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Introduction

AT e A

TheHuman Biologghapter provides an overview of the physiology of humans, from the skin inward. In addition

to the skin, thebasicskeletal, muscular, nervous, endocrine, circulatory, respiratory, digestive, excretory,
immune, and reproductive systems are described.

While the original spellings wersmericanwe have converted as many as possible to UK spellengial to
foetal) but may have missed some, so our apologies.
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1.1 Organgation of the HumanBody

wOutline the levels of orgasation of the human body.
wDistinguish between cells, tissues, organs, and organ systems.
wlist the types of tissues in the human body.

wGive examples of the roles of organ systems.

How is the human body similar to a weluned machine?

Many people have compared the human body to aciiine. 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 rea#t tvays. In fact, it may

be the most fantastic machine on Earth.

Levels of Orgasation

The human machine is orgaed at different levels, starting with the cell and ending with the entire organism (see
Figure 1.). At each higher level of orgaation, there is a greater degree of complexity.

Levels of Organization

FIGURE 1.1

Organelle The human organism has several levels of organisation.
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Cells

The most basic parts of the human machine are talls amazing 100 trillion of them by the time the average
person reacheadulthood! 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
specialged in form and function, as shown Figurel.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 tigyb

N e 10

Blood cells Surface skin cells Bone cell

FIGURHE.2
P o ¢ 8 & Different types of cells in the human body are

. s : Cardiac muscle cell specialsed for specific jobs. Do you know the
— — ——— — functions of any of the cell types shown here?

Columnar epithelial and Goblet cells (‘}*’ n'.,’-‘a
. s F223)33Y

Sy Y Skeletal muscle cells
N A
:‘\\g - ")

5y ¥ N [~ — — =

p ) o o =

e
A Y
Neuron AN Smooth muscle cells

Tissues

After the cell, the tissue is the next level of orgation 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 showigume 1.3make upall the organs of the human
body.

1 / 2yySOUGAQBS GAa&adzsS Aa YIRS dzlJ 2F OStfta GKIFG F2NY
cartilage.

1 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.

1 Muscle tissue is made up of cells that have the unique ability to contract, or leesborter. Muscles
attached to bones enable the body to move.

1 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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Four Types of Tissues

° - FIGURE 1.3

The human body consists of these four
tissue types.

Connective tissue

Muscle tissue Nervous tissue

Organs and Organ Systems

After tissues, organs are the next level of orgation of the human body. An organ is a structure that consists
of two or more types of tissues that wotigether to do the same job. Examples of human organs include the
brain, heart, lungs, skin, and kidneys. Human organs are @aghimito organ systems, many of which are shown
in Figurel.4. An organ system is a group of organs that work together to cartra complex overall function.
Each organ of the system does part of the larger job.

,2dzNJ 62R@Qa wMH 2 NEI y(Tablél.4).0v8uycrgan sisfemsidi Robwork aldhé i@ ybur body.
They must all be able to work together. Fx@ample, 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, altogetker to do this.
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Human Organ System
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Skeletal system

Muscular system Digestive system
provides structure to supports the body and || breaks down food and
the body and protects || allows it to move absorbs its nutrients
internal organs
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takes in oxygen and controls sensation, transports oxygen, nu-
releases waste gases thought, movement, trients, and other sub-
and virtually all other ||stances to cells and
body activities ]
\ / \ y J Carnes away wastes

FIGURE 1.4

Many of the organ systems that make up the human body are represented here. What is the overall function of
each organ system?
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Organ System

Major Tissues and Organs

Function

Cardiovascular

Heart; blood vessels; blood

Transports oxygen, hormones, ar

wastes and carbon dioxide away

nutrients to the body cells. Moves

from cells.

Lymphatic Lymph nodes; lymph vessels Defend againsinfection and
disease, moves lymph between
tissues and the blood stream.

Digestive Oesophagusstomach; small Digests foods and absorbs

intestine; large intestine nutrients, minerals, vitamins, and
water.

Endocrine Pituitary glandhypothalamus; Produces hormones that

adrenal glands; ovaries; testes | communicate between cells.

Integumentary Skin, hair, nails Provides protection from injury
and water loss, physicdefence
against infection by
microorganisms, and temperaturé
control.

Muscular Cardiac (heart) muscle; skeletal | Involved in movement and heat

muscle; smooth muscle; tendons| production.

Nervous Brain, spinal cord; nerves Collects, transfers, angrocesses
information.

Reproductive Female: uterus; vagina; fallopian| Produces gametes (sex cells) an

tubes; ovaries
Male: penis; testes; seminal
vesicles

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

stores minerals.

Supports and protects soft tissue
of body; produces blood cells;

Urinary

Kidneys; urinary bladder

waste products from blood and

Remove®xtra water, salts, and

body; controls pH; controls water
and salt balance.

Immune

Bone marrow; spleen; white bloot
cells

Defends against diseases.

Major Organ Systems of the Human Body
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1.2 Homeostasis

wDefine homeostasis.
wDescribe the importance ahaintaining homeostasis.
wDiscuss 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 -@ieellmachine. This is because
they are closely regulated lilie 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 substancesrtbey 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 ishcaiedstasis.
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:

wRespiratory system: A high concentration of carbon dioxide in the ltaggers faster breathing. The lungs
exhale more frequently, which removes carbon dioxide from the body more quickly.

wExcretory system: A low level of water in the blood triggers retention of water by the kidneys. The kidneys
produce more concentrated urin so less water is lost from the body.

wEndocrine 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 doesagur 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(Figurel.5). Essentially, it "shuts off" ortitns 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 mushntieeway.

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 bloeéssels 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 stineullé 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 tio

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
stimulusreceptorsignalresponse 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 hé2 G KSND A& YAf 11X GKS K2NX¥Y2yS LINRBf L OG
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 adits 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 mechanismi MWhen 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.

11
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1.3 HumanSkeletalSystem

wGive an overview of the human skeleton.
wListthe functions of the skeletal system.
wDefine cartilage, ligament and bone.
wDescribe 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 withoutetm. 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 seetyourself
folds of skin would droop down over your eyes and block your vision because odgkwof Ekull 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
Fgure 1.11.

In addition to bones, the skeleton also consists of cartilage and ligaments:

wCartilage is a type of dense connective tissue, made of tough praveds, that provides a smooth surface
for the movement of bones at joints.

wA ligament is a bandf fibrous connective tissue that holds bones together and keeps them in place.

12
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FIGURE 1.11
The human skeleton consists of bones, cartilage, and ligaments

13
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The skeleton supports the body and gives it shape. It has several other functions as ludihgnc

protecting internal organs

providing attachment surfaces for muscles
producing blood cells

storing minerals

maintaining mineral homeostasis.

a s wnNPe

Maintaining mineral homeostasis is a very important function of the skeleton, because just thkeviglstof

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 bloodvels of minerals are too low, bones release some of the minerals back into the blood,
thus restoring homeostasis.

Summary

wThe adult human skeleton includes 206 bones and other tissues.
wThe skeleton supports the body, protects internal organs, produéesdbcells, and maintains mineral
homeostasis.

14
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1.4 Structureof Bones

wDescribe the cells and tissues that make up bones.

wDefine collagen and bone matrix.

wDistinguish between osteoblasts, osteocytes, and osteoclasts.

wDistinguish betweeompact bone, spongy bone, bone marrow, and periosteum.

Are bones living?

LGQa O02YY2y (2 UGUKAY]l 2F o02ySa |a y2404 ftAQAy3aId . dzi 02
new bone tissue. That means that you are also constaetiing 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 desclibadkef a
preserved skeleton, but the bones in a living human being are very much alive. As shown id.ER)tine

basic structure of bones is bone matrix, which makes up the underlying rigid framework of bones, composed of
both compact bone and spondppne. The bone matrix consists of tough protBbres, mainly collagen, that

become hard and rigid due to minerstion with calcium crystals. Bone matrix is crisscrossed by blood vessels
and nerves and also contains spesidi bone cells that are aetly involved in metabolic processes.

15
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Compact Bone & Spongy (Cancellous Bone)

FIGURE.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 ofcompact bone.

Lacunae containing osteocytes Osteon of compact bone

Lamellae ——gffe

el Trabeculae of spongy
Canaliculi R

hone

Osteon

Periosteumn

Yolkmann's canal

Bone Cells

There are three types of specid cells in human bones: osteoblasts, osteocytes, and osteoclasts. These cells
are responsible for bone growth and mineral homeostasis.

wOsteoblasts make new bone cells and secoet#agen that minerades to become bone matrix. They are
responsible for bone growth and the uptake of minerals from the blood.

wOsteocytes regulate mineral homeostasis. They direct the uptake of minerals from the blood and the
release of minerals back mthe blood as needed.

wOsteoclasts 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 ostedeg, osteoblasts continuously build up bone, while osteoclasts
continuously break it down.

16
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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 Figir&3

wCompact bone makes up the dense outer layer of bone. Its functional unit is the osteon. Compads
very hard and strong.

wSpongy bone is found inside bones and is lighter and less dense than compact bone. This is because
spongy bone is porous.

wBone marrow is a soft connective tissue that produces blood cells. It is found inside the poresgyf spo
bone.

wPeriosteum is a tough, fibrous membrane that covers and protects the outer surfaces of bone.

bone marrow cancellous (spongy)

FIGURE.13
_ bone marrow cavity This bone contains different types of bone tissue.
periosteum How does each type of tissue contribute to the
compact bone functions of bone?

Summary
wUnder the direction of osteocytes, osteoblasts continuously build up bone, while osteoclasts continuously

break down bone. These processes help maintain mineral homeostasis.
wBone tissues include compact bone, spongy bone, bone marrow, and pernusteu

17
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1.5 Growth and Developmentof Bones

wDefine ossification.
wExplain 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 eaxiry&ars. But how do bones
grow? From their ends, where they have cartilage.

Growth and Development of Bones

Early in the development of a humé&metus, the skeleton is made emély 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 Figutel4,ossification of long bones, which are found in the arms and keggins at the
centreof 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 increasg 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.

18
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FIGURER.14
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Summary

wBones become increasingly ossified and grow larger dioitgl development, childhood, and adolescence.
wWhen skeletal maturity is reached at about age 20additional growth in bone length can occur.

19
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1.6 SkeletalSystemJoints

wGive examples of different types of joints.

wDistinguish between immovable, partly movable, and movable joints.
wCompare a batnd-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 skel&al 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 jints ar
covered with a smooth layer of cartilage that reduces friction at the points of contact between the bones.

20
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Types of Joints

There are three main types of joints: immovable, partly movable, and movable.

wlmmovable jointallow 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.

wPartly movable joints allow only very limited movement. Bones at these joints are held in pleasilage.
The ribs and sternum are connected by partly movable joints.

wMovable 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 neted dext.

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 Fiduié).

Enthesis
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Bone

Synovial
Cavit
o FIGURHE.15
\\\\ A movable, or synoviajpint is protected and
CA:r'tf'“a'Z; ([l mm VAR cushioned by cartilage and synovial fluid.
Joint Capsule
and Synovial
Lining
Ligament
Enthesis Tendon

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 balid-socket joint, such as thghoulder, has the greatest range of motion,

allowing movement in several directions. Other movable joints, including hinge joints such as the knee, allow
less movement.

21
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Movable Joints
O 0 q
= .” Ball and
NS ) J Types of Movable Joints in the Human Skeleton.

Movable joints can mee in a variety of ways. Try

moving each of the joints indicated in the

diagram. Can you tell how their movements
Pivot differ? Other joints in the human skeleton that are
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plane joints.
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Summary

wJoints are placeshere two or more bones of the skeleton meet.
wWith the help of muscles, joints allow the body to move with relatively little force.
wSome joints can move more than others.

22
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1.7 Skeletal System Problems and Diseases

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 rseedery 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,
osteoathritis, and rickets.

wFractures 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 fedays, 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 surgquaceila 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.

1 Osteoarthritis is a condition in which cartilage breaks down in joints due to wear ancctessing joint
stiffness and pain.

23
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1 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 hedhy diet that has the right amount of calcium and vitamin D and to do some sort of weight
bearing exercise every day. Foods that are a good source of calcium include milk, yogurt, and cheese.
Non-dairy sources of calcium include Chinese cabbage, kaldgrandoli. 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. 0z.) of milk provides about 300 mg of calcium, or about 30% of the
dailyrequirement.

wRickets 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 Elgre

FIGURER.17
The bones of a child with rickets are so soft that the
weight of the body causes them to bend.

Summary

w Skeletal system problems include fractures, osteoarthritis, and rickets.

24
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1.8 Smooth,Skeletal,and CardiadMuscles

wldentify the three types of human muscle tissue.
wCompare 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
adzOK a o0AOSLIA (KIdG Y2@0S GKS o02Reé& FNB Shae (2 TSSt
Many muscles are deep within thmdy. They form the walls of internal organs such as the heart and stomach.
,2dz Oy FtSE @2d2NJ 6AOSLIA tA1S | 02Reé o0dzAf RSNE odzi @
they work on their own without any conscious effort on your pé#&cause 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 musfilres. Each musclébre is a vey 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 baliyc.camooth,

and skeletal muscle tissues. They are shown in Figd&and described below.

25
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Types of Muscle Tissue

Skeletal Muscle Smooth Muscle Cardiac Muscle

FIGURE 1.18

Types of Muscle Tissue. Both skeletal and cardiac muscles appear striated, or striped, because their cells are
arranged in bundlesSmooth 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 ongsicarry 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 unaseioas 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. Cardiamuscle 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, spjitears striated, or striped.

Summary

w CKSNB N’ GKNBS G(GelLlSa 2F KdzYky YdzaofS GAaadsSy a
cardiac muscle (only in the heart).

26
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1.9 SkeletalMuscles

wDescribe the structure of skeletal muscle.
wExplain howskeletal 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 ove800 skeletal muscles in the human body, some of which are identifiegdjure 1.19Skeletal
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 mute consists of hundreds or even thousands of skeletal miibates. Thefibresare bundled

together and wrapped in connective tissue, as sh&igure 1.20The connective tissue supports and protects

the delicate muscle cells and allows them to withstéine 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

Wrist ) ‘. ‘.‘ 5
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FIGURE 1

Skeletal Muscle Structure. A skeletal muscle

contains bundles of musclébres inside a
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Skeletal Muscles and Bones

Skeletal muscles are attached to the skeleton by tough connective tissues called tenddfigsed .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 deact, 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 bioelisieeps muscles of the upper
arm work in opposition to bend and extend the arm at the elbow (3gerg 1.21).

Use It or Lose It

In exercises such as weight lifting, skeletal muscle contracts against a resisting fofegsed.22)Using

skeletalmuscle 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 necessaryto A y i F Ay 6A3IISNE AGNRBY3ISNI Ydza Ot S
get smaller and weakerso use it or lose it.

Stretched Elastic Band
(Relaxed Muscle)

FIGURE 1.21
Triceps and biceps muscles in the upper arm

are opposing muscles.

Elastic Band Shortens
(contracting muscle)

Summary
w {18tSGFt Ydza &é keletoh adbcauseibbrieidrBoRe wiheh they contract.
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1.10 Muscle Contraction

w Explain how muscles contract according to the sliding filament theory.
w Define sarcomere andlihe.

w Describe the interactions of actin and myosin.

Innervation of Skeletal Muscle

Axon of motor neuron

Skeletal muscle fibers

Muscle fiber nucleus

Neuromuscular
junctions

What makes anuscle 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.

Musde Contraction

Muscle contraction occurs when mus(ileresget shorter. Literally, the muscfiresget smaller in size. To
understand how this happens, you need to know more about the structure of miilsds.
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Structure of Muscle-ibres
Each musclébre 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 linesé€$égure 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.

Parts of a Sarcomere

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

Z Line Z Line

Sliding Filament Theory

The most widely accepted theory explaining how mufiblescontract is called the sliding filament theory.
Accordingto thistheorfy @ 2 3 Ay FAf I YSy(da dzaS SySNHe& FTNRY !¢t G2
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 mustilere shorten, thefibre contracts. A musclébre either contracts fully or
Al R2SayQi 02y i NIidesthat dontract determitiek the stfermthtoStiéImasgular force.
When morefibrescontract at tte same time, the force is greater.
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Muscles and Nerves

adzaO0f S& Olyy20G O2yiN}XOl 2y GKSANI 246yd ¢KS& ySSR | a
you decide to raise your hand in class. Your brain sends electrical messagestodatisr\called motor neurons,

in your arm and shoulder. The motor neurons, in turn, stimulate mugwlesin your arm and shoulder to

contract, causing your arm to rise. Involuntary contractions of cardiac and smooth muscles are also controlled by
nerves.

Summary

wAccording to the sliding filament theory, a musiiiee contracts when myosin filaments pull actin filaments
closer together and thus shorten sarcomeres withfibee.
wWhen all the sarcomeres in a mustlae shorten, thefibre contracts.
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1.11 Skin

wDefine integumentary system.

wDescribe the structure and function of skin.
wExplain the role of melanin.

wDescribe the importance of the dermis.
wldentify common skin problems.

What is integumentary?

Because the organs of the integunary system are external to the body, you may think of them as little more
GKFYy &l OOS a a2 NJedealetyéButithe drgansOffthe intguryeRtar? sistem serve important
biological functions. They provide a protective covering for the bodyhatiithe 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
GKS 02ReQa fFNBSal 2NHIFIYZXZ YR | NBYavdijge sda® inchyed I G
cn?) of skin has 20 blood vessels, 650 sweat glands, and more than a thoweaedendings. It also has an

incredible 60,000 pigmertroducing 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 distinctdes; called the epidermis and the dermis. These layers are
shown in Figurd..24.

Stratum Corneum

Stratum Lucidum

Stratum Granulosum FIGURE 1.24
Stratum Spinosum  Layers of Human Skin. The outer layer

of the skin is the epidermis, and the
Hair Shaft . . - .

" — Stratum Basale  inner layer is the dermis. Most skin
Arrector Pili Dermis structures originate in the dermis.
Sebaceous

Gland — Capillaries
Sweat Gland ¢/ Subcutaneous

Fatty Tissue

Artery Hair Follicle

Vein

Hair Bulb
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Epidermis

The epidermis is the outer layer of skin, consisting of epithelial cells and little else (seel2&urEor example,
there are no nerve endings or blood vessels in the epidermis. The innermost cells of the epidermis are
continuously dividing through itosis 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 théime they reach the surface, where they fora 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 bpgmestt

that gives skin much of ilour. 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 ireases 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 dermigs the lower layer of the skin, located directly beneath the epidermis (see Figk@e It is made of

tough connective tissue and attached to the epidermis by colldigpees. The dermis contains blood vessels and
nerve endings. Because of the nerve enydi, skin can feel touch, pressure, heat, cold, and pain. The dermis also
contains hair follicles and two types of glands.

wHair follicles are the structures where hairs originate. Hairs grow out of follicles, pass through the
epidermis, and exit at the sface of the skin.

wSebaceous 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 antibacterialgperties, so it inhibits the growth of microorganisms on the skin.

wSweat 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 theeghrfauwgh pores in
the skin.

Functions of the Skin

¢CKS &al1Ay KlFa YdzZ GALX S NRtSa Ay (GKS 02Red alye 2F (K
are preventing water loss from the body and serving as a barrier to the entry of microsmga 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 surfaks 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 theybis too cool, sweat glands stop
producing sweat, and blood vessels in the skin constrict, or narrow, thus conserving body heat.
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hair

skin
surface

FIGURE 1.26

Structures of the Dermis. The dermis
sebum

contains most of the structures found in skin.
follicle

sebaceous
gland

SkinProblems

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 FigQi

wAcne is a condition in which red bumps called pimples form on the skitoda 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.

wSkin cancer ia 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 wapitevent 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 canames
generally asymmetrical, have irregular borders,
—_— may be very dark inolour, and may have a
Asymmetry Border irregularity Color Diameter: . .
1/ainchoremm  relatively great diameter.

Summary

wThe skin consists of two layers: the epidermis, which contains mainly epithelial cells, and the dermis, which
Oz2yiGltAya Yzald 2F alAyQa 20KSNJ adNHz2OGdzNB&ax AyOf dzR.
wSkin protects the body from injury, water loss, and microorganisms. It also plays a major role in
maintaining a stable body temperature.

wCommon sk problems include acne and skin cancer.
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1.12 Nails and Hair

w { dz¥sertheNfucture and functions of the hair and nails.

Would you believe this is a closep of your hair and scalp?

2Stff YIreoS y20 @&2dNB® .dzi d2YS 20KSNJ LISNE2YQad | | AN

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 functios

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 spesgliepidermal 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 sensatiortibg 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 a@déle 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 dibre that is found only in mammals. Its main component isakia. A hair shaft consists of dead, keratin
filled cells that overlap each other like the shingles on a roof (see Fige®e Like roof shingles, the overlapping
cells help shed water from the hair.

FIGURE 1.Z8haft of Human Hair. This shaft of haimagnified 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. Hiiesriase 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.

hair
skin

surface

sebum —

follicle  — FIGURE 1.29air, hair follicle, and oglands. The oil, called

sebaceous sebum, helps to prevent water loss from the skin. The
land 1 sebaceous gland secretes sebum, which waterproofs the skin
g and hair
Summary

w bFAf&a FyR KFIANI O2yilAy Yzadftea 1SNIGAYy® ¢KSa LINE
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1.13 Nerve Cells

wDistinguish the central nervous system from the peripheral nervous system.
wDescribe the structure of a neuron.

wldentify types of neurons.

wExplain the roles of the axon and the dendrites.

A closeup view of a spider web? Somsort of exotic bacteria? What do you think this is?
¢CKAAd A& OGdzatte I ySNBWS OSttsz GKS OStf 2F GKS ySND
throughout your body.

The Nervous System

A small child darts in front of yoliike 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 youwsusesystem. 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 (sed-igure 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
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Although the nervous system is very complex, nervous tissue consists of just two basic types of nerve cells:
neuronsand glial cells. Neurons are the structural and functional units of the nervous system. They transmit
electricalsignals, called nerve impulses. Glial cells provide support for neurons. For example, they provide

neurons with nutrients and other materials.

Brain

: Cerebellum
Spinal cord ———&.

Brachial plexus —_—

Musculocutaneous——7
nerve — Intercostal nerves
Radial S
nerve

. 2] e——7—Subcostal nerve
Median nerve _
, I ¢ 7R Lumbar plexus
lliohypogastric [/ [JY . AhN LA |

nerve O] Sacral
Genitofemoral [ [LL t—¢ 7 H———+— plexus
nerve L& S/ 6\ —————Femoral nerve

/

Obturator nerve77
: . Pudental nerve

Ulnar nerve”
Sciatic nerve
Muscular branches

Common _— of femoral nerve

peroneal nerve
Saphenous nerve

Deep peroneal ——— Tibial nerve
nerve

Superficial- —
peroneal
nerve

Figure 1.30rhe 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 irFigure 1.31a neuron consists of three basic parts: the cell body, dendrites, and axon.

1 The cell body contains the nucleus and other cell organelles.

1 Dendrites extend from the cell body and receive nerve impulses from other neurons.

1 The axon is a long extensiontbe 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

Axon Terminal The structure of a neuron allows it to rapidiansmit nerve

impulses to other cells.

Schwann Cell

Myelin Sheath

Myelin Sheath

The axon of many neurons has an outer layer called a myelin sheath (seelF&fiwr&yelinis 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 toskip along the axon very rapidly.

Types of Neurons

Neurons are classified based on the direction in which they carry nerve impulses.
wSensory neurons carry nerve impulses from tissues and organs to the spinal cord and brain.

wMotor neurons carry nerve impus from the brain and spinal cord to muscles and glands (see Higi#e
wlnterneurons carry nerve impulses back and forth between sensory and motor neurons.
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/ Axon

FIGURE 1.32

This axon is part of a motor neuron. It transmits nerve
impulses to a skeletal uscle, causing the muscle to
contract

Axon Terminal

Skeletal muscle

Summary

wNeurons are the structural and functional units of the nervous system. They consist of a cell body,
dendrites, and axon.

wNeurons transmit nerve impulses to other cells.

wTypes of neurons includgnsory 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.

egeege

How does a nervousystem 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 atomsrmaplecules.
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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 sodiypatassium pump maintains a difference in charge across the cell
membrane (see Figurk33). It uses energy in ATP to pump positive sodium ions) (Nd 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.

Extracellular space Na
e .

0 ¢ Sodium 0 5 ., Potassium

0 N 8y /0@ 0 p K

QQQQQ |
Cell membrane m&m
6&&88

v / K af 3
MP | l" ‘o P ©
0 0 | a 2

ADP i

Thesodiumpotassium
pump maintainsthe
restingpotential of a
neuron

Nntration

Once

Intracellular space k'

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. Tie 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 th@axery rapidly as an electric current (deigure 1.34).
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/\ Action Potential
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In neurons with myelin sheaths, ions flow across the membrane only at the nodes between sections afAsyelin
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 anotherisathlled a synapse. The axon terminal and other cell are
separated by a narrow space known as a synaptic cleft (see HigfeWhen an action potential reaches the

axon terminal, the axon terminal releases molecules of a chemical catledratransmitter. 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.

Neurotransmitter Synaptic vesicles

FIGURER.35 At a synapse,
neurotransmitters ae released by the axon

Receptor
terminal. They bind with receptors on the other
cell.

Synaptic cleft
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Summary

wA nerve impulse begins when a neuron receives a chemical stimulus.
wThe nerve impulse travels down the axon membrane as an electrical action potentialaraheerminal.
wThe axon terminal releases neurotransmitters that carry the nerve impulse to the next cell.
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1.15 CentralNervousSystem

wldentify parts of the central nervous system and their functions.
wDistinguish the cerebrum from theerebellum and the brain stem.
wldentify functions of the lobes of the cerebrum.

The human brain. The "contratentre." 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 1.3% The central nervous system (CM8)udes the brain and spinal cord (see Figui).

The Brain

The brain is the most complex organ of the human body and the carerdte of the nervous system. It contains

an astonishing 100 billion neurons! The brain controls such mental processEssaging, 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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I Central Nervous System (CNS) '
| Brain and Spinal Cord |

L R
BT t J_ p————
| Peripheral Nervous System (PNS) |
|  Nerves that connect all parts of the body |
to the brain FIGURER.36

e = == SR The two main divisions of

I ‘ the human nervous system

Aty et oy sy emprmem e, e ey e oy e ~ are the central nervous
' Sensory Division I | Motor Division | system and the peripheral

| Conducts sensory information from the sense | Made up of motor fibers that conduct nerve

nervous system. The
\ organs and other internal organs to the CNS impulses from CNS to muscles and glands y
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___________ / IR R )
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FIGURE 1.37
Central This diagram shows the components of the central nervous system.
Nervous System
(brain and spinal cord)
Spinal Cord
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The brain has three major parts: the cerebrum, cerebellum, and brain stem. These parts are shiyundri.38
and described in this section.

Parts of the Brain

Cerebrum

FIGURE.38
In this drawing, assume you are looking at the left
side of the head. This iow the brain would
appear if you could look underneath the skull.

Brain Stem Cerebellum

(Medulla)
Face Back of Head

1 The cerebrum is the largest part of the brain. It cotgrconscious 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 withiraithe
Each hemisphere is further divided into the four lobes shown in Figure 1.39.

1 The cerebellum is just below the cerebrum. It coordinates body movements. Many nerve pathways link
the cerebellum with motor neurons throughout the body.

1 The brain stem ithe 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 thitubular bundle of nervous tissue that extends from the brainstem and continues down

the centreof the back to the pelvis. It is protected by the vertebrae, which encase it. The spinal cord serves as an
information superhighway, passing messages fromiibey to the brain and from the brain to the body.
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Frontal Lobe

REASONING

Parietal Lobe

TOUCH

FIGURER.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.

Occipital
Lobe

SIGHT

Temporal Lobe

HEARING

Summary

wThe central nervous includes the brain and spinal cord.

wThe brain is the contraentreof the nervous system. It controls virtually all mental and physical processes.

wThe spinal cord is a long, thin bundle of nervous tissue that passes mge$sagehe body to the brain and
from the brain to the body.
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1.16 PeripheralNervousSystem

wDescribe the structure and function of the peripheral nervous system.
wCompare the sensory division to the motor division.

wExplain the role of theomatic nervous system.

wDistinguish 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 (PN&sists of all the nervous tissue that lies outside the central nervous

system. It is shown in yellow in FigurdQ. It is connected to the central nervous system by nerves. A nerve is a
cablelike bundle of axons. Some nerves are very long.Idingest 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 sensagndivid the motor division.
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wThe sensory division of the PNS carries sensory information from the body to the central nervous system.

wThe motor division of the PNS carries nerve impulses from the central nervous system to muscles and
glands throughout tb 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 peripheralenvous 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 areonnected 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.if\ae#ey 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 Figuted1.In this example, the person jerks his hand away from the flame without
any consmous thought. It happens unconsciously because the nerve impulses bypass the brain.
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FIGURE.41
A reflex arc lik¢his one enablesmvoluntary 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, digestiorg aweat production. The autonomic nervous system also has
two subdivisions: the sympathetic division and the parasympathetic division.

w ¢CKS a8YLI GKSGAO RAGAAAZ2Y RSIfa gAGK SYSNHSyOe& aa
you getclammy palms or a racing heart when you have to play a solo or give a speech? Nerves of the
sympathetic division control these responses.

wThe parasympathetic division controls involuntary activities that are not emergencies. For example, it
controls the ogans of your digestive system so they can break down the food you eat.

Summary

wThe 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.

wThe perpheral 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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1.17 Senses

wExplain how sensory stimuli are perceived and interpreted.

wSummarse the roles othe cornea, lens, pupil and retina.

wExplain the role of the cochlea asdmicircularcanals.

wDescribe the roles of taste receptomjour receptors, and pressure receptors.

-

Name the five senses.

Hearing, sight, taste, touch, and smell. But how do warhsee, 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 thyagss, ears,

mouth, nose, and skin. Each sertggan 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 nemesh 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 Figdge 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 lightceptor cells. These cells send nerve impulses to the optic nerve, which carries the
AYLIzZ aSa G2 GKS ONIAYyd® ¢KS OoNIFAY AYOGSNIINBdGa GKS AYL
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Pupil

Cornea
Posterior chamber Anterior chamber

Zonular (aqueous humour)

fibres
Ciliary muscle

Suspensory
ligament
Retina

Choroid \éitreous - FIGURE 1.42
umour i . .
Sclera The eye is the organ that senses light and allows us to
see

Optic disc

Optic nerve

blood vessels

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 (seigure 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 tmgeliailining the

cochlea to bend. In response, the hair cells send nerve impulses to the auditory nerve, which carries the impulses
G2 GKS ONIAYy®d ¢KS ONIAY AYyGSNIINBGa (GKS AYLMzZ aSa FyR

Balance

The ears are also responsible for the sense of balance. Balance is the ability to sense and maintain body position.
The semiircular canals inside the ear (see Figl#3) contairfluid that moves when the head changes

position. Tiny hairs lining the séircular 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 ingfnia G KS o02RéQa ol f I yOS
contractions of skeletal muscles as needed.
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" i The ear is the organ that

senses sound waves and
allows us to hear. It also
senses body position so
S roarun caviy we can keep our balance.

tympanic membrane
(eardrum) _eustachian tube

Taste and Smell

Taste and smell are both abilities to sense chemicals. Like other sense receptors, both taste recepduand
NEOSLIi2NE aSyR YySNIBS AYLMzZ aSa G2 GKS ONIAYy>X yR (KS

Taste receptors are found in tiny buspn the tongue called taste buds (see Figur). There are separate
taste receptors for sweet, salty, sour, bitter, and meaty tastes. The meaty taste is waldi

FIGURE 1.44
Taste buds on the tongue contain taste receptor cells.
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Odourreceptors line the passages of the nose (see Figjutg). They sense chemicals in the air. In factour
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 ocdagsause 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 tague, 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
KFELIISY AT ¢S 02dzZ RyQi FSSt LI AyKO

FIGURE 1.45

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

Summary

wHuman senses include sight, hearing, balance, taste, smell, and touch.
wSensory organs such as the eyes contain cells called semseptors that respond to particular sensory
stimuli.

wSensory nerves carry nerve impulses from sensory receptors to the central nervous system.
wThe brain interprets the nerve impulses to form a response.
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1.18 Glands

wDefine hormone.

wExplain theole of the hypothalamus.

wSummarse the role of the pituitary gland and its hormones.
wList the glands of the endocrine system and their effects.

s -

2 KIG6Qa F K2N¥2ySK

This messenger pigeon is delivering a letter, making sure it gets to where it needs to go. It could be said that
K2NX2yS&d INB 0A2f23A0Ff YSaaSyaSNEI |yR GKS& 2NAIAY
only messageelaying system ahe 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 trasgmiof 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. Asa result, endocrine hormones can affect many cells and have-tvdly effects.

Glands of the Endocrine System

The major glands of the endocrine system are shown in Figdé

Hypothalamus

The hypothalamuss actually part of the brain (see Figurel?7), but it also secretes hormones. Some of its
K2N¥2ySa aidStté GKS LAGAAGFINE JFtElFyR SAGKSNI G2 &ASONEB
hypothalamus provides a link between the nervous and endecsystems. 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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Pineal Gland
Hypothalamus

Pituitary Gland

FIGURR.46

Theglands 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
Pancreas found only in females.

Adrenal Gland

&l’estes

1 Antidiuretic hormone stimulates the kidneys to conserve watepimducing more concentrated urine.
1 Oxytocin stimulates the contractions of childbirth, among other functions.

FIGURR.47

The hypothalamus and pituitary gland are located
close together at the base of the brain.

Hypothalamus

Pituitary Gland
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The peasized pituitary gland is attached to the hypothalamus by a thin stalk (see Higifyelt consists of two

bulb-like lobes. The posterior (back) lobe stores hormones from the hypothalamus. The anterior (front) lobe

secretes pituitary hormones. Senal pituitary hormones and their effects are listed in Tahk Most pituitary

K2NX2ySa O2yiNRf 20KSNJ SyR2ONAYS 3JfFyRad ¢KIGQa
endocrine system.
Pituitary Hormones
Hormone Target Effect(s)

Adrenocorticotropic  hormone

Adrenal glands

Stimulates the cortex of eac

(ACTH) adrenal gland to secrete it
hormones.

Thyroidstimulating hormone | Thyroid gland Stimulates the thyroid gland t¢

(TSH) secrete thyroid hormone.

Growth hormone(GH)

Body cells

Stimulates body cells to synthesi
proteins and grow.

Folliclestimulating hormone

(FSH)

Ovaries, testes

Stimulates the ovaries to develg
mature eggs; stimulates the teste
to produce sperm.

Luteinsing hormone (LH)

Ovariesjestes

Stimulates the ovaries and teste
to secrete sex hormones
stimulates the ovaries to releas

eggs.

Prolactin (PRL)

Mammary glands

Stimulates the mammary glands {
produce milk.

Other Endocrine Glands

Other glands of the endocrine system are described below. You can refer to Eigite see where they are

located.

g Ke

wThe thyroid gland is a large gland in the neck. Thyroid hormones increase the rate of metabolism in cells
throughout the body. They contttnvow quickly cells use energy and make proteins.

wThe 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.
wThe pineal gland is a tiny gland located at the base of the brain. It secretes the hormone melatonin. This

hormone controls sleepvake cycles and several other processes.
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wThe pancreas is located near the stomdthhormones 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 liveak down glycogen
into glucose and release it back into the blood. The pancreas also secretes digestive enzymes into the
digestive tract.

wThe two adrenal glands are located above the kidneys. Each gland has an inner and outer part. The outer
part, caled 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 fightflight hormonessuch 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.

wThe gonads secrete sex hormonese Tilale gonads are called testes. They secrete the male sex hormone
testosterone. The female gonads are called ovaries. They secrete the female sex hoesogen Sex
hormones are involved in the changes of puberty. They also control the productiametegs by the
gonads.

Summary

wThe endocrine system consists of glands that secrete hormones into the bloodstream.

wThe endocrine system is regulated by a part of the brain called the hypothalamus, which also secretes
hormones.

w¢ KS KeLROGKIfFYda O2yGNBfa (GKS LIAGdzZAGENE 3JfFyRI 4
because its hormones regulate otherdatrine glands.

wOther endocrine glands include the thyroid gland and pancreas.
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1.19 Heart

WIELX FAY K2¢ (GKS KSIFNI LidzyLld of22R GKNRdAdAK2dzi GK!
components of the circulatory system.
wSummarse blood flow through théneart.

2 KIFiQa GdKS Yz2ad I OGAGS Ydzaot S Ay (G(KS 02ReK
The human heart. An absolutely remarkable organ. Obvipuslynain 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 withioeatthan 2.5 billion
times.

The Circulatory System

The circulatory system can be compared to a system of interconnectedyapeoads that range from
superhighways to back alleys. Like a network of roads, the job of the circulatory system is to ali@mspert

of materials from one place to another. As described in Figusg 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 nméain 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
bloodvessels by repeated, rhythmic contractions. The heart has four chambers, as shHéguaren1.54two

upperatria (singular, atrium) and two lower ventricles. Valves between chambers keep blood flowing through
the heart in just one direction.

Hormones are moved from the cells
that release them to other body cells > '

and tissues. \ ’,‘
Oxygen from the lungs enters the o “\

—\—“

blood and is carried to the body g
calls and tissues. = \
-
Nutrients from digested food al I/ FIGIRE 1.53
utrients from digested food also i . . .
enter the blood and are moved to y ,/ The function of the circulatory system is to move materials
the body tissues and cells. /)

"\ around the body.

Cellular wastes are moved by the 7 //
blood to the kidneys where they ) ‘ ‘
are removed from the blood to 7 / / )
x A !
form urine. 7 &‘!’ \V ¢ ,‘%
N |

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 sidbop™" and a "right side loop." The right side of the heart collects oxyapem 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 oxygieh blood back from the lungs and pumps it to the rest of

GKS 02Red ¢KS o6ft22R RSt AOSNE 2 E épaddhloodiback ib hSheatz Re Qa O
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1. Blood from the body enters the right atrium of the heart. The right atrium putimgsblood 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.

Aorta
Pulmonary
Artery

Superior

Pulmonar
Vena Cava Y

Vein

&~

Left

Atrium
FIGURE 1.54

Aortic The chambers of the heart and the vasdv

Valve between them are shown here.

Right Mitral
Atrium Valve
Tricuspid
Valve

Left
Inferior t Ventricle
Vena Cava Right Pulmonary

Ventricle  Valve

Heartbeat

Unlike skeletal muscle, cardiac muscle contracts without stimulation by the nervous system. Insteadssgeciali
cardiac muscle cells send out electrical impulses that stimulate the contractions. As a resuliataac
ventricles normally contract with just the right timing to keep blood pumping efficiently through the heart.

Summary

wThe heart contracts rhythmically to pump blood to the lungs and the rest of the body.
wSpeciaked cardiac muscle celisgger the contractions.
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1.20 Blood Vessels

wlist and describe the three major types of blood vessels.
wDescribe the roles of the aorta, superior vena cava, and inferior vena cava.
wDescribe the role of the blood vessels in maintairtiogheostasis.

How does blood travel around the body?

¢CKNRdAK o0f22R @gSaasStazr 2F O02dz2NES O ¢165%)Exeritatib AnGtongica
de Motu Cordis et Sanguinis in Animalilddarvey was the first to describe 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 bloodvessels: arteries, veins, and capillaries. All three are shown in Bigifrend described below.

wAtrteries 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 treart. Arteries generally carry oxygeh blood.
The largest artery is the aorta, which receives blood directly from the heart.

wVeins are blood vessels that carry blood toward the heart. This blood is no longer under much pressure, so
many veins have vats 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.

wCapilaries 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.
4
= N
/\/ Heare /Aorta
FIGURE 1.55
Vena Cava Blood vessels include arteries, veins, and
capillaries.
Small Artery -
b
Capillaries Large Artery
i \
Vein »
Venule \
Arteriole
| | | | |
1
Capacitance Exchange Resistance Distribution

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 antannervous 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 Figlirg6). Dilation occurs when the walls relax. This increasasdoflows
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 figlur-flight response, dilation and constriction of blood vessels allow more dimddw

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 conservieody heat.

FIGURE 1.58hen a blood vessel constricts, less
blood can flow through it

Normal Blood Flow Restricted Blood Flow

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. Hidiood pressure, or hypertension, is a serious health risk but can often be
controlled with lifestyle changes or medication.

Summary

w ! NOISNASAE OFNNE o6f22R Fglke FTNRY (GKS KSIFNIX @SAya
and veins
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1.21 CirculatorySystem
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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 intahe 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

0 SNMzZ ¥Ry NBé¢ YSEya a2F GKS Ili5daiyeaxdggenatdd blodd leavas thie fightdza ( NI
ventricle through pulmonary arteries, which transport it to the lungs. In the lungs, the blood gives up carbon

dioxide and picks up oxygen. The oxygedadiod then returns to the left atrium of the heart through

pulmonary veins.
f\/\ Pulmonary artery

FIGURE 1.57
The pulmonary circulation carries blood between
the heart and lungs.
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Systemic Circulation

Systemic circulatiois the part of the circulatory system that carries blood between the heart and body. It is
illustrated in Figurd..58 Oxygenated blood leaves the left ventricle through the aorta. The aorta and other
arteries transport the blood throughout the body, wheitayives up oxygen and picks up carbon dioxide. The
deoxygenated blood then returns to the right atrium through veins.

FIGURE 1.58
Superior The systemic circulation carries blood between the heart and
vena cava body

Inferior

vena cava Descending

aorta

Summary

wThe pulmonary circulatiooarries blood between the heart and lungs.
wThe systemic circulation carries blood between the heart and body.
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1.22 CirculatorySystemDiseases

wDefine cardiovascular disease, atherosclerosis, and heart attack.
wlList risk factors focardiovascular disease.

52y Qi avz21S8z SIdG KSIHtftGKes yR SESNOAaASH 2 KekK
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 eatijigf,riexercising, 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 cau:
of CVD is atherosclerosis.

Atherosclerosis

Atherosclerosis is thbuild-up of plaque inside arteries (see Figur&9).Plaque consists of cell debris,
cholesterol, and other substances. Factors that contribute to pldmuilel-up include a higkat diet and smoking.
As plaque buildsgp, 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 melunghfat diet, high cholesterol, smoking, obesity,
and diabetes.

Atherosclerosis becomes a threat to health when the plalouiéd-up prevents blood circulation in the heaot
the brain. A blocked blood vessel in the heart can cause a heart attackaBe of the circulation in the brain
can cause a stroke.
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FIGURE.59
The fatty material inside the artery on the right is
Normalcut " plague. Notice how much narrower the artery has
section of arter:
’ sreery sl become. Less blood can flow through it than the
normal artery.
Fatty material @ @
is deposited in
vessel wall

Ways toprevent atherosclerosis include eating healthy foods, getting plenty of exercise and not smoking. A diet
KAIK Ay aldGdz2NFy GSR Frd YR OK2ft SaAGSNRf OFy NIAaS @2d
in your arteries. Cholesterol andtsirated fat are found mostly in animal products, such as meat, eggs, milk and

other dairy products.

Narrowed
artery becomes
blocked by a
blood clot

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 thelood supply to part of the heart muscle is blocked and cardiac miibots die.

Coronary heart disease is the leading cause of death of adults in the United States.

Blocked Lumen in Branch
of Left Coronary Artery

FIGURER.G0

A blockage in a coronary artery stops oxygen from
getting topart of the heart muscle, so areas of the
heart that depend on the blood flow from the
blocked artery are starved of oxygen.

Blocked Coronary Artery Anteio arc
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The imageaboveshows the way in which a blocked coronary artery can cause a heart attack. The loss of oxygen
to the heart musa@ 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, diabet 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
increasewith 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 higfat diet. By making healthijfestyle choices, you can reduce your risk of developing CVD.

Summary

wA disease that affects the heart or blood vessels is called a cardiovascular disease (CVD).
wThe leading cause of CVD is atherosclerosis, or the buildup of plaque inside arteries.
wHealtty lifestyle choices can reduce the risk of developing CVD.
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1.23 Blood

wDescribe blood, blood components, and blood pressure.
wSummarge the composition of blood.
wExplain ABO blood type.

What exactly is blood?

All your cells need oxygen, asygen 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 fonsti

Blood

Blood is a fluid connective tissue. It circulates throughout the body through blood vessels by the pumping action
2F G(KS KSINI® .t22R Ay FNISNASE OFNNASE 2Ee3Sy | yR
dioxide and otler wastes away from the cells to be excreted. Blood also defends the body against infection,

NEBLI ANB 02R& (GA&d&dzSa> GNIyalLR2NIa K2N¥2ySasz yR 02yl

Composition of Blood

The fluid part of blood is called plasmnitis a watery goldesellow 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 celghite blood cells, and platelets.

wThe trillions of red blood cells in blood plasma carry oxygen. Red blood cells dmaioglobin a
protein with iron that binds with oxygen. Red blood cells are made in the marrow of long bones, rib bones,
the skul, 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 he@moglobin and therefore more
oxygen to be carried by each cell.

wWhite blood cells @ 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, oghits engulf bacteria and other
parasites, and lymphocytes fight infections caused by bacteria and viruses.

wPlatelets 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 imjt 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 commonhyikidood types are the ABO and Rhesus
blood types.

1 ABO blood type is determined by two commamtigens, 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).
1 Rhesus blood type is determined by one common antigen. A person may either have the &Rtiyer
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 potentitisebfening
readiA2y AY GKS LI GASYydiQa of22RaiGNBI YD

Summary

wBIlood is a fluid connective tissue that contains a liquid component called plasma.
wBlood also contains dissolved substances and blood cells.
wRed blood cells carry oxygen, white blood cells defend the body, atwlgis help blood clot.
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1.24 Respiration

wDefine respiration.
wDistinguish respiration from cellular respiration.

Where does oxygen get into blood?

Red blood cells are like trucks that transport cargo on a highway system. Their aargger, 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 pagger 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. Tharkioggans of the
respiratory system. It is in the lungs where oxygen is transferred from the respiratory system to the circulatory
system.

¢KS dzaS 2F (GKS 62NR AaNBALIANI GA2YE Ay NBtFGA2y G2 3l
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glucose. Cellular respiration usesygen and releases carbon dioxide. Respiration by the respiratory system

supplies the oxygen and takes away the carbon dioxide.

Summary
wRespiration is the process in which gases are exchanged between the body and the outside air.

wThe lungs and other oags of the respiratory system bring oxygen into the body and release carbon dioxide
into the atmosphere.
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1.25 RespiratorySystemOrgans

wldentify the organs of the respiratory system.
wDistinguish the upper respiratory tract from the lowesspiratory tract.
wDescribe 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 probasilyilar 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 @ngs are shown in Figue62 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. Hairsmandus produced in the nose trap particles in

the air and prevent them from reaching the lungs.

|Capillary beds

Sinus A

———
Nasal cavity .

Oral cavity
Pharynx
|Pu|monary vein IAlveoli
Traches Pulmenary artery
FIGURE 1.62
icoid cartilage The organs of the
Main bronchi respiratory system

(right and left) move air into and

out of the body.

Lobar bronchus:
Right superior
Right middle

Right inferior

Intermediate bronchus

Lobar bronchus:
Left superior
Left inferior

Cardiac notch

Diaphragm
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wThe pharynx is a long tube that is shared with thgestive system. Both food and air travel through the
pharynx.

wThe larynx, or voice box, contains vocal cords, which allow us to produce vocal sounds. Air passes through
thin tissues in the larynx, producing sound.

wThe trachea, or wind pipe, is a long @uthat leads down to the chest.

wThe 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

wThe organs of theasspiratory 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 p&dpheral gas exchange.
Describe the role of the alveoli.

Summarse the role of gas exchange in homeostasis.

EEEE

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 tloel.blbthe 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 gdult lun
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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 miéeseem |
simple actions, but they are just part of the complex process of respiration, which includes these four steps:

1. Ventilation

2. Pulmonary gas exchange
3. Gas transport

4. 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.

wAIr enters the respiratory system through the nose. As the air pabksesgh the nasal cavity, mucus and
KFANBR GNIXLI Fyeg LINILIAOESa Ay GKS FANXP ¢KS FANI A& |
the lungs.

wNext, the air passes through the pharynx, a long tube that is shared with the digestive sydiam.of
connective tissue called the epiglottis closes when food is swallowed to prevent choking.

wFrom the pharynx, air next passes through the larynx, or voice box. The larynx contains vocal cords, which
allow us to produce vocal sounds.

wATfter the larynxair moves into the trachea, or wind pipe. This is a long tube that leads down to the chest.

wln 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. &ds in the bronchi traps any remaining particles in air.
Tiny, haiflike structures called cilia line the bronchi and sweep the particles and mucus toward the throat
so they can be expelled from the body.

wFinally, air passes from the bronchi into smallasgages 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, alves)uare grapdike clusters surrounded by networks of thivalled 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 intdtbed across the capillaries (sEgure 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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Pulmonary Gas Exchange

Blood in Blood out

FIGURE 1.63
Alveoli are tiny sacs in tHangs where gas exchange takes place.

Alveoli

€O, out o, in

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 oxygeith blood into arteries, which cariythroughout 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 astay-productof 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 fromperipheral 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 systegingrthe
process of respiration full circle.
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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 caay earbon dioxide waste. Some of the carbon
dioxide in the blood dissolves to form carbonic acid, which keeps blood pH within a hormal 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

wRespiration begins with ventilation, the process of moving air into and out of the lungs.

wGas exchange in the lungs takes place across the thin walls of pulmonary arteries in tiny air sacs called alveoli.
wOxygenated blood is transported by the circulateygtem from lungs to tissues throughout the body.

wGas exchange between blood and body cells occurs across the walls of peripheral capillaries.

wGas 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 RespiratorySystemRegulation
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What allows you to take a deep breath?
5SSL) ONBIFIGK Ayoody2g o6f2¢ 2dzi GK2aS abinysRr aStiedproée&$Q 3 S
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 BreathingOccurs

Inhaling is an active movement that results from the contraction of a muscle called the diaphragm. The
diaphragm is large, shedike muscle below the lungs (see Figliré4).When the diaphragm contracts, the

ribcage expands and theontents 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 eventaino 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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Inhalation Exhalation

FIGURE 1.64
Breathing depends on contractions of the

diaphragm.

Diaphragm contracts Diaphragm relaxes
Chest expands Chest contracts
Air flows in Air flows out

Control ofBreathing

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. Ifthe level b2 YSa (22 KAIKI Al aiGStftaé GKS RAFLKNIIY
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, breathingpseblood pH within a narrow range.

Summary
wBreathing occurs due to repeated contractions of a large muscle called the diaphragm.

wThe 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 RespiratorySystemDiseases

wldentify diseases of the respiratory system.
wDescribe triggers for asthma.
wCompare pneumonia to emphysema.

Doesmaking 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 receivehitréair

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

Whenyoulh @S | O2ft RX @&2dzNJ ylhalf LlIaalk3asSa Yre 060S02YS az
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 bedslty dangerous. The following list includes just a sample of
respiratory system diseases.

wAsthma is a disease in which the air passages of the lungs periodically become too narrow, often with
excessive mucus production. This causes difficulty breatbowghing, and chest tightness. An asthma
attack may be triggered by allergens, strenuous exercise, stress, or other factors.

wPneumonia is a disease in which some of the alveoli of the lungs fill with fluid so gas exchange cannot occur.
Symptomsusually include coughing, chest pain, and difficulty breathing. Pneumonia may be caused by an
infection or injury of the lungs.
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wEmphysema is a lung disease in which walls of the alveoli break down so less gas can be exchanged in the
lungs (see Figur&.65). This causes shortness of breath. The damage to the alveoli is usually caused by
smoking and is irreversible.

Alveoli Changes in Lung Diseases

Pneumonia Healthy Emphysema

Fluid and blood
cells in alveoli

FIGURE 1.65

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

Alveolar walls Alveolar membranes
thickened by edema break down

Causes of Respiratory Diseases

Manyrespiratory 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 pathog 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 anahdudiseases, 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 diseasekhasvwardiovascular 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
w 5AaSrasSa 27 {ikdidenShnbJpriedmbriaNdhd einphiiséntaY
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1.29 DigestiveSystemOrgans

wldentify the organs and functions of the digestive system.
wDescribe the gastrointestinal tract.

wExplain peristalsis.

wCompare mechanical digestion to chemical digestion.
wDescribe 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 respiratitredSe 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 systeronsists of organs that break down food and absorb nutrients such as glucose. Organs of the

digestive system are shown in Figur&6 Most of the organs make up the gastrointestinal tract. The rest of the
organs are called accessory organs.

The Gastrointstinal Tract

The gastrointestinal (Gl) 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 througthe other organs of the Gl tract, and then leaves the body through the anus.
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Salivary Glands

Epiglottis

Esophagus

FIGURE 1.66

The digestive system includes organs from
the mouth to the anus.

Liver

Stomach

Gallbladder
Duodenum

2 —_  Pancreas

lleum
(Small Intestine)

Colon

Cecum

Appendix

The organs of the Gl 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 apan organ like a wave (see Figliré?).
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Contraction

FIGURE 1.67

Peristalsis pushes food through the
% tract.

Piece moves forward

Accessory Organs of Digestion

Other organs involved in digestion include the liver, gall bladder, and pancreas. They araaaesbry 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, anthgbmbf 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.

wMechanical digestion is the physical breakdown of chunksazf into smaller pieces. This type of
digestion takes place mainly in the mouth and stomach.
wChemical digestion is the chemical breakdown of large, coniptekmolecules 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. Afsam 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 passie ilsi@e
intestine as waste. The waste later passes out of the body through the anus in the process of elimination.

Summary

wThe digestive system consists of organs that break down food, absorb nutrients, and eliminate waste.
wThe breakdown of food occuns the process of digestion.
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1.30 Digestion

wCompare mechanical digestion to chemical digestion.
wOutline the roles of the moutlgesophagusand stomach in digestion.

p
P
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It all starts with themouth. 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 gjht or aroma of youfavouritefood 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 oéleas
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 netii front of the mouth cut or tear

food when you bite into it (see Figule68).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 aux the fo
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 tbesophagusTheoesophaguss a long, narrow tube that passes food
from the pharynx to the stomachy peristalsis. Theesophagu$as 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 fronsipgsback into the oesophagus.

FIGURE 1.68

Teeth are important for mechanical diges-
tion.

Stomach

The stomach is a sdike organ in which food is further digested both mechanically and chemically. (To see an
animation of how the stomacRA 3SaiGa F22R> 32 G2 (GKS ftAy]l o0St26d0
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 hydrarhlnd. 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 titegs 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

wDigestion consists of mechanical and chemical digestion.
wMechanical digestion occurs in the mowthd stomach.
wChemical digestion occurs mainly in the small intestine.
wThe pancreas and liver secrete fluids that aid in digestion.
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1.31 Small Intestine

wDescribe the small intestine.
wExplain how digestion and absorption occur in the sin#distine.
wSummarge digestive enzymes active in the duodenum.
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These projections absorb. Absorb what?

Imagine the inside walls of the 23 feet of your small intestine covered with theseHikggsrojections. Why?

2 KIFGQa GKSANI LidzNlaeideSthe sb rig? Thése projeétiond &bSorb 3Asorb 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 Smafitestine

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 openingdire).

Digestion in the Small Intestine

The duodenunis 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 Ta®)sSome are produced by the duodenum itself.
Others are produced by the pancreas and sesuighto the duodenum.

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, dilsaorgan that stores and concentrates bile dhdn

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 imptant 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 thatsasutrali
acid.

Absorption in the Small Intestine

The jejunum is th second part of the small intestine, where most nutrients are absorbed into the blood. As
shown in Figurd.69 the mucous membrane lining the jejunum is covered with millions of microscopic,
fingerlike projections called villi (singular, villus). Vdhtain 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 intestifEggesas a tennis court!
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FIGURR.69

They are actually microscopic.

The ileum is the third part of the small intestine. A few remaining nutrients are absorbed here. Ljkgithan,
the inner surface of the ileum is covered with villi that increase the surface area for absorption.

Summary
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area because it is covergdth millions of microscopic villi.
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1.32 Large Intestine

wDescribe the large intestine.
wList functions of the large intestine.
wDescribe the roles of bacteria in the large intestine.

Liguid to solid. What does this mean?

Welli KI 1 Qa SEIFIOGte 6KIG GKS fFNBS Ay i8S #itlsyoddiRwhiShaab L
the nutrients and minerals have been removed, and prepares it for elimination.

The Large Intestine and Its Functions

From the small intestinegny 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), ¢@od rectum.

Absorption of Water and Elimination of Wastes

The cecunis 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 aalledfaeces Faecesccumulate in the rectum, which is the third part

of the large intestine. As the rectum fills, tfeecesbecome compacted. After a certain amountfaéces

accumulate, they are eliminated from the body. A sphincter controls thes @md opens to Idaecespass

through.
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Bacteria in the Large Intestine
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survive without them. Some of the bacteria produgeamins, which are absorbed by the large intestine. Other
functions of intestinal bacteria include:

wcontrolling the growth of harmful bacteria.

whbreaking down indigestible food components.
wproducing substances that help prevent colon cancer.
whbreaking dowrtoxins before they can poison the body.

Summary

wThe absorption of water from digestive wastes and the elimination of the remaining solid wastes occur in
the large intestine.
wThe large intestine also contains helpful bacteria.
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1.33 DigestiveSystemDiseases

wDescribe common diseases of the digestive system.
wList common food allergies.
wDefine ulcer and heartburn.
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Diseases of the Digestive System

Many diseases can affect the digestive system. Three of the most common diseases that affect the digsstiv

are food allergies, ulcers, and heartburn. Foodborne illnesses and food intolerance are also serious issues
associated with the digestive system.

wFood allergies occur when the immune system reacts to substances in food as though they were harmful
GF2NBAIY AyQBFRSNA®E C22RA GKIG | NB 1v7Bandindude] St & G
nuts, eggs, grains and milk. Symptoms of food allergies often include vomitirdjearitbea Symptoms of
food allergies include itching arsvelling 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 utéeacan lead to death.
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fUIcers 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

wHeartburn is a painful burning sensation in the chest caused by stomach acid backing up deecbleagus
The stomach acid may eventually cause serious damage twetwphagusinless theproblem 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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1.34 Excretion

wDefine excretion.
wldentify 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
ascolourfulor 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 thasithe 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 urias 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 orgarnthegxcretory 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 sedhmari
below:

wThe large intestineliminates solid wastes that remain after the digestion of food.
wThe liver breaks down excess amino acids and toxins in the blood.

wThe skin eliminates excess water and salts in sweat.

wThe lungs exhale water vapor and carbon dioxide.

Summary

wExcretion ighe process of removing wastes and excess water from the body. It is one of the major ways
the body maintains homeostasis.

wOrgans 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

wExplain how the urinary system filters blood and excretes wastes.

wSummarse the role of the kidneys.

wDescribe the structure and function of the nephron.

wldentify the relationship between the renal artery, the glomerulusgB6l y Q& OF LJadz ST | yR
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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 kidneysire part of the urinary system, which is shown in Figur&. 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 beahaped ogans just above the waist. A cresesction 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 strucamdlfunctional 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 reead.
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