ATLAS OF
HISTOLOGY

GREAT
STJDY Al
S*mmaries of ;inortant

sioiogic features
in each chapte-'

LESLIE P. GARTNER
JAMES L. HIATT |



ATLAS
OF
HISTOLOGY

LESLIE P. GARTNER, Ph.D.

Associate Professor of Anatomy

JAMES L. HIATT, Ph.D.

Associate Professor of Anatomy

Department of Anatomy

Baltimore College of Dental Surgery
Dental School, University of Maryland
Baltimore, Maryland

upmme

WILLIAMS & WILKINS
Baltimore  London ¢ Los Angeles ¢ Sydney



Editor: John N. Gardner

Associate Editor: Victoria M. Vaughn

Copy Editor: Deborah K. Tourtlotte, Maryalice Ditzler
Design: JoAnne Janowiak

Illustration Planning: Lorraine Wrzosek

Production: Raymond E. Reter

Copyright © 1987

Williams & Wilkins

428 East Preston Street
Baltimore, MD 21202, U.S.A.

All rights reserved. This book is protected by copyright. No part of this book may be
reproduced in any form or by any means, including photocopying, or utilized by any
information storage and retrieval system without written permission from the
copyright owner.

Printed in the United States of America

Library of Congress Cataloging-in-Publication Data

Gartner, Leslie P., 1943—
Atlas of histology.

Includes bibliographies and index.
1. Histology—Atlases. 1. Hiatt, James L.,

1934— . II. Title. [DNLM: 1. Histology—atlases.
QS 517 G244a]
QM557.G37 1986 611'.018'0222 85-26447

ISBN 0-683-03436-7

Printed at the Waverly Press, Inc.

104429 8 7 6 5 4 3 2 1



ATLAS
OF
HISTOLOGY



Dedicated to our wives
Roseann and Nancy
and to our children
Jennifer, and Drew, Beth and Kurt



Preface

This atlas was written for students, being
mindful of the fact that most enter the study of
histology without the realization that the
two-dimensional structure they see in their
microscope slides is representative of a three-
dimensional tissue. It is a concept that is dif-
ficult to grasp and even more to apply. Usu-
ally, without previous experience, the mental
reconstruction of two dimensions into a three-
dimensional structure takes several weeks of
laboratory work. But then, for most, things
begin to fall into place, and with the recogni-
tion of histologic features, the laboratory
experience becomes a valuable learning tool.
Moreover, the student also comes to the reali-
zation that the colors of a particular collection
of slides appear different from those of class-
mates’ slides and perhaps much different
from those the instructor elects to use on
practical examinations.

Furthermore, the student also comes to ac-
cept the fact that to gain the most from the
laboratory aspect of histology, one must study
the morphology of the cells, the association
of cells and intercellular materials within a
tissue, and, to a great extent, learn to dis-
regard colors. It is for these important rea-
sons that the authors elected to produce an
Atlas of Histology, composed of black and
white photomicrographs.

This atlas was designed to provide the stu-
dent with a laboratory experience that will
facilitate learning the material at hand. Each
chapter begins with a discussion of the struc-
ture and function of the tissue or organ sys-
tem, providing a capsule description of the
material being studied. The photomicro-
graphs are arranged in a logical sequence
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where low power overviews are followed by
higher magnifications, zooming in on signifi-
cant aspects of the subject matter. Pertinent
electron micrographs have also been included
to illustrate points of special significance. Fi-
nally, 18 of the 19 chapters close with a sum-
mary of histologic features, which may be
utilized as a review in studying and preparing
for practical examinations. It is here that key
words are presented in boldface type, which
should help to conjure up a sequence of im-
ages in the student’s mind, providing instant
feedback information as to which aspects of
the material need to be reviewed before taking
an examination.

The photomicrographs in this atlas are of
tissues stained with hematoxylin and eosin,
unless otherwise noted. Each figure is sup-
plied with the final magnification, which
takes into consideration the photographic en-
largement as well as that achieved by the mi-
croscope. Many of the sections were prepared
from plastic embedded specimens, as noted.
Many of the exquisite electron micrographs
included in this atlas were kindly provided by
our colleagues throughout the world as identi-
fied in the legends.

Unlike most atlases of histology which are
used primarily in the laboratory, this atlas is
designed to assist the student in preparing for
both practical and didactic examinations.
While we have endeavored to be accurate and
complete, we realize that shortcomings, er-
rors, and omissions arise in an undertaking of
this type. Therefore, we welcome criticisms,
suggestions, and comments that will assist us
in improving this atlas.
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Chapter 1

The cell is the basic structural and func-
tional unit of complex organisms. Although
cells assume a myriad of morphologic charac-
teristics and may become specialized to per-
form one or a number of particular functions,
they possess enough common properties that
they may be described in a general fashion.

All cells possess a limiting membrane, the
plasmalemma, within which is the semifluid
protoplasm. The protoplasm is subdivided
into two compartments, the cytoplasm, which
houses organelles and inclusions, and the nu-
cleus, which contains the genetic information
necessary for the coordination of many cel-
lular activities.

CYTOPLASM

The cytoplasm houses numerous orga-
nelies, many of which are composed of mem-
branes, microtubules, microfilaments, and
granular accretions of proteinaceous mate-
rials. These structures will be described as
they are observed with the electron micro-
scope.

The cytoplasm is surrounded by an external
limiting membrane, the plasmalemma (cell
membrane), a bimolecular phospholipid layer
in association with various integral and pe-
ripheral proteins. The plasmalemma acts as a
selective barrier, and it also functions in
transport of materials in and out of the cell;
cellular recognition phenomena; intercellular
adhesion and communication; as the site of
receptor-mediated reactions; and transmission
of impulses.

Mitochondria

Membranes also form many of the
organelles required for cellular functions.
Mitochondria, composed of an outer and a
folded inner membrane, produce energy for
intracellular use. The folds of the inner mem-
brane, known as cristae, provide sites for
many of the biochemical enzyme systems,
such as the citric acid cycle and the electron
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transfer system, which participate in the syn-
thesis of ATP via oxidative phosphorylation.
Mitochondria may also function in steroid
synthesis and the regulation of intracellular
ion concentrations.

Endoplasmic Reticulum

Most cells possess a series of anastomos-
ing, membrane-bound tubules and cisternae,
and associated vesicles, known as the endo-
plasmic reticulum. Some of these structures
are studded with ribosomes, which impart to
it a granular appearance when viewed with
the electron microscope; thus, these are re-
ferred to as rough endoplasmic reticulum. In
contrast, another type without the attached
ribosomes is known as smooth endoplasmic
reticulum. The rough endoplasmic reticulum
functions in the synthesis and modification of
proteins destined for delivery to the Golgi ap-
paratus, while the smooth endoplasmic re-
ticulum is utilized by certain cells in steroid
synthesis, detoxification, and control of cal-
cium ion concentrations.

Ribosomes

Ribosomes are bipartite proteinaceous struc-
tures possessing high concentrations of ribo-
somal RNA. These organelles are found free
in the cytosol as well as attached to the sur-
faces of the rough endoplasmic reticulum and
the outer membrane of the nuclear envelope.
Ribosomes and mRNA form a complex known
as polysomes, which are responsible for pro-
tein synthesis. The formation of a signal pep-
tide indicates that the polysomes must
become attached to the rough endoplasmic re-
ticulum, producing a protein that is to be
packaged by the Golgi apparatus. However,
proteins that are to remain unpackaged are
synthesized on polysomes floating free in the
cytosol.

Golgi Apparatus
The Golgi apparatus is a system of flattened
vesicles stacked in such a fashion that they
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present a convex and a concave surface. The
peripheral extent of these vesicles, from
which secretory granules arise, is dilated.
The convex, or forming (cis), face of the
Golgi apparatus receives transfer vesicles, de-
rived from the rough endoplasmic reticulum,
bringing the newly synthesized proteins to be
glycosylated and/or sulfated. Subsequent to
these modifications, the proteins are concen-
trated, packaged, and released at the concave,
or maturing (trans), face as secretory gran-
ules, condensing vesicles, or primary lyso-
somes and peroxisomes.

Lysosomes and Peroxisomes

Primary lysosomes are small, spherical,
membrane-bound vesicles containing a vari-
ety of hydrolytic enzymes utilized by the cell
for lysis of particulate matter. The material to
be digested may be defunct organelles, for-
eign bodies (phagosomes) phagocytosed by
the cell, or the entire cell itself. Primary
lysosomes fuse with phagosomes, forming
secondary lysosomes, wherein digestion oc-
curs. The undigestable remnants may remain
within the cell as residual bodies.

Peroxisomes are similar to lysosomes, but
contain oxidases and catalases. The precise
function of these organelles is not known, al-
though it has been suggested that they partici-
pate in fatty acid and amino acid oxidation.

Microtubules and Microfilaments

The cytoplasm also contains microtubules
and microfilaments, structures which act in
the capacity of a cytoskeleton and impart the
ability for movement not only of structures
within the cytoplasm but also of the entire cell
itself. Microtubules, hollow rod-like struc-
tures of indeterminate length, are composed
of tubulin dimers, associated with each other
to form long polymers which lengthen and
shorten according to the particular conditions
present within the cell. During cell division,
microtubules form the spindle apparatus neces-
sary for chromosomal movement. Microtu-
bules also associate with each other in partic-
ular configurations to form centrioles and the
axoneme of cilia and flagella.

Microfilaments are of three types: thin,
thick, and intermediate. These are responsi-
ble for motility of the cell and its extensions.
Thin filaments (7 nm in diameter) are mostly
actin, while thick filaments (14—16 nm in di-
ameter) are myosin. The interaction between
these two filaments is especially evident in
muscle cells. Intermediate filaments (10 nm
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in diameter) are composed of a number of dif-
ferent but related polypeptide chains in vari-
ous cell types. The functions of intermediate
filaments are being vigorously investigated.

Inclusions

Cytoplasmic inclusions, such as lipids,
glycogen, secretory granules, and pigments,
are also consistent constituents of the cyto-
plasm. Many of these inclusions are transi-
tory in nature, although some pigments, e.g.,
lipofuscin, are permanent residents of certain
cells.

NUCLEUS

The nucleus, a round to ovoid structure that
usually occupies the center of the cell, is
composed of a nuclear envelope which en-
closes the nucleoplasm, chromatin, and nu-
cleolus. These structures will be described as
they appear in the electron microscope.

The nuclear envelope is composed of
closely apposed parallel unit membranes, the
inner and outer nuclear membranes. The
space between the two membranes is the per-
inuclear cistern which communicates with the
lumina of the rough endoplasmic reticulum.
The cytoplasmic aspect of the outer nuclear
membrane usually bears ribosomes. Fre-
quently, along the nuclear surface the inner
and outer nuclear membranes fuse in circular
profiles, forming a nuclear pore complex,
composed of eight subunits, through which
material may pass between the nucleoplasm
and the cytoplasm. Each nuclear pore is
spanned by a diaphragm, a proteinaceous
structure that is thinner than a unit membrane.

The nucleoplasm is the fluid constituent of
the nucleus. It is composed of ions, proteins,
and other substances in solution, as well as
proteins that are present in the form of fine
fibrils constituting the nuclear matrix, whose
importance in the functioning of the nucleus
is presently being investigated.

Chromatin

Chromatin, strands of DNA and associated
histones, is present in clumps as heterochro-
matin, or dispersed as euchromatin. The latter
is in the process of being transcribed, while
the former is in the inactive state. A particu-
larly large clump of heterochromatin present
in cells of females is known as the sex chro-
matin (Barr body), which represents the inac-
tive second X chromosome.

Nucleolus
The nucleolus, a more or less spherical



structure, is the region of RNA and ribosome
formation. Although the nucleolus maintains
its morphology, it is not a membrane-bound
structure. The nucleolus presents three re-
gions. One is that portion of the genome
which codes for the formation of RNA, known
as the nucleolus-associated chromatin; the
other two regions are the pars fibrosa and pars
granulosa, composed of ribonucleoproteins
that are in various stages of being assembled
into ribosomes.

CELL DIVISION

Somatic cells that undergo the process of
division replicate themselves via the mecha-
nism of mitosis, while germ cells utilize a
modification of this process, known as meiosis.

Mitosis was described by light micro-
scopists to occur in several stages; however, it
should be realized that these are artificial sub-
divisions of a continuous process.

Early light microscopists described the first
phase, interphase, as the period when the cell
was resting. It has since been determined that
the cell is actively preparing for division,
and, therefore, the actual process of mitosis is
only one part of the cell cycle. The interphase

stage, no longer considered to be a part of
mitosis, has been subdivided into G,, S, and
G,, where S is the synthesis of DNA, and G,
and G, are intervals during which the cells
synthesize proteins and other substances
necessary for cell division to occur.

During prophase, the first stage of mitosis,
chromatin threads appear, and the nuclear
envelope and nucleolus disappear. Also, the
centrioles replicate themselves and begin to
migrate away from each other to opposite
poles of the cell. The spindle apparatus and
astral rays make their appearance.

The condensed chromosomes line up along
the equatorial plane of the cell during meta-
phase. Homologous chromosomes (sister
chromatids) are attached to each other and to
the spindle apparatus at the centromere.

As the sister chromatids are being pulled
apart to migrate to opposite poles, the cell is
said to enter the next stage of mitosis, known
as anaphase.

The final stage of mitosis, telophase, is
characterized by the separation of the cell into
two daughter cells, the dispersal of chromo-
somes, and the reappearance of the nuclear
envelope and the nucleolus.



PLATE 1.1. The Cell

Figure 1. Cells. Monkey. Plastic section. X 1323.
The typical cell is a membrane-bound structure that
consists of a nucleus (N) and cytoplasm (C). Al-
though the cell membrane is too thin to be visu-
alized with the light microscope, the outline of the
cell approximates the cell membrane (arrowheads).
Observe that the outline of these particular cells
more or less approximates a square shape. Viewed
in three dimensions, these cells are said to be
cuboidal in shape, with a centrally placed nucleus.
The nucleolus (n) is clearly evident, as are the
chromatin granules (arrows) that are dispersed
around the periphery as well as throughout the
nucleoplasm.

Figure 2. Cells. Monkey. Plastic section. X 540.
Cells may possess tall, thin morphologies, as those
of a collecting duct of the kidney. Their nuclei (N)
are located basally, and their lateral cell membranes
(arrowheads) are outlined. Since these cells are
epithelially derived, they are separated from
connective tissue elements (CT) by a basal
membrane (BM).

KEY
BM basal membrane De dendrite N nucleus
C cytoplasm E epithelium n nucleolus
CT connective tissue 8 lumen PC  Purkinje cell
Figure3. Cells. Monkey. Plastic section. X 1000. Figure 4. Cells. Monkey. Plastic section. X 540.

Cells come in a variety of sizes and shapes. Note
that the epithelium (E) that lines the lumen (L) of
the bladder is composed of numerous layers. The
surfacemost layer consists of large, dome-shaped
cells, some occasionally displaying two nuclei (N).
The granules evident in the cytoplasm (arrowhead)
are glycogen deposits. Cells deeper in the epi-
thelium are elongated and narrow, and their nuclei
(arrow) are located in their widest region.

Some cells possess a rather unusual morphology, as
exemplified by the Purkinje cell (PC) of the cere-
bellum. Note that the nucleus (N) of the cell is
housed in its widest portion, known as the soma
(perikaryon). The cell possesses several cytoplas-
mic extensions, dendrites (De) and axon. This
nerve cell has the capability of integrating the nu-
merous digits of information that it receives from
other nerve cells that synapse on it.
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