Chapter 1 - Introduction to Human Anatomy and Physiology

1.3 - LEVELS OF ORGANIZATION

Early investigators, limited in their ability to observe small structures such as cells, focused their
attention on larger body parts. Studies of small structures had to await invention of magnifying
lenses and microscopes, about 400 years ago. These tools revealed that larger body structures
were made up of smaller parts, which, in turn, were composed of even smaller ones.

All materials, including those that comprise the human body, are composed of chemicals.
Chemicals consist of tiny particles called atoms, which are composed of even smaller subatomic
particles. Atoms can join to form molecules, and small molecules may combine to form

larger macromolecules.

In all organisms, including the human, the basic unit of structure and function is a cell. Although
individual cells vary in size and shape, all share certain characteristics. Cells of complex
organisms such as humans contain structures called organelles (or"gan-elz’) that carry on
specific activities. Organelles are composed of assemblies of large molecules, including proteins,
carbohydrates, lipids, and nucleic acids. Most human cells contain a complete set of genetic
instructions, yet use only a subset of them, allowing cells to specialize. All cells share the same
characteristics of life and must meet certain requirements to stay alive.

Specialized cells assemble into layers or masses that have specific functions. Such a group of
cells forms a tissue. Groups of different tissues form organs—complex structures with
specialized functions—and groups of organs that function closely together comprise organ
systems. Interacting organ systems make up an organism.

A body part can be described at different levels. The heart, for example, consists of muscle, fat,
and nervous tissue. These tissues, in turn, are constructed of cells, which contain organelles. All
of the structures of life are, ultimately, composed of chemicals (fig. 1.3). Clinical Application

1.1 describes two technologies used to visualize body parts based on body chemistry.
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FIGURE 1.3
The human body is composed of parts within parts, with increasing complexity.



Chapters 2-6 discuss these levels of organization in more detail. Chapter 2 describes the
atomic and molecular levels; chapter 3 presents organelles and cellular structures and

functions; chapter 4 explores cellular metabolism; chapter 5 describes tissues; and chapter

6 presents the skin and its accessory organs as an example of an organ system. In the remaining
chapters, the structures and functions of each of the other organ systems are described in

detail. Table 1.1 lists the levels of organization and some corresponding illustrations in this
textbook. Table 1.2 summarizes the organ systems, the major organs that comprise them, and
their major functions in the order presented in this book. They are discussed in more detail later in
this chapter (pp. 23-27).

TABLE 1.1 | Levels of Organization

Representative
Lavel Example(s) Nlustration(s)
Subatomic Electrons, protons, neutrons Figura 2.1
particlas
Atom Hydrogen atom, lithium atom Figure 2.2
Molecula Water molecule, glucose molecule Figura 2.7
Macromolecule Protein molecule, DNA molecule Figure 219
Organelle Mitochondrion, Golgi apparatus, Figura 3.3
nucleus
Call Muscle call, nerve call Figura 5.28
Tissua Simple squamous epithelium, Figure 5.2
loose connective tissue
Organ Skin, famnur, heart, kidney Figura 6.2
Organ systam Integumentary system, skeletal Figura 1.13
system, digestive system
Organism Human Figura 1.19
TABLE 1.2 | Organ Systems
Organ Systermn Msjar Organs Major Furctions
Intagumsriary =kin, hal, ralls, swaat glards, sebacous glands Frotect thzukes, regulats body emparaturs, sapport ssreany recaphors
Skakatal Eones, Igamants, cartlages Frovide framawork, protect soft dssuas, provide attachments for
mischas, producs blood calls, stors Inonganic salts
Muscular Feschks Causa movamants, malrian posturs, pm-dumbud,'l'mt
Marwous Erain, spinal cord, narss, serea ongans Catectchangas, mmm:rdlnbu-pmtsnnmrrrfarrmum:ﬂmuhh
musches and glinds
Erdocrine Glands that secrata hommones (phuttang gland, thyroid gland, Camirol matabelic actvities of body struchres

Fu'u‘ﬂ'r,ruld ghinds, adreral glands, parcres, cvarks, testes,
pirsal gand, and thymus)

Cardiovescular Haart, artarias, caplllarks, vars Mowve blood through bl cod vesssls ard ransport substances
throughout body
L,'rnpl'nl:l: L'grnphuﬂ:w:snhlpﬂﬁnnduthpm:plun Hﬁtumusunﬁ.ldbothblund.-cmp:nnun abrsarbed food moluolas,
difand tha body against infecdon
Digestiva Mouth, torgus, testh, sdlﬂ!‘rglrﬂg pharrmg szophagus, Faceive, break down, and absork food, slimingte urabsorbad matara
stomach, |iver, gallbladder, parcreas, small ard large Intestines
Rasprratory Hazal cvity, pharyreg laryro, trachas, bromchi, lungs Irkaka and output of air, axchangs of gasss betwesn ar and blood
Urinary !Idmg:,umbu:, unmrrhhddw,urnﬂ'm Ramovs wastes from bileod, mairiain waber and nl-nclmlrlnl:danm,
stora ard rarsport urina
Raproductive Hn:xmmmmipldld’lﬂdudxudnﬁmnua.snmlnd Freducs and malmtain sperm calls, transkr sperm cals Ino famala
waskles, prostata gland, bulbocursthral glands, unethra, peris reprocuctive ract
Famala: cuaries, utarine tubas, uterus, vaging, clions, vuha Freducs ard malntain agg calls, recakve sperm cals, support

dewslopmant of an embrye ard function I birth process

Ultrasonography and Magnetic Resonance Imaging: A Tale Of Two
Patients
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he two patients enter the hospital medical scanning unit hoping for opposite outcomes.

Vanessa Q., who has suffered several pregnancy losses, hopes that an ultrasound exam will
reveal that her current pregnancy is progressing normally. Michael P., a sixteen-year-old who has
excruciating headaches, is to undergo a magnetic resonance (MR) scan to assure his physician
(and himself!) that the cause of the headache is not a brain tumor.

Ultrasound and magnetic resonance scans are noninvasive procedures that provide images of
soft internal structures. Ultrasonography uses high-frequency sound waves beyond the range of
human hearing. A technician gently presses a device called a transducer, which emits sound
waves, against the skin and moves it slowly over the surface of the area being examined, which
in this case is Vanessa's abdomen (fig. 1A).

FIGURE 1A
Ultrasonography uses reflected sound waves to make internal body structures visible.

Prior to the exam, Vanessa drank several glasses of water. Her filled bladder will intensify the
contrast between her uterus (and its contents) and nearby organs because as the sound waves
from the transducer travel into the body, some of the waves reflect back to the transducer when
they reach a border between structures of slightly different densities. Other sound waves continue
into deeper tissues, and some of them are reflected back by still other interfaces. As the reflected
sound waves reach the transducer, they are converted into electrical impulses that are amplified
and used to create a sectional image of the body's internal structure on a viewing screen. This

image is a sonogram (fig. 1B).



FIGURE 1B

This image resulting from an ultrasonographic procedure reveals a fetus in the uterus.

Glancing at the screen, Vanessa smiles. The image reveals the fetus in her uterus, heart beating
and already showing budlike structures that will develop into arms and legs. She happily heads
home with a video of the fetus.

Vanessa's ultrasound exam takes only a few minutes, whereas Michael's MR scan takes an hour.
First, Michael receives an injection of a dye that provides contrast so that a radiologist examining
the scan can distinguish certain brain structures. Then, a nurse wheels the narrow bed on which
Michael lies into a chamber surrounded by a powerful magnet and a special radio antenna. The
chamber, which looks like a metal doughnut, is the MR imaging instrument. As Michael settles
back, closes his eyes, and listens to the music through earphones, a technician activates the
device.

The magnet generates a magnetic field that alters the alignment and spin of certain types of
atoms within Michael's brain. At the same time, a second rotating magnetic field causes particular
types of atoms (such as the hydrogen atoms in body fluids and organic compounds) to release
weak radio waves with characteristic frequencies. The nearby antenna receives and amplifies the
radio waves, which are then processed by a computer. Within a few minutes, the computer
generates a sectional image based on the locations and concentrations of the atoms being
studied (fig. 1C). The device continues to produce data, painting portraits of Michael's brain from
different angles.



FIGURE 1C

Falsely colored MR image of a human head and brain (sagittal section, see fig. 1.21).
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FIGURE 1.21
Observation of internal parts requires sectioning the body along various planes. APR Modue 1:
Body Orientation: Dissection: Planes of section

Michael and his parents nervously wait two days for the expert eyes of a radiologist to interpret
the MR scan. Happily, the scan shows normal brain structure. Whatever is causing Michael's
headaches, it is not a brain tumor—at least not one large enough to be imaged,
PRACTICE

8 How does the human body illustrate levels of organization?

9 What is an organism?
10 How do body parts at different levels of organization vary in complexity?
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