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Introduction

The Human Biology chapter provides an overview of the physiology of humans, from the skin inward. In addition
to the skin, the basic skeletal, muscular, nervous, endocrine, circulatory, respiratory, digestive, excretory,
immune, and reproductive systems are described.

While the original spellings were American, we have converted as many as possible to UK spelling (i.e fetal to
foetal) but may have missed some, so our apologies.
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1.1 Organisation of the Human Body
•
•
•
•

Outline the levels of organisation of the human body.
Distinguish between cells, tissues, organs, and organ systems.
List the types of tissues in the human body.
Give examples of the roles of organ systems.

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.

Levels of Organisation
The human machine is organised at different levels, starting with the cell and ending with the entire organism (see
Figure 1.1). At each higher level of organisation, there is a greater degree of complexity.
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Cells
The most basic parts of the human machine are cells—an amazing 100 trillion of them by the time the average
person reaches adulthood! Cells are the basic units of structure and function in the human body, as they are in
all living things. Each cell carries out basic life processes that allow the body to survive. Many human cells are
specialised in form and function, as shown in Figure 1.2. Each type of cell in the figure plays a specific role. For
example, nerve cells have long projections that help them carry electrical messages to other cells. Muscle cells
have many mitochondria that provide the energy they need to move the body.

FIGURE 1.2
Different types of cells in the human body are
specialised for specific jobs. Do you know the
functions of any of the cell types shown here?

Tissues
After the cell, the tissue is the next level of organisation in the human body. A tissue is a group of connected
cells that have a similar function. There are four basic types of human tissues: epithelial, muscle, nervous, and
connective tissues. These four tissue types, which are shown in Figure 1.3, make up all the organs of the human
body.
•
•
•
•

Connective tissue is made up of cells that form the body’s structure. Examples include bone and
cartilage.
Epithelial tissue is made up of cells that line inner and outer body surfaces, such as the skin and the
lining of the digestive tract. Epithelial tissue protects the body and its internal organs, secretes
substances such as hormones, and absorbs substances such as nutrients.
Muscle tissue is made up of cells that have the unique ability to contract, or become shorter. Muscles
attached to bones enable the body to move.
Nervous tissue is made up of neurons, or nerve cells, that carry electrical messages. Nervous tissue
makes up the brain and the nerves that connect the brain to all parts of the body.
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Organs and Organ Systems
After tissues, organs are the next level of organisation of the human body. An organ is a structure that consists
of two or more types of tissues that work together to do the same job. Examples of human organs include the
brain, heart, lungs, skin, and kidneys. Human organs are organised into organ systems, many of which are shown
in Figure 1.4. An organ system is a group of organs that work together to carry out a complex overall function.
Each organ of the system does part of the larger job.
Your body’s 12 organ systems are shown below (Table 1.1). Your organ systems do not work alone in your body.
They must all be able to work together. For example, one of the most important functions of organ systems is to
provide cells with oxygen and nutrients and to remove toxic waste products such as carbon dioxide. A number of
organ systems, including the cardiovascular and respiratory systems, all work together to do this.
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Organ System

Major Tissues and Organs

Function

Cardiovascular

Heart; blood vessels; blood

Transports oxygen, hormones, and
nutrients to the body cells. Moves
wastes and carbon dioxide away
from cells.

Lymphatic

Lymph nodes; lymph vessels

Defend against infection and
disease, moves lymph between
tissues and the blood stream.

Digestive

Oesophagus; stomach; small
intestine; large intestine

Digests foods and absorbs
nutrients, minerals, vitamins, and
water.

Endocrine

Pituitary gland, hypothalamus;
adrenal glands; ovaries; testes

Produces hormones that
communicate between cells.

Integumentary

Skin, hair, nails

Provides protection from injury
and water loss, physical defence
against infection by
microorganisms, and temperature
control.

Muscular

Cardiac (heart) muscle; skeletal
muscle; smooth muscle; tendons

Involved in movement and heat
production.

Nervous

Brain, spinal cord; nerves

Collects, transfers, and processes
information.

Reproductive

Female: uterus; vagina; fallopian
tubes; ovaries
Male: penis; testes; seminal
vesicles

Produces gametes (sex cells) and
sex hormones.

Respiratory

Trachea, larynx, pharynx, lungs

Brings air to sites where gas
exchange can occur between the
blood and cells (around body) or
blood and air (lungs).

Skeletal

Bones, cartilage; ligaments

Supports and protects soft tissues
of body; produces blood cells;
stores minerals.

Urinary

Kidneys; urinary bladder

Removes extra water, salts, and
waste products from blood and
body; controls pH; controls water
and salt balance.

Immune

Bone marrow; spleen; white blood
cells

Defends against diseases.

TABLE 1.1: Major Organ Systems of the Human Body
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1.2 Homeostasis
• Define homeostasis.
• Describe the importance of maintaining homeostasis.
• Discuss the roles of the endocrine and nervous systems in maintaining homeostasis.

What happens if stability is disrupted?
Remove one stone and the whole arch collapses. The same is true for the human body. All the systems work
together to maintain stability or homeostasis. Disrupt one system, and the whole body may be affected.
Homeostasis
All of the organs and organ systems of the human body work together like a well-oiled machine. This is because
they are closely regulated by the nervous and endocrine systems. The nervous system controls virtually all body
activities, and the endocrine system secretes hormones that regulate these activities. Functioning together, the
organ systems supply body cells with all the substances they need and eliminate their wastes. They also keep
temperature, pH, and other conditions at just the right levels to support life processes.
Maintaining Homeostasis
The process in which organ systems work to maintain a stable internal environment is called homeostasis.
Keeping a stable internal environment requires constant adjustments. Here are just three of the many ways that
human organ systems help the body maintain homeostasis:
• Respiratory system: A high concentration of carbon dioxide in the blood triggers faster breathing. The lungs
exhale more frequently, which removes carbon dioxide from the body more quickly.
• Excretory system: A low level of water in the blood triggers retention of water by the kidneys. The kidneys
produce more concentrated urine, so less water is lost from the body.
• Endocrine system: A high concentration of sugar in the blood triggers secretion of insulin by an endocrine
gland called the pancreas. Insulin is a hormone that helps cells absorb sugar from the blood.
10
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So how does your body maintain homeostasis? The regulation of your internal environment is done primarily
through negative feedback. Negative feedback is a response to a stimulus that keeps a variable close to a set
value (Figure 1.5). Essentially, it "shuts off" or "turns on" a system when it varies from a set value.
For example, your body has an internal thermostat. During a winter day, in your house a thermostat senses the
temperature in a room and responds by turning on or off the heater. Your body acts in much the same way.
When body temperature rises, receptors in the skin and the brain sense the temperature change. The
temperature change triggers a command from the brain. This command can cause several responses. If you are
too hot, the skin makes sweat and blood vessels near the skin surface dilate. This response helps decrease body
temperature.
Another example of negative feedback has to do with blood glucose levels. When glucose (sugar) levels in the
blood are too high, the pancreas secretes insulin to stimulate the absorption of glucose and the conversion of
glucose into glycogen, which is stored in the liver. As blood glucose levels decrease, less insulin is produced.
When glucose levels are too low, another hormone called glucagon is produced, which causes the liver to
convert glycogen back to glucose.

FIGURE 1.5
Feedback Regulation. If a raise in body
temperature (stimulus) is detected
(receptor), a signal will cause the brain
to maintain homeostasis (response).
Once the body temperature returns to
normal, negative feedback will cause the
response to end. This sequence of
stimulus-receptor signal-response is
used throughout the body to maintain
homeostasis.
Positive Feedback

Some processes in the body are regulated by positive feedback. Positive feedback is when a response to an
event increases the likelihood of the event to continue. An example of positive feedback is milk production in
nursing mothers. As the baby drinks her mother’s milk, the hormone prolactin, a chemical signal, is released.
The more the baby suckles, the more prolactin is released, which causes more milk to be produced. Other
examples of positive feedback include contractions during childbirth. When constrictions in the uterus push a
baby into the birth canal, additional contractions occur.
Failure of Homeostasis
Many homeostatic mechanisms such as these work continuously to maintain stable conditions in the human
body. Sometimes, however, the mechanisms fail. When they do, cells may not get everything they need, or toxic
wastes may accumulate in the body. If homeostasis is not restored, the imbalance may lead to disease or even
death.
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1.3 Human Skeletal System
•
•
•
•

Give an overview of the human skeleton.
List the functions of the skeletal system.
Define cartilage, ligament and bone.
Describe mineral homeostasis.

The skeletal system consists of all the bones of the body. How important are your bones?
Try to imagine what you would look like without them. You would be a soft, wobbly pile of skin, muscles, and
internal organs, so you might look something like a very large slug. Not that you would be able to see yourself—
folds of skin would droop down over your eyes and block your vision because of your lack of skull bones. You could
push the skin out of the way, if you could only move your arms, but you need bones for that as well!
The Skeleton
The human skeleton is an internal framework that, in adults, consists of 206 bones, most of which are shown in
Figure 1.11.
In addition to bones, the skeleton also consists of cartilage and ligaments:
• Cartilage is a type of dense connective tissue, made of tough protein fibres, that provides a smooth surface
for the movement of bones at joints.
• A ligament is a band of fibrous connective tissue that holds bones together and keeps them in place.

12

www.perioperativeCPD.com with www.ck12.org
Human Biology

FIGURE 1.11
The human skeleton consists of bones, cartilage, and ligaments
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The skeleton supports the body and gives it shape. It has several other functions as well, including:
1.
2.
3.
4.
5.

protecting internal organs
providing attachment surfaces for muscles
producing blood cells
storing minerals
maintaining mineral homeostasis.

Maintaining mineral homeostasis is a very important function of the skeleton, because just the right levels of
calcium and other minerals are needed in the blood for normal functioning of the body. When mineral levels in
the blood are too high, bones absorb some of the minerals and store them as mineral salts, which is why bones
are so hard. When blood levels of minerals are too low, bones release some of the minerals back into the blood,
thus restoring homeostasis.

Summary
• The adult human skeleton includes 206 bones and other tissues.
• The skeleton supports the body, protects internal organs, produces blood cells, and maintains mineral
homeostasis.
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1.4 Structure of Bones
•
•
•
•

Describe the cells and tissues that make up bones.
Define collagen and bone matrix.
Distinguish between osteoblasts, osteocytes, and osteoclasts.
Distinguish between compact bone, spongy bone, bone marrow, and periosteum.

Are bones living?
It’s common to think of bones as not living. But bones are very much living. In fact, you are constantly making
new bone tissue. That means that you are also constantly getting rid of bone. Bone is full of blood and nerves
and all sorts of cells and proteins, making it an extremely complex living tissue.
Structure of Bones
Many people think of bones as being dead, dry, and brittle. These adjectives correctly describe the bones of a
preserved skeleton, but the bones in a living human being are very much alive. As shown in Figure 1.12, the
basic structure of bones is bone matrix, which makes up the underlying rigid framework of bones, composed of
both compact bone and spongy bone. The bone matrix consists of tough protein fibres, mainly collagen, that
become hard and rigid due to mineralisation with calcium crystals. Bone matrix is crisscrossed by blood vessels
and nerves and also contains specialised bone cells that are actively involved in metabolic processes.
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FIGURE 1.12
Bone matrix provides bones with
their basic structure. Notice the
spongy bone in the middle, and
the compact bone towards the
outer region. The osteon is the
functional unit of compact bone.

Bone Cells
There are three types of specialised cells in human bones: osteoblasts, osteocytes, and osteoclasts. These cells
are responsible for bone growth and mineral homeostasis.
• Osteoblasts make new bone cells and secrete collagen that mineralises to become bone matrix. They are
responsible for bone growth and the uptake of minerals from the blood.
• Osteocytes regulate mineral homeostasis. They direct the uptake of minerals from the blood and the
release of minerals back into the blood as needed.
• Osteoclasts dissolve minerals in bone matrix and release them back into the blood.
Bones are far from static, or unchanging. Instead, they are dynamic, living tissues that are constantly being
reshaped. Under the direction of osteocytes, osteoblasts continuously build up bone, while osteoclasts
continuously break it down.
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Bone Tissues
Bones consist of different types of tissue, including compact bone, spongy bone, bone marrow, and periosteum.
All of these tissue types are shown in Figure 1.13.
• Compact bone makes up the dense outer layer of bone. Its functional unit is the osteon. Compact bone is
very hard and strong.
• Spongy bone is found inside bones and is lighter and less dense than compact bone. This is because
spongy bone is porous.
• Bone marrow is a soft connective tissue that produces blood cells. It is found inside the pores of spongy
bone.
• Periosteum is a tough, fibrous membrane that covers and protects the outer surfaces of bone.

FIGURE 1.13
This bone contains different types of bone tissue.
How does each type of tissue contribute to the
functions of bone?

Summary
• Under the direction of osteocytes, osteoblasts continuously build up bone, while osteoclasts continuously
break down bone. These processes help maintain mineral homeostasis.
• Bone tissues include compact bone, spongy bone, bone marrow, and periosteum.

17

www.perioperativeCPD.com with www.ck12.org
Human Biology

1.5 Growth and Development of Bones
• Define ossification.
• Explain how bones grow and develop.

How do bones grow?
Bones are hard structures. So how do they grow? Well, bones are a living tissue. They have a blood supply. You
are consistently making new bone. In fact, the human skeleton is replaced every 7-10 years. But how do bones
grow? From their ends, where they have cartilage.

Growth and Development of Bones
Early in the development of a human foetus, the skeleton is made entirely of cartilage. The relatively soft
cartilage gradually turns into hard bone through ossification. This is a process in which mineral deposits replace
cartilage. As shown in Figure 1.14, ossification of long bones, which are found in the arms and legs, begins at the
centre of the bones and continues toward the ends. By birth, several areas of cartilage remain in the skeleton,
including growth plates at the ends of the long bones. This cartilage grows as the long bones grow, so the bones
can keep increasing in length during childhood.
In the late teens or early twenties, a person reaches skeletal maturity. By then, all of the cartilage has been
replaced by bone, so no further growth in bone length is possible. However, bones can still increase in thickness.
This may occur in response to increased muscle activity, such as weight training.
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FIGURE 1.14
Long bones ossify and
get longer as they grow
and develop. These
bones grow from their
ends, known as the
epiphysis, and the
presence of a growth
plate, or epiphyseal line,
signifies that the bone is
still growing.

Summary
• Bones become increasingly ossified and grow larger during foetal development, childhood, and adolescence.
• When skeletal maturity is reached at about age 20, no additional growth in bone length can occur.
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1.6 Skeletal System Joints
• Give examples of different types of joints.
• Distinguish between immovable, partly movable, and movable joints.
• Compare a ball-and-socket joint to a hinge joint.

What allows running?
Running. A means of terrestrial locomotion allowing humans and other animals to move rapidly on foot. The
knees, which connect one part of the leg to the other, have to allow the legs to move. The knee is a joint, the
part of the skeletal system that connects bones.
Joints
A joint is a place where two or more bones of the skeleton meet. With the help of muscles, joints work like
mechanical levers, allowing the body to move with relatively little force. The surfaces of bones at joints are
covered with a smooth layer of cartilage that reduces friction at the points of contact between the bones.
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Types of Joints
There are three main types of joints: immovable, partly movable, and movable.
• Immovable joints allow no movement because the bones at these joints are held securely together by dense
collagen. The bones of the skull are connected by immovable joints.
• Partly movable joints allow only very limited movement. Bones at these joints are held in place by cartilage.
The ribs and sternum are connected by partly movable joints.
• Movable joints allow the most movement. Bones at these joints are connected by ligaments. Movable joints
are the most common type of joints in the body, so they are described in more detail next.
Movable Joints
Movable joints are also known as synovial joints. This is because the space between the bones is filled with a thick
fluid, called synovial fluid, that cushions the joint (see Figure 1.15).

FIGURE 1.15
A movable, or synovial, joint is protected and
cushioned by cartilage and synovial fluid.

There are a variety of types of movable joints, which are illustrated in Figure 1.16. The joints are classified by
how they move. For example, a ball-and-socket joint, such as the shoulder, has the greatest range of motion,
allowing movement in several directions. Other movable joints, including hinge joints such as the knee, allow
less movement.
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FIGURE 1.16
Types of Movable Joints in the Human Skeleton.
Movable joints can move in a variety of ways. Try
moving each of the joints indicated in the
diagram. Can you tell how their movements
differ? Other joints in the human skeleton that are
not depicted here include saddle, ellipsoid, and
plane joints.

Summary
• Joints are places where two or more bones of the skeleton meet.
• With the help of muscles, joints allow the body to move with relatively little force.
• Some joints can move more than others.
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1.7 Skeletal System Problems and Diseases
• Identify general problems and diseases associated with the skeletal system.

Do you think this would hurt? Why?
That would probably hurt. And hurt a lot. Broken bones, or fractures, may be one of the more common
problems of the skeletal system. And this one would probably need surgery to fix. But, in addition to broken
bones, there are other problems and diseases of the skeletal system.
Skeletal System Problems
Despite their hardness and strength, bones can suffer from injury and disease. Bone problems include fractures,
osteoarthritis, and rickets.
• Fractures are breaks in bone, usually caused by excessive stress on bone. Fractures heal when
osteoblasts form new bone. Soon after a fracture, the body begins to repair the break. The area becomes
swollen and sore. Within a few days, bone cells travel to the break site and begin to rebuild the bone. It
takes about two to three months before compact and spongy bone form at the break site. Sometimes the
body needs extra help in repairing a broken bone. In such a case, a surgeon will piece a broken bone
together with metal pins. Moving the broken pieces together will help keep the bone from moving and
give the body a chance to repair the break.
• Osteoarthritis is a condition in which cartilage breaks down in joints due to wear and tear, causing joint
stiffness and pain.
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• Osteoporosis is a disease in which bones lose mass and become more fragile than they should be.
Osteoporosis also makes bones more likely to break. Two of the easiest ways to prevent osteoporosis are
eating a healthy diet that has the right amount of calcium and vitamin D and to do some sort of weightbearing exercise every day. Foods that are a good source of calcium include milk, yogurt, and cheese.
Non-dairy sources of calcium include Chinese cabbage, kale, and broccoli. Many fruit juices, fruit drinks,
tofu, and cereals have calcium added to them. It is recommended that teenagers get 1300 mg of calcium
every day. For example, one cup (8 fl. oz.) of milk provides about 300 mg of calcium, or about 30% of the
daily requirement.
• Rickets is softening of the bones in children that occurs because bones do not have enough calcium.
Rickets can lead to fractures and bowing of the leg bones, which is illustrated in the Figure 1.17.

FIGURE 1.17
The bones of a child with rickets are so soft that the
weight of the body causes them to bend.

Summary
• Skeletal system problems include fractures, osteoarthritis, and rickets.
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1.8 Smooth, Skeletal, and Cardiac Muscles
• Identify the three types of human muscle tissue.
• Compare skeletal muscle to cardiac muscle and to smooth muscle.

What exactly are muscles?
Does the word "muscle" make you think of the biceps of a weightlifter, like the man in pictured above? Muscles
such as biceps that move the body are easy to feel and see, but they aren’t the only muscles in the human body.
Many muscles are deep within the body. They form the walls of internal organs such as the heart and stomach.
You can flex your biceps like a body builder, but you cannot control the muscles inside you. It’s a good thing that
they work on their own without any conscious effort on your part, because movement of these muscles is
essential for survival.

What Are Muscles?
The muscular system consists of all the muscles of the body. Muscles are organs composed mainly of muscle
cells, which are also called muscle fibres. Each muscle fibre is a very long, thin cell that can do something no
other cell can do. It can contract, or shorten. Muscle contractions are responsible for virtually all the movements
of the body, both inside and out. There are three types of muscle tissues in the human body: cardiac, smooth,
and skeletal muscle tissues. They are shown in Figure 1.18 and described below.
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Types of Muscle Tissue. Both skeletal and cardiac muscles appear striated, or striped, because their cells are
arranged in bundles. Smooth muscles are not striated because their cells are arranged in sheets instead of
bundles.

Smooth Muscle
Muscle tissue in the walls of internal organs such as the stomach and intestines is smooth muscle. When smooth
muscle contracts, it helps the organs carry out their functions. For example, when smooth muscle in the
stomach contracts, it squeezes the food inside the stomach, which helps break the food into smaller pieces.
Contractions of smooth muscle are involuntary. This means they are not under conscious control.
Skeletal Muscle
Muscle tissue that is attached to bone is skeletal muscle. Whether you are blinking your eyes or running a
marathon, you are using skeletal muscle. Contractions of skeletal muscle are voluntary, or under conscious
control. When skeletal muscle contracts, bones move. Skeletal muscle is the most common type of muscle in the
human body.
Cardiac Muscle
Cardiac muscle is found only in the walls of the heart. When cardiac muscle contracts, the heart beats and
pumps blood. Cardiac muscle contains a great many mitochondria, which produce ATP for energy. This helps the
heart resist fatigue. Contractions of cardiac muscle are involuntary, like those of smooth muscle. Cardiac muscle,
like skeletal muscle, is arranged in bundles, so it appears striated, or striped.

Summary
• There are three types of human muscle tissue: smooth muscle (in internal organs), skeletal muscle, and
cardiac muscle (only in the heart).
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1.9 Skeletal Muscles
• Describe the structure of skeletal muscle.
• Explain how skeletal muscles move bones.

How do your bones move?
By the contraction and extension of your skeletal muscles. Notice how the muscles are attached to the bones.
The muscles pull on the bones, causing movement.
Skeletal Muscles
There are well over 600 skeletal muscles in the human body, some of which are identified in Figure 1.19. Skeletal
muscles vary considerably in size, from tiny muscles inside the middle ear to very large muscles in the upper leg.
Structure of Skeletal Muscles
Each skeletal muscle consists of hundreds or even thousands of skeletal muscle fibres. The fibres are bundled
together and wrapped in connective tissue, as shown Figure 1.20. The connective tissue supports and protects
the delicate muscle cells and allows them to withstand the forces of contraction. It also provides pathways for
nerves and blood vessels to reach the muscles. Skeletal muscles work hard to move body parts. They need a rich
blood supply to provide them with nutrients and oxygen and to carry away their wastes.
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FIGURE 1.19
Skeletal Muscles. Skeletal muscles
enable the body to move.

FIGURE 1.20
Skeletal Muscle Structure. A skeletal muscle
contains bundles of muscle fibres inside a
“coat” of connective tissue.
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Skeletal Muscles and Bones
Skeletal muscles are attached to the skeleton by tough connective tissues called tendons (see Figure 1.20). Many
skeletal muscles are attached to the ends of bones that meet at a joint. The muscles span the joint and connect
the bones. When the muscles contract, they pull on the bones, causing them to move.
Muscles can only contract. They cannot actively extend, or lengthen. Therefore, to move bones in opposite
directions, pairs of muscles must work in opposition. For example, the biceps and triceps muscles of the upper
arm work in opposition to bend and extend the arm at the elbow (see Figure 1.21).

Use It or Lose It
In exercises such as weight lifting, skeletal muscle contracts against a resisting force (see Figure 1.22). Using
skeletal muscle in this way increases its size and strength. In exercises such as running, the cardiac muscle
contracts faster and the heart pumps more blood. Using cardiac muscle in this way increases its strength and
efficiency. Continued exercise is necessary to maintain bigger, stronger muscles. If you don’t use a muscle, it will
get smaller and weaker—so use it or lose it.

FIGURE 1.21
Triceps and biceps muscles in the upper arm
are opposing muscles.

Summary
• Skeletal muscles are attached to the skeleton and cause bones to move when they contract.
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1.10 Muscle Contraction

•
•
•

Explain how muscles contract according to the sliding filament theory.
Define sarcomere and Z-line.
Describe the interactions of actin and myosin.

What makes a muscle contract?
It starts with a signal from the nervous system. So it starts with a signal from your brain. The signal goes through
your nervous system to your muscle. Your muscle contracts, and your bones move. And all this happens
incredibly fast.
Muscle Contraction
Muscle contraction occurs when muscle fibres get shorter. Literally, the muscle fibres get smaller in size. To
understand how this happens, you need to know more about the structure of muscle fibres.
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Structure of Muscle Fibres
Each muscle fibre contains hundreds of organelles called myofibrils. Each myofibril is made up of two types of
protein filaments: actin filaments, which are thinner, and myosin filaments, which are thicker. Actin filaments are
anchored to structures called Z lines (see Figure 1.23). The region between two Z lines is called a sarcomere.
Within a sarcomere, myosin filaments overlap the actin filaments. The myosin filaments have tiny structures
called cross bridges that can attach to actin filaments.

FIGURE 1.23
Sarcomere. A sarcomere contains actin and myosin
filaments between two Z lines.

Sliding Filament Theory
The most widely accepted theory explaining how muscle fibres contract is called the sliding filament theory.
According to this theory, myosin filaments use energy from ATP to “walk” along the actin filaments with their
cross bridges. This pulls the actin filaments closer together. The movement of the actin filaments also pulls the Z
lines closer together, thus shortening the sarcomere.
When all of the sarcomeres in a muscle fibre shorten, the fibre contracts. A muscle fibre either contracts fully or
it doesn’t contract at all. The number of fibres that contract determines the strength of the muscular force.
When more fibres contract at the same time, the force is greater.
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Muscles and Nerves
Muscles cannot contract on their own. They need a stimulus from a nerve cell to “tell” them to contract. Let’s say
you decide to raise your hand in class. Your brain sends electrical messages to nerve cells, called motor neurons,
in your arm and shoulder. The motor neurons, in turn, stimulate muscle fibres in your arm and shoulder to
contract, causing your arm to rise. Involuntary contractions of cardiac and smooth muscles are also controlled by
nerves.
Summary
• According to the sliding filament theory, a muscle fibre contracts when myosin filaments pull actin filaments
closer together and thus shorten sarcomeres within a fibre.
• When all the sarcomeres in a muscle fibre shorten, the fibre contracts.

32

www.perioperativeCPD.com with www.ck12.org
Human Biology

1.11 Skin
•
•
•
•
•

Define integumentary system.
Describe the structure and function of skin.
Explain the role of melanin.
Describe the importance of the dermis.
Identify common skin problems.

What is integumentary?
Because the organs of the integumentary system are external to the body, you may think of them as little more
than “accessories,” like clothing or jewellery. But the organs of the integumentary system serve important
biological functions. They provide a protective covering for the body and help the body maintain homeostasis.

The Skin
The skin is the major organ of the integumentary system, which also includes the nails and hair. In fact, the skin is
the body’s largest organ, and a remarkable one at that. Consider these skin facts. The average square inch (6.5
cm2) of skin has 20 blood vessels, 650 sweat glands, and more than a thousand nerve endings. It also has an
incredible 60,000 pigment-producing cells. All of these structures are packed into a stack of cells that is just 2
mm thick, or about as thick as the cover of a book.
Although the skin is thin, it consists of two distinct layers, called the epidermis and the dermis. These layers are
shown in Figure 1.24.

FIGURE 1.24
Layers of Human Skin. The outer layer
of the skin is the epidermis, and the
inner layer is the dermis. Most skin
structures originate in the dermis.
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Epidermis
The epidermis is the outer layer of skin, consisting of epithelial cells and little else (see Figure 1.25). For example,
there are no nerve endings or blood vessels in the epidermis. The innermost cells of the epidermis are
continuously dividing through mitosis to form new cells. The newly formed cells move up through the epidermis
toward the skin surface, while producing a tough, fibrous protein called keratin. The cells become filled with
keratin and die by the time they reach the surface, where they form a protective, waterproof layer called the
stratum corneum. The dead cells are gradually shed from the surface of the skin and replaced by other cells.
The epidermis also contains melanocytes, which are cells that produce melanin. Melanin is the brownish pigment
that gives skin much of its colour. Everyone has about the same number of melanocytes, but the melanocytes of
people with darker skin produce more melanin. The amount of melanin produced is determined by heredity and
exposure to UV light, which increases melanin output. Exposure to UV light also stimulates the skin to produce
vitamin D. Because melanin blocks UV light from penetrating the skin, people with darker skin may be at greater
risk of vitamin D deficiency.
Dermis
The dermis is the lower layer of the skin, located directly beneath the epidermis (see Figure 1.26). It is made of
tough connective tissue and attached to the epidermis by collagen fibres. The dermis contains blood vessels and
nerve endings. Because of the nerve endings, skin can feel touch, pressure, heat, cold, and pain. The dermis also
contains hair follicles and two types of glands.
• Hair follicles are the structures where hairs originate. Hairs grow out of follicles, pass through the
epidermis, and exit at the surface of the skin.
• Sebaceous glands produce an oily substance called sebum. Sebum is secreted into hair follicles and makes
its way to the skin surface. It waterproofs the hair and skin and helps prevent them from drying out.
Sebum also has antibacterial properties, so it inhibits the growth of microorganisms on the skin.
• Sweat glands produce the salty fluid called sweat, which contains excess water, salts, and other waste
products. The glands have ducts that pass through the epidermis and open to the surface through pores in
the skin.

Functions of the Skin
The skin has multiple roles in the body. Many of these roles are related to homeostasis. The skin’s main functions
are preventing water loss from the body and serving as a barrier to the entry of microorganisms. In addition,
melanin in the skin blocks UV light and protects deeper layers from its damaging effects.
The skin also helps regulate body temperature. When the body is too warm, sweat is released by the sweat
glands and spreads over the skin surface. As the sweat evaporates, it cools the body. Blood vessels in the skin
also dilate, or widen, when the body is too warm. This allows more blood to flow through the skin, bringing body
heat to the surface, where it radiates into the environment. When the body is too cool, sweat glands stop
producing sweat, and blood vessels in the skin constrict, or narrow, thus conserving body heat.
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FIGURE 1.26
Structures of the Dermis. The dermis
contains most of the structures found in skin.

Skin Problems
In part because it is exposed to the environment, the skin is prone to injury and other problems. Two common
problems of the skin are acne and skin cancer (see Figure 1.27).
• Acne is a condition in which red bumps called pimples form on the skin due to a bacterial infection. It
affects more than 85 percent of teens and may continue into adulthood. The underlying cause of acne is
excessive secretion of sebum, which plugs hair follicles and makes them good breeding grounds for
bacteria.
• Skin cancer is a disease in which skin cells grow out of control. It is caused mainly by excessive exposure to
UV light. People with lighter skin are at greater risk of developing skin cancer because they have less
melanin to block harmful UV radiation. The best way to prevent skin cancer is to avoid UV exposure by
using sunscreen and wearing protective clothing.
FIGURE 1.27
ABCDs of Skin Cancer. A brown spot on the skin is
likely to be a harmless mole, but it could be a sign
of skin cancer. Unlike moles, skin cancers are
generally asymmetrical, have irregular borders,
may be very dark in colour, and may have a
relatively great diameter.

Summary
• The skin consists of two layers: the epidermis, which contains mainly epithelial cells, and the dermis, which
contains most of skin’s other structures, including blood vessels, nerve endings, hair follicles, and glands.
• Skin protects the body from injury, water loss, and microorganisms. It also plays a major role in
maintaining a stable body temperature.
• Common skin problems include acne and skin cancer.
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1.12 Nails and Hair
• Summarise the structure and functions of the hair and nails.

Would you believe this is a close-up of your hair and scalp?
Well maybe not yours. But some other person’s. Hair is an integral part of the integumentary system. And
although many people may lose some or all of the hair on top of their head, they still have hair on their arms and
legs that perform important functions.

Nails and Hair
In addition to the skin, the integumentary system includes the nails and hair. Like the skin, these organs help the
body maintain homeostasis.

Nails
Fingernails and toenails consist of specialised epidermal cells that are filled with keratin. The keratin makes them
tough and hard, which is important for the functions they serve. Fingernails prevent injury by forming protective
plates over the ends of the fingers. They also enhance sensation by acting as a counterforce to the sensitive
fingertips when objects are handled.
Nails are similar to claws in other animals. They cover the tips of fingers and toes. Fingernails and toenails both
grow from nail beds. As the nail grows, more cells are added at the nail bed. Older cells get pushed away from
the nail bed and the nail grows longer. There are no nerve endings in the nail. Otherwise cutting your nails would
hurt a lot!
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Hair
Hair is a fibre that is found only in mammals. Its main component is keratin. A hair shaft consists of dead, keratin
filled cells that overlap each other like the shingles on a roof (see Figure 1.28). Like roof shingles, the overlapping
cells help shed water from the hair.

FIGURE 1.28 Shaft of Human Hair. This shaft of hair is magnified to show its
overlapping cells

Hair helps to insulate and protect the body. Head hair is especially important in preventing heat loss from the
body. Eyelashes and eyebrows protect the eyes from water, dirt, and other irritants. Hairs in the nose trap dust
particles and microorganisms in the air and prevent them from reaching the lungs. Hair also provides sensory
input when objects brush against it or it sways in moving air.

FIGURE 1.29 Hair, hair follicle, and oil glands. The oil, called
sebum, helps to prevent water loss from the skin. The
sebaceous gland secretes sebum, which waterproofs the skin
and hair.

Summary
• Nails and hair contain mostly keratin. They protect the body and enhance the sense of touch.
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•
•
•
•

Distinguish the central nervous system from the peripheral nervous system.
Describe the structure of a neuron.
Identify types of neurons.
Explain the roles of the axon and the dendrites.

A close-up view of a spider web? Some sort of exotic bacteria? What do you think this is?
This is actually a nerve cell, the cell of the nervous system. This cell sends electrical “sparks” that transmit signals
throughout your body.
The Nervous System
A small child darts in front of your bike as you race down the street. You see the child and immediately react. You
put on the brakes, steer away from the child, and yell out a warning, all in just a split second. How do you
respond so quickly? Such rapid responses are controlled by your nervous system. The nervous system is a
complex network of nervous tissue that carries electrical messages throughout the body. It includes the brain
and spinal cord, the central nervous system, and nerves that run throughout the body, the peripheral nervous
system (see Figure 1.30). To understand how nervous messages can travel so quickly, you need to know more
about nerve cells.
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Nerve Cells
Although the nervous system is very complex, nervous tissue consists of just two basic types of nerve cells:
neurons and glial cells. Neurons are the structural and functional units of the nervous system. They transmit
electrical signals, called nerve impulses. Glial cells provide support for neurons. For example, they provide
neurons with nutrients and other materials.

Figure 1.30 The human nervous system
includes the brain and spinal cord
(central nervous system) and nerves that
run throughout the body (peripheral
nervous system).
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Neuron Structure
As shown in Figure 1.31, a neuron consists of three basic parts: the cell body, dendrites, and axon.
•

The cell body contains the nucleus and other cell organelles.

•
•

Dendrites extend from the cell body and receive nerve impulses from other neurons.
The axon is a long extension of the cell body that transmits nerve impulses to other cells. The axon
branches at the end, forming axon terminals. These are the points where the neuron communicates
with other cells.

FIGURE 1.31
The structure of a neuron allows it to rapidly transmit nerve
impulses to other cells.

Myelin Sheath
The axon of many neurons has an outer layer called a myelin sheath (see Figure 1.31). Myelin is a lipid produced
by a type of a glial cell known as a Schwann cell. The myelin sheath acts like a layer of insulation, similar to the
plastic that encases an electrical cord. Regularly spaced nodes, or gaps, in the myelin sheath allow nerve
impulses to skip along the axon very rapidly.
Types of Neurons
Neurons are classified based on the direction in which they carry nerve impulses.
• Sensory neurons carry nerve impulses from tissues and organs to the spinal cord and brain.
• Motor neurons carry nerve impulses from the brain and spinal cord to muscles and glands (see Figure 1.32).
• Interneurons carry nerve impulses back and forth between sensory and motor neurons.
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FIGURE 1.32
This axon is part of a motor neuron. It transmits nerve
impulses to a skeletal muscle, causing the muscle to
contract

Summary
• Neurons are the structural and functional units of the nervous system. They consist of a cell body,
dendrites, and axon.
• Neurons transmit nerve impulses to other cells.
• Types of neurons include sensory neurons, motor neurons, and interneurons.
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1.14 Nerve Impulses
•
•
•
•

Define nerve impulse.
Explain how nerve impulses are transmitted.
Compare the resting potential to an action potential.
Explain the synapse.

How does a nervous system signal move from one cell to the next?
It literally jumps by way of a chemical transmitter. Notice the two cells are not connected, but separated by a
small gap. The synapse. The space between a neuron and the next cell.
Nerve Impulses
Nerve impulses are electrical in nature. They result from a difference in electrical charge across the plasma
membrane of a neuron. How does this difference in electrical charge come about? The answer involves ions,
which are electrically charged atoms or molecules.
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Resting Potential
When a neuron is not actively transmitting a nerve impulse, it is in a resting state, ready to transmit a nerve
impulse. During the resting state, the sodium-potassium pump maintains a difference in charge across the cell
membrane (see Figure 1.33). It uses energy in ATP to pump positive sodium ions (Na+) out of the cell and
potassium ions (K+) into the cell.
As a result, the inside of the neuron is negatively charged compared to the extracellular fluid surrounding the
neuron. This is due to many more positively charged ions outside the cell compared to inside the cell. This
difference in electrical charge is called the resting potential.

The sodium-potassium
pump maintains the
resting potential of a
neuron

Action Potential
A nerve impulse is a sudden reversal of the electrical charge across the membrane of a resting neuron. The
reversal of charge is called an action potential. It begins when the neuron receives a chemical signal from
another cell. The signal causes gates in sodium ion channels to open, allowing positive sodium ions to flow back
into the cell. As a result, the inside of the cell becomes positively charged compared to the outside of the cell.
This reversal of charge ripples down the axon very rapidly as an electric current (see Figure 1.34).
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FIGURE 1.34
An action
potential
speeds along an
axon in
milliseconds.

In neurons with myelin sheaths, ions flow across the membrane only at the nodes between sections of myelin. As
a result, the action potential jumps along the axon membrane from node to node, rather than spreading
smoothly along the entire membrane. This increases the speed at which it travels.

The Synapse
The place where an axon terminal meets another cell is called a synapse. The axon terminal and other cell are
separated by a narrow space known as a synaptic cleft (see Figure 1.35). When an action potential reaches the
axon terminal, the axon terminal releases molecules of a chemical called a neurotransmitter. The
neurotransmitter molecules travel across the synaptic cleft and bind to receptors on the membrane of the other
cell. If the other cell is a neuron, this starts an action potential in the other cell.

FIGURE 1.35

At a synapse,

neurotransmitters are released by the axon
terminal. They bind with receptors on the other
cell.
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Summary
• A nerve impulse begins when a neuron receives a chemical stimulus.
• The nerve impulse travels down the axon membrane as an electrical action potential to the axon terminal.
• The axon terminal releases neurotransmitters that carry the nerve impulse to the next cell.
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1.15 Central Nervous System
• Identify parts of the central nervous system and their functions.
• Distinguish the cerebrum from the cerebellum and the brain stem.
• Identify functions of the lobes of the cerebrum.

The human brain. The "control centre." What does it control?
Practically everything. From breathing and heartbeat to reasoning, memory, and language. And it is the main part
of the central nervous system.
Central Nervous System
The nervous system has two main divisions: the central nervous system and the peripheral nervous system (see
Figure 1.36). The central nervous system (CNS) includes the brain and spinal cord (see Figure 1.37).
The Brain
The brain is the most complex organ of the human body and the control centre of the nervous system. It contains
an astonishing 100 billion neurons! The brain controls such mental processes as reasoning, imagination, memory,
and language. It also interprets information from the senses. In addition, it controls basic physical processes such
as breathing and heartbeat.
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FIGURE 1.36
The two main divisions of
the human nervous system
are the central nervous
system and the peripheral
nervous

system.

The

peripheral nervous system
has additional

FIGURE 1.37
This diagram shows the components of the central nervous system.
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The brain has three major parts: the cerebrum, cerebellum, and brain stem. These parts are shown in Figure 1.38
and described in this section.

FIGURE 1.38
In this drawing, assume you are looking at the left
side of the head. This is how the brain would
appear if you could look underneath the skull.

•

•
•

The cerebrum is the largest part of the brain. It controls conscious functions such as reasoning, language,
sight, touch, and hearing. It is divided into two hemispheres, or halves. The hemispheres are very similar
but not identical to one another. They are connected by a thick bundle of axons deep within the brain.
Each hemisphere is further divided into the four lobes shown in Figure 1.39.
The cerebellum is just below the cerebrum. It coordinates body movements. Many nerve pathways link
the cerebellum with motor neurons throughout the body.
The brain stem is the lowest part of the brain. It connects the rest of the brain with the spinal cord and
passes nerve impulses between the brain and spinal cord. It also controls unconscious functions such as
heart rate and breathing.

Spinal Cord
The spinal cord is a thin, tubular bundle of nervous tissue that extends from the brainstem and continues down
the centre of the back to the pelvis. It is protected by the vertebrae, which encase it. The spinal cord serves as an
information superhighway, passing messages from the body to the brain and from the brain to the body.
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FIGURE 1.39
Each hemisphere of the cerebrum
consists of four parts, called lobes. Each
lobe is associated with particular brain
functions. Just one function of each lobe
is listed here.

Summary
• The central nervous includes the brain and spinal cord.
• The brain is the control centre of the nervous system. It controls virtually all mental and physical processes.
• The spinal cord is a long, thin bundle of nervous tissue that passes messages from the body to the brain and
from the brain to the body.
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1.16 Peripheral Nervous System
•
•
•
•

Describe the structure and function of the peripheral nervous system.
Compare the sensory division to the motor division.
Explain the role of the somatic nervous system.
Distinguish the sympathetic division from the parasympathetic division.

How does the signal get to your toes?
If the brain controls practically everything, how does the signal get to your toes? Or your legs? Or arms? By way
of the peripheral nervous system, or all the nerves shown here other than the brain and spinal cord. Notice how
they go everywhere.
Peripheral Nervous System
The peripheral nervous system (PNS) consists of all the nervous tissue that lies outside the central nervous
system. It is shown in yellow in Figure 1.40. It is connected to the central nervous system by nerves. A nerve is a
cable-like bundle of axons. Some nerves are very long. The longest human nerve is the sciatic nerve. It runs from
the spinal cord in the lower back down the left leg all the way to the toes of the left foot. Like the nervous system
as a whole, the peripheral nervous system also has two divisions: the sensory division and the motor division.
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• The sensory division of the PNS carries sensory information from the body to the central nervous system.
• The motor division of the PNS carries nerve impulses from the central nervous system to muscles and
glands throughout the body. The nerve impulses stimulate muscles to contract and glands to secrete
hormones. The motor division of the peripheral nervous system is further divided into the somatic and
autonomic nervous systems.

FIGURE 1.40
The nerves of the peripheral nervous system are
shown in blue in this image. Can you identify the
sciatic nerve?

Somatic Nervous System
The somatic nervous system (SNS) controls mainly voluntary activities that are under conscious control. It is
made up of nerves that are connected to skeletal muscles. Whenever you perform a conscious movement, from
signing your name to riding your bike, your somatic nervous system is responsible.
The somatic nervous system also controls some unconscious movements, called reflexes. A reflex is a very rapid
motor response that is not directed by the brain. In a reflex, nerve impulses travel to and from the spinal cord in
a reflex arc, like the one in Figure 1.41. In this example, the person jerks his hand away from the flame without
any conscious thought. It happens unconsciously because the nerve impulses bypass the brain.
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FIGURE 1.41
A reflex arc like this one enables involuntary actions.
How might reflex responses be beneficial to the
organism?

Autonomic Nervous System
All other involuntary activities not under conscious control are the responsibility of the autonomic nervous
system (ANS). Nerves of the ANS are connected to glands and internal organs. They control basic physical
functions such as heart rate, breathing, digestion, and sweat production. The autonomic nervous system also has
two subdivisions: the sympathetic division and the parasympathetic division.
• The sympathetic division deals with emergency situations. It prepares the body for “fight or flight.” Do
you get clammy palms or a racing heart when you have to play a solo or give a speech? Nerves of the
sympathetic division control these responses.
• The parasympathetic division controls involuntary activities that are not emergencies. For example, it
controls the organs of your digestive system so they can break down the food you eat.

Summary
• The peripheral nervous system consists of all the nervous tissue that lies outside the central nervous system.
It is connected to the central nervous system by nerves.
• The peripheral nervous system has several divisions and subdivisions that transmit nerve impulses between
the central nervous system and the rest of the body.
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•
•
•
•

Explain how sensory stimuli are perceived and interpreted.
Summarise the roles of the cornea, lens, pupil and retina.
Explain the role of the cochlea and semi-circular canals.
Describe the roles of taste receptors, odour receptors, and pressure receptors.

Name the five senses.
Hearing, sight, taste, touch, and smell. But how do we hear, see, taste, touch and smell? It all has to do,
obviously, with the nervous system.

The Senses
The sensory division of the peripheral nervous system (PNS) includes several sense organs—the eyes, ears,
mouth, nose, and skin. Each sense organ has special cells, called sensory receptors, that respond to a particular
type of stimulus. For example, the nose has sensory receptors that respond to chemicals, which we perceive as
odours. Sensory receptors send nerve impulses to sensory nerves, which carry the nerve impulses to the central
nervous system. The brain then interprets the nerve impulses to form a response.

Sight
Sight is the ability to sense light, and the eye is the organ that senses light. Light first passes through the cornea
of the eye, which is a clear outer layer that protects the eye (see Figure 1.42). Light enters the eye through an
opening called the pupil. The light then passes through the lens, which focuses it on the retina at the back of the
eye. The retina contains light receptor cells. These cells send nerve impulses to the optic nerve, which carries the
impulses to the brain. The brain interprets the impulses and “tells” us what we are seeing.
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FIGURE 1.42

The eye is the organ that senses light and allows us to
see.

Hearing
Hearing is the ability to sense sound waves, and the ear is the organ that senses sound. Sound waves enter the
auditory canal and travel to the eardrum (see Figure 1.43). They strike the eardrum and make it vibrate. The
vibrations then travel through several other structures inside the ear and reach the cochlea. The cochlea is a
coiled tube filled with liquid. The liquid moves in response to the vibrations, causing tiny hair cells lining the
cochlea to bend. In response, the hair cells send nerve impulses to the auditory nerve, which carries the impulses
to the brain. The brain interprets the impulses and “tells” us what we are hearing.
Balance
The ears are also responsible for the sense of balance. Balance is the ability to sense and maintain body position.
The semi-circular canals inside the ear (see Figure 1.43) contain fluid that moves when the head changes
position. Tiny hairs lining the semi-circular canals sense movement of the fluid. In response, they send nerve
impulses to the vestibular nerve, which carries the impulses to the brain. The brain interprets the impulses and
sends messages to the peripheral nervous system. This system maintains the body’s balance by triggering
contractions of skeletal muscles as needed.
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FIGURE 1.43
The ear is the organ that
senses sound waves and
allows us to hear. It also
senses body position so
we can keep our balance.

Taste and Smell
Taste and smell are both abilities to sense chemicals. Like other sense receptors, both taste receptors and odour
receptors send nerve impulses to the brain, and the brain “tells” use what we are tasting or smelling.
Taste receptors are found in tiny bumps on the tongue called taste buds (see Figure 1.44). There are separate
taste receptors for sweet, salty, sour, bitter, and meaty tastes. The meaty taste is called umami.

FIGURE 1.44
Taste buds on the tongue contain taste receptor cells.
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Odour receptors line the passages of the nose (see Figure 1.45). They sense chemicals in the air. In fact, odour
receptors can sense hundreds of different chemicals. Did you ever notice that food seems to have less taste
when you have a stuffy nose? This occurs because the sense of smell contributes to the sense of taste, and a
stuffy nose interferes with the ability to smell.

Touch
Touch is the ability to sense pressure. Pressure receptors are found mainly in the skin. They are especially
concentrated on the tongue, lips, face, palms of the hands, and soles of the feet. Some touch receptors sense
differences in temperature or pain. How do pain receptors help maintain homeostasis? (Hint: What might
happen if we couldn’t feel pain?)

FIGURE 1.45
Odour receptors. Odour receptors and their associated nerves (in
yellow) line the top of the nasal passages.

Summary
• Human senses include sight, hearing, balance, taste, smell, and touch.
• Sensory organs such as the eyes contain cells called sensory receptors that respond to particular sensory
stimuli.
• Sensory nerves carry nerve impulses from sensory receptors to the central nervous system.
• The brain interprets the nerve impulses to form a response.
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•
•
•
•

Define hormone.
Explain the role of the hypothalamus.
Summarise the role of the pituitary gland and its hormones.
List the glands of the endocrine system and their effects.

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 biological 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.
Glands of the Endocrine System
The major glands of the endocrine system are shown in Figure 1.46.
Hypothalamus
The hypothalamus is actually part of the brain (see Figure 1.47), but it also secretes hormones. Some of its
hormones “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.
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FIGURE 1.46
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.

•
•

Antidiuretic hormone stimulates the kidneys to conserve water by producing more concentrated urine.
Oxytocin stimulates the contractions of childbirth, among other functions.

FIGURE 1.47
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 1.47). 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 1.5. Most pituitary
hormones control other endocrine glands. That’s why the pituitary is often called the “master gland” of the
endocrine system.

TABLE 1.5: Pituitary Hormones
Hormone

Target

Effect(s)

Adrenocorticotropic
(ACTH)

hormone

Adrenal glands

Stimulates the cortex of each
adrenal gland to secrete its
hormones.

Thyroid-stimulating
(TSH)

hormone

Thyroid gland

Stimulates the thyroid gland to
secrete thyroid hormone.

Body cells

Stimulates body cells to synthesise
proteins and grow.

Ovaries, testes

Stimulates the ovaries to develop
mature eggs; stimulates the testes
to produce sperm.

Luteinising 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.

Growth hormone (GH)
Follicle-stimulating
(FSH)

hormone

Other Endocrine Glands
Other glands of the endocrine system are described below. You can refer to Figure 1.46 to see where they are
located.
• The thyroid gland is a large gland in the neck. Thyroid hormones 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.
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• 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 adrenaline, which prepare the body to
respond to emergencies. For example, adrenaline increases the amount of oxygen and glucose going to the
muscles. You can see an animation of this response at the link below.
• 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 oestrogen. Sex
hormones are involved in the changes of puberty. They also control the production of gametes by the
gonads.
Summary
• The endocrine system consists of glands that secrete hormones into the bloodstream.
• The endocrine system is regulated by a part of the brain called the hypothalamus, which also secretes
hormones.
• The hypothalamus controls the pituitary gland, which is called the “master gland” of the endocrine system
because its hormones regulate other endocrine glands.
• Other endocrine glands include the thyroid gland and pancreas.
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• Explain how the heart pumps blood throughout the body. • Describe the main
components of the circulatory system.
• Summarise blood flow through the heart.

What’s the most active muscle in the body?
The human heart. An absolutely remarkable organ. Obviously, its main function is to pump blood throughout the
body. And it does this extremely well. On average, this muscular organ will beat about 100,000 times in one day
and about 35 million times in a year. During an average lifetime, the human heart will beat more than 2.5 billion
times.
The Circulatory System
The circulatory system can be compared to a system of interconnected, one-way roads that range from
superhighways to back alleys. Like a network of roads, the job of the circulatory system is to allow the transport
of materials from one place to another. As described in Figure 1.53, the materials carried by the circulatory
system include hormones, oxygen, cellular wastes, and nutrients from digested food. Transport of all these
materials is necessary to maintain homeostasis of the body. The main components of the circulatory system are
the heart, blood vessels, and blood.
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The Heart
The heart is a muscular organ in the chest. It consists mainly of cardiac muscle tissue and pumps blood through
blood vessels by repeated, rhythmic contractions. The heart has four chambers, as shown in Figure 1.54: two
upper atria (singular, atrium) and two lower ventricles. Valves between chambers keep blood flowing through
the heart in just one direction.

FIGURE 1.53
The function of the circulatory system is to move materials
around the body.

Blood Flow Through the Heart
Blood flows through the heart in two separate loops, which are indicated by the arrows in Figure above. You can
think of them as a "left side loop" and a "right side loop." The right side of the heart collects oxygen-poor blood
from the body and pumps the blood to the lungs. In the lungs, carbon dioxide is released and oxygen obtained by
the blood. The left side of the heart carries the oxygen-rich blood back from the lungs and pumps it to the rest of
the body. The blood delivers oxygen to the body’s cells, returning the oxygen-poor blood back to the heart.
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1. Blood from the body enters the right atrium of the heart. The right atrium pumps the blood to the right
ventricle, which pumps it to the lungs.
2. Blood from the lungs enters the left atrium of the heart. The left atrium pumps the blood to the left ventricle,
which pumps it to the body.

FIGURE 1.54
The chambers of the heart and the valves
between them are shown here.

Heartbeat
Unlike skeletal muscle, cardiac muscle contracts without stimulation by the nervous system. Instead, specialised
cardiac muscle cells send out electrical impulses that stimulate the contractions. As a result, the atria and
ventricles normally contract with just the right timing to keep blood pumping efficiently through the heart.
Summary
• The heart contracts rhythmically to pump blood to the lungs and the rest of the body.
• Specialised cardiac muscle cells trigger the contractions.
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• List and describe the three major types of blood vessels.
• Describe the roles of the aorta, superior vena cava, and inferior vena cava.
• Describe the role of the blood vessels in maintaining homeostasis.

How does blood travel around the body?
Through blood vessels, of course. This image of veins is from William Harvey’s (1578-1657) Exercitatio Anatomica
de Motu Cordis et Sanguinis in Animalibus. Harvey was the first to describe in detail the systemic circulation and
properties of blood being pumped to the brain and body by the heart.
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Blood Vessels
Blood vessels form a network throughout the body to transport blood to all the body cells. There are three major
types of blood vessels: arteries, veins, and capillaries. All three are shown in Figure 1.55 and described below.
• Arteries are muscular blood vessels that carry blood away from the heart. They have thick walls that can
withstand the pressure of blood being pumped by the heart. Arteries generally carry oxygen-rich blood.
The largest artery is the aorta, which receives blood directly from the heart.
• Veins are blood vessels that carry blood toward the heart. This blood is no longer under much pressure, so
many veins have valves that prevent backflow of blood. Veins generally carry deoxygenated blood. The
largest vein is the inferior vena cava, which carries blood from the lower body to the heart. The superior
vena cava brings blood back to the heart from the upper body.
• Capillaries are the smallest type of blood vessels. They connect very small arteries and veins. The exchange
of gases and other substances between cells and the blood takes place across the extremely thin walls of
capillaries.

Blood Vessels and Homeostasis
Blood vessels help regulate body processes by either constricting (becoming narrower) or dilating (becoming
wider). These actions occur in response to signals from the autonomic nervous system or the endocrine system.
Constriction occurs when the muscular walls of blood vessels contract. This reduces the amount of blood that
can flow through the vessels (see Figure 1.56). Dilation occurs when the walls relax. This increases blood flows
through the vessels.
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Constriction and dilation allow the circulatory system to change the amount of blood flowing to different organs.
For example, during a fight-or-flight response, dilation and constriction of blood vessels allow more blood to flow
to skeletal muscles and less to flow to digestive organs. Dilation of blood vessels in the skin allows more blood to
flow to the body surface so the body can lose heat. Constriction of these blood vessels has the opposite effect
and helps conserve body heat.

FIGURE 1.56 When a blood vessel constricts, less
blood can flow through it

Blood Vessels and Blood Pressure
The force exerted by circulating blood on the walls of blood vessels is called blood pressure. Blood pressure is
highest in arteries and lowest in veins. When you have your blood pressure checked, it is the blood pressure in
arteries that is measured. High blood pressure, or hypertension, is a serious health risk but can often be
controlled with lifestyle changes or medication.
Summary
• Arteries carry blood away from the heart, veins carry blood toward the heart, and capillaries connect arteries
and veins.
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1.21 Circulatory System
• Outline pathways of the pulmonary and systemic circulations.

How does oxygen get into the blood?
The main function of the circulatory system is to pump blood carrying oxygen around the body. But how does
that oxygen get into the blood in the first place? You may already know that this occurs in the lungs. So the blood
must also be pumped to the lungs, and this happens separately from the rest of the body.

Pulmonary and Systemic Circulations
The circulatory system actually consists of two separate systems: pulmonary circulation and systemic circulation.

Pulmonary Circulation
Pulmonary circulation is the part of the circulatory system that carries blood between the heart and lungs (the
term “pulmonary” means “of the lungs”). It is illustrated in Figure 1.57. Deoxygenated blood leaves the right
ventricle through pulmonary arteries, which transport it to the lungs. In the lungs, the blood gives up carbon
dioxide and picks up oxygen. The oxygenated blood then returns to the left atrium of the heart through
pulmonary veins.

FIGURE 1.57
The pulmonary circulation carries blood between
the heart and lungs.
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Systemic Circulation
Systemic circulation is the part of the circulatory system that carries blood between the heart and body. It is
illustrated in Figure 1.58. Oxygenated blood leaves the left ventricle through the aorta. The aorta and other
arteries transport the blood throughout the body, where it gives up oxygen and picks up carbon dioxide. The
deoxygenated blood then returns to the right atrium through veins.

FIGURE 1.58
The systemic circulation carries blood between the heart and
body.

Summary
• The pulmonary circulation carries blood between the heart and lungs.
• The systemic circulation carries blood between the heart and body.

68

www.perioperativeCPD.com with www.ck12.org
Human Biology

1.22 Circulatory System Diseases
• Define cardiovascular disease, atherosclerosis, and heart attack.
• List risk factors for cardiovascular disease.

Don’t smoke, eat healthy, and exercise. Why?
Normally blood needs to flow freely through our arteries. Plaque in an artery can restrict the flow of blood. As you
can probably imagine, this is not an ideal situation. And eating right, exercising, and not smoking can help keep
your arteries healthy.
Cardiovascular Disease
Diseases of the heart and blood vessels, called cardiovascular diseases (CVD), are very common. The leading cause
of CVD is atherosclerosis.
Atherosclerosis
Atherosclerosis is the build-up of plaque inside arteries (see Figure 1.59). Plaque consists of cell debris,
cholesterol, and other substances. Factors that contribute to plaque build-up include a high-fat diet and smoking.
As plaque builds up, it narrows the arteries and reduces blood flow.
Atherosclerosis normally begins in late childhood and is typically 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 build-up prevents blood circulation in the heart or
the brain. A blocked blood vessel in the heart can cause a heart attack. Blockage of the circulation in the brain
can cause a stroke.
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FIGURE 1.59
The fatty material inside the artery on the right is
plaque. Notice how much narrower the artery has
become. Less blood can flow through it than the
normal artery.

Ways to prevent atherosclerosis include eating healthy foods, getting plenty of exercise and not smoking. A diet
high in saturated fat and cholesterol can raise your body’s cholesterol levels, which can lead to increased plaque
in your arteries. Cholesterol and saturated fat are found mostly in animal products, such as meat, eggs, milk and
other dairy products.
Coronary Heart Disease
Atherosclerosis of arteries that supply the heart muscle is called coronary heart disease. This disease may or may
not have symptoms, such as chest pain. As the disease progresses, there is an increased risk of heart attack. A
heart attack occurs when the blood supply to part of the heart muscle is blocked and cardiac muscle fibres die.
Coronary heart disease is the leading cause of death of adults in the United States.

FIGURE 1.60
A blockage in a coronary artery stops oxygen from
getting to part of the heart muscle, so areas of the
heart that depend on the blood flow from the
blocked artery are starved of oxygen.
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The image above shows the way in which a blocked coronary artery can cause a heart attack. The loss of oxygen
to the heart muscle cause that part of the tissue to die. Maybe one day, stem cell therapy will allow for the
replacement of the dead cells with new cardiac muscle cells.
Stroke
Atherosclerosis in the arteries of the brain can also lead to a stroke. A stroke is a loss of brain function due to a
blockage of the blood supply to the brain. Risk factors for stroke include old age, high blood pressure, having a
previous stroke, diabetes, high cholesterol, and smoking. The best way to reduce the risk of stroke is to have low
blood pressure.
Preventing Cardiovascular Disease
Many factors may increase the risk of developing coronary heart disease and other CVDs. The risk of CVDs
increases with age and is greater in males than females at most ages. Having a close relative with CVD also
increases the risk. These factors cannot be controlled, but other risk factors can, including smoking, lack of
exercise, and high fat diet. By making healthy lifestyle choices, you can reduce your risk of developing CVD.
Summary
• A disease that affects the heart or blood vessels is called a cardiovascular disease (CVD).
• The leading cause of CVD is atherosclerosis, or the buildup of plaque inside arteries.
• Healthy lifestyle choices can reduce the risk of developing CVD.
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• Describe blood, blood components, and blood pressure.
• Summarise the composition of blood.
• Explain ABO blood type.

What exactly is blood?
All your cells need oxygen, as oxygen is the final electron acceptor during cellular respiration. How do they get
this oxygen? From blood. Blood cells flow through the vessels of the human circulatory system. But what exactly
is blood? It does transport oxygen, but also has other functions.
Blood
Blood is a fluid connective tissue. It circulates throughout the body through blood vessels by the pumping action
of the heart. Blood in arteries carries oxygen and nutrients to all the body’s cells. Blood in veins carries carbon
dioxide and other wastes away from the cells to be excreted. Blood also defends the body against infection,
repairs body tissues, transports hormones, and controls the body’s pH.
Composition of Blood
The fluid part of blood is called plasma. It is a watery golden-yellow liquid that contains many dissolved
substances and blood cells. Types of blood cells in plasma include red blood cells, white blood cells, and platelets
(see Figure
1.61).
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FIGURE 1.61
Cells in blood include red blood cells, white blood cells, and platelets.

• The trillions of red blood cells in blood plasma carry oxygen. Red blood cells contain haemoglobin, a
protein with iron that binds with oxygen. Red blood cells are made in the marrow of long bones, rib bones,
the skull, and the vertebrae. These cells survive for about 120 days, and then they are destroyed. Mature
red blood cells lack a nucleus and other organelles, allowing for more haemoglobin, and therefore more
oxygen to be carried by each cell.
• White blood cells are generally larger than red blood cells but far fewer in number. They defend the body
against foreign bacteria, viruses and other pathogens. For example, white blood cells called phagocytes
swallow and destroy microorganisms and debris in the blood, neutrophils engulf bacteria and other
parasites, and lymphocytes fight infections caused by bacteria and viruses.
• Platelets are cell fragments involved in blood clotting. They stick to tears in blood vessels and to each
other, forming a plug at the site of injury. They also release chemicals that are needed for clotting to occur.

Blood Type
Blood type is a genetic characteristic associated with the presence or absence of certain molecules, called
antigens, on the surface of red blood cells. The most commonly known blood types are the ABO and Rhesus
blood types.
•

ABO blood type is determined by two common antigens, often referred to simply as antigens A and B. A
person may have blood type A (only antigen A), B (only antigen B), AB (both antigens), or O (no antigens).
• Rhesus blood type is determined by one common antigen. A person may either have the antigen (Rh+) or
lack the antigen (Rh−).
Blood type is important for medical reasons. A person who needs a blood transfusion must receive blood that is
the same type as his or her own. Otherwise, the transfused blood may cause a potentially life-threatening
reaction in the patient’s bloodstream.
Summary
• Blood is a fluid connective tissue that contains a liquid component called plasma.
• Blood also contains dissolved substances and blood cells.
• Red blood cells carry oxygen, white blood cells defend the body, and platelets help blood clot.
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• Define respiration.
• Distinguish respiration from cellular respiration.

Where does oxygen get into blood?
Red blood cells are like trucks that transport cargo on a highway system. Their cargo is oxygen, and the highways
are blood vessels. Where do red blood cells pick up their cargo of oxygen? The answer is the lungs. The lungs are
organs of the respiratory system. The respiratory system is the body system that brings air containing oxygen
into the body and releases carbon dioxide into the atmosphere.
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Respiration
The job of the respiratory system is the exchange of gases between the body and the outside air. This process,
called respiration, actually consists of two parts. In the first part, oxygen in the air is drawn into the body and
carbon dioxide is released from the body through the respiratory tract. In the second part, the circulatory system
delivers the oxygen to body cells and picks up carbon dioxide from the cells in return. The lungs are organs of the
respiratory system. It is in the lungs where oxygen is transferred from the respiratory system to the circulatory
system.
The use of the word “respiration” in relation to gas exchange is different from its use in the term cellular
respiration. Recall that cellular respiration is the metabolic process by which cells obtain energy by “burning”
glucose. Cellular respiration uses oxygen and releases carbon dioxide. Respiration by the respiratory system
supplies the oxygen and takes away the carbon dioxide.

Summary
• Respiration is the process in which gases are exchanged between the body and the outside air.
• The lungs and other organs of the respiratory system bring oxygen into the body and release carbon dioxide
into the atmosphere.
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1.25 Respiratory System Organs
• Identify the organs of the respiratory system.
• Distinguish the upper respiratory tract from the lower respiratory tract.
• Describe the pharynx, larynx, trachea, and bronchi.

Are all noses alike?
It all starts with the nose. OK, in humans maybe not the nose pictured above, but one similar to the nose below.
Though the passage of air is probably similar in cows and humans. Air comes in and then where does it go?
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Organs of the Respiratory System
The organs of the respiratory system that bring air into the body are divided among the upper respiratory tract
and lower respiratory tract. These organs are shown in Figure 1.62. In addition to the lungs, these organs include
the pharynx, larynx, trachea and bronchi. The nasal cavity is also part of the respiratory system. The nose and
nasal cavity filter, warm, and moisten the air we inhale. Hairs and mucus produced in the nose trap particles in
the air and prevent them from reaching the lungs.

FIGURE 1.62
The organs of the
respiratory system
move air into and
out of the body.
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• The pharynx is a long tube that is shared with the digestive system. Both food and air travel through the
pharynx.
• The larynx, or voice box, contains vocal cords, which allow us to produce vocal sounds. Air passes through
thin tissues in the larynx, producing sound.
• The trachea, or wind pipe, is a long tube that leads down to the chest.
• The trachea divides as it enters the lungs to form the right and left bronchi, which branch into smaller
bronchioles within each lung. The bronchioles lead to alveoli, the sites of gas exchange.

Summary
• The organs of the respiratory system include the lungs, pharynx, larynx, trachea, and bronchi.
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1.26 Processes of Breathing
•
•
•
•

Outline the processes of ventilation, gas exchange, and gas transport.
Distinguish between pulmonary gas exchange and peripheral gas exchange.
Describe the role of the alveoli.
Summarise the role of gas exchange in homeostasis.

Grapes. Why? What do these have in common with a breath of air?
Below are the parts of the lungs where oxygen moves from the lungs into the blood. If the alveoli below were
purple, they could resemble a bunch of grapes. Of course, as the alveoli are in the lungs, they must be very small
to provide enough area for the exchange of gases. In fact, there are about 300 million alveoli in the adult lung.
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Journey of a Breath of Air
Take in a big breath of air through your nose. As you inhale, you may feel the air pass down your throat and notice
your chest expand. Now exhale and observe the opposite events occurring. Inhaling and exhaling may seem like
simple actions, but they are just part of the complex process of respiration, which includes these four steps:
1.
2.
3.
4.

Ventilation
Pulmonary gas exchange
Gas transport
Peripheral gas exchange

1. Ventilation
Respiration begins with ventilation. This is the process of moving air in and out of the lungs. The lungs are the
organs in which gas exchange takes place between blood and air.
• Air enters the respiratory system through the nose. As the air passes through the nasal cavity, mucus and
hairs trap any particles in the air. The air is also warmed and moistened so it won’t harm delicate tissues of
the lungs.
• Next, the air passes through the pharynx, a long tube that is shared with the digestive system. A flap of
connective tissue called the epiglottis closes when food is swallowed to prevent choking.
• From the pharynx, air next passes through the larynx, or voice box. The larynx contains vocal cords, which
allow us to produce vocal sounds.
• After the larynx, air moves into the trachea, or wind pipe. This is a long tube that leads down to the chest.
• In the chest, the trachea divides as it enters the lungs to form the right and left bronchi. The bronchi contain
cartilage, which prevents them from collapsing. Mucus in the bronchi traps any remaining particles in air.
Tiny, hair-like structures called cilia line the bronchi and sweep the particles and mucus toward the throat
so they can be expelled from the body.
• Finally, air passes from the bronchi into smaller passages called bronchioles. The bronchioles end in tiny air
sacs called alveoli.

2. Pulmonary Gas Exchange
Pulmonary gas exchange is the exchange of gases between inhaled air and the blood. It occurs in the alveoli of
the lungs. Alveoli (singular, alveolus) are grape-like clusters surrounded by networks of thin-walled pulmonary
capillaries. After you inhale, there is a greater concentration of oxygen in the alveoli than in the blood of the
pulmonary capillaries, so oxygen diffuses from the alveoli into the blood across the capillaries (see Figure 1.63).
Carbon dioxide, in contrast, is more concentrated in the blood of the pulmonary capillaries than in the alveoli, so
it diffuses in the opposite direction.
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FIGURE 1.63
Alveoli are tiny sacs in the lungs where gas exchange takes place.

3. Gas Transport
After the blood in the pulmonary capillaries becomes saturated with oxygen, it leaves the lungs and travels to the
heart. The heart pumps the oxygen-rich blood into arteries, which carry it throughout the body. Eventually, the
blood travels into capillaries that supply body tissues. These capillaries are called peripheral capillaries.

4. Peripheral Gas Exchange
The cells of the body have a much lower concentration of oxygen than does the oxygenated blood in the
peripheral capillaries. Therefore, oxygen diffuses from the peripheral capillaries into body cells. Carbon dioxide is
produced by cells as a by-product of cellular respiration, so it is more concentrated in the cells than in the blood
of the peripheral capillaries. As a result, carbon dioxide diffuses in the opposite direction.
Back to the Lungs
The carbon dioxide from body cells travels in the blood from the peripheral capillaries to veins and then to the
heart. The heart pumps the blood to the lungs, where the carbon dioxide diffuses into the alveoli. Then, the
carbon dioxide passes out of the body through the other structures of the respiratory system, bringing the
process of respiration full circle.

81

www.perioperativeCPD.com with www.ck12.org
Human Biology

Gas Exchange and Homeostasis
Gas exchange is needed to provide cells with the oxygen they need for cellular respiration. Cells cannot survive
for long without oxygen. Gas exchange is also needed to carry away carbon dioxide waste. Some of the carbon
dioxide in the blood dissolves to form carbonic acid, which keeps blood pH within a normal range.
Blood pH may become unbalanced if the rate of breathing is too fast or too slow. When breathing is too fast,
blood contains too little carbon dioxide and becomes too basic. When breathing is too slow, blood contains too
much carbon dioxide and becomes too acidic. Clearly, to maintain proper blood pH, the rate of breathing must
be regulated.
Summary
•
•
•
•
•

Respiration begins with ventilation, the process of moving air into and out of the lungs.
Gas exchange in the lungs takes place across the thin walls of pulmonary arteries in tiny air sacs called alveoli.
Oxygenated blood is transported by the circulatory system from lungs to tissues throughout the body.
Gas exchange between blood and body cells occurs across the walls of peripheral capillaries.
Gas exchange helps maintain homeostasis by supplying cells with oxygen, carrying away carbon dioxide
waste, and maintaining proper pH of the blood.
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1.27 Respiratory System Regulation
• Explain how the rate of breathing is regulated.

What allows you to take a deep breath?
Deep breath in...now blow out those candles. We’ve all done that. Taking that deep breath in is an active process.
You can usually feel your chest move. Why? Obviously, muscles in your chest are doing the work.
Regulation of Breathing
To understand how breathing is regulated, you first need to understand how breathing occurs.
How Breathing Occurs
Inhaling is an active movement that results from the contraction of a muscle called the diaphragm. The
diaphragm is large, sheet-like muscle below the lungs (see Figure 1.64). When the diaphragm contracts, the
ribcage expands and the contents of the abdomen move downward. This results in a larger chest volume, which
decreases air pressure inside the lungs. With lower air pressure inside than outside the lungs, air rushes into the
lungs. When the diaphragm relaxes, the opposite events occur. The volume of the chest cavity decreases, air
pressure inside the lungs increases, and air flows out of the lungs, like air rushing out of a balloon.
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Control of Breathing
The regular, rhythmic contractions of the diaphragm are controlled by the brain stem. It sends nerve impulses to
the diaphragm through the autonomic nervous system. The brain stem monitors the level of carbon dioxide in
the blood. If the level becomes too high, it “tells” the diaphragm to contract more often. Breathing speeds up,
and the excess carbon dioxide is released into the air. The opposite events occur when the level of carbon
dioxide in the blood becomes too low. In this way, breathing keeps blood pH within a narrow range.
Summary
• Breathing occurs due to repeated contractions of a large muscle called the diaphragm.
• The rate of breathing is regulated by the brain stem. It monitors the level of carbon dioxide in the blood and
triggers faster or slower breathing as needed to keep the level within a narrow range.
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1.28 Respiratory System Diseases
• Identify diseases of the respiratory system.
• Describe triggers for asthma.
• Compare pneumonia to emphysema.

Does making ATP start with the lungs?
The importance of a nice pair of healthy lungs is obvious. We all need oxygen to get into our lungs, so the oxygen
can be transferred to the blood, so it can be transported around our body, so each cell can receive its fair share
of oxygen, allowing oxygen to serve as the final electron acceptor during the electron transport chain of cellular
respiration, allowing the cell to produce lots of ATP. And it all starts with the lungs.
Diseases of the Respiratory System
When you have a cold, your nasal passages may become so congested that it’s hard to breathe through your nose.
Many other diseases also affect the respiratory system, most of them more serious than the common cold. Some
lung diseases, such as lung cancer, can be especially dangerous. The following list includes just a sample of
respiratory system diseases.
• Asthma is a disease in which the air passages of the lungs periodically become too narrow, often with
excessive mucus production. This causes difficulty breathing, coughing, and chest tightness. An asthma
attack may be triggered by allergens, strenuous exercise, stress, or other factors.
• Pneumonia is a disease in which some of the alveoli of the lungs fill with fluid so gas exchange cannot occur.
Symptoms usually include coughing, chest pain, and difficulty breathing. Pneumonia may be caused by an
infection or injury of the lungs.
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• Emphysema is a lung disease in which walls of the alveoli break down so less gas can be exchanged in the
lungs (see Figure 1.65). This causes shortness of breath. The damage to the alveoli is usually caused by
smoking and is irreversible.

FIGURE 1.65
Pneumonia and emphysema are caused by damage to
the alveoli of the lungs.

Causes of Respiratory Diseases
Many respiratory diseases are caused by pathogens. Certain bacteria, viruses, and fungi are pathogens of the
respiratory system. The common cold and flu are caused by viruses. Tuberculosis, whooping cough, and acute
bronchitis are caused by bacteria. The pathogens that cause colds, flu, and TB can be passed from person to
person by coughing and sneezing.
Air pollution is another significant cause of respiratory disease. The quality of the air you breathe can affect the
health of your lungs. Asthma, heart and lung diseases, allergies, and several types of cancers are all linked to air
quality. Air pollution is not just found outdoors; indoor air pollution can also be responsible for health problems
Smoking is the most significant cause of respiratory disease as well as cardiovascular disease and cancer.
Exposure to tobacco smoke by smoking or by breathing air that contains tobacco smoke is the leading cause of
preventable death in the United States. Regular smokers die about 10 years earlier than nonsmokers. The
Centres for Disease Control and Prevention (CDC) describes tobacco use as "the single most important
preventable risk to human health in developed countries and an important cause of [early] death worldwide."

Summary
• Diseases of the respiratory system include asthma, pneumonia, and emphysema.
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1.29 Digestive System Organs
•
•
•
•
•

Identify the organs and functions of the digestive system.
Describe the gastrointestinal tract.
Explain peristalsis.
Compare mechanical digestion to chemical digestion.
Describe absorption and elimination.

Specifically, our energy comes from what?
The respiratory and circulatory systems work together to provide cells with the oxygen they need for cellular
respiration. Cells also need glucose for cellular respiration. Glucose is a simple sugar that comes from the food we
eat. To get glucose from food, digestion must occur. This process is carried out by the digestive system.
Overview of the Digestive System
The digestive system consists of organs that break down food and absorb nutrients such as glucose. Organs of the
digestive system are shown in Figure 1.66. Most of the organs make up the gastrointestinal tract. The rest of the
organs are called accessory organs.
The Gastrointestinal Tract
The gastrointestinal (GI) tract is a long tube that connects the mouth with the anus. It is more than 9 meters (30
feet) long in adults and includes the oesophagus, stomach, and small and large intestines. Food enters the
mouth, passes through the other organs of the GI tract, and then leaves the body through the anus.
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FIGURE 1.66
The digestive system includes organs from
the mouth to the anus.

The organs of the GI tract are lined with mucous membranes that secrete digestive enzymes and absorb
nutrients. The organs are also covered by layers of muscle that enable peristalsis. Peristalsis is an involuntary
muscle contraction that moves rapidly along an organ like a wave (see Figure 1.67).
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Accessory Organs of Digestion
Other organs involved in digestion include the liver, gall bladder, and pancreas. They are called accessory organs
because food does not pass through them. Instead, they secrete or store substances needed for digestion.
Functions of the Digestive System
The digestive system has three main functions: digestion of food, absorption of nutrients, and elimination of solid
food waste. Digestion is the process of breaking down food into components the body can absorb. It consists of
two types of processes: mechanical digestion and chemical digestion.
• Mechanical digestion is the physical breakdown of chunks of food into smaller pieces. This type of
digestion takes place mainly in the mouth and stomach.
• Chemical digestion is the chemical breakdown of large, complex food molecules into smaller, simpler
nutrient molecules that can be absorbed by the blood. This type of digestion begins in the mouth and
stomach but occurs mainly in the small intestine.
After food is digested, the resulting nutrients are absorbed. Absorption is the process in which substances pass
into the bloodstream, where they can circulate throughout the body. Absorption of nutrients occurs mainly in
the small intestine. Any remaining matter from food that cannot be digested and absorbed passes into the large
intestine as waste. The waste later passes out of the body through the anus in the process of elimination.
Summary
• The digestive system consists of organs that break down food, absorb nutrients, and eliminate waste.
• The breakdown of food occurs in the process of digestion.
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• Compare mechanical digestion to chemical digestion.
• Outline the roles of the mouth, oesophagus, and stomach in digestion.

What’s the first step in the digestion process?
It all starts with the mouth. Food goes in, you chew it up, swallow it, then what happens? The process of turning
that food into energy and proteins and other things necessary for life begins. But it all starts with the mouth.
The Start of Digestion: Mouth to Stomach
Does the sight or aroma of your favourite food make your mouth water? When this happens, you are getting ready
for digestion.
Mouth
The mouth is the first digestive organ that food enters. The sight, smell, or taste of food stimulates the release of
digestive enzymes by salivary glands inside the mouth. The major salivary enzyme is amylase. It begins the
chemical digestion of carbohydrates by breaking down starch into sugar.
The mouth also begins the process of mechanical digestion. Sharp teeth in the front of the mouth cut or tear
food when you bite into it (see Figure 1.68). Broad teeth in the back of the mouth grind food when you chew.
Food is easier to chew because it is moistened by saliva from the salivary glands. The tongue helps mix the food
with saliva and also helps you swallow. After you swallow, the chewed food passes into the pharynx.
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Oesophagus
From the pharynx, the food moves into the oesophagus. The oesophagus is a long, narrow tube that passes food
from the pharynx to the stomach by peristalsis. The oesophagus has no other digestive functions. At the end of
the oesophagus, 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 food from passing back into the oesophagus.

Stomach
The stomach is a sac-like organ in which food is further digested both mechanically and chemically. (To see an
animation of how the stomach digests food, go to the link below.) Churning movements of the stomach’s thick,
muscular walls complete the mechanical breakdown of food. The churning movements also mix food with
digestive fluids secreted by the stomach. One of these fluids is hydrochloric acid. It kills bacteria in food and gives
the stomach the low (acidic) pH needed by digestive enzymes that work in the stomach. The main enzyme is
pepsin, which chemically digests protein.
The stomach stores the partly digested food until the small intestine is ready to receive it. When the small intestine
is empty, a sphincter opens to allow the partially digested food to enter the small intestine.

Summary
•
•
•
•

Digestion consists of mechanical and chemical digestion.
Mechanical digestion occurs in the mouth and stomach.
Chemical digestion occurs mainly in the small intestine.
The pancreas and liver secrete fluids that aid in digestion.
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• Describe the small intestine.
• Explain how digestion and absorption occur in the small intestine.
• Summarise digestive enzymes active in the duodenum.

These projections absorb. Absorb what?
Imagine the inside walls of the 23 feet of your small intestine covered with these finger-like projections. Why?
What’s their purpose, and why is the small intestine so long? These projections absorb. Absorb what? Minerals
and nutrients from food. And the length of the small intestine allows as much of these important substances to
be absorbed as possible.
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Digestion and Absorption: The Small Intestine
The small intestine is a narrow tube about 7 meters (23 feet) long in adults. It is the site of most chemical
digestion and virtually all absorption. The small intestine consists of three parts: the duodenum, jejunum and
ileum (see the opening figure).
Digestion in the Small Intestine
The duodenum is the first and shortest part of the small intestine. Most chemical digestion takes place here, and
many digestive enzymes are active in the duodenum (see Table 1.6). Some are produced by the duodenum itself.
Others are produced by the pancreas and secreted into the duodenum.

TABLE 1.6: Digestive Enzymes Active in the Duodenum
Enzyme

What It Digests

Where It Is Made

Amylase

carbohydrates

pancreas

Trypsin

proteins

pancreas

Lipase

lipids

pancreas, duodenum

Maltase

carbohydrates

duodenum

Peptidase

proteins

duodenum

The liver is an organ of both digestion and excretion. It produces a fluid called bile, which is secreted into the
duodenum. Some bile also goes to the gall bladder, a sac-like organ that stores and concentrates bile and then
secretes it into the small intestine. In the duodenum, bile breaks up large globules of lipids into smaller globules
that are easier for enzymes to break down. Bile also reduces the acidity of food entering from the highly acidic
stomach. This is important because digestive enzymes that work in the duodenum need a neutral environment.
The pancreas contributes to the neutral environment by secreting bicarbonate, a basic substance that neutralises
acid.
Absorption in the Small Intestine
The jejunum is the second part of the small intestine, where most nutrients are absorbed into the blood. As
shown in Figure 1.69, the mucous membrane lining the jejunum is covered with millions of microscopic,
fingerlike projections called villi (singular, villus). Villi contain many capillaries, and nutrients pass from the villi
into the bloodstream through the capillaries. Because there are so many villi, they greatly increase the surface
area for absorption. In fact, they make the inner surface of the small intestine as large as a tennis court!
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FIGURE 1.69
This image shows intestinal villi greatly magnified.
They are actually microscopic.

The ileum is the third part of the small intestine. A few remaining nutrients are absorbed here. Like the jejunum,
the inner surface of the ileum is covered with villi that increase the surface area for absorption.
Summary
• Virtually all absorption of nutrients takes place in the small intestine, which has a very large inner surface
area because it is covered with millions of microscopic villi.
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1.32 Large Intestine
• Describe the large intestine.
• List functions of the large intestine.
• Describe the roles of bacteria in the large intestine.

Liquid to solid. What does this mean?
Well, that’s exactly what the large intestine does. It takes the remains of digested food — that is, food in which all
the nutrients and minerals have been removed, and prepares it for elimination.
The Large Intestine and Its Functions
From the small intestine, any remaining food wastes pass into the large intestine. The large intestine is a
relatively wide tube that connects the small intestine with the anus. Like the small intestine, the large intestine
also consists of three parts: the cecum (or caecum), colon, and rectum.
Absorption of Water and Elimination of Wastes
The cecum is the first part of the large intestine, where wastes enter from the small intestine. The wastes are in a
liquid state. As they pass through the colon, which is the second part of the large intestine, excess water is
absorbed. The remaining solid wastes are called faeces. Faeces accumulate in the rectum, which is the third part
of the large intestine. As the rectum fills, the faeces become compacted. After a certain amount of faeces
accumulate, they are eliminated from the body. A sphincter controls the anus and opens to let faeces pass
through.
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Bacteria in the Large Intestine
Trillions of bacteria normally live in the large intestine. Most of them are helpful. In fact, we wouldn’t be able to
survive without them. Some of the bacteria produce vitamins, which are absorbed by the large intestine. Other
functions of intestinal bacteria include:
•
•
•
•

controlling the growth of harmful bacteria.
breaking down indigestible food components.
producing substances that help prevent colon cancer.
breaking down toxins before they can poison the body.

Summary
• The absorption of water from digestive wastes and the elimination of the remaining solid wastes occur in
the large intestine.
• The large intestine also contains helpful bacteria.
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1.33 Digestive System Diseases
• Describe common diseases of the digestive system.
• List common food allergies.
• Define ulcer and heartburn.

What’s worse than an upset stomach?
You’ve probably had an upset stomach. Most likely it was due to something you ate. But imagine bleeding from
your stomach. That’s a little different than your stomach just being upset. Stomach ulcers can be very serious.
Diseases of the Digestive System
Many diseases can affect the digestive system. Three of the most common diseases that affect the digestive system
are food allergies, ulcers, and heartburn. Foodborne illnesses and food intolerance are also serious issues
associated with the digestive system.
• Food allergies 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 pictured in Figure 1.70, and include
nuts, eggs, grains and milk. Symptoms of food allergies often include vomiting and diarrhoea. Symptoms of
food allergies include itching and swelling of the lips and mouth. More serious symptoms include trouble
breathing. In some instances, a food allergy can trigger anaphylaxis, which is an extremely severe reaction.
Emergency medical treatment is critical for this condition, which left untreated, can lead to death.
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• Ulcers are sores in the lining of the stomach or duodenum that are usually caused by bacterial infections.
They may also be caused by the acidic environment of the stomach. Stomach acids may damage the lining
of the stomach. Symptoms typically include abdominal pain and bleeding
• Heartburn is a painful burning sensation in the chest caused by stomach acid backing up into the oesophagus.
The stomach acid may eventually cause serious damage to the oesophagus unless the problem is corrected.

FIGURE 1.70
These foods are the most common causes of
food allergies.

Summary
•

Digestive system diseases include food allergies, ulcers, and heartburn.
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• Define excretion.
• Identify organs of the excretory system.

What do you do with your waste?
Toxic waste must be disposed of properly or there can be serious consequences. Now, your waste should not be
as colourful or toxic as shown here (if it is, get yourself to a doctor as soon as possible), but it still needs to be
removed from you. And that is the role of the excretory system. The excretory system gets rid of waste and
excess water.
Excretion
If you exercise on a hot day, you are likely to lose a lot of water in sweat. Then, for the next several hours, you
may notice that you do not pass urine as often as normal and that your urine is darker than usual. Do you know
why this happens? Your body is low on water and trying to reduce the amount of water lost in urine. The amount
of water lost in urine is controlled by the kidneys, the main organs of the excretory system.
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Excretion is the process of removing wastes and excess water from the body. It is one of the major ways the body
maintains homeostasis. Although the kidneys are the main organs of excretion, several other organs also excrete
wastes. They include the large intestine, liver, skin, and lungs. All of these organs of excretion, along with the
kidneys, make up the excretory system. The roles of the excretory organs other than the kidney are summarised
below:
•
•
•
•

The large intestine eliminates solid wastes that remain after the digestion of food.
The liver breaks down excess amino acids and toxins in the blood.
The skin eliminates excess water and salts in sweat.
The lungs exhale water vapor and carbon dioxide.

Summary
• Excretion is the process of removing wastes and excess water from the body. It is one of the major ways
the body maintains homeostasis.
• Organs of excretion make up the excretory system. They include the kidneys, large intestine, liver, skin,
and lungs.
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1.35 Urinary System
•
•
•
•

Explain how the urinary system filters blood and excretes wastes.
Summarise the role of the kidneys.
Describe the structure and function of the nephron.
Identify the relationship between the renal artery, the glomerulus, Bowman’s capsule, and the renal tubule.

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 1.74. The main function of the urinary system
is to filter waste products and excess water from the blood and excrete them from the body.
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
1.77. The function of the kidney is to filter blood and form urine. Urine is the liquid waste product of the body
that 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!
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FIGURE 1.74
The kidneys are the chief organs of the urinary system.

FIGURE 1.75
Each kidney is supplied by a renal artery and renal vein.
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Filtering Blood and Forming Urine
As shown in Figure 1.76, each nephron acts as a tiny filtering plant. It filters blood and forms urine in the following
steps:
1. 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.
2. 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. Other substances are secreted into the fluid.
3. 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.

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 1.74). 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. This sphincter and the process of urination are normally under
conscious control.

FIGURE 1.76
The

parts

of

a

nephron and their
functions are shown
in this diagram.
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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.

104

www.perioperativeCPD.com with www.ck12.org
Human Biology

• Describe the roles of the kidneys.
• Explain how the kidneys help maintain homeostasis.
• Describe additional roles of the kidneys.

Why is a bean-shaped organ so important?
Shown above are the isolated kidneys from many little mice. OK, they’re really just kidney beans. But this is what
the important kidney looks like. Why is it so important? Your kidneys filter and remove wastes from your blood.

The Kidneys
The kidneys are a pair of bean-shaped organs just above the waist. They are important organs with many functions
in the body, including producing hormones, absorbing minerals, and filtering blood and producing urine.
A cross-section of a kidney is shown in Figure 1.77. The function of the kidney is to filter blood and form urine.
Urine is the liquid waste product of the body that is excreted by the urinary system.
Wastes in the blood come from the normal breakdown of tissues, such as muscles, and from food. The body uses
food for energy. After the body has taken the nutrients it needs from food, some of the wastes are absorbed into
the blood. If the kidneys did not remove them, these wastes would build up in the blood and damage the body.
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Kidneys and Nephrons
The actual removal of wastes from the blood occurs in tiny units inside the kidneys called nephrons. Nephrons are
the structural and functional units of the kidneys. A single kidney may have more than a million nephrons!

FIGURE 1.77
Each kidney is supplied by a renal artery and renal
vein.

Kidneys and Homeostasis
The kidneys play many vital roles in homeostasis. They work with many other organ systems to do this. For
example, they work with the circulatory system to filter blood, and with the urinary system to remove wastes.
The kidneys filter all the blood in the body many times each day and produce a total of about 1.5 litres of urine.
The kidneys control the amount of water, ions, and other substances in the blood by excreting more or less of
them in urine. The kidneys also secrete hormones that help maintain homeostasis. Erythropoietin, for example,
is a kidney hormone that stimulates bone marrow to produce red blood cells when more are needed. They also
secrete renin, which regulates blood pressure, and calcitriol, the active form of vitamin D, which helps maintain
calcium for bones. The kidneys themselves are also regulated by hormones. For example, antidiuretic hormone
from the hypothalamus stimulates the kidneys to produce more concentrated urine when the body is low on
water.
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Other Functions
In addition to filtering blood and producing urine, the kidneys are also involved in maintaining the water level in
the body, and regulating red blood cell levels and blood pressure.
• As the kidneys are mainly involved in the production of urine, they react to changes in the body’s water
level throughout the day. As water intake decreases, the kidneys adjust accordingly and leave water in the
body instead of helping remove it through the urine, maintaining the water level in the body.
• The kidneys also need constant pressure to filter the blood. When the blood pressure drops too low, the
kidneys increase the pressure. One way is by producing angiotensin, a blood vessel-constricting protein.
This protein also signals the body to retain sodium and water. Together, the constriction of blood vessels
and retention of sodium and water help restore normal blood pressure.
• When the kidneys don’t get enough oxygen, they send out a signal in the form of the hormone
erythropoietin, which stimulates the bone marrow to produce more oxygen-carrying red blood cells.
Summary
• The kidneys maintain homeostasis by controlling the amount of water, ions, and other substances in the blood.
• Kidneys also secrete hormones that have other homeostatic functions.
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1.37 Excretory System Diseases
• Identify kidney diseases.
• Define kidney stone.
• Define diabetes and describe dialysis.

How do you block the flow of urine?
Kidney stones. Imagine having that travel through your excretory system. OK, that’s not a kidney stone, but you
get the idea. Kidney stones can be more than a few millimeters in diameter. Painful? Sometimes extremely
uncomfortable. And how does a stone leave the kidney? The same way urine does.
Kidney Disease and Dialysis
A person can live a normal, healthy life with just one kidney. However, at least one kidney must function properly
to maintain life. Diseases that threaten the health and functioning of the kidneys include kidney stones,
infections, and diabetes.
• Kidney stones are mineral crystals that form in urine inside the kidney. Kidney stones can form when
substances in the urine, such as calcium, oxalate, and phosphorus, become highly concentrated. They may
be extremely painful. If they block a ureter, they must be removed so urine can leave the kidney and be
excreted.
A kidney stone may not cause symptoms until it moves around within your kidney or passes into your
ureter. A stone may stay in the kidney or travel down the urinary tract. Kidney stones vary in size. A small
stone may pass on its own, causing little or no pain. A larger stone may get stuck along the urinary tract
and can block the flow of urine, causing severe pain or bleeding.
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• Bacterial infections of the urinary tract, especially the bladder, are very common. Bladder infections can be
treated with antibiotics prescribed by a doctor. If untreated, they may lead to kidney damage.
• Uncontrolled diabetes may damage capillaries of nephrons. As a result, the kidneys lose much of their
ability to filter blood. This is called kidney failure. The only cure for kidney failure is a kidney transplant, but
it can be treated with dialysis. Dialysis is a medical procedure in which blood is filtered through a machine
(see Figure 1.78).

FIGURE 1.78
A dialysis machine filters a patient’s
blood.

Summary
• Kidney diseases include kidney stones, infections, and kidney failure due to diabetes.
• Kidney failure may be treated with dialysis.
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1.38 Lymphatic System
•
•
•
•
•

Describe the lymphatic system and its roles in the immune response.
Define lymph and lymph nodes.
List and describe structures of the lymphatic system.
Distinguish between B cells and T cells.
Describe antigen recognition.

What happens when your tonsils cause more problems than they solve?
Almost all of us have had a sore throat at some time. Maybe you had your tonsils out when you were younger?
Why? Your tonsils are two lumps of tissue that work as germ fighters for your body. But sometimes germs like to
hang out there, where they cause infections. In other words, your tonsils can cause more problems than they
solve. So, you have them taken out.

Lymphatic System
Like the immune systems of other vertebrates, the human immune system is adaptive. If pathogens manage to
get through the body’s first two lines of defence, the third line of defence takes over. The third line of defence is
referred to as the immune response. This defence is specific to a particular pathogen, and it allows the immune
system to “remember” the pathogen after the infection is over. If the pathogen tries to invade the body again,
the immune response against that pathogen will be much faster and stronger.
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The immune response mainly involves the lymphatic system. The lymphatic system is a major part of the immune
system. It produces leukocytes called lymphocytes. Lymphocytes are the key cells involved in the immune
response. They recognise and help destroy particular pathogens in body fluids and cells. They also destroy
certain cancer cells.

Structures of the Lymphatic System
Figure 1.84 shows the structures of the lymphatic system. They include organs, lymph vessels, lymph, and lymph
nodes. Organs of the lymphatic system are the bone marrow, thymus, spleen, and tonsils.
• Bone marrow is found inside many bones. It produces lymphocytes.
• The thymus is located in the upper chest behind the breast bone. It stores and matures lymphocytes.
• The spleen is in the upper abdomen. It filters pathogens and worn-out red blood cells from the blood, and
then lymphocytes in the spleen destroy them.
• The tonsils are located on either side of the pharynx in the throat. They trap pathogens, which are destroyed
by lymphocytes in the tonsils.

Lymphatic Vessels and Lymph
Lymphatic vessels make up a body-wide circulatory system. The fluid they circulate is lymph. Lymph is a fluid that
leaks out of capillaries into spaces between cells. As the lymph accumulates between cells, it diffuses into tiny
lymphatic vessels. The lymph then moves through the lymphatic system from smaller to larger vessels. It finally
drains back into the bloodstream in the chest. As lymph passes through the lymphatic vessels, pathogens are
filtered out at small structures called lymph nodes (see Figure 1.84). The filtered pathogens are destroyed by
lymphocytes.
Lymphocytes
The human body has as many as two trillion lymphocytes, and lymphocytes make up about 25% of all leukocytes.
The majority of lymphocytes are found in the lymphatic system, where they are most likely to encounter
pathogens. The rest are found in the blood. There are two major types of lymphocytes, called B cells and T cells.
These cells get their names from the organs in which they mature. B cells mature in bone marrow, and T cells
mature in the thymus. Both B and T cells recognise and respond to particular pathogens.
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FIGURE 1.84
The lymphatic system consists of organs, vessels, and lymph.

Antigen Recognition
B cells and T cells actually recognise and respond to antigens on pathogens. Antigens are molecules that the
immune system recognises as foreign to the body. Antigens are also found on cancer cells and the cells of
transplanted organs. They trigger the immune system to react against the cells that carry them. This is why a
transplanted organ may be rejected by the recipient’s immune system.
How do B and T cells recognise specific antigens? They have receptor molecules on their surface that bind only
with particular antigens.
As shown in Figure 1.85, the fit between an antigen and a matching receptor molecule is like a key in a lock.

112

www.perioperativeCPD.com with www.ck12.org
Human Biology

FIGURE 1.85
An antigen fits the matching receptor molecule like a key in a lock.

Summary
• The body’s third line of defence is the immune response. This involves the lymphatic system. This system
filters pathogens from lymph and produces lymphocytes.
• Lymphocytes are the key cells in the immune response. They are leukocytes that become activated by a
particular antigen. There are two major type of lymphocytes: B cells and T cells.
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1.39 Male Reproductive Structures
• Identify male reproductive structures and their functions.
• Describe the role of the testes, the epididymis, and the vas deferens.

Would you believe the male reproductive structures are over 100 feet long?
The male reproductive system has two goals: to produce and deliver sperm and to secrete testosterone. Might
seem simple. But there are a number of complicated processes and structures - including over 100 feet of
tubules - that go into these simple goals.
The male reproductive system has two main functions: (1) to produce sperm, the male gamete, and (2) to release
the male sex hormone, testosterone, into the body.
Male Reproductive Structures
The reproductive system in both males and females consists of structures that produce reproductive cells, or
gametes, and secrete sex hormones. A gamete is a haploid cell that combines with another haploid gamete
during fertilisation. Recall that haploid cells have one complete set of chromosomes; in humans that would be 22
autosomes and one sex chromosome.
Sex hormones are chemical messengers that control sexual development and reproduction. The male
reproductive system consists of structures that produce male gametes called sperm and secrete the male sex
hormone testosterone.
The main structures of the male reproductive system are shown in Figure 1.96. Locate them in the figure as you
read about them below.
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FIGURE 1.96
Male Reproductive Structures. Organs of the male
reproductive system include the penis, testes, and
epididymis. Several ducts and glands are also part of
the system. Do you know the reproductive functions
of any of these structures?

Penis
The penis is an external genital organ with a long shaft and enlarged tip called the glans penis. The shaft of the
penis contains erectile tissues that can fill with blood and cause an erection. When this occurs, the penis gets
bigger and stiffer. The urethra passes through the penis. Sperm pass out of the body through the urethra.
(During urination, the urethra carries urine from the bladder.)
Testes
The two testes (singular, testis) are located below the penis. They hang between the thighs in a sac of skin called
the scrotum. Each testis contains more than 30 meters (over 90 feet) of tiny, tightly packed tubules called
seminiferous tubules. These tubules are the functional units of the testes. They produce sperm and secrete
testosterone.
Epididymis
The seminiferous tubules within each testis join to form the epididymis. The epididymis (plural, epididymis) is a
coiled tube about 6 meters (20 feet) long lying atop the testis inside the scrotum. The functions of the epididymis
are to mature and store sperm 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. Ducts include
the vas deferens and ejaculatory ducts. They transport sperm from the epididymis to the urethra in the penis.
Glands include the seminal vesicles and prostate gland. They secrete substances that become part of semen.
Semen
Semen is the fluid that carries sperm through the urethra and out of the body. In addition to sperm, it contains
secretions from the glands. The secretions control pH and provide sperm with nutrients for energy.
Summary
• The male reproductive system consists of structures that produce sperm and secrete testosterone.
• Male reproductive structures include the penis, testes, and epididymis.
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1.40 Female Reproductive Structures
• Identify female reproductive structures.
• Explain the roles of the female reproductive system.
• Summarise the importance of the uterus, endometrium, ovary, follicle, and fallopian tube.

Think producing millions of sperm each day is complicated?
If producing millions of sperm each day, as in the male reproductive system, is complicated, that is nothing
compared to what must occur in the female reproductive system. This system is controlled by an intricate dance
of hormones, cycles, and events.
Female Reproductive Structures
The female reproductive system consists of structures that produce female gametes called eggs and secrete the
female sex hormone oestrogen. The female reproductive system has several other functions as well:
1.
2.
3.
4.

It receives sperm during sexual intercourse.
It supports the development of a foetus.
It delivers a baby during birth.
It breast feeds a baby after birth.

The main structures of the female reproductive system are shown in Figure 1.100. Most of the structures are inside
the pelvic region of the body. Locate the structures in the figure as you read about them below.
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FIGURE 1.100
Female Reproductive Structures. Organs of the female
reproductive system include the vagina, uterus, ovaries,
and fallopian tubes.

External Structures
The external female reproductive structures are referred to collectively as the vulva. They include the labia
(singular, labium), which are the “lips” of the vulva. The labia protect the vagina and urethra, both of which have
openings in the vulva.
Vagina
The vagina is a tube-like structure about 9 centimeters (3.5 inches) long. It begins at the vulva and extends
upward to the uterus. It has muscular walls lined with mucous membranes. The vagina has two major
reproductive functions. It receives sperm during sexual intercourse, and it provides a passageway for a baby to
leave the mother’s body during birth.
Uterus
The uterus is a muscular organ shaped like an upside-down pear. It has a thick lining of tissues called the
endometrium. The lower, narrower end of the uterus is known as the cervix. The uterus is where a foetus grows
and develops until birth. During pregnancy, the uterus can expand greatly to make room for the baby as it grows.
During birth, contractions of the muscular walls of the uterus push the baby through the cervix and out of the
body.
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Ovaries
The two ovaries are small, egg-shaped organs that lie on either side of the uterus. They produce eggs and secrete
oestrogen. Each egg is located inside a structure called a follicle. Cells in the follicle protect the egg and help it
mature.
Fallopian Tubes
Extending from the upper corners of the uterus are the two fallopian tubes. Each tube reaches (but is not
attached to) one of the ovaries. The ovary end of the tube has a fringelike structure that moves in waves. The
motion sweeps eggs from the ovary into the tube.
1.61. Female Reproductive Structures
Breasts
The breasts are not directly involved in reproduction, but they nourish a baby after birth. Each breast contains
mammary glands, which secrete milk. The milk drains into ducts leading to the nipple. A suckling baby squeezes
the milk out of the ducts and through the nipple.
Summary
• The female reproductive system consists of structures that produce eggs and secrete female sex hormones.
They also provide a site for fertilisation and enable the development and birth of a fetus.
• Female reproductive structures include the vagina, uterus, ovaries, and fallopian tubes.
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