central comparator (control 
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center) that compares actual levels of a particular variable to a “set point,” or the level at which 
the variable is to be maintained; 2) a sensor that detects the variable of interest; 3)  effectors 
that bring about physiological changes that correct deviations in the variable from the set 
point; 4)  afferent pathways that carry information from the sensor to the central comparator; 
5)  efferent pathways that carry information from the sensor to the effectors. This concept can 
be illustrated by describing the mechanism that regulates blood concentrations of carbon dioxide. 
The amount of carbon dioxide in blood is tightly regulated by a negative feedback system that 
involves the aforementioned components: 1) specialized sensors (nerve cells called chemorecep-
tors) that detect levels of carbon dioxide in blood; 2) an afferent neuronal pathway conveying 
information from the chemoreceptors to a central comparator, in this case, the  respiratory centers 
of the brain; 3) an efferent neuronal pathway conveying information from the respiratory centers 
to effectors (i.e., muscles that control breathing). These components interact in the following 
manner to maintain blood levels of carbon dioxide within a narrow range (Figure 1.3). 

• An increase in carbon dioxide levels in blood is detected by sensors 
located in the major arteries of the neck.

• When stimulated, these cells send impulses to the respiratory centers of 
the brain via afferent neurons.

• The control center in the respiratory centers of the brain responds to the 
stimulus by activating efferent neurons.

• The efferent neurons convey information to the effector muscles that 
control breathing, causing breathing rate to increase.

• The increase in breathing rate enhances disposal of carbon dioxide by 
the lungs.

• The removal of carbon dioxide from blood causes levels of the gas to drop 
to pre-stimulus levels, thereby removing the stimulus for the increased 
breathing rate (negative feedback). 

Figure 1.3: Negative feedback system regulating partial pressure of carbon dioxide in blood.
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It is important to note that negative feedback systems prevent large fluctuations in physiologic 
variables. However, there are situations where the body must respond to stimuli in a rapid and 
robust manner. Such changes are brought about by positive feedback systems.

POSITIVE FEEDBACK

The major difference between positive and negative feedback is that in positive feedback 
systems the response to a stimulus enhances rather than inhibits the response. Such a system 
has the potential to be extremely dangerous and possibly fatal. Consider what might happen 
if positive feedback governed the relationship between blood pressure and heart rate. In this 
case a drop in blood pressure would cause the heart to beat at a lower rate, thereby reducing 
blood pressure. In a negative feedback system, the decrease in blood pressure would exert 
an inhibitory effect on the brain centers controlling heart activity to prevent a further drop 
in heart rate and therefore prevent a severe drop in blood pressure. In a positive feedback 
system, this decrease in blood pressure would induce an even greater drop in heart rate. This 
relationship would develop into a vicious cycle, eventually causing cessation of heart activity 
and death.

The few positive feedback systems that help maintain normal body function do not become 
vicious cycles because the feedback relationship between stimulus and response ends abruptly. 
The control of birth illustrates this idea (Figure 1.4). Once contractions of the uterus reach a 
certain strength and frequency, the fetus is pushed into the cervix (birth canal). This activates 
stretch receptors that send afferent signals to the brain and ultimately stimulate release of 
oxytocin from the pituitary gland. Oxytocin is a hormone that enhances strength of uterine 
contractions, causing the fetus to move further into the birth canal. Further stretching of the 
cervix causes release of more oxytocin, and this further enhances uterine contractions. The 
cycle is terminated once the fetus passes through the birth canal, thereby ending the positive 
feedback relationship.

Figure 1.4: Positive feedback system regulating birth.
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HOMEOSTASIS AND DISEASE

An understanding of homeostasis provides insight into the concept of disease. A disease is simply 
an abnormal (pathological) condition that affects body function in a way that produces certain 
signs or symptoms. Disease results from imbalances in homeostasis; that is, failure of the body’s 
control systems. Fever, for example, is a common symptom accompanying certain viral or bac-
terial infections. A fever is an abnormally high body temperature caused by chemicals (pyrogens) 
that interfere with the negative feedback mechanisms that regulate body temperature.

LANGUAGE OF HUMAN ANATOMY

It is impossible to fully describe how the body functions without a standard language to identify 
and locate anatomical regions of the body. The language of anatomy includes terminology for: 
1) exterior regions of the body; 2) directions; 3) ways to divide the body in three dimensions; 
4) body cavities. 

The need for a standard anatomic language may not be readily apparent, but think about the 
confusion that can arise if you are trying to diagnose the cause of a “stomachache.” It is likely that 
what most people refer to as a stomachache has nothing to do with the stomach. It is an imprecise 
term that can be used to describe a pain located anywhere between the chest and groin. A more 
accurate system for describing the location of the pain is necessary in order to determine the 
cause of the discomfort. 

ANATOMIC POSITION

A system for navigating the human body is analogous to using a map to find your way to a 
geographic destination. As with a map, the system is based on some standard orientation. Maps 
are typically oriented with north at the top of the map and south at the bottom. The standard 
orientation of the human body is called anatomic position. A body in anatomic position is 
facing forward with the feet together and the arms placed at the sides of the body trunk, with the 
palms of the hands facing forward (Figure 1.5). According to this arrangement “left” and “right” 
refer to the subject’s left and right.

BODY REGIONS

Making references to specific external locations is facilitated by using standard terminology. 
External regions are divided into those located on the anterior (front) and posterior (back) 
sides of the body (Figure 1.6). The abdominal region of the anterior side is a particularly large 
surface and is typically subdivided into additional quadrants and regions that correspond to the 
locations of particular internal organs (Figure 1.7).
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Figure 1.5: Anatomic position (anterior view).

Figure 1.6: Anterior (left) and posterior (right) regions of the body surfaces.
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BODY DIRECTIONS AND SECTIONS

Terms to describe directions and sections help us describe locations of body structures in three 
dimensions (Figures 1.8 and 1.9). 

• Anterior (ventral) and posterior (dorsal) refer to the front and back sides, 
respectively.

• Superior and inferior refer to the upward and downward directions, re-
spectively.

• Movement toward longitudinal (vertical) axis is known as the medial di-
rection, whereas movement away from the longitudinal axis is called the 
lateral direction.

• Moving toward an attached base (e.g., the body trunk) is called the prox-
imal direction, while moving away from such a base is called the distal 
direction.

• The superficial direction is toward the body surface, and the deep direc-
tion is moving away from the surface.

Familiarity with anatomic planes is helpful in developing a spatial understanding of human 
anatomy; namely, identifying structures from different perspectives. There are three anatomic 
planes with corresponding sections:

• The frontal (coronal) plane runs parallel to the longitudinal axis, and a 
frontal (coronal) section divides the body into anterior and posterior 
halves.

Figure 1.7: regions and quadrants of the abdominopelvic region.
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Figure 1.8: Directional terms.

Figure 1.9: Body planes and sections.
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• The median (midsagittal) plane runs parallel to the longitudinal axis, 
and a median (midsagittal) section divides the body into left and right 
halves. 

• The transverse (horizontal) plane runs perpendicular to the longitudinal 
axis, and a transverse (horizontal) section divides the body into upper and 
lower halves.

BODY CAVITIES

The interior of the human body consists of several cavities that house the internal organs, or 
viscera (Figure 1.10). The thoracic cavity is separated into the pericardial cavity, which 
contains the heart, and the two adjacent pleural cavities that contain the left and right lungs. 
The inferior surface of these cavities is a sheet of muscle called the diaphragm. The abdom-

inopelvic cavity lies beneath the diaphragm and contains the organs of the digestive, urinary, 
and reproductive systems. The brain and spinal cord of the central nervous system are housed in 
the cranial and vertebral cavities, respectively. 

Figure 1.10: Body cavities.

The walls of the ventral body cavities (i.e., thoracic and abdominopelvic cavities) are lined 
with serous membranes (Figure 1.11) that connect with and envelop the visceral organs. 
During embryonic development two layers of serosa develop; that is, an inner visceral layer 
that adheres to the organs and an outer parietal layer that is continuous with the cavity 
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lining. As the visceral organs develop, they grow into the body cavities and therefore become 
covered by both the visceral serosa and parietal serosa. A thin layer of serous fluid occupies 
the space between the two layers of serosa. Sheets of the parietal serosa extend between the 
body cavity and organs to create what is known as mesentery (supporting organs of the 
digestive tract) or ligaments (supporting organs of the urinary and reproductive systems). 
The basic arrangement of serous tissues is similar for all of the ventral body cavities, but 
specific names are used to refer to the serous tissues in each of these cavities: 1) pericardium 

for the pericardial cavity; 2) pleura for the pleural cavities; 3) peritoneum for the abdom-
inopelvic cavity. 

Parietal serous
membrane

Visceral serous
membrane

Ligament

C. Organ enlarges and is eventually
surrounded by a double layer of serous
membranes.

A. Organ develops outside
of body cavity.

B. Organ grows into serous
membrane surrounding
body cavity.

Parietal layer

Space

Visceral layer

Body cavity

Body cavity

Organ

Organ

Organ

Figure 1.11: Formation of serous membrane supporting viscera.

Unlike the thoracic and abdominopelvic cavities, the tissue lining the cranial and vertebral 
cavities is not a serosa. A three-layered tissue called the meninges lines the cavities that house 
the brain and spinal cord. The structure of this tissue is included in Chapter 10.

The body also contains several small cavities that are described in later chapters.

• Oral and digestive

• Nasal

• Orbital

• Middle ear

• Synovial joint
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SUMMArY OF MAJOr CONCEPTS

• Anatomy is the study of body structure, whereas physiology is the study 
of body function.

• Structure determines function.

• Structure and function relationships apply at multiple levels of organiza-
tion: body, organ systems, organs, tissues, cells, and molecules.

• Homeostasis is the ability of the body to maintain stability within its 
internal environment.

• Homeostasis depends on the following vital processes: fluid transport, 
nutrient procurement, waste removal, protection, and communication.

• Body locations are described by standard terminology that designates 
exterior regions, directions, and sections.

• The internal organs are housed in several body cavities.

DiSCUSSiON

1 Jill is a biologist who is trying to identify the types of proteins that reside in the secretory 
vesicles of nerve cells in the hypothalamus of the brain. Is Jill’s research anatomic, physio-
logic, or both? Explain your answer.

2 Take some time to examine the cellular structure of skin (Chapter 4), and then explain how 
the structural features of this organ are related to its protective function.

3 Explain how each of the following conditions might disrupt homeostasis: 1) A tumor in the 
lower portion of the large intestine that prevents defecation; 2) lung cancer; 3) a weak heart 
(weak contractions); 4) kidney failure.

4 Bill has a nice tattoo of his dog on the lateral, antebrachial region of his left upper limb. 
Locate the position of this tattoo on a diagram of the human body.

5 Jane is about to perform surgery to remove the inflamed appendix of a 50-year-old woman. 
Which of the following best describes where Jane should make her initial incision?

a. Mid-axillary region
b. Left gluteal region
c. Right inguinal region
d. None of the above.
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6 The appendix of Jane’s patient ruptured and leaked digestive fluid into the abdominopelvic 
cavity. This creates a risk of infection in which of the body’s serous membranes?

a. Pleura
b. Pericardium
c. Peritoneum
d. Meningitis.

CrEDiTS
• Fig. 1.5: Copyright © 2013 by Connexions, (CC BY 3.0) at https://commons.wikimedia.org/wiki/File%3AAn-

atomical_position.jpg.

• Fig. 1.6: Copyright © 2013 by Connexions / OpenStax, (CC BY 3.0) at https://commons.wikimedia.org/wiki/

File%3ARegions_of_Human_Body.jpg.

• Fig. 1.7: Copyright © 2013 by OpenStax, (CC BY 3.0) at https://commons.wikimedia.org/wiki/File:Abdomi-

nal_Quadrant_Regions.jpg.

• Fig. 1.8: Copyright © 2013 by OpenStax College, (CC BY 3.0) at https://commons.wikimedia.org/wiki/File:-

Directional_Terms.jpg.

• Fig. 1.9: Copyright © 2013 by OpenStax, (CC BY 3.0) at https://commons.wikimedia.org/wiki/File:Planes_of_

Body.jpg.

• Fig. 1.10: Copyright © 2017 by Conexions, (CC BY 3.0) at https://commons.wikimedia.org/wiki/File:Dor-

sal_Ventral_Body_Cavities.jpg.




