Chapter:  14

Support, Movement, and Responses

Section 1:  The Skin 

Skin Structures
· Your skin is the largest organ of your body. 
· Much of the information you receive about your environment comes through your skin. 

· Skin is made up of three layers of tissue—the epidermis, the dermis, and a fatty layer. 

· The epidermis is the outer, thinnest layer. 

· The epidermis’s outermost cells are dead and water repellent. 

· Thousands of epidermal cells rub off every time you take a shower, shake hands, or scratch your elbow. 

· This layer is thicker than the epidermis and contains blood vessels, nerves, muscles, oil and sweat glands, and other structures. 

· Below the dermis is a fatty region that insulates the body.

Melanin
· Cells in the epidermis produce the chemical melanin (ME luh nun), a pigment that protects your skin and gives it color. 

· The different amounts of melanin produced by cells results in differences in skin color. 

· When your skin is exposed to ultraviolet rays, melanin production increases and your skin becomes darker. 

· Lighter skin tones have less protection. 

· Such skin burns more easily and can be more susceptible to skin cancer. 

Skin Functions
· The most important function of the skin is protection. 

· The skin forms a protective covering over the body that prevents physical and chemical injury. 

· Some bacteria and other disease causing organisms cannot pass through skin as long as it is unbroken. 

· The skin also slows water loss from body tissues. 

· Specialized nerve cells in the skin detect and relay information to the brain. 

· Because of these cells, you are able to sense the softness of a cat, the sharpness of a pin, or the heat of a frying pan. 

· Another important function of skin is the formation of vitamin D. 

· Vitamin D is essential for good health because it helps your body absorb calcium into your blood from food in your digestive tract. 

Heat and Waste Exchange
· Humans can withstand a limited range of body temperature. 

· Your skin plays an important role in regulating your body temperature. 

· Blood vessels in the skin can help release or hold heat. 

· If the blood vessels expand, or dilate, blood flow increases and heat is released. 

· In contrast, less heat is released when the blood vessels constrict.

· An adult human’s dermis has about 3 million sweat glands that help regulate the body’s temperature and excrete wastes. 

· When blood vessels dilate, pores open in the skin that lead to the sweat glands. 

· Perspiration, or sweat, moves out onto the skin. 

· Heat transfers from the body to the sweat on the skin. 

· Eventually, this sweat evaporates, removing the heat and cooling the skin. 

· In addition to helping regulate your body’s temperature, sweat glands release waste products, such as water and salt. 

· If too much water and salt are released during periods of extreme heat or physical exertion, you might feel light-headed or even faint. 

Skin Injuries and Repair
· Your skin often can be bruised, scratched, burned, ripped, or exposed to harsh conditions like cold, dry air.

· In response, the epidermis produces new cells and the dermis repairs tears.

Bruises
· When tiny blood vessels burst under unbroken skin, a bruise results.

· Red blood cells from these broken blood vessels leak into the surrounding tissue. 

· Swelling also may occur. 

· As the injury heals, the bruise eventually turns yellow as the pigment in the red blood cells is broken down even more and reenters the bloodstream.
· The body usually can repair bruises and small cuts. 

· What happens when severe burns, some diseases, and surgeries result in injury to large areas of skin? 

· Sometimes there are not enough skin cells left to produce new skin. 

· If not treated, this can lead to rapid water loss from skin and muscle tissues, leading to infection and possibly death. 

· Skin grafts can prevent this. 

· Pieces of skin are cut from one part of a person’s body and moved to the injured or burned area where there is no skin. 

· This new graft is kept alive by nearby blood vessels and soon becomes part of the surrounding skin. 

Section 2:  The Muscular System
 Movement of the Human Body
· Muscles help make all of your daily movements possible. 

· In the process of relaxing, contracting, and providing the force for movements, energy is used and work is done. 

· No matter how still you might try to be, some muscles in your body are always moving. 

· You’re breathing, your heart is beating, and your digestive system is working. 

Muscle Control
· Muscles that you are able to control are called voluntary muscles. 

· Muscles that you can’t control consciously are involuntary muscles.

· They work all day long, all your life. 

· Blood is pumped through blood vessels, and food is moved through your digestive system by the action of involuntary muscles. 

Classification of Muscle Tissue 
· Humans have three types of muscle tissue: skeletal, smooth, and cardiac. 

· Skeletal muscles are voluntary muscles that move bones. 

Classification of Muscle Tissue
· They are more common than other muscle types, and are attached to bones by thick bands of tissue called tendons. 

· Skeletal muscle cells are striated (STRI ay tud), and when viewed under a microscope, appear striped. 

· Cardiac muscle is found only in the heart. 

· Cardiac muscle is striated. 

· This type of muscle contracts about 70 times per minute every day of your life. 

· Smooth muscles are nonstriated involuntary muscles and are found in your intestines, bladder, blood vessels, and other internal organs.

Your Body’s Simple Machines— Levers
· Your skeletal system and muscular system work together when you move, like a machine. 

· A machine, such as a bicycle, is any device that makes work easier. 

· A simple machine does work with only one movement, like a hammer. 

· The hammer is a type of simple machine called a lever, which is a rod or plank that pivots or turns about a point. 

· This point is called a fulcrum. 

·  The action of muscles, bones, and joints working together is like a lever. 

· In your body, bones are rods, joints are fulcrums, and contraction and relaxation of muscles provide the force to move body parts. 

Working Muscles
· You move because pairs of skeletal muscles work together.

· When one muscle of a pair of muscles contracts, the other muscle relaxes or returns to its original length. 

· Muscles always pull; they never push. 

· When the flexor (hamstring) muscles of your thigh contract, the lower leg is brought toward the thigh. 

· When the extensor (quadriceps) muscles contract, the lower leg is straightened. 

Change in Muscles
· Over time, muscles can become larger or smaller, depending on whether or not they are used. 

· Also muscles that are given regular exercise respond quickly to stimuli. 

· Some of this change in muscle size is because of an increase in the number of muscle cells. 

· Most of this change in muscle size is because individual muscle cells become larger. 

· Muscles that aren’t exercised become smaller in size. 

· Paralyzed muscles also become smaller because they cannot be moved or have limited movement. 

How Muscles Move
· Your muscles need energy to contract and relax. 

· Your blood carries energy-rich molecules to your muscle cells, where the chemical energy stored in these molecules is released. 

· As the muscle contracts, this released energy changes to mechanical energy (movement) and thermal energy (heat). 

· The heat produced by muscle contractions helps keep your body temperature constant. 

· When the supply of energy-rich molecules in a muscle is used up, the muscle becomes tired and needs to rest.

· During this resting period, your blood supplies more energy-rich molecules to your muscle cells. 

Section 3:  The Skeletal System 
Functions of Your Skeletal System
· The skeletal system includes all the bones in your body and has five major functions. 

· Shape and support to your body. 

· Protect your internal organs. 

· Major muscles are attached to bones and help them move. 

· Blood cells form in the red marrow of many bones. 

· Major quantities of calcium and phosphorous compounds are stored in the skeleton for later use. 

Bone Structure
· Bones have bumps, edges, round ends, rough spots, and many pits and holes. 

· Muscles and ligaments attach to some of the bumps and pits.

· In your body, blood vessels and nerves enter and leave through the holes in bones. 

Bone Tissue
· A living bone’s surface is covered with a tough, tight fitting membrane called the periosteum (pur ee AHS tee um). 

· Small blood vessels in the periosteum carry nutrients into the bone and its nerves signal pain. 

· Under the periosteum are compact bone and spongy bone. 

· Compact bone gives bones strength. 

· It has a framework containing deposits of calcium phosphate that make the bone hard. 

· Spongy bone is located toward the ends of long bones, such as those in your thigh and upper arm. 

· Spongy bone has many small, open spaces that make bones lightweight. 

· In the centers of long bones are large openings called cavities. 

· These cavities and the spaces in spongy bone are filled with a substance called marrow. 

· Some marrow is yellow and is composed of fat cells. 

· Red marrow produces red blood cells at a rate of 2 million to 3 million cells per second. 

Cartilage 
· The ends of bones are covered with a smooth, slippery, thick layer of tissue called cartilage. 

· It is flexible and important in joints because it acts as a shock absorber. 

· It also makes movement easier by reducing friction that would be caused by bones rubbing together. 

Bone Formation
· Over time, the bone reshapes to include blood vessels, nerves, and marrow. 

· Cartilage is replaced slowly by bone as solid tissue grows outward. 

· Bone-forming cells called osteoblasts (AHS tee oh blasts) deposit calcium and phosphorus in bones, making the bone tissue hard. 

· At birth, your skeleton was made up of more than 300 bones. 

· As you developed, some bones fused, or grew together, so that now you have only 206 bones. 

· Osteoblasts build up bone. 

· Another type of bone cell, called an osteoclast, breaks down bone tissue in other areas of the bone. 

· When osteoclasts break bone down, they release calcium and phosphorus into the bloodstream. 

Joints
· Any place where two or more bones come together is a joint. 

· Bones are held in place at joints by a tough band of tissue called a ligament. 

· Many joints such as your knee are held together by more than one ligament. 
· Muscles move bones by moving joints. 

· The bones in healthy joints are separated by a thin layer of cartilage so that they do not rub against each other as they move. 

Immovable Joints
· Joints are broadly classified as immovable or movable. 

· An immovable joint allows little or no movement. 

· The joints of the bones in your skull and pelvis are classified as immovable joints. 

Moving Smoothly
· Cartilage helps make joint movement easier. 

· It reduces friction and allows bones to slide more easily over each other. 

· Pads of cartilage, called disks, are located between the vertebrae in your back. 

· They act as cushions and prevent injury to your spinal cord. 

Common Joint Problems
· Arthritis is the most common joint problem. 

· The term arthritis describes more than 100 different diseases that can damage joints. 

· All forms of arthritis begin with the same symptoms: pain, stiffness, and swelling of the joints.
Section 4:  The Nervous System 
How the Nervous System Works— Responding to Stimuli
· Any internal or external change that brings about a response is called a stimulus (STIHM yuh lus). 

· Each day you’re bombarded by thousands of stimuli. 

· Noise, light, the smell of food, and the temperature of the air are all stimuli from outside your body. 

· Chemical substances such as hormones are examples of stimuli from inside your body. 

· Your body adjusts to changing stimuli with the help of your nervous system. 

Homeostasis
· Control systems maintain homeostasis. 

· Examples of homeostasis are the regulation of your breathing, heartbeat, and digestion. 

· Your nervous system is one of several control systems used by your body to maintain homeostasis. 

Nerve Cells 
· The basic functioning units of the nervous system are nerve cells, or neurons (NOO rahnz). 

· A neuron is made up of a cell body, dendrites, and an axon. 

· An impulse moves in only one direction across a synapse—from an axon to the dendrites or cell body of another neuron. 

· Three types of neurons—sensory neurons, motor neurons, and interneurons—transport impulses. 

· Sensory neurons receive information and send impulses to the brain or spinal cord, where interneurons relay these impulses to motor neurons. 

· Motor neurons then conduct impulses from the brain or spinal cord to muscles or glands throughout your body. 

Synapses
· As an impulse moves from one neuron to another it crosses a small space called a synapse (SIH naps). 

· When an impulse reaches the end of an axon, the axon releases a chemical. 

· This chemical flows across the synapse and stimulates the impulse in the dendrite of the next neuron. 

The Divisions of the Nervous System
· Organs of the nervous system are grouped into two major divisions(the central nervous system (CNS) and the peripheral (puh RIH fuh rul) nervous system (PNS). 

· The central nervous system includes the brain and spinal cord. 

· The brain is the control center for all activities in the body. 

· It is made up of bundles of neurons. 

· An adult’s spinal cord is about the width of a thumb and about 43 cm long. 

The Peripheral Nervous System
· All the nerves outside the CNS that connect the brain and spinal cord to other body parts are part of the peripheral nervous system. 

· The PNS includes 12 pairs of nerves from your brain called cranial nerves, and 31 pairs of nerves from your spinal cord called spinal nerves. 

· Spinal nerves are made up of bundles of sensory and motor neurons bound together by connective tissue. 

· A single spinal nerve can have impulses going to and from the brain at the same time. 

Somatic and Autonomic Systems
· The peripheral nervous system has two major divisions. 

· The somatic system controls voluntary actions. 

· It is made up of the cranial and spinal nerves that go from the central nervous system to your skeletal muscles. 

· The autonomic system controls involuntary actions—those not under conscious control—such as your heart rate, breathing, digestion, and glandular functions. 

· A severe blow to the head can bruise the brain and cause temporary or permanent loss of mental and physical abilities. 

· For example, an injury to the back of the brain could result in the loss of vision. 

· Although the spinal cord is surrounded by the vertebrae of your spine, spinal cord injuries do occur. 

· Injury to the spine can bring about damage to nerve pathways and result in paralysis (pur RAH luh suhs), which is the loss of muscle movement. 

· Just like wearing seat belts in automobiles, it is important to wear the appropriate safety gear while playing sports and riding on bicycles and skateboards. 

Reflexes
· A reflex is an involuntary, automatic response to a stimulus. 

· You can’t control reflexes because they occur before you know what has happened.

·  A reflex involves a simple nerve pathway called a reflex arc. 

The Senses

· Sense organs are adapted for intercepting stimuli, such as light rays, sound waves, heat, chemicals, or pressure, and converting them into impulses for the nervous system. 

· In turn, your body responds to this new information. 

· All of your body’s senses work together to maintain homeostasis. 

· Sensory receptors also are located throughout your skin. 

· Pressure-sensitive skin cells warn you of danger and enable you to move to avoid injury. 

Vision
· The eye is a sense organ. 

· Your eyes have unique adaptations that usually enable you to see shapes of objects, shadows, and color.

· Light travels in a straight line unless something causes it to refract light. 

· Your eyes have structures that refract light. 

· Two of these structures are the cornea and the lens.

· As light enters the eye, it passes through the cornea—the transparent section at the front of the eye—and is refracted.

· Then light passes through a lens and is refracted again. 

· The lens directs the light onto the retina (RET nuh), which is tissue at the back of the eye that is sensitive to light energy.

· Two types of cells called rods and cones are found in the retina. 

· Cones respond to bright light and color. 

· Rods respond to dim light. 

· They are used to help you detect shape and movement. 

Images
· Light energy stimulates impulses in rods and cones that pass to the optic nerve. 

· This nerve carries the impulses to the vision area of the brain. 

· The brain interprets the image correctly, and you see what you are looking at. 

· The brain also interprets the images received by both eyes. 

· It blends them into one image that gives you a sense of distance. 

· This allows you to tell how close or how far away something is. 

Hearing
· Sound waves are necessary for hearing. 

· When an object vibrates, sound waves are produced. 

· When sound waves reach your ear, they usually stimulate nerve cells deep within your ear. 

· Impulses from these cells are sent to the brain. 

· When the sound impulse reaches the hearing area of the brain, it responds and you hear a sound.

Balance
· Structures in your inner ear also control your body’s balance. 

· Structures called the cristae ampullaris (KRIHS tee ( am pyew LEER ihs) and the maculae (MA kyha lee) sense body movement. 

· The cristae ampullaris react to rotating body movements and the maculae responds to the tilt of your head.

· Both structures contain tiny hair cells. 

· As your body moves, gel-like fluid surrounding the hair cells moves and stimulates the nerve cells at the base of the hair cells.

· This produces nerve impulses that are sent to the brain, which interprets the body movements. 

· The brain, in turn, sends impulses to skeletal muscles, resulting in other body movements that maintain balance. 

Smell
· If food molecules enter your nasal passages, they stimulate sensitive nerve cells, called olfactory (ohl FAK tree) cells. 

· Olfactory cells are kept moist by mucus. 

· When molecules in the air dissolve in this moisture, the cells become stimulated. 

· If enough molecules are present, an impulse starts in these cells, and then travels to the brain where the stimulus is interpreted. 

Taste
· Taste buds on your tongue are the major sensory receptors for taste. 

· Most taste buds respond to several taste sensations. 

· However, certain areas of the tongue are more receptive to one taste than another. 

· The five taste sensations are sweet, salty, sour, bitter, and the taste of MSG (monosodium glutamate).

Smell and Taste 
· The sense of smell is needed to identify some foods such as chocolate. 

· When saliva in your mouth mixes with chocolate, odors travel up the nasal passage in the back of your throat. 

· Olfactory cells in the nose are stimulated, and the taste and smell of chocolate are sensed. 

Drugs Affect the Nervous System
· Many drugs, such as alcohol and caffeine, directly affect your nervous system. 

· Alcohol directly passes into cells of the stomach and small intestine then into the circulatory system. 

· Upon reaching neurons, alcohol moves through their cell membranes and disrupts their normal cell functions. 

· As a result, this drug slows the activities of the central nervous system and is classified as a depressant. 

· Muscle control, judgment, reasoning, memory, and concentration also are impaired. 

· Heavy alcohol use destroys brain and liver cells. 

Stimulants
· Any substance that speeds up the activity of the central nervous systems is called a stimulant. 

· Caffeine is a stimulant found in coffee, tea, cocoa, and many soft drinks. 

· Too much caffeine can increase heart rate and aggravates restlessness, tremors, and insomnia in some people. 

· It also can stimulate the kidneys to produce more urine. 

