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				Introduction

				Congratulations on your decision to study human anatomy and physiology. The knowledge you gain from your study is of value in many aspects of your life.

				Begin with the most obvious: the social value of this knowledge. Human anatomy and physiology is always a suitable topic of discussion in social situations because it allows people to talk about their favorite subject (themselves) in a not-too-personal way. Thus, some particularly interesting detail of anatomy and physiology is an ideal conversation opener with attractive strangers or horrifying shirt-tail relatives. (First, though, be completely clear in your mind about the boundary between scientific anatomy and physiology on the one hand and personal clinical details on the other.) Choose the specific topic carefully to be sure of having your intended effect. For example, telling a young boy that he has the same density of hair follicles on his body as a chimp does will probably please him. Telling his teenage sister the same thing may alienate her. Use this power carefully!

				A little background in anatomy and physiology should be considered a valuable part of anyone’s education. Health and medical matters are part of world events and people’s daily lives. Basic knowledge of anatomy and physiology gets you started when trying to make sense of the news about epidemics, novel drugs and medical devices, and purported environmental hazards, to name just a few examples. Everyone has a problem with some aspect of his or her anatomy and physiology at some point, and this knowledge can help you be a better parent, spouse, care-giver, neighbor, friend, or colleague.

				Knowledge of anatomy and physiology may also benefit your own health. Sometimes, comprehension of a particular fact or concept can help drive a good decision about long-term health matters, like the demonstrated benefits of exercise, or it may help you take appropriate action in the context of a specific medical problem, like an infection, an infarction, a cut, or a muscle strain. You may understand your doctors’ instructions better during a course of treatment, which may give you a better medical outcome.

				About This Book

				This book guides you on a quick walk-through of human anatomy and physiology. It doesn’t have the same degree of technical detail as a textbook. It contains relatively little in the way of lists of important anatomical structures, for instance.

				We expect that most readers are using this book as a complementary resource for course work in anatomy and physiology at the high-school, college, or career-training level. Most of the information overlaps with the information available in your other resources. However, sometimes a slightly different presentation of a fact or of the relationship between facts can lead to a small “aha!” Some technical details in your more comprehensive resources may become easier to master after that.

				The goals of this book are to be informal but not unscientific; brief but not sketchy; and information-rich but accessible to readers at many levels. We’ve tried to present a light but serious survey of human anatomy and physiology that you can enjoy for the sake of the information it imparts and that will help you perform well on your tests. As always, the reader is the judge of its success.

				You won’t find clinical information in this book. Chapters 4 through 15 have a pathophysiology section that uses disorders and disease states to explore the details of some physiological processes, but this book contains nothing related to patient care or self-care. It’s also not a health and wellness manual or any kind of lifestyle book.

				Conventions Used in This Book

				We use the following conventions throughout the text to make the presentation of information consistent and easy to understand:

				[image: check.png] New terms appear in italic and are closely followed by an easy-to-understand definition.

				[image: check.png] Bold is used to highlight keywords in bulleted lists.

				If you’re using this book as a supplement to an assigned textbook, your course materials may name structures and physiological substances using a different nomenclature (naming system) than the one we use in this book. (Very little in biology goes by only one name.)

				What You’re Not to Read

				As much as we’d like you to read every word we’ve written, we recognize that you may have limited time or interest to do so. If you need to make the most of your time with the text, here’s what’s safe to skip:

				[image: check.png] Text in sidebars: Sidebars are the shaded boxes that provide a more in-depth look at some aspect of anatomy or physiology. In some instances, they connect real-world experiences with how your body responds.

				[image: check.png] Text marked with a Technical Stuff icon: Sometimes we give you a nugget of information that’s a little more advanced. We mark these sentences with a Technical Stuff icon. If reading these paragraphs makes your head hurt, skip to the next paragraph.

				Foolish Assumptions

				When we wrote this book, we tried to keep you in mind. We’re guessing that you fall into one of these categories:

				[image: check.png] Formal student: You’re a high-school or college student enrolled in a basic anatomy and physiology course for credit, or a student in a career-training program for a certification or credential. You need to pass an exam or otherwise demonstrate understanding and retention of data, terminology, and concepts in human anatomy and physiology.

				[image: check.png] Informal student: You’re not enrolled in a credit course, but gaining some background in human anatomy and physiology is important to you for personal or professional reasons.

				[image: check.png] Casual reader: Here you are with a book on your hands and a little time to spend reading it. And it’s all about you!

				How This Book Is Organized

				This isn’t a textbook, although it’s organized somewhat like a textbook. We present general information first, and then we break down each subject for more detailed discussions of the various organ systems defined by anatomists and physiologists. The book comprises 17 chapters, grouped into five parts. The table of contents and the index help you find general or specific information.

				The book is illustrated with more than 60 line drawings and process diagrams. It also has 16 color plates — scientific yet original artistic renderings. Many of the color plates, found in the center of the book, show the distribution of an organ system through the entire body. Others show particularly important organs in some detail.

				The material in the chapters is, at the very least, factual and logically presented, thanks to our technical review team. Some readers may also find the text amusing from time to time, as well as informative. If some reader should be struck by the awesome complexity and precision of biology while reading this book, its authors, editors, and illustrator will be well pleased.

				Part I: Locating Physiology on the Web of Knowledge

				Part I lays out some facts and concepts essential for understanding any field of biology. In Chapter 1, we map the position of human anatomy and physiology on the interconnected web of all biological and medical knowledge. We introduce the concept of five levels of biological organization, and we discuss how anatomical and physiological information fits into the tissue, organ, and organ system levels. In Chapter 2, we lay out the basics of everyday physiology: metabolism, energy flow, and homeostasis.

				Chapter 3 is a helicopter flight over cell biology, intended to excite and amaze you and thus prime you to believe the seemingly miraculous cellular events that underlie a lot of the physiology discussion in the rest of the book. Most cell biology is subject to several alternative interpretations, but anything in this book not clearly labeled as “speculative” has been tested many times. Cell biologists are discovering the minute mechanisms of more wonders and catastrophes all the time.

				Part II: Sizing Up the Structural Layers

				Part II is devoted to the three organ systems that form the physical bulk of your body: the skeletal system, the muscular system, and the integumentary system (the skin, along with its glands and accessories). Bones and muscles give your body mass, shape, mobility, and power in your habitat. Your skin is a huge area of contact with the environment, with all the dangers and opportunities that come with that exposure.

				Together, these organ systems make up more than half the (dry) weight of the average human body. The musculoskeletal system (the skeleton plus the skeletal muscle) accounts for around 50 percent, and the skin accounts for another 12 percent to 15 percent. In addition to building and maintaining their own tissues, these organ systems contribute much to the physiology of other organ systems.

				Part III: Exploring the Inner Workings

				Anatomists haven’t prescribed a sequence in which the various organ systems should be presented. Because the systems are all so interconnected, any sequence is at least partly arbitrary (although some decisions seem obvious, like placing the discussion of the urinary system after the discussion of the circulatory system and the digestive system).

				In this book, we begin our focus on physiology with chapters about the body’s two information networks: the nervous system, for electrical messaging, and the endocrine system, for chemical messaging. Then come chapters on the circulatory, respiratory, digestive, urinary, and immune systems. Rather than assume the reader’s familiarity with previous chapters, the chapters in this part are built to be read in any order. We give cross-references to other chapters when these may be helpful.

				Part IV: Life’s Rich Pageant: Reproduction and Development

				Part IV is devoted to reproduction and the developmental life cycle of the new individual. This account strives to be as simple as possible, but the topic is inherently complex. The human body invests an enormous proportion of its energy and resources in reproduction, beginning with the partial development of the reproductive organs in its fetal stage. During puberty, this development is completed in a growth surge that sometimes seems to transform a boy or girl overnight. This physiological demand may be followed, eventually, by the demands of carrying a pregnancy and giving birth to a child. With the birth of a child, an individual holds a ticket in the lottery of evolutionary success.

				Part V: The Part of Tens

				The Part of Tens is often a favorite of For Dummies readers. The first of two chapters in this part lists ten fundamental chemistry concepts related to life processes. The second chapter looks briefly at ten remarkable and sometimes obscure details of human anatomy and physiology. You should be able to find at least one sure-fire conversation-starter here.

				Icons Used in This Book

				The little round pictures that you see in the margins throughout this book are icons that alert you to several different kinds of information.

				[image: tip.eps] The bull’s-eye symbol lets you know what you can do to improve your understanding of an anatomical structure.

				[image: remember.eps] This little icon serves to jog your memory. Sometimes, the text is information that we think you should permanently store in your anatomy and physiology file. Other times, the info here makes a connection between what you’re reading and related information elsewhere in the book.

				[image: technicalstuff.eps] This icon flags extra information that takes your understanding of anatomy or physiology to a slightly deeper level, but the text isn’t essential for understanding the organ system under discussion.

				[image: coolbodybits.eps] The information next to this icon provides you with interesting tidbits about the body, giving you some facts for impressing (or grossing out) people at parties.

				Where to Go from Here

				If you’re a formal student (that is, one who’s enrolled or planning to enroll in a formal course in human anatomy and physiology), you may get the most benefit by becoming familiar with this book a week or two before your course begins. Flip to the color plates in the center of the book to get started. The illustrations, charming as well as scientific, are arranged to follow the flow of the text, and the callouts indicate important technical terminology.

				Then peruse the book as you would any science book; look at the table of contents and the index. Read the Introduction. (See, you’ve started already!) Then start reading chapters. Look at the figures, especially the color plates, as you read. You’ll probably be able to get through the entire book in just a couple of sittings. Then go back and reread chapters you found particularly interesting, relevant, or puzzling. Study the illustrations carefully. The line drawings as well as the color plates are keyed closely to the text and often clarify important facts. Pay attention to technical terminology; your instructors will use it and expect you to use it, too.

				If you’re a casual reader (you’re not enrolled in a formal course in anatomy and physiology and have little or no background in biology), the following approach may work well. Take some time with the color plates at the center of the book. They give you a good feel for the flow of information (and a good feeling about the human body). Then read the book straight through, beginning to end. Look at the figures, especially the color plates, as you read. After you’ve been through it all quickly once, go back and reread chapters you found particularly interesting, relevant, or puzzling. Make a habit of studying the illustrations while reading the related text. Don’t sweat too much over terminology; for your purposes, saying “of my lungs” communicates as well as “pulmonary.” (If you also enjoy word games, though, you can get started on a whole new vocabulary.) Keep the book handy for future reference the next time you wonder what the heck they’re talking about in a TV drug ad. The color plates alone make it worth space on your bookshelf.

			

		

	
		
			
				Part I

				Locating Physiology on the Web of Knowledge

				[image: 9780470923269-pp0101.eps]
				In this part . . .

				PartI introduces the basics of human anatomy and physiology: the fundamental concepts of organismal biology and cell biology, some elementary terminology, and some hints about the scope and utility of anatomical and physiological knowledge. Unlike with other sciences, you don’t always have to go to a lab to perform experiments. You may have one, or even a pair, of anatomical structures close by to investigate. You discover some of the body functions that have been happening right under your nose — and in some cases right inside your nose — all your life.

			

		

	
		
			
				Chapter 1

				Anatomy and Physiology: The Big Picture

				In This Chapter

				[image: arrow] Placing anatomy and physiology in a scientific framework

				[image: arrow] Jawing about jargon

				[image: arrow] Looking at anatomy: planes, regions, and cavities

				[image: arrow] Delineating life’s levels of organization

				Human anatomy is the science of the human body’s structures — things that can be touched, weighed, and analyzed. In this book, we glance at hundreds of structures: tissues, organs, organ systems, and points of contact between organ systems. We take a slightly closer look at a few specific tissues and organs. We also cover human physiology, which is the chemistry and physics of these structures and how they all work together to support the processes of life in each individual.

				Scientifically Speaking

				Human anatomy and physiology are closely related to biology, which is the science of living beings and their relationship with the rest of the universe, including all other living beings. If you’ve studied biology, you understand the basics of how organisms operate.

				Anatomy and physiology narrow the science of biology by looking at the specifics of one species, Homo sapiens.

				[image: remember.eps] Anatomy is form; physiology is function. You can’t talk about one without talking about the other.


				The anatomy and physiology of everything else

				Scientifically speaking, human biology isn’t more or less complex, specialized, or cosmically significant than the biology of any other species, and all are interdependent. Every species of animal, plant, and fungus on the planet has both anatomy and physiology. So does each species of protist (one-celled creatures, like amoebae and the plasmodia that cause malaria). At the cellular level (see Chapter 3), all these groups are astoundingly similar. At the levels of tissues, organs, and organ systems (the provenance of anatomy and physiology), plants are very different from animals, and both plants and animals are equally dissimilar to fungi.

				Each of these major groups, called a kingdom, has its own characteristic anatomy and physiology. It’s evident at a glance to everyone at the beach that a starfish and a human are both animals, while the alga in the tide pool and the cedar tree on the shoreline are both plants. Obvious details of anatomy (the presence or absence of bright green tissue) and physiology (the presence or absence of locomotion) tell that story. The different forms within each kingdom have obvious differences as well: The cedar must stand on the shore but the alga would die there. The starfish can move from one place to another within a limited range, while humans can (theoretically) go anywhere on the planet and, with the appropriate accoutrements of culture (a human adaptation), survive there for at least a while. (That is, assuming the cedar and the alga keep on photosynthesizing.) Scientists use these differences to classify organisms into smaller and smaller groups within the kingdom, until each organism is classified into its own “specie-al” group.

				Not that human anatomy and physiology aren’t “specie-al.” Humans’ bipedal posture and style of locomotion are very specie-al. There’s nothing like a human hand anywhere but at the end of a human arm. Most specie-al of all, possibly, is the anatomy and physiology that allows (or maybe compels) humans to engage in science: humankind’s highly developed brain and nervous system. It’s entirely within the norms of evolutionary theory that people would be most interested in their own specie-alties, so more humans find human anatomy and physiology more interesting than the anatomy and physiology of the alga. From here on, we’re restricting our discussion to the anatomy and physiology of our own species.



				How anatomy and physiology fit into science

				Biologists take for granted that human anatomy and physiology evolved from the anatomy and physiology of ancient forms. These scientists base their work on the assumption that every structure and process, no matter how tiny in scope, must somehow contribute to the survival of the individual. So each process — and the structures within which the chemistry and physics of the process actually happen — must help keep the individual alive and meeting the relentless challenges of a continually changing environment. Evolution favors processes that work.

				Human pathophysiology is the science of “human anatomy and physiology gone wrong.” (The prefix path- is Greek for “suffering.”) It’s the interface of human biology and medical science. Clinical medicine is the application of medical science to alleviate an anatomical or physiological problem in an individual human.

				Clinical medicine isn’t the subject of this book. Many of the chapters do contain pathophysiology sections, but those sections have no relevant information on patient care. We chose the conditions that we briefly sketch in those sections to demonstrate some characteristic of the system under discussion, especially its interaction with other systems. However, we’re guessing that a large proportion of readers are using this book to supplement instructional material in career training for a clinical environment, so the information throughout the book is slightly slanted in that direction.

				Anatomy, gross and otherwise

				Some biologists specialize in the anatomy and physiology of animals at various hierarchical levels (horses, fish, frogs) or particular organs (mammalian circulatory systems, olfaction in fish, insect hormones). Some focus solely on humans, others concentrate on other species, and still others examine the areas of overlap between humans and other animal species. These various areas of study contribute to human knowledge of biology in general and of clinical medicine in particular. The work of anatomists contributes to medical advances, such as improved surgical techniques and the development of bioengineered prostheses.

				Throughout this book, you encounter some information from each major subset of anatomy, including

				[image: check.png] Gross anatomy: The study of the large parts of an animal body — any animal body — that can be seen with the unaided eye. That’s the aspect of anatomy we concentrate on in this book.

				[image: check.png] Histologic anatomy: The study of different tissue types and the cells that comprise them. Histologic anatomists use a variety of microscopes to study these cells and tissues that make up the body.

				[image: check.png] Developmental anatomy: The study of the life cycle of the individual, from fertilized egg through adulthood, senescence (aging), and death. Body parts change throughout the life span. For information about human developmental anatomy, see Chapter 15.

				[image: check.png] Comparative anatomy: The study of the similarities and differences among the anatomical structures of different species, including extinct species. This subject is closely related to evolutionary biology. Information from comparative anatomy can help scientists understand the human body’s structures and processes. For example, the comparative anatomy of humans and living and extinct apes can elucidate the structures in the human limbs that enable the bipedal posture.


				Taxonomy of Homo sapiens

				Taxonomy is the science of evolutionary relationships, expressed as a series of mutually exclusive categories. The highest (most inclusive) category is kingdom, of which there are five: Monera, Protista, Fungi, Plantae, and Animalia. Within each kingdom, the system classifies each organism into the hierarchical subgroups (and sometimes sub-subgroups) of phylum, class, order, family, genus, and species. Here’s the breakdown of humankind:

				Kingdom Animalia: All animals.

				Phylum Chordata: Animals that have a number of structures in common, particularly the notochord, a rodlike structure that forms the body’s supporting axis.

				Subphylum Vertebrata: Animals with backbones.

				Superclass Tetrapoda: Four-footed vertebrates.

				Class Mammalia: Tetrapods with hair. Other classes of the vertebrata are Pisces (fish), Amphibia (frogs), Aves (birds), and Reptilia (scaly things).

				Order Primates: Apes and monkeys.

				Superfamily Hominoidea: Apes (chimpanzees, gorillas, orangutans, humans).

				Family Hominidae: Great apes, including humans.

				Genus Homo: The human species is the only surviving species of our genus, though this genus included several species in the evolutionary past.

				Species Sapiens: All species are given a two-part Latin name, in which the genus name comes first and a species epithet comes second. The biologists who name species sometimes try to use a descriptor in the epithet. For humans, they could have chosen “bipedal” or “talking” or “hairless,” but they chose “thinker.”

				Variety Sapiens: Some species get a “varietal” name, usually indicating a difference that’s obvious but not necessarily important from an evolutionary point of view. The human species has one other variety, Homo sapiens neanderthalensis, which has been extinct for tens of thousands of years. All humans living since then are of one species variety, Homo sapiens sapiens. In the evolutionary classification of humans, there’s no biologically valid category below species variety.



				A Little Chat about Jargon

				Why does science have so many funny words? Why can’t scientists just say what they mean, in plain English? Good question, with short and long answers.

				Creating better communication

				The short answer is, scientists do say what they mean (most of them, most of the time, to the best of their ability), but what they mean can’t be said in the English language that people use to talk about routine daily matters. Scientists develop vocabularies of technical terminology and other forms of jargon so they can communicate better with other scientists. It’s important that the scientist sending the information and the scientist receiving the information both use the same words to refer to the same phenomenon. To communicate in science, you must know and use the same terminology, too.

				Establishing precise terminology

				The longer answer to the question of why scientists don’t say what they mean starts with a little chat about jargon. Contrary to the belief of some, jargon is a good thing. Jargon is a set of words and phrases that people who know a lot about a particular subject use to talk together. There’s jargon in every field (scientific or not), every workplace, every town, even every home. Families and close friends almost always use jargon in conversations with one another. Plumbers use jargon to communicate about plumbing. Anatomists and physiologists use jargon and technical terminology, much of which is shared with medicine and other fields of biology, especially human biology.

				Scientists try to create terminology that’s precise and easy to understand by developing it systematically. That is, they create new words by putting together existing and known elements. They use certain syllables or word fragments over and over to build new terms. With a little help from this book, you’ll soon start to recognize some of these fragments. Then you can put the meanings of different fragments together and accurately guess the meaning of a term you’ve never seen before, just as you can understand a sentence you’ve never read before. Table 1-1 gets you started, listing some word fragments related to the organ systems we cover in this book.

				[image: /Table 0101a]

				[image: /Table 0101b]

				But why do these terms have to be Latin and Greek syllables and word fragments? Why should you have to parse and put back together a term like iliohypogastric? One reason is the contrast between the preciseness with which scientists must name and describe the things they talk about in a scientific context and the relative vagueness and changeability of terms in plain English. Terms that people use in common speech are understood slightly differently by different people, and the meanings are always undergoing change. Not so long ago, for example, no one speaking plain English used the term laptop to refer to a computer or hybrid to talk about a car. It’s possible that, not many years from now, almost no one will understand what people mean by those words. In contrast, scientific Greek and Latin stopped changing centuries ago: ilio, hypo, and gastro have the same meaning now as they did 200 years ago. 

				Problems can come up when the specialists who use the jargon want to communicate with someone outside their field. The specialists must translate their message into more common terms to communicate it. Problems can also come up when someone approaching a field, such as a student, fails to make progress understanding and speaking the field’s jargon. This book aims to help you make the necessary progress.

				[image: tip.eps] Every time you come across an anatomical or physiological term that’s new to you, pull it apart to see whether any of its fragments are familiar. Using this knowledge, go as far as you can in guessing the meaning of the whole term. After studying Table 1-1 and the other vocabulary lists in this chapter, you should be able to make some pretty good guesses.

				Looking at the Body from the Proper Perspective

				We want to make sure that you know where we’re coming from when we use certain terms. If you don’t look at the body from the correct perspective, you’ll have your right and left confused. This section shows you the anatomical position, planes, regions, and cavities, as well as the main membranes that line the body and divide it into major sections.

				Getting in position

				Stop reading for a minute. Stand up straight. Look forward. Let your arms hang down at your sides with your palms facing forward. You are now in anatomical position (see Figure 1-1). Whenever you see an anatomical drawing, the body is in this position. Using this position as the standard removes confusion.

				The following list of common anatomical descriptive terms that appear throughout this and every other anatomy book may come in handy:

				[image: check.png] Anterior: Front or toward the front of the body

				[image: check.png] Ventral: Front or toward the front of the body

				[image: check.png] Posterior: Back or toward the back of the body

				[image: check.png] Dorsal: Back or toward the back of the body

				[image: check.png] Caudal: Near or toward the tail

				[image: check.png] Prone: Lying on the stomach, face down

				[image: check.png] Supine: Lying on the back, face up

				[image: check.png] Lateral: On the side or toward the side of the body

				[image: check.png] Medial or median: In the middle or toward the middle of the body

				[image: check.png] Proximal: Nearer to the point of attachment or the trunk of the body

				[image: check.png] Distal: Farther from the point of attachment or the trunk of the body (think “distance”)

				[image: check.png] Superficial: Nearer to the surface of the body

				[image: check.png] Deep: Farther from the surface of the body

				[image: check.png] Superior: Above or higher than another part

				[image: check.png] Inferior: Below or lower than another part

				[image: check.png] Central: Near the center (median) of the body or middle of an organ

				[image: check.png] Peripheral: Away from the center (midline) of the body or an organ

				
					Figure 1-1: 
The standard anatomical position.

				

				[image: 9780470923269-fg0101.eps]

				Dividing the anatomy

				If you’ve taken geometry, you know that a plane is a flat surface and that a straight line can run between two points on that flat surface. Geometric planes can be positioned at any angle. In anatomy, usually three planes separate the body into sections. Figure 1-2 shows you what each plane looks like. The reason for separating the body with imaginary lines — or by making actual cuts referred to as sections — is so that you know which half or portion of the body or organ is being discussed. The anatomical planes are as follows:

				[image: check.png] Frontal plane: Divides the body or organ into a front (anterior) portion and a rear (posterior) portion.

				[image: check.png] Sagittal plane: Divides the body or organ lengthwise into right and left sections. If the vertical plane runs exactly down the middle of the body, it’s referred to as the midsagittal plane. Otherwise, a sagittal plane can run vertically down through the body at any point, creating a longitudinal section.

				[image: check.png] Transverse plane: Divides the body or organ horizontally, into top (superior) and bottom (inferior) portions. Dividing horizontally doesn’t necessarily yield two equal divisions; that is, a transverse plane doesn’t always go through the waist area to separate the body into top and bottom. Transverse planes can go anywhere to create cross sections. When looking at a cross section of a body part, imagine that the body is sectioned horizontally. Or think of a music box that has a top that opens on a hinge. The transverse plane is where the music box top separates from the bottom of the box. Imagine that you open the box by lifting the lid, and you look at the material lining the lid. That’s the vantage point that you have when looking at a cross section.

				[image: remember.eps] Anatomical planes can “pass through” the body at any angle. The planes are arbitrary for the convenience of anatomists. Don’t expect the structures of the body, and especially the joints, to line up or move along the standard planes and axes.

				Mapping out your regions

				Three types of planes divide the human body, but regions compartmentalize the body’s surface. Just like on a map, a region refers to a certain area. The body is divided into two major portions: axial and appendicular. The axial body runs right down the center (axis) and consists of everything except the limbs, meaning the head, neck, thorax (chest and back), abdomen, and pelvis. The appendicular body consists of appendages, otherwise known as upper and lower extremities.

				
					Figure 1-2: Planes of the body: Frontal, sagittal, and transverse.

				

				[image: 9780470923269-fg0102.eps]
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				Taking pictures of your insides

				For anatomists and physiologists from Aristotle to Charles Darwin, the images they had were the sketches they made for themselves. Some of them were pretty good at it: Darwin’s sketches of beaks of the finches of the Galapagos Islands were both beautiful and scientifically valuable.

				Darwin made scientific history in his own way, of course, but it was a German physicist named Wilhelm Conrad Roentgen who’s remembered as “the father of medical imaging.” In 1895, Roentgen recorded the first image of the internal parts of a living human: an X-ray image of his wife’s hand. By 1900, X-rays were in widespread use for the early detection of tuberculosis, at that time a common cause of death. X-rays are beams of radiation emitted from a machine toward the patient’s body, and X-ray images show details only of hard tissues, like bone, that reflect the radiation. In this way, they’re similar to photographs. Refinements and enhancements of X-ray techniques were developed all through the 20th century, with extensive use and major advances during World War II. The X-ray is still a widely used method for medical diagnosis screening for signs of disease, usually tumors.

				In the 1970s, computer technology took off, taking medical imaging technology with it. Digital imaging techniques began to be applied to convert multiple flat-slice images into one three-dimensional image. The first technology of this sort was called computed axial tomography (commonly called a CAT or CT scan), in which multiple X-ray images are combined into cross-sectional pictures of structures inside the body. These detailed and extensive images were unlike anything that had been available to anatomists before. CT technology is still an active area of development. Major technology manufacturers maintain robust product lines of CT instruments and accoutrements for use in clinics and clinical research.

				Another class of imaging technologies uses radiation from within the body to create the images that show bodily processes — physiology as well as anatomy. A substance called a radiopharmaceutical, which combines a radioactive isotope and a drug, is administered to the patient. It travels to and concentrates in the anatomical structure of interest, and the drug is metabolized there. The isotope emits radiation continuously from within the body, allowing the metabolism of the drug to be traced by radiation detectors and digitally converted to images. One of these nuclear medicine techniques, called positron emission tomography (PET), can show precisely how some cells use sugar. Nuclear medicine techniques have been in use since the 1950s and, like other imaging technologies, continue to be developed and applied clinically and in research.

				Ultrasound imaging technology uses the echoes of sound waves sent into the body to generate a signal that a computer turns into a real-time image of anatomy and physiology. Ultrasound can also produce audible sounds, so the anatomist or physiologist can, for example, watch the pulsations of an artery while hearing the sound of the blood flowing through it. Although all these technologies are considered noninvasive, ultrasound is the least invasive of all, and so is used more freely, especially in sensitive situations like pregnancy.

				Since the early 1990s, neuroscientists have been using a type of specialized magnetic resonance imaging (MRI) scan, called functional MRI (fMRI), to acquire images of the brain. Functional imaging enables scientists to watch a patient’s or research subject’s thoughts as he or she is thinking them! This aspect of medical imaging has profound implications.

				Digital imaging technologies produce images that are extremely clear and detailed. The images can be produced much more quickly and cheaply than older technologies allowed for, and the images can be easily duplicated, transmitted, and stored. The amount of anatomical and physiological knowledge that digital imaging technologies have helped generate over the past 30 years has transformed biological and medical science.



				Here’s a list of the axial body’s regions:

				[image: check.png] Head and neck

				 • Cephalic (head)

				 • Cervical (neck)

				 • Cranial (skull)

				 • Frontal (forehead)

				 • Nasal (nose)

				 • Occipital (back of head)

				 • Ophthalmic (orbital, eyes)

				 • Oral (mouth)

				[image: check.png] Thorax

				 • Axillary (armpit)

				 • Costal (ribs)

				 • Mammary (breast)

				 • Pectoral (chest)

				 • Sternal (breastbone)

				 • Vertebral (backbone)

				[image: check.png] Abdomen

				 • Celiac (abdomen)

				 • Gluteal (buttocks)

				 • Groin (area of pelvis near thigh)

				 • Inguinal (bend of hip)

				 • Lumbar (lower back)

				 • Pelvic (area between hipbones)

				 • Perineal (area between anus and external genitalia)

				 • Sacral (end of vertebral column)

				Here’s a list of the appendicular body’s regions:

				[image: check.png] Upper extremity

				 • Antebrachial (forearm)

				 • Brachial (arm)

				 • Carpal (wrist)

				 • Cubital (elbow)

				 • Palmar (palm)

				[image: check.png] Lower extremity

				 • Crural (leg, from knee to ankle)

				 • Femoral (thigh)

				 • Patellar (front of knee)

				 • Pedal (foot)

				 • Popliteal (back of knee)

				 • Tarsal (ankle)

				Casing your cavities

				If you remove all the internal organs, the body is empty except for the bones and tissues that form the space where the organs were. Just as a dental cavity is a hole in a tooth, the body’s cavities are “holes” where organs are held (see Figure 1-3). The two main cavities are the dorsal cavity and the ventral cavity.

				
					Figure 1-3: 
The body’s cavities.

				

				[image: 9780470923269-fg0103.eps]

				The dorsal cavity consists of two cavities that contain the central nervous system. The first is the cranial cavity, the space within the skull that holds your brain. The second is the spinal cavity, the space within the vertebrae where the spinal cord runs through your body.

				The ventral cavity is much larger and contains all the organs not contained in the dorsal cavity. The ventral cavity is divided by the diaphragm into smaller cavities: the thoracic cavity, which contains the heart and lungs, and the abdomino pelvic cavity, which contains the organs of the abdomen and the pelvis. The abdominal organs are the stomach, liver, gallbladder, spleen, and most of the intestines. The pelvic cavity contains the reproductive organs, the bladder, the rectum, and the lower portion of the intestines.

				Additionally, the abdomen is divided into quadrants and regions. The mid-sagittal plane and a transverse plane intersect at an imaginary axis passing through the body at the navel (belly button). This axis divides the abdomen into quadrants (four sections). Putting an imaginary cross on the abdomen creates the right upper quadrant, left upper quadrant, right lower quadrant, and left lower quadrant. Physicians take note of these areas when a patient describes symptoms of abdominal pain.

				The regions of the abdominopelvic cavity include the following:

				[image: check.png] Epigastric: Above the stomach and in the central part of the abdomen, just above the navel

				[image: check.png] Hypochondriac: Doesn’t moan about every little ache and illness but lies to the right and left of the epigastric region and just below the cartilage of the rib cage (chondral means “cartilage,” and hypo- means “below”)

				[image: check.png] Hypogastric: Below the stomach and in the central part of the abdomen, just below the navel

				[image: check.png] Iliac: Lies to the right and left of the hypogastric regions near the hipbones

				[image: check.png] Umbilical: The area around the navel (the umbilicus)

				[image: check.png] Lumbar: Forms the region of the lower back to the right and left of the umbilical region

				Organizing Yourself on Many Levels

				Anatomy and physiology focus on the level of the individual body, what scientists call the organism. The life processes of the organism are built and maintained at several physical levels, which biologists call levels of organization: the cellular level, the tissue level, the organ level, the organ system level, and the organism level (see Figure 1-4). In this section, we review these levels, starting at the bottom.

				
					Figure 1-4: Levels of organization in the human body.

				

				[image: 9780470923269-fg0104.eps]

				Level I: The cellular level

				If you examine a sample of any human tissue under a microscope, you see cells, possibly millions of cells. All living things are made of cells. In fact, “having a cellular level of organization” is inherent in any definition of “organism.” We discuss the cellular level of organization in some detail in Chapter 3.

				Level II: The tissue level

				A tissue is a structure made of many cells — usually several different kinds of cells — that performs a specific function. Tissues are divided into four classes:

				[image: check.png] Connective tissue serves to support body parts and bind them together. Tissues as different as bone and blood are classified as connective tissue.

				[image: check.png] Epithelial tissue (epithelium) lines the inside of organs within the body and covers the body. The outer layer of the skin is made up of epithelial tissue.

				[image: check.png] Muscle tissue — surprise! — is found in the muscles, which allow your body parts to move; in the walls of hollow organs to help move their contents along; and in the heart to move blood along via the acts of contraction and relaxation. (Find out more about muscles in Chapter 5.)

				[image: check.png] Nervous tissue transmits impulses and forms nerves. Brain tissue is nervous tissue. (We talk about the nervous system in Chapter 7.)

				Level III: The organ level

				An organ is a part of the body that performs a specialized physiological function. For example, the stomach is an organ that has the specific physiological function of breaking down food. By definition, an organ is made up of at least two different tissue types; many organs contain tissues of all four types. Although we can name and describe all four tissue types that make up all organs, as we do in the preceding section, listing all the organs in the body wouldn’t be so easy.

				The organs that “belong” to one system can have functions integral to another system. In fact, most organs contribute to more than one system. The blood vessels are an excellent example: They serve as a transportation network, delivering nutrients produced by the digestive system to the skeletal muscles to provide energy for locomotion and to the uterus to support the developing fetus. They remove the byproducts of the energy consumed in locomotion and by the fetus in development and carry them to the organs of the urinary system for excretion.

				Level IV: The organ system level

				Human anatomists and physiologists have divided the human body into organ systems, groups of organs that work together to meet a major physiological need. For example, the digestive system is one of the organ systems responsible for obtaining energy from the environment. Other organ systems include the musculoskeletal system, the integument, the nervous system, and on down the list. The chapter structure of this book is based on the definition of organ systems.

				Level V: The organism level

				The whole enchilada. The real “you.” As we study organ systems, organs, tissues, and cells, we’re always looking from the organism level.

			

		

	
		
			
				Chapter 2

				What Your Body Does All Day

				In This Chapter

				[image: arrow] Seeing what your body does automatically every day

				[image: arrow] Finding out what goes on inside of every cell

				[image: arrow] Discovering the importance of homeostasis

				[image: arrow] Building and maintaining your parts

				This chapter is about your life as an organism. As Chapter 1 explains, organism is the fifth of five levels of organization in living things. Although the word organism has many possible definitions, for the purposes of this chapter, an organism is a living unit that metabolizes and maintains its own existence.

				In this chapter, you see why your to-do list, crowded as it is, doesn’t include items such as Take ten breaths every minute or At 11:30 a.m., open sweat glands. The processes that your body must carry out minute by minute to sustain life, not to mention the biochemical reactions that happen thousands or millions of times a second, can’t be left to the immature and distractible frontal lobes (the conscious, planning part of your brain). Instead, your organs and organ systems, coordinated by the older parts of your brain, function together smoothly to carry out these processes and reactions automatically, without the activity ever coming to your conscious attention. All day and all night, year in and year out, your body builds, maintains, and sustains every part of you; keeps your temperature and your fluid content within some fairly precisely defined ranges; and transfers substances from outside itself to inside, and then back out again. These are the processes of metabolism and homeostasis.

				Transferring Energy: A Body’s Place in the World

				The laws of thermodynamics are the foundation of how the physics and chemistry of the universe are understood. They’re at the “we hold these truths to be self-evident” level for chemists and physicists of all specialties, including all biologists. The first law of thermodynamics states that energy can be neither created nor destroyed — it can only change form. (Turn to Chapter 16 for a brief look at the first law and other basic laws of chemistry and physics.) Energy changes form continuously — within stars, within engines of all kinds, and, in some very special ways, within organisms.

				The most basic function of the organism that is you on this planet is to take part in this continuous flow of energy. As a heterotroph (an organism that doesn’t photosynthesize), you ingest (take in) energy in the form of matter — that is, you eat the bodies of other organisms. You use the energy stored in the chemical bonds of that matter to fuel the processes of your metabolism and homeostasis. That energy is thereby transformed into matter called “you” (the material in your cells), matter that’s “not you” (the material in your exhaled breath and in your urine), and some heat radiated from your body to the environment.

				[image: technicalstuff.eps] Hetero means “other,” and tropho means “nourishment.” A heterotroph gets its nourishment from others, as opposed to an autotroph, which makes its own nourishment, as a plant does.

				Plants convert light energy from the sun into the chemical energy in carbohydrates, which comprise most of the matter of the plant bodies, recycling the waste matter (carbon dioxide) of your metabolic processes. Energy goes around and around, and some of it is always flowing through your body, being transformed constantly as it does so. You, my friend, are part of a cycle of cosmic dimensions!

				Building Up and Breaking Down: Metabolism

				The word metabolism describes all the chemical reactions that happen in the body. These reactions are of two kinds — anabolic reactions make things (molecules), and catabolic reactions break things down.

				[image: tip.eps] To keep the meanings of anabolic and catabolic clear in your mind, associate the word catabolic with the word catastrophic to remember that catabolic reactions break down products. Then you’ll know that anabolic reactions create products.

				Your body performs both anabolic and catabolic reactions at the same time and around the clock to keep you alive and functioning. Even when you’re sleeping, your cells are busy. You just never get to rest (until you’re dead).

				Chapter 11 gives you the details on how the digestive system breaks down food into nutrients and gets them into your bloodstream. Chapter 9 explains how the bloodstream carries nutrients around the body to every cell and carries waste products to the urinary system. Chapter 12 shows you how the urinary system filters the blood and removes waste from the body. This chapter describes the reactions that your cells undergo to convert fuel to usable energy. Ready?

				Why your cells metabolize

				Even when your outside is staying still, your insides are moving. Day and night, your muscles twitch and contract and maintain “tone.” Your heart beats. Your blood circulates. Your diaphragm moves up and down with every breath. Nerve impulses travel. Your brain keeps tabs on everything. You think. Even when you’re asleep, you dream (a form of thinking). Your intestines push the food you ate hours ago along your alimentary canal. Your kidneys filter your blood and make urine. Your sweat glands open and close. Your eyes blink, and even during sleep, they move. Men produce sperm. Women move through the menstrual cycle. The processes that keep you alive are always active.

				Every cell in your body is like a tiny factory, converting raw materials to useful molecules such as proteins and thousands of other products, many of which we discuss throughout this book. The raw materials (nutrients) come from the food you eat, and the cells use the nutrients in metabolic reactions. During these reactions, some of the energy from catabolized nutrients is used to generate a compound called adenosine triphosphate (ATP). Whenever ATP is catabolized it releases energy that the cell can use.

				[image: remember.eps] So, nutrients are catabolized (broken down), ATP is formed (anabolized), and when needed, ATP is catabolized. This principle of linked anabolic and catabolic reactions is one of the cornerstones of human physiology and is required to maintain life. Cellular metabolism also makes waste products that must be removed (exported) from the cell and ultimately from the body.

				How your cells metabolize

				The reactions that convert fuel to usable energy (ATP molecules) include glycolysis, the Krebs cycle (aerobic respiration) and anaerobic respiration, and oxidative phosphorylation. Together, these reactions are referred to as cellular respiration. These are complex pathways, so expect to take some time to understand them. See Figure 2-1 and refer to it as many times as necessary to understand what happens in cellular respiration.

				
					Figure 2-1: Cellular respiration: Glycolysis, aerobic (Krebs cycle) and anaerobic respiration, and oxidative phosphorylation, all of which convert energy from fuel into ATP.

				

				[image: 9780470923269-fg0201.eps]

				Glycolysis, the process that breaks down glucose, occurs in the cytoplasm (fluid portion) of every cell. Pyruvic acid, the product of glycolysis, moves from the cytoplasm into the cellular organelle called the mitochondrion, the cell’s “powerhouse.” The Krebs cycle, also called the tricarboxylic acid cycle or the citric acid cycle, takes place in the mitochondrion.

				At the completion of the Krebs cycle, the high-energy molecules that are created during the cycle move into the membrane of the mitochondrion, where they’re passed down the electron transport chain. At the end of that chain, the molecules are used to form ATP from adenosine diphosphate (ADP) and inorganic phosphate (Pi), and water is released.

				ATP is the cell’s “energy currency.” Just as you can’t keep spending money without earning some money to replenish your supply, your body can’t keep expending energy without taking in more fuel. When the cell needs energy to fuel its metabolism, it “pays” with ATP molecules. See Figure 2-2 for the chemical structure of the ATP and related ADP molecules.

				Glycolytic pathway (glycolysis)

				Starting at the top of Figure 2-1, you can see that glucose — the smallest molecule that a carbohydrate can be broken into during digestion — goes through the process of glycolysis, which starts cellular respiration and uses some energy (ATP) itself. Glycolysis occurs in the cytoplasm and doesn’t require oxygen. Two molecules of ATP are required to start each molecule of glucose rolling down the glycolytic pathway; although four molecules of ATP are generated during glycolysis, the net production of ATP is two molecules. In addition to the two ATPs, two molecules of pyruvic acid (also called pyruvate) are generated. They move into a mitochondrion and enter the Krebs cycle.

				Krebs cycle

				The Krebs cycle is a major biological pathway in the metabolism of every multicellular organism. It’s an aerobic pathway, requiring oxygen.

				As the pyruvate enters the mitochondrion, a molecule of a compound called nicotinamide adenine dinucleotide (NAD+) joins it. NAD+ is an electron carrier (that is, it carries energy), and it gets the process moving by bringing some energy into the pathway. The NAD+ provides enough energy that when it joins with pyruvate, carbon dioxide is released, and the high-energy molecule NADH is formed. The product of the overall reaction is acetyl coenzyme A (acetyl CoA), which is a carbohydrate molecule that puts the Krebs cycle in motion.

				[image: remember.eps] Cycles are endless. Products of some reactions in the cycle are used to keep the cycle going. An example is acetyl CoA: It’s a product of the Krebs cycle, yet it also helps initiate the cycle. With the addition of water and acetyl CoA, oxaloacetic acid (OAA) is converted to citric acid. Then, a series of reactions proceeds throughout the cycle. Refer to “Digging deeper into the Krebs cycle” in this chapter.

				
					Figure 2-2: 
The chemical structure of ADP and ATP.

				

				[image: 9780470923269-fg0202.eps]

				Oxidative phosphorylation

				Oxidative phosphorylation is also called the respiratory chain and the electron transport chain. The electron carriers produced during the Krebs cycle — NADH and FADH2 — are created when NAD+ and FAD, respectively, are “reduced.” When a substance is reduced, it gains electrons; when it’s oxidized, it loses electrons. (Turn to Chapter 16 for more information about such “redox reactions.”) So NADH and FADH2 are compounds that have gained electrons, and therefore, energy. In the respiratory chain, oxidation and reduction reactions occur repeatedly as a way of transporting energy. At the end of the chain, oxygen atoms accept the electrons, producing water. (Water from metabolic reactions isn’t a significant contributor to the water needs of the body.)

				As NADH and FADH2 pass down the respiratory (or electron transport) chain, they lose energy as they become oxidized and reduced, oxidized and reduced, oxidized and . . . . It sounds exhausting, doesn’t it? Well, their energy supplies become exhausted for a good cause. The energy that these electron carriers lose is used to add a molecule of phosphorus to adenosine diphosphate (ADP) to make it adenosine triphosphate — the coveted ATP. And ATP is the goal for converting the energy in food to energy that the cells in the body can use. For each NADH molecule that’s produced in the Krebs cycle, three molecules of ATP can be generated. For each molecule of FADH2 that’s produced in the Krebs cycle, two molecules of ATP are made.

				[image: technicalstuff.eps]

				Digging deeper into the Krebs cycle

				The Krebs cycle is a complex set of chemical reactions that take place within the mitochondria of all eukaryotic cells. With the loss of water, citric acid changes to cis-aconitic acid. More water is taken in, and cis-aconitic acid becomes iso-citric acid. At this point, NAD+ joins in, converting iso-citric acid to α-ketoglutarate; the reaction gives off carbon dioxide and NADH. The α-ketoglutarate converts to succinyl-coenzyme A when NAD+ and coenzyme A are added. Carbon dioxide and NADH are given off in this reaction. Succinyl CoA is joined by guanosine diphosphate (GDP) and an inorganic phosphate molecule (Pi) to form succinic acid. Coenzyme A and guanosine triphosphate (GTP) are given off. Succinic acid (or succinate) is converted to fumaric acid (fumarate) when oxidized flavin-adenine dinucleotide (FAD) is added. FAD is an electron carrier like NAD+, and it is also considered to be a nonprotein enzyme. That means it helps to pass on the energy to keep the reactions moving so that the ultimate goal can be reached. FAD is reduced to FADH2 in this reaction. At this point in the cycle, more water is added to fumarate (see why you have to take in water?), which converts the fumarate to malic acid (malate). NAD+ joins the cycle again and converts malic acid to OAA. NADH is given off. After one spin of the Krebs cycle, you have the following amounts of energy-laden molecules:

				 • Three molecules of NADH (reduced NAD)

				 • One molecule of FADH2 (reduced flavin adenine dinucleotide)

				 • One molecule of ATP

				Okay. Understanding that one molecule of ATP equals one molecule of ATP is pretty easy. But if ATP is the only energy molecule the body can use, how many ATP molecules do you get out of NADH and FADH2? (Hint: NADH and FADH2 are used to synthesize ATP from ADP and inorganic phosphate during oxidative phosphorylation, which we cover elsewhere in this chapter.)



				[image: remember.eps] Theoretically, the entire process of aerobic cellular respiration — glycolysis, Krebs cycle, and oxidative phosphorylation — generates a total of 38 ATP molecules from the energy in one molecule of glucose: 2 from glycolysis, 2 from the Krebs cycle, and 34 from oxidative phosphorylation. However, this theoretical yield is never quite reached because processes, especially biological processes, are never 100 percent efficient. In the real world, usually around 29 to 30 ATP molecules per glucose molecule are expected.

				Anaerobic respiration

				Sometimes oxygen isn’t present, but your body still needs energy. During these rare times, a backup system, an anaerobic pathway (called anaerobic because it proceeds in the absence of oxygen) exists. Lactic acid fermentation generates NAD+ so that glycolysis, which results in the production of two molecules of ATP, can continue. However, if the supply of NAD+ runs out, glycolysis can’t occur, and ATP can’t be generated.

				Staying in Range: Homeostasis

				Chemical reactions are not random events. Any reaction takes place only when all the conditions are right for it: All the required reagents and catalysts are close together in the right quantities; the fuel for the reaction is present, in sufficient amount and in the right form; and the environmental variables are all within the right range, including the temperature, salinity, and pH. The complicated chemistry of life is extremely sensitive to the environmental conditions; the environment is the body itself. Homeostasis is the term physiologists use to mean the subset of metabolic reactions that keep the internal environment of the body in a state conducive to the chemical reactions that maintain your life.

				The following sections look at a few important physiological variables and how the mechanisms of homeostasis keep them in the optimum range in common, every-day situations.

				[image: remember.eps] As metabolic reactions, homeostatic reactions require energy.

				Maintaining a constant temperature: Thermoregulation

				All metabolic reactions in all organisms require that the temperature of the body be within a certain range. For animals that live in the sea, there’s no problem: the constant temperature of the sea itself maintains the animal’s temperature in the optimum range. (The exception here is marine mammals.) Animals that live on land have evolved different responses to the large and sudden temperature changes in their environment. One solution evolved by birds and mammals is called homeothermy or “warm-bloodedness”: the maintenance of body temperature at a relatively constant level regardless of the ambient temperature. They do this by regulating their metabolic rate. (This applies also to marine mammals, who took homeothermy with them to their ocean habitat and evolved mechanisms to retain their body heat in that cold environment.) Warm-blooded animals have a large number of mitochondria per cell. This enables a high rate of metabolism, which generates a lot of heat. Warm-blooded animals must ingest a large quantity of food frequently to fuel their higher metabolism.

				[image: remember.eps] Regulating body temperature requires a steady supply of fuel (glucose) to the mitochondrial furnaces.

				[image: technicalstuff.eps] The opposite of homeothermy is poikilothermy, or “cold-bloodedness.” Comparative anatomists and physiologists consider that homeothermy and poikilothermy are two ends of a spectrum of adaptations to the fluctuations of environmental temperature on land. However, all humans, and all primates, are true homeotherms, whose life processes require that they maintain their body temperature within a narrow range at all times.

				Another way warm-blooded animals control their body temperature is by employing adaptations that conserve the heat generated by metabolism within the body in cold conditions or dissipate that heat out of the body in overly warm conditions. A few of the specific adaptations humans use to hold their internal temperatures constant are these:

				[image: check.png] Sweating: Sweat glands in the skin open to dissipate heat by evaporative cooling of water from the skin. They close to conserve heat. Sweat glands are opened and closed by the action of muscles at the base of the gland, deep under the skin. Refer to Chapter 6.

				[image: check.png] Blood circulation: Blood vessels close to the skin dilate (enlarge) to dissipate heat in the blood through the skin. They constrict (narrow) to conserve heat. That’s why your skin flushes (reddens) when you’re hot: That’s the color of your blood visible at the surface of your skin. Refer to Chapter 9.

				[image: check.png] Muscle contraction: When sweating and blood vessel constriction are not enough to conserve heat in cold conditions, your muscles will begin to contract automatically to generate more heat. This reaction is familiar as “shivering.”

				[image: check.png] Insulation: Mammals and birds evolved insulating structures on the body surface (hair and feathers, respectively) and regions of fatty tissue under the skin. Humans alone employ the cultural adaptation of clothing.

				Swimming in H2O: Fluid balance

				A watery environment is part of the requirements for a great proportion of metabolic reactions. (The rest need a lipid, or fatty, environment.) The body contains a lot of water: in your blood, in your cells, in the spaces between your cells, in your digestive organs, here, there, and everywhere. Not pure water, though. The water in your body is a solvent for thousands of different ions and molecules (solutes). The quantity and quality of the solutes change the character of the solution. Because solutes are constantly entering and leaving the solution as they participate in or are generated by metabolic reactions, the characteristics of the watery solution must remain within certain bounds for the reactions to continue happening, fluid-balance homeostasis mechanisms have evolved.

				[image: check.png] The thirst reflex: Water passes through your body constantly: mainly, in through your mouth and out through various organ systems, including the skin, the digestive system, and the urinary system. If the volume of water falls below the optimum level (dehydration), the mechanisms of homeostasis intrude on your conscious brain to make you uncomfortable. You feel thirsty. You ingest something watery. Your fluid balance is restored and your thirst reflex leaves you alone.

				[image: check.png] Changes in the composition of urine: The kidney is a complex organ that has the ability to measure the concentration of many solutes in the blood, including sodium, potassium, and calcium. Very importantly, the kidney can measure the volume of water in the body by sensing the pressure of the blood as it flows through. (The greater the volume of water, the higher the blood pressure.) If changes must be made to bring the volume and composition of the blood back into the ideal range, the various structures of the kidney incorporate more or less water, sodium, potassium, et cetera into the urine. That’s why your urine is paler or darker at different times. This and other functions of the urinary system are discussed in Chapter 12.

				Adjusting the fuel supply: Blood glucose concentration

				Glucose, the fuel of all cellular processes, is distributed to all cells dissolved in the blood. The concentration of glucose in the blood must be high enough to ensure that the cells have enough fuel. However, extra glucose beyond the immediate needs of the cells can harm many important organs and tissues, especially where the vessels are tiny, as in the retina of the eye, the extremities (hands and, especially, feet), and the kidneys. Diabetes is a disease in which there is a chronic overconcentration of glucose in the blood.

				The amount of glucose in the blood is controlled mainly by the intestines (refer to Chapter 11) and by the hormone insulin. Insulin is a hormone released from the pancreas, an endocrine gland, into the blood in response to increased blood glucose levels. Turn to Chapter 8 for more details on hormones and the endocrine system. Most cells have receptors that bind the insulin, which increases the activity of glucose transporters in the cell membrane. Glucose is removed from the blood and into storage, mostly within the cells of the liver, the muscles (where it is stored as glycogen, the form of fuel your muscles use), and to the fat cells of the adipose tissue. At times when your intestines are not releasing much glucose, such as some hours after a meal, the production of insulin is suppressed and the stored glucose is released into the blood again. Refer to Chapter 8 for more information about insulin and the pancreas.

				Measuring important variables

				How does the pancreas know when to release insulin and how much is enough? How does the kidney know when the salt content of the blood is too high or the volume of the blood is too low? What tells the sweat glands to open and close to cool the body or retain heat? The answer in these and many other situations related to homeostasis is that the detection of threats to homeostasis and the response of organs to counter the threats involve an intricate system of communications between parts of the nervous, circulatory, and endocrine systems.

				Receptors (sensors) in the blood vessels detect the state of the blood: Some detect temperature, some pressure (volume), some the concentration of glucose, and many others detect different variables. These receptors send their “data” through the nervous system to the brain, where an endocrine gland called the hypothalamus resides. The endocrine system makes and releases hormones, substances of great power and subtlety, that travel through the blood to the tissues and organs and cause them to “change their behavior” in ways that restore the variables to their optimum physiological range. The hypothalamus is sometimes called the “master gland” because it controls homeostasis by acting on other glands, notably the pituitary gland. Refer to Chapter 8.


				Feedback in physiology

				In biology and other sciences, feedback is information that a system generates about itself or its effects that influences how its processes continue. Feedback mechanisms can be negative or positive. These terms do not mean that one is harmful and the other beneficial, and they are not opposites — that is, they do not counteract one another in the same system or process. Organisms use both types of feedback mechanisms to control different aspects of their physiology.

				A negative feedback mechanism functions to keep things within a range. It tells the system to stop, slow down, decrease its output when the optimum quantity or range has been achieved or to speed up or increase its output when the quantity is below the optimum range. In other words, it tells a process to start doing the opposite of what it’s doing now. Negative feedback mechanisms maintain or regulate physiological conditions within a set and narrow range. Homeostasis depends on a vast array of negative feedback mechanisms.

				A positive feedback mechanism tells a process to continue or increase its output. Positive feedback says, “Some is good; more would be better.” It accelerates or enhances the output created by a stimulus that has already been activated. A positive feedback mechanism is usually a cascading process that increases the effect of the stimulus and pushes levels out of normal ranges, usually for a specific and temporary purpose. Because positive feedback can get out of control (think fire), evolution has favored relatively few positive feedback mechanisms. One example is the “clotting cascade” that occurs in response to a cut in a blood vessel, described in this chapter. Another is the release of oxytocin to intensify uterine contractions during childbirth.



				Growing, Replacing, and Renewing

				My, how you’ve changed, and are still changing! Growing up, growing old, and just living every day, you’re building new parts and replacing old ones. From conception to early adulthood, your body was busy making itself: everything from scratch.

				But the job wasn’t finished when you were fully grown. Complex living tissues and organs almost all require replacement parts at some time, and many require them all the time. This necessity is one of the defining characteristics of organisms — the ability to organize matter into the structures that compose themselves and to replace and renew those structures as required, as we describe in the following sections.

				[image: remember.eps] As we discuss in the “Building Up and Breaking Down: Metabolism” section earlier in the chapter, making new cells and tissues is anabolic metabolism, and breaking up and eliminating old cells and tissues is catabolic metabolism.

				Growing

				You began life as a single cell and built yourself from there, with some help from your mom to get started. Your body developed along a plan, building a backbone with a head at the top and a tail at the bottom. (Somehow, you lost the tail.) Now look at you: 100 trillion cells, almost every one with its own special structure and job to do. Good work! Find more about the processes of development in Chapter 15.

				Replacing

				Just like the organism they’re a part of, many kinds of cells have a life cycle: They’re born, they develop, they work, they get worn out, and they die. For an organism to continue its life cycle, these cells must be replaced continuously, usually by the division and differentiation of stem cells. These relatively undifferentiated cells wait patiently until they’re called upon to divide. Some of the daughter cells differentiate into their specific programmed type while others remain stem cells and wait to be called upon the next time. Stem cells are an active area of research in physiology and in the field of regenerative medicine.

				Some of the cell and tissue types that must be continuously replaced are these:

				[image: check.png] Red blood cells: The life cycle of a red blood cell is about 120 days. That means you replace all your red blood cells three times a year. New ones come from the red marrow of the bones, and old ones are scavenged for iron in the spleen and then eliminated in the feces. Old, dead, red blood cells give feces their characteristic color.

				[image: check.png] Epidermis: The cells of the epidermis, the outer layer of the skin, are constantly shed from the surface and replaced from below. Your body replaces the entire epidermis about every six weeks. This process is discussed in Chapter 6.

				[image: check.png] Intestinal lining: The epithelial cells of the intestinal lining are replaced about every week. You realize what a feat this is when you read about the intestine in Chapter 11.

				[image: check.png] Respiratory membrane: Your body replaces the epithelial cells that line the alveolar wall and the pulmonary capillary vessels about every week. Refer to Chapter 10 for a description of the respiratory membrane.

				[image: check.png] Sperm: The process of spermatogenesis (making sperm) is continuous, beginning in a male’s puberty and ending with his death. The quantity and quality varies with his age and health. Turn to Chapter 14 for more details.

				[image: check.png] Bone: As you can read about in Chapter 5, bone is living tissue and very active in a number of ways. The bones bear the body’s weight and the stress of impact. Tiny cracks develop in bone all the time and are repaired quickly and constantly, a process known as remodeling. Bones serve as a storage depot for metal ions, especially calcium, which flows in and out of the bone constantly. For more info on bones, flip to Chapter4.

				Some other types of tissue replace their cells at a very slow rate, such as the following:

				[image: check.png] Brain cells: Scientists thought for many decades that brain cells that died weren’t replaced, and, in general, that no new cells were developed in the brain during adulthood. Brain researchers have now shown that this isn’t true. The processes whereby new cells are born in the adult brain have attracted much research interest. See Chapter 7.

				[image: check.png] Cardiac muscle: Until recently, physiologists believed that cardiac muscle cells couldn’t regenerate, but that belief has recently been called into question. In 2009, researchers in Sweden reported evidence that, in healthy hearts, cardiac muscle cells do indeed divide, but slowly. The researchers estimated that a 20-year-old renews about 1 percent of heart muscle cells per year and that about 45 percent of the cardiac muscle cells of a 50-year-old are generated after birth. Research published in the early 2000s showed evidence that cardiac muscle cells regenerate to some extent after a heart attack.

				Repairing parts

				Your body repairs some tissues as necessary, such as after an injury:

				[image: check.png] Skeletal muscle: Mature skeletal muscle cells, called fibers, don’t divide and aren’t replaced unless they’re damaged. After they’re formed, skeletal muscle fibers generally survive for your entire lifetime. But wait, you say that you’ve been working out and your biceps are twice as big as they were last year? Congratulations, but you didn’t add cells. The cells you had just got bigger.

				[image: check.png] Smooth muscle: Like skeletal muscle fibers, smooth muscle fibers are replaced when they’re injured.

				[image: check.png] Skin fibroblasts: These are different from epidermal cells. These cells proliferate rapidly to repair damage from a cut or wound and are responsible for generating scar tissue, as discussed in the next section.

				[image: check.png] Liver cells: Normally, these cells divide only rarely. However, if large numbers of liver cells are removed — by surgical removal of part of the liver, for example — the remaining cells proliferate rapidly to replace the missing tissue. This makes it possible to transplant part of the liver of a living donor to a recipient, or to split a single liver from a nonliving donor to two recipients. In these cases, when all goes well, both parts regenerate into a complete and functioning liver.

				Healing wounds

				When you have a tiny, superficial surface wound (a little scratch), the epidermis simply replaces the damaged cells. In a few days, the scratch is gone. But when the wound is deep enough that blood vessels are damaged, the healing process is a little bit more involved. Turn to Chapter 9 for information on blood and blood vessels.

				The immediate rush of blood washes debris and microbes out of the wound. Then, the vessels around the wound constrict to slow down the blood flow. A type of “formed element” in the blood called platelets sticks to the collagen fibers that make up the vessel wall, forming a natural band-aid called a platelet plug.

				After the platelet plug forms, a complex chain of events results in the formation of a clot that stops blood loss altogether. This chain of events is called the clotting cascade or coagulation cascade. Enzymes called clotting factors initiate the cascade. Here’s a rundown of what happens, focusing on the most important steps:

				[image: check.png] Prothrombin: This clotting factor converts to thrombin. Calcium is required for this reaction.

				[image: check.png] Thrombin: This factor acts as an enzyme and causes the plasma protein fibrinogen to form long threads called fibrin.

				[image: check.png] Fibrin threads: Wrapping around the platelet plug, these threads form a meshlike template for a clot.

				[image: check.png] Clot: The meshlike structure traps the red blood cells and forms a clot. As the red blood cells that are trapped on the outside of the clot dry out (or the air oxidizes the iron in them, like rust), they turn a brownish-red color, and a scab forms.

				Underneath the scab, the blood vessels regenerate and repair themselves, and in the dermis, cells called fibroblasts spur the creation of new cells to regenerate the tissues in the damaged layers. Scars are created to provide extra strength to skin areas that are deeply wounded. Scar tissue has many interwoven collagen fibers, but no hair follicles, nails, or glands. Feeling is usually lost in the area covered with scar tissue because nerves are damaged.

				Lasting parts

				As we mention earlier in the chapter, almost all tissues and organs require replacement parts at some time. However, here are some exceptions:

				[image: check.png] Central nervous system: For the most part, the cells and tissues of the central nervous system are incapable of self-repair and regeneration. Thus the poor prognosis in cases of spinal cord injury.

				[image: check.png] Peripheral nerves: These are the nerve cells that transmit sensation or motor messages between the central nervous system and the skin and skeletal muscles (see Chapter 7). Many types of peripheral neurons don’t undergo regular replacement in normal functioning. They are therefore some of the oldest cells in your body. Unfortunately, they’re not regenerated when they die from injury, so some kinds of nerve damage are permanent. Because they’re not replaced when they die, the number of such nerve cells declines throughout life.

				[image: check.png] Ova: A woman has all the eggs she’s ever going to have in her ovaries at birth. In most women, that’s about half a million more than they’ll ever need. Most eggs die before puberty. Only a few mature and participate in the monthly events of the ovarian (menstrual) cycle. And only a very, very few go on to participate in the events of reproduction described in Chapter 14.
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Table 3-1 Organelles of Animal Cells (Including Humans)
Organelle Function
Nucleus Controls the cell; houses the genetic material

Mitochondrion

Cell “powerhouse”

Endoplasmic Plays an important role in protein synthesis; participates in
reticulum transporting cell products; involved in metabolizing fats
Ribosome Binds amino acids together under the direction of mRNA to

make protein

Golgi apparatus

“Packages” cellular products in sacs called vesicles so
some of the products can cross the cell membrane to exit
the cell

Vacuoles Membrane-bound spaces in the cytoplasm that sometimes
serve in the active transport of materials to the cell mem-
brane for discharge to the outside of the cell

Lysosomes Contain digestive enzymes that break down harmful cell

products and waste materials and actively transport them
out of the cell
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Table 5-2

Muscle action

Number of muscle

The extensor digitorumis a muscle that extends the fingers
or digits.

The biceps brachii attaches to bone in two locations,

attachments whereas the triceps brachii attaches to bone in three
locations.

Muscle fiber The rectus abdominis muscle runs vertically along your

direction abdomen (rectus means straightin Latin).
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Table 7-1 Functions of Lobes within Cerebral Hemispheres

Lobe Functions

Frontal lobe Speech production, concentration, problem solving, planning, and
voluntary muscle control

Parietal lobe General interpretation area, understanding speech, ability to use
words, and sensations including heat/cold, pressure, touch, and

pain
Temporal Interpretation of sensations, remembering visually, remembering
lobe through sounds, hearing, and learning

Occipital lobe  Vision, recognizing objects visually, and combining images received
visually






OEBPS/images/9780470923269-fg0308_fmt.jpeg
Squamous Cuboidal Columnar

—
squamous —= cuboidal 'E columnar
cell

<=2 cell o cell

--
éﬁﬁ/
simple simple pseudostratified
squamous columnar

stratified stratified stratified
squamous cuboidal columnar





OEBPS/images/9780470923269-tb0401.jpg
Table 4-1 Characteristics of Bone Types

Bone Type Example Location in the Body Characteristics

Flat Skull, shoulder blades, ribs, Like plates of armor, flat bones

sternum, pelvic bones protect soft tissues of the
brain and organs in the thorax
and pelvis.

Long Arms and legs Like steel beams, these
weight-bearing bones provide
structural support.

Short Wrists (carpal bones) and Short bones look like blocks

ankles (tarsal bones) and allow a wider range of
movement than larger bones.

Irregular Vertebral column, kneecaps Irregular bones have a variety

of shapes and usually have
projections that muscles,
tendons, and ligaments can
attach to.
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Table 5-1

Cell Characteristics of Muscle Cells

Skeletal Cardiac Smooth
Multinucleate Yes No No
Striated Yes Yes No
Voluntary Yes No No
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Table 8-2

Symptoms of Hypothyroidism

Initially As Disease Severe
Progresses
Fatigue Decreased sex drive Psychiatric problems;

changes in behavior

Cold sensitivity

Stiff joints

Carpal tunnel syndrome

Weight gain without
increase in food intake
or decrease in exercise

Muscle cramps

High cholesterol, poor cir-
culation, heart problems

Constipation

Weight loss

Dry skin and hair, some hair
loss; brittle, grooved nails

Memory problems

Numbness or tingling
sensations

Impaired fertility

Weak colon, intestinal
obstruction, anemia
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Table 5-2

Characteristics in Muscle Names

Characteristics

Examples

Muscle size

The largest muscle in the buttocks is the gluteus maximus
(maximus means /arge in Latin); a smaller muscle in the
buttocks is the gluteus minimus (minimus means smallin
Latin).

Muscle location

The frontalis muscle lies on top of the skull’s frontal bone.

Muscle shape

The deltoid muscle, shaped like a triangle, comes from
delta— the Greek alphabet's fourth letter, which is also
shaped like a triangle.
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Table 4-2 Types of Diarthroses (Synovial Joints)

Type of Joint Description Movement Example

Ball-and- The ball-shaped Circular move- Shoulder, hip

socket joint head of one bone ments; joints
fits into a depres- canmove in
sion (socket) in all planes, and
another bone rotation is

possible

Condyloid Oval-shaped Can move in Knuckles

joint condyle of one different planes (joints between
bone fits into oval- but can't rotatet metacarpals and
shaped cavity of phalanges)
another bone

Gliding joint Flat or slightly Sliding or twist- Joints between
curved surfaces ing in different carpal bones
join planes (wrist) and

between tarsal
bones (ankle)

Hinge joint Convex surface Up and down Elbow, knee
joins with con- motion in
cave surface one plane,

bend (flex)
or straighten
(extend)

Pivot joint Cylinder-shaped Rotation is only Joint between
projection on movement radius and ulna
one bone is sur- possible at elbow and joint
rounded by a ring atlas and axis at
of another bone top of vertebral
and ligament column

Saddle joint Each bone is Many move- Joint between
saddle shaped ments are carpal and meta-

and fits into the
saddle-shaped
region of the
opposite bone

possible; can
move in different
planes but can't
rotate

carpal bones of
the thumb
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Hormone

Source

Function(s)

Mineralocorticoids

Cortex of the
adrenal glands

Targets the kidney cells to reabsorb
sodium and excrete potassium

to keep electrolytes (ions) within
normal level.

Oxytocin

Pituitary gland
(posterior part)

Stimulates uterine contractions
during childbirth and mammary
glands to release milk. In males, it
has been demonstrated to cause
contraction of the spermatic ducts
during ejaculation.

Parathyroid hormone Parathyroid Stimulates the cells in bones,
glands kidneys, and intestines to release
calcium so that blood calcium level
increases.

Progesterone Ovaries Prepares the uterus for implanta-
tion of an embryo and maintains the
pregnancy.

Prolactin Pituitary gland Targets the mammary gland to

(anterior part) stimulate production of milk.

Testosterone Testes Stimulates the production of sperm

in testes; in skin, muscles, and
bones, causes development of male
sex characteristics.

Thyroid-stimulating

Pituitary gland

Stimulates the thyroid gland to

hormone (TSH) (anterior part) produce and release its important
hormones, calcitonin and thyroxin.
Thyroxin Thyroid gland Distributed to all tissues to increase

metabolic rate; involved in regula-
tion of development and growth.
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Table 1-1

Circulatory system card- heart (muscle)
angi- vessel
hema- blood
arter- artery
ven- venous
erythro- red

Respiratory system pulmon- lung
bronch- windpipe

Digestive system gastr- stomach
enter- intestine
dent- teeth
hepat- liver

Urinary system ren- kidney
neph- kidney
ur- urinary

Immune system lymph- lymph
leuk- white
-itis inflammation

Reproductive system vagin- vagina
uter- uterine
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Table 11-1 Pancreatic Enzymes

Enzyme Targeted Nutrient Result of Breakdown

Trypsin Proteins Peptides (chains of amino acids)
Peptidase Peptides Individual amino acids

Lipase Fats Fatty acids and glycerol
Nuclease Nucleic acids (DNA, RNA) Nucleotides

Amylase Carbohydrates Glucose and fructose
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Table 15-1  Age-Related Changes to the Body's Systems and

Associated Health Implications

Body System

Change Implications

Circulatory System
(see Chapter 9)

Heartincreases in size. Increased risk of throm-
bosis and heart attack.

Fat is deposited in and Varicose veins develop.
around the heart muscle.

Heart valves thicken and
stiffen.

Resting heart rate
decreases.

Maximum heart rate
decreases.

Pumping capacity
declines.
Arterial walls fill with

plaque and don't stretch
well.

Digestive System
(see Chapter 11)

Loss of teeth. Increased risk of hiatal
hernia, heartburn,
peptic ulcers, constipa-
tion, hemorrhoids, and
gallstones.

Peristalsis slows.

Diverticulosis. Colon cancer and
pancreatic cancer
increased in elderly.

Liver requires more time
to metabolize alcohol and
drugs.
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Body System

Change

Implications

Endocrine System
(see Chapter 8)

Glands shrink with age.

Thyroid disorders and
diabetes can occur.

Immune System
(see Chapter 13)

Thymus gland shrinks
with age.

Number and effective-
ness of T lymphocytes
decrease with age.

Cancerrisk increases.

Infections more
common in elderly.

Autoimmune diseases
(such as arthritis)
increase.

Integumentary System
(see Chapter 6)

Epidermal cells are
replaced less frequently.

Fibers in the dermis
thicken, and less collagen
is produced, reducing
elasticity.

Adipose tissue in face and
hands decreases.

Fewer blood vessels and
sweat glands.

Melanocytes decrease.

Number of hair follicles
decreases.

Skin loosens and
wrinkles.

Sensitivity to cold
increases.

Body is less able to
adjust to increased
temperature.

Hair grays, skin
becomes more pale.

Hair thins.

Muscular System
(see Chapter 5)

Mass and strength
decrease.

Muscle tissue deterio-
rates and is replaced by
connective tissue or fat.

Fewer mitochondria in
muscle cells.

Cardiovascular and/or
nervous system changes.

Endurance decreases
due to fewer
mitochondria.

Function can decrease
due to cardiovascular
or nervous system
changes.
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Table 15-1

Body System

Change

Implications

Nervous System
(see Chapter 7)

Brain cells die and are not
replaced.

Cerebral cortex of brain
shrinks.

Decreased production of
neurotransmitters.

Learning, memory, and
reasoning decrease.

Reflexes slow.

Alzheimer's disease
occursin elderly people.

Reproductive System
(see Chapter 14)

Females: Menopause
occurs between 45 and 55
years of age and causes
cessation of ovarian and
uterine cycles, so eggs are
no longer released, and
hormones such as estro-
gen and progesterone are
no longer produced.

Males: Possible decline
in testosterone level after
age 50; enlarged prostate
gland; decreased sperm
production.

Osteoporosis, wrinkling
of skin, and increased
risk of heart attack

Vascular (or other)
problems can cause
impotence in males.

Respiratory System
(see Chapter 10)

Breathing capacity
declines.

Gas exchange and lung
volume decreases due to
thickened capillaries, loss
of elasticity in muscles of
rib cage.

Risk of infections such as
pneumonia increases.

Skeletal System
(see Chapter 4)

Cartilage calcifies,
becoming hard and brittle.

Bone resorption occurs
faster than creation of
new bone.

Osteoporosis risk
increases.

More time is required
for bones to heal if they
break.

Urinary System
(see Chapter 12)

Kidney size and function
decreases.

Decreased bladder
capacity.

Enlarged prostate gland
in men.

Kidney stone risk
increases.

Incontinence.

More frequent urination
urges.

Urinary tract infections
more likely.
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Table 13-1

Cells of the Inmune System

Cell Type Origin Function Comment

Neutrophil Myeloblast Phagocytizes 40-70% of total
bacteria. WBCs.

Basophil Myeloblast Initiates the inflam- 1% of total WBCs.
mation response by
releasing histamine
and heparin atthe
site of injury.

Eosinophil Myeloblast Destroys antigen- 1-4% of total
antibody complexes. WABCs.

Monocyte Myeloblast Matures into a 4-8% of total
macrophage, which WABCs; largest of
phagocytizes bacte- WABCs.
ria and viruses.

Macrophage Monocyte Phagocytizes Monocytes pro-
antigens and dead duce macrophages
cells; stimulates the in large quantities
production of other inthe early stages
WBCs. of the inflammation

response.

B lymphocyte Lymphoid Produces Combined, B and

(B cell) stem cell antibodies. T lymphocytes

account for 20-45%
of total WBCs.

T lymphocyte Lymphoid Several different First to respond to

(T cell) stem cell; subsets of T cells infections.

matures in have been discov-
thymus gland ered, each with a
distinct function.

NK cell Lymphoid Destroys cancer- Granular.

stem cell ous cells and cells
infected by viruses.

Mast cell Precursors in Inflammation. Responds to

the red bone allergens.

marrow
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Table 12-1  Nitrogenous Components of Urine and Their Sources

Nitrogenous Component

Source

Urea A byproduct of the breakdown of amino acids

Creatinine A byproduct of the metabolism of the amino acid
creatine, presentin large quantities in muscle cells

Ammonia A byproduct of the breakdown of proteins by
bacteria

Uric acid A byproduct of the breakdown of nucleotides
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Table 1-1

Technical Anatomical Word Fragments

Body System Root or Word Fragment Meaning
Skeletal system 0s-, oste- bone

arth- joint
Muscular system myo- muscle

sarco- striated muscle
Integument derm- skin
Nervous system neur- nerve
Endocrine system aden- gland

estr- steroid
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Table 7-2 Receptors Found in Sense Organs

Sense Organ Function Receptor
Skin (touch, Mechanoreceptors (touch Specialized nerve endings detect
pressure, tem- and pressure), thermore- different sensations (see Chapter 6

perature, pain)

ceptors (hot and cold), and
nociceptors (pain)

for more on skin).

Ears

Mechanoreceptors

The stereocilia of the “hair cells”
(neurons) in the ears detect the
fluid movement in the cochlea of
the inner ear, which is generated
by movement of the eardrum and
ossicles (ear bones) that allow you
to hear.

Eyes

Photoreceptors

The rods and cones of the retina of
the eye detect light to allow vision.

Nose

Chemoreceptors

The olfactory cells (neurons) in the
nasal cavity detect chemical mol-
ecules presentin the air.

Tongue

Chemoreceptors

The gustatory cells (neurons) of the
taste buds detect various chemical
molecules present in foods.
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Table 3-2 Dividing Behavior of Different Cell Types

Cell Type Arise From Divide? Give Rise To

Zygote Fusion of two sex cells Y Two somatic cells
Somatic cell Somatic cell or stem cell Y or N* Somatic cells; sex cells**
Stem cell Stem cell Y One specialized somatic

cell and one stem cell
Sex cell Somatic cell N NA

*Some somatic cells go on to terminal differentiation and never divide again.

**Sex cells arise from meiosis of certain somatic cells. They are haploid cells and never divide
again.
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Table 4-3 Regions of the Vertebral Column

Region Number of Vertebrae Features

Cervical 7 The skull attaches at the top
of this region to the vertebrae
called the atlas.

Thoracic 12 The ribs attach to this region.

Lumbar 5 Commonly referred to as the
small of the back, it takes the
most stress.

Sacral 5 (fused into one; the The sacrum forms a joint with

sacrum) the hipbones and the last lumbar

vertebra.

Coccygeal 4 (fused into one; the The coccyx is the remains of

coccyx, also called the
tailbone)

a tail, which was eliminated
during evolution.
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Table 8-1 Important Hormones: Sources and Primary Functions

Hormone

Source

Function(s)

Adrenocorticotropic

hormone (ACTH)

Pituitary gland
(anterior part)

Stimulates secretion of corticoste-
roids by the cortex of the adrenal
gland.

Antidiuretic hormone

Pituitary gland

Stimulates the kidneys to reabsorb

(ADH) (posterior part) water, preventing dehydration.

Calcitonin Thyroid gland Targets the bones, kidneys, and
intestines to reduce the level of cal-
cium in the blood.

Epinephrine Medulla of the Stimulates the heart and other

Norepinephrine

adrenal gland

muscles during the fight-or-flight
response; increases the amount of
glucose in the blood.

Estrogen Ovaries Stimulates the maturation and
release of ova; targets muscles,
bones, and skin to develop female
secondary sex characteristics.

Glucagon Pancreas Causes liver, muscles, and adipose
tissue to release glucose into the
bloodstream.

Glucocorticoids Cortex of the Stimulate the formation of glucose

adrenal glands from fats and proteins.

Gonadocorticoids Cortex of the Stimulate the libido.

adrenal glands

Growth hormone
(GH)

Pituitary gland
(anterior part)

Targets the bones and soft tissues
to promote cell division, synthesis
of proteins, and growth of bone
tissue.

Insulin Pancreas Causes liver, muscles, and adipose
tissue to store glucose as a way of
lowering blood glucose level.

Melatonin Pineal gland Targets a variety of tissues to

mediate control of biorhythms, the
body's daily routine.





