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Preface for Adaptation Edition

As the deep-going of reform and opening and the developing of the national economy,
the higher education in our country has achieved great progress, and the contents and
manners of teaching are also becoming more and more international. As a result, the bilin-
gual teaching, ie. teaching in both Chinese and English is a necessary requirement in the
higher education. The national ministry of education advocates bilingual teaching, and
students like bilingual teaching, and teachers devote to bilingual teaching. It’s the right time
to widely popularized bilingual teaching in the universities and colleges all over our country.
Therefore, suitable textbooks in English are necessary for improvement of bilingual teach-
ing. Although the language of the original English textbook is standard, the width, depth
and arrangement of the contents in these textbooks are different from that of the pur-
posed textbooks in our country, which makes it difficult for teachers to teach and for
students to learn. In order to improve bilingual teaching, with the help of Science Press
and McGraw Hill companies, more than ten histologists and embryologists who are good
in English and have experience of oversea work and bilingual teaching revised this text-
book of Histology and Embryology from the original edition of Basic Histology and Basic
Concepts in Embryology published by McGraw Hill companies. The adapted textbook is
teatured as follows:

a. The original editions of the books above-mentioned, published by McGraw Hill
companies, have a good reputation in the field of histology and embryology of our country
and have been widely used as references. The adapted textbook of histology and embryol-
ogy integrated and revised from these two original editions should be a welcome textbook.
The width, depth and arrangement of its contents are corresponding to that of the original
books, so that the adapted textbook should be used conveniently for both teachers and
students.

b. Since the English language and words of the original books are retained in the
adapted textbook, the grammatical errors or word misuses that often occur in the English
textbooks written by non-English speaking authors can be avoided. The students using the
adapted textbook should learn not only Standard English but also the scientific mode of
thinking in English.

c. Most of the illustrations in the original books are used in the adapted textbook.
Only a few that are irrelevant to the contents are cut off, and some new photomicrographs

are added. Thus the revised textbook keeps the same style as the original edition.



B4 R BT =

BEENEHNORANERSTOAE, HENSFHELRRE T aRAE,
HEASNHZ O N EASEHREN, WEHZ EESFHEREHNVRBEDE,
HEBASUREBNBHZ , KZEMUNEH S, SRFUNRBNHBINEHE, &
TEHSREBBHEWEHZNFRELME. EENINEHM ZBIRESNIBHZFHY
NVBEFH. INNEMREM RENCAENES X . BEERSTH ENRE 4R
HNERNEEXASKEOMLEM E2Ein, SEIDERN 2 EFIEHHK A
DR, NS IRENBHFKE LEFNERNZEZY, B IAERNZEMRA A
McGraw Hill BIRATZHE M, AR T EE+RPTNBHFZHEREBHNEINESA
FHENZREA-REBBEEINEZED INBEKERS, FENBHZ L MEEER,
DAFREMRIZ HEZR, WAEREFIE A BB McGraw Hill Hhr73 SJHAREVEL
[EBSARZIAS Basic Histology F] Basic Concepts in Embryology 1T 5 tN¥Ro ANE Y N JR
FEBU MR

(1) 83 McGraw Hill EERRATHMEY) ERMAZM AR EHRLRFZ SIS R
SERE B 2BRIEHEE23E, 2URLE, BRARUINZEEREN—4
(BRZSMIe=Z) HXHM , ERSH BEIRE (REDNERNSEXRARFES
K ENELRMIE MR AEN N, XE, PR MAZA ONIRER, O E
HIDNER IR, X SBEZENF S,

(2) REBITRREMONES YT, %R T BRENZIMPEREINES T
R, MYESZESRIENE Y, MELLF4EF RSB SBHNRIA D%,

(3) RBTRPPHBAT DGR, BR 5/ DESARTAEXNBE, 8
N3 BOHFE, REF T RRPEMESE B HREEE.

AFREARNZAL IAELL, WINSRMR B H 1T R, W R K iRdE— =
1, R B MAREMBM R E N — A, EER K. X2 2B, 55
IEHF BB, BB R 2ERABNEINNZ LR, W R P
HINEVEER , #EVABIE

& ¥ K,
2005 4 11 H 29 HF M



CONTENTS

Chapter 1 Histology and Its Methods of

Study cecseeeseriieniiiiiiieeneeans (1)
Preparation of Tissues for Microscopic
Exarninialion: s ssessesssssmss 55 oipsass (1)
MiCIOSCOpY +++++++ssssssnnnnsnnssnsnnneeneenns (3)
Cell and. Tisste Cidltipe:  Swwess o5 ssws suseses (9)
Histochemistry and Cytochemistry —«--- (10)
Detection Methods Using HighAffinity
Interactions Between Molecules
............................................. (13)
Problems in the Interpretation of Tissue
SECHONS  ++rervemeernsasenenenuaeenanmnens (18)
Chapter 2 Epithelial Tissue --:-ececoeeeeee (20)
General Biology of Epithelial Tissues
............................................. (20)
Types of Epithelia ++++veveevveeeeeeneenen. (20)
Clands s <o s onsass a5s s onis 45 sonagaisos (26)
Specializations of the Cell Surface ~ ------ (34)
Chapter 3 Connective Tissue Proper
................................................ (44)
Loose Connective Tissue «««ceeereeeeeeeees (44)
Dense Connective Tissue +««+=xrseeseeenees (64)
Reticular Tissue s sers shsvsansves suss snwse (65)
Miicoiis Thssig sse vs swes svasens ivesavs ions (67)
Adipose Tissue  ereererrrrrrerrieiiiaaa (67)
Chapter 4 Cartilage and Bone -:---------- (71)
Cartilage «++eevssersrsseemeeeseenniaiiiiian (71)
Borie:  svessies sams aesbasasnn oves sans sespsses (75)
Histogenesis of Bone ++++eseeeeesumnnnnnns (81)
Chapter 5 Blood and Hematopoiesis
................................................ (89)
Plasia & ssesssisss vasivssas sis 5556 a8:amees e (90)
Blood Cells «ceveerreecermermmnmnmnenenuenens (90)
Hematopoiesis  ««-eeeeeereereesseensennans (102)
Chapter 6 Muscle Tissue «--ccoocveeeeeeee (116)
Skeletal Muscle ««eeeeeeereerremenaneennnn (116)
Cardiae Mustle w»: ssesssssorssuss viosavose (128)
Emooth Musgle: s severemmomvions sovssusee (130)
Chapter 7 Nerve Tissue «-:cocoveeeeeeees (134)
INEULONS +++ v v ereverrrsrssesssnerenenennnnas (134)
Synapse «eeeeeerrereeeneeneeinieianaia (140)
Clial (Cally eonees snmminbbing i sinsdmissnies (143)

Nerve Fibers and Nerves «:eeecreeeeeees (146)
Nerve Endings «--eceereereememmeniienns (149)
Neuronal Plasticity and Neural Stem
Cells «vervrrermeanennennenenneneenerneens (155)
Chapter 8 The Nervous System - (157)
Cotebial ICOTLER. ~»nss v wasssnnssoas svassn (157)
Cerebellar Cortex «r«+resseeernrennennees (160)
Spinal Cord  «ssesssessssasanssssianssnnans (163)
Ganglia «oerereenereseeiiii, (164)
Meninges +++eeeeeeererrennnnnn (165)
Blood-Brain Bartier sssssssmemensss ssdiss (166)
Choroid Plexus and Cerebrospinal Fluid
.......................................... (167)
Chapter 9 The Circulatory System
................................................ (168)
Capillaries «++eeseervrermmmmminnn. (168)
Structural Features of Blood Vessels
.......................................... (171)
ATteries soss swsanes soss oviasss & a3 6595 awaas (173)
VEing seeeeereercresnecessesnerarsosseencnnss (177)
Miciovasculatiie «-»+-e-seesswes vasnounes (178)
Heatt sewssessons dss s Russ Sese,5es 4 s & (181)
Lymphatic Vascular System «cecceeeeee (184)
Chapter 10 The Immune System ------ (186)
Basic Concepts «++seeresssrsnnniniiienes (187)
Thymus «e+eceesersssnssnsssseeinieennnnnn (194)
Lymph Nodes «+-+ereerrrensrsanieninenenn. (198)
Spleen  +eerecertenranniniiiieinsssaneens (202)
Mucosa-Associated Lymphoid Tissue
.......................................... (207)
Tonsils. ssesesvss sevvvien same sowwensnnss sass (210)
Chapter 11 Skin and Skin Appendages
................................................ (211)
Epidermis «++eeceeereeermnmimmim (211)
Dermis, oo e sos fagassvss s i FEsswanmss (215)
Subcutaneous Tissue ( Hypodermis)
.......................................... (216)
Skin Appendages «rreeeeeeeeeseeseeinann (216)
Chapter 12 The Endochrine System ---:-- (222)
General aspects of endocrine system
.......................................... (222)
Thyroid =« sexsenrersesass ssvpsonunsessss sas (222)
Parathyroid Glands — ++++reeeesseserennnn (225)



Adrenal Clands «sessssssssoss sosssamssning (228)
Hypophysis ~ +++eeeerrenssenemrunnniiannen. (234)
Pineal Gland, sse+ssversssvessecosonssmnses (242)
Chapter 13 The Digestive Tract «-------- (244)
General Structure of the Digestive Tract
............................................. (244)
Oral Cavity eeeeeessserercereonsananannns (245)
Esophagus «==+ecereeresssecenemnianiannnns (251)
SHomEGH, sswssanaibsatesson sammnsresmns s (251)
Siiiall THlEstitie  +osvws sonsnvnasmesrenospass (259)
Large Intestine cccceeessernscecinnsnancens (26‘7 )
Cell Renewal in the Gastrointestinal
HHGE, o s msa s SRR s e ils (268)
Appendix eeceesssesssieseininonieeiienaas (268)
Cancer of the Digestive Tract — =+-++---+ (269)
Chapter 14 The Digestive Glands ------ (271)
Salivary Gland sssseseseseeennasosenasnnee (271)
PAHGYEAE  »vosonsimnsmnsnes sopssaamenvis (274)
Javer sedusssiissssnisbsivuains sovssomiaanieese (277)
Gallbladder «c+sseessssscsscasoncoraseanes (288)
Chapter 15 The Respiratory System (290)
Respiratory Epithelium «cececeeveeenenen. (290)
Nasal Cavity «+eceeesssssseecncssansaranns (292)
Larynx  seseeoscessasosnnsosernensannsnanes (294)
Trachea and Primary Bronchus ---++---- (294)
Lungs «++ssseescerrennmnsietnenntanensaanans (295)
Pulmonary Lymphatic Vessels «+xe«-- (308)
Chapter 16 Eye and Ear ---«---eeevvenes (310)
Eye ssressescerronsetocssnisnnnsannnnranans (310)
37, 1 LR R N Ve R RN S (325)
Chapter 17 The Urinary System --------- (331)
Kidneys «svsesesseeesmensncscnnnmnsanaranns (331)
TIEtaEs stationsssen sonsoe someramimnnsivsnsos (348)
Urinary Bladder «+«++++eseeereanaserannnns (349)
Chapter 18 The Male Reproductive
SYStem wscssnssenssmssssnrossravsorasnneseasas (351)
NERHEE,  sase e e R R SRR (351)
Genital Doty «ssesawis sonssssssssssnsowas (362)
Accessory Genital Glands «+xee-eveeeeses (364)
Pl w5557 sassisnsonns vonssesassosions sons (366)
Chapter 19 The Female Reproductive
SYSLEI ~++ ressmavenossanssanosonsanensonsausse (368)
Oyaries ssesisssasimai meaisedsmmms v (368)
Ovidiiols - -ssssenssmavssanivnasossevvisnss (377)
(Hefiis:  weosssssebmpinsasssssmrisiisssits (379)
Vagina seeereceesmmssesiniienninieinnennns (384)
Mammary Glands «+«seeervemsesnaeeenns (385)
Chapter 20 Introduction to Embryology
................................................ (388)
Historical Background —«+e-eeoveevenens (388)

Embryology «++ereeeesscsssrertanninenne (388)
Special Fields in Embryology =~ ---+-+--- (389)
Embryology in Contemporary Society
............................................. (390)
Fundamental Concepts in Development
.......................................... (392)
Methods Used In The Study Of Embryonic
Development «++++sseesssseseessssrenes (399)
Chapter 21 General Embryology --------- (407)
Gametogenesis and Ovulation  ++=s-et (407)
Bottilization ors oo wss masssissskirgsonis (413)
Cleavage and Formation of the Blastula
.......................................... (418)
Implantation +cssssssseesssaraonsesansanss (419)
Formation and Evolution of Decidua
.......................................... (422)
Development and Evolution of Chorionic
Villih snemeosvcssunioapeess e uinms (424)
Development of Germ Layers «+-+++«-+++ (425)
Differentiation of Three Germ Layers
.......................................... (428)
Placenta and Fetal Membranes «-+++---- (439)
Twins ,Multiple Births,Conjoined Twins
............................................. (449)
Estimation of age and methods of meas-
Uring embryos s++++ssssreeresrrerennn. (451)
Chapter 22 Development of the Head,
Neck, and Limbs -+« reeerrenseennanns (455)
Early Organization of the Head and
Neck Region «sseeesssseessaesasnsneenns (455)
Evolution of the Branchial Arches,Bran-
chial Clefts,and Pharyngeal Pouches
.......................................... (456)
Development of the Tongue ~«++-+--veee (459)
Development of the Thyroid Gland
.......................................... (460)
Development of the Salivary Glands
.......................................... (460)
Formation of the Face,Jaws and Nasal
Chamibens e ssvsnsavnisrovs cmsmennsmnns (461)
Development of the Palate ++«+esseeveens (464)
Development of Teeth — «+eeeeeeevneennnes (465)
Limb Development ++++++veevvseemssmnnnn. (468)
Common Malformations of the Face,
Neck ,and Limbs ++ceesvessersnreranns (471)
Chapter 23 Development of the Digestive
and Respiratory Systems «-::c:eeoeeeeee (474)

Development of Digestive System



Development of the Respiratory System

.......................................... (483)
Chapter 24 Development of the Urogen-
ftal System -oceoeeeeeeesseseesinnini (488)
Development of the Urinary System
.......................................... (488)
The Development of the Reproductive
System .................................... ( 495 )
Chapter 25 Development of the Cir-
culatory SyStem ---oeeeeeessnnnninnen (506)
Establishment of the Primordial Cardi-
ovascular System  ceeeeeeeeeeeeseasnns (506)
Development of the Heart --<-ceeevneeee (506)
Derivatives of the Aortic Arches ---+-- (516)
Fetal Blood Circulation and Changes in
the Circulation after Birth «-eecceeeee (518)
Congenital Defects of the Cardiovascu-
lar System «eeeeseeesrnrinmeennninnnees (520)
Chapter 26 Development of the Nervous
SYSEEI «+vvvrvrrrrrarrrernenientinannaiane (526)

Development of Neural Tube and Neural
Crest and Differentiation of Neuroepit-

(526)

helium

Development of Spinal Cord «+-+-:-+--- (530)
Development of Brain =~ +«eereereeeeeeeees (532)
Development of Ganglion and Periph-
eral NErve «eeerreerernrnraerernneeeenens (538)
Development of Hypophysis «-«sseeeee (539)
Common Malformations of Nervous
System  ++eeseeseeneessnnnina (541)
Chapter 27 Development of Eye
ANA AR soorss ones sasvevrosee sososnen vass ves (542)
Development of Eye ++sosessssnssnnnane (542)
Development of Ear «-eeceeeesevsneaeeees (549)
Chapter 28 Development of the Integu-
mentary System -:ccoeceeeeeeeeieiaannns (555)
Development of Skin «=+sssssssrrneesneses (555)
Sekhaceois, Glands 1+os sesvsmusissvamy wssyss (556)
St ClARdAE - eveions 550 sminsimes s sivae (556)
HAr  weeevrerneeereenmnemeeeenmmneneensenans (556)
Mammary Glands = +ssesesesnssnennenes (557)
Congenital Anomalies — -rereeeerereeeeees (557)
English-Chinese Index -----:c--eeoeeeees (559)
Chinese-English Index ------veeeoeeeeen (572)



Chapter 1

Histology is the study of the tissues of the body
and of how these tissues are arranged to constitute
organs. Four fundamental tissues are recognized ; epi-
thelial tissue,connective tissue , muscular tissue, and
nervous tissue.

Tissues are made of cells and extracellular
matrix, two components that were formerly consid-
ered separate entities. The extracellular matrix con-
sists of many kinds of molecules,some of which are
highly organized and form complex structures, such
as collagen fibrils and basement membranes. The
main functions formerly attributed to the extracellu-
lar matrix were to furnish mechanical support for the
cells, to transport nutrients to the cells, and to carry
away catabolites and secretory products. Recent work
has shown that, although the cells produce the extra-
cellular matrix they are influenced and sometimes
controlled by molecules of the matrix. There is thus
an intense interaction between cells and matrix. Mo-
reover , many molecules of the matrix are recognized
by and attach to receptors present on cell surfaces.
Most of these receptors are molecules that cross the
cell membranes and connect to molecules within the
cytoplasm. Thus, cells and extracellular matrix form
a continuum that functions together and reacts to
stimuli and inhibitors together.

Each of the fundamental tissues is formed by sev-
eral kinds of cells and typically by specific associa-
tions of cells and extracellular matrix. These charac-
teristic associations facilitate the recognition of the
many subtypes of tissues by students. Most organs
are formed by an orderly combination of several tis-
sues, except the central nervous system, which is
formed almost solely by nervous tissue. The precise
combination of these tissues allows the functioning of
each organ and of the organism as a whole.

The small size of cells and matrix components
makes histology dependent on the use of micro-
scopes. Advances in chemistry, physiology , immunol-

Histology and Its
Methods of Study

Prof. Gao Yingmao

ogy, and pathology—and the interactions among
these fields—are essential for a better knowledge of
tissue biology. Familiarity with the tools and methods
of any branch of science is essential for a proper un-
derstanding of the subject. This chapter reviews some
of the more common methods used to study cells and
tissues and the principles involved in these methods.

PREPARATION OF TISSUES FOR Ml-

CROSCOPIC EXAMINATION

The most common procedure used in the study of
tissues is the preparation of histologic sections that
can be studied with the aid of the light microscope.
Under the light microscope , tissues are examined via
a light beam that is transmitted through the tissue.
Since tissues and organs are usually too thick for
light to pass through them,they must be sectioned to
obtain thin, translucent sections. However, living
cells, very thin layers of tissues,or transparent mem-
branes of living animals ( eg,the mesentery, the tail
of a tadpole, the wall of a hamster’s cheek pouch)
can be observed directly in the microscope without
first sectioning the tissue. It is then possible to study
these structures for long periods and under varying
physiologic os experimental conditions. In most ca-
ses , however, tissues must be sliced into thin sections
and attached on glass slides before they can be ex-
amined. These sections are precisely cut from tissues
previously prepared for sectioning, using fine cutting
instruments called microtomes.

The ideal microscope tissue preparation should be
preserved so that the tissue on the slide has the same
structure and molecular composition as it had in the

body. This is sometimes possible but—as a practical
matter—seldom feasible, and artifacts, distortions,
and loss of components due to the preparation

process are almost always present.
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FIXATION

If a permanent section is desired, tissues must be

fixed. To avoid tissue digestion by enzymes present
within the cells (autolysis) or by bacteria and to
preserve the structure and molecular composition,
pieces of organs should be promptly and adequately
treated before or as soon as possible after removal
from the animal’s body. This treatment—fixation—
can be done by chemical or,less frequently, physical
methods. In chemical fixation, the tissues are usually
immersed in solutions of stabilizing or cross-linking
agents called fixatives. Because the fixative needs
some time to fully diffuse into the tissues, the tissues
are usually cut into small fragments before fixation to
facilitate the penetration of the fixative and to guar-
antee preservation of the tissue. Intravascular perfu-
sion of fixatives can be used. Because the fixative in
this case rapidly reaches the tissues through the
blood vessels, fixation is greatly improved.

One of the best fixatives for routine light microsco-
py is a buffered isotonic solution of 4% formalde-
hyde. The chemistry of the process involved in fixa-
tion is complex and not always well understood. Form-
aldehyde and glutaraldehyde ,another widely used fix-
ative, are known to react with the amine groups
(NH,) of tissue proteins. In the case of glutaralde-
hyde,the fixing action is reinforced by virtue of its
being a dialdehyde ,which can cross-link proteins.

In view of the high resolution afforded by the elec-
tron microscope , greater care in fixation is necessary
to preserveultrastructural detail. Toward that end, a
double fixation procedure,using a buffered glutaral-
dehyde solution followed by a second fixation in
buffered osmium tetroxide, has become a standard
procedure in preparations for fine structural studies.
The effect of osmium tetroxide is to preserve and
stain lipids and proteins.

EMBEDDING

Tissues are usually embedded in a solid medium
to facilitate sectioning. To obtain thin sections with
the microtome , tissues must be infiltrated after fixa-
tion with embedding substances that impart a rigid
consistency to the tissue. Embedding materials in-
clude paraffin and plastic resins. Paraffin is used
routinely for light microscopy; resins are used for
both light and electron microscopy.

The process of paraffin embedding, or tissue im-

pregnation , is ordinarily preceded by two main steps;
dehydration and clearing. The water is first extracted
from the fragments to be embedded by bathing them
successively in a graded series of mixtures of ethanol
and water (usually from 70% to 100% ethanol ).
The ethanol is then replaced with a solvent miscible
with the embedding medium. In paraffin embedding,
the solvent used is usually xylene. As the tissues are
infiltrated with the solvent, they generally become
transparent ( clearing) . Once the tissue is impregna-
ted with the solvent, it is placed in melted paraffin in
the oven,typically at 58—60. 8°C. The heat causes
the solvent to evaporate, and the spaces within the
tissues become filled with paraffin. The tissue togeth-
er with its impregnating paraffin gets hard after being
taken out of the oven. Tissues to be embedded with
plastic resin are also dehydrated in ethanol and—de-
pending on the kind of resin used—subsequently in-
filtrated with plastic solvents. The ethanol or the sol-
vents are later replaced by plastic solutions that are
hardened by means of cross-linking polymerizers.
Plastic embedding prevents the shrinking effect of
the high temperatures needed for paraffin embedding
and gives much better results.

The hard blocks containing the tissues are then
taken to a microtome ( Figure 1-1) and are sectioned
by the microtome’s steel or glass blade to a thickness
of 1—10pwm. Remember that 1 micrometer (1pm)
= 0.00lmm = 10™° m; 1 nanometer ( lnm) =
0.001pwm =10 *mm = 10 ~"m. The sections are floa-
ted on water and transferred to glass slides to be
stained.

A completely different way to prepare tissue sec-
tions is to submit the tissues to rapid freezing. In this
process, the tissues are fixed by freezing ( physical-
ly, not chemically) and at the same time become
hard and thus ready to be sectioned. A freezing mi-
crotome—the cryostat has been devised to section
the frozen tissues. Because this method allows the
rapid preparation of sections without going through
the long embedding procedure described above, it is
routinely used in hospitals to study specimens during
surgical procedures. Freezing of tissues is also effec-
tive in the histochemical study of very sensitive en-
zymes or small molecules, since freezing does not in-
activate most enzymes. Because immersion of tissues
in solvents such as xylene dissolves the tissue lip-
ids, the use of frozen sections is advised when these
compounds are to be studied.
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Figure 1-1 Microtome for sectioning resinand paraffin-embedded tissues for light microscopy. Rotation of
the drive wheel moves the tissue-block holder up and down. Each turn of the drive wheel advances the speci-
men holder a controlled distance, generally between 1 and 10um. After each forward move, the tissue block
passes over the knife edge,which cuts the sections. ( Courtesy of Microm. )

STAINING

To be studied in the microscope most sections
must be stained. With few exceptions, most tissues
are colorless, so observing them unstained in the
light microscope is useless. Methods of staining tis-
sues have therefore been devised that not only make

the various tissue components conspicuous but also
permit distinctions to be made between them. The
dyes stain tissue components more or less selective-
ly. Most of these dyes behave like acidic or basic
compounds and have a tendency to form electrostatic
(salt) linkages with ionizable radicals of the tis-
sues. Tissue components that stain more readily with
basic dyes are termed basophilic ;those with an affin-
ity for acid dyes are termed acidophilic.

Examples of basic dyes are toluidine blue and meth-
ylene blue. Hematoxylin behaves like a basic dye,that
is,it stains the basophilic tissue components. The main
tissue components that ionize and react with basic dyes
do so because of acids in their composition ( nucleic
acids, glycosaminoglycans, and acid glycoproteins ).
Acid dyes (eg,orange G,eosin,acid fuchsin) stain the
acidophilic components of tissues such as mitochondri-
a,secretory granules,and collagen.

Of all dyes, the combination of hematoxylin and
eosin (H and E) is the most commonly used. Hema-
toxylin stains the cell nucleus and other acidic struc-
tures (such as RNA-rich portions of the cytoplasm
and the matrix of hyaline cartilage) blue. In con-
trast, eosin stains the cytoplasm and collagen pink.
Many other dyes, such as the trichromes ( eg,

Mallory’s stain, Masson’s stain) ,are used in different
histologic procedures. The trichromes, besides show-
ing the nuclei and cytoplasm very well, help to dif-
ferentiate collagen from smooth muscle. A good tech-
nique for differentiating collagen is the use of picro-
sirius , especially when associated with polarized light
(see Polarizing Microscopy ) .

In many procedures (see Immunocytochemistry) ,
the sections become labeled by a precipitate, but
cells and cell limits are often not visible. In this case
a counterstain is used. A counterstain is usually a
single stain that is applied to a section to allow the
recognition of nuclei or cytoplasm.

Although most stains are useful in visualizing the va-
rious tissue components ,they usually provide no insight
into the chemical nature of the tissue being studied. In
addition to tissue staining with dyes,impregnation with
metals such as silver and gold is a common method, es-
pecially in studies of the nervous system.

MICROSCOPY

LIGHT MICROSCOPY

Conventional light, phase contrast, differential in-

terference , polarizing , confocal , and fluorescence mi-
croscopy are all based on the interaction of light and
With the light
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of light that passes through the specimen. The micro-
scope is composed of mechanical and optical parts



(Figure 1-2). The optical components consist of 3
systems of lenses: condenser, objective, and eye-
piece. The condenser collects and focuses light, pro-
ducing a cone of light that illuminates the object to
be observed. The objective lenses enlarge and project
the illuminated image of the object in the direction

of the eyepiece. The eyepiece further magnifies this
image and projects it onto the viewer’s retina,a pho-
tographic plate,or (to obtain a digital image) a de-
tector such as a charged coupled device camera. The
total magnification is obtained by multiplying the
magnifying power of the objective and ocular lenses.
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Figure 1-2 Schematic drawing of a light microscope showing its main components and the pathway of light
from the substage lamp to the eye of the observer. ( Courtesy of Carl Zeiss Co. )

PHASE CONTRAST MICROS-
COPY and DIFFERENTIAL IN-
TERFERENCE MICROSCOPY

Some optical arrangements allow the observation
of unstained cells and tissue sections. Unstained bio-
logic specimens are usually transparent and difficult
to view in detail , since all parts of the specimen have
almost the same optical density. Phase contrast mi-
croscopy ,however, uses a lens system that produces
visible images from transparent objects ( Figure 1-3).

Phase contrast microscopy is based on the princi-
ple that light changes its speed when passing through

cellular and extracellular structures with different re-
fractive indices. These changes are used by the
phase contrast system to cause the structures to ap-
pear lighter or darker relative to each other, which
makes this kind of microscopy a powerful tool to ob-
serve living cells. Another way to observe unstained
cells or tissue sections is Nomarski differential inter-
ference microscopy, which produces an apparently
3-dimensional image (Figure 1-3).

POLARIZING MICROSCOPY

Polarizing microscopy allows the recognition of
structures made of highly organized molecules. When
normal light passes through a polarizing filter (such




Figure 1-3  Cultured neural crest cells seen with
different optical techmiques. The cells are un-
stained, and the same cells appear in all photo-
graphs. Use the two pigmented cells for orientation
in each image. A : Conventional light microscopy.
B:Phase contrast microscopy. C: Nomarski differ-
ential interference microscopy. High magnification
( Courtesy of S Rogers. )

as a Polaroid ) , it exits vibrating in only one direc-
tion. If a second filter is placed in the microscope
above the first one, with its main axis perpendicular
to the first filter, no light passes through. If , howev-
er, tissue structures containing oriented molecules
(such as cellulose, collagen, microtubules, and mi-
crofilaments) are located between the two polarizing
filters, their repetitive, oriented molecular structure
rotates the axis of the light emerging from the polar-
izer. Consequently, they appear as bright structures
against a dark background (Figure 1-4). The ability
to rotate the direction of vibration of polarized light
is called birefringence and is a feature of crystalline
substances or substances containing highly oriented
molecules.

Figure 14  Polarized light microscopy. A small
piece of rat mesentery was stained with the picro-
sirius method, which stains collagen fibers. The
mesentery was then placed on the slide and ob-
served by transparency. Under polarized light, col-
lagen fibers exhibit intense birefringence and ap-
pear brilliant or yellow. Medium magnification

CONFOCAL MICROSCOPY

Confocal microscopy allows the precise focusing of
a very thin plane of a cell or section. The depth of
focus in the light microscope is relatively long, espe-
cially when small magnification objectives are used.
This means that a rather wide extent of the specimen



is seen in focus simultaneously , causing superimposi-
tion of the image of a 3-dimensional object. One of
the most important features of the confocal micro-
scope is that only a very thin plane of the specimen
is seen in focus at a time. The principles on which
this is based are the following: (1) the specimen is
illuminated by a very small beam of light ( whereas
in the common light microscope, a large beam of
light floods the specimen) ;(2) the image collected
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from the specimen must pass through a small pin-
hole. The result is that only the image originating
from the focused plane reaches the detector whereas
the images from in front of and behind this plane are
blocked (Figure 1-5). The harmful glare of the out-
of-focus objects is lost, and the definition of the fo-
cused object becomes better and allows the localiza-
tion of any specimen component with much greater
precision than in the common light microscope.
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Figure 1-5 Principle of confocal microscopy. While a very small spot of light originating from one plane of
the section crosses the pinhole and reaches the detector,rays originating from other planes are blocked by
the blind. Thus,only one very thin plane of the specimen is focused at a time

For practical reasons, the following arrangement is
used in most confocal microscopes ( Figure 1- 6) :
(1) the illumination is provided by a laser source;
(2) because it is a very small point, it must be
moved over the specimen (scanned) to allow the ob-
servation of a larger area of the specimen; (3) the
component of the specimen that is of interest must be
labeled with a fluorescent molecule ( meaning that a
routine section cannot be studied); (4) the light
that is reflected by the specimen is used to form an
image; (5) the reflected light is captured by a de-
tector, so that the signal can be electronically en-
hanced to be seen in a monitor.

Because only a very thin focal plane (also called
" an optical section) is focused at a time, it is possible
to reunite several focused planes of one specimen
and reconstruct them into a 3-dimensional image. To
accomplish the reconstruction and many of its other
features, the confocal microscope depends on heavy
computing capacity.

FLUORESCENCE MICROSCOPY

When certain substances are irradiated by light of

a proper wavelength, they emit light with a longer
wavelength. This phenomenon is called fluorescence.
In fluorescence microscopy , tissue sections are usual-
ly irradiated with UV light, and the emission is in
the visible portion of the spectrum. The fluorescent
substances appear brilliant on a dark background.
For this method, the microscope has a strong UV
light source and special filters that select rays of dif-
ferent wavelengths emitted by the substances.
Fluorescent compounds that have an affinity for
cell macromolecules may be used as fluorescent
stains. Acridine orange, which can combine with
DNA and RNA,is an example. When observed in the
fluorescence microscope, the DNA-acridine orange
complex emits a yellowish-green light ,and‘the RNA-
acridine orange complex emits a reddish-orange
light. It is thus possible to identify and localize
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Figure 1-6 Practical arrangement of a confocal
microscope. Light from a laser source hits the spec-
imen and is reflected. A beam splitter directs the
reflected light to a pinhole and a detector. Light
from components of the specimen that are above or
below the focused plane are blocked by the blind.
The laser scans the specimen so that a larger area
of the specimen can be observed

nucleic acids in the cells (Figure 1-7). Another im-
portant application of fluorescence microscopy is
achieved by coupling fluorescent substances ( such
as fluorescein isothiocyanate ) to marker molecules
that will specifically bind to components of the tis-
sues and will thus allow the identification of these
components under the microscope.

ELECTRON MICROSCOPY

Transmission and scanning electron microscopes
are based on the interaction of electrons and tissue
components.

Transrnisﬁonv Electron Microscopy

The transmission electron microscope is an ima-
ging system that theoretically permits a very high
resolution (0. Inm) (Figure 1-8). In practice, how-
ever, the resolution obtained by most good instru-
ments is around 3nm. This high resolution allows

Figure 1-7 Photomicrograph of kidney cells in cul-
ture ,stained with acridine orange. Under a fluorescence
microscope, DNA ( within the nuclei) emits yellow
light ,and the RNA-rich cytoplasm appears reddish or
orange. ( Courtesy of A Geraldes and JMV Costa. )
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Figure 1-8  Photograph of the JEM-1230 trans-
mission electron microscope. ( Courtesy of JEOL
USA, Inc. ,Peabody,MA. )



