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FIG. 14.29 Colon 
(a) H&E (LP) (b) H&E (MP) (c) Alcian blue/van Gieson (MP) (d) Alcian blue/van Gieson (HP) (e) H&E (HP)

The principal functions of the large intestine are the recovery of 
water and salt from faeces and the propulsion of increasingly 
solid faeces to the rectum prior to defaecation.

As shown in micrograph (a), the muscular wall is 
consequently thick and capable of powerful peristaltic activity. 
As in the rest of the gastrointestinal tract, the muscularis 
propria of the large intestine consists of inner circular CM and 
outer longitudinal layers LM but, except in the rectum, the 
longitudinal layer forms three separate longitudinal bands 
called taeniae coli.

The mucosa is the same from caecum to rectum. It is folded 
in the non-distended state but does not exhibit distinct plicae 
circulares like those of the small intestine. Immediately above 
the anal valves, the mucosa forms longitudinal folds called the 
columns of Morgagni. The muscularis mucosae is a prominent 
feature of the large intestinal mucosa. Rhythmic contractions 
prevent clogging of the glands and enhance expulsion of 
mucus.

Consistent with its functions of water absorption and faecal 
lubrication, the mucosa consists of cells of two types: 
absorptive cells and mucus-secreting goblet cells. As seen in 
micrograph (b), these are arranged in closely packed straight 
tubular glands or crypts, which extend down to sit on to the 
muscularis mucosae MM. As faeces pass along the large 
intestine and become progressively dehydrated, the mucus 
becomes increasingly important in protecting the mucosa from 
trauma. The Alcian blue method shown in micrograph (c) stains 

goblet cell mucus a greenish-blue colour, while the absorptive 
cells remain poorly stained. Goblet cells predominate in the 
base of the glands, whereas the luminal surface is almost 
entirely lined by columnar absorptive cells.

Micrographs (d) and (e) show transverse sections through 
the upper part of large intestinal glands, highlighting the 
closely packed arrangement of the glands in the mucosa. The 
tall columnar absorptive cells have oval basal nuclei. In 
contrast, goblet cell nuclei are small and condensed. Stem cells 
at the base of the glands continually replace the epithelium. 
Intraepithelial T lymphocytes T are easily seen in image (e).

Lamina propria fills the space between the glands and 
contains numerous blood vessels into which water is absorbed. 
In the lamina propria, lymphatics are very scantly, if present at 
all. The lamina propria also contains collagen, which is stained 
red in micrographs (c) and (d), as well as lymphocytes and 
plasma cells. These form part of the defence mechanisms 
against invading pathogens, along with intraepithelial 
lymphocytes and the lymphoid aggregates Ly, which are 
smaller than Peyer’s patches. These are found in the lamina 
propria and submucosa, as seen at low power in image (a).

The large intestine is inhabited by a variety of commensal 
bacteria that further degrade food residues. Bacterial 
degradation is an important mechanism for the digestion of 
cellulose in ruminants but, in humans, most cellulose is 
excreted. Small quantities of fat-soluble vitamins derived from 
bacterial activity are absorbed in the large intestine. 
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顯微解剖學/組織學 (Microscopic Anatomy)
p 主要探討⼈體和實驗動物器官的正常組織與細胞結構、組織功能和細胞種類
p 組織學是病理組織學 (Histopathology) 的基礎
p 如何取得器官的組織塊 (tissue blocks)? 

(1) ⼈體: 外科⼿術、穿刺、抽⾎...等等
(2) 實驗動物: 以動物實驗取得

p 顯微研究技術: 
1. 光學顯微鏡檢術 (Light Microscopy)
2. 電⼦顯微鏡檢術(Electron Microscopy)
其中包含處理組織塊、⽤組織切⽚機做⽯蠟/樹脂包埋切⽚、 切⽚染⾊和
顯微照相

31

 1. Molten paraf!n wax
 2. Mould with cover
 3. Metal plate (cold plate) to work

Nowadays there are commercially available 
system with different components together [1]. 
Tissue-Tek system is the combination of (Fig. 3.4):

 1. Dispenser of liquid paraf!n in a constant 
temperature

 2. A metal plate to make the tissue block
 3. Cold plate

Tissue-Tek system I: The steps of this system 
are (Fig. 3.5):

• Liquid paraf!n is kept at a constant tempera-
ture in the dispenser of the system.

• The tissue is put on the lower surface of the 
mould by forceps. The cutting surface should 
be faced down.

• Molten paraf!n is poured on the metallic 
mould.

• The mould is covered with peripheral plastic 
ring on the upper surface.

• Unique tissue number is put in one corner.
• The whole mould is put on the cold plate.
• The metallic mould is detached from the plas-

tic ring, and the block is used for cutting 
tissue.

Cold plate

Wax dispenser

Forceps warmer

Tissue warmer
Hot plate

Fig. 3.4 Tissue-Tek 
system consisting of hot 
plate, tissue warmer and 
cold plate

Tissue trek system

Tissue is pressed on mould
The mold is covered with

peripheral plastic ring
Unique number is put in
the Plastic ring

The moulds are put on the
cold plate

Tissue taken out
Molten paraffin poured on

mould
Tissue embedded in

paraffin

Fig. 3.5 Illustrated view of whole embedding process. At 
!rst the Tissue-Tek system is put on. The tissue is taken 
out from the processing bucket. The molten paraf!n is 
poured in the metal mould. The tissue is embedded with 
the help of forceps. The tissue is pressed to keep in the 

molten paraf!n. The mould is now covered with the 
peripheral plastic ring. A unique number is placed in the 
plastic ring and the mould is now kept on the cold plate to 
make it !rm

3.3  Tissue Embedding Method

https://link.springer.com/chapter/10.1007/978-981-10-8252-8_3



Tissue preparation
p Fixation

• Function→
- Terminate cell metabolism
- Prevent enzymatic degradation of cells and tissues by autolysis (self-digestion)
- Kill pathogenic microorganisms such as bacteria, fungi, and viruses, and 
- Harden the tissue as a result of either cross-linking or denaturing protein molecules

• Formalin
- 37% aqueous solution of formaldehyde

p Embedding in paraffin
p Staining 



顯微解剖學/組織學 (Microscopic Anatomy)研究方法
p Light microscope (LM)
p Transmission electron microscope 

(TEM) 
p Dyes

• Acidic stain (negatively charged 
molecules): stain positively charged 
structures

• Basic stain (positively charged 
dyes): stain negatively charged 
structures

p H&E stain

50 Chapter 1 The Human Body: An Orientation

existence was unsuspected before that time. Two main 
types of microscopes are now used to investigate the !ne 
structure of organs, tissues, and cells: the light microscope 
(LM) and the transmission electron microscope (TEM or 
just EM). Light microscopy illuminates body tissue with a 
beam of light, whereas electron microscopy uses a beam of 
electrons. LM is used for lower-magni!cation viewing; EM, 
for higher magni!cation (Figure 1.9a and b, respectively). 
Light microscopy can produce sharp, detailed images of tis-
sues and cells, but not of the small structures within cells 
(organelles). A light microscope’s low resolution—its ina-
bility to reveal small structures clearly—remains its basic 
limitation, despite technical advances that have greatly 
improved the quality of LM images. EM, by contrast, uses 
electron beams of much smaller wavelength to produce 
sharp images at much greater magni!cation, thus revealing 
the !ne details of cells and tissues.

Elaborate steps are taken to prepare tissue for micro-
scopic viewing. The specimen must be !xed (preserved) 
and then cut into sections (slices) thin enough to transmit 
light or electrons. Finally, the specimen must be stained to 
enhance contrast. The stains used in light microscopy are 
beautifully colored organic dyes, most of which were origi-
nally developed by clothing manufacturers in the mid-1800s 
(Figure 1.9a). These dyes helped to usher in the golden age 
of microscopic anatomy from 1860 to 1900. The stains come 
in almost all colors. Many consist of charged molecules 
(negative or positive molecules) of dye that bind within the 
tissue to macromolecules of the opposite charge. This elec-
trical attraction is the basis of staining. Dyes with negatively 
charged molecules stain the positively charged structures 
of the cell or tissue, and thus they are called acidic stains. 
Positively charged dyes, by contrast, are called basic stains 
because they bind to, and stain, negatively charged struc-
tures. Because different parts of cells and tissues take up dif-
ferent dyes, the stains distinguish the different anatomical 
structures.

One of the most commonly used histological stains is 
a combination of two dyes, hematoxylin and eosin (H&E 
stain). Hematoxylin is a basic stain that binds to the acidic 
structures of the cell (the nucleus, ribosomes, rough ER) and 
colors them a dark blue to purple hue. Eosin, an acidic stain, 
binds to basic cytoplasmic structures and extracellular com-
ponents, coloring them red to pink. Many of the micrographs 
throughout this text show tissues stained with H&E. (In 
Figure 1.9a, for example, the dark, almost black, spots are the 
cell nuclei, the cellular cytoplasm is magenta, and the extra-
cellular material in the bottom half of the image is stained a 
lighter pink.) A variety of other stains can be used to visual-
ize speci!c structures. Some of these stains create strikingly 
beautiful images illuminating detailed histological structure.

For transmission electron microscopy, tissue sections are 
stained with heavy-metal salts. These metals de"ect electrons 
in the beam to different extents, thus providing contrast in 
the image. Electron-microscope images contain only shades 
of gray because color is a property of light, not of electron 
waves. The image may be arti!cially colored to enhance con-
trast (Figure 1.9c).

Figure 1.9 Cells viewed by three types of microscopy. 
(a) Light micrograph of ciliated epithelium. (b) Transmission 
electron micrograph showing enlarged area of the cell 
region that is indicated in the box in part (a). (c) Scanning 
electron micrograph: surface view of cells lining the trachea, 
or windpipe. The long, grasslike structures on the surfaces 
of these cells are cilia, and the tiny knoblike structures are 
microvilli (Chapter 4, p. 112).

(a)  Light micrograph (190×)

(b)  Transmission electron micrograph (2250×)

Cytoplasm

Extracellular
material

Cell nuclei

(c)  Scanning electron micrograph, artificially colored (2500×)

View 
 
Histology
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Microscope
解剖顯微鏡光學顯微鏡

螢光顯微鏡



共軛焦顯微鏡 (Confocal microscope) 
vs. 

螢光顯微鏡 (Fluorescence Microscope)



Scanning Electron Microscopy (SEM)



穿透式電子顯微鏡

Transmission Electron Microscopy (TEM)
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special  fi xatives containing heavy metals that bind to the 
phospholipids, such as permanganate and osmium, are 
used (Folder 1.1). ! e routine use of osmium tetroxide
as a fi xative for electron microscopy is the primary reason 
for the excellent  preservation of membranes in electron 
 micrographs.

Other Staining Procedures
Hematoxylin and eosin are used in histology primarily to 
display structural features.

Despite the merits of H&E staining, the procedure does not 
adequately reveal certain structural components of histologic 
sections such as elastic material, reticular fi bers, basement 
membranes, and lipids. When it is desirable to display these 
components, other staining procedures, most of them selec-
tive, can be used. ! ese procedures include the use of orcein 
and resorcin-fuchsin for elastic material and silver impreg-
nation for reticular fi bers and basement membrane material. 
 Although the chemical bases of many staining methods are 
not always understood, they work. Knowing the components 
that a procedure reveals is more important than knowing pre-
cisely how the procedure works.

HISTOCHEMISTRY AND 
CYTOCHEMISTRY

Specifi c chemical procedures can provide information 
about the function of cells and the extracellular compo-
nents of tissues.

Histochemical and cytochemical procedures may be based 
on specifi c binding of a dye, use of a fl uorescent dye– 
labeled antibody with a particular cell component, or 
the inherent enzymatic activity of a cell component. 

In  addition, many large molecules found in cells can be local-
ized by the process of autoradiography, in which radioac-
tively tagged precursors of the molecule are incorporated by 
cells and tissues before fi xation. Many of these procedures can 
be used with both light microscopic and electron microscopic 
preparations.

Before discussing the chemistry of routine staining and 
histochemical and cytochemical methods, it is useful to 
 examine briefl y the nature of a routinely fi xed and embedded 
section of a specimen.

Chemical Composition of Histologic Samples
The chemical composition of a tissue ready for routine 
staining diff ers from living tissue.

! e components that remain after fi xation consist mostly of 
large molecules that do not readily dissolve, especially after 
treatment with the fi xative. ! ese large molecules, particularly 
those that react with other large molecules to form macromo-
lecular complexes, are usually preserved in a tissue section. 
 Examples of such large macromolecular complexes include:

• nucleoproteins formed from nucleic acids bound to
protein,

• intracellular cytoskeletal proteins complexed with
associated proteins,

• extracellular proteins in large insoluble aggregates,
bound to similar molecules by cross-linking of neighbor-
ing molecules, as in collagen fi ber formation, and

• membrane phospholipid–protein (or carbohydrate)
complexes.

! ese molecules constitute the structure of cells and
 tissues—that is, they make up the formed elements of 
the  tissue. ! ey are the basis for the organization that is seen 
in tissue with the microscope.

a b c
FIGURE 1.1 ! Hematoxylin and eosin (H&E) staining. This series of specimens from the pancreas are serial (adjacent) sections that demon-
strate the eff ect of hematoxylin and eosin used alone and hematoxylin and eosin used in combination. a. This photomicrograph reveals the staining 
with hematoxylin only. Although there is a general overall staining of the specimen, those components and structures that have a high affi  nity for the 
dye are most heavily stained—for example, the nuclear DNA and areas of the cell containing cytoplasmic RNA. b. In this photomicrograph, eosin, the 
counterstain, likewise has an overall staining eff ect when used alone. Note, however, that the nuclei are less conspicuous than in the specimen stained 
with hematoxylin alone. After the specimen is stained with hematoxylin and then prepared for staining with eosin in alcohol solution, the  hematoxylin 
that is not tightly bound is lost, and the eosin then stains those components to which it has a high affi  nity. c. This photomicrograph reveals the 
 combined staining eff ect of H&E. !480.
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染⾊⽅法簡介

Hematoxylin Eosin H&E
p Hematoxylin & Eosin staining

HE stain 是組織染色最常使用的染色方法之一，這種染色方法的基礎是組織結構對不同
染料的結合程度不同。可以將嗜鹼性結構染成藍紫色，鹼性結構通常包括含有核酸的部
分，如核糖體、細胞核及細胞質中富含核糖核酸（RNA）的區域等，而伊紅可以將嗜酸
性結構染成粉紅色

優點:
1、組織及細胞結構清晰，為最廣泛應用於組織切片形態觀察的染色法
缺點:
1、部份形態相近細胞難以區別
2. 僅用於形態觀察，無法分辦組織細胞不同的生化特性 https://www.toson.com.tw/product/he-stain
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• Heterochromatin and nucleoli
• Ergastoplasm (rRNA)
• Complex carbohydrate of the matrix of 
cartilage

• Cytoplasmic filaments
• Intracellular membranous components
• Extracellular fibers
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PROTEIN SYNTHESIS

Proteins are not only a major structural component of cells, 
but, as enzymes, transport and regulatory proteins, they 
mediate many metabolic processes. The nature and quantity 
of proteins within a cell determine its activity and thus the 
study of proteomics can be very informative about the func-
tions of a particular cell. All cellular proteins are replaced 
continuously. Many cells also synthesise proteins for export, 
including glandular secretions and extracellular structural 

proteins like collagen. Protein synthesis is therefore an 
essential and continuous activity of all cells and the major 
function of some cells. The ribosome is the protein factory 
of the cell. Every cell contains within its DNA the code for 
every protein that individual could produce. Production or 
expression of selected proteins only is characteristic of dif-
ferentiated cells.

FIG. 1.5 The nucleolus 
(a) H&E (HP) (b) EM ×37 000

Most nuclei contain a dense structure called the nucleolus, 
which is the site of ribosomal RNA (rRNA) synthesis and 
ribosome assembly. Transfer RNA (tRNA) is also processed in 
the nucleolus. More recently discovered roles include control of 
the cell cycle and stress responses. The nucleolus may be very 
prominent in some cell types and quite inconspicuous in  
others, as shown in micrograph (a) which is a high-power 
photomicrograph of an autonomic ganglion (see also Figs 7.21 
and 7.22). In this micrograph, the nuclei of the ganglion cells 
GC contain large purple nucleoli, while the smaller 
sustentacular cell nuclei ST have small nucleoli that are only 
just visible at this magnification.

Furthermore, the nucleolus may change appearance 
depending on the state of the cell, so that an inactive fibroblast 
usually has a very small nucleolus while an activated fibroblast, 
for instance in a healing wound, has a prominent nucleolus. 
Remember that this is a thin slice of the tissue and that the 
plane of section does not go through the nucleolus of every cell, 
so that some nuclei appear to lack nucleoli.

The nucleolus is not membrane bound but consists of an 
aggregate of ribosomal genes, newly synthesised rRNA, 
ribosomal proteins and ribonucleoproteins. The ribosomal 
genes are found on five chromosomes and are called the 
nucleolar organiser regions (NORs). The rRNA is transcribed 
from the DNA template and then modified in the nucleolus and 
combined with ribosomal proteins. The subunits then pass back 
to the cytoplasm through the nuclear pore complex (NPC) to 
aggregate into complete ribosomes when bound to an mRNA 
molecule. Micrograph (b) is a high-power electron micrograph 
of a typical nucleolus. Nucleoli can be variable in appearance, 
but most contain dense fibrillar components DFC and paler 
fibrillar centres FC surrounded by the granular component G. 
The fibrillar components are the sites of ribosomal RNA 
synthesis, while ribosome assembly takes place in the granular 
components. Note also euchromatin E and heterochromatin H 
within the nucleus, which is bounded by the nuclear envelope 
NE. A thin rim of cytoplasm containing a mitochondrion M 
separates the nucleus from the extracellular space ECS. 

a

ST

ST

GC

GC

ECS

M

NEH

DFC

FC
FC

G

E

b
GC: ganglion cells
ST: sustentacular cell
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FIG. 4.4 Collagen 
(a) H&E (HP) (b-d) H&E (MP) (e) Trichrome (HP)

These micrographs show variations in the size and packing of 
collagen fibres (type I collagen) and demonstrates fibroblasts F. 
Micrographs (a) and (b) are from a fascia in the hand, with (a) 
longitudinal and (b) transverse; in these the collagen fibres are 
large, tightly packed and oriented in one direction for maximal 
tensile strength. Micrograph (c) is from the dermis of the skin, 
with less tightly packed collagen fibres running perpendicular 
to each other (longitudinal and transverse) to give strength in 
both directions. Image (d) is fibroadipose tissue from a finger, 
with fine collagen fibres coursing between adipocytes Ap 
and blood vessels BV. Image (e) is a trichrome stain of skin; 
collagen stains blue, smooth muscle SM red, and elastin fibres 
E red. 

a

F

b

F

c d

BV
Ap

e

E

SM

FIG. 4.5 Reticulin fibres (type III collagen) 
Silver impregnation method/neutral red (HP)

Reticulin fibres form a delicate supporting framework for many 
cellular organs such as endocrine glands, lymph nodes, bone 
marrow and liver. A fine network of branching fibres ramifies 
throughout the parenchyma, often anchored to collagenous 
septa which traverse the tissue. Reticulin is a non-banded form 
of collagen, type III collagen.

Reticulin fibres stain poorly in H&E preparations but are 
able to absorb metallic silver, staining them black. Reticulin is 
the earliest type of collagen fibre to be produced during the 
development of all supporting tissues. It is found in varying 
quantities in most mature supporting tissues.

This micrograph shows the fine reticulin scaffolding of the 
liver; the framework supports the hepatocytes (the purple-
stained plates of cells) and the sinusoids through which blood 
flows. 

p Extracellular fiber: collagen fibers



H&E染色步驟(protocol)

1. 脫蠟: Xylene (二甲苯)
2. 覆水: 100%酒精→95%酒精→85%酒精→75%酒精
3. 自來水浸泡
4. Hematoxylin染色
5.自來水沖洗(避免直沖組織)
6. Eosin染色
7. 脫水： 75%酒精→85%酒精→95%酒精→ 100%酒精
8. Xylene
9.封片膠封片

https://pathologycenter.jp/method-e/method11.html https://www.sciencedirect.com/science/article/pii/B9780128206539000043



14

C
H

A
PT

ER
 1

 
M

et
ho

ds
 

 M
IC

R
O

S
C

O
P

Y

be detected in dark-fi eld images, however, because of the 
 enhanced contrast that is created.

! e dark-fi eld microscope is useful in examining auto-
radiographs, in which the developed silver grains appear white 
in a dark background. Clinically, dark-fi eld microscopy is 
useful in examining urine for crystals, such as those of uric 
acid and oxalate, and in demonstrating specifi c bacteria such 

as spirochetes, particularly Treponema pallidum, the micro-
organism that causes syphilis, a sexually transmitted disease.

The fl uorescence microscope makes use of the ability of 
certain molecules to fl uoresce under ultraviolet light.

A molecule that fl uoresces emits light of wavelengths in the 
visible range when exposed to an ultraviolet (UV) source. 

FIGURE 1.10 ! Example of sections from an orange and a kidney renal corpuscle. The dotted lines drawn on the intact orange indicate 
the plane of section that correlates with each cut surface. Similarly, diff erent sections through a kidney renal corpuscle, which is also a spherical struc-
ture, show diff erences in appearance. The size and internal structural appearance are refl ected in the plane of section.
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Figure 3.1 Types of tissues.

Each of the four types of tissues has different cells that vary in shape, structure, function, and distribution.

(a) Epithelial tissue (d) Nervous tissue(c) Muscular tissue(b) Connective tissue

What are some key differences among the four tissue types?

3.1 TYPES OF TISSUES
 O B J E C T I V E S
• Define histology and a pathologist.
•   Name the four basic types of tissues that make up the 

 human body, and state the characteristics of each.

Histology (his′-TOL-ō-jē; histo-=tissue; -logy=study of ) is the 
science that deals with the study of tissues. A pathologist 
(pa-THOL-ō-gist; patho-=disease) is a physician who examines 
cells and tissues to help other physicians make accurate diagno-
ses. One of the principal functions of a pathologist is to examine 
tissues for any changes that might indicate disease.
 Body tissues can be classified into four basic types according to 
their structure and function (Figure 3.1):

1. Epithelial tissue covers body surfaces, and lines hollow 
organs, body cavities, and ducts; it also forms glands. This 
tissue allows the body to interact with both its internal and 
external environments.

2. Connective tissue protects and supports the body and its 
organs. Various types of connective tissue bind organs 
together, store energy reserves as fat, and help provide the 
body with immunity to disease-causing organisms.

A biopsy (BĪ -op-sē; bio-=life; -opsy=to view) is the removal of 
a sample of living tissue for microscopic examination. This proce-
dure is used to help diagnose many disorders, especially cancer, 

and to discover the cause of unexplained infections and inflammations. 
Both normal and potentially diseased tissues are removed for purposes 
of comparison. Once the tissue samples are removed, either surgically 
or through a needle and syringe, they may be preserved, stained to 
highlight special properties, or cut into thin sections for microscopic 
observation. Sometimes a biopsy is conducted while a patient is an-
esthetized during surgery to help a physician determine the most ap-
propriate treatment. For example, if a biopsy of thyroid tissue reveals 
malignant cells, the surgeon can proceed immediately with the most 
appropriate procedure.  •

CLINICAL CONNECTION |  Biopsy

3. Muscular tissue is composed of cells specialized for con-
traction and generation of force. In the process, muscular 
tissue generates heat that warms the body.

4. Nervous tissue detects changes in a variety of conditions 
 inside and outside the body and responds by generating elec-
trical signals called nerve action potentials (nerve impulses) 
that activate muscular contractions and glandular secretions.

p 一群有類似構造的細胞在一起執行同樣的功能
p Tissue→ Old French word means “to weave (編織)”
p 4 Basic types of tissues: 

• Epithelial tissue (covering): lines hollow organs, body cavities, ducts; forms glands
• Connective tissue (support): store energy, immunity
• Muscle tissue (movement): generate force and heat
• Nervous tissue (control): generate action potential to activate muscular contractions 
and glandular secretions 
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上皮組織的分類
p The number of cell layers and the shape of the cells are used to classify and name 

epithelia  
• Simple epithelia: single layer and cell attached to the basement membrane
• Stratified epithelia: more than one layer of cells
• Squamous cells: disc-shaped nuclei
• Cuboidal cells: cube-shaped cells with 

spherical, centrally located nuclei
• Columnar cells: taller than wide, nuclei located 
near the basal surface and oval in shape

102 Chapter 4 Tissues

basement membrane; those on the apical surface border 
an open space.

Cell shape is described as squamous, cuboidal, or columnar, 
referring to the appearance of the cells in section (Figure 4.2b).  
In each case, the shape of the nucleus conforms to the shape of 
the cell. This is an important feature to observe when distin-
guishing epithelial types.

• Squamous cells (sqwa′mus; “scale”) are !at cells with !at, 
disc-shaped nuclei.

• Cuboidal cells are cube-shaped cells with spherical, cen-
trally located nuclei.

 4. Diffusion (movement of molecules down their concentra-
tion gradient)

 5. Filtration (passage of small molecules through a sieve-
like membrane)

 6. Sensory reception

These functions will be discussed further as we describe the 
speci"c types of epithelia.

Special Characteristics of Epithelia
Epithelial tissues have many characteristics that distinguish 
them from other tissue types (Figure 4.1):

 1. Cellularity. Epithelia are composed almost entirely of cells. 
These cells are separated by a minimal amount of extracel-
lular material, mainly projections of their integral mem-
brane proteins into the narrow spaces between the cells.

 2. Specialized contacts. Adjacent epithelial cells are directly 
joined at many points by special cell junctions.

 3. Polarity. All epithelia have a free apical surface and an 
attached basal surface. The structure and function of the 
apical and basal surfaces differ, a characteristic called 
polarity. The apical surface abuts the open space of a 
cavity, tubule, gland, or hollow organ. The basal surface 
lies on a thin supporting sheet, the basal lamina, which 
is part of the basement membrane (see Figure 4.1; these 
structures are further explained on p. 112).

 4. Support by connective tissue. All epithelial sheets in 
the body are supported by an underlying layer of connec-
tive tissue.

 5. Avascular but innervated. Whereas most tissues in the 
body are vascular (contain blood vessels), epithelium is 
avascular (a-vas′ku-lar), meaning it lacks blood vessels. 
Epithelial cells receive their nutrients from capillaries in 
the underlying connective tissue. Although blood vessels 
do not penetrate epithelial sheets, nerve endings do; that 
is, epithelium is innervated.

 6. Regeneration. Epithelial tissue has a high regenerative 
capacity. Some epithelia are exposed to friction, and 
their surface cells rub off. Others are destroyed by hos-
tile substances in the external environment such as bacte-
ria, acids, and smoke. As long as epithelial cells receive 
adequate nutrition, they can replace lost cells quickly by 
mitosis, cell division.

Classi!cation of Epithelia
Many kinds of epithelia exist in the body. Two features are 
used to classify and name epithelia: the number of cell layers 
and the shape of the cells (Figure 4.2). The terms simple and 
strati!ed describe the number of cell layers in an epithelium 
(Figure 4.2a).

• Simple epithelia contain a single layer of cells, with each 
cell attached to the basement membrane.

• Strati!ed epithelia contain more than one layer of  
cells. The cells on the basal surface are attached to the 

Figure 4.2 Classi!cation of epithelia.

Stratified

Simple

Apical surface

Basal surface

Apical surface

Basal surface

(a) Classification based on number of cell layers

Squamous

Cuboidal

Columnar

(b) Classification based on cell shape
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Simple Epithelium
• Simple squamous epithelium- thin and often permeable 

- walls of capillary, the air sacs in the lungs104 Chapter 4 Tissues

(a)  Simple squamous epithelium

Description: Single layer of flattened cells
with disc-shaped central nuclei and sparse
cytoplasm; the simplest of the epithelia.

Function: Allows passage of materials by
diffusion and filtration in sites where protection
is not important; produces lubricating
fluid in serosae.

Location: Kidney glomeruli; air sacs of lungs;
lining of heart, blood vessels, and lymphatic
vessels; lining of ventral body cavity (serosae).

Photomicrograph: Simple squamous epithelium
forming part of the alveolar (air sac) walls (140×).

Air sacs of
lung tissue

Nuclei
of squamous
epithelial
cells

(b)  Simple cuboidal epithelium

Description: Single layer of cubelike cells
with large, spherical central nuclei.

Function: Secretion and absorption.

Location: Kidney tubules; ducts and secretory
portions of small glands; ovary surface.

Photomicrograph: Simple cuboidal epithelium
in kidney tubules (430×).

Basement
membrane

Connective
tissue

Simple
cuboidal
epithelial
cells

Figure 4.3 Epithelial tissues. View  Histology 
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Simple Epithelium
• Simple cuboidal epithelium- secretory cells and smallest duct of glands

104 Chapter 4 Tissues

(a)  Simple squamous epithelium

Description: Single layer of flattened cells
with disc-shaped central nuclei and sparse
cytoplasm; the simplest of the epithelia.

Function: Allows passage of materials by
diffusion and filtration in sites where protection
is not important; produces lubricating
fluid in serosae.

Location: Kidney glomeruli; air sacs of lungs;
lining of heart, blood vessels, and lymphatic
vessels; lining of ventral body cavity (serosae).

Photomicrograph: Simple squamous epithelium
forming part of the alveolar (air sac) walls (140×).
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(b)  Simple cuboidal epithelium

Description: Single layer of cubelike cells
with large, spherical central nuclei.

Function: Secretion and absorption.

Location: Kidney tubules; ducts and secretory
portions of small glands; ovary surface.

Photomicrograph: Simple cuboidal epithelium
in kidney tubules (430×).
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Simple
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cells

Figure 4.3 Epithelial tissues. View  Histology 
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• Simple columnar epithelium- lines the digestive tube
- function in absorption and secretion
- some bear “cilia”(纖毛)

Simple Epithelium
Chapter 4  Tissues 105

(c)  Simple columnar epithelium

Description: Single layer of tall cells with
round to oval nuclei; some cells bear cilia; 
layer may contain mucus-secreting 
unicellular glands (goblet cells).

Function: Absorption; secretion of mucus,
enzymes, and other substances; ciliated type
propels mucus (or reproductive cells) by
ciliary action.

Location: Nonciliated type lines most of the
digestive tract (stomach to rectum),
gallbladder, and excretory ducts of some
glands; ciliated variety lines small bronchi,
uterine tubes, and some regions of the uterus.

Photomicrograph: Simple columnar epithelium of the small
intestine (650×).

Microvilli

Goblet cell

Simple
columnar
epithelial
cell

Basement
membrane

(d)  Pseudostratified columnar epithelium

Description: Single layer of cells of differing
heights, some not reaching the free surface;
nuclei seen at different levels; may contain
mucus-secreting goblet cells and bear cilia.

Function: Secretion, particularly of mucus;
propulsion of mucus by ciliary action.

Location: Nonciliated type in male’s
sperm-carrying ducts and ducts of large 
glands; ciliated variety lines the trachea, most
of the upper respiratory tract.

Photomicrograph: Pseudostratified ciliated columnar
epithelium lining the human trachea (780×).

Trachea

Cilia

Pseudo-
stratified
epithelial
layer

Basement
membrane

Goblet cell

Figure 4.3 Epithelial tissues, continued
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• Pseudostratified columnar epithelium- all cells rest on the basement membrane 
- function in secretion and absorption
- ciliated type lines interior of the respiratory tubes

Simple Epithelium

Chapter 4  Tissues 105

(c)  Simple columnar epithelium

Description: Single layer of tall cells with
round to oval nuclei; some cells bear cilia; 
layer may contain mucus-secreting 
unicellular glands (goblet cells).

Function: Absorption; secretion of mucus,
enzymes, and other substances; ciliated type
propels mucus (or reproductive cells) by
ciliary action.

Location: Nonciliated type lines most of the
digestive tract (stomach to rectum),
gallbladder, and excretory ducts of some
glands; ciliated variety lines small bronchi,
uterine tubes, and some regions of the uterus.

Photomicrograph: Simple columnar epithelium of the small
intestine (650×).
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(d)  Pseudostratified columnar epithelium

Description: Single layer of cells of differing
heights, some not reaching the free surface;
nuclei seen at different levels; may contain
mucus-secreting goblet cells and bear cilia.

Function: Secretion, particularly of mucus;
propulsion of mucus by ciliary action.

Location: Nonciliated type in male’s
sperm-carrying ducts and ducts of large 
glands; ciliated variety lines the trachea, most
of the upper respiratory tract.

Photomicrograph: Pseudostratified ciliated columnar
epithelium lining the human trachea (780×).
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Figure 4.3 Epithelial tissues, continued
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Stratified Epithelium
p Contain two or more layers
p Regenerate from below
p Protection

106 Chapter 4 Tissues

(e)  Stratified squamous epithelium

Description: Thick membrane composed of
several cell layers; basal cells are cuboidal or
columnar and metabolically active; surface
cells are flattened (squamous); in the
keratinized type, the surface cells are full of
keratin and dead; basal cells are active in
mitosis and produce the cells of the more
superficial layers.

Function: Protects underlying tissues in
areas subjected to abrasion.
Location: Nonkeratinized type forms the
moist linings of the esophagus, mouth, and
vagina; keratinized variety forms the
epidermis of the skin, a dry membrane.

Photomicrograph: Stratified squamous epithelium
lining the esophagus (280×).

Stratified
squamous
epithelium

Nuclei

Basement
membrane

Connective
tissue

(f)  Stratified cuboidal epithelium

Description: Generally two
layers of cubelike cells.

Function: Protection.

Location: Largest ducts of sweat glands,
mammary glands, and salivary glands.

Photomicrograph: Stratified cuboidal epithelium forming
a salivary gland duct (290×).

Cuboidal
epithelial
cells

Basement
membrane

Duct
lumen

Figure 4.3 Epithelial tissues, continued
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Stratified Epithelium

106 Chapter 4 Tissues
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(f)  Stratified cuboidal epithelium

Description: Generally two
layers of cubelike cells.

Function: Protection.

Location: Largest ducts of sweat glands,
mammary glands, and salivary glands.

Photomicrograph: Stratified cuboidal epithelium forming
a salivary gland duct (290×).
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Figure 4.3 Epithelial tissues, continued
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Stratified Epithelium
Chapter 4  Tissues 107

Figure 4.3 Epithelial tissues, continued

(g)  Stratified columnar epithelium

Location: Rare in the body; small 
amounts in male urethra and in large ducts 
of some glands.

Function: Protection; secretion.

Description: Several cell layers;
basal cells usually cuboidal;
superficial cells elongated
and columnar.

Urethra

Stratified
columnar
epithelium

Underlying
connective
tissue

Basement
membrane

Photomicrograph: Stratified columnar epithelium lining the
male urethra (360×).

(h)  Transitional epithelium

Description: Resembles both stratified
squamous and stratified cuboidal; basal cells
cuboidal or columnar; surface cells dome
shaped or squamous-like, depending on
degree of organ stretch.

Function: Stretches readily and permits
distension of urinary organ by contained urine.

Location: Lines the ureters, bladder, and part
of the urethra.

Photomicrograph: Transitional epithelium lining the bladder,
relaxed state (365×); note the bulbous, or rounded, appearance
of the cells at the surface; these cells flatten and become
elongated when the bladder is filled with urine.

Basement
membrane
Connective
tissue

Transitional
epithelium
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Stratified Epithelium
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Figure 4.3 Epithelial tissues, continued

(g)  Stratified columnar epithelium

Location: Rare in the body; small 
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Photomicrograph: Stratified columnar epithelium lining the
male urethra (360×).

(h)  Transitional epithelium

Description: Resembles both stratified
squamous and stratified cuboidal; basal cells
cuboidal or columnar; surface cells dome
shaped or squamous-like, depending on
degree of organ stretch.

Function: Stretches readily and permits
distension of urinary organ by contained urine.

Location: Lines the ureters, bladder, and part
of the urethra.

Photomicrograph: Transitional epithelium lining the bladder,
relaxed state (365×); note the bulbous, or rounded, appearance
of the cells at the surface; these cells flatten and become
elongated when the bladder is filled with urine.
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TABLE 3.1 CONTINUED

Epithelial Tissue: Surface Epithelium

J. TRANSITIONAL EPITHELIUM (UROTHELIUM)

Description: Appearance is variable (transitional). In its relaxed or unstretched state, transitional epithelium looks like stratified cuboidal 
epithelium, except that the cells in the apical layer tend to be large and rounded. As the tissue is stretched, its cells become flatter, giving the 
appearance of stratified squamous epithelium. Because of its multiple layers and elasticity, it is ideal for lining hollow structures (such as the 
urinary bladder) that are subject to expansion from within.

Location: Lines urinary bladder and portions of ureters and urethra.

Function: It allows the urinary organs to stretch to hold a variable amount of fluid without rupturing, while still serving as a protective lining.
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結締組織 (Connective tissue)
p Most diverse and abundant type of tissue
p Functions:

• Connect tissues and organs
• Form the basis of skeleton (bone and cartilage)
• Store and carry nutrients (fat tissue and blood)
• Surround blood vessels and nerves (connective tissue proper)
• Against infection



Connective Tissue Proper
p Loose connective tissue (areolar, adipose, reticular) and dense connective tissue (dense 

irregular, dense regular, elastic)
p Areolar connective tissue (疏鬆結締組織)

• Underlying all epithelia of the body and surround the small nerves and vessels
• Functions: 1. supporting and binding other tissues

2. holding body fluids
3. Defending the body against infection
4. Storing nutrients as fat

• Interstitial fluid

118 Chapter 4 Tissues

Figure 4.10 Connective tissues. 

(a)  Embryonic connective tissue: mesenchyme

Description: Embryonic connective tissue;
gel-like ground substance containing fibers;
star-shaped mesenchymal cells.

Function: Gives rise to all other connective
tissue types.

Location: Primarily in embryo.

Photomicrograph: Mesenchyme, an embryonic connective
tissue (385×). The matrix is composed of the fluid ground
substance (clear-appearing background) and fine, sparse fibers.

Mesenchymal
cells

Ground
substance

Fibers

(b)  Connective tissue proper: loose connective tissue, areolar

Description: Gel-like matrix with all three fiber
types; cells: fibroblasts, macrophages, mast
cells, and some white blood cells.

Function: Wraps and cushions organs; its
macrophages phagocytize bacteria; plays
important role in inflammation; holds and
conveys tissue fluid.

Location: Widely distributed under epithelia
of body, e.g., forms lamina propria of mucous
membranes; packages organs; surrounds
capillaries.

Photomicrograph: Areolar connective tissue, a soft packaging
tissue of the body (340×).

Epithelium

Lamina
propria

Fibroblast
nuclei

Elastic 
fibers

Collagen 
fibers

Ground
substance

View  Histology 
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Adipose tissue 
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Figure 4.10 Connective tissues, continued. 

(c)  Connective tissue proper: loose connective tissue, adipose

Description: Matrix as in areolar connective
tissue, but very sparse; closely packed
adipocytes, or fat cells, have nucleus pushed
to the side by large fat droplet.

Function: Provides reserve food fuel;
insulates against heat loss; supports and
protects organs.

Location: Under skin in the hypodermis;
around kidneys and eyeballs; within abdomen;
in breasts.

Photomicrograph: Adipose tissue from the subcutaneous
layer under the skin (350×).
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Vacuole
containing
fat droplet

Adipose
tissue

Mammary
glands

(d)  Connective tissue proper: loose connective tissue, reticular

Description: Network of reticular fibers in a
typical loose ground substance; reticular cells
lie on the network.

Function: Fibers form a soft internal skeleton
(stroma) that supports other cell types
including white blood cells, mast cells, and
macrophages.

Location: Lymphoid organs (lymph nodes,
bone marrow, and spleen).

Photomicrograph: Dark-staining network of reticular connective
tissue fibers forming the internal skeleton of the spleen (350×).

Spleen

White blood cell
(lymphocyte)

Reticular
fibers
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p Nutrient-storing
p Richly vascularized
p Visceral fat (in the mesenteries, serve as cushion)
p White adipose tissue and brown adipose tissue

brown adipose tissue



Reticular connective tissue 
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Figure 4.10 Connective tissues, continued. 

(c)  Connective tissue proper: loose connective tissue, adipose

Description: Matrix as in areolar connective
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adipocytes, or fat cells, have nucleus pushed
to the side by large fat droplet.
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insulates against heat loss; supports and
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typical loose ground substance; reticular cells
lie on the network.
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(stroma) that supports other cell types
including white blood cells, mast cells, and
macrophages.

Location: Lymphoid organs (lymph nodes,
bone marrow, and spleen).

Photomicrograph: Dark-staining network of reticular connective
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p The bone marrow, spleen, and lymph nodes, which house many free blood 
cells outside their capillaries, consist largely of reticular connective tissue

p Fibroblasts called reticular cells lie along the reticular network of this tissue
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Dense Irregular Connective Tissue 
p Thicker collagens run in different planes, allow the tissue to resist strong tensions
p Dermis of skin, fibrous capsules surrounding kidney, lymph node, bone

120 Chapter 4 Tissues

Connective Tissue Proper—Dense  
Connective Tissue
Dense connective tissue, or !brous connective tissue, contains 
more collagen than areolar connective tissue does. With its 
thick collagen !bers, it can resist extremely strong pulling (ten-
sile) forces. There are three types of dense connective tissue: 
irregular, regular, and elastic.

Dense Irregular Connective Tissue (Figure 4.10e)  
Dense irregular connective tissue is similar to areo-
lar tissue, but its collagen !bers are much thicker. These  
!bers run in different planes, allowing this tissue to resist 
strong tensions from different directions. This tissue domi-
nates the leathery dermis of the skin, which is commonly 
stretched, pulled, and hit from various angles. This tissue 
also makes up the !brous capsules that surround certain 
organs in the body, such as kidneys, lymph nodes, and 
bones. Its cellular and matrix elements are the same as in 
areolar connective tissue.

Dense irregular connective tissue is confusing, even for 
experts. The dermis obviously !ts the name because its !bers 
run randomly, as one would expect for a tissue called “irregu-
lar.” However, the !brous capsules of organs consist of two 

The typical, nutrient-storing fat is white adipose tis-
sue, or white fat. Another type, called brown adipose  
tissue, produces heat and is a nutrient consumer. Brown fat, 
thought to occur only in babies to aid in thermoregulation, 
has also been identi!ed in adults. It is located in the hypo-
dermis between the two scapulae (shoulder blades) in the 
center of the back, on the side of the anterior neck, and on 
the anterior abdominal wall. It is even more richly vascular-
ized than white fat. Each brown-fat cell contains many lipid 
droplets and numerous mitochondria, which use the lipid 
fuel to heat the bloodstream rather than to produce ATP 
molecules.

Reticular Connective Tissue (Figure 4.10d) Reticular 
connective tissue resembles areolar tissue, but the only 
!bers in its matrix are reticular !bers. These !ne !bers 
form a broad, three-dimensional network like the frame of 
a house. The spaces in the framework create a labyrinth of 
caverns that hold many free cells. The bone marrow, spleen, 
and lymph nodes, which house many free blood cells outside 
their capillaries, consist largely of reticular connective tissue. 
Fibroblasts called reticular cells lie along the reticular net-
work of this tissue. (Reticular tissue is discussed further in 
Chapters 18 and 21.)

Figure 4.10 Connective tissues, continued. 

(e)  Connective tissue proper: dense connective tissue, dense irregular 

Description: Primarily irregularly arranged
collagen fibers; some elastic fibers; major cell
type is the fibroblast; defense cells and fat
cells are also present.

Function: Able to withstand tension exerted
in many directions; provides structural
strength.

Location: Fibrous capsules of organs and
of joints; dermis of the skin; submucosa of
digestive tract.

Photomicrograph: Dense irregular connective tissue from the
dermis of the skin (300×).

Collagen
fibers

Nuclei of
fibroblasts

Fibrous
layer of
joint capsule

(Text continues on page 122.)
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Dense Regular Connective Tissue 
p Collagen fibers run in the same direction
p Poorly vascularized and contains no fat cells or defense cells
p Ligaments, tendons, aponeuroses, fascia (deep fascia) (cf: superficial fascia      

is fatty hypodermis of 
the skin)
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(f)  Connective tissue proper: dense connective tissue, dense regular 

Description: Primarily parallel collagen fibers;
a few elastic fibers; major cell type is the
fibroblast.

Function: Attaches muscles to bones or to
muscles; attaches bones to bones; withstands
great tensile stress when pulling force is
applied in one direction.

Location: Tendons, most
ligaments, aponeuroses.

Photomicrograph: Dense regular connective tissue from a
tendon (425×).

Shoulder
joint

Ligament

Tendon

Collagen
fibers

Nuclei of
fibroblasts

(g)  Connective tissue proper: dense connective tissue, elastic

Description: Dense regular connective tissue
containing a high proportion of elastic fibers.

Function: Allows recoil of tissue following
stretching; maintains pulsatile flow of blood 
through arteries; aids passive recoil of lungs
following inspiration.

Location: Walls of large arteries; within 
certain ligaments associated with the vertebral
column; within the walls of the bronchial tubes.

Elastic fibers

Aorta

Heart

Photomicrograph: Elastic connective tissue in the wall of the 
aorta (250×).

Figure 4.10 Connective tissues, continued. 
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(f)  Connective tissue proper: dense connective tissue, dense regular 

Description: Primarily parallel collagen fibers;
a few elastic fibers; major cell type is the
fibroblast.

Function: Attaches muscles to bones or to
muscles; attaches bones to bones; withstands
great tensile stress when pulling force is
applied in one direction.

Location: Tendons, most
ligaments, aponeuroses.

Photomicrograph: Dense regular connective tissue from a
tendon (425×).
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(g)  Connective tissue proper: dense connective tissue, elastic

Description: Dense regular connective tissue
containing a high proportion of elastic fibers.

Function: Allows recoil of tissue following
stretching; maintains pulsatile flow of blood 
through arteries; aids passive recoil of lungs
following inspiration.

Location: Walls of large arteries; within 
certain ligaments associated with the vertebral
column; within the walls of the bronchial tubes.

Elastic fibers

Aorta

Heart

Photomicrograph: Elastic connective tissue in the wall of the 
aorta (250×).

Figure 4.10 Connective tissues, continued. 
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Elastic Connective Tissue 
p Elastic fibers are the predominant type of fiber
p Structures where recoil from stretching is important: 

the walls of arteries, ligaments (ligamentum nuchae and ligamentum flavum, which 
connect successive vertebrae), and surrounding the bronchial tubes in the lungs

主動脈



軟骨 (Cartilage)
p Contains thin collagen fibrils, a ground substance, and an exceptional quantity of 

tissue fluid; in fact, cartilage consists of up to 80% water
p No blood vessels and nerves
p Chondrocytes resides in lacuna (軟骨腔)
p Chondroblasts (immature chondrocyte) secrete the matrix during cartilage growth
p Hyaline cartilage, elastic cartilage, fibrocartilage

122 Chapter 4 Tissues

Super!cial fascia, something else entirely, is the fatty hypoder-
mis below the skin.

Elastic Connective Tissue (Figure 4.10g) In elastic 
connective tissue, elastic !bers are the predominant type of 
!ber, and bundles of elastic !bers outnumber the bundles of 
collagen !bers. This tissue is located in structures where recoil 
from stretching is important: within the walls of arteries, in cer-
tain ligaments (ligamentum nuchae and ligamentum "avum, 
which connect successive vertebrae), and surrounding the bron-
chial tubes in the lungs.

 check your understanding
◻ 13.  How does loose connective tissue differ from dense 

connective tissue?
◻ 14.  Which type of connective tissue forms the following 

structures: ligaments and tendons; the hypodermis 
of the skin; the tissue that underlies epithelia; lymph 
nodes?

(For answers, see Appendix B.)

Cartilage
As you have seen, connective tissue proper has the abil-
ity to resist tension (pulling). Cartilage and bone are the  

layers, with all the !bers in a layer running parallel to each 
other but perpendicular to the !bers in the other layer. That 
is, two perpendicular “regular” layers can make the tissue 
“irregular.”

Dense Regular Connective Tissue (Figure 4.10f) All 
collagen !bers in dense regular connective tissue usu-
ally run in the same direction, parallel to the direction of 
pull. Crowded between the collagen !bers are rows of !bro-
blasts, which continuously manufacture the !bers and a scant 
ground substance. When this tissue is not under tension, its 
collagen !bers are slightly wavy. Unlike areolar connective 
tissue, dense regular connective tissue is poorly vascularized 
and contains no fat cells or defense cells.

With its enormous tensile strength, dense regular con-
nective tissue is the main component of ligaments, bands 
or sheets that bind bones to one another. It also is the main 
tissue in tendons, which are cords that attach muscles to 
bones, and aponeuroses (ap″o-nu-ro′s ̄es), which are sheet-
like tendons.

Dense regular connective tissue also forms fascia 
(fash′e-ah; “a band”), a !brous membrane that wraps around 
muscles, muscle groups, large vessels, and nerves. Many 
sheets of fascia occur throughout the body, binding struc-
tures together like plastic sandwich wrap. When the word 
fascia is used alone, it is understood to mean deep fascia. 

Figure 4.10 Connective tissues, continued. 

(h)  Cartilage: hyaline

Description: Amorphous but firm matrix;
collagen fibers form an imperceptible network;
chondroblasts produce the matrix and, when
mature (chondrocytes), lie in lacunae.

Function: Supports and reinforces; serves as
resilient cushion; resists compressive stress.

Location: Forms most of the embryonic
skeleton; covers the ends of long bones in
joint cavities; forms costal cartilages of the
ribs; cartilages of the nose, trachea, and
larynx.

Photomicrograph: Hyaline cartilage from a costal cartilage
of a rib (470×).

Costal
cartilages

Chondrocyte
in lacuna

Matrix

(Text continues on page 125.)
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透明軟骨

肋軟骨
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(i)  Cartilage: elastic

Description: Similar to hyaline cartilage, but
more elastic fibers in matrix.

Function: Maintains the shape of a structure
while allowing great flexibility.

Location: Supports the external ear
(pinna); epiglottis.

Photomicrograph: Elastic cartilage from the human ear pinna;
forms the flexible skeleton of the ear (510×).

Chondrocyte
in lacuna

Matrix

(j)  Cartilage: fibrocartilage

Description: Matrix similar to but less firm 
than that in hyaline cartilage; thick collagen 
fibers predominate.

Function: Tensile strength with the ability to
absorb compressive shock.

Location: Intervertebral discs; pubic
symphysis; discs of knee joint.

Photomicrograph: Fibrocartilage from an intervertebral disc
(175×).

Intervertebral
discs

Chondrocytes
in lacunae

Collagen
fibers

Figure 4.10 Connective tissues, continued. 
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Fibrocartilage (纖維軟骨)
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(i)  Cartilage: elastic

Description: Similar to hyaline cartilage, but
more elastic fibers in matrix.

Function: Maintains the shape of a structure
while allowing great flexibility.

Location: Supports the external ear
(pinna); epiglottis.

Photomicrograph: Elastic cartilage from the human ear pinna;
forms the flexible skeleton of the ear (510×).
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Matrix

(j)  Cartilage: fibrocartilage

Description: Matrix similar to but less firm 
than that in hyaline cartilage; thick collagen 
fibers predominate.

Function: Tensile strength with the ability to
absorb compressive shock.

Location: Intervertebral discs; pubic
symphysis; discs of knee joint.

Photomicrograph: Fibrocartilage from an intervertebral disc
(175×).
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Chondrocytes
in lacunae

Collagen
fibers

Figure 4.10 Connective tissues, continued. 
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硬骨 (Bone)
124 Chapter 4 Tissues

Figure 4.10 Connective tissues, continued. 

(k)  Others: bone (osseous tissue)

Description: Hard, calcified matrix containing
many collagen fibers; osteocytes lie in
lacunae. Very well vascularized.

Function: Supports and protects
(by enclosing); provides levers for the muscles
to act on; stores calcium and other minerals
and fat; marrow inside bones is the site for
blood cell formation (hematopoiesis).

Location: Bones.

Photomicrograph: Cross-sectional view of bone (175×).

Lacunae

Lamella

Central
canal

(l)  Connective tissue: blood

Description: Red and white blood cells in a
fluid matrix (plasma).

Function: Transport respiratory gases,
nutrients, wastes, and other substances.

Location: Contained within blood vessels.

Photomicrograph: Smear of human blood (1650×); shows two
white blood cells surrounded by red blood cells.

White blood cells:
r�-ZNQIPDZUF
r�/FVUSPQIJM

Red blood
cells
(erythrocytes)

Plasma

M04_MARI6798_08_GE_C04.indd   124 22/06/16   11:11 am

p Bone matrix contains inorganic calcium salt (resist compression); collagen fibers 
(withstand strong tension)

p Osteoblasts (骨母細胞) secrete collagen fibers and ground substance
p Osteocytes inhabit cavities (lacuna, 骨小腔)

p Well supplied with blood vessels



骨頭切片製作
1. Ground bone section (骨研磨法)

• Observation of inorganic substance
• Bone lamellae, lacuna, bone canaliculi, Haversian canal, Volkmann’s      
canal

2. Decalcified bone
• Decalcification agents: formic acid or EDTA (抓住二價離子),溶掉無機的部

分（主要是鈣離子）
•石蠟包埋，切片，H&E染色
•可觀察到有機的部分（如periosteum, collagen fiber,

cells, fibers）
3.電解：將bone置入電解槽中，利用電解的方式去除

鈣離子，留下有機的部分



http://www.easynotecards.com/notecard_set/18419

Ground bone section (觀察無機質) Decalcified bone (觀察有機質)



Blood
p Atypical connective tissue
p Develops from mesenchyme
p Transport vehicles, carrying defense cells, nutrients, wastes, gases
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Figure 4.10 Connective tissues, continued. 

(k)  Others: bone (osseous tissue)

Description: Hard, calcified matrix containing
many collagen fibers; osteocytes lie in
lacunae. Very well vascularized.

Function: Supports and protects
(by enclosing); provides levers for the muscles
to act on; stores calcium and other minerals
and fat; marrow inside bones is the site for
blood cell formation (hematopoiesis).

Location: Bones.

Photomicrograph: Cross-sectional view of bone (175×).
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Central
canal

(l)  Connective tissue: blood

Description: Red and white blood cells in a
fluid matrix (plasma).

Function: Transport respiratory gases,
nutrients, wastes, and other substances.

Location: Contained within blood vessels.

Photomicrograph: Smear of human blood (1650×); shows two
white blood cells surrounded by red blood cells.

White blood cells:
r�-ZNQIPDZUF
r�/FVUSPQIJM

Red blood
cells
(erythrocytes)

Plasma
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Blood composition

Withdraw blood
and place in tube.

Centrifuge the
blood sample.

55% of whole blood
Least dense component

Leukocytes and platelets
<1% of whole blood

45% of whole blood
Most dense component

Plasma→

Buffy coat

Erythrocytes Formed
elements

21

p A specialized connective tissue:
• blood cells→formed component 
• fluid →plasma

p Hematocrit(血球容積比): percentage of erythrocyte in blood 
• average →45 %
• males→47 %± 5 %
• females →42 %± 5 %

p Buffy coat(白細胞層): a thin, gray layer present at the junction between the 
erythrocytes and the plasma

• leukocytes (white blood cells), platelets (thrombocytes)
p Plasma: compose 55 % of blood 

(< 1 %)



Erythrocyte (紅血球)
p The most numerous formed element:

• 4.3-5.2 million cells in women
• 5.1-5.8 million in men

p Biconcave discs, no nuclei or organelles
p Hemoglobin(血紅素) in cytoplasm: 4 chains of amino acids,

each bears an iron atom for oxygen binding
p Oxidation of iron atoms gives blood its

red color

© 2014 Pearson Education, Inc.

Erythrocyte (紅血球)
� The most numerous formed element:

• 4.3-5.2 million cells in women
• 5.1-5.8 million in men

� Biconcave discs, no nuclei or organelles
� Hemoglobin(血紅素) in cytoplasm: 4 chains of amino acids,
each bears an iron atom for oxygen binding

� Oxidation of iron atoms gives blood its
red color



Erythrocyte
p Special structural characteristics for respiratory function:

→Biconcave shape provides 30 % more surface area, allowing rapid
diffusion of oxygen into and out of erythrocytes

→Contains over 97 % hemoglobin
→Lack mitochondria, generate energy by anaerobic mechanisms

p Hemoglobin in erythrocyte also carries 20 % CO2
p Originate from red bone marrow, where they expel their nucleus 

and organelles
p Live for 100-120 days

Top view

7.5 μm

Side view (cut)

2.5 μm



Leukocytes (白血球)

Neutrophil:
Multilobed
nucleus, pale
red and blue
cytoplasmic
granules

Granulocytes

Eosinophil:
Bilobed
nucleus, red
cytoplasmic
granules

Basophil:
Bilobed
nucleus, 
purplish-black
cytoplasmic
granules

Monocyte:
Kidney-shaped
nucleus,
abundant pale
blue cytoplasm

Agranulocytes

Lymphocyte
(small): Large
spherical
nucleus, thin
rim of pale
blue cytoplasm

p Five types of leukocytes:
• Granulocytes(neutrophils, eosinophils, basophils)

→ contain many obvious granules, larger and much shorter lived
→ all are phagocytic

• Agranulocytes (lymphocytes, monocyte)
p Never Let Monkey Eat Banana (most abundant to least abundant)



肌肉組織 (Muscle tissues) 
p Muscle cells (muscle fibers): elongated shape and contract force
p Cellular organelles filled with the actin and myosin laments that bring about 

contraction
p Skeletal muscle (骨骼肌)

• long, large cylinders that contain many nuclei (多核), striated (有橫紋)
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Cardiac muscle tissue (Figure 4.13b) occurs in the wall 
of the heart. It contracts to propel blood through the blood  
vessels. Like skeletal muscle cells, cardiac muscle cells are 
striated. However, they differ in two ways: (1) Each cardiac 
cell has just one nucleus, and (2) cardiac cells branch and join 
at special cellular junctions called intercalated (in-ter′kah-la″- 
ted) discs. (The details of cardiac muscle tissue are discussed 
in Chapter 19.)

Smooth muscle tissue (Figure 4.13c) is so named 
because there are no visible striations in its cells. These cells 
are elongated with tapered ends and contain one centrally 
located nucleus. Smooth muscle primarily occurs in the walls 
of hollow viscera such as the digestive and urinary organs, 
uterus, and blood vessels. It generally acts to squeeze sub-
stances through these organs by alternately contracting and 
relaxing. (Smooth muscle tissue is described in detail in 
Chapter 23.)

IV. NERVOUS TISSUE
learning outcome
▶ Distinguish the cell types found in nervous tissue.

Nervous tissue is the main component of the nervous 
organs—the brain, spinal cord, and nerves—which regulate 
and control body functions. It contains two types of cells, 

III. MUSCLE TISSUE
learning outcome
▶ Brie!y describe the three types of muscle tissue.

The two remaining tissue types are muscle and nervous tis-
sues. These are sometimes called composite tissues because, 
along with their own muscle or nerve cells, they contain small 
amounts of areolar connective tissue. (Areolar connective tissue 
surrounds all blood vessels, and both muscle and nervous tissue 
are richly vascularized.)

Muscle tissues (Figure 4.13) bring about most kinds  
of body movements. Most muscle cells are called muscle 
!bers. They have an elongated shape and contract force-
fully as they shorten. These cells contain many myo!la-
ments (mi″o-!l′ah-ments; “muscle !laments”), cellular 
organelles !lled with the actin and myosin !laments that 
bring about contraction in all cell types (p. 68). There are 
three kinds of muscle tissue: skeletal, cardiac, and smooth.

Skeletal muscle tissue (Figure 4.13a) is the major com-
ponent of organs called skeletal muscles, which pull on 
bones to cause body movements. Skeletal muscle cells are 
long, large cylinders that contain many nuclei. Their obvious 
striated, or banded, appearance re"ects a highly organized 
arrangement of their myo!laments. (Skeletal muscle tissue is 
described in detail in Chapter 10.)

Figure 4.13 Muscle tissues. 

(a)  Skeletal muscle

Description: Long, cylindrical, multinucleate
cells; obvious striations.

Function: Voluntary movement; locomotion;
manipulation of the environment; facial
expression.

Location: In skeletal muscles attached to
bones or occasionally to skin.

Photomicrograph: Skeletal muscle (450×).
Notice the obvious banding pattern and the
fact that these large cells are multinucleate.

Nuclei

Striations

Part of
muscle 
fiber (cell)

View  Histology 
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骨骼肌 (Skeletal muscle)
p The individual muscle cells (muscle fibers) are grouped together into elongated 

bundles called fasciculi or fascicles with delicate supporting tissue called 
endomysium occupying the spaces between individual muscle fibers

p Each fascicle is surrounded by loose collagenous tissue called perimysium
p Epimysium: a dense collagenous sheath invests many fasciculi
p Large blood vessels and nerves enter the epimysium and divide to ramify 

throughout the muscle in the perimysium and endomysium.Chapter 8 ! Muscle ! ! ! 159

Epimysium

Total muscle

Perimysium

SKELETAL MUSCLE

SMOOTH MUSCLE

CARDIAC MUSCLE

Endomysium

Fascicle

Sarcolemma

Sarcoplasm

Nucleus

Nucleus in central
sarcoplasm

Endomysium

Intercalated disk

Endomysium

Myofibril

Nucleus

Sarcoplasm

Endomysium

Fiber

Figure 8–2 Three types of muscle. Top, Skeletal muscle; center, smooth muscle; bottom, cardiac muscle. 
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FIG. 6.1 Skeletal muscle 

Epimysium

Perimysium

Fasciculi

Muscle
fibres

Blood vessels
and nerves

This diagram illustrates the arrangement of the basic 
components which make up a typical skeletal muscle. The 
individual muscle cells (muscle fibres) are grouped together 
into elongated bundles called fasciculi or fascicles with delicate 
supporting tissue called endomysium occupying the spaces 
between individual muscle fibres.

Each fascicle is surrounded by loose collagenous  
tissue called perimysium. Most muscles are made up of 
many fasciculi, and the whole muscle mass is invested in  
a dense collagenous sheath called the epimysium. Large 
blood vessels and nerves enter the epimysium and divide to 
ramify throughout the muscle in the perimysium and 
endomysium.

The size of the fasciculi reflects the function of the muscle 
concerned. Muscles responsible for fine, highly controlled 
movements (e.g. external muscles of the eye) have small 
fasciculi and a relatively greater proportion of perimysial 
supporting tissue. In contrast, muscles responsible for gross 
movements only (e.g. muscles of the buttocks) have large 
fasciculi and relatively little perimysial tissue. Muscle fibres are 
anchored to the supporting tissue so that contractile force can 
be transmitted. The connective tissue framework contains both 
collagen and elastic fibres. This connective tissue becomes 
continuous with that of the tendons and muscle attachments 
(see Ch. 10), which distribute and direct the motive forces of the 
muscle to bone, skin, etc., as appropriate. 

FIG. 6.2 Skeletal muscle 
H&E (MP)

This micrograph shows the general 
arrangement of muscle fibres in skeletal 
muscle. Here, there are several distinct 
fasciculi.

The individual pink-stained muscle cells 
(fibres) are cut in transverse section and 
appear polygonal in shape, with nuclei N 
lying at the peripheries of the cells. The 
spaces between the cells are occupied by 
small amounts of barely visible endomysial 
supporting tissue. The endomysium, which 
consists mainly of reticulin fibres and a small 
amount of collagen, conveys numerous small 
blood vessels, lymphatics and nerves 
throughout the muscle.

Surrounding the individual fasciculi F is 
the perimysium P, composed of collagen and 
through which larger vessels and nerves run. 
The epimysium E is a collagenous sheath that 
binds the fascicles into a single muscle. The 
endomysium En is barely visible as the 
delicate support tissue surrounding each 
muscle fibre. 

P

F

N
F

N

F

En

F

F
P

E

B blood vessel C capillary E epimysium En endomysium F fascicle FE fetal erythrocytes N nucleus P perimysium

E: epimysium En: endomysium F: fascicle 
N: nucleus P: perimysium 

p Polygonal in shape
p Nuclei lying at the peripheries 

of the cells
p Endomysium, which consists 

mainly of reticulin fibers and a 
small amount of collagen, 
conveys numerous small blood 
vessels, lymphatics and nerves 
throughout the muscle

p Perimysium: composed of 
collagen and through which 
larger vessels and nerves run

p Epimysium: a collagenous 
sheath that binds the fascicles 
into a single muscle
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Figure 4.13 Muscle tissues, continued. 

(b)  Cardiac muscle

Description: Branching, striated, generally
uninucleate cells that interdigitate at
specialized junctions (intercalated discs).

Function: As it contracts, it propels blood
into the circulation; involuntary control.

Location: The walls of the heart.

Photomicrograph: Cardiac muscle (355×);
notice the striations, branching of cells, and
the intercalated discs.

Intercalated
discs

Striations

Nucleus

(c)  Smooth muscle

Description: Spindle-shaped cells with
central nuclei; no striations; cells arranged 
closely to form sheets.

Function: Propels substances or objects
(foodstuffs, urine, a baby) along internal
passageways; involuntary control.

Location: Mostly in the walls of hollow
organs.

Photomicrograph: Sheet of smooth muscle from the
digestive tract (465×).

Smooth
muscle
cell

Nuclei
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Cardiac muscle (心肌)
p In the wall of the heart
p Contrast to propel blood
p Striations (橫紋)
p One nucleus; branch (分支) and joint at special cellular junctions called intercalated discs 

(閏盤)
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Figure 4.13 Muscle tissues, continued. 

(b)  Cardiac muscle

Description: Branching, striated, generally
uninucleate cells that interdigitate at
specialized junctions (intercalated discs).

Function: As it contracts, it propels blood
into the circulation; involuntary control.

Location: The walls of the heart.

Photomicrograph: Cardiac muscle (355×);
notice the striations, branching of cells, and
the intercalated discs.
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(c)  Smooth muscle

Description: Spindle-shaped cells with
central nuclei; no striations; cells arranged 
closely to form sheets.

Function: Propels substances or objects
(foodstuffs, urine, a baby) along internal
passageways; involuntary control.

Location: Mostly in the walls of hollow
organs.

Photomicrograph: Sheet of smooth muscle from the
digestive tract (465×).
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Smooth muscle (平滑肌)
p Elongated with tapered ends and contain one centrally located nucleus
p In the walls of hollow viscera such as the digestive and urinary organs, uterus, 

and blood vessels
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TISSUE RESPONSE TO INJURY
learning outcome
▶ Describe the in!ammatory and repair processes by which 

tissues recover from injury.

The body has many mechanisms for protecting itself from 
injury and invading microorganisms. Intact epithelia act  
as a physical barrier, but once that barrier has been pen-
etrated, protective responses are activated in the underlying 
connective tissue proper. These are the in!ammatory and 
immune responses. In!ammation is a nonspeci"c, local 
response that develops quickly and limits the damage to the 
injury site. The immune response, by contrast, takes longer to 
develop and is highly speci"c. It destroys particular infectious 
microorganisms and foreign molecules at the site of infection 
and throughout the body. This section concentrates on in!am-
mation. (The immune response is discussed in Chapter 21.)

In!ammation
Almost every injury or infection leads to an in!ammatory 
response. For example, assume your skin is cut by a dirty piece 
of glass, crushed by a blow in football, or has an infected pim-
ple. As short-term, or acute, in!ammation develops in the 
connective tissue, it produces four symptoms: heat, redness, 
swelling, and pain. You can trace the source of each symptom.

neurons and supporting cells. Neurons are the highly spe-
cialized nerve cells (Figure 4.14) that generate and conduct 
electrical impulses. They have extensions, or processes, that 
allow them to transmit impulses over substantial distances 
within the body. Dendrites are cell processes that extend 
from the cell body of a neuron like branches of a tree. The 
dendrites, the receptive region of the neuron, transmit signals 
toward the cell body. A neuron also has a singular, long cell 
process extending from its cell body, the axon, that generates 
nerve impulses and transmits them away from the cell body. 
The supporting cells, called neuroglia, are nonconducting 
cells that nourish, insulate, and protect the delicate neurons. 
(A more complete discussion of nervous tissue appears in 
Chapter 12.)

 check your understanding
◻ 18.  Look at a photomicrograph of smooth muscle tissue 

(Figure 4.13c). How can you tell this tissue is not 
strati!ed squamous epithelium?

◻ 19.  Which nerve cells function to transmit electrical 
impulses?

◻ 20.  Distinguish between the terms striated and strati!ed. 
Which tissues are striated? Which tissues are 
strati!ed?

(For answers, see Appendix B.)

Figure 4.14 Nervous tissue. 

Photomicrograph: Neurons (125×).

Function: Transmit electrical signals
from sensory receptors and to effectors
(muscles and glands) that control
the activity of the effector organs.

Location: Brain, spinal
cord, and nerves.

Description: Neurons are branching
cells; cell processes that may be quite
long extend from the nucleus-containing
cell body; also contributing to nervous
tissue are nonconducting supporting cells,
neuroglia (not illustrated).
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神經組織 (Nervous tissue)
p Regulate and control body functions
p Neurons (神經細胞)

• Generate and conduct electrical impulses
• Dendrites: receptive region of the neuron
• Axon: generates nerve impulses and transmits them away from the cell body

p Neuroglia (神經膠細胞)
• Supporting cells, nourish, insulate, and protect the delicate neurons.


