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PREFACE

The second edition of Netter’s Essential Histology has enriched content and expanded
clinical correlations as they relate to medicine, applied science, and the allied health
professions. Our main goal as authors has been to provide a solid foundation for
understanding human anatomy as seen through the microscope. The book continues
to serve as a concise yet comprehensive text/atlas, providing readers with virtually all
they need to know about human microscopic anatomy. It plays an essential role for
students introduced to the discipline for the first time, as well as for those who wish
to review any topic previously learned.

Histology—a visual science that assesses functional states of cells and tissues of
the body—serves as a basis for understanding pathology, histopathology, and clinical
medicine. We have strived to maintain balance among key precepts of histology while
avoiding extraneous detail in order to stimulate interest in subject matter that some
students in the past may have perceived to be uninspiring. Since the first edition was
released in 2008, we have received many constructive comments from readers, student
learners, and colleagues. We are very grateful to them for their valuable feedback and
are also honored that the book was cited by the British Medical Association as “Best
lustrated Book 2008” and received “Highly Commended Prize” in their Basic and
Clinical Sciences category.

We have continued the text/atlas format with high image quality using newly
selected artwork in the Netter style, combined with additional light and electron
micrographs. In most chapters, important concepts have been updated to include
recent advances in cell and molecular biology and have been combined with a strong
emphasis on clinical relevance. The addition of more than 100 new and highly rel-
evant “clinical points” to the second edition gives the reader a deeper insight into
mechanisms of disease. In many instances, they are accompanied by Netter illustra-
tions on the same page to highlight the relevance of histology to the science and
practice of medicine.

As a pictorial guide, the second edition of Netter’s Essential Histology continues
to highlight salient microscopic features of cells, tissues, and organs of the body. Its
user-friendly and logical format is especially pertinent in today’s revised, problem-
based, integrated curricula for students in medicine, dentistry, and undergraduate
science programs. Allied health care professionals, clinical residents, medical labora-
tory technologists, teachers, and researchers will also benefit from its use.

Similar to the first edition, each chapter begins with an overview and then leads
in logical sequence from low- to high-magnification micrographs with brief captions.
Concise, up-to-date text accompanies the illustrations and micrographs on the same
page. To encourage self-directed learning, understanding of fundamentals rather than
excessive detail is stressed, with emphasis on correlation of structure to function
related to contemporary medicine. Light micrographs prepared with staining methods
commonly used in histology and pathology utilized human tissues taken from biopsy,
autopsy, and cadaveric specimens. High-resolution electron micrographs are mostly
of freshly fixed rodent specimens and, in some cases, human materials. Electron
micrographs are used selectively to enrich knowledge of fundamental cellular
constituents as related to function.
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viii Preface

Included with the book are online resources available on stu-
dentconsult.com that provide interactive materials for study.
These include an image and virtual slide library that contains 20
high-resolution digitized light microscopic slides and 225 zoomi-
fiable electron micrographs, all of which appear in the textbook,
interactive links, and short video summary presentations for each
chapter.

Netter’s Essential Histology is a visual guideline that facilitates
interpretation of microscopicsections and provides relevant frames
of reference for understanding basic histologic principles. It helps
clarify lectures, supplements standard textbooks, and provides a

comprehensive review for course examinations. It also assists in
preparing for National Board and Licensing Examinations. Finally,
the book is intended to awaken readers to both the intricacies of
the human body and the sheer beauty of its cells, tissues, and organ
systems. As authors, we trust that this book remains a valuable
resource to both students and teachers. We encourage and would
greatly appreciate readers’ comments or suggestions via email to
either william.ovalle@ubc.ca or nahirney@uvic.ca.

William K. Ovalle
Patrick C. Nahirney
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2 The Cell

A Schematic showing wide variation in shapes, sizes and
tinctorial properties of different cells as seen via light
microscopy. Names of cells often reflect structural or functional
characteristics: Keratinocyte (or prickle cell) in epidermis (A);
Macrophage (or phagocyte) in connective tissue (B): Polymorpho-
nuclear leukocyte (or neutrophil) in peripheral blood (C); Plasma
cell in connective tissue (D); Lymphocyte (a type of agranular
leukocyte) in blood (E); Nerve cell (or neuron) in nervous tissue (F);
Erythrocyte (red blood cell) in circulation (G).

Rough endoplasmic

Smooth endoplasmic

Plasma membrane
<SOHN A.CRMCl../Ao

J‘/%ir
AA composﬂe cell cut open to show organization of its main
components, as seen via electron microscopy. A plasma membrane
surrounds the cell, which is polarized, with basal, lateral, and apical domains. Its
cytoplasm contains various organelles and inclusions, which surround a nucleus.
Some organelles are membrane bound, but some are not. The apical cell border
has many finger-like projections called microvilli. Lateral cell borders are areas
W|th mtercellular junctions.

nerve cell contrasts with smaller cells
that surround it. 235x. H&E.

Microvilli )
Golgi complex

Centriole Nuclear envelope

reticulum

Nucleus

reticulum

Nucleolus

Mitochondria

A nght mlcrograph (LM) of part A LM of megakaryocytes in a bone
of the dorsal root ganglion. A large marrow smear. Each cell has one large multi-

lobulated nucleus that is polyploid and intensely
basophilic. 350x. Wright's.

1.1 OVERVIEW

The human body is organized into four basic tissues (epithelial,
muscle, nervous, and connective) that consist of cells and associ-
ated extracellular matrix. The cell is the fundamental structural
and functional unit of all living organisms. The body contains
about 60 x 10" cells—some 200 different types whose size and
shape vary widely—but all have a common structural plan. The
eukaryotic cell is a mass of protoplasm surrounded by an external
plasma (limiting) membrane. The two components of the pro-
toplasm are the nucleus, which holds the genome consisting of
chromosomes, and the cytoplasm, a complex aqueous gel made of
water (about 70%), proteins, lipids, carbohydrates, and organic
and inorganic molecules. Organelles (specialized structures with
functional capability) and inclusions (relatively inert, transitory
structures) are in the cytoplasm. Except for mature erythrocytes,
without a nucleus, most cells have one nucleus that conforms to
the cell’s shape. A few cells, such as osteoclasts and skeletal muscle
cells, may be multinucleated. A nuclear envelope invests the
nucleus, whose substance, called chromatin, contains one or more

nucleoli. Internal cell structure is modified to reflect function:
Muscle cells, for example, are modified for contraction; nerve cells
(or neurons), for conduction; connective tissue cells such
as fibroblasts, for support; and glandular epithelial cells, for
secretion.

HISTORICAL POINT
German scientists—biologist Theodor Schwann (1810-1882) and
botanist Matthias Schleiden (1804-1881)—proposed the cell theory,
which states that all living organisms are composed of similar units
of organization called cells. For his observations on normal animal
cells, Schwann is recognized as the father of modern histology. Later,
renowned German pathologist Rudolph Virchow (1821-1902) pro-
posed that disease originates in cells, not in tissues or organs. Because
he was the first to use microscopes and histologic specimens as a basis
for the study of pathology, he is credited as the founder of modern
cytopathology. With advances in medical science more than a century
later, knowing the light and electron microscopic appearance of cells
has become fundamental to diagnosis, treatment, and clinical man-
agement of many common and rare diseases.
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> Optical parts of a conventional
light (or bright-field) microscope.
This compound microscope transmits
light through three glass lenses. Light,
first focused on a stained specimen by
a substage condenser lens, passes
through the specimen and then an
objective lens, which magnifies and
projects the illuminated image to the
ocular lens. The ocular lens further
magnifies the image and projects it to
the eye of the viewer or a photographic
plate. Most tissues are colorless, so
color dyes serve as stains that
differentially absorb light so that
structures in specimens may be
distinguished.
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< > Comparative views of
the ovary as seen with light
(Left) and electron (Right)
microscopes. Images show a
large oocyte surrounded by
smaller follicular cells (FG). The
LM is a paraffin section stained
with hematoxylin and eosin
(H&E). Hematoxylin, a blue
cationic stain, binds to anionic
(negatively charged) basophilic
sites in tissue sections. Eosin,
a pink anionic stain, binds to
acidophilic (positively charged)
tissue components. The EM is
a thin plastic section stained
with heavy metals (lead citrate
and uranyl acetate). Left: 200x;
Right: 1800x.

Electron microscope
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< Optical parts of a transmission
electron microscope (TEM). A TEM
transmits a beam of electrons through
an ultrathin section of tissue that has
been cut via an ultramicrotome. Several
coiled electromagnetic lenses deflect
electrons and use the same principle
as that of light microscope lenses to
condense, focus, and magnify images.
Electrons from a heated tungsten
filament (or cathode) are drawn toward
an anode within a vacuum column.
Electrons are not visible to the naked
eye, so a fluorescent screen or
photographic plate records the image
as a black and white electron micro-
graph (EM). The advantage of the
TEM is great resolving power.

1.2 MICROSCOPES AND TECHNIQUES

Histology is the study of body tissues and cells, their constituents.
Cells cannot be seen with the naked eye, so the primary tool used
to study them is the microscope. It produces enlarged images of
cells and enhances contrast for resolving details. Of several kinds
of microscopes, two major ones are light and electron micro-
scopes. They have different lenses and sources of illumination and
provide complementary information at different levels of resolu-
tion and magnification. The ability to discriminate two points that
are close together is the resolving power of a microscope. It is related
to the light wavelength. A conventional light microscope uses
bright-field illumination, with a resolving power of about 0.2 um.
Study specimens absorb visible light; glass lenses focus and magnify
specimens. Most cells absorb very little light, so staining is needed
to increase light absorption. Cells and tissues first undergo sequen-

tial processing steps. Fixation in aldehydes and dehydration in
alcohols are followed by embedding in paraffin or plastic. Speci-
men sections (or slices) are made with a microtome, followed by
staining with color dyes. The illumination source of the transmis-
sion electron microscope (TEM) is a beam of electrons, which has a
smaller wavelength. The resolving power of the TEM, 0.2-0.5 nm,
is about 10’ greater than that of the light microscope. For the TEM,
ultrathin sections are cut after specimens have been fixed and
embedded in plastic. Sections are then stained with heavy metals
to enhance contrast, and black-and-white, not color, images result.
A scanning electron microscope (SEM) is used for thick specimens
or whole cells that have been fixed, dried, and coated with a thin
metal film. It provides three-dimensional surface views. A high-
resolution SEM (HRSEM) allows internal morphology of cells and
organelles to be discerned with great depth of focus.



