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Preface

This book represents the authors’ continuing effort to produce a compact text on
histology which presents the relevant information necessary for students in the biomedical
and biologic fields. The emphasis remains on the biology of the cells as a basis for a better
understanding of tissue physiology.

The success of the first edition has been most gratifying. The authors are particularly
pleased to have received many suggestions for changes and additions from students and
teachers at many institutions in the USA and Europe. Every one of these comments has
received our most careful attention, with the result that the second edition represents a
substantial revision of the first.

We again acknowledge our debt to all of the men and women whose knowledge and
skills contributed much to the success of the first edition.

As the second edition goes to press, we are pleased to be able to announce that transla-
tions are planned in Italian, Greek, German, Serbo-Croatian, and Japanese.

—LCJ
-JC
April, 1977
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Myeloblast

Proerythroblast

Early basophilic
myelocyte

Early neutrophilic
myelocyte

Early eosinophilic
myelocyte

Polychromatophilic erythroblast

Late neutrophilic

myelocyte LA PN
/' g, . .
‘ | &x,
./ ]
) Late eosinophilic Late basophilic
Normoblast myelocyte myelocyte

Neutrophilic metamyelocyte

o

Reticulocyte

Neutrophil with Eosinophilic
band-shaped nucleus metamyelocyte

Erythrocyte Mature neutrophil Mature eosinophil Mature basophil

Stages of Development of Erythrocytes and Granulocytes. (See Fig 14-5.)



Copyright © 1975, 1977
All Rights Reserved By
Lange Medical Publications

Copyright in Canada

International Standard Book Number: 0—-87041—-201-9
Library of Congress Catalogue Card Number: 77-70091

A Concise Medical Library for Practitioner and Student
Basic Histology, 2nd ed. $14.00

Current Medical Diagnosis & Treatment 1977 (annual revision). Edited by M.A. Krupp
and M.J. Chatton. 1066 pp.

Current Pediatric Diagnosis & Treatment, 4th ed. Edited by C.H. Kempe, H.K. Silver,
and D. O’Brien. 1054 pp, illus.

Current Surgical Diagnosis & Treatment, 2nd ed. Edited by J.E. Dunphy and L.W. Way.
1123 pp, illus.

Current Obstetric & Gynecologic Diagnosis & Treatment. Edited by R.C. Benson.
911 pp, illus.

Review of Physiological Chemistry, 15th ed. H.A. Harper. 570 pp, illus.
Review of Medical Physiology, 7th ed. W.F. Ganong. 587 pp, illus.

Review of Medical Microbiology, 12th ed. E. Jawetz, J.L. Melnick, and E.A. Adelberg.
542 pp, illus.

Review of Medical Pharmacology, 5th ed. F.H. Meyers, E. Jawetz, and A. Goldfien.
740 pp, illus.

Basic & Clinical Immunology. Edited by H.H. Fudenberg, D.P. Stites, J.L. Caldwell, and
J.V. Wells. 653 pp, illus.

General Urology, 8th ed. D.R. Smith. 492 pp, illus.

General Ophthalmology, 8th ed. D. Vaughan and T. Asbury. About 350 pp, illus.
Correlative Neuroanatomy & Functional Neurology, 16th ed. J.G. Chusid. 448 pp, illus.
Principles of Clinical Electrocardiography, 9th ed. M.J. Goldman. 412 pp, illus.
Handbook of Psychiatry, 3rd ed. Edited by P. Solomon and V.D. Patch. 706 pp.
Handbook of Obstetrics & Gynecology, 6th ed. R.C. Benson. About 770 pp, illus.

Physician’s Handbook, 18th ed. M.A. Krupp, N.J. Sweet, E. Jawetz, E.G. Biglieri, and
R.L. Roe. 754 pp, illus.

Handbook of Pediatrics, 11th ed. H.K. Silver, C.H. Kempe, and H.B. Bruyn.
705 pp, illus.

Handbook of Poisoning: Diagnosis & Treatment, 8th ed. R.H. Dreisbach. 517 pp.

Lithographed in USA

1977

1976

1975

1976

1975
1975
1976

1976

1976

1975
1977
1976
1976
1974
1977
1976

1975

1974



Table of Contents

Preface

Color Plates:
The 5 Types of Human Leukocytes x

Stages of Development of Erythrocytes and Granulocytes xi

1. Methods of Study

Preparation of Tissues for Microscopic
Examination 1

The Optical Microscope 3

Phase Contrast Microscopy 6

The Polarizing Microscope 6

Electron Microscopy 7

Freeze Fracture 8

Scanning Electron Microscopy 10

2. Histochemistry & Cytochemistry

Basic Histochemical & Cytochemical Principles 17

Some Examples of Histochemical Methods for
Substances of Biologic Interest 17

3. The Cell
Cellular Functions & Differentiation 25
Cell Components 25
The Nucleus 44
4. Epithelial Tissue
General Characteristics of Epithelial Tissues 55
Specialization of the Cell Surface 61
Classification of Epithelial Cells 63
5. Connective Tissue
Fibers 80
Cells 85 .
Amorphous Intercellular Substance 94
6. Adipose Tissue
Unilocular Adipose Tissue 105

7. Cartilage

Hyaline Cartilage 112
Elastic Cartilage 116

Radioautography 10

Examination of Living Cells & Tissues 12

The Isolation & Study in Vitro of Pure Cell
Strains 12

Differential Centrifugation 13

Problems in the Interpretation of Tissue
Sections 16

Fluorescence Microscopy 21
Immunocytochemistry 22

Cell Division 47
The Cell Cycle 49
Cell Dynamics 51

General Biology of Epithelial Tissues 65
Biology of the Main Types of Epithelial Cells 67

Types of Connective Tissue 98 °
Histophysiology 101

Multilocular Adipose Tissue 108

Fibrocartilage 116
Intervertebral Disks 117

Xi

17

25

55

80

104

111



8. Bone

Bone Cells 120

Bone Matrix 122

Periosteum & Endosteum 123
Types of Bone Tissue 124
Histogenesis 126

9. Nerve Tissue

Neurons 140
Synapses 146
Neuroglia 147

1. Astrocytes 147

2. Oligodendrocytes 148

3. Microglia 148

4. Ependymal Cells 149
Histophysiology of Neuroglia 149
Nerve Fibers 150

10. The Sense Organs

Receptors Related to Superficial & Deep
Sensation 171

The Proprioceptor System 173

The Chemoreceptor System 173

11. Muscle Tissue

Striated Skeletal Muscle 197
Striated Cardiac Muscle 205

12. Circulatory System

General Structure of the Blood Vessels 219
13. Blood Cells

Formed Elements of Blood 230
14. The Life Cycle of Blood Cells

Erythrocytic Series 244

Granulocytic Series 252

Kinetics of the Neutrophils 255
Lymphocytic & Monocytic Series 257

15. Blood- & Lymph-Forming Organs

Bone Marrow 261
Lymphoid Tissue 263
Lymph Nodes 263
Tonsils 266

16. Digestive Tract

The Oral Cavity 283
The Tongue 283
The Pharynx 284
The Teeth & Associated Structures 284
General Structure of the Digestive Tract 288
Esophagus 289

Growth & Remodeling of Bone 130
Fracture Repair 132
Histophysiology 132

Joints 135

Nerves 155

Autonomic Nervous System 155

Histophysiology of Nerve Tissue 157
Degeneration & Regeneration 161

Ganglia 163

Gray Matter & White Matter 164

Meninges 167

The Choroid Plexus & the Cerebrospinal Fluid 168

The Eyes 174
Accessory Structures of the Eye 186
The Ear or Vestibulocochlear Apparatus 188

Smooth Muscle 209
Regeneration of Muscle Tissue 212

Platelets 242

Megakaryocytic Series 257

Intrauterine Hematopoiesis 258

Reticuloendothelial System (RES) (Mononuclear
Phagocyte System) 259

Thymus 267
Organ Transplantation 273
The Spleen 275

Stomach 290

The Small Intestine 296
Histophysiology 304
The Large Intestine 308
The Appendix 308

119

140

171

196

214

228

244

261

283



17.

18.

19.

20.

21.

22.

23.

24.

Glands Associated With the Digestive Tract

The Salivary Glands 311
The Pancreas 314
The Liver 315

Respiratory System

Nasal Cavity 330
Paranasal Sinuses 331
Nasopharynx 331
Larynx 331

Trachea 331

Skin
Epidermis 347
Dermis 355
Subcutaneous Tissue 355
Hairs 355

Urinary System

The Kidneys 362
Histophysiology of the Kidney 372

Pituitary & Hypothalamus

Pituitary 379
Adenohypophysis 381

Histophysiology & Liver Function 323
The Biliary Tract 325
The Gallbladder 328

Bronchial Tree 333

Pulmonary Blood Vessels 343
Pulmonary Lymphatic Vessels 343
Pleura 343

Respiratory Movements 343

Nails 356
Glands of the Skin 358
Vessels & Nerves of the Skin 359

Bladder & Urinary Passages 377

Neurohypophysis 386

Adrenals, Islets of Langerhans, Thyroid, Parathyroids, & Pineal Body

The Adrenal (Suprarenal) Glands 390
The Islets of Langerhans 398
Thyroid 401

The Male Reproductive System

The Female Reproductive System

The Ovary 428
Oviduct 434
Uterus 437
Implantation 441
Placenta 442

Index

The Parathyroid Glands 407
The Pineal Body 408

Vagina 446

External Genitalia 446
Endocrine Interrelationships 447
Exfoliative Cytology 448
Mammary Glands 449

310

330

346

361

379

390

412

428

453



1...
Methods of Study

Familiarity with the tools and methods of any
branch of science is essential for proper understanding
of the subject. Some of the more common methods
used to study cells and tissues and the principles in-
volved in these methods will be reviewed here: units of
measurement, preparation of tissues for examination,
optical microscopy, phase contrast microscopy, polar-
izing microscopy, electron microscopy, radioautog-
raphy, examination of living cells and tissues, differen-
tial centrifugation, and problems in interpretation of
tissue sections.

The most important units of measurement used in
histology are given in Table 1—1. At a recent interna-
tional conference, it was recommended that the /fng—
strom unit (A; 107'° meter) be abandoned in favor of
the nanometer (nm, 107° meter) and that the nano-
meter be used in place of the millimicron (mu, 107°
meter). In this book, the nanometer will be used in
place of the Angstrém unit (1 nm = 10 A). The micron
(u) is now called a micrometer (um), with the value
(107® meter) unchanged.

Table 1-1. Units of measurement used
in light and electron microscopy.*

S| Unit*

Micron (micrometer)
I})/Iillimicron (nanometer)
Angstrom

Symbol and Value
i (um) = 0.001 mm, 10°¢ m
mu (nm) = 0.001 um, 10°m
A=01nm,10"%m
*The preferred S| (Systéme International) units (in parentheses)
will be used throughout this book.

PREPARATION OF TISSUES FOR
MICROSCOPIC EXAMINATION

The most common procedure used in the study of
tissues is the preparation of permanent histologic slides
that can be studied with the aid of the optical micro-
scope. Under the optical microscope, tissues are exam-
ined by transillumination. Since tissues and organs are
usually too thick for transillumination, technics have
been developed for obtaining thin, translucent sec-
tions. In some cases, very thin layers of tissues or trans-

parent membranes of living animals (eg, the mesentery,
the tail of a tadpole, the wall of a hamster’s cheek
pouch) can be observed in the microscope. In such
instances, it is possible to study these structures for
long periods and under varying physiologic or experi-
mental conditions. If a permanent slide preparation is
desired, small fragments of these thin structures can be
fixed, spread on a glass slide, stained and mounted
with resin, and examined under the microscope. In
most cases, however, tissues must be sliced into thin
sections before they can be examined. These sections
are cut by precision fine cutting instruments called
microtomes, and the organ or tissue must be prepared
and fixed before the section is made. (See Table 1-2.)

The ideal microscope tissue preparation would of
course be perfectly treated with suitable chemicals so
that the tissue on the slide would have the same struc-
ture and chemical composition as it has in the body.
This is sometimes possible but, as a practical matter,
seldom feasible, and artifacts resulting from the prepa-
ration process are almost always present.

Table 1-2. Stages through which the tissues must pass before
paraffin impregnation. (The next steps are microtome section-
ing, staining, and mounting.)

Duration

About 12 hours,
according to the
fixative and the

Purpose
To preserve tissue
morphology and
chemical compo-

Stage

-

. Fixation in simple or
compound fixatives
(Bouin’s, Zenker's

formalin) sition size of the piece
of tissue
2. Dehydration in To remove cell 6—24 hours
graded concentrated water
ethyl alcohol (70%
up to 100% alcohol)
3. Clearing in benzene, To impregnate the | 1—6 hours
xylene, or toluene tissues with a par-
affin solvent
4. Embedding in melted | Paraffin penetrates | %2—6 hours

paraffin at 58—60 °C | all intercellular
spaces and even
into the cells,
making the tissues
more resistant to

sectioning




Fixation

In order to avoid tissue digestion by enzymes
(autolysis) or bacteria and to preserve physical struc-
ture, pieces of organs should be promptly and ade-
quately treated as soon as removed from the animal’s
body. This treatment—fixation—usually consists of
submerging the tissues in chemical substances in order
to preserve as much as possible of their morphologic
and chemical characteristics.

The chemical substances used to fix tissues are
called fixatives. Some fixatives (eg, mercuric chloride,
picric acid) promote the precipitation or clumping of
proteins. Others (eg, formalin, glutaraldehyde) pro-
mote coagulation but not coarse precipitation of pro-
teins. All fixatives have both desirable and undesirable
effects. The goal of combining the desirable effects and
minimizing the undesirable ones has led to the develop-
ment of several mixtures. The most commonly used
mixtures are Bouin’s fluid, composed of picric acid,
formalin (a saturated solution—37% by weight of form-
aldehyde gas in water), acetic acid, and water; and
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Zenker’s formalin (Helly’s fluid), containing formalde-
hyde, potassium dichromate, mercuric chloride, and
water. The simple fixatives most commonly used are a
10% solution of formalin in saline and a 2—6% solution
of buffered glutaraldehyde.

The chemistry of the process involved in fixation
is complex and not well understood. However, formal-
dehyde and glutaraldehyde are known to react with
the amine groups (NH,) of tissue amino acids. In the
case of glutaraldehyde, the fixing action is reinforced
by the fact that it is a dialdehyde and can form stabi-
lizing bonds between protein molecules. For electron
microscopic fixation, buffered glutaraldehyde is often
used alone or in combination with osmium tetroxide.

Embedding

In order to be able to obtain thin sections with
the microtome, tissues must be infiltrated after fixa-
tion with a substance that will impart a firm consisten-
cy necessary for cutting. This can be gelatin, celloidin,
paraffin, resins, or other plastic materials.

Figure 1—1. Microtome for paraffin-embedded tissues. Rotation of the drive wheel—seen with a handle on the right side of the
instrument—moves the tissue block holder up and down. Each turn of the drive wheel advances the specimen holder 3—8 um, and
the block strikes the knife edge, cutting the sections. The sticky paraffin sections adhere to each other, producing a ribbon which is

collected and fixed on a slide. (Courtesy of American Optical Corp.)
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Paraffin is used routinely for light microscopy;
resins of the epoxy type (Epon or Araldite) are more
commonly employed for electron microscopy.

The process of embedding or tissue impregnation
is usually preceded by 2 main steps: dehydration
and clearing. The water of the fragments to be embed-
ded is first extracted by bathing successively in a
graded series of mixtures of ethanol with water (usual-
ly from 70% to 100% ethanol). The ethanol is then
replaced by a lipid solvent. (In paraffin embedding, the
solvent used is xylene or benzene.) As the tissues be-
come impregnated with the solvent, they usually be-
come transparent in a step called clearing. Once the
tissue is impregnated with the solvent, it is placed in
melted paraffin in the oven, usually at 58—60 °C. The
heat causes the solvent to evaporate, and the space
becomes filled with paraffin. This is the infiltration or
embedding procedure.

The small blocks of paraffin containing the tissues
are then sectioned by the steel blade of the microtome
to a thickness of 3—8 um* (Fig 1—1). The sections are
laid out on warm water and transferred to glass slides.
For electron microscopy, much thinner sections are
necessary (0.02—0.1 um); embedding is therefore per-
formed in a hard epoxy plastic. The blocks thus ob-
tained are so hard that glass or diamond knives are
usually necessary to section them.

Immersion of tissues in lipid solvents such as ben-
zene or xylene dissolves the tissue lipids, which is an
undesirable effect when these compounds are studied.
To prevent this, a freezing microtome has been devised
in which the tissues are hardened at low temperatures
in order to permit sectioning. The freezing micro-
tome—and its more elaborate and efficient successor,
the cryostat—permit sections to be obtained quickly
without going through the embedding procedure de-
scribed above. They are often used in hospitals, for
they allow rapid study of pathologic specimens during
surgical procedures. They are also effective in the his-
tochemical study of very sensitive enzymes or small
molecules, since freezing does not inactivate enzymes
and hinders the diffusion of small molecules.

Staining
With few exceptions, most tissues are colorless, so

that observing them unstained in the optical micro-

*For investigative work this may vary from 1—20 um.

scope is difficult. Methods of staining tissues have
therefore been devised that not only make various tis-
sue components conspicuous but also permit distinc-
tions to be made between them. This is done by using
mixtures of dyes which stain tissue components more
or less selectively. In histology, most dyes behave like
acidic or basic compounds and have a tendency to
form electrostatic (salt) linkages with ionizable radicals
of the tissues. Tissue components that stain more
readily with basic dyes are termed basophilic; those
with an affinity for acid dyes are termed acidophilic.

Examples of basic dyes are toluidine blue and
methylene blue. Hematoxylin behaves in the manner
of a basic dye, ie, it stains the tissues basophilically.
The main tissue components that ionize and react with
basic dyes do so because of acids in their composition
(nucleoproteins and acid mucopolysaccharides). Acid
dyes (eg, orange G, eosin, acid fuchsin) stain mostly
the basic components present in cytoplasmic proteins.
The basic or acid character of a dye usually explains
the staining reaction on a chemical basis, but a physical
basis is sometimes also present.

Of all dyes, the combination of hematoxylin and
eosin (H&E) is most commonly used. Many other dyes
are used in different histologic procedures; it must be
stated, however, that, although they are very useful in
visualizing the different tissue components, they usual-
ly provide no insight into the chemical nature of the
tissue being studied.

Besides tissue staining with dyes, impregnation
with such metals as silver and gold is a much used
technic, especially in the study of the nervous system.

Table 1—-3 summarizes staining and impregnation
technics used in preparing microscope slides.

THE OPTICAL MICROSCOPE

With the optical microscope, stained preparations
are usually examined by transillumination. The micro-
scope is composed of both mechanical and optical
parts. The mechanical components are illustrated in
Fig 1-2. The optical components consist of 3 systems
of lenses: condenser, objective, and ocular. The con-
denser projects a cone of light to illuminate the object
to be observed. (The role of the condenser is usually
underestimated because it does not contribute to the

Table 1-3. Examples of staining technics commonly used in histology.

Elastic | Reticular
Technics Components Nucleus | Cytoplasm Collagen Fibers Fibers

H&E Hematoxylin and eosin Blue Pink Pink Irregular T
Masson’s trichrome Iron hematoxylin, acid fuchsin, Ponceau Black Red Green Green

2R, light green
Weigert's elastic stain Resorcin and fuchsin, HCI, hematoxylin, Gray Yellow Red Black

Ponceau'’s picric acid, glacial acetic acid
Silver impregnation for | Silver salt solution Dark brown Black

reticular fibers




Chapter 1. Methods of Study

Eyepiece

& :
X4 ) Objectives
Stage
== Condenser

=== Light filter

==

v
* Fsmmili

'—

Illuminator

e /)
)'"_|.
4]

r_v- L

Mirror

Figure 1—2. Schematic drawing of a student’s light microscope showing its main components and the pathway of light from the
source (substage lamp) to the eye of the observer. (Courtesy of Carl Zeiss Co.)

magnification; however, its proper use influences the
quality of the image observed.) The objective lens en-
larges the object and projects its image in the direction
of the ocular lens. The ocular lens further amplifies
this image and projects it onto the viewer’s retina or
onto a screen or photographic plate. The degree of
total magnification is obtained by multiplying the mag-
nifying power of the objective and ocular lenses.

Resolution

The critical factor in obtaining a good image with
the microscope is the resolution, which is the smallest
distance between 2 particles that can be distinguished
from each other. For example, 2 particles will appear
distinct if they are separated by a distance of 0.3 um
and the microscope has a resolution factor of 0.2 um.
However, if the same particles are examined with a
microscope that has a resolution factor of only 0.5 um,
they will appear as a single point. The resolving power
of the best optical microscopes is approximately 0.2
um.

The quality of an image—its clarity and richness
in detail—depends on the microscope’s resolving pow-

er. The magnification is independent of its resolving
power and is only of value when accompanied by a
high resolution capacity. The resolving power of a
microscope depends mainly on its objective lens. The
ocular lens only enlarges the image obtained by the
objective; it does not improve resolution. Thus, high
magnification with low resolution gives blurred images
of little value.

Numerical Aperture

One of the main characteristics of an objective
lens is its numerical aperture (NA), for resolution is a
function of NA and of the light wavelength employed
(Fig 1—-3). NA can be defined as the smallest refractive
index (n)* observed between the microscopic prepara-
tion and the objective multiplied by the sine of the
semiangle of aperture of the lens (u): NA =n X sine u
(Fig 1-3).

*The refractive index is a measure of the optical density of an
object. A light wave traverses an object readily or otherwise
depending on the object’s optical density. ’
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Figure 1—3. Drawing of the light beam which enters the objec-
tive lens to show the semiangle of aperture (u) from which the
numerical aperture can be calculated.

The resolution of an objective can be defined by
the equation:

K X A
R="a
where K is a constant of 0.61 and A is the wavelength.
Resolution is directly proportionate to the wavelength
used and inversely proportionate to the NA. To
calculate the resolution when working with white light,
a wavelength of 0.55 um is most often used. This
corresponds to yellowish-green, a color to which the
human eye is very sensitive. Fig 14 is an example of
the importance of resolution in microscopy.

An objective lens system often has several
numbers engraved on it (Fig 1-5). The first number
(upper left) refers to the enlargement; to its right is the
NA. The number on the left in the second line is the
tube length in millimeters; the number on the right
indicates the thickness (in millimeters) of the coverslip
for which the objective is corrected. The thickness of
the coverslip is important in dry field examination, but
when oil immersion is used the oil equalizes the refrac-
tive index of the light path between the coverslip and
the objective, and the thickness between the usual
limits of the coverslip becomes irrelevant.

Objective & Ocular Lenses

Objective and ocular lenses are formed by systems
of lenses put together in order to achieve partial cor-
rection of their individual defects (aberrations). Al-
though a perfect lens system has not been developed, it
is possible to devise objective lenses with increasing
optical perfection.

Three common aberrations are as follows:

Figure 1—4. Photomicrographs of the same microscopic field at the same magnification (X 350) but with objectives of different
numerical apertures (NA). The photomicrograph on the left was made with an objective of NA = 0.22; the one on the right was made
with an objective of NA = 1.0. Dog prostate gland stained by Masson’s trichrome stain. Observe that the picture at right (NA = 1.0)

shows more detail and is sharper than the one on the left.
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Plan 25/ 0.45
160/0.17

—
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Figure 1-5. Drawing of an objective with the following charac-
teristics: magnification X 25, NA = 0.45, planachromatic, cor-
rected for 160 mm tube and for 0.17 mm coverslips.

A. Chromatic Aberration: This type of aberration
occurs because spherical lenses bring light of shorter
wavelength into focus closer to the retina than light of
longer wavelength. Consequently, several slightly sepa-
rate images of the object are formed and details are
blurred. In the achromatic lens system, this aberration
is corrected to a large extent.

B. Spherical Aberration: In spherical aberration,
the quality of the image is hindered because the optical
properties of the center of a lens are somewhat differ-
ent from those of its periphery. In apochromatic objec-
tive lens systems, complete correction of chromatic
and spherical aberrations has been achieved.

C. Curvature of Field: Lenses with this aberration
produce an image in which the central field is in focus
while the peripheral field is out of focus or vice versa.
Planar lenses are corrected to provide “flat field”
focus, in which the entire field is in focus.

PHASE CONTRAST MICROSCOPY

Unstained biologic specimens are usually trans-
parent and are difficult to see in detail since all parts of
the specimen have almost the same optical density.
Consequently, another form of microscopy—phase
contrast microscopy—has been developed which pro-
duces in vivo visible images from transparent objects
(Fig 1-6).

Phase contrast microscopy is based on the fact
that light passing through media with different refrac-
tive indexes slows down and changes direction. This
forms phase differences between 2 adjoining regions.
These phase differences are—by means of a special
optical system—transformed into differences of light
intensity so that the image becomes visible (Fig 1-6).
The examination of fresh tissue or living cells has been
facilitated by the development of phase contrast
microscopy.

Figure 1—6. Desquamated cells from the oral mucosa. (Un-
stained fresh preparation.) The top photomicrograph was taken
with the phase contrast microscope; the bottom photomicro-
graph with the standard light microscope. X 300.

THE POLARIZING MICROSCOPE

When light passes through certain substances or
body tissues, it divides in a way that produces 2 light
rays from one. This is called polarization. It occurs
with substances whose atoms have a periodic arrange-
ment. Whether or not this arrangement is apparent,
these substances are crystalline (birefringent). Sub-
stances that do not belong to the crystalline group are
amorphous (monorefringent).

The velocity with which light travels through
amorphous substances is always the same regardless of
the direction. Therefore, the substance has only one
refractive index. In crystalline substances, light veloc-
ity changes according to the direction of propagation;
from one light ray, 2 refracted rays result. They are
polarized rectilinearly, ie, the direction of light vibra-
tion follows a determinate direction.



