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Preface

Histology and Embryology is an important basic course {or medical students. Beside the lecture
knowledge. the students must go over. memorize. discuss and understand numerous microstructures
and corresponding functions of tissues and organs of human body in the lab to ensure that they totally
master the course knowledge. and will be prepared to study other medical courses in the future. such as
Pathology. Physiology and Pathophysiology. etc.

In the past decades of teaching. we found that the microstructures observed in Histology lab can
not completely demonstrate the knowledge or fully cover the important and key information learnt in
Histology lectures. due to the different slide batches and quality. Thus. encouraged and supported by
colleges, Histology expertise and the University. we spent about 4 years to select excellent Histology
slides from department slide bank. prepared new Histology slides. and [inally established a relatively
intact light microscope Histology electronic atlas bank via photomicrography. This book selects 213 im-
ages from the bank (The image legend shows the objective magnification times. all the ocular magnifi-
cation times are 10). which covers almost all the important and key information in Histology lecture
and lab. It will greatly help students learn and understand knowledge and basic technology of Histolo-
gy. Due to paper limitations. the corresponding functions and electronic microscope (EM) structures
are not discussed in this book. which can be studied via discussions in lab.

This textbook is suitable for undergraduate and graduate students in specialty ol Biomedicine. Bas
ic Medicine, Clinic Medicine, Preventive Medicine. Forensic medicine. Oral Medicine and Nursing.
which also can be used as references for medical researchers.

We sincerely thank Professor Tianbao Song. who critically read the entire book and gave us impor-
tant suggestions on image selection. Histology terminology. text and writing pattern. We thank Ming
Li and Lirong Wang, the department technicians. for their sellless help in slide preparation and photo-
micrography. We also extend our appreciation to family members of authors for their understanding and
support for compiling work., and Xuanjing Du. the stafl of Xi’an Jiaotong Universiy Press. {or her edi-
torial enthusiasm and expertise. We thank Dean’s Office of Xi’an Jiaotong University who gave us [i-
nancial support for the publishing the Thirteenth Five-vear Plan programming textbook. Xi’an Jiaotong
University.

Oversights and deficiencies may appear in the book. any corrections and suggestions are greatly ap-

preciated.

Jinsong Zhou. PhD
Health Science Center
Xi'an Jiaotong University

March. 2018



H X

catalogue

e,

B AR A HIE FLE B s (6 )53 / Commonly used methods in tissue preparation and staining -+ (1)
B E P 24141 Epithelial tissue  seeerrerr oo e (1)
B [EAT AR LA/ Connective 1SSUE PrOPEr s+ sressssrssrsonsrsinssenis s ensenene e (17)
Byt ol A /Cartilage snd Botie wwwsssmsemsueanssommesssrimmsivassmoeiekssoss smsssssarnsis (92)
BN TE JJLZHZE ) MIUSCLE TISSLIE  wreeresee mesee e et i e it et et b e et e s e e e (33)
B L FHIRH L /IGTVE EISHUE wor ownsn onomen samess ammwas smsmen soisnn smssnn Hos s S5 aR" $w7man Sivisnt e 3w ammonwon, (AT
BB PR B /CIrculatory SYSTEim sswsvewss sisies sarss sumons 55o8 namsns nasiows vossnes susivn susins soswus v (AR
i e fnl 2 U T Treriiine SHIERERT, v veses vexisas +oR SHAKGH SNIEON NHSEN Ansn SaRn ssbes saems sousen snsos s (G
BB A B SE/Endocrine SYStem  secsssass sossas sesaes sians sunses snsnessssnne sessussssnnssesnnessvens e (62)
B le BB B  vawnin oy ras v en ot g s R 8 b A AR i b A b et 2 s (G
BEb =2 YL [DIZESIIVE LHAGE v wneaoe s ons wanmn vassme s w45 06 vis S0 533 000 Subians st ms bas snawms mamossane {F5)
=2 LR/ Digestive gland  seeeesseesessonsessonsesassansosnnssonmns soneas ssvessvsunes snsessnesosassnne (87)
BP0 IEUR R 55/ RespiTatory SyStem «+reetsseees sosaus csnaes snenssosues s sosansssssssnnansssssessesves (94)
IS IR R/ Urinary SYSTEIm sreereesecre s e (100)
AT BHERAG/ Male reproductive system  s--ssssssss s sessassesen st sranssssenes cnsessareses (106)
B L& ARG/ Female reproductive SYSTEm  -eeees sesess soessssenesssanensossunnosssessenssses (113)
A IRFIE/Eye and ear sosssssseessanes sosnse sssansossses svasa s ssweos s swusss sonwns sos sas soswwasossossas (125)

Zx 2 R/ ReTErences «oeese e ms ot ittt ittt i e e e e e s e e s e eeees ([32)



F—F HAAFHFRAFENMBERRBRLIE

LBV E bR A I

KA A AUERR AR IR T A AR L TR 5T 38 L B J L S G S5 sh L DR CRORE S Iy i . R
oA o it 5 T AR O 1 - OB G 2L U T S 40

L [T 5E = ARt R 8 0 S 7 P R O R 21 425 R RS o0 g L AE I RS I e 0L R 4 181 5 )
AR

2. WK L3 W R AL B <0 PR BB BBE b T DR S5 WA ALK T TS L SR K g o A L UK
S 17 WA I AR 9 4 B4 . PR 56~60 “C [ IS A 5 SF A R 58 e B AR B WA o A5 TR A 0 R
LA B R A Y 2 A TR

3. V1A A BV A DLl VR U0 i L3 F SR DD AR 7 e IR ALY 5 BE A 2 T AR 4
P AR« RE AR B SR (058 70 SR T LS I 35 b SR A . A LU IR L T i o LRl s AL SURE
] if] 5 2GR R s WAL AU RS L AT A U s A B AT FRE AR A B L U R A

LM R FUR AT BB 00 50 3 v AR B i /K S TR P O 1 A 5O B B IO R U0 R ML A 090 R
bl k.

5. i T PR Ak B LT R AR 25 A R R R T AR A A B AK L TR R KR

BN 1 (9 RP S

et ny H Y2 SUEH A R h AN RS a9 63 B HOEE X et . HZE R FTA B BHE JR KR
ZHPLLHENR R A T ER A Z -2 (HE Yefa, 8 0] FH 2K R85 B Eh e a5k Wright's 3¢
5%, EUFRAL b 2= o i . PAS B AR ZR AR BN A Y 484k 56 mT 43 0l S 7 22 B A% R AR 2%
DU ki F TUNEL Y @ 45 51 88 7% 58 S0 R A 20 M 08 12 5 S 20 211k 27 R 2% 58 RE 20 1K 1 b 7 4% 28
A PRI A AT R Y 8 A R B

1. HE 3% 0. JR AN Chematoxylind J& Gt b 27 4 T2 .y 05 56 €5 Y9 R) L B0 ARS8 €50 1) 45 40 R 0 v 45
F4 s LT Ceosin) JEBRYE L 2F 9 IR 0 20 (8 ok . Bl I 21 25 €00 1) 445 440 R 98 TR P 435 g « /0 5068 A 0 I A O sl
LI AR R

2. $L AR A K (periodic acid Schiff JPAS) LI : AL kb R SR Fikz —. HEMEH
RN BB 5y F iy 1.2 - EE 5 S Ah BI040 (A R 7)) 5 1 3 I 7« AT 7
JE AT B S 4T B UL TE .

3. #@ /R AR VL (Feulgen reaction) : /& 41 214k 2% v i 7k DNA 9 5 ik 2 —. HoJE HE F # £ #R K i@
DNA AT FF B i 3 55 158 508208 22 (] f % i T2 R 6 . 13- 5 A 9 700 5 7« WA TG A 2 A7 T i 8 41 € 350

4R S et B R A ML RER B N, N FLER A . AR R OE R LIRS R IR P L
P Btz 702 Ay VAT TR 2 « PR R P9 0K JC € i) B0 DO M (NBT) 36 2 Sy € U0 9

5. AL e A S A b 2 e A b R RE I 09 B BT AR A PR R R B R - R R B
LR A IO S AR IS PR R AL E5 & TR A 1 R ric « i 2R PR .

6. AL AR S ric i (TUNEL 3 8) - 4 M I T2 2 P PR SE T « A6 U8 T 09 2k 72 o 40 M A7 R 4 8 R AR 388
{HIE T- 40 B DNA SUEE Wi el — 58 B BB 11, 724 — & %1 3-OH K ¥, TUNEL 3t 8k b 7 it

o T .



HE £ % 68§ / Color Atlas of Histology

FURBIAZ T R A S 5% RO AR T A R brac iy dUTP M8 5] 3"-OH A S . 117 58 st 41 1k 5 % 9% 411k
R R R AR UL .

REJSRIbRA L ETHIRE B . HUARE W PR RS L B R B AR TR T T
el R Y S s RE I DR A B R (5 ] 8 I 2 o i S D B R R A . T R AR I ) A R
FoF M AT ' 3% i i AR 4

T ] A AL VPR AS I A b« 23 1 B DR N T8 A 4 10 i A 5 4l 4 - A 25 7 L B K s B A
WO B AAT IR A B alT5 U U (O A2 sl Bl (0 LA R 412 A T A5 . LG 2H U8 R I o T B

Chapter 1 Commonly used methods in
tissue preparation and staining

| . Procedure for tissue preparation

Most specimens come from human body while some are from rabbit. cat. rat. dog. goat and pig,
etc. because it is more convenient to obtain specimens {rom animals than from human being. The speci-
men collection must be rapid. accurate and gentle to avoid the decay and damages to tissue.

1 Fixation Fixatives are introduced to denature tissue proteins and preserve tissue structures as pos-
sible as it can. Water is the solvent of most fixatives.

2 Dehydration. clearing and embedding Usually. the concentration gradient ascending alcohol is used
to totally replace water in tissue after fixation. and the xylene thoroughly replaces the alcohol. At
56~60°C , the melted paraffin replaces xylene and the tissue block becomes solid at room tempera-
ture for sectioning.

3 Sectioning Usually the regular or freezing microtome is used to cut the tissue block into 7-pm-thick
sections, which is the average diameter of human body cells. The section containing 1 layer of the
cells guarantees better staining. and is easy to be focused under microscope. The stretched prepara-
tion for membrane tissue. ground section for hard tissue. smear for fluid tissue and tableting for
softened tissue are also common section methods.

4 Adherence Glue-coated glass slides are used to attach the paraffin sections on the surface of warm
water or the {rozen sections in {reezing microtome.

5 Dewaxing The paraffin sections are treated by xylene to remove paraffin and then by concentration
gradientdescending alcohol to water, because the dyes are usually water soluble.

Il . Commonly used staining methods

The purpose of staining is to change the refractive indices of different structures in sections and in-
crease the optical contrast. The commonly used dyes in Histology are hematoxylin (H) and eosin (E).
and the staining method using H and E is called HE staining. Toluidine blue, silver salts and Wright's
staining can also be introduced. When studying tissue chemical compositions, PAS reaction, Feulgen
reaction and OsQ), are used to show polysaccharides. nucleic acids and lipids. respectively. Tetrazolium
and TUNEL staining are used to demonstrate dehydrogenase and cell apoptosis, respectively. Immuno
histochemical staining and in situ hybridization are introduced to detect proteins and nucleic acid frag-
ments containing specific sequence of nucleotides. respectively.

1 Hematoxylin-eosin staining Hematoxylin is a basic blue dye. and the structure stained by hematox-

. 2
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vlin is called basophilic structure. Eosin is an acid pink dye. and the structure stained by cosin is
called acidophilic structure. Some structures are known as neutrophilic structures because they are
insensitive to either hematoxylin or eosin.

Periodic acid Schiff (PAS) reaction PAS reaction is designed to detect polysaccharides in histo-
chemistry. The periodic acid is used to oxidize 1.2-glycol groups in the sugar molecules into free al-
dehyde groups. which then react with colorless sulphurous acid fuchsin (Schill reagent) to form ma-
genta deposit.

Feulgen reaction Feulgen reaction is designed to detect DNA in histochemistry. The mild hydro-
chloric acid is used to cleave the glycosidic bonds between purine bases and deoxyribose to form al-
dehyde groups. which then react with Schifl reagent to form magenta deposits.

Enzyme histochemistry Enzymes are the proteins with catalytic power. such as lactate dehydrogen-
ase (LDH). LDH catalyzes lactic acid into pyruvic acid under specific conditions and the released
hydrogen combines with the nitroblue tetrazolium (NBT) to form blue deposits,
Immunohistochemistry In the immunohistochemical staining. the detected proteins are regarded as
antigens. and the antibodies conjugated with [luorescence dye or other markers combine with anti-
gens in situ. and then the markers are visualized.

Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) Apoptosis is pro-
grammed cell death. during which the cells still metabolize, While cells undergo apoptosis.the DNA
double-strands fracture or a single-strand breaks. resulting in a series of 3'-OH ends. With TUNEL
staining . biotin labeled-dUTP are linked to 3'-OH ends by terminal deoxyribonucleotidyl transferase
and then visualized by histochemical or immunohistochemical method.

Reservation: In the dry reservation. the sections undergo dehydration by ascending alcohol and

clearance by xylene. and then are immersed in neutral balsam and covered by cover slips. In some ca-

ses. the [inal color can not tolerate alcohol or xylene. or the color fades quickly. so the sections have to

be immersed in buffer for wet reservation for short term. The dry reservation keeps sections more clear-
y

ly for a long time because the neutral balsam is highly reflractive.

Artifacts may occur during tissue preparation. such as tissue shedding {rom the slide. incomplete

dehydration or clearance. knife scratch. [olding or contamination in tissue sections. nonuniform stai-

ning or color fading. and tissue autolysis. ete. These artifacts must be distinguished [rom normal struc-

tures.
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1. & B4 45 #4 (basophilic structure) 2. B R 14544 (acidophilic structure)

B 1-1 FaFAR: ACHE 34, X 100)

Pic.1 -1 Submandibular gland: Human. HE staining X100

1. i B HE IR (glycogens in cytoplasm) 2. iF 4 ME4% (nucleus of a hepatocyte)
Bl 1-2 JFRE: N(PAS &I, X100)
Pic. 1 -2 Liver; Human. PAS reaction X100
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Fik R ) DNA. The arrow shows DNA in nucleus,
B 1-3 HFAE: A(Feulgen 2, X 20)

Pic. 1 -3 Liver; Human, Feulgen reaction <20

A\t o PR l‘.!.\ Z S L PR F B ST
1. PHHE £ 4k (positive fiber) 2. AW £F 4k (negative fiber)
B 1-4 S NGRS EEHLSLFEY A, X40)

Pic. 1 -4 Skeletal muscle: Human. Lactic dehydrogenase histochemical staining <40
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I'he brown Leydig cell cytoplasm marked by arrows indicates that there are Substance P-like substance.
B -5 . K BRI . DAB B . X 10)
Pic. | Festis: Rat. Immunoenzyme staining . DAB visualization

Fii 1 2 B k€ % HL 35 R 1 A1 SC BT U RE ) I

['he bright green color of the tail shows that it contains Sperm associated antigenl 1C-like substance.
N (N == P N T -
S ) o /RO ICR .

Pic. 1 =6  Spermato zoon: Mouse. Immunofluorescence staining L0
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1. A T- 40 Ml Capoptotic cell) 2. 1E % 4 #g (normal cell)

B 1-7 Ji:%(TUNEL 4, X40)
Pic. 1 -7 Brain:Rabbit. TUNEL staining x40

SRR R A SN K EHARYR. I ATHEE.
The obscure structure suggests that the dehydration and clearance are not thorough after staining. It is an artifact.
B 1-8 & A(HE et , X 40)
Pic. 1 -8 Tongue: Cat. HE staining x40
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H ] & 18 B 24 PR (tissue fissure caused by sample prepara

1. B % %% #4 (shedding structure)

tion) AN AT L. These are artifacts.
E1-9 JE%E. A(HE 6. X20)

Gall bladder: Human. HE staining X 20

Pic.1~9

¥R ANT B4, These are artifacts.

1. 4 4 7 % (tissue folding) 2. ZH 4! %9 (knife scratch)
B 1-10 W FBR.%(HE . X 40)

Adrenal gland:Rabbit. HE staining

Pic. 1 =10 10
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Widemisde . e A TR . The arrow shows the contaminant. This is an artifact,
B 1-11 45 ACHE #e{n, X 10)

Pic. 1 =11 Finger skin; Human. HE staining > 10

T e ey o \""}
e K, e AT %% . Unbalanced staining. This is an artifact.
B 1-12 WAk fR(HE gL (@, > 10)

Pic. 1 =12 Costal cartilage: Rabbit. HE staining < 10
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Chapter 2 Epithelial tissue

VEL “¢ Basic requirements for the experiment

1. Know the classifications of gland, the structures and classifications of multi-cell exocrine
glands.

2. Familiar with the structural characteristics of protein,glycoprotein and steroid-secreting cell un-
der LM and EM.

3. Familiar with the classifications and general features of the epithelial tissues. The structures.
distributions and functions of the simple squamous epithelium. simple cuboidal epithelium. simple co-
lumnar epithelium. pseudostratified ciliated columnar epithelium., stratified squamous epithelium and
transitional epithelium.

I. Master the structures and [unctions of epithelial specializations: microvillus. cilium. tight junc-
tion.intermediate junction, desmosome, gap junction, junctional complex, basement membranc. plasma
membrane infolding . hemidesmosome under LM and EM.

5. Identify simple squamous epithelium. simple cuboidal epithelium, simple columnar epithelium.
pseudostratified ciliated columnar epithelium.stratified squamous epithelium and transitional epithelium

under [LM.

6. The corresponding EM structures and functions will be discussed in lab.



