APPENDIX A

ANSWERS TO REVIEW EXERCISES

Chapter 1

Introduction to Human Anatomy and Physiology

Part A

1. Briefly describe the early development of knowledge about the human body.

Our earliest ancestors probably became curious about the body during illnesses and injuries. At these times,

they visited shamans who relied on superstition and magic. Throughout early time, this curiosity lead to discoveries of the healing powers of certain herbs and potions, especially to treat coughs, headaches, and other common problems. Not until about 2,500 years ago did these superstitious attitudes change and the body was looked at in the new light of modern science. Experiments, accurate observations, and tried techniques rapidly expanded knowledge of the human body. Greek and Latin words were used as a basis to describe body part locations and to explain their functions. This formed the basis for anatomy and physiology.

2. Distinguish between the activities of anatomists and physiologists.

Anatomists deal with the structure (morphology) of the body parts. This includes the shapes, forms, and placement of body organs and appendages. Physiologists deal with the functions of body parts, what the body parts do, and how this is accomplished.

3. How does a biological structure’s form determine its function? Give an example.

The functional role will depend upon the manner in which the part is constructed. The human hand with its long, jointed fingers makes it possible for human beings to grasp things.

4. List and describe the ten characteristics of life.

Movement is the ability to self-initiate position changes of either the entire organism or a part of the organism, externally from place to place and/or internally, such as in peristalsis.

Responsiveness refers to the ability of an organism to detect changes either within itself or the environment surrounding it and then react to these changes.

Growth generally refers to an increase in body size without important changes to its general shape.

Reproduction is the process of making a new organism, as in parents producing offspring. It also discusses the process whereby cells can produce others like themselves to take the place of damaged or destroyed cells.

Respiration refers to the process of obtaining oxygen, using the obtained oxygen in release of energy from foods, and removing waste gases that are produced in the process.

Digestion is the chemical change of ingested foods into simpler substances that can be taken in and used by body parts.

Absorption is the passage of digested substances through membranes.
5. Define metabolism.

The totality of chemical changes that occur within body parts.

6. List and describe five requirements of organisms.

Water, the most abundant substance in the body, is required for many metabolic processes. It provides the

environment for the metabolic processes to take place and then transports substances within the body. It is also important in the process of regulating body temperature.

Food is the substances that provide the body with the necessary chemical to sustain life, in addition to water.

These chemicals are used in a variety of ways by the body.

Oxygen, which makes up about one-fifth of air, is used in the process of releasing energy from food substances.

Heat, a form of energy, is a product of metabolic reactions. The rate at which these reactions occur is partly governed by the amount of heat present.

Pressure is a state in which a force is applied to something. Atmospheric pressure is an important role in breathing. Hydrostatic pressure, the pressure of fluid, plays an important role in the circulatory system.

7. Explain how the idea of homeostasis relates to the five requirements you listed in item 6.

Homeostasis refers to the stable internal environment of an organism. In human beings, if the requirements

listed above become unstable, the body will react in certain ways to regain its stable internal environment. An example would be sweating to help decrease body temperature.

8. Distinguish between heat and temperature.

Heat is a form of energy that is a product of metabolic reactions. Temperature is the amount of heat that is

present at any given time.

9. What are two types of pressures that may act upon organisms?

Atmospheric pressure is the pressure of the atmospheric air on the outside of an organism. Hydrostatic

pressure is the pressure exerted by a liquid on the outside of an organism.

10. How are body temperature, blood pressure and blood glucose concentration controlled?

Homeostasis is maintained in each of these situations by a self-regulating control mechanism that can receive signals about changes away from the normal set points and cause reactions that return conditions to normal.

11. In what ways do homeostatic mechanisms act by negative feedback?

Homeostatic mechanisms detect changes away from the normal state. This stimulates responses in the opposite directions, which are called negative responses. This process is called negative feedback.

12. How does the human body illustrate the levels of anatomical organization?

The basic unit of structure and function in the human body is the microscopic cell. These cells organize into layers that have common functions. These layers are called tissues. These tissues then group together to form organs. Groups of organs make up organ systems. Groups of organ systems make up the organism, which in this case is the human.

13. Distinguish between the axial and appendicular portions of the body.

Axial portion—This consists of the head, neck, and trunk.

Appendicular portion—This consists of the arms and the legs.

14. Distinguish between the dorsal and ventral body cavities, and name the smaller cavities within each.

The dorsal cavity is located at the back of the organism. It can further be subdivided into two parts—the cranial cavity within the skull, which houses the brain; and the spinal cavity, which contains the spinal cord and is surrounded by sections of the backbone (vertebrae). The ventral cavity is the front part of the organism.

It is subdivided into two parts—a thoracic cavity, which houses the lungs and heart; and a abdominopelvic cavity, which houses the stomach, liver, spleen, gallbladder, small and a large intestines, urinary bladder, and the internal reproductive organs.

15. What are the viscera?

The viscera are the organs found deep within a body cavity.

16. Where is the mediastinum?

The mediastinum is the region that separates the thoracic cavity into two compartments, which contain the right and left lungs.
17. Describe the locations of the oral, nasal, orbital, and middle ear cavities.

Oral cavity is the mouth area and contains the teeth and the tongue.

Nasal cavity is located within the nose and is divided into right and left portions by a nasal septum. Air-filled sinuses are connected to the nasal cavity, including the sphenoidal and frontal sinuses.

Orbital cavities contain the eyes and associated skeletal muscles and nerves.

Middle ear cavities are found inside the ear and contain the middle ear bones.

18. How does a parietal membrane differ from a visceral membrane?

A parietal membrane refers to a membrane that is attached to the wall and forms the lining of a cavity

whereas a visceral membrane refers to a membrane that is deeper toward the interior and covers the internal organs contained within a cavity.

19. Name the major organ systems, and describe the general functions of each.

Integumentary system—It protects underlying tissues, helps regulate body temperature, houses a variety of sensory receptors, and synthesizes certain products.

Skeletal system—It provides frameworks and protective shields for softer tissues; serves as attachments for muscles when body parts move. It also has a role in blood cell production and storage of inorganic salts.

Muscular system—It provides the forces that cause body movements. They also maintain posture and are the main source of body heat.

Nervous system—It provides the ability to detect changes that occur inside and outside the body. It interprets the sensory impulses and what to do in response to these impulses. It also plays a role in muscle contraction and gland secretions.

Endocrine system—It secretes hormones that alter metabolism of a target tissue.

Cardiovascular system—It pumps blood throughout the body. The blood serves as a fluid for transporting gases, nutrients, hormones, and wastes.

Lymphatic system—It transports tissue fluid back to the bloodstream and carries certain fatty substances away from the digestive organs. It also plays a role in immunity.

Digestive system—It receives various food molecules from the outside and converts them into simpler ones that can be absorbed.

Respiratory system—It provides for the intake and output of air and for the exchange of gases between blood and air.

Urinary system—It removes various wastes from the blood and assists in maintaining the body’s water, electrolyte, and acid-base balances.

Reproductive system—It is responsible for the production of whole new organisms like itself.

20. List the major organs that comprise each organ system.

Integumentary system—It consists of the skin and various accessory organs such as the hair, nails, sweat glands, and sebaceous glands.

Skeletal system—It consists of the bones, ligaments, and cartilages.

Muscular system—It consists of the muscles.

Nervous system—It consists of the brain, spinal cord, nerves, and sense organs.

Endocrine system—It consists of glands that secrete hormones.

Cardiovascular system—It consists of the heart, arteries, veins, capillaries, and blood.

Lymphatic system—It consists of the lymphatic vessels, lymph fluid, lymph nodes, thymus gland, and spleen.

Digestive system—It consists of the mouth, tongue, teeth, salivary glands, pharynx, esophagus, stomach, liver, gallbladder, pancreas, small intestine, and large intestine.

Respiratory system—It consists of the nasal cavity, pharynx, larynx, trachea, bronchi, and lungs.

Urinary system—It consists of the kidneys, ureters, urinary bladder, and urethra.

Reproductive system—The male reproductive system consists of the scrotum, testes, epididymides, vasa deferentia, seminal vesicles, prostate gland, bulbourethral glands, penis, and urethra. The female reproductive system consists of the ovaries, uterine tubes, uterus, vagina, clitoris, and vulva.

21. In what body region did Judith R.’s injury occur? 

Right hypochondriac region.
Part B

1. Name the body cavity housing each of the following organs:

a. stomach—abdominal

b. heart—thoracic

c. brain—cranial

d. liver—abdominal

e. trachea—thoracic

f. rectum—pelvic

g. spinal cord—vertebral

h. esophagus—thoracic

i. spleen—abdominal

j. urinary bladder—pelvic

2. Write complete sentences using each of the following terms correctly:

a. superior—The head is superior to the abdomen.

b. inferior—The legs are inferior to the chest.

c. anterior—The eyes are anterior to the brain.

d. posterior—The brain is posterior to the eyes.

e. medial—The nose is medial to the eyes.

f. lateral—The ears are lateral to the eyes.

g. ipsilateral—The spleen and descending colon are ipsilateral.

h. contralateral—The spleen and gallbladder are contralateral.

i. proximal—The elbow is proximal to the wrist.

j. distal—The fingers are distal to the wrist.

k. superficial—The epidermis is the superficial layer of the skin.

l. peripheral—The nerves that branch from the brain and spinal cord are peripheral nerves.
m. deep—The dermis is the deep layer of the skin.

3. Prepare a sketch of a human body, and use lines to indicate each of the following sections:

a. sagittal

b. transverse

c. coronal

See figure 1.20, page 22.

4. Prepare a sketch of the abdominal area and indicate the location of each of the following regions:

a. epigastric

b. umbilical

c. hypogastric

d. hypchondriac

e. lumbar

f. iliac

See figure 1.23, page 23.

5. Prepare a sketch of the abdominal area and indicate the location of each of the following regions:

a. right upper quadrant

b. right lower quadrant

c. left upper quadrant

d. left lower quadrant

See figure 1.23, page 23.

6. Provide the common name for the region described by the following terms:

a. acromial—point of shoulder

b. antebrachial—the forearm

c. axillary—the armpit

d. buccal—the cheek

e. celiac—the abdomen

f. coxal—the hip

g. crural—the leg

h. femoral—the thigh

i. genital—the reproductive organs

j. gluteal—the buttocks

k. inguinal—the depressed area of the abdominal wall near the thigh (groin).

l. mental—the chin

m. occipital—the lower back region of the head

n. orbital—the eye cavity

o. otic—the ear

p. palmar—the palm of the hand

q. pectoral—the chest

r. pedal—the foot

s. perineal—the region between the anus and external reproductive organs (perineum)

t. plantar—the sole of the foot

u. popliteal—the area behind the knee

v. sacral—the posterior region between the hipbones

w. sternal—the middle of the thorax, anteriorly

x. tarsal—the instep of the foot

y. umbilical—the navel

z. vertebral—spinal column

Chapter 2

Chemical Basis of Life

1. Distinguish between chemistry and biochemistry.

Chemistry is the study of the composition of substances and how they change. Biochemistry is the chemistry of living organisms.

2. Define matter.

Matter is anything that has weight and takes up space.

3. Explain the relationship between elements and atoms.

An element is a basic substance that other things are composed from. Each individual element is made up of tiny, invisible particles called atoms. The atom is the smallest complete unit of an element.

4. Define compound.

A compound is the product of two or more elements being combined.

5. List the four most abundant elements in the human body.

The four most abundant elements are hydrogen, oxygen, carbon, and nitrogen.

6. Describe the major parts of an atom.

Each atom is composed of a central portion, called a nucleus, and one or more electrons that are in constant motion around the nucleus. The nucleus contains one or more large particles called protons, and can also contain one or more similarly-sized particles called neutrons.

7. Distinguish between protons and neutrons.

Protons carry a single, positive electrical charge (p+). Neutrons are uncharged and thus are electrically neutral (n0).

8. Explain why a complete atom is electrically neutral.

The electron carries a single negative electric charge. The protons carry a single positive electric charge.

Neutrons carry no charge, thereby making them electrically neutral. The atom is electrically neutral because there is the exact same number of protons and electrons, which effectively cancel each other out.

9. Distinguish between atomic number and atomic weight.

Atomic number represents the number of protons in an atom of a particular element. Since atoms are electrically neutral, it also tells you the number of electrons. Atomic weight represents the number of protons plus the number of neutrons in an atom of a particular element.

10. Define isotope.

Isotopes are elements with the same atomic number but different atomic weights.

11. Define atomic radiation.

Atomic radiation is the energy or atomic fragments that are given off by unstable isotopes.

12. Describe how electrons are arranged within atoms.

The electrons of an atom are found in one or more shells around the nucleus. The maximum number of

electrons that each of the first three inner shells can hold is as follows:

First shell (closest to the nucleus) 2 electrons

Second shell 8 electrons

Third shell 8 electrons

13. Explain why some atoms are chemically inert.

An atom is chemically inert when the outermost electron shells are filled. These atoms cannot form chemical bonds.

14. Distinguish between an ionic bond and a covalent bond.

An ionic bond (electrovalent bond) is formed when atoms gain or lose electrons. A covalent bond forms when atoms share electrons.

15. Distinguish between a single covalent bond and a double covalent bond.

A single covalent bond occurs when atoms share one pair of electrons.

A double covalent bond occurs when atoms share two pairs of electrons.

16. Explain the relationship between molecules and compounds.

A molecule is formed when two or more atoms of the same element bond together. A compound is formed when two or more elements of different atoms combine.

17. Distinguish between a molecular formula and a structural formula.

A molecular formula consists of the symbols of the elements in the molecule together with numbers to

indicate how many atoms of each element are present. It is essentially the recipe for that particular molecule or compound. A structural formula is drawn to represent how atoms are joined and arranged in various molecules. This is essentially the blueprint of how they fit together.

18. Describe three major types of chemical reactions.

A synthesis reaction occurs when two or more reactants bond together to make a new and more complex product. It can be symbolized as follows: A + B = AB. A decomposition reaction occurs when a more

complex substance is broken apart into smaller, simple substances. It can be symbolized as follows: AB = A + B. An exchange reaction occurs when parts of two molecules change positions. It can be symbolized as follows: AB + CD = AD + CB.

19. Explain what is meant by reversible reaction.

A reversible reaction is one in which the end product (or products) of the reaction can changed back to the

reactant (or reactants) that originally underwent the reaction A + B = AB.

20. Define catalyst.

A catalyst is a particular atom or molecule that can change the rate of a reaction without being consumed or changed by the reaction.

21. Define acid, base, salt, and electrolyte.

An electrolyte is a substance that releases ions in water. An acid is an electrolyte that releases hydrogen ions (H+) in water. A base is an electrolyte that releases ions that can combine with hydrogen ions. These are usually hydroxyl ions (OH-). A salt is the product formed by the reactions of acids and bases.

22. Explain what pH measures.

pH measures the concentration of hydrogen ions found in substances.

23. Distinguish between organic and inorganic substances.

An organic substance contains both carbon and hydrogen atoms. An inorganic substance lacks carbon atoms.

24. Describe the roles played by water and by oxygen in the human body.

Water is the most abundant substance in the human body. It is a major component of blood and other body fluids. It is an important solvent. It also has an important role in the transportation of chemicals in the body.

Additionally, water can absorb and transport heat. Oxygen is used by cellular organelles in the process of releasing energy from glucose and certain other molecules. The resultant energy is used to drive the cell’s metabolic activities.

25. List several ions that cells require, and describe their general functions.

Sodium (Na+), chlorine (Cl-), potassium (K+), calcium (Ca+), magnesium (Mg+2), phosphate (PO4-3), carbonate (CO3-2), bicarbonate (HCO3-), and sulfate (SO4-2) are the ions that play important roles in metabolic processes. These processes include maintenance of proper water concentrations and nerve functions, in body fluids, pH, blood clotting, bone development, energy transfer within cells, and muscle function.

26. Define electrolyte balance.

Electrolyte balance is the condition where the electrolytes are present in certain concentrations, both inside and outside cells, to maintain homeostasis.

27. Describe the general characteristics of carbohydrates.

Carbohydrates supply much of the energy for the cells. They supply building materials for certain cell

structures and are often stored as reserve energy. These molecules contain atoms of carbon, hydrogen, and oxygen. Carbohydrates usually have twice as many hydrogen as oxygen atoms. The carbon atoms are joined in chains that vary in length with the specific kinds of carbohydrates.

28. Distinguish between simple and complex carbohydrates.

Simple carbohydrates are the six-carbon sugars known as simple sugars. Complex carbohydrates are

formed when a number of simple sugar molecules are bound together to form molecules of varying size.

29. Describe the general characteristics of lipids.

Lipids are organic substances that are insoluble in water but soluble in certain organic solvents. They supply more energy, gram for gram, than carbohydrates. They contain carbon, hydrogen, and oxygen. Lipids contain a much smaller proportion of oxygen than carbohydrates.

30. Distinguish between saturated and unsaturated fats.

A saturated fat contains no double bonds between carbon atoms. An unsaturated fat contains one or more double bonds between carbon atoms.

31. Describe the general characteristics of proteins.

Proteins can be used as structural materials, energy sources, hormones, and receptors on cell surfaces that are specialized to bond to particular kinds of molecules. Others act as antibodies against foreign substances that can enter the body. Still others act as enzymes in metabolic processes. Proteins contain atoms of carbon, hydrogen, and oxygen. In addition, they always contain nitrogen atoms, and sometimes contain sulfur atoms as well.

32. Describe the function of an enzyme.

An enzyme is a molecule that acts as a catalyst in living systems. That is, it speeds specific chemical reactions without being consumed or changed in the process.

33. Explain how protein molecules may become denatured.

When protein molecules lose their unique shape and become disorganized, they become denatured. This can be a result of exposure to excessive heat, radiation, electricity, or various chemicals. When they become denatured, it is a permanent change and they are therefore nonfunctional.

34. Describe the general characteristics of nucleic acids.

Nucleic acid molecules are generally very large and complex. They contain atoms of carbon, hydrogen, oxygen, nitrogen, and phosphorus. These are bound into building blocks called nucleotides.

35. Explain the general functions of nucleic acids.

These control all cell activities. They store information that is used by cell parts to construct specific kinds of protein molecules, including enzymes.

Chapter 3

Cells

1. Use specific examples to illustrate how cells vary in size.

Nerve cells have long, threadlike extensions to transmit impulses. Epithelial cells are smaller and flattened for gas exchange. Muscle cells are slender and rod-like.

2. Describe how the shapes of nerve, epithelial, and muscle cells are well suited to their functions.

Nerve cells are long with threadlike extensions that can be used to transmit motor or sensory information.

Muscle cells are slender and rod-like which contract to move parts of the body. Epithelial cells, specifically simple squamous, are thin and flattened for gas exchange.

3. Name the major components of a cell, and describe how they interact.

The two major components are the nucleus and the cytoplasm. The nucleus is the innermost part and controls the overall activities of a cell. The cytoplasm is a mass of fluid that surrounds the nucleus and is enclosed by the cell membrane. It holds the organelles.

4. Discuss the structure and functions of a cell membrane.

The basic structure of the cell membrane consists of a phospholipid bilayer. It contains embedded protein molecules. It functions to keep the inner portion of the cell intact. It controls the entrance and exit of substances.

5. How do cilia, flagella, and cell adhesion molecules move cells?

Cilia, small hair like projections that occur in groups, move together in a uniform, wavelike motion. This is used to propel substances along to a certain destination. An example is the uterine tube where the cilia move the egg from the ovary to the uterus.

Flagella, which occur singularly, have a whip-like motion to propel the object forward. An example is the sperm cell moving up the vagina toward the cervix.

Cell adhesion molecules (CAMS) occur on the cell membrane. The resulting interactions can slow the cell and allow it to move in certain ways. See Figure 3.9, page 69.

6. Distinguish between organelles and inclusions.

An organelle is a structure within the cytoplasm that has a specific function. Inclusions are masses of lifeless chemicals such as pigments or glycogen.

7. Define selectively permeable.

Selectively permeable means that the cell membrane allows some substances to pass through easily while excluding other substances.

8. Describe the chemical structure of a membrane.

The basic framework consists of a phospholipid bilayer with embedded proteins throughout.

9. Explain how the structure of a cell membrane determines which types of substances it is permeable to.

As the cell membrane is comprised chiefly of fatty acid portions of the phospholipid molecule, it allows

substances that are soluble in lipids to pass through easily. It is impermeable to water soluble molecules.

10. Explain the function of membrane proteins.

The functions of membrane proteins include acting as a receptor to combine with a specific substance such as a hormone, while some form narrow passageways, or channels, through which various molecules and ions can cross the cell membrane. Others function as enzymes in signal transduction.

11. Describe three kinds of intercellular junctions.

These include:

Tight junctions –The membranes of adjacent cells converge and fuse. The area of fusion surrounds the cell like a belt. This then closes the junction between cells. These are the types of junction found in the lining of the digestive tract.

Desmosome –This is where rivets or “spot welds” are placed between adjacent skin cells.

Gap junctions –This is where tubular channels interconnect the membranes of certain cells.

12. Describe the structures and functions of each of the following:

a. endoplasmic reticulum—It is composed of membrane-bound flattened sacs and elongated canals. These

are interconnected and communicate with the cell membrane, nuclear envelope, and certain cytoplasmic organelles. Two types of endoplasmic reticulum are found. Smooth endoplasmic reticulum lacks ribosomes embedded into the membrane. These are found in rough endoplasmic reticulum. It functions as a tubular communication system. It also functions in the production of proteins.

b. ribosome—These are composed of protein and RNA molecules. These function in the synthesis of proteins.

c. Golgi apparatus—Located near the nucleus, it consists of a stack of about six flattened membranous sacs whose membranes are continuous with the endoplasmic reticulum. This functions to refine and “package” the proteins synthesized by the ribosomes associated with the endoplasmic reticulum.

d. mitochondrion—These are elongated, fluid-filled sacs. The membrane surrounding a mitochondrion has an inner and outer layer. The inner layer is folded extensively to form partitions called cristae. In the cristae are enzymes that control some of the chemical reactions by which energy is released from glucose and other organic molecules. The cristae function in transforming this energy into a chemical form that is usable by various cell parts.

e. lysosome—These appear as tiny, membranous sacs that contain powerful enzymes that are capable of breaking down molecules of nutrient or foreign particles that enter cells. These also function in the destruction of worn cellular parts.

f. peroxisome—These are membranous sacs resembling lysosomes in size and shape. They contain enzymes, called peroxidases, which catalyze metabolic reactions that release hydrogen peroxide (H2O2) as a byproduct. These also contain catalase, which is an enzyme that decomposes hydrogen peroxide, that that is toxic to cells.

g. cilium—These contain microtubules arranged in distinct cylindrical patterns. Cilia occur in large numbers on the free surface of some epithelial cells. Each is a tiny hair-like structure about 10 microns long. These are arranged in precise patterns and have coordinated wavelike movement.

h. flagellum—There is usually one to a cell. It is longer than a cilium but is structurally put together the same way. This has an undulating, whip like motion. The flagellum is generally used for movement.

i. centrosome—Located in the cytoplasm near the Golgi apparatus and nucleus, these are nonmembranous

and consist of two hollow cylinders called centrioles. These function in reproduction by aiding in the

distribution of chromosomes to the newly forming cells.

j. vesicle—These are membranous sacs formed by an action of the cell membrane in which a portion of the

membrane folds inward and pinches off. These play a role in phagocytosis and pinocytosis.

k. microfilament—Microfilaments are tiny rods of the protein actin arranged in meshworks or bundles. They cause various kinds of cellular movements.

l. microtubule—Microtubules are long slender tubes with diameters two or three times greater than a microfilament. These are composed of the globular protein tubulin. These are usually somewhat rigid,

forming the cytoskeleton, which helps maintain the shape of the cell.

13. Describe the structure of the nucleus and the functions of its contents.

The nucleus is a cellular organelle that is usually located near the center of the cell. It is a relatively large,

spherical structure enclosed in a double bilayered nuclear envelope, consisting of inner and outer membranes.

This allows various substances to move between the nucleus and the cytoplasm. The nucleolus is a small,

dense body composed largely of RNA and protein. It assists in the production of ribosomes. Chromatin

consists of loosely coiled fibers composed of DNA molecules and protein that contain information for

synthesizing proteins that promote cellular life processes. These become chromosomes during cell divisions.

14. Distinguish between diffusion and facilitated diffusion.

Diffusion is the process by which molecules or ions become scattered or are spread spontaneously from

regions where they are in higher concentrations toward regions where they are in lower concentrations.

Diffusion is a passive process that occurs naturally. Facilitated diffusion occurs when a substance that is not normally soluble in lipids combines with a receptor protein carrier molecule. This union forms a compound that is soluble in lipids and diffuses to the other side of the membrane. This receptor then releases the substance allowing for reuse of the carrier molecule.

15. Name three factors that increase the rate of diffusion.

These include: a short distance over which the diffusion will occur, a large concentration of the molecules, and an increase in temperature of the diffusing substances.

16. Explain how diffusion aids in gas exchange within the body.

Diffusion allows the oxygen molecules that are in high concentrations on one side of the capillary wall to move to areas of lower concentration. At the same time, the carbon dioxide molecules that are in high concentrations are moving to areas of lower concentration.

17. Define osmosis.

Osmosis is a special type of diffusion involving water. This is when water molecules diffuse from a region of higher water concentration to a region of lower water concentration.

18. Define osmotic pressure.

The ability of osmosis to generate enough pressure to lift a volume of water is called osmotic pressure.

19. Explain how the number of solute particles in a solution affects its osmotic pressure.

When the number of solute particles is great, the water concentration will be lowered while the osmotic

pressure will be greater. Water will diffuse toward solutions with greater osmotic pressure.

20. Distinguish among solutions that are hypertonic, hypotonic, and isotonic.

Hypertonic refers to a solution that has a higher osmotic pressure than that of the cell. This causes the cell to shrink as water moves out of the cell. Hypotonic refers to a solution that has a lower osmotic pressure than that of the cell. This causes the cell to swell and possibly burst as water moves into it. Isotonic refers to a solution that has the same osmotic pressure as body fluids. This allows the cell size to remain unchanged as water or solutes are not being pulled in any specific direction.

21. Define filtration.

Filtration is the process by which molecules are forced through a membrane by pressure.

22. Explain how filtration moves substances through capillary walls.

Blood pressure is the force that allows water and dissolved substances to move through the capillary walls, forming tissue fluid.

23. Explain why active transport is called a physiological process whereas diffusion is called a physical process.

A physiologic process is defined as a living process. It requires energy. A physical process is defined as a passive process. It requires no energy.

24. Explain the function of carrier molecules in active transport.

Carrier molecules are proteins that have binding sites that combine with the particles being transported. This union triggers the release of cellular energy, and this causes the shape of a carrier molecule to be altered. This allows the “passenger” molecule to move through the membrane.

25. Distinguish between pinocytosis and phagocytosis.

Pinocytosis is the process by which cells take in tiny droplets of liquid from their surroundings. The cell

membrane becomes indented and breaks down, integrating the water into the cytoplasm. Phagocytosis is the process by which solid material is taken inside the cell. The process is the same as pinocytosis, except that solid material is taken inside the cell.

26. Describe receptor-mediated endocytosis. How might it be used to deliver drugs across the blood-brain barrier?

Receptor-mediated endocytosis is where protein molecules extend through the cell membrane and are exposed on its outer surface. The proteins become binding sites for specific substances found in the interstitial fluid. These are then allowed to enter the cell. It would be useful in the blood-brain barrier if there were a specific receptor that could be triggered to allow substances, such as a drug, to cross the membrane.

27. Explain how transcytosis includes endocytosis and exocytosis.

Transcytosis is the selective and rapid transport of a substance or particle from one end of a cell to the other. It also enables substances to cross barriers formed by tightly connected cells.

28. List the phases in the cell life cycle. Why is interphase not a time of cellular rest?

The phases in the life cycle of a cell include mitosis, cytoplasmic division, (cytokinesis), interphase, and differentiation. Interphase is the stage in the life cycle of a cell where young cells grow, manufacture

compounds, new organelles are made and the chromosomes, and centrioles replicated.

29. Name the two processes included in cell reproduction.

The first is the process by which the nuclear portions of the cell divide (karyokinesis). The second process is where the cytoplasm divides (cytokinesis). These two processes together are called mitosis.

30. Describe the major events of mitosis.

Prophase is the first stage of mitosis where the chromosomes appear scattered throughout the nucleus. The

nuclear envelope dissolves and the sister chromatids are attached by the centromere. A spindle-shaped group of microtubules forms between the centrioles as they move apart.

Metaphase is the second stage of mitosis. The chromosomes move along the spindle fibers and align midway between the centrioles. Spindle fibers become attached to the centromere of the chromosomes.

Anaphase is where the centromere of the chromatids separate and the chromatids become individual chromosomes. These are pulled apart toward the opposite sides of the cell.

Telophase is the final stage of mitosis where the chromosomes complete their migration toward the centrioles.

It is much like prophase but with everything reversed. The nuclear envelope reforms and the chromosomes

become invisible.

31. Explain how the cytoplasm is divided during cellular reproduction.

The cytoplasm is pinched off beginning in anaphase and completes itself at the end of telophase. There may be more cytoplasm in one of the new daughter cells than in the other.

32. Explain what happens during interphase.

Interphase is the stage in the life cycle of a cell where young cells, grow, manufacture compounds, new

organelles are made, and the chromosomes and the centrioles replicate.

33. Define differentiation.

Differentiation is the process by which cells develop different characteristics in structure and function.

34. Explain how differentiation may reflect repression of DNA information.

Special proteins activate some genes and repress others. The way these are activated do not determine the type of cell that it will become.

35. How does loss of genetic control cause cancer?

In a healthy cell, oncogenes are not expressed and the tumor suppressor genes are expressed. As a result, cell reproduction is under control. Cancer begins in a single cell when an oncogene is turned on or a tumor

suppressor gene is turned off. If a mutation during chromosome division occurs, cancer could result.

36. Distinguish between a stem cell and a progenitor cell.

Stem cells divide mitotically to yield two stem cell daughters, or a stem cell and a progenitor cell, which may show the beginnings of differentiation.

Progenitor cells give rise to progenitors or more differentiated cells of a restricted lineage.

37. Distinguish between totipotent cell and pluripotent cell.

Totipotent means the cells can give rise to every cell type.

Pluripotent means that their daughter cells can follow any of several pathways, but not all of them.

38. Explain how differentiated cells can have the same genetic instructions but look and function very differently.

As cells specialize, they use some genes and ignore others.

Chapter 4

Cellular Metabolism

1. Define anabolism and catabolism.

Anabolism uses energy to build large molecules from smaller ones. Catabolism releases energy by breaking large molecules into smaller ones.

2. Distinguish between dehydration synthesis and hydrolysis.

Dehydration synthesis is a special form of anabolism where larger molecules are formed by removing an –OH (hydroxyl group) from the end of one molecule and an –H (hydrogen atom) from the end of another. The –OH and –H combine to form H2O (water), and the ends of the two molecules join by sharing the remaining oxygen atom.

Hydrolysis is the opposite of dehydration synthesis. In hydrolysis, a large molecule is split apart at a certain point and a hydrogen atom is attached to one of the new molecules, while a hydroxyl group is attached to the other.

Both of these processes can occur over and over until the original molecule is altered to the cell’s needs. In

short, dehydration synthesis dehydrates a molecule and hydrolysis rehydrates it.

3. Define peptide bond?

A peptide bond is found in proteins. It is formed during dehydration synthesis when the carbon atom of one amino acid joins with the nitrogen atom of the other amino acid.

4. Define enzyme.

An enzyme is usually a globular protein that catalyzes the reactions of substances by lowering the activation energy required to cause the desired effect.

5. How does an enzyme interact with its substrate?

The surface of an enzyme contains areas called active sites that will bind to a specific substrate only. When the correct substrates are attached to the active sites (called an enzyme-substrate complex), the enzyme alters the shapes of the substrates in a way that promotes the reaction. All enzymes demonstrate this specificity to its substrates. To illustrate, an enzyme-substrate complex is like a “lock-and-key” model with the enzyme as the lock and the substrate as the key. Although many keys may fit the lock, only one type of key will make it work.

6. List three factors that increase the rates of enzyme-controlled reactions.

The three factors are: 

a. an increase in the enzyme concentration,

b. an increase in the substrate concentration, and

c. the general efficiency of the particular enzyme.

7. How are enzymes usually named?

Enzymes are generally named for the substrate it interacts with, plus the suffix “-ase”. For instance, the

enzyme that interacts with lipids is called lipase.

8. Define cofactor.

A cofactor is a separate non-protein molecule that binds to an enzyme to aid in the reaction. Usually, a

cofactor is a non-organic molecule. A coenzyme is a cofactor that is an organic molecule.

9. Explain why humans require vitamins in their diets.

Vitamins are organic substances that either cannot be synthesized by the human body, or are synthesized in

quantities that are inadequate. For this reason, vitamins must be consumed in the diet.

10. Explain how an enzyme may be denatured.

Since enzymes are proteins, they can be denatured. This is the process of breaking the hydrogen bonds within the protein thereby rendering it useless. High heat, excessive radiation or electricity, and certain chemicals and fluids with extreme pH values cause denaturation. A good example is the egg white during frying. It starts a clear color and turns white upon application of the heat. This is the protein being denatured. This is a permanent process and cannot be reversed.

11. Define energy.

Energy, by definition, is the ability to do work.

12. Explain how the oxidation of molecules inside cells differs from the burning of substances outside cells.

The burning of a substance outside the cell usually requires large amounts of energy to start the reaction. This burning indiscriminately breaks all chemical bonds in the substance and releases the energy as light and heat.

Oxidation inside the cell utilizes enzymes that require less activation energy, controls the by-products released, and uses certain energy capturing molecules to trap about one-half of the released energy for use elsewhere.

The rest is lost as heat.

13. Define cellular respiration.

The controlled, sequential process of oxidation and energy recapture is referred to as cellular respiration.

14. Distinguish between anaerobic and aerobic respiration.

During cellular respiration, the oxidative processes that occur in the absence of oxygen are called anaerobic respiration. The oxidative processes that require the presence of oxygen for their reactions are called aerobic respiration.
15. Explain the importance of ATP to cellular processes.

ATP is the primary energy-carrying molecule in the cell. It acts as a rechargeable battery for cellular processes by carrying energy in the terminal bond of the phosphate molecule and returning to recapture energy when it is used. Without ATP, the cell would die.

16. Describe the relationship between ATP and ADP molecules.

ATP releases its energy by breaking off the third, or terminal, phosphate molecule. When this occurs, it becomes ADP (with only two phosphate molecules). The ADP returns to “recharge” by picking up a third

phosphate molecule with energy, and the cycle repeats.

17. Define metabolic pathway?

A metabolic pathway is a sequence of enzyme-controlled reactions required to convert substances into useable forms. These pathways are interconnected so that substances can be catabolized or anabolized per the needs of the cells at that particular time.

18. Describe the starting material and products of glycolysis.

Glucose is the starting material for glycolysis. In order for glucose to be used for energy production, it must be broken down by enzymes. To begin, ATP donates one phosphate molecule to the end of the glucose, and the glucose is rearranged into fructose. Then another ATP donates a phosphate molecule to the other end. These first steps are called phosphorylation because phosphates are being used in the alteration of the molecule. At this point, the fructose is split into two three-carbon sugars. A second phosphate is again added to each molecule and two hydrogen atoms are separated from each for use in the electron transport system. The molecules each lose one phosphate molecule to an ADP molecule (making two ATP). At this point, the molecules are rearranged twice to produce a pyruvic acid configuration with an attached phosphate. In the final step, the phosphate is lost to an ADP (converting to ATP) and the result is pyruvic acid.

In the presence of oxygen, a pyruvic acid molecule is oxidized into an acetyl group that combines with a molecule of coenzyme A. This step also releases two hydrogen atoms for each converted acetyl group. In the absence of oxygen, the pyruvic acid is converted into lactic acid. When oxygen is again available, the lactic acid is converted back into pyruvic acid for use in energy production.

19. State the products of the citric acid cycle.

The final products of the citric acid cycle (Kreb’s cycle) are 38 ATP molecules. 36 ATP molecules can be

used. The other two ATP molecules must be reused to start the process over again.

20. How are carbohydrates stored?

In the presence of excess glucose, such as after a meal, cells send the sugar into anabolic pathways for conversion into glycogen for storage. The liver and the muscle cells do the majority of the storage because they need constant reserves for activity. If the glycogen reserves have been filled, the excess glucose is converted into fat and stored in fat tissues. Because the body can perform this conversion without limits, overeating can cause obesity.

21. Explain how one enzyme can regulate a metabolic pathway.

Typically, the first enzyme in a pathway regulates the rate at which the pathway can work. This enzyme is

called a rate-limiting enzyme because it is present in a limited quantity, and once saturated with substrates, the rate of reaction will not increase.

22. Describe how a negative feedback mechanism can help control a metabolic pathway.

The final product of the pathway can inhibit the rate-limiting enzyme. As the final product accumulates, it inhibits the rate of the first enzyme, regardless of the concentration of substrates. This negative feedback

mechanism helps prevent excess product from being produced.

23. Explain the chemical basis of genetic information.

Deoxyribonucleic acid (DNA) is a nucleic acid that contains the genetic information. It is composed of the 5-carbon sugar deoxyribose, a phosphate group, and one of several organic, nitrogenous bases. The four bases associated with DNA are adenine, thymine, cytosine, and guanine. These bases pair systematically, which bind the two long polynucleotide chains together. The entire molecule is then twisted into a double helix.

24. Describe the chemical makeup of a gene.

A gene is a specific “blueprint” for a protein or enzyme. Depending on how the base pairs are arranged, they will code for different proteins. Each gene is a variation of the possible proteins that code for a specific trait.

25. Describe the general structure and components of a DNA molecule.

A DNA molecule looks like a ladder in form. It is composed of two polynucleotide chains, with a backbone of sugars and phosphates, and nitrogenous bases projecting outward on one side. The sugar phosphate backbones make the uprights of the ladder, while the nitrogenous bases, linked together by hydrogen bonds, make the rungs.

The bases are paired in only one pattern across the DNA molecule. Adenine (A) binds only with thymine (T), and cytosine (C) binds only with guanine (G). These combinations are called complimentary base pairs.

Because the DNA molecule is so large, it is twisted into a double-helix to conserve space.
26. Distinguish between the functions of messenger RNA and transfer RNA.

A messenger RNA (mRNA) molecule is a special type of RNA that is made of the complementary base sequences, necessary for the production of a protein, from the DNA molecule. Transfer RNA (tRNA) is a

group of RNA molecules that bind to activated amino acids in the cytoplasm and bring them to the mRNA molecule for assembly into a protein. A tRNA molecule can bind with only one kind of amino acid. Therefore, since there are twenty different amino acids, there must be at least twenty different kinds of tRNA molecules.

27. Distinguish between transcription and translation.

The process by which an mRNA molecule is formed from DNA is called transcription. The synthesis of protein molecules from the mRNA is called translation.

28. Explain two functions of ribosomes in protein synthesis.

In protein synthesis, a ribosome moves along with the mRNA and knits together a chain of amino acids by

attaching itself to a portion of the mRNA and bonding with the complementary amino acid on a tRNA molecule. As it moves along the mRNA, it attaches each amino acid in sequence and releases the empty tRNA back into the cytoplasm.

29. Distinguish between a codon and an anticodon.

The sequences of nucleotides on an mRNA molecule are called codons. These are complimentary sets of bases from the DNA molecule. An anticodon is the compliment of the complimentary sequence on the mRNA molecule. Each is a set of three nucleotides that describe an amino acid.

30. Explain how a DNA molecule is replicated.

During a phase before cell reproduction an enzyme called DNA polymerase breaks the hydrogen bonds between the complimentary base pairs of the DNA molecule. As the DNA molecule splits and unwinds, new nucleotides bond with the exposed nucleotides of the parental strand and a new sugar-phosphate backbone is built. The result is two complete DNA molecules, each containing one parental strand and one daughter strand.

These DNA molecules are then separated so that each new cell receives one complete DNA molecule.

31. Define mutation, and explain how mutations may originate.

A mutation is defined as a mistake in, or damage to, the DNA strand that is not corrected and is passed on to the new cells. Mutations can occur during replication when an incorrect nucleotide or extra nucleotides bind to the parental DNA strand. Mutations can also occur if sections of the DNA strands are deleted, misplaced, or attached to the wrong chromosome.

32. Define repair enzyme.

If the mutation to a DNA molecule occurs only on one strand, the cell uses special enzymes called repair enzymes to clip out the defective portion and rebuild it correctly.
33. Explain how a mutation may affect an organism’s cells or not affect them?

Because of the importance of the DNA molecule, there are many safeguards against mutation. For instance,

there are sixty-one codons that specify the twenty amino acids. If the mutation occurs in the third nucleotide of a codon, it is likely that this mutation will still yield the correct amino acid. If the mutation is in the second codon, the new sequence will generally yield a structure similar enough to the original amino acid that the effect would not be significant. There are two copies of each chromosome in an adult cell. If one chromosome is mutated, the genes of the second chromosome will usually provide enough normal “blueprints” to maintain the health of the cell.

If a mutation occurs in a cell of an adult, it will probably go unnoticed because of the many normal cells around it. If the mutation occurs in the cell of an embryo or child, the results can be catastrophic because that cell may be the first, or be the parent, to many other cells as the infant grows.

Chapter 5

Tissues

1. Define tissue.

A tissue is a group of cells performing a specialized structural or functional role.

2. Name the four major types of tissue found in the human body.

The four major tissue types are epithelial, connective, muscle, and nervous.

3. Describe the general characteristics of epithelial tissues.

Epithelial tissues cover the body surfaces, cover and line internal organs, and compose glands. Because they cover the surfaces of all cavities and hollow organs, they always have a free surface (one exposed to the outside or having an open space). Epithelial tissues always anchor to connective tissue by a noncellular layer called the basement membrane. Generally epithelial tissues lack blood vessels. Epithelium reproduces readily and heals quickly. They are tightly packed with little intercellular material. Because of this, they serve as excellent barriers. Other functions include secretion, absorption, excretion, and sensory reception.

4. Distinguish between simple epithelium and stratified epithelium.

Simple epithelium occurs as a single cell or a single sheet of cells. Stratified epithelium consists of layers of cells.

5. Explain how the structure of simple squamous epithelium provides its function.

Simple squamous epithelium consists of a single layer of think, flattened cells. These fit together like floor tiles and the nuclei are broad and thin. Substances diffuse easily through this tissue. Because of this, simple squamous epithelium lines the alveoli of the lungs, forms the walls of capillaries, lines the insides of blood vessels, and covers the membranes that line body cavities. Because it is so thin, simple squamous epithelium is damaged easily.

6. Name an organ that includes each of the following tissues, and give the function of the tissue.

a. Simple squamous epithelium—Found in the walls of capillaries; it functions to allow the exchange of oxygen and waste products between the blood and the cells.

b. Simple cuboidal epithelium—Found in kidney tubules; it functions in secretion and absorption.

c. Simple columnar epithelium—Found in the intestinal tract; it functions in secretion of digestive fluids and absorption of nutrient molecules.

d. Psuedostratified columnar epithelium—Found in the passages of the respiratory system; the ciliated

free surface moves the mucous produced by goblet cells up the respiratory tract and out of the airways.

e. Stratified squamous epithelium—Forming the outer layer of the skin (epidermis); it becomes

hardened with keratin and makes a tough, dry, protective covering.

f. Stratified cuboidal epithelium—Found in the larger ducts of salivary glands; it provides extra protection.

g. Stratified columnar epithelium—Found in the male urethra; the goblet cells provide mucous for lubrication.

h. Transitional epithelium—Forming the inner lining of the urinary bladder; because of its stretchable

nature, it forms a barrier that prevents the contents of the urinary tract from diffusing back into the body fluids.

7. Define gland.

A gland is composed of cells specialized to produce and secrete substances. Most commonly these cells are columnar or cuboidal epithelium. One or more of these cells constitutes a gland.

8. Distinguish between an exocrine gland and an endocrine gland.

Exocrine glands secrete their products into ducts that open onto an internal or external surface. Endocrine

glands secrete directly into tissue fluid or blood.

9. Explain how glands are classified according to the structure of their ducts and the organization of their cells.

A single cell can make up an exocrine gland. This is called a unicellular gland. If it is made up of two or more cells, it is called a multicellular gland. Multicellular glands can be further subdivided into two groups based upon their duct structure. A simple gland has an unbranched duct. A compound gland has a branched duct.

These can be further classified into tubular glands (epithelial lined tubes), or acinar glands (saclike

dilatations).

10. Explain how glands are classified according to the function and the nature of their secretions.

Merocrine glands are glands that release fluid products through cell membranes without the loss of cytoplasm. Apocrine glands lose small portions of their glandular cell bodies during secretion. Holocrine
glands are glands that release entire cells filled with secretory products. They are also classed as secreting serous fluid or mucus.

11. Distinguish between a serous cell and a mucous cell.

Serous cells produce a watery fluid that has a high enzyme concentration. Mucous cells produce a thick mucus that is rich in the glycoprotein mucin.

12. Describe the general characteristics of connective tissue.

Connective tissue is found throughout the body and is the most abundant type by weight. It binds structures, provides support, serves as frameworks, fills spaces, stores fat, produces blood cells, protects against infection, and helps repair damage. These cells are not adjacent to each other like epithelial cells and have abundant intercellular material called matrix. This material consists of fibers and a ground substance whose consistency varies from fluid to solid. Connective tissue has a good blood supply and is well nourished. Bone and cartilage are quite rigid; however, loose connective tissue, adipose, and fibrous connective tissue are more flexible.

13. Define extracellular matrix and ground substance.

Matrix is intercellular material between the connective tissue cells. This matrix consists of a ground substance whose consistency varies from fluid to semisolid to solid. The ground substance binds, supports, and provides a medium through which substances may be transferred between the blood and cells within the tissue.

14. Describe the three major types of connective tissue cells.

Fibroblast—a fixed cell in connective tissues. It produces fibers by secreting protein into the matrix of connective tissues. Mast cells—another fixed cell releases histamine and heparin. Macrophages—wandering cells that can detach and move about. These are specialized to carry on phagocytosis.

15. Distinguish between collagen and elastin.

Collagen fibers are thick, threadlike, and made of the protein collagen. They are formed in long, parallel

bundles and are flexible, but not elastic. That is, they can bend, but they cannot stretch. They have great tensile strength and are important to structures such as tendons. Elastin is the protein that elastic fibers originate from.

These fibers are branched and form complex networks. They have low tensile strength, but are very elastic.

That is, they can be easily stretched and resume their original length and shape. They are the primary component of the vocal cords.

16. Explain the difference between loose connective tissue and dense connective tissue.

Dense connective tissue has abundant collagenous fibers that appear white. This is sometimes known as white fibrous connective tissue. Loose connective tissue or areolar tissue has sparse collagenous fibers.

17. Explain how the quantity of adipose tissue in the body reflects diet.

Individuals are born with a certain number of fat cells. Excess food calories are likely to be converted into fat and stored. This illustrates that the amount of adipose tissue in a human is reflective of the individual diet.

18. Distinguish between regular and irregular dense connective tissue.

Regular dense connective tissue has organized patterns of the fibers. It is very strong, enabling the tissue to withstand pulling forces. It often binds body parts together. Irregular dense connective tissue has thicker, interwoven, and more randomly organized patterns of fibers. This allows for the tissue to sustain tensions exerted from many different directions. It is found in the dermis of the skin.

19. Distinguish between elastic and reticular connective tissues.

Elastic connective tissue is made up of yellow elastic fibers in parallel strands or in branching networks. In the fibers of this tissue are collagen fibers and fibroblasts. This tissue is found in the walls of certain hollow internal organs. Reticular connective tissue is composed of thin, collagenous fibers arranged in a three-dimensional network. It supports walls of certain internal organs such as the liver, spleen, and lymphatic organs.

20. Explain why injured loose connective tissue and cartilage are usually slow to heal.

Because fibrous connective tissue and cartilage are so dense and so closely packed, they lack a direct blood supply. For this reason, nutrients diffusing from outside tissues take a long time to reach the cells. This makes injury repair a very slow process.

21. Name the major types of cartilage, and describe their differences and similarities.

a. Hyaline—the most common type of cartilage. It looks somewhat like white plastic. It is found at the ends of bones in many joints, in the soft part of the nose, and in the supporting rings of the respiratory passage.

It is also important in the development of bones.

b. Elastic—is very flexible and its matrix contains many elastic fibers. It is found in the external ears and in parts of the larynx.

c. Fibrocartilage—a very tough tissue, it contains many collagenous fibers. It is designed to function as a shock absorber. It forms the intervertebral disks and the protective cushions between bones in the knee and the pelvic girdle.

22. Describe how bone cells are organized in bone tissue.

The matrix for bone is laid down in thin layers called lamellae. The lamellae are arranged in concentric

patterns around tubes called osteonic canals. Between the layers of lamellae the osteocytes are placed in

depressions called lacunae. This pattern of concentric circles forms a cylinder-shaped unit called the osteon.

23. Explain how bone cells receive nutrients.

An osteon is a cylinder-shaped unit that the concentric circular pattern of bones cells form. Each osteonic canal contains blood vessels so that every cell is close to a nutrient supply. Bone cells also have cytoplasmic processes called canaliculi that extend outward and attach to the membranes of other cells. As a result, nutrients move rapidly between the bone cells.

24. Describe the composition of blood.

Red blood cells are the cells that carry oxygen to, and carbon dioxide from, cells. White blood cells function in immunity and infection control. Platelets are cellular fragments that function in blood clotting.

25. Describe the structure of epithelial membranes.
They are composed of epithelium and loose connective tissue.

26. Identify locations in the body of the four types of membranes.

Epithelial membranes cover body surfaces and line body cavities and organs.

Synovial membranes line joints.

Serous membranes line body cavities.

Mucous membranes line the cavities and tubes that open to the outside of the body.
27. Describe the general characteristics of muscle tissues.

Muscle tissues are contractile. Muscle fibers within the tissue change shape to become shorter and thicker. This causes muscle fibers to pull at the attached ends and move body parts.

28. Distinguish among skeletal, smooth, and cardiac muscle tissues, in terms of location, cell appearance, and control.

Skeletal muscle tissue is found in the muscles attached to bones and can be controlled by conscious effort.

Because of this, it is also called voluntary muscle tissue. The cells or muscle fibers are long and threadlike with alternating bands of dark and light cross-markings called striations. Each fiber has many nuclei located near the cell membrane. When the muscle is stimulated by nerve fibers, it contracts and relaxes.

Smooth muscle tissue is named for its lack of striations. It is found in the intestinal tract, urinary bladder, blood vessels, and other hollow organs. It is not consciously controlled, and is therefore called involuntary muscle. Smooth muscle cells are shorter than those of skeletal muscle, and have a single, centrally located nucleus.

Cardiac muscle is found only in the heart. Its cells, which are striated, are joined end to end by a specialized connection called an intercalated disk. The cardiac muscle fibers are branched and interconnected in a complex network. Although it is striated, it cannot be controlled voluntarily.

29. Describe the general characteristics of nervous tissue.

Nervous tissue is found in the brain, spinal cord, and peripheral nerves. It is composed of neurons (nerve cells) and supporting neuroglial cells.

30. Distinguish between neurons and neuroglial cells.

Nervous tissue is composed of two types of cells. Neurons, or nerve cells, are sensitive to changes in their

surroundings and respond to stimulation of impulses along nerve fibers. In addition to neurons, neuroglial cells serve to support the neurons and bind the nervous tissue together. Neuroglial cells carry on phagocytosis and bring nutrients to the neurons as well as remove waste from cells. They also serve to bind nervous tissue together. In many ways, these cells act as connective tissue found only in nervous tissue.

Chapter 6

Skin and the Integumentary System

1. Define integumentary system.

The integumentary organ system is defined by the inclusion of the cutaneous membrane and the accessory organs within it. It is more commonly known as the skin.

2. List the six functions of skin.

a. A protective covering

b. Aids in body temperature regulation

c. Retards water loss

d. Houses sensory receptors

e. Synthesizes various chemicals

f. Secretes small quantities of waste substances

3. Distinguish between the epidermis and the dermis.

The epidermis is the outermost layer of the skin and is composed of keratinized stratified squamous epithelium. The dermis is the inner, thicker layer, and includes various tissues, such as connective tissue, epithelial tissue, smooth muscle tissue, nervous tissue, and blood. The epidermis and dermis are separated by a basement membrane that is anchored to the dermis by short fibrils.

4. Describe the subcutaneous layer.

The subcutaneous layer (hypodermis) lies beneath the dermis and consists largely of connective and adipose tissues. The collagenous and elastic fibers run mostly parallel to the surface of the skin, but also travel in all directions. As a result, there is no clear boundary between the dermis and the subcutaneous layer.

5. Explain the functions of the subcutaneous layer.

The subcutaneous layer contains adipose tissue that acts as an insulator, conserving internal body heat and preventing the entrance of heat from the outside. This layer also contains the major blood vessels that supply nutrients and oxygen to the skin.

6. Explain what happens to epidermal cells as they undergo keratinization.

As new cells in the epidermis are produced, they are pushed upwards from the basement membrane towards the outside of the skin. As they get further from their nutrient source they die. As the process occurs, the maturing cells undergo a hardening process (keratinization) during which the cytoplasm develops strands of tough, fibrous, waterproof proteins called keratin. These dead cells form many tough, waterproof layers. These dead cells are rubbed away as newer cells replace them.

7. List the layers of the epidermis.

The layers in the epidermis are:

Stratum basale—the deepest layer

Stratum spinosum—a relatively thick layer

Stratum granulosum—a granular layer

Stratum corneum—a fully keratinized layer

Stratum lucidum—this layer appears between the stratum granulosum and stratum corneum in the thickened skin of the palms and soles.

8. Describe the function of melanocytes.

An important function of the skin is to protect the deeper tissues from the harmful effects of sunlight. One

method of accomplishing this is the production of melanin, the dark pigment produced by melanocytes in the deeper layers of the epidermis and in the upper layers of the dermis. Melanin absorbs light energy and protects deeper tissues. Although melanocytes are found deep in the epidermis, the pigment can be found in any of the nearby cells due to the melanocytes’ long, pigment-containing extensions that pass upward between neighboring epidermal cells. These extensions can then transfer the granular melanin to these other cells by a process called cytocrine secretion. As a result, the neighboring cells often contain more melanin than the melanocytes themselves.

9. Describe the structure of the dermis.

The dermis is composed largely of irregular dense connective tissue that includes tough collagenous fibers and elastic fibers in a gel-like substance. It has fingerlike projections called papillae that help form the fingerprints.

The dermis also includes muscle tissue. It is usually smooth muscle, but striated muscle is also present in certain portions such as the face to help with voluntary facial movements. The dermis contains both sensory

and motor nerves. It also contains blood vessels, hair follicles, sebaceous glands, and sweat glands.

10. Review the functions of the dermal nervous tissue.

The dermal nervous tissue has both sensory and motor fibers. Sensory fibers include Pacinian corpuscles, which are stimulated by heavy pressure and Meissner’s corpuscles, which are sensitive to light touch. The

motor fibers stimulate dermal muscles and glands.

11. Distinguish between a hair and a hair follicle.

Hair is present on all skin surfaces except the palms, soles, lips, nipples, and various parts of the external reproductive organs. A hair follicle is a group of epidermal cells at the base of a tube-like depression. The root of the hair occupies this follicle. As these cells divide and grow, they are pushed toward the surface and undergo keratinization and subsequent cell death. The cells’ remains form the structure of a developing hair whose shaft extends away from the skin surface. This shaft is called the hair.

12. Review how hair color is determined.

Genes that direct the type and amount of pigment produced by epidermal melanocytes determine hair color.

Bright red hair contains an iron pigment (trichosiderin) that does not occur in hair of any other color. Gray hair is the result of a mixture of pigmented and unpigmented hair.

13. Describe how nails are formed.

Stratified squamous epithelial cells in the region known as the nail root form nails. The whitish half-moon-shaped area called the lunula marks the nail root. As these cells are pushed outward, they are keratinized into a hard tissue that slides forward over the nail bed to which it remains attached.

14. Explain the function of sebaceous glands.

Sebaceous glands contain groups of specialized epithelial cells and are usually associated with hair follicles.

They are holocrine glands that secrete an oily substance called sebum (a mixture of fatty materials and cellular debris) that serve to keep the hair and skin soft, pliable, and relatively waterproof.

15. Distinguish between eccrine and apocrine sweat glands.

Certain sweat glands, known as apocrine glands, respond to emotional stress and become active when a

person is emotionally upset, frightened, or experiencing pain. They are most numerous in the armpits and groin. These are usually connected to hair follicles. The development of these glands is stimulated by sex

hormones so they become mature at puberty. Eccrine glands are not associated with hair follicles, and

function throughout life in response to elevated body temperature associated with environmental heat and physical exercise. These sweat glands are found primarily on the forehead, neck, and back where they produce profuse sweating.

16. Explain the importance of body temperature regulation.

Body temperature regulation is vitally important because even slight shifts in body temperature can disrupt the rates of metabolic reactions.

17. Describe the role of the skin in promoting the loss of excess body heat.

In intense heat, the nerve impulses stimulate the skin and other organs to release heat. The muscles when active, release heat. The peripheral blood vessels dilate (vasodilation) which allows more of the warmed blood to be close to the outside for dispersal by radiation. The deeper blood vessels constrict (vasoconstriction) forcing more blood to the surface. The heart rate increases to circulate the blood faster. The sweat glands are also stimulated to add perspiration to the skin for evaporation.

18. Explain how body heat is lost by radiation.

Radiation is the primary means of body heat loss. This is accomplished when infrared heat rays escape from warmer surfaces to cooler surroundings.

19. Distinguish between conduction and convection.

Conduction is the process by which heat moves directly into the molecules of cooler objects in contact with its surface. Convection is the process by which heat is carried away from the body by air molecules that circulate over the body.

20. Describe the body’s responses to decreasing body temperature.

As excessive body heat is lost, the brain triggers responses in skin structure. For example, the muscles in the walls of the dermal blood vessels contract, decreasing the blood flow. The sweat gland become inactive and skeletal muscles throughout the body contract slightly (shivering).

21. Review how air saturated with water vapor may interfere with body temperature regulation.

The air can only hold so much of the water molecules. If it is already saturated, the person who is sweating will not have evaporation occur and they will be wet and uncomfortable.

22. Explain how environmental factors affect skin color.

Factors such as sunlight, ultraviolet light, and X-rays stimulate increased melanin production.

23. Describe three physiological factors that affect skin color.

The dermal blood supply affects skin color. For example, when the blood is well oxygenated, the hemoglobin makes the skin appear pinkish. When the blood is not well oxygenated, the hemoglobin is darker and the skin appears bluish (cyanosis). If the blood vessels are dilated or constricted, the skin will carotene, which is especially common in yellow vegetables, may give the skin a yellowish cast. Illnesses may affect skin color.

24. Distinguish between the healing of shallow and deeper breaks in the skin.

If the break in the skin is very shallow, the epithelial cells along the margin are stimulated to reproduce more rapidly. These newly produced cells simply fill in the gap. A deeper break involves the blood vessels. The clot will form and tissue areas will seep into the area and dry. This will then form a scab for underlying protection.

Fibroblasts then produce fibers that bind the edges of the wound together. Growth factors are released to

stimulate damaged tissue replacement. Healing continues beneath the scab, which sloughs off, when healing is complete.

25. Distinguish among first-, second-, and third-degree burns.

A first-degree burn is a superficial partial-thickness burn. An example would be a sunburn. A second-degree burn is a deep partial-thickness burn. Any burn that blisters is a second-degree burn. A third-degree burn is a full-thickness burn. It can burn away all the skin and muscles leaving bone exposed.

26. Describe possible treatments for a third-degree burn.

Skin grafts are one possible treatment. An autograft is a piece of skin from the victim. A homograft is one from a cadaver. Skin grafts leave scaring.

27. List three effects of aging on the skin.

Aging skin affects appearance as “age spots” or “liver spots” appear and grow, along with wrinkling and sagging.

Due to changes in the number of sweat glands and shrinking capillary beds in the skin, elderly people are less able to tolerate the cold and cannot regulate heat.

Older skin has a diminished ability to activate vitamin D necessary for skeletal health.

Chapter 7

Skeletal System

Part A

1. List four groups of bones based upon their shapes, and name an example from each group.

a. Long bones—femur and humerus

b. Short bones—tarsals and carpals

c. Flat bones—ribs, scapulae, and bones of the skull

d. Irregular bones—vertebrae and many facial bones

2. Sketch a typical long bone, and label its epiphyses, diaphysis, medullary cavity, periosteum, and articular cartilages.

See figure 7.2, page 183.

3. Distinguish between spongy and compact bone.

Compact bone is comprised of tightly packed tissue that is strong, solid, and resistant to bending. Spongy

bone consists of numerous branching bony plates. Irregular interconnected spaces occur between these plates, thus reducing the weight of the bone.

4. Explain how central canals and perforating canals are related.

Central canals (Haversian canals) contain one or two small blood vessels and a nerve, surrounded by loose connective tissue. These vessels provide nourishment for the bone cells associated with the osteonic canals.

The osteonic canals run longitudinally. Perforating canals (Volkmann’s canals) run transversely and contain larger blood vessels and nerves by which the vessels and nerves in osteonic canals communicate with the surface of the bone and the medullary cavity.

5. Explain how the development of intramembranous bone differs from that of endochondral bone.

Intramembranous bones develop from sheet-like masses of connective tissue. Some of the primitive

connective tissue cells enlarge and differentiate into osteoblasts. Spongy bone tissue is produced in all directions by these osteoblasts in the membrane. Eventually, the periosteum is developed by outside cells of the membrane of the developing bone. Endochondral bones develop of masses of hyaline cartilage with shapes similar to the future bone structures. These models grow rapidly for a while, and then begin to undergo extensive changes. The center of the diaphysis in long bones breaks down and disappears. At the same time, a periosteum forms from connective tissues that encircle the developing diaphysis. The primary ossification center is formed. Later on, the secondary ossification centers form and spongy bone forms from this.

6. Distinguish between osteoblasts and osteocytes.

Osteoblasts are bone-forming cells. Osteocytes are mature bone cells surrounded by matrix.

7. Explain the function of an epiphyseal plate.

The epiphyseal plate is a band of cartilage that is left between the primary and secondary ossification centers.

This plate includes rows of young cells that are undergoing mitosis and producing new cells. As the epiphyseal plate thickens due to the new cells, bone length is increased.

8. Explain how a bone grown in thickness.

A developing bone grows in thickness as compact bone tissue is deposited on the outside, just beneath the

periosteum. Bone tissue is being eroded away on the inside by osteoclasts.

9. Define osteoclast.

Osteoclasts are large multinucleated cells that break down the calcified matrix.

10. Explain how osteoclasts and osteoblasts regulate bone mass.

Osteoclasts secrete an acid that dissolves the inorganic component of the calcified matrix, and their lysosomal enzymes digest the organic components. After the osteoclasts remove the matrix, bone building osteoblasts invade the regions and deposit bone tissue.

11. Describe the effects of vitamin deficiencies on bone development.

Vitamin D is necessary for proper absorption of calcium in the small intestine. If this is lacking, rickets can

develop or osteomalacia in adults. Vitamin A is necessary for bone resorption during normal development.

Vitamin C is needed for collagen synthesis. Lacking either Vitamin A or C can hinder normal bone growth.

12. Explain the causes of pituitary dwarfism and gigantism.

Pituitary dwarfism results from the failure of the pituitary gland to secrete adequate amounts of growth hormone. Pituitary giantism results from the pituitary gland secreting an excessive amount of growth hormone prior to epiphyseal disk ossification.

13. Describe the effects of thyroid and sex hormones on bone development.

Thyroid hormone stimulates the replacement of cartilage in the epiphyseal disks of long bones with bone tissue. Thyroid hormone can halt bone growth by causing premature ossification of the epiphyseal disks. A

deficiency in thyroid hormone may stunt growth as the pituitary gland depends upon thyroid hormone to

stimulate the secretion of growth hormone. Sex hormones promote the formation of bone tissue. Female sex hormones have a slightly stronger effect than male sex hormones, allowing females to reach their maximum heights at an earlier age than males.

14. Explain the effects of exercise on bone structure.

Physical exercise causes the skeletal muscle to contract and the resulting stress stimulates the bone tissue to thicken and strengthen. On the other hand, lack of physical exercise causes bone to thin and weaken.

15. Provide several examples to illustrate how bones support and protect body parts.

Bones of the feet, legs, pelvis, and backbone support the weight of the body. The bones of the skull protect the brain. The rib cage and shoulder girdle protect the heart and lungs.

16. Describe the functions of red and yellow bone marrow.

Red marrow functions in the formation of red blood cells, white blood cells, and blood platelets. Its red color is derived from the oxygen-carrying pigment hemoglobin. Yellow marrow functions in fat storage and is inactive in blood cell production.

17. Explain the mechanism that regulates the concentration of blood calcium ions.

When the blood is low in calcium, parathyroid hormone stimulates the osteoclasts to break down bone tissue, releasing calcium salts from the intercellular matrix into the blood. Conversely very high blood calcium inhibits the osteoclast activity, and calcitonin from the thyroid gland stimulates the osteoblasts to form bone tissue, storing the excess calcium in the matrix.

18. List three substances that may be abnormally stored in bone.

Bone tissue may accumulate lead, radium, or strontium.

19. Distinguish between the axial and appendicular skeletons.

The axial skeleton consists of the bones that make up the skull, the hyoid bone, the vertebral column, and the thoracic cage. The appendicular skeleton consists of the pectoral girdle, the bones that comprise the upper and lower limbs, and the pelvic girdle.

20. Name the bones of the cranium and facial skeleton.

The bones of the cranium include one frontal bone, two parietal bones, one occipital bone, two temporal bones, one sphenoid bone, and one ethmoid bone. The bones of the facial skeleton include two maxilla bones, two palatine bones, two zygomatic bones, two lacrimal bones, two nasal bones, one vomer bone, two inferior nasal conchae bones, and one mandible bone.
21. Explain the importance of fontanels.

Fontanels permit some movement between the bones so that the developing skull is partially compressible and can change shape slightly. This allows the infant’s skull to pass more easily through the birth canal.

22. Describe a typical vertebra.

A typical vertebra contains the following that are generic to all types:

a. Body—The body is drum-shaped and forms the thick anterior portion of the bone.

b. Pedicles—These consist of two short stalks and project posteriorly.

c. Laminae—These are two plates that arise from the pedicles and fuse in the back.

d. Spinous process—These results from the laminae fusing.

e. Vertebral arch—A bony arch comprised of the pedicles, laminae, and spinous process.

f. Vertebral foramen—The opening through which the spinal cord passes.

g. Transverse process—Projections from each side between the pedicles and laminae.

h. Superior and inferior articulating processes—Cartilage covered facets that project either upward or downward where the vertebrae are joined to the one above and below it.

i. Intervertebral foramina—Notches on the lower surfaces of the vertebral pedicles that form openings, which provide passageways for the spinal nerves that, communicate with the spinal cord.

23. Explain the differences among cervical, thoracic, and lumbar vertebrae.

The cervical vertebrae are distinctive due to the bifid spinous processes and transverse foramina in the transverse process. The thoracic vertebrae are larger than the cervical vertebrae and have long, pointed spinous processes that slope downward, and facets on the side of their bodies that articulate with a rib. Starting with the third thoracic vertebrae, the bodies of these vertebrae increase in size. The lumbar vertebrae have the largest bodies and short, stubby spinous processes. 

24. Describe the locations of the sacroiliac joint, the sacral promontory, and the sacral hiatus.
The sacroiliac joint occurs where the sacrum is wedged between the coxal bones of the pelvis and is united to them at its auricular surfaces by fibrocartilage. The sacral promontory is the upper anterior margin of the sacrum. Physicians use this to determine pelvis size for childbirth. The sacral hiatus is the opening at the tip of the sacrum dorsally.

25. Names the bones that comprise the thoracic cage.

The thoracic cage includes the ribs, thoracic vertebrae, sternum, and costal cartilages that attach the ribs to the sternum.

26. List the bones that form the pectoral and pelvic girdles.

The pectoral girdle consists of two clavicles and two scapulae. The pelvic girdle consists of two coxal bones that articulate with each other anteriorly and with the sacrum posteriorly.

27. Name the bones of the upper limb.

The bones of the upper limb include a humerus, a radius, an ulna, and several carpals, metacarpals, and phalanges.

28. Name the bones that comprise a coxa.

A coxal bone develops from three parts—an ilium, an ischium, and a pubis that fuse together.

29. List the major differences that may occur between the male and female pelves.

The female iliac bones are more flared than the males. The angle of the female pubic arch may be greater.

There may be more distance between the ischial spines and the ischial tuberosities. The sacral curvature may be shorter and flatter. The bones of the female pelvis are usually lighter, more delicate, and show less evidence of muscle attachments.

30. List the bones of the lower limb.

The bones of the lower limb include a femur, a tibia, a fibula, and several tarsals, metatarsals, and phalanges.

31. Describe changes in trabecular bone and compact bone with aging.

Trabecular bone, due to its spongy, less compact nature, shows the changes of aging first, as they thin,

increasing in porosity and weakening the overall structure. The vertebrae consist mostly of trabecular bone. It is also found in the upper part of the femur, whereas the shaft is more compact bone. The fact that trabecular bone weakens sooner than compact bone destabilizes the femur, which is why it is a commonly broken bone among the elderly.

Compact bone loss begins at around age forty and continues at about half the rate of loss of trabecular bone.

As remodeling continues throughout life, older osteons disappear as new ones are built next to them. With age, the osteons may coalesce, further weakening the overall structures as gaps form.

32. List factors that may preserve skeletal health.

Preserving skeletal health may involve avoiding falls, taking calcium supplements, getting enough vitamin D, avoiding carbonated beverages (phosphates deplete bone), and getting regular exercise.

Part B

Match the parts listed in column I with the bones listed in column II.

I II

1. Coronoid process C. Mandible

2. Cribriform plate A. Ethmoid bone

3. Foramen magnum E. Occipital bone

4. Mastoid process F. Temporal bone

5. Palatine process D. Maxillary bone

6. Sella turcica G. Sphenoid bone

7. Supraorbital notch B. Frontal bone

8. Temporal process H. Zygomatic bone

9. Acromion process M. Scapula

10. Deltoid tuberosity K. Humerus

11. Greater trochanter I. Femur

12. Lateral malleolus J. Fibula

13. Medial malleolus O. Tibia

14. Olecranon process P. Ulna

15. Radial tuberosity L. Radius

16. Xiphoid process N. Sternum

Chapter 8

Joints of the Skeletal System

Part A

1. Define joint.

A joint is a functional junction between bones.

2. Explain how joints are classified.

The type of tissue that binds the bones together at each junction can classify joints. They can also be classified according to the degree of movement possible at the bony junctions.

3. Compare the structure of a fibrous joint with that of a cartilaginous joint.

A fibrous joint uses fibrous connective tissue to hold bones together that were in close contact with one another. A cartilaginous joint uses hyaline or fibrocartilage to hold the articulation together. Neither type allows much movement.

4. Distinguish between a syndesmosis and a suture.

A syndesmosis is characterized by bone being bound together by long fibers of connective tissue that form an interosseous ligament. This type of joint has slight movement. A suture has a thin layer of fibrous connective tissue that forms the sutural ligament. This type of joint has no movement.

5. Describe a gomphosis, and name an example.

A gomphosis is a joint formed by the union of a cone-shaped bony process in a bony socket. The peg-like root of a tooth fastened to a jawbone by a periodontal ligament is such a joint.

6. Compare the structures of a synchondrosis and a symphysis.

A synchondrosis uses bands of hyaline cartilage to unite to bones. Many of these joints are temporary structures that disappear during growth. This particular type of joint allows no movement. A symphysis has

the articular surfaces of bones covered with hyaline cartilage that is attached to a pad of fibrocartilage. This

particular type of joint allows a limited type of movement.

7. Explain how the joints between adjacent vertebrae permit movement.

Each of these is symphysis joints. Between each vertebra, there is an intervertebral disk that is composed

of a band of fibrocartilage that surrounds a gelatinous core. The disk absorbs shocks and helps equalize pressure between the vertebrae during body movement. As each disk is slightly flexible, the combined

movements of many of the joints in the vertebral column allow the back to bend forward, to the side, or to twist.

8. Describe the general structure of a synovial joint.

A synovial joint will include the following components:

a. Articular cartilage—Thin layer of hyaline cartilage on the ends of the articulating bones.

b. Joint capsule—Tubular structure that has two distinct layers. The outer layer is made up of dense fibrous connective tissue. The inner layer is a shiny vascular membrane called the synovial membrane.

c. Synovial fluid—A clear viscous fluid secreted by the synovial membrane for lubrication of the joint.

d. Ligaments—Bundles of tough collagenous fibers that serve to reinforce the joint capsule.

e. Menisci—Disks of fibrocartilage found in some synovial joints that serve as shock absorbers.

f. Bursae—Fluid-filled sacs that cushion and aid the movement of tendons within a synovial joint.

9. Describe how a joint capsule may be reinforced.

Ligaments are used to bind the articular ends of bones together reinforcing the joint capsule. These can be

thickenings in the fibrous layer of the joint capsule or accessory structures that are located outside of the joint capsule.

10. Explain the function of the synovial membrane.

The synovial membrane covers all surfaces within the joint capsule, except the areas the articular cartilage covers. It fills spaces and irregularities within the cavity. It secretes synovial fluid. It may store adipose tissue.

It also reabsorbs the synovial fluid.

11. Explain the function of synovial fluid.
Synovial fluid helps to cushion, moisten, and lubricate the smooth cartilaginous surfaces within the joint. It

also supplies the articular cartilage with nutrients.

12. Define meniscus.

A meniscus is a disk of fibrocartilage that occurs in some synovial joints dividing them into two compartments. It serves as a shock absorber and allows bony prominences to fit together easier.

13. Define bursa.

A bursa is a fluid-filled sac associated with freely moveable joints.

14. List six types of synovial joints, and name an example of each type.

Type Example

Ball-and-Socket Hip joint, shoulder joint.
Condyloid Joints between the metacarpals and phalanges.
Gliding Joints between the various bones of the wrist and ankle.
Hinge Elbow joint, knee joint.
Pivot Joint between the proximal end of the radius and ulna.
Saddle Joint between the carpal and metacarpal of the thumb.
15. Describe the movements permitted by each type of synovial joint.

Type of Movement

Ball-and-Socket Movement in all planes, as well as rotational movement around a central axis.

Condyloid Variety of movement in different planes, but rotational movement is possible.

Gliding Sliding back and forth motion only.

Hinge Flexion and extension in one plane only.

Pivot Rotation around a central axis only.

Saddle Variety of movements.

16. Name the parts that comprise the shoulder joint.

The shoulder joint consists of the head of the humerus and the glenoid cavity of the scapula.

17. Name the major ligaments associated with the shoulder joint.

Coracohumeral ligament—Connects the coracoid process of the scapula to the greater tubercle of the humerus.

Glenohumeral ligament—Three binds of fibers that appear as thickenings in the ventral wall of the joint

capsule and extend from the edge of the glenoid fossa to the lesser tubercle and the anatomical neck of the humerus.

Transverse humeral ligament—Runs between the greater and lesser tubercles of the humerus.

Glenoidal labrum—Attached along the margin of the glenoid fossa and forms a rim with a thick free edge that deepens the fossa.

18. Explain why the shoulder joint permits a wide range of movements.

The shoulder joint permits a wide range of movements due to the looseness of it attachments and the

relatively large articular surface of the humerus compared to the shallow depth of the glenoid fossa. The

movements include flexion, extension, abduction, adduction, rotation, and circumduction.

19. Name the parts that comprise the elbow joint.

The elbow joint includes the trochlea of the humerus, the trochlear notch of the ulna, the capitulum of the humerus, and a fovea on the head of the radius.

20. Describe the major ligaments associated with the elbow joint.

Radial collateral ligament—Connects the lateral epicondyle of the humerus to the annular ligament of the radius.

Annular ligament—Connects the margin of the trochlear notch of the ulna and encircles the head of the radius.

Ulnar collateral ligament—Connects the medial epicondyle of the humerus to the medial margin of the coronoid process. It also connects posteriorly to the medial epicondyle of the humerus and to the olecranon process of the ulna.

21. Name the movements permitted by the elbow joint.

The only movement permitted between the humerus and ulna are flexion and extension. The head of the radius, however, is free to rotate in the annular ligament, which allows pronation and supination of the hand.

22. Name the parts that comprise the hip joint.

The hip joint consists of the head of the femur and the cup-shaped acetabulum of the coxal bone.

23. Describe how the articular surfaces of the hip joint are held together.

Acetabular labrum—Horseshoe-shaped ring of fibrocartilage at the rim of the acetabulum and deepens the acetabular cavity encloses the head of the femur.

Iliofemoral ligament—Connects the anterior inferior iliac spine of the coxal bone to the intertrochanteric line between the greater and lesser trochanters of the femur.

Pubofemoral ligament—Extends between the superior portion of the pubis and the iliofemoral ligament.

Ischiofemoral ligament—Originates on the ischium just posterior to the acetabulum and blends with the fibers of the joint capsule.

24. Explain why there is less freedom of movement in the hip joint than in the shoulder joint.

Muscles surround the joint capsule of the hip. The articulating parts of the hip are held more closely together than those of the shoulder, allowing considerably less freedom of movement.

25. Name the parts that comprise the knee joint.

The knee joint consists of the medial and lateral condyles at the distal end of the femur, and the medial and

lateral condyles at the proximal end of the tibia. The femur also articulates anteriorly with the patella.

26. Describe the major ligaments associated with the knee joint.

Patellar ligament—Continuation of a tendon from the quadriceps muscle group that extends from the margin of the patella to the tibial tuberosity.

Oblique popliteal ligament—Connects the lateral condyle of the femur to the margin of the head of the tibia.

Arcuate popliteal ligament—Extends from the lateral condyle of the femur to the head of the fibula.

Tibial collateral ligament (medial collateral ligament)—Connects the medial condyle of the femur to the medial condyle of the tibia.

Fibular collateral ligament (lateral collateral ligament)—Connects the lateral condyle of the femur and the head of the fibula.

Anterior cruciate ligament (ACL)—Originates from the anterior intercondylar area of the tibia and extends to the lateral condyle of the femur.

Posterior cruciate ligament (PCL)—Connects the posterior intercondylar area of the tibia to the medial condyle of the femur.

27. Explain the function of the menisci of the knee.

The menisci serve as shock absorbers. They also function to compensate for the differences in shapes between the surfaces of the femur and tibia.

28. Describe the locations of the bursae associated with the knee.

Suprapatellar bursa—Located between the anterior surface of the distal end of the femur and the quadriceps muscle group above it.

Prepatellar bursa—Located between the patella and the skin.

Infrapatellar bursa—Located between the proximal end of the tibia and the patellar ligament.

29. Describe the process of aging as it contributes to the stiffening of fibrous, cartilaginous, and synovial joints.

Joint stiffness is often the earliest sign of aging.

a. Collagen changes cause the feeling of stiffness.

b. Regular exercise can lessen the effects.

Fibrous joints are the first to begin to change and strengthen over a lifetime.

Synchondroses of the long bones disappear with growth and development.

Changes in symphysis joints of the vertebral column diminish flexibility and decrease height.

Over time, synovial joints lose elasticity.

Part B

Match the movements in column I with the descriptions in column II.

I II

1. Rotation D. Moving part around an axis

2. Supination A. Turning palm upward

3. Extension F. Increasing angle between parts

4. Eversion E. Turning the foot laterally
5. Protraction C. Moving part forward

6. Flexion B. Decreasing angle between parts

7. Pronation H. Turning palm downward

8. Abduction I. Moving part away from midline

9. Depression G. Lowering a part

Chapter 9

Muscular System

Part A

1. List the three types of muscle tissue.

The three types of muscle tissue are: skeletal, smooth, and cardiac.

2. Distinguish between a tendon and an aponeurosis.

A tendon is a projection of connective tissue beyond the ends of the muscle that attaches to bone. An

aponeurosis is a broad fibrous sheet of connective tissue that connects muscles to adjacent muscles.

3. Describe the connective tissue coverings of a skeletal muscle.

Muscle fibers are grouped together in fascicles that are surrounded by a layer of connective tissue called the endomysium. The fascicles are bundled together and surrounded by another layer of connective tissue called the perimysium, which also fills the spaces between the fascicles. Several layers of fibrous connective tissue called the epimysium, which surrounds the entire muscle, then cover the perimysium.

4. Distinguish between deep fascia, subcutaneous fascia, and subserous fascia.

Deep fascia is the portion of the network of the fasciae that surrounds and penetrates the muscles.

Subcutaneous fascia is the portion that lies just beneath the skin forming the subcutaneous layer. Subserous fascia is the portion that forms the connective tissue layer of the serous membranes covering organs in various body cavities and lining those cavities.

5. List the major parts of a skeletal muscle fiber, and describe the function of each part.

A muscle fiber is a single, multinucleated cell, which contracts when stimulated. It is a thick, elongated cylinder with rounded ends that may extend the entire length of the muscle. Its component parts are:

a. Sarcolemma—The specific name for a muscle fiber’s cell membrane.

b. Sarcoplasm—The specific name for a muscle fiber’s cytoplasm. It contains the many small, oval nuclei and mitochondria.

c. Myofibrils—The numerous, threadlike proteins that lie parallel to one another and are contained in the

sarcoplasm. The arrangement of the two proteins below produces the striations seen in the skeletal muscle.

1. Myosin—The primary protein of the myofibril. It is a thick protein filament running longitudinally within the muscle fiber.

2. Actin—The thin protein filaments arranged intertwined within the myosin filaments.
The alternating light and dark striations are named for their positions within the fiber.

1. A bands—The primary location of the myosin filaments that produces the dark striations.

2. I bands—The primary location of the actin filaments that produces the light striations.

3. Z lines—The attachment point of the actin filaments at the ends of I bands. They are arranged so that those of adjacent myofibrils side by side.

d. Sarcomere—The segment of the myofibril between two successive Z lines. This regular arrangement causes the muscle fiber to appear striated.

e. Sarcoplasmic reticulum (S.R.)—The specific name for the endoplasmic reticulum. The network of membranous channels that surround each myofibril running parallel to them.

f. Transverse tubules (T-tubules)—The invaginations of the fiber’s sarcoplasm that extend inward and pass completely through the fiber. It is open to the outside of the sarcoplasm at both ends and contains extracellular fluid. Each T-tubule likes between two enlarged portions of the S.R., called cisternae, near the regions where the actin and myosin filaments overlap. With the S.R., the T-tubules activate the muscle contraction mechanism.

6. Describe a neuromuscular junction.

Each skeletal muscle fiber is connected to a fiber from a nerve cell called a motor neuron. The muscle fiber

contracts only when stimulated by this specific fiber. At the connection point between the never fiber and the muscle fiber, the muscle fiber’s sarcolemma is tightly coiled and heavily concentrated with mitochondria. This region is known as the motor end plate. The branches of the motor nerve fiber project into recesses (synaptic clefts) of the motor end plates and the distal ends are filled with mitochondria and synaptic vesicles that store chemicals called neurotransmitters. This entire region is known as a neuromuscular junction.

7. Define motor unit, and explain how the numbers of fibers within a unit affects muscular contractions.

The nerve fibers of a motor neuron are highly branched. Each of these branches is connected to the motor end plate of a single muscle fiber. When the motor neuron is stimulated, the impulse is carried to all of the muscle fibers attached to its branches. In this way a single motor neuron controls the contractions of many muscle fibers. All the muscle fibers attached to this motor neuron and the motor neuron itself constitute a motor unit.

The fewer muscle fibers in the motor unit, the finer the movements that can be produced.

8. Explain the function of a neurotransmitter substance.

A neurotransmitter is a chemical stored in the synaptic vesicles, which, when stimulated by a nerve impulse, is released into the gap at the motor end plate and stimulates the fiber to contract.

9. Describe the major events that occur when a muscle fiber contracts.

Muscle fiber contraction is a complex process involving a number of cell parts and chemical substances that result in the sliding movement of the actin and myosin filaments and causes a contraction. A myosin filament is composed of protein strands with globular ends called cross-bridges that extend outward along the length of the filament. The actin filaments have ADP molecules attached to its surface that serve as active sites for linking the cross-bridges of the myosin filaments.

Although the process is not completely understood, the sliding filament theory suggests that the myosin cross-bridge attaches to an actin active site and bends slightly, pulling the actin with it. It releases its attachment, straightens, and combines with another active site further down the actin filament, causing the sarcomere to shorten.

When the nerve impulse reaches the distal end of its branch, acetylcholine is released into the gap. The

acetylcholine diffuses rapidly across the motor end plate and combines with protein receptors in the

sarcolemma. This causes a muscle impulse to be generated and pass in all directions over the entire

sarcolemma, and through the T-tubules deep into the fiber. The S.R., which contains a high concentration of calcium ions, becomes more permeable and allows the ions to diffuse into the sarcoplasm. When a high enough concentration is present in the sarcoplasm, the linkages between the actin and myosin filaments occur and contraction takes place. The calcium ions are moved quickly back into the S.R. by an active transport system (calcium pump). When enough calcium ions have been removed from the sarcoplasm, the muscle relaxes. At the same time, the acetylcholine is rapidly decomposed by the enzyme cholinesterase. This prevents a single nerve impulse from causing a sustained contraction.

10. Explain how ATP and creatine phosphate function in muscle contraction.

The basic energy source for muscle contraction comes from ATP molecules supplied by the mitochondria. The cross-bridges of myosin contain the enzyme ATPase that causes ATP to decompose into ADP and phosphate, thereby releasing energy. The primary source of regeneration of ATP from ADP is creatine phosphate.

Creatine phosphate contains high-energy phosphate bonds and is four to six times more abundant in the muscle fibers than ATP. Creatine phosphate cannot directly supply energy to the muscle fiber. Instead, it acts as a storehouse of energy for the ADP. In the mitochondria, the enzyme creatine phosphokinase creates creatine phosphate to be used for ATP synthesis. The creatine phosphate, in turn, converts ADP into ATP by resupplying the phosphate molecule.

11. Describe how oxygen is supplied to skeletal muscles.

Oxygen is carried from the lungs by hemoglobin in the blood. When the hemoglobin reaches the muscle, the oxygen is transferred to the myoglobin in the muscle fiber. Myoglobin is similar to hemoglobin in its oxygen capacity, and reduces the muscle’s need for continuous blood supply during contraction.

12. Describe how an oxygen debt may develop.

When skeletal muscles have been used where they have exceeded their oxygen reserves, anaerobic respiration must take over. Anaerobic respiration changes glucose into pyruvic acid, and due to the lack of oxygen, the pyruvic acid is converted into lactic acid. The lactic acid diffuses out of the muscles and is taken to the liver by the blood. The liver can change lactic acid back into glucose: however, this conversion also requires the use of ATP. During strenuous exercise, primarily the muscles and not the liver use the oxygen, so the lactic acid accumulates. Oxygen debt then, is defined as the amount of oxygen needed by the liver to convert the lactic acid back into glucose, plus the amount needed by the muscles to resynthesize ATP and creatine phosphate and return them to their original concentrations. Because the conversion of lactic acid into glucose is a slow process, it may take several hours to repay the oxygen debt.

13. Explain how muscles may become fatigued and how a person’s physical condition may affect tolerance to fatigue.

If a muscle is exercised strenuously for a long period, it may lose its ability to contract. This is called muscle fatigue. This condition may result from an interruption in a muscle’s blood supply or from the depletion of acetylcholine in the motor nerve fibers. The most common cause of muscle fatigue is due to the accumulation of lactic acid from anaerobic respiration. The lactic acid causes factors, such as pH, to change so that the muscle fibers no longer respond. Occasionally, a muscle becomes fatigued and develops a cramp simultaneously. A cramp is a painful condition in which the muscle contracts spasmodically, but does not completely relax. This may be caused by a lack of ATP. A person who exercises can stimulate new capillaries to grow within the muscles, supplying more oxygen and nutrients to the muscle fibers. This will allow more aerobic respiration to take place, thereby decreasing dependence on anaerobic respiration, which results in less lactic acid buildup.

14. Explain how actions of skeletal muscles affect maintenance of body temperature.

Two-thirds of the energy released in cellular respiration is lost as heat. Muscle accounts for most of the total body mass so when muscles are active, large amounts of heat are produced. This is circulated throughout the body by the blood thereby supporting the maintenance of body temperature.

15. Define threshold stimulus.

A muscle fiber remains unresponsive until a certain amount of stimulus is applied. This minimal strength

required is called the threshold stimulus.

16. Explain all-or-none response.

When a muscle fiber contracts, it always contracts to the fullest extent possible. Because a muscle fiber cannot contract partially, this phenomenon is called the all-or-none response.

17. Describe the staircase effect.

A muscle fiber that has been inactive can be subjected to a series of stimuli, such that it undergoes a series of twitches with complete relaxation in between. However, the strength of each successive contraction increases, reaching a maximum. This phenomenon is called the staircase effect.

18. Explain recruitment.

Because all of the muscle fibers in a motor unit are controlled by a single motor neuron, all of the fibers will contract in response to the motor neuron stimulus. When the nerve impulse is so great that one motor neuron cannot handle it; the excess impulse is shunted to other motor neurons. This ability to cause more than one motor unit to respond to a stimulus is called motor unit recruitment.

19. Explain how a skeletal muscle can be stimulated to produce a sustained contraction.

If a muscle is exposed to a series of stimuli increasing in frequency, a point is reached where the muscle is unable to complete its relaxation period before the next stimulus arrives. This stacking of twitches causes a sustained contraction. 

20. Distinguish between a tetanic contraction and muscle tone.

A tetanic contraction (tetany) results when a sustained forceful contraction lacks even partial relaxation.

Muscle tone (tonus) is a response to nerve impulses originating repeatedly from the spinal cord, and traveling to small numbers of muscle fibers within a muscle. Muscle tone is responsible for maintaining posture. Muscle tone appears to be a conscious phenomenon because when the person is rendered unconscious, the body will collapse.

21. Distinguish between concentric and eccentric contractions, and explain how each is used in body movements.

Concentric = Shortening occurs If a person lifts an object, the muscles remain taut, their attached ends pull closer together, and the object is moved. The muscle contracts with force greater than resistance and shortens.

Eccentric = lengthening occurs The muscle contracts with less force than resistance and lengthens. Laying a book down on a table is an example.

22. Distinguish between fast-contracting and slow-contracting muscles.

Fast-contracting muscles (white muscles) contain less myoglobin and have a poorer blood supply in relation to slow-contracting muscles (red muscles). They have fewer mitochondria and a reduced respiratory capacity.

They do have a better-developed sarcoplasmic reticulum and a higher ATPase activity. This allows them to

contract rapidly. A slow-contracting muscle has a lot of myoglobin and a well-developed blood supply. They have many mitochondria to carry on aerobic respiration. As a result, they can generate the necessary ATP needed for contraction. They contract for long periods of time prior to muscle fatigue becoming a factor.

23. Compare the structures of smooth and skeletal muscle fibers.

Smooth muscle fibers are shorter than skeletal muscle fibers. Smooth muscle fibers have once centrally nucleus. They are elongated with tapering ends. The actin and myosin filaments are present throughout the

length of smooth muscle fibers but are thinner and more random. The smooth muscle fibers also lack

transverse tubules and their sarcoplasmic reticulum are not well developed.

24. Distinguish between multiunit and visceral smooth muscles.

Multiunit smooth muscle features fibers that are somewhat disorganized and occur as separate fibers rather than in sheets. It can be found in the iris of the eyes and in the walls of blood vessels. Multiunit smooth muscle tissue contracts only after stimulation by motor nerve impulses. Visceral smooth muscle is composed of sheets of spindle-shaped cells in close contact with one another. This type, which is more common, is found in the walls of hollow, visceral organs such as the stomach, intestines, urinary bladder, and uterus. The fibers of visceral smooth muscle are capable of stimulating each other. So, when one fiber is stimulated, the impulse may excite adjacent fibers that, in turn, may excite others. Visceral smooth muscle fibers also display rhythmicity—a pattern of repeated contractions. These two features of visceral smooth muscle are largely responsible for peristalsis.

25. Define peristalsis and explain its function.

Peristalsis consists of alternating contractions and relaxations of the longitudinal and circular muscle fibers. It functions to force the contents of a tube along its length.

26. Compare the characteristics of smooth and skeletal muscle contractions.

Both smooth and skeletal muscle contractions involve the reactions of actin and myosin, are triggered by membrane impulses and the release of calcium ions, and use energy from ATP molecules. The differences

between their contractions are:
a. Skeletal muscles use acetylcholine as the neurotransmitter. Smooth muscle uses acetylcholine and norepinephrine as its neurotransmitters.

b. Several hormones that cause either contractions or alter the amount of response to the neurotransmitters

affect smooth muscles.

c. Smooth muscle is slower to contract and relax than skeletal muscle. However, smooth muscle can

maintain a forceful contraction for a longer period of time with a given amount of ATP.

d. Unlike skeletal muscle, smooth muscle fibers can change length without changes in tautness. As a result,

as the hollow organs become filled, the muscles can stretch without internal pressure changing.

27. Compare the structures of cardiac and skeletal muscle fibers.

Cardiac muscle occurs only in the heart. It is made of striated muscle fibers joined end-to-end, forming three-dimensional networks. The internal components are the same, except that the cisternae of the cardiac fibers are not as well developed and contain fewer calcium ions than skeletal muscle fibers. The T-tubules of the cardiac muscle fibers are more developed and release more calcium ions, which comes from the extracellular fluid, in response to stimuli. This enables the cardiac muscle fibers to maintain contractions for a longer period of time.

The cardiac muscle cells are joined to each other at the ends by means of intercalated disks. These disks help hold adjacent cells together and transmit the force of the contraction from cell to cell. The disks are also low in electrical resistance, so the muscle impulse travels from cell to cell rapidly. Cardiac muscle is self-exciting, rhythmic, and the entire network responds in an all-or-none manner.

28. Compare the characteristics of cardiac and skeletal muscle contractions.

Skeletal muscle can contract individually. Cardiac muscle works in a network. When one portion of the

cardiac muscle network is stimulated, the impulse travels to the other fibers in the network. It then contracts as a unit. It is self-exciting and rhythmic, and the entire network responds in an all-or-none manner.

29. Distinguish between a muscle’s origin and its insertion.

The origin of a muscle is the end of the muscle attached to an immovable part. The insertion is the end of a muscle attached to a moveable part. When a muscle contracts, the insertion is pulled toward the origin.

30. Define prime mover, synergist, and antagonist.

The prime mover is the muscle that is primarily responsible for a certain movement. A synergist is a muscle that aids the prime mover in its action to move a part. An antagonist is a muscle that acts against the prime mover. For instance, if the prime mover raises the arm, the antagonist lowers it. The combination of both the prime mover and antagonist working at the same time will cause the part to remain rigid. This aids in maintaining posture, balance, and locomotion.

Part B

Match the muscles in column I with the descriptions and functions in column II.

I II

1. Buccinator F. Compresses the cheeks

2. Epicranius E. Consists of two parts—the frontalis and the occiptialis

3. Lateral pterygoid H. Pulls the jaw from side to side

4. Platysma G. Extends over the neck from the chest to the face

5. Rhomboideus major C. Can raise and adduct the scapula

6. Splenius capitis D. Can pull the head into an upright position

7. Temporalis A. Inserted on the coronoid process of the mandible

8. Zygomaticus B. Draws the corner of the mouth upward

9. Biceps brachii P. Strongest supinator of the forearm

10. Brachialis O. Strongest flexor of the elbow

11. Deltoid K. Abducts the arm

12. Latissimus dorsi J. Pulls the shoulder back and downward

13. Pectoralis major M. Pulls the arm forward and across the chest

14. Pronator teres N. Rotates the arm medially

15. Teres minor L. Rotates the arm laterally

16. Triceps brachii I. Primary extensor of the elbow

17. Biceps femoris V. A hamstring muscle

18. External oblique T. Compresses the contents of the abdominal cavity

19. Gastrocnemius S. A plantar flexor of the foot

20. Gluteus maximus U. Largest muscle in the body

21. Gluteus medius X. Abducts the thigh

22. Gracilis W. Adducts the thigh

23. Rectus femoris R. A member of the quadriceps group

24. Tibialis anterior Q. Inverts the foot

Part C

Which muscles can you identify in the bodies of these models whose muscles are enlarged by exercise?

See page 331.

Chapter 10

Nervous System I: Basic Structure and Function

1. Distinguish between neurons and neuroglial cells.

Neurons are the structural and functional cells reacting to the physical and chemical changes in their environment. Neuroglia are the supporting cells necessary for nourishing and maintaining the neurons, among other functions.

2. Explain the relationship between the central nervous system and the peripheral nervous system.

The central nervous system (CNS) is composed of the brain and the spinal cord. The peripheral nervous

system (PNS) is composed of all of the peripheral nerves that connect all of the parts of the body with the CNS.

3. List three general functions of the nervous system.

The nervous system functions in three ways:

Sensory—The sensory function is accomplished by means of sensory receptors that note changes in their environment.

Integrative—The CNS can take the impulses from all of the sensory receptors and combine them to make perceptions and sensations about the environment.

Motor—The CNS can send impulses along some peripheral nerves to effectors in the muscles and glands in response to changes in the internal and external environment.

4. Describe the generalized structure of a neuron.

All neurons have a cell body and nerve fibers that are responsible for nerve impulse conduction to and from the cell body. The cell body (soma or perikaryon) contains granular cytoplasm, mitochondria, lysosomes, a Golgi apparatus, and many microtubules. Neurofibrils extend in a network throughout the microtubules and support them. Also found in the cytoplasm are Nissl bodies, which are membranous sacks of rough endoplasmic reticulum. Cytoplasmic inclusions contain glycogen, lipids, or pigments. The nucleus is large and spherical with a conspicuous nucleolus. The two kinds of nerve fibers extending from the cell body are called dendrites and axons. The many dendrites are typically highly branched to provide receptive surfaces (dendritic spines) for other neurons to communicate. A neuron usually has only one axon arising from the axon hillock. It is a nearly smooth cylindrical process with uniform diameter. It is filled with cytoplasm containing many mitochondria, microtubules, and neurofibrils. It is specialized to conduct nerve impulses away from the cell body. The axon starts as a single fiber but may branch off into collaterals, which may end in presynaptic terminals.

5. Define myelin.

Surrounding larger axons and dendrites of peripheral nerves are sheaths of neuroglial cells called Schwann cells. These cells are wound tightly around the fibers and, as a result, the cell membranes are layered closely together with little or no cytoplasm between them. The layers are composed of a lipoprotein called myelin, which forms a myelin sheath on the outside of the fibers. The outermost Schwann cells contain most of the cytoplasm and their nuclei remain outside the myelin sheath. This layer is known as neurolemma or neurolemmal sheath.

6. Distinguish between myelinated and unmyelinated nerve fibers.

A myelinated nerve fiber is one, which is bound by Schwann cells longitudinally along its length. The

Schwann cells wrap tightly around the nerve fiber and form a myelin sheath. Unmyelinated nerve fibers lack these sheaths. In this case, these Schwann cells are not wound around the axons but simply for a grove or valley in which the axon sits. Myelinated (medullated) nerve fibers appear white. Unmyelinated nerve fibers appear gray.

7. Explain how neurons are classified on the basis of their structure.

Nerve fibers can be classified into three main groups:

Bipolar—Bipolar neurons have only two nerve fibers, one is the axon and one is the dendrite. They are from opposite sides of the cell body.

Unipolar—Unipolar neurons have a single nerve fiber extending from the cell body. From there it branches in

two directions; one branch extends into a peripheral body part and serves as a dendrite. The other extends into the CNS and acts like an axon.

Multipolar—Multipolar neurons have one axon and many other extensions from the cell body that serve as dendrites.

8. Explain how neurons are classified on the basis of their function.

Nerve fibers can be classified into three groups:

Sensory—Sensory (afferent) neurons sense changes inside or outside the body by means of receptors ends or nearby receptor cells. They send impulses to the CNS in response to these changes. Most of these neurons are unipolar, with some bipolar.

Interneurons—Interneurons (association or internuncial neurons) are multipolar neurons found in the CNS.

They link with other neurons and send impulses from one part of the CNS to another.

Motor—Motor (efferent) neurons are multipolar, and send impulses from the CNS to muscles or glands. There are two types of motor neurons that control smooth or cardiac muscle. Accelerator neurons increase muscle activity, while inhibitory neurons decrease muscle activity.

9. Discuss the functions of each type of neuroglial cell.

The PNS has only one type of neuroglial cell: the Schwann cell. The CNS has four different types of neuroglial cells. They are:

Astrocyte—Astrocytes are star-shaped cells located between neurons and blood vessels. They provide structural support and transport substances between the neurons and blood vessels. Astrocytes are joined together by gap junctions, providing a channel for circulating calcium ions. Other duties include metabolism of substances (such as glucose), keeping the synaptic clefts free of excess ions and neurotransmitters, and scar tissue formation after injury.

Oligodendrocytes—Oligodendrocytes function in myelin production. By extending numerous cellular

processes, an oligodendroctye can provide myelin sheaths to several different axons. Because of this

arrangement, no neurilemmal sheaths are formed.

Microglia—Microglia are small cells found throughout the CNS. They provide support and phagocytize bacteria and debris.

Ependyma—Ependyma are ciliated cuboidal or columnar cells found as the inner lining of the central canal and as a single-layered membrane covering the ventricles of the brain. They are joined together by gap and tight junctions, and provide a porous layer for substances to diffuse between the interstitial fluids of the brain and cerebrospinal fluid in the ventricles.

10. Describe how an injured nerve fiber may regenerate.

If the axon of a peripheral nerve is separated from the cell body, the distal portion deteriorates and the

fragments are removed by macrophages. The proximal end then develops new sprouts, and nerve growth

factors from surrounding neuroglia cause the sprouts to grow. At the same time, remaining Schwann cells

proliferate and surround the new axon. If a sprout grows into the remaining basement membranes of the

original tract, the new fiber may rejoin with its original connection. If the injured axon is from a neuron in the CNS, the lack of a myelin sheath prevents the new fiber from being guided to its original connection.

Therefore, regeneration in the CNS is very unlikely. An injury to the cell body of a neuron usually causes death to the entire fiber, and no regeneration will occur.

11. Explain how a membrane may become polarized.

A cell, in its normal state, has a negatively charged interior with respect to the exterior. This is accomplished by transport mechanism channels that let potassium ions move easily in and out, and keep sodium and calcium ions under tight control.

12. Define resting potential.

Because the movement of sodium ions into the cell is slower than the movement of potassium out of the cell, there are more positive ions (cations) outside and more negative ions (anions) inside. The difference in the charges between the two sides of the cell’s membrane is about –70 millivolts (in relation to the interior charge).

This difference in charge is defined as the resting potential because it shows a potential to do the work (send a message).

13. Distinguish between depolarizing and hyperpolarizing.

If, in response to a stimulus, the resting potential becomes more negative, the cell is said to be hyperpolarizing. If the stimulus causes the resting potential to become less negative, the cell is said to be

depolarizing.

14. List the changes that occur during an action potential.

When enough stimuli have accumulated to cause the threshold potential to be released, the area stimulated opens its sodium channels. As the sodium ions rush in, the inside of the cell becomes momentarily positive. At the same time, potassium channels open to allow the potassium ions out. This causes the inside of the cell to return to a negative charge (repolarization). The entire sequence takes less than 1/1,000th of a second.

15. Distinguish between action potentials and nerve impulses.

An action potential occurs at a specific site. When an action potential occurs at the trigger zone of a nerve cell, it sends an electrical impulse to the adjacent membrane. This causes an action potential at the next site. This occurs in a wavelike sequence, without losing amplitude, from the beginning of the fiber to the end, and is known as a nerve impulse.

16. Define refractory period.

After an action potential passes, the fiber needs time to return to its resting potential. This time is called the refractory period. The refractory period has two parts. The first is the absolute refractory period. This lasts

about 1/2,500th of a second, and is the period when no new impulses can be sent. The second is called the relative refractory period. During this time, the fiber still has not returned to its resting potential, but enough sodium and potassium ions have moved to allow an action potential to occur to very strong stimuli.

17. Define saltatory conduction.

The Schwann cells surrounding a myelinated nerve fiber serve as an insulator and prevent most ions from passing through. Between adjacent Schwann cells is a small gap called a node of Ranvier, where the nerve

fiber is exposed. When a nerve impulse is conducted along a myelinated fiber, it “jumps” from node to node.

This type of conduction is called saltatory conduction.

18. Define synapse.

The ends of axons and dendrite are not directly connected to other neurons or effects. Instead, they terminate very close to them, leaving a space. The terminal end of the axon is called a presynaptic terminal and it communicates with a postsynaptic neuron. This “connection” is called a synapse.

19. Explain how a nerve impulse is transmitted from one neuron to another.

When a nerve impulse reaches the end of the presynaptic neuron, it enters several synaptic knobs that contain synaptic vesicles filled with neurotransmitters. The neurotransmitters are released into the synaptic cleft and trigger an action potential in the postsynaptic neuron.

20. Explain the role of calcium in the release of neurotransmitters.

An action potential moving across a synaptic knob’s membrane causes calcium channels to open and increases the membrane’s permeability. As the calcium ions move inward, some of the synaptic vesicles fuse with the presynaptic membrane and release their neurotransmitters. The number of vesicles that fuse to the membrane is directly related to the amount of calcium ions that move inward.

21. Define neuropeptide.

Neuropeptides are chains of amino acids found in the CAN and/or PNS that act as neurotransmitters or

neuromodulators (substances that block neurotransmitters or alter a neuron’s response). Among the

neuropeptides are two found only in the CNS that are potent natural pain relievers (enkephalins and beta

endorphin) and one found throughout both the CNS and PNS that transmits pain impulses (substance P).

22. Distinguish between excitatory and inhibitory postsynaptic potentials.

Different neurotransmitters cause distinctly different responses in the postsynaptic neuron. If a

neurotransmitter binding to the postsynaptic neuron causes sodium ion channels to open, the ions move inward and depolarize the membrane, possibly causing an action potential. Because this reaction causes the membrane to be closer to the threshold potential, it is said to be an excitatory postsynaptic potential (EPSP). If the neurotransmitter causes the potassium receptors to open, the postsynaptic membrane becomes hyperpolarized in response to an influx of potassium ions. This reaction makes an action potential less likely and is called an inhibitory postsynaptic potential (IPSP).

23. Describe the “trigger zone” of a neuron.

A trigger zone is an area at the proximal end of an axon at the axonal hillock that starts a nerve impulse from the action potential.

24. Describe the relationship between an input nerve fiber and its neuronal pool.

A neuronal pool is a group of neurons in the CNS that has special characteristics. It responds to impulses from input (afferent) nerve fibers. These fibers branch many times upon entering the neuronal pool to form hundreds of synapses with dendrites and cell bodies in a certain region of the pool.

25. Define facilitation.

Because a neuron in a region of a neuronal pool may receive excitatory and inhibitory impulses at the same

time, the net effect may be either excitatory or inhibitory. If the net effect is excitatory enough to pass the

threshold potential, an action potential will occur. If the net effect is excitatory but subthreshold, the neuron becomes more excitable and easier to push over the threshold. This state is called facilitation.

26. Distinguish between convergence and divergence.

When input nerve fibers from different areas of the body send impulses to the same neuron, they are said to

converge. When a neuron sends impulses out on an output (efferent) nerve fiber, the impulse may stimulate others. These, in turn, may stimulate still others, and so on. Divergence works with input nerve fibers as well.

For instance, the impulse form a sensory receptor may diverge and reach several different areas of the CNS for processing.

27. Explain how nerve impulses are amplified.

When a nerve impulse is diverged, it is carried on several nerve fibers. This amplifies its effect and causes a more forceful response.

Chapter 11

Nervous System II: Divisions of the Nervous System

1. Name the layers of the meninges and explain their functions.

The layers of the meninges surround the brain and spinal cord. They are, from the outermost to the innermost layers:

Dura mater—The dura mater is a tough, fibrous connective tissue layer containing many blood vessels and nerves. It functions as a protective layer, surrounding the brain and spinal cord.

Arachnoid mater—The arachnoid mater is a thin web-like membrane that lacks blood vessels and nerves. It is attached to the pia mater by thin strands.

Pia mater—The pia mater is a thin membrane containing many nerves and blood vessels that provide nourishment to the underlying brain cells and spinal cord. It is attached directly to the surface of the brain and spinal cord.

2. Describe the location of cerebrospinal fluid within the meninges.

Cerebrospinal fluid (CSF) is found between the arachnoid and pia mater of the brain and spinal cord in the space called the subarachnoid space.

3. Describe the location of the ventricles of the brain.

The lateral ventricles (first and second ventricles) extend into the cerebra hemispheres and occupy part of the frontal, temporal, and occipital lobes. The third ventricle is found in the midline of the brain, below the corpus callosum, and connects the lateral ventricles through openings in the anterior ends. The fourth

ventricle is found in the brain stem in front of the cerebellum. The cerebral aqueduct connects openings in its roof that lead into the subarachnoid space of the meninges.

4. Explain how cerebrospinal fluid is produced and how it functions.

Cerebrospinal fluid (CSF) is secreted by tiny reddish cauliflower-like masses of specialized capillaries in the pia mater called choroid plexuses that project into the ventricles. CSF is important in the protection and support of the CNS by absorbing the forces of impact, maintaining a stable ion concentration, and providing a route for waste products to be removed.

5. Describe the structure of the spinal cord.

The spinal cord is a long slender column of nerve fibers that begins at the foramen magnum of the skull and extends downward to a point near the first and second lumbar vertebrae. The cord is actually a group of thirty-one segments that give rise to pairs of spinal nerves. These nerves connect all of the body to the CNS.

A thickening in the neck region, called the cervical enlargement, supplies the nerves to the arms and a similar thickening, the lumbar enlargement, supplies the nerves to the legs. Inferior to the lumbar enlargement, the spinal cord tapers into a structure (conus medullaris) that is connected to the coccyx by a thin cord of connective tissue (filum terminale).

Along the length of the cord are two grooves, the anterior median fissure and posterior median sulcus, which divide the cord into left and right halves. A cross section of the cord shows a gray matter core surrounded by white matter. The gray matter resembles a butterfly. The upper wings are called the posterior horns and the lower wings are called the anterior horns. Between these horns is a small protuberance called the lateral horn.

A horizontal bar of gray matter surrounds the central canal and connects the wings on both sides. The white

matter is divided on each side into three regions, the anterior, lateral, and posterior funiculi.

6. Describe a reflex arc.

A reflex arc is the simplest response to a stimulus. It begins with a receptor at the end of sensor nerve fibers. It travels to a reflex center in the CNS and an impulse is sent to an effector along a motor nerve fiber.

7. Define reflex.

A reflex is an automatic, subconscious response to stimuli inside or outside the body.

8. Describe a withdrawal reflex.

When a person touches something painful, receptors in the skin send impulses to interneurons in a reflex center in the spinal cord. The reflex center sends impulses to the flexor muscles of the affected part causing the part to be moved away. At the same time this is happening, impulses to the extensor muscles of the affected part are inhibited, so that the flexors can work more effectively. A phenomenon, called a crossed extensor reflex, occurs simultaneously with the initial reflex that causes the extensors of the opposite limb to contract.

9. Name the major ascending and descending tracts of the spinal cord, and list the functions of each.

The major ascending tracts are:

Fasiculus gracilis and fasiculus cuneatus—These tracts are found in the posterior funiculi and conduct sensory impulses from the skin, muscles, tendons, and joints. Most of the nerve fibers cross over in the medulla oblongata to their opposite sides.

Lateral and anterior spinothalamic—These tracts are located in the lateral and anterior funiculi. The lateral tracts conduct pain and temperature sensations from the body. The anterior tract conducts touch and pressure sensations from the body.

Posterior and anterior spinocerebellar—Both tracts are located near the surface of the lateral funiculi. The anterior tracts cross over in the spinal cord, while the posterior tracts do not. Both tracts conduct impulses from the legs and trunk to the cerebellum and aid in muscle coordination.

The major descending tracts are:

Lateral and anterior corticospinal—These tracts are found in the lateral and anterior funiculi. Most of the

fibers in the lateral tracts cross over in the spinal cord, while the anterior tracts’ fibers do not. Both of these

tracts conduct impulses through the spinal nerves to various skeletal muscles to control voluntary movements.

These tracts are also called pyramidal tracts because they pass through pyramid-shaped regions in the medulla oblongata.

Lateral, anterior, and medial reticulospinal—The lateral tracts are found in the lateral funiculi and the

anterior and medial tracts are found in the anterior funiculi. Some of the nerve fibers in the lateral tracts are the only ones that cross over. None of the other tracts do. These tracts conduct impulses that control muscle tone and sweat gland activity.

Rubrospinal—These fibers are found in the lateral funiculi and cross over in the brain. These fibers conduct impulses to skeletal muscles to aid in muscle coordination and control posture.

10. Explain the consequences of nerve fibers crossing over.

Crossing over causes the impulses from one side of the body to be received and controlled by the opposite side of the brain.

11. Describe how the brain develops.

During embryonic development, the brain begins as a neural tube that gives rise to the CNS. At one end there are three major cavities or vesicles: the forebrain (prosencephalon), midbrain (mesencephalon), and hindbrain (rhombencephalon). The forebrain divides into the anterior (telencephalon) and posterior (diencephalon) portions. The hindbrain partially divides into the metencephalon and myelencephalon. These five cavities in the mature brain become the ventricles and the tubes that connect them. The tissue of the telencephalon becomes the cerebrum and basal ganglia while the diencephalon remains unchanged. The midbrain continues to mature and is still called the midbrain in the adult structure. The hindbrain matures into the cerebella, pons, and medulla oblongata. The brain stem is comprised of the midbrain, pons, and medulla oblongata and connects the brain to the spinal cord.

12. Describe the structure of the cerebrum.

The cerebrum consists of two cerebral hemispheres separated by a layer of dura mater called the falx cerebri and connected deeply by a nerve fiber bundle called the corpus callosum. The hemispheres are marked by many convolutions separated by shallow grooves called sulci (sing. sulcus) and deep grooves called fissures.

These grooves form distinct patterns. For instance, the longitudinal fissure separates left and right hemispheres, and the transverse fissure separates the cerebrum from the cerebellum.

Various sulci divide each hemisphere into lobes names after the skull bones they underlie. They are:

Frontal lobe—The frontal lobe forms the anterior portion of each cerebral hemisphere, and lies in front of the central sulcus (fissure of Rolando) and above the lateral sulcus (fissure of Sylvius).

Parietal lobe—The parietal lobe lies behind the central sulcus and frontal lobe.

Temporal lobe—The temporal lobe lies below the frontal and parietal lobes, separated by the lateral sulcus.

Occipital lobe—The occipital lobe is the posterior portion of each hemisphere separated from the cerebellum by the tentorium cerebelli. There is no clear boundary between the temporal, parietal, and occipital lobes.

Insula—The insula (island of Reil) is found deep in the lateral sulcus and is separated from the frontal, parietal, and temporal lobes by a circular sulcus.

13. Define cerebral cortex.

The cerebral cortex is the outermost layer of the cerebrum and is a layer of gray matter that contains 75 percent of all neuron bodies in the nervous system.

14. Describe the location and function of the primary motor areas of the cortex.

The primary motor areas of the cerebral cortex lie in the frontal lobes along the anterior wall of the central

gyrus. Large pyramidal cells are responsible for nerve impulses sent through the corticospinal tracts to voluntary muscles. Impulses from the upper parts of the motor areas control muscles in the legs and thighs; the middle portion control muscles in the shoulders and arms; and the lower portions control the muscles of the head, face, and tongue.

15. Describe the location and function of Broca’s area.

Broca’s area is found just anterior to the primary motor cortex usually in the left hemisphere. It is responsible for complex muscular coordination of the mouth, tongue, and larynx, which make speech possible.

16. Describe the location and function of the sensory areas of the cortex.

The sensory areas for temperature, touch, pressure, and pain in the skin are found in the anterior portion of the parietal lobes along the central sulcus. Vision sensory areas are found in the posterior portion of the occipital lobes. The sensory areas for hearing are found in the dorsal posterior portion of the temporal lobes. The sensory areas for taste are found near the base of the central sulci along the lateral sulci and the sense of smell arises from deep in the cerebrum.

17. Explain the function of the association areas of the lobes of the cerebrum.

The association areas are found in the anterior frontal lobes, and in the lateral areas of the parietal, temporal, and occipital lobes. These function to analyze and interpret sensory experiences involving memory, reasoning, verbalizing, judgment, and emotions. The association areas of the frontal lobes deal with concentration, planning, problem solving, and judging the consequences of behavior. The areas of the parietal lobes deal with the understanding speech and word choice for thought expression. The areas of the temporal lobes deal with complex sensory interpretation, such as reading, music, and memories of visual scenes. The areas of the occipital lobes deal with visual pattern analysis and combining these images with other sensory experiences.

18. Define hemisphere dominance.

Although both hemispheres participate in basic functions, in most people, one hemisphere is dominant over the other. For instance, in over 90 percent of the population, the left hemisphere controls language activities such as reading, speech, and writing as well as complex intellectual functions requiring verbal, analytical, and computational skills. The non-dominant hemisphere seems to be more in control of the nonverbal activities such as spatial orientation, interpreting musical patterns, visual experiences, and emotional and intuitive thought.

19. Explain the function of the corpus callosum.

The nerve fibers of the corpus callosum allow the dominant hemisphere to receive sensory information sent to the non-dominant hemisphere for use in decision making by the general interpretive areas. It also allows the dominant hemisphere to control the motor cortex of the non-dominant one.

20. Distinguish between short-term and long-term memory.

Short-term memories are thought to be electrical in nature such that the neurons are connected in a circuit so that the last in the series stimulates the first. As long as the stimulation continues, the thought is remembered.

When it ceases, so does the memory, unless it enters long-term memory.

Long-term memories appear to change the structure or function of certain neurons that enhance synaptic transmission. The synaptic patterns must meet two requirements of long-term memory. First, there must be

enough synapses to encode an almost infinite number of memories. Second, the pattern of synapses can remain unchanged for years.

21. Describe the location and function of the basal nuclei.

The basal ganglia (basal nuclei) are masses of gray matter found deep in the cerebral hemispheres. They are the caudate nucleus, the putamen, and the globus pallidus and are responsible for producing most of the inhibitory neurotransmitter dopamine. Impulses from the basal ganglia inhibit motor functions, controlling certain muscular activities.

22. Name the parts of the diencephalon, and describe the general functions of each.

Diencephalon—The diencephalon contains many parts:

Thalamus—The thalamus serves as a central relay for sensory impulses ascending from other parts of the body. It receives all impulses except for smell, and routes them to the appropriate areas of the cortex. It also interprets general feelings such as pain, touch, and temperature. The thalamus also transmits sensory information by synchronizing action potentials. In this way, it serves as a messenger and an editor.

Hypothalamus—The hypothalamus is interconnected to the cortex and all areas of the brain stem so that it

can send and receive impulses to and from these areas. It plays a key role in maintaining homeostasis by

regulating visceral activities and serving as a link between the nervous and endocrine system.

Optic tracts and optic chiasma—These are formed as the optic nerve fibers cross over.

Infundibulum—The infundibulum attaches the pituitary gland to the brain stem.

Other parts include the: posterior pituitary gland, mammillary bodies, and the pineal gland.

23. Define the limbic system, and explain its functions.

The limbic system controls emotional experience and expression. It produces feelings of fear, anger, pleasure, and sorrow. It apparently recognizes upsets in a person’s physical or psychological condition that could be life threatening. By relating pleasant or unpleasant feelings about experiences, it guides behaviors that may increase the chance of survival. It also interprets sensory impulses from the olfactory receptors.

24. Name the parts of the midbrain, and describe the general functions of each.

The midbrain joins the lower parts of the brain stem and spinal cord with the higher parts of the brain. It also contains certain reflex centers. Two bundles of nerve fibers called the cerebral peduncles lie on the underside of the midbrain and form the corticospinal tracts, which are the main motor pathways between the cerebrum and lower parts of the nervous system. Two pairs of rounded knobs called the corporal quadrigemina provide centers for certain visual reflexes and the auditory reflex centers. In the center of the midbrain is a mass of gray matter called the red nucleus, which provides posture-maintaining reflexes.

25. Describe the pons and its functions.

The pons is a rounded bulge on the inferior side of the brain stem where it separates the midbrain from the medulla oblongata. The dorsal portion of the pons relays impulses between the medulla oblongata and the cerebrum. The ventral portion relays impulses from the cerebrum to the cerebellum. The pons also relays impulses from the peripheral nerves to higher brain centers. It also works with the medulla oblongata to

regulate rate and depth of breathing.

26. Describe the medulla oblongata and its functions.

The medulla oblongata is an enlarged continuation of the spinal cord at its superior end. It extends from the foramen magnum to the pons. Because of its location, all ascending and descending nerve fibers connecting the brain and the spinal cord must pass through it. Some of the nuclei in the gray matter relay ascending impulses to the other side of the brain stem and higher brain centers. Other nuclei control vital visceral activities and are called the cardiac center, the vasomotor center, and the respiratory center.

27. Describe the location and function of the reticular formation.

The reticular formation is scattered throughout the medulla oblongata, pons, and midbrain as a complex network of nerve fibers associating with small islands of gray matter. It extends from the superior portion of the spinal cord through to the diencephalon and connects the hypothalamus, basal ganglia, cerebellum, and cerebrum with fibers in all the major ascending and descending tracts. Because of the cerebral cortex is totally dependent on sensory impulses for its awareness of the external environment, the reticular formation is responsible for activating it into a state of wakefulness. Decreased activity in the reticular formation causes sleep. The reticular formation also filters incoming sensory impulses to prevent the cortex from being constantly bombarded by sensory stimulation, and allows it to concentrate on the significant information. The cerebra cortex can also activate the reticular formation during intense cerebral activities, keeping a person awake.

28. Distinguish between normal and paradoxical sleep.

Normal sleep (slow wave or non-REM) occurs when a person is very tired and is caused by decreased activity of the reticular formation. It is restful, dreamless, and accompanied by reduced blood pressure and respiratory rate. Paradoxical sleep (REM sleep) is so named because some areas of the brain are active. It is identified by dreaming, rapid eye movement beneath the eyelids, and irregular respiratory and heart rates.

29. Describe the functions of the cerebellum.

The main function of the cerebellum is to serve as the reflex center for control of body part positions in response to sensory information from various nerve centers. It is the primary area for control of the complex skeletal movements involved in posture and locomotion. To accomplish this, the cerebellum communicates with the body and brain via three pairs of nerve tracts:

Inferior peduncles—This pair receives sensory information concerning limb, joint, and other body part positions.

Middle peduncles—This pair sends impulses concerning the desired position of these body parts from the cerebrum to the cerebellum.

Superior peduncles—This pair sends the newly integrated information through the pons, medulla oblongata, and spinal cord as motor impulses to the skeletal muscles concerned.

Damage to the cerebellum will cause tremors, muscle tone loss, reeling walk, loss of equilibrium, and inaccurate muscle movements.

30. Distinguish between the somatic and autonomic nervous systems.

The somatic nervous system is a division of the peripheral nervous system (PNS) and consists of cranial and spinal nerves that oversee conscious activities. The autonomic nervous system is the other division of the PNS and includes the fibers that connect the central nervous system (CNS) to the viscera. It controls unconscious activities.

31. Describe the structure of a peripheral nerve.

A peripheral nerve consists of nerve fiber bundles surrounded by connective tissue. Each bundle of nerve

fibers (fascicle) is encased in a sleeve of connective tissue called the perineurium, which is in turn, enclosed by dense collagenous fibers called the epineurium. The individual nerve fibers are surrounded by loose connective tissue called the endoneurium within the perineurium.
32. Distinguish between sensory, motor, and mixed nerves.
Nerves that carry impulses to the CNS are called sensory nerves. Nerves that carry impulses from the CNS to muscles or glands are called motor nerves. Nerves that perform both functions are called mixed nerves.

33. List four general types of nerve fibers.

The four general types of nerve fibers are: general somatic efferent fibers, general somatic afferent fibers, general visceral efferent fibers, and general visceral afferent fibers.

34. Name, locate, and describe the major functions of each pair of cranial nerves.

Olfactory nerves (I)—This pair serves as olfactory receptor nerve fibers that being as olfactory bulbs in the nasal linings. They pass through the cribriform places as olfactory tracts to cerebral centers for interpretation as sensations of smell.

Optic nerves (II)—These lead from the eyes to the brain and are associated with the sense of sight.

Oculomotor nerves (III)—These arise from the midbrain and pass into the orbits of the eyes. These function to raise the eyelid, innervate muscles that move the eye, and allow the eye to adjust the amount of light entering the eyes and allow the lens to focus.

Trochlear nerves (IV)—These arise from the midbrain and carry motor impulses to certain voluntary muscles that move the eyes but are not supplied by the oculomotor nerves.

Trigeminal nerves (V)—These are the largest and arise from the pons. These are mixed nerves that have three major branches:

Opthalmic division—Bring sensory impulses to the brain from the surface of the eyes, the tear glands, and the skin of the anterior scalp, forehead, and upper eyelids.

Maxillary division—Carry sensory impulses from the upper teeth, upper gum, and upper lip, as well as from the mucous lining of the palate and the skin of the face.

Mandibular division—Transmits impulses from the scalp behind the ears, the skin of the jaw, the lower teeth, the lower gum, and the lower lip. It has motor branches that supply the muscles of mastication, and certain muscles in the floor of the mouth.

Abducens nerve (VI)—These originate from the pons and enter the orbits of the eyes and supply motor impulses to a pair of muscles that move the eyes.

Facial nerves (VII)—These arise from the lower part of the pons and emerge on the sides of the face. The

sensory branches are associated with taste receptors on the tongue. The motor fibers transmit impulses to the muscles of facial expression while others function in the autonomic nervous system and stimulate secretions from the tear glands and salivary glands.

Vestibulocochlear nerves (VIII)—These sensory nerves that arise from the medulla oblongata. There are two distinct parts:

Vestibular branch—Located in the ganglia associated with the parts of the inner ear and serve to help to

maintain equilibrium.

Cochlear branch—Located in parts of the inner ear that house the hearing receptors. Impulses from this branch pass through the pons and medulla oblongata on their way to the temporal lobes for interpretation.

Glossopharyngeal nerves (IX)—These arise from the medulla oblongata and are associated with the tongue and pharynx. These are mixed nerves but are predominantly sensory. They carry impulses from the linings of the pharynx, tonsils and posterior third of the tongue to the brain. The motor portion innervates muscles of the pharynx that function in swallowing.

Vagus nerves (X)—These originate in the medulla oblongata and extend downward into the chest and abdomen. These are mixed nerves containing both autonomic and somatic branches. The autonomic are the

predominate ones, associated with speech, swallowing, and motor activity of the smooth muscles and glands in the thorax and abdomen.

Accessory nerves (XI)—These originate in the medulla oblongata and the spinal cord. The cranial branch joins a vagus nerve and carries impulses to muscles of the soft palate, pharynx and larynx.

Hypoglossal nerves (XII)—These arise from the medulla oblongata and pass into the tongue. These work on tongue muscles that function in speaking, chewing, and swallowing.

35. Explain how the spinal nerves are grouped and numbered.

They are grouped according to the level from which they arise, and each nerve is numbered in sequence. There are eight pairs of cervical spinal nerves, twelve pairs of thoracic spinal nerves, five pairs of sacral spinal  nerves, and one pair of coccygeal nerves.

36. Define cauda equina.

The cauda equina is so named because in the adult, the spinal cord ends between the first and second lumbar vertebrae. Because of this the lumbar, sacral, and coccygeal nerves must descend down the spinal column to the exit points resembling a horse’s tail.

37. Describe the structure of a spinal nerve.

Each spinal nerve emerges from the spinal cord by two short branches that lie within the vertebral column.

The dorsal root is also called the posterior or sensory root. It can be identified by the dorsal root ganglion. This root conducts sensory impulses inward from the peripheral body parts. The ventral root is also called the anterior or motor root. It consists of axons from the motor neurons. The roots unite to form a spinal nerve, which extends outward from the vertebral canal through and intervertebral foramen. Each spinal nerve splits into three parts called the meningeal, posterior, and anterior branches. Spinal nerves in the thoracic and lumbar regions have a fourth or visceral branch, which supplies the autonomic nerve fibers.

38. Define plexus, and locate the major plexuses of the spinal nerves.

A plexus is the main portion of the spinal nerves that have combined to form complex networks. Except in the thoracic region, anterior branches of the spinal nerves provide the network for the plexus. In a plexus, the fibers of various spinal nerves are sorted and recombined so that the fibers associated with a particular

peripheral body part reach it in the same nerve, even though the fibers originate from different spinal nerves.

There are three main plexuses:

Cervical plexuses—Supply the muscles of the skin and neck and the phrenic nerves innervate the diaphragm.

Brachial plexuses—Supply the muscles and skin of the arm, forearm, and hand.

Lumbosacral plexuses—Give rise to motor and sensory fibers associated with the muscles and skin of the lower abdominal wall, external genitalia, buttocks, thighs, legs, and feet.

39. Distinguish between the sympathetic and parasympathetic division of the autonomic nervous system.

The sympathetic division of the autonomic nervous system is concerned primarily with preparing the body for energy-expending, stressful, or emergency situations. The parasympathetic division is active under ordinary, restful conditions. It counterbalances the effects of the sympathetic division and restores the body to a resting state following a stressful experience.

40. Explain how autonomic ganglia provide a degree of independence from the central nervous system.

Sensory impulses from the viscera and skin are sent along afferent nerve fibers to centers in the brain or spinal cord. The CNS reacts by sending motor impulses out of these centers on efferent nerve fibers along spinal and cranial nerves. These efferent fibers join the ganglia outside the CNS and integrate within the ganglia to affect various organs. This integration within the ganglia provides some independence from the CNS by deciding to what degree these organs will respond.

41. Distinguish between a preganglionic fiber and a postganglionic fiber.

The preganglionic fiber is the axon of the first neuron in the two neuron autonomic system. Its cell body is

located in the CNS and forms a synapse with one or more nerve fibers whose cell bodies are housed within an autonomic ganglion. The axon of the second neuron is called the postganglionic fiber, because it extends from the ganglia to a visceral effector.

42. Define paravertebral ganglion.

Paravertebral ganglia are two groups of ganglia whose preganglionic fibers split from the spinal nerves of the thoracolumbar division at branches called white rami. They are located as chains along the sides of the

vertebral column and comprise part of the sympathetic trunks.

43. Trace a sympathetic nerve pathway through a ganglion to an effector.

The pathway begins with the neuron in the lateral horn of the spinal cord. Its preganglionic fiber exits through the ventral roots of spinal nerves. It branches off in segments called white rami and enters the paravertebral ganglia (forming sympathetic trunks). Some fibers synapse with these ganglia while others pass through to other paravertebral ganglia or on to, or beyond, the collateral ganglia. The postganglionic fibers extend out to the visceral effectors. The fibers leaving the paravertebral ganglia usually pass through gray rami and return to a spinal nerve before synapsing with an effector.

44. Explain why the effects of the sympathetic and parasympathetic autonomic divisions differ.

This is due to the differing postganglionic neurotransmitters from the sympathetic and parasympathetic ganglionic nerve fibers.

45. Distinguish between cholinergic and adrenergic nerve fibers.

With a few exceptions, the preganglionic fibers of both the sympathetic and parasympathetic divisions, and the postganglionic fibers of the parasympathetic division, secrete acetylcholine, and are thus called cholinergic fibers. The postganglionic sympathetic fibers secrete norepinephrine (noradrenalin), and are thus called adrenergic fibers.

46. Define sympathetic tone.

Sympathetic tone is a maintained state of partial contraction of muscles stimulated by only the sympathetic division.

47. Explain how autonomic neurotransmitters influence the actions of effector cells.

Autonomic transmitters act by binding to protein receptors of effect cell membranes. This receptor binding alters the membrane in certain ways to produce the desired effect. Muscarinic receptors are found in the membranes of all effector cells at the end of postganglionic parasympathetic and cholinergic sympathetic nerve fibers. Nicotinic receptors are found in the synapses between the pre- and postganglionic neurons of the postganglionic neurons of the sympathetic and parasympathetic pathways.

48. Distinguish between alpha adrenergic and beta adrenergic receptors.

Alpha adrenergic receptors are responsible for smooth muscle contraction causing vasoconstriction.

Stimulation of the beta receptors, however, will cause smooth muscle relaxation leading to bronchodilation in the lungs. In essence, stimulation of alpha receptors is constrictive in nature, which stimulation of beta receptors will cause dilation.

49. Describe three examples in which the central nervous system employs autonomic nerve pathways.

The central nervous system (CNS) uses the autonomic nervous system to control the cardiac, vasomotor, and respiratory activities in the medulla oblongata by reacting to impulses from the vagus nerve and sending impulses along autonomic nerve pathways to stimulate motor responses in muscles and glands. The

hypothalamus helps to regulate body temperature, hunger, thirst, and water and electrolyte balance by influencing autonomic pathways. The limbic system and cerebral cortex use the autonomic nervous system to regulate various behaviors during emotional stress.

Chapter 12

Somatic and Special Senses

1. List five groups of sensory receptors, and name the kind of change to which each is sensitive.

Chemical concentration (chemoreceptors)—Stimulated by changes in the chemical concentration of substances.

Tissue damage (pain receptors)—Stimulated by tissue damage.

Temperature change (thermoreceptors)—Stimulated by changes in temperature.

Mechanical receptors (mechanoreceptors)—Stimulated by changes in pressure or movement of fluids.

There are three types of mechanoreceptors; they are:

Proprioceptors—Send changes in tension of muscles and tendons

Baroreceptors—Detect changes in blood pressure

Stretch receptors—Sense degree of inflation

Light intensity (photoreceptors)—Stimulated by light energy.

2. Explain how sensory receptors stimulate sensory impulses.

Sensory receptors can either be nerve endings or special cells located next to them. Stimulation causes local changes in their membrane potentials and generates a graded electrical current showing the intensity of the stimulation.

3. Define sensation.

A sensation is a feeling that occurs when the brain interprets sensory impulses.

4. Explain the projection of a sensation.

At the time when a sensation is created, the cerebral cortex causes the feeling to come from the stimulated receptors. It is called projection because the brain projects the sensation back to its apparent source.

5. Define sensory adaptation.

Sensory adaptation occurs when sensory receptors are subjected to continuous stimulation. As the receptors adapt, impulses leave them at decreasing rates, until finally these receptors may completely fail to send signals.

Once receptors have adapted, impulses can be triggered only if the strength of the stimulus is unchanged.

6. Explain how somatic senses can be grouped.

Somatic senses can be divided into three groups:

Exteroceptive senses—These senses are associated with changes at the body surface.

Proprioceptive senses—These senses are associated with changes in muscle, tendons, and in body positions.

Visceroceptive senses—These senses are associated with changes in the viscera.

7. Describe the functions of free nerve endings, Meissner’s corpuscles, and Pacinian corpuscles. The free nerve endings (sensory nerve fibers) are common in epithelial tissue. They are associated with the sensations of touch and pressure.
Meissner’s corpuscles are common in hairless portions of the skin. These are sensitive to touch.

Pacinian corpuscles are common in the deeper subcutaneous tissues and occur in the tendons of the muscles and the ligaments of joints. These are associated with the sensation of deep pressure.

8. Explain how thermoreceptors function.

Thermoreceptors are actually two types of free nerve endings located in the skin. The receptors responding to heat are called heat receptors. Those, which respond to cooler temperature, are called cold receptors. Heat receptors are most sensitive to temperatures above 25o C. Cold receptors are most sensitive to temperatures between 10o C and 20o C. At intermediate temperatures, the brain interprets sensory input from different combinations of these receptors.

9. Compare pain receptors with other types of somatic receptors.

Most pain receptors can react to more than one type of change. In other words, pain receptors may react

directly to mechanical damage, chemical changes, by-products of metabolism, ischemia, hypoxia, or stimulation of other receptors such as mechanoreceptor. So, pain receptors are not usually limited to the specific types of stimulation that other somatic receptors are.

10. List the factors that are likely to stimulate visceral pain receptors.

Factors that stimulate visceral pain receptors include: widespread stimulation of visceral tissues, stimulation of mechanoreceptors, and decrease blood flow accompanied by lower oxygen concentration and accumulation of pain-stimulating chemicals.

11. Define referred pain.

Referred pain is a phenomenon that occurs when the pain feels as if it is coming from some part of the body other than the part being stimulated. An example would be pain that originates from the heart may actually be felt in the left shoulder or left arm.

12. Explain how neuropeptides relieve pain.

Neuropeptides called enkephalins and monoamine serotonin inhibit pain sensations by blocking the impulses from the presynaptic nerve fibers in the spinal cord. Enkephalins suppress both acute and chronic pain impulses much like morphine does. Serotonin stimulates other neurons to release enkephalins. Another group of neuropeptides are the endorphins. They are found in the pituitary gland, hypothalamus, and other regions of the nervous system. These act as pain suppressor with a morphine-like action.

13. Distinguish between muscle spindles and Golgi tendon organs.

Muscle spindles are found in skeletal muscles near their junctions with tendons. Each spindle contains one or more modified skeletal muscle fibers enclosed in connective muscle tissue. Each fiber has a non-striated region with the end of a sensory nerve fiber wrapped around it. Golgi tendon organs are found in the tendons close to their muscle attachment and each is connected to a set of muscle fibers and innervated by a sensory neuron.

14. Explain how the senses of smell and taste function together to create the flavors of foods.

Both olfactory and taste receptors are sensitive to chemical sensations. Because of this, we smell the food at

the same time we taste it. Often, it is impossible to tell whether the sensation is mostly from the smell of a food or from the actual taste.

15. Describe the olfactory organ and its function.

The olfactory organs include yellowish-brown masses of olfactory receptor cells and epithelial supporting cells all wrapped by a mucous membrane. They are found in the superior parts of the nasal cavity, superior nasal conchae, and part of the nasal septum. They function to provide the sense of smell.

16. Trace a nerve impulse from the olfactory receptor to the interpreting centers of the brain.

An olfactory receptor that has been stimulated causes nerve impulses to be triggered and travel along the axons of the receptor cells that are the fibers of the olfactory nerves. These fibers lead to neurons located in the olfactory bulbs that like on either side of the crista galli of the ethmoid bone. In the olfactory bulbs, the

impulses are analyzed and additional impulses are located within the temporal lobes and at the base of the frontal lobes just anterior to the hypothalamus.

17. Explain how an olfactory code distinguishes odor stimuli.

Although the mechanism is unknown, certain subsets of receptors may only be stimulated by a certain odor.

The brain then will interpret those specific receptors stimulated to a specific odor.

18. Explain how the salivary glands aid the taste receptors.

Before the taste of a particular chemical can be detected, the chemical must be dissolved in the watery fluid surrounding the taste buds. This fluid is supplied by the salivary glands.

19. Name the four primary taste sensations, and describe the patterns in which the taste receptors are roughly distributed on the tongue.

Sweet as produced by table sugar. These receptors are most plentiful near the tip of the tongue.

Sour as produced by vinegar. These receptors occur primarily along the margins of the tongue.

Salty as produced by table salt. These receptors are most abundant in the tip and the upper front part of the tongue.

Bitter as produced by caffeine or quinine. These receptors are located toward the back of the tongue.

20. Explain why taste sensation is less likely to diminish with age than olfactory sensation.

This is due to the fact that the taste cells reproduce continually and only function for about three days.

Damaged olfactory neurons are not replaced.

21. Trace the pathway of a taste impulse from the receptor to the cerebral cortex.

Sensory impulses from the taste receptors located in various regions of the tongue travel on fibers of the facial, glossopharyngeal, and vagus nerves into the medulla oblongata. From there, the impulses ascend to the thalamus and are directed to the gustatory cortex, which is located in the parietal lobe of the cerebrum along a deep portion of the lateral sulcus.

22. Distinguish among the external, middle, and inner ears.

The external ear consists of two parts: an outer funnel-like structure, called the auricle or pinna, and S-shaped tube, called the external auditory meatus, which leads into the temporal bone for about 2.5 centimeters.

The middle ear includes an air-filled space in the temporal bone, called the tympanic cavity, tympanic

membrane (eardrum), and three small bones called auditory ossicles. These bones are the malleus (hammer), incus (anvil), and stapes (stirrup).

The inner ear consists of a complex system of intercommunicating chambers and tubes called a labyrinth.

There are, in fact, two such structures in each ear—the osseous labyrinth and the membranous labyrinth.

Perilymph is a fluid that is between the two labyrinths. It also includes three semi-circular canals and cochlea.

23. Trace the path of a sound vibration from the tympanic membrane to the hearing receptors.

The sound waves enter the external auditory meatus. Changes of wave pressures cause the eardrum to

reproduce the vibrations coming from the sound wave source. Auditory ossicles amplify and transmit the vibrations to the end of the stapes. Movement of the stapes at the oval window transmits vibrations to the perilymph in the scala vestibuli. Vibrations pass through the vestibular membrane and enter the endolymph of the cochlear duct. Different frequencies in the endolymph stimulate different sets of receptor cells.

24. Describe the functions of the auditory ossicles.

The bones form a bridge connecting the tympanic membrane to the inner ear. They function to transmit vibrations between these parts.

25. Describe the tympanic reflex, and explain its importance.

The tympanic reflex consists of two skeletal muscles associated with the middle ear that are controlled involuntarily. The reflex is elicited by long, external sounds causing the bridge of the ossicles to become more rigid, reducing its effectiveness in transmitting vibrations to the inner ear. The tympanic reflex reduces pressure from loud sounds that might otherwise damage the hearing receptors.

26. Explain the function of the auditory tube.

The function of the auditory tube (Eustachian tube) is to maintain equal air pressure on both sides of the tympanic membrane, which is necessary for normal hearing.

27. Distinguish between the osseous and the membranous labyrinths.

The osseous labyrinth is a bony canal in the temporal bone. The membranous labyrinth is a tube that lies

within the osseous labyrinth and has a similar shape.

28. Describe the cochlea and its function.

The cochlea contains a bony core and a thin bony shelf that winds around the core like the threads of a screw.

It functions in hearing by allowing the sound vibrations from the perilymph to travel along the scala vestibule and pass through the vestibular membrane and into the endolymph of the cochlear duct where they cause movements in the basilar membrane. It then stimulates the organ of Corti, which contains the hearing receptors.

29. Describe a hearing receptor.

A hearing receptor cell is an epithelial cell. These cells act like a neuron. The cell membrane is polarized when the cell is at rest. Upon stimulation the cell membrane depolarizes and the ion channels open. This makes the membrane more permeable to calcium. The cell releases a neurotransmitter that stimulates the nearby sensory nerve fibers, and they transmit impulses along the cochlear branch of the vestibulocochlear nerve to the auditory cortex of the temporal lobe of the brain.

30. Explain how a hearing receptor stimulates a sensory neuron.

The cell releases a neurotransmitter that stimulates the nearby sensory nerve fibers, and they transmit impulses along the cochlear branch of the vestibulocochlear nerve to the auditory cortex of the temporal lobe of the brain.

31. Trace a nerve impulse from the organ of Corti to the interpreting centers of the cerebrum.

Once the sound is converted into a nerve impulse at the organ of Corti, it travels along the cochlear branch of the vestibulocochlear nerve to the auditory cortex of the temporal lobe of the brain. On the way, some of the nerve branches cross over, so that impulses from both ears will be interpreted by both sides of the brain.

32. Describe the organs of static and dynamic equilibrium and their functions.

The organs of static equilibrium are located within the vestibule, a bony chamber between the semicircular canals and cochlea. The membranous labyrinth inside the vestibule consists of two expanded chambers—an utricle and a saccule. The macula is on the anterior wall of the utricle that contains numerous hair cells and supporting cells. These sense the positions of the head and help in maintaining the stability and posture of the head and body when these parts are motionless.

The organs of dynamic equilibrium are located within the three semicircular canals. Suspended in the

perilymph of the bony portion of each semicircular canal is a membranous canal that ends in a swelling called the ampulla. The sensory organs are located here. These organs are called the crista ampullaris and contain a number of hair cells and supporting cells. These function to detect motion of the head and aid in balancing the head and body when they are moved suddenly.

33. Explain how the sense of vision helps maintain equilibrium.

The eyes detect the body’s position relative to its surroundings. For this reason, the eyes help the brain

maintain equilibrium, especially if the other organs of equilibrium are damaged.

34. List the visual accessory organs, and describe the functions of each.

Eyelids—protection of the eye

Lacrimal apparatus—secretions keep the surface of the eye and the lining of the lids moist and lubricated. An enzyme within the tears functions as an antibacterial agent, reducing the chance of eye infections.

Extrinsic muscles—movement of the eye

35. Name the three layers of the eye wall, and describe the functions of each.

Outer fibrous tunic—serves as the cornea and sclera. The cornea functions as a window to the eye and helps focus entering light rays. The sclera provides protection and serves as an attachment for the extrinsic muscles .

Middle vascular tunic—includes the choroid coat, which helps to absorb excess light so the inside of the eye is dark; the ciliary body, which forms the ciliary muscles and processes; and the iris, whose smooth muscle control the pupil size.

Inner nervous tunic—consists of the retina, which contains the visual receptor cells.

36. Describe how accommodation is accomplished.

Accommodation results from the suspensory ligaments either relaxing or pulling due to decreased or increased tension from the suspensory muscles. This allows people to see objects either close up or more distant.

37. Explain how the iris functions.

The smooth muscle fibers of the iris are arranged into two groups, a circular set and a radial set. The circular muscles act as a sphincter to decrease pupil size. The radial muscles contract to increase the diameter of the pupil.

38. Distinguish between aqueous humor and vitreous humor.

The aqueous humor fills the space between the cornea and lens, helps to nourish these parts, and aids in maintaining the shape of the front of the eye.

The vitreous humor fills the posterior cavity, and together with some collagenous fibers, comprises the vitreous body. This supports the internal parts of the eye and helps maintain its shape.

39. Distinguish between the macula lutea and optic disk.

The macula lutea is a small spot on the retina. In its center is a depression called the fovea centralis, which has the sharpest vision.

The optic disk is just medial to the macula lutea and is the area where the optic nerve begins and blood vessels enter and exit. This area has no receptors, and is known as the blind spot of the eye.

40. Explain how light waves focus on the retina.

As light enters the eye, it is refracted, or bent, by the cornea and lens and is focused sharply on the retina. The image is projected upside down and reversed from left to right. The visual cortex somehow corrects this when it interprets the images.

41. Distinguish between rods and cones.

Rods are receptor cells that have long thin projections at their terminal ends. Rods are hundreds of times more sensitive to light than cones. This enables people to see in relatively dim light. Rods produce colorless vision.

Cones are receptor cells that have short, blunt projections. Cones allow for increased visual acuity—the

sharpness of images perceived. Cones make up the entire fovea centralis. Cones also detect colors of light.

42. Explain why cone vision is generally more acute than rod vision.

When the images are being sent from the rods and cones to the brain, the nerve fibers of the rods converge and send all of the images on a single tract. The brain can interpret the images, but cannot tell specifically from which rod a particular part came from. The cones converge their nerve fibers to a much lesser degree. This allows the brain to interpret the images more accurately and sharply.

43. Describe the function of rhodopsin.

Rhodopson (visual purple) is the light-sensitive substance in the rods. Bright light decomposes rhodopsin

rapidly so the sensitivity in the rods is greatly reduced. Thus, this pigment allows us to see in dim light.

44. Explain how the eye adapts to light and dark.

Light comes in the form of many different wavelengths. The color perceived is an interpretation of its specific wavelength. The shortest visible wavelengths are perceived as violet. The longest is perceived as red. The cones are designed to be stimulated by one of three different visual pigments. An erythrolabe cone is sensitive to red light waves, a chlorolabe to green light waves, and a cyanolabe to blue light waves. In this way the combinations of light waves entering the eye can be detected by the cones and relayed to the brain.

45. Describe the relationship between light wavelengths and color vision.

The wavelength of a particular kind of light determines the color perceived. The cones in the eyes each have a certain pigment that is stimulated by certain wavelengths. Some cones have erythrolabe pigment that is sensitive to red light waves, some have chlorolabe which is sensitive to green, and some have cyanolabe which is sensitive to blue. The combinations of these stimulations give us color vision.

46. Define stereoscopic vision.

Steropsis allows a person with binocular vision (using both eyes) to perceive distance, depth, width, and height of an object.

47. Explain why a person with binocular vision is able to judge distance and depth of close objects more accurately than a one-eyed person.

This happens because the eyes are separated and see slightly more of one side than the other (the left eye sees more left and the right eye sees more right). The impulses are superimposed in the brain and give us a three-dimensional view of the object. A person using only one eye cannot see “both sides” of the object at the same time. Thus, the object appears two-dimensional.

48. Trace a nerve impulse from the retina to the visual cortex.

The axons of the retinal neurons for the optic nerves. These nerves enter the X-shaped optic chiasma just

anterior to the pituitary gland and the fibers from the medial (nasal) half cross over (the lateral or temporal

sides do not). For instance, the nerves from the nasal half of the left eye cross over and join the temporal half of the right eye to form the right optic tract. The nasal half of the right eye crosses over and joins the temporal half of the left eye to form the left optic tract. The impulses travel these tracts until just before the thalamus, when some of the nerve fibers branch off and enter the areas that control visual reflexes. The rest enter the thalamus and synapse in the posterior portion (lateral geniculate body) and continue on through the optic radiations into the visual cortex in the occipital lobes.

Chapter 13

Endocrine System

1. What is an endocrine gland?

An endocrine gland is a gland that secretes its hormones directly into body fluids (the internal environment).

2. Define hormone and target cell.

A hormone is a secreted biochemical that affects the functions of another cell. A target cell is a cell that possesses specific receptors for a particular hormone. Thus, a hormone affects only its specific target cell.

3. Explain how hormones can be grouped on the basis of their chemical composition.

Hormones can be grouped into five separate categories:

Steroid—Steroid are lipids that are made of complex rings of carbon and hydrogen. They differ by the

types and numbers of atoms attached to these regions and by the way they are joined together.

Amines—Amines are hormones produced by neurons and the adrenal medulla. These include epinephrine and norepinephrine.

Peptides—Peptides are short chains of amino acids.

Proteins—Proteins are composed of many linked amino acids forming complex chains.

Glycoproteins—Glycoproteins are proteins joined to a carbohydrate.

Prostaglandins are not true hormones. These substances however, do have regulating effects on neighboring cells.

4. Explain how steroid hormones influence cells.

Steroid hormones, along with thyroid hormones, are soluble lipids that enter target cells easily by diffusion.

Once inside, they enter the nucleus and combine with nuclear protein receptors. This hormone-receptor

complex binds to a particular section of DNA and activates specific genes. These active genes are transcribed onto MRNA that directs manufacture of specific proteins. These proteins, in turn, cause the cellular changes intended by the original hormone.

5. Distinguish between the binding site and the activity site of a receptor molecule.

The binding site of a cell is the place where a specific substance adheres to its receptor. Once joined, the

binding site stimulates the activity site, where other membrane proteins may alter the functions of various

enzymes or transport mechanisms.

6. Explain how nonsteroid hormones may function through the formation of cAMP.

In some cells, the activity site activates a molecule called a G protein. This protein then activates adenylate

cyclase, an enzyme bound to the inside of the cell membrane. Adenylate cyclase removes two phosphates from ATP and forms the AMP (adenosine monophosphate) into a circle. The cyclic AMP (cAMP) activates protein kinases that remove phosphate molecules from the other ATP molecules and join them to certain protein substrates. These alter protein substrates then induce the various changes in the cell’s metabolism.

7. Explain how nonsteroid hormones may function through an increase in intracellular calcium ion concentration.

Some nonsteroid hormones stimulate the activity of sites of their target cells to cause an increase in the transport of calcium ions from outside, or release of calcium ions from cellular storage sites. The calcium

combines with calmodulin (a protein) and activates it. The activated calmodulin alters the function of various enzymes to produce the desired effect.

8. Explain how the cellular response to a hormone operating through a second messenger is amplified.

Unlike the steroid hormones that rely on direct effects, the second messenger mechanism allows many second messenger molecules to be manufactured for each hormone-receptor complex formed. This yields a high effect with a small amount of hormone molecules. Because of this mechanism, cells are highly sensitive to nonsteroid hormone concentration.

9. Define prostaglandins, and explain their general function.

Prostaglandins are paracrine substances that are very potent and are only synthesized just before they are released. They are then rapidly inactivated. Some prostaglandins regulate response to hormones by either

activating or inactivating cAMP production. Others can relax smooth muscle in the airway passages and blood vessels, casing dilation. Still others contract smooth muscle in the uterus causing menstrual cramps and labor contractions. Prostaglandins can also stimulate secretion of hormones from the adrenal cortex and inhibit secretion of hydrochloric acid in the stomach. Prostaglandins also influence sodium ion movement and water in the kidneys, regulate blood pressure, have power effects on reproductive physiology, and promote inflammation in damaged tissues.

10. Describe a negative feedback system.

In the negative feedback system, an endocrine gland or controlling system is sensitive to the concentration of substances it regulates or of a product it controls. When the concentration increases to a certain level, the gland is inhibited (a negative effect), and its activity decreases. When the concentration decreases to a certain level, the gland is no longer inhibited and its production increases. The rapid response of this system keeps hormone levels relatively stable.

11. Define releasing hormone, and provide an example of one.

Releasing hormones stimulate other endocrine glands to release their hormones. An example is the trophic hormones of the anterior pituitary glands that are ultimately controlled by the hypothalamus.

12. Describe the location and structure of the pituitary gland.

The pituitary gland (hypophysis) is about one centimeter in diameter and is attached to the hypothalamus at the base of the brain by the infundibulum. It is surrounded and protected by the sella turcica of the sphenoid bone. The pituitary gland is divided into two distinct lobes: the anterior (adenohypophysis) and the posterior (neurohypophysis).

13. List the hormones the anterior pituitary gland secretes.

The anterior pituitary gland secretes growth hormone (GH), thyroid stimulating hormone (TSH), adrenocorticotropic hormone (ACTH), follicle stimulating hormone (FSH), luteinizing hormone (LH), and prolactin (PRL).

14. Explain how the brain controls pituitary gland activity.

The posterior lobe of the pituitary responds to nerve impulses from the hypothalamus. Primarily the releasing hormones from the hypothalamus control the anterior lobe of the pituitary. It does this by sending the releasing hormones in the blood through a capillary network in the hypothalamus, which merges to form the hypophyseal portal veins. It passes downward into the capillary network in the anterior lobe. Substances released from the hypothalamus are sent directly to the anterior lobe.

15. Explain how growth hormone produces its effects.

Growth hormone (GH), or somatotropin (STH), is a protein that causes cells to increase in size and mitotic rate. It increases protein synthesis and amino acid movement through cell membranes. GH also increases cellular respiration of fats by decreasing metabolism of carbohydrates.

16. List the major factors that affect growth hormone and secretion.

Growth hormone is especially secreted during sleep, and during low blood concentrations of proteins and glucose.

17. Summarize the functions of prolactin.

Prolactin (PRL) primarily promotes milk production in females. In males, it decreases secretion of luteinizing hormone (LH), thus causing a decrease in the production of androgens. If PRL production is excessive in the male, it may cause infertility.

18. Describe regulation of concentrations of circulating thyroid hormones.

Thyroid hormones are regulated by several factors. The most direct control is from thyroid stimulating hormone (TSH) from the anterior pituitary. TSH can also stimulate growth of the thyroid gland. Another
factor is the hypothalamus. It secretes thyrotropin releasing hormone (TRH), which stimulates TSH release.

External factors regulating thyroid hormone include extreme cold and emotional stress.

19. Explain the control of secretion of ACTH.

Adrenocorticotropic hormone (ACTH) is regulated in part by corticotropin releasing hormone (CRH) from the hypothalamus in response to low levels of adrenal cortical hormones. Stress increases secretion of ACTH by stimulating CRH production.

20. List the major gonadotropins, and explain the general functions of each.

The major gonadotropins are:

Follicle stimulating hormone (FSH)—FSH is responsible for growth and development of follicles in the

ovaries and stimulates these cells to secrete estrogen. In males, it stimulates the production of sperm cells at puberty.

Luteinizing hormone (LH)—LH promotes secretions of both male and female sex hormones. It is necessary for the release of egg cells from the ovaries. In males, LH is known as interstitial cell stimulating hormone (ICSH) because it acts on the interstitial cells of the testes.

21. Compare the cellular structures of the anterior and posterior lobes of the pituitary gland.

The anterior lobe is composed of layers of epithelial tissues grouped around many blood vessels. The epithelial tissues contain five types of secretory cells responsible for hormone production: mammatropes, somatotropes, thyrotropes, corticotropes, and gonadotropes. The posterior pituitary lobe is made of pituicytes and nerve fibers originating in the hypothalamus.

22. Name the hormones associated with the posterior pituitary, and explain their functions.

Special neurons in the hypothalamus actually produce the two hormones associated with the posterior pituitary lobe. These hormones are stored in secretory granules at the ends of their axons, in the posterior pituitary lobe.

The two hormones are:

Antidiuretic hormone (ADH)—ADH is a short polypeptide that inhibits water excretion from the kidneys.

ADH can also have a contracting effect on blood vessels. This can cause a rise in blood pressure. This is especially important in cases of severe blood loss, when ADH is needed to help increase vascular resistance.

For this reason, ADH is sometimes called vasopressin.

Oxytocin (OT)—OT is a short polypeptide that is responsible for uterine contractions of labor in childbirth and contracting cells of milk glands in lactating breasts so that milk is forced out during suckling. To a lesser extend, OT can play a role in antidiuretic mechanisms.

23. Explain how the release of ADH is regulated.

The hypothalamus contains osmoreceptors that sense changes in blood solute levels. If the solute

concentration increases due to a lack of fluids, the hypothalamus signals the release of ADH from the posterior pituitary into the blood stream. In the kidneys, this causes water to be saved internally. If solute concentration decreases, the hypothalamus inhibits ADH secretion, causing the kidneys to excrete more water. Certain blood vessels contain volume receptors that sense how much a vessel is stretched by blood. When the volume is too great, ADH secretion is inhibited. When the volume is too low, as from hemorrhage, ADH secretion is increased, causing the kidneys to retain water.

24. Describe the location and structure of the thyroid gland.

The thyroid gland consists of two large lobes connected by a broad isthmus. It is found just inferior to the larynx, bilaterally and anterior to the trachea. It is a very vascular structure encapsulated in connective tissue.

The gland is composed of many secretory follicles. The follicles are lined with a single layer of cuboidal

epithelium and are filled with a clear viscous glycoprotein called colloid. Extrafollicular cells (C cells) are

found just outside the follicles.

25. Name the hormones the thyroid gland secretes, and list the general functions of each.

The thyroid gland secretes the following hormones:

Thyroxine—Thyroxine is also known as tetraiodothyronine (T4). It helps regulate metabolism of carbohydrates, lipids, and proteins.

Triiodothyronine (T3)—Triiodothyronine also serves to regulate metabolism of carbohydrates, lipids, and proteins.

Calcitonin—Calcitonin is synthesized by the C cells and influences blood calcium and phosphate concentrations.

26. Define iodine pump.

The follicular cells of the thyroid gland require iodine salts (iodides) to produce T3 and T4. After the iodides have been absorbed from the intestine, the blood carries them to an active transport mechanism in the thyroid, called the iodine pump. This pump concentrates the iodides into the follicular cells where they combine with tyrosine in the synthesis of thyroid hormones.

27. Describe the location and structure of the parathyroid glands.

The four parathyroid glands are located on the posterior surface of the thyroid gland, two on each side, arranged in a superior-inferior fashion. The parathyroid gland is a small yellowish-brown structure composed of many tightly packed secretory cells encapsulated in a connective tissue layer.

28. Explain the general functions of parathyroid hormone.

Parathyroid hormone (PTH) is also called parathormone. It is a protein that increases blood calcium ion

levels and decreases blood phosphate ion levels by acting on the bones, kidneys, and intestines.

29. Describe the mechanisms that regulate the secretion of parathyroid hormone.

Parathyroid hormone (PTH) is controlled by a negative feedback system between the parathyroid glands and the concentration of blood calcium ions. If blood calcium ion concentration is high, PTH secretion is inhibited.

If blood calcium ion concentration is low, PTH secretion is increased. This causes bone resorption by osteocytes and osteoclasts which releases both calcium and phosphate ions into the blood stream.

Simultaneously, PTH causes the kidneys to keep calcium ions and excrete phosphate ions. Indirectly, PTH

causes increased absorption of calcium ions from food in the intestines by influencing vitamin D metabolism.

30. Distinguish between the adrenal medulla and the adrenal cortex.

The adrenal medulla is the central portion of an adrenal gland and consists of irregularly shaped cells grouped around blood vessels. These cells are modified postganglionic neurons that are directly linked to the preganglionic autonomic nerve fibers leading from the central nervous system. The adrenal cortex is the outermost part of an adrenal gland and makes up the bulk of the gland. It is made of closely packed masses of epithelial layers that form three distinct zones: the zona glomerulosa, zona fasiculata, and zona reticularis—the outer, middle, and inner layers, respectively.

31. List the hormones produced by the adrenal medulla, and describe their general functions.

The adrenal medulla produces, stores, and secretes two hormone—epinephrine (adrenaline) and

norepinephrine (noradrenaline). Both are catacholamines and have similar functions. Their effects include:

increased heart rate and cardiac muscle contractile force, elevated blood pressure, increased respirations, and decreased digestive system activity. Both hormones act simultaneously with the sympathetic nervous system in the “fight-or-flight” response.

32. List the steps in the synthesis of adrenal medullary hormones.

The synthesis of epinephrine and norepinephrine begins with the amino acid tyrosine. First, the enzyme

tyrosine hydroxylase converts tyrosine into dopa. Then, the enzyme dopa decarboxylase converts dopa into dopamine. Next, dopamine beta hydroxylase converts dopamine into norepinephrine. About 85% of

norepinephrine is converted by the enzyme phenylethanolamine N-methyltransferase into epinephrine.

33. Name the most important hormones of the adrenal cortex, and describe the general functions of each.

Although the cells of the adrenal cortex produce more than thirty different steroids, there are three cortical hormones without which the body cannot survive. These are:

Aldosterone—Aldosterone is a mineralcorticoid that is responsible for regulation of mineral electrolytes by conserving sodium ions and excreting potassium ions.

Cortisol (hydrocortisone)—Cortisol is a glucocorticoid that is responsible for glucose metabolism between meals by regulating synthesis of glucose from noncarbohydrates. It also decreases protein synthesis and increases fatty acid release.

Adrenal Androgens—Adrenal androgens are sex hormones. Some are converted into estrogens by the skin, liver, and adipose tissues. These hormones supplement the supply of sex hormones from the gonads and stimulate early development of reproductive organs.

34. Describe the regulation of the secretion of aldosterone.

When the adrenal cortex responds directly to changes in the concentration of potassium ions in blood plasma, it only slightly responds to a decrease in plasma sodium ions. Aldosterone secretions is indirectly regulated by juxtaglomerular cells in the kidneys that respond to changes in blood pressure and plasma sodium concentration. If either of these decreases, the juxtaglomerular cells release the enzyme renin. This enzyme decomposes the blood protein angiotensinongen, thus causing the release of the peptide angiotensin I. In the lungs, angiotensin I is converted into angiotensin II by the enzyme angiotensin-converting enzyme (ACE).

When angiotensin II is carried to the adrenal cortex by the blood stream, it stimulates secretion of aldosterone.

ACTH stimulates aldosterone secretion in response to other stimuli.

35. Describe control of cortisol secretion.

Cortisol is regulated by a negative feedback system. In response to increased glucose levels, the hypothalamus secretes CRH. This stimulates the anterior pituitary gland to secrete ACTH. The ACTH stimulates the adrenal cortex to secrete cortisol. As cortisol concentration increases, ACTH and CRH secretion decreases.

36. Describe the location and structure of the pancreas.

The pancreas is an elongated, flattened organ posterior to the stomach and the parietal peritoneum, and is attached to the duodenum by a duct. Structurally, the pancreas is composed of grouped cells called islets of Langerhans that are closely associated with blood vessels. The islets of Langerhans contain three types of

cells: alpha, beta, and delta cells.

37. List the hormones the pancreatic islets secrete, and describe the general functions of each.

Glucagon—Glucagon is a protein secreted by alpha cells and is responsible for converting glycogen into glucose (glycogenolysis) in the liver, and noncarbohydrates into glucose (gluconeogenesis). Glucagon also stimulates the breakdown of fats into fatty acids and glycerol.

Insulin—Insulin is a protein secreted by beta cells that has the opposite effect of glucagon. In the liver, it

stimulates formation of glycogen and inhibits conversion of noncarbohydrates. Insulin also promotes facilitated diffusion of glucose through the membranes of insulin target cells.

Somatostatin—Somatostatin is secreted by delta cells and inhibits glucagon and insulin secretion and helps regulate carbohydrates.

38. Summarize how the secretion of hormones from the pancreas is regulated.

Glucagon and insulin are controlled by negative feedback systems sensitive to blood protein concentration.

Glucagon release is stimulated when a low concentration of blood sugar is detected and inhibited as blood

sugar concentration rises. Insulin release is stimulated when blood glucose concentration becomes too high. As blood glucose level concentration falls, insulin release is inhibited. Insulin and glucagon function together at various levels to keep blood glucose concentration relatively constant.

39. Describe the location and general function of the pineal gland.

The pineal gland is small and oval, found deep between the cerebral hemispheres, and attached to the upper portion of the thalamus near the roof of the third ventricle. It is made up of pineal and neuroglial cells. The pineal gland secretes melatonin in response to periods of decreased light. It is believed that this aids in the regulation of circadian rhythms and inhibiting gonadotropins from the anterior pituitary gland. It may also help to regulate menstrual cycles.

40. Describe the location and general function of the thymus gland.

The thymus gland begins in childhood as a large substernal gland found in the mediastinum between the

lungs, but diminishes in size with age. It plays an important role in immunity by secreting a group of hormones called thymosins that affect production of T lymphocytes (white blood cells).

41. Distinguish between a stressor and stress.

Stress is a condition in which potentially life-threatening changes occur in the body’s internal environment. To maintain homeostasis, the body must react to counter these changes. A stressor is any factor that can cause these conditions.

42. List several factors that cause physical and psychological stress.

Extreme temperatures, decreased oxygen, infection, injuries, heavy exercise, and loud noise can cause physical stress. Psychological stress differs from person to person but typically includes personal loss, thoughts of real or imagined dangers, unpleasant or lack of social interaction, anger, fear, grief, anxiety, depression, or guilt.

Occasionally even pleasant stimuli, such as friendly contact, joy or happiness, or sexual arousal, may cause stress.

43. Describe the general stress syndrome.

The general stress (or general adaptation) syndrome is controlled by the hypothalamus, and is the body’s response to stress. During stress, the hypothalamus stimulates the sympathetic nervous system’s “fight-or-flight” response by raising blood glucose, glycerol, and fatty acid concentrations, increasing heart rate, blood pressure, and breathing, and dilating air passages. It shunts blood away from the skin and digestive organs and redirects it into the skeletal muscles. It also increases epinephrine secretion and releases CRH to stimulate the anterior pituitary gland to secrete ACTH that, in turn, causes increased cortisol secretion from the adrenal cortex. Stress may also stimulate release of glucagon, GH, and ADH.

44. Which components of the endocrine system change the most as a person ages?

Endocrine glands tend to shrink and accumulate fibrous connective tissue, fat, and lipofuscin, but hormonal

activities usually remain within the normal range.

GH levels even out, as muscular strength declines.

ADH levels increase due to slowed breakdown.

The thyroid shrinks but control of metabolism continues.

Decreasing levels of calcitonin and parathyroid hormone increase osteoporosis risk.

The adrenal glands show aging-related changes, but negative feedback maintains functions.

Muscle, liver, and fat cells may develop insulin resistance.

Changes in melatonin secretion affect the body clock.

Thymosin production declines, hampering infectious disease resistance.

Chapter 14

Blood

1. List the major components of blood.

The blood consists of red blood cells, white blood cells, platelets, and plasma (the liquid portion).

2. Define hematocrit, and explain how it is determined.

Hematocrit (HCT) is the percentage of the cells in a blood sample. This is obtained by allowing the sample to stand (clotting is prevented), allowing the cells to separate and sink to the bottom. This is further centrifuged and the percentage of the cells and liquid is determined.

3. Describe a red blood cell.

A red blood cell is a biconcave disk that has no nucleus.

4. Distinguish between oxyhemoglobin and deoxyhemoglobin.

Oxyhemoglobin is hemoglobin combined with oxygen. Deoxyhemoglobin is hemoglobin that has released its oxygen.

5. Explain what is meant by a red blood cell count.

A red blood cell count is the number of red blood cells in a cubic millimeter (mm3) of blood.

6. Describe the life cycle of a red blood cell.

a. Nutrients from food are absorbed from the small intestine into the bloodstream.

b. The blood transports the absorbed nutrients to the red bone marrow tissue.

c. The red bone marrow produces red blood cells.

d. The red blood cells circulate for about 120 days.

e. Damaged and old red blood cells are destroyed in the liver.

f. The resulting biliverdin is converted to bilirubin that is excreted in the bile from the liver.

7. Define erythropoietin, and explain its function.

Erythropoietin is a hormone that is released from the kidneys, and to a lesser extent the liver, which stimulates red blood cell production.

8. Explain how vitamin B12 and folic acid deficiencies affect red blood cell production.

Both substances are required for DNA synthesis that is needed by all cells for growth and reproduction.

Hematopoietic tissue reproduces at a particularly high rate, so this tissue is especially affected by the lack of either vitamin.

9. List two sources of iron that can be used for the synthesis of hemoglobin.

Obtaining vitamin C in the diet will increase iron absorption from the small intestine. It is also conserved from the red blood cell destruction and reused.

10. Distinguish between biliverdin and bilirubin.

Biliverdin is the greenish pigment that results when the heme portion of the hemoglobin breaks apart.

Bilirubin is what biliverdin eventually converts to over time.

11. Distinguish between granulocytes and agranulocytes.

A granulocyte is a white blood cell that has granular cytoplasm. Agranulocytes are white blood cells that lack cytoplasmic granules.

12. Name five types of leukocytes, and list the major functions of each type.

a. Neutrophils are granulocytes that function to phagocytize foreign particles.

b. Eosinophils are granulocytes that function to kill certain parasites and help control allergic reactions.

c. Basophils are granulocytes that function to release heparin that inhibits blood clotting. They also release histamine to cause inflammation.

d. Monocytes are agranulocytes that leave the bloodstream to function as macrophages that phagocytize foreign particles.

e. Lymphocytes are agranulocytes that function to produce antibodies that act against specific foreign substances.

13. Explain the significance of white blood cell counts as aids to diagnosing diseases.

If there is a rise in white blood cells, there could be an infection of some type going on within the body. If the white blood cell count drops, there could be an entirely different set of diseases that could be going on within the body. A differential white blood cell count measures the numbers of each specific type of white blood cell.

This can signal a specific disease process, as an increase in neutrophils usually means a bacterial infection.

14. Describe a blood platelet, and explain its functions.

A blood platelet (thrombocyte) is a fragment of a cell. They function to initiate the formation of blood clots.

15. Name three types of plasma proteins, and list the major functions of each type.

a. Albumins—help to maintain osmotic pressure of the blood.

b. Globulins—help to transmit lipids and fat-soluble vitamins and are the antibodies of immunity.

c. Fibrinogen—precursor to fibrin that has a major role in blood clotting.

16. Name the gases and nutrients in plasma.
Gases in plasma include oxygen, carbon dioxide, and nitrogen.  Plasma nutrients include amino acids, simple sugars, and lipids.
17. Define nonprotein nitrogenous substances, and name those commonly present in plasma.

A nonprotein nitrogenous substance is a molecule that contains nitrogen atoms but are not proteins. Amino acids, urea, and uric acid are commonly present in the blood plasma.

18. Name several plasma electrolytes.

These include sodium, potassium, calcium, magnesium, chloride, bicarbonate, phosphate, and sulfate ions.

19. Define hemostasis.

Hemostasis refers to the stoppage of bleeding.

20. Explain how blood vessel spasms are stimulated following an injury.

Cutting or breaking a blood vessel stimulates the smooth muscles in its wall to contract. This response may

only last a few minutes but as the platelet plug forms, serotonin is released, which causes the smooth muscles in the wall to contract further.

21. Explain how a platelet plug forms.

Platelets tend to stick to collagen fibers in connective tissue and any rough surface. They also begin to stick to each other, forming the platelet plug.

22. List the major steps leading to the formation of a blood clot.

a. The production of a substance called prothrombin activator. This is dependent upon the presence of calcium ions.

b. Tissue damage occurs and the clotting mechanism starts reactions, which also depend on the presence of calcium. This leads to production of prothrombin activator, which converts prothrombin into thrombin.

c. Thrombin acts as an enzyme and causes a reaction in fibrinogen allowing it to become fibrin.

d. The fibrin threads stick to the exposed surfaces of the damaged blood vessels and create a meshwork in

which various blood cells and platelets become entangled. The resulting mass is the blood clot.

23. Indicate the trigger and outline the steps for extrinsic clotting and intrinsic clotting.

The trigger for extrinsic clotting is the blood vessel wall or tissue outside the blood vessels contracting. The

steps that follow are what were outlined in question 27. The intrinsic clotting factors are all within the blood proper. The trigger is exposure of the blood to a foreign surface such as collagen. Factor XII (the Hageman factor) then activates factor XI, which in turn activates factor IX. Factor IX then joins with factor VIII and platelet phospholipids to activate factor X. These reactions, for which calcium is required, lead to the production of prothrombin activator. The extrinsic flow would follow as previously described.

24. Distinguish between fibrinogen and fibrin.

Fibrinogen is the soluble precursor to the insoluble fibrin.

25. Describe a positive feedback system that operates during blood clotting.

Once a blood clot starts to form, it promotes still more clotting. This is due to the fact that thrombin also acts directly on blood-clotting factors other than fibrinogen. It can cause prothrombin to form still more thrombin.

This is positive feedback.

26. Define serum.

Serum is essentially plasma minus all of its fibrinogen and most of the other clotting factors.

27. Distinguish between a thrombus and an embolus.

A thrombus is a blood clot that forms in a vessel abnormally. An embolus is a blood clot that becomes dislodged and is carried away by blood flow.

28. Explain how a blood clot may be removed naturally from a blood vessel.

Fibrin threads absorb a plasma protein called plasminogen. Then a substance called plasminogen activator is released from the lysosomes of the damaged tissue cells that converts plasminogen to plasmin. Plasmin is a protein-splitting enzyme that can digest fibrin threads and other proteins associated with blood clots.

29. Describe how blood coagulation may be prevented.

The endothelium of blood vessels discourages the accumulation of platelets and clotting factors. Endothelial cells also produce prostacyclin (PGI2), a prostaglandin, that inhibits adherence of platelets to the inner surface of blood vessel walls. Antithrombin that is present in the plasma globulins inactivates thrombin. Heparin is also released from mast cells and basophils, which interferes with the formation of prothrombin activator.

30. State a vitamin required for blood clotting.

Vitamin K is necessary for some clotting factors to function.

31. Distinguish between antigen and antibody.

An antigen that is present on the surface of red cell membranes. Antibodies are proteins that are dissolved in the plasma.

32. Explain the basis of ABO blood types.

The ABO blood types are based on the presence or absence of two major antigens (formerly called agglutinogens) on the red blood cells membranes. Their presence or absence is determined by heredity. The two antigens are antigen A and antigen B. The types of blood with the corresponding antigens are:

a. Type A—antigen A

b. Type B—antigen B

c. Type AB—antigen A and B

d. Type O—neither antigen A nor B

33. Explain why a person with the blood type AB is sometimes called a universal recipient.

Because blood type AB lacks both anti-A and anti-B antibodies, an AB person can receive blood of any type.

34. Explain why a person with blood type O is sometimes called a universal donor.

People with type O blood lack antigens A and B, which allows transfusion into persons with blood of any other type. Type O blood does contain both anti-A and anti-B antibodies so if transfused to another blood type, it should be given slowly to minimize the chance of an adverse reaction.

35. Distinguish between Rh-positive and Rh-negative blood.

Rh-positive blood is when the red blood cell membrane has Rh antigens (most importantly antigen D) present.

Rh-negative blood lacks the Rh antigens.

36. Describe how a person may become sensitized to Rh-positive blood.

A person may become sensitized to Rh-positive blood by receiving a transfusion.

37. Define erythroblastosis fetalis, and explain how this condition may develop.

Erythroblastosis fetalis is a condition where an Rh-positive fetus has come into contact with anti-Rh antibodies through breaks in the placental membrane. This only happens if the mother has previously had a

child that was Rh-positive. The baby’s blood may agglutinate after birth.

Chapter 15

Cardiovascular System

1. Describe the general structure, function, and location of the heart.

The heart is a hollow, cone-shaped, muscular pump located in the thorax. The average adult heart is about nine centimeters long and seven centimeters wide. It functions to pump deoxygenated blood to the lungs and pump oxygenated blood to the body.

2. Describe the pericardium.

The pericardium consists of an outer fibrous bag know as the fibrous pericardium that surrounds a more delicate, double-layered sac. The inner layer of the sac, the visceral pericardium covers the heart. At the base of the heart, the visceral layer turns back upon itself to become the parietal pericardium, which forms the inner lining of the fibrous pericardium.

3. Compare the layers of the cardiac wall.

The epicardium (visceral pericardium) functions as a protective layer. This layer consists of connective tissue covered by epithelium. Its deeper portion often contains adipose tissue.

The myocardium is relatively thick and consists largely of cardiac muscle tissue. The muscle fibers are arranged in planes, separated by connective tissues, which are richly supplied with blood capillaries, lymph capillaries, and nerve fibers.

The endocardium consists of epithelium and connective tissue containing many elastic and collagenous fibers.

The connective tissues house the Purkinje fibers, which function with the conduction system of the heart. This layer is continuous with the inner linings of the blood vessels attached to the heart.

4. Identify and describe the locations of the chambers and valves of the heart.

The upper chambers are called atria. These have relatively thin walls and receive blood returning to the heart.

The lower chambers are called ventricles. They receive blood from the atria and force blood out of the heart into the arteries.

There are two atrioventricular valves (A-V valves). The tricuspid valve is located between the right atrium and the right ventricle. The bicuspid (mitral) valve is located between the left atrium and the left ventricle.

There are two semilunar valves. The pulmonary semilunar valve is found between the right ventricle and the pulmonary artery. The aortic semilunar valve is found between the left ventricle and the aorta. All four valves function to prevent backflow between the respective chambers and vessels.

5. Describe the skeleton of the heart, and explain its function.

Rings of dense fibrous connective tissue surround the proximal ends of the pulmonary trunk and the aorta. This provides attachments from heart valves and muscle fibers. These fibrous rings, together with other masses of dense fibrous tissue in the upper portion of the interventricular septum, constitute the skeleton of the heart.

6. Trace the path of blood through the heart.

The deoxygenated blood enters the right atrium from the superior and inferior vena cava and the coronary sinus. It passes through the tricuspid valve to the right ventricle. It passes through the pulmonary semilunar valve into the pulmonary trunk. The pulmonary trunk further divides into the right and left pulmonary arteries. These arteries carry the deoxygenated blood to the lungs. After the gas exchange is complete, the oxygenated blood is returned to the left atrium from the right and left pulmonary veins (two on each side for a total of four). It flows through the bicuspid (mitral) valve to the left ventricle. It then is pumped through the aortic semilunar valve into the aortic arch and beyond.

7. Trace the path of blood through the coronary circulation.

The blood is supplied to the tissues of the heart by the first two branches of the aorta called the right and left coronary arteries. The openings to these vessels lie just beyond the aortic semilunar valve. It then goes through the capillary system of the heart. Branches of the cardiac veins that roughly parallel the coronary arteries drain the blood that has passed through the capillaries. These veins empty into the coronary sinus that is located on the posterior side of the heart emptying into the right atrium.

8. Describe a cardiac cycle.

A cardiac cycle is one complete heartbeat. This consists of atrial systole, which is the atria contracting while ventricular diastole (ventricular relaxation) occurs. The second part of the cycle is when atrial diastole (atria relaxing) occurs while ventricular systole (ventricles contracting) occurs. This entire process is one complete cardiac cycle.

9. Describe the pressure changes that occur in the atria and ventricles during a cardiac cycle.

When the atria are relaxed, the pressure begins to rise as they fill with blood. As the atria contract, the pressure rises suddenly, forcing the remaining blood into the ventricles. Pressure is low in the ventricles when they are filling but begins to rise as they fill with blood. It rises sharply as the ventricles contract forcing the blood out into the appropriate vessels.

10. Explain the origin of heart sounds.

The first heart sound (lubb) occurs during ventricular contraction, when the tricuspid and bicuspid valves are closing. The second heart sound (dupp) occurs during ventricular relaxation, when the pulmonary and aortic semilunar valves are closing.

11. Describe the arrangement of the cardiac muscle fibers.

Cardiac muscle fibers are arranged in branching networks to pass impulses through the heart so it contracts as a unit.

12. Distinguish between the roles of the S-A node and the A-V node.

The S-A (sinoatrial) node is a small mass of specialized muscle tissue just beneath the epicardium. The fibers are self-exciting so they initiate impulses that spread to the myocardium and stimulate the muscle fibers to contract. The S-A node initiates one impulse seventy to eighty times per minute. Because it generates the rhythmic contractions of the heart, it is often called the pacemaker.

The A-V (atrioventricular) node is located in the inferior portion of the septum and just beneath the endocardium, providing the only normal conduction pathway between the atrial and ventricular syncytia.

13. Explain how the cardiac conduction system controls the cardiac cycle.

Once the impulse leaves the S-A node (sinoatrial node), it passes into the atrial syncytium and the atria

contract almost simultaneously. From there, the impulse travels along a system continuous with the atrial

muscle fibers and into the A-V node (atrioventricular node) which is the only normal route to the ventricular syncytia. Because of the small diameter of nerve fibers from here, the impulse is slowed enough for the atria to empty and the ventricles to fill with blood. From here, the impulse passes through the A-V node and into the A-V bundle (atrioventricular bundle or bundle of His), which is comprised of larger diameter nerves. The impulse speeds up and splits into two branches (right and left) on the way to the Purkinje fibers. These fibers are even larger, and cause the impulse to move even faster. The Purkinje fibers branch into the papillary muscles and downward to the apex of the heart. There, they curve upward and branch along the entire walls of the ventricles until they become continuous with the cardiac muscle fibers. The whorl design of the myocardium causes the ventricles to contract in a “wringing” fashion that squeezes the blood out and into the arteries.

14. Describe and explain a normal ECG pattern.

A normal ECG pattern consists of a P wave, a QRS complex, and a T wave. The P wave is caused by a

depolarization of the atrial fibers just before they contract. The QRS complex is caused by the depolarization of ventricular fibers just prior to contraction of the ventricular walls. The T wave is caused by the relatively slow repolarization of the ventricular muscle fibers. The QRS complex obscures atrial repolarization.

15. Discuss how the nervous system regulates the cardiac cycle.

When the body needs the heart to slow down, the medulla oblongata sends impulses down the

parasympathetic tracts to the S-A and A-V nodes. The release of acetylcholine causes the heart to decrease in activity. The parasympathetic nerves seem to be the main control of the heart. So, if the impulses increase, the heart will slow down. If the impulses decrease, the heart will speed up.

The sympathetic nervous system also has tracts that innervate the S-A and A-V nodes, along with other areas within the atria and ventricles. These nerves secrete norepinephrine, which causes the heart to speed up and increase the force of its contractions. The cardiac center of the medulla controls the impulses from the parasympathetic and sympathetic nerves by interpreting information from the pressoreceptors (baroreceptors) in the aortic sinus and aortic arch, and the carotid sinuses in the carotid arteries.

16. Describe two factors other than the nervous system that affect the cardiac cycle.

Temperature change and certain ions influence the cardiac cycle. If the body temperature rises, the heart rate will increase, as with a fever. If the body temperature decreases, the heart rate will slow accordingly. K+ and Ca++ are the most important ions that influence the cardiac cycle. Potassium affects the electrical potential of the cell membrane, thereby altering its ability to reach the threshold for impulse conduction. Calcium affects the cardiac muscle’s ability to contract as the sarcoplasmic reticulum stores less and relies on extracellular calcium for contraction to occur.

17. Distinguish between an artery and an arteriole.

Arteries are strong, elastic vessels that are adapted for carrying the blood away from the heart under high pressure. An arteriole is a smaller, finer branch of an artery.

18. Explain control of vasoconstriction and vasodilation.

Vasoconstriction occurs when the smooth muscle in the wall of the vessels is stimulated by the vasomotor fibers of the sympathetic branches of the autonomic nervous system. This causes contraction to occur, thereby decreasing the diameter of the vessel. If the vasomotor impulses are inhibited, the muscle relaxes and the diameter of the vessel increases. This is known as vasodilation.

19. Describe the structure and function of a capillary.

Capillaries are the smallest blood vessels and connect the smallest arterioles to the smallest venules. They

consist of a single layer of squamous epithelial cells that are continuous with the endothelium of the larger vessels. A capillary provides the semipermeable membranes through which substances in the blood are exchanged for substances in the tissue fluid surrounding body cells.

20. Describe the function of the blood-brain barrier.

The function of the blood-brain barrier is to shield delicate brain tissue from toxins in the bloodstream and from biochemical fluctuations that could overwhelm the brain.

21. Explain control of blood flow through a capillary.

This is regulated mainly by the smooth muscles that encircle the capillary entrances. These muscles form

precapillary sphincters, which may close a capillary by contracting or opening it by relaxing. The control of the precapillary sphincters is not clear.

22. Explain how diffusion functions in the exchanges of substances between blood plasma and tissue fluid.

Blood entering the capillaries of the tissues has higher concentrations of molecules and ions than in the tissue fluid itself. Diffusion is the process of moving from areas of higher concentrations to lower concentrations.

The nutrients and oxygen tend to move into the tissues because the concentrations of these substances are higher in the blood. The wastes, such as carbon dioxide, are in higher concentrations in the tissues so these

diffuse into the blood plasma.

23. Explain why water and dissolved substances leave the arteriolar end of a capillary and enter the venular end.

The blood pressure at the arteriolar end is greater than in the capillary itself. This allows for filtration of substances to occur at this site. The blood pressure decreases as the blood moves through a capillary, making the outward filtration force less than the osmotic pressure at the venular end. Consequently, there is a net movement of water and dissolved materials, into the venular end of the capillary by osmosis.

24. Describe the effect of histamine on a capillary.

Histamine will increase capillary permeability.

25. Distinguish between a venule and a vein.

A venule is a microscopic vessel that continues from the capillaries and merges with other venules to form veins. Veins are the counterpart to the arterial system that carries blood back to the heart.

26. Explain how veins function as blood reservoirs.

The valves prevent a backflow of blood. Their smooth muscle layer is much less developed, allowing more blood to remain in the vein. In times of hemorrhage accompanied by the drop in arterial blood pressure, the

muscular walls are stimulated reflexly by sympathetic nerve impulses. The resulting venous constriction pushes out the extra blood, which raises the blood pressure.

27. Distinguish between systolic and diastolic blood pressures.

The maximum pressure achieved during ventricular contraction is called the systolic pressure. The diastolic pressure is the lowest pressure that remains in the arteries during ventricular diastole.
28. Name several factors that influence the blood pressure, and explain how each produces its effect.

a. The amount of blood that enters the arterial system with each ventricular contraction. This is known as heart action.

b. The amount of blood cells and plasma volume in the cardiovascular system, which is known as blood volume.
c. The amount of peripheral resistance within the walls of the blood vessels.

d. The viscosity (the ease with which molecules in a fluid slide past one another).

29. Describe the control of blood pressure.

Two important mechanisms for blood pressure control involve the regulation of cardiac output and the peripheral resistance. Starling’s law of the heart ensures that the volume of blood discharged from the heart is equal to the volume entering its chambers. Pressoreceptors trigger the neural regulation of the heart rate.

Chemicals, such as epinephrine, emotions, physical exercise, and increased body temperature can also play a role in regulation of heart rate, thereby influencing the cardiac output. Peripheral resistance is regulated primarily by the changes in the diameters of arterioles. The vasomotor center of the medulla oblongata has neural control of the smooth muscle in the arteriole wall. Chemical substances, including carbon dioxide,

oxygen, and hydrogen ions, also influence peripheral resistance by affecting the smooth muscle in the walls of arterioles and the actions of precapillary sphincters.

30. List the major factors that promote the flow of venous blood.

a. Skeletal muscle contractions

b. Respiratory movements

c. Venoconstriction

31. Define central venous pressure.

The pressure that is within the right atrium of the heart is known as the central venous pressure.

32. Distinguish between the pulmonary and systemic circuits of the cardiovascular system.

The pulmonary circuit of the cardiovascular system consists of those vessels that carry the blood from the heart to the lungs and back to the heart. The systemic circuits of the cardiovascular system are responsible for carrying the blood from the heart to all other parts of the body and back again.

33. Trace the path of the blood through the pulmonary circuit.

The deoxygenated blood leaves the right ventricle into the pulmonary trunk, which divides into the right and left pulmonary arteries. These branches penetrate the right and the left lungs, respectively. These further divide into arterioles that continue into the capillary networks associated with the walls of the alveoli, where the gas exchanges occur between the blood and the air. From these pulmonary capillaries, the blood enters the venules that eventually merge to form veins. Four pulmonary veins, two from each lung, carry the oxygenated blood back to the left atrium.

34. Explain why the alveoli normally do not fill with fluid.

The epithelial cells of the alveolar membrane are tightly joined so that most ions fail to enter the alveoli. This helps to maintain a relatively high osmotic pressure in the interstitial fluid. Osmosis will then move any water that gets into the alveoli back into the interstitial space. This mechanism prevents excess water from entering the alveoli and helps keep the alveoli from filling with fluid.

35. Describe the aorta, and name its principal branches.

The aorta is the largest artery in the body extending upward from the left ventricle. It arches over the heart to the left and descends just in front of the vertebral column.

Principal branches of the ascending aorta include the aortic sinus, which gives rise to the right and left coronary arteries. The aortic arch gives rise to the brachiocephalic artery, the left common carotid artery, and the left subclavian artery. The thoracic aorta gives rise to the brachial artery, the pericardial artery, the esophageal artery, the mediastinal artery, and the posterior intercostal artery. The abdominal aorta gives rise to the celiac artery, the phrenic artery, the superior mesenteric artery, the suprarenal artery, the renal artery, the gonadal artery, the inferior mesenteric artery, the lumbar artery, the middle sacral artery, and the common iliac arteries.

36. Describe the relationship between the major venous pathways and the major arterial pathways.

Major veins typically parallel the courses taken by major named arteries. This, with some exceptions allows the vein to be named from the major artery next to it.

37. List and describe the changes occurring in the cariovascular system as a result of aging.

Some degreee of cholesterol deposition in blood vessels may be a normal part of aging, but accumulation is great enough to lead to overt disease.

Fibrous connective tissue and adipose tissue enlarge the heart by filling in when the number and size of

cardiac muscle cells fall.

Blood pressure increases with age, while resting heart rate decreases with age.

Moderate exercise correlates to lowered risk of heart disease in older people.

Chapter 16

Lymphatic System and Immunity

1. Explain how the lymphatic system is related to the cardiovascular system.

The lymphatic and cardiovascular systems include a network of capillaries and vessels that assist in circulating the body fluids. The lymphatic vessels transport excess fluid away from the interstitial spaces of tissues and return it to the bloodstream. The walls of both vessels are alike. For instance, they both contain a single layer of epithelial cells that allows fluids and substances to cross into them.

2. Trace the general pathway of lymph from the interstitial spaces to the bloodstream.

The lymphatic capillary system is found next to the systemic and pulmonary capillary networks. It then travels through lymph vessels into lymph nodes. It returns to lymph vessels and then is returned into the bloodstream at various points.

3. Identify and describe the locations of the major lymphatic trunks and collecting ducts.

The lymphatic trunks are named for the regions they serve. The locations can be found in fig. 16.4, on page 623.

The collecting ducts are:

Thoracic duct—It begins in the abdomen. It passes upward medially through the diaphragm to the left subclavian, where it empties.

Right lymphatic duct—It begins as the union of the right jugular, right subclavian, and right bronchomediastinal trunks. It empties into the right subclavian vein.

4. Distinguish between tissue fluid and lymph.

Lymph is tissue fluid that has entered into a lymphatic capillary.

5. Describe the primary functions of lymph.

The primary functions of lymph are to return the proteins to the bloodstream that have leaked out of the blood capillaries and to transport bacteria and other foreign particles to the lymph nodes.

6. Explain why physical exercise promotes lymphatic circulation.

The contractions of the skeletal muscles, pressure changes due to the actions of breathing muscles, and smooth muscle contractions of the larger lymphatic trunks all aid in the movement of lymph through the body.

7. Explain how a lymphatic obstruction leads to edema.

Continuous movement of fluid from the interstitial spaces into the lymphatic system stabilizes the volume of fluids in these spaces. When an obstruction occurs, the tissue fluid builds up and causes edema.

8. Describe the structure and functions of a lymph node. 
Each lymph node is enclosed in a capsule of fibrous connective tissue and subdivides into compartments. The compartments contain dense masses of lymphocytes and macrophages. These masses, called nodules, are the structural units of a lymph node. Lymph nodes function in lymphocyte production and phagocytosis of foreign substances, damaged cells, and cellular debris.

9. Locate the major body regions occupied by lymph nodes.

The major body regions include: cervical region, axillary region, inguinal region, pelvic cavity, abdominal cavity, thoracic cavity, and supratrochlear region.

10. Describe the structure and functions of the thymus.

The thymus is a soft, bilobed structure whose lobes are surrounded by a capsule of connective tissue. It is composed of lymphatic tissue, which is subdivided into lobules by connective tissues. The lobules contain many lymphocytes. It functions to produce T-lymphocytes that help in the immune response. It also secretes thymosin, which is thought to stimulate the maturation of T-lymphocytes after they leave the thymus.

11. Describe the structure and functions of the spleen.

The spleen is the largest lymphatic organ. It resembles a large lymph node and is subdivided into chambers or lobules. The spaces within the chambers are filled with blood instead of lymph. There are two types of tissues within the lobules of the spleen. They include:

White pulp - distributed throughout the spleen in tiny islands, composed of splenic nodules, and containing large numbers of lymphocytes.

Red pulp - surrounds the venous sinuses and contains many red blood cells along with numerous lymphocytes and macrophages.

The spleen functions to filter the blood.

12. Distinguish between innate (nonspecific) and adaptive (specific) body defenses against infection.

Nonspecific body defenses include species resistance, mechanical barriers such as the skin and mucous membranes, and chemical barriers such as enzymes, interferon, inflammation, and phagocytosis. Specific body defenses include immune mechanisms, where certain cells recognize the presence of particular foreign substances and act against them. Lymphocytes and macrophages achieve this.

13. Explain species resistance.

Species resistance is referring to the fact that a given kind of organism or species develops diseases that are unique to it. A species may be resistant to diseases that affect other species, because its tissues somehow fail to provide the temperature or chemical environment needed by a particular pathogen.

14. Name three mechanical barriers to infection.

The skin, hair, and the mucous membranes are three mechanical barriers to infection.

15. Describe how enzymatic actions function as defense mechanisms against pathogens.

Enzymes provide a chemical barrier to pathogens. By splitting components of the pathogen or decreasing the pH, the enzyme can have lethal effects on pathogens.

16. Distinguish among the chemical barriers (interferons, defensins, collectins, and complement proteins), and give examples of their different actions.

Interferons stimulate uninfected cells to synthesize antiviral proteins that block proliferation of viruses;

stimulate phagocytosis; and enhance activity of cells that help resist infections and stifle tumor growth.

Defensins make holes in bacterial cell walls and membranes.

Collectins provide broad protection against a wide variety of microbes by grabbing onto them.

Activation of complement proteins in plasma stimulates inflammation, attracts phagocytes, and enhances phagocytosis.

17. Describe Natural Killer (NK) Cells and their action.

NK cells are a small population of lymphocytes. NK cells defend the body against various viruses and cancer by secreting cytolytic substances called perforins.

18. List the major effects of inflammation, and explain why each occurs.
Localized redness—result of blood vessel dilation and the increase in blood volume of affected tissues.
Swelling—result of increased blood volume and increased permeability of nearby capillaries.

Heat—due to the presence of blood from deeper body parts, which is generally warmer than that near the surface.

Pain—results from the stimulation of nearby pain receptors.

19. Identify the major phagocytic cells in the blood and other tissues.
The most active phagocytic cells of the blood are neutrophils and monocytes.  Macrophages are fixed phagocytic cells found in lymph nodes, spleen, liver, and lungs.  This constitutes reticuloendothelial tissue.
20. List possible causes of fever, and explain the benefits of fever.
Viral or bacterial infection stimulates certain lymphocytes to secrete IL-1, which temporarily raises body temperature.

Physical factors, such as heat or ultraviolet light, or chemical factors, such as acids or bases, can cause fever. 

Elevated body temperature and the resulting decrease in blood iron level and increased phagocytic activity hamper infection.
21. Distinguish between an antigen and a hapten.

An antigen is a foreign substance, such as a protein, polysaccharide or a glycolipid, to which lymphocytes

respond. A hapten is a molecule that by itself cannot stimulate the immune response. It must combine with a larger molecule.

22. Review the origin of T cells and B cells.

T cells originate in the thymus. B cells are those processed in another part of the body, probably the fetal liver.

23. Explain the immune response.

The lysosomal digestive process of phagocytosis of an invading bacterium releases antigens. They are moved to the macrophage’s surface membrane. They are then displayed on the membrane with major histocompatibility complex. If the antigen then fits the helper T cell, it becomes activated. At this point, the

helper T cell seeks out the appropriate T cell and by attaching to it, activates the T cell into a response. Cell-mediated

immunity (CMI) is when a T cell, for example, attaches itself to antigen-bearing cells and interacts with the foreign cells directly.

24. Define cytokine.

Cytokines (lymphokines) are a variety of polypeptides that are synthesized and secreted by T cells and macrophages. These enhance various cellular responses to antigens. They stimulate the synthesis of

lymphokines from other T cells, help activate resting T cells, cause T cells to proliferate, stimulate the

production of leukocytes in the red bone marrow, cause growth and maturation of B cells, and activate macrophages.

25. List three types of T cells and describe the function of each in the immune response.

a. Helper T cells—mobilize the immune system to stop a bacterial infection through a series of complex steps.

b. Memory T cells—provide for no delay in the response to future exposures to an antigen.

c. Cytoxic T cells—recognize non-self antigens that cancerous or virally infected cells display on their surfaces.

26. Define clone of lymphocytes.

Clone of lymphocytes refers to cells that are derived from one early cell that are capable of responding to a certain antigen. As there are many differing antigens, there are also many differing varieties of clones.

27. Explain humoral immunity.

A B cell is activated when it binds to an activated T cell.

An activated B cell proliferates, enlarging its clone.

Some activated B cells specialize into antibody-producing plasma cells.

Antibodies react against the antigen-bearing agent that stimulated their production.

An individual’s diverse B cells defend against a very large number of pathogens.

28. Explain how a B cell is activated.

B cells become activated when they encounter an antigen whose molecular shape fits the shape of the B cell’s antigen receptors. As a result of this combination, the B-cells proliferate by mitosis and its clone is enlarged.

This mechanism for activation is similar to the lock and key model used by enzymes and substrates.

29. Explain the function of plasma cells.

Plasma cells are some of the newly formed members of the activated B cell’s clone. They make use of their DNA information and protein-synthesizing mechanism to produce antibody molecules.

30. Describe an immunoglobulin molecule.

An immunoglobulin molecule consists of two identical light changes of amino acids and two identical heavy chains of amino acids. See figure 16.20, page 637.

31. Distinguish between the variable region and the constant region of an immunoglobulin molecule.

Variable regions are the portion of one end of each of the heavy and light chains consists of variable sequences of amino acids making them specific for specific antigen molecules. Constant regions are the remaining portions of the chains whose amino acid sequences are very similar from molecule to molecule.

32. List the major types of immunoglobulins, and describe their main functions.

Immunoglobulin G (IgG)—occurs in plasma and tissue fluids.

Immunoglobulin A (IgA)—occurs in milk, tears, nasal fluid, gastric juice, intestinal juice, bile, and urine.

Immunoglobulin M (IgM)—develops in blood plasma.

Immunoglobulin D (IgD)—is important in activating B cells.

Immunoglobulin E (IgE)—occurs in exocrine secretions and is associated with allergic reactions.

33. Describe three ways in which antibody attack on a direct antigen helps in the removal of antigen.

Agglutination—antibodies combine with antigens and clumping results.

Precipitation—antibodies combine with antigens and insoluble substance forms.

Neutralization—antibodies cover the toxic portions of antigen molecules and neutralize their effects.

Lysis—antibodies cause the cell membranes to rupture.

34. Explain the function of complement.

It is a group of inactive enzymes that become activated when certain IgG or IgM antibodies combine with

antigens and the reactive sites become exposed. The activated enzymes produce chemotaxis, agglutination, opsonization, and lysis. It can also promote the inflammation reaction.

35. Distinguish between a primary and a secondary immune response.

A primary immune response occurs when B cells or T cells become activated after first encountering the antigens to which they are specifically reactant. A secondary immune response happens when memory cells are activated and increased in size, so they can respond rapidly to the antigen to which they were previously sensitized.

36. Distinguish between active and passive immunity.

Active immunity can be either naturally acquired or artificially acquired. Naturally acquired active immunity is stimulated as a result of exposure to live pathogens. Artificially acquired active immunity is stimulated by exposure to a vaccine containing weakened or dead pathogens. Passive immunity can also be either naturally acquired or artificially acquired. Naturally the antibodies passed to a fetus from a mother with active immunity stimulate acquired passive immunity. Artificially acquired passive immunity is stimulated by an injection of gamma globulin that contains antibodies.

37. Define vaccine.

A vaccine is a substance that contains an antigen that can stimulate a primary immune response against a

particular disease-causing agent, but does not cause severe disease symptoms.

38. Explain how a vaccine produces its effect.

A vaccine contains bacteria or viruses that have been killed or weakened so they cannot cause a serious

infection; or it may contain a toxin of an infectious organism that has been chemically altered to destroy its toxic effects. The antigens present still retain the characteristics needed to simulate a primary immune response. 

39. Describe how a fetus may obtain antibodies from the maternal blood.

Receptor-mediated endocytosis utilizing receptor sites on cells of the fetal yolk sac transfers IgG molecules to the fetus.

40. Explain the relationship between an allergic reaction and an immune response.

Allergic reactions are closely related to immune responses in that both may involve the sensitizing of lymphocytes or the combining of antigens with antibodies. Allergic reactions are likely to be excessive and to cause tissue damage.

41. Distinguish between an antigen and an allergen.

An antigen is a substance that stimulates cells to produce antibodies. An allergen is a foreign substance capable of stimulating an allergic reaction.

42. Describe how an immediate-reaction allergic response may occur.

In an immediate-reaction allergy, the individuals have an inherited ability to synthesize abnormally large quantities of antibodies in response to certain antigens. In this instance, the allergic reaction involves the activation of B-cells.

43. List the major events leading to a delayed-reaction allergic response.

It results from repeated exposure of the skin to certain chemical substances. As a consequence of these

repeated contacts, the foreign substance and a large number of T cells collect in the skin and eventually

activate the T cells. Their actions and the actions of macrophages they attract cause the release of various chemical factors. This causes eruptions and inflammation of the skin. It is called delayed since it takes about forty-eight hours to occur.

44. Explain the relationship between a tissue rejection and an immune response.

Tissue rejection is when the immune system sees transplanted tissue as foreign and starts the immune response to try to rid the body of it.
45. Describe two methods used to reduce the severity of a tissue rejection reaction.

Matching the donor and recipient tissues may reduce it. It can also involve giving drugs that suppress the immune system.

46. How do immunosuppressant drugs increase the likelihood of success of a transplant, yet place the patient at a higher rise of developing infections?

An immunosuppressive drug interferes with the recipient’s immune response by suppressing formation of antibodies or production of T cells. This will ultimately leave the recipient relatively unprotected against infection.

47. Explain the relationship between autoimmunity and an immune response.

Autoimmunity occurs when the immune system does not distinguish between self and nonself and manufactures autoantibodies that attack the body’s own cells. For whatever reason, the autoantibodies treat a certain cell type in the body as a foreign object and signal the immune system to defend against the perceived invader.

48. Describe the causes for a decline in the strength of the immune response in the elderly.

The immune system begins to decline early in life, in part due to the decreasing size of the thymus.

Numbers of T cells and B cells do not change significantly, but activity levels do.

Proportions of the different antibody classes shift.

Chapter 17

Digestive System

1. List and describe the locations of the major parts of the alimentary canal.

a. Mouth—the oral cavity.

b. Pharynx—extends from the back of the nasal cavity to the top of the esophagus.

c. Esophagus—extends from the pharynx to the stomach.

d. Stomach—just below the diaphragm on the left side of the body.

e. Small intestine—extends from the stomach to the large intestine.

f. Large intestine—extends from the small intestine to the anus.

2. List and describe the location of the accessory organs of the digestive system.

a. Salivary glands—located in the oral cavity.

b. Liver—lies just below the diaphragm on the right side of the body.

c. Gallbladder—lies on posterior side of the liver.

d. Pancreas—located behind the stomach, attached to the duodenum.

3. Name the four layers of the wall of the alimentary canal.

a. Mucosa or mucous membrane

b. Submucosa

c. Muscular layer

d. Serosa or serous layer

4. Distinguish between mixing movements and propelling movements.

A mixing movement is a wavelike motion back and forth. A propelling movement is one where the muscle contraction occurs in the wall of the tube but the muscles just ahead in the tube relax.

5. Define peristalsis.

Peristalsis is defined as the rhythmic propelling movements that occur in the alimentary canal.

6. Explain the relationship between peristalsis and receptive relaxation.

Receptive relaxation is where the muscular wall ahead of peristaltic contraction relaxes. This allows the tubular contents to be pushed along the canal.

7. Describe the general effects of parasympathetic and sympathetic impulses on the alimentary canal.

Parasympathetic impulses generally increase the activity of the digestive system. Sympathetic impulses

generally are opposite of the parasympathetic impulses, thereby decreasing the activity of the digestive system.

This would then mean that peristalsis increases when innervated by the parasympathetic nervous system and would decrease when innervated by the sympathetic nervous system.

8. Discuss the functions of the mouth and its parts.

The mouth receives food and prepares it for digestion by mechanically breaking up the size of solid particles and mixing them with saliva. The cheeks are the outer layers of skin, pads of subcutaneous fat, and the muscles associated with expression and chewing. The lips are highly mobile structures that contain skeletal muscles and the sensory receptors that surround the mouth. They are used in distinguishing the temperature and texture of foods. The tongue is a body of skeletal muscle and taste receptors. The function of the tongue is to mix food particles with saliva during chewing and move food toward the pharynx during swallowing.

9. Distinguish among the lingual, palatine, and pharyngeal tonsils.

The lingual tonsils are found on the root of the tongue and are rounded masses of lymphatic tissues. The

palatine tonsils are masses of lymphatic tissues found in the back of the mouth, on either side of the tongue, and closely associated with the palate. The pharyngeal tonsils, also known as the adenoids, are masses of lymphatic tissue that occur on the posterior wall of the pharynx, above the border of the soft palate.

10. Compare the primary and secondary teeth.

Primary teeth are the first set of teeth that erupt through the gums at regular intervals between the ages of six months and two and one-half years. There are twenty primary teeth - ten in each jaw. The secondary teeth begin to appear about age six but may not be completed until somewhere between ages seventeen and twenty-five.

There are thirty-two secondary teeth—sixteen in each jaw.

11. Explain how the various types of teeth are adapted to perform specialized functions.

The incisors are chisel-shaped, and their sharp edges bite off relatively large pieces of food. The cuspids are cone-shaped, and they grasp and tear food. The bicuspids and molars have somewhat flattened surfaces and are specialized for grinding food particles.

12. Describe the structure of a tooth.

Each tooth consists of two main portions called the crown and the root. The crown is the portion above the

gum and is covered by glossy white enamel. Beneath the enamel is the bulk of the tooth, which is made up of dentin. Dentin surrounds the central cavity, which houses the blood vessels, nerves and connective tissue. The root is enclosed by cementum, which is surrounded by the periodontal ligament. The region where the crown and root meet is called the neck.

13. Explain how a tooth is anchored in its socket.

Cementum and the periodontal ligament anchor the tooth.

14. List and describe the locations of the major salivary glands.

The parotid glands are the largest salivary glands and are located in front of, and somewhat below, each ear between the skin of the cheek and the masseter muscle. The submandibular glands are located in the floor of the mouth on the inside surface of the lower jaw. The sublingual glands are the smallest of the salivary glands and are on the floor of the mouth under the tongue.

15. Explain how the secretions of the salivary glands differ.

The parotid glands secrete a clear, watery fluid that is rich in amylase. The submandibular glands secrete a

serous fluid with some mucous, making it more viscous than the parotid gland secretion. The sublingual glands secrete a thick and stringy mucous fluid.

16. Discuss the digestive functions of saliva.

The serous cells found in the salivary glands produce a watery fluid that contains amylase. Amylase is a digestive enzyme that splits starch and glycogen molecules into disaccharides. This is the first step of carbohydrate digestion.

17. Name and locate the three major regions of the pharynx.

a. Nasopharynx—located above the soft palate.

b. Oropharynx—located behind the soft palate and projects downward to the upper border of the epiglottis.

c. Laryngopharynx—located from the upper border of the epiglottis downward to the lower border of the cricoid cartilage of the larynx.

18. Describe the mechanism of swallowing.

The steps in the mechanism of swallowing are:

a. The soft palate raises, preventing food from entering the nasal cavity.

b. The hyoid bone and the larynx are elevated; the epiglottis closes off the top of the trachea so that food is less likely to enter.

c. The tongue is pressed against the soft palate, sealing off the oral cavity from the pharynx.

d. The longitudinal muscles in the pharyngeal wall contract, pulling the pharynx upward toward the food.

e. The lower portion of the inferior constrictor muscles relaxes, opening the esophagus.

f. The superior constrictor muscles contract, stimulating a peristaltic wave to begin in the pharyngeal muscles. This wave forces the food into the esophagus.

19. Explain the functions of the esophagus.

The esophagus functions as a tube that transports substances from the pharynx to the stomach.

20. Describe the structure of the stomach.

The stomach is a J-shaped, pouch-like organ. Thick folds called rugae mark its inner lining. Its mucous

membrane lining contains the gastric pits that are the openings for the gastric glands that secrete digestive enzymes.

21. List the enzymes in gastric juice, and explain the function of each enzyme.

a. Pepsin—is a protein-splitting enzyme, which is the beginning of nearly all types of dietary protein. The

chief cells secrete pepsinogen (the precursor of pepsin) that then combines with hydrochloric acid to

form pepsin.

b. Intrinsic factor—aids in the absorption of vitamin B12.

22. Explain how gastric secretions are regulated.

Parasympathetic impulses and the hormone gastrin enhance the gastric secretions. The presence of the food in the small intestine reflexly inhibits the gastric secretions.

23. Describe the mechanism that controls the emptying of the stomach.

The chyme accumulates near the pyloric sphincter. This muscle begins to relax. The pyloric region of the

stomach then pumps the chyme a little at a time into the small intestine. The rate at which the stomach empties is dependent upon the fluidity of the chyme and the type of food present.

24. Describe the enterogastric reflex.

The enterogastric reflex inhibits the gastric peristalsis and the secretion when the food enters the small intestine.

25. Explain the mechanism of vomiting.

Sensory impulses travel from the site of stimulation to the vomiting center in the medulla oblongata, and a number of motor responses follow. These include taking a deep breath, raising the soft palate and thus closing the nasal cavity, closing the opening to the trachea (glottis), relaxing the circular muscle fibers at the base of the esophagus, contracting the diaphragm so that it moves downward over the stomach, and contracting the abdominal wall muscles so that pressure inside the abdominal cavity increases. As a result, the stomach is squeezed from all sides, forcing its contents upward and out through the esophagus, pharynx, and mouth.

26. Describe the location of the pancreas and the pancreatic duct.

The pancreas is an elongated, somewhat flattened organ that is posterior to the stomach and behind the parietal peritoneum. It is attached to the duodenum by the pancreatic duct, which runs the length of the pancreas.

27. List the enzymes in pancreatic juice, and explain the function of each enzyme.

a. Pancreatic amylase—functions to digest carbohydrates.

b. Pancreatic lipase—functions to digest triglycerides.

c. Trypsin—functions to digest protein.

d. Chymotrypsin—functions to digest protein.

e. Carboxypeptidase—functions to digest protein.

f. Nucleases—functions to break nucleic acids into nucleotides.

28. Explain how pancreatic secretions are regulated.

Secretin stimulates the release of pancreatic juice that has a high bicarbonate ion concentration.

Cholecystokinin stimulates the release of pancreatic juice that has a high concentration of digestive enzymes.

Acidic chyme in the duodenum triggers the release of pancreatic juice. As the chyme moves through the

intestine the pancreatic juice is inhibited.

29. Describe the structure of the liver.

The liver is enclosed in a fibrous capsule and divided into lobes by connective tissue. Each lobe is further subdivided into hepatic lobules. These are the functional units of the liver. Each lobule consists of hepatic cells that radiate outward from a central vein.

30. List the major functions of the liver.

a. Carbohydrate metabolism

b. Lipid metabolism

c. Protein metabolism

d. Glycogen and vitamin storage

e. Blood filtering

f. Detoxification

g. Secretion of bile

31. Describe the composition of bile.

Bile is composed of bile salts, bile pigments (bilirubin and biliverdin), cholesterol, and electrolytes.

32. Trace the path of bile from a bile canaliculus to the small intestine.

The bile flows from the bile canal into hepatic ducts. The ducts then merge to form the common hepatic duct. It then can flow into the gallbladder for storage. The common hepatic and cystic duct form the common bile duct. This then empties into the duodenum.
33. Explain how gallstones form.

Gallstones form as a result of cholesterol precipitating out of solution and crystallizing. This can result if the bile becomes too concentrated, the hepatic cells secrete too much cholesterol, or the gallbladder is inflamed.

34. Define cholecystokinin.

Cholecystokinin is a hormone that is released in response to chyme in the duodenum. It then triggers the release of pancreatic juice from the pancreas, and bile from storage in the gallbladder.

35. Explain the functions of bile salts.

Bile salts emulsify fats and aid in the absorption of fatty acids, cholesterol, and certain vitamins.

36. List and describe the locations of the parts of the small intestine.

a. Duodenum—the first twenty-five centimeters of the small intestine, it lies behind the parietal peritoneum.

It is the most fixed portion of the small intestine.

b. Jejunum—the proximal two-fifths of the remainder of the small intestine.

c. Ileum—the remainder of the small intestine.

37. Name the enzymes of the intestinal mucosa, and explain the function of each enzyme.

a. Peptidases—splits peptides into amino acids.

b. Sucrase—splits sucrose into glucose.

c. Maltase—splits maltose into fructose.

d. Lactase—splits lactose into galactose.

e. Intestinal lipase—splits fats into fatty acids and glycerol.

38. Explain regulation of the secretions of the small intestine.

These secretions are stimulated by the direct contact with chyme, which provides both chemical and mechanical stimuli, and by reflexes triggered by distention of the intestinal wall. It is inhibited by the lack of chyme in the small intestine.

39. Describe the functions of the intestinal villi.

a. The villi serve to increase the surface area of the intestinal wall.

b. Monosaccharides, amino acids, fatty acids, and glycerol are absorbed by the villi.

c. Fat molecules with longer chains of carbon atoms enter the lacteals of the villi.

d. Other digestive products enter the villi and are carried away by the blood.

40. Summarize how each major type of digestive product is absorbed.

a. Monosaccharides are absorbed by the villi by diffusion, facilitated diffusion, or active transport. The

blood then carries them away.

b. Amino acids are absorbed by the villi by means of active transport. The blood then carries them away.

c. Fatty acids and glycerol are absorbed by diffusion into the lacteals of the villi. They are then carried away by lymph.

d. Diffusion and active transport into the villi absorb electrolytes.

e. Water is absorbed by osmosis into the villi.

41. Explain control the movement of the intestinal contents.

The major mixing movement is segmentation, in which small, ring-like, contractions occur periodically, cutting the chyme into segments moving it back and forth. Peristaltic waves propel the chyme through the small intestine. These are weak waves so that the chyme moves slowly through the small intestine.

42. List and describe the locations of the parts of the large intestine.

The cecum is a dilated, pouchlike structure that hangs slightly below the ileocecal opening. This represents the beginning of the large intestine. The colon is divided into four parts. The ascending colon begins at the cecum and travels upward against the posterior abdominal wall to a point just below the liver. It turns sharply to the left and becomes the transverse colon. This is the longest and most movable part of the large intestine. As the transverse colon approaches the spleen, it turns abruptly downward and becomes the descending colon. At the brim of the pelvis, the descending colon makes an S-shaped curve, called the sigmoid colon, and then becomes the rectum. The rectum is firmly attached to the sacrum and it ends about five centimeters below the tip of the coccyx. It now is known as the anal canal. The anal canal is the last two and one-half to four centimeters of the large intestine. It ends at the anus, which opens to the outside of the body.

43. Explain the general functions of the large intestine.

a. It has little or no digestive function.

b. It secretes mucous.

c. Absorption is generally limited to water and electrolytes.

d. Formation and storage of feces.

44. Describe the defecation reflex.

A person holds a deep breath and contracts the abdominal wall muscles. This increases the internal abdominal pressure and forces the feces into the rectum. As the rectal wall distends, this triggers the defecation reflex.

Peristaltic waves in the descending colon are stimulated, and the internal anal sphincter relaxes. The external sphincter relaxes and the feces are forced to the outside.

45. What are the effects of altered rates of absorption, due to aging, in the small intestine?

Because the small intestine is the site of absorption of nutrients, it is here that noticeable signs of aging on digestion arise. Subtle shifts in the microbial species that inhabit the small intestine alter the rates of absorption of particular nutrients. With age, the small intestine becomes less efficient at absorbing vitamins A, D, and K and the mineral zinc. This raises the risk of deficiency symptoms—effects on skin and vision due to a lack of vitamin A; weakened bones from inadequate vitamin D; impaired blood clotting seen in vitamin K deficiency;

and slowed healing, decreased immunity, and altered taste evidenced in zinc deficiency.

46. How does digestive function change with age?

Older people sometimes do not chew food thoroughly because thinning enamel makes teeth more sensitive to hot and cold foods, gums recede, and teeth may loosen.

Slowing peristalsis in the digestive tract may cause heartburn and constipation.

Aging affects nutrient absorption in the small intestine.

Accessory organs to digestion also age, but not necessarily in ways that affect health.

Chapter 18

Nutrition and Metabolism

1. Define essential nutrient.

An essential nutrient is one that human cells cannot synthesize, such as certain amino acids.

2. List some common sources of carbohydrates.

Carbohydrates can come from grains, vegetables, meats, cane sugar, beet sugar, molasses, honey, and fruits.

3. Summarize the importance of cellulose in the diet.

Cellulose provides bulk (fiber or roughage) that the muscular wall of the digestive system can push against thereby facilitating the movement of the food.

4. Explain what happens to excess glucose in the body.

Glucose is stored as glycogen in the liver and muscles. It is also stored as adipose tissue.

5. Explain why a temporary drop in the glucose concentration may impair nervous system functioning.

The neurons depend upon a continuous supply of glucose for survival. Any decrease in the normal amount

required will have an effect on the person’s neurological state.

6. List some factors that affect an individual’s need for carbohydrates.

The physical activity of a person increases the need for carbohydrates. A person’s basal metabolic rate is one of the determining factors of the amount of carbohydrates needed.

7. Define triglyceride.

A triglyceride is the most common dietary fat.

8. List some common sources of lipids.

Lipids are found in both plant and animal based food. Meat, eggs, milk, lard, seeds, nuts, plant oils, liver, egg yolks, cheese, and some meats are sources of lipids.

9. Define beta-oxidation.

Beta-oxidation decomposes fatty acids. Beta-oxidation activates fatty acids and breaks them down into segments of two carbon atoms each.

10. Explain how fats may provide energy.

Fatty acid segments are converted into acetyl coenzyme A, which can then be oxidized in the citric acid cycle.

Before fats can be used as an energy source, they must be broken down into glycerol and fatty acids.

11. Describe the liver’s role in fat metabolism.

The liver converts fatty acids from one form to another. It also controls the total amount of circulating lipids and cholesterol that is released into the blood.

12. Discuss the functions of cholesterol.

Cholesterol is used to produce bile salts. It also provides structural material for cell and organelle membranes.

It furnishes starting materials for adrenal cortex hormone production and synthesis of certain sex hormones.

13. Define deamination, and explain its importance.

Deamination is a process that occurs in the liver that removes the nitrogen-containing portions (–NH2 groups) from the amino acids. These –NH2 groups subsequently react to form a waste called urea. The liver therefore produces urea from amino groups formed by deamination of amino acids. The blood carries urea to the kidneys, where it is excreted in urine.

14. List some common sources of protein.

Meats, fish, poultry, cheeses, nuts, milk, eggs, cereals, and legumes are sources of protein.

15. Distinguish between essential and nonessential amino acids.

Essential amino acids are those that must be obtained in the diet as the body either can not manufacture them in sufficient quantities or are unable to produce them at all. A nonessential amino acid is one that the body can produce in sufficient quantities.

16. Explain why all of the essential amino acids must be present before growth can occur.

If one of the amino acids is missing, then protein synthesis cannot take place. Protein synthesis is the backbone for growth.

17. Distinguish between complete and incomplete proteins.

Complete proteins contain adequate amounts of the essential amino acids to maintain human body tissues and promote normal growth and development. Incomplete proteins are unable, by themselves, to maintain human tissues or to support normal growth and development.

18. Review the major functions of amino acids.

a. Amino acids make up proteins, which are the building blocks of the body.

b. Amino acids are also potential sources of energy.

19. Define nitrogen balance.

Nitrogen balance is a condition in which the amount of nitrogen taken in is equal to the amount excreted.

20. Explain why a protein deficiency may be accompanied by edema.

Protein deficiency may decrease the level of plasma proteins, which decreases the osmotic pressure of the blood. As a result, fluids collect in the tissues, producing a condition called nutritional edema.

21. Define calorie.

A Calorie is the amount of heat needed to raise the temperature of a gram of water by one degree Celsius. The calorie used to measure food is 1,000 times greater.

22. Explain how the caloric values of foods are determined.

Food samples are placed into a bomb calorimeter. The chamber is filled with oxygen gas and submerged in water. The food is ignited and allowed to oxidize completely. Heat released from the food raises the

temperature in the surrounding water, and the change in temperature is measured. Since the volume of water is known, the amount of heat released from the food can be calculated.

23. Define basal metabolic rate.

The basal metabolic rate (BMR) is a measurement of the rate at which the body expends energy under basal conditions. These basal conditions are when a person is awake and at rest, after an overnight fast, and in a comfortable controlled environment.

24. List some factors that affect the BMR.

a. Sex

b. Body size

c. Body temperature

d. Level of endocrine gland activity

25. Define energy balance.

Energy balance exists when the caloric intake equals the caloric output.

26. Explain what is meant by desirable weight.

Desirable weight is a weight that is based on the height-weight guidelines that are based upon people that live the longest. It is difficult to define at best.

27. Distinguish between overweight and obesity.

Overweight can be defined as exceeding desirable weight by 10% to 20%. Obesity is properly defined as an excess of adipose tissue. It is also when an individual exceeds 20% of the desirable weight.

28. Discuss the general characteristics of fat-soluble vitamins.

Fat-soluble vitamins dissolve in fats and are affected by the same factors that influence lipid absorption. They are stored in moderate quantities in various tissues. These vitamins are fairly resistant to the effects of heat so cooking or food processing does not destroy them.

29. List the fat-soluble vitamins, and describe the major functions of each vitamin.

a. Vitamin A—Necessary for synthesis of visual pigments, mucoproteins and mucopolysaccharides as well as for normal development of bones and teeth and the maintenance of epithelial cells.

b. Vitamin D—Promotes the absorption of calcium and phosphorus as well as promotes the development of teeth and bones.

c. Vitamin E—Prevents oxidation of vitamin A and polyunsaturated fatty acids and may help maintain stability of cell membranes.

d. Vitamin K—Needed for synthesis of prothrombin, which functions in blood clotting.

30. List some good sources for each of the fat-soluble vitamins.

a. Vitamin A—Liver, fish, whole milk, butter, eggs, leafy green vegetables, yellow and orange vegetables,

and fruit.

b. Vitamin D—Milk, egg yolk, fish liver oils, and fortified foods.

c. Vitamin E—Oils from cereal seeds, salad oils, margarine, shortenings, fruits, nuts, and vegetables.

d. Vitamin K—Leafy green vegetables, egg yolk, pork, liver, soy oil, tomatoes, and cauliflower.

31. Explain what is meant by the vitamin B complex.

Vitamin B complex is several compounds that are essential for normal cellular metabolism that often occur together in foods.

32. List the water-soluble vitamins, and describe the major functions of each vitamin.

a. Thiamine (Vitamin B1)—part of the coenzyme needed for oxidation of carbohydrates and in a coenzyme needed in synthesis of ribose.

b. Riboflavin (Vitamin B2)—part of enzymes and coenzymes such as FAD, needed for oxidation of glucose and fatty acids as well as needed for cellular growth.

c. Niacin (Nicotinic Acid)—part of coenzymes NAD and NADP needed for oxidation of glucose and synthesis of proteins, fats, and nucleic acids.

d. Vitamin B6 –coenzyme needed for synthesis of proteins and various amino acids as well as for conversion of tryptophan to niacin, for antibody production and for synthesis of nucleic acids.

e. Pantothenic Acid—part of coenzyme A needed for oxidation of carbohydrates and fats.

f. Cyanocobalamin (Vitamin B12)—part of coenzyme needed for synthesis of nucleic acids and for the

metabolism of carbohydrates; plays a role in myelin synthesis.

g. Folacin (Folic Acid)—coenzyme needed for metabolism of certain amino acids and for synthesis of DNA as well as production of normal red blood cells.

h. Biotin—coenzyme needed for metabolism of amino acids and fatty acids and for synthesis of nucleic acids.

i. Ascorbic Acid (Vitamin C)—needed for collagen production, conversion of folacin to folinic acid, and

metabolism of certain amino acids as well as promoting absorption of iron and synthesis of hormones from cholesterol.

33. List some good sources for each of the water-soluble vitamins.

a. Thiamine (Vitamin B1)—lean meats, liver, eggs, whole-grain cereals, leafy green vegetables, and legumes.

b. Riboflavin (Vitamin B2)—meats, dairy products, leafy green vegetables, and legumes.

c. Niacin (Nicotinic Acid)—liver, lean meats, peanuts, and legumes.

d. Vitamin B6 –liver, meats, bananas, avocados, beans, peanuts, whole-grain cereals, and egg yolk.

e. Pantothenic Acid—meats, whole-grain cereals, legumes, milk, fruits, and vegetables.

f. Cyanocobalamin (Vitamin B12)—liver, meats, milk, cheese, and eggs.

g. Folacin (Folic Acid)—liver, leafy green vegetables, whole-grain cereals, and legumes.

h. Biotin—liver, egg yolk, nuts, legumes, and mushrooms.

i. Ascorbic Acid (Vitamin C)—citrus fruits, tomatoes, potatoes, and leafy green vegetables.

34. Discuss the general characteristics of the mineral nutrients.

Minerals can be incorporated into organic molecules such as the iron in hemoglobin. They also can be in inorganic molecules such as the calcium phosphate of bones. Other minerals are free ions such as sodium in the blood. They are present in all body cells where they comprise parts of the structural material. They are also portions of enzyme molecules, contribute to the osmotic pressure of body fluids, and play vital roles in the conduction of nerve impulses, the contraction of muscle fibers, the coagulation of blood, and the maintenance of pH.

35. List the major minerals, and describe the major functions of each mineral.

a. Calcium (Ca)—is important for bone and teeth structure; is essential for nerve impulse conduction,

muscle fiber contraction, and blood coagulation; increases the permeability of cell membranes; and activates certain enzymes.

b. Phosphorus (P)—is important for bone and teeth structure; is a component in nearly all metabolic

reactions; is a constituent of nucleic acids, many proteins, some enzymes, and some vitamins; and occurs in cell membranes, ATP, and phosphates of the body fluids.

c. Potassium (K)—helps to maintain intercellular osmotic pressure and regulate pH; promotes metabolism; is needed for nerve impulse conduction and muscle fiber contraction.

d. Sulfur (S)—is an essential part of various amino acids, thiamine, insulin, biotin, and mucopolysaccharides.

e. Sodium (Na)—helps to maintain osmotic pressure of extracellular fluids and regulate water movement;

needed for conduction of nerve impulses and contractions of muscle fibers; aids in regulation of pH and in transport of substances across cell membranes.

f. Chlorine (Cl)—helps maintain osmotic pressure of extracellular fluids, regulates pH, and maintains

electrolyte balance; is essential in the formation of hydrochloric acid; aids transport of carbon dioxide by red blood cells.

g. Magnesium (Mg)—needed in metabolic reactions that occur in mitochondria and are associated with the

production of ATP; plays a role in the breakdown of ATP to ADP.

36. List some good sources for each of the major minerals.

a. Calcium (Ca)—milk, milk products, and leafy green vegetables

b. Phosphorus (P)—meats, cheese, nuts, whole-grain cereals, milk, and legumes

c. Potassium (K)—avocados, dried apricots, meats, nuts, potatoes, and bananas

d. Sulfur (S)—meats, milk, eggs, and legumes

e. Sodium (Na)—table salt, cured ham, sauerkraut, cheese, and graham crackers

f. Chlorine (Cl)—same as for sodium

g. Magnesium (Mg)—milk, dairy products, legumes, nuts, and leafy green vegetables

37. Distinguish between a major mineral and a trace element.

Major minerals, such as calcium and phosphorus, account for nearly 75% of the mineral elements in the body.

The other major minerals account for 0.05% or more of the body minerals. A trace element is an essential

mineral that is found in minute amounts, each taking up less than 0.005% of the adult body weight.

38. List the trace elements, and describe the major functions of each trace element.

a. Iron (Fe)—is part of the hemoglobin molecule, catalyzes formation of Vitamin A; is incorporated into a number of enzymes.

b. Manganese (Mn)—occurs in enzymes needed for synthesis of fatty acids, and cholesterol, formation of urea, and normal functions of the nervous system.

c. Copper (Cu)—essential for synthesis of hemoglobin, development of bone, production of melanin, and formation of myelin.

d. Iodine (I)—essential component for the synthesis of thyroid hormones.

e. Cobalt (Co)—component of cyanocobalamin and is needed for the synthesis of several enzymes.

f. Zinc (Zn)—is a constituent of several enzymes involved in digestion, respiration, bone metabolism, and

liver metabolism; is necessary for normal wound healing and maintaining the integrity of the skin.

g. Fluorine (F)—is a component of tooth structure.

h. Selenium (Se)—occurs in enzymes.

i. Chromium (Cr)—essential for the use of carbohydrates.

39. List some good sources of each of the trace elements.

a. Iron (Fe)—liver, lean meats, dried apricots, raisins, enriched whole-grain cereals, legumes, and molasses.

b. Manganese (Mn)—nuts, legumes, whole-grain cereals, leafy green vegetables and fruits.

c. Copper (Cu)—liver, oysters, crab meat, nuts, whole-grain cereals, and legumes.

d. Iodine (I)—iodized table salt.

e. Cobalt (Co)—liver, lean meats, and milk.

f. Zinc (Zn)—meats, cereals, legumes, nuts, and vegetables.

g. Fluorine (F)—fluoridated water.

h. Selenium (Se)—lean meats, fish, and cereals.

i. Chromium (Cr)—liver, lean meats, and wine.

40. Define adequate diet.

An adequate diet provides sufficient energy (calories), essential fatty acids, essential amino acids, vitamins, and minerals to support optimal growth and to maintain and repair body tissues.

41. Explain various methods to eat an adequate diet.

Read and understand food labels.

Disregard claims such as “light” and “low fat” and skip right to the calories of different ingredients.

Follow the U.S. Dept. of Agriculture food pyramid as a guideline to healthy eating.

42. Define malnutrition.

Malnutrition is poor nutrition that results from a lack of essential nutrients or a failure to utilize them.

43. Distinguish between primary and secondary malnutrition.

Malnutrition that is caused by diet alone is called primary malnutrition. Secondary malnutrition occurs when an individual’s characteristics make a normally adequate diet insufficient. This can be a secondary condition to a devastating illness such as cancer.

44. Discuss bodily changes during starvation.

After one day without eating, the body’s reserves of sugar and starch are gone. The body then extracts energy from fat and then from muscle protein. Hunger ceases as the body uses energy from fat reserves. Metabolism gradually slows to conserve energy, blood pressure drops, the pulse slows, and chills set in. Sin becomes dry and hair falls out. The immune system’s antibody proteins are dismantled for their amino acids causing a decline in protection against infection. Mouth sores and anemia develops, the heart beats irregularly, and bone begins to degenerate. After several weeks, coordination is lost. Near the end, the starving individual is blind, deaf, and emaciated.

45. Distinguish among marasmus, kwashiorkor, anorexia nervosa, and bulimia.

Marasmus is caused by a lack of nutrients and causes the person to resemble a living skeleton. Kwashiorkor is a form of protein starvation that generally appears in a child that has just been weaned from protein-rich breast milk to protein-poor gruel. These are the children with the protruding bellies. Anorexia nervosa is a condition where the person suffers from a self-imposed starvation. Bulimia is a condition where a person eats everything they want, often in large quantities, and then purge themselves with self-induced vomiting or laxative abuse.

46. Describe some medical conditions that affect the ability to obtain adequate nutrition as a person ages.

Medical conditions that affect the ability to obtain adequate nutrition include depression, tooth decay and periodontal disease, diabetes mellitus, lactose intolerance, and alcoholism. These conditions may lead to deficiencies that are not immediately obvious. Vitamin A deficiency, for example, may take months or years to become noticeable because the liver stores this fat-soluble vitamin. Calcium depletion may not produce symptoms, even as the mineral is taken from bones. The earliest symptom of malnutrition, fatigue, may easily be attributed to other conditions or ignored.

Chapter 19

Respiratory System

1. Describe the general functions of the respiratory system.

a. It functions to remove particles from incoming air and transport it from outside the body into and out of the lungs.

b. It houses the structures where gas exchange takes place between the air and the blood.

2. Distinguish between the upper and lower respiratory tracts.

The upper respiratory tract includes the nose, nasal cavity, sinuses, pharynx, larynx, and the upper portion of the trachea. The lower respiratory tract consists of the lower portion of the trachea, the bronchial tree, and the lungs.

3. Explain how the nose and nasal cavity filter incoming air.

The nose contains internal hairs that help prevent the entrance of the relatively large particles sometimes carried in the air. The nasal cavity is lined with a mucous membrane that has goblet cells that secrete sticky mucus. This mucus traps dust and other small particles entering with the air.

4. Name and describe the locations of the major sinuses, and explain how a sinus headache may occur.

The major sinuses are located within, and named from, the maxillary, frontal, ethmoid, and sphenoid bones in the skull.

Inflamed and swollen mucous membranes due to nasal infections or allergic reactions may block mucous secretion drainage, causing pressure and a headache.

5. Distinguish between the pharynx and the larynx.

The pharynx is located behind the oral cavity and between the nasal cavity and the larynx. It functions as a passageway for food from the oral cavity to the esophagus. It also serves as a passageway for air from the nasal cavity to the larynx. It also serves as a resonance chamber for producing the sounds of speech.

The larynx is an enlargement at the top of the trachea and below the pharynx. It serves as a passageway for air moving in and out of the trachea, functions to prevent foreign objects from entering the trachea, and houses the vocal cords.

6. Name and describe the locations and functions of the cartilages of the larynx.

a. Thyroid cartilage—located in the front of the neck. Commonly called the Adam’s apple. Protects the larynx.

b. Cricoid cartilage—located below the thyroid cartilage. Marks the lowermost portion of the larynx. Protects the larynx.

c. Epiglottic cartilage—attached to the upper border of the thyroid cartilage and supports the epiglottis. Allows for opening and closing of the epiglottis.

d. Arytenoid cartilage—located above and on either side of the cricoid cartilage. Serves as an attachment for muscles that regulate vocal cord tension for speech. Aids in closing the larynx for swallowing.

e. Corniculate cartilage—attached to the tips of the arytenoid cartilages. Serves as an attachment for muscles that regulate vocal cord tension for speech. Aids in closing the larynx for swallowing.

f. Cuneiform cartilages—small structures in the mucous membrane between the epiglottic and the arytenoid cartilages. They stiffen soft tissue in this region.

7. Distinguish between the false vocal cords and the true vocal cords.

The false vocal cords are the upper folds of tissue found in the larynx. They are called false because they do not function in the production of sounds.

The true vocal cords are the lower folds of tissue found in the larynx. They contain muscle tissue and elastic fibers that are responsible for vocal sounds.

8. Compare the structure of the trachea with the structure of the branches of the bronchial tree.

The trachea is a flexible cylindrical tube. There are about twenty C-shaped pieces of hyaline cartilage one above the other. The open ends are directed posteriorly and the gaps are filled with smooth muscle and connective tissues. The branches of the bronchial tree are similar but the C-shaped cartilaginous rings are replaced with cartilaginous plates. As the branches become finer and finer, the amount of cartilage decreases and finally disappears in the bronchioles.

9. List the successive branches of the bronchial tree, from the primary bronchi to the alveoli.

Primary bronchi divide into secondary (lobar) bronchi. The secondary bronchi divide into tertiary (segmental) bronchi. The tertiary bronchi divide into intralobular bronchioles. The intralobular bronchioles divide into terminal bronchioles. The terminal bronchioles divide into respiratory bronchioles. The respiratory bronchioles connect with the alveolar ducts. The ducts lead to alveolar sacs. Alveoli are the microscopic air sacs that make up the alveolar sac.

10. Describe how the structure of the respiratory tube changes as the branches become finer.

The C-shaped cartilaginous rings are replaced with cartilaginous plates at the point where the bronchi enter the lung. The amount of cartilage decreases as the tubes become finer and disappear in the bronchioles. As the cartilage decreases, the amount of smooth muscle surrounding the tube increases. The lining of the larger tubes consist of pseudostratified, ciliated columnar epithelium (PCCE) with a lot of goblet cells for mucus secretion.

Along the way, the number of goblet cells and the height of the epithelial cells decline. Cilia become scarce. In the finer tubes, beginning with the respiratory bronchioles, the lining is cuboidal epithelium. In the alveoli, the lining consists of simple squamous epithelium.

11. Explain the functions of the respiratory tubes.

The respiratory tubes filter the incoming air and distribute it to the alveoli in all parts of the lungs. At the

alveolar level, gas exchange can take place.

12. Distinguish between the visceral pleura and the parietal pleura.

The visceral pleura is the lining that covers the outside of the lungs. The parietal pleura is the lining that covers the pleural cavity.

13. Name and describe the locations of the lobes of the lungs.

The right lung consists of three lobes called the superior, middle, and inferior. It is located in the right side of the chest. The left lung consists of two lobes called the superior and inferior. It is located on the left side of the chest.

14. Explain how normal inspiration and forced inspiration are accomplished.

Normal inspiration is the result of the differing air pressures within the lung and in the atmospheric pressure outside the lungs. When the pressure inside the lungs decreases, the air flows into the body by way of the atmospheric pressure.

Forced inspiration can be accomplished by further contraction of the diaphragm and the external intercostals muscles. Additional muscles, such as the pectoralis minors and sternocleidomastoids, can also be used to enlarge the thoracic cavity, thereby decreasing the internal pressure to a greater extent.

15. Define surface tension, and explain how it aids breathing mechanism.

Surface tension is the great attraction for water molecules to attach to one another. This force is used in breathing to hold the moist surfaces of the pleural membranes together. It also helps to expand the lung in all directions.

16. Define surfactant, and explain its function.

Surfactant is a lipoprotein mixture continually secreted into the alveolar air spaces. It acts to reduce the

surface tension and decreases the tendency of the alveoli to collapse when the lung volume is low.

17. Define compliance.

Compliance (distensibility) is the ease with which lungs can be expanded as a result of pressure changes occurring during breathing.

18. Explain how normal expiration and forced expiration are accomplished.

Normal expiration is accomplished by the elastic recoil of the lung tissues and the decrease in the diameter of the alveoli as a result of surface tension.

Forced expiration can be accomplished by contracting the internal intercostal muscles to pull the ribs and sternum downward and inward, increasing the pressure in the lungs. The abdominal wall muscles also can be used to squeeze the abdominal organs inward and increase the abdominal cavity pressure. This translates in forcing the diaphragm even higher against the lungs.

19. Distinguish between the vital capacity and total lung capacity.

The vital capacity is the maximum amount of air a person can exhale after taking the deepest breath possible.

Total lung capacity is the vital capacity added to the residual volume. The residual volume is the amount of air that remains in the lungs even after forceful expiration.

20. Distinguish between anatomic, alveolar, and physiologic dead spaces.

Anatomic dead space is the volume of air that remains in the trachea, bronchi, and bronchioles, as these tubes do not participate in gas exchange. Alveolar dead space consists of air sacs in some regions of the lungs that are nonfunctional due to poor blood flow. Physiologic dead space is the combination of anatomic and alveolar dead spaces.

21. Distinguish between minute respiratory volume and alveolar ventilation rate.

The minute respiratory volume is the amount of new atmospheric air that is moved into the respiratory passages each minute. This is ascertained by multiplying the tidal volume by the breathing rate. The alveolar ventilation rate is the volume of new air that does reach the alveoli and is available for gas exchange. This is calculated by subtracting the physiologic dead space from the tidal volume and then multiplying the result by the breathing rate.

22. Compare the mechanisms of coughing and sneezing, and explain the function of each.

A cough involves taking a deep breath, closing the glottis, and forcing air upward from the lungs against the closure. The glottis is then suddenly opened, and a blast of air is forced upward from the lower respiratory tract. This action clears the lower respiratory passages. A sneeze is usually initiated by a mild irritation in the linings of the nasal cavity, and in response, a blast of air is forced up through the glottis. This time the air is directed into the nasal passages by depressing the uvula, thus closing the opening between the pharynx and the oral cavity. This action clears the upper respiratory passages.

23. Explain the function of yawning.

Yawning is thought to aid respiration by providing an occasional deep breath.

24. Describe the location of the respiratory center, and name its major components.

The respiratory center is found widely scattered throughout the pons and medulla oblongata in the brain stem.

The two major components are the medullary rhythmicity center and the pneumotaxic area. The medullary rhythmicity center is further subdivided into the dorsal respiratory group and the ventral respiratory group.

25. Describe how the basic rhythm of breathing is controlled.

The dorsal respiratory group controls the basic rhythm of breathing. The neurons emit bursts of impulses that signal the diaphragm and other inspiratory muscles to contract. The neurons remain inactive during exhalation and then begin the bursts of impulses anew.

26. Explain the function of the pneumotaxic area of the respiratory center.

The neurons in this area transmit impulses to the dorsal respiratory group continuously and regulate the

duration of the inspiratory bursts originating from the dorsal respiratory group. This is where rate of respiration is controlled.

27. Explain why increasing blood concentrations of carbon dioxide and hydrogen ions have similar effects on the respiratory center.

The similarity of the effects of carbon dioxide and hydrogen ions is a consequence of the fact that carbon

dioxide combines with water in the cerebrospinal fluid to form carbonic acid. Carbonic acid then ionizes releasing hydrogen ions and bicarbonate ions. If these concentrations rise, the central chemoreceptors signal the respiratory center and the breathing rate increases.

28. Describe the function of the peripheral chemoreceptors in the carotid and aortic bodies of certain arteries.

The chemoreceptors, known as the peripheral chemoreceptors, function to detect changes in the blood oxygen concentrations. When changes are detected, impulses are transmitted to the respiratory center, and the breathing rate is increased. These are only triggered by an extremely low blood oxygen concentration. This seems to support the statement that oxygen seems to play only a minor role in the control of normal respiration.

29. Describe the inflation reflex.

The inflation reflex occurs when the stretch receptors in the visceral pleura, bronchioles, and alveoli are stimulated as a result of lung tissues being overstretched. Sensory impulses of this reflex travel via the vagus nerves to the pneumotaxic area of the respiratory center. This center causes the duration of the inspiratory movements to shorten. This reflex prevents overinflation of the lungs during forceful breathing.

30. Discuss the effects of emotions on breathing.

Strong emotional upset or sensory stimulation may alter the normal breathing pattern. Because control of the respiratory muscles is voluntary, we can alter breathing patterns consciously or even stop it altogether for a short time.

31. Define hyperventilation, and explain how it affects the respiratory center.

Hyperventilation is the action of breathing readily and deeply. This causes a lowered blood carbon dioxide concentration. This can result in the ability to hold the breath longer, as it takes a longer time for the carbon

dioxide levels to build up to a concentration that will overwhelm the respiratory center.

32. Define respiratory membrane, and explain its function.

The respiratory membrane consists of at least two thicknesses of epithelial cells and a layer of fused basement membranes separating the air in an alveolus from the blood in the capillaries. This membrane is the site at which gas exchange occurs between the blood and the alveolar air.

33. Explain the relationship between the partial pressure of a gas and its rate of diffusion.

The partial pressure of a gas within the blood will use diffusion to equalize the pressure between its blood concentration and its surroundings.

34. Summarize the gas exchanges that occur through the respiratory membrane.

The PO2 level in the atmospheric pressure is higher than that in the blood. This allows for diffusion of oxygen into the blood. The PCO2 level is higher in the blood than in the atmosphere so diffusion occurs out of the blood into the atmosphere.

35. Describe how oxygen is transported in blood.

Over 98% of the oxygen is transported in the blood on the hemoglobin molecules. The remainder is dissolved in the blood plasma.

36. List three factors that increase release of oxygen from the blood.

a. The blood concentration of carbon dioxide.

b. The blood pH.

c. The blood temperature.

37. Explain why carbon monoxide is toxic.

The toxic effect of carbon monoxide occurs because it combines with the hemoglobin more effectively than does oxygen. It also does not dissociate readily from hemoglobin, thereby leaving less hemoglobin available for oxygen transport.

38. List three ways that carbon dioxide is transported in blood.

a. It can be dissolved in the blood plasma.

b. It can combine with hemoglobin and form carbaminohemoglobin.

c. It can be transported as part of a bicarbonate ion.

39. Explain the function of carbonic anhydrase.

Carbonic anhydrase is an enzyme that catalyzes the reaction between carbon dioxide and water to form carbonic acid.

40. Define chloride shift.

Chloride shift is the movement of chloride ions from the blood plasma into the red blood cells as bicarbonate ions diffuse out of the red blood cells into the plasma.

41. Describe the changes that make it harder to breathe with advancing years.

Cartilage between the sternum and ribs calcifies and stiffens.

Changes in shape of thoracic cavity into a “barrel chest.”

In the bronchioles, fibrous connective tissue replaces some smooth muscle, decreasing contractility.

Chapter 20

Urinary System

1. Name the organs of the urinary system, and list their general functions.

a. Kidneys—remove substances from the blood, form urine, and help regulate various metabolic processes.

b. Ureters—tubes that transport urine away from kidneys to the urinary bladder.

c. Urinary bladder—saclike organ that serves as a urine reservoir.

d. Urethra—tube that transports urine to the outside the body.

2. Describe the external and internal structure of a kidney.

Externally, a kidney is a reddish brown, bean-shaped organ about 12 centimeters long, 6 centimeters wide, and is enclosed in a smooth, tough, fibrous capsule (tunic fibrosa). The lateral surface of the kidney is convex, while its medial side is concave. The hollow depression (renal sinus) of the concave side allows blood and lymphatic vessels, and the ureter to pass through at the hilum. The ureter opens up inside the sinus to become the renal pelvis. The pelvis then divides into two or three tubes (major calyces [sing. calyx]) that further divide into eight to fourteen minor calyces.

The kidney has two distinct regions, the inner renal medulla and the outer renal cortex. The renal medulla contains conical masses of tissue (renal pyramids) between the renal columns, arranged so that the bases face the convex side of the kidney and the apexes (renal papillae) project into the renal sinus. The papillae have many openings that lead into the minor calyces. The cortex is granular, and surrounds the medulla. Its tissue dips into the medulla between the renal pyramids, forming renal columns. The random arrangement of tiny tubules associated with the nephrons gives the cortex its granular appearance.

3. List the functions of the kidneys.

The functions of the kidneys are:

a. regulate the volume, composition, and the pH of body fluids,

b. remove metabolic wastes from the blood and excrete them,

c. aid control of the rate of red blood cell production by secreting erythropoietin,

d. regulate blood pressure by secreting renin, and

e. regulate calcium ion absorption by activating vitamin D.

4. Name the vessels the blood passes through as it travels from the renal artery to the renal vein.

The route the blood follows is: renal artery to several interlobar arteries, to arciform (arcuate) arteries, to afferent arterioles, to efferent arterioles, to peritubular capillaries, to interlobular veins, to arciform (arcuate) veins, to interlobar veins, to a renal vein.

5. Distinguish between a renal corpuscle and a renal tubule.

A renal corpuscle is a tangled cluster of blood capillaries called a glomerulus. The glomerulus surrounds a glomerular capsule that marks the enlarged, closed end of a renal tubule. The renal tubule contains the fluids secreted by the blood in the renal corpuscle.

6. Name the structures fluid passes through as it travels from the glomerulus to the collecting duct.

Once the fluid is secreted into the renal tubule, it travels into a highly coiled proximal convoluted tubule.

This tubule turns toward the renal pelvis and straightens to become the descending nephron loop. The tubule then curves back toward the renal corpuscle as the ascending nephron loop. This branch again becomes highly coiled, and is called the distal convoluted tubule. Several of these tubules converge in the renal cortex to form a collecting duct that joins with others to eventually empty into a minor calyx.

7. Describe the location and structure of the juxtaglomerular apparatus.

A juxtaglomerular apparatus is located at the point were a distal convoluted tubule passes between, and contacts, the afferent and efferent arterioles. At this point, the tubule’s epithelial cells narrow and pack tightly together to form the macula densa. Nearby, the wall of the afferent arteriole contains large, vascular smooth muscle cells called juxtaglomerular cells. The macula densa and the juxtaglomerular cells, together, make a juxtaglomerular apparatus.

8. Distinguish between cortical and juxtamedullary nephrons.

Nephrons located in the renal cortex are called cortical nephrons. The nephrons located close to the renal medulla have nephron loops extending into the medulla, and are thus called juxtamedullary nephrons.

9. Distinguish among filtration, reabsorption, and secretion as they relate to urine formation.

Filtration moves chemicals from the glomerulus into the renal tubules by pressure. Reabsorption moves some of these chemicals back into the blood. Secretion moves other chemicals from the peritubular capillaries into renal tubules by various mechanisms.

10. Define filtration pressure.

Filtration pressure is the net pressure that causes substances to move from the capillaries into the renal tubules. The calculation takes into account glomerular hydrostatic pressure (blood pressure inside the

glomerulus), capsular hydrostatic pressure (fluid pressure inside the glomerular capsule), and the glomerular osmotic pressure (the amount of force the substances have in the blood to keep water inside).

11. Compare the composition of glomerular filtrate with that of the blood plasma.

The glomerular filtrate has about the same composition as what becomes tissue fluid elsewhere in the body.

In other words, glomerular filtrate is mostly water and contains essentially the same substances as blood plasma, except for the larger protein molecules.
12. Explain how the diameters of the afferent and efferent arterioles affect the rate of glomerular filtration.

The rate of glomerular filtration is directly proportional to the filtration pressure. So, if the afferent arteriole constricts, blood flow decreases, and the filtration pressure drops. On the other hand, if the efferent arteriole constricts, the resulting back pressure will cause an increase in filtration pressure.
13. Explain how changes in the osmotic pressure of the blood plasma may affect glomerular filtration.

Osmotic pressure is the amount of attraction of substances to water. When hydrostatic pressure forces water out, the remaining blood proteins exert more force to pull water back in. When the osmotic pressure is high enough, filtration stops. If blood protein concentration is low, filtration increases. If the blood flow is rapid, osmotic pressure stays low and filtration rates remain high. If the blood flow is slow, the osmotic pressure changes because the blood has more time to be filtered.

14. Explain how the hydrostatic pressure of a glomerular capsule affects the rate of glomerular filtration.

The hydrostatic pressure in the glomerular capsule opposes the hydrostatic pressure in the glomerulus. If the glomerular capsule pressure is too great, as with an obstruction, filtration will decrease.

15. Describe two mechanisms by which the body regulates the filtration rate.

Glomerular filtration rate (GFR) can be controlled by the renin-angiotensin system, which controls sodium excretion. Renal baroreceptors sense changes in blood pressure and act with the sympathetic nervous system to cause the juxtaglomerular cells to secrete renin when the pressure drops. The macula densa sense concentrations of sodium, potassium, and chlorid ions and causes renin secretion if any of these drop too low.

The atrial natriuretic hormone (ANH) can also control GFR. When the atria stretch because of excessive pressure, this process is called autoregulation.

16. Define autoregulation.

Filtration usually, and continuously, occurs simply by the physical properties of osmosis and hydrostatic pressure. This process is called autoregulation.

17. Discuss how tubular reabsorption is a selective process.

Tubular reabsorption causes the composition of the filtrate to change before it is excreted as urine. For

instance, glucose is present in the filtrate, but is absent in the urine. Urea and uric acid are considerably more concentrated in the urine than they are in the glomerular filtrate. This is accomplished through the epithelium of the renal tubule.

18. Explain how the peritubular capillary is adapted for reabsorption.

Because the efferent arteriole is narrower than the peritubular capillary, the pressure of the blood in the

capillary is relatively low. Also, the walls of the capillary are more permeable than those of other capillaries.

These factors enhance the rate of fluid reabsorption.

19. Explain how epithelial cells of the proximal convoluted tubule are adapted for reabsorption.

The epithelial of the proximal convoluted tubule contain microvilli that greatly increase their surface area. For this reason, most tubular reabsorption occurs here.

20. Explain why active transport mechanisms have limited transport capacities.

Active transport is a highly selective mechanism. The carrier molecules can only transport certain amounts of very specific passenger molecules. For this reason, the active transport mechanism has a limited transport capacity.

21. Define renal plasma threshold, and explain its significance in tubular reabsorption.

Under normal conditions there are sufficient carrier molecules to transport glucose out of the filtrate. If the

glucose concentration reaches a point where active transport can no longer handle it, it is said to have reached its renal plasma threshold. Because no more glucose can be carried out, the excess will remain in the urine.

This is significant because glucose draws water into the renal tubule by osmosis and results in increased urine volume.

22. Explain how amino acids and proteins are reabsorbed.

Amino acids are thought to be reabsorbed by using three different active transport systems in the proximal convoluted tubules. Each active transport system reabsorbs a different group of amino acids with a similar molecular structure. The filtrate is usually free of proteins except albumin. Albumin has a relatively small

structure and is reabsorbed by pinocytosis in the microvilli of the proximal convoluted tubules. From there, it is converted by enzymatic actions into amino acids and moved back into the blood of the peritubular capillaries.

23. Describe the effect of sodium reabsorption on the reabsorption of negatively charged ions.

Because sodium is a positively charged ion, its reabsorption causes negatively charged ions to follow it out of the filtrate. The sodium is reabsorbed by active transport in the proximal area of the renal tubule. The

negatively charged ions of chloride, phosphate, and bicarbonate follow through in passive transport systems.

24. Explain how sodium ion reabsorption affects water reabsorption.

As sodium and its negative ions are reabsorbed, the solute concentration of the peritubular capillaries increases.

This causes water to move into the peritubular capillary by osmosis in order to equalize the solute concentrations on both sides, and this reduces the fluid volume within the renal tubule.

25. Explain how hypotonic tubular fluid is produced in the ascending limb of the nephron loop.

The ascending limb of the nephron loop is impermeable to water but diffuses electrolytes by transport mechanisms. This causes its fluid to be hypotonic with respect to the interstitial fluid surrounding it.

26. Explain why fluid in the descending limb of the nephron is hypertonic.

Because the descending limb of the nephron loop is very permeable to water yet almost impermeable to

solutes, its fluid is hypertonic with respect to the interstitial fluid surrounding it.

27. Describe the function of ADH.

ADH (antidiuretic hormone), produced by the hypothalamus and secreted by the posterior lobe of the

pituitary gland, causes water reabsorption to increase by increasing the permeability of the linings of the distal convoluted tubules and collecting ducts. This occurs in response to decreasing blood volume and pressure or decreasing concentrations of water in the blood.

28. Explain how the renal tubule is adapted to secrete hydrogen ions.

Secretory mechanisms are active transport mechanisms that work in the opposite direction. The epithelium of the proximal convoluted segment actively secretes hydrogen ions along with other organic compounds.

29. Explain how potassium ions may be secreted passively.

The active reabsorption of sodium ions out of the tubular fluid produces a negative charge within the tube.

Because of this, in the distal portions of the proximal convoluted tubule and the collecting duct, potassium ions (which are positively charged) move from the tubular epithelium and into the tubular fluid by electrical attraction.

30. Explain how urine may become concentrated as it moves through the collecting duct.

In response to certain metabolic conditions such as decreasing blood or fluid volume, the posterior lobe of the pituitary gland releases ADH (antidiuretic hormone). In the kidney, ADH causes increased permeability of the epithelial linings of the distal convoluted tubule and collecting duct. This moves water rapidly out of these segments. Thus, the urine becomes more concentrated because water is conserved by the body.

31. Compare the processes by which urea and uric acid are reabsorbed.

About fifty percent of urea is reabsorbed by passive diffusion in the renal tubule. The rest is secreted in the urine. Uric acid is reabsorbed by active transport. Although all of the uric acid is reabsorbed, about ten percent is secreted in the urine. This seems to be a result of the acid being secreted back into the renal tubule.

32. List the more common substances found in urine and their sources.

a. Water—excess intake and cellular metabolism.

b. Urea—a by-product of amino acid catabolism.

c. Uric acid—a by-product of organic base and nucleic acid metabolism.

d. Amino acids—protein synthesis or breakdown.

e. Electrolytes—various body processes.

33. List some of the factors that affect the volume of urine produced each day.

These factors include: amount of fluid intake, environmental temperature, relative humidity of surrounding air, the person’s emotional condition, respiratory rate, and body temperature.

34. Describe the structure and function of a ureter.

A ureter is a tubular organ, approximately 25 centimeters long. It begins as the funnel-shaped renal pelvis,

extends downward behind the parietal peritoneum and parallel to the vertebral column. In the pelvic cavity, it moves medially and anteriorly, to join the urinary bladder from underneath. The wall of the ureter has three layers:

a. Mucous coat—the inner layer, it is continuous with the linings of the renal tubules and the urinary bladder.

b. Muscular coat—the middle layer consisting largely of smooth muscle.

c. Fibrous coat—the outer layer, it consists of connective tissue.

The ureter functions to pass urine from the kidneys into the urinary bladder.

35. Explain how the muscular wall of the ureter aids in moving urine.

The smooth muscle layer produces peristaltic waves originating from the renal pelvis and forcing urine along the ureter into the urinary bladder.

36. Discuss what happens if a ureter becomes obstructed.

If the ureter becomes obstructed, peristaltic waves strengthen at the proximal end of the tube helping to push the obstruction into the bladder. Concurrently, the ureterorenal reflex constricts the renal arterioles and decrease urine production in that kidney.

37. Describe the structure and location of the urinary bladder.

The urinary bladder is a hollow, distensible, muscular organ located within the pelvic cavity, just posterior to the symphysis pubis, and inferior to the parietal peritoneum. It is somewhat spherical in shape and when empty, contains many folds. Internally, the floor of the bladder contains a triangular area called the trigone that has openings at each of the three points. At the base of the trigone, are the openings for the ureters, and anteriorly, the bladder has a short, funnel shaped extension called the neck of the bladder that contains the opening to the urethra. The bladder wall consists of four layers:

a. Mucous coat—the innermost layer, it contains several layers of transitional epithelial cells.

b. Submucous coat—the second layer, it consists of connective tissue and elastic fibers.

c. Muscular coat—this layer contains coarse bundles of smooth muscle fiber. Together these muscles

comprise the detrusor muscle.

d. Serous coat—the outermost layer, it is synonymous with the parietal peritoneum. This layer occurs only on the upper surface of the bladder. Elsewhere, the outer coat is comprised of fibrous connective tissue.

38. Define detrusor muscle.

The detrusor muscle is the muscle layer of the bladder. Part of this muscle surrounds the neck of the bladder and forms the internal urethral sphincter. The sustained contraction of this muscle prevents urine from passing into the urethra until the pressure within the bladder reaches a certain level.

39. Distinguish between the internal and external urethral sphincters.

The internal urethra sphincter is composed of smooth muscle that surrounds the neck of the bladder. It is controlled involuntarily. The external urethral sphincter is part of the urogenital diaphragm and is located about three centimeters below the bladder and surrounding the urethra. It is composed of skeletal muscle tissue and is therefore controlled voluntarily.

40. Compare the urethra of a female with that of a male.

Structurally, urethras in both males and females are internally lined with a mucous membrane containing

numerous mucous glands (urethral glands) and are surrounded by a thick layer of longitudinal smooth muscle fibers. The female urethra is about 4 cm long and travels forward from the bladder, below the symphysis pubis, and empties from the external urethra orifice (urinary meatus)—anterior to the vaginal opening and 2.5 cm posterior to the clitoris. In the male, the urethra functions as a urinary canal and a passageway for secretions and cells of the reproductive organs. It contains three sections:

a. Prostatic urethra—about 2.5 cm long, it passes from the bladder through the prostate gland. Ducts from

the reproductive structures empty here.

b. Membranous urethra—about 2 cm long, it begins just distal to the prostate gland passing through the urogenital diaphragm. It is surrounded by fibers of the external urethral sphincter muscle.

c. Penile urethra—about 15 cm long, it passes through the corpus spongiosum of the penis ends at the tip of the penis with the external urethral orifice.

41. Describe the micturition reflex.

The micturition reflex (urination) involves the contraction of the detrusor muscle and relaxation of the external urethral sphincter. When the bladder is sufficiently distended with urine, stretch receptors in the wall of the bladder signal the micturition reflex center in the spinal cord to send a motor impulse along the

parasympathetic nerves to the detrusor muscle.

42. Explain how the micturition reflex can be voluntarily controlled.

Because the external urethral sphincter is composed of skeletal muscle, its contraction and relaxation can be consciously controlled until the decision to urinate is made. This control is aided by nerve centers in the brain stem and cerebral cortex that can partially inhibit the micturition reflex. Nerve centers within the pons and hypothalamus function to make the micturition reflex more effective.

43. What changes occur in the urinary system with age?

The kidneys are slower to remove nitrogenous wastes and toxins and to compensate for changes to maintain homeostasis.

From the outside, the kidneys change with age, appearing scarred and grainy as arterioles serving the cortex

constrict, and fibrous connective tissue accumulates around the capsules. On the inside, kidney cells begin to die as early as age 20 years, but the gradual shrinkage is not generally noticeable until after age 40. By 80 years, the kidneys have lost about a third of their mass.

Further along the nephron, the renal tubules thicken, accumulating coats of fat.

The bladder, ureters, and urethra change with the years too. These muscular organs lose elasticity and recoil

with age, so that in the later years, the bladder holds less than half of what it did in young adulthood, and may retain more urine after urination. In the elderly, the urge to urinate may become delayed, so that when it does happen, it is sudden. Older individuals have to urinate at night more than younger people.

Chapter 21

Water, Electrolyte, and Acid-Base Balance

1. Explain how water balance and electrolyte balance are interdependent.

Electrolytes are dissolved in the water of body fluids. This means that if the concentration of one is altered, it will alter the concentrations of the other by making them either more dilute or more concentrated.

2. Name the body fluid compartments, and describe their locations.

The major body fluid compartments are:

Intracellular fluid compartment—The intracellular fluid compartments includes all of the fluid within cells. It accounts for 63 percent of the total fluid volume.

Extracellular fluid compartment—The extracellular fluid compartment includes all of the fluid outside the cells. This includes blood vessels (plasma), fluid within the tissue spaces (interstitial fluid), and lymphatic vessels (lymph). It accounts for 37 percent of the total fluid volume.

a. Transcellular fluid—A specialized portion of extracellular fluid separated by a layer of epithelium. It includes the cerebral spinal fluid, aqueous and vitreous humors, synovial fluid, serious fluid, and fluid secretions of the glands.

3. Explain how the fluids within these compartments differ in composition.

Extracellular fluids generally have similar compositions, including relatively high concentrations of sodium, chloride, and bicarbonate ions, and lesser concentrations of potassium, calcium, magnesium, phosphate, and sulfate ions. The blood plasma fraction contains considerably more protein than either interstitial fluid or lymph.

Intracellular fluid contains relatively high concentrations of potassium, phosphate, and magnesium ions, a somewhat greater concentration of sulfate ions, and lesser concentrations of sodium, chloride, and bicarbonate ions. It also has a greater concentration of protein than plasma.

4. Describe how fluid movements between the compartments are controlled.

There are two main factors that regulate fluid and electrolyte movement between the compartments. They are:

Hydrostatic pressure—Hydrostatic pressure, or blood pressure, is the amount of force that the water is exerting on the blood vessel walls. It is the main reason that fluid enters the interstitial space from the capillaries.

Osmotic pressure—Osmotic pressure, the “attraction” of water to solutes, is the main factor in water and electrolyte movement. Any changes in the amounts of water will cause the movement of solutes in the appropriate direction until the concentrations on both sides are stabilized. Any change in the concentration

of the solutes will cause water to move in the same way.

5. Prepare a list of sources of normal water gain and loss to illustrate how the input of water equals the output of water.

Water is taken in by drinking water and beverages, eating moist foods, and from oxidative processes within the body. Water is lost in urine, feces, sweat, insensible perspiration, and evaporation during breathing. The

average amount of water taken in daily is 2,500 ml. Controlling these mechanisms loses this amount daily.

6. Define water of metabolism.

Normal oxidative metabolism of nutrients produces water as a by-product. This water is called water of metabolism.
7. Explain how water intake is regulated.

The primary regulator of water intake is thirst. The intense feeling of thirst derives from the thirst center in the hypothalamus seems to be sensitive to the osmotic pressure of the extracellular fluids. As water is lost from the body, the osmotic pressure increases and the osmoreceptors of the thirst center are stimulated to produce a thirst sensation. This mechanism is triggered when one to two percent of the total body water is lost. The sensation ceases as a result of the stomach being distended. So, a person usually stops drinking long before the water is actually absorbed.

8. Explain how the nephrons function in the regulation of water output.

When water volume is low, the osmoreceptors in the hypothalamus signal for the hormone ADH to be released. ADH, in the kidneys, causes the distal convoluted tubules and collecting ducts to become permeable to water, and the water is reabsorbed into the bloodstream. When the water volume is excessive, the osmoreceptors inhibit ADH secretion, and the distal convoluted tubules and collecting ducts remain impermeable to water. This prevents reabsorption, and the excess water is excreted in the urine.

9. List the most important electrolytes in body fluids.

The most important electrolytes are the ions of sodium, potassium, calcium, magnesium, chloride, sulfate, phosphate, and bicarbonate and hydrogen ions.

10. Explain how electrolyte intake is regulated.

Normally responding to hunger and thirst provide sufficient electrolytes. A severe electrolyte deficiency may produce salt craving (the desire to eat salty foods).

11. List the routes by which electrolytes leave the body.

The greatest amount of electrolyte output occurs with the actions of the kidneys and urine production. Some electrolytes are lost by perspiration, which varies with the amount of perspiration produced. Also, varying amounts are lost in feces.

12. Explain how the adrenal cortex functions in the regulation of electrolyte output.

Sodium ions account for nearly ninety percent of the positively charged ions in extracellular fluids. As the

concentration of sodium ions decrease, the adrenal cortex secretes the hormone aldosterone. The presence of this hormone causes the distal convoluted tubules and the collecting ducts of the renal tubules to increase the reabsorption of the sodium ions. Aldosterone also functions to regulate potassium. In fact, the most important stimulus for aldosterone secretion is a rise in potassium ion concentration. So, aldosterone functions to increase the secretion of potassium ions.

13. Describe the role of the parathyroid glands in regulating electrolyte balance.

The parathyroid glands act in response to decreasing concentrations of calcium. When this occurs, the

parathyroid glands secrete parathyroid hormone, which causes the concentrations of the phosphate ions in the extracellular fluids to increase.

14. Describe the role of the renal tubules in regulating electrolyte balance.

The permeability of the renal tubule aids in the control of electrolyte balance by passively reabsorbing negatively charged ions that follow positively charged ones. For instance, when sodium (Na+) is reabsorbed, chloride (Cl-) follows.

15. Distinguish between an acid and a base.

Electrolytes that ionize in water and release hydrogen ions are called acids. Any substance that combines with hydrogen ions is called a base.

16. List five sources of hydrogen ions in the body fluids, and name an acid that originates from each source.

a. Aerobic respiration of glucose—carbonic acid.

b. Anaerobic respiration of glucose—lactic acid.

c. Incomplete oxidation of fatty acids—acidic ketone bodies.

d. Oxidation of amino acids containing sulfur—sulfuric acid.

e. Breakdown of phospho- and nucleoproteins—phosphoric acid.

17. Distinguish between a strong acid and a weak acid, and name an example of each.

A strong acid is one that ionizes more completely. Those that ionize less completely are weak acids.

Hydrochloric acid (HCl) ionizes completely and thus is a strong acid. Carbonic acid (H2CO3) is a weak acid because it oxidizes less completely.

18. Distinguish between a strong base and a weak base, and give an example of each.

Strong bases, such as bicarbonate ions (HCO3-), are those that combine more readily with hydrogen ions.
Weak bases, such as chloride ions (Cl-), are those that combine less readily with hydrogen ions.

19. Explain how an acid-base buffer system functions.

There are three main acid-base buffer systems in the body. They are chemical substances that combine with acids or bases when either occurs in excess. The substances in these systems function by shedding or accepting hydrogen ions in the presence of strong bases or acids. This helps to neutralize substances that could alter the pH levels in the body.

20. Describe how the bicarbonate buffer system resists changes in pH.

The bicarbonate buffer system occurs in both intra- and extracellular fluids. It consists of carbonic acid (H2CO3) and sodium bicarbonate (NaHCO3). If a strong acid is present, it reacts with sodium bicarbonate to

produce carbonic acid and sodium chloride, minimizing the increasing concentration of hydrogen ions. If a

strong base is present, it reacts with carbonic acid, producing sodium bicarbonate and water, minimizing the alkaline shift.

21. Explain why a protein has acidic as well as basic properties.

The protein buffer system consists of the plasma proteins such as albumin and various proteins within the cells (including the hemoglobin of red blood cells). Because some amino acids have freely exposed carboxyl groups (-COOH), under some conditions these groups can become ionized and a hydrogen ion is released.

Other amino acids have a freely exposed amino group (-NH2), which can accept hydrogen ions. Thus, protein molecules can function as acids by releasing hydrogen ions, or as bases by accepting hydrogen ions. This property allows protein molecules to act as a self-controlling acid-base buffer system.

22. Describe how a protein functions as a buffer system.

Altered carboxyl groups can now accept hydrogen ions in an acidic environment, while the altered amino

groups can release a hydrogen ion in a basic environment. In this way, a protein can act as a buffer system when necessary.

23. Describe the function of hemoglobin as a buffer system.

Red blood cells contain an enzyme called carbonic anhydrase that speeds the reaction of carbon dioxide and water. This reaction produces carbonic acid, which quickly dissociates into bicarbonate and hydrogen ions.

Hemoglobin can accept hydrogen ions into its molecular structure and thus, helps control pH levels.

24. Explain how the respiratory center functions in the regulation of the acid-base balance.

The respiratory center in the brain stem helps to control hydrogen ion concentration by controlling the rate and depth of breathing. If the body’s cells increase their production of carbon dioxide, the production of carbonic acid increases. When carbonic acid breaks down, the concentration of hydrogen ions increases and the pH drops.

25. Explain how the kidneys function in the regulation of the acid-base balance.

The nephrons help regulate excess hydrogen ion concentration by excreting hydrogen ions. This is accomplished by the epithelial cells along certain segments of the renal tubules.

26. Describe the role of ammonia in the transport of hydrogen ions to the outside of the body.

Cells in the renal tubules are capable of deaminating certain amino acids, producing ammonia. Ammonia diffuses easily through the tubules into the urine. Because ammonia is a weak base, it accepts hydrogen ions to become ammonium ions, which are trapped in the urine because renal tubules are impermeable to them.
27. Distinguish between a chemical buffer system and a physiologic buffer system.

A chemical buffer system is one that uses only chemical reactions to convert acids or bases almost immediately. These are acid-base buffer systems. A physiological buffer system is one that causes a change in the excretion of acids and bases by influencing the cells of an organ. Two examples are the respiratory center and the kidneys.

Chapter 22

Reproductive Systems

1. List the general functions of the male reproductive system.

a. Produce sperm cells.

b. Sustain the life of the sperm cells.

c. Transport the sperm cells to the female reproductive tract.

d. Produce and secrete male hormones.

2. Distinguish between the primary and accessory male reproductive organs.

The primary male reproductive organ is the testis. The internal male accessory organs include the epididymis, vas deferens, seminal vesicle, prostate gland, and the bulbourethral glands. The external male
accessory organs consist of the scrotum and the penis.

3. Describe the descent of the testes.

One to two months before birth, secreted testosterone signals the testes to descend. The gubernaculum aids in the descent by guiding the testes through the inguinal canal, and into the scrotum. The developing vas deferens suspends the testes in the scrotum.

4. Define cryptorchidism.

Cryptorchidism is a condition in which the testes do not descend. Untreated, this condition will cause infertility.

5. Describe the structure of a testis.

The testis is an ovoid structure that is about five centimeters long and three centimeters in diameter and is enclosed by a tough white fibrous capsule. The connective tissue thickens and extends into the organ along its posterior border, forming thin septa that subdivides it into about 250 lobules. Each lobule contains a seminiferous tubule that courses posteriorly and unites to form a complex network of channels. These channels give rise to ducts that join the epididymis. The seminiferous tubules are lined with spermatogenic cells that produce sperm. Interstitial cells are located within the spaces between the seminiferous tubules and produce and secrete male sex hormones.

6. Explain the function of the sustentacular cells in the testis.

Sustentacular cells are responsible for nourishment, support, and regulation of the spermatogenic cells.

7. Outline the process of meiosis.

Meiosis is the process that halves the chromosome number for inclusion into gametes. Meiosis is a two-part process. The first meiotic division (meiosis I) separates the homologous chromosome pairs. These single

chromosomes are replicated so that they consist of two complete DNA strands (chromatids). Each chromatid is attached together at a special region called a centromere.

The second division of meiosis (meiosis II) separates those chromatids so that they become haploid (having one copy of each chromosome). At this stage the chromosomes are not replicated and each of the chromatids is considered a chromosome.

The specific steps of meiosis I and meiosis II are:

Prophase I—Individual chromosomes appear within the nucleus and thicken. The nucleoli disappear and

the nuclear membrane disassembles. The chromosomes are replicated as microtubules begin to build the spindle that will separate them. As prophase continues, homologous chromosomes attract and intertwine.

During this pairing (synapsis), the chromatids attract and cross over.

Metaphase I—Chromosome pairs line up midway between the poles of the spindle, and each chromosome attaches to spindle fibers on one side. The alignment is random with respect to maternal and paternal origin so that the order may have many variations.

Anaphase I—The homologous chromosome pairs separate, each moving to opposite ends of the spindle.

Thus, each new cell receives only one member of a homologous chromosome pair.

Telophase I—The original cell divides in two, nuclear membranes form around the chromosomes, nucleoli

reappear, and the spindle fibers disassemble into microtubules.

The second meiotic division begins almost immediately.

Prophase II—The chromosomes condense and reappear and move into positions midway between the poles of the developing spindle.

Metaphase II—The chromosomes attach to spindle fibers and line up midway between them.

Anaphase II—The centromeres separate and the chromatids move to opposite poles of the spindles. The

chromatids are now called chromosomes.

Telophase II—Each of the original two cells formed in meiosis I divide to form two cells. Therefore, each

cell undergoing meiosis has the potential to produce four gametes.

8. List two ways that meiosis provides genetic variability.

In meiosis, any one of a person’s more than eight million combinations of 23 chromosomes can combine with any one of the more than eight million combinations of his or her mate, leading to more than seventy trillion combinations. Crossing over contributes even more variability.

9. List the major steps in spermatogenesis.

During the embryonic stage, spermatogonia become active in response to hormones. Some undergo mitosis while others enlarge into primary spermatocytes. At puberty, testosterone causes the primary spermatocytes to undergo meiosis and yield secondary spermatocytes. Each secondary spermatocyte divides into two

spermatids. These, in turn, mature into sperm cells.

10. Describe a sperm cell.

A sperm cell is a tadpole-shaped structure with a flattened head, cylindrical body, and an elongated tail. The head is composed of a nucleus containing highly compacted chromatin. The acrosome contains enzymes that aid in penetrating the egg cell. The midpiece contains a central core and many mitochondria arranged in a spiral. The tail consists of several microtubules enclosed in a cell membrane extension.

11. Describe the epididymis, and explain its function.

It is a tightly coiled, threadlike tube that is about six meters long. It connects to ducts within a testis. It emerges from the top of the testis along its posterior surface and then courses upward to become the vas deferens. The epididymis receives the immobile, immature sperm. As they travel through the epididymis by peristaltic contractions, they mature.

12. Trace the path of the vas deferens from the epididymis to the ejaculatory duct.

The vas deferens passes upward along the medial side of a testis, through the inguinal canal, enters the

abdominal cavity, and ends behind the urinary bladder. Just outside the prostate gland, it unites with the duct of a seminal vesicle. The fusion of these two ducts forms an ejaculatory duct.

13. On a diagram, locate the seminal vesicles, prostate gland, and bulbourethral glands, and describe the composition of their secretions.

See figure 22.1, page 837 for location. The seminal vesicles secrete a slightly alkaline fluid, rich in fructose and a variety of other nutrients.  The prostate gland secretes a thin, milky fluid with an alkaline pH.  The bulbourethral glands secrete a mucus-like fluid that lubricates the end of the penis.
14. Describe the composition of semen.

Semen is the fluid conveyed by the male urethra to the outside as a result of sexual stimulation. It consists of sperm cells from the testes and secretions from the seminal vesicles, prostate gland, and bulbourethral glands.

15. Define capacitation.

Capacitation is the ability of sperm cells to fertilize an egg cell by changes that weaken the acrosomal membrane.

16. Describe the structure of the scrotum.

The scrotum is a pouch of skin and subcutaneous tissue hanging from the lower abdominal region. The

subcutaneous tissue contains a layer of smooth muscle that makes up the dartos muscle. A medial septum

divides the scrotum into two chambers, each of which enclose a testis. Each chamber has a serous membrane, which aids the testis and epididymis to move smoothly within the scrotum.

17. Describe the structure of the penis.

The penis is a cylindrical organ that conveys urine and semen through the urethra. It is also specialized to

enlarge and stiffen so that it can be inserted into the female vagina during sexual intercourse. The body is composed of three columns of erectile tissue, which include a pair of dorsally located corpora cavernosa and a single corpus spongiosum below. Skin, a thick layer of subcutaneous tissue, and a layer of elastic tissue enclose the penis. A tough capsule of white fibrous connective tissue surrounds each column. The corpus spongiosum is enlarged at its distal end to form a sensitive, cone-shaped glans penis. The glans covers the ends of the corpora cavernosa and bears the external urethral meatus. A prepuce or foreskin may or may not be present. This depends entirely upon whether or not the male has been circumcised.

18. Explain the mechanism that produces an erection of the penis.

During sexual stimulation the smooth muscles become relaxed. At the same time, parasympathetic nerve

impulses pass from the sacral portion of the spinal cord to the arteries leading into the penis, causing them to dilate. These same impulses also stimulate the veins leading away from the penis to constrict. Because of this, arterial blood under relatively high pressure enters the vascular space, and the flow of venous blood away is reduced. Thus, blood accumulates in the erectile tissues, and the penis swells, elongates, and becomes erect.

19. Distinguish between emission and ejaculation.

Emission is the movement of sperm cells from the testes and secretions from the prostate gland and seminal vesicles into the urethra, where they are mixed to form semen. Ejaculation is the forcing of the semen through the urethra to the outside.

20. Explain the mechanism of ejaculation.

As the urethra fills with semen, sensory impulses are stimulated and pass into the sacral portion of the spinal cord. In response, motor impulses are transmitted from the cord to certain skeletal muscles at the base of the erectile columns of the penis causing them to contract rhythmically. This increases the pressure within the erectile tissue and aids in ejaculation.

21. Explain the role of the GnRH in the control of male reproductive functions.

In response to the release of GnRH (gonadotropin releasing hormone), the anterior pituitary releases luteinizing hormone (LH), which is called interstitial cell-stimulating hormone (ICSH) in the male, and follicle-stimulating hormone (FSH). The ICSH promotes the development of the interstitial cells that secrete male hormones. FSH causes the supporting cells of the germinal epithelium to respond to the effects of the male sex hormone testosterone. Then, in the presence of FSH and testosterone, these supporting cells stimulate the spermatogenic cells to undergo spermatogenesis, producing sperm cells.

22. Distinguish between androgen and testosterone.

The collection of male sex hormones is called androgens. Testosterone is a specific androgen.

23. Define puberty.

The phase and development in which androgen production increases rapidly and the male becomes

reproductively functional is called puberty.

24. Describe the actions of testosterone.

Testosterone stimulates enlargement of the testes (the primary male sex characteristic) and accessory organs of the reproductive system. It is also responsible for male secondary sex characteristics including:

a. increased body hair growth,

b. enlargement of the larynx and thickening of the vocal cords,

c. thickening of the skin,

d. increased muscle growth, and

e. thickening and strengthening of the bones.

25. List several male secondary sex characteristics.

a. Increase growth of body hair, particularly on the face, chest, axillary region, and pubic region, but sometimes accompanied by decreased growth of hair on the scalp.

b. Enlargement of the larynx and thickening of the vocal folds, accompanied by the development of a lower-pitched voice.

c. Thickening of skin.

d. Increased muscular growth accompanied by a development of broader shoulders and a relatively narrow waist.

e. Thickening and strengthening of bones.

26. Explain the regulation of testosterone concentration.

Testosterone is regulated by a negative feedback system that is responsive to blood concentration levels. As the concentration levels increase, the hypothalamus inhibits GnRH release. If the blood concentration levels drop, the hypothalamus releases more GnRH.

27. List the general functions of the female reproductive system.

a. To produce and maintain egg cells or ova.

b. Transport eggs cells to the site of fertilization.

c. To provide a favorable environment for a developing offspring.

d. To move the offspring to the outside.

e. To produce female sex hormones.

28. Distinguish between the primary and accessory female reproductive organs.

The primary reproductive organs are the ovaries. The other parts of the reproductive system are called the accessory organs.

29. Describe how the ovaries are held in position.

The ovaries are held in place by several ligaments. The broad ligament is attached to the ovary, uterine tube, and uterus. The suspensory ligament is attached to the upper end, and the ovarian ligament arises from the broad ligament and attaches to the lower end of the ovary.

30. Describe the descent of the ovaries.

During fetal development, the ovaries descend from behind the parietal peritoneum to just below the pelvic

brim. 

31. Describe the structure of an ovary.

The ovary consists of a medulla composed of loose connective tissue and numerous blood vessels, lymphatic vessels, and nerve fibers. The cortex is composed of more compact tissue and has a somewhat granular appearance due to the presence of ovarian follicles. A layer of cuboidal epithelial cells covers the free surface of the ovary. Just beneath this epithelium is a layer of dense connective tissue.

32. Define primordial follicle.

A primordial follicle is a small group of cells in the outer ovarian cortex with a single, large cell (primary oocyte) surrounded by a layer of flattened epithelial cells (follicular cells).

33. List the major steps in oogenesis.

At puberty, some of the primary oocytes undergo meiosis. This division yields one secondary oocyte and one polar body (first polar body).

34. Distinguish between a primary and secondary follicle.

In response to increasing levels of FSH, the primordial follicles enlarge, and the surrounding cells undergo mitosis, forming a stratified epithelium of granulosa cells. Glycoprotein forms the zona pellucida, separating the oocyte from the granulosa cells. The follicle is now called a primary follicle.

As the ovarian cells outside the follicle divide, they organize into two layers called the inner vascular layer and the outer fibrous layer. When six to twelve layers have formed, the irregular spaces join to become a single cavity (antrum) and the oocyte is pressed against one side. At the stage, the follicle is known as a secondary follicle.

35. Describe how a follicle matures.

At puberty, the anterior pituitary gland secretes a greatly increased amount of FSH and the ovaries enlarge in response. During this time, primary follicles are being formed from some of the primordial follicles. As it matures, the oocyte of a primary follicle grows larger, and the follicular cells surrounding it divide actively by mitosis. The cells become organized into layers, and soon a cavity appears in the cellular mass that becomes filled with a clear follicular fluid. This fluid bathes the oocyte. This fluid-filled cavity continues to enlarge, and the oocyte is pressed to one side. Over time, the follicle reaches a diameter of ten millimeters or more and bulges outward on the surface of the ovary like a blister. The oocyte within a mature follicle is a large, spherical cell, surrounded by the zona pellucida and is enclosed by the corona radiata. As many as twenty follicles may start this process but only one reaches full development.

36. Define ovulation.

Ovulation is the process by which a secondary oocyte is released from its follicle.

37. On a diagram, locate the uterine tubes, and explain their function.

See figure 22.19, page 848. The uterine tubes function to carry the egg cell from the ovary to the uterus.

38. Describe the structure of the uterus.

The uterus is a hollow muscular organ shaped somewhat like an inverted pear. It is located medially within the anterior portion of the pelvic cavity, above the vagina, and is usually bent forward over the urinary bladder.

The upper two-thirds, called the body, has a dome-shaped top and is joined by the uterine tubes that enter its wall at its broadest part. The lower one-third is called the cervix, which extends downward into the upper portion of the vagina. The uterine wall is thick and consists of three layers. The endometrium forms the inner mucosa layer, lining the uterine cavity with columnar epithelium and contains numerous tubular glands. The myometrium is a thick muscular layer made up of bundles of smooth muscle fibers. The perimetrium is an outer serosal layer, which covers the body of the uterus and part of the cervix.

39. Describe the structure of the vagina.

The vagina is a fibromuscular tube extending from the uterus to the outside. The vaginal wall consists of three layers. The inner layer (mucosal layer) consists of stratified squamous epithelium and forms the vaginal rugae; the middle layer (muscular layer) consists of longitudinal and circular patterns of smooth muscle; the outer layer (fibrous layer) consists of dense fibrous connective tissue and elastic fibers.

40. Distinguish between the labia majora and the labia minora.

The labia majora are the outer rounded folds of skin, adipose tissue, and smooth muscle. The labia minora are the flattened inner folds of connective tissue and stratified squamous epithelium.

41. On a diagram, locate the clitoris, and describe its structure.

See figure 22.18, page 847. The clitoris is a small projection about two centimeters long and one-half centimeter in diameter at the anterior end of the vulva between the labia minora. The clitoris corresponds to the male penis and has a similar structure. It is composed of two columns of erectile tissue, called corpora

cavernosa. At its anterior end, a small mass of erectile tissue that is richly supplied with sensory nerve fibers forms a glans.

42. Define vestibule.

The vestibule is a space found between the labia minora and contains the urethral and vaginal openings.

43. Describe the process of erection in the female reproductive organs.

During sexual stimulation, parasympathetic nerve impulses cause dilation of the arteries associated with the

erectile tissues found in the clitoris and vaginal entrance. This causes the tissues to swell and at the same time, the vagina expands and elongates. The vestibular glands begin to secrete mucous into the vestibule when stimulation is sufficient.

44. Define orgasm.

Orgasm is the culmination of stimulation of the sensory nerve fibers in the clitoris that causes the pleasurable sense of physiological and psychological release. In the male, it is also followed with ejaculation.

45. Explain the role of GnRH in regulating female reproductive functions.

GnRH allows the anterior pituitary gland to release threshold levels of follicle-stimulating hormone (FSH) and luteinizing hormone (LH). This leads to ovulation in the female and the resulting menstrual cycle.

46. List several female secondary sex characteristics.

a. Development of breasts.

b. Increased deposition of adipose tissue in the subcutaneous layer generally and particularly in the breasts, thighs, and buttocks.

c. Increased vascularization of the skin.

47. Define menstrual cycle.

The menstrual cycle is characterized by regular, recurring changes in the uterine lining, which culminate in menstrual bleeding.

48. Explain how a menstrual cycle is initiated.

The menstrual cycle is initiated by increasing levels of GnRH, FSH, and LH. These cause secretion of estrogen and progesterone.

49. Summarize the major events in a menstrual cycle.

The anterior pituitary gland secretes FSH to stimulate follicle maturation and LH to stimulate ovulation. The uterine wall thickens and follicular and thecal cells change into corpus luteum cells and secrete estrogen and progesterone. If the egg cell is not fertilized, the corpus luteum cells cease their secretions. This causes the blood vessels in the uterine lining to constrict and the lining sloughs off, producing the menstrual flow.

50. Define menopause.

Menopause is the period of life when the menstrual cycle ceases completely.

51. Describe how male and female sex cells are transported within the female reproductive tract.

Movement of the sperm cells is aided by the lashing of its tail and muscle contractions of the uterus and uterine tubes (caused by the prostaglandins in semen). In the first part of the menstrual cycle, the uterus and cervix contain a thin, watery fluid that aids the sperms’ movement and survival.

52. Describe the structure of a mammary gland.

The mammary glands are located in the breasts, which overlie the pectoralis major muscles and extend from the second to the sixth ribs and from the sternum to the axillae. Each gland is composed of fifteen to twenty lobes. Each lobe contains glands called alveolar glands and a duct that leads to the nipple and opens to the outside. Dense connective tissue and adipose tissue separate the lobes from each other. Suspensory ligaments extend inward from the dermis of the breast to the fascia, helping to support the weight of the breast.

53. Define contraception.

Contraception is a way to avoid fertilization of an egg cell following sexual intercourse or to prevent implantation of a blastocyst.

54. List several methods of contraception, and explain how each prevents pregnancy.

See table 22.5, page 863 for the complete list.

55. List several sexually transmitted diseases and their symptoms.

a. Syphilis—chancre, rash, damage to many vital organs
b. Gonorrhea—painful urination
c. Chlamydia—painful urination and intercourse, mucous discharge
d. Acquired Immune Deficiency Syndrome (AIDS)—fever, weakness, infections, cancer
e. Genital herpes—genital sores, fever
f. Genital warts—warts on genitals
Chapter 23

Pregnancy, Growth, and Development

1. Define growth and development.

Growth is an increase in size. Additionally, in the human, it entails an increase in cell numbers, followed by enlargement of the newly formed cells. Development is a continuous process by which an individual changes from one life phase to another.

2. Define pregnancy.
The presence of a developing offspring in the uterus.

3. Describe how sperm cells move within the female reproductive tract.
A sperm cell moves, by its tail lashing and muscular contraction in the female reproductive tract, into the uterine tube.
4. Describe the process of fertilization.

The sperm cell invades the follicular cells and penetrates the zona pellucida with the help of an enzyme (hyaluronidase), released by the acrosome of the sperm. It then passes through the egg cell membrane into the cytoplasm. During this process, the sperm cell loses its tail, and the nucleus in its head swells. The egg cell then divides unequally to form a relatively large cell and a tiny second polar body, which is expelled later. The nuclei of the egg cell and sperm cell come together in the center of the larger cell. Their nucleus membranes disappear and their chromosomes combine, thus completing the process of fertilization.

5. Describe the process of cleavage.

Cleavage occurs thirty hours after conception. The zygote begins to undergo mitosis, becoming many cells, with each division making the cells smaller and smaller.

6. Distinguish between a morula and a blastocyst.

A morula is a solid ball of sixteen cells that occurs after about three days. A blastocyst is the hollow ball that was formerly the morula, which the embryo is eventually developed from.

7. Describe the formation of the inner cell mass, and explain its significance.

The inner cell mass is a group of cells within the blastocyst that group together and eventually give rise to the embryo proper (the body of the developing offspring).

8. Describe the process of implantation.

At about the sixth day, the blastocyst begins to attach to the uterine lining. Proteolytic enzymes that digest a

portion of the endometrium aid this. The blastocyst sinks into the resulting depression. At the same time, the uterine lining is stimulated to thicken below the implanting blastocyst and the cells of the trophoblast begin to produce microvilli that grow into the endometrium.

9. List three functions of hCG.

a. It prevents the termination of pregnancy.

b. It maintains the corpus luteum.

c. It stimulates the synthesis of other hormones from the developing placenta.

10. Describe the formation of the placenta, and explain its functions.
The placenta is formed from the region of the chorion still in contact with the uterine wall.  It functions to deliver nutrients to the developing fetus and carry wastes away from the developing fetus.
11. Explain the major hormonal changes that occur in the maternal body during pregnancy.

Human chorionic gonadotropin (HCG) is secreted at a high level for about two months, then declines to a relatively low level by the end of four months. Estrogen steadily rises throughout the nine months of pregnancy. Progesterone also rises throughout the entire pregnancy but in lesser amounts than estrogen.

12. Describe the major nonhormonal changes that occur in the maternal body during pregnancy.

Some of the changes in the maternal body include:

a. enlargement of the uterus.

b. displacement of the abdominal organs.

c. increase in blood volume, cardiac output, breathing rate, and urine production.

d. increasing food consumption.

13. Explain how the primary germ layers form.

The primary germ layers form from the inner cell mass, which form the embryonic disk. The primary germ layers are the outer ectoderm, an inner endoderm, and a middle layer known as the mesoderm.

14. List the structures derived from the primitive tissues of the ectoderm, mesoderm, and endoderm.
The ectoderm gives rise to the nervous system, portions of the special sensory organs, epidermis, hair, nails, glands of the skin, and linings of the mouth and anal canal.

Mesodermal tissue forms all types of muscle tissue, bone tissue, bone marrow, blood, blood vessels, lymphatic vessels, various connective tissue, internal reproductive organs, kidneys, and epithelial linings of the body cavities.

Endodermal cells produce the epithelial linings of the digestive tract, respiratory tract, urinary bladder, and urethra.

15. Define placental membrane.

The placental membrane is a thin membrane that separates the embryonic blood within the capillary of a chorionic villus from the maternal blood in a lacuna. It is through this membrane that exchanges take place between the maternal blood and embryonic blood.

16. Distinguish between the chorion and the amnion.

The chorion is the membrane that contains the chorionic villi and surrounds the developing embryo. The

amnion is another membrane that develops around the embryo about the second week and is filled with amniotic fluid.

17. Explain the function of amniotic fluid.

It provides a watery environment in which the embryo can move and grow freely without being compressed by surrounding tissues. It also serves as protection from being jarred by the mother’s body movements.

18. Describe the formation of the umbilical cord.

As the amnion encloses the embryo and subsequently surrounds it with amniotic fluid, it envelops the tissues on the underside of the embryo. This is attached to the chorion and developing placenta, which is the formation of the umbilical cord.

19. Explain how the yolk sac and allantois are related, and list the functions of each.

The yolk sac appears during the second week of development. It is attached to the underside of the embryonic disk. It forms blood cells in the early stages of development and gives rise to the cells that later become sex cells. The allantois forms during the third week as a tube extending from the early yolk sac into the connecting stalk of the embryo. It also forms blood cells and gives rise to the umbilical arteries and vein.
20. Explain why the embryonic period of development is so critical.

The embryonic period is the most critical of development. During this time the embryo implants within the uterine wall and all the essential external and internal body parts.

21. Define fetus.

The fetus is the name given to the developing offspring from the end of the eighth week until birth.

22. List the major changes that occur during the fetal stage of development.

In the third lunar month body growth is accelerated and the external reproductive organs appear as male or female. Ossification centers appear in most bones. In the fourth lunar month the skeleton continues to ossify and legs lengthen considerably. In the fifth lunar month, skeleton muscles become active so the mother may feel movements. Hair appears on the head and skin. The sixth lunar month is when the body gains a substantial amount of weight. The eyebrows and eyelashes appear. The seventh lunar month sees the eyes open. In the eighth lunar month, testes in males descend. In the ninth lunar month, the fetus reaches about forty-seven centimeters in length, and has smooth skin and chubby body. At the end of the tenth lunar month, the fetus is full term.

23. Describe a full-term fetus.

A full-term fetus is about 50 centimeters long and weighs 2.7 to 3.6 kilograms. The skin has lost its down hair but is coated with sebum and dead epidermal cells. This scalp is usually covered with hair, the fingers and toes have well-developed nails, and the skull bones are largely ossified.

24. Compare the properties of fetal hemoglobin with those of adult hemoglobin.

Fetal hemoglobin is present by 50 percent greater concentrations than adult hemoglobin. It also has a greater attraction for oxygen than adult hemoglobin. It can carry 20 to 30 percent more oxygen than adult hemoglobin.

25. Explain how the fetal circulatory system is adapted for intrauterine life.

Fetal blood has a greater oxygen-carrying capacity than adult blood. The umbilical vein carries oxygenated blood from the placenta to the fetus. The ductus venosus conducts about half the blood from the umbilical vein directly to the inferior vena cava, thus bypassing the liver. The foramen ovale conveys a large proportion of the blood entering the right atrium from the inferior vena cava, through the atrial septum, and into the left atrium, bypassing the lungs. The ductus arteriosus conducts some blood from the pulmonary trunk to the aorta, bypassing the lungs. The umbilical arteries carry the blood away from the internal iliac arteries to the placenta.

26. Trace the pathway of blood from the placenta to the fetus and back to the placenta.

See figure 23.21, page 912.

27. Describe the role of progesterone in initiating the birth process.

During pregnancy, progesterone is present in large concentrations. As the placenta ages, the levels decrease and this may cause an increase in prostaglandin, which will cause uterine contractions.

28. Discuss the events that occur during the birth process.

Labor is the period where the contents of the uterus are forced downwards. This thins the cervix to where it is able to be completely dilated. Following birth of the fetus, the placenta is expelled by uterine contractions through the birth canal usually within ten to fifteen minutes. This is commonly referred to as afterbirth.

29. Explain the roles of prolactin and oxytocin in milk production and secretion.

Prolactin stimulates the mammary glands to secrete large quantities of milk. This effect doesn’t occur for two or three days following birth, and during this time the glands secrete a thin, watery fluid called colostrum.

Oxytocin stimulates the myoepithelial cells of the ductile system to contract, ejecting the milk into a suckling infant’s mouth.

30. Distinguish between a newborn and an infant.

A baby is considered a newborn from birth until the end of the fourth week after birth. A baby is considered an infant from the end of the fourth week of age until age one year.

31. Explain why a newborn's first breath must be particularly forceful.

The first breath must be particularly forceful because the newborn’s lungs are collapsed and the airways are

small, offering considerable resistance to air movement. Surface tension also tends to hold the moist membranes of the lungs together. Surfactant secreted by the lungs of a full-term infant reduces this surface tension.

32. List some of the factors that stimulate the first breath.

a. Increasing concentration of carbon dioxide.

b. Decreasing pH.

c. Low oxygen concentration.

d. Drop in body temperature.

e. Mechanical stimulation that occurs during and after birth.

33. Explain why newborns tend to develop water and electrolyte imbalances.

The newborn’s kidneys are unable to produce concentrated urine, so they excrete a relatively dilute fluid. This is the reason that the newborn may develop a water and electrolyte imbalance.

34. Describe the cardiovascular changes that occur in the newborn.

See figure 23.25, page 900.

35. Describe the characteristics of an infant.

Infants have a high growth rate. The teeth begin to erupt. The muscular and nervous systems mature so that coordinated activities are possible. The child begins to communicate.

36. Distinguish between a child and an adolescent.

A child is defined as an individual one-year-old until the first year of puberty. An adolescent is a child who has reached puberty and extends until adulthood.

37. Define adulthood.

Adulthood extends from adolescence to old age.

38. List some of the degenerative changes that begin during adulthood.

a. Skeletal muscles lose strength.

b. The circulatory system becomes less efficient.

c. The skin loses its elasticity.

d. The capacity to produce sex cells declines.

39. Define senescence.

Senescence is the process of growing old.

40. List some of the factors that seem to promote senescence.

Disease processes that interfere with vital functions can accelerate senescence. Diseases of any major body

system can also accelerate senescence.

41. Cite evidence of passive aging and active aging.

Passive aging entails the breakdown of structures and the slowing of functions. Active aging entails new activities or the appearance of new substances such as the lipofucin granules and autoimmunity attacking healthy cells.

Chapter 24

Genetics and Genomics

1. Discuss the relationship of DNA, genes, chromosomes, and the genome.

A gene is a nucleotide sequence of a DNA molecule with the information on how to construct a specific protein. Genes may also control other genes by turning them on or off. A chromosome is a set of proteins (histones) as well as a thread of DNA. Chromosomes appear as rod-shaped bodies in the nucleus when a cell divides. A genome consists of all the genes found in the cell.

2. Discuss the origin of the 46 chromosomes in a human zygote.

In a human, a cell contains 23 pairs of chromosomes (46 individual chromosomes). In human reproduction, a human zygote receives 46 chromosomes, however, 23 are supplied by the sperm and 23 from the egg.

3. Define homologous chromosomes.

Homologous chromosomes are chromosomes that are identical. In the human cell, there are 23 pairs of homologous chromosomes.

4. Distinguish between:

• homozygote and heterozygote

• autosome and sex chromosome

• mutant and wild type

• phenotype and genotype

• incomplete dominance and codominance

• haploid and diploid

• penetrance and expressivity

• germline and nongermline gene therapy

An individual who has two identical alleles of a gene is homozygous for that gene. A person with different

alleles for a gene is said to be heterozygous for it.

An autosome is a gene carried on a nonsex chromosome. A sex chromosome is the X or Y chromosome determining the sex of the zygote.

Wild-type refers to an allele of a phenotype that is either normal or the most common expression for a particular population. A mutant is an allele that is different from the wild-type producing an uncommon phenotype.

The combination of genes present in a person’s cell is its genotype. The appearance of the individual as a result of gene expression is his or her phenotype.

Incomplete dominance is a condition in which the heterozygous phenotype is intermediate between that of either homozygote. In other words, neither of the alleles of the gene is completely dominant over any other allele. This can be seen in sickle cell disease. In codominance, the different alleles are both expressed. This can be seen in ABO blood types.

The most drastic upset in chromosome number is an entire extra set, a condition called polyploidy. This results from formation of a diploid (rather than a normal haploid) gamete. For example, if a haploid sperm fertilizes a diploid egg, the fertilized egg is triploid, with three copies of each chromosome. Most human polyploids die as embryos or fetuses, but occasionally an infant survives for a few days, with defects in nearly all organs.

However, many agriculturally important plants are polyploids. Some organs normally have a few polyploidy cells, with no adverse effects on health. Liver cells, for example, may be tetraploid (4 chromosome sets) or even octaploid (8 chromosome sets). 

Penetrance and expressivity 

a. A genotype is incompletely penetrant if not all individuals inheriting it express the phenotype.

b. A genotype is variably expressive if it is expressed to different degrees in different individuals.

There are two basic types of gene therapy. Heritable gene therapy, also known germline gene therapy, introduces the genetic change into a sperm, egg, or fertilized egg, correcting each cell of the resulting individual. The change is repeated in the person’s gametes and potentially passed to the next generation.

In contrast is nonheritable gene therapy, also called somatic gene therapy, which targets only affected cells and therefore cannot be transmitted to the next generation. Nonheritable gene therapy provides a person with hemophilia genes that make possible secretion of functional clottting factors.

5. Explain how a gene can have many alleles.

Genes consist of hundreds of nucleotides in order to build its particular product. Any one of the different,

variant forms it can have is called an allele. Because the genes are paired, one allele on a gene may not

necessarily be the same on its partner.

6. Describe how cystic fibrosis is pleiotropic.

A pleiotropic disorder has several symptoms, different subsets of which are expressed among individuals.

Pleiotropy reflects a gene product that is part of more than one biochemical reaction or is found in several organs or structures.

7. Explain why the frequency distributions of different complex traits give very similar bell curves.

Although the expression of a polygenic trait is continuous, we can categorize individuals into classes and

calculate the frequencies of the classes. When we do this and plot the frequency for each phenotype class, a bell-shaped curve results. This curve indicating continuous variation of a polygenic trait is strikingly similar for different characteristics, such as fingerprint patterns, height, eye color, and skin color. Even when different numbers of genes are involved, the curve is the same shape.

8. Describe how the environment can influence gene expression.

Environmental factors can influence gene expression. For instance, nutrition affects height, and sun affects skin color.

9. Explain how genes and chromosomes determine gender.

There are two chromosomes that determine the gender of a human, X and Y. An egg cell carries only X

chromosomes and the sperm cell carries either an X or a Y chromosome. Thus, an individual who has an XX combination will be female, while an individual who has an XY combination will be male. It is the presence or absence of the Y chromosome that determines gender. On the Y chromosome, a gene called the SRY (sex-determining region of the Y) more specifically identifies whether a person will be male or female.

10. Explain why Y-linked genes are passed only from fathers to sons.

Genes on the sex chromosomes are inherited differently than those on autosomes because the sexes differ in sex chromosome constitution.

Y-linked genes are considered in three groups: those with counterparts on the X; those similar to genes on the X; and genes unique to the Y, many of which affect male fertility. Y-linked genes pass from fathers to sons.

11. Explain why the inheritance pattern of X-linked traits differs in males and females.

Males are hemizygous for x-linked traits; that is, they can have only one copy of a x-linked gene, because they have only one X chromosome.

Females can be heterozygous or homozygous for genes on the X chromosome, because they have two copies of it.

A male inherits an x-linked trait from a carrier mother. These traits are more common in males than in females.

A female inherits an x-linked mutant gene from her carrier mother, and/or from her father if the associated trait does not impair his ability to have children.

12. Explain why a male cannot inherit a sex-linked trait from his father.

The Y chromosome does not carry any sex-linked traits. Therefore, all sex-linked traits come from the X chromosome of the mother in a male individual.

13. Explain why X-linked dominant traits are not seen in males.

Because of the severity of the disorders associated with X-linked dominant traits in males, they do not survive to be born. This condition is rare, but it does happen.

14. Discuss how a sex-limited trait and a sex-influenced trait differ from an X-linked trait.

Sex-limited traits affect structures or functions seen in only one sex and may be autosomal. Sex-influenced

traits are dominant in one sex and recessive in the other.

15. Explain how an individual with an extra set of chromosomes arises.

In meiosis, sometimes a gamete will be diploid instead of haploid. If this diploid pairs with a haploid, the result is a triploid zygote. This condition is called polyploidy and is nonviable.

16. Explain how nondisjunction leads to aneuploidy.

Nondisjunction occurs during either meiotic division when a pair of chromosomes fails to separate. The result is a gamete with either no chromosomes or both chromosomes. The resulting gamete is called an aneuploid. An extra chromosome is called trisomy, and a missing chromosome is called monosomy.

17. Distinguish among four types of prenatal diagnostic tests.

Prenatal tests

a. Maternal serum marker tests indirectly detect a small fetal liver, which can indicate a trisomy.

b. Amniocentesis samples and examines fetal chromosomes in amniotic fluid.

c. Chorionic villus sampling obtains and examines chorionic villus cells, which descend from the fertilized

egg and therefore are presumed to be genetically identical to fetal cells.

d. Fetal cell sorting obtains and analyzes rare fetal cells in the maternal circulation.

18. Describe why heritable gene therapy is impractical in humans.

Since heritable gene therapy involves a change in all of the cells in an organism, it must be accomplished at the fertilized egg stage. This is impractical in humans, and is not being attempted in them.

19. Explain how nonheritable gene therapy is being attempted in various human tissues.

Nonheritable gene therapy targets only specific cells. Bone marrow transplant is an example that has been

used for many years. First, all of the “old” cells must be destroyed. Then, donor marrow is injected in its place to correct the faults.

