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CHAPTER 1 Chapter 1 Body Plan and
Organization

Chapter Outline
1.1 UNIT 1: ORGANIZATION OF THE HUMAN BODY PLAN

1
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1.1 Unit 1: Organization of the Human Body
Plan

• Outline the levels of organization of the human body.

Lesson 1- Learning Objectives

a. 1. Contrast the sciences of anatomy and physiology.
b. 2. Apply commonly used planes to divide the body (sagittal, midsagittal, transverse [horizontal], frontal

[coronal])
c. 3. Apply directional terms used in human anatomy (posterior/anterior, medial/lateral, proximal/distal,

superficial/deep, superior/inferior, cranial/caudal, peripheral/palmar/plantar)

CONTRAST THE SCIENCES OF ANATOMY AND PHYSIOLOGY

How is the human body similar to a well-tuned machine?

Many people have compared the human body to a machine. Think about some common machines, such as drills and
washing machines. Each machine consists of many parts, and each part does a specific job, yet all the parts work
together to perform an overall function. The human body is like a machine in all these ways. In fact, it may be the
most fantastic machine on Earth.

As a preview of the human machine, the Emmy award-winning video, Inside The Living Body, at this link is highly
recommended: http://www.youtube.com/watch?v=chqwSh4ii84&feature=related .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/470

Anatomy: Anatomy is the scientific study of structures and the relationship of structures to each other. (FORM)
Physiology: Physiology is the scientific study of how body structures and systems function to perform life processes.
(FUNCTION)

How does anatomy determine function in the body?

BODY PLANES

Body planes refer to any slice or cut through a three-dimensional structure allowing us to visualize relationships
between those parts. CT (Computed Tomography Imaging) and MRI (Magnetic Resonance Imaging) technology
use these principles.
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A. Sagittal Plane (Median) - The sagittal plane is a vertical plane (lengthwise) dividing the body or an organ into
right and left sections.

C. Transverse (Horizontal) - The transverse plane is a horizontal plane dividing the body or an organ into superior
(upper) and inferior (lower) sections.

D. Frontal - The frontal plane is a vertical plane dividing the body or an organ into anterior (front) and posterior
(back) sections.

DIRECTIONAL TERMS

These terms will help to standardize discussion about locations and directions of the body.

1. Posterior –to the back
2. Anterior –to the front
3. Medial –towards the middle
4. Lateral –towards the side
5. Proximal –closest to an attachment point
6. Distal –away from an attachment point
7. Superior –above, towards the head
8. Inferior – below, towards the feet

Directional terms are used to describe joint movements that occur in different directions and planes. The body is
assumed to be in anatomical position; standing erect, the face forward, and the arms at the sides with the palms
forward. A person may be lying down in anatomical position. The person is supine when lying on the back, face
up or prone when lying face down on the abdomen. Provided is a video clip from YouTube called Joine Movement
Anatomy Project that does a great job of showing the joint movements-
http://www.youtube.com/watch?v=cz-7SC8LfVw

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/75747
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CHAPTER 2 Chapter 2 Digestive System
Chapter Outline

2.1 DIGESTIVE SYSTEM STRUCTURES & FUNCTIONS

2.2 REFERENCES
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2.1 Digestive System Structures & Functions

Lesson Objectives

• Describe the organs and major functions of the digestive system.
• Explain how the mouth, esophagus, and stomach start the digestion of food.
• Explain how the small intestine completes digestion and absorbs nutrients.
• State the functions of the large intestine and the roles of intestinal bacteria.
• Identify and describe diseases of the digestive system.

Introduction

Suppose you are studying and having trouble concentrating. You decide to eat an apple for energy. How does energy
stored in the apple get into your cells? What organs and processes break down the apple into nutrients that the body
can use for fuel? What organs and processes let the nutrients enter your bloodstream so they can travel to the cells
where they are needed? The basic processes involved are digestion, absorption and excretion. The organs involved
are the organs of the digestive system.

Organs and Functions of the Digestive System

Organs that make up the digestive system are shown in Figure 2.1. Most of the organs form the gastrointestinal
tract. Other digestive organs are called accessory organs. As you read about the organs below, refer to Figure 2.1
for reference.

Gastrointestinal Tract (Alimentary Canal)

The gastrointestinal (GI) tract or Alimentary canal, is a long tube that connects the mouth with the anus. It is more
than 9 meters (30 feet) long in adults. The GI tract can be divided into an upper and lower part. The upper GI tract
includes the mouth, pharynx, esophagus, and stomach. The lower GI tract includes the small and large intestines,
rectum and anus. Food enters the mouth, passes through the upper and lower GI tracts, and then exits the body as
feces through the anus.

The organs of the GI tract are covered by two layers of muscles that enable peristalsis. Peristalsis is a rapid,
involuntary, wave-like contraction of muscles. It pushes food through the GI tract. The inside of GI tract is lined
with mucous membranes. Mucous membranes are moist tissues that can secrete and absorb substances. The ability
to secrete and absorb substances is necessary for the functions of the digestive system. See http://en.wikipedia.org/
wiki/File:Peristalsis.gif for an animation of peristalsis.

Accessory Organs of the Digestive System

In the lower GI tract, additional organs play important roles in digestion. They are called accessory organs. Food
does not pass through them, but they make or store substances needed for digestion. The accessory organs are the
salivary glands, liver, gall bladder, and pancreas.
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FIGURE 2.1
Organs of the digestive system.

• The salivary glands are located anterior to the ear and under the masseter muscle. They produce saliva which
begins the breakdown of carbohydrates in the mouth.

• The liver is a large organ next to the stomach. It produces digestive substances that are carried by ducts, or
tubes, to the small intestine and gall bladder.

• The gall bladder is a small, pear-shaped structure below the liver. It stores substances from the liver until they
are needed by the small intestine.

• The pancreas is a gland below the stomach. It produces digestive substances that are carried by a duct to the
small intestine.

The Liver

The liver is a vital organ that has many functions, including detoxification of blood, protein synthesis, and production
of biochemicals necessary for digestion. The liver is also involved in glucose balance. The liver produces bile which
breaks down lipids. Bile is a greenish-colored fluid which Is produced in the liver. The principle pigment in bile is

6
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bilirubin. Bile is typically stored and concentrated in the gallbladder and flows to the duodenum when stimulated by
the presence of fat. Bile functions to emulsify (mix) fat to aid in lipid digestion by assisting in mechanical digestion
or breaking the fat into smaller pieces to increase the surface area available for digestive enzymes to work. Bile is
excreted in the feces through the intestines.

The liver performs several roles in carbohydrate metabolism, which help in the balance of blood glucose levels:

• Gluconeogenesis: the synthesis of glucose from certain amino acids, lactate or glycerol
• Glycogenolysis: the breakdown of glycogen into glucose
• Glycogenesis: the formation of glycogen from glucose.

The liver is one of the most important organs in the body when it comes to blood filtering and detoxification. The liver
is involved in getting rid of foreign substances and toxins, especially from the gut. The toxins are usually excreted in
bile or urine. Breaking down toxins is referred to as drug metabolism, and is usually done using specialized enzymes
produced in the liver. Most of the blood being filtered by the liver is from the portal vein, which carries blood from
the intestines. The liver can remove a broad range of microorganisms such as bacteria, fungi, viruses and parasites
from the blood. Infections and parasites can come from contaminated water and food, and then find their way into
your gut and blood stream. Luckily the blood then goes to the liver for filtering.

The liver also performs several roles in lipid metabolism including cholesterol synthesis and the production of
triglycerides (fats). The liver produces coagulation factors I (fibrinogen), II (prothrombin), V, VII, IX, X and XI, as
well as protein C, protein S and antithrombin.

Pancreas

The pancreas, located in the left upper quadrant of the abdomin and posterior to the stomach, is a storage for
digestive enzymes. Injury to the pancreas could be fatal if not attended to immediately. The pancreas is an endocrine
gland since its specialized islet cells produce the hormones insulin and glucagon. It is also a digestive organ since
its specialized acinar cells produce digestive enzymes which are released through ducts into the duodenum of the
small intestine. Pancreatic juice includes secretions which are made by the pancreas including digestive enzymes
and bicarbonate ions to increase the pH of the acidic chyme. It is necessary to increase the pH as the chyme flows
into the duodenum. Pancreatic juice flows through the pancreatic duct, through the hepatopancreatic sphincter and
into the duodenum. It helps to chemically digest organic compounds including carbohydrates, lipids, and proteins.

Functions of the Digestive System

The digestive system has three main functions: digestion of food, absorption of nutrients, and elimination of solid
waste. Digestion is the process of breaking down food into components the body can absorb. There are two types of
digestion: mechanical and chemical.

• Mechanical digestion is the physical breakdown of chunks of food into smaller pieces. It takes place mainly
in the mouth known as mastication and stomach known as maceration.

• Chemical digestion is the chemical breakdown of large, complex food molecules into smaller, simpler nutrient
molecules that can be absorbed by the blood. It needs enzymes for it to happen and takes place mainly in the
small intestine.

Chemical digestion could not take place without the help of digestive enzymes. Enzymes are substances that speed up
chemical reactions. Digestive enzymes speed up the reactions of chemical digestion. Digestive enzymes are secreted
by glands in the mucous membranes of the mouth, stomach, small intestine, and pancreas. Different digestive
enzymes help break down different types of food molecules, including carbohydrates, proteins, and lipids.

7
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FIGURE 2.2
The Pancreas serves as an endocrine
and digestive organ.

The name of a digestive enzyme typically ends with the suffix -ase, which means “enzyme”. The rest of the name
refers to the type of food molecules the enzyme helps digest. For example, the enzyme lipase helps digest lipid
molecules, and the enzyme lactase helps digest molecules of the sugar lactose.

After food is digested, the resulting nutrients are absorbed. Absorption is the process in which substances pass into
the blood stream, where they can circulate throughout the body. Absorption occurs mainly in the small intestine.
Any remaining indigestible matter that cannot be absorbed passes into the large intestine as waste. The waste later
passes out of the body through the anus in the process of elimination.

The Start of Digestion: The Mouth to the Stomach

The upper GI tract is the primary site of mechanical digestion. The chemical digestion of carbohydrates and proteins
also begins in the upper GI tract.

The Mouth

The mouth is the first organ in the digestive tract, but digestion may start even before you put the first bite of food
in your mouth. Why? The sight or aroma of an appetizing dish can stimulate the release of digestive enzymes by
salivary glands inside your mouth. Saliva is 99.5% water and 0.5% of the solutes include bicarbonate ions, mucin,
and salivary amylase.

The major salivary enzyme is amylase. Once you start eating, amylase begins the chemical digestion of carbohy-
drates in the food. It helps break down complex starch molecules into simpler sugar molecules called maltose.

The pharynx connects the mouth to the rest of the digestive tract. It also connects the mouth and nose to the rest of
the respiratory system. As food is pushed to the back of the mouth by the tongue, it sets off an automatic response

8
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that closes the pharynx off from the respiratory system. This prevents you from accidentally inhaling food when
you swallow. The process of swallowing and moving the food to the pharynx is called deglutition.Saliva from the
salivary glands moistens the food and makes it easier to chew. The muscular tongue helps mix the food with saliva
and the enzymes it contains. When you swallow, the lump of chewed food, now called a bolus, passes into the
pharynx.

Esophagus

From the pharynx, the bolus moves into the esophagus. The esophagus is a narrow tube about 20 centimeters long
in adults. It begins at the pharynx, passes through the chest, and ends at the opening to the stomach. The function
of the esophagus is to pass food from the mouth to the stomach. This takes only a few seconds. The esophagus does
not produce digestive enzymes and does not have any other digestive functions.

Food moves through the esophagus due to peristalsis. At the end of the esophagus, a muscle called a sphincter
controls the entrance to the stomach. The sphincter opens to let food into the stomach and then closes again to
prevent the food from passing back into the esophagus.

Stomach

The stomach is a saclike organ located between the end of the esophagus and the beginning of the small intestine. In
the stomach, food is further digested both mechanically and chemically. Churning movements of the stomach’s thick
muscular walls break down food mechanically. The churning movements also mix the food with fluids secreted by
the stomach. These fluids gastric juices and digestive enzymes.

• Gastric juices of the stomach consist of hydrochloric acid which gives the stomach a very acidic environment.
This helps destroy any bacteria that have entered the stomach in foods or beverages. An acidic environment is
also needed for the stomach’s digestive enzymes to work. Along with hydrochloric acid the stomach contains
mucus. Mucus is a thick, sticky substance which helps protect the inner lining of the stomach.

• Digestive enzymes secreted in the stomach help break down proteins into smaller molecules called peptides.
The main digestive enzyme in the stomach is pepsin. Pepsin is secreted in its inactive form pepsinogen. It is
activated by the presence of hydrochloric acid and facilitates the chemical digestion of proteins into dipeptides

Water, alcohol, salt, and simple sugars can be absorbed through the lining of the stomach. Most other substances
need further digestion in the small intestine before they can be absorbed. The stomach stores the food until the small
intestine is ready to receive it. It may hold up to four liters of food when fully expanded. When the small intestine
is empty, a sphincter opens between the stomach and small intestine. This allows the partially digested food, now
called chyme, to enter the small intestine.

Digestion and Absorption: The Small Intestine

The small intestine is narrow tube about seven meters long in adults. It is the site of most chemical digestion and
virtually all absorption. As you can see from Figure 1, the small intestine is much longer than the large intestine.
It is called “small” because it is smaller in diameter than the large intestine. Like the rest of the GI tract, the
small intestine pushes food along with peristalsis. Some mechanical digestion takes place in the small intestine in
a process called segmentation. Segmentation is a strictly localized contraction of the small intestine to mix food
with digestive juices. It happens in areas of the small intestine containing food and brings chyme in contact with the
mucosa for absorption. The small intestine is made up of three parts: the duodenum, jejunum, and ileum. Each part
has a different function.

9
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FIGURE 2.3
1. Body of stomach 2. Fundus 3. Anterior
wall 4. Greater curvature 5. Lesser
curvature 6. Cardiac Sphincter 9. Pyloric
sphincter 10. Pyloric antrum 11. Pylorus
12. Angular notch 13. Gastric canal 14.
Rugae folds

Digestion in the Small Intestine

The duodenum is the first part of the small intestine. It is only about 25 cm long, but most chemical digestion
occurs here. Many enzymes are active in the duodenum, and several are listed in Table 2.1. Some of the enzymes
are produced by the duodenum. The rest are produced by the pancreas and secreted into the duodenum.

TABLE 2.1: Digestive Enzymes Active in the Duodenum

Name of Enzyme Nutrient It Digests Site of Production
Amylase carbohydrates pancreas
Trypsin proteins pancreas
Lipase lipids pancreas
Maltase carbohydrates small intestine
Peptidase proteins small intestine
Lipase lipids small intestine

How does the pancreas “know” when to secrete enzymes into the small intestine? The pancreas is controlled by
compounds called hormones. Hormones are chemical messengers in the body. They regulate many body functions,
including secretion of digestive enzymes. When food enters the stomach, a hormone called gastrin is secreted by the
stomach. Gastrin, in turn, stimulates the pancreas to secrete its digestive enzymes.

The liver produces fluid called bile, which is secreted into the duodenum. Some bile goes to the gall bladder, where
it is stored and becomes more concentrated. In the duodenum, bile breaks up large globules of lipids into smaller
globules that are easier for lipase enzymes to break down chemically.

Bile also reduces the acidity of the chyme entering from the highly acidic stomach. This is important for digestion,
because digestive enzymes in the duodenum require a neutral environment in order to work. The pancreas also
contributes to the neutral environment of the duodenum by secreting bicarbonate, a basic substance that neutralizes
acid.

To see animations about digestive enzymes ( 9f) in the duodenum, use these links: http://www.youtube.com/watch
?v=bNMsNHqxszc&feature=related (0:41) and http://www.youtube.com/watch?v=IxNpXO8gGFM (2:45).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6829

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6830

Absorption in the Small Intestine

The jejunum is the second part of the small intestine. It is about 2.5 meters long. This is where most nutrients are
absorbed into the blood.

10
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As shown in Figure 2.4, the mucous membrane lining the jejunum is covered with microscopic, fingerlike projec-
tions called villi (singular: villus). Each villus, in turn, has thousands of even smaller projections called microvilli
(singular: microvillus). The villi contain capillaries, which are tiny blood vessels. Nutrients are absorbed into these
capillaries across the surface of the villi and microvilli. Because there are millions of these tiny projections, they
greatly increase the surface area for absorption. In fact, villi and microvilli increase the absorptive surface of the
small intestine to the size of a tennis court! This allows far greater absorption of nutrients.

FIGURE 2.4
Magnified image of villi lining the jejunum
(small intestine).

The ileum is the third part of the small intestine. It is about 3.5 meters long. A few remaining nutrients are absorbed
in the ileum. Salts that form from liver bile are also absorbed there. Like the jejunum, the ileum is covered with villi
and microvilli that increase the area for absorption.

The Large Intestine and Its Functions

From the small intestine, any remaining food waste passes into the large intestine. The large intestine is a relatively
wide tube that connects the small intestine with the anus. It is about 1.5 meters long. The large intestine has pouch
segments called haustrum. Haustrum remain relaxed until it fills up, then it contracts moving food to next haustrum.
Moving food through the large intestine causes churning which is known as haustral churning. The large intestine
consists of three parts: the cecum, colon, and rectum. The colon has four sections ascending colon, transverse colon,
descending colon and sigmoid colon (see the following picture).

Absorption of Water and Elimination of Wastes

The cecum is the first part of the large intestine, where waste enters from the small intestine. The waste is in a
liquid state. As the waste passes through the colon, which is the second part of the large intestine, excess water is
absorbed. After the excess water is absorbed, the remaining solid waste is called feces. Feces contain indigestible
food substances such as fiber.

Feces accumulate in the rectum, which is the third part of the large intestine. As the rectum fills, the feces become
compacted. The feces are stored in the rectum until they are eliminated from the body. A sphincter controls the anus
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FIGURE 2.5
Important structures of the Large Intes-
tine.

and opens to let feces through to the outside. It normally takes from 12 to 24 hours for wastes to enter the cecum,
move through colon, accumulate in the rectum, and pass from the body as feces.

Bacteria in the Large Intestine

Other functions of the large intestine are to provide a home for intestinal bacteria and to absorb the vitamins they
produce. Trillions of bacteria normally live in the large intestine. Some of these bacteria are harmful to the body
if they grow out of control. However, most of the bacteria are helpful. They produce several vitamins, including
vitamins B12 and K. Intestinal bacteria play other helpful roles, as well. For example, they:

• control the growth of harmful bacteria.
• break down toxins before they can poison the body.
• break down indigestible food components.
• produce substances that help prevent colon cancer.

Follow food as it moves through the digestive system ( 9f) at http://www.youtube.com/watch?v=Uzl6M1YlU3w&f
eature=related (1:37).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6831
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The digestive system ( 9f) song Where Will I Go can be heard at http://www.youtube.com/watch?v=OYWVbt6t2
mw&feature=related (3:27).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6832

Diseases of the Digestive System

A number of diseases can affect the entire gastrointestinal tract. Other diseases affect particular organs of the GI
tract. Still others affect accessory organs of the digestive system.

Diseases of the Gastrointestinal Tract

A group of diseases that affect the GI tract is called inflammatory bowel disease. Inflammatory bowel disease is
inflammation of the large intestine and, in some cases, other parts of the GI tract. Inflammation is a normal reaction
of the immune system to injury or infection that causes swelling, redness, and pain.

The two main forms of inflammatory bowel disease are Crohn’s disease and ulcerative colitis. Both have similar
symptoms, including abdominal pain, diarrhea, and weight loss. Crohn’s disease is caused by the immune system
reacting to the body’s own tissues, but the cause of ulcerative colitis is not known. A tendency to develop the
diseases may be inherited. Ulcerative colitis is confined to the colon and sometimes can be cured with surgery.
Crohn’s disease may occur anywhere in the GI tract and has no known cure, although treatment can control the
symptoms.

Food allergies can also affect the entire GI tract. Food allergies are disorders that occur when the immune system
reacts to substances in food as though they were harmful “foreign invaders.” Foods that are most likely to cause
allergies are nuts, eggs, milk, fish, and shellfish. Symptoms of food allergies may include tingling in the mouth,
vomiting, and diarrhea. Food allergies can also cause skin rashes and difficulty breathing. An estimated eight
percent of children and two percent of adults have food allergies.

Diseases of the Stomach and Esophagus

A layer of mucus normally protects the lining of the stomach from damage by hydrochloric acid. An infection by
bacteria of the species Helicobacter pylori can weaken this mucus layer, allowing acid to get through to the delicate
mucous membranes underneath. The acid may cause gastritis or stomach ulcers, both of which can be treated with
medication.

• Gastritis is inflammation of the lining of the stomach. It causes abdominal pain.
• A stomach ulcer is a sore in the lining of the stomach. It causes severe abdominal pain and bleeding.

Stomach acid may also damage the lining of the esophagus. This can occur when the sphincter between the stomach
and esophagus does not close properly. This lets acid from the stomach enter the esophagus. The acid may cause
esophagitis, or inflammation of the esophagus. A common symptom of esophagitis is heartburn, which is a painful,
burning sensation in the throat or chest. Esophagitis can be treated with medication and changes in diet. It is
important to treat the condition because it sometimes leads to cancer of the esophagus if not treated.
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Diseases of the Small Intestine

Diseases that affect the small intestine include ulcers, infections, and celiac disease. Ulcers of the small intestine
occur mainly in the duodenum, because stomach acid enters the duodenum during digestion. If an infection
by Helicobacter pylori weakens the mucous layer in the duodenum, the stomach acid can damage the mucous
membranes underneath. Symptoms and treatment of duodenal ulcers are similar to those of stomach ulcers.

Other bacteria may also cause infections in the small intestine, including Salmonella and E. coli. The bacteria
can enter the body in contaminated foods or beverages. Symptoms of bacterial infections include abdominal pain,
cramping, vomiting, and diarrhea. Such infections typically clear up on their own without medical treatment.

Celiac disease is an immune reaction to a food protein called gluten, which is found in grains. A tendency to have
celiac disease can be inherited. Symptoms of the disease include abdominal pain, diarrhea, and bloating. The
symptoms can be prevented by eating a gluten-free diet, but there is no cure for the disease.

Diseases of the Large Intestine

Diseases that affect the large intestine include irritable bowel syndrome, colitis, and appendicitis. Irritable bowel
syndrome (IBS) is a disorder in which the large intestine is easily irritated. It is one of the most common gastroin-
testinal disorders. The cause of IBS is unknown, but may be due to excessive bacteria in the intestine. Symptoms of
the disorder include abdominal pain, cramping, constipation, and diarrhea. Symptoms can often be controlled with
medication, stress management, and changes in diet. However, there is no cure for IBS.

Colitis is inflammation of the colon. It has many possible causes, ranging from bacterial infections to immune
reactions against the body’s own tissues. Symptoms of colitis include pain and tenderness in the abdomen. Treatment
of colitis may include medication, surgery, and changes in diet.

Colorectal cancer is the second most common form of cancer in the United States and Europe. Colorectal cancer
has a slow progression and remains localized for long periods of time. If it is detected early, it has a 90% cure
rate. The problem is many people are embarrassed to talk with their health care providers about changes in bowel
habits and do not seek professional help until the cancer has spread and is more difficult to treat. The exact
cause is unknown, but studies suggest a relationship to a high fat diet, aging, and a family history of colorectal
cancer. The signs and symptoms of colorectal cancer include mild abdominal discomfort and a change in bowel
habits. Treatment varies but may include surgery and chemotherapy.

Appendicitis is inflammation of the appendix. It is most common in children and teens. The appendix is a small,
fingerlike pouch that extends from the cecum (see Figure 2.1). Inflammation of the appendix is usually caused by
a bacterial infection. Symptoms include abdominal pain, loss of appetite, fever, and vomiting. Appendicitis is most
often treated with surgery to remove the infected appendix. Without treatment, an infected appendix can be fatal.

Obesity is the presence of excess body fat, generally over 20% for men and over 30% for women. There are many
precipitating causes, but the bottom line is that too many calories are consumed in comparison to the number of
calories being used for energy. Precipitating factors include genetics, gender, and inactivity. Treatment includes
a reduction of calories and an increase in exercise. Treatment may also include surgery, such as a gastric bypass
or gastric banding to reduce the size of the stomach. Complications of obesity include joint pain, gallstones,
hypertension, hyperlipidemia, atherosclerosis, heart attacks, strokes, and a predisposition to certain cancers.

Diseases of the Accessory Organs

Accessory organs of digestion can also be affected by disease, and this may interfere with normal digestion. A
disease that affects the pancreas is cystic fibrosis. Cystic fibrosis (CF) is an inherited disease in which the body
produces abnormally thick and sticky mucous. In the pancreas, the mucus blocks the duct to the duodenum,
preventing pancreatic enzymes from reaching it. As a result, proteins and lipids cannot be digested properly. People
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with CF may take digestive enzymes by mouth to improve their digestion. However, the disease has no known cure.
(For more information on CF, see chapter titled Human Genetics.)

Hepatitis is inflammation of the liver. It is usually caused by a viral infection. Several different viruses can cause
hepatitis. Some of the viruses spread through contaminated foods or beverages, others through sexual contact.
Symptoms of hepatitis include fever, headache, vomiting, and abdominal pain. Another symptom is jaundice, which
is yellowing of the skin and eyes. If the symptoms are mild, the disease may clear up without treatment. If the
symptoms are more severe, the disease may damage the liver so it can no longer produce bile. This interferes with
the digestion of lipids. Medications are available to treat hepatitis. Some types of hepatitis can also be prevented
with vaccines. Hepatitis A is a highly contagious form of hepatitis and is usually transmitted by the fecal-oral
route, commonly within institutions and families. The usual cause is the ingestion of contaminated food, milk, or
water. The disease is marked by liver cells destruction, anorexia, jaundice, headache, nausea and vomiting. Also
seen is a dark colored urine and clay colored stools. There is no specific treatment. The person should rest. Liver
failure is a complication. Vaccines are available to reduce the incidence of this disease. Hepatitis B is a highly
contagious form of hepatitis that is transmitted by the direct exchange of contaminated blood. The disease is marked
by liver cell destruction, anorexia, jaundice, headache, nausea, and vomiting. Also seen is dark colored urine and
clay colored stools. There is no specific treatment. The person should rest. Liver failure is a complication.
Vaccines are available to reduce the incidence of this disease. They are strongly recommended for all health care
workers.

Cirrhosis of the liver is a chronic liver disease characterized by the destruction of the liver cells followed by
scarring. Mortality is high with most patients dying within five years of the onset. One of the major causes of
cirrhosis is alcoholism. Signs and symptoms of cirrhosis include anorexia, indigestion, nausea, vomiting, abdominal
pain, later including ascites, jaundice, and hepatomegaly. Treatment is designed to prevent further liver damage and
to prevent and/or treat liver complications.

Gall bladder problems occur mainly in adults. They are often caused by gall stones ( Figure 2.6). Gall stones are
crystals that form in the bile in the gall bladder. There are many possible reasons why gall stones form, including
abnormal body chemistry and too much fat in the diet. Gall stones start out as small as a grain of sand but may grow
to the size of a golf ball. There may be one large stone or many small ones. If gall stones block the duct that carries
bile to the duodenum, they may cause inflammation of the gall bladder and severe abdominal pain. Generally, the
only way to treat these problems is to surgically remove the gall stones or the entire gall bladder.

FIGURE 2.6
Gall stones.
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Lesson Summary

• The digestive system includes the gastrointestinal tract and accessory organs such as the pancreas. The major
functions of the digestive system are to digest food, absorb nutrients, and eliminate solid waste.

• Both mechanical and chemical digestion of food start in the mouth. The esophagus carries the food to the
stomach, and the stomach continues mechanical and chemical digestion.

• Most chemical digestion takes place in the small intestine with the help of several digestive enzymes. Virtually
all absorption of nutrients also takes place in the small intestine.

• The large intestine removes excess water from waste and eliminates waste from the body. It also provides a
home for helpful intestinal bacteria.

• Many diseases affect the digestive system and may interfere with digestion. They include food allergies,
infections, and inherited conditions.

Review Questions

1. Name, in sequence, the digestive organs that food passes through in the gastrointestinal tract, from the mouth
to the anus.

2. Describe two ways that the mouth helps digest food.
3. How do villi and microvilli help the small intestine absorb nutrients?
4. What are two functions of helpful bacteria in the large intestine?
5. Describe what happens to carbohydrates as they pass through the organs of the GI tract.
6. Antibiotics are medications that destroy bacteria. Explain how antibiotics might help treat stomach ulcers.
7. Why is it important for digestive system functions that mucous membranes can secrete and absorb substances?
8. Compare and contrast two digestive enzymes that work in the duodenum.

Further Reading / Supplemental Links

• Brynie, Faith Hickman, 101 Questions about Food and Digestion that Have Been Eating at You Until Now.
Lerner Publishing Group, 2002.

• Dowshen, Stephen, M.D., “Digestive System.” Nemours Foundation, 2007. Available online at: www.kidshealth.org/teen/your_-
body/body_basics/digestive_system.html.

• Johnson, Rebecca L., The Digestive System. Lerner Publications, 2004.
• Minocha, Anil and Adamec, Christine A., The Encyclopedia of the Digestive System and Digestive Disorders.

Facts on File, 2004.
• Nagel, Rob, Body by Design: From the Digestive System to the Skeleton. UXL, 2000.
• http://en.wikibooks.org/wiki/Human_Physiology/The_gastrointestinal_system
• http://library.thinkquest.org/12090/
• http://www.biology-online.org/7/6_food.htm
• http://www.vivo.colostate.edu/hbooks/pathphys/digestion/
• http://digestive.niddk.nih.gov/ddiseases/pubs/yrdd/
• http://en.wikipedia.org

Vocabulary

absorption
The process in which substances pass into the blood stream, where they can circulate throughout the body;
occurs mainly in the small intestine.

amylase
The major salivary enzyme is amylase; begins the chemical digestion of carbohydrates in the food; helps break
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down complex starch molecules into simpler sugar molecules.

cecum
The first part of the large intestine, where waste enters from the small intestine.

celiac disease
An immune reaction to a food protein called gluten, which is found in grains.

chemical digestion
The chemical breakdown of large, complex food molecules into smaller, simpler nutrient molecules that can
be absorbed by the blood; takes place mainly in the small intestine.

colon
The second part of the large intestine, where excess water is absorbed. After the excess water is absorbed, the
remaining solid waste is called feces.

duodenum
The first part of the small intestine; site where most chemical digestion occurs.

esophagus
A narrow tube - begins at the pharynx, passes through the chest, and ends at the opening to the stomach. The
function of the esophagus is to pass food from the mouth to the stomach.

gall bladder
A small, pear-shaped structure below the liver; stores substances from the liver until they are needed by the
small intestine.

gastritis
Inflammation of the lining of the stomach.

gastrointestinal (GI) tract
Organ of the digestive system; a long tube that connects the mouth with the anus.

ileum
The third part of the small intestine. A few remaining nutrients are absorbed in the ileum, as are salts that
form from liver bile.

inflammatory bowel disease
Inflammation of the large intestine and, in some cases, other parts of the GI tract; includes Crohn’s disease
and ulcerative colitis.

irritable bowel syndrome (IBS)
A disorder in which the large intestine is easily irritated.

jejunum
The second part of the small intestine; where most nutrients are absorbed into the blood.

large intestine
A relatively wide tube that connects the small intestine with the anus; consists of three parts: the cecum, colon,
and rectum.
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liver
A large organ next to the stomach; produces digestive substances that are carried by ducts, or tubes, to the
small intestine and gall bladder.

lower GI tract
Segment of the GI tract that includes the small and large intestines.

mechanical digestion
The physical breakdown of chunks of food into smaller pieces; takes place mainly in the mouth and stomach.

mucous membranes
Moist tissues that can secrete and absorb substances.

pancreas
A gland below the stomach; produces digestive substances that are carried by a duct to the small intestine.

peristalsis
A rapid, involuntary, wave-like contraction of muscles; pushes food through the GI tract.

pharynx
Connects the mouth to the rest of the digestive tract; also connects the mouth and nose to the rest of the
respiratory system.

rectum
The third part of the large intestine; where feces accumulates. As the rectum fills, the feces become compacted.
The feces are stored in the rectum until they are eliminated from the body.

small intestine
A narrow tube leading away from the stomach; made up of three parts: the duodenum, jejunum, and ileum;
the site of most chemical digestion and virtually all absorption.

stomach
A saclike organ located between the end of the esophagus and the beginning of the small intestine. In the
stomach, food is further digested both mechanically and chemically.

stomach ulcer
A sore in the lining of the stomach.

upper GI tract
Segment of the GI tract that includes the mouth, esophagus, and stomach.

Points to Consider

• The large intestine eliminates the waste that remains after food is digested. More waste is produced when
cells break down nutrients for energy and building materials. How is this waste removed from the body? Is it
eliminated by the large intestine? Is it removed in some other way?
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3.1 Respiratory System functions and struc-
tures

Lesson Objectives

• Distinguish between external and internal respiration.
• Identify the structures of the respiratory system.
• Outline the process of inhalation.
• Describe how carbon dioxide is carried in the blood.
• Compare the causes of emphysema and asthma.

Introduction

Have you ever wondered what it would be like to have gills? You would breathe and look very different from the
rest of us, but they would be great for swimming and diving! Despite such differences, the main functions of lungs
and gills are the same: to obtain oxygen, and to release carbon dioxide.

The human respiratory system has many important funcions the first of which is to bring oxygen, O2, from the air
into the body and release carbon dioxide, CO2, into the atmosphere. The structures of the respitory system warm,
moisten, and filter the air we breath. Those structures also help in the production of sound and with our sense of
smell. One of the most vital functions of the respiratory system is the regulation of blood pH. Carbon dioxide is an
acid, so when you hold your breath your blood pH level starts to go down because your CO2 levels are starting to
go up. Your normal blood pH is between 7.35-7.45. If your blood pH starts to move out of that range, your medulla
oblongata sends the signal that it is time to breath or breath faster.

Oxygen is drawn in through the respiratory tract, which is shown in Figure 3.1, and is then delivered to the
blood. This process is called external respiration. The rate at which the gases enter and leave the lungs is called
ventilation. The exchange of gases between the blood and the cells of the body is called internal respiration.

An overview of breathing is shown at http://www.youtube.com/user/khanacademy#p/c/7A9646BC5110CF64/35/
SPGRkexI_cs (20:33).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5906

Ventilation

Pulmonary ventilation may be evaluated using a breathing tube or spirometer, measuring the movement of the
chest and abdominal walls using respiratory inductance plethysmography or by isolating the subject in an enclosed
metabolic chamber. Tidal volume is the the amount of air the lungs breath in and out without any extra effort. In
a healthy, young adult, tidal volume is approximately 500 ml per inspiration or 7 ml/kg of body weight. Vital
capacity is the maximum amount of air a person can expel from the lungs after a maximum inhalation.A normal
adult has a vital capacity between 3 and 5 litres. A human’s vital capacity depends on age, sex, height, weight, and
ethnicity.
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FIGURE 3.1
The respiratory system. Air moves down
the trachea, a long straight tube in the
chest. The diaphragm pulls air in and
pushes it out. Respiratory systems of
various types are found in a wide variety
of organisms.

= tidal volume * respiratory rate the total volume of gas entering the lungs per minute.
Alveolar ventilation figure*

= (tidal volume - dead space) *respiratory rate the volume of gas per unit time that reaches the alveoli, the respiratory
portions of the lungs where gas exchange occurs.
Dead space ventilation figure*

= dead space * respiratory rate is the volume of gas per unit time that does not reach these respiratory portions, but
instead remains in the airways (trachea, bronchi, etc.).
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Sample Values

TABLE 3.2:

Measure Sample value at rest Sample value moderate exercise
Tidal volume 0.5 L 3.0 L
Respiratory rate 12 breaths/minute 30 breaths/minute
Minute ventilation 6.0 L/min 90 L/min
Dead space 0.15 L 0.15 L
Dead space ventilation 1.8 L/min 4.5 L/min
Alveolar ventilation 4.2 L/min 85.5 L/min

(see; http://en.wikipedia.org/wiki/Ventilation_(physiology))

Comparing "Cellular Respiration" and "Respiration"

Respiration is the transport of oxygen from the outside air to the cells of the body, and the transport of carbon
dioxide in the opposite direction. This is in contrast to the biochemical definition of respiration, which refers to
cellular respiration. Cellular respiration is the metabolic process by which an organism obtains energy by reacting
oxygen with glucose to give water, carbon dioxide and ATP (energy). Although respiration is necessary to sustain
cellular respiration and thus life in animals, the processes are very different. Cellular respiration takes place in
individual cells of the animal, while respiration involves the transport of metabolites between the organism and
external environment.

Structures of the Respiratory System

The nose and nasal cavity filter, warm, and moisten the inhaled air. The nose hairs and mucus produced by the
epithelial cells in the nose catch airborne particles and prevent them from reaching the lungs.

Behind the nasal cavity, air next passes through the pharynx, a long tube that is shared with the digestive system.
Both food and air pass through the pharynx. A flap of connective tissue called the epiglottis closes over the trachea
when food is swallowed to prevent choking or inhaling food. In humans the pharynx is important in vocalization.
The pharynx is divided into three regions; nasopharynx, oropharynx, and laryngopharynx. Each division of the has
a name that tells you its location. The nasopharynx is located behind the nasal cavity extending to the level of the
soft palate and erves as a passageway for air. The oropharynx is located behind the mouth from the level of the
soft palate to the level of the hyoid bone and serves as a passageway for both air and food. The laryngopharynx is
located from the hyoid bone to the esophagus.

The larynx, also called the voicebox, is found just below the point at which the pharynx splits into the trachea and
the esophagus, shown in Figure 3.2. The voice is generated in the larynx. Air from the lungs is needed for the
vocal folds to produce speech. There are several structures associated with the larynx. At the top of the larynx is
the epiglottis, which is a flap-like cartilage structure located at the back of the tongue. It is attached to the thyroid
cartilage of the larynx and closes over the glottis during swallowing to help prevent food from entering the larynx.
The glottis is a slit-like opening between the (true) vocal cords. It serves as a passageway for air. The hyoid bone is
located in the neck between the lower jaw and the larynx. It does not articulate with any other bones, but it is held in a
fixed position by muscles and ligaments. It can be felt approximately a finger’s width above Adam’s apple. It serves
as the posterior attachment for the tongue and the muscles which help move the tongue and functions in swallowing.
The thyroid cartilage is the largest cartilage of the larynx. Nicknamed the Adam’s apple, it is bigger in men than
in women due to the influence of testosterone. The thyroid cartiage gives the larynx is characteristic triangular shape
while protecting the glottis. The cricoid cartilage is a "signet ring" shaped cartilage forming part of the posterior
wall and is the most inferiorly placed of all the laryngeal cartilages. The cricoid cartilage marks the most inferior
border of the larynx and also serves as a landmark for a tracheotomy. True Vocal Cords are the most inferior of the
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two pairs of horizontal folds in the mucous membrane of the larynx. They contain elastic fibers, which vibrate when
air is passed over them and are responsible for producing sound. Sound can be formed into words by changing the
shapes of the pharynx and oral cavity and by using the tongue and the lips. False vocal cords are the most superior
of the two pairs of horizontal folds in the mucous membrane of the larynx. They contain muscle fibers that help
close the glottis during swallowing to prevent food from entering the larynx.

The trachea, or wind pipe, is a long tube that leads down to the chest where it divides into the right and left bronchi
in the lungs. The bronchi branch out into smaller bronchioles, which are the first airway passages that do not contain
cartilage. The bronchioles lead into the alveolar ducts which are very fine passageways connected to the alveoli,
which are the multi-lobed sacs in which most of the gas exchange occurs.

FIGURE 3.2
The structures of the respiratory system
include the nasal cavity, the pharynx, lar-
ynx, which together are the upper respira-
tory tract. The trachea, bronchi, bronchi-
oles and alveoli are part of up the lower
respiratory tract.

Lungs

When people think of the respiratory system the structures that first jump to mind are the lungs. They are spongylike
with a soft texture that are honeycombed with epithelium. There is a lung on each side and although most organs are
identical if there is one on the left and one on the right, the lungs have some differences. The right lung is bigger than
the left and has three lobes (superior, middle and inferior). Also the bronchi in the right lung is shorter, wider and
straighter which is why is gets plugged easier. The left lung is smaller than the right because is makes room for the
heart. It also only has two lobes (superior and inferior). The lungs have an outer layer over them called the visceral
pleura which covers the lungs and adjoining structures, via. blood vessels, bronchi and nerves. Outside the visceral
pleura and not attached, is the parietal pleura. The outer pleura ( parietal pleura) is attached to the chest wall and is
highly sensitive to pain, while the visceral pleura is not, due to its lack of sensory innervation. The pleural cavity is
the space between the two pleura (visceral and parietal) of the lungs. The pleura is a serous membrane which folds

24

http://www.ck12.org


www.ck12.org Chapter 3. Chapter 3 Respiratory System

back onto itself to form a two-layered membrane structure. The thin space between the two pleural layers is known
as the pleural cavity and normally contains a small amount of pleural fluid.

There is a very painful illness associated with the pleural cavity, pleurisy. Pleurisy (also known as pleuritis)
is an inflammation of the pleura. Among other things, infections are the most common cause of pleurisy.The
inflamed pleural layers rub against each other every time the lungs expand to breathe in air. This can cause severe
sharp pain with inhalation (also called pleuritic chest pain). Pleurisy is treated by giving antibiotics or by removing
pleural fluid.

FIGURE 3.3
Inside the protection of the thoracic cavity the lungs exchange oxygen and carbon dioxide.

The Journey of a Breath of Air

In air-breathing vertebrates such as humans, respiration of oxygen includes four stages:

1. Ventilation from the atmosphere into the alveoli of the lungs.
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2. Pulmonary gas exchange from the alveoli into the pulmonary capillaries.
3. Gas transport from the pulmonary capillaries through the circulation to the peripheral capillaries in the organs.
4. Peripheral gas exchange from the tissue capillaries into the cells and mitochondria.

Ventilation: From the Air to the Alveoli

Air enters the body through the nose, is warmed, filtered, and passed through the nasal cavity. Air passes the pharynx
(which has the epiglottis that prevents food from entering the trachea). The upper part of the trachea contains the
larynx. The vocal cords are two bands of tissue that extend across the opening of the larynx. After passing the
larynx, the air moves into the trachea. The trachea is a long tube that divides into two smaller tubes called bronchi
which lead into each lung, shown in Figure 3.2. Bronchi are reinforced to prevent their collapse and are lined with
ciliated epithelium and mucus-producing cells. Bronchi branch into smaller and smaller tubes called bronchioles.
Bronchioles end in grape-like clusters called alveoli. Alveoli are surrounded by a network of thin-walled capillaries,
shown in Figure 3.4.

Breathing in, or inhaling, is usually an active movement, contraction of the diaphragm muscles uses ATP. The
diaphragm is a muscle that is found below the lungs (shown in Figure 3.1). Contraction of the diaphragm causes
the volume of the chest cavity to increase, and the air pressure within the lungs to decrease. The pressure difference
causes air to rush into the lungs. Relaxation of the diaphragm causes the lungs to recoil and air is pushed out of the
lungs. Breathing out, or exhaling, is normally a passive process powered by the elastic recoil of the chest, similar to
letting the air out of a balloon.

FIGURE 3.4
The alveoli are the tiny grape-like struc-
tures within the lungs, and are the site of
pulmonary gas exchange.

Pulmonary Gas Exchange: From the Alveoli into the Pulmonary Capillaries

Breathing is only part of the process of delivering oxygen to where it is needed in the body. The process of gas
exchange occurs in the alveoli by diffusion of gases between the alveoli and the blood passing in the lung capillaries,
as shown in Figure 3.5. Recall that diffusion is the movement of substances from an area of higher concentration
to an area of lower concentration. The difference between the high concentration of O2 in the alveoli and the low
O2 concentration of the blood in the capillaries is enough to cause O2 molecules to diffuse across the thin walls of
the alveoli and capillaries and into the blood. CO2 moves out of the blood and into the alveoli in a similar way. The
greater the concentration difference, the greater the rate of diffusion.

Breathing also results in loss of water from the body. Exhaled air has a relative humidity of 100 percent because of
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FIGURE 3.5
Gas exchange happens in the lungs
through diffusion. Deoxygenated blood
has a high concentration of CO

the diffusion of water that from the moist surface of the breathing passages and the alveoli into the warm exhaled
air.

In the lungs, oxygen is transported across the thin membranes of the alveoli and the border of the capillary and
attracted to the hemoglobin molecule within the red blood cell.

After leaving the lungs, the oxygenated blood returns to the heart to be pumped through the aorta and around the
body. The oxygenated blood travels through the aorta, to the smaller arteries, arterioles, and finally to the peripheral
capillaries where gas exchange occurs.

Peripheral Gas Exchange: From Capillaries into Cells, and from Cells into Capillaries

The oxygen concentration in body cells is low, while the blood that leaves the lungs is 97 percent saturated with
oxygen. So, oxygen diffuses from the blood into the body cells when it reaches the peripheral capillaries (the
capillaries in the systemic circulation).

Carbon dioxide concentration in metabolically active cells is much greater than in capillaries, so carbon dioxide
diffuses from the cells into the capillaries. Most of the carbon dioxide (about 70 percent) in the blood is in the form
of bicarbonate (HCO3

−). A small amount of carbon dioxide dissolves in the water in the plasma to form carbonic
acid (H2CO3). Carbonic acid and bicarbonate play an important role in regulating the pH of the body.

In order to remove CO2 from the body, the bicarbonate is picked up by a red blood cell, and is again turned in to
carbonic acid. A water molecule (H2O) is then taken away from the carbonic acid, and the remaining CO2 molecule
is expelled from the red blood cells and into the alveoli where it is exhaled. The following equation shows this
process:

HCO3
− + H+ ⇀↽ H2CO3 ⇀↽ CO2 + H2O

Gas exchange between your body and the environment occurs in the alveoli. The alveoli are lined with pulmonary
capillaries, the walls of which are thin enough to permit the diffusion of gases. Inhaled oxygen diffuses into the
pulmonary capillaries, where it binds to hemoglobin in the blood. Carbon dioxide diffuses in the opposite direction,
from capillary blood to alveolar air. At this point, the pulmonary blood is oxygen-rich, and the lungs are primarily
holding carbon dioxide. Exhalation follows, thereby ridding the body of the carbon dioxide and completing the cycle
of respiration.
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Gas Exchange and Homeostasis

The equilibrium between carbon dioxide and carbonic acid is very important for controlling the acidity of body fluids.
As gas exchange occurs, the pH balance of the body is maintained as part of homeostasis. If proper respiration is
interrupted two things can occur:

1. Respiratory acidosis, in which arterial blood contains too much carbon dioxide, causing a drop in blood pH.
2. Respiratory alkalosis results from increased respiration (or hyperventilation) which causes a drop in the

amount of carbon dioxide in the blood plasma. The drop in carbon dioxide concentration causes the blood pH
to rise.

Control of Breathing by the Nervous System

Breathing is one of the few bodily functions which, within limits, can be controlled both consciously and uncon-
sciously. Conscious attention to breathing is common in activities such as yoga, swimming, and karate. In speech or
vocal training, a person learns to discipline his or her breathing for purposes other than life support.

Muscular contraction and relaxation controls the rate of expansion and constriction of the lungs. These muscles are
controlled by the autonomic nervous system from the parts of the brainstem that control breathing: the medulla and
the pons. This area of the brainstem forms the respiration regulatory center. When carbon dioxide levels increase in
the blood (in the form of carbonic acid), such as during exercise, the pH level of the blood drops. This causes the
medulla to send nerve impulses to the diaphragm and the muscles between the ribs, causing them to contract and
increase the rate of breathing. This automatic control of respiration can be impaired in premature babies, or by drugs
or disease.

Without breathing, the body’s oxygen levels drop dangerously low within minutes, leading to permanent brain
damage followed by death. It is not possible for a healthy person to voluntarily stop breathing indefinitely. If we do
not inhale, the level of carbon dioxide builds up in our blood and we experience great air hunger. Eventually, not
breathing leads to a loss of consciousness at which time the autonomic nervous system takes control and initiates
breathing.

Inhalation

Inhalation is started by the diaphragm and supported by the external intercostal muscles (the muscles that are between
the ribs). It is an active process that needs ATP. When the diaphragm contracts, the ribcage expands and the contents
of the abdomen are moved downward. This results in a larger thoracic (chest) volume, which in turn causes a
decrease in air pressure inside the lungs. As the pressure in the chest falls, air from outside the body moves into the
respiratory system. Normal resting respirations are 10 to 18 breaths per minute. During an average breath, an adult
will exchange from 500 ml to 700 ml of air. The average breath capacity of a person is called lung volume, or tidal
volume.

Exhalation

Exhalation is generally a passive process, however active, or forced, exhalation is carried out by the abdominal
and the internal intercostal muscles. The lungs have a natural elasticity and as they recoil from the stretch of
inhalation, air flows out of the lungs until the pressures in the chest and the atmosphere reach equilibrium. During
forced exhalation, as when blowing out a candle, expiratory muscles including the abdominal muscles and internal
intercostal muscles generate pressure in the chest and abdomen, which forces air out of the lungs.
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Homeostatic Imbalances of the Respiratory System: Diseases and Disorders

Respiratory disease is the term for diseases of the lung, bronchial tubes, trachea and throat. These diseases range
from mild, such as a cold, to being possibly life-threatening, such as bacterial pneumonia.

Respiratory diseases can be grouped as either obstructive (conditions which lower the rate of the airflow into and
out of the lungs, such as in asthma) or restrictive (conditions that cause a reduction in the functional volume of the
lungs, such as emphysema.)

Emphysema is a chronic lung disease caused by loss of elasticity of the lung tissue. The destruction of elastic
structures that support the alveoli and the capillaries that feed the alveoli cause them to become hard and stiff.
Eventually the walls of the alveoli break down and the alveoli become larger. The amount of oxygen that can enter
the blood with each breath is reduced because the large alveoli cannot function efficiently; much of the oxygen that
gets into the large alveoli cannot be absorbed into the blood so the oxygen is unused. Symptoms include shortness
of breath on exertion (usually when climbing stairs or a hill, and later at rest), and an expanded chest. Damage to
the alveoli, which can be seen in Figure 3.6, is irreversible. Smoking is a leading cause of emphysema.

FIGURE 3.6
The inside of a lung showing the charac-
teristics of emphysema due to smoking.
Instead of alveoli, the cut surface shows
multiple cavities lined by heavy black car-
bon deposits.

Bronchitis is an inflammation of the bronchi. Acute bronchitis is usually caused by viruses or bacteria and may last
several days or weeks. Acute bronchitis is characterized by cough and phlegm (mucus) production. Symptoms are
related to the inflammation of the airways and phlegm production, and include shortness of breath and wheezing.
Chronic bronchitis is not necessarily caused by infection and is generally part of a syndrome called chronic obstruc-
tive pulmonary disease (COPD). Chronic bronchitis is defined clinically as a persistent cough that produces phlegm
and mucus, for at least three months in two consecutive years.

Asthma is a chronic illness in which the airways narrow and becomes inflamed, as shown in Figure 3.7. Excessive
amounts of mucus are also made by the lungs. Asthma often happens in response to one or more triggers. It may be
triggered by exposure to an allergen such as mold, dust, or pet hair. It can also be caused by cold air, warm air, moist
air, exercise, or emotional stress. In children, the most common triggers are viral illnesses such as those that cause the
common cold. This airway narrowing causes symptoms such as wheezing, shortness of breath, chest tightness, and
coughing. Some people with asthma, especially children, can become very frightened by the symptoms, which may
cause even more breathing distress. Between asthma attacks, most patients feel well but can have mild symptoms
and may remain short of breath after exercise for longer periods of time than a person who does not have asthma. The
symptoms of asthma, which can range from mild to life threatening, can usually be controlled with a combination
of medicines and environmental changes.

Public attention in the developed world has recently focused on asthma because of the increasing numbers of cases,
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FIGURE 3.7
Asthma narrows the airways by causing allergy-induced spasms of surrounding muscles, narrowing of the airway,
and excessive production of phlegm (mucus), which clogs the airways. The airway constriction responds to
medicines called bronchodilators which relax the muscles. The feeling of breathlessness is somewhat like being
able to breath only through a straw while walking.

affecting up to one in four children who live in cities.

Pneumonia is an illness in which the alveoli become inflamed and flooded with fluid. Effective gas exchange
cannot happen across the alveoli membranes. Pneumonia can result from a variety of causes, including infection
with bacteria, viruses, fungi, or parasites, and chemical or physical injury to the lungs. Symptoms of pneumonia
include cough, chest pain, fever, and difficulty in breathing. Treatment depends on the cause of pneumonia; bacterial
pneumonia is treated with antibiotics.

Pneumonia is a common illness which occurs in all age groups, and is a leading cause of death among the elderly
and people who are chronically and terminally ill. Vaccines to prevent certain types of pneumonia are available.

Tuberculosis (TB) is a common and deadly infectious disease caused by a type of bacteria called Mycobacterium
tuberculosis. TB most commonly attacks the lungs (as pulmonary TB) but can also affect the central nervous system,
the lymphatic system, the circulatory system, the genitourinary system, bones, joints and even the skin.

Over one-third of the world’s population has been exposed to the TB bacterium. Not everyone infected develops the
disease, so TB infection without symptoms (called a latent infection) is most common. However, one in ten latent
infections will progress to active TB disease, which, if left untreated, kills more than half of its victims.

The rise in HIV infections and the neglect of TB control programs have led to an increase in cases of tuberculosis.
The development of drug-resistant strains has also contributed to this new epidemic. For example, between 2000
and 2004, about 20 percent of TB cases were resistant to standard antibiotic treatments. TB incidence varies widely,
even in neighboring countries, apparently because of differences in health care system standards. A TB vaccine,
called Bacille Calmette-Guérin (BCG), is available to people in some countries. The BCG is prepared from a strain
of weakened live mycobacterium, which has lost its virulence in humans. The effectiveness of the BCG is a matter
of debate among researchers, and the governments in some countries, including the United States, do not require
people to get the BCG vaccination.

Lung cancer is a disease where epithelial (internal lining) tissue in the lung grows out of control. This leads to
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invasion of nearby tissue and growth of the tumor beyond the lungs. Lung cancer, which is the most common
cause of cancer-related death in men and the second most common in women, is responsible for 1.3 million deaths
worldwide every year The most common symptoms are shortness of breath, coughing (including coughing up blood),
and weight loss.

The most common cause of lung cancer is exposure to tobacco smoke. The occurrence of lung cancer in non-
smokers, who account for less than 10 percent of cases, appears to be due to a combination of genetic factors. Radon
gas, asbestos, and air pollution may also contribute to lung cancer.

Asbestos is a mineral that was once used as a fire retardant in buildings and electrical wiring. The inhalation
of asbestos fibers can cause a variety of lung diseases, including lung cancer. Tobacco smoking and exposure to
asbestos greatly increase a person’s chance of developing lung cancer.

Influenza

Influenza, or flu, is an acute, highly contagious viral infection of the respiratory tract. It occurs sporadically or in
epidemics. It tends to affect school children most often, but has its most severe effects on the elderly. Transmission
occurs from inhaling infected respiratory droplets or by contact with a contaminated object. The signs and
symptoms include fever, chills, headache, malaise, myalgia, rhinorrhea, and a non-productive cough. Treatment
usually includes bed rest, fluid intake, and mild analgesics to relieve the pain. There are some antiviral agents which
are effective in treating the disease. Flu vaccines given in the fall are generally effective in reducing susceptibility.

Sudden Infant Death Syndrome (SIDS)

SIDS is a mystery killer which takes the lives of apparently healthy infants between the ages of four weeks and
seven months. The exact cause is unknown but may be related to compression of the carotid artery that occurs when
infants sleep on their abdomen. Diagnosis of SIDS requires an autopsy to rule out other disorders.

Lesson Summary

• The main functions of lungs are to obtain oxygen, and to release carbon dioxide. Oxygen is drawn in through
the respiratory tract and is then delivered to the blood in a process called external respiration. The exchange
of gases between the blood and the cells of the body is celled internal respiration.

• The structures of the respiratory systems include the nose and nasal cavity, the pharynx, the larynx, ( also
called the voicebox), the trachea (also called the wind pipe), the right and left bronchi in the lungs, and the
bronchioles that end in the alveoli.

• During inhalation, the diaphragm contracts, causing the volume of the chest cavity to increase. As a result, the
air pressure within the lungs decreases. The pressure difference causes air to rush into the lungs. Relaxation
of the diaphragm causes the lungs to recoil and air is pushed out of the lungs, which causes exhalation.

• Most of the carbon dioxide (about 70 percent) in the blood is in the form of bicarbonate (HCO3
−). A small

amount of carbon dioxide dissolves in the water in the plasma to form carbonic acid (H2CO3). When CO2
enters the blood from body cells, it combines with water in the plasma to produce carbonic acid (H2CO3),
which is then turned into bicarbonate (HCO3

−). The bicarbonate is then picked up by a red blood cell and
turned back in to carbonic acid. A water molecule (H2O) is then taken away from the carbonic acid, and the
remaining CO2 molecule is expelled from the red blood cells and into the lungs.

• Emphysema is a chronic lung disease caused by loss of elasticity of the lung tissue. The destruction of elastic
structures that support the alveoli and the capillaries that feed the alveoli cause them to become hard and stiff.
It is often caused by smoking. Asthma is also a chronic condition, which is often triggered by such things as
exposure to an allergen, cold air, warm air, moist air, exercise, or emotional stress. The airways can constrict
and become inflamed, and an excessive amount of mucus is produced. Airway narrowing causes symptoms
such as wheezing, shortness of breath, chest tightness, and coughing.
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Review Questions

1. Identify the respiratory structures through which air flows.
2. How is the diaphragm involved in breathing?
3. Compare respiration and cellular respiration.
4. Outline how most carbon dioxide is carried in the blood.
5. Why is it important for a pregnant woman to know her Rhesus blood type, and the Rh blood type of the father

of her baby?
6. What is the difference between internal and external respiration?
7. What happens during an asthma attack?
8. Outline how emphysema affects the absorption of oxygen.
9. Where does the exchange of oxygen occur in the lungs?

10. What factors regulate breathing rate?

Further Reading / Supplemental Links

• http://www.estrellamountain.edu/faculty/farabee/biobk/BioBookRESPSYS.html
• http://en.wikipedia.org

Vocabulary

alveoli
Multi-lobed sacs in which most of the gas exchange occurs.

asthma
A chronic illness in which the airways narrow and becomes inflamed.

bronchitis
An inflammation of the bronchi.

diaphragm
A muscle that is found below the lungs; contraction of the diaphragm causes the volume of the chest cavity to
increase, and the air pressure within the lungs to decrease.

emphysema
A chronic lung disease caused by loss of elasticity of the lung tissue.

external respiration
Process in which oxygen is drawn in through the respiratory tract and is then delivered to the blood.

gas exchange
The diffusion of gases between the alveoli and the blood passing in the lung capillaries; also the diffusion of
gases from capillaries into cells, and from cells into capillaries throughout the body (peripheral gas exchange).

internal respiration
The exchange of gases between the blood and the cells of the body.

larynx
Found just below the point at which the pharynx splits into the trachea and the esophagus; also called the voice
box.
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lung cancer
A disease where epithelial (internal lining) tissue in the lung grows out of control; leads to invasion of nearby
tissue and growth of the tumor beyond the lungs.

lung volume (tidal volume)
The average breath capacity of a person.

obstructive
Conditions which lower the rate of the airflow into and out of the lungs, such as in asthma.

pharynx
A long tube that is shared with the digestive system; both food and air pass through the pharynx.

pneumonia
An illness in which the alveoli become inflamed and flooded with fluid.

respiration
The transport of oxygen from the outside air to the cells of the body, and the transport of carbon dioxide in the
opposite direction.

respiratory acidosis
Condition in which arterial blood contains too much carbon dioxide, causing a drop in blood pH.

respiratory alkalosis
Condition which results from increased respiration (or hyperventilation) which causes a drop in the amount of
carbon dioxide in the blood plasma; the drop in carbon dioxide concentration causes the blood pH to rise.

respiratory disease
The term for diseases of the lung, bronchial tubes, trachea and throat.

restrictive
Conditions that cause a reduction in the functional volume of the lungs, such as emphysema.

trachea
A long tube that leads down to the chest where it divides into the right and left bronchi in the lungs; also called
the windpipe.

tuberculosis (TB)
A common and deadly infectious disease caused by a type of bacteria called Mycobacterium tuberculosis;
most commonly attacks the lungs, but can also affect the central nervous system, the lymphatic system, the
circulatory system, the genitourinary system, bones, joints and even the skin.

Points to Consider

• How might the amount of oxygen in the air affect your respiratory and circulatory systems?
• Can you identify any structures that are part of both the respiratory and digestive systems?

• Wapcaplet, modified by Yaddah. The direction of blood flow through the heart . GNU-FDL 1.2.
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• http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg . CC-BY-2.5.
• http://visualsonline.cancer.gov/details.cfm?imageid=2129 . Public Domain.
• Courtesy of National Cancer Institute/SEER Training Modules. http://en.wikipedia.org/wiki/File:Illu_condu

cting_passages.jpg . Public Domain.
• http://commons.wikimedia.org/wiki/Image:Macrophage.jpg . CC-BY-SA-2.0.
• .
• http://en.wikipedia.org/wiki/Image:Bundleofhis.png . Public Domain.
• Apers0n. http://en.wikipedia.org/wiki/Image:Bedside_card.jpg . CC-BY.
• http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg . Public Domain.
• http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg . GNU-FDL, Public Domain.
• http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg . Public Domain.
• Dr. Steven A. Williams. http://commons.wikimedia.org/wiki/Image:Elephantiasis.png . CC-BY-2.5.
• CDC/Dr. Edwin P. Ewing, Jr. http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_

lores.jpg . Public Domain.
• http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html . Public Domain.
• Drs. Noguchi, Rodgers, and Schechter of NIDDK. http://en.wikipedia.org/wiki/Image:Sicklecells.jpg . Public

Domain.
• http://en.wikipedia.org/wiki/Image:Heart_diastole.png . GNU-FDL.
• USFG. http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html . Public Domain.
• Sansculotte, modified by CK-12 Foundation. http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf

.jpg . CC-BY-SA-2.5.
• Theresa Knott. http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg . CC-BY-SA-2.5.
• MesserWoland. http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg . CC-BY-SA.
• http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg . GNU-FDL.
• Data from Braunwald’s Heart Disease: A Textbook of Cardiovascular Medicine. 7th ed.. W.B. Saunders

Company; Philadelphia 2004.. http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png . CC-
BY-SA.

• USFG. Lymphatic system . Public Domain.
• USFG. http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png . Public Domain.
• http://en.wikipedia.org/wiki/Image:Veincrosssection.png . Public Domain, GNU-FDL.
• http://www.flickr.com/photos/johnjoh/349825408/ . CC-BY-SA, CC-BY-SA.
• J. Heuser. http://en.wikipedia.org/wiki/Image:AMI_scheme.png .
• http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html . Public Domain.
• The structure of an artery wall. . Public Domain.
• USFG. Internal structure of a vein. . Public Domain.
• http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg . Public Domain.
• http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg . CC-BY-2.5.
• Center for Disease Control. Public Domain.
• http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg . CC-BY-SA.
• http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg . CC-BY-2.5.
• http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg . Public Domain.
• A. Rad. http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png . CC-BY-SA.
• Mr TS88 Duel. http://en.wikipedia.org/wiki/Image:Alveoli.jpg . GFDL/CC-BY-2.5.
• USFG. http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png . Public Domain.

34

http://www.ck12.org
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://commons.wikimedia.org/wiki/Image:Mediastinum_anatomy.jpg
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://visualsonline.cancer.gov/details.cfm?imageid=2129
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://en.wikipedia.org/wiki/File:Illu_conducting_passages.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://commons.wikimedia.org/wiki/Image:Macrophage.jpg
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bundleofhis.png
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://en.wikipedia.org/wiki/Image:Bedside_card.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Red_White_Blood_cells.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://commons.wikimedia.org/wiki/Image:Sphygmomanometer.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://en.wikipedia.org/wiki/Image:Double_circulatory_system.jpg
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Elephantiasis.png
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://commons.wikimedia.org/wiki/Image:Centrilobular_emphysema_865_lores.jpg
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://training.seer.cancer.gov/anatomy/cardiovascular/heart/structure.html
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Sicklecells.jpg
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://en.wikipedia.org/wiki/Image:Heart_diastole.png
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://training.seer.cancer.gov/anatomy/respiratory/passages/bronchi.html
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Grafik_blutkreislauf.jpg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Respiratory_system.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Illu_blood_components.svg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:Blood_smear.jpg
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://commons.wikimedia.org/wiki/Image:CVD_Praevalenz_US.png
http://training.seer.cancer.gov/ss_module08_lymph_leuk/lymph_unit02_sec01_anatomy.html
http://training.seer.cancer.gov/ss_module08_lymph_leuk/lymph_unit02_sec01_anatomy.html
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://commons.wikimedia.org/wiki/Image:Illu_lymph_capillary.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://en.wikipedia.org/wiki/Image:Veincrosssection.png
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://www.flickr.com/photos/johnjoh/349825408/
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://en.wikipedia.org/wiki/Image:AMI_scheme.png
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/pathways.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/classification.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/classification.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/classification.html
http://training.seer.cancer.gov/anatomy/cardiovascular/blood/classification.html
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://en.wikipedia.org/wiki/Image:Illu_capillary.jpg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://commons.wikimedia.org/wiki/Image:Heart_left_lateral_coronaries_diagram.svg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://en.wikipedia.org/wiki/Image:Purkinje_fibers.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://commons.wikimedia.org/wiki/Image:Heart_coronary_artery_lesion.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://en.wikipedia.org/wiki/Image:Illu_pulmonary_circuit.jpg
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://commons.wikimedia.org/wiki/File:Coombs_test_schematic.png
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://en.wikipedia.org/wiki/Image:Alveoli.jpg
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png
http://commons.wikimedia.org/wiki/Image:Asthma_before-after.png


www.ck12.org Chapter 3. Chapter 3 Respiratory System

3.2 References

1. . Bio37-03-01.
2. . Bio373-02.
3. http://en.wikipedia.org/wiki/File:Gray962.png. Lung diagram . CC BY-NC-SA
4. . Bio373-03.
5. . Bio37-03-04.
6. . Bio373-05.
7. . Bio373-06a.

35

http://www.ck12.org
http://en.wikipedia.org/wiki/File:Gray962.png
http://en.wikipedia.org/wiki/File:Gray962.png
http://en.wikipedia.org/wiki/File:Gray962.png
http://en.wikipedia.org/wiki/File:Gray962.png


www.ck12.org

CHAPTER 4 Chapter 4 Cardiovascular
systems

Chapter Outline
4.1 CARDIOVASCULAR SYSTEM

4.2 REFERENCES

36

http://www.ck12.org


www.ck12.org Chapter 4. Chapter 4 Cardiovascular systems

4.1 Cardiovascular System

Lesson Objectives

• Identify the functions and components of the cardiovascular system.
• Describe the structure of the heart.
• Outline the flow of blood through the heart.
• Compare the structures of arteries, veins, and capillaries.
• Compare pulmonary circulation and systemic circulation.
• Describe the importance of the coronary arteries.
• Outline the process of atherosclerosis.
• Describe ways of preventing cardiovascular diseases.

Introduction

The cardiovascular system (also known as the circulatory system)shown in Figure 4.1 is an organ system that
moves nutrients, hormones, enzymes, electrolytes, gases and wastes to and from body cells, and distributes heat to
maintain homeostasis. The main components of the cardiovascular system are the heart, the blood vessels, and the
blood.

FIGURE 4.1
The main organs of the circulatory sys-
tem. Blood acts as the transporter in
the body, while blood vessels act like little
(one way) roads. The figure is Michelan-
gelo
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The Heart

The heart is the muscular organ that pumps blood through the blood vessels by repeated, rhythmic contractions. The
term cardiac means "related to the heart" and comes from the Greek word kardia, for "heart." The heart has three
layers of tissue and is made up mostly of cardiac muscle tissue, (shown in Figure 4.2) which contracts to pump blood
around the body. The outer layer of the heart is known as the epicardium. The epicardium is a serous membrane
which is composed of epithelial tissue and some connective tissue. It provides a small amount of protection to the
heart. The middle, muscular layer of the heart is known as the myocardium. The myocardium is composed of
cardiac muscle, blood vessels, and nerves. The muscular layer is responsible for pumping the blood through the
heart and into the great vessels. The inside layer of the heart is known as the endocardium. The endocardium is
composed of epithelial tissue and is very smooth. The blood passing through the heart is in contact with this layer
In adults, the normal mass of the heart is 250-350 grams (9-12 oz), or about three quarters the size of a clenched fist,
but badly diseased hearts can be up to 1000 g (2 lb) in mass due to enlargement of the cardiac muscle.

FIGURE 4.2
External and internal views of the human heart. The aorta in the photo cannot be seen clearly because it is
covered by a layer of adipose tissue (fat).

The heart is usually found in the left to middle of the chest with the largest part of the heart slightly to the left. The
heart is usually felt to be on the left side because the left ventricle is stronger (it pumps to all the body parts). The
heart is surrounded by the lungs. The left lung is smaller than the right lung because the heart takes up more room
in the left side of the chest. The position of the heart within the chest is shown in Figure 4.3.
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FIGURE 4.3
Position of the heart in relation to the lungs. The heart can be seen in the
lower middle area of the figure, behind the lungs.

Blood Flow Through the Heart

Blood flows through the heart in two separate loops; you could think of them as a “left side loop” and a “right side
loop.” The right side and left side of the heart refer to your heart as it sits within your chest. Its left side is your left
side and, its right side is your right side.

The right side of the heart collects deoxygenated blood from the body and pumps it into the lungs where it releases
carbon dioxide and picks up oxygen. The left-side carries the oxygenated blood back from the lungs, into the left
side of the heart which then pumps the oxygenated blood throughout the rest of the body.

The heart has four chambers, the two upper atria and the two lower ventricles. Atria (singular, atrium) are the thin-
walled blood collection chambers of the heart. Atria pump the blood into the ventricles. Ventricles are the heart
chambers which collect blood from the atria and pump it out of the heart. On the right side of the heart, deoxygenated
blood from the body enters the right atrium from the superior vena cava and the inferior vena cava, shown in Figure
4.4. Blood enters the right ventricle which then pumps the blood through the Pulmonary trunk into the pulmonary
arteries and into the lungs. In the lungs, carbon dioxide is released from the blood and oxygen is picked up.

Pulmonary veins bring the oxygenated blood back to the heart and into the left atrium. From the left atrium the blood
moves to the left ventricle which pumps it out to the body through the aorta. On both sides, the lower ventricles
are thicker and stronger than the upper atria. The muscle wall surrounding the left ventricle is thicker and stronger
than the wall surrounding the right ventricle because the left ventricle needs to exert enough force to pump the blood
through the body. The right ventricle only needs to pump the blood as far as the lungs, which does not require as
much contractile force.

Valves in the heart maintain the flow of blood by opening and closing in one direction only. Blood can move only
forward through the heart, and is prevented from flowing backward by the valves. Such movement of the blood is
called unidirectional flow. There are four valves of the heart:

• The two atrioventricular (AV) valves ensure blood flows from the atria to the ventricles, and not the other
way. The AV valve on the right side of the heart is called the tricuspid valve, and the one on the left of the
heart is called the mitral, or bicuspid valve.

• The two semilunar (SL) valves are present in the arteries leaving the heart, and they prevent blood flowing
back from the arteries into the ventricles. The SL valve on the right side of the heart is called the pulmonary
semilunar valve, because it is leads to the pulmonary arteries, and the SL valve on the left is called aortic
semilunar valve because it leads to the aorta. The valves of the heart are shown in Figure 4.4.
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FIGURE 4.4
The direction of blood flow through the
heart.

The Heartbeat

The heart is a meshwork of cardiac muscle cells that are interconnected by little channels called gap junctions.
This interconnection allows the electrical stimulation of one cell to spread quickly to its neighboring cells. Cardiac
muscle is self-exciting. This is in contrast to skeletal muscle, which needs nervous stimulation to contract. The
heart’s rhythmic contractions occur spontaneously, although the frequency of the contractions, called the heart rate,
can be changed by nervous or hormonal signals such as exercise or the perception of danger. The heart rate is a
factor in total cardiac output. Cardiac output (Q or CO ) is the volume of blood being pumped by the heart, in
particular by a left or right ventricle in the time interval of one minute. CO = Stroke Volume × Heart rate.

The function of the heart is to transport blood to deliver oxygen, nutrients and chemicals to the cells of the body to
ensure their survival and proper function and to remove the cellular wastes. Since the heart is a ’demand pump’, that
pumps out whatever blood comes back into it from the venous system, it is effectively the amount of blood returning
to the heart that determines how much blood the heart pumps out. This is controlled principally by the demand for
oxygen by the cells of the body. If the body has a high demand for oxygen then the blood flow through the tissues is
increased, leading to a greater flow of blood back to the heart.

When cardiac output increases in a healthy but untrained individual, most of the increase can be attributed to an
increase in heart rate (HR). Change of posture can also increase cardiac output. Heart rate can vary between 60 and
180 beats per minute, while stroke volume (SV) can vary between 70 and 120 ml. Can you figure out your cardiac
output? Count your heart rate for one minute, then multiply that by the average stroke volume of 70ml. That is your
average cardiac output.

Pulse

One’s pulse represents the arterial palpation of the heartbeat by trained fingertips. The pulse may be palpated,
felt, in any place that allows an artery to be compressed against a bone, such as at the neck (carotid artery), at
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the wrist (radial artery), behind the knee (popliteal artery), on the inside of the elbow (brachial artery), and near
the ankle joint (posterior tibial artery). Pulse (or the count of arterial pulse per minute) is equivalent to measuring
the heart rate. The Heart Rate can also be measured by listening to the heart beat directly (auscultation), traditionally
using a stethoscope and counting it for a minute.

FIGURE 4.5
Here are the major arteries that give hu-
mans pulse points. the yellow circles
indicate common pulse points.

Control of the Heartbeat

The rhythmic sequence of contractions of the heart is coordinated by two small groups of cardiac muscle cells called
the sinoatrial (SA) and atrioventricular (AV) nodes. The sinoatrial node (SA node), often known as the "cardiac
pacemaker", is found in the upper wall of the right atrium and is responsible for the wave of electrical stimulation
that starts atrial contraction by creating an action potential. The action potential causes the cardiac cells to contract.
This wave of contraction then spreads across the cells of the atrium, reaching the atrioventricular node (AV node)
which is found in the lower right atrium, shown in Figure 4.6. The AV node conducts the electrical impulses that
come from the SA node through the atria to the ventricles. The impulse is delayed there before being conducted
through special bundles of heart muscle cells called the bundle of His and the Purkinje fibers, which leads to a
contraction of the ventricles. This delay allows for the ventricles to fill with blood before the ventricles contract.
Heartbeat is also controlled by nerve messages originating from the autonomic nervous system.

There are important physiological differences between cardiac cells found in the nodes and cardiac cells found in
the ventricles. Differences in ion channels and mechanisms of polarization give rise to unique properties of SA node
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cells, most importantly the spontaneous depolarizations necessary for the SA node’s pacemaker activity.

The Bundle of His is a collection of heart muscle cells (fibers) specialized for electrical conduction that transmits the
electrical impulses from the AV node. The bundle of His branches into Purkinje fibers. Purkinje fibers, shown in
Figure 4.7, are specialized cardiac muscle cells that conduct action potentials into the ventricles, causing the cardiac
muscle of the ventricles to contract in a controlled way.

FIGURE 4.6
Schematic representation of the atrioven-
tricular Bundle of His. The SA node is
blue, and the AV node is red and visible
in the right atrium. The AV node forms
the Bundle of His. Sometimes the left and
right Bundles of His are called Purkinje
fibers.

The heartbeat is made up of two parts; muscle contraction and relaxation. Systole is the contraction of the heart
chambers, which drives blood out of the chambers. Diastole is the period of time when the heart relaxes after
contraction. All four chambers of the heart undergo systole and diastole in a timed fashion so that blood is moved
forward through the cardiovascular system. For example, ventricular systole is the point at which the ventricles are
contracting, and atrial systole is the point at which the atria are contracting. Likewise, ventricular diastole is the
period during which the ventricles are relaxing, while atrial diastole is the period during which the atria are relaxing.
In general, when referring to systole and diastole, the chambers being referred to are the ventricles, which is shown
in Figure 4.8.

Heart Sounds

In healthy adults, there are two normal heart sounds often described as a "lub" and a "dub" that occur with each
heart beat (lub-dub, lub-dub). In addition to these normal sounds, a variety of other sounds may be heard including
heart murmurs or clicks. A medical practitioner uses a stethoscope to listen for these sounds, which gives him or her
important information about the condition of the heart.
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FIGURE 4.7
The larger round cells on the right are
Purkinje fibers. Because of their spe-
cializations to rapidly conduct impulses
(numerous sodium ion channels and mi-
tochondria, fewer myofibrils than the sur-
rounding muscle tissue), Purkinje fibers
take up stain differently than the surround-
ing muscles cells, and on a slide, they
often appear lighter and larger than their
neighbors.

FIGURE 4.8
When the atria contract, the blood gets
pushed into the ventricles which are in di-
astole. When the ventricles contract (ven-
tricular systole), the blood gets pushed
out of the heart.

The sound of the heart valves shutting causes the heart sounds, or a heartbeat. The closing of the mitral and tricuspid
valves (known together as the atrioventricular valves) at the beginning of ventricular systole cause the first part of
the "lub-dub" sound made by the heart as it beats. The second part of the "lub-dub" is caused by the closure of the
aortic and pulmonic valves at the end of ventricular systole. As the left ventricle empties, its pressure falls below
the pressure in the aorta, and the aortic valve closes. Similarly, as the pressure in the right ventricle falls below the
pressure in the pulmonary artery, the pulmonic valve closes.

Blood Vessels

The blood vessels are part of the cardiovascular system and function to transport blood throughout the body. The
two most important types are arteries and veins. Arteries carry blood away from the heart, while veins return blood
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to the heart.

There are various kinds of blood vessels, the main types are:

• Arteries are the large, muscular vessels that carry blood away from the heart.
• An arteriole is a small diameter blood vessel that extends and branches out from an artery and leads to

capillaries.
• Veins are vessels that carry blood toward the heart. The majority of veins in the body carry low-oxygen blood

from the tissues back to the heart.
• A venule is a small vessel that allows deoxygenated blood to return from the capillaries to veins.
• Capillaries are the smallest of the body’s blood vessels, that connect arterioles and venules, and are important

for the interchange of gases and other substances between blood and body cells.

The blood vessels have a similar basic structure. The endothelium is a thin layer of cells that creates a smooth
lining on the inside surface of blood vessels. Endothelial tissue is a specialized type of epithelium, one of the four
types of tissue found in the body. Endothelial cells have an important structural role in blood vessels; they line the
entire circulatory system, from the heart to the smallest capillary. Around the endothelium there is a layer of smooth
muscle, which is well developed in arteries. Finally, there is a further layer of connective tissue that surrounds the
smooth muscle. This connective tissue, which is mostly made up of collagen, contains nerves that supply the smooth
muscular layer. The connective tissue surrounding larger vessels also contains capillaries to bring nutrients to the
tissue. Capillaries, the smallest blood vessels, are made up of a single layer of endothelium and a small amount of
connective tissue.

FIGURE 4.9
The structure of an artery wall.

Arteries and Arterioles

The arteries carry blood away from the heart. As shown in Figure 4.9, arteries have thick walls that have three major
layers; an inner endothelial layer, a middle layer of smooth muscle, and an outer layer of stretchy connective tissue
(mostly collagen). The elastic qualities of artery walls allow them to carry pressurized blood from the heart while
maintaining blood pressure.

The aorta is the largest artery in the body. It receives blood directly from the left ventricle of the heart through the
aortic valve. The aorta branches, into smaller arteries and these arteries branch in turn, becoming smaller in diameter,
down to arterioles. The arterioles supply the capillaries that carry nutrients to the body’s cells and tissues. The aorta
is an elastic artery. When the left ventricle contracts to force blood into the aorta, it expands. This stretching gives
the potential energy that will help maintain blood pressure during diastole when the aorta contracts passively.

An arteriole is a small-diameter blood vessel that branches out from an artery and leads to capillaries. Arterioles
have thin muscular walls, composed of one or two layers of smooth muscle, and are the primary site of vascular
resistance. Vascular resistance is the resistance to flow that blood must overcome to be pumped through your
circulatory system. Increasing vascular resistance is one way your body can increase blood pressure.
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Veins and Venuoles

FIGURE 4.10
Internal structure of a vein.

Veins return deoxygenated blood to the heart. The thick, outer layer of a vein is made up of collagen-containing
connective tissue, shown in Figure 4.10. The connective tissue is wrapped around bands of smooth muscle while
the interior is lined with endothelium. Most veins have one-way flaps called valves, shown in in Figure 4.11, that
prevent blood from flowing backward and pooling in the legs, feet, arms or hands due to the pull of gravity. The
location of veins can vary from person to person.

FIGURE 4.11
Valves found in veins prevent the blood
from flowing backward and pooling in the
lowest parts of the body, such as the legs
and feet.

A venule is a small blood vessel that allows deoxygenated blood to return from the capillary beds to the larger blood
vessels called veins. Venules have three layers: an inner endothelium composed of squamous epithelial cells that
act as a membrane, a middle layer of muscle and elastic tissue, and an outer layer of fibrous connective tissue. The
middle layer is poorly developed so that venules have thinner walls than arterioles.

Capillaries

Capillaries are the smallest of a body’s blood vessels, measuring 5-10 µm in diameter. Their size is shown in relation
to body cells in Figure 4.12. Capillaries connect arterioles and venules, and they are important for the exchange of
oxygen, carbon dioxide, and other substances between blood and body cells.
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FIGURE 4.12
The structure of capillaries. Note their
size in comparison to the cells around
them.

The walls of capillaries are made of only a single layer of endothelial cells. This layer is so thin that molecules such
as oxygen, water and lipids can pass through them by diffusion and enter the body tissues. Waste products such as
carbon dioxide and urea can diffuse back into the blood to be carried away for removal from the body. Capillaries
are so small the blood cells need to pass through it in a single file line. A capillary bed is the network of capillaries
supplying an organ. The more metabolically active a tissue or organ is, the more capillaries it needs to get nutrients
and oxygen.

Blood vessels are roughly grouped as arterial and venous. This grouping is determined by whether the blood in
the vessel is flowing away from (arterial) or toward (venous) the heart. In general the term arterial blood is used to
describe blood high in oxygen, although the pulmonary arteries carry deoxygenated blood and blood flowing in the
pulmonary vein is rich in oxygen.

Roles of Blood Vessels

Blood vessels are not involved in regulating the transport of blood, the endocrine and nervous systems do that.
However, arteries and veins can regulate their inner diameter by contraction of the smooth muscle layer. This
widening or narrowing of the blood vessels changes the blood flow to the organs of the body. This process is
controlled by the autonomic nervous system; it is not controlled consciously.

Vasodilation is a process by which blood vessels in the body become wider due to the relaxation of the smooth
muscle in the vessel wall. This reduces blood pressure since there is more room for the blood to move through
the vessel. Endothelium of blood vessels uses nitric oxide to signal the surrounding smooth muscle to relax, which
dilates the artery and increasing blood flow. Nitric dioxide is a vasodilator.

Vasoconstriction is the constriction of blood vessels (narrowing, becoming smaller in cross-sectional area) by
contracting the vascular smooth muscle in the vessel walls. Vasoconstriction is controlled by substances such as
some hormones and neurotransmitters, which are called vasoconstrictors. For example, the “fight or flight” hormone
epinephrine is a vasoconstrictor that is released by the adrenal glands.

Permeability of the endothelium is important for the release of nutrients to the tissue. Permeability is the ability of
a membrane to allow certain molecules and ions to pass through it by diffusion. Permeability of the endothelium
increases during an immune response, which allows white blood cells and other substances to get to the site of injury
or irritation.

Oxygen, which is bound to hemoglobin in red blood cells for transport through the body, is the most critical nutrient
carried by the blood. In all arteries apart from the pulmonary artery, hemoglobin is highly saturated (95-100%) with
oxygen. In all veins apart from the pulmonary vein, the hemoglobin is desaturated at about 70%. (The values are
reversed in the pulmonary circulation.)
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Blood Vessels and Blood Pressure

Blood pressure refers to the force exerted by circulating blood on the walls of blood vessels. The pressure of the
circulating blood gradually decreases as blood moves from the arteries, arterioles, capillaries, and veins. The term
"blood pressure" generally refers to arterial pressure, which is the pressure in the larger arteries that take blood
away from the heart. Arterial pressure results from the force that is applied to blood by the contracting heart, where
the blood “presses” against the walls of the arteries.

The systolic arterial pressure is defined as the peak pressure in the arteries, which occurs near the beginning of the
cardiac cycle; the diastolic arterial pressure is the lowest pressure (at the resting phase of the cardiac cycle).

Arterial pressure is most commonly measured by a sphygmomanometer, shown in Figure 4.13. The height of a
column of mercury indicates the pressure of the circulating blood. Although many modern blood pressure devices
no longer use mercury, values are still universally reported in millimeters of mercury (mmHg).

FIGURE 4.13
The new and the

Blood Pressure Ranges

In the U.S., the healthy ranges for arterial pressure are:

• Systolic: less than 120 mm Hg
• Diastolic: less than 80 mm Hg

Blood pressure is usually written as systolic/diastolic mm Hg; for example, a reading of 120/80 mm Hg, is said
as "one twenty over eighty." These measures of arterial pressure are not static, but go through natural variations
from one heartbeat to another and throughout the day (in a circadian rhythm). Factors such as age, gender and race
influence blood pressure values. Pressure also varies with exercise, emotional reactions, sleep, stress, nutritional
factors, drugs, or disease.

Studies have shown that people whose systolic pressure is around 115 mm Hg rather than 120 mmHg have fewer
health problems. Clinical trials have shown that people who have arterial pressures at the low end of these ranges
have much better long term cardiovascular health for this reason some researchers say that 115/75 mm Hg should be
the ideal measurement.

Hypertension is a condition in which a person’s blood pressure is chronically high. Hypertension is said to be
present when a person’s systolic blood pressure is always 140 mm Hg or higher, and/or their diastolic blood pressure
is always 90 mm Hg or higher. Blood pressure readings between 120/80 mmHg and 139/89 mmHg are called
prehypertension. Prehypertension is not a disease category; rather, it is a way to identify people who are at high risk
of developing hypertension.
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Arterioles and Blood Pressure

Arterioles have the greatest collective influence on both local blood flow and on overall blood pressure. They are the
primary "adjustable nozzles" in the blood system, across which the greatest pressure drop occurs. The combination
of heart output (cardiac output) and systemic vascular resistance, which refers to the collective resistance of all of
the body’s arterioles, are the principal determinants of arterial blood pressure at any given moment.

Pulmonary and Systemic Circulations

The double circulatory system of blood flow refers to the separate systems of pulmonary circulation and the systemic
circulation in amphibians, birds and mammals, including humans. The adult human heart consists of two separated
pumps, the right side which pumps deoxygenated blood into the pulmonary circulation, and the left side which
pumps oxygenated blood into the systemic circulation. Blood in one circuit has to go through the heart to enter the
other circuit, as shown in Figure 4.14.

FIGURE 4.14
The double circulatory system. Blood in one circuit has to go through
the heart to enter the other circuit. The heart-to-lungs-to heart portion
is the pulmonary circulation, and the heart-to-body-to-heart portion is the
systemic circulation.

Pulmonary Circulation

The pulmonary circulation is the portion of the cardiovascular system which carries oxygen-poor (deoxygenated)
blood away from the heart, to the lungs, and returns oxygenated blood back to the heart. As shown in Figure
4.15, deoxygenated blood from the body leaves the right ventricle through the pulmonary arteries, which carry the
blood to each lung. The pulmonary arteries are the only arteries that carry deoxygenated blood. In the lungs, red
blood cells release carbon dioxide and pick up oxygen during respiration. The oxygenated blood then leaves the
lungs through the pulmonary veins, which return it to the left side of the heart, and complete the pulmonary cycle.
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The oxygenated blood is then distributed to the body through the systemic circulation before returning again to the
pulmonary circulation.

FIGURE 4.15
Pulmonary circulation. The pulmonary
arteries carry oxygen-poor blood from the
right ventricle to the lungs, and the pul-
monary veins return oxygenated blood to
the left side of the heart. This

The pulmonary circulation was first discovered by a Syrian physician, Ibn al-Nafis, in 1242. However, credit for the
first description of blood circulation is given to an English medical doctor William Harvey, who in 1616 described
in detail the pulmonary and systemic circulation systems.

Systemic Circulation

The systemic circulation is the portion of the cardiovascular system which carries oxygenated blood away from
the heart, to the body, and returns deoxygenated blood back to the heart. Oxygenated blood from the lungs leaves
the left ventricle through the aorta, from where it is distributed to the body’s organs and tissues, which absorb the
oxygen, through a complex network of arteries, arterioles, and capillaries. The deoxygenated blood is then collected
by venules, from where it flows first into veins, and then into the inferior and superior venae cavae, which return it
to the right heart, completing the systemic cycle, shown in Figure 4.16. The blood is then re-oxygenated through
the pulmonary circulation before returning again to the systemic circulation.

Just like every other organ in the body, the heart needs its own blood supply, which it gets through the coronary
circulation. Although blood fills the chambers of the heart, the heart muscle tissue is so thick that it needs blood
vessels to deliver oxygen and nutrients deep within it. The vessels that deliver oxygen-rich blood to the heart muscle
are called coronary arteries, they branch directly from the aorta, just above the heart, shown in Figure 4.17. The
vessels that remove the deoxygenated blood from the heart muscle are known as cardiac veins.

Portal Venous System

A portal venous system occurs when a capillary bed drains into another capillary bed through veins. They are
relatively uncommon as the majority of capillary beds drain into the heart, not into another capillary bed. Portal
venous systems are considered venous because the blood vessels that join the two capillary beds are either veins or
venules.

An example of a portal venous system is the blood vessel network between the digestive tract and the liver. The
hepatic portal system is responsible for directing blood from parts of the gastrointestinal tract to the liver. Nutrients
that have been absorbed into the blood from the small intestine are taken to the liver for processing before being sent
to the heart. The term, "portal venous system" often refers to the hepatic portal system.
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FIGURE 4.16
The systemic circulation. The systemic
circulation brings oxygenated blood to the
body cells and tissues and transports cel-
lular wastes. It is also responsible for
temperature regulation and transport of
hormones and other substances around
the body.

Homeostatic Imbalances of the Cardiovascular System

Arteriosclerosis

Arteriosclerosis is the hardening of an artery which impairs its ability to regulate blood pressure. It is estimated
that one-half of the deaths in the United States are directly related to arteriosclerosis. Arteriosclerosis is the cause
of coronary artery disease and the leading cause of strokes.

Cardiovascular disease (CVD) refers to any disease that affects the cardiovascular system, but it is usually used
to refer to diseases related to atherosclerosis, which is a chronic inflammatory response in the walls of arteries that
causes a swelling and buildup of materials called plaque. Plaque is made of cell debris, cholesterol, fatty acids,
calcium, and fibrous connective tissue that build up around an area of inflammation. As a plaque grows it stiffens
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FIGURE 4.17
This side view (lateral view), of the heart
shows how the coronary arteries (in red)
branch directly from the aorta to bring
oxygen and nutrients into the heart mus-
cle.

and narrows the artery, which reduces the flow of blood through the artery, shown in Figure 4.18.

Atherosclerosis

Atherosclerosis normally begins in later childhood, and is usually found in most major arteries. It does not usually
have any early symptoms. Causes of atherosclerosis include a high-fat diet, high cholesterol, smoking, obesity, and
diabetes. Atherosclerosis becomes a threat to health when the plaque buildup interferes with the blood circulation
in the heart (coronary circulation) or the brain (cerebral circulation). A blockage in the coronary circulation, can
lead to a heart attack, and blockage of the cerebral circulation (leading to, or within the brain) can lead to a stroke.
According to the American Heart Association, atherosclerosis is a leading cause of CVD.

Coronary Artery Disease

Cardiac muscle cells are fed by the coronary arteries. Blocked flow in a coronary artery can result in oxygen
starvation and death of heart muscle. Coronary artery disease is the end result of the buildup of plaques within
the walls of the coronary arteries, shown in Figure 4.19. Most individuals with coronary heart disease have no
symptoms for many years until the first sign, often a heart attack, happens.

A symptom of coronary heart disease is chest pain. Occasional chest pain, called angina pectoralis (or angina) can
happen during times of stress or physical exertion. The pain of angina means the heart muscle fibers need more
oxygen than they are getting.
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FIGURE 4.18
Atherosclerosis is sometimes referred to
as hardening of the arteries.

A heart attack, also called a myocardial infarction (MI), occurs when the blood supply to a part of the heart is
blocked, as shown in Figure 4.20. A heart attack can occur from the buildup and blockage of a coronary artery by
plaque, or it can be caused by a small piece of plaque that breaks away when a larger plaque breaks apart. This
piece of free-floating plaque, called an embolus, can get stuck in a coronary blood vessel, causing a blockage or
embolism. Cardiac muscle fibers that are starved of oxygen for more than five minutes will die, and because they
do not divide, dead cardiac muscle cells cannot be replaced. Coronary heart disease is the leading causes of death of
adults in the United States.

Aneurysm

An aneurysm is an abnormal dilation found in an arterial wall. An aneurysm can be caused by atherosclerosis,
arteriosclerosis, a history of trauma or infection. They can be located in any artery. Symptoms vary with where
it is located, but generally there are known to cause pain. Treatment includes the surgical removal of the affected
part with a graft replacement. The biggest complication of aneurysm is their potential for rupture which may lead
quickly to death due to the massive blood loss. If an aneurysm ruptures in the cranial cavity, it will probably cause
a stroke.

Stroke

Since atherosclerosis is a body wide process, similar events can also occur in the arteries to other parts of the body,
including the brain. A stroke (also known as cerebrovascular acident) is a loss of brain function due to a stoppage
of the blood supply to the brain. It can be caused by a blot clot (thrombosis), a free-floating object that gets caught
in a blood vessel (embolism), or by bleeding (hemorrhage).

Risk factors for stroke include advanced age, high blood pressure, previous stroke, diabetes, high cholesterol, and
cigarette smoking. Reduction of blood pressure is the most important modifiable risk factor of stroke; however many
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FIGURE 4.19
Autopsy specimen of an artery has been
opened lengthwise to show the inside
(lumen) which is completely blocked by
many plaques. For an atherosclerosis
animation, see

other risk factors, such as quitting tobacco smoking, are also important.

Preventing Cardiovascular Diseases

There are many risk factors which are associated with various forms of cardiovascular disease, some of these you
cannot control, but many you can control.

Non-controllable risk factors include:

• Age: The older a person is, the greater their chance of developing a cardiovascular disease.
• Gender: Men under age 64 are much more likely to die of coronary heart disease than women, although the

gender difference declines with age.
• Genetics: Family history of cardiovascular disease affects a person’s chance of developing heart disease.
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FIGURE 4.20
Diagram of a heart attack (myocardial in-
farction). The blood supply to the lower
part of the heart is stopped after a block-
age of the lower portion of the left coro-
nary artery (LCA). For an animation de-
picting coronary artery disease, see

Controllable risk factors include:

• Tobacco Smoking: Giving up smoking is the single most effective way of reducing risk of heart disease.
• Diabetes: Having diabetes can cause metabolic changes (such as high cholesterol levels) which in themselves

are risk factors.
• High cholesterol levels: High amounts of low density lipids (LDLs) in the blood, also called "bad cholesterol",

are a significant risk factor.
• Obesity: Being obese, especially if the fat is deposited mostly in the torso, rather than the hips and thighs,

increases risk significantly.
• High blood pressure: Hypertension can cause atherosclerosis.
• Lack of physical activity: Aerobic activities, including walking and vacuuming, that are done for 60 minutes
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a day, five days a week, help keep the heart healthy.
• Poor eating habits: Eating mostly foods that are nutrient poor (do not have many nutrients other than fat or

carbohydrate) leads to high cholesterol levels and weight gain, among other things.

Although there are uncontrollable risk factors involved in CVD, a person whose family has a history of CVD is not
destined to develop heart disease. There are many things such a person can do to help prevent CVD, even when
predisposed to a disease. A person who is physically active every day, eats healthfully, and avoids tobacco can lower
their chances of developing the disease.

Although men have a higher rate of cardiovascular disease than women, it is also the number one health problem for
women in industrialized countries. After menopause, the risk for women is almost equal to that of men.

Cardiovascular Disease Awareness

Cardiovascular diseases are called "lifestyle diseases" because they are caused mostly by everyday choices that
people make, such as what to eat for dinner, or what to do during their free time. For example, watching TV with
your dog does not involve much moving around so it does not exercise the body, whereas bringing the dog for a walk
outside exercises both of you. Decisions that you make today and everyday will affect your cardiovascular health
many years from now, such as those shown in Figure 4.21.

Many studies have shown that plaque buildup starts in early adolescence. However, teens are more concerned about
risks such as HIV, accidents, and cancer than cardiovascular disease. One in three people will die from complications
due to atherosclerosis. For this reason there is an emphasis on the prevention of CVD through risk reduction. For
example, healthy eating, regular physical activity, and avoidance of smoking can greatly decrease a person’s chance
of developing a CVD.

FIGURE 4.21
Limiting sedentary activities such as
watching TV, and making more time for
walking, hiking, cycling, or running will
help develop a healthy heart.

Congenital Heart Defects

A congenital heart defect is a problem with the structure of the heart that is present at birth. Such heart defects are
the most common type of major birth defect. Most heart defects either obstruct blood flow in the heart or vessels
near it, or cause blood to flow through the heart in an abnormal pattern, although other defects affecting heart rhythm
can also occur.

A murmur occurs when there is a defect in the cusp of a heart valve resulting in the leakage of blood though the
closed valve. The valve may have been scarred by infection, the use of medications, or be congenital. Murmurs
are classified according to how much blood is leaking through. A severe murmur will require surgery with a valve
replacement.
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Treatment for a defect can include medicines, surgery, and other medical procedures and heart transplants. The
treatment depends on the type and severity of the defect and the child’s age, size and general health. Also, certain
mild defects that some children are born with are repaired over time by the body.

Lesson Summary

• The main components of the cardiovascular system are the heart, the blood vessels, and the blood. It moves
nutrients, hormones, gases and wastes to and from body cells, and distributes heat to maintain homeostasis.

• Deoxygenated blood enters the right atrium from the body through the vena cava; oxygenated blood coming
from the lungs through the pulmonary vein enters the left atrium. The atria then contract, pushing the blood
into the ventricles. After a short delay, the ventricles contract, the oxygenated blood gets pushed through the
aorta to the rest of the body, and the deoxygenated blood gets pushed to the lungs through the pulmonary
arteries.

• Arteries have thick walls that have three major layers; an inner endothelial layer, a middle layer of smooth
muscle, and an outer layer of stretchy connective tissue (mostly collagen). The thick, outer layer of a vein is
made up of collagen-containing connective tissue. The connective tissue is wrapped around bands of smooth
muscle while the interior is lined with endothelium. Most veins have one-way flaps called valves that prevent
blood from flowing backward and pooling in the legs, feet, arms or hands due to the pull of gravity. The walls
of capillaries are made of only a single layer of endothelial cells.

• The lymphatic system has three related functions; the removal of excess fluids from body tissues, the absorp-
tion of fats and transport of fat to the cardiovascular system, and the production of certain types of white blood
cells.

• Atherosclerosis, which may lead to a heart attack, is a chronic inflammatory response in the walls of arteries
that leads to a buildup of plaque. Plaque is made of cell debris, cholesterol, fatty acids, calcium, and fibrous
connective tissue that build up around an area of inflammation. As a plaque grows it stiffens and narrows the
artery, which reduces the flow of blood through the artery.

• Eating nutritious food, being physically active for 60 minutes on most days of the week, and avoiding smoking
are three of the most effective things a person can do to avoid cardiovascular disease.

Review Questions

1. Why is the left ventricle generally thicker than the right ventricle?
2. At what point do the pulmonary and systemic circulation systems meet up?
3. Why do veins have valves?

Use the heart Figure 4.22 to answer the following four questions:
4. What two structures are involved in the patent ductus arteriosus shown in this diagram. (Hint: The patent

ductus arteriosus is the structure found inside the white circle at top center).
5. Propose what might happen to blood flow around the site of the PDA.
6. Would a PDA be considered a heart defect? Explain your answer.
7. How might the PDA affect the body?

Use Figure 4.23 of the estimated prevalence of cardiovascular disease (CVD) in the U.S. population to answer
the following three questions.

8. What is the overall trend in the prevalence of CVD in the U.S. population?
9. In what age group does the prevalence of CVD in the female population equal that of the male population?

10. At what point does 50 percent of the male and female population have CVD?

Vocabulary

arteriole
Small diameter blood vessel that extends and branches out from an artery and leads to capillaries.
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FIGURE 4.22

FIGURE 4.23

artery
Large, muscular vessels that carry blood away from the heart.

atria
Thin-walled blood collection chambers of the heart, pump blood into the ventricles (singular, atrium).

atrioventricular node
Conducts the electrical impulses that come from the SA node through the atria to the ventricles.

atrioventricular valves
Ensure blood flows from the atria to the ventricles.

blood pressure
The force exerted by circulating blood on the walls of blood vessels.
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Bundle of His
A collection of heart muscle cells (fibers) specialized for electrical conduction that transmits the electrical
impulses from the AV node.

cardiovascular system
An organ system that moves nutrients, hormones, gases and wastes to and from body cells, and distributes
heat to maintain homeostasis.

capillary
Smallest of the body’s blood vessels, connects arterioles and venules, and are important for the interchange of
gases and other substances between blood and body cells.

coronary circulation
Supplies the heart tissue with blood.

diastole
Period of time when the heart relaxes after contraction.

heart
The muscular organ that pumps blood through the blood vessels by repeated, rhythmic contractions.

hypertension
Condition in which a person’s blood pressure is chronically high.

pulmonary circulation
Portion of the cardiovascular system which carries deoxygenated blood away from the heart, to the lungs, and
returns oxygenated blood back to the heart.

Purkinje fibers
Specialized cardiac muscle cells that conduct action potentials into the ventricles, causing the cardiac muscle
of the ventricles to contract in a controlled fashion.

semilunar valves
Present in the arteries leaving the heart, prevent blood flowing back from the arteries into the ventricles.

sinoatrial node
Known as the "cardiac pacemaker," found in the upper wall of the right atrium, is responsible for the wave of
electrical stimulation that starts atrial contraction by creating an action potential.

sphygmomanometer
Measures arterial pressure.

systemic circulation
Portion of the cardiovascular system which carries oxygenated blood away from the heart, to the body, and
returns deoxygenated blood back to the heart.

systole
Contraction of the heart chambers, which drives blood out of the chambers.
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vascular resistance
Resistance to flow that blood must overcome to be pumped through your circulatory system.

vasoconstriction
Constriction of blood vessels by contracting the vascular smooth muscle in the vessel walls.

vasodilatation
Process by which blood vessels in the body become wider due to the relaxation of the smooth muscle in the
vessel wall.

vein
Vessel that carries blood toward the heart.

ventricles
Heart chambers which collect blood from the atria and pump it out of the heart.

venule
Small vessel that allows deoxygenated blood to return from the capillaries to veins.

Points to Consider

• How may factors such as the region of the world in which you live or your type of employment contribute to
your risk of developing cardiovascular disease?

• Hypothesize about the role of blood in your excretory system.
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5.1 Unit 4 Skeletal System

Lesson Objectives

• Identify the functions and structure of bones.
• Differentiate between the axial skeleton and appendicular skeleton.
• Distinguish between spongy bone and compact bone.
• Outline the process of osteogenesis (bone formation), and how bones grow.
• Classify bones based on their shape.
• Identify three types of joints that are in the body, and give an example of each.
• Identify three disorders that result from homeostatic imbalances of bones or the skeleton.

Introduction

How important is your skeleton? Can you imagine what you would look like without it?

You would be a wobbly pile of muscle and internal organs, maybe a little similar to the slug in Figure 5.1. Not that
you would really be able to see yourself anyway, due to the folds of skin that would droop over your eyes because
of your lack of skull bones. You could push the skin out of the way, if you could only move your arms!

FIGURE 5.1
Banana slugs (

The Skeleton

Humans are vertebrates, which are animals that have a vertebral column, or backbone. Invertebrates, like the banana
slug in Figure 5.1, do not have a vertebral column, and use a different mechanism than vertebrates to move about.
The sturdy internal framework of bones and cartilage that is found inside vertebrates, including humans, is called an
endoskeleton. The adult human skeleton consists of approximately 206 bones, some of which are named in Figure
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5.2. Cartilage, another component of the skeleton can also be seen in Figure 5.2. Cartilage is a type of dense
connective tissue that is made of tough protein fibers. The function of cartilage in the adult skeleton is to provide
smooth surfaces for the movement of bones at a joint. A ligament is a band of tough, fibrous tissue that connects
bones together. Ligaments are not very elastic and some even prevent the movement of certain bones.

The skeletons of babies and children have many more bones and more cartilage than adults have. As a child grows,
these “extra” bones, such as the bones of the skull (cranium), and the sacrum (tailbone) fuse together, and cartilage
gradually hardens to become bone tissue.

FIGURE 5.2
The skeleton is the bone and cartilage
scaffolding that supports the body, and
allows it to move. Bones act as attach-
ment points for the muscles and tendons
that move the body. Bones are also im-
portant for protection. For example, your
skull bones (cranium) protect your brain,
and your ribcage protects your heart and
lungs. Cartilage is the light-gray material
that is found between some of the bones
and also between the ribcage and ster-
num.
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The bones of the skeleton can be grouped in two divisions: the axial skeleton and appendicular skeleton. The axial
skeleton includes the bones of the head, vertebral column, ribs and sternum, in the left portion of Figure 5.3. There
are 80 bones in the axial skeleton. The appendicular skeleton includes the bones of the limbs (arms and legs)
along with the scapula and the pelvis, and is shown at right in Figure 5.3. There are approximately 126 bones in the
appendicular skeleton. Limbs are connected to the rest of the skeleton by collections of bones called girdles. The
pectoral girdle consists of the clavicle (collar bone) and scapula (shoulder blade). The pelvic girdle consists of two
pelvic bones (hipbones) that form the pelvic girdle. The vertebral column attaches to the top of the pelvis; the femur
of each leg attaches to the bottom. The humerus is joined to the pectoral girdle at a joint and is held in place by
muscles and ligaments.

FIGURE 5.3
The two divisions of the human skeleton.
The bones of the axial skeleton are blue,
and the bones of the appendicular skele-
ton are pink.

Function and Structure of Bones

Many people think of bones as dry, dead, and brittle, which is what you might think if you saw a preserved skeleton in
a museum. The association of bones with death is illustrated by the sweets shown in Figure 5.4. This is a common
association because the calcium-rich bone tissue of a vertebrate is the last to decompose after the organism dies.
However, the bones in your body are very much alive. They contain many tough protein fibers, are crisscrossed by
blood vessels, and certain parts of your bones are metabolically active. Preserved laboratory skeletons are cleaned
with chemicals that remove all organic matter from the bones, which leaves only the calcium-rich mineralized
(hardened) bone tissue behind.

Functions of Bones

As you read earlier in this lesson, your skeletal system is important for the proper functioning of your body. In
addition to giving shape and form to the body, bones have many important functions.

The main functions of bones are:
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FIGURE 5.4
Sugar skulls made to celebrate Dia de
Los Muertos (Day of the Dead), a time
(the 1

• Structural Support of the Body: The skeleton supports the body against the pull of gravity. The large bones of
the lower limbs support the trunk when standing.

• Protection of Internal Organs: The skeleton provides a rigid frame work that supports and protects the soft
organs of the body. The fused bones of the cranium surround the brain to make it less vulnerable to injury.
Vertebrae surround and protect the spinal cord and bones of the rib cage help protect the heart and lungs.

• Attachment of the Muscles: The skeleton provides attachment surfaces for muscles and tendons which to-
gether enable movement of the body.

• Movement of the Body: Bones work together with muscles as simple mechanical lever systems to produce
body movement.

• Production of Blood Cells: The formation of blood cells takes place mostly in the interior (marrow) of certain
types of bones.

• Storage of Minerals: Bones contain more calcium than any other organ in the form of calcium salts such as
calcium phosphate. Calcium is released by the bones when blood levels of calcium drop too low. Phosphorus
is also stored in bones.

Structure of Bones

Although bones vary greatly in size and shape, they all have certain structural similarities. Bones are organs.Recall
that organs are made up of two or more types of tissues. The two main types of bone tissue are compact bone and
spongy bone. Compact bone makes up the dense outer layer of bones. Spongy bone is lighter and less dense than
compact bone, and is found toward the center of the bone. Periosteum (from peri = around, osteo = bone),is the
tough, shiny, white membrane that covers all surfaces of bones except at the joint surfaces. Periosteum is composed
of a layer of fibrous connective tissue and a layer of bone forming cells. These structures can be seen in Figure 5.5.

Compact Bone

Just below the periosteum is the hard layer of compact bone tissue. It is so called due to its high density, and it
accounts for about 80% of the total bone mass of an adult skeleton. Compact bone is extremely hard, and is made
up of many cylinder-shaped units called osteons, or Haversian systems. Osteons act like strong pillars within the
bone to give the bone strength and allow it to bear the weight of the attached muscles and withstand the stresses of
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FIGURE 5.5
Structure of a typical bone. The compo-
nents that make up bones can be seen
here. Compact bone is the dense material
that makes up the outer ring of the bone.
Most bones of the limbs are long bones,
including the bones of the fingers. The
classification of

FIGURE 5.6
The internal structure of a bone. Both
compact and spongy bone can be seen.
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movement. As you can see in Figure 5.6, osteons are made up of rings of calcium salts and collagen fibers, called
bone matrix. Bone matrix is a mixture of calcium salts, such as calcium phosphate and calcium hydroxide, and
collagen fibers (a type of protein) which form hollow tubes that look similar to the rings on a tree. Each of these
matrix tubes is a lamella, which means “thin plate” (plural: lamellae). The calcium salts form crystals that give
bones great strength, but the crystals do not bend easily, and tend to shatter if stressed. Collagen fibers are tough
and flexible. All collagen fibers within a single lamella are lined up in the same direction, which gives each lamella
great strength. Overall, the protein-calcium crystal combination in the matrix allows bones to bend and twist without
breaking easily. The collagen fibers also act as a scaffold for the laying down of new calcium salts.

In the center of each osteon is a Haversian canal. The canal serves as a passageway for blood vessels and nerves.
Within each osteon, many bone cells called osteocytes are located. Osteocytes are found in little pockets called
lacunae that are sandwiched between layers of bone matrix. You can see lamellae and osteocytes in their lacunae in
Figure 7b. Osteocytes are responsible for monitoring the protein and mineral content of the bone and they direct
the release of calcium into the blood and the uptake up of calcium salts into the bone. Other bone cells, called
osteoblasts secrete the organic content of matrix, and are responsible for the growth of new bone. Osteoblasts are
found near the surface of bones. Osteoclasts are bone cells that remove calcium salts from bone matrix. These bone
cells will be discussed in further detail later in this lesson. In the meantime, Table 5.1 describes some of the different
structures and functions of bones.

TABLE 5.1: The Structure of Bones

Function Location
Osteons (also known as Haversian
systems)

Act like pillars to give bone strength Compact bone

Bone matrix A mixture of calcium salts and
collagen fibers which form hollow
tubes that look similar to the rings
on a tree

Compact bone, spongy bone

Lamella Layers of bone matrix in which col-
lagen fibers point in the opposite di-
rection to the fibers of the lamellae
to each side, offers great strength
and flexibility

Are the “tree rings” of osteons

Lacunae Location of osteocytes Between lamellae of bone matrix
Osteocytes Monitor the protein and mineral

content of bone and direct the re-
lease of calcium into the blood; con-
trol the uptake up of calcium salts
into the bone

Within lacunae of osteons

Osteoblasts Bone-forming cell; secretes organic
part of matrix (collagen)

Found near the surface of bones

Osteoclasts Responsible for the breakdown of
matrix and release of calcium salts
into the blood.

Bone surfaces

Chondrocyte Cartilage-forming cell
Periosteum Contains pain receptors and is sen-

sitive to pressure or stress; pro-
vides nourishment through a good
the blood supply; provides an at-
tachment for muscles and tendons

Collagen fibers Tough protein fibers that give bones
flexibility and prevent shattering.
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TABLE 5.1: (continued)

Function Location
Calcium salts Form crystals that give bones great

strength.

FIGURE 5.7
The location of Haversian canals and os-
teocytes in osteons of compact bone.

Spongy Bone

Spongy bone occurs at the ends of long bones and is less dense than compact bone. The term “spongy” refers only
to the appearance of the bone, as spongy bone is quite strong. The lamellae of spongy bone form an open, porous
network of bony branches, or beams called trabiculae, that give the bone strength and make the bone lighter. It also
allows room for blood vessels and bone marrow. Spongy bone does not have osteons, instead nutrients reach the
osteocytes of spongy bone by diffusion through tiny openings in the surface of the spongy bone. Spongy bone makes
up the bulk of the interior of most bones, including the vertebrae.

Bone Marrow

Many bones also contain a soft connective tissue called bone marrow. There are two types of bone marrow: red
marrow and yellow marrow. Red marrow produces red blood cells, platelets, and most of the white blood cells for
the body. Yellow marrow produces white blood cells. The color of yellow marrow is due to the high number of fat
cells it contains. Both types of bone marrow contain numerous blood vessels and capillaries. In newborns, bones
contain only red marrow. As the child ages, red marrow is mostly replaced by yellow marrow. In adults, red marrow
is mostly found in the flat bones of the skull, the ribs, the vertebrae and pelvic bones. It is also found between the
spongy bone at the very top of the femur and the humerus.
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Periosteum

The outer surfaces of bones—except where they make contact with other bones at joints—are covered by periosteum.
Periosteum has a tough, external fibrous layer, and an internal layer that contains osteoblasts (the bone-growing
cells). The periosteum is richly supplied with blood, lymph and nociceptors, which make it very sensitive to manip-
ulation (recall that nociceptors are pain receptors that are also found in the skin and skeletal muscle). Periosteum
provides nourishment to the bone through a rich blood supply. The periosteum is connected to the bone by strong
collagen fibers called Sharpey’s fibres, which extend into the outer lamellae of the compact bone.

Bone Shapes

The four main types of bones are long, short, flat, and irregular. The classification of a bone as being long, short,
flat, or irregular is based on the shape of the bone rather than the size of the bone. For example, both small and large
bones can be classified as long bones. There are also some bones that are embedded in tendons, these bones tend to
be oval-shaped and are called sesamoid bones.

• Long Bones: Bones that are longer than they are wide are called long bones. They consist of a long shaft
with two bulky ends. Long bones are primarily made up of compact bone but may also have a large amount
of spongy bone at both ends. Long bones include bones of the thigh (femur), leg (tibia and fibula), arm
(humerus), forearm (ulna and radius), and fingers (phalanges). The classification refers to shape rather than
the size.

• Short Bones: Short bones are roughly cube-shaped, and have only a thin layer of compact bone surrounding a
spongy interior. The bones of the wrist (carpals) and ankle (tarsals) are short bones, as are the sesamoid bones
(see below).

• Sesamoid Bones: Sesamoid bones are embedded in tendons. Since they act to hold the tendon further away
from the joint, the angle of the tendon is increased and thus the force of the muscle is increased. An example
of a sesamoid bone is the patella (kneecap).

• Flat Bones: Flat bones are thin and generally curved, with two parallel layers of compact bones sandwiching
a layer of spongy bone. Most of the bones of the skull (cranium) are flat bones, as is the sternum (breastbone).

• Irregular Bones: Irregular bones are bones that do not fit into the above categories. They consist of thin
layers of compact bone surrounding a spongy interior. As implied by the name, their shapes are irregular and
complicated. The vertebrae and pelvis are irregular bones.

All bones have surface markings and characteristics that make a specific bone unique. There are holes, depressions,
smooth facets, lines, projections and other markings. These usually represent passageways for vessels and nerves,
points of articulation with other bones or points of attachment for tendons and ligaments.

Cellular Structure of Bone

When blood calcium levels decrease below normal, calcium is released from the bones so that there will be an
adequate supply for metabolic needs. When blood calcium levels are increased, the excess calcium is stored in the
bone matrix. The dynamic process of releasing and storing calcium goes on almost continuously, and is carried out
by different bone cells.

There are several types of bone cells.

• Osteoblasts are bone-forming cells which are located on the inner and outer surfaces of bones. They make
a collagen-rich protein mixture (called osteoid), which mineralizes to become bone matrix. Osteoblasts are
immature bone cells. Osteoblasts that become trapped in the bone matrix differentiate into osteocytes. The
osteocytes stop making osteoid and instead direct the release of calcium from the bones and the uptake of
calcium from the blood.
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• Osteocytes originate from osteoblasts which have migrated into and become trapped and surrounded by bone
matrix which they themselves produce. The spaces which they occupy are known as lacunae. Osteocytes are
star-shaped, and they have many processes which reach out to meet osteoblasts probably for the purposes of
communication. Their functions include matrix maintenance and calcium homeostasis. They are mature bone
cells. Refer to Figure 5.7 for the location of osteocytes.

• Osteoclasts are the cells responsible for bone resorption, which is the remodeling of bone to reduce its
volume (see below). Osteoclasts are large cells with many nuclei, and are located on bone surfaces. They
secrete acids which dissolve the calcium salts of the matrix, releasing them into the blood stream. This causes
the calcium and phosphate concentration of the blood to increase. Osteoclasts constantly remove minerals
from the bone, and osteoblasts constantly produce matrix that binds minerals into the bone, so both of these
cells are important in calcium homeostasis.

Bone Cells and Calcium Homeostasis

Remodeling or bone turnover is the process of resorption of minerals followed by replacement by bone matrix which
causes little overall change in the shape of the bone. This process occurs throughout a person’s life. Osteoblasts
and osteoclasts communicate with each other for this purpose. The purpose of remodeling is to regulate calcium
homeostasis, repair micro-damaged bones (from everyday stress), and also to shape the skeleton during skeletal
growth.

The process of bone resorption by the osteoclasts releases stored calcium into the systemic circulation and is an
important process in regulating calcium balance. As bone formation actively fixes circulating calcium in its mineral
form, removing it from the bloodstream, resorption actively unfixes it thereby increasing circulating calcium levels.
These processes occur in tandem at site-specific locations.

Development of Bones

The terms osteogenesis and ossification are often used to indicate the process of bone formation. The skeleton begins
to form early in fetal development. By the end of the eighth week after conception, the skeletal pattern is formed by
cartilage and connective tissue membranes. At this point, ossification begins.

Early in fetal development, the skeleton is made of cartilage. Cartilage is a type of dense connective tissue that
is composed of collagen fibers and/or elastin fibers, and cells called chondrocytes which are all set in a gel-like
substance called matrix. Cartilage does not contain any blood vessels so nutrients diffuse through the matrix to the
chondrocytes. Cartilage serves several functions, including providing a framework upon which bone deposition can
begin and supplying smooth surfaces for the movement of bones at a joint, such as the cartilage shown in Figure
5.8.

The bones of the body gradually form and harden throughout the remaining gestation period and for years after
birth in a process called endochondrial ossification. However, not all parts of the fetal cartilage are replaced by
bone, cartilage remains in many places in the body including the joints, the rib cage, the ear, the tip of the nose, the
bronchial tubes and the little discs between the vertebrae.

Endochondral Ossification

Endochondral ossification is the process of replacing cartilage with bony tissue, as shown in Figure 5.9. Most of
the bones of the skeleton are formed in this way. During the third month after conception, blood vessels form and
grow into the cartilage, and transport osteoblasts and stem cells into the interior which change the cartilage into
bone tissue. The osteoblasts form a bone collar of compact bone around the central shaft (diaphysis) of the bone.
Osteoclasts remove material from the center of the bone, and form the central cavity of the long bones. Ossification
continues from the center of the bone toward the ends of the bones.
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FIGURE 5.8
A micrograph of the structure of hyaline
cartilage, the type of cartilage that is
found in the fetal skeleton and at the ends
of mature bones.

The cartilage at the ends of long bones (the epiphyses) continues to grow so the developing bone increases in length.
Later, usually after birth, secondary ossification centers form in the epiphyses, as shown in Figure 5.9. Ossification
in the epiphyses is similar to that in the center of the bone except that the spongy bone is kept instead of being broken
down to form a cavity. When secondary ossification is complete, the cartilage is totally replaced by bone except in
two areas. A region of cartilage remains over the surface of the epiphysis as articular cartilage and another area of
cartilage remains inside the bone at either end. This area is called the epiphyseal plate or growth region.

FIGURE 5.9
The process of endochondrial ossification
which happens when the skeleton is de-
veloping during fetal development, and in
childhood.

When a bone develops from a fibrous membrane, the process is called intramembranous ossification. Intramembra-
nous ossification usually happens in flat bones such as the cranial bones and the clavicles. During intramembranous
ossification in the developing fetus, the future bones are first formed as connective tissue membranes. Osteoblasts
migrate to the membranes and secrete osteoid, which becomes mineralized and forms bony matrix. When the
osteoblasts are surrounded by matrix they are called osteocytes. Eventually, a bone collar of compact bone develops
and marrow develops inside the bone.
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Bone Elongation

An infant is born with zones of cartilage, called epiphyseal plates, shown in Figure 5.10, between segments of bone
to allow further growth of the bone. When the child reaches skeletal maturity (between the ages of 18 and 25 years),
all of the cartilage in the plate is replaced by bone, which stops further growth.

FIGURE 5.10
Location of the epiphyseal plate in an
immature long bone. The chondrocytes
in the epiphyseal plate are very metaboli-
cally active, as they constantly reproduce
by mitosis. As the older chondrocytes
move away from the plate they are re-
placed by osteoblasts that mineralize this
new area, and the bone lengthens.

Bones grow in length at the epiphyseal plate by a process that is similar to endochondral ossification. The chondro-
cytes (cartilage cells) in the region of the epiphyseal plate grow by mitosis and push older chondrocytes down toward
the bone shaft (diaphysis). Eventually these chondrocytes age and die. Osteoblasts move into this region and replace
the chondrocytes with bone matrix. This process lengthens the bone and continues throughout childhood and the
adolescent years until the cartilage growth slows down and finally stops. When cartilage growth stops, usually in the
early twenties, the epiphyseal plate completely ossifies so that only a thin epiphyseal line remains and the bones can
no longer grow in length. Bone growth is under the influence of growth hormone from the anterior pituitary gland
and sex hormones from the ovaries and testes.

Even though bones stop growing in length in early adulthood, they can continue to increase in thickness or diameter
throughout life in response to stress from increased muscle activity or to weight-bearing exercise.

Joints

A joint (also called an articulation), is a point at which two or more bones make contact. They are constructed to
allow movement and provide mechanical support for the body. Joints are a type of lever, which is a rigid object that
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is used to increase the mechanical force that can be applied to another object. This reduces the amount of energy
that need to be spent in moving the body around. The articular surfaces of bones, which are the surfaces that meet at
joints, are covered with a smooth layer of articular cartilage.

There are three types of joints: immovable, partly movable, and synovial. See http://www.youtube.com/watch?v=S
OMFX_83sqk&feature=related (0:54) for a brief overview of the types of joints.

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6819

• Immovable Joint (Fibrous Joints): At an immovable joint (or a fixed joint), bones are connected by dense
connective tissue, which is usually collagen. Immovable joints, like those connecting the cranial bones, have
edges that tightly interlock, and do not allow movement. The connective tissue at immovable joints serves to
absorb shock that might otherwise break the bone. An example of fibrous joints are the sutures of the skull.

• Partly Movable Joints (Cartilaginous joints): At partly movable joints (or cartilaginous joints), bones are
connected entirely by cartilage. Cartilaginous joints allow more movement between bones than a fibrous joint
does, but much less than the highly mobile synovial joint. Examples of partly-movable joint include the ribs,
the sternum and the vertebrae, shown in Figure 5.11. Partly-movable joints also form the growth regions of
immature long bones. Other examples of cartilaginous joints are the ribs and the sternum, and

FIGURE 5.11
Illustration of an synovial disk, a cartilagi-
nous joint. These partly-movable joints
are found between the vertebrae. An X
ray of the cervical (neck) vertebrae is at
right.

• Synovial joints: Synovial joints, also known as movable joints, are the most mobile joints of all. They are
also the most common type of joint in the body. Synovial joints contain a space between the bones of the
joint (the articulating bones), which is filled with synovial fluid. Synovial fluid is a thick, stringy fluid that
has the consistency of egg albumin. The word "synovial" comes from the Latin word for "egg". The fluid
reduces friction between the articular cartilage and other tissues in joints and lubricates and cushions them
during movement. There are many different types of synovial joints, and many different examples. A synovial
joint is shown in Figure 5.12.

The outer surface of the synovial joint contains ligaments (fibrous tissue that connects bones) that strengthen joints
and holds bones in position. The inner surface (the synovial membrane) has cells producing synovial fluid that
lubricates the joint and prevents the two cartilage caps on the bones from rubbing together. Some joints also have
tendons which are bands of connective tissue that link muscles to bones. Bursae are small sacs filled with synovial
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FIGURE 5.12
Diagram of a synovial joint. Sinovial joints
are the most common type of joint in the
body, and allow a wide range of motions.
Think of how difficult walking would be
if your knees and hips were only partly
movable, like your spine.

FIGURE 5.13
Types of Synovial joints. These fully-
movable joints between bones allow a
wide range of motions by the body. They
also help reduce the amount of energy
that needs to move the body.

fluid that reduce friction in the joint. The knee joint contains 13 bursae. Synovial joints can be classified by the
degree of mobility they allow, as shown in Figure 5.13.

In a ball and socket joint the ball-shaped surface of one bone fits into the cuplike depression of another. The ball-
and-socket joint consists of one bone that is rounded and that fits within a cuplike bone. Examples of a ball and
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socket joint include the hip ( Figure 5.15) and shoulder.

In an ellipsoidal joint an ovoid articular surface, fits into an elliptical cavity in such a way as to permit of some back
and forth movement, but not side-to-side motion. The wrist-joint and knee ( Figure 5.14), are examples of this type
of joint.

FIGURE 5.14
Knee joint, an ellipsoid joint.

In a saddle joint the opposing bone surfaces are fit together like a person sitting in a saddle. The movements at a
saddle joint are the same as in an ellipsoid joint. The best example of this form is the joint between the carpals and
metacarpals of the thumb.

In the hinge joint, the articular surfaces fit together in such a way as to permit motion only in one plane, forward and
backward, the extent of motion at the same time being considerable. An example of a hinge joint is the elbow.

The pivot joint is formed by a process that rotates within a ring, the ring being formed partly of bone, and partly of
ligament. An example of a pivot joint is the joint between the radius and ulna that allows you to turn the palm of
your hand up and down.

A gliding joint, also known as a plane joint, is a joint which allows one bone to slide over another, such as between
the carpels of the fingers. Gliding joints are also found in your wrists and ankles.

Not all bones are interconnected directly: There are 6 bones in the middle ear called the ossicles (three on each
side) that articulate only with each other. The hyoid bone which is located in the neck and serves as the point of
attachment for the tongue, does not articulate with any other bones in the body, being supported by muscles and
ligaments. The longest and heaviest bone in the body is the femur and the smallest is the stapes bone in the middle
ear. In an adult, the skeleton makes up around 20% of the total body weight.
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FIGURE 5.15
The hip joint is a ball-and-socket joint.

The Vertebrae

FIGURE 5.16
The Human Vetibrae

In human anatomy, the vertebral column usually consists of 24 articulating vertebrae, and nine fused vertebrae in
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the sacrum and the coccyx. It is situated in the dorsal aspect of the torso, separated by intervertebral discs. It houses
and protects the spinal cord in its spinal canal, and hence is commonly called the spine, or simply backbone.

There are normally 33 vertebrae in humans, including the five that are fused to form the sacrum (the others are
separated by intervertebral discs) and the four coccygeal bones that form the tailbone.

The upper three regions comprise the remaining 24, and are grouped under the names cervical (seven vertebrae), tho-
racic (12 vertebrae) and lumbar (five vertebrae), according to the regions they occupy. This number is sometimes
increased by an additional vertebra in one region, or it may be diminished in one region, the deficiency often being
supplied by an additional vertebra in another. The number of cervical vertebrae is, however, very rarely increased or
diminished. (see http://en.wikipedia.org/wiki/Vertebrae Dorland’s Medical Dictionary)

The vertebrae have a primary function of proctection of the spinal cord, but each section has at least one special
function also. The cervical vertebra can flex and extend to allow for movement. The thorasic vertebrae are below the
cervical and in addition to housing the spinal cord, the thoracic vertebra can flex during movement. The third curve
of the spine is caused by the lumbar vertebrae, which are the largest vertebrae. In addition to protecting the spinal
cord, the lumbar vertebra allow for much of body motion and support much of the body’s weight. The sacrum is
made of 5 fused vertebrae. It functions to support and protect the body. The coccyx or tailbone is made of 4 bones
that are sometimes fused together. the coccyx has many functions in the human body including support while sitting
and the site of muscle and ligament attachments.

FIGURE 5.17
Human vertebral column The vertebral
column has 33 bones. Each color repre-
sents a section of the column.

Skull Bones

The skull is a bony structure in the head that supports the structures of the face and forms a cavity for the brain.

The skull is composed of two parts: the cranium and the mandible. A skull without a mandible is only a
cranium. The skull is a part of the skeleton.

Functions of the skull include protection of the brain, fixing the distance between the eyes to allow stereoscopic
vision (three dimensional), and fixing the position of the ears to help the brain use auditory cues to judge direction
and distance of sounds. The skull is made of flat bones.

Sutures

A suture is a type of fibrous joint which only occurs in the skull (or "cranium"). A tiny amount of movement is
permitted at sutures, which contributes to the compliance and elasticity of the skull.

It is normal for many of the bones of the skull to remain unfused at birth. The fusion of the skull’s bones at birth
is known ascraniosynostosis. The term " fontanelle" is used to describe the resulting "soft spots". The relative
positions of the bones continue to change during the life of the adult (though less rapidly), which can provide useful
information in forensics and archaeology. In old age, cranial sutures may ossify (turn to bone) completely.

The joint between the mandible and the cranium, the temporomandibular joint, forms the only non-sutured joint in
the skull.

The four major sutures of the skull are;

77

http://www.ck12.org


5.1. Unit 4 Skeletal System www.ck12.org

FIGURE 5.18
The various colors indicate different bones of the skull.

• Coronal suture - between the frontal and parietal bones
• Lambdoid suture - between the parietal and occipital bones and continuous with the occipitomastoid suture
• Occipitomastoid suture - between the occipital and temporal bones and continuous with the lambdoid suture
• Squamosal suture - between the parietal and the temporal bone

Homeostatic Imbalances of Bone

Despite their great strength, bones can fracture, or break. Fractures can occur at different places on a bone, and
are usually due to excessive bending stress on the bone. Fractures can be complete in which the bone is completely
broken, or incomplete in which the bone is cracked or chipped, but not broken all the way, as shown in Figure 5.20.
Immediately after a fracture, blood vessels that were torn leak blood into surrounding tissues and a mass of clotted
blood, called a hematoma, forms. The area becomes swollen and sore. Within a few days capillaries begin to grow
into the hematoma and white blood cells clean up the dead and dying cells. Fibroblasts and osteoblasts arrive and
begin to rebuild the bone. Fibroblasts produce collagen fibers which span the area of the break and connect the ends
of the broken bone together. Osteoblasts begin to form spongy bone, and chondroblasts form cartilage matrix. Later,
the cartilage and spongy bone are replaced by a bony growth called a callus which forms about 3 to 4 weeks after

78

http://www.ck12.org


www.ck12.org Chapter 5. Chapter 5 Skeletal System

FIGURE 5.19
Anterior view of the facial bones.

the fracture, and continues until the break is firmly sealed 2 to 3 months later. Eventually the bony callus is replaced
by spongy and compact bone, similar to the rest of the bone.

FIGURE 5.20

Rickets is a softening of the bones in children which potentially leads to fractures and deformity; bowing of the leg
bones is shown in Figure 5.21. Rickets is among the most frequent childhood diseases in many developing countries.
The most common cause is a vitamin D deficiency. Vitamin D is needed by the body to absorb calcium from foods
and to form bones. However, lack of calcium in the diet may also cause rickets. Although it can occur in adults,
most cases of rickets occur in children who suffer from severe malnutrition, which usually results from starvation
during early childhood. Osteomalacia is the term used to describe a similar condition occurring in adults, generally
due to a deficiency of vitamin D. Osteomalacia can result in bone pain, difficulty in putting weight on bones, and
sometimes fractures.
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Some studies show most people get enough Vitamin D through their food and exposure to ultraviolet (UV) radiation
in sunlight. Vitamin D is produced by certain skin cells from a compound found inside the cells. The skin cells
need UV light for this reaction to happen. However, eating foods to which vitamin D has been added or taking a
dietary supplement pill is usually preferred to UV exposure, due to the increased risk of sun burn and skin cancer.
Many countries have fortified certain foods such as milk, bread, and breakfast cereals with Vitamin D to help prevent
deficiency.

FIGURE 5.21
An X ray image of a 2-year-old who shows
the typical bowing of the femurs that oc-
curs in rickets. Rickets causes poor bone
mineralization, which results in the bones
bending under the weight of the body.

Osteoporosis is a disease in which the breakdown of bone matrix by osteoclasts is greater than the building of bone
matrix by osteoblasts. This results in bone mass that is greatly decreased, causing bones to become lighter and more
porous. Bones are then more prone to breakage, especially the vertebrae and femurs. Compression fractures of
the vertebrae and hip breaks, in which the top (or head) of the femur breaks are common, and can lead to further
immobility, making the disease worse. Osteoporosis mostly occurs in older women and is linked to the decrease
in production of sex hormones. However, poor nutrition, especially diets that are low in calcium and vitamin D,
increase the risk of osteoporosis in later life. One of the easiest ways to prevent osteoporosis is to eat a healthful diet
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that has adequate calcium and vitamin D.

For a brief animation of osteoporosis, see http://www.youtube.com/watch?v=5uAXX5GvGrI (0:55).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6820

Osteoarthritis is a condition in which wearing and breakdown of the cartilage that covers the ends of the bones
leads to pain and stiffness in the joint. Decreased movement of the joint because of the pain may lead to muscles that
are attached to the joint to become weaker, and ligaments may become looser. Osteoarthritis is the most common
form of arthritis. Some of the most common causes include old age, sport injuries to the joint, bone fractures,
and overweight and obesity. Total hip replacement is a common treatment for osteoarthritis. An X ray image of a
replacement hip joint is shown in Figure 5.22.

For a brief animation of osteoarthritis, see http://www.youtube.com/watch?v=0dUSmaev5b0 (0:57).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6821

Herniated Disk is a medical condition affecting the spine due to trauma, lifting injuries, or idiopathic (unknown)
causes, in which a tear in the outer, fibrous ring of an intervertebral disc allows the soft, central portion to bulge
out beyond the damaged outer rings.

Scoliosis is a medical condition in which a person’s spine is curved from side to side. Although it is a complex
three-dimensional deformity, on an X-ray, viewed from the rear, the spine of an individual with scoliosis may look
more like an "S" or a "C", rather than a straight line.
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FIGURE 5.22
Total replacement of hip joint. One of
the leading reasons for hip replacement
is osteoarthritis of the joint in which the
cartilage around the top of the femur bone
deteriorates over time, and causes the
bones of the joint to grind painfully against
each other. This can result in a narrowing
of the space in the ball-and-socket joint
structure, causing limited movement of
the hip and constant pain in the hip joint.
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FIGURE 5.23

Preoperative (left) and postoperative (right) X-ray of a person withthoracic dextroscoliosis and lumbar levoscoliosis:
The X-ray is usually projected such that the right side of the subject is on the right side of the image; i.e., the subject
is viewed from the rear (see left image; the right image is seen from the front). This projection is typically used by
spine surgeons, as it is how surgeons see their patients when they are on the operating table (in the prone position).
This is the opposite of conventional chest X-ray, where the image is projected as if looking at the patient from the
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front. The surgery was a fusion and instrumentation.

Spina bifida is a developmental congenital disorder caused by the incomplete closing of the embryonic neural tube.
Some vertebrae overlying the spinal cord do not fully form and remain unfused and open. If the opening is large
enough, this allows a portion of the spinal cord to protrude through the opening in the bones. There may or may not
be a fluid-filled sac surrounding the spinal cord.

FIGURE 5.24
Myelomeningocele in the lumbar area (1)
External sac with cerebrospinal fluid (2)
Spinal cord wedged between the verte-
brae

Lesson Summary

• The human skeleton is well adapted for the functions it must perform. Functions of bones include support,
protection, movement, mineral storage, and formation of blood cells.

• The adult human skeleton usually consists of 206 named bones and these bones can be grouped in two
divisions: axial skeleton and appendicular skeleton.

• There are two types of bone tissue: compact and spongy. Compact bone consists of closely packed osteons,
or Haversian systems. Spongy bone consists of plates of bone, called trabeculae, around irregular spaces that
contain red bone marrow.

• Osteogenesis is the process of bone formation. Three types of cells, osteoblasts, osteocytes, and osteoclasts,
are involved in bone formation and remodeling.

• In intramembranous ossification, connective tissue membranes are replaced by bone. This process occurs in
the flat bones of the skull. In endochondral ossification, bone tissue replaces hyaline cartilage models. Most
bones are formed in this manner.

• Bones grow in length at the epiphyseal plate between the diaphysis and the epiphysis. When the epiphyseal
plate completely ossifies, bones no longer increase in length.
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• Bones may be classified as long, short, flat, or irregular. The diaphysis of a long bone is the central shaft.
There is an epiphysis at each end of the diaphysis.

• There are three types of joints in terms of the amount of movement they allow: immovable, partly movable,
and synovial joints (which are freely movable).

Review Questions

1. Identify an example of a cell, a tissue, and an organ of the skeletal system.
2. Identify the main bones of the axial skeleton.
3. Identify the main bones of the appendicular skeleton.
4. List four functions of bones and the skeleton.
5. What is endochondrial ossification, and when does it occur?
6. Name the three main types of joints, and identify a location in the body that is an example of that type of joint.
7. Outline how a bone fracture is repaired.
8. What is the purpose of Haversian canals?
9. Leukemia is a type of cancer that affects bone. It is a disease in which there is an overproduction of immature

white blood cells. Identify the area of bone that is affected by leukemia.

Further Reading / Supplemental Links

Vocabulary

appendicular skeleton
The portion of the human skeleton that includes the bones of the limbs, scapula and the pelvis.

axial skeleton
The portion of the human skeleton that includes the bones of the head, vertebral column, ribs and sternum.

bone marrow
A soft, connective tissue found in the interior bones. Red bone marrow produces red blood cells and white
blood cells are produced by yellow bone marrow.

bone matrix
A mixture of calcium salts, such as calcium phosphate and calcium hydroxide, and collagen fibers (a type of
protein), which form hollow tubes that look similar to the rings on a tree.

cartilage
Dense connective tissue that is made of tough protein fibers. The function of cartilage in the adult skeleton is
to provide smooth surfaces for the movement of bones at a joint.

compact bone
A type of tissue that makes up the dense outer layer of bones.

endochondrial ossification
The process of replacing cartilage with bony tissue, occurs during the gestation period and for years after birth.

endoskeleton
The sturdy internal framework of bones and cartilage that is found inside vertebrates.
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epiphyseal plate
Also known as the growth plate, the area of cartilage at the end of long bones, responsible for elongation of
the bone.

fracture
A break in a bone.

haversian canal
Located in the center of each osteon, serves as a passageway for blood vessels and nerves.

intramembranous ossification
The process of bone tissue developing from a fibrous membrane, usually occurs in flat bones, such as the
clavicle.

joint
A point at which two or more bones make contact; also called an articulation.

ligament
A band of tough, fibrous tissue that connects a bone to another bone.

osteoarthritis
A condition in which wearing and breakdown of the cartilage that covers the ends of the bones leads to pain
and stiffness in the joint.

osteoblast
A type of bone cell that secretes the organic content of bone matrix, and is responsible for the growth of new
bone.

osteoclast
A type of bone cell that removes calcium salts from bone matrix.

osteocyte
A type of bone cell that is responsible for monitoring the protein and mineral content of the bone, directing
the release of calcium into the blood, and directing the uptake up of calcium salts into the bone.

osteons
Cylinder-shaped units that act like strong pillars within compact bone to give strength, allow the bone to bear
the weight of the attached muscles, and withstand the stresses of movement.

osteoporosis
A disease in which the breakdown of bone matrix by osteoclasts is greater than the building of bone matrix by
osteoblasts.

periosteum
The tough, shiny, white membrane that covers all surfaces of bones except at the joint surfaces.

rickets
A common disease among children in developing countries; symptoms include soft bones that are prone to
fractures.
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spongy bone
A type of tissue that is less dense than compact bone, and is found toward the center of the bone.

synovial fluid
A thick fluid that reduces friction between the articular cartilage and other tissues in synovial (moveable)
joints and lubricates and cushions them during movement.

foramen
any opening

meatus
a natural body opening or canal

sinus
a cavity within a bone or other tissue

fossa
a depression or hollow in a bone or other part of the body

condyle
the round prominence at the end of a bone, most often part of a joint - an articulation with another bone. It is
one of the markings/features of bones.

tuberosity (tubercle)
A projection or protuberance that is usually rounded and commonly found at the end of a bone for the
attachment of a muscle or tendon

trochanter
an anatomical part of the femur connecting to the hip bone.

process
a natural outgrowth or projection

Points to Consider

• Consider how what you eat today can influence your chance of developing osteoporosis later in life.
• Forensic pathologists can estimate the age of a deceased person even if only their skeleton remains. Consider

how this is possible.

87

http://www.ck12.org


5.2. Extension - Injuries of the Nervous System www.ck12.org

5.2 Extension - Injuries of the Nervous System

• Explain how the nervous system can be injured.

No diving?

Make sure you always heed the advice of signs that say "no diving." Diving in shallow water can lead to serious
injuries to your nervous system.

Injuries of the Nervous System

Injuries to the central nervous system may damage tissues of the brain or spinal cord. If an injury is mild, a person
may have a full recovery. If an injury is severe, it may cause permanent disability or even death. Brain and spinal
cord injuries most commonly occur because of car crashes or sports accidents. The best way to deal with such
injuries is to try to prevent them.

Brain Injuries

The mildest and most common type of brain injury is a concussion. This is a bruise on the surface of the brain. It
may cause temporary problems such as headache, drowsiness, and confusion. Most concussions in young people
occur when they are playing sports, especially contact sports like football. A concussion normally heals on its own
in a few days.

A single concussion is unlikely to cause permanent damage. But repeated concussions may lead to lasting problems.
People who have had two or more concussions may have life-long difficulties with memory, learning, speech, or
balance.

Watch this short video about concussions.
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MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/84114

A person with a serious brain injury usually suffers permanent brain damage. As a result, the person may have
trouble talking or controlling body movements. Symptoms depend on what part of the brain was injured. Serious
brain injuries can also cause personality changes and problems with mental abilities such as memory. Medicines,
counseling, and other treatments may help people with serious brain injuries recover from, or at least learn to cope
with, their disabilities.

Spinal Cord Injuries

Spinal cord injuries make it difficult for messages to travel between the brain and body. They may cause a person to
lose the ability to feel or move parts of the body. This is called paralysis. Whether paralysis occurs—and what parts
of the body are affected if it does—depends on the location and seriousness of the injury. In addition to car crashes
and sports injuries, diving accidents are a common cause of spinal cord injuries.

Some people recover from spinal cord injuries. But many people are paralyzed for life. Thanks to the work of
Christopher Reeve ( Figure 5.25), more research is being done on spinal cord injuries now than ever before. For
example, scientists are trying to discover ways to regrow damaged spinal cord neurons.

FIGURE 5.25
Former Superman star Christopher
Reeve was paralyzed from the neck down
in a fall from a horse. The injury crushed
his spinal cord so his brain could no
longer communicate with his body.

Vocabulary

• concussion: Bruise on the surface of the brain that can cause temporary problems such as headache, drowsi-
ness, and confusion.

• paralysis: Loss of ability to feel or move parts of the body.
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Summary

• Mild brain injuries, such as a concussion, normally heal on their own, while serious brain injuries can cause
permanent physical and mental disabilities.

• Spinal cord injuries can lead to paralysis, when a person loses the ability to feel or move parts of the body.

Practice

Use the resource below to answer the questions that follow.

• What Are Damaged Nerves? at http://www.youtube.com/watch?v=2buwDxESi3w (1:47)

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/57491

1. What kinds of problems can arise from damaged nerves?
2. How do you think symptoms might vary between someone with a damaged peripheral nerve vs. a damaged

central nerve? Explain your thinking fully.
3. How can nerves become damaged? Can damaged nerves repair themselves?

Review

1. What are some possible consequences of a serious brain injury?
2. Explain what causes paralysis.
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6.1 MAP Unit 5 Muscular System

• Outline the major role of the muscular system.
• Relate muscle fibers, fascicles, and muscles to the muscular system.
• Explain how muscle fibers contract.
• Examine the role of ATP and calcium in muscle contraction.
• Outline how muscles move bones.
• Explain how muscles respond to aerobic and anaerobic exercise.

Introduction

The muscular system is the biological system of humans that allows them to move. The muscular system is
controlled through the nervous system. Much of your muscle movement occurs without your conscious control
and is necessary for your survival. The contraction of your heart and peristalsis, the intestinal movements that
pushes food through your digestive system, are examples of involuntary muscle movements. Involuntary muscle
movement is controlled by the autonomic nervous system. Voluntary muscle contraction is used to move the body
and can be finely controlled, such as the pincer-type movement of the fingers that is needed to pick up chess pieces,
or the gross movements of legs arm, and the torso that are needed in skating, shown in Figure 6.1. Voluntary muscle
movement is controlled by the somatic nervous system.

FIGURE 6.1
You need muscles to play chess. Playing
chess requires fine motor movement, but
not a lot of gross muscle movements.
Skating on the other hand, requires a lot
of gross muscle movement of the limbs
and the entire body.

Muscle Tissues

Each muscle in the body is composed of specialized structures called muscle fibers. Muscle fibers are long, thin
cells that have a special characteristics that other cells do not have. The four characteristics of muscle tissue are
elasticity, excitability, extensibility and flexibility. Elasticity is the ability of muscle tissue to returen to its normal
resting lenght after it has been stretched or contracted. Excitability, or irritiability, is the ability of muscle tissue
to receive and respond to a stimulus such as a nerve impulse. Extensibility is the ability of muscle tissue to be
elongated or stretched. Contractility is the ability of muscle tissue to become short and thick while producing
movement. Muscles, where attached to bones or internal organs and blood vessels, are responsible for movement.
Nearly all movement in the body is the result of muscle contraction. Exceptions to this are the action of cilia, the
flagellum on sperm cells, and the amoeboid movement of some white blood cells.
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Three types of muscle tissue are in the body: skeletal, smooth, and cardiac.

• Skeletal muscle is usually attached to the skeleton. Skeletal muscles are used to move the body. They
generally contract voluntarily (controlled by the somatic nervous system), although they can also contract
involuntarily through reflexes.

• Smooth muscle is found within the walls of organs and structures such as the esophagus, stomach, intestines,
bronchi, uterus, urethra, bladder, and blood vessels. Unlike skeletal muscle, smooth muscle is involuntary
muscle which means it not under your conscious control.

• Cardiac muscle is also an involuntary muscle but is a specialized kind of muscle found only within the heart.

Cardiac and skeletal muscles are striated, in that they contain highly-regular arrangements of bundles of protein
fibers that give them a “striped” appearance. Smooth muscle does not have such bundles of fibers, and is non-
striated. While skeletal muscles are arranged in regular, parallel bundles, cardiac muscle fibers connect at branching,
irregular angles. Skeletal muscle contracts and relaxes in short, intense bursts, whereas cardiac muscle contracts
constantly for 70 to 80 years (an average life span), or even longer.

Skeletal Muscle

Skeletal muscle, which is attached to bone, is responsible for body movements and body posture. There are
approximately 639 skeletal muscles in the human body, some of which are shown in Figure 6.2. These muscles
are under conscious, or voluntary, control. The basic units of skeletal muscle are muscle cells that have many nuclei.
These muscle cells also contain light and dark stripes called striations, which are shown in Figure 6.3. The striations
are a result of the orientation of the contractile proteins inside the cells. Skeletal muscle is therefore called striated
muscle. Each muscle cell acts independently of its neighboring muscle cells. On average, adult males are made up
of 40 to 50 percent skeletal muscle tissue and an adult female is made up of 30 to 40 percent skeletal muscle tissue.

TABLE 6.1: Extra Important Skeletal Muscles

Muscle Location Function
Biceps Brachii anterior aspect of the upper arm flexes the forearm
Triceps Brachii posterior aspect of the upper arm extends the forearm
Stermocleidomastoid anterior aspect of the neck flexes the head and neck
Tapezius posterior aspect of the neck extends or hyperextends the head

and neck
Deltoid covers the shoulder abducts the arm
Pectroalis Major chest adducts the arm
Latissimus Dorsi superficial muscle of the thorasic

and lumbar region of the back
extrends a flexed arm or hyperex-
tends the arm from the anatomical
position

Diaphragm internal muscle that separates the
thoracic and abdominal cavities

deflects the diaphragm inferiorly in-
creasing volume of the thoracic cav-
ity

Gastrocnemius posterior aspect of the lower leg plantar flexes the foot
Hamstring Muscle group posterior aspect of the thigh flexes the lower leg
Quadriceps Muscle group anterior aspect of the thigh extends the lower leg
Gluteus Maximus buttocks region extrends a flexed thigh or hyperex-

tends the thigh from the anatomical
position
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FIGURE 6.2
Frontal view of the major skeletal muscles. You would not see smooth and cardiac muscles included in diagrams
of the muscular system because such diagrams usually show only the muscles that move the body (skeletal
muscles).
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FIGURE 6.3
Micrograph of skeletal muscle. The stripy
appearance of skeletal muscle tissue is
due to long protein filaments that run the
length of the fibers.

Smooth Muscle

Smooth muscle is found in the walls of the hollow internal organs such as blood vessels, the intestinal tract, urinary
bladder, and uterus. It is under control of the autonomic nervous system. This means that smooth muscle cannot
be controlled consciously, so it is also called involuntarily muscle. Smooth muscle cells do not have striations, and
so smooth muscle is also called non-striated muscle. Smooth muscle cells are spindle-shaped and have one central
nucleus. The cells are generally arranged in sheets or bundles, rather than the regular grouping that skeletal muscle
cells form, and they are connected by gap junctions. Gap junctions are little pores or gaps in the cell membrane
that link adjoining cells and they allowing quick passage of chemical messages between cells. Smooth muscle is
very different from skeletal muscle and cardiac muscle in terms of structure and function, as shown in Figure 6.4.
Smooth muscle contracts slowly and rhythmically.

FIGURE 6.4
Smooth muscle. The appearance of
smooth muscle is very different from
skeletal and cardiac muscle. The muscle
protein fibers within smooth muscle are
arranged very differently to the protein
fibers of skeletal or cardiac fibers, shown
in (a). The spindly shape of smooth
muscle cells can be seen in (b).

Cardiac Muscle

Cardiac muscle, which is found in the walls of the heart, is under control of the autonomic nervous system, and so
it is an involuntary muscle. A cardiac muscle cell has characteristics of both a smooth muscle and skeletal muscle
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cell. It has one central nucleus, similar to smooth muscle, but it striated, similar to skeletal muscle. The cardiac
muscle cell is rectangular in shape, as can been seen in Figure 6.5. The contraction of cardiac muscle is involuntary,
strong, and rhythmical. Cardiac muscle has many adaptations that makes it highly resistant to fatigue. For example,
it has the largest number of mitochondria per cell of any muscle type. The mitochondria supply the cardiac cells with
energy for constant movement. Cardiac cells also contain myoglobins (oxygen-storing pigments), and are provided
with a large amount of nutrients and oxygen by a rich blood supply.

Cardiac muscle is similar to skeletal muscle in chemical composition and action. However, the structure of cardiac
muscle is different in that the muscle fibers are typically branched like a tree branch, and connect to other cardiac
muscle fibers through intercalcated discs, which are a type of gap junction. A close-up of an intercalated disc is
shown in Figure 6.5. Cardiac muscle fibers have only one nucleus.

FIGURE 6.5
Cardiac muscle. Cardiac muscle fibers
are connected together through interca-
lated discs.

Structure of Muscle Tissue

A whole skeletal muscle is an organ of the muscular system. Each skeletal muscle consists of skeletal muscle
tissue, connective tissue, nerve tissue, and vascular tissue. Skeletal muscles vary considerably in size, shape, and
arrangement of fibers. They range from extremely tiny strands such as the tiny muscles of the middle ear to large
masses such as the quadriceps muscles of the thigh.

Each skeletal muscle fiber is a single large, cylindrical muscle cell. Skeletal muscle fibers differ from “regular” body
cells. They are multinucleated, which means they have many nuclei in a single cell; during development many stem
cells called myoblasts fuse together to form muscle fibers. Each nucleus in a fiber originated from a single myoblast.
Smooth and cardiac muscle fibers do not develop in this way.

An individual skeletal muscle may be made up of hundreds, or even thousands, of muscle fibers that are bundled
together and wrapped in a connective tissue covering called epimysium. Fascia, connective tissue outside the
epimysium, surrounds and separates the skeletal muscles. Portions of the epimysium fold inward to divide the
muscle into compartments called fascicles. Each fascicle compartment contains a bundle of muscle fibers, as shown
in Figure 6.6.

Skeletal muscle fibers, like body cells, are soft and fragile. The connective tissue covering give support and
protection for the delicate cells and allow them to withstand the forces of contraction. The coverings also provide
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FIGURE 6.6
Individual bundles of muscle fibers are called fascicles. The cell membrane surrounding each muscle fiber is
called the

pathways for the passage of blood vessels and nerves. Active skeletal muscle needs efficient delivery of nutrients
and oxygen, and removal of waste products, both of which are carried out by a rich supply of blood vessels.

Muscles and Bones

Muscles move the body by contracting against the skeleton. Muscles can only actively contract, they extend (or
relax) passively. When a muscle is responsible for the majority of the force when a movement is executed it is
known as the agonist, or prime mover. The ability of muscles to move parts of the body in opposite directions
requires that they be attached to bones in pairs which work against each other (called antagonistic pairs). The
muscle that is performing the opposite movement of the agonist is known as the antagonist. When there is a group
of muscles that produce a movement you have the agonist and the synergist muscles. A synergist is a muscle that
assists the agonist by providing additional force or directing the force of lthe agonist so the movement can be most
effective. Not all muscles contribute to movements. Fixator, stabilizer, muscles function to stabilize a point or a
body position. Generally, muscles are attached to one end of a bone, span a joint, and are attached to a point on
the other bone of the joint. Commonly, the connective tissue that covers the muscle extends beyond the muscle to
form a thick ropelike structure called a tendon, as shown in Figure 6.6. One attachment of the muscle, the origin,
is on a bone that does not move when the muscle contracts, has the more poximal location, and is attached to the
larger body segment with the most mass. The other attachment point, the insertion, is on the bone that moves and is
located more distally. Tendons and muscles work together and exert only a pulling force on joints.

For example, when you contract your biceps brachii muscles, shown in Figure 6.7, the force from the muscles pulls
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FIGURE 6.7
Movement of the elbow joint involves
muscles and bones. The contraction of
the biceps brachii muscle pulls on the
radius, its point of insertion, which causes
the arm to bend. To straighten the arm,
the triceps brachii muscle contracts and
pulls on the ulna, this causes the arm to
straighten.

on the radius bone (its point of insertion) causing the arm to move up. This action decreases the angle at the elbow
joint (flexion). Flexion of the elbow joint is shown in Figure B 6.8. A muscle that causes the angle of a joint to
become smaller is called a flexor. To extend, or straighten the arm, the biceps brachii relaxes and the triceps on
the opposite side of the elbow joint contracts. This action is called extension, and a muscle that causes a joint to
straighten out is called an extensor. In this way the joints of your body act like levers that reduce the amount of
effort you have to expend to cause large movements of the body.

FIGURE 6.8
(a) The position of the biceps brachii. (b)
The biceps brachii and triceps brachii act
as an atagonistic pair of muscles that
move the arm at the elbow joint. The bi-
ceps muscle is the flexor, and the triceps,
at the back of the arm, is the extensor (c).

The Anatomy of a Muscle Cell ( 9h) is available at http://www.youtube.com/user/khanacademy#p/c/7A9646BC5110
CF64/48/uY2ZOsCnXIA (16:32).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5871
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Muscle Contraction

A muscle contraction occurs when a muscle fiber generates tension through the movement of actin and myosin.
Although you might think the term contraction means only "shortening," the overall length of a contracted muscle
may stay the same, or increase, depending on the force working against the muscle.

FIGURE 6.9
The components of muscle contraction. The sacromere is the functional unit of muscle contraction; it reaches
from one Z-line to the next (also shown in

Each muscle fiber contains cellular proteins and hundreds or thousands of myofibrils. Each myofibril is a long,
cylindrical organelle that is made up of two types of protein filaments: actin and myosin. The actin filament is thin
and threadlike, the myosin filament is thicker. Myosin has a “head” region that uses energy from ATP to “walk”
along the actin thin filament ( Figure 6.13). The overlapping arrangement of actin and myosin filaments gives
skeletal muscle its striated appearance. The actin and myosin filaments are organized into repeating units called
sarcomeres, which can be seen in Figure 6.9. The thin actin filaments are anchored to structures called Z lines. The
region from one Z line to the next makes up one sacromere. When each end of the myosin thick filament moves
along the actin filament, the two actin filaments at opposite sides of the sacromere are drawn closer together and the
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sarcomere shortens, as shown in Figure 6.10. When a muscle fiber contracts, all sarcomeres contract at the same
time, which pulls on the fiber ends.

You can watch this occurring in a video animation at http://www.youtube.com/watch?v=7V-zFVnFkWg&feature=r
elated (0:16).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6822

FIGURE 6.10
When each end of the myosin thick fila-
ment moves along the actin filament, the
two actin filaments at opposite sides of
the sacromere are drawn closer together
and the sarcomere shortens.

Actin, myosin and muscle contraction ( 9h) are discussed at http://www.youtube.com/user/khanacademy#p/c/7A96
46BC5110CF64/45/zopoN2i7ALQ (9:38).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5872

The Neuromuscular Junction

For skeletal (voluntary) muscles, contraction occurs as a result of conscious effort that comes from the brain. The
brain sends nerve signals, in the form of action potentials to the motor neuron that innervates the muscle fiber, such
as the motor neuron in Figure 6.11. In the case of some reflexes, the signal to contract can originate in the spinal
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cord through a reflex arc. Involuntary muscles such as the heart or smooth muscles in the gut and vascular system
contract as a result of non-conscious brain activity or stimuli endogenous to the muscle itself. Other actions such
as body motion, breathing, and chewing have a reflex aspect to them; the contractions can be initiated consciously
or unconsciously, but are continued through unconscious reflexes. You can learn more about action potentials and
reflex arcs in the Nervous and Endocrine Systems chapter.

FIGURE 6.11
(a) A simplified diagram of the relationship
between a skeletal muscle fiber and a
motor neuron at a neuromuscular junc-
tion. 1. Axon; 2. Synaptical junction;
3. Muscle fiber; 4. Myofibril. (b) A
close-up view of a neuromuscular junc-
tion. The neurotransmitter acetylcholine
is released into the synapse and binds to
receptors on the muscle cell membrane.
The acetylcholine is then broken down by
enzymes in the synapse. 1. presynaptic
terminal; 2. sarcolemma; 3. synaptic
vesicles; 4. Acetylcholine receptors; 5.
mitochondrion.

For an animation of the neuromuscular junction see http://www.youtube.com/watch?v=ZscXOvDgCmQ (1:25).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6823

The Sliding Filament Theory

The widely accepted theory of how muscles contract is called the sliding-filament model (also known as the sliding
filament theory), which is shown in Figure 6.12. The presence of calcium ions (Ca2+) allows for the interaction of
actin and myosin. In the resting state, these proteins are prevented from coming into contact. Two other proteins,
troponin and tropomyosin, act as a barrier between the actin and myosin, preventing contact between them. When
Ca2+ binds to the actin filament, the shape of the troponin-tropomyosin complex changes, allowing actin and myosin
to come into contact with each other. Below is an outline of the sliding filament theory.

1. An action potential (see the Nervous and Endocrine Systems chapter) arrives at the axon terminal of a motor
neuron.

2. The arrival of the action potential activates voltage-dependent calcium channels at the axon terminal, and
calcium rushes into the neuron.

3. Calcium causes vesicles containing the neurotransmitter acetylcholine to fuse with the plasma membrane,
which releases acetylcholine into the synaptic cleft between the axon terminal and the motor end plate of the
skeletal muscle fiber.
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4. Activation of the acetylcholine receptors on the muscle fiber membrane opens its sodium/potassium channel,
which triggers an action potential in the muscle fiber.

5. The action potential spreads through the muscle fiber’s network, depolarizing the inner portion of the muscle
fiber.

6. The depolarization activates specialized storage sites throughout the muscle, called the sarcoplasmic reticu-
lum, to release calcium ions (Ca++). The sarcoplasmic reticulum is a special type of smooth endoplasmic
reticulum found in smooth and skeletal muscle that contains large amounts of Ca++, which it stores and then
releases when the cell is depolarized.

7. The calcium ions bind to actin filaments of the myofibrils and activate the actin for attachment by the myosin
heads filaments.

8. Activated myosin binds strongly to the actin filament. Upon strong binding, myosin rotates at the myosin-actin
interface which bends a region in the “neck” of the myosin “head,” as shown in Figure 10.

9. Shortening of the muscle fiber occurs when the bending neck of the myosin region pulls the actin and myosin
filaments across each other. Meanwhile, the myosin heads remain attached to the actin filament, as shown in
Figure 6.12.

10. The binding of adenosine triphosphate (ATP) allows the myosin heads to detach from actin. While detached,
ATP breaks down to adenosine diphosphate and an inorganic phosphate (ADP + Pi). The breaking of the
chemical bond in ATP gives energy to the myosin head, allowing it to bind to actin again.

11. Steps 9 and 10 repeat as long as ATP is available and Ca++ is present on the actin filament. The collective
bending of numerous myosin heads (all in the same direction) moves the actin filament relative to the myosin
filament which causes a shortening of the sacromere. Overall, this process results in muscle contraction.
The sarcoplasmic reticulum actively pumps Ca++ back into itself. Muscle contraction stops when Ca++ is
removed from the immediate environment of the myofilaments.

FIGURE 6.12
The process of actin and myosin sliding
past one another is called crossbridge
cycling, and it occurs in all muscle types.
Myosin is a molecular motor that moves
along the passive actin. Each thick
myosin filament has little extensions or

Additional information about muscle contraction ( 9h) is available at http://www.youtube.com/user/khanacademy#
p/c/7A9646BC5110CF64/46/LiOfeSsjrB8 (9:22) and http://www.youtube.com/user/khanacademy#p/c/7A9646BC
5110CF64/47/SauhB2fYQkM (14:42).
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Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/5873
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Motor Units

It is important to remember that the sliding filament theory applies to groups of individual muscle fibers which,
along with their motor neuron, are called motor units. A single, momentary contraction is called a muscle twitch.
A twitch is the response to a single stimulus that can involve a number of motor units. As a stimulus increases, more
motor units are stimulated to contract until a maximum level is reached at which point the muscle cannot exert any
more force.

Each muscle fiber contracts on an "all or nothing" principle, a muscle fiber either contracts fully, or not at all, and
all the fibers in a single motor unit contract at the same time. When a muscle is required to contract during exercise
not all motor units are contracted at the same time. Most movements require only a small amount of the total force
possible by the contraction of an entire muscle. As a result, our nervous system grades the intensity of muscle
contraction by using different numbers of motor units at a time.

Cardiac Muscle Contractions

Cardiac muscle is adapted to be highly resistant to fatigue: it has a large number of mitochondria which allow
continuous aerobic respiration; numerous myoglobins (oxygen storing pigment); and a good blood supply, which
provides nutrients and oxygen. Cardiac muscle functions to regulate the heart volume. As it beats it pumps the blood
out of the heart and as it relaxes it allows more blood to enter. The heart is so tuned to aerobic metabolism that it is
unable to pump well when there is a lack of blood to the heart muscle tissue, which can lead to a heart attack.

Unlike skeletal muscle, which contracts in response to nerve stimulation, and like certain types of smooth muscle,
cardiac muscle is able to initiate contraction by itself. As a result, the heart can still beat properly even if its
connections to the central nervous system are completely severed. A single cardiac muscle cell, if left without input,
will contract rhythmically at a steady rate; if two cardiac muscle cells are in contact, whichever one contracts first
will stimulate the other to contract, and so on. This inherent ability to contract is controlled by the autonomic nervous
system.

If the rhythm of cardiac muscle contractions is disrupted for any reason (for example, in a heart attack or a cardiac
arrest), erratic contractions called fibrillation can result. Fibrillation, which is life threatening, can be stopped by
use of a device called a defibrillator. Defibrillation consists of delivering a therapeutic dose of electrical energy to
the heart which depolarizes part of the heart muscle. The depolarization stops the fibrillation, and allows a normal
heartbeat to start up again. Most types of defibrillators are operated by medical personnel only. However, you may
be familiar with an automated external defibrillator (AED) which is shown in Figure 6.13.

Smooth Muscle Contraction

Smooth muscle-containing tissue, such as the stomach or urinary bladder often must be stretched, so elasticity is an
important characteristic of smooth muscle. Smooth muscle (like cardiac muscle) does not depend on motor neurons
to be stimulated. However, motor neurons of the autonomic nervous system do reach smooth muscle, causing it
to contract or relax, depending on the type of neurotransmitter that is released. Smooth muscle is also affected by
hormones. For example, the hormone oxytocin causes contraction of the uterus during childbirth.
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FIGURE 6.13
A wall-mounted automated external defib-
rillator (AED). Defibrillators are used to

Similar to the other muscle types, smooth muscle contraction is caused by the sliding of myosin and actin filaments
over each other. However, calcium initiates contractions in a different way in smooth muscle than in skeletal muscle.
Smooth muscle may contract phasically with rapid contraction and relaxation, or tonically with slow and sustained
contraction. Smooth muscle functions include controling the diameter of blood vessels, propeling food and waste
through the digestive system, move urine from the kidneys to the urinary bladder and moving urine out of the urinary
bladder. The reproductive, digestive, respiratory, and urinary tracts, skin, eye, and vasculature all contain smooth
muscle. For example, the ability of vascular smooth muscle (veins and arteries) to contract and dilate is critical
to the regulation of blood pressure. Smooth muscle contracts slowly and may maintain the contraction (tonically)
for prolonged periods in blood vessels, bronchioles, and some sphincters. In the digestive tract, smooth muscle
contracts in a rhythmic peristaltic fashion. It rhythmically massages products through the digestive tract, shown in
Figure 6.14, as the result of phasic contraction.

Energy Supply for Muscle Contraction

Energy for the release and movement of the myosin head along the actin filament comes from ATP. The role of ATP
in muscle contraction can be observed in the action of muscles after death, at which point ATP production stops.
Without ATP, myosin heads are unable to release from the actin filaments, and remain tightly bound to it (a protein
complex called actomyosin). As a result, all the muscles in the body become rigid and are unable to move, a state
known as rigor mortis. Eventually, enzymes stored in cells are released, and break down the actomyosin complex
and the muscles become "soft" again.

Cellular respiration is the process by which cells make ATP by breaking down organic compounds from food.
Muscle cells are able to produce ATP with oxygen which is called aerobic respiration, or without oxygen, an
anaerobic process called anaerobic glycolysis or fermentation. The process in which ATP is made is dependent
on the availability of oxygen (see Cellular Respiration chapter).

Aerobic ATP Production

During everyday activities and light exercise, the mitochondria of muscle fibers produce ATP in a process called
aerobic respiration. Aerobic respiration requires the presence of oxygen to break down food energy (usually
glucose and fat) to generate ATP for muscle contraction. Aerobic respiration produces large amounts of ATP, and is

105

http://www.ck12.org


6.1. MAP Unit 5 Muscular System www.ck12.org

FIGURE 6.14
The intestinal tract contains smooth mus-
cle which moves food along by contracting
and relaxing in a process called peristal-
sis. An animation of peristalsis can be
viewed at

an efficient means of making ATP. Up to 38 ATP molecules can be made for every glucose molecule that is broken
down. It is the preferred method of ATP production by body cells. Aerobic respiration requires large amount of
oxygen, and can be carried out over long periods of time. As activity levels increase, breathing rate increases to
supply more oxygen for increased ATP production.
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Anaerobic ATP Production

When muscles are contracting very quickly, which happens during vigorous exercise, oxygen cannot travel to the
muscle cells fast enough to keep up with the muscles’ need for ATP. At this point, muscle fibers can switch to
a breakdown process that does not require oxygen. The process, called anaerobic gylcolysis (sometimes called
anaerobic respiration) breaks down energy stores in the absence of oxygen to produce ATP.

Anaerobic glycolysis produces only two molecules of ATP for every molecule of glucose, so it a less efficient
process than aerobic metabolism. However, anaerobic glycolysis produces ATP about 2.5 times faster than aerobic
respiration does. When large amounts of ATP are needed for short periods of vigorous activity, glycolysis can
provide most of the ATP that is needed. Anaerobic glycolysis also uses up a large amount of glucose to make
relatively small amounts of ATP. In addition to ATP, large amounts of lactic acid are also produced by glycolysis.
When lactic acid builds up faster than it can be removed from the muscle, it can lead to muscle fatigue. Anaerobic
glycolysis can be carried out for only about 30 to 60 seconds. Some recent studies have found evidence that
mitochondria inside the muscle fibers are able to break down lactic acid (or lactate) to produce ATP, and that
endurance training results in more lactate being is taken up by mitochondria to produce ATP.

Functions of Skeletal Muscle Contraction

In addition to movement, skeletal muscle contraction also fulfills three other important functions in the body:
posture, protection of internal organs, movement and joint stability, and heat production (thermogenesis).

• Movement and Joint stability refers to various muscles and related tissues that surround a joint and attach to
bone to give support to the joints and movement of the bones like levers.

• Heat production (Thermogenesis) by muscle tissue makes them an important part of the thermoregulatory
mechanism of the body. Only about 40 percent of energy input from ATP converts into muscular work, the
rest of the energy is converted to thermal energy (heat). For example, you shiver when you are cold because
the moving (shivering) skeletal muscles generate heat that warms you up.

• Posture, which is the arrangement of your body while sitting or standing, is maintained as a result of muscle
contraction.

• Protection of internal organs by providing a barrier between force and internal organ such as the stomach and
intestines. Muscles also sorround arties and viens preventing them from closing off when we sit down or rest
our arms on the table.

Types of Muscle Contractions

Skeletal muscle contractions can be categorized as isometric or isotonic.

An isometric contraction occurs when the muscle remains the same length despite building tension. Isometric
exercises typically involve maximum contractions of a muscle by using:

• the body’s own muscle (e.g., pressing the palms together in front of the body)
• structural items (e.g., pushing against a door frame)
• contracting a muscle against an opposing force such as a resistance band, or gravity, as shown in Figure 6.15

An isotonic contraction occurs when tension in the muscle remains constant despite a change in muscle length.
Lifting an object off a desk, walking, and running involve isotonic contractions. There are two types of isotonic
contractions: concentric and eccentric. In a concentric contraction, the muscle shortens while generating force, such
as the shortening of the biceps brachii in your arm when you lift a glass to your mouth to take a drink, or a set of
dumbbells, as shown in Figure 6.16.

During an eccentric contraction, the force opposing the contraction of the muscle is greater than the force that is
produced by the muscle. Rather than working to pull a joint in the direction of the muscle contraction, the muscle
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FIGURE 6.15
Pushing a heavy object involves isometric
contractions of muscles in the arms and
in the abdomen. This man

acts to slow the movement at the joint. Eccentric contractions normally occur as a braking force in opposition to a
concentric contraction to protect joints from damage. The muscle lengthens while generating force. Part of training
for rapid movements such as pitching during baseball involves reducing eccentric braking which allows greater
power to be developed throughout the movement.

Muscles and Exercise

As we learned earlier in this lesson, your muscles are important for carrying out everyday activities, whether you are
picking up a glass of orange juice, walking your dog, or snow wrestling ( Figure 6.17). The ability of your body to
carry out your daily activities without getting out of breath, sore, or overly tired is referred to as physical fitness. For
example, a person who becomes breathless and tired after climbing a flight of stairs is not physically fit.

We cannot discuss the effect of exercise on your muscles without first clarifying the confusion between some
common terms. It is easy to get confused with the relationship between “physical fitness,” “physical activity,”
and “physical exercise.” Some people may think they cannot fit physical activity into their lives because they are
unable to afford to join a gym, they do not have the time be involved in an organized sport, or they do not want to
lift weights. However, physical activity encompasses so much more than just “working out.” Physical activity is any
movement of the body that causes your muscles to contract and your heart rate to increase. Everyday activities such
as carrying groceries, vacuuming, walking to class, or climbing a flight of stairs are physical activities.
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FIGURE 6.16
An example of an isotonic contraction.
The biceps brachii contract concentrically,
raising the dumbbells.

FIGURE 6.17
You don

Being physically active for 60 minutes a day for at least five days a week helps a person to maintain a good level
of physical fitness and also helps him or her to decrease their chance of developing diseases such as cardiovascular
disease, Type 2 diabetes, and certain forms of cancer. Varying levels of physical activity exist: from a sedentary
lifestyle in which there is very little or no physical activity, to high-level athletic training. Most people will find
themselves somewhere in the middle of this wide spectrum.

Physical exercise is any activity that maintains or improves physical fitness and overall health. Exercise is often
practiced to improve athletic ability or skill. Frequent and regular physical exercise is an important component
in the prevention of some lifestyle diseases such as heart disease, cardiovascular disease, Type 2 diabetes and
obesity. Regular exercise is also helpful with reduction in, or avoidance of symptoms of depression. Regular exercise
improves both muscular strength and endurance. Muscular strength is the ability of the muscle to exert force during
a contraction. Muscular endurance is the ability of the muscle to continue to contract over a period of time without
getting fatigued. Regular stretching improves flexibility of the joints and helps avoid activity-related injuries.
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Effect of Exercise on Muscles

Exercises are generally grouped into three types depending on the overall effect they have on the human body:

• Aerobic, or endurance, exercises, such as cycling, walking, and running, shown in Figure 6.18, increase
muscular endurance.

• Anaerobic exercises, such as weight training, shown in Figure 6.19, or sprinting increase muscle strength.
• Flexibility exercises, such as stretching, improve the range of motion of muscles and joints.

Aerobic exercise causes several changes in skeletal muscle: mitochondria increase in number, the fibers make more
myoglobin, and more capillaries surround the fibers. These changes result in greater resistance to fatigue and more
efficient metabolism. Aerobic exercise also benefits cardiac muscle. It results in the heart being able to pump a
larger volume of blood with each beat due to an increase in the size of the heart’s ventricles.

FIGURE 6.18
Running is a form of aerobic exercise.

Anaerobic, or resistance, exercises cause an increase in muscle mass. Muscles that are trained under anaerobic
conditions develop differently giving them greater performance in short duration-high intensity activities. As a
result of repeated muscle contractions, muscle fibers develop a larger number of mitochondria and larger energy
reserves.

During anaerobic exercise, muscles break down stored creatine phosphate to generate ATP. Creatine phosphate is
an important energy store in skeletal muscle. It is broken down to form creatine for the 2 to 7 seconds following
intense contractions. After several seconds, further ATP energy is made available to muscles by breaking down the
storage molecule glycogen into pyruvate through glycolysis, as it normally does through the aerobic cycle. What
differs is that pyruvate, rather than be broken down through the slower but more energy efficient aerobic process, is
fermented to lactic acid. Muscle glycogen is restored from blood sugar, which comes from the liver, from digested
carbohydrates, or from amino acids which have been turned into glucose.

Two types of muscle fibers make up skeletal muscle:

• Slow twitch muscle fibers, or "red" muscle, is dense with capillaries and is rich in mitochondria and myo-
globin, giving the muscle tissue its characteristic red color. It can carry more oxygen and sustain aerobic
activity. The endurance of slow twitch muscles is increased by aerobic training.

• Fast twitch muscle fibers are the fastest type of muscle fibers in humans. These fibers tend to have fewer
mitochondria than slow twitch fibers do, but they have larger energy stores. They can contract more quickly
and with a greater amount of force than slow-twitch fibers can. Fast twitch fibers can sustain only short,
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anaerobic bursts of activity before muscle contraction becomes painful. Fast twitch muscle fibers become
faster and stronger in response to short, intense activities such as weight training.

Both aerobic and anaerobic exercise also work to increase the mechanical efficiency of the heart by increasing cardiac
volume (aerobic exercise), or myocardial thickness (strength training). Anaerobic training results in the thickening
of the heart wall to push blood through arteries that are squeezed by increased muscular contractions.

FIGURE 6.19
This weightlifter shows muscular hyper-
trophy which he has gained through
anaerobic exercise.

Muscular Hypertrophy

Hypertrophy is the growth in size of muscle fibers and muscles, as shown in Figure 6.19. Aerobic exercise does
not tend to cause hypertrophy even though the activity may go on for several hours. That is why long-distance
runners tend to be slim, especially in the upper body. Hypertrophy is instead caused by high-intensity anaerobic
exercises such as weight lifting or other exercises that cause the muscles to contract strongly against a resisting
force. As a result of repeated muscle contractions, muscle fibers develop a larger number of mitochondria and larger
energy reserves. The muscle fibers also develop more myofibrils, and each myofibril contains more actin and myosin
filaments. The effect of this activity is hypertrophy of the stimulated muscle.

Factors such as age and sex can also affect muscle hypertrophy. During puberty in males, hypertrophy occurs at an
increased rate. In general, males are also able to develop larger muscles because the male body produces far more
testosterone than the female body does. On average, an adult human male body produces about eight to ten times
more testosterone than an adult female body. Testosterone is an anabolic steroid, which means it increases protein
synthesis within muscle fibers, resulting in the buildup of more myosin and actin filaments, and myofibrils. More
myofibrils means an increase in strength.

Athletic heart syndrome is hypertrophy of cardiac muscle in response to exercise. A larger heart is able to pump
more blood with a single beat, resulting in a lower resting pulse rate than average. The average resting heart rate
for a healthy adult is between 60 and 100 beats per minute, but an athlete can have a resting pulse rate of 40 beats
per minute or less! These changes would indicate heart-disease if observed in a person who is not active, but in an
athlete a large heart with a slow resting pulse is the result of normal and healthy muscle growth, and indicates a high
level of fitness.

Proper rest and recovery are also as important to health as exercise, otherwise the body is in a permanently injured
state and will not improve or adapt well to the exercise. Therefore, it is important to remember to allow adequate
recovery time of muscles between exercise sessions. This type of rest is called active rest.
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Muscle Atrophy

To remain healthy, muscles must be used. The condition in which muscle mass is lost is called atrophy. Atrophy
can occur if muscles do not get enough exercise, or if an injury such as bone fracture causes immobility. Atrophy
is the reverse of hypertrophy, muscle fibers become smaller, which causes the muscle to become smaller. Atrophy
can also result from a spinal injury (CNS damage) leading to muscle paralysis, which the athlete in Figure 6.20
experiences. Diseases such as muscular dystrophy, amyotrophic lateral sclerosis (ALS, or Lou Gehrig’s disease),
and polio also cause muscle atrophy.

FIGURE 6.20
Muscular paralysis and the resulting atro-
phy of the leg muscles, as this marathon
racer with paraplegia has experienced,
does not have to prevent a person from
developing aerobic fitness.

Homeostatic Imbalances of the Muscular System

Hypertrophy of internal organs can sometimes be harmful. For example, hypertrophic cardiomyopathy, or HCM, is
a disease of the heart muscle in which a portion of the cardiac muscle (usually the left ventricle) is enlarged without
any obvious cause. HCM has been related to the sudden death of young athletes, but it is also of significance as a
cause of sudden unexpected cardiac death in any age group and as a cause of disabling cardiac symptoms. Most
patients’ symptoms may be managed medically without needing surgery. HCM is not to be confused with athletic
heart syndrome which is hypertrophy of the heart muscle in response to exercise.

Delayed Onset Muscle Soreness (DOMS) is the pain or discomfort often felt 24 to 72 hours after exercising and
generally goes away within 2 to 3 days. Once thought to be caused by lactic acid buildup, a more recent hypothesis
is that it is caused by tiny tears in the muscle fibers caused by eccentric contraction, or an increased level of training.
Since lactic acid is quickly taken away by in the blood, it cannot explain the pain experienced days after exercise.
Delayed onset muscle soreness can occur after any kind of exercise, particularly if the body is unconditioned for that
exercise.

Tendinitis is a painful disorder of a tendon. Generally tendinitis is referred to by the body part involved, such as
Achilles tendinitis which affects the Achilles tendon, shown in Figure 6.21, or patellar tendinitis (jumper’s knee,
which affects the patellar tendon). It was believed that tendinitis was due to inflammation of a tendon, although this
is now being questioned. Chronic overuse of tendons leads to microscopic tears within the collagen matrix, which
gradually weakens the tissue. Eccentric muscle contractions are being researched for their ability to speed rehab of
weak or injured tendons. Achilles tendinitis has been shown to benefit from high load eccentric contractions.

Neuromuscular diseases are those that affect the muscles and/or their nervous control. In general, problems with
nervous control can cause spasticity or paralysis, depending on the location and nature of the problem. A large
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FIGURE 6.21
The Achilles tendon is a large tendon
connecting the heel to the muscles of the
calf.

number of neurological disorders leads to problems with movement, ranging from strokes and Parkinson’s disease,
to the very rare and incurable degenerative disorder, Creutzfeldt-Jakob disease.

Diseases of the motor end plate include myasthenia gravis, a form of muscle weakness due to antibodies to the
acetylcholine receptor. Tetanus and botulism are bacterial intoxications in which bacterial toxins cause muscular
spasms by blocking the action of inhibitory neurotransmitters (tetanus) or decreased muscle tone (botulism).

Myopathies are diseases affecting the muscle itself, rather than its nervous control. Muscular dystrophy is a large
group of diseases which leads to progressive loss of muscle strength and decreased life span.

Smooth muscle plays a role in a large number of diseases affecting blood vessels, the respiratory tract (asthma), the
digestive system (irritable bowel syndrome), and the urinary tract (urinary incontinence). However, these diseases
are not usually confined just to the muscular tissue, and affect other tissues too.

Muscular Diseases and Disorders

Fibromyalgia ( FM or FMS) is characterised by chronic widespread pain and allodynia (a heightened and painful
response to pressure). Its exact cause is unknown but is believed to involve psychological, genetic, neurobiological
and environmental factors. Fibromyalgia symptoms are not restricted to pain, leading to the use of the alternative
term fibromyalgia syndrome for the condition. Other symptoms include debilitating fatigue,sleep disturbance,
and joint stiffness. Some patients also report difficulty with swallowing, bowel and bladder abnormalities, numbness
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and tingling, and cognitive dysfunction. Fibromyalgia frequently is accompanied with psychiatric conditions such
as depression and anxiety and stress-related disorders such as posttraumatic stress disorder. Not all fibromyalgia
patients experience all the mentioned symptoms. Fibromyalgia is estimated to affect 2–4% of the population, with a
female to male incidence ratio of approximately 9:1.

There is evidence that environmental factors and certain genes increase the risk of developing fibromyalgia - these
same genes are also associated with other functional somatic syndromes and major depressive disorder. The central
symptom of fibromyalgia, namely widespread pain appears to result from neuro-chemical imbalances including
activation of inflammatory pathways in the brain which results in abnormalities in pain processing. The brains of
fibromyalgia patients show functional and structural differences from those of healthy individuals, but it is unclear
whether the brain anomalies cause fibromyalgia symptoms or are the product of an unknown underlying common
cause. Some research suggests that these brain anomalies may be the result of childhood stress, or prolonged or
severe stress. Certain antidepressants have been found to be effective treatments of fibromyalgia. Exercise improves
fitness and sleep and may reduce pain and fatigue in some people with fibromyalgia. (see http://en.wikipedia.org/
wiki/Fibromyalgia )

Muscular Dystrophy ( MD) is a group of muscle diseases that weaken the musculoskeletal system and restricts or
decreases locomotion. Muscular dystrophies are characterized by progressive skeletal muscle weakness, defects in
muscle proteins, and the death of muscle cells and tissue. (see http://en.wikipedia.org/wiki/Muscular_dystrophy ).
The most common form of muscular dystrophy is Duchenne’s Musclar Dystrophy, in which the skeletal muscle is
replaced by fat and fibrous tissue. As the respiratory or cardiac muscle weakens, death usually finds MD sufferes in
their early twenties. Muscular dystrophy typically occurs in men and is linked to the X-chromosome.

Shin splints is a common injury that affects athletes who engage in running sports or physical activities such as
cross country, marching band, football, or hiking. This condition is characterized by pain in the lower part of the
leg between the knee and the ankle. Shin splint injuries are caused by repeated trauma to the connective muscle
tissue surrounding the tibia. Ignoring this injury may result in a more serious condition such as a stress fracture of
the bones. (see; http://en.wikipedia.org/wiki/Shin_splints ) Walking up or down hills as well as overbuilding the
gastrocnemius are risk factors to shin splints. Tapping of the foot will help to increase the strenght of the front of the
lower leg and the symptoms of pain should disappear.

A Muscle strain is an injury to a muscle or tendon in which the muscle fibers tear as a result of overstretching. A
strain is also known as a pulled muscle. The equivalent injury to a ligament is a sprain. Typical symptoms of a
strain include: localized pain, stiffness, discoloration and bruising around the strained muscle.

The first-line treatment for a muscular strain in the acute phase include five steps commonly known as P.R.I.C.E.

• Protection: Apply soft padding to minimize impact with objects.
• Rest: Rest is necessary to accelerate healing and reduce the potential for reinjury.
• Ice: Apply ice to reduce swelling by reducing blood flow to the injury site. Never ice for more than 20 minutes

at a time.

• Compression: Wrap the strained area to reduce swelling with an ACE soft-wrapped bandage.

• Elevation: Keep the strained area as close to the level of the heart as is conveniently possible to keep blood
from pooling in the injured area.

The ice and compression (cold compression therapy) will stop the pain and swelling while the injury starts to heal
itself. Controlling the inflammation is critical to the healing process and the icing further restricts fluid leaking into
the injured area as well as controlling pain.

Cold compression therapy wraps are a useful way to combine icing and compression to stop swelling and pain.

This immediate treatment is usually accompanied by the use of nonsteroidal anti-inflammatory drugs (e.g., ibupro-
fen), which both reduce the immediate inflammation and relieve pain. However, NSAIDs, including aspirin and
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ibuprofen, affect platelet function (this is why they are known as "blood thinners") and should not be taken during
the period when tissue is bleeding because they will tend to increase blood flow, inhibit clotting, and thereby bleeding
and swelling. After the bleeding has stopped, NSAIDs can be used with some effectiveness to reduce inflammation
and pain.

It is recommended that the person injured should consult a medical provider if the injury is accompanied by severe
pain, if the limb cannot be used, or if there is noticeable tenderness over an isolated spot. These can be signs of a
broken or fractured bone, a sprain, or a complete muscle tear. (see; http://en.wikipedia.org/wiki/Muscle_strain )

Lesson Summary

• The human body has three types of muscle tissue: skeletal, smooth, and cardiac.
• One of the main characteristics of skeletal muscle tissue is its ability to contract. Nearly all movement in the

body is the result of muscle contraction.
• Cardiac and skeletal muscles contain highly-regular arrangements of bundles of protein fibers that give them

a striped appearance. Smooth muscle does not have such bundles of fibers, and so is not striated.
• In addition to movement, muscle contraction also fulfills some other important functions in the body, such as

posture, joint stability, and heat production.
• Skeletal muscle fibers respond to the neurotransmitter acetylcholine.
• The thick myosin filament has small extensions or “heads” that “walk” along the thin actin filaments during a

muscle contraction. In this way the thick filament slides over thin filament, and the muscle fiber shortens.
• Muscle fibers need ATP to contract and to relax.
• Muscle tissue is built up in the process of hypertrophy, and is lost in the process of atrophy.

Review Questions

1. Distinguish between striated and non-striated muscle.
2. Distinguish between voluntary and involuntary muscle.
3. Identify the three types of muscle in the body, and give an example of where each type is found.
4. Which type of muscle cell is multinucleated?
5. Is the quadriceps muscles in the leg an example of a smooth muscle? Explain your answer.
6. Which type of muscle cell metabolism results in the greater production of ATP, aerobic or anaerobic? Give a

reason for your answer.
7. Describe the components of a sacromere.
8. Distinguish between fast twitch and slow twitch muscle fibers.
9. After an athlete has completed a 100 meter sprint, his or her breathing rate will be greatly increased, and they

need time to “catch their breath.” Can you identify the process that leads to a person needing to catch their
breath?

Further Reading / Supplemental Links

• Anatomy and Physiology © 2002 Elaine Marieb. Published by Pearson Education Inc. as Benjamin Cum-
mings.

• Biology 6th Edn. © 2002 Campbell and Reece. Published by Pearson Education Inc. as Benjamin Cummings.
• Zierath JR, Hawley JA (2004) Skeletal Muscle Fiber Type: Influence on Contractile and Metabolic Properties.

PLoS Biol 2(10): e348 doi:10.1371/journal.pbio.0020348; Available online at:
• http://biology.plosjournals.org/perlserv/?request=getdocument&doi=10.1371/journal.pbio.0020348
• Published: October 12, 2004.
• http://www.nismat.org/physcor/muscle
• http://www.cdc.gov/nccdphp/dnpa/physical/components/index
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• http://www.cdc.gov/nccdphp/dnpa/physical/terms/index
• http://muscle.ucsd.edu/musintro/hypertrophy
• http://www.physsportsmed.com/issues/2002/07_02/puffer
• http://www.nlm.nih.gov/medlineplus/ency/article/000688
• http://en.wikipedia.org

Vocabulary

actin
A thread-like protein filament that is involved in muscle contraction.

aerobic respiration
The breakdown of food energy to generate ATP, occurs in the presence of oxygen.

anaerobic glycolysis (anaerobic respiration)
The breakdown of stored energy in the absence of oxygen to produce ATP.

atrophy
The loss of muscle mass.

cardiac muscle
Involuntary muscle that makes up the heart.

delayed onset muscle soreness (DOMS)
The pain or discomfort often felt 24 to 72 hours after exercising and generally goes away within 2 to 3 days,
caused by tiny tears in muscle fibers.

extensor
A muscle that causes the angle of a joint to become larger.

flexor
A muscle that causes the angle of a joint to become smaller.

hypertrophy
The growth in size of muscle fibers and muscles.

isometric contraction
Occurs when the muscle remains the same length despite building tension.

isotonic contraction
Occurs when tension in the muscle remains constant despite a change in muscle length.

muscle contraction
The generation of tension in a muscle fiber by the movement of actin and myosin.

motor unit
A group of individual muscle fibers along with their motor neuron.
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muscle fiber
Long thin cell, composed of actin and myosin, that is able to contract.

myofibril
Long cylindrical organelle that is made up of two types of protein filaments: actin and myosin.

myosin
A protein filament that uses ATP to move along an actin filament, causing muscle contraction.

sarcomeres
Repeating units of actin and myosin filaments.

skeletal muscle
Used to move the body, usually attached to the skeleton, controlled voluntarily by the somatic nervous system
and involuntarily through reflexes.

smooth muscle
Found within the walls of organs and structures such as the esophagus, under involuntary control.

tendinitis
A painful disorder of a tendon.

Points to Consider

• Identify ways in which damage to the integumentary system (for example, in a person with a severe burn) may
affect the muscular and skeletal systems.

• Consider how the daily exercise routine and diet of an Olympic weightlifter would differ from that of a
professional marathon runner.
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7.1 MAP Unit 6: Nervous System

Lesson Objectives

• Identify the functions of the nervous system.
• Describe neurons and explain how they carry nerve impulses.
• Describe the structures of the central nervous system.
• Outline the divisions of the peripheral nervous system.

Check Your Understanding

• If groups of cells are called tissues and groups of tissues are called organs, what are groups of organs called?
• What are examples of human organ systems?
• Which organ system controls all the others?

Introduction

Groups of organs are called organ systems. Examples of human organ systems are skeletal, digestive, and respiratory
systems. The nervous system controls all the others.

Michael was riding his scooter when he hit a hole in the sidewalk and started to lose control. He thought he would
fall, but in the blink of an eye, he shifted his weight and regained his balance. His heart was pounding, but at least he
didn’t get hurt. How was he able to react so quickly? Michael can thank his nervous system for that ( Figure 7.1).

FIGURE 7.1
Staying balanced when riding a scooter
requires control over the body

What Does the Nervous System Do?

The nervous system controls all the other systems of the body. Controlling muscles and maintaining balance are
just two of its roles. The nervous system also lets you:
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• Sense your surroundings with your eyes and other sense organs.
• Sense your internal environment, including temperature and pH.
• Control your internal body systems and keeps them in balance.
• Prepare your body to fight or flee in emergency situations.
• Think, learn, remember, and use language.

The nervous system works by sending and receiving electrical signals. The signals are carried by nerves throughout
the body. For example, when Michael started to fall off his scooter, his nervous system sensed that he was losing his
balance. It responded by sending messages to muscles throughout his body. Some muscles tightened while others
relaxed. As a result, Michael’s body became balanced again. How did his nervous system do all that in just a split
second? To answer this question, you need to know how the nervous system carries messages.

Neurons and Nerve Impulses

The nervous system is made up of nerves. A nerve is a bundle of individual nerve cells. A nerve cell that carries
messages is called a neuron ( Figure 7.2). The messages carried by neurons are referred to as nerve impulses.
Nerve impulses are able to travel very quickly because they are electrical impulses. Think about flipping on a light
switch when you enter a room. When you flip the switch, it closes an electrical circuit. With the circuit closed,
electricity can flow to the light through wires inside the walls. The electricity may have to travel many meters to
reach the light, but the light still comes on as soon as you flip the switch. Nerve impulses travel equally fast through
the network of nerves inside the body.

FIGURE 7.2
The axons of many neurons, like the one
shown here, are covered with a fatty layer
called myelin sheath that insulates the
axon like the plastic covering on an elec-
trical wire, and allows nerve impulses to
travel faster along the axon.

What Does a Neuron Look Like?

A neuron has a special shape that lets it pass signals from one cell to another. As shown in Figure 2, a neuron has
three main parts: cell body, dendrites, and axons. The cell body contains the nucleus and other organelles. Dendrites
and axons project from the cell body. Dendrites receive nerve impulses from other cells, and axons pass the nerve
impulses on to other cells. A single neuron may have thousands of dendrites and axons, so it can communicate with
thousands of other cells.
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Types of Neurons

Neurons are usually classified based on the role they play in the body. Three types of neurons are sensory neurons,
integration, and motor neurons.

• Sensory neurons carry nerve impulses from sense organs and internal organs to the central nervous system
(see below).

• Integration neurons interpret the incoming sensory information to formulate a response.
• Motor neurons carry nerve impulses from the central nervous system to internal organs, glands, and muscles.

These types of neurons work together. Sensory neurons carry information about conditions inside or outside the body
to the central nervous system. The central nervous system processes the information and sends messages through
motor neurons to tell the body how to respond to the information.

Neurons and Neuroglial Cells

Microglia are specialized macrophages capable of phagocytosis that protect neurons of the central nervous sys-
tem. Because they are capable of phagocytosis, they dispose of dead material in the nervous system. They are derived
from hematopoietic precursors rather than ectodermal tissue; they are commonly categorized as such because of their
supportive role to neurons.

These cells comprise approximately 15% of the total cells of the central nervous system. They are found in all
regions of the brain and spinal cord. Microglial cells are small relative to macroglial cells, with changing shapes
and oblong nuclei. They are mobile within the brain and multiply when the brain is damaged. In the healthy central
nervous system, microglia processes constantly sample all aspects of their environment (neurons, macroglia and
blood vessels).

FIGURE 7.3
Astrocytes can be identified in culture
because, unlike other mature glia, they
express glial fibrillary acidic protein.

The most abundant type of macroglial cell, astrocytes have numerous projections that anchor neurons to their
blood supply. They are found in the central nervous system (CNS) and regulate the external chemical environment
of neurons by removing excess ions, and recycling neurotransmitters released during synaptic transmission. It is
even suggested that astrocytes my be the "building blocks" of the blood-brain barrier. Oligodendrocytes are cells
that coat axons in the central nervous system (CNS) with their cell membrane forming a specialized membrane
differentiation called myelin, producing the myelin sheath. The myelin sheath provides insulation to the axon that
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allows electrical signals to work more efficiently. Ependymal cells, also named ependymocytes, line the cavities
of the CNS and make up the walls of the ventricles. These cells create and secrete cerebrospinal fluid (CSF) and
beat their cilia to help circulate the CSF and make the blood-CSF barrier. These are thought to act as neural stem
cells. Similar in function to oligodendrocytes, Schwann cells provide myelination ot axons in the peripheral nervous
system (PNS). They also have phagocytotic activity and clear cellular debris that allow regrowth of PNS neurons.
Satelite glial cells are small cells that surround neurons in sensory, sympathetic and parasympathetic ganglia. These
cells protect the cell body by helping to regulate the external chemical environment. Like astrocytes, they are
interconnected by gap junctions and respond to ATP by elevating intracellular concentration of calcium ions. They
are highly sensitive to injury and inflammation, and appear to contribute to pathological states, such as chronic pain.

The Synapse

The place where the axon of one neuron meets the dendrite of another is called a synapse. Synapses are also found
between neurons and other type of cells, such as muscle cells. The axon of the sending neuron doesn’t actually touch
the dendrite of the receiving neuron. There is a tiny gap between them, as shown in Figure 7.4.

FIGURE 7.4
This diagram shows a synapse between neurons; when a nerve impulse
arrives at the tip of the axon, neurotransmitters are released and travel to
the receiving dendrite, carrying the nerve impulse from one neuron to the
next.

When a nerve impulse reaches the tip of an axon, the axon releases chemicals called neurotransmitters. These
chemicals travel across the gap between the axon and the dendrite of the next neuron. They bind to the membrane
of the dendrite. This triggers a nerve impulse in the receiving neuron. Did you ever watch a relay race? After the
first runner races, she passes the baton to the next runner, who takes over. Neurons are a little like relay runners.
Instead of a baton, they pass neurotransmitters to the next neuron. Examples of neurotransmitters include serotonin,
dopamine, and adrenaline.

You can watch an animation of nerve impulses and neurotransmitters at: http://www.mind.ilstu.edu/curriculum/neu
rons_intro/neurons_intro.php

Some people have low levels of the neurotransmitter serotonin in their brain. Scientists think that this is one
cause of depression. Medications called antidepressants help bring serotonin levels back to normal. For many
people with depression, antidepressants control the symptoms of their depression and help them lead happy,
productive lives.

Action Potential

In physiology, an action potential is a short-lasting event in which the electrical membrane potential of a cell rapidly
rises and falls. Action potentials occur in several types of animal cells, called excitable cells, which include neu-
rons, muscle cells, and endocrine cells. In neurons, they play a central role in cell-to-cell communication. In other
types of cells, their main function is to activate intracellular processes. In muscle cells, for example, an action
potential is the first step in the chain of events leading to contraction. In beta cells of the pancreas, they provoke
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release of insulin. Action potentials in neurons are also known as "nerve impulses" or "spikes." A neuron that emits
an action potential is often said to "fire" (depolarization).

"Firing," depolarization, is an all or nothing action. When you think about a neuron "firing," think of a toilet flushing.
The handle can be tapped, but the toilet is not flushed until the handle is engaged enough to let the water flow. Then
the whole tank is emptied. The toilet can not flush again until the tank recharges with water, just like a neuron has
to repolarize before it can fire again.

Action potentials are generated by special types of voltage-gated ion channels embedded in a cell’s plasma mem-
brane. These channels are shut when the membrane potential is near the resting potential of the cell, but they rapidly
begin to open if the membrane potential increases to a precisely defined threshold value. When the channels open
(depolarization), they allow an inward flow of sodium ions, which changes the electrochemical gradient, which
in turn produces a further rise in the membrane potential. This then causes more channels to open, producing a
greater electric current, and so on. The process proceeds explosively until all of the available ion channels are open,
resulting in a large upswing in the membrane potential. The rapid influx of sodium ions causes the polarity of the
plasma membrane to reverse, and the ion channels then rapidly inactivate. As the sodium channels close, sodium ions
can no longer enter the neuron, and they are actively transported out of the plasma membrane. Potassium channels
are then activated, and there is an outward current of potassium ions, returning the electrochemical gradient to the
resting state. After an action potential has occurred, there is a transient negative shift, called the refractory period,
due to additional potassium currents. This is the mechanism that prevents an action potential from traveling back the
way it just came. (see: http://en.wikipedia.org/wiki/Action_potential )

Central Nervous System

The central nervous system (CNS) is the largest part of the nervous system. As shown in Figure 7.5, it includes
the brain and the spinal cord. The brain is protected within the bony skull. The spinal cord is protected within the
bones of the spine, which are called vertebrae.

White and Grey Matter

White matter is one of the two components of the central nervous system and consists mostly of glial cells
and myelinated axons that transmit signals from one region of the cerebrum to another and between the cerebrum
and lower brain centers. White matter tissue of the freshly cut brain appears pinkish white to the naked eye
because myelin is composed largely of lipid tissue veined with capillaries. Its white color is due to its usual
preservation in formaldehyde. White matter, long thought to be passive tissue, actively affects how the brain learns
and functions. While grey matter is primarily associated with processing and cognition, white matter modulates
the distribution of action potentials, acting as a relay and coordinating communication between different brain
regions. (see; http://en.wikipedia.org/wiki/White_matter )

The other main component of the brain is grey matter (actually pinkish tan due to blood capillaries), which is
composed of neurons. Grey matter contains neural cell bodies, in contrast to white matter, which does not and
mostly contains myelinated axon tracts. The color difference arises mainly from the whiteness of myelin. In living
tissue, grey matter actually has a grey-brown color, which comes from capillary blood vessels and neuronal cell
bodies. (see; http://en.wikipedia.org/wiki/Grey_matter )
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FIGURE 7.5
The brain and spinal cord make up the
central nervous system.

TABLE 7.1:

figure*

The Brain

What weighs about 3 pounds (1.5 kilograms) and contains up to 100 billion cells? The answer is the human brain.
The brain is the control center of the nervous system. It’s like the pilot of a plane. It tells other parts of the nervous
system what to do. The brain is also the most complex organ in the body. Each of its 100 billion neurons has
synapses connecting it with thousands of other neurons. All those neurons use a lot of energy. In fact, the adult
brain uses almost a quarter of the total energy used by the body. The developing brain of a baby uses an even greater
percentage of the body’s total energy.

FIGURE 7.6
Side view of the brain; find the location
of the three major parts of the brain,
noting that the cerebrum is divided into
four lobes at the upper portion of the
brain: the frontal, parietal, temporal, and
occipital lobes(Left).Top view of the brain
and cerebrum; divided from front to back
into two halves, these are the right and left
hemispheres(Right).

The brain is the organ that lets us interpret what we see, hear, or sense in other ways. It also allows us to learn, think,
remember, and use language. The brain controls all of our internal body processes and external movements, as well.
As shown in Figure 7.6, the brain consists of four main parts:

• The cerebrum is the largest part of the brain. It lies on top of the brainstem (discussed below). The cerebrum
controls functions that we are aware of, such as problem-solving and speech. It also controls voluntary
movements, like waving to a friend. Whether you are doing your homework or jumping hurdles, you are
using your cerebrum.

• The cerebellum is the next largest part of the brain. It lies under the cerebrum and behind the brain stem. The
cerebellum controls body position, coordination, and balance. Whether you are riding a bicycle or writing
with a pen, you are using your cerebellum. It contains the delicate wispy, white lines called the arbor vitae or
tree of life.

• The brain stem is lies directly under the cerebrum. The brain stem controls basic body unconscious functions
such as breathing, heartbeat, and digestion. The brain stem also carries information back and forth between
the cerebrum and spinal cord. The brain stem is made of three structures; medulla oblongata, pons, midbrain.
The medulla oblongata regulates heart rate, blood pressure, breathing, swallowing, coughing, sneezing, and
vomiting. The pons regulates the rate and depth of breathing. The midbrain contians the reflex centers for
hearing, vision and posture.
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• The diencephalon is superior to the brainstem and is surrounded by the cerebral hemispheres. It is made up
of the thalamus and the hypothalamus. The thalamus functions as a relay stateion for sensory impulses except
for smell. The hypothalamus regulates body temperature, water balance, and metabolism. The hypothalamus
doesn’t stop with those three functions. It also is important in regulating thirst, hunger, blood pressure, and
the sex drive.

The cerebrum is divided into a right and left half, as shown in Figure 7.6. Each half of the cerebrum is called a
hemisphere. The two hemispheres are connected by a thick bundle of axons called the corpus callosum. It lies deep
inside the brain and carries messages back and forth between the two hemispheres. The right hemisphere controls
the left side of the body, and the left hemisphere controls the right side of the body. This would be impossible
without the corpus callosum.

Dr. Jill Bolte Taylor is a brain scientist. At the age of 37, she suffered massive brain damage when blood vessels
burst inside her brain. It took Dr. Taylor almost ten years to recover from the damage to her brain. She had to relearn
even basic skills, like walking and talking. To share her story of recovery with others, Dr. Taylor wrote a popular
book describing what she went through. Her story gave other people so much inspiration that Time Magazine named
her one of the world’s 100 most influential people in 2008.

Each hemisphere of the cerebrum is divided into four parts called lobes. The four lobes are the frontal, parietal,
temporal, and occipital lobes ( Figure 7.6). Each lobe has different functions. Some of the functions are listed in
Table (7.2).

TABLE 7.2: Cerebral Lobes and Their Functions

Lobe Main Function(s)
Frontal Speech, thinking, concentration, emotion, coordination
Parietal Speech, word comprehension & expression, tempera-

ture, touch, pressure, pain
Temporal Hearing, smell, balance, visual & music memory
Occipital Sight

The Spinal Cord

The spinal cord is a long, tube-shaped bundle of neurons. It runs from the brain stem to the lower back. The main
job of the spinal cord is to carry nerve impulses back and forth between the body and brain. The spinal cord is like a
two-way highway. Messages about the body, both inside and out, pass through the spinal cord to the brain. Messages
from the brain instructing the body how to respond pass through the spinal cord to the body.

Protection of the CNS

The nervous tissue is the brain and spinal cord is very soft, delicate and irreplaceable. Nature has tried to protect the
brain and spinal cord by enclosing these delicate organs in the skull and bertebrae and then surrounding them with
fluid know as cerebrospinal fluid. The brain and spinal cord are also enclosed in three connective tissue membranes
known as meninges. The Meninges

The meninges are the system of membranes which envelops the central nervous system. In humans, the meninges
consist of three layers: the dura mater, the arachnoid mater, and the pia mater. The primary function of the meninges
and of the cerebrospinal fluid is to protect the central nervous system.

The dura mater [Latin: ’tough mother’] is a thick, durable membrane, closest to the skull. It consists of two layers,
the periosteal layer which lies closest to the skull, and the inner meningeal layer which lies closer to the brain. It
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contains larg blood vessels which split into the capillaries in the pia mater. The dura mater is composed of dense
fibrous tissue, and its inner surface is covered by flattened cells like those present on the surfaces of the pia mater and
arachnoid. A function of the dura mater is that it surrounds and supports the large venous channels (dural sinuses)
carrying blood from the brain toward the heart.

The arachnoid mater, so named because of its spider web-like appearance. It provides a cushioning effect for
the central nervous system. The arachnoid mater is a thin, transparent membrane. It is composed of fibrous tissue
and, like the pia mater, is covered by flat cells also thought to be impermeable to fluid. The arachnoid does not
follow the folds of the surface of the brain and so looks like a loosely fitting sac.

The pia mater [Latin: ’soft mother’] is a very delicate membrane. It is the meningeal envelope which firmly adheres
to the surface of the brain and spinal cord, following the brain’s minor contours (gyri and sulci). It is a very thin
membrane composed of fibrous tissue covered on its outer surface by a sheet of flat cells thought to be impermeable
to fluid. The pia mater is pierced by blood vessels which travel to the brain and spinal cord, and its capillaries are
responsible for nourishing the brain. (see; http://en.wikipedia.org/wiki/Meninges )

TABLE 7.3:

Meninges
figure*

The meninges: dura mater, arachnoid and pia mater

Cerebrospinal fluid

Cerebrospinal fluid ( CSF) is a clear colorless bodily fluid produced in the choroid plexus of the brain. It acts as
a cushion or buffer for the cortex, providing a basic mechanical and immunological protection to the brain inside
the skull and serves a vital function in cerebral autoregulation of cerebral blood flow.

The CSF occupies the subarachnoid space (the space between the arachnoid mater and the pia mater) and the ven-
tricular system around and inside the brain and spinal cord. It constitutes the content of the ventricles, cisterns,
and sulci of the brain, as well as the central canal of the spinal cord. (see; http://en.wikipedia.org/wiki/Cerebrospin
al_fluid )

Peripheral Nervous System

The peripheral nervous system (PNS) consists of all the nerves of the body that lie outside the central nervous
system. The network of nerves that make up the peripheral system is shown in Figure 7.7. They include nerves of
the hands, arms, feet, legs, and trunk. They also include nerves of the scalp, neck, and face. Nerves that supply the
internal organs and glands are part of the peripheral nervous system, as well.

The peripheral nervous system is divided into two parts: the sensory division and the motor division. How these
divisions of the peripheral nervous system are related to the rest of the nervous system is shown in Figure 7.8. Refer
to the figure as you read more about the peripheral nervous system below.

The sensory division carries messages from sense organs and internal organs to the central nervous system. Human
beings have several senses. They include sight, hearing, balance, touch, taste, and smell. We have special sense
organs for each of these senses. Sensory neurons in each sense organ detect a certain type of stimulus, or input. For
example, sensory neurons in the eyes detect light, and sensory neurons in the skin detect touch.
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FIGURE 7.7
The blue lines in this drawing represent
nerves of the peripheral nervous system;
every peripheral nerve is connected di-
rectly or indirectly to the spinal cord.

Other animals have senses that humans don’t have. For example, sharks and some other fish can detect weak electric
currents. Many animals can detect magnetism. Detecting magnetism is like having an internal compass. It
helps the animals find their way from place to place. For example, birds use their sense of magnetism to guide
their seasonal migrations.

Our sense organs detect sensations, but they don’t tell us what we are sensing. For example, when you inhale
chemicals given off by baking cookies, your nose doesn’t tell you that you are smelling cookies. That’s your brain’s
job. The sense organs send messages about sights, smells, and other stimuli to the brain ( Figure 7.9). The brain
then interprets the messages. A particular area of the brain interprets information from each sense organ ( Figure
7.6). For example, information from the nose is interpreted by the temporal lobe of the cerebrum.

The motor division of the peripheral system carries messages from the central nervous system to internal organs and
muscles. As shown in Figure 7.8, the motor division is also divided into two parts: the somatic nervous system and
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FIGURE 7.8
The central nervous system interprets messages from sense organs and internal organs and the motor division
sends messages to internal organs, glands, and muscles.
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FIGURE 7.9
Remember which lobes of the cerebrum
interpret messages from each of the
senses; decide which senses would be
stimulated by these raspberries or look
back at

the autonomic nervous system. The somatic nervous system carries messages that control body movements. It’s
responsible for activities that are under your control, such as waving your hand or kicking a ball. The girl in Figure
7.10 is using her somatic nervous system to control the muscles needed to play the violin. Her brain sends commands
to motor neurons that move her hands so she can play. Without the commands from her brain, she wouldn’t be able
to move her hands and play the violin.

FIGURE 7.10
This girl

The autonomic nervous system carries nerve impulses to internal organs. It is responsible for activities that are not
under your control, such as sweating and digesting food. The autonomic nervous system has two divisions:

• The sympathetic division controls internal organs and glands during emergencies. It prepares the body for
fight or flight ( Figure 7.11). For example, it increases the heart rate and the flow of blood to the legs.

• The parasympathetic division controls internal organs and glands the rest of the time. It manages routine
functions such as digestion, heartbeat, and breathing under normal conditions.

Remember Michael on his scooter at the start of this lesson? Why was his heart pounding after he regained his
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FIGURE 7.11
The woman pictured here is just pretend-
ing to be frightened, but assuming that
she really was scared, think of which
division of the autonomic nervous sys-
tem would prepare her body for an emer-
gency.

balance? The answer is his autonomic nervous system. The sympathetic division prepared him to deal with the
emergency by increasing his heart rate. The fact that this happened in the blink of an eye shows how amazing the
nervous system is.

What is a reflex?

You touch a hot dish and jerk back your hand. You smell French fries and your mouth waters. The doctor taps your
knee and your foot kicks out. What’s happening? In this section you will find out. You will explore how your body
reacts to different kinds of situations.

Have you ever jumped when you heard a sudden loud sound? When something surprises you, your brain protects
you through a startle reflex. Your muscles contract, your head moves, your heart beats faster, your eyes open wider,
and your body jumps before your brain knows what made you jump. Your brain can even help protect your ears from
the damaging effects of loud sounds by causing tiny muscles in your ears to contract and dampen the effect of the
sound.

Did You Know?

Your nervous system has groups of neurons that work in circuits to send out and receive information. In these
circuits, information goes to the brain or spinal cord, and information about what to do comes back. The simplest
circuits in the nervous system are reflexes. A reflex is an automatic reaction to a stimulus. A stimulus is something
that causes an action. In a simple reflex, a neuron brings information about a stimulus to the brain or spinal cord
and connects with a motor neuron. The motor neuron sends out a message to a muscle. The muscle responds to that
message by contracting.

You may remember that the cerebral cortex plans and controls your behavior. But reflexes do not involve the cortex.
Reflexes don’t require thinking. Reflexes allow you to react automatically to a stimulus. Although reflexes are the
simplest way your nervous system controls your behavior, all reflexes are not simple.

Babies born in a hospital are examined right after birth and given an Apgar score. The Apgar score indicates
their general health and reflex activity. An Apgar score evaluates appearance (color), heart rate, grimace (reflex
responsiveness), muscle activity, and respiration effort (how strong a baby’s cry is).
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Did You Know?

How Reflexes Work

You have many reflexes. In fact, much of your behavior is made up of reflexes that protect you from danger in some
way. For example, gravity tries to make you fall over all the time every day. Without your having to think about
it, your body constantly makes adjustments to keep you on your bicycle or even just in your chair. Simple reflexes
make you blink when something gets too close to your eye and make you close your eye when dust gets into it.
Vomiting is a more complex reflex that protects you from dangerous things in your stomach or throat.

Sit on a sturdy table and let your legs dangle, hanging completely relaxed. The reflex won’t work properly if you are
tense.

Use your fingers to tap just below your kneecap, as shown. What happens? Try squeezing your hands together and
have someone else tap your knee.

The Knee Jerk Reflex
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Figure 6.1 Tapping the knee will set off the knee jerk reflex.

Let’s look at a simple reflex. The knee jerk reflex is a good model to demonstrate how all reflexes work. You can
see how this reflex works in Figure 6.1. Your doctor tests the knee jerk reflex to check muscle response to nerves in
your legs, back, and spinal cord. You can test your own knee jerk reflex in the Mini Activity: The Knee Jerk Reflex.

Once Started, Reflexes Go All the Way to Completion

Remember that all reflexes need something to get them started. This is called a stimulus. Tapping your knee,
touching a hot grill, or smelling something unpleasant can stimulate or trigger sensory neurons. If the stimulus is
strong enough, the reflex is started. Once started, the reflex goes to completion.

Starting a reflex is something like lighting a firecracker. If the fuse gets hot enough, it burns. The fuse can be lit with
a spark, a match, or a blowtorch. But once the fuse is lit, the firecracker explodes. Once triggered, a reflex completes
itself in a very short time without your having to think about what to do.

Sometimes you can hold back your reflexes. For example, you may be able to stop your knee jerk reflex if you think
about it when your knee is tapped. Another example is a cough. Have you ever felt the need to cough while you are
taking an exam? Every time you cough, the other people taking the exam look at you. So the next time your throat
tickles, you hold back the cough. You can hold back for a little while, and then it happens again. You manage to not
cough again. But the next time, the tickle (the stimulus) is too strong, and you have to cough (the reflex). You just
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can’t help it. Some reflexes are easier to control than others.

How many reflexes can you think of? Work in small groups or in pairs to list as many as you can. Group them
into categories that show how the reflexes protect you. Decide which are easier to control than others. Then
share your list with the class.

Every reflex, whether it is simple or complex, has five parts. These parts take place in a specific order. In order, the
five parts of a reflex are sensor, sensory neuron, control center, motor neuron, and muscle. These five parts work as a
relay team to take information from the sensor to the spinal cord or brain and back to the muscles. You can use your
thumb and fingers to remember the sequence that is shown in Figure 6.2. The complete sequence is called a reflex
arc. Now let’s see how these parts work together to create the knee jerk reflex.

Figure 6.2 You can use your thumb and fingers to remember the five parts of a reflex arc.

First Part of a Reflex Arc: Sensor

Reflexes start in structures called sensors. These structures detect one kind of energy such as touch, stretch, heat,
light, smell, and vibration. Some sensors are neurons, and they fire nerve impulses when stimulated. Other sensors
are not neurons but can signal nearby sensory neurons when they detect their specific stimuli. All information about
the world inside and outside your body has to be changed into nerve impulses before that information can be used
by the circuits of your nervous system.

When you tap your knee, you stretch the tendon that connects your quadriceps muscle to your tibia, the largest bone
in your lower leg. Stretching the tendon stretches the muscle, and stretch sensors in the muscle detect this change.
The stretch sensors are not neurons. They are special muscle cells that stimulate the sensory nerves to fire impulses.

Second Part of a Reflex Arc: Sensory Neuron

Each reflex has a sensory neuron. The sensor may be the nerve endings of the sensory neuron, or the sensor is
another kind of cell that signals the sensory neuron. The sensory neuron begins a nerve impulse that travels to the
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spinal cord or the brain. Sensory neurons take messages to the spinal cord or brain from sensors in the eyes, ears,
muscles, skin, and other body parts. The sensory neuron in the knee jerk reflex sends its messages to the spinal cord.

Figure 6.3 in the knee jerk reflex, a light tap (the stimulus) on the front part of your knee sends messages to your
nervous system. The message responsible for the reflex goes through the spinal cord, and back out to your leg. The
muscle on the top of your thigh contracts and your leg kicks forward. Traveling more slowly, the message from the
tap also goes to your brain, where you realize, and react to, what has happened.

Third Part of a Reflex Arc: Control Center

In the spinal cord, the sensory neuron splits into at least three branches. Each branch forms a synapse with one of
three different kinds of cells. In the case of the knee jerk reflex, one branch connects to a cell called an interneuron.
The interneuron sends a message up the spinal cord to let the cerebral cortex know what is happening. Another
branch goes to the motor neuron for the quadriceps muscle on the front of the thigh. The third branch goes to
another interneuron that makes a connection to the motor neuron going to the biceps femoris muscle on the back of
the thigh.

Neurons in the brain and spinal cord control reflexes by receiving information and deciding if the stimulus is strong
enough to command a response. Sometimes the neurons in the brain and spinal cord combine information from
different sources. That is why you can sometimes hold back a reflex like a cough or keep your eyes open when
the eye doctor asks you to, even though an instrument is close to your eye. Information from the cortex tells the
controlling neuron in the reflex arc not to respond.

The cerebral cortex is an important control center. Messages come from your eyes, ears, skin, and muscles. These
messages travel along sensory neurons to get to the cortex. The cortex processes all these messages in networks of
interneurons that decide how to respond. In making these decisions, the cortex also uses information from memory.
The cerebral cortex is not involved, however, in completing a simple reflex like the knee jerk reflex. Let’s see how
that happens.

Fourth Part of a Reflex Arc: Motor Neuron

The fourth part of the knee jerk reflex arc is called the output phase. Three things happen at once during the output
phase.
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• The nerve impulse to the motor neuron travels out to the quadriceps.
• The nerve impulse is carried along an interneuron a short distance to the motor neuron for the biceps femoris

muscle on the back of your leg.
• A message traveling along interneurons starts its long trip to the cerebral cortex.

You can follow these steps in Figure 6.4.

Figure 6.4 The five steps of the knee jerk reflex arc.

Identifying Parts of a Reflex

Go back to your list of reflexes from Apply Your Knowledge. Pick two reflexes and identify the five parts of those
reflex arcs.

Fifth Part of a Reflex Arc: Muscle

A message from a motor neuron tells your muscles to contract. In the knee jerk reflex, the muscle contracts when the
nerve impulse reaches your quadriceps muscle. This muscle contraction should move your leg forward. But your
leg won’t move forward if the opposing biceps femoris muscle is also contracted. An interneuron tells the biceps
motor neuron not to send nerve impulses to keep the biceps muscle relaxed. As the quadriceps muscle contracts, the
biceps relaxes, and your leg moves forward as shown in Figure 6.4. All these events occur before the message about
what is happening arrives in your cortex.

Reflex arcs need an interneuron to turn off one reflex to make room for another. An interneuron that turns off, or
inhibits, a reflex is called an inhibitory interneuron. In the vomiting reflex, inhibitory interneurons keep you from
breathing at the wrong time. Other inhibitory interneurons keep your hand from squeezing a hot grill, as muscles
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on the back of your hand contract to pull the hand away. Reflexes protect your body. Inhibitory interneurons help
reflexes work the right way every time.

So the reflex arc consists of these five steps in order-sensor, sensory neuron, control center, motor neuron, and
muscle. These five parts work as a relay team to take information up from the sensor to the spinal cord or brain and
back down to the muscles.

Figure 6.5 The knee jerk reflex can be summarized in a diagram that shows the neural connections. The numbers
refer to the 5 parts of a reflex are, a “+” means the synapse is excitatory and a “-” means the synapse is inhibitory.
Because there is an inhibitory synapse in the path to the biceps muscle, it relaxes in response to the knee jerk stimulus.

React First, Think Later A nerve impulse from your big toe can travel to your spinal cord at a speed of 448
kilometers per hour (280 miles per hour). How long will it take for your spinal cord to get the message that you
stubbed your toe? You can figure it out by dividing the distance the nerve impulse must travel by the speed it moves.
Measure the distance from the end of your big toe, around your heel, and up your back until even with your belly
button.

Now you have a good idea of what a reflex arc is and how it works. A conscious action works like a reflex but is
slightly more complicated because your brain plays a larger role. Think about running a race. You use your cerebral
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cortex to make plans for the race. Just before the race starts, your cortex reminds you to check your shoelaces and
get into the right starting position. Your cortex also anticipates the race and makes your heart beat faster even though
you are standing still. Everyone is in line and you’re feeling nervous. Then the starter’s gun goes off. That sound is
carried to the hearing part of your cortex. The hearing part of the cortex interprets the sound and sends messages to
the motor region of the cortex. Motor commands from your cortex go down your spinal cord and out to the muscles
you use to run. While you run, many reflex arcs coordinate the use of your muscles, control your breathing and
heartbeat, and even make you sweat as your body temperature rises.

Figure 6.6 shows the five steps involved in any action your body takes. You can see that for you to perform any
activity, your brain must constantly process information. Section 5 of the text will explore the eyes and ears as
examples of how the body and cortex gather information.

Figure 6.6 Any responsive action your body takes uses a 5-step reaction.

a. Sensor hears starting gun.
b. Auditory nerve transmits information to brain.
c. Auditory cortex in temporal lobe processes information and sends it to motor cortex in frontal lobe.
d. Motor neurons carry messages to muscles.
e. Muscles react and the runner is off!

Sometimes in addition to tapping your knee to make sure you have healthy reflexes, the doctor tickles the
bottom of your foot. Why is that?

Activity 6-1: How Fast Is Your Reaction lime?

Introduction

Your reaction time is the amount of time it takes for your brain to receive a signal from one of your senses and make
your body do something in response. You can use a 20-centimeter metric ruler to measure your reaction time.
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Materials

• 20− cm ruler
• Activity Report

Procedure

Step 1 Place your arm on a tabletop with your hand extended over the table’s edge. Have a friend or family member
hold the ruler so that the zero end is exactly between your thumb and forefinger. Do not grasp the ruler, but be ready
to catch it when your partner drops it.

Step 2 Concentrate on your partner’s fingers. When he or she lets go, catch the ruler as fast as you can. Repeat this
five times.

Figure 6.7 Be ready to catch the ruler as it is dropped.

Each time, record on the Activity Report the reading on the ruler.

Step 3 Switch roles with your partner and repeat the procedure.

Step 4 On the Activity Report, graph your results, showing mean values and range of values.

What happens when someone throws a ball at you and you blink? Trace the path the message takes through
your nervous system.

Diseases or Disorders of the Nervous System

Amyotrophic Lateral Sclerosis (ALS), or Lou Gehrig’s Disease is the most common motor neuron disease of mus-
cular atrophy. Onset typically occurs between the ages of 40 and 70. The causes of this disease include autoimmune
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disorders, disturbance in motor neuron enzyme metabolism, difficulty producing nucleic acids, severe stress, trauma,
and physical exhaustion. The symptoms of ALS include muscle weakness, muscle atrophy, dysphasia, dysphagia,
and dyspnea. The person usually becomes physically incapacitated. Mental deterioration usually does not occur,
but depression is a common response to the disease process. Death usually occurs within 2 to 5 years after diagnosis
as there is no effective treatment available.

Alzheimer’s Disease includes progressive changes in the neurons of the brain due to a lack of neurotransmitters
in the brain, trauma, and genetics. The neurons will degenerate until they can no longer carry an impulse. The
causes of Alzheimer’s includes genetics, unspecified environmental factors (possibly aluminum), and other unknown
causes. The onset of Alzheimer’s is slow. In the beginning, the patient will have very mild changes such as memory
loss, forgetfulness, and difficulty learning new information, deterioration in personal hygiene and appearance, and an
inability to concentrate. As the disorder progresses, personality changes may be seen. Physical disability progresses
and death usually results from infection. Stem cell research may be promising. Former President Ronald Reagan
was afflicted with this disorder and passed away in 2004.

In bacterial meningitis, the covering(s) of the brain and spinal cord (usually the pia mater) become inflamed,
usually the result of bacterial infection. Treatment includes early recognition and antibiotic therapy. Symptoms
of meningitis include a sore neck when the patient is lying down and the practitioner pulls the head forward and
the patient flexes his hips and knees in response, as well as fever, chills, malaise, anorexia, and changes in the
cerebrospinal fluid

Cerebral Palsy is the most common cause of crippling in children results from prenatal or postnatal CNS damage
due to fetal anoxia. Motor impairment may be minimal or severely disabling. Associated defects, such as seizures,
speech impairment, and mental retardation are common. This disorder cannot be cured but proper treatment can
help the child reach his/her full potential.

Epilepsy is a condition of the brain marked by susceptibility to recurrent seizures that are associated with abnormal
electrical discharges in the neurons of the brain. The causes are unknown, but may include birth trauma, infection,
anoxia, and brain tumors. Treatment includes medication such as dilantin, phenobarbital, and tegretol to control
seizures. Experimental surgeries may also help to control seizures by removing the affected parts the brain.

Multiple Sclerosis (MS) is characterized by a loss of myelin from the axons of the peripheral nerves. Hard,
plaque-like structures replace the destroyed myelin and the affected areas are invaded by inflammatory cells. As
the myelin is lost, nerve conduction is affected causing weakness, un-coordination, visual impairment, and speech
problems. It is most common in women between the ages for 20 and 40. The cause of multiple sclerosis is an
autoimmune disorder in which the body turns its immune response on itself. The disease is chronic, but has periods
of exacerbations and remissions. There is no known cure, but medications can help slow the progression of the
disease.

Parkinson’s Disease is sometimes referred to as the shaking palsy as involuntary tremors are one of the cardinal
signs. It is one of the most crippling diseases in the United States, striking 1 in every 100 people. There
is a dopamine (neurotransmitter) deficiency, which prevents brain cells from performing their normal inhibition
or stopping nerve impulses within the CNS. Muscle rigidity may occur. The exact cause of Parkinson’s is
unknown. Death usually occurs within10 years after the disease is diagnosed. There is no cure for this disease. The
primary goal of treatment is to relieve symptoms and keep the patient functional for as long as possible with the use of
drugs and physical therapy. Stem cell research may be a promising venue for future medical care and cure. Michael
J. Fox, Janet Reno, Pope John Paul II (died in April 2005) and Mohammed Ali both are all afflicted with this disorder.

Lesson Summary

• The nervous system controls all the other systems of the body.

• Neurons are nerve cells that carry nerve impulses. The central nervous system is made up of the brain and
spinal cord.
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• The peripheral nervous system consists of all the rest of the nerves in the body.

Review Questions

1. List three functions of the nervous system.
2. Describe a neuron and identify its three main parts.
3. What structures make up the central nervous system?
4. Name the lobes of the cerebrum and state one function of each lobe.
5. What are the two major divisions of the peripheral nervous system?
6. Explain how one neuron transmits a nerve impulse to another neuron.
7. Compare and contrast the three main parts of the brain.
8. Why is the spinal cord like a two-way highway?
9. A baby girl sees a toy and reaches out to grab it. Describe the path of messages through the baby’s nervous

system, from her eyes to her hand.
10. Assume you are so startled by a sudden loud noise that your heart starts pounding fast. Explain what controls

your reaction to the loud sound.
11. What is a reflex response to a stimulus? Give three examples, describing both the stimulus and the reflex.
12. Name the five parts of a reflex in order.
13. What is the difference between a sensory neuron and a motor neuron?
14. If you touch a hot stove, why do you pull your hand away before you feel pain?
15. What role does an inhibitory interneuron play in a reflex?

Further Reading / Supplemental Links

Body Atlas. Nerves, Brain and Senses. Ticktock Media Ltd., 2004.

Chris Hawkes. The Human Body: Uncovering Science. Firefly Books, 2006.

F. Fay Evans-Martin. The Nervous System. Chelsea House Publications, 2004.

H.P. Newquist. The Great Brain Book: An Inside Look at the Inside of Your Head. Scholastic Nonfiction, 2005.

Treays, Rebecca. Understanding Your Brain. Usborne Books, 2004.

• http://www.pbs.org/wgbh/nova/magnetic/animals.html
• http://www.pelagic.org/overview/articles/sixsense.html
• http://en.wikipedia.org/wiki/Autonomic_nervous_system
• http://en.wikipedia.org/wiki/Brain_stem

Vocabulary

autonomic nervous system
Part of the motor division that carries nerve impulses to internal organs and glands.

axon
Part of a neuron that receives nerve impulses from the cell body and passes them on to other cells.

brain
Control center of the nervous system that is located inside the skull.

brain stem
Part of the brain that controls basic body functions such as breathing, heartbeat, and digestion.
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cell body
Part of a neuron that contains the nucleus and other organelles.

central nervous system
Part of the nervous system that includes the brain and spinal cord.

cerebellum
Part of the brain that controls body position, coordination, and balance.

cerebrum
Part of the brain that controls awareness and voluntary movements.

dendrite
Part of a neuron that receives nerve impulses from other cells and passes them on to the cell body.

hemisphere
One of the two halves of the cerebrum.

motor division
Division of the peripheral nervous system that carries messages from the central nervous system to internal
organs, glands, and muscles.

motor neuron
Neuron that carries nerve impulses from the central nervous system to internal organs, glands, or muscles.

nerve
Bundle of individual nerve cells.

nerve impulse
Electrical signal that is transmitted by neurons.

nervous system
Body system that controls all the other systems of the body.

neuron
Nerve cell that carries electrical messages.

neurotransmitter
Chemical that carries nerve impulses from the axon of one neuron to the dendrite of the next neuron.

parasympathetic division
Division of the autonomic nervous system that controls body processes under nonemergency conditions.

peripheral nervous system
All the nerves of the body that lie outside the central nervous system.

sensory division
Division of the peripheral nervous system that carries messages from the sense organs and internal organs to
the central nervous system.
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sensory neuron
Neuron that carries nerve impulses from sense organs or internal organs to the central nervous system.

somatic nervous system
Part of the motor division that carries nerve impulses to muscles that control voluntary body movements.

spinal cord
Long, tube-shaped bundle of neurons that carry nerve impulses back and forth between the body and brain.

sympathetic division
Division of the autonomic nervous system that prepares the body for fight or flight in emergencies.

synapse
Place where the axon of one neuron meets the dendrite of another neuron.

Points to Consider

• The sensory division of the peripheral nervous system carries messages from sense organs to the central
nervous system. What are some examples of sense organs?

• Do you know how sense organs work? For example, do you know how your eyes sense light?
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7.2 Sensations: sight and sound

How do you sense the world around you?

How do you know about the world outside your brain? You see it. You touch it. You smell it. You hear it, and you
taste it. Sensory organs, such as your eyes and ears, or sensors like those in your skin and muscles are windows
to the world. The world is what your senses tell you it is. This section explores how your nervous system gathers
information about your body and the world around you through the flow of sensory information.

Think about taking a hike with your dog. It is late afternoon and there is a beautiful sunset. You stop to look at the
sunset, and the dog sniffs around in the bushes. The dog does not see colors, but it has a keener sense of hearing,
and its sense of smell is 100 times greater than yours is. At the same moment, in the same place, the world that you
and your dog are experiencing is different.

What is sensation? A sensation is your experience of what the sensors tell the brain about you and your world.
Sensations include seeing, hearing, touching, smelling, balancing, and more. The cerebral cortex enables you to
identify, distinguish, and feel sensations. Nerve impulses are all the same. But they mean different things depending
on where they go in your brain. Impulses for different sensations, such as touch, pain, sound, light, and smell, go to
different parts of your cerebral cortex.

Sensory neurons and sensory receptors, such as cells in the eyes and ears, code information as nerve impulses.
These nerve impulses carry information to the spinal cord and brain. When the information gets to your cortex, it is
interpreted as a sensation.

Brain tissue itself has no pain sensors. A surgeon can operate on the brain using only a local anesthetic for the
tissues surrounding the brain.

Did You Know?

How Do Sensory Nerves Work?

Imagine sitting at NASA’s Mission Control. You pick up a ringing phone. A voice says, “The space shuttle is
now over Sydney, Australia.” With this information, you can plan the future orbit of the space shuttle. In this case,
the phone line works like a sensory nerve. The sensor is the phone in Sydney. It codes the speaker’s words into
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electrical pulses. The phone in your hand translates these pulses back into speech you can understand. The pulses
move through the phone line as electricity, not as words. Your sensory nerves work in a similar way.

Figure 7.1 The right side of your brain controls the left side of your body.

Remember that your sensors can only send one kind of message-nerve impulses. So how would you know (without
looking) whether a creature standing on your foot is a mouse or an elephant? You can figure out the answers to these
questions based on things you have already learned. First, if the stimulus comes into contact with a larger area of
your body, more sensors will send nerve impulses to the cerebral cortex. Remember the map of the body surface on
the cerebral cortex? More of that map will receive messages when more of the body is stimulated. The elephant’s
footprint on the cortex map will be larger than the mouse’s footprint! How hard the stimulus is pressing on your
foot is coded by how fast each sensor produces nerve impulses. Think of how you might let a performer know how
much you enjoyed the performance. If it was just OK, you might clap your hands slowly just to be polite. But if you
thought the performance was terrific, you would clap your hands much faster. A single sensor codes the strength of
a stimulus by how frequently it sends nerve impulses along the sensory neuron.

Now think again about the map in your cerebral cortex. Remember that parts of your body are represented by maps
in your brain. Figure 7.1 shows how the right half of your brain represents the left side of your body. The sensory
nerves from one side of your body go to the opposite side of your brain. Similarly, the motor nerves from one side
of your brain go to the opposite side of your body.Messages from sensors pass through sensory pathways all the way
to the cerebral cortex.
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A person who has lost a limb can sometimes still feel pain sensations as if it were still there. This is known as
phantom pain. Sensory neurons still go from the missing limb to the spinal cord. At the spinal cord, the sensory
neurons connect with interneurons that travel to the cerebral cortex. If something causes the cut sensory neurons to
produce nerve impulses, those impulses will travel to the cortex area for the limb. The person will feel the sensations
as if they came from sensors in the missing limb. It’s the map in the brain that feels the sensations, not the limb itself.

Did You Know?

Sit quietly and close your eyes for a few minutes. When you close your eyes, you shut down an important sensory
“window.” Now you can pay attention to other sensors your body has that send your brain information. Perhaps you
hear a quiet sound you didn’t hear when your eyes were open. Maybe you notice your shoelaces are too tight. You
may realize that you are thirsty. Make a list of all the things you sense without sight or movement.

Use Your Sensors

Seeing the World

Your eyes bring you a great deal of information about the world around you. They work constantly while you are
awake. People with sight depend heavily on that sense to survive, while those without sight develop their other
senses to compensate. How do eyes work? How does your brain handle all the information the eyes provide? Let’s
start by discussing how the eye works, and the role of the nervous system in vision.

Figure 7.2 You can see some eye parts by just looking into the mirror at your own eyes. Turn off the lights for a
minute. Then turn them on while looking into the mirror. Can you see your iris close to protect the retina from too
much light?

How do your eyes control the amount of light entering the eye to help you see? Complete the steps below to answer
this question.

First look into the eyes of a classmate, a friend, or a family member to locate the pupil. The pupil is the small black
circle surrounded by the colored iris. Note the size of the pupil and use a ruler to estimate its diameter. Under which
conditions are the pupils the largest? Under which conditions are the pupils the smallest?
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Pupils in a Different light

Figure 7.3 You can see more parts of the eye by looking at its cross section.

Parts of the Eye

Figures 7.2 and 7.3 show the parts of the eye. The structures on the outside of the eyeball are called accessory
structures. They include the eyelid, conjunctiva, lacrimal apparatus, and extrinsic muscles. The eyelid is composed
of thin skin with eyelashes on the edges. There are small glands which produce tears that help to lubricate the
eyelashes.The eyelid closes to protect the anterior surface of the eye blinking and washing tears over the surface of
the eyeball. The conjunctiva is a thin, transparent membrane lining the eyelids and the outer surface of the cornea. It
secretes mucous to moisten and lubricate the eyeball. The six extrinsic, skeletal, muscles located on the outside of
the eye are controlled by three of the cranial nerves and are responsible for the eye’s movements.

TABLE 7.4:

Lacrimal apparatus
figure*

The lacrimal apparatus consists of the lacrimal gland, the lacrimal sac, and the nasolacrimal ducts.
The lacrimal gland produces tears, a dilute salt solution which also contains the enzyme lysozyme. The tears are
flushed across the eye by blinking.
The tears are collected by lacrimal canals located in the medial portion of the eye.
Nasolacrimal ducts receive the tears which then move into the nasal cavity.
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The vascular tunic of the eyeball has a hole in the front to let in light. The hole is the dark spot in the center of the
eye, called the pupil. The cornea(KOR-nee-uh) is a clear protective sheath that covers the iris and pupil and is part
of the fibrous tunic with the sclera. The sclera forms the majority of the fibrous tunic. It is composed of fibrous
connective tissue and is often called the "white of the eye." It has many blood vessels and provides protection to the
inner eye while giving the eye its shape.

The vascular tunic is made of the choroid, ciliary muscles (body), iris, lens, and pupil. The iris is the colored ring
around the pupil. Light passes through the cornea and the pupil to get inside the eyeball. Depending on the amount
of light around you, the iris opens or closes the pupil. In bright light, the pupil is small. In the dark, it is bigger. Just
behind the iris is the lens.The lens is an elastic, naturally curved tissue controlled by tiny muscles (ciliary muscles).
When you look at something far away, these muscles relax and the lens has only a slight curve. When you look at a
nearby object, the muscles contract, causing the lens to curve out more. The ciliary body is the thickest part of the
vascular tunic. It consists of smooth muscle fibers which are attached to the lens by the suspensory ligaments. The
choroid is a thin membrane containing the brown pigment (melanin) to absorb light coming in from the sides of the
eye. The blood vessels of the choroid also nourish the retina.

Humans have two eyes on the front of their heads in order to have good depth perception. But this eye position
means that humans have a limited field of view. Some animals, such as rabbits, have their eyes positioned on the
sides of their heads, giving them a huge field of view, but limited depth perception. A large field of view strengthens
an animal’s ability to protect itself. Better depth perception strengthens an animal’s ability to hunt.

Did You Know?

Together, the cornea and the lens focus light on the back inside part of the eye, the retina (RET-ihn-uh). Figure 7.3
shows a cross section of the eye and Figure 7.4 shows a cross section of the retina. Sensor cells sensitive to light line
the retina and capture the light energy that falls on them. These sensor cells are specialized neurons called rods and
cones. You have about 120 million rod cells and 7 million cone cells. When stimulated, these cells send impulses
to your cortex. Other neurons in the retina process the information collected by the rods and cones before sending
nerve impulses to the brain. All of the axons taking these nerve impulses to the brain leave the back of the eyeball
at the same place, making up the optic nerve. Have you ever heard of someone having a blind spot? As a matter
of fact, you have one blind spot on each retina. The blind spot is an area on the retina where the optic nerve begins.
There are so many axons where the optic nerve begins that there is no room for rods and cones. So it is a blind spot.
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Figure 7.4 (a) The retina is layers of neurons that line the inside rear of the eye. Cone cells are the optic nerve
sensors. (b) The position of the blind spot is on the retina where the optic nerve begins.

Find a partner to play catch with. Before playing, have each person cover one eye with a piece of paper taped over
the eye. Toss a ball back and forth. What happens? Find something smaller to play catch with, such as a table tennis
ball. Can you do it? What is difficult? What can two eyes provide that one cannot?

What Are the Advantages of Two Eyes?

How does your cerebral cortex distinguish light, dark, and color? At night you see with your rods. They work in
dim light, allowing you to see light and dark areas. However, rods are not sensitive to color. In brighter light you see
with your cones. Cones enable you to see color. Cones also help you see sharply focused images such as the letters
on this page. Have you ever tried to read in dim light? It is difficult because you can only use your rods. Cones need
much more light to work than rods.

You experience a shift between seeing with your cones and seeing with your rods at various times. For example, at
sunset and at sunrise or when the lights are dimmed in a movie theater before the movie comes on, you shift from
seeing with your cones to seeing with your rods. The next time you watch a sunset, notice that as the sky gets darker,
the colors of objects nearby seem to become less vivid and then fade out completely. In dim light, you can’t tell a
blue book or car from a red one or a green one. You can only say one is lighter or darker than the other. As the light
dims, it gets too low to stimulate your cone cells. Finally, at a specific level of light, you can no longer see color.
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But you can still see, because your rod cells are more sensitive to light than are cone cells. Instead of color, though,
you can only see a world of different shades of gray-no colors. The reverse happens, of course at sunrise or when
the bright picture of the movie comes on the theater screen.

Just as you are right- or left-handed, you are also right- or left-eyed. Make a circle with your finger and your thumb.
Hold the circle at arm’s length in front of your face. Look through the circle and focus on a distant object, such as
a clock. Now, close your right eye. What do you see? Close your left eye. What do you see? The eye which sees the
object best is the dominant eye.

Eye Dominance

Most people have three types of cones that detect color. One type of cone is sensitive to red light, another to blue
light, and another to green light. All three types of cones are needed for normal color vision. Most people can
distinguish between 150 and 200 colors. A person born with only one or two types of cones cannot see certain
colors, a condition known as color blindness. In humans, color blindness is a genetic condition that is inherited from
a parent. Many animals, especially those animals that are active at night, are completely color-blind.

Your tear glands constantly produce tears to cleanse and moisten the eye. When you cry, your nervous system tells
your tear glands to produce more tears. Some of the tears run down your face, but most drain into your nose and
throat. That’s why you often get a runny nose when you cry.

Did You Know?

The eyelids, which protect, moisten, and clean your eye, blink in 1
10 of a second.

Owls are completely color-blind. What does this imply about the structure of the eyes of owls?
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If the lens in your eye doesn’t work just right, you might need glasses. If your lens doesn’t bend light so that you can
see objects up close, you are farsighted. If you can’t see faraway objects because your lens bends light too much or
in the wrong way, you’re nearsighted.

Did You Know?

Your eye works a little like a camera. The lens turns the image of the world upside down and makes it small so that
it comes into focus on your retina. In one central area of your retina, called the fovea (FOH-vee-uh), there is a high
concentration of cones. The fovea lines up with the lens so a focused image of the world in front of you falls on this
part of the retina. The picture from your retina is turned into nerve impulses that pass through sensory nerves. The
nerve impulses go from the retina to the cortex of the occipital lobes of the cerebrum, called the visual cortex. Your
visual cortex interprets the nerve impulses and tells you what you are seeing.

If you can read all the letters in the smallest line of letters on an eye chart at a distance of 20 feet, you have 20
20

vision. What does 20
40 vision mean?

Figure 7.5 Diagram of the eye

Visual Disorders

TABLE 7.5:

Myopia

Illustration of an eyeball showing the focal point when is has myopia

Myopia commonly known as being nearsighted, is a condition of the eye where the light that comes in does not
directly focus on the retina but in front of it. This causes the image that one sees when looking at a distant object
to be out of focus, but in focus when looking at a close object.
Eye care professionals most commonly correct myopia through the use of concave lenses, such as glasses or con-
tact lenses.

Hyperopia

Hyperopia, also known as farsightedness, is a defect of vision caused by an imperfection in the eye (often when
the eyeball is too short or the lens cannot become round enough), causing difficulty focusing on near objects, and
in extreme cases causing a sufferer to be unable to focus on objects at any distance. As an object moves toward the
eye, the eye must increase its optical power to keep the image in focus on the retina. If the power of the cornea and
lens is insufficient, as in hyperopia, the image will appear blurred. Hyperopia, and restoring of vision with convex
lens. People with hyperopia can experience blurred vision and strabismus.
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FIGURE 7.12
Hyperopia, and restoring of vision with
convex lens.

Presbyopia

Presbyopia is the normal loss of accommodation power of the eye which occurs as a consequence of aging. It occurs
because the lens becomes sclerotic and less flexible and less able to bulge or accommodate for near vision. The
major symptom shows when the near point of vision has increased beyond 9 inches. It can be corrected by the use
of “reading glasses” worn only for close work and are removed when someone wants to see distance. Some people
prefer the use of bifocals, which use two different lenses in the top and bottom of the glasses.

Cataracts

A cataract is the clouding of the lens resulting from the buildup of proteins and epithelial cells. The lens relies
on the aqueous humor for its nutrition. Any loss of the nutrient source will lead to degeneration of the lens and
ultimately opacity of the lens. Cataracts make vision in dim light difficult because weaker beams of light cannot
pass through the cloudy spots making dim light vision or night vision difficult. Cataracts may occur with advancing
age, infection, exposure to sunlight and trauma. The lens may be surgically removed and a transplant completed.

Conjuctivitis

Conjunctivitis (also called pink eye) is inflammation of the conjunctiva (the outermost layer of the eye and the inner
surface of the eyelids). It is most commonly due to an infection (usually viral, but sometimes bacterial) or an allergic
reaction and is highly contagious. It is characterized by redness of the eye and extreme redness of the conjunctiva
resulting in itchy, watery eyes, with a noticeable increase in the mucous discharge. It is treated with antibiotics.
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Glaucoma

Glaucoma is an eye disease in which the optic nerve is damaged in a characteristic pattern. This can permanently
damage vision in the affected eye(s) and lead to blindness if left untreated. It is normally associated with increased
fluid, aquaous humor, pressure in the eye. The fluid causes excess pressure against the retina which reduces the
amount of blood reaching the retina. The reduced blood flow causes the degeneration of the retina resulting in
vision loss. Some of the symptoms may include a gradual loss of peripheral vision or tunnel vision. Blurred vision
and headaches may also occur. There may be halos seen around lights. It is treated with medications that help to
dilate the vessels to improve the drainage of the aqueous humor.

Macular Degeneration

Macular degeneration is the progressive degeneration of the central part of the retina or the macula which is necessary
for good vision. The exact cause is not known, but risk factors include age, cigarette smoking, and genetics. There
is no cure.

Strabismus

Strabismus or cross-eyed occurs when the eye cannot be coordinated. Strabismus is caused by paralysis, weakness,
or other abnormality affecting the external muscles of the eye. The cause is generally unknown. It may cause
diplopia (double vision) or other visual disturbances. Treatment may include patching the eye or corrective lenses.

Hearing the World

What do your ears do? Ears convert sounds into nerve impulses. The converted nerve impulses travel to the temporal
lobes where they stimulate the areas that are responsible for hearing. These areas of the cerebral cortex are called
the auditory cortex.

A noise or sound starts when an object vibrates (moves back and forth). The vibrating makes pressure waves in the
air. Have you ever felt a guitar string vibrate? Have you ever placed your finger on a ringing bell or on a piano while
someone plays it? Have you ever gently touched the speaker of a stereo while music was playing? If you have done
any of these things, you felt the vibrations that create pressure waves in the air. Those pressure waves are sound
waves.

Most species of animals do not make or hear sounds.

Did You Know?

Have you ever tossed a stone into water? Sound waves are somewhat like the ripples a stone causes when thrown in
water. The ripples move out from where the stone made the original splash. In a similar way, sound waves move out
from a vibrating source. A toy spring can also help you think about sound waves. Hold one end of the spring with
the other end on the ground. If you wiggle the end in your hand, waves move down the spring as it is compressed
and stretched. Like the waves in the spring, sound waves are compression waves. Air molecules tend to be evenly
spaced. But they can be pushed back and forth by something such as a vibrating stereo speaker. As the vibrating
speaker moves back and forth, it pushes air molecules together and then pulls them farther apart. This push and pull
of the air molecules creates a compression wave in the air.

Your outer ear canal is about 2.5 centimeters (1 inch) long.

Did You Know?

Parts of the Ear
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Look at the parts of the ear shown in Figure 7.6. The only part of your ear that you can see from the outside is the flap
(auricle) or pinna.The pinna is the part that surrounds the hole that goes into your skull. The pinna collects sound
waves and funnels them into the ear hole, which is the beginning of the auditory,ear, canal. This tube extends into
the temporal bone. It is lined with hair and wax-producing ceruminous glands which help protect the middle ear. It
directs sound waves to the tympanic membrane.At the end of each ear canal is the eardrum (tympanic membrane).
The tympanic membrane is a thin piece of skin stretched across the ear canal. Sounds traveling through the ear canal
make the eardrum vibrate.

Figure 7.6 The pinna and ear canal are parts of the outer ear.
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Figure 7.7 Sound waves move through the outer and middle ear to the inner ear, where they cause tiny hairs to wave
back and forth. These tiny hairs attach to sensors, which send nerve impulses to the brain.

Behind the eardrum is a space filled with air. This space is called the middle ear or tympanic cavity. The air that
fills the space comes from the back of your throat, up, and through your Auditory, Eustachian (yoo-STAY-shun)
tube. Three tiny bones called the malleus, incus, and stapes cross the middle ear from the back of the tympanic
membrane. These tiny bones move whenever the tympanic membrane moves. The bones carry vibrations from the
tympanic membrane to two tiny “windows” that lead into the inner ear, which is called the cochlea(KOH-klee-uh).
The inner ear is a coiled tube filled with fluid. A membrane lined with tiny hairs that are attached to sensors runs
down the center of the fluid-filled tube. The inner ear is divided into two areas, bony labyrinth and membranous
labyrinth. The bony labyrinth is made from carved out of your temperal bone and is filled with perilymph, a watery-
fluid, for the transmission of sound waves. The bony labyrinth surrounds and protects the membranous labyrinth.
The membanous labyrinth is divided into three regions - the vestibule, the semicircular canals, and the cochlea. The
vestibule is the chamber found between the cochlea and the semicircular canals. It helps the body to maintain
its static equilibrium or balancing the body when the body is not in motion. Attached to the cochlea are three
semicircular canals. The semicircular canals help the body maintain dynamic equilibrium, or balancing the body
when the body is in motion. The fluid moves inside the canals when you move and your brain interprets that
movement letting you balance. Because there is fluid in the semicircular canals, you get dizzy when you spin. The
fluid continues to move if you stop suddenly.

Attached to the cochlea is the Organ of Corti. The organ of corti vibrates, where at this point the sound vibrations
are converted to nerve impulses. The nerve impulses continue through the thalamus to the temporal lobe of the
brain where the sense of hearing is interpreted.

How Does Hearing Happen?

Why do deer and rabbits have such oversized ear flaps? Why do you cup your hands behind your ears when
you want to hear better?

Here are the steps in the hearing process.

a. Sound waves come into the ear, pass through the ear canal, and strike the eardrum. The eardrum vibrates in
response to the sound waves. In fact, it vibrates differently depending on the kind of sound. For example,
high-pitched sounds, such as a scream, cause the eardrum to vibrate very quickly. Low-pitched sounds, such
as a drum, cause the eardrum to vibrate very slowly.

b. The vibrations of the eardrum cause the hammer, anvil, and stirrup to move.
c. The stirrup attaches to a membrane-covered window leading to the inner ear. When the stirrup moves, it causes

the membrane over the window to move in and out.
d. Movements of the window cause the fluid of the inner ear to move. The cochlea is a long, curving tube. Down

the center of the tube is a flexible membrane lined with hairs attached to sensors. When fluid in the cochlea
moves, it causes the membrane to flex, which bends the sensor hairs. The sensors are sensitive to how much
the hairs bend. Loud sounds bend them more than soft sounds.

e. Sounds of different frequencies cause different sensors to bend. Some sensors code high-pitched sounds.
Other sensors code the low-pitched sounds. When the window to the cochlea moves in and out very fast,
the membrane in the cochlea tube flexes close to the window. This flexing causes sensors in the region to
bend. When sound has a lower pitch, the cochlear window moves in and out slower. The sensors farthest from
the window flex when the window moves in and out slowly. The sensors close to the window flex when the
window moves faster. So the sensors close to the window code high-pitched sounds (treble). And the sensors
farthest from the window code low-pitched sounds (bass).
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f. These sensors send impulses to the brain, where your auditory cortex interprets them as sound. Sensors
stimulated by high-pitched sounds (located close to the windows) send their nerve impulses to one area of the
hearing map in the auditory cortex. Sensors stimulated by low-pitched sounds send their nerve impulses to
another part of the hearing map on the auditory cortex.

How do you think the loudness of a sound is communicated to the auditory cortex?

Your two ears hear sounds coming from one direction at slightly different times. One ear hears the sound about 1
1,500

of a second sooner than the other ear does. Your brain interprets this difference as position. Another clue your brain
can use is a difference in the loudness of the sound arriving at your two ears. When a sound comes from the side,
your head acts as a sound barrier for the ear on the opposite side.

How Can loud Sounds Damage Your Ears?

Now we can explain how loud sounds, such as amplified music, can damage your ears. Do you remember the flexible
membrane running down the center of the fluid-filled cochlea? Do you remember also that depending on the pitch of
a sound, this membrane vibrates at different places along its length? At each place, tiny hairs move and send nerve
impulses to the brain. These sensor hairs are very fragile and can be damaged. Exposure to loud sound (more than
100 decibels) for long periods of time can damage hairs at specific places along the membrane, causing deafness to
specific frequencies of sound. Study the decibel scale on this page to compare the loudness of different sounds.

Figure 7.8 The sound of a particular frequency causes the cochlear membrane to flex at a specific point, which bends
sensory hairs.

TABLE 7.6:

Decibels Sound Source
130 40 kw siren (30 meters away)
125 Amplified music
120 Jet takeoff (80 meters away)
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TABLE 7.6: (continued)

Decibels Sound Source
110 Riveting machine, large circular saw
100 Subway train (7 meters away)
90 Low aircraft flying over
80 Pneumatic drill (15 meters away)
70 Vacuum cleaner (3 meters away)
60 Freeway traffic
50 Light traffic (30 meters away), in-home noise, urban

industrial area
40 In-home noise, urban residential area
30 In-home noise, quiet suburb
20
10
0

Threshold of hearing

Figure 7.9 Decibel scale for selected sources.

Protecting Your Hearing

Your hearing is very important to you. Put earplugs in your ears for a while and try to imagine what it would be
like to have to live all of the time with greatly reduced hearing. It would be difficult, and it would be dangerous.
Sometimes you may be able to hear danger coming before you can see it. We know how important our hearing is.
Even so, sometimes we don’t take very good care of it.

Sticky ear wax and tiny hairs protect your ears from dust and other particles that enter the outer ear. Your eardrum,
the tiny bones in your middle ear, and the sensor cells in your inner ear are all very delicate and can be damaged
easily. Poking things in your ear can damage your eardrum. Infections that come up your Eustachian tube from your
throat can damage your middle ear. Swimmers sometimes have trouble with middle ear infections because dirty
water gets into their mouths and up their Eustachian tubes.

Loud sounds can damage the middle ear bones and the sensors in the inner ear. People who work near jet engines
at the airport wear ear protectors because loud sounds made by the engines can cause ear damage. Rock music can
be as loud as jet engines. Many rock performers have damaged their hearing permanently. If you damage the sensor
cells in your inner ears, they are gone forever. It is a good idea to protect your ears from very loud sounds.

What is noise pollution? Give some examples of noise pollution in your environment, and rank them according to
how much they affect you. Are all sources of noise pollution the same for everyone? What can be done in your
community to reduce noise pollution?

What Do You Think?

Your brain can “filter out” sounds so that you can concentrate on what you want to hear. Suppose you are at a party
surrounded by people talking, loud music, and other sounds. Suddenly you hear your name. You can focus on just
that conversation so you hear only what they say about you and not much else. What happened? Your brain filters
what your ears are hearing. Your brain can switch your attention from all the party noises to the talk about you.
Amazingly, your brain filters most sensory messages without your knowing it’s happening.

Did You Know?

A Balancing Act

Did you ever wonder how you manage to stand, walk, and run upright on just two feet? After all, a chair with two
legs would fall over. Well, it’s a part of your ear that helps you maintain your balance. Two organs that are built into
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your ear, next to the cochlea, help you to keep your balance. One organ senses sudden changes in movement. This
organ is made of two little chambers. Lining the chambers are some sensory hairs that are embedded in thick stuff
inside the chamber. When your head moves suddenly, the thick stuff moves and bends the hairs. These sensors send
messages to the brain. The brain interprets these messages as movement. The other organ is called the semicircular
canals. The semicircular canals detect changes in the position of your head and spine. These three looping canals
are filled with fluid and lined with motion-sensitive hairs. Since each loop has a different orientation, the movement
of fluids in them changes when the head changes position. If you feel like you are spinning or dizzy, and you haven’t
been moving you could have vertigo.

• If you spin around in circles, you feel dizzy when you stop. Why?
• What is motion sickness? How does it relate to your ears?

When talking about the senses we typically think of the five senses. They are taste, smell, sight, hearing, and touch.
Expand your thinking a little and see how many other senses you can think of. Do library research to find examples
of animals that use different senses than we do. Write about how animals use different sources of information about
the environment than we do.

Hearing disorders

Deafness

There are two types of deafness; Conductive Deafness and Sensorineural Deafness. Conductive deafness is a
loss of hearing related to the impairment of the conduction of sound waves through the external and middle ear.
The major cause of conduction impairment is wax build-up, and others causes are foreign objects, tumors, and other
matter that block sound waves through the external or middle ear. Once the blockage is removed, the hearing problem
generally improves. A hearing aid may also help conductive deafness by boosting the sound volume reaching the
inner ear.

Sensorineural deafness or nerve impairment deafness results from damage to the nerves or to the Organ of Corti.
Hearing loss, or presbycusis, is a progressive hearing loss associated with degeneration of nerve tissue in the ear and
the vestibulocochlear nerve. A similar type of hearing loss can occur after chronic exposure to loud noises which
damage the receptors in the Organ of Corti. Cochlear implants may help improve hearing. Cochlear implants are
made from a receiver and an antenna and are implanted under the skin near the auricle and a small lead is fed through
the external auditory meatus, tympanic membrane, middle ear, and into the cochlea where the cochlear nerve can be
directly stimulated by electrical impulses from the receiver.

Middle Ear Infection

Middle ear infection or otitis media is an infection of the middle ear usually the result of a bacterial infection spread
from the mucous membrane of the pharynx through the auditory tube to the mucous lining of the middle ear. The
symptoms include fever, lethargy, irritability, and in younger infants, pulling on the affected ear. The tympanic
membrane is red and swollen. The infection may cause a temporary decrease or loss of hearing because the fluid
build-up has dampened the tympanic membrane or ossicles. If it is caused by bacterial infections, then the infection
is treated with antibiotics.
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Tinnitus

Tinnitus is the ringing or clicking in the ears. These noises may occur as a result of other ear disorders in the middle
or inner ear or along the central neuron pathways.

Review Questions

1. What role do sensors play in experiencing sensations?
2. How do you know what type of sensation you’re feeling?
3. What is the difference between rods and cones? What do they do?
4. In what ways does your eye work like a camera?
5. How does your ear capture sound?
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CHAPTER 8 Chapter 8 Immune System
Chapter Outline

8.1 LYMPHATIC SYSTEM

8.2 REFERENCES

The Immnune System will begin below with a summary of blood composition and types. The details of the specific
and non specific defense can be found under 8.1
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8.1 Lymphatic system

• Identify the components of the lymphatic system. (tonsils, spleen, thymus, lymph nodes, bone marrow, lymph
vessels)

• Describe how lymph is moved through the body.
• Contrast antigens and antibodies.
• Describe the general roles of T-cells and B-cells in the immune response.
• Distinguish between active and passive immunity, and natural vs. artificial acquisition of immunity
• Identify the following diseases or disorders associated with the lymphatic system. (AIDS, measles, mumps,

rubella, tetanus)

Lymphatic System

The lymphatic system, shown in Figure below , is a complex network of lymph nodes, lymph ducts, lymphatic
tissues, lymph capillaries and lymph vessels that extend the length of the body. It serves as a conduit for a fluid
called lymph. The lymphatic system is often called the secondary circulatory system.
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FIGURE 8.1

The lymphatic system has three related functions:

• The removal of excess fluids from body tissues.
• The absorption of fats, also known as fatty acids or lipids, and transport of fats to the cardiovascular system.
• The production of certain types of white blood cells, which aid in the body’s immune response.

Lymph originates as blood plasma that leaks from the capillaries of the cardiovascular system. This blood plasma
fills the space between individual cells of tissue where it becomes part of the interstitial fluid. Plasma is forced out
of the capillaries and forced back in due to interactions of hydrostatic pressure. While out of the blood capillaries,
the plasma increases the volume of the interstitial fluid. Most of the interstitial fluid is returned to the capillaries by
osmosis. The excess interstitial fluid is collected by the lymphatic system by diffusion into lymph capillaries, and
is processed by lymph nodes before to being returned to the circulatory system. Once within the lymphatic system
the fluid is called lymph, and has almost the same composition as the original interstitial fluid.

Fatty acids, also known as fats or lipids, are transported through the cardiovascular system differently than other
nutrients, such as proteins and sugars. Lipids are absorbed by cells in the villi of the small intestine where they form
a complex with protein molecules. These lipo-proteins are called chylomicrons. The chylomicrons are transported
via the lymphatic system and eventually rejoin the bloodstream to be processed by the liver.
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The lymphatic system is a major component of the immune system. The lymphatic system has many lymph
nodes. Lymph nodes are filters or traps for foreign particles and contain white blood cells. Human lymph
nodes are bean-shaped and range in size from a few millimeters to about 1 to 2 cm. White blood cells are located
within honeycomb structures of the lymph nodes. Lymph that moves through the lymph nodes is filtered so that
microorganisms and tissue debris are removed. Lymph nodes swell and feel sore when the body is infected due to
the increased production of white blood cells.

The spleen and tonsils are large lymphoid organs that serve similar functions to lymph nodes, though the spleen
filters blood cells rather than bacteria or viruses.

The tonsils are large lymphoid nodules located in the wall of the pharynx, and include the adenoids and palatine
tonsils. Since the mouth is a port of entry into the body for harmful organisms we breathe, as well as those found in
the food we eat, the tonsils help to destroy them.

The spleen is the largest collection of lymphatic tissue in the body. It is located in the LUQ (left upper quadrant),
lateral to the stomach. It has a deep red color because of all the blood it contains. It contains areas of white pulp
which resemble lymphoid nodules and red pulp which contain large quantities of blood. The spleen is able to filter
the blood and remove damaged or infected cells. It also helps to initiate the immune response when antigens are
detected in the blood. In addition, the spleen serves as a large blood reservoir.

An antigenis a foreign protein capable of initiating the immune response and the production of antibodies. An an-
tibody is a globular protein produced by the B-plasma cells which will bind to specific antigens to promote their
destruction or removal from the body.

FIGURE 8.2

LYMPHATIC CIRCULATION

Unlike the blood system, the lymphatic system is not closed and has no central pump. Lymph movement occurs
slowly with low pressure due to peristalsis, valves, and the squeezing action of skeletal muscles. Lymph travels
through lymph vessels that are similar to capillaries and veins. Lymph moves in one direction only, due to valves
in lymph vessels that are similar to the valves found in veins, shown in Figure above . The movement of lymph
depends on the movement of skeletal muscles to squeezing the lymph through them, especially near the joints.
Rhythmic contraction of the vessel walls through movements may also help draw fluid into the small lymphatic
capillaries. The lymph is then transported to progressively larger lymphatic vessels that drain into the circulatory
system at the right and left subclavian veins.
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LYMPHOCYTES

The cells of the adaptive immune system are special types of leukocytes, called lymphocytes. B cells and T cells are
the major types of lymphocytes and are derived from the bone marrow. B cells are involved in the humoral immune
response, whereas T cells are involved in cell-mediated immune response.

Both B cells and T cells carry receptor molecules that recognize specific targets. T cells recognize a "non-self"
target, such as a pathogen, only after antigens (small fragments of the pathogen) have been processed and presented
in combination with a "self" receptor called a major histocompatibility complex (MHC) molecule. There are two
major subtypes of T cells: the killer T cell and the helper T cell. Killer T cells only recognize antigens coupled
to Class I MHC molecules, while helper T cells only recognize antigens coupled to Class II MHC molecules. These
two mechanisms of antigen presentation reflect the different roles of the two types of T cell.

In contrast, the B cell antigen-specific receptor is an antibody molecule on the B cell surface, and recognizes whole
pathogens without any need for antigen processing. Each lineage of B cell expresses a different antibody, so the
complete set of B cell antigen receptors represent all the antibodies that the body can manufacture.

Killer T cells are a sub-group of T cells that kill cells that are infected with viruses (and other pathogens), or are
otherwise damaged or dysfunctional. As with B cells, each type of T cell recognizes a different antigen. When an
activated T cell contacts cells with the specific antigen, it releases cytotoxins, such as perforin, which form pores
in the target cell’s plasma membrane, allowing ions, water and toxins to enter. This causes target cell to die of
apoptosis. T cell killing of host cells is particularly important in preventing the replication of viruses.

FIGURE 8.3

The activation of a resting helper T cell causes it to release cytokines and other stimulatory signals (green arrows
above) that stimulate the activity of macrophages, killer T cells and B cells, and latter producing antibodies.

TYPES OF IMMUNITY

Newborn infants have no prior exposure to microbes and are particularly vulnerable to infection. Several layers of
passive protection are provided by the mother. During pregnancy, a particular type of antibody, called immunoglobin
G, is transported from mother to baby directly across the placenta, so human babies have high levels of antibodies
even at birth, with the same range of antigen specificities as their mother. Breast milk or colostrum also contains
antibodies that are transferred to the gut of the infant and protect against bacterial infections until the newborn can
synthesize its own antibodies. This is passive immunity because the fetus does not actually make any memory cells
or antibodies—it only borrows them. This passive immunity is usually short-term, lasting from a few days up to
several months. In medicine, protective passive immunity can also be transferred artificially from one individual to
another via antibody-rich serum.
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FIGURE 8.4

Long-term active memory is acquired naturally following infection by activation of B and T cells. Active
immunity can also be generated artificially, through vaccination. The principle behind vaccination (also called im-
munization) is to introduce an antigen from a pathogen in order to stimulate the immune system and develop specific
immunity against that particular pathogen without causing disease associated with that organism. This deliberate
induction of an immune response is successful because it causes natural immune system to fight the pathogen. With
infectious disease remaining one of the leading causes of death in the human population, vaccination represents the
most effective manipulation of the immune system mankind has developed.

HOMEOSTATIC IMBALANCE OF THE LYMPHATIC SYSTEM

In the disease known as elephantiasis, shown in Figure below , infection of the lymphatic vessels cause a thickening
of the skin and enlargement of the underlying tissues, especially in the legs and genitals. It is most commonly caused
by infection by parasitic roundworms.
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FIGURE 8.5

Lymphedema also causes abnormal swelling, especially in the arms and legs (though the face, neck, and abdomen
can also be affected). It occurs if the lymphatic system is damaged, or underdeveloped in some way. An estimated
170 million suffer with the disorder.

Lymphoma, or lymphatic cancer, is cancer of the lymphatic system. According to the American Cancer Society,
in 2007, lymphoma accounted for 4 percent of new cancer cases amongst men and women in the United States. In
lymphoma, cells of the lymphatic system grow abnormally. They divide too rapidly and grow without any order
or control. Because lymphatic tissue is present in many parts of the body, lymphoma can start almost anywhere.
Lymphoma may occur in a single lymph node, a group of lymph nodes, or, sometimes, in other parts of the lymphatic
system such as the bone marrow and spleen.

Acquired Immunodeficiency Syndrome (AIDS)

The major cause of AIDS is an infection by the human immunodeficiency virus (HIV) which infects the T-helper cells
resulting in the progressive destruction of cell mediated immunity by the T cells and eventually humoral (antibody)
immunity. The patient is susceptible to opportunistic infections such as Kaposi’s sarcoma and pneumocystis carnii
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pneumonia. This syndrome was first described in 1981 by the Centers for Disease Control. HIV is transmitted by
infected blood or body fluids, especially those which contain white blood cells, such as semen.

AIDS infection begins with infection by HIV which is only detectable by laboratory tests. At that time, the person
is diagnosed with HIV infection. Eventually there will be an appearance of symptoms, a diagnosis of AIDS (when
the T-helper cell [CD4 cell] drops below 200 cells per mm3. HIV infection is characterized by flu-like symptoms,
weight loss, fatigue, night sweats, and fevers.

There is no cure for AIDS. Antiviral therapy is available which does seem to control the virus for long periods. At
this time, however, there is no known cure.

Measles

Measles, also known as rubeola, is a highly contagious viral infection that may be one of the most dangerous of
all childhood infections. Measles is spread by direct contact or by contact with infected respiratory droplets.
Its incubation period is from one to two weeks. Signs and symptoms include fever, photophobia, malaise,
anorexia, conjunctivitis, coryza, hoarseness, cough, and Koplik’s spots. Koplik’s spots appear as bluish white
specks surrounded by a red halo and are the definitive signs of measles. They appear in the mouth and may bleed.
Severe infections may lead to pneumonia and encephalitis. Use of the measles vaccine has reduced the incidence of
measles in children, but there are more adolescents being diagnosed with the disease. Measles is a major cause of
death in children worldwide.

Mumps

Mumps is a viral infection affecting the parotid salivary glands. It is common in children. Recovery is good,
although it may cause sterility or meningitis. The virus is transmitted by droplets or direct contact. Signs and
symptoms include fatigue, headache, low-grade fever, difficulty chewing, and earache, which are followed by parotid
gland swelling. The use of vaccines has reduced the incidence in the United States.

Rubella

Rubella, or German measles, is a mildly contagious viral infection which produces a three day rash and swelling of
the lymph nodes. The rubella virus is transmitted contact with contaminated body fluids or articles of clothing. The
signs and symptoms include headache, fever, fatigue, lymph node enlargement, and red maculopapular rash. The
rash typically begins on the face and spreads rapidly over the body, but disappears after about three days. Rubella
has devastating consequences on a growing fetus and may cause blindness, heart problems, and/or deafness. The
spread of rubella in the United States has been controlled by the use of vaccines.

Tetanus

Tetanus, also known as lockjaw, is a bacterial infection. It is generally systemic and is fatal in over 50%
of unimmunized people. Transmission of the bacteria generally begins when a person is walking through
contaminated dirt and receives a puncture wound. The exotoxins produced by tetanus enter the body and cause
local infection and tissue death. There are painful, involuntary muscle contractions of the face, neck, and back.
Seizures can also occur. Treatment requires the use of the tetanus antitoxin and may need respiratory support until
antibiotics can control the infection.

Lesson Objectives

• List the main parts of blood.
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• Identify three functions of blood.
• Name the oxygen-carrying protein found in red blood cells.
• Identify the main function of white blood cells.
• Describe the importance of the ABO blood system.
• Identify three blood disorders or diseases.

Check Your Understanding

• What is the main function of the blood?
• What is the role of oxygen in aerobic (cellular) respiration?

Vocabulary

• ABO blood type system
• antibody
• blood clotting
• fibrin
• hemoglobin
• hemophilia
• leukemia
• lymphoma
• platelets
• red blood cells
• sickle cell disease
• universal donor
• universal recipient
• white blood cells

Components of Blood

Did you know that blood is a tissue? Blood is a fluid connective tissue that is made up of red blood cells, white blood
cells, platelets, and plasma. The different parts of blood have different roles.

Some of the roles of blood include:

• The defense of the body against diseases.
• The movement of chemical messages, such as hormones and hormone-like substances.
• The control of body temperature.
• The repair of damage to body tissues.

Plasma

If you were to filter out all the cells in blood, plasma is what would be left over. Plasma is the golden-yellow liquid
part of the blood. Plasma is about 90 percent water and about 10 percent dissolved proteins, glucose, ions, hormones,
and gases. Blood is made up mostly of plasma.

Red Blood Cells

Red blood cells (RBCs) (also known as Erythrocytes) are flattened, disk-shaped cells that carry oxygen. They are
the most common blood cell in the blood. There are about 4 to 6 million RBCs per cubic millimeter of blood. Each
RBC has 200 million molecules of hemoglobin. Hemoglobin is the protein that carries oxygen. Hemoglobin also
gives the RBCs their red color.
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Red blood cells are made in the red marrow of long bones, ribs, skull, and vertebrae. Each red blood cell lives for
only 120 days (about four months). After this time, they are destroyed in the liver and spleen. Mature RBCs do not
have a nucleus or other organelles.

White Blood Cells

White blood cells (WBCs) (also known as Leukocytes) are usually larger than red blood cells. They have a nucleus
but do not have hemoglobin. White blood cells make up less than one percent of the blood’s volume. Most WBCs
are made in the bone marrow, and some mature in the lymphatic system. WBCs defend the body against infection
by bacteria, viruses, and other diseases. There are different WBCs with different jobs.

• Neutrophils can squeeze through capillary walls and swallow particles such as bacteria and parasites.
• Macrophages can also swallow and destroy old and dying cells, bacteria, or viruses. Macrophages also release

chemical messages that cause the number of WBCs to increase.
• Lymphocytes fight infections caused by viruses and bacteria. Some lymphocytes attack and kill cancer cells.

Lymphocytes called B-cells make antibodies. An antibody is a protein that finds harmful antigens and
destroys them.

Major Groups of Leukocytes

The two major groups of leukocytes include granulocytes and agranulocytes. The leukocytes fall into groups based
on the presence or absence of granules in the cytoplasm. There are three types of granulocytes, distinguished by their
appearance.

Other white blood cells that are not granulocytes ("agranulocytes") are mainly lymphocytes and monocytes

• Monocytes are a type of white blood cell and are part of the innate immune system
• Lymphocytes are white blood cells that are part of the active immune system. The three major types of

lymphocyte are T cells, B cells and natural killer (NK) cells. Lymphocytes can be identified by their large
nucleus.

• – Platelets (also know as Thrombocytes) are very small, but they are very important in blood clotting.
Platelets are not cells. They are sticky little pieces of larger cells. Platelets bud off large cells that stay
in the bone marrow. When a blood vessel gets cut, platelets stick to the injured areas. They release
chemicals called clotting factors, which cause proteins to form over the wound. This web of proteins
catches RBCs and forms a clot. This clot stops more blood from leaving the body through the cut blood
vessel. The clot also stops bacteria from entering the body. Platelets survive in the blood for 10 days
before they are removed by the liver and spleen.

Transport of Chemical Messages

The blood also acts as a messenge delivery service, like a post office. Chemical messengers called hormones are
carried and brought to cells by the blood.

Control of Body Temperature

How do your blood vessels control your body temperature? Your blood also moves heat around your body. When
your brain senses that your body temperature is increasing, it sends messages to the blood vessels in the skin to
increase in diameter. Increasing the diameter of the blood vessels increases the amount of blood and heat that moves
near the skin surface. The heat is then released from the skin. What do you think your blood vessels do when your
body temperature is decreasing?
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Blood Clotting

Blood clotting ( Hemostasis) is a complex process by which blood forms solid clots. As discussed above, clotting
is important to stop bleeding and begin the repair of damaged blood vessels. Blood clotting disorders can lead to an
increased risk of bleeding or clotting inside a blood vessel. Platelets are important for the proper clotting of blood.

Clotting is started almost immediately when an injury damages the inside lining of a blood vessel. The steps involved
in clotting are described below:

1. Vascular Spasm

Vascular spasm occurs when an arteriole or venule is broken or has been cut. The smooth muscles in the blood
vessel wall are stimulated to contract and the blood loss is decreased almost immediately. The reflex response may
last only a few minutes, but the effect will last for around 30 minutes. Serotonin, a chemical released by the platelets,
also stimulates the blood vessel walls to contract.

2. Platelet Plug Formation

Platelets tend to stick to the exposed ends (collagen) of injured blood vessels. Actually, platelets stick to any rough
surface which makes internal blood clotting possible. When the platelets come into contact with the collagen, their
shapes actually change and many spiny processes begin to extend from their membranes. At the same time, the
platelets stick to each other to form a platelet plug in the blood vessel break.

1. 3. Coagulation

Coagulation is the actual formation of a blood clot. It is the most effective of all hemostatic mechanisms. There are
two mechanisms associated with blood clotting – the intrinsic mechanism and the extrinsic mechanism. The intrinsic
mechanism is triggered by the release of chemical substances from the platelets while the extrinsic mechanism is
triggered by the release of chemical substances released from the damaged blood vessels and tissues. The process
of coagulation depends on the presence of clotting factors (blood proteins produced by the liver) as well as calcium
ions in the blood. The basic event in blood coagulation is the conversion of the soluble plasma protein fibrinogen
to relatively insoluble threads of protein fibers. These form a strong netting over the blood vessel to hold the ends
together while healing occurs.

Certain nutrients are needed for the clotting system to work properly. Two of these are calcium and vitamin K.
Bacteria that live in your intestines make enough vitamin K, so you do not need to eat extra vitamin K in your food.

Some blood clotting is unwanted. A thrombus is a blood clot that has formed abnormally in a blood vessel. A
thrombus may be life-threatening because the clot may occlude a blood vessel and stop the blood supply to an organ
or body part. Predisposing factors for thrombi include heart and blood vessel disorders, atherosclerosis, obesity,
heredity, age, immobility, smoking, and the use of oral contraceptives. Treatment of thrombi includes the use of
anticoagulants and sometimes bedrest. When a thrombus becomes dislodged or fragmented and is carried away
from the original site by the flow of blood it is called an embolus. The embolus will travel until it reaches a
narrow blood vessel where it becomes lodged and obstructs blood flow distal to the blockage. Emboli may be solid,
liquid, or gas. They may consist of tissue, tumor cells, globules of fat, air bubbles, clumps of bacteria, and foreign
bodies. Emboli typically affect four organs – the heart, lungs, brains, and the kidneys. Treatment includes the use of
anticoagulants and basket filters to try to trap the emboli.

Blood Types

Do you know what your blood type is? Maybe you have heard someone say that they some Type A or Type O blood.
Blood type is a way to describe the type of antigens, or proteins, on the surface of red blood cells (RBCs). There are
four blood types; A, B, AB, and O.
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1. Type A blood has type A antigens on the RBCs in the blood.
2. Type AB blood has A and B antigens on the RBCs.
3. Type B has B antigens on the RBCs.
4. Type O does not have any antigens.

The ABO blood group system is important if a person needs a blood transfusion. A blood transfusion is the process
of putting blood or blood products from one person into the circulatory system of another person. Blood also has
different types of antibodies, or proteins released by the blood cells that attack other strange substances or diseases
in the body. Different blood types have different antibodies (see chart below). What type of antibodies do people
with Type O blood produce? Anti-A and anti-B antibodies. This means that if a person with type O blood received
type A blood, the anti-A antibodies in the person’s blood would attack the A antigens on the RBCs in the donor
blood. The antibodies would cause the RBCs to clump together, and the clumps could block a blood vessel. This
clumping of blood cells could cause death.

The Rhesus System

The second most important blood group system in human blood is the Rhesus (Rh) system. The Rh factor refers to
the presence or absence protein D on the membranes of the erythrocytes. Rh+ refers to the presence of protein D on
the erythrocyte membrane. Rh- refers to the absence of protein D on the erythrocyte membrane.

Blood Donors

Recall that people with type O blood do not have any antigens on their RBCs. As a result, type O blood can be given
to people with blood types A, B, or AB. If there are no antigens on the RBCs, there cannot be an antibody reaction
in the blood. People with type O blood are often called universal donors.

The blood plasma of AB blood does not contain any anti-A or anti-B antibodies. People with type AB blood can
receive any ABO blood type. People with type AB positive blood are called universal recipients because they can
receive any blood type. The antigens and antibodies that define blood type are listed in Table below .

TABLE 8.1: Blood Types, Antigens, and Antibodies

Blood Types, Anti-
gens, and Antibod-
ies
Blood type Antigen type Plasma antibodies Can receive blood

from types
Can donate blood
to types

A A anti-B A,O A, AB
B B anti-A B,O B, AB
AB A and B none AB, A, B, O AB
O none anti-A, anti-B O AB, A, B, O

Blood Diseases

Problems can occur with red blood cells, white blood cells, platelets, and other parts of the blood. Many blood
disorders are genetic, meaning they are inherited from a parent. Some blood diseases are caused by not getting
enough of a certain nutrient, while others are cancers of the blood.
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Sickle-Cell Disease

Sickle-cell disease is a blood disease that is caused by abnormally-shaped blood protein hemoglobin. Many of the
RBCs of a person with sickle cell disease are long and curved (sickle-shaped). The long, sickle-shaped RBCs can
have damaged cell membranes, which can cause them to burst. The long shape of the cells can cause them to get
stuck in narrow blood vessels. This clotting means that oxygen cannot reach the cells. People with sickle-cell disease
are most often well, but can occasionally have painful attacks. The disease is not curable, but can be treated with
medicines.

There is an advantage, however, to sickle-cell disease. People who are carriers for the sickle cell gene, or who are
heterozygous, are resistant to severe malaria. See the Genetics chapter for further information.

Anemia

Anemia is a disease that occurs when there is not enough hemoglobin in the blood to carry oxygen to body cells.
Hemoglobin normally carries oxygen from the lungs to the tissues. Anemia leads to a lack of oxygen in organs.

Anemia is usually caused by one of the following:

• A loss of blood from a bleeding wound or a slow leak of blood.

• Hemorrhagic anemia is caused by a decrease in the amount of circulating erythrocytes lost because of hemor-
rhage or bleeding. The blood loss may be acute such as with a trauma or surgery or chronic such as blood loss
associated with ulcers. Blood transfusions and IV fluids are successful to replace lost blood. It is important to
prevent shock which may lead to death.

• The destruction of RBCs.

• Hemolytic anemia results from the abnormal destruction of erythrocytes. The cause of the hemolytic anemia
must be determined before the appropriate treatment can be administered.

• A lack of RBC production.
• – Aplastic anemia is characterized by the inability of the red bone marrow to produce erythrocytes which

have been destroyed due to toxic chemicals and anti-cancer drugs. Bone marrow transplants or stem
cell transplants are effective treatments. Transfusions are helpful in relieving short-term relief from the
anemia symptoms.

Pernicious anemia occurs when there is a dietary deficiency of vitamin B12 or the loss of the intrinsic factor from the
lining of the stomach which prevents the absorption of vitamin B12. Not only is the number of erythrocytes reduced,
but those cells that are produced are abnormally large and have fragile cell membranes. It is treated with injections
of vitamin B12.

Anemia may not have any symptoms. Some people with anemia feel weak or tired in general or during exercise.
They also may have poor concentration. People with more severe anemia often get short of breath during activity.
Iron-deficiency anemia is the most common type of anemia. It occurs when the body does not receive enough
iron.The erythrocytes made are smaller and paler than normal red cells. Treatment includes iron supplements taken
with vitamin C to improve the absorption of iron in the intestines.

Since there is not enough iron, hemoglobin, which contains iron, cannot be made.

In the United States, 20 percent of all women of childbearing age have iron deficiency anemia, compared with only
2 percent of adult men. The most common cause of iron deficiency anemia in young women is blood lost during
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menstruation. Iron deficiency anemia can be avoided by getting the recommended amount of iron in one’s diet.
Anemia is often treated or prevented by taking iron supplements.

Boys and girls between the ages of 9 and 13 should get 9 mg of iron every day. Girls between the ages of 14 and
18 should get 15 mg of iron every day. Boys between the ages of 14 and 18 should get 11 mg of iron every day.
Pregnant women need the most iron —27 mg daily.

Good sources of iron include shellfish, such as clams and oysters. Red meats, such as beef, are also a good source of
iron. Non-animal sources of iron include seeds, nuts, and legumes. Breakfast cereals often have iron added to them
in a process called fortification. Some good sources of iron are listed in Table below . Eating vitamin C along with
iron-containing food increases the amount of iron that the body can absorb.

TABLE 8.2: Sources of Iron

Sources of Iron
Food Milligrams (mg) of Iron
Canned clams, drained, 3 oz 23.8
Fortified dry cereals, about 1 oz 1.8 to 21.1
Roasted pumpkin and squash seeds, 1 oz 4.2
Cooked lentils, 1

2 cup 3.3
Cooked fresh spinach, 1

2 cup 3.2
Cooked ground beef, 3 oz 2.2
Cooked sirloin beef, 3 oz 2.0

Hemolytic disease of the newborn is also known as erythroblastosis fetalis. This disease occurs in the fetus if the
fetus is Rh+ while the mother is Rh-. During the first pregnancy, the mother will form antibodies against the Rh+
blood. Since the antibodies have only formed, they do not cross the placenta and harm the fetus’ blood. If a second
Rh+ pregnancy occurs, the antibodies have already been made, now cross through the placenta and begin to destroy
the Rh+ red blood cells. The result is a reduction in the number of circulating red blood cells in the fetus as well
as jaundice due to the accumulation of bilirubin in the skin. The Rh- mother must receive an injection of Rhogam
after every Rh+ pregnancy in order to destroy the antibodies that have been made against the Rh+ blood. The fetus
may require transfusions and light therapy.

Leukemia

Leukemia is a cancer of the blood or bone marrow. It is characterized by an abnormal production of blood cells,
usually white blood cells. Lymphoma is a type of cancer in white blood cells called lymphocytes.There are many
types of lymphoma. Leukemia is characterized by the overproduction of immature white blood cells, which are
released prematurely into the circulation. In contrast to popular belief, more adults are afflicted with this disease
than children. The causes are unknown. The large number of immature leukocytes reduce the production of
erythrocytes and platelets The symptoms include increased susceptibility to infection because of the immature white
blood cells; fatigue, pallor, and anemia due to a decrease in the number of circulating red blood cells; and increased
bruising due to reduced numbers of platelets. Treatment typically includes transfusions, bone marrow transplants,
and chemotherapy.

Hemophilia

Hemophilia is the name of a group of sex-linked hereditary diseases that affect the body’s ability to control blood
clotting. Hemophilia is caused by a lack of blood clotting factor VIII in the blood.As a result, the intrinsic pathway
cannot complete its set of chemical reactions and the enzyme thromboplastin is not made. As a result, fibrinogen
cannot be converted to fibrin and the blood cannot clot. This disease appears almost exclusively in males, due to the
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fact that they only have one X-chromosome. The most common signs include excessive bruising, nosebleeds, and
bleeding into the joints. The disease is treated by injecting the missing blood clotting factor, or factor VIII into the
blood. Since people with hemophilia cannot produce clots, any cut can put a person at risk of bleeding to death. The
risk of internal bleeding is also increased in hemophilia, especially into muscles and joints.

Mononucleosis, or infectious mononucleosis, is a noncancerous leukocyte disorder caused by a virus. This virus
is typically transmitted in the saliva and is nicknamed the "kissing disease." Unlike its name seems to suggest,
the affected leukocyte is actually a lymphocyte. Signs and symptoms include extreme fatigue, sore throat, rash,
enlargement of cervical lymph nodes, and splenomegaly. It typically resolves itself with four to six weeks.

Polycythemia is an excessive number of erythrocytes. This disease is caused by an overproduction of blood cells
within the body. The result is viscous (thick) blood which flows slowly through the blood vessels. The person
is at increased risk for heart attack and stroke due to the formation of blood clots within the blood. The cause is
unknown. Treatment includes phlebotomy to remove excess blood as well as medications to try to reduce the

Lesson Summary

• Blood is a fluid connective tissue that contains red blood cells, white blood cells, platelets, and plasma.
• The red blood cells give blood its red color.
• Blood carries oxygen and nutrients to body cells and carries wastes away. It also helps to maintain body

temperature and to carry chemical messengers called hormones around the body.
• Hemoglobin is the oxygen-carrying protein that is found in red blood cells.
• White blood cells defend the body against infection by bacteria, viruses and other pathogens.
• Blood type is determined by the presence or absence of certain molecules, called antigens, on the surface of

red blood cells (RBCs).
• There are four blood types; A, B, AB, and O.
• If a person receives the wrong blood type, antibodies in the recipient’s blood will attack the antigens on the

RBCs in the donor blood.
• Sickle-cell disease is a blood disease that is caused by abnormally-shaped hemoglobin, and important blood

protein.
• Anemia is a disorder caused by a lack of hemoglobin in the blood.

Review Questions

Recall

1. What types of cells are found in blood?

2. What is the liquid part of blood called?

3. What is the function of platelets?

4. Identify one other function of blood other than bringing oxygen to body cells.

5. What is the oxygen-carrying protein found in red blood cells?

6. Identify two ways that white blood cells defend the body from infection.

7. Identify three blood disorders or diseases.

8. Identify two good sources of iron in the diet.

Apply Concepts

9. How are the red blood cells of the different blood groups different?

10. Why are people with type O blood called "universal donors?"
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11. Why are people with type AB blood called "universal recipients?"

12. What is a common cause of anemia in young people?

Critical Thinking

13. How can the shape of the hemoglobin protein in a person with sickle-cell disease affect other body systems?

Further Reading / Supplemental Links

• http://www.nhlbi.nih.gov/health/dci/Diseases/Sca/SCA_WhatIs.html
• http://www.leukemia-lymphoma.org/all_page?item_id=7026
• http://en.wikipedia.org/wiki

Points to Consider

• Why do you think the blood in veins not under pressure?
• How might your diet affect your cardiovascular system?
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9.1 MAP Unit 7: Endocrine System

• Identify general problems and diseases associated with the endocrine system.

What’s a hormone?

This messenger pigeon is delivering a letter, making sure it gets to where it needs to go. It could be said that hormones
are chemical messengers, and they originate from the endocrine system. The nervous system isn’t the only message-
relaying system of the human body. The endocrine system also carries messages. The endocrine system is a system
of glands that release chemical messenger molecules into the bloodstream. The messenger molecules are hormones.
Hormones act slowly compared with the rapid transmission of electrical messages by the nervous system. They must
travel through the bloodstream to the cells they affect, and this takes time. On the other hand, because endocrine
hormones are released into the bloodstream, they travel throughout the body. As a result, endocrine hormones can
affect many cells and have body-wide effects.

General Functions of the Endocrine System

The endocrine system is responsible for coordinating and regulating body cells, tissues, organs, and systems to
maintain homeostasis by secreting chemicals known as hormones. Unlike the nervous system, the effects of the
endocrine system are sustained and work for longer periods of time. The endocrine system works primarily on
negative feedback mechanisms.
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Glands of the Endocrine System

The major glands of the endocrine system are shown in Figure 9.1. You can access a similar, animated endocrine
system chart at the link below. http://www.abpischools.org.uk/page/modules/hormones/horm2.cfm

FIGURE 9.1
The glands of the endocrine system are the same in males and females
except for the testes, which are found only in males, and ovaries, which
are found only in females.

Hypothalamus

The hypothalamus is actually part of the brain (see Figure 9.2), but it also secretes hormones. Some of its hormones
that “tell” the pituitary gland either to secrete or to stop secreting its hormones. In this way, the hypothalamus
provides a link between the nervous and endocrine systems. The hypothalamus also produces hormones that directly
regulate body processes. These hormones travel to the pituitary gland, which stores them until they are needed. The
hormones include antidiuretic hormone and oxytocin.

• Antidiuretic hormone stimulates the kidneys to conserve water by producing more concentrated urine.
• Oxytocin stimulates the contractions of childbirth, among other functions.

FIGURE 9.2
The hypothalamus and pituitary gland are
located close together at the base of the
brain.
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Pituitary Gland

The pea-sized pituitary gland is attached to the hypothalamus by a thin stalk (see Figure 9.2). It consists of two
bulb-like lobes. The posterior (back) lobe stores hormones from the hypothalamus. The anterior (front) lobe secretes
pituitary hormones. Several pituitary hormones and their effects are listed in Table 9.1. Most pituitary hormones
control other endocrine glands. That’s why the pituitary is often called the “master gland” of the endocrine system.

TABLE 9.1: Pituitary Hormones

Hormone Target Effect(s)
Adrenocorticotropic hormone
(ACTH)

Adrenal glands Stimulates the cortex of each
adrenal gland to secrete its
hormones

Thyroid-stimulating hormone
(TSH)

Thyroid gland Stimulates the thyroid gland to se-
crete thyroid hormone

Growth hormone (GH) Body cells Stimulates body cells to synthesize
proteins and grow

Follicle-stimulating hormone
(FSH)

Ovaries, testes Stimulates the ovaries to develop
mature eggs; stimulates the testes to
produce sperm

Luteinizing hormone (LH) Ovaries, testes Stimulates the ovaries and testes
to secrete sex hormones; stimulates
the ovaries to release eggs

Prolactin (PRL) Mammary glands Stimulates the mammary glands to
produce milk

Other Endocrine Glands

Other glands of the endocrine system are described below. You can refer to Figure 9.1 to see where they are located.

• The thyroid gland is a large gland in the neck. Thyroid hormones, called thyroxine, increase the rate of
metabolism in cells throughout the body. They control how quickly cells use energy and make proteins.

• The two parathyroid glands are located behind the thyroid gland. Parathyroid hormone helps keep the level
of calcium in the blood within a narrow range. It stimulates bone cells to dissolve calcium in bone matrix and
release it into the blood.

• The pineal gland is a tiny gland located at the base of the brain. It secretes the hormone melatonin. This
hormone controls sleep-wake cycles and several other processes.

• The pancreas is located near the stomach. Its hormones include insulin and glucagon. These two hormones
work together to control the level of glucose in the blood. Insulin causes excess blood glucose to be taken
up by the liver, which stores the glucose as glycogen. Glucagon stimulates the liver to break down glycogen
into glucose and release it back into the blood. The pancreas also secretes digestive enzymes into the digestive
tract.

• The two adrenal glands are located above the kidneys. Each gland has an inner and outer part. The outer part,
called the cortex, secretes hormones such as cortisol, which helps the body deal with stress, and aldosterone,
which helps regulate the balance of minerals in the body. The inner part of each adrenal gland, called the
medulla, secretes fight-or-flight hormones such as Epinephrine (also known as adrenaline). Epinephrine
has many functions in the body, regulating heart rate,blood vessel and air passage diameters, and metabolic
shifts; epinephrine release is a crucial component of the fight-or-flight response of the sympathetic nervous
system. Norepinephrine, or noradrenaline, prepares the body to respond to emergencies. For example,
norepinephrine increases heart rate which increases the amount of oxygen and glucose going to the muscles.
You can see an animation of this response at the link below.
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http://www.abpischools.org.uk/page/modules/hormones/horm8.cfm?coSiteNavigation_allTopic=1

• The gonads secrete sex hormones. The male gonads are called testes. They secrete the male sex hormone
testosterone. The female gonads are called ovaries. They secrete the female sex hormone estrogen. Sex
hormones are involved in the changes of puberty. They also control the production of gametes by the gonads.

Use the link below to locate the glands and organs of the endocrine system:

http://www.ck12.org/biology/Nervous-and-Endocrine-Systems/enrichment/Endocrine-System-Structure-and-Function
—Overview/

Types of Homeostatic Regulation in the Body

TABLE 9.2:

Homeostatic Processes Hormones and Other
Messengers

Tissues, Organs and Or-
gan Systems Involved

Osmoregulation (also
called excretion)

Excess water, salts, and
urea expelled from body

Antidiuretic hormone
(ADH), aldosterone,
angiotensin II, carbon
dioxide

Kidneys, urinary bladder,
ureters, urethra (urinary
system), pituitary gland
(endocrine system), lungs
(respiratory system)

Thermoregulation Sweating, shivering, dila-
tion/constriction of blood
vessels at skin surface, in-
sulation by adipose tissue,
breakdown of adipose tis-
sue to produce heat

Nerve impulses Skeletal muscle (muscu-
lar system), nerves (ner-
vous system), blood ves-
sels (cardiovascular sys-
tem), skin and adipose
tissue (integumentary sys-
tem), hypothalamus (en-
docrine system)

Chemical Regulation
(including glucoregula-
tion)

Release of insulin and
glucagon into the blood
in response to rising and
falling blood glucose lev-
els, respectively; increase
in breathing rate in re-
sponse to increases car-
bon dioxide levels in the
blood, and release of car-
bon dioxide into exhaled
air from lungs, secretion
of erythropoietin by kid-
neys to stimulate forma-
tion of red blood cells

Insulin, glucagon, corti-
sol, carbon dioxide, nerve
impulses, erythropoietin
(EPO)

Pancreas (endocrine
system), liver (digestive
system); adrenal glands
(endocrine system) lungs
(respiratory system),
brain (nervous system),
kidneys (urinary system)

B. Stress - Stress is an imbalance in the body’s internal environment. A stressor is something that causes stress and
may be physical (illness or injury), emotional (such as bipolar disorder or obsessive compulsive disorder), metabolic
(starvation), or environmental (heat, cold). Stressors may be further classified as external or internal.

1. External stressors: heat, cold, noise. light, exercise

2. Internal stressors: pain, tumors, hypertension, chemicals
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A. Components of Feedback Mechanisms - Feedback mechanisms function continuously to monitor the level of
chemicals, molecules, gases, pressure, pH, nutrients, glucose, water, temperature, and other vital parameters. The
feedback model contains the following components:

1. Stimulus - Any stress that changes a controlled condition.

2. Receptor - Monitors changes in the controlled condition and sends information (Input) to the control center.

3. Control Center - An area in the body that receives information about the status of a controlled condition
from
a receptor and determines an appropriate course of action.

4. Effector - Receives information from the control center and produces a response.

5. Response - The action of the effector.

B. Types of Feedback Mechanisms

1. Negative Feedback Mechanisms (Inhibitory)

The reaction of the body (output) counteracts the stress (input) in order to restore homeostasis. Simply stated,
negative feedback mechanisms reverse the effects of the change. EXAMPLE: Blood Glucose. Blood glucose
normally ranges between 80 milligrams and 120 milligrams in a blood sample. When we eat, our blood sugar
rises above normal levels. This causes insulin to be released from the pancreas to facilitate the movement of glucose
from the blood and into the body cells. The blood sugar level drops back to the normal. Examples of other negative
feedback mechanisms include regulation of blood pressure, body temperature, and water balance. Watch this video
clip from YouTube called Homeostasis: Negative Feedback found at the link http://www.youtube.com/watch?v=Y
QMgV9pkwwA.

FIGURE 9.3

2. Positive Feedback Mechanisms (Stimulatory)

The reaction of the body (output) is stimulated or intensified by the input. In other words, the response enhances
the stimulus. EXAMPLE: Breast feeding shows the hormonal control of milk let-down by a suckling infant. Other
non-lethal examples of positive feedback mechanisms include labor contractions and blood clotting.

Watch a video clip found on You Tube called Postive Feedback found at http://www.youtube.com/watch?v=fANoQ
HFsj-g to help you understand this concept.
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HOMEOSTASIS GONE WRONG

What happens when homeostasis is disrupted? The state of homeostasis is very important for the body. All the
chemical reactions and the metabolic processes are carried it perfectly if homeostasis is maintained. The disturbance
in the homeostasis invites diseases, fatigue and can endure longterm consequences if not treated properly.

Read the following article about concussions found at http://discoverer.prod.sirs.com/discoweb/disco/do/article?ur
n=urn%3Asirs%3AUS%3BARTICLE%3BART%3B0000352157 to see how disruptions in the nervous system
affect the body.
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10.1 Urinary System: structures and functions

• Explain how the urinary system filters blood and excretes wastes.

How is it determined what’s waste and what’s not?

Shown above is a major process of maintaining homeostasis. Getting rid of waste and excess water. Such a basic
process is actually very complex. It involves an intricate exchange of material through the kidney.

Urinary System

The kidneys are part of the urinary system, which is shown in Figure 10.1. The main function of the urinary
system is to filter waste products and excess water from the blood and excrete them from the body. This process
regulates the composition and volume of the blood by removing and restoring selected amounts of water and solutes.
Which helps maintain blood pressure by controlling plasma volume of the blood. The urinary system excretes water,
nitrogenous wastes from protein catabolism, inorganic salts, and assists in eliminating heat and carbon dioxide. The
removal of carbon dioxide helps to regulate the blood’s pH. A function of the urinary system that is sometimes
overlooked is how it helps in metabolic processes. When carbohydrates are in short supply the body produces
glucose through gluconeogenesis during times of starvation. The urinary system secretes erythropoietin to stimulate
production of red blood cells and participates in the synthesis of calcitriol (the active form of vitamin D).

Kidneys and Nephrons

The kidneys are a pair of bean-shaped organs just above the waist. A cross-section of a kidney is shown in Figure
10.2. The function of the kidney is to filter blood and form urine. Urine is the liquid waste product of the body that
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FIGURE 10.1
The kidneys are the chief organs of the
urinary system.

is excreted by the urinary system. Nephrons are the structural and functional units of the kidneys. A single kidney
may have more than a million nephrons!

The kidney and nephron are discussed at http://www.youtube.com/user/khanacademy#p/c/7A9646BC5110CF64/57/
cc8sUv2SuaY (18:38).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/233

Additional information about the nephron is shown at http://www.youtube.com/user/khanacademy#p/c/7A9646BC
5110CF64/58/czY5nyvZ7cU .

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/234
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FIGURE 10.2
Each kidney contains important struc-
tures that make it work properly.

Filtering Blood and Forming Urine

As shown in Figure 10.3, each nephron is like a tiny filtering plant. It filters blood and forms urine in the following
steps:

1. Filtration: Blood enters the kidney through the renal artery, which branches into capillaries. When blood
passes through capillaries of the glomerulus of a nephron, blood pressure forces some of the water and
dissolved substances in the blood to cross the capillary walls into Bowman’s capsule. The picture below
shows that this occurs in the renal corpuscle of the kidney. Large molecules, such as plasma proteins and red
blood cells, are not filtered out of the blood.

2. Reabsorption: The filtered substances pass to the renal tubule of the nephron. In the renal tubule, some
of the filtered substances are reabsorbed and returned to the bloodstream. about 99% of the substances are
reabsorbed and moved out of the tubule and enter the blood of the peritubular capillary. This is carried out by
both active and passive transport. The materials commonly reabsorbed include; water, glucose, amino acids,
urea, and ions sucha as Na+, K+, Ca+2, Cl−, HCO3

−, and HPO4
−2. Only 1% of the filtrate actually leaves the

body as urine (1.5 liters a day). This reabsorption allows the body to retain most of its nutrients.
3. Secretion: The fluid passes to a collecting duct, which reabsorbs some of the water and returns it to the

bloodstream. The fluid that remains in the collecting duct is urine. Some of the secreted substances include:
K+, H+, ammonia, creatine, and the drugs penicillin and para-amino hippuric acid. The removal of these
substances helps control the body’s blood pH.

Constituents of Urine

When you go to the doctor’s office and they ask you to pee in a cup, it is not to embarrass you. They doctor wants
to perform an urinalysis. Urinalysis is an analysis of the volume, physical, chemical, and microscopic properties
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FIGURE 10.3
The parts of a nephron and their functions
are shown in this diagram.

FIGURE 10.4
A more complex look at the parts of the
nephron.

of the urine. The average, normal volume of urine produced is approximately1000 ml to 2000 ml (1 to 2 quarts) per
day. This can change based on several components. The first is Blood Pressure. If the blood pressure were to fall
the kidneys would try to increase blood pressure by renin-angiotensin pathway associated with the juxtaglomerular
apparatus, so the amount of urine would be reduced. The second is Blood Concentration. Kidneys maintain optimal
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FIGURE 10.5
Kidney nephron drawing with labels of the
following: the Bowman’s capsule, proxi-
mal convoluted tubule, loop of Henle, de-
scending limb of loop of Henle, ascending
limb of loop of Henle, distal convoluted
tubule, and collecting duct.

blood concentration by controlling the concentration of solutes in both the blood and urine. The third is Temperature.
An increase in body temperature causes less blood to enter the kidneys and causes the kidneys to reabsorb more water
to maintain optimal blood plasma volume. Since less blood enters into the kidneys the amount of urine produced
would be reduced. The fourth is Diuretics. Diuretics typically cause an abnormal increase in urine production.
Some common diuretics include: coffee, tea, caffeine, alcoholic beverages, and they can result in dehydration.
The fifth is Emotions. Emotional states can affect urine volume and output, such as stress and anxiety may cause
increased urine production and possibly more frequent expelling of urine. Maybe that is why you have to pee more
the days that you have big tests?

There are "normal" and "abnormal" components found in urine. The physical characteristics of urine color, turbidity,
odor, pH, and specific gravity. The normal color of urine should be yellow or amber but can vary considerably with
diet. Some medications or foods can cause urine to be different colors such as orange or blue. Dark colored urine
usually means dehydration. If there is blood in the urine, it indicates damage to the urinary system. Turbidity
means how cloudy is a substance. Urine should be transparent when freshly voided but becomes turbid (cloudy)
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upon standing. If urine is cloudy or contains "floaties," it is usually a sign of a urinary tract infection. Urine should
be odorless but becomes ammonia-like upon standing due to bacterial action. There are dietary odors that could be
eliminated through your urine. Have you ever noticed after eating the cereal "Honey Smacks" that you can smell
them when you pee? After eating asparagus, urine will carry that smell and it is nothing to worry about. You want
to worry when your urine has a sweet smell because that could mean diabetes mellitus. Urinary pH averages about
6.0 but has a range from 4.6 to 8.0 as it can vary considerably with the diet. Vegetarians for instance have a more
basic or alkaline pH. Specific gravity is the ratio of the density of a substance compared to the density (mass of the
same unit volume) of a reference substance. The specific Gravity of urine ranges from 1.001 to 1.035. This refers to
the concentration of urine as compared to water. If there are deviations from the normal range it could be a urinary
system disorder.

Have you ever wondered "if urine was bad to drink?" Let’s find out what urine is made of and you can deside
for yourself. Water accounts for about 95% of the total volume of urine with the remaining 5% consisting of
solutes derived from cellular metabolism and outside sources such as drugs. Urine contains compounds eliminated
by the body as undesirable, and can be irritating to skin and eyes. Those compounds are in various amounts of
urea, uric acid, creatine, ketone bondies inorganic compounds such as salt, sulfuric acid, phosphoric acid, ammonia,
magnesium and calcium. Urea is a crystalline solid found in blood, lymph, and urine formed by deamination of
amino acids. Uric Acid is a crystalline acid occurring as an end product of nucleic acid metabolism. Creatine is the
decomposition product of the metabolism of phosphocreatine, an end product of muscle metabolism and/or energy
metabolism. Ketone Bodies are substances containing carboxyl groups as a result of incomplete metabolism of fatty
acids - a sign of metabolic acidosis.

Urine will contain the items mentioned above if it is "normal." Some abnormal components of urine are glucose,
ketone bodies, erythrocytes, leukocytes, bilirubin or microbes. Glucose (glucosuria or glycosuria) can be linked to
diabetes, high stress levels, or liver disease. Ketone Bodies (ketosis or acetonuria) could indicate diabetes, starvation,
or too little carbohydrates in the diet. Erythrocytes (hematuria) blood in the urine which may be linked to acute in-
flammation of the urinary organs as a result of kidney stones, tumors, trauma, or kidney disease. Leukocytes (pyuria)
or other components of pus in the urine usually indicate infection of the urinary system. Bilirubin (bilirubinuria) in
small amounts are normal, but excessive amounts could indicate urinary dysfunction or hepatitis. Microbes are
usually bacteria in the urine and that is an indication of infection.

Making sure you are well hydrated is important. There are many ways to put fluid into your body. The sensation
caused by dehydration of the body is called thirst. The sensation of thirst is a dry feeling in the throat coupled with
a desire to drink fluids. Thirst is regulated by the hypothalamus in response to subtle changes in the body’s elec-
trolyte levels, and also as a result of changes in the volume of blood circulating. When a liquid is poured into an open
human mouth, the swallowing process is completed by peristalsis which delivers the liquid to the stomach; much of
the activity is abetted by gravity. The liquid may be poured from the hands or drinkware may be used as vessels.
Drinking can also be performed by acts of inhalation, typically when imbibing hot liquids or drinking from a spoon.
Food has water in it and every food product has a different amount of water in it. Some say that most of the water
you put in your body comes from the food we eat. Another way of putting fluids in your body is called intravenous;
the introduction of fluid into the veins. This is usually done in the hospital when patients are NPO, not able to eat
or drink.

A daily intake of water is required for the normal physiological functioning of the human body. The USDA recom-
mends a daily intake of total water, that is water which is included not only in drinking water itself but all water
contained in beverage and foods. The recommended intake is 3.7 liters (appx. 1 gallon) per day for an adult male,
and 2.7 liters (appx. 0.75 gallon) for an adult female. Some sources claim that a high intake of fresh drinking water,
separate and distinct from other sources of moisture, is necessary for good health—eight servings per day of 8 fluid
ounces (1.8 liters, or 0.5 gallon) is the amount recommended by many nutritionists, although there is no scientific
evidence of health benefits for this recommendation. (see; http://en.wikipedia.org/wiki/Fluid_intake )
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Excretion of Urine

From the collecting ducts of the kidneys, urine enters the ureters, two muscular tubes that move the urine by
peristalsis to the bladder (see Figure 10.1). The bladder is a hollow, sac-like organ that stores urine. When the
bladder is about half full, it sends a nerve impulse to a sphincter to relax and let urine flow out of the bladder
and into the urethra. The urethra is a muscular tube that carries urine out of the body. Urine leaves the body
through another sphincter in the process of urination (also known as micturition). This sphincter and the process
of urination are normally under conscious control. Urinating has several names like the common name; peeing, but
in medical setting it will be called voiding. When someone voids without wanting to they are said to be incontinent.

Urination isn’t the only way to get rid of fluids from the body. Other ways the body gets rid of water include sweat,
feces, and exhaled vapor. Sweat is the production and evaporation of fluids from the body in an attempt to regulate
body temperature. Feces (also known as poop) is a source where some water is eliminated by the body through
defecation of fecal material. The amount varies and is dependant upon volume and consistency of feces. Exhaled
vapor is where some fluid is lost from the body through ventilation of exhaled water. The amount of water lost is
dependant upon ventilation rate, humidity of atmospheric air, and environmental temperature.

Diseases or Disorders of the Urinary System

Cystits

Cystits is the inflammation of the urinary bladder caused by bacteria. It is more common in women than in
men. Signs and symptoms of cystitis include urgency, frequency, burning upon urination, dysuria, and possible
urethral discharge. It is treated with antibiotics.

Diabetes Insipidus

Diabetes insipidus is the excessive urination of water due to a lack of the antidiuretic hormones (ADH). The kidneys
are not able to absorb water which results in the excessive formation of urine. Causes may include neoplasms,
infections, or head trauma. The signs and symptoms include four to 16 liters of urine daily, excessive thirst, and
excessive fluid intake. Treatment may include hormone replacement therapy.

Glomerulonephritis

Glomerulonephritis, inflammation of the glomeruli, is caused by a bacterial infection. The signs and symptoms
include edema, oliguria, proteinuria, azotemia, hematuria, and fatigue. Treatment includes antibiotic therapy,
diuretics, bedrest, and fluid restrictions. It typically resolves within two weeks.

Incontinence

Incontinence is the ability to control urination. It may be caused by aging, pregnancies, or surgery in the lower
pelvic area (such as prostate surgery). It may be treated with medications, bladder muscle retraining, and sometimes,
surgery.

Kidney Stones

Kidney stones (renal calculi, nephrolithiasis) are crystallized mineral chunks that develop in the renal pelvis or
calyces. Stones may develop as minerals crystallize on the renal papillae and break off into the urine. Intense
pain, known as a renal colic, develops as rhythmic muscle contraction of the ureter attempts to dislodge it. Other
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symptoms include fever, chills, and hematuria. Hydronephrosis can develop as a complication of this disorder. Pre-
disposing factors for kidney stones include dehydration, infection, obstruction, and genetics. Treatment includes
medication to relieve the pain, forcing fluids, and sometimes surgical intervention such as lithotripsy.

Renal Failure

Renal failure is the sudden interruption of kidney function due to obstruction, reduced circulation, or kidney dis-
ease. It may be acute, which comes on suddenly, or chronic, which occurs over a long period of time. The
acute form has a good prognosis. Signs and symptoms of renal failure include oliguria, azotemia and electrolyte
imbalances. Treatment includes a modified diet, IV fluids, and possibly, temporary dialysis until the kidney function
returns.

Urinary Tract Infections

Urinary tract infections include cystitis and urethritis. They are generally caused by bacteria and are treated with
antibiotics.

Summary

• The kidneys filter blood and form urine. They are part of the urinary system, which also includes the ureters,
bladder, and urethra.

• Each kidney has more than a million nephrons, which are the structural and functional units of the kidney.
• Each nephron is like a tiny filtering plant.

Practice I

Use these resources to answer the questions that follow.

• http://www.hippocampus.org/Biology → Biology for AP*→ Search: The Human Kidney

1. Describe the following:

a. renal artery
b. renal vein
c. nephron
d. ureter
e. loop of the nephron

2. Describe the structure of the nephron.
3. Describe how the nephron filters blood.
4. How many nephrons are in a kidney?

• Your Urinary System and How It Works at http://kidney.niddk.nih.gov/kudiseases/pubs/Yoururinary/ .

1. How does the urinary system work?
2. What is urea? Where does urea come from?
3. What is the primary role of the kidneys?
4. Describe the bladder.
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Practice II

• Quiz on Urinary System #1 at http://www.neok12.com/quiz/URISYS01
• Quiz on Urinary System #2 at http://www.neok12.com/quiz/URISYS02
• Quiz on Urinary System #3 at http://www.neok12.com/quiz/URISYS03

Review

1. Describe how nephrons filter blood and form urine.

2. State the functions of the ureters, bladder, and urethra.
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CHAPTER 11 Chapter 11 Reproductive
System

Chapter Outline
11.1 MALE REPRODUCTIVE SYSTEM

11.2 FEMALE REPRODUCTIVE SYSTEM

11.3 FERTILIZATION, GESTATION, AND REPRODUCTIVE DISEASES

11.4 REFERENCES

In the simplest terms the reproductive system is taking the genetic material from a parent and passing it down to the
offspring. How this is done is through mitosis, but the reasons it does this and what structures are involved are the
main topics of this chapter.

The organs involved in the reproductive system vary from the testes and penis of the male to the overies, uterus and
uretra of the female. The functions of these organs are production of offspring, passing on of genetic material, and
production and secretion of hormones. Reproduction is what allows a species to continue from year to year. This is
accomplished by passing on half of the genetic material of two organisms so that the offspring have genetic diversity.
The reproductive organs assist the endocrine system in regulating body processes by being the source of hormone
production and secretion.
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11.1 Male Reproductive System

Lesson Objectives

• Explain how the male reproductive system develops before birth and matures during puberty.
• Identify structures of the male reproductive system and their functions.
• Describe how sperm are produced and how they leave the body.

Introduction

The male reproductive system is a collection of organs and other structures in the pelvic region. Most of the structures
are located outside the body. The male reproductive system has two major functions: producing sperm and secreting
male sex hormones. Sperm are male gametes, or sex cells, which are necessary for reproduction. During puberty, a
boy develops into a sexually mature male, capable of producing sperm and reproducing.

Sexual Development in Males

The main visible differences between boys and girls at birth are their reproductive organs. Of course, there are
other differences between boys and girls at birth, but in this chapter, the focus is on their reproductive systems. As
different as the male and female reproductive systems are at birth, they start out relatively similar. Before birth, the
expression of genes on the male Y-chromosome brings about the differences.

Development Before Birth

In the first few weeks of life, male and female embryos are essentially the same, except for their chromosomes.
Females have two X chromosomes, and males have an X and a Y chromosome. In male embryos, genes on the Y
chromosome lead to the synthesis of testosterone. This begins around the sixth week of life.

Testosterone is a masculinizing hormone and the chief sex hormone in males. Testosterone stimulates the embryo’s
reproductive organs to develop into male organs. For example, because of testosterone, the embryo develops testes
instead of ovaries, which are female organs.

All the reproductive organs are present by birth. However, they are immature and unable to function. The reproduc-
tive organs grow very little during childhood and do not mature until puberty.

Puberty and Its Changes

Puberty is the period during which humans become sexually mature. In the United States, boys generally begin
puberty at about age 12 years. Puberty starts when the hypothalamus, a gland in the brain, stimulates the nearby
pituitary gland to secrete hormones that target the testes. The main pituitary hormone responsible for puberty in
males is luteinizing hormone (LH). It stimulates the testes to produce testosterone. Testosterone promotes protein
synthesis and growth. It brings about most of the physical changes of puberty, including the changes outlined in
Table 11.1.
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TABLE 11.1: Changes in Males During Puberty

Changes in Reproductive Organs
Testes grow larger Penis grows longer
Other reproductive structures grow Sperm production begins
Other Physical Changes
Pubic hair grows Facial and body hair grow
Bone density increases Long bones grow
Muscle mass and strength increase Bones in face grow
Adam’s apple grows Apocrine sweat glands develop
Shoulders widen Voice deepens

Cells that are targeted by testosterone are those that have testosterone receptors. Receptors are molecules in or on
cells that bind to specific hormones. Testosterone receptors are on the nucleus of cells. After binding to testosterone,
they enter the nucleus, where they bind to specific DNA sequences and regulate gene transcription.

Some of the changes in Table 11.1 involve maturation of the reproductive organs, including the penis. Traits such as
adult penis size are called primary sex characteristics. Other changes, such as growth of pubic hair, are not directly
related to reproduction. Characteristics of mature males such as pubic hair are called secondary sex characteristics.

Adolescent Growth Spurt

Another obvious change that occurs during puberty is rapid growth in height. This is called the adolescent growth
spurt. In males, the rate of growth usually starts to increase relatively early in puberty. At its peak rate, growth in
height is typically about 10 centimeters per year. Growth generally remains rapid for several years. Growth and
development of muscles occur toward the end of the growth spurt in height. Muscles may continue to develop and
gain strength after growth in height is finished.

Timing of Puberty

The ages at which particular changes of puberty occur differ from one person to another. However, the changes
generally occur in the same sequence for most males. The sequence in which some of the more obvious changes
occur is represented by the following stages:

Stage 3—Facial and underarm hair appear; the voice deepens.
Stage 2—The penis becomes longer; pubic hair appears.
Stage 1—The scrotum and testes grow larger.

In the U.S., the average boy begins Stage 1 of puberty at age 11.5 years. He begins the growth spurt in height by the
second year of puberty, develops the ability to produce sperm a few years later, and continues to grow in height until
age 17.5 years. Overall, he spends about six years going through puberty.

Depending on the genes he inherits, his diet, and many other factors, a boy may go through puberty a couple of years
earlier or later than the average. This is usually normal, and early and late maturers generally have nothing to worry
about. Nonetheless, a boy who is concerned that he is not developing normally should talk with his doctor.

Male Reproductive Organs

Penis, Testes, and Epididymis

The penis is an external genital organ with a long shaft and enlarged tip. The body of the penis is composed of
three cylindrical masses of tissue each bound by fibrous tissue. The first two fibrous tissues make up the Corpora
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FIGURE 11.1
shows the male reproductive system. The
main organs are the penis, testes, and
epididymis. Several ducts and glands
are also parts of the male reproductive
system.

Cavernosa Penis which is the two most dorsal and lateral masses of the penis. The third fibrous tissue is the Corpus
Spongiosum Penis which is the smaller, mid ventral mass of the penis through which the urethra passes. The glans
penis is the most distal end and is covered by loose-fitting skin called the foreskin or prepuce. All three fibrous
tissues are enclosed by fascia and skin and consist of erectile tissue permeated by blood sinuses. When sexual
stimulation (visual, tactile, auditory, olfactory, and imagination) occurs, the arteries supplying the penis dilate and
large quantities of blood enter the sinuses, and an erection occurs which is stiffening and enlarging of the penis. A
duct called the urethra passes through the penis. This eight inch tube is where Sperm pass out of the body. During
urination, the urethra carries urine from the bladder to the outside world.

The testes(singular, testis) are the male gonads located in the scrotum, which is a sac of skin between the upper
thighs. By hanging away from the body, the testes keep sperm at a temperature lower than normal body temperature.
The lower temperature is needed for sperm production. They are suspended within the scrotum by the spermatic
cord. The testes are divided into sections called lobules which contain the seminiferous tubules.

Each testis contains more than 90 meters of tiny, tightly-packed tubes called seminiferous tubules. They are the
functional units of the testes, where sperm are produced and testosterone is secreted. A cross-section of a seminif-
erous tubule is shown in Figure 11.2. The tubule is lined with spermatogonia and Sertoli cells. Spermatogonia are
sperm-producing cells that you will read more about below. Sertoli cells help protect and nourish developing sperm.

FIGURE 11.2
This drawing shows a cross-section of a
seminiferous tubule. Spermatogonia line
the inside of the tubule, interrupted here
and there by Sertoli cells. Spermatocytes,
which are produced by spermatogonia,
form the next layer of cells. Spermatids,
which are produced by spermatocytes,
form a third layer of cells.

In between the seminiferous tubules in the testes are interstitial cells, also called Cells of Leydig. These cells secrete
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testosterone. A high concentration of testosterone is necessary for sperm production. Testosterone is also needed
throughout a man’s life to maintain his secondary sex characteristics.

The seminiferous tubules join together to form the epididymis. The epididymis is a coiled tube about 6 meters (20
feet) long lying atop the testes inside the scrotum ( Figure 11.1). Its functions are to help sperm mature and to store
and supply mature sperm with fructose until they leave the body.

Ducts and Glands

In addition to these organs, the male reproductive system consists of a series of ducts and glands. These are also
shown in Figure 11.1.

• Ducts include the vas deferens (ductus deferens) and ejaculatory ducts. The vas deferens transports sperm
from the epididymis to the urethra in the penis. The ejaculatory duct lies posterior to the urinary bladder and
is formed by the union of the duct from the seminal vesicle and the ductus deferens. The ejaculatory duct
ejects sperm into the prostatic urethra just prior to ejaculation.

• Glands include the seminal vesicles, prostate gland, and bulbourethral glands. They secrete substances that
become part of semen. The seminal vesicles are two tubular glands located on the posterior surface of the
urinary bladder. They will unite with the ductus deferens to form the ejaculatory duct. The seminal vesicles
produce an alkaline fluid rich in fructose to help nourish the sperm and neutralize the acid created by the
sperm’s waste products. It helps to form about 60% of the fluid or semen. The prostate gland is a single donut-
shaped gland about the size of a chestnut located inferior to the urinary bladder and surrounding the urethra.
It is a common cancer site for adult males. The prostate gland secretes a fluid rich in citric acid, prostatic acid,
phosphates, and prostaglandins. It makes up 30% of the fluid found with sperm. The bulbourethral glands are
pea-sized glands located inferiorly to the prostate gland on either side of the urethra. These glands secrete an
alkaline substance to neutralize the acidic environment of the urethra. The fluid is first released during sexual
stimulation to also help provide lubrication for sexual intercourse.

Semen is the fluid that is ejaculated from the urethra. Semen contains secretions from the glands as well as sperm.
The secretions control pH and provide the sperm with nutrients for energy.

Production and Delivery of Sperm

A sexually mature male typically produces several hundred million sperm per day. Sperm production usually con-
tinues uninterrupted until death, although the number and quality of sperm decline during later adulthood. There are
about 50 to 150 million spermatozoa per milliliter of semen. If the semen contains less than 20 million spermatozoa
per milliliter, the male is considered to be infertile or sterile.

Spermatogenesis

Spermatogenesis is the process of producing mature sperm. Sperm are haploid cells, meaning they have half the
number of chromosomes as other cells of the body, which are diploid cells. Sperm must be haploid in order for
normal sexual reproduction to occur. During reproduction, a sperm unites with another cell, called an egg. This is
called fertilization. Unless both sperm and egg are haploid, the resulting offspring will not have the diploid number
of chromosomes (see chapter titled Cell Division and Reproduction).

Sperm are produced in the seminiferous tubules of the testes and finish maturing in the epididymis. The entire
process takes about 9 to 10 weeks. As shown in Table 11.2, the production of sperm occurs in several steps, each
involving a different type of cell and process.

Spermatogenesis begins when a spermatogonium with the diploid number of chromosomes undergoes mitosis to
form primary spermatocytes, also with the diploid number. It proceeds as a primary spermatocyte undergoes the first
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cell division of meiosis to form secondary spermatocytes with the haploid number of chromosomes. A secondary
spermatocyte undergoes the second meiotic cell division to form haploid spermatids. Spermatids mature into sperm,
which are also haploid.

TABLE 11.2: Spermatogenesis and Cell Division

Type of Cell Number of Chromosomes Process
Spermatogonium Diploid Mitosis
Primary Spermatocyte Diploid Meiosis 1
Secondary Spermatocyte Haploid Meiosis 2
Spermatid Haploid Maturation
Spermatozoon (sperm) Haploid Fertilization

Spermatogonia, which line the seminiferous tubules in the testes, are diploid cells. They begin the process of sper-
matogenesis when they divide by mitosis to produce cells called primary spermatocytes, which are also diploid cells.
Some spermatogonia divide just to produce copies of themselves. This ensures a constant supply of spermatogonia
for future sperm production.

Primary spermatocytes go through the first cell division of meiosis to produce secondary spermatocytes. These are
haploid cells. Secondary spermatocytes then quickly complete the meiotic division to become spermatids, which are
also haploid cells.

Spermatids slowly mature into sperm, like the one shown in Figure 11.3. Among other changes, they lose excess
cytoplasm from the head and grow a tail. The tail is a flagellum that lets them move by rotating like a propeller.
The acrosome that covers part of the head produces digestive enzymes that help the head penetrate an egg. The
mitochondria in the connecting piece produce energy that the sperm needs to “swim” through the female reproductive
tract to reach an egg. However, sperm do not develop the ability to move until they complete their maturation in the
epididymis. It takes sperm four to six weeks to travel through the epididymis and become fully mature. After they
mature, they remain in the epididymis until they leave the body.

FIGURE 11.3
A mature sperm cell has several struc-
tures that help it reach and penetrate an
egg. These structures include the acro-
some, mitochondria, and tail. The nu-
cleus, which makes up most of the head,
carries copies of the father

Ejaculation

In order for reproduction to take place, sperm must leave the reproductive system. Sperm are released from the body
during ejaculation. About 200 to 500 million sperm are released with each ejaculation. Ejaculation occurs when
rhythmic muscular movements of the vas deferens propel sperm from the epididymis. The sperm are forced through
the vas deferens and ejaculatory ducts and out of the body through the urethra. As sperm travel through the ducts,
they mix with fluids from the seminal vesicles, prostate gland, and bulbourethral glands to form semen.
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Lesson Summary

• The male reproductive system forms before birth but does not become capable of reproduction until it matures
during puberty.

• The male reproductive system includes organs and other structures that produce sperm and deliver sperm and
secrete testosterone.

• Sperm are produced in the testes in the process of spermatogenesis and leave the body through the penis during
ejaculation.

Review Questions

1. What are the two major functions of the male reproductive system?
2. List four physical changes that occur in males during puberty.
3. Name two male reproductive organs and identify their functions.
4. Describe how sperm leave the body.
5. Sexual dimorphism refers to differences between males and females of the same species. Based on what you

read in this lesson, how does human sexual dimorphism change from birth to adulthood?
6. If a man did not have an epididymis, how would this affect his ability to produce mature sperm?
7. Make a flow chart showing the steps of spermatogenesis. Indicate the cells and process involved at each step.
8. What are the roles of testosterone in the male reproductive system, from the embryo to old age?

Further Reading / Supplemental Links

• Stanley, Deborah, Sexual Health Information for Teens. Omnigraphics, 2003.
• Walker, Pam and Wood, Elaine, Understanding the Human Body: The Reproductive System. Lucent Books,

2002.
• http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
• http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
• http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
• http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
• http://en.wikipedia.org

Vocabulary

acrosome
Covers part of the sperm cell head; produces digestive enzymes that help the sperm head penetrate an egg.

adolescent growth spurt
Rapid growth in height seen during puberty.

Cells of Leydig
Cells that secrete testosterone, located in between the seminiferous tubules in the testes; are also known as
interstitial cells.

epididymis
A coiled tube about 6 meters long lying atop the testes inside the scrotum; helps sperm mature and stores
mature sperm until they leave the body.

fertilization
The uniting of a haploid sperm with a haploid egg.

203

http://www.ck12.org
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://en.wikibooks.org/wiki/Human_Physiology/The_male_reproductive_system
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/parent/general/body_basics/male_reproductive.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.kidshealth.org/teen/sexual_health/changing_body/male_repro.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://www.medicalook.com/human_anatomy/systems/Male_Reproductive_System.html
http://en.wikipedia.org
http://en.wikipedia.org
http://en.wikipedia.org
http://en.wikipedia.org
http://en.wikipedia.org
http://en.wikipedia.org
http://en.wikipedia.org


11.1. Male Reproductive System www.ck12.org

luteinizing hormone
The main pituitary hormone responsible for puberty in males; stimulates the testes to produce testosterone.

male reproductive system
System with two major functions: producing sperm and secreting testosterone.

primary sex characteristics
Traits of reproductive organs seen in mature adults that are directly related to reproduction.

puberty
The period during which humans become sexually mature.

secondary sex characteristics
Physical traits of mature adults which are not directly related to reproduction.

semen
The fluid that is ejaculated from the urethra; contains sperm and secretions from the seminal vesicles, prostate
gland, and bulbourethral glands.

seminiferous tubules
The functional units of the testes, where sperm are produced and testosterone is secreted.

sertoli cells
Help protect and nourish developing sperm, located in the seminiferous tubules.

sperm
Male gametes, or sex cells, which are necessary for reproduction; haploid.

spermatogonia
Sperm-producing cells, located in the seminiferous tubules; diploid.

spermatogenesis
The process of producing mature sperm.

testosterone
A masculinizing hormone and the chief sex hormone in males.

Points to Consider

• By the time they finish puberty, males have developed the traits of mature adults of their own sex. They differ
from mature females in many ways. How do these differences between sexually mature males and females
come about?

• What causes female to develop differently during puberty?
• When do girls begin puberty, what changes do they go through, and what hormones control the changes?
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11.2 Female Reproductive System

Lesson Objectives

• Explain how the female reproductive system develops before birth and matures during puberty.
• Identify structures of the female reproductive system and their functions.
• Describe how eggs are produced and how they are released from the ovaries.
• Sequence the events of the menstrual cycle, and explain how hormones control the cycle.

Introduction

The female reproductive system is a collection of organs and other structures located primarily in the pelvic region.
Most of the structures are inside the body. The female reproductive system has several functions:

• producing eggs, which are female gametes
• secreting female sex hormones
• receiving sperm during sexual intercourse
• supporting the development of a fetus
• delivering a baby during birth
• breastfeeding a baby after birth

During puberty, a girl develops into a sexually mature woman, capable of producing eggs and reproducing.

Sexual Development in Females

The main differences between boys and girls at birth are their reproductive organs. Unlike males, females are not
influenced by the male sex hormone testosterone during embryonic and fetal development. This is because they lack
a Y-chromosome. As a result, females do not develop male reproductive organs.

Development Before Birth

Unless an embryo is stimulated by testosterone, the reproductive organs develop into female organs, such as the
ovaries and uterus. By the third month of fetal development, most of the internal female organs have formed.
Immature ova, or eggs, also form in the ovary before birth. Whereas a male produces sperm throughout his lifetime
(after puberty), a female produces all the eggs she will ever make before birth.

Like baby boys, baby girls are born with all their reproductive organs present but immature and unable to function.
Female reproductive organs grow very little during childhood. They begin to grow rapidly and to mature during
puberty.

Changes of Puberty

Puberty is the period during which humans become sexually mature. Puberty in girls differs from puberty in boys
in several ways, including when it begins, how long it lasts, and the hormones involved. Girls begin puberty a year
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or two earlier than boys, and they complete puberty in about four years instead of six. In females, the major sex
hormone is estrogen rather than testosterone.

Puberty in girls starts when the hypothalamus in the brain stimulates the pituitary gland to secrete hormones that
target the ovaries. The pituitary hormones are luteinizing hormone, or LH, and follicle-stimulating hormone, or
FSH. These hormones stimulate the ovary to produce estrogen.

Estrogen has many functions that you will read more about below. During puberty, estrogen promotes growth
and other physical changes in females. For example, estrogen stimulates growth of the breasts and uterus while
redistributing fat to the thighs and buttocks. It also stimulates development of bones by regulating calcium levels
and contributes to the adolescent growth spurt in height by increasing protein anabolism. These and several other
changes in females during puberty are listed in Table 11.3:

TABLE 11.3: Physical Changes in Females During Puberty

Changes in Reproductive Organs
Ovaries and follicles grow Uterus grows and endometrium thickens
Other reproductive structures grow Menstrual cycle begins
Other Physical Changes
Breasts develop Long bones grow and mature
Pubic hair grows Underarm hair grows
Body fat increases Apocrine sweat glands develop
Pelvis widens

Some of the changes involve the maturation of organs, such as ovaries, that are necessary for reproduction. Mature
reproductive organs are primary sex characteristics. Other changes, such as growth of pubic hair, lead to traits
that are secondary sex characteristics. One of the most significant changes in females during puberty is menarche.
Menarche is the beginning of menstruation, or monthly periods, which will be discussed later.

Adolescent Growth Spurt

Females go through an adolescent growth spurt in height as boys do. However, the growth spurt in girls starts a year
or two earlier and ends about three years sooner. Girls also do not grow as rapidly during their peak growth rate.
Although females start the growth spurt only 2 centimeters shorter than males, on average, by the time they stop
growing females are an average of 10 centimeters shorter.

Timing of Puberty

The changes of puberty usually happen in the same order for most females. The first observable change is typically
the beginning of breast development. This happens by age 10 years in the majority of girls in the U.S. The appearance
of pubic hair usually occurs next, at age 10.5 years, on average. The growth spurt in height also usually begins
during the first year of puberty. During the first two years of puberty, the ovaries and uterus gradually increase in
size. Menarche occurs relatively late in puberty, typically between the ages of 12 and 13 years in U.S. girls. After
menarche, a female generally keeps growing for another year or two and attains her adult height by an average age
of 14.5 years.

As in males, there is a wide range of ages at which particular changes of female puberty normally occur. For
example, menarche may occur as early as age 8 years or as late as age 16. Differences in age at menarche and
other changes of puberty are due to both genetic factors and environmental factors, such as diet. A female who
goes through puberty earlier or later than her peers may worry that she is not developing normally. Although such
variation is usually normal, she should talk with her health care provider if she has concerns.
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Female Reproductive Organs

The female reproductive system is shown in Figure 11.4. Only a few of the structures are external to the body. All
the main reproductive organs are internal.

FIGURE 11.4
The female reproductive system.

External Organs

The external female reproductive structures are referred to collectively as the vulva. They include the labia and
mons pubis. The labia are the “lips” of the vulva. There are two sest of labia; the labia majora and the labia
minora. The Labia Majora contains an abundance of adipose tissue, sebaceous glands, and sudoriferous glands
and is covered by pubic hair. The Labia Minora are the medial longitudinal folds of the vulva and have very few
sudoriferous glands, no adipose tissue or pubic hair, but numerous sebaceous glands. They protect the vagina and
urethra, both of which have openings in the vulva. The mons pubis consists of fatty tissue covering the pubic bone.
It protects the pubic bone and vulva from injury. Two other external structures that are sometimes categorized under
the mons pubis are the clitoris and vestibule. The clitoris is a small, cylindrical mass of nervous and erectile tissue.
The vestibule is the cleft between the labia minora. The bulb of the vestibule is two elongated masses of erectile
tissue located on the sides of the vaginal orifice. Located on the sides of the vaginal orifice are the greater vestibular
glands. These glands produce a mucoid secretion that supplements lubrication during sexual intercourse.

Internal Organs

The internal female reproductive organs include the vagina, uterus, fallopian tubes, and ovaries. These organs are
shown from the front, without any other structures blocking them, in Figure 11.5. This makes it easier to see the
shape and size of the organs and where they are located relative to one another.

The vagina is a tube-like structure about 8 to 10 centimeters long. It begins at the vulva and extends to the uterus. It
has muscular walls lined with mucous membranes and several other functional features including the fornix, ruage,
vaginal orifice, and the hymen. The fornix is the proximal area in vagina that surrounds the vaginal attachment to
the cervix. The rugae are transverse, connective tissue folds in the vagina. The vaginal orifice is the distal end of the
vagina that opens into the external environment. The hymen is a thin fold of vascular mucus membrane that forms a
border around the vaginal orifice partially closing it.

The vagina has two major reproductive functions. It receives sperm as it functions as a receptical for the penis during
sexual intercourse, and it provides a passageway for a baby to leave the mother’s body during birth.

The uterus is a muscular organ about 7.5 centimeters long and 5 centimeters wide. It has a thick inner lining of
tissues known as the endometrium. The endometrium contains the stratum functionalis which is the layer of the
endometrium lining shed during menstruation, and the stratum basalis, which is the permanent, basement layer of
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FIGURE 11.5
Internal female reproductive organs.

the endometrium, which functions to generate a new layer of the stratum functionalis following menstruation. Two
other layers of the uterus are the perimetrium and the myometrium. The perimetrium is the outermost layer of the
uterus which provides a small amount of protection to the uterus and is actually part of the visceral peritoneum. The
myometrium is the middle, smooth muscle layer of the uterus and it makes up the majority of the uterus. The uterus’
main function is to provide site for gestation of the fetus.

The Uterus has three anatomical section; the fundus, the body, and the matrix. The lower, narrower end of the uterus
is called the cervix. The uterus is where a fetus grows and develops until birth. During pregnancy, the uterus can
expand dramatically to accommodate the growing baby. Muscular contractions of the uterus push the baby through
the cervix into the vagina during childbirth. The cervix is a common site of cancer in women. The superior dome-
shaped area the uterus above the openings to the uterine tubes is called the fundus. The major, tapering, central
portion of the uterus is called the body. It contains the hollow interior uterine cavity.

Extending from the upper corners of the uterus are the two Fallopian tubes (also known as Uterine tubes). The
tubes are about 7 to 14 centimeters long. Each tube reaches (but is not attached to) one of the ovaries. The ovary
end of the tube has a fringelike structure, fimbriae, ( Figure 11.8) that moves with a wavelike motion. The function
of the uterine tubes is to transport the ova from the ovaries and is the site of fertilization.

The two ovaries are small, oval-shaped organs that lie on either side of the uterus. They are the egg-producing organs
of the female reproductive system, and they contain hundreds of thousands of immature eggs. Because they cantain
the eggs they are known as the female gonads. Each egg is located within a structure called a follicle. A follicle
consists of the egg surrounded by special cells that protect the egg until puberty and then help the egg mature. Ovarian
follicles contain oocytes (mature ova) and their surrounding tissues in various stages of development. The vesicular
ovarian follicle is a large, fluid-filled follicle which contains an immature ovum and its surrounding tissue. It
secretes the female hormones called estrogens. The corpus luteum is the yellow, glandular body which develops
from the vesicular ovarian follicle after the release of a secondary oocyte. It secretes the hormone progesterone. The
corpus albicans is the white, fibrous, connective tissue remnant of a degenerated corpus luteum. This is illustrated
in the oogenesis section that follows. The ovaries are responsible for producing eggs (ova) and hormones, including
estrogens and progesterone.
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The Breasts

The breasts are considered secondary sex characteristics, rather than organs of reproduction. They are described
here because of their role in nurturing an infant after birth. As shown in Figure 11.6, each breast contains mammary
glands. The mammary glands are actually modified sudoriferous (sweat) glands. Each gland consists of 15 to 20
lobes orcompartments separated by adipose tissue. The amount of adipose tissue between the lobes determines the
size of the breast. Breast size is not related to the ability to produce milk. Each lobe is broken down into smaller
compartments called lobules which contain milk secreting glandular cellscalled alveolar glands (milk-producing
glands of the breast). The cells of mammary glands secrete milk, which drains into ducts leading to the nipple. A
suckling baby squeezes the milk out of the ducts and through the nipple.

The areola is the dark, circular, pigmented area that encircles the nipple. The nipple is the raised area on the
breast that an infant suckles to receive milk and stimulate lactation or the process of milk production, secretion, and
ejection.

FIGURE 11.6
Cross-section of a human breast.

Egg Production

At birth, a female’s ovaries contain all the eggs she will ever produce. However, the eggs do not start to mature until
she enters puberty. After menarche, one egg typically matures each month throughout a female’s adult years until
she reaches middle adulthood.
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Oogenesis

Oogenesis is the process of producing eggs in the ovary. Eggs are haploid cells, having half the number of
chromosomes of other cells in the body, which are diploid cells. Like sperm, eggs must be haploid in order for
sexual reproduction to result in diploid offspring. Like spermatogenesis, oogenesis occurs in several steps that
involve different types of cells. The steps of oogenesis are listed in Table 11.4.

Oogenesis begins when an oogonium with the diploid number of chromosomes undergoes mitosis to form primary
oocytes, also with the diploid number. It proceeds as a primary oocyte undergoes the first cell division of meiosis
to form secondary oocytes with the haploid number of chromosomes. A secondary oocyte undergoes the second
meiotic cell division to form a haploid ovum if it is fertilized by a sperm.

TABLE 11.4: Oogenesis and Cell Division

Type of Cell Number of Chromosomes Process
Oogonium Diploid Mitosis
Primary oocyte Diploid Meiosis 1
Secondary oocyte Haploid Meiosis 2
Ovum (mature egg) Haploid Fertilization

Oogenesis begins with oogonia (singular, oogonium), which are the immature eggs that form in the ovaries before
birth. Oogonia are diploid cells and equivalent to spermatogonia in males. By about the fifth month of fetal
development, the ovaries contain about seven million oogonia.

Over the next few months, oogonia undergo mitosis, forming cells called primary oocytes. Primary oocytes are also
diploid cells. Before birth, primary oocytes begin the first division of meiosis, but they do not complete it until long
after birth. At birth, the average female has about two million primary oocytes in her ovaries. Throughout childhood,
the number of oocytes falls as they deteriorate and disappear. By puberty, there are only about 300,000 to 400,000
primary oocytes left in the average girl’s ovaries.

Maturation of a Follicle

Beginning in puberty, each month one of the follicles starts to mature ( Figure 11.7). The primary oocyte in the
follicle resumes meiosis and divides to form a secondary oocyte and a smaller cell, called a polar body. Both the
secondary oocyte and polar body are haploid cells. The secondary oocyte has most of the cytoplasm from the original
cell and is much larger than the polar body. The polar body disintegrates and disappears from the ovary.

Ovulation

Ovulation is the release of a secondary oocyte by the ovary. Ovulation occurs every 28 days, on average, in a sexually
mature female, but may range normally from 24 to 36 days. As shown in Figure 11.7, during ovulation a secondary
oocyte bursts out of its follicle and through the ovary wall to enter the abdominal cavity.

Each month only one of the ovaries matures a follicle and releases an egg. Which ovary matures a follicle in a given
month? Scientists say that it appears to be random.

After the secondary oocyte leaves the ovary, it is swept into the Fallopian tube by the waving, fringelike end. This
is illustrated in Figure 11.8. Tiny hairlike projections, called cilia, line the tube and help move the oocyte through
to the uterus. If the secondary oocyte is fertilized by a sperm as it is passing through the Fallopian tube, it divides to
form a mature egg and a polar body, finishing meiosis. (As before, the polar body contains very little cytoplasm and
disintegrates.) If the secondary oocyte is not fertilized, it passes into the uterus as an immature egg.
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FIGURE 11.7
This diagram shows the monthly cycle
the ovary goes through in a post-pubertal
female. First, an oocyte and its sur-
rounding follicle starts to mature. When
the secondary oocyte is mature, it bursts
from the follicle and ovary. Then the
ruptured follicle develops into a corpus
luteum, which produces progesterone. If
the egg is not fertilized by a sperm, the
corpus luteum degenerates and virtually
disappears from the ovary.

Menstrual Cycle and Menstruation

Ovulation is part of the menstrual cycle, which occurs each month in a sexually mature female. Another part of the
cycle is menstruation. Menstruation is the process in which blood and other tissues are shed from the endometrium
of the uterus and leave the body through the vagina. It is also called a menstrual period, or menses. The menstrual
cycle is sometimes divided into two cycles, called the ovarian cycle and the uterine cycle. The ovarian cycle includes
the events that occur in the ovary. The uterine cycle refer to the events that occur in the uterus. The two cycles are
closely related, so here they are described together and referred to jointly as the menstrual cycle.

Phases of the Menstrual Cycle

The phases of the menstrual cycle are summarized in Table 11.5. The cycle begins with the menstrual phase, which
typically lasts from one to four days. This is when menstruation occurs. During the menstrual phase, arteries that
supply the endometrium of the uterus constrict and break. Gradually, blood and endometrial tissues detach from the
inside of the uterus and pass from the uterus to the vagina and then out of the body. If there is an immature egg in
the uterus, it passes out of the body with the menstrual flow.

The menstrual cycle (as shown in Table 11.5) includes an ovarian and a uterine cycle. Events in the ovarian cycle
include maturation of a follicle, release of an egg, and formation of the corpus luteum. Events in the uterine cycle
include menstruation, development of the endometrium, and thickening of the endometrium in preparation for an
egg.

TABLE 11.5: The Phases of the Menstrual Cycle

Name of Phase Days Events
Menstrual Phase 1–4 Menstruation occurs
Follicular Phase 5–13 Follicle matures Endometrium de-

velops
Ovulation 14 Ovary releases egg
Luteal Phase 15–28 Follicle becomes corpus luteum En-

dometrium prepares for egg
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FIGURE 11.8
This diagram also shows the events of the menstrual cycle that occur in the ovary. After a secondary oocyte bursts
from the ovary, it usually is swept into a Fallopian tube. The waving, fringelike ends of the tube help capture the
egg.

The next phase of the cycle is called the follicular phase. After menstruation, the endometrium in the uterus begins
to build up again. At the same time, several follicles start maturing in the ovary. Only one of these maturing follicles
will complete maturation. The rest will eventually deteriorate and disappear. By the middle of the menstrual cycle,
around day 14, the remaining mature follicle releases its oocyte from the ovary in the process of ovulation.

Following ovulation, the luteal phase begins. During the luteal phase, the endometrium of the uterus continues to
prepare for a fertilized egg. For example, it becomes thicker and develops more blood vessels. At the same time, the
mature follicle that just released its egg develops into a structure called a corpus luteum ( Figure 11.8).

If the egg is fertilized and implants, or embeds itself, in the endometrium of the uterus, the endometrium will be
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maintained and help nourish it. If the egg is not fertilized, the endometrium will break down, leading to menstruation.
This begins a new cycle.

The events of the menstrual cycle always occur in the same sequence, but their timing may vary considerably. There
is a great deal of normal variation in the length of the overall cycle and of the individual phases. Variation may occur
from one female to another and also from one cycle to the next for a given female.

Some females have symptoms—such as bloating, abdominal cramps, and mood swings—for several days before
or during menstruation each month. If the symptoms are severe enough to interfere with daily life, the condition
is called premenstrual syndrome, or PMS. Symptoms of PMS often can be helped with medications or lifestyle
changes.

Role of Hormones

The same hormones that control female puberty and oogenesis also control the menstrual cycle: estrogen, LH, and
FSH. Estrogen controls the secretion of the two pituitary hormones by acting on the hypothalamus, which controls
the pituitary gland. This is shown in Figure 11.9. When the estrogen level rises in the blood, it stimulates the
pituitary (via the hypothalamus) to secrete more or less LH and FSH.

FIGURE 11.9
This diagram shows how hormones con-
trol the menstrual cycle with negative and
positive feedback.

In negative feedback, rising levels of hormones feedback to the hypothalamus and pituitary gland to decrease pro-
duction of the hormones. In positive feedback, rising levels of hormones feedback to increase hormone production.
During most of the menstrual cycle, estrogen and progesterone provide negative feedback to the hypothalamus and
pituitary gland. This keeps their levels more or less constant. During days 12–14, however, estrogen provides
positive feedback to the hypothalamus and pituitary gland. This causes a rapid rise in the production of estrogen by
the ovary and leads to ovulation.

Another hormone involved in the menstrual cycle is progesterone. The word "progesterone" literally means “pro-
gestational hormone.” Progesterone is a hormone that promotes gestation, or the carrying of a fetus. The function of
progesterone in the menstrual cycle is to maintain the endometrium of the uterus. Progesterone works in conjunction
with estrogen to prepare the endometrial lining for implantation of a fertilized ovum. It also stimulates milk secretion
and maintains the uterine linings during pregnancy.

Change in the levels of these four hormones (estrogen, LH, FSH, and progesterone) occur during the menstrual cycle
( Figure 11.10). After menstruation occurs, estrogen secreted by the ovaries increases. This causes the endometrium
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of the uterus to thicken. FSH from the pituitary stimulates follicles in the ovary to mature. The maturing follicles
produce estrogen, and the level of estrogen in the blood rises. When estrogen reaches a high level in the blood, it
stimulates the pituitary gland to release a surge of LH. The spike in LH stimulates the one remaining mature follicle
to burst open and release its oocyte.

FIGURE 11.10
This graph shows how hormone levels
change during the menstrual cycle.

During the first half of the cycle, negative feedback keeps levels of FSH, LH, estrogen, and progesterone relatively
stable. During ovulation, positive feedback causes a burst of FSH, LH, and estrogen. During the second half of the
cycle, progesterone rises as the corpus luteum in the ovary matures and produces this hormone. Negative feedback
helps keep levels of the other three hormones fairly constant

After the oocyte is released, LH stimulates the mature follicle to develop into a corpus luteum. The corpus luteum
then starts secreting progesterone, which maintains the endometrium of the uterus. What happens next depends on
whether the egg has been fertilized.

• If the egg has been fertilized, it will soon start producing a hormone that helps maintain the corpus luteum. As
a result, the corpus luteum will continue producing progesterone and maintain the endometrium. If pregnancy
does occur another hormone called Relaxin, is produced. Relaxin is produced by the corpus luteum during
pregnancy, and is most prominent during the final trimester of pregnancy. The main functions of relaxin are
to relax the pubic symphysis and help dilate the uterine cervix to facilitate delivery of the fetus.

• If the egg has not been fertilized, the corpus luteum will disintegrate and stop producing progesterone. Without
progesterone, the endometrium will break down, detach from the uterus, and pass out of the body during
menstruation.

Menopause

For most women in the U.S., the menstrual cycle continues into their forties. Then it gradually becomes more and
more irregular until it finally stops altogether, generally by their early fifties. Menopause occurs when a woman has
gone through 12 consecutive months without a menstrual period. She can no longer reproduce because her ovaries
no longer produce eggs.

The cause of menopause is a natural decline in estrogen secretion by the ovaries as a woman ages. It may take from
several months to a few years for her body to adjust to the drop in estrogen. During this time, she may experience
hot flashes, mood swings, and other symptoms.

Lesson Summary

• The female reproductive system forms before birth but does not become capable of reproduction until it
matures during puberty.
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• The female reproductive system includes organs and other structures that produce and release eggs, secrete
female sex hormones, and enable the development and birth of a fetus.

• Immature eggs form in the ovaries before birth. Each month, starting in puberty, one egg matures and is
released from the ovary.

• The menstrual cycle includes events that take place in the ovary, such as ovulation, and changes in the uterus,
including menstruation. The menstrual cycle controlled by the hormones estrogen, progesterone, LH, and
FSH.

Review Questions

1. List three functions of the female reproductive system.
2. State two ways that puberty differs in girls and boys.
3. Describe the uterus and its functions in reproduction.
4. What is ovulation and when does it occur?
5. Tara is 13 and worried that she may not be developing normally. She began developing breasts about six

months ago but still has not had her first menstrual period. Should she be concerned? Explain your answer.
6. Explain how blockage of both Fallopian tubes would affect a woman’s ability to reproduce naturally.
7. Create a timeline showing the steps in which an oogonium develops into a mature egg.
8. Explain the roles of estrogen, LH, and FSH in the menstrual cycle.

Further Reading / Supplemental Links

• Stanley, Deborah, Sexual Health Information for Teens. Omnigraphics, 2003.
• Walker, Pam and Wood, Elaine, Understanding the Human Body: The Reproductive System. Lucent Books,

2002.
• http://en.wikibooks.org/wiki/Human_Physiology/The_female_reproductive_system
• http://www.kidshealth.org/parent/general/body_basics/female_reproductive_system.html
• http://www.kidshealth.org/teen/sexual_health/changing_body/female_repro.html
• http://www.medicalook.com/human_anatomy/systems/Female_reproductive_system.html
• http://www.merck.com/mmhe/sec22/ch241/ch241a.html
• http://en.wikipedia.org

Vocabulary

adolescent growth spurt
Rapid growth in height seen during puberty.

corpus luteum
Formed in the ovary from the ruptured follicle after ovulation; if the egg is not fertilized by a sperm, the corpus
luteum degenerates and virtually disappears from the ovary; produces progesterone.

egg (ova)
Female gamete, or sex cell, which is necessary for reproduction; haploid.

estrogen
Major female sex hormone.

Fallopian tube
Tube which accepts oocyte after ovulation; site of fertilization; attached to uterus.
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female reproductive system
System with several major functions: producing eggs, secreting female sex hormones, receiving sperm during
sexual intercourse, supporting the development of a fetus, delivering a baby during birth, and breastfeeding a
baby after birth.

follicle
Structure in which each egg is located; consists of the egg surrounded by special cells that protect the egg until
puberty and then help the egg mature.

follicle-stimulating hormone (FSH)
Hormone that stimulates the ovary to produce estrogen.

luteinizing hormone (LH)
The main pituitary hormone responsible for puberty in females; stimulates the ovary to produce estrogen.

menarche
The beginning of menstruation, or monthly periods.

menopause
When a woman has gone through 12 consecutive months without a menstrual period; she can no longer
reproduce because her ovaries no longer produce eggs.

menstruation
The process in which blood and other tissues are shed from the uterus and leave the body through the vagina;
also called a menstrual period, or menses.

oogenesis
The process of producing eggs in the ovary.

ovary
Small, oval-shaped organs that lie on either side of the uterus; the egg-producing organs of the female
reproductive system; contain hundreds of thousands of immature eggs.

ovulation
The release of a secondary oocyte by the ovary; occurs every 28 days, on average.

progesterone
A hormone that promotes gestation, or the carrying of a fetus; also maintains the endometrium of the uterus.

uterus
A muscular organ where a fetus grows and develops until birth; has a thick lining of tissues known as the
endometrium; the lower, narrower end of the uterus is called the cervix.

vulva
The external female reproductive structures; includes the labia and mons pubis.

Points to Consider

• If an egg is fertilized by a sperm and implants in the uterus, the endometrium helps support and nourish it.
However, the new organism soon needs more nutrients than the endometrium can provide. It needs to obtain
nutrients from the mother’s blood. How does this happen?

• What structures are involved with pregnancy? When do they develop?
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11.3 Fertilization, Gestation, and Reproductive
diseases

Lesson Objectives

• Explain how fertilization, cleavage, and implantation lead to the formation of an embryo.
• Describe how the embryo forms specialized cells and organs through the processes of gastrulation, differenti-

ation, and organogenesis.
• Identify major events in the growth and development of the fetus.
• Explain how the placenta provides the fetus with oxygen and nutrients and eliminates fetal wastes.
• Describe how an expectant mother can help her fetus grow and develop normally, and summarize the events

of childbirth.
• Sequence milestones in growth and development from infancy through adolescence.
• Describe the life stages of early and middle adulthood and old age, and explain why aging occurs.

Introduction

Sexual reproduction begins when an egg is fertilized by a sperm and implants in the uterus. Following these
events, the remainder of growth and development before birth is divided into two main stages. The first stage is
the embryonic stage, which lasts about two months. This is followed by the fetal stage, which lasts for another seven
months until birth.

Fertilization, Cleavage, and Implantation

A day or two after an ovary releases an egg, the egg may unite with a sperm. However, before it becomes an embryo,
it must go through other processes. These processes include cleavage and implantation.

Fertilization

Fertilization is the union of a sperm and an egg. Recall that a sperm is a male gamete and an egg is a female gamete.
Each gamete is a haploid cell. When the two cells unite during fertilization, they form a diploid cell, called a zygote.

Fertilization generally occurs in a Fallopian tube. After sperm are deposited in the vagina during sexual intercourse,
they “swim” through the cervix and uterus and into a Fallopian tube. Although millions of sperm are deposited, only
a few hundred are likely to reach the egg. A sperm about to penetrate an egg is shown in Figure 11.11. When a
sperm finally breaks through the egg’s cell membrane, it sets off a reaction that prevents other sperm from entering.
The entry of the sperm also triggers the egg to complete the second meiotic division that began before ovulation.

After the sperm penetrates the egg, its tail falls off, and its nucleus fuses with the nucleus of the egg. The resulting
zygote contains all the chromosomes needed for a new individual. Half the chromosomes are from the egg, and half
are from the sperm.

Cleavage

The zygote spends the next few days traveling down the Fallopian tube. As it travels, it divides by mitosis several
times to form a ball of cells called a morula. The cell divisions, which are called cleavage, increase the number of
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FIGURE 11.11
Human sperm and egg.

cells but not their overall size. More cell divisions occur, and soon a fluid-filled cavity forms inside the ball of cells.
At this stage, the ball of cells is called a blastocyst. The process of blastocyst formation is shown in Figure 11.12.

FIGURE 11.12
The morula (1) continues to undergo cell
divisions. As it does, cells start to migrate
into separate layers, and a cavity starts
to develop inside the ball of cells. When
cells have migrated into distinct layers, the
organism is called a blastocyst (2).

The cells of the blastocyst form an inner and an outer cell layer. This is apparent in Figure 11.13. The inner layer
of cells is called the embryoblast. This layer of cells will soon develop into an embryo. The outer layer of cells
is called the trophoblast. This layer will develop into other structures, including the placenta, which you will read
more about below.

Implantation

The blastocyst continues the trip down the Fallopian tube and reaches the uterus about four or five days after
fertilization. When the outer cells of the blastocyst contact cells lining the uterus, the blastocyst embeds in the
lining. The process of embedding is called implantation. It generally occurs about a week after fertilization. Once
implantation occurs, the blastocyst is called an embryo.
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FIGURE 11.13
The blastocyst consists of an outer layer
of cells called the trophoblast, a fluid-filled
cavity, and an inner cell mass called the
embryoblast.

Growth and Development of the Embryo

An embryo is a developing human being from the time of implantation through the first eight weeks after fertiliza-
tion. During this time, the embryo grows in size and undergoes three processes: gastrulation, differentiation, and
organogenesis.

Gastrulation

Gastrulation is the development of different layers of cells in the embryo. It generally occurs during the second
week after fertilization. During gastrulation, cells of the embryo migrate to form three distinct cell layers: the
ectoderm, mesoderm, and endoderm. These layers are shown in Figure 11.14. Each layer will eventually develop
into certain types of tissues and cells in the body.

• Ectoderm—Forms tissues that cover the outer body; develops into cells such as nerves, skin, hair, and nails.
• Mesoderm—Forms tissues that provide movement and support; develops into cells such as muscles, bones,

teeth, and blood.
• Endoderm—Forms tissues involved in digestion and breathing; develops into cells such as lungs, liver,

pancreas, and gall bladder.

Differentiation and Organogenesis

During the third week after fertilization, the embryo begins to undergo cellular differentiation. Differentiation is
the process by which unspecialized cells become specialized into one of the many different types of cells that make
up the body. During differentiation, certain genes are turned on, or activated, while other genes are switched off,
or inactivated. As a result of this process, cells develop specific structures and abilities that suit them for their
specialized roles in the body. Several examples of specialized cells are shown in Figure 11.14, along with the cell
layers from which they develop.
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FIGURE 11.14
The three cell layers of the embryo de-
velop into different types of cells. For
example, the ectoderm develops into skin
cells, the mesoderm into muscle cells,
and the endoderm into lung cells.

Differentiation of cells leads to the development of specific organs within the three cell layers. This is called
organogenesis. All the major organs begin to form during the remaining weeks of embryonic development. A
few of the developments that occur in weeks 4 through 8 are listed below.

Embryonic Development During Weeks 4-8

Pictured above is a 4-week-old embryo.

At Week 4

• Heart begins to beat.
• Arm buds appear.
• Liver, pancreas, and gall bladder start to form.
• Spleen appears.

At Week 5

• Eyes start to form.
• Leg buds appear.
• Hands appear as paddles.
• Blood begins to circulate.
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• Facial features start to develop.

At Week 6

• Lungs start to form.
• Fingers and toes form.

At Week 7

• Hair follicles start to form.
• Elbows and toes are visible.

At Week 8

• Facial features look more human.
• External ear begins to take shape.

As the embryo develops, it also grows in size. By the eighth week of development, the embryo is about 30 millimeters
long. It may also have begun to move.

Growth and Development of the Fetus

From week 8 until birth, the developing individual is referred to as a fetus. In humans, birth typically occurs 38
weeks after fertilization, so the fetal period lasts about 30 weeks. During this time, the organs that formed during
the embryonic period go through further development.

The fetus also grows in overall body size. For a detailed animation of the growth and development of the fetus see
http://www.youtube.com/watch?v=aR-Qa_LD2m4&feature=related (4:29).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6899

An overview of fetal development can be viewed at http://www.youtube.com/watch?v=RS1ti23SUSw&p=3EB6BB5
F6B447F63&index=5&playnext=4 (4:31).

MEDIA
Click image to the left or use the URL below.
URL: http://www.ck12.org/flx/render/embeddedobject/6900
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Weeks 8 to 15

During the fetus’s early weeks, reproductive organs develop along either male or female lines. The liver starts
producing red blood cells, and tooth buds appear. The fetus becomes more human in appearance, with well-formed
facial features. The eyelids form but remain closed until later in fetal development. The muscles and bones develop,
and the fetus is very active. It can make a fist and move its arms and legs. It also hiccups, stretches, and yawns.
The first measurable brain activity occurs around the 12th week. By the end of the 15th week, the fetus is about 15
centimeters long.

Weeks 16 to 26

A fetus at 18-weeks after fertilization is shown in Figure below. At this stage, the brain is developing rapidly, and it
starts to take control of some body functions. The alveoli (air sacs) in the lungs also develop, making gas exchange
possible, although the lungs are still immature. Most of the internal components of the eyes and ears form and
develop at this time. There is more muscle development, as well, and the fetus is more active than ever. The mother
usually starts to feel fetal movement during this stage.

Fine hair called lanugo grows and covers the fetus’s body by the end of this stage. Eyebrows, eyelashes, and nails
also appear, and the eyelids begin to open and close. By the end of week 26, the fetus is about 38 centimeters long
and weighs about 1.2 kilograms.

Weeks 27 to 38

During the final weeks of growth and development, the amount of body fat rapidly increases. Bones develop fully,
although they are still soft and pliable. Most of the lanugo disappears, and head hair becomes coarser and thicker.
Fingernails grow beyond the end of the fingertips. In the brain, connections form that allow the input of sensations.
Starting around week 30, the brain is continuously active. By the 38th week, the fetus is fully developed and ready
to be born. A 38-week fetus normally ranges from 36 to 51 centimeters in length and weighs between 2.7 and 4.6
kilograms. A 38-week-old fetus is shown in Figure below.

Sometimes fetuses are born earlier than 38 weeks. After 35 weeks, the fetus is considered “full-term,” which means
that it is developed enough for life outside the mother. Fetuses born before 35 weeks are likely to have health
problems due to their immaturity, although many are able to survive with medical help. The less time a fetus spends
developing in the uterus before it is born, the less likely it is to survive after birth. Fetuses born before 25 weeks
rarely survive.

Placenta and Related Structures

The placenta is a temporary organ in which nutrients and wastes are exchanged between the mother and the embryo
or fetus. The placenta begins to form in the second week after fertilization. It continues to develop and grow to meet
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the needs of the growing fetus. A fully developed placenta, like the one in Figure above, is made up of a large mass
of blood vessels from both the mother and fetus. The maternal and fetal vessels are close together but separated by
empty space. This allows the mother’s and fetus’s blood to exchange substances without actually mixing.

How the Placenta Works

Blood from the mother enters the maternal blood vessels of the placenta under pressure, forcing the blood into the
empty spaces. When the mother’s blood contacts the fetal blood vessels, gases are exchanged. Oxygen from the
mother’s blood is exchanged with carbon dioxide from the fetus’s blood. A release of pressure brings the mother’s
blood back from the placenta and into her veins.

The fetus is connected to the placenta through the umbilical cord, a tube that contains two arteries and a vein.
Blood from the fetus enters the placenta through the umbilical arteries, exchanges gases with the mother’s blood,
and travels back to the fetus through the umbilical vein.

In addition to gas exchange, the placenta transfers nutrients, hormones, and other needed substances from the
mother’s blood to the fetus’s blood. The placenta also filters many harmful substances out of the mother’s blood
so they are not transferred to the fetus. In addition, the placenta secretes hormones that maintain the corpus luteum
in the mother’s ovary. Recall that the corpus luteum secretes progesterone, which is needed to keep the endometrium
of the uterus from breaking down.

Amniotic Sac and Fluid

Attached to the placenta is the amniotic sac, which surrounds and protects the embryo or fetus. It begins to form
in the second week after fertilization. It soon fills with water and dissolved substances to form amniotic fluid. The
fluid allows the fetus to move freely until the fetus grows to fill most of the available space. The fluid also cushions
the fetus and helps protect it from injury.

Pregnancy and Childbirth

Pregnancy is the carrying of one or more offspring from fertilization until birth. It is the development of a fetus
from the expectant mother’s point of view. A woman is likely to first suspect she is pregnant when she misses a
menstrual period. As you just read, hormones secreted by the placenta maintain the endometrium of the uterus. This
prevents menstruation from occurring once pregnancy begins.

The pregnant mother plays a critical role throughout the embryonic and fetal periods. She must provide all the
nutrients and other substances needed for normal growth and development. Therefore, it is important for the
expectant mother to take good care of her health during pregnancy for the sake of her baby as well as herself.
Most importantly, the mother needs to avoid toxic substances and take in adequate nutrients.

Avoiding Toxins

Unfortunately the placenta cannot protect the developing embryo or fetus from all harmful substances in the mother’s
blood. Some harmful substances can cross the placenta from the mother’s blood and damage the embryo or fetus,
including:

• Alcohol
• Chemicals in tobacco smoke
• Aspirin
• Thalidomide (a prescription drug)
• Heroin
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• Cocaine

These and other substances can cause birth defects. For example, if a pregnant woman drinks alcohol, it can cause
variety of birth defects that are collectively called fetal alcohol syndrome. A baby with fetal alcohol syndrome is
shown in Figure 11.15. The defects include facial abnormalities, stunted growth, and mental retardation.

FIGURE 11.15
Baby with fetal alcohol syndrome.

Alcohol and some other toxins can damage the developing brain at any time before birth because the brain continues
to develop and grow rapidly throughout pregnancy. However, in general, birth defects are likely to be more
severe when exposure to toxins occurs during the embryonic period. This is because the embryo is undergoing
organogenesis. Any disruption of normal development during this early period is likely to have a greater impact on
the organism than later in pregnancy, when the organs are already formed. Although exposure to toxins at later stages
of development may do less damage, an expectant mother should try to avoid toxins throughout her pregnancy.

Taking in Nutrients

The fetus depends completely on the mother for its nutrient needs. As a result, most nutrients are needed in greater
amounts by a pregnant woman than a woman who is not pregnant. Some nutrients are especially important for
embryonic or fetal development.

• Folic acid (vitamin B9) is needed for normal development of the spinal cord. Inadequate folic acid intake can
lead to spina bifida, a serious birth defect.

• Calcium is needed for normal development of bones and teeth.
• Iron is needed for the proper formation of red blood cells.
• Omega-3 fatty acids are important for normal development of nerve cells.

If an expectant mother eats a balance of foods from the different food groups, this diet will help ensure adequate
nutrients for the fetus. Because needs for some nutrients are so high, nutrient supplements are usually recommended
during pregnancy. Supplements formulated for pregnant women help supply adequate amounts of folic acid and
other nutrients needed for normal growth and development of the fetus.

Childbirth

Near the time of birth, the amniotic sac breaks in a gush of fluid. Within 24 hours of the amniotic sac breaking,
labor usually begins. Labor is the movement of the fetus through the birth canal which involves contractions of
the muscular walls of the uterus. There are three stages associated with labor; dilation and effacement, delivery
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and birth, and placental expulsion. In the first stage, the contractions are stimulated by the release of the pituitary
hormone oxytocin. The release of oxytocin are in response to pressure from the fetus. The contractions cause the
cervix to widen and the passage through the cervix to dilate, or open. A Positive feedback mechanism promotes
stronger and more frequent contractions and when the contractions become closer and stronger, the cervix gradually
becomes more dilated. This may take hours or even days. When the cervix is dilated to about 10 centimeters, the
baby begins to move through cervix and into the vagina. This is where the second stage of labor begins.

At this point, the mother begins pushing to aid in the birth of the baby. This part of labor is generally shorter. The
fetus usually emerges head first. Within seconds of birth, the umbilical cord is cut. Without this connection to the
placenta, the baby cannot exchange carbon dioxide, which quickly builds up in the baby’s blood. This stimulates the
brain to trigger breathing and the newborn takes its first breath. Generally within half an hour or less of the birth of
the baby, contractions of the uterus force the placenta and any remaining amniotic tissues from the mother’s body.
The uterus continues to contract, but with less severe contracts. These contractions prevent bleeding. This is the
third stage of labor.

By birth, a fetus has a large head relative to its body size, because the brain is more developed than any other
organ. Some areas of the skull have not yet been converted to hard bone, allowing the fetus’s head to change shape
somewhat to fit through the cervix during birth. The head returns to its normal shape shortly after birth.

Diseases and Disorders of the Reproductive system

Reproductive cancers

Breast cancer is second only to lung cancer as the leading cause of cancer death among women in the United States.
Breast cancer occurs in men also, but the number of new cases is small. Early detection and effective treatment
is expected to reduce the number of women who die from breast cancer, and development of new methods of
prevention continues to be studied. Risk factors of breast cancer include genetics, exposure to radiation, a high
fat diet, and having the first baby after age 30. Breast cancer is generally found with routine breast self exams and
mammograms. Treatment includes a lumpectomy or a mastectomy and may be followed with chemotherapy and/or
radiation. Since the breast has so many lymph nodes nearby, the chances of metastasis are high involving other
organs such as the brain, lung, intestines, bone, and liver.

Testicular cancer accounts for only 1 percent of all cancers in men. About 7,500 men in the United States are
diagnosed with testicular cancer each year. Testicular cancer occurs most often in men between the ages of 15 and
39, and is the most common form of cancer in men between the ages of 20 and 34. It is more common in white
men than in black men. Most testicular cancers are found by men themselves. Also, doctors generally examine
the testicles during routine physical exams. Between regular checkups, if a man notices anything unusual about his
testicles, he should talk with his doctor. Men should see a doctor if they notice any of the following symptoms: a
painless lump or swelling in the testicle, a feeling of heaviness in the scrotum. A man should see his health care
provider immediately. Treatment includes an orchiectomy which may be followed by chemotherapy.

Cervical cancer is cancer of the uterine cervix. There are several factors which increase a woman’s chances including
genetics, age, the presence of HIV, age, multiple sexual partners, use of birth control pills, infection with the human
papilloma virus (HPV), and smoking. The symptoms of cervical cancer include no symptoms, a vague feeling of
bloating, increased vaginal discharge, pelvic pain, and abnormal vaginal bleeding. Treatment includes surgery,
chemotherapy and/or radiation. Since the human papilloma virus is a cause to cervical cancer, women can get
vaccinated for it. HPV vaccines are effective against the two strains of this large family of viruses that currently
cause approximately 70% of cases of cervical cancer. Since the vaccines only cover some of the cancer-causing
("high-risk") types of HPV, women should seek regular Pap smear screening, even after vaccination. (see; http://e
n.wikipedia.org/wiki/Cervical_cancer )

Ovarian cancer is cancer of the ovaries and is the seventh most common cancer and the fifth leading cause of cancer
death after lung, breast, colorectal, and pancreatic. The risk factors include genetics, age, and other unknown causes.
Symptoms of ovarian cancer are fairly vague including bloating and abdominal pain which makes diagnosis difficult
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since women do not generally see their health care providers for those symptoms. There is a blood test, CA 125,
available which is used for women with a familial history of ovarian cancer. Treatment includes surgery and/or
chemotherapy.

Prostate cancer is the cancer of the prostate and is the second most common form of cancer among men in the United
States. It is the second cause of cancer death in men and the sixth leading cause of death of men overall. The
two most commonly used tests to diagnose prostate cancer include a physical examination and blood test called the
PSA. Treatment includes surgery, as well as radiation and/or chemotherapy.

Endometriosis

Endometriosis is the presence of the endometrium outside of the uterus. It affects over 5 million women in the
United Sates. The cause of endometriosis seems to be the backflow of menstrual blood. The symptoms include
very painful period, heavy periods, chronic abdominal pain, and usually infertility. It may be controlled by the use
of birth control pills and surgery may be required to remove the endometrial tissue from organs where it does not
belong.

Impotence

Impotence, otherwise known as Erectile Dysfunction or ED. Impotence," is the repeated inability to get or keep an
erection firm enough for sexual intercourse. The word "impotence" may also be used to describe other problems that
interfere with sexual intercourse and reproduction, such as lack of sexual desire and problems with ejaculation or
orgasm. Using the term erectile dysfunction makes it clear that those other problems are not involved. Impotence is
generally treated with counseling and with medications.

Gonorrhea

Gonorrhea is a sexually transmitted disease of the reproductive and urinary systems caused by the bacterium Neis-
seria gonorrhea. Over 2 million cases are reported in the United States each year. It is prevalent among young
people, ages 15 and 25, and persons with multiple sexual partners. Transmission almost exclusively follows sexual
contact with an infected person. Newborns of infected mothers can contract the bacteria in their eyes when they
pass through the vagina during delivery. Many males have no symptoms. Some males will develop painful
urination and a greenish-yellow discharge from the urethra. Females usually have no symptoms except a greenish-
yellow discharge from the cervix, painful urination and abdominal tenderness. Gonorrhea can spread and infect the
joints and the heart. The symptoms appear between three days and three weeks after infection. In females, it can
cause pelvic inflammatory disease and sterility. Treatment is with an antibiotic, such as penicillin. Re-infection is
common. Condoms can decrease the risk of transmission, but are not 100% effective. There are numerous strains
of the bacteria that are resistant to penicillin and other antibiotics must be considered. Newborns receive antibiotic
ointment in their eyes immediately after birth to prevent complication of the bacteria, such as blindness.

Syphilis

Syphilis is a chronic, infectious sexually transmitted disease that begins in the mucous membranes and spread
throughout the body by the bloodstream. The untreated disease is characterized by progressive stages: primary,
secondary, latent and late. The incidence is highest in persons between ages 15 and 39. There are more than 50,000
cases of syphilis in the United States annually. The cause of infection is a bacterium known as Treponema pallidum.
Transmission occurs primarily through sexual contact but can be spread from a pregnant mother to her fetus. Primary
syphilis is characterized by the presence of small, fluid-filled lesions or chancres on the genitalia. The lesions may
be found on other parts of the body such as fingers and eyelids. The lesions will go away even if treatment is not
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sought. Primary syphilis is highly contagious. Secondary syphilis occurs several days or weeks after the onset of
primary syphilis. Lesions appear on the trunk, arms, legs, scrotum and vulva. This stage is highly contagious. Latent
syphilis is the next stage and is characterized by no outward symptoms. The bacterium continues to infect the body’s
internal organs. It is also a contagious stage. The last stage is the final stage. The bacteria may have attacked the
liver, brain, bone marrow, stomach, lungs, spleen and brain. This phase results in death.

Genital Herpes

Genital herpes is an infection of the reproductive system cause by the herpes simplex II virus. The infection
is the most commonly recurring of the sexually transmitted diseases. It is primarily transmitted through sexual
contact. The infection can be passed to newborns by infected mothers during delivery. Signs of infection include
a fluid-filled vesicle on the genitalia. The vesicles will rupture and develop into painful ulcers with characteristic
yellow oozing centers. Treatment is with a drug known as Zovirax.

Chlamydia

Chlamydia is the most common sexually transmitted disease in the United States, afflicting millions of people
annually. The cause is a bacterium known as Chlamydia trachomatis. The bacterium affects the reproductive,
urinary, and lymphatic systems. Males and females may or may not show signs of infection. The primary lesion is a
painless vesicle on the skin that often goes unnoticed. In males, the infection can lead to infection of the epididymis,
prostate and the urethra. Pain and infectious discharge can result. In females, chlamydia can result in infection of
the uterine tubes and the pelvis resulting in sterility. Treatment is with an antibiotic such as tetracycline. Condoms
can decrease the risk of transmission, but are not 100% effective. Re-infection can occur especially if the patient
does not finish their course of antibiotic therapy.

Trichomoniasis

Trichomoniasis is an infection of trichomonas. Trichomonas is a parasitic protozoon which may cause a vaginal
infection resulting in increased foul-smelling vaginal discharge along with itching and burning of the vulva. It is
treated with anti-fungal medication.

Genital Warts

Genital warts are transmitted sexually through contact. The warts appear on the genitalia in warm, moist surfaces
such as in the urethra of males and on the vulva, vagina and cervix of females. The painless warts start as tiny
red swellings that grow and spread. The warts often look like cauliflower. Treatment includes medication such as
benzoin or surgery. Re-infection is possible.

Human Papilloma Virus

Human papilloma virus is also called HPV. It is a virus that includes more than 100 types, over 30 of which are
sexually transmitted. The types of HPV that infect the genital area are known as genital HPV. Most sexually active
people will have HPV at some point in their lives, though most will never know it because it usually has no symptoms
and goes away on its own. Genital HPV is one of the most common sexually transmitted diseases in the United
States. At least 50 percent of sexually active men and women get genital HPV at some time in their lives. High-risk
types can cause changes that can lead to cervical cancer over time, if left untreated. Having high-risk HPV is not the
same as having cervical cancer. Usually, these high-risk HPV types cause no health problems at all and go away on
their own. Persistent high-risk HPV (infection that does not go away) is the most important risk factor for cervical
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cancer. The good news is that cervical cell changes can be found with regular Pap tests, and treated to prevent
cervical cancer from ever developing. There is no treatment or cure for HPV.

Lesson Summary

• Fertilization is the union of a sperm cell and an egg cell that forms a zygote. The zygote undergoes many cell
divisions before it implants in the lining of the uterus.

• The embryonic stage begins with implantation. An embryo forms three distinct cell layers, and each layer
develops into different types of cells and organs.

• The fetal stage begins about two months after fertilization and continues until birth. During this stage, the
organs grow and develop and the fetus grows in size.

• The placenta allows nutrients and wastes to be exchanged between the mother and fetus. The fetus is connected
to the placenta through the umbilical cord.

• A pregnant woman should avoid toxins and take in adequate nutrients for normal fetal growth and develop-
ment. During childbirth, the fetus is pushed through the cervix and out of the body through the vagina.

• Growth and development are most rapid during infancy and slower throughout the rest of childhood until
adolescence. Adolescence involves mental, emotional, and social changes in addition to the physical changes
of puberty.

• During early adulthood, people form intimate relationships and start careers. Serious health problems start
showing up in middle adulthood and old age. Aging occurs as cells lose their ability to divide.

Review Questions

1. Describe what happens during fertilization.
2. How does gastrulation change an embryo?
3. Identify three events that occur as a fetus grows and develops.
4. Explain the role of the placenta in fetal development.
5. Why is an embryo generally more susceptible than a fetus to damage by toxins in the mother’s blood?
6. Why is the umbilical cord cut before a newborn has started to breathe on its own?
7. Create a timeline of growth and development from infancy through adolescence.
8. Explain why aging occurs.

Further Reading / Supplemental Links

• Brynie, Faith Hickman, 101 Questions About Reproduction. 21st Century, 2004.
• Stanley, Deborah, Sexual Health Information for Teens. Omnigraphics, 2003.
• http://estrellamountain.edu/faculty/farabee/biobk/BioBookREPROD.html
• http://www.cdc.gov/nchs/fastats/deaths.htm
• http://www.keepkidshealthy.com/growthcharts/
• http://en.wikibooks.org/wiki/Human_Physiology/Development:_birth_through_death
• http://www.merck.com/mmhe/sec22/ch257/ch257a.html
• http://www.merck.com/mmhe/sec22/ch260/ch260a.html
• http://www.visembryo.com/baby/index.html
• http://en.wikipedia.org

Vocabulary

adolescence
The period of life between the beginning of puberty and adulthood.
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amniotic fluid
Fluid that allows the fetus to move freely within the amniotic sac; also cushions the fetus and helps protect it
from injury.

blastocyst
The ball of cells that contains a fluid filled cavity and distinct layers; forms from the morula.

cleavage
The initial cell divisions which increase the number of cells but not their overall size.

differentiation
The process by which unspecialized cells become specialized into one of the many different types of cells that
make up the body.

ectoderm
Cell layer of the embryo that forms tissues that cover the outer body; develops into cells such as nerves, skin,
hair, and nails.

embryo
A developing human being from the time of implantation through the first eight weeks after fertilization.

embryoblast
Inner layer of cells of the blastocyst; develops into an embryo.

endoderm
Cell layer of the embryo that forms tissues involved in digestion and breathing; develops into cells such as
lungs, liver, pancreas, and gall bladder.

fertilization
The union of a sperm and an egg. When the two cells unite during fertilization, they form a diploid cell, called
a zygote.

fetus
The developing individual from week 8 until birth.

gastrulation
The development of different layers of cells in the embryo; generally occurs during the second week after
fertilization.

implantation
The embedding of the blastocyst in the lining of the uterus; occurs about a week after fertilization. Once
implantation occurs, the blastocyst is called an embryo.

infancy
The first year of life after birth.

mesoderm
Cell layer of the embryo that forms tissues that provide movement and support; develops into cells such as
muscles, bones, teeth, and blood.
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morula
Initial ball of cells formed the first few days after fertilization; formed within a fallopian tube.

organogenesis
The development of specific organs within the three cell layers.

placenta
A temporary organ in which nutrients and wastes are exchanged between the mother and the embryo or fetus.

pregnancy
The carrying of one or more offspring from fertilization until birth.

trophoblast
Outer layer of cells within the blastocyst; will develop into structures which includes the placenta.

Points to Consider

• Many diseases become more common as people age, but some diseases are more common in adolescents and
young adults, including sexually transmitted diseases (STDs). What are examples of STDs?

• How common are STDs in teens and young adults?
• Why are STDs more common during these two stages of life?
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