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★解剖學實作
★組織學實作



課程進度

p 上午
• 雞翅解剖講解
• 雞翅解剖實作
• 豬腎解剖講解
• 豬腎解剖實作 (老師操作，同學觀察)

p 下午
• 各器官組織學介紹
• 組織學玻片觀察
• 小考 (解剖學+組織學)



學習目標

p 學習解剖學基本概念

p 認識肌⾁，骨骼和關節三者之間的密切關係

p 學習解剖的⽅法並熟悉如何使用解剖⼯具

p 學習分辨動脈、靜脈、神經

p 學習各種組織的不同型態及分層



參考資料

p Loukas et al. (2013) GRAY’S CLINICAL PHOTOGRAPHIC DISSECTOR OF 
THE HUMAN BODY 

p 高醫解剖學科何宛怡老師大體解剖學實驗講義
p Chicken wing dissection
https://www2.nau.edu/lrm22/lessons/chicken_wing/wing.html
p Performing a chicken wing dissection (Written by: Science ASSIST)
p Ross and Pawlina. Histology: A Text and Atlas

https://www2.nau.edu/lrm22/lessons/chicken_wing/wing.html


學好解剖的訣竅

p名詞要記熟並且知道其功能和相關位置，搭配圖譜和影片，多
觀察

p 親⼿解剖：當你親自把構造從頭到尾做出來的時候，這個構造
不再只是課本或圖譜上的圖片，⽽是會內化成經驗的⼀部分

p 不要怕失敗！！！不小⼼割斷構造不算什麼，從失敗中學習，
愈害怕失敗，愈學不到東西，就會失去成長和學習的機會

p 每⼀個構造都要清楚他的起源、⾛向和深淺，以及和其他構造
的相對位置，這些都是辨認的線索

p 當你已經非常熟悉⼀個構造的特徵時，即使只是看到局部 (有
時候受限於無法將整個構造完全解剖出來)，也應該可以正確
地推斷它是什麼

p 但只靠形狀、⾛向或是顏⾊來作為分辨的唯⼀依據，錯誤率會
很⾼→瞎⼦摸象



Dissection Instruments

手套尺寸
微細的構造用小號器械做，如眼球
若受傷，前面講台有醫藥箱

解剖器械

p 戴合適尺⼨的⼿套
p 微細的構造要用小號器械做
p 醫藥箱



Dissection Terms
Blunt dissection 
With fingers or scissors

 Scissors technique
An effective way to dissect 

vessels and nerves
 Sharp dissection

 Use a scalpel
 Discouraged, only in 

rare situations → cut 
structures without feel 
them

解剖術語

p 鈍剝離 (blunt dissection)
    • 使用⼿指或剪⼑
    • 使用剪⼑進⾏鈍剝離是解剖  
       神經跟⾎管有效率的⽅式

Dissection Terms
Blunt dissection 
With fingers or scissors

 Scissors technique
An effective way to dissect 

vessels and nerves
 Sharp dissection

 Use a scalpel
 Discouraged, only in 

rare situations → cut 
structures without feel 
them

p 鋭剝離 (sharp dissection)
    • 使用⼿術⼑
    • 較少用到，通常用於切除某個構造



How to Change the Blade?



⼀般進⾏解剖的步驟
p 課前預習
p 使用好的圖譜
p 觸摸：骨頭的標誌 (bone marking)、韌帶、肌腱
p 移除脂肪，結締組織，小靜脈→會花很多時間，要有

耐⼼
p 在每堂解剖實驗課結束後，複習今天解剖出來的構造

5

FIGURE 1-11. Using the scalpel tip to create skin incisions. Note 
the grip of the scalpel provides side-to-side and back-to-front 
blade stability. 

FIGURE 1-12. Holding toothed forceps with a 360-degree view, 
and using the scalpel tip between tissue layers while maintaining 
tension of superficial tissue layer. 

FIGURE 1-13. Blunt dissection introduces the scissor tips into 
the tissue, and then reverse-dissection opens the tissue planes. 

FIGURE 1-15. The buttonhole maneuver for retraction of the 
skin allows adequate visualization of the underlying tissue for 
further dissection. 

FIGURE 1-14. The buttonhole maneuver is helpful when dissect-
ing large skin flaps and provides appropriate tension to expedite 
dissection. Place your fingertip(s) into the parallel incision and 
retract with appropriate tension. 



Skin Removal
 The skin should be reflected 

and the subcutaneous tissue 
(yellowish) should be left 
behind

Human Anatomy, McKinley

Dermal 
papillaeEpidermis 

Dermis

Subcutaneous 
tissue 

注意刀角



 If you can see the silver or 
white deep fascia or 
red/brown striated muscle 
fibers → cut too deep!!!

 Preserve the main branch 
of the superficial blood 
vessels and cutaneous 
nerves



Skin Removal
大體老師的胖瘦程度
背部及臀區皮膚最厚
剝皮時注意肢體曲度

Body



Differences Among N. A. V.
Nerves

 Silver-white, flat but tough
 No lumen or elasticity

 Arteries
 Whitish, thick wall, have circular lumen and elasticity
 Be accompanied by vein(s)

 Veins
 Darker than the artery 
 Have thin wall and collapsed lumen, no elasticity
 If blood or clot accumulates in the lumen → circular
 Broken → nearby structures is stained 



126 Gray's Clinical Photographic Dissector of the Human Body/Upper Limb

Cut the bicipital aponeurosis (Fig. 8-60) to trace the 
radial artery to its branch point from the brachial 
artery. Also, identify the ulnar artery, the median 
nerve, and the vena comitans (Fig. 8-61). Lift the bra-
chial and radial arteries, and expose the ulnar artery 
with its branches (Fig. 8-62). At this point, use a 
retractor between the brachioradialis and the flexor 
digitorum superficialis muscles to expose deeper 
structures (Fig. 8-63).

Follow the course of the ulnar and radial arteries. 
and identify the recurrent ulnar and recurrent radial 
arteries. Identify the pronator teres and its two 
heads; the humeral (superficial) head is attached to 
the medial epicondyle and the ulnar (deep) head to 

FIGURE 8-60. Anterior view of cubital fossa with bicipital apo-
neurosis reflected, revealing brachial artery and median nerve. 
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comitans

Brachial
artery
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FIGURE 8-61. Anterior cubital fossa view with bicipital aponeu-
rosis reflected, highlighting brachial artery and median nerve. 
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FIGURE 8-62. Anterior view of cubital fossa with bicipital apo-
neurosis cut, revealing the bifurcation of the brachial artery. 

Brachial artery Radial artery

Ulnar artery Ulnar recurrent
artery

FIGURE 8-63. Anterior cubital fossa view with bicipital aponeu-
rosis reflected, exposing neurovascular structures. 
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artery CHAPTER 7 / Axilla and Arm 103

FIGURE 7-2. Anterior axillary region with pectoralis muscles 
reflected, revealing excision of axillary sheath to expose terminal 
branches of brachial plexus. 
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FIGURE 7-3. Anterior axillary region with pectoralis muscles 
reflected and most of axillary sheath removed, revealing terminal 
branches of brachial plexus. 
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FIGURE 7-4. Anterior axillary view of deep dissection, revealing 
axillary vein and terminal branches of brachial plexus. 

Axillary vein Median nerve
Long

thoracic nerve

Ulnar nerve Latissimus
dorsi tendon

The axillary vein is formed at the base of the axilla 
by the confluence of the venae comitantes of the 
brachial artery with the basilic vein. (Large arteries, 
such as the axillary or femoral, are accompanied by 
a single vein. Smaller arteries, such as the brachial, 
have two or more accompanying veins, which are 
found on either side of the artery and are called 
“venae comites” or venae comitantes). The axillary 

DISSECTION TIP: The arteries are typically 
named based on the structures they supply, not 
according to their origin.

DISSECTION TIP: Do not attempt to identify 
any lymph nodes associated with the axillary vein 
and its tributaries. Nodes are evident and easily 
dissected only in cadavers with cancer. Similarly, 
do not attempt to identify the central axillary 
nodes within the fat of the central portion of the 
axilla. Smaller tributaries to the axillary vein that 
obscure the dissecting field can be excised and 
removed.

artery extends from the lateral border of the 1st rib 
to the lower border of the teres major muscle. Just 
before it crosses the 1st rib, the artery is named the 
subclavian artery. Distal to the teres major, the name 
of the vessel changes to the brachial artery.
Clean the adipose tissue between the pectoralis 
minor muscle and brachial plexus (Fig. 7-4). Identify 
the axillary artery and its three divisions, demar-
cated with its relationship to the pectoralis minor 
muscle (Fig. 7-5). Identify the superior thoracic artery 
arising from the 1st part of the axillary artery. To 
identify this vessel, look for an artery penetrating the 



解剖基本概念
p 由淺到深
p 由⼤構造開到小構造
皮膚→皮下組織 (筋膜、脂肪….)，淺層靜脈 ，皮神經→肌⾁→深層⾎管＆神經→骨頭

骨
頭

皮膚

皮下組織 (筋膜、脂
肪….)，淺層靜脈 ，皮神
經

肌⾁
深層⾎管＆神經



皮膚



CHAPTER 2 / Muscles of the Back and Scapula 13

FIGURE 2-14. Complete removal of superficial fascia over trape-
zius, latissimus dorsi, and posterior layer of thoracolumbar fascia 
on left side of cadaver. Deep fascia and some adipose tissue have 
been left intact on right side. 

Trapezius

Latissimus
dorsi

Thoracolumbar
fascia

FIGURE 2-15. Complete exposure of superficial muscles of 
the back: 1, trapezius; 2, infraspinatus fascia; 3, teres major; 
4, latissimus dorsi; 5, thoracolumbar fascia. 
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Completely remove superficial fascia and expose 
the muscles of the back (Figs. 2-14 and 2-15).
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OVERVIEW FIGURE 10 Comparison between thin skin in the arm and thick skin in the palm, including the contents of
the connective tissue dermis.
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p Thick skin and thin skin:
a reflection of thickness and location

p From less than 1 mm to more than 5 mm
p Thick skin:

• the palms of the hands and the soles of the feet
• subject to the most abrasion, are hairless, and 

have a much thicker epidermal layer
p Thin skin:

• the skin possesses a much thinner 
epidermis

• contains hair follicles

p Refer only to the thickness of the 
epidermal layer (表皮層)

p The thickest skin is found on the upper 
portion of the back (dermis is exceedingly 
thick, epidermis is comparable to that of 
thin skin) 

Thin skin

Thick skin

Thick and thin skin



Thick vs. thin skin
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In addition, certain lipid-soluble substances may be 
absorbed through the skin. Although not a function of skin, 
this property is frequently used to deliver therapeutic agents. 
For example, nicotine, steroid hormones, and seasickness 
medications are frequently delivered through the skin in the 
form of small sticking plasters or patches. To reduce nicotine 
withdrawal symptoms during smoking cessation, nico-
tine patches are often used to provide a small constant dose 
of nicotine without the dangerous eff ects of tobacco smoke.
Skin is categorized as thick or thin, a refl ection of thickness 
and location.

" e thickness of the skin varies over the surface of the body, 
from less than 1 mm to more than 5 mm. However, the skin is 
obviously both grossly and histologically diff erent at two loca-
tions: the palms of the hands and the soles of the feet. " ese 
areas are subject to the most abrasion, are hairless, and have 
a much thicker epidermal layer than skin in any other loca-
tion. " is hairless skin is referred to as thick skin. Elsewhere, 
the skin possesses a much thinner epidermis and is called thin 
skin. It contains hair follicles in all but a few locations.

" e terms thick skin and thin skin, as used in histologic 
description, are misnomers and refer only to the thickness of 
the epidermal layer. Anatomically, the thickest skin is found on 
the upper portion of the back where the dermis is exceedingly 
thick. " e epidermis of the upper back, however, is comparable 
to that of thin skin found elsewhere on the body. In contrast, in 
certain other sites such as the eyelid, the skin is extremely thin.

LAYERS OF THE SKIN

Epidermis
" e epidermis is composed of stratifi ed squamous epithe-
lium in which four distinct layers can be identifi ed. In the case 
of thick skin, a fi fth layer is observed (Figs. 15.1 and 15.2). 
Beginning with the deepest layer, these are as follows:

• the stratum basale, also called the stratum germina-
tivum because of the presence of mitotically active cells, 
the stem cells of the epidermis;

• the stratum spinosum, also called the spinous layer
or prickle cell layer because of the characteristic light 
microscopic appearance of short processes extending from 
cell to cell;

• the stratum granulosum, which contains numerous 
intensely staining granules;

• the stratum lucidum, which is limited to thick skin and 
considered a subdivision of the stratum corneum; and

• the stratum corneum, which is composed of kerati-
nized cells.

Diff erentiation of epithelial cells constitutes a specialized 
form of apoptosis.

Terminal diff erentiation of the epidermal cells, which begins 
with the cell divisions in the stratum basale, is considered a 
specialized form of apoptosis. Cells in the stratum  granulosum 
exhibit typical apoptotic nuclear morphology, including frag-
mentation of their DNA. However, the  cellular  fragmentation 
associated with normal apoptosis does not occur; instead, the 
cells become fi lled with fi laments of the intracellular protein 
keratin and are later sloughed from the skin surface.

Derm

Epi

Derm

Epi

Derm

Epi

Derm

Epi

Derm

Epi

FIGURE 15.1 ! Photomicrograph showing the layers of thin 
skin. This hematoxylin and eosin (H&E)–stained specimen from human skin 
shows the two chief layers of the skin—the epidermis (Epi ) and dermis (Derm). 
The epidermis forms the surface; it consists of stratifi ed squamous epithelium 
that is keratinized. The dermis consists of two layers: the papillary layer, which 
is the most superfi cial layer and is adjacent to the epidermis, and the more 
deeply positioned reticular layer. The boundary between these two layers is 
not conspicuous; the papillary layer is, however, more cellular than the reticular 
layer. In addition, the collagen fi bers of the reticular layer are thick (clearly vis-
ible in the lower part of the fi gure); those of the papillary layer are thin. !45.

The stratum basale provides for epidermal cell renewal.

" e stratum basale is represented by a single layer of cells that 
rests on the basal lamina (Plate 42, page 514). It contains the 
stem cells from which new cells, the  keratinocytes, arise by 
mitotic division. For this reason, the stratum basale is also called 
the stratum germinativum. " e cells are small and cuboidal 
to low columnar. " ey have less cytoplasm than the cells in the 
layer above; consequently, their nuclei are more closely spaced. 
" e closely spaced nuclei, in combination with the basophilic 
cytoplasm of these cells, impart a noticeable basophilia to the 
stratum basale. " e basal cells also contain various amounts of 
melanin (described later) in their cytoplasm that is transferred 
from neighboring melanocytes interspersed in this layer. Basal 
cells exhibit extensive cell junctions; they are connected to each 
other and to keratinocytes by desmosomes and to the under-
lying basal lamina by hemidesmosomes. As new keratinocytes 
arise in this layer by mitotic division, they move into the next 
layer, thus beginning their process of upward migration. " is 
process terminates when the cell becomes a mature keratinized 
cell, which is eventually sloughed off  at the skin surface.
The cells of the stratum spinosum characteristically exhibit 
spinous processes.

" e stratum spinosum is at least several cells thick. 
Keratinocytes in this layer are larger than those of the  stratum 
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the name of the layer. ! ese granules contain cystine-rich 
and histidine-rich proteins, which are the precursors of the 
protein fi laggrin, which aggregates the keratin fi laments
present within the cornifi ed cells of the stratum corneum. 
Keratohyalin granules are irregular in shape and variable in 
size. Because of their intense basophilic staining, they are 
readily seen in routine histologic sections.
The stratum corneum consists of anucleate squamous cells 
largely fi lled with keratin fi laments.

Usually, an abrupt transition occurs between the nucleated 
cells of the stratum granulosum and the fl attened, desic-
cated, anucleate cells of the stratum corneum. ! e cells 
in the stratum corneum are the most diff erentiated cells in 
the skin. ! ey lose their nucleus and cytoplasmic organelles 
and become fi lled almost entirely with keratin fi laments. 
! e thick plasma membrane of these cornifi ed, keratinized 
cells is coated from the outside, in the deeper portion of this 
layer, with an extracellular layer of lipids that form the major 
 constituent of the water barrier in the epidermis.

basale. ! ey exhibit numerous cytoplasmic processes or 
spines, which gives this layer its name (Fig. 15.3 and Plate 42, 
page 514). ! e processes are attached to similar processes of 
adjacent cells by desmosomes. In the light microscope, the 
site of the desmosome appears as a slight thickening called the 
node of Bizzozero. ! e processes are usually conspicuous, in 
part because the cells shrink during preparation and a resultant 
expanded intercellular space develops between the spines. Be-
cause of their appearance, the cells that constitute this layer are 
often referred to as prickle cells. As the cells mature and move 
to the surface, they increase in size and become fl attened in a 
plane parallel to the surface. ! is arrangement is particularly 
notable in the most superfi cial spinous cells, where the nuclei 
also become elongate instead of ovoid, matching the acquired 
squamous shape of the cells.
The cells of the stratum granulosum contain conspicuous 
keratohyalin granules.

! e stratum granulosum is the most superfi cial layer of 
the nonkeratinized portion of the epidermis. ! is layer var-
ies from one to three cells thick. Keratinocytes in this 
layer contain numerous keratohyalin granules, hence 
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FIGURE 15.2 ! Photomicrograph showing the layers of thick 
skin. This specimen obtained from the skin of the sole of the foot (human) 
shows epidermis (Epi ) containing the extremely thick stratum corneum 
(SC ). Remaining layers of the epidermis (except for the stratum lucidum, 
which is not present on this slide)—that is, the stratum basale (SB), the stra-
tum spinosum (SS ), and the stratum granulosum (SGr)—are clearly visible 
in this routine H&E preparation. The duct of a sweat gland (D) can be seen 
on the left as it traverses the dermis (Derm) and further spirals through the 
epidermis. At the sites where the ducts of the sweat gland enter the epi-
dermis, note the epidermal downgrowths known as interpapillary pegs. The 
dermis contains papillae, protrusions of connective tissue that lie between 
the interpapillary pegs. Note also the greater cellularity of the papillary layer 
(PL) and that the collagen fi bers of the reticular layer (RL) are thicker than 
those of the papillary layer. !65. SS
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FIGURE 15.3 ! Photomicrograph of the stratum spinosum 
and stratum basale. The epidermis of thin skin is shown here at higher 
magnifi cation. The one-cell-deep layer at the base of the epidermis just 
above the connective tissue (CT ) of the dermis is the stratum basale (SB). 
The cells of this layer rest on the basement membrane. A layer referred to 
as the stratum spinosum (SS ) is located just above the stratum basale. It 
consists of cells with spinous processes on their surfaces. These processes 
are attached to spinous processes of neighboring cells by desmosomes 
and together appear as intercellular bridges. !640.
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p Histology: epidermis
p Gross anatomy: epidermis + dermis

Epi: epithelium
SC: stratum corneum
SGr: stratum granulosum
SS: stratum spinosum

Derm: dermis
D: duct of seat gland
SB: stratum basale
PL: papillary layer RL: reticular layer

Thick skin Thin skin



Integumentary System

Skin (Cutis, integument)

• Epidermis

• Dermis
Hypodermis (subcutaneous 

fascia)

Epidermal derivatives of skin

• Hair follicle and hair

• Sweat (sudoriferous) 

glands

• Sebaceous glands

• Nails

• Mammary gland

Functions of 

integumentary system

• barrier

• immunological 

function

• homeostasis

• sensory 

• endocrine

• excretion 

2010/11/4 1

Skin (Cutis, Integument)

• Epidermis – rete ridges

• Dermis – dermal ridge

• Papillary layer

• Rectiular layer 

Hypodermis (subcutaneous 

fascia + adipose tissue)

Epidermal derivatives of skin

• Hair follicle and hair

• Sweat (sudoriferous) 

glands

• Sebaceous glands

• Nails

• Mammary gland

Skin (Cutis, Integument)

• Epidermis – rete ridges

• Dermis – dermal ridge

• Papillary layer

• Rectiular layer 

Hypodermis (subcutaneous 

fascia + adipose tissue)

Epidermal derivatives of skin

• Hair follicle and hair

• Sweat (sudoriferous) 

glands

• Sebaceous glands

• Nails

• Mammary gland2010/11/4 2

Thin skin vs. Thick skin 
(histology: epidermis)

(gross: epidermis + dermis)

2010/11/4 3 2010/11/4 4

Fingerprints
Thick skin

Thin skin



Layers of the skin
p Epidermis

• Stratum basale (stratum germinativum): mitotically active cells, stem cells of the 
epidermis

• Stratum spinosum: light microscopic appearance of short processes extending from
cell to cell

• Stratum granulosum (顆粒層): contains numerous intensely staining granules 
• Stratum lucidum (透明層): limited to thick skin and considered a subdivision of 

stratum corneum 
• Stratum corneum (角質層): is composed of keratinized cells

(基底層)

(棘層)
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Layers of the skin

SC: stratum corneum P: pigment
SGr: stratum granulosum                       BV: blood vessels
SS: stratum spinosum                            ➤: granules in cell of stratum granulosum
SB: stratum basale →: intercellular bridges



肌肉 (Muscle)
• 肌肉 (Muscle)—源自拉丁文，意思是「小老鼠」
• 肌肉是下列構造的主要組織，可分成三種肌肉：

-心肌組織 (cardiac muscles): 心臟
- 平滑肌組織 (smooth muscles): 中空器官壁
-骨骼肌 (skeletal muscles): 佔身體近一半的質量



肌肉組織的特性

•收縮性 (Contractility)
• 肌絲 (myofilaments)負責使肌肉細胞變短

• 肌絲有兩種，分別為肌動蛋白 (actin) 和肌凝蛋白 (myosin) 

•興奮性 (Excitability)
• 神經訊號可使肌肉細胞興奮，導致電脈衝沿著肌膜傳送

•延展性 (Extensibility)
• 骨骼肌收縮會拉長相對的肌肉
• 平滑肌會因為中空器官當中的物質而被撐大

• 胃內的食物；膀胱內的尿液

•彈性 (Elas3city)
• 被拉扯後會彈回



• Myo和mys—意指「肌肉」的字首
• Sarco—意指「肉」的字首

• 肌膜 (Sarcolemma)—肌肉細胞的細胞膜
• 肌質 (Sarcoplasm)—肌肉細胞的細胞質
• 肌漿網 (sarcoplasmic reticulum)-肌肉細胞的內質網

肌肉組織的特殊命名



肌肉組織的功能

p開啟及關閉身體通道
• 充當閥門的括約肌

-放鬆時可允許物質通過
-收縮時關閉通道

p產生運動
• 骨骼肌 (Skeletal muscle)—附著至骨骼

-透過移動骨頭來移動身體
• 平滑肌 (Smooth muscle)—將液體和其他物質擠過中空器官

p維持姿勢及穩定關節
• 使身體能維持站姿或坐姿
• 肌肉張力有助於穩定許多滑液關節

p生熱
• 肌肉收縮產生熱
• 協助維持正常體溫



肌肉組織的類型
p骨骼肌組織 (Skeletal muscle tissue)

• 組合成骨骼肌 (skeletal muscles)
• 佔體重的40%
• 細胞具有橫紋
• 骨骼肌受到神經系統的隨意區支配

p心肌組織 (Cardiac muscle tissue)
• 只存在心臟壁
• 細胞具有橫紋
• 收縮是不隨意的

p平滑肌組織 (Smooth muscle tissue)
• 位在中空器官壁
• 細胞缺乏橫紋
• 受到神經系統的不隨意區支配



骨骼肌

p每塊肌肉都是一個器官
• 主要由肌肉組織 (muscle tissue) 構成
• 骨骼肌也含有：結締組織、血管、神經

p 結締組織與肌束 (fascicles)
• 結締組織鞘將骨骼肌和其纖維結合在一起

肌外膜 (Epimysium)—圍繞整塊肌肉的緻密規則結締組織
肌束膜 (Perimysium)—圍繞每條肌束(成群的肌纖維)
肌內膜 (Endomysium)—包裹個別肌肉細胞的纖細結締組織鞘

p結締組織鞘 (肌內膜，肌束膜，肌外膜)與肌腱相連
• 當肌纖維收縮，施加拉力至肌腱的所有結締組織層，並將力量傳至肌腱連結
的骨頭

• 結締組織鞘提供彈性，並含有血管和神經



圖 10.1  骨骼肌中的結締組織鞘：肌外膜、肌束膜和肌內膜。
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骨骼肌的大體解剖學

•神經與血管
• 每塊骨骼肌會有下列構造的分支供應

• 一條神經
• 一條動脈
• 一條以上的靜脈

• 神經和血管多次分岔
• 最小的分支供應個別的肌纖維
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branch repeatedly in the intramuscular connective tissue, with 
the smallest branches serving individual muscle fibers.

The rich blood supply to muscles reflects the high demand 
that contracting muscle fibers have for nutrients and oxygen. 
Capillaries in the endomysium form a network (Figure 10.2). 
These long capillaries are wavy when the muscle fibers con-
tract and stretched straight when the muscle extends.

The innervation of skeletal muscle is described in  
N Section 10.2c.

Muscle Attachments
A muscle attachment is the location on a bone where a muscle 
connects to the bone. Each skeletal muscle extends from one 
bone to another, crossing at least one movable joint. When 
the muscle contracts, it causes one of the bones to move 
while the other bone usually remains fixed. The attachment 
of the muscle on the less movable bone is called the origin 
of the muscle, whereas the attachment on the more movable 
bone is called the muscle’s insertion (Figure 10.3). Thus, 
when the muscle contracts, its insertion is pulled toward its 
origin. In the muscles of the limbs, the origin is by convention 
the more proximal attachment of the muscle, and the inser-
tion is the more distal attachment. However, it is  important 
to realize that the functions of the origin and the insertion 
may switch, depending on body position and the movement 
produced when the muscle contracts. For example, the con-
ventional attachments for the brachialis muscle in the arm 

1. Epimysium. An outer layer of dense, irregular connec-
tive tissue surrounds the whole skeletal muscle. This 
layer is the epimysium (ep″ĭ-mis′e-um), a name that 
means “outside the muscle.” Sometimes the epimysium 
blends with the deep fascia that lies between neighboring 
muscles.

2. Perimysium. Within each skeletal muscle, the mus-
cle fibers are separated into groups. Each group, which 
resembles a bundle of sticks tied together, is called a  
fascicle (fas′ĭ-kl; “bundle”). Surrounding each fascicle is 
a layer of fibrous connective tissue called perimysium 
( per″ĭ-mis′e-um; “around the muscle [fascicle]”).

3. Endomysium. Within a fascicle, each muscle fiber is 
surrounded by a fine sheath of loose connective tissue 
consisting mostly of reticular fibers. This layer is the 
endomysium (en″do-mis′e-um; “within the muscle”).

These fibrous connective tissues bind muscle fibers 
together and hold them in parallel alignment so they can 
work together to produce force. These sheaths are continu-
ous with each other: The endomysium merges with the peri-
mysium, which in turn is continuous with the epimysium 
(Figure 10.1b). All three sheaths converge to form the tendon, 
the connective tissue structure that joins skeletal muscles to 
bones (Figure 10.1a). When muscle fibers contract, they pull 
on the surrounding endomysium. Because of the continuity 
between sheaths, this pull is then exerted on the perimysium, 
epimysium, and tendon, a sequence that transmits the force of 
contraction to the bone being moved. The sheaths also pro-
vide a muscle with much of its natural elasticity and carry the 
blood vessels and nerves that serve the muscle fibers.

Nerves and Blood Vessels
In general, each skeletal muscle is supplied by one nerve, one 
artery, and one or more veins—all of which enter or exit the 
muscle near the middle of its length. The nerves and vessels 

Figure 10.2 Photomicrograph of the capillary network 
surrounding skeletal muscle fibers. The arterial supply was 
injected with dark red gelatin to demonstrate the capillary 
bed. The muscle fibers, which run horizontally across the 
photograph, are stained orange. Note the wavy appearance 
of the thinnest capillaries (75* ).

Origin
by direct
attachment

Muscle contracting

Insertion by
indirect attachment

Brachialis

Tendon

Figure 10.3 Muscle attachments (origin and insertion). 
When a skeletal muscle contracts, its insertion is pulled 
toward its origin.
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肌肉收縮
Muscle 
contracting

直接附著
的起點
Origin
by direct
attachment
肱肌
Brachialis
肌腱
Tendon

Insertion by
indirect attachment
間接附著的止點

p肌肉附著點 (Muscle a1achments)
• 大多數骨骼肌是由一塊骨頭延伸到另一塊骨頭
• 一塊骨頭會移動；另一塊骨頭則固定

• 起點 (Origin)—可動性較低的附著點
• 止點 (Inser8on)—可動性較高的附著點

p肌肉附著點
• 肌肉透過結締組織 (CT) 
    附著至起點與止點

- 肌肉性附著點 (Fleshy attachments)
—結締組織纖維短

• 間接附著點 (Indirect attachments)
—結締組織形成肌腱或是腱膜

• 肌腱與骨頭交會處有骨標記
• 結節 (Tubercles)、轉子 (trochanters) 
和嵴 (crests)



引體向上手臂彎曲



骨骼肌組織的顯微與功能解剖學
p骨骼肌纖維 (骨骼肌細胞)

• 纖維為長圓柱狀
• 是巨大的細胞—直徑 10–100 µm 
• 長度—數公分到數十公分

• 每個骨骼肌細胞是胚胎細胞融合而形
• 細胞是多核的 (multinucleate)
• 細胞核位在細胞週邊

顯現出肌原纖維的一條
肌纖維局部的圖示。一
條肌原纖維被從肌纖維
切斷的那端拉出。

肌膜
Sarcolemma

粒線體
Mitochondrion

暗A帶
Dark A band

明I帶
Light I band

細胞核
Nucleus

Myofibril
肌原纖維



肌原纖維和肌節
p橫紋是源自肌原纖維的內部構造

p肌原纖維 (Myofibrils)
• 是在肌質當中的長桿狀物體
• 佔肌質的 80%
• 是存在於肌肉組織內的特化收縮性胞器
• 是一長列重複的節段，這些節段稱為肌節 
(sarcomeres；骨骼肌組織的功能性單位)

p骨骼肌收縮的基本單位
• Z盤 (Z線) [Z disc (Z line)]—每個肌節的邊界
• 細 (肌動蛋白) 絲 [Thin (ac:n) filaments]—由Z盤往肌
節的中央延伸

• 粗 (肌凝蛋白) 絲 [Thick (myosin) filaments]—位在肌節
中央

• 與細肌絲的內側端重疊
• 含有ATP酶



pA帶 (A bands)—粗肌絲的全長
• 包括細肌絲的內側端

pH區 (H zone)—沒有細肌絲的A帶中央部位
pA帶和 I 帶折射偏振光的方式不同

• A 帶—非等向性 (anisotropic)
• I 帶—等同性 (isotropic)

肌原纖維和肌節

pM線 (M line)—在H區的中央
• 含有將粗肌絲連在一起的微小桿狀物

pI 帶 (I band)—只具有細肌絲的區域
• 位在兩個相鄰的肌節當中

局部放大的一條肌纖維
以顯現出肌絲造成條紋
狀的圖樣。每個肌節均
由一個Z盤延伸到下一
個Z盤。

細(肌動蛋白)絲
Thin (actin)
filament

Thick (myosin)
filament
粗(肌凝蛋白)絲

I band I帶 I band I帶A band A帶 M line M線

Z盤
Z disc

Z盤
Z disc

H區
H zone

Sarcomere
肌節



細(肌動蛋白)絲
Thin (actin)
filament
Elastic (titin)
filaments
彈性(肌聯蛋白)絲

Thick 
(myosin)
filament
粗(肌凝蛋白)絲
Myosin 
heads
肌凝蛋白頭

Z盤
Z disc

Z盤
Z disc

M線
M line

肌節放大(縱向切開)。
注意粗肌絲上的肌凝蛋
白頭。.

肌聯蛋白與其他肌原纖維蛋白

p肌聯蛋白 (Ti%n) 是抵抗過度拉扯的彈簧狀分子
• 肌聯蛋白分子從Z盤延伸到粗肌絲，接到M線

-兩種功能
1. 將粗肌絲固定在適當位置
2. 肌肉被拉長時展開



收縮機制
p兩大收縮類型

• 同心收縮 (Concentric contraction)—肌肉縮短而做功
• 離心收縮 (Eccentric contraction)—肌肉變長時產生力量

• 肌肉擔任抵抗重力的「煞車」
• 伏地挺身中的伏地向下便是一個離心收縮的例子

細(肌動蛋白)絲
Thin (actin) filament

運動
Movement

Myosin   
head 
肌凝蛋白頭

粗(肌凝蛋白)絲
Thick (myosin) filament

細(肌動蛋白)絲
Thin (actin)

filament

粗(肌凝蛋白)絲
Thick (myosin)

filament

粗(肌凝蛋白)絲
Thick (myosin)

filament

細(肌動蛋白)絲
Thin (actin)

filament

肌凝蛋白頭
Myosin
heads

肌凝蛋白頭附著至細肌絲中的肌動蛋白，然後轉動將細肌絲往內拉。 通過肌節A帶的冷凍碎裂穿透式電子顯微照片，顯示出肌凝蛋白頭
附著至細肌絲。

p肌絲滑動機制 (Sliding filament mechanism)
• 解釋了同心收縮

• 肌凝蛋白頭附著至在肌節兩端的細肌絲, 
然後將細肌絲拉向肌節的中央

• 肌質網釋出鈣離子啟動肌絲滑動機制
• 由ATP供應能量



1. 等長收縮  (Isometric Muscle Action) 

2. 向心收縮  (Concentric Muscle Action) 

3. 離心收縮  (Eccentric Muscle Action)

等長收縮與它字面上的意思相同，就是肌肉「長度不
變」的用力狀態，也就是肌肉收縮的力量等於外在的
負荷重量。舉例來說：以前被老師處罰半蹲的時候，
就是全身的肌肉進行等長收縮，用力維持著半蹲狀
態，無法移動的時候。

向心收縮指的是，肌肉收縮力量大於外在的負荷重量
時，肌肉縮短的過程；簡單來說，就是肌肉「長度」縮
短的動作狀態，譬如：我們從口袋拿手機出來看時，就
是我們手臂前側的肱二頭肌向心收縮，把手機舉到我們
面前。

離心收縮則與向心收縮相反，當肌肉的收縮力量小於負
荷重量時，肌肉慢慢「被拉長」的過程；由於它的動作
狀態是肌肉被慢慢拉長的狀態，所以筆者常常以「汽車
避震器」去比喻離心收縮的功能，主要便是緩衝我們所
受到的衝擊，譬如：我們從高台落地時，我們大腿前側
的股四頭肌便會出力慢慢拉長而抵抗衝擊力。

https://volsports.co/blog/2019/01/04/muscle-2/



肌絲滑動機制

p收縮改變橫紋的圖樣
• 完全放鬆—細肌絲與粗肌絲有部分重疊
• 收縮—Z盤彼此拉近

-肌節變短
- I 帶變短；H區消失
- A帶維持相同的長度

肌纖維完全放鬆的肌節1 2 肌纖維完全收縮的肌節

Z Z Z ZH
I I I IA A



骨骼肌的神經支配
p運動神經元支配骨骼肌組織

• 神經肌肉接合處 (Neuromuscular junction)是神經末梢與肌纖維交會的位點
• 終鈕 (軸突終末) [Terminal boutons (axon terminals)]

-位在軸突末端
-儲存神經傳遞物

• 突觸裂隙 (Synaptic cleft)
- 軸突終末與肌膜之間的空間

p運動單元 (Motor unit):
     •  一個運動神經元和其支配的所有肌肉纖維
     • 一個運動神經元支配的肌肉纖維數量可以從最少4個到好幾百個
     • 需要做愈精細動作的肌肉 (例如手指和眼睛的肌肉)，運動單元中的
        肌肉纖維就愈少



圖 10.8  神經肌肉接合處。
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圖 10.9  運動單位。
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從脊髓延伸到肌肉的運動神經元軸突。每個軸突會分裂成很多個終鈕，遍佈在肌肉的終鈕
與肌纖維形成神經肌肉接合處。

來自神經肌肉接合處的分支
終鈕，一條肌纖維配有一個
終鈕(光學顯微照片320x)。



骨骼肌纖維的類型
p骨骼肌纖維依據兩種特徵加以分類

1. 它們如何製造能量 (ATP)
- 氧化型纖維 (Oxidative fibers)—以有氧方式製造ATP

   -糖解型纖維 (Glycolytic fibers)—經由糖解作用，以無氧方式製造ATP
2. 它們收縮的速度有多快

p骨骼肌纖維
• 分成三類

1. 慢速氧化型纖維 (Slow oxidative fibers)
-紅色的慢速氧化型纖維

2. 快速糖解型纖維 (Fast glycolytic fibers)
-白色的快速糖解型纖維

3. 快速氧化型纖維 (Fast oxidative fibers)
-中間型纖維



骨骼肌纖維的類型
p慢速氧化型纖維 (Slow oxida8ve fibers)

• 因為豐富的肌紅素而呈現紅色
• 從有氧代謝反應獲得能量
• 含有大量粒線體
• 有豐富的微血管
• 收縮慢且抗疲勞
• 纖維直徑小

p快速糖解型纖維
• 幾乎不含肌紅素和粒線體
• 直徑為慢速氧化型纖維的兩倍
• 含有較多的肌絲並產生較大的力量
• 仰賴無氧路徑
• 收縮快速也疲勞得快

p快速氧化型纖維
• 直徑介於另兩種纖維之間
• 和快速糖解型纖維一樣收縮速度快
• 需要氧氣
• 肌紅素含量高，且有豐富的微血管
• 稍微抗疲勞
• 比慢速氧化型纖維有力



肱肌

肱肌

- 近端接點：
 ．肱骨前側下
1/3 
 

- 遠端接點：
．尺骨粗隆 

- 動作：
 ．肘關節屈曲

肱二頭肌

- 近端接點：
 ．短頭：喙突
 ．長頭：盂上結節 
 

- 遠端接點：
．橈骨粗隆 

- 動作：
 ．肩關節屈曲
 ．肘關節屈曲
 ．橈尺關節旋後
  

長頭

肱二頭肌

短頭

上臂前側

上臂前側

- 神經
      ．肌皮神經

- 動作：
 ．手肘屈曲



上臂後側

肱三頭肌

- 近端接點：
 ．外、內側頭：肱骨
 ．長頭：肩胛骨的盂下結
節

 
- 遠端接點：

．尺骨的鷹嘴突 

- 動作：
 ．肩關節伸直
 ．肘關節伸直

長頭
外側頭

肱三頭肌

上臂後側

- 神經
      ．橈神經

- 動作：
 ．手肘
伸直



Synovial JointsF O C U S

(a) Plane joint 

Ulna

Vertical axis

Trough

Cylinder

Axle (rounded 
bone)

Sleeve
(bone and
ligament)

Flat
articular
surfaces

Medial/lateral
axis

Rotation

Flexion and extension

Gliding

Radius

Humerus

Metacarpals

Examples: Intercarpal joints, intertarsal joints, joints between vertebral articular surfaces

Examples: Elbow joints, interphalangeal joints

Carpals

Ulna

Nonaxial movement 

(b) Hinge joint Uniaxial movement

Examples: Proximal radioulnar joints, atlantoaxial joint

(c) Pivot joint  Uniaxial movement

Figure 9.8
The shapes of the joint surfaces de!ne the types of movements that 
can occur at a synovial joint; they also determine the classi!cation
of synovial joints into six structural types.
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Synovial 
joint

(滑液關節)

平面關節

屈戍關節/樞紐關節

車軸關節



(d) Condylar joint

Examples: Metacarpophalangeal (knuckle) joints, wrist joints

Example: Carpometacarpal joints of the thumbs

Biaxial movement

(e) Saddle joint Biaxial movement

Examples: Shoulder joints and hip joints

(f) Ball-and-socket joint Multiaxial movement

Medial/
lateral
axis

Medial/
lateral
axis

Anterior/
posterior 
axis

Medial/lateral
axis

Anterior/posterior
axis

Vertical axis

Oval
articular
surfaces

Cup
(socket)

Spherical
head
(ball)

Articular
surfaces
are both 
concave 
and convex

Rotation

Flexion and extension

Adduction and
abduction

Adduction and abduction

Flexion and extension

Adduction and abductionFlexion and extension

Metacarpal Ι

Trapezium

Metacarpals

Phalanges

Scapula

Humerus

Anterior/
posterior
axis
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掌指關節，腕關節

髁狀關節

鞍狀關節

球窩關節
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解剖雞翅要觀察及學習的構造
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在開始解剖雞翅之前…
p 觀察雞皮上的疙瘩 (bumps)，這些疙瘩是⽻⽑長出來的地⽅
p 想像雞翅原本連接在雞胸上是長怎麼樣
p 用⼿觸摸在雞皮底下的肌⾁和骨頭
p 觀察關節的位置

小雞腿；棒棒腿

小雞翅 (wingette)

翅尖





2023/7/17 凌晨1:56 Chicken Wing Dissection

https://www2.nau.edu/lrm22/lessons/chicken_wing/wing.html 3/4

2023/7/17 凌晨1:56 Chicken Wing Dissection

https://www2.nau.edu/lrm22/lessons/chicken_wing/wing.html 3/4







MUSCLES OF THE WING 63

In the proximal part of the belly, the anterior branch of N. brachialis

longus superior may be found imbedded in the deep surface. Two twigs

from this branch enter the deep, anterior surface of the belly.

Origin.—The origin is widely fleshy from the posterior surface of the

radius, starting just distal to the insertion of M. biceps and continuing

half way out the radius. Just distal to the ulnar insertion of M. biceps

there is a short, narrow and fleshy origin from the middle of the anterior

face of the ulna. This ulnar connection provides origin for the posterior

half of the pinnate structure which is most apparent in the proximal half

of the belly's length ( fig. 21 )

.

Insertion.—The small tendon of insertion lies superficially on the

antero-anconal edge of the wrist just posterior to the tendon of M. extens.

meta. rad. Immediately proximal to the insertion on the extensor process

of metacarpal II, these two tendons fuse (figs. 18, 20, 21).

M. anconeus

The position and topographical relationships of this muscle may be
observed in figures 18, 20, and 21. The belly is not completely bipinnate

and is covered by a heavy, silvery sheath of fascia. The same branch of

N. brachialis longus superior, that serves M. extens. longus dig. II, sends

twigs to the antero-palmar edge of this muscle.

Origin.—A tendon from the ectepicondylar prominence of the external

humeral condyle furnishes an attachment for the fleshy fibers (fig. 20).

Insertion.—As soon as the belly is formed just distal to the humero-
ulnar articulation, short proximal fibers insert fleshily on the anterior and
anconal faces of the ulna. This fleshy insertion continues distad to end in

an attenuated point about halfway out the ulna (fig. 20).

.extens. longus dig. H
/ , tens. pat. longus + extens. meta. rad.

u / /scapholunar

/<?lNs.^VS/\ ^ ex'ens
-

longus dig. HI

'jf
//ff ^t^^S-v^T^o^^-xT^^ .-radius

T ^iform \\ ^^^^^^\^ extens. longus dig. II

lex. dig. prof. M ^^^C^^x/^^^s,/^^^
flex, carpi ulnaris /^>L?3s*§&*w/~^

SSi<
S».^^. \ sup brevis

humerus

flex, carpi ulnaris brevis' ^^^O^^-^ *C^O^>*.
brachialis

/" i7

flex. dig. prof.-" \flPiv^>-<K
anconeus -' ^.»r

joint ligaments^

Fig. 21. The deep musculature of the right forevving as seen in ventral view.
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Upper wing 

Wing tip 
 

Figure 1: The external structures visible of the chicken 
wing. (Image by K. Szalai, 2017) 

 
 
 
Chicken wing See Figure 1. 
 

Figure 2: Shows the skin being carefully cut and peeled 
back from the wing to expose the muscles and underlying 
tissues. (Image by K. Szalai, 2017) 

 

Lower wing 
 

1. 使用剪⼑移除皮膚
     注意不要切到肌⾁、韌帶和肌腱
     Tips: 可先用鑷⼦夾起皮膚，在用剪⼑戳進去剪
2. Manus相當於⼈體的哪個地⽅？
3. Wrist joint  (腕關節)在哪裡?
4. Anula 相當於⼿的哪個部分？

Manus

Anula 

開剖！！！
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Upper wing 

Wing tip 
 

Figure 1: The external structures visible of the chicken 
wing. (Image by K. Szalai, 2017) 

 
 
 
Chicken wing See Figure 1. 
 

Figure 2: Shows the skin being carefully cut and peeled 
back from the wing to expose the muscles and underlying 
tissues. (Image by K. Szalai, 2017) 

 

Lower wing 
 

1. 觀察肌⾁及其附著的地⽅
2. 觀察不同⽅向的肌⾁，是否⼀塊肌⾁收縮，另⼀塊相對⽅向的肌⾁會拉長
3. 觀察位於關節間的軟骨
4. 移動下部雞翅的肌⾁位於上部雞翅，那移動上部雞翅的肌⾁位於？
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Figure 3a: Shows the muscle groups of the chicken wing. 
(Image by K. Szalai, 2017) 

Triceps muscle 

Forearm muscles 

Tendons 

Figure 3b: Shows the tendons connecting the muscle to the bone in several 
muscle groups, and the rest of the wing tip which composed of modified hand 
bones. (Image by K. Szalai, 2017) 

 

 Forearm tendons 

Phalanges 

Metacarpals 

Blood vessels 

Triceps and 
biceps tendons 

Biceps muscle 

Alula (thumb) 

1. 找出骨頭之間的韌帶
2. 移動指頭的肌⾁位於何處？
3. ⼤拇指對於抓取物品的重要性。試試看不用⼤拇指拿起東西
4. 彎曲⼿臂舉起重物，感受肌⾁的變化
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Figure 3a: Shows the muscle groups of the chicken wing. 
(Image by K. Szalai, 2017) 

Triceps muscle 

Forearm muscles 

Tendons 

Figure 3b: Shows the tendons connecting the muscle to the bone in several 
muscle groups, and the rest of the wing tip which composed of modified hand 
bones. (Image by K. Szalai, 2017) 

 

 Forearm tendons 

Phalanges 

Metacarpals 

Blood vessels 

Triceps and 
biceps tendons 

Biceps muscle 

Alula (thumb) 
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Figure 4b: The muscles removed to expose the 
bones, joints and ligaments of the wing. (Image by 
K. Szalai, 2017) 

 

Figure 4a: The muscles dissected away from the bones showing 
tendons attached (Image by K. Szalai, 2017) 

Radius 

Ulna 

Hinge joint 
(elbow) Ligaments 

Ball joint (shoulder) 
 

Tendon 

Forearm tendons 

Triceps tendon 

Ligaments 

Humerus 

p 了解韌帶 (ligament)和肌腱 (tendon)的差別
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Figure 4b: The muscles removed to expose the 
bones, joints and ligaments of the wing. (Image by 
K. Szalai, 2017) 

 

Figure 4a: The muscles dissected away from the bones showing 
tendons attached (Image by K. Szalai, 2017) 
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Figure 5: Shows protective cartilage at the surface 
of the bones forming the elbow joint. (Image by K. 
Szalai, 2017) 

Figure 6: Cartilage removed from the surface of the 
bone showing pink bone marrow. (Image by K. Szalai, 
2017) 

 

Articular cartilage 

Bone marrow 

Ligaments 
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Figure 5: Shows protective cartilage at the surface 
of the bones forming the elbow joint. (Image by K. 
Szalai, 2017) 

Figure 6: Cartilage removed from the surface of the 
bone showing pink bone marrow. (Image by K. Szalai, 
2017) 

 

Articular cartilage 

Bone marrow 

Ligaments 
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hapter 14: G

astrointestinal tract

INTRODUCTION

from mouth to anus. The mucous membrane is protective, 
secretory, absorptive or a combination of these in different 
parts of the tract (see Fig. 14.3). The muscle gives strength 
to the wall of the tract as well as moving the food along. 
Muscle is arranged somewhat differently in different areas 
of the tract. Because of its continuity with the external envi-
ronment, the gastrointestinal system is a potential portal of 
entry for pathogenic organisms. As a result, the system 
incorporates a number of defence mechanisms which 
include prominent aggregations of lymphoid tissue, known 
as the gut-associated lymphoid system (GALT), distributed 
throughout the tract (see Ch. 11).

14 Gastrointestinal tract

The function of the gastrointestinal system is to break down 
food for absorption into the body. This process occurs in five 
main phases: ingestion, fragmentation, digestion, absorp-
tion and elimination of waste products. Digestion is the 
process by which food is enzymatically broken down into 
molecules that are small enough to be absorbed into the 
circulation. As an example, ingested proteins are first 
reduced to polypeptides and then further degraded to small 
peptides and amino acids that can be absorbed.

The gastrointestinal system is essentially a muscular 
tube lined by a mucous membrane that exhibits regional 
variations, reflecting the changing functions of the system 

FIG. 14.1 Parts of the gastrointestinal tract 

Ingestion and initial fragmentation of food occur in the oral 
cavity, resulting in the formation of a bolus of food. This is 
then conveyed to the oesophagus by the action of the tongue 
and pharyngeal muscles during swallowing. Secretion of saliva 
from major and minor salivary glands (see Ch. 13) aids 
fragmentation and lubricates the food for swallowing.

The oesophagus conducts food from the oral cavity to the 
stomach where fragmentation is completed and digestion 
begins. Initial digestion, accompanied by the intense muscular 
action of the stomach wall, converts the stomach contents to a 
semi-digested liquid called chyme. Chyme is squirted through a 
muscular sphincter, the pylorus, into the duodenum, the short 
first part of the small intestine. Digestive enzymes from a large 
exocrine gland, the pancreas, enter the duodenum together with 
bile from the liver via the common bile duct (see Ch. 15). Bile 
contains excretory products of liver metabolism, some of which 
act as emulsifying agents necessary for fat digestion. Duodenal 
contents pass along the rest of the small intestine where the 
process of digestion is completed and the main absorptive phase 
occurs. The middle segment of the small intestine is called the 
jejunum and the distal segment the ileum. There is no distinct 
anatomical boundary between these parts of the small bowel.

The liquid residue from the small intestine passes through 
the ileocaecal valve into the large intestine. Here, water is 
absorbed from the liquid residue, which becomes progressively 
more solid as it passes towards the anus. The capacious first 
part of the large intestine is called the caecum, from which 
projects a blind-ended sac, the appendix. The next part of the 
large intestine, the colon, is divided anatomically into 
ascending, transverse, descending and sigmoid segments, 
although histologically the segments are indistinguishable from 
one another. The terminal portion of the large intestine, the 
rectum, is a holding chamber for faeces prior to defaecation via 
the anal canal. 

Ascending colon

Pharynx

Oesophagus

Stomach
Liver

Transverse colon

Descending colon
Small intestine

Sigmoid colon
Rectum
Anus

Caecum
Appendix

Duodenum

Development of the gastrointestinal tract

The GI tract is derived from endoderm, the innermost of the 
three layers forming the developing embryo. During fetal life, it 
is divided into three segments described as the foregut (with 
blood supply derived from the coeliac trunk), midgut (supplied 
by the superior mesenteric artery) and hindgut (supplied by the 
inferior mesenteric artery). These parts develop into the parts of 
the definitive GI tract. The foregut extends from the 
oesophagus down to the second part of the duodenum where 
the common bile duct enters the GI tract. The midgut extends 
to the junction of the middle and distal thirds of the transverse 
colon (known as Cannon’s point), and the more distal 

structures are derived from the hindgut. An awareness of the 
embryological development of the GI tract often facilitates our 
understanding of disease. For example, visceral pain arising 
from the different parts of the gut typically localises in distinct 
parts of the abdomen due to the pattern of its innervation. As a 
result, foregut pain is typically felt in the epigastrium, midgut 
pain in the periumbilical region and hindgut pain in the 
suprapubic area. This helps explains why the pain of acute 
appendicitis tends to begin in the periumbilical area (midgut 
origin) and only localises to the right iliac fossa later because 
of inflammation of the peritoneal surface.

esophagus

Gastrointestinal Tract (胃腸道)
p Ingestion, fragmentation, digestion, 

absorption, elimination
p Muscular tube lined by a mucous 

membrane that exhibits regional 
variations, reflecting the changing 
functions of the system from mouth to 
anus

p Oral cavity: ingestion and fragmentation 
by saliva

p Esophagus: conduct food
p Stomach: semi-digested liquid called 

chyme
p Small intestine: absorption phase
p Large intestine: water is absorbed from 

the liquid residue, 
p Anal canal: elimination
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page 558). ! is epithelium does not contain taste buds. 
! e papillae serve only a mechanical role. Filiform papil-
lae are distributed over the entire anterior dorsal surface 
of the tongue, with their tips pointing backward. ! ey 
appear to form rows that diverge to the left and right 
from the midline and that parallel the arms of the sulcus 
terminalis.

• Fungiform papillae, as the name implies, are mush-
room-shaped projections located on the dorsal surface of 
the tongue (Fig. 16.5b). ! ey project above the fi liform 
papillae, among which they are scattered, and are just vis-
ible to the unaided eye as small spots (see Fig. 16.4 and 
Plate 50, page 560). ! ey tend to be more numerous near 
the tip of the tongue. Taste buds are present in the strati-
fi ed squamous epithelium on the dorsal surface of these 
papillae.

• Circumvallate papillae are the large, dome-shaped struc-
tures that reside in the mucosa just anterior to the sulcus 
terminalis (see Fig. 16.4). ! e human tongue has 8 to 12 
of these papillae. Each papilla is surrounded by a moat-like 
invagination lined with stratifi ed squamous epithelium 
that contains numerous taste buds (Fig. 16.5d). Ducts of 
lingual salivary (von Ebner’s) glands empty their 

! e  submucosa  contains the larger blood vessels, nerves, 
and lymphatic  vessels that supply the subepithelial neuro-
vascular networks in the lamina propria throughout the oral 
cavity.

Specialized mucosa is associated with the sensation 
of taste and is restricted to the dorsal surface of the tongue. 
It contains papillae and taste buds responsible for generat-
ing the chemical sensation of taste.

Oral mucosa forms an important protective barrier 
 between the external environment of the oral cavity and in-
ternal environments of the surrounding tissues. It is resistant 
to the pathogenic organisms that enter the oral cavity and to 
indigenous microorganisms residing there as microbial fl ora. 
Epithelial cells, migratory neutrophils, and saliva all contrib-
ute to maintaining the health of the oral cavity and protecting 
the oral mucosa from bacterial, fungal, and viral infections. 
! e protective mechanisms include several  salivary anti-
microbial peptides, the !-defensins expressed in the epi-
thelium, the "-defensins expressed in neutrophils, and the 
secretory immunoglobulin A (sIgA). However, in individu-
als with immunodefi ciency or those undergoing antibiotic 
therapy, in which the balance between microorganisms and 
protective mechanisms is disrupted, oral infections are rather 
common.

TONGUE
! e tongue is a muscular organ projecting into the oral 
 cavity from its inferior surface. Lingual muscles (i.e., mus-
cles of the tongue) are both extrinsic (having one attachment 
outside of the tongue) and intrinsic (confi ned entirely to the 
tongue, without external attachment). ! e striated muscle of 
the tongue is arranged in bundles that generally run in three 
planes, with each arranged at right angles to the other two. 
! is arrangement of muscle fi bers allows enormous  fl exibility 
and precision in the movements of the tongue, which are 
 essential to human speech as well as to its role in digestion 
and swallowing. ! is form of muscle organization is found 
only in the tongue, which allows easy identifi cation of this 
tissue as lingual muscle. Variable amounts of adipose tissue 
are found among the muscle fi ber groups.

Grossly, the dorsal surface of the tongue is divided 
into an anterior two-thirds and a posterior one-third by a 
V-shaped depression, the sulcus terminalis (Fig. 16.4). 
! e apex of the V points posteriorly and is the location of 
the foramen cecum, the remnant of the site from which an 
evagination of the fl oor of the embryonic pharynx occurred 
to form the thyroid gland.
Papillae cover the dorsal surface of the tongue.

Numerous mucosal irregularities and elevations called 
 lingual papillae cover the dorsal surface of the tongue 
 anterior to the sulcus terminalis. ! e lingual papillae and 
their associated taste buds constitute the specialized mu-
cosa of the oral cavity. Four types of papillae are described: 
fi liform, fungiform, circumvallate, and foliate.

• Filiform papillae are the smallest and most numerous 
in humans. ! ey are conical, elongated projections of 
connective tissue that are covered with highly keratinized 
stratifi ed squamous epithelium (Fig. 16.5a and Plate 49, 

lingual tonsil

palatine
tonsil epiglottis

foramen
cecum

circumvallate
papillae

foliate
papillae

fungiform
papillae

lingual tonsil

palatine
tonsil epiglottis

foramen
cecum

circumvallate
papillae

foliate
papillae

fungiform
papillae

FIGURE 16.4 ! Human tongue. Circumvallate papillae are po-
sitioned in a V confi guration, separating the anterior two-thirds of the 
tongue from the posterior third. Fungiform and fi liform papillae are on 
the anterior portion of the dorsal tongue surface. The uneven contour 
of the posterior tongue surface is attributable to the lingual tonsils. The 
palatine tonsil is at the junction between the oral cavity and the pharynx.
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p Sulcus terminalis (界溝)
p Foramen cecum (舌盲孔)
p Lingual papillae
     1. Filiform papillae (絲狀乳頭)

• smallest and most numerous
• covered with highly keratinized stratified 

squamous epithelium 
• no taste buds (味蕾)
• are distributed over the entire anterior dorsal 

surface of the tongue

1/3

2/3
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! e dorsal surface of the base of the tongue exhibits 
smooth bulges that refl ect the presence of the lingual tonsil in 
the lamina propria (see Fig. 16.4).
Taste buds are present on fungiform, foliate, and circum-
vallate papillae.

In histologic sections, taste buds appear as oval, pale- 
staining bodies that extend through the thickness of the 
 epithelium (Fig. 16.6). A small opening onto the epi-
thelial surface at the apex of the taste bud is called the 
taste pore.

! ree principal cell types are found in taste buds:

• Neuroepithelial (sensory) cells are the most numer-
ous cells in the taste bud. ! ese elongated cells  extend 
from the basal lamina of the epithelium to the taste 

 serous secretion into the base of the moats. ! is  secretion 
presumably fl ushes material from the moat to enable the 
taste buds to respond rapidly to changing stimuli.

• Foliate papillae consist of parallel low ridges sepa-
rated by deep mucosal clefts (see Fig. 16.5c and Plate 50, 
page 560), which are aligned at right angles to the long 
axis of the tongue. ! ey occur on the lateral edge of the 
tongue. In aged individuals, the foliate papillae may not be 
recognized; in younger individuals, they are easily found 
on the posterior lateral surface of the tongue and contain 
many taste buds in the epithelium of the facing walls 
of neighboring papillae (Fig. 16.4). Small serous glands 
empty into the clefts. In some animals, such as the rabbit, 
foliate papillae constitute the principal site of  aggregation 
of taste buds.

bbbbb

aaaaa ccccc

ddd

filiform papillae

fungiform papilla

foliate papilla

striatedstriated
musclemuscle

ductsducts

serousserous
glandsglands

taste budstaste buds

striated
muscle

ducts

serous
glands

serousserous
glandsglands
serous
glands

circumvallatecircumvallate
papillapapilla

circumvallate
papilla

taste buds

taste buds

FIGURE 16.5 ! Lingual papillae. a. Structurally, the fi liform papillae are posteriorly bent conical projections of the epithelium. These papil-
lae do not possess taste buds and are composed of stratifi ed squamous keratinized epithelium. !45. b. Fungiform papillae are slightly rounded, 
elevated structures situated among the fi liform papillae. A highly vascularized connective tissue core forms the center of the fungiform papilla and 
projects into the base of the surface epithelium. Because of the deep penetration of connective tissue into the epithelium (arrows), combined with a 
very thin keratinized surface, the fungiform papillae appear as small red dots when the dorsal surface of the tongue is examined by gross inspection. 
!45. c. In a section, foliate papillae can be distinguished from fungiform papillae because they appear in rows separated by deep clefts (arrows). 
The foliate papillae are covered by stratifi ed squamous nonkeratinized epithelium containing numerous taste buds on their lateral surfaces. The free 
surface epithelium of each papilla is thick and has a number of secondary connective tissue papillae projecting into its undersurface. The connec-
tive tissue within and under the foliate papillae contains serous glands (von Ebner’s glands) that open via ducts into the cleft between neighboring 
papillae. !45. d. Circumvallate papillae are covered by stratifi ed squamous epithelium that may be slightly keratinized. Each circumvallate papilla 
is surrounded by a trench or cleft. Numerous taste buds are on the lateral walls of the papillae. The dorsal surface of the papilla is smooth. The deep 
trench surrounding the circumvallate papillae and the presence of taste buds on the sides rather than on the free surface are features that distin-
guish circumvallate from fungiform papillae. The connective tissue near the circumvallate papillae also contains many serous-type glands that open 
via ducts into the bottom of the trench. !25.
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Tongue
2. Fungiform papillae (蕈狀乳頭)

• Scattered among filiform papillae    
• More numerous near the tip of the tongue
• Taste buds: the stratified squamous epithelium on the dorsal surface

3. Circumvallate papillae (輪廓乳頭)
• anterior to the sulcus terminalis
• human tongue has 8 to 12 of these papillae
• Each papilla is surrounded by a moat-like invagination lined with stratified 
squamous epithelium that contains numerous taste buds

• lingual salivary (von Ebner’s) glands empty their serous secretion into the 
base of the moats
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! e dorsal surface of the base of the tongue exhibits 
smooth bulges that refl ect the presence of the lingual tonsil in 
the lamina propria (see Fig. 16.4).
Taste buds are present on fungiform, foliate, and circum-
vallate papillae.

In histologic sections, taste buds appear as oval, pale- 
staining bodies that extend through the thickness of the 
 epithelium (Fig. 16.6). A small opening onto the epi-
thelial surface at the apex of the taste bud is called the 
taste pore.

! ree principal cell types are found in taste buds:

• Neuroepithelial (sensory) cells are the most numer-
ous cells in the taste bud. ! ese elongated cells  extend 
from the basal lamina of the epithelium to the taste 

 serous secretion into the base of the moats. ! is  secretion 
presumably fl ushes material from the moat to enable the 
taste buds to respond rapidly to changing stimuli.

• Foliate papillae consist of parallel low ridges sepa-
rated by deep mucosal clefts (see Fig. 16.5c and Plate 50, 
page 560), which are aligned at right angles to the long 
axis of the tongue. ! ey occur on the lateral edge of the 
tongue. In aged individuals, the foliate papillae may not be 
recognized; in younger individuals, they are easily found 
on the posterior lateral surface of the tongue and contain 
many taste buds in the epithelium of the facing walls 
of neighboring papillae (Fig. 16.4). Small serous glands 
empty into the clefts. In some animals, such as the rabbit, 
foliate papillae constitute the principal site of  aggregation 
of taste buds.

bbbbb

aaaaa ccccc

ddd

filiform papillae

fungiform papilla

foliate papilla

striatedstriated
musclemuscle

ductsducts

serousserous
glandsglands

taste budstaste buds

striated
muscle

ducts

serous
glands

serousserous
glandsglands
serous
glands

circumvallatecircumvallate
papillapapilla

circumvallate
papilla

taste buds

taste buds

FIGURE 16.5 ! Lingual papillae. a. Structurally, the fi liform papillae are posteriorly bent conical projections of the epithelium. These papil-
lae do not possess taste buds and are composed of stratifi ed squamous keratinized epithelium. !45. b. Fungiform papillae are slightly rounded, 
elevated structures situated among the fi liform papillae. A highly vascularized connective tissue core forms the center of the fungiform papilla and 
projects into the base of the surface epithelium. Because of the deep penetration of connective tissue into the epithelium (arrows), combined with a 
very thin keratinized surface, the fungiform papillae appear as small red dots when the dorsal surface of the tongue is examined by gross inspection. 
!45. c. In a section, foliate papillae can be distinguished from fungiform papillae because they appear in rows separated by deep clefts (arrows). 
The foliate papillae are covered by stratifi ed squamous nonkeratinized epithelium containing numerous taste buds on their lateral surfaces. The free 
surface epithelium of each papilla is thick and has a number of secondary connective tissue papillae projecting into its undersurface. The connec-
tive tissue within and under the foliate papillae contains serous glands (von Ebner’s glands) that open via ducts into the cleft between neighboring 
papillae. !45. d. Circumvallate papillae are covered by stratifi ed squamous epithelium that may be slightly keratinized. Each circumvallate papilla 
is surrounded by a trench or cleft. Numerous taste buds are on the lateral walls of the papillae. The dorsal surface of the papilla is smooth. The deep 
trench surrounding the circumvallate papillae and the presence of taste buds on the sides rather than on the free surface are features that distin-
guish circumvallate from fungiform papillae. The connective tissue near the circumvallate papillae also contains many serous-type glands that open 
via ducts into the bottom of the trench. !25.
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! e dorsal surface of the base of the tongue exhibits 
smooth bulges that refl ect the presence of the lingual tonsil in 
the lamina propria (see Fig. 16.4).
Taste buds are present on fungiform, foliate, and circum-
vallate papillae.

In histologic sections, taste buds appear as oval, pale- 
staining bodies that extend through the thickness of the 
 epithelium (Fig. 16.6). A small opening onto the epi-
thelial surface at the apex of the taste bud is called the 
taste pore.

! ree principal cell types are found in taste buds:

• Neuroepithelial (sensory) cells are the most numer-
ous cells in the taste bud. ! ese elongated cells  extend 
from the basal lamina of the epithelium to the taste 

 serous secretion into the base of the moats. ! is  secretion 
presumably fl ushes material from the moat to enable the 
taste buds to respond rapidly to changing stimuli.

• Foliate papillae consist of parallel low ridges sepa-
rated by deep mucosal clefts (see Fig. 16.5c and Plate 50, 
page 560), which are aligned at right angles to the long 
axis of the tongue. ! ey occur on the lateral edge of the 
tongue. In aged individuals, the foliate papillae may not be 
recognized; in younger individuals, they are easily found 
on the posterior lateral surface of the tongue and contain 
many taste buds in the epithelium of the facing walls 
of neighboring papillae (Fig. 16.4). Small serous glands 
empty into the clefts. In some animals, such as the rabbit, 
foliate papillae constitute the principal site of  aggregation 
of taste buds.
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FIGURE 16.5 ! Lingual papillae. a. Structurally, the fi liform papillae are posteriorly bent conical projections of the epithelium. These papil-
lae do not possess taste buds and are composed of stratifi ed squamous keratinized epithelium. !45. b. Fungiform papillae are slightly rounded, 
elevated structures situated among the fi liform papillae. A highly vascularized connective tissue core forms the center of the fungiform papilla and 
projects into the base of the surface epithelium. Because of the deep penetration of connective tissue into the epithelium (arrows), combined with a 
very thin keratinized surface, the fungiform papillae appear as small red dots when the dorsal surface of the tongue is examined by gross inspection. 
!45. c. In a section, foliate papillae can be distinguished from fungiform papillae because they appear in rows separated by deep clefts (arrows). 
The foliate papillae are covered by stratifi ed squamous nonkeratinized epithelium containing numerous taste buds on their lateral surfaces. The free 
surface epithelium of each papilla is thick and has a number of secondary connective tissue papillae projecting into its undersurface. The connec-
tive tissue within and under the foliate papillae contains serous glands (von Ebner’s glands) that open via ducts into the cleft between neighboring 
papillae. !45. d. Circumvallate papillae are covered by stratifi ed squamous epithelium that may be slightly keratinized. Each circumvallate papilla 
is surrounded by a trench or cleft. Numerous taste buds are on the lateral walls of the papillae. The dorsal surface of the papilla is smooth. The deep 
trench surrounding the circumvallate papillae and the presence of taste buds on the sides rather than on the free surface are features that distin-
guish circumvallate from fungiform papillae. The connective tissue near the circumvallate papillae also contains many serous-type glands that open 
via ducts into the bottom of the trench. !25.
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! e dorsal surface of the base of the tongue exhibits 
smooth bulges that refl ect the presence of the lingual tonsil in 
the lamina propria (see Fig. 16.4).
Taste buds are present on fungiform, foliate, and circum-
vallate papillae.

In histologic sections, taste buds appear as oval, pale- 
staining bodies that extend through the thickness of the 
 epithelium (Fig. 16.6). A small opening onto the epi-
thelial surface at the apex of the taste bud is called the 
taste pore.

! ree principal cell types are found in taste buds:

• Neuroepithelial (sensory) cells are the most numer-
ous cells in the taste bud. ! ese elongated cells  extend 
from the basal lamina of the epithelium to the taste 

 serous secretion into the base of the moats. ! is  secretion 
presumably fl ushes material from the moat to enable the 
taste buds to respond rapidly to changing stimuli.

• Foliate papillae consist of parallel low ridges sepa-
rated by deep mucosal clefts (see Fig. 16.5c and Plate 50, 
page 560), which are aligned at right angles to the long 
axis of the tongue. ! ey occur on the lateral edge of the 
tongue. In aged individuals, the foliate papillae may not be 
recognized; in younger individuals, they are easily found 
on the posterior lateral surface of the tongue and contain 
many taste buds in the epithelium of the facing walls 
of neighboring papillae (Fig. 16.4). Small serous glands 
empty into the clefts. In some animals, such as the rabbit, 
foliate papillae constitute the principal site of  aggregation 
of taste buds.
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FIGURE 16.5 ! Lingual papillae. a. Structurally, the fi liform papillae are posteriorly bent conical projections of the epithelium. These papil-
lae do not possess taste buds and are composed of stratifi ed squamous keratinized epithelium. !45. b. Fungiform papillae are slightly rounded, 
elevated structures situated among the fi liform papillae. A highly vascularized connective tissue core forms the center of the fungiform papilla and 
projects into the base of the surface epithelium. Because of the deep penetration of connective tissue into the epithelium (arrows), combined with a 
very thin keratinized surface, the fungiform papillae appear as small red dots when the dorsal surface of the tongue is examined by gross inspection. 
!45. c. In a section, foliate papillae can be distinguished from fungiform papillae because they appear in rows separated by deep clefts (arrows). 
The foliate papillae are covered by stratifi ed squamous nonkeratinized epithelium containing numerous taste buds on their lateral surfaces. The free 
surface epithelium of each papilla is thick and has a number of secondary connective tissue papillae projecting into its undersurface. The connec-
tive tissue within and under the foliate papillae contains serous glands (von Ebner’s glands) that open via ducts into the cleft between neighboring 
papillae. !45. d. Circumvallate papillae are covered by stratifi ed squamous epithelium that may be slightly keratinized. Each circumvallate papilla 
is surrounded by a trench or cleft. Numerous taste buds are on the lateral walls of the papillae. The dorsal surface of the papilla is smooth. The deep 
trench surrounding the circumvallate papillae and the presence of taste buds on the sides rather than on the free surface are features that distin-
guish circumvallate from fungiform papillae. The connective tissue near the circumvallate papillae also contains many serous-type glands that open 
via ducts into the bottom of the trench. !25.
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4. Foliate papillae (葉狀乳頭)
• on the lateral edge of the tongue
• in younger individuals, they are easily found on the posterior lateral 
surface of the tongue and contain many taste buds

• serous glands (von Ebner’s glands )
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Taste buds
p Taste pore: a small opening onto the epithelial surface at the apex of the taste bud 
p Cells of taste buds:

1. Neuroepithelial (sensory) cells)
• most numerous cells in the taste buds
• microvilli
• large, round nuclei
• are connected to neighboring neuroepithelial or supporting cells by tight junctions
• form a synapse with the processes of afferent sensory neurons of the facial (cranial 

nerve VII), glossopharyngeal (cranial nerve IX), or vagus (cranial nerve X) nerves
• turnover time: 10 days

2. Supporting cells 
• less numerous
• microvilli
• turnover time: 10 days

3. Basal cells 
• stem cells for other cell types
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Taste is a chemical sensation in which various chemicals 
elicit stimuli from neuroepithelial cells of taste buds.

Taste is characterized as a chemical sensation in which 
various tastants (taste-stimulating substances) contained 
in food or beverages interact with taste receptors located 
at the apical surface of the neuroepithelial cells. ! ese cells 
react to fi ve basic stimuli: sweet, salty, bitter, sour, and 
umami [Jap. delicious]. ! e molecular action of tastants 
can involve opening and passing through ion channels (i.e., 
salt and sour), closing ion channels (sour), or acting on a 
specifi c G protein–coupled taste receptor (i.e., bitter, sweet, 
and umami).
Stimulation of bitter, sweet, and umami receptors activates 
G protein–coupled taste receptors that belong to T1R and 
T2R chemosensory receptor families.

Bitter, sweet, and umami tastes are detected by a variety of 
receptor proteins encoded by the two taste receptor genes 
(T1R and T2R). ! eir products are all characterized as being 
G protein–coupled taste receptors.

• Bitter taste is detected by about 30 diff erent types of T2R 
chemosensory receptors. Each receptor  represents a
 single transmembrane protein coupled to its own G  protein. 

pore, through which the tapered apical surface of each 
cell  extends microvilli (see Fig. 16.6). Near their apical 
surface, they are connected to neighboring neuroepithe-
lial or supporting cells by tight junctions. At their base, 
they form a synapse with the processes of aff erent  sensory 
neurons of the facial (cranial nerve VII), glossopha-
ryngeal  (cranial nerve IX), or vagus (cranial nerve X) 
nerves. ! e turnover time of neuroepithelial cells is 
about 10 days.

• Supporting cells are less numerous. ! ey are also elon-
gated cells that extend from the basal lamina to the taste 
pore. Like neuroepithelial cells, they contain microvilli on 
their apical surface and possess tight junctions, but they 
do not synapse with the nerve cells. ! e turnover time of 
supporting cells is also about 10 days.

• Basal cells are small cells located in the basal portion 
of the taste bud, near the basal lamina. ! ey are the stem 
cells for the two other cell types.

In addition to those associated with the papillae, taste 
buds are also present on the glossopalatine arch, the soft 
 palate, the posterior surface of the epiglottis, and the pos-
terior wall of the pharynx down to the level of the cricoid 
cartilage.
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FIGURE 16.6 ! Diagram and photomicrograph of a taste bud. a. This diagram of a taste bud shows the neuroepithelial (sensory), sup-
porting, and basal cells. One of the basal cells is shown in the process of dividing. Nerve fi bers have synapses with the neuroepithelial cells. (Based on 
Warwick R, Williams PL, eds. Gray’s Anatomy, 35th ed. Edinburgh: Churchill Livingstone, 1973.) b. This high-magnifi cation photomicrograph shows the 
organization of the cells within the taste bud. The sensory and supporting cells extend through the full length of the taste bud. The apical surface of 
these cells contains microvilli. The basal cells are located at the bottom of the taste bud. Note that the taste bud opens at the surface by means of a 
taste pore. !1,100.
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 代號：1101
頁次：8－3

26 下列有關人體脊柱（vertebral column）的彎曲，何者正確？ 
Ǝ頸部與胸部向前凸 Ə頸部與腰部向前凸 Ɛ胸部與薦部向前凸 Ƒ腰部與薦部向後凸 

27 下列何者走過枕下三角（suboccipital triangle）？ 
Ǝ枕動脈（occipital artery） Ə椎動脈（vertebral artery） 
Ɛ脊髓後動脈（posterior spinal artery） Ƒ耳後動脈（posterior auricular artery） 

28 兩眼外側（顳側）視野有缺損（bitemporal hemianopia），最可能的病灶位置是在： 
Ǝ視網膜 Ə視神經 Ɛ視交叉 Ƒ視覺皮質 

29 人類之精原細胞（spermatogonium）發育成為成熟的精子約需幾天？ 
Ǝ 2 天 Ə 16 天 Ɛ 32 天 Ƒ 74 天 

30 下列有關甲狀腺（thyroid gland）及副甲狀腺（parathyroid gland）之發育，何項敘述正確？ 
Ǝ甲狀腺主要源於第三咽弓（pharyngeal arch） 
Ə上與下副甲狀腺均來自第三咽囊（pharyngeal pouch） 
Ɛ上與下副甲狀腺分別來自第二及第三咽囊（pharyngeal pouch） 
Ƒ甲狀腺亦有源自第四咽囊（pharyngeal pouch） 

31 腎上腺（adrenal gland）的那一部位，在出生三年後方可辨識？ 
Ǝ髓部（medulla）  Ə網狀帶（zona reticularis） 
Ɛ球狀帶（zona glomerulosa） Ƒ束狀帶（zona fasciculata） 

32 下列何者不是衍生自耳板（otic placode）？ 
Ǝ耳蝸管（cochlear duct） Ə螺旋神經節（spiral ganglion） 
Ɛ半規管（semicircular duct） Ƒ耳囊（otic capsule） 

33 上皮細胞的終端棒（terminal bar）是何種構造所形成？ 
Ǝ高爾基氏體（Golgi apparatus） Ə接合複體（junctional complex） 
Ɛ基底膜（basement membrane） Ƒ基體（basal body） 

34 肌腱（tendon）主要是由下列何者構成？ 
Ǝ神經纖維（nerve fiber） Ə膠原纖維（collagen fiber） 
Ɛ網狀纖維（reticular fiber） Ƒ彈性纖維（elastic fiber） 

35 鬆弛的（relaxed）骨骼肌肌節內，那個區域不含粗肌絲（thick filaments）？ 
Ǝ I 帶 Ə A 帶 Ɛ H 帶 ƑM 線 

36 下列有關表皮（epidermis）的敘述，何者正確？ 
Ǝ幹細胞（stem cell）主要分布在棘層（stratum spinosum） 
Ə皮脂腺（sebaceous gland）的腺體部主要位於表皮之基底層（stratum basale） 
Ɛ默氏細胞（Merkel’s cell）主要位於顆粒層（stratum granulosum） 
Ƒ在手掌或腳掌之厚皮膚會出現明顯的透明層（stratum lucidum） 

37 下列那一種舌乳突（lingual papillae）不含味蕾？ 
Ǝ輪廓（circumvallate）乳突 Ə蕈狀（fungiform）乳突 
Ɛ葉狀（foliate）乳突  Ƒ絲狀（filiform）乳突 

38 腸道黏膜層（mucosa layer）分泌黏液的最主要細胞是下列何種細胞？ 
Ǝ腸內分泌細胞（enteroendocrine cells） Ə杯狀細胞（goblet cells） 
Ɛ潘氏細胞（Paneth cells） Ƒ微皺細胞（microfold cells） 

39 有關肺泡組織，下列敘述何者錯誤？ 
Ǝ氣體或細胞產物必需藉由擴散作用（diffusion）於肺泡與微血管之間交換 
Ə氣體－血液障壁由第二型肺泡細胞（type II pneumocytes）與微血管內皮細胞及它們的基底層

（basement membrane）組成 
Ɛ有些肺泡細胞與微血管內皮細胞的基底層（basement membrane）間有結締組織細胞與纖維 
Ƒ灰塵細胞（dust cell）具有吞噬功能 

(103-1)

Salivary glands
p �� (Parotid gland): ������"�����"��	������"
��� (parotid duct)2
-=��/B 4*;&%�3�!��,A�
�	'BCN IX�������"
�! �#���/#()B�()�
�0��+<8@� (serous secretion)

p �9�)(submandibular gland)C���9>?��18B)"7	�	'
�5B.$���� (mixed secretion)

p .�)(sublingual gland)C��	'�5B�.:���(mixed secretion)
p .�)��9�)��<8�# (CN VII)�6
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2. 特定細胞上特定的受體產生一連串的電化學反應 

(1) Bitter/ sweet/unami 

(a) Bitter (T2Rs)/sweet(T1R2&T1R3)/umami(T1R1/T1R3) 

(b) G-protein transduction再導致 taste-specific Na+ 

channel activation 

(2) Sour共有三種： 

(a) K-channel inhibition 

(b) taste-specific H+ channel activation 

(c) amiloride-sensitive H+ channel activation 

3. Salt 共有兩種:  

(1) taste-specific Na+ channel activation 

(2) amiloride-sensitive Na+ channel activation 

4. 最後都會導致胞內 Ca2+濃度增加，神經傳遞物質分泌，傳

遞味覺到大腦去 

五. 比較(跑台考一題) 

 

 Epithelium Taste bud  distribution 

Filiform 
Highly-

Keratinized  
X 

Ant. Terminal 

sulcus 

Foliate Non-keratinized 
Lat. 

Surface 

Posterior lat. 

Surface 

Fungiform Thin-keratinized apical side Ant. 2/3 

Circumvallate Thin-keratinized 
Lat. 

Surface 
Tip and two sides 

Taste buds

11 
 

 

三. Lingual papilla  

(一) Filiform 

1. filiform：絲狀，顯微鏡下呈錐狀，大小最小 

2. 數量最多，散布在舌頭前 2/3的 dorsal surface  

3. taste bud：唯一 papilla沒有，沒有味覺僅有物理性感覺 

4. highly keratinized stratified squamous epithelium 

 

(二) Foliate 

1. Foliate葉狀：上皮向下凹陷形成 cleft，每一個 bud有 2-3

個 dermal papilla 突起 

15 
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遞味覺到大腦去 

五. 比較(跑台考一題) 

 

 Epithelium Taste bud  distribution 

Filiform 
Highly-

Keratinized  
X 

Ant. Terminal 

sulcus 

Foliate Non-keratinized 
Lat. 

Surface 

Posterior lat. 

Surface 

Fungiform Thin-keratinized apical side Ant. 2/3 

Circumvallate Thin-keratinized 
Lat. 

Surface 
Tip and two sides 

注意味蕾的位置！

Tip and two sides

Ant. 2/3

Ant. Terminal 
sulcus
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The structure of the gastrointestinal tract conforms to 
a general plan that is clearly evident from the 
oesophagus to the anus. The tract is essentially a 
muscular tube lined by a mucous membrane. There 
are minor variations in the arrangement of the 
muscular component in different parts of the gut, but 
much more striking are the marked changes in the 
structure and therefore function of the mucosa in the 
different regions of the tract.

The gastrointestinal tract has four distinct 
functional layers: mucosa, submucosa, muscularis 
propria and adventitia.

• Mucosa. The mucosa is made up of three 
components: the epithelium, a supporting lamina 
propria and a thin smooth muscle layer, the 
muscularis mucosae, which produces local 
movement and folding of the mucosa. At four 
points along the tract, the mucosa undergoes abrupt 
transition from one form to another: the gastro-
oesophageal junction, the gastroduodenal junction, 
the ileocaecal junction and the rectoanal junction.

• Submucosa. This layer of loose collagenous 
connective tissue supports the mucosa and 
contains the larger blood vessels, lymphatics and 
nerves.

• Muscularis propria. The muscular wall proper 
consists of smooth muscle that is usually arranged 
as an inner circular layer and an outer 
longitudinal layer. In the stomach only, there is an 
inner oblique layer of muscle. The action of the 
two layers, at right angles to one another, is the 
basis of peristaltic contraction (see textbox).

• Adventitia. This outer layer of loose supporting 
tissue conducts the major vessels, nerves and 
contains variable adipose tissue. Where the gut 
lies within the abdominal cavity (peritoneal 
cavity), the adventitia is referred to as the serosa 
(visceral peritoneum) and is lined by a simple 

Muscularis mucosae
Lamina propria

Lumen
Epithelium

Submucosal plexus

Lymphoid aggregate

Submucosa

Muscularis propria: inner circular layer

Muscularis propria: outer longitudinal layer

Myenteric plexus

Adventitia

particularly the parasympathetic nervous system. As in other 
organs of the body, parasympathetic efferent fibres synapse 
with effector neurones in small ganglia located in or close to the 
organ involved. In the gastrointestinal tract, parasympathetic 
ganglia are concentrated in plexuses in the wall of the tract. In 
the submucosa, isolated or small clusters of parasympathetic 
ganglion cells give rise to postganglionic fibres which supply 
the mucosal glands and the smooth muscle of the muscularis 
mucosae. This submucosal plexus, Meissner plexus, also 
contains postganglionic sympathetic fibres arising from the 
superior mesenteric plexus. Larger clusters of parasympathetic 
ganglion cells are found between the two layers of the 
muscularis propria, the postganglionic fibres mainly supplying 
the surrounding smooth muscle. This plexus is known as the 
myenteric plexus or Auerbach plexus.

Glands are found throughout the tract at various levels in 
its wall. In some parts of the tract (i.e. stomach, small and large 
intestine), the mucosa is arranged into glands that secrete 
mucus for lubrication among other things. In the lower 
oesophagus and duodenum, glands penetrate the muscularis 
mucosae to lie in the submucosa. The pancreas and liver are 
large glands draining into the gastrointestinal lumen but lying 
entirely outside its wall (see Ch. 15). 

squamous epithelium (mesothelium). Elsewhere, the 
adventitial layer merges with retroperitoneal tissues.

Food is propelled along the gastrointestinal tract by two 
main mechanisms: voluntary muscular action in the oral cavity, 
pharynx and upper third of the oesophagus is succeeded by 
involuntary waves of smooth muscle contraction called 
peristalsis. Peristalsis and the secretory activity of the entire 
gastrointestinal system are modulated by the autonomic 
nervous system and a variety of hormones, some of which are 
secreted by neuroendocrine cells located within the 
gastrointestinal tract itself. These cells constitute a diffuse 
neuroendocrine system, with cells producing a variety of locally 
acting hormones found scattered along the whole length of the 
tract (see also Ch. 17).

Autonomic regulation of certain glandular secretions and 
the smooth muscle of the gut and its blood vessels is mediated 
by the enteric nervous system, comprising postganglionic 
sympathetic fibres and ganglia and postganglionic fibres of  
the parasympathetic nervous system, supplied by the vagus 
nerve. Contraction of the smooth muscle of the bowel is 
initiated by pacemaker cells known as interstitial cells of 
Cajal, modulated by the autonomic nervous system, 

Motility of the gastrointestinal tract: peristalsis

Peristalsis is the primary mechanism by which food is 
propelled along most of the length of the GI tract, with some 
voluntary muscular action involved at both extreme ends of the 
process. The particular anatomical arrangement of smooth 
muscle in the wall of the GI tract is specialised to allow 
constriction of the luminal diameter (via the circular layer of 
muscle) as well as shortening of its length (via action of the 

longitudinal muscle layer). The coordination of this very 
complex mechanism acts to progressively squeeze food along 
and, in certain sites such as the stomach, also facilitates 
churning and mixing of the food to aid digestion. The 
autonomic nervous system is responsible for the control of 
this involuntary process, primarily via parasympathetic 
innervation of the gut.

Structure of Gastrointestinal Tract
p Mucosa (粘膜)

• Epithelium, lamina propria, muscularis
mucosa

• Transition at the gastroesophageal 
junction, the gastroduodenal junction, the 
ileocaecal junction and the rectoanal
junction

p Submucosa (粘膜下層)
• loose collagenous connective tissue,  

large vessels, lymphatic and nerves
p Muscularis propria (固有肌肉層)

• Inner circular and outer longitudinal 
smooth muscle layer (stomach: inner 
oblique layer)

• Peristaltic (蠕動) contraction
p Adventitia (外膜)

• Loose supporting tissue conducts the 
major vessels, nerves and contains  
variable adipose tissue

• the serosa (visceral peritoneum) and is 
lined by a simple squamous epithelium 
(mesothelium)



Structure of Gastrointestinal Tract
p Peristalsis and the secretory activity are modulated by the autonomic nervous system 

and a variety of hormones
p Diffuse neuroendocrine system
p Enteric nervous system (腸神經系統)
p Interstitial cells of Cajal initiate contraction of smooth muscle
p Submucosal plexus, Meissner plexus, also contains postganglionic sympathetic fibers 

arising from the superior mesenteric plexus
p Myenteric plexus or Auerbach plexus: found between the two layers of the muscularis 

propria
p Glands: mucosa is arranged into glands, submucosa, pancreas, liver
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Disorders affecting peristalsis

Certain disease states and drug treatments can interfere  
with the normal process of peristalsis. One uncommon 
condition called Hirschsprung’s disease is characterised by 
failure of migration of ganglion cells into the GI tract, usually  
in the rectum and distal colon. Patients with this disorder 
typically present with severe and chronic constipation and  
may develop progressive dilatation of the bowel. In its  

most extreme form, absolutely no ganglion cells are present  
in the bowel, and some patients develop aganglionic 
megacolon due to this failure of propulsion of food through  
the bowel.

A variety of drug treatments, including commonly used 
strong painkillers such as opiates, can produce severe 
constipation by interfering with normal peristaltic function.

FIG. 14.3 Basic mucosal types in the gastrointestinal tract 
(a) Squamous mucosa, H&E (MP) (b) Gastric type secretory mucosa, H&E (LP) (c) Intestinal type absorptive mucosa, 
H&E (MP) (d) Colorectal type absorptive/protective mucosa, H&E (MP)

Four basic mucosal types are found lining the gastrointestinal 
tract and these can be classified according to their main 
function:

• Protective. This type is found in the oral cavity, pharynx, 
oesophagus and anal canal and is illustrated in micrograph 
(a). The surface epithelium is of stratified squamous type 
and, although not keratinised in humans, it may be 
keratinised in some animals that have a coarse diet (e.g. 
rodents, herbivores). A stratified mucosal lining of this type 
is well suited to sites of potential frictional trauma, such as 
that associated with the passage of food during mastication 
and swallowing, or during the passage of faeces through the 
anal canal.

• Secretory. This type of mucosa occurs only in the stomach 
and is illustrated in micrograph (b). It consists of long, 
closely packed tubular glands that are simple or branched, 
depending on the region of the stomach. These glands act to 

produce various combinations of acid and digestive 
enzymes in order to facilitate digestion of food whilst also 
secreting mucus to protect the mucosa itself from injury.

• Absorptive. This mucosal form is typical of the entire small 
intestine and is illustrated in image (c). The mucosa is 
arranged into finger-like projections called villi which serve 
to dramatically increase surface area of the mucosa, with 
intervening short glands called crypts. In the duodenum, 
some crypts extend through the muscularis mucosae to form 
submucosal glands called Brunner’s glands. This is the 
major histological feature that differentiates the duodenum 
from the jejunum and ileum.

• Absorptive/protective. This form lines the entire large 
intestine and is shown in micrograph (d). The mucosa is 
arranged into closely packed, straight tubular glands 
consisting of cells specialised for water absorption, as well 
as mucus-secreting goblet cells to lubricate the passage of 
faeces. 

a

b

c

d

Basic mucosal types in the gastrointestinal tract

p Protective
• Stratified squamous type 

(not keratinized in humans)
p Secretory

• Long, closely packed tubular glands that 
are simple or branched
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Disorders affecting peristalsis

Certain disease states and drug treatments can interfere  
with the normal process of peristalsis. One uncommon 
condition called Hirschsprung’s disease is characterised by 
failure of migration of ganglion cells into the GI tract, usually  
in the rectum and distal colon. Patients with this disorder 
typically present with severe and chronic constipation and  
may develop progressive dilatation of the bowel. In its  

most extreme form, absolutely no ganglion cells are present  
in the bowel, and some patients develop aganglionic 
megacolon due to this failure of propulsion of food through  
the bowel.

A variety of drug treatments, including commonly used 
strong painkillers such as opiates, can produce severe 
constipation by interfering with normal peristaltic function.

FIG. 14.3 Basic mucosal types in the gastrointestinal tract 
(a) Squamous mucosa, H&E (MP) (b) Gastric type secretory mucosa, H&E (LP) (c) Intestinal type absorptive mucosa, 
H&E (MP) (d) Colorectal type absorptive/protective mucosa, H&E (MP)

Four basic mucosal types are found lining the gastrointestinal 
tract and these can be classified according to their main 
function:

• Protective. This type is found in the oral cavity, pharynx, 
oesophagus and anal canal and is illustrated in micrograph 
(a). The surface epithelium is of stratified squamous type 
and, although not keratinised in humans, it may be 
keratinised in some animals that have a coarse diet (e.g. 
rodents, herbivores). A stratified mucosal lining of this type 
is well suited to sites of potential frictional trauma, such as 
that associated with the passage of food during mastication 
and swallowing, or during the passage of faeces through the 
anal canal.

• Secretory. This type of mucosa occurs only in the stomach 
and is illustrated in micrograph (b). It consists of long, 
closely packed tubular glands that are simple or branched, 
depending on the region of the stomach. These glands act to 

produce various combinations of acid and digestive 
enzymes in order to facilitate digestion of food whilst also 
secreting mucus to protect the mucosa itself from injury.

• Absorptive. This mucosal form is typical of the entire small 
intestine and is illustrated in image (c). The mucosa is 
arranged into finger-like projections called villi which serve 
to dramatically increase surface area of the mucosa, with 
intervening short glands called crypts. In the duodenum, 
some crypts extend through the muscularis mucosae to form 
submucosal glands called Brunner’s glands. This is the 
major histological feature that differentiates the duodenum 
from the jejunum and ileum.

• Absorptive/protective. This form lines the entire large 
intestine and is shown in micrograph (d). The mucosa is 
arranged into closely packed, straight tubular glands 
consisting of cells specialised for water absorption, as well 
as mucus-secreting goblet cells to lubricate the passage of 
faeces. 

a

b

c

d

Protective-Oral cavity, pharynx, esophagus 
and anal canal

Secretory- stomach
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Disorders affecting peristalsis

Certain disease states and drug treatments can interfere  
with the normal process of peristalsis. One uncommon 
condition called Hirschsprung’s disease is characterised by 
failure of migration of ganglion cells into the GI tract, usually  
in the rectum and distal colon. Patients with this disorder 
typically present with severe and chronic constipation and  
may develop progressive dilatation of the bowel. In its  

most extreme form, absolutely no ganglion cells are present  
in the bowel, and some patients develop aganglionic 
megacolon due to this failure of propulsion of food through  
the bowel.

A variety of drug treatments, including commonly used 
strong painkillers such as opiates, can produce severe 
constipation by interfering with normal peristaltic function.

FIG. 14.3 Basic mucosal types in the gastrointestinal tract 
(a) Squamous mucosa, H&E (MP) (b) Gastric type secretory mucosa, H&E (LP) (c) Intestinal type absorptive mucosa, 
H&E (MP) (d) Colorectal type absorptive/protective mucosa, H&E (MP)

Four basic mucosal types are found lining the gastrointestinal 
tract and these can be classified according to their main 
function:

• Protective. This type is found in the oral cavity, pharynx, 
oesophagus and anal canal and is illustrated in micrograph 
(a). The surface epithelium is of stratified squamous type 
and, although not keratinised in humans, it may be 
keratinised in some animals that have a coarse diet (e.g. 
rodents, herbivores). A stratified mucosal lining of this type 
is well suited to sites of potential frictional trauma, such as 
that associated with the passage of food during mastication 
and swallowing, or during the passage of faeces through the 
anal canal.

• Secretory. This type of mucosa occurs only in the stomach 
and is illustrated in micrograph (b). It consists of long, 
closely packed tubular glands that are simple or branched, 
depending on the region of the stomach. These glands act to 

produce various combinations of acid and digestive 
enzymes in order to facilitate digestion of food whilst also 
secreting mucus to protect the mucosa itself from injury.

• Absorptive. This mucosal form is typical of the entire small 
intestine and is illustrated in image (c). The mucosa is 
arranged into finger-like projections called villi which serve 
to dramatically increase surface area of the mucosa, with 
intervening short glands called crypts. In the duodenum, 
some crypts extend through the muscularis mucosae to form 
submucosal glands called Brunner’s glands. This is the 
major histological feature that differentiates the duodenum 
from the jejunum and ileum.

• Absorptive/protective. This form lines the entire large 
intestine and is shown in micrograph (d). The mucosa is 
arranged into closely packed, straight tubular glands 
consisting of cells specialised for water absorption, as well 
as mucus-secreting goblet cells to lubricate the passage of 
faeces. 

a

b

c

d

Absorption-Entire small intestine
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Disorders affecting peristalsis

Certain disease states and drug treatments can interfere  
with the normal process of peristalsis. One uncommon 
condition called Hirschsprung’s disease is characterised by 
failure of migration of ganglion cells into the GI tract, usually  
in the rectum and distal colon. Patients with this disorder 
typically present with severe and chronic constipation and  
may develop progressive dilatation of the bowel. In its  

most extreme form, absolutely no ganglion cells are present  
in the bowel, and some patients develop aganglionic 
megacolon due to this failure of propulsion of food through  
the bowel.

A variety of drug treatments, including commonly used 
strong painkillers such as opiates, can produce severe 
constipation by interfering with normal peristaltic function.

FIG. 14.3 Basic mucosal types in the gastrointestinal tract 
(a) Squamous mucosa, H&E (MP) (b) Gastric type secretory mucosa, H&E (LP) (c) Intestinal type absorptive mucosa, 
H&E (MP) (d) Colorectal type absorptive/protective mucosa, H&E (MP)

Four basic mucosal types are found lining the gastrointestinal 
tract and these can be classified according to their main 
function:

• Protective. This type is found in the oral cavity, pharynx, 
oesophagus and anal canal and is illustrated in micrograph 
(a). The surface epithelium is of stratified squamous type 
and, although not keratinised in humans, it may be 
keratinised in some animals that have a coarse diet (e.g. 
rodents, herbivores). A stratified mucosal lining of this type 
is well suited to sites of potential frictional trauma, such as 
that associated with the passage of food during mastication 
and swallowing, or during the passage of faeces through the 
anal canal.

• Secretory. This type of mucosa occurs only in the stomach 
and is illustrated in micrograph (b). It consists of long, 
closely packed tubular glands that are simple or branched, 
depending on the region of the stomach. These glands act to 

produce various combinations of acid and digestive 
enzymes in order to facilitate digestion of food whilst also 
secreting mucus to protect the mucosa itself from injury.

• Absorptive. This mucosal form is typical of the entire small 
intestine and is illustrated in image (c). The mucosa is 
arranged into finger-like projections called villi which serve 
to dramatically increase surface area of the mucosa, with 
intervening short glands called crypts. In the duodenum, 
some crypts extend through the muscularis mucosae to form 
submucosal glands called Brunner’s glands. This is the 
major histological feature that differentiates the duodenum 
from the jejunum and ileum.

• Absorptive/protective. This form lines the entire large 
intestine and is shown in micrograph (d). The mucosa is 
arranged into closely packed, straight tubular glands 
consisting of cells specialised for water absorption, as well 
as mucus-secreting goblet cells to lubricate the passage of 
faeces. 

a

b

c

d

Absorptive/protective-Entire large intestine

p Absorptive
• Finger-like projection- villi
• Crypts (Submucosal glands called Brunner’s 

glands in duodenum)
p Absorptive/protective

• Straight tubular glands, goblet cells
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FIG. 14.31 Appendix 
(a) H&E (LP) (b) H&E (MP) (c) H&E (MP)

The appendix is a small, blind-ended, tubular sac extending 
from the caecum just distal to the ileocaecal junction. The 
general structure of the appendix conforms to that of the rest of 
the large intestine. In some mammals, the appendix is 
capacious and is involved in prolonged digestion of cellulose, 
but in humans its function is unknown.

Micrograph (a) illustrates the suspensory mesentery or 
mesoappendix M, in continuity with the outer serosal layer S. 
The serosa contains extravasated blood due to haemorrhage 
during surgical removal. The mesenteries of the gastrointestinal 
tract conduct blood vessels, lymphatics and nerves to and from 
the gastrointestinal tract.

The most characteristic feature of the appendix, particularly 
in the young, is the presence of masses of lymphoid tissue in 
the mucosa and submucosa. As seen in micrographs (b) and (c), 
the lamina propria LP and upper submucosa SM are diffusely 
infiltrated with lymphocytes. Note that the mucosal glands are 
much less closely packed than in the large intestine. As seen in 
micrographs (a) and (b), the lymphoid tissue also forms follicles 
F, often containing germinal centres (see Ch. 11). These follicles 
bulge into the lumen of the appendix and, like the follicles of 
Peyer’s patches in the small intestine, are invested by a simple 
epithelium of M cells (see Fig. 11.16), which presumably 
facilitates sampling of antigen in the lumen.

The most common disorder affecting the appendix is acute 
appendicitis (inflammation of the appendix). This typically 
presents with severe abdominal pain, initially centred in the 
middle of the abdomen and then later localising to the right 
iliac fossa. Appendicitis is a fairly common acute surgical 
emergency. If it is left untreated, the appendix may rupture and 
discharge infected pus into the peritoneal cavity, resulting in 
acute peritonitis. 

S

M

F

a

LP

F

b

LP

SM

c

FIG. 14.32 Anorectal junction 
H&E (MP)

The rectum is the short, dilated, terminal portion of the large 
intestine. The rectal mucosa RM is the same as the rest of the 
large bowel except that it has even more numerous goblet cells. 
At the anorectal junction J, it undergoes an abrupt transition to 
become stratified squamous epithelium SS in the anal canal. 
Branched tubular circumanal glands open at the recto-anal 
junction into small pits at the distal ends of the columns of 
Morgagni.

The anal canal forms the last 2 or 3 cm of the 
gastrointestinal tract and is surrounded by voluntary muscle 
that forms the anal sphincter. Here, the stratified squamous 
epithelium undergoes a gradual transition to skin containing 
sebaceous glands and large apocrine sweat glands (see Ch. 9). 

SS
J

RM

Appendix

p Suspensory mesentery/mesoappendix 
(M): 跟serosa (S) 為連續構造，主要是來自
胃腸道的神經和血管

p Appendix最大的特徵就是在lamina propria 
(LP)以及upper submucosa (SM)會有淋巴
球聚集形成的follicles (F)



p Cells of the endocrine system have 
prominent nuclei and abundant 
mitochondria, endoplasmic reticulum, 
Golgi bodies and secretory vesicles

p Four main group of chemicals
1. Protein and glycoprotein molecules 
2. Small peptide molecules
3. Amino acid derivatives
4. Steroids derived from cholesterol
p Divided into 3 parts:
1. Major endocrine organs: the sole or 

major function of the organ is the 
synthesis, storage and secretion of 
hormones 

2. Endocrine components within other 
solid organs

3.   The diffuse endocrine system:
scattered individual hormone cells (or 
small clumps), usually within an 
extensive epithelium

p Synthesis and secretion of chemical messengers known as hormones

內分泌系統 (endocrine system)
p Endocrine glands are composed of 

islands of secretory epithelial cells with 
intervening supporting tissue, rich in 
blood and lymphatic capillaries



Thyroid gland
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THYROID GLAND

The thyroid gland is a butterfly-shaped endocrine gland 
lying in the neck in front of the upper part of the trachea. 
The thyroid gland produces hormones of two types:

• Iodine-containing hormones tri-iodothyronine (T3), and 
thyroxine (tetra-iodothyronine, T4); T4 is converted to T3 
in the general circulation by removal of one iodothyro-
nine unit, although a small amount of T3 is secreted 
directly. T3 is much more potent than T4 and appears to 
be the metabolically active form of the hormone. Thyroid 
hormone regulates the basal metabolic rate and has an 
important influence on growth and maturation, particu-
larly of nerve tissue. The secretion of these hormones is 
regulated by TSH secreted by the anterior pituitary.

• The polypeptide hormone calcitonin; this hormone 
regulates blood calcium levels in conjunction with 

parathyroid hormone. Calcitonin lowers blood calcium 
levels by inhibiting the rate of decalcification of bone by 
osteoclastic resorption and by stimulating osteoblastic 
activity. Control of calcitonin secretion is dependent 
only on blood calcium levels and is independent of pitu-
itary and parathyroid hormone levels.

The thyroid gland is unique among the human endo-
crine glands in that it stores large amounts of hormone in 
an inactive form within extracellular compartments in the 
centre of follicles; in contrast, other endocrine glands store 
only small quantities of hormones in intracellular sites.

The main bulk of the gland develops from an epithelial 
downgrowth from the fetal tongue, whereas the calcitonin-
secreting cells are derived from the ultimobranchial element 
of the fourth branchial pouch.

FIG. 17.6 Thyroid gland 
(a) H&E (LP) (b) Immunohistochemical method for CD34

The functional units of the thyroid gland are the thyroid 
follicles F, spheroidal structures composed of a single layer of 
cuboidal epithelial cells, bounded by a basement membrane 
(see also Fig. 5.27). As seen in this micrograph of a normal 
thyroid, the follicles are variable in size and contain a 
homogeneous colloid, which is stained pink in this preparation.

The thyroid gland is enveloped by a fibrous capsule from 
which fine collagenous septa (not shown in this micrograph) 

extend into the gland, dividing it into lobules. The septa convey 
a rich blood supply, together with lymphatics and nerves. Tiny 
capillaries percolate through the thyroid tissue and surround 
the follicles and, although these are difficult to see in an H&E 
preparation, they can be highlighted using an 
immunohistochemical method for an endothelial marker 
(CD34), as seen in micrograph (b). 

a

F

F

b

AP anterior pituitary F thyroid follicle H Herring body PI pars intermedia PP posterior pituitary

p Produces hormones of two types:
1. Iodine-containing hormones tri-iodothyronine (T3) and thyroxine (tetra-

iodothyronine, T4)
• T4 converted to T3 in the general circulation
• Thyroid hormone regulates the basal metabolic rate and has an important 

influence on growth and maturation, particularly of nerve tissue
• The secretion of these hormones is regulated by TSH secreted by the 
anterior pituitary

2. Polypeptide hormone calcitonin
• Regulates blood calcium levels, lowers blood calcium levels by inhibiting the rate 
of decalcification of bone by osteoclastic resorption and by stimulating 
osteoblastic activity

p The functional units of 
the thyroid gland are 
the thyroid follicles 
(F), spheroidal 
structures composed 
of a single layer of 
cuboidal epithelial 
cells, bounded by a 
basement membrane

p Colloid: stain pink
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THYROID GLAND

The thyroid gland is a butterfly-shaped endocrine gland 
lying in the neck in front of the upper part of the trachea. 
The thyroid gland produces hormones of two types:

• Iodine-containing hormones tri-iodothyronine (T3), and 
thyroxine (tetra-iodothyronine, T4); T4 is converted to T3 
in the general circulation by removal of one iodothyro-
nine unit, although a small amount of T3 is secreted 
directly. T3 is much more potent than T4 and appears to 
be the metabolically active form of the hormone. Thyroid 
hormone regulates the basal metabolic rate and has an 
important influence on growth and maturation, particu-
larly of nerve tissue. The secretion of these hormones is 
regulated by TSH secreted by the anterior pituitary.

• The polypeptide hormone calcitonin; this hormone 
regulates blood calcium levels in conjunction with 

parathyroid hormone. Calcitonin lowers blood calcium 
levels by inhibiting the rate of decalcification of bone by 
osteoclastic resorption and by stimulating osteoblastic 
activity. Control of calcitonin secretion is dependent 
only on blood calcium levels and is independent of pitu-
itary and parathyroid hormone levels.

The thyroid gland is unique among the human endo-
crine glands in that it stores large amounts of hormone in 
an inactive form within extracellular compartments in the 
centre of follicles; in contrast, other endocrine glands store 
only small quantities of hormones in intracellular sites.

The main bulk of the gland develops from an epithelial 
downgrowth from the fetal tongue, whereas the calcitonin-
secreting cells are derived from the ultimobranchial element 
of the fourth branchial pouch.

FIG. 17.6 Thyroid gland 
(a) H&E (LP) (b) Immunohistochemical method for CD34

The functional units of the thyroid gland are the thyroid 
follicles F, spheroidal structures composed of a single layer of 
cuboidal epithelial cells, bounded by a basement membrane 
(see also Fig. 5.27). As seen in this micrograph of a normal 
thyroid, the follicles are variable in size and contain a 
homogeneous colloid, which is stained pink in this preparation.

The thyroid gland is enveloped by a fibrous capsule from 
which fine collagenous septa (not shown in this micrograph) 

extend into the gland, dividing it into lobules. The septa convey 
a rich blood supply, together with lymphatics and nerves. Tiny 
capillaries percolate through the thyroid tissue and surround 
the follicles and, although these are difficult to see in an H&E 
preparation, they can be highlighted using an 
immunohistochemical method for an endothelial marker 
(CD34), as seen in micrograph (b). 

a

F

F

b

AP anterior pituitary F thyroid follicle H Herring body PI pars intermedia PP posterior pituitary

CD34
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FIG. 17.7 Thyroid follicle 
(a) Inactive, H&E (HP) (b) Active, H&E (HP)

Thyroid follicles store thyroglobulin, an iodinated glycoprotein, 
the storage form of thyroxine (T4) and tri-iodothyronine (T3). 
The follicles are lined by epithelial cells which are initially 
responsible for the synthesis of the glycoprotein component of 
thyroglobulin and for the conversion of iodide to iodine, the 
iodine linking to the glycoprotein in the follicle lumen. When 
active thyroid hormone is required, the same thyroid epithelial 
cells remove some of the stored thyroid colloid and detach T3 
and T4, which then pass through the cell into an adjacent 

capillary. When inactive, thyroid epithelial cells are simple flat 
or cuboidal cells, as in micrograph (a) which shows inactive 
epithelial cells lining follicles filled with stored thyroglobulin 
(colloid Co). Micrograph (b), in contrast, shows cells actively 
synthesising or secreting thyroid hormone; they are tall and 
columnar. In this follicle, they are extracting stored thyroid 
colloid Co from the lumen and converting it into active thyroid 
hormones. The ‘scalloped’ pale edge of the colloid indicates 
where the colloid has been removed from the follicle lumen. 

a

Co

b

FIG. 17.8 Thyroid C cell 
H&E (HP)

A second type of endocrine cell with the ultrastructural 
characteristics of neuroendocrine cells, the C cell or 
parafollicular cell C, is found in the thyroid gland as 
individual scattered cells in the follicle lining or as small 
clumps in the interstices between follicles. They are particularly 
prominent in dogs, where they are identifiable in H&E sections 
as pale-staining cells with granular cytoplasm. In humans they 
are much less prominent and can usually only be identified 
ultrastructurally (see Fig. 17.9) and by immunohistochemical 
methods. These cells secrete calcitonin, which is a physiological 
antagonist to parathyroid hormone and therefore lowers blood 
calcium levels by suppressing the osteoclastic resorption of 
bone. 

C

C

Thyroid gland
p Tiny capillaries percolate through the thyroid tissue and surround the follicles
p The follicles are lined by epithelial cells which are initially responsible for the 

synthesis of the glycoprotein component of thyroglobulin and for the 
conversion of iodide to iodine

p When inactive, thyroid epithelial cells are simple flat or cuboidal cells

inactive
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FIG. 17.13 Adrenal cortex, zona glomerulosa 
Azan (MP)

The zona glomerulosa G is composed of cells arranged in irregular ovoid clusters 
separated by delicate fibrous trabeculae T, which are continuous with the 
fibrocollagenous capsule Cap; both the trabeculae and inner capsule contain 
prominent capillaries. The cells have round nuclei and less cytoplasm than the cells in 
the adjacent zona fasciculata. The cytoplasm contains plentiful smooth endoplasmic 
reticulum and numerous mitochondria, but with only scanty lipid droplets.

This zone secretes the mineralocorticoid hormones, principally aldosterone, the 
secretion of which is controlled by the renin-angiotensin system (see Ch. 16), which in 
turn is controlled by the macula densa of the distal renal tubule. Aldosterone acts 
directly on the renal tubules to increase sodium and therefore water retention. This 
increases extracellular fluid volume and therefore increases arterial blood pressure. 
Aldosterone secretion is independent of ACTH control. 

Cap

G T

FIG. 17.14 Adrenal cortex, zona fasciculata 
Azan (MP)

The zona fasciculata is the middle and broadest of the three cortical zones. It consists 
of narrow columns and cords of cells, often only one cell thick, separated by fine 
strands of collagen and wide-bore capillaries. The cell cytoplasm is abundant and pale 
staining due to the large number of lipid droplets present; mitochondria and smooth 
endoplasmic reticulum are also abundant. The zona fasciculata secretes glucocorticoid 
hormones, mainly cortisol, which have many metabolic effects, one of which is to 
raise blood glucose levels and increase cellular synthesis of glycogen. They also 
increase the rate of protein breakdown and the rate of liberation of lipid from tissue 
stores.

Cortisol secretion is controlled by the hypothalamus via the anterior pituitary 
trophic hormone ACTH. By this means, many stimuli, such as stress, promote 
glucocorticoid secretion.

The zona fasciculata is also the site of secretion of small amounts of androgenic 
sex hormones. 

FIG. 17.15 Adrenal cortex, zona reticularis 
Azan (LP)

The zona reticularis R is the thin, innermost layer of the adrenal 
cortex and lies next to the adrenal medulla M. It consists of an 
irregular network of branching cords and clusters of glandular 
cells, separated by numerous wide-diameter capillaries. The 
zona reticularis cells are much smaller than those of the 
adjacent zona fasciculata, with less cytoplasm. The cytoplasm is 
darker staining because it contains considerably fewer lipid 
droplets. Brown lipofuscin pigment (see Fig. 1.25) is sometimes 
seen in the cells of this layer. The zona reticularis secretes small 
quantities of androgens and glucocorticoids. 

R

M

Disorders of the adrenal cortex

Destruction of both adrenals (e.g. by autoimmune adrenalitis or, 
in former years, by tuberculosis) leads to failure of secretion of 
all adrenal cortical hormones (hypoadrenalism), leading to the 
clinical syndrome called Addison’s disease (weakness, 
tiredness, skin pigmentation, postural hypotension, 
hypovolaemia and low blood sodium). More common is 
hyperadrenalism where there is excess secretion of one or 
more of the cortical hormones, mainly glucocorticoids 
(producing Cushing’s syndrome) or mineralocorticoids 
(producing Conn’s syndrome). The excess hormone may be 
produced by a benign tumour (adrenal cortical adenoma) or a 

malignant tumour (adrenal cortical carcinoma) or by diffuse 
hyperplasia of the adrenal cortex. In adrenal cortical carcinoma, 
the excessive output may affect all three types of cortical 
hormone, including androgens, and hirsutism or virilisation are 
sometimes present.

Ectopic ACTH syndrome occurs when some types of 
tumour elsewhere in the body (e.g. neuroendocrine carcinomas 
in the lung) secrete excessive amounts of an ACTH-like 
substance which stimulates the zona fasciculata to produce 
excess glucocorticoids.

Azan stain

p Composed of cells arranged in irregular 
ovoid clusters separated by delicate 
fibrous trabeculae (T), which are 
continuous with the fibrocollagenous
capsule (Cap)

p The cells have round nuclei and less 
cytoplasm

p Secrete mineralocorticoid hormones, 
principally aldosterone, the secretion of 
which is controlled by the renin-
angiotensin system 

p Aldosterone acts directly on the renal 
tubules to increase sodium and 
therefore water retention

p Increase extracellular fluid volume, 
blood pressure ↑

p Aldosterone secretion is independent of 
ACTH control

Adrenal gland- zona glomerulosa 
(G)
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FIG. 17.13 Adrenal cortex, zona glomerulosa 
Azan (MP)

The zona glomerulosa G is composed of cells arranged in irregular ovoid clusters 
separated by delicate fibrous trabeculae T, which are continuous with the 
fibrocollagenous capsule Cap; both the trabeculae and inner capsule contain 
prominent capillaries. The cells have round nuclei and less cytoplasm than the cells in 
the adjacent zona fasciculata. The cytoplasm contains plentiful smooth endoplasmic 
reticulum and numerous mitochondria, but with only scanty lipid droplets.

This zone secretes the mineralocorticoid hormones, principally aldosterone, the 
secretion of which is controlled by the renin-angiotensin system (see Ch. 16), which in 
turn is controlled by the macula densa of the distal renal tubule. Aldosterone acts 
directly on the renal tubules to increase sodium and therefore water retention. This 
increases extracellular fluid volume and therefore increases arterial blood pressure. 
Aldosterone secretion is independent of ACTH control. 

Cap

G T

FIG. 17.14 Adrenal cortex, zona fasciculata 
Azan (MP)

The zona fasciculata is the middle and broadest of the three cortical zones. It consists 
of narrow columns and cords of cells, often only one cell thick, separated by fine 
strands of collagen and wide-bore capillaries. The cell cytoplasm is abundant and pale 
staining due to the large number of lipid droplets present; mitochondria and smooth 
endoplasmic reticulum are also abundant. The zona fasciculata secretes glucocorticoid 
hormones, mainly cortisol, which have many metabolic effects, one of which is to 
raise blood glucose levels and increase cellular synthesis of glycogen. They also 
increase the rate of protein breakdown and the rate of liberation of lipid from tissue 
stores.

Cortisol secretion is controlled by the hypothalamus via the anterior pituitary 
trophic hormone ACTH. By this means, many stimuli, such as stress, promote 
glucocorticoid secretion.

The zona fasciculata is also the site of secretion of small amounts of androgenic 
sex hormones. 

FIG. 17.15 Adrenal cortex, zona reticularis 
Azan (LP)

The zona reticularis R is the thin, innermost layer of the adrenal 
cortex and lies next to the adrenal medulla M. It consists of an 
irregular network of branching cords and clusters of glandular 
cells, separated by numerous wide-diameter capillaries. The 
zona reticularis cells are much smaller than those of the 
adjacent zona fasciculata, with less cytoplasm. The cytoplasm is 
darker staining because it contains considerably fewer lipid 
droplets. Brown lipofuscin pigment (see Fig. 1.25) is sometimes 
seen in the cells of this layer. The zona reticularis secretes small 
quantities of androgens and glucocorticoids. 

R

M

Disorders of the adrenal cortex

Destruction of both adrenals (e.g. by autoimmune adrenalitis or, 
in former years, by tuberculosis) leads to failure of secretion of 
all adrenal cortical hormones (hypoadrenalism), leading to the 
clinical syndrome called Addison’s disease (weakness, 
tiredness, skin pigmentation, postural hypotension, 
hypovolaemia and low blood sodium). More common is 
hyperadrenalism where there is excess secretion of one or 
more of the cortical hormones, mainly glucocorticoids 
(producing Cushing’s syndrome) or mineralocorticoids 
(producing Conn’s syndrome). The excess hormone may be 
produced by a benign tumour (adrenal cortical adenoma) or a 

malignant tumour (adrenal cortical carcinoma) or by diffuse 
hyperplasia of the adrenal cortex. In adrenal cortical carcinoma, 
the excessive output may affect all three types of cortical 
hormone, including androgens, and hirsutism or virilisation are 
sometimes present.

Ectopic ACTH syndrome occurs when some types of 
tumour elsewhere in the body (e.g. neuroendocrine carcinomas 
in the lung) secrete excessive amounts of an ACTH-like 
substance which stimulates the zona fasciculata to produce 
excess glucocorticoids.

Adrenal gland- zona fasciculata (F)

p Middle and broadest of the three 
cortical zones

p Consists of narrow columns and 
cords of cells, often only one cell 
thick, separated by fine strands of 
collagen and wide-bore capillaries

p Cytoplasm is abundant and pale 
staining due to the large number of 
lipid droplets present

p Secrete glucocorticoid hormones, 
mainly cortisol, which have many 
metabolic effects

p Cortisol secretion is controlled by the 
hypothalamus via the anterior 
pituitary trophic hormone ACTH

p Secretion of small amounts of 
androgenic sex hormones

Azan stain
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FIG. 17.13 Adrenal cortex, zona glomerulosa 
Azan (MP)

The zona glomerulosa G is composed of cells arranged in irregular ovoid clusters 
separated by delicate fibrous trabeculae T, which are continuous with the 
fibrocollagenous capsule Cap; both the trabeculae and inner capsule contain 
prominent capillaries. The cells have round nuclei and less cytoplasm than the cells in 
the adjacent zona fasciculata. The cytoplasm contains plentiful smooth endoplasmic 
reticulum and numerous mitochondria, but with only scanty lipid droplets.

This zone secretes the mineralocorticoid hormones, principally aldosterone, the 
secretion of which is controlled by the renin-angiotensin system (see Ch. 16), which in 
turn is controlled by the macula densa of the distal renal tubule. Aldosterone acts 
directly on the renal tubules to increase sodium and therefore water retention. This 
increases extracellular fluid volume and therefore increases arterial blood pressure. 
Aldosterone secretion is independent of ACTH control. 

Cap

G T

FIG. 17.14 Adrenal cortex, zona fasciculata 
Azan (MP)

The zona fasciculata is the middle and broadest of the three cortical zones. It consists 
of narrow columns and cords of cells, often only one cell thick, separated by fine 
strands of collagen and wide-bore capillaries. The cell cytoplasm is abundant and pale 
staining due to the large number of lipid droplets present; mitochondria and smooth 
endoplasmic reticulum are also abundant. The zona fasciculata secretes glucocorticoid 
hormones, mainly cortisol, which have many metabolic effects, one of which is to 
raise blood glucose levels and increase cellular synthesis of glycogen. They also 
increase the rate of protein breakdown and the rate of liberation of lipid from tissue 
stores.

Cortisol secretion is controlled by the hypothalamus via the anterior pituitary 
trophic hormone ACTH. By this means, many stimuli, such as stress, promote 
glucocorticoid secretion.

The zona fasciculata is also the site of secretion of small amounts of androgenic 
sex hormones. 

FIG. 17.15 Adrenal cortex, zona reticularis 
Azan (LP)

The zona reticularis R is the thin, innermost layer of the adrenal 
cortex and lies next to the adrenal medulla M. It consists of an 
irregular network of branching cords and clusters of glandular 
cells, separated by numerous wide-diameter capillaries. The 
zona reticularis cells are much smaller than those of the 
adjacent zona fasciculata, with less cytoplasm. The cytoplasm is 
darker staining because it contains considerably fewer lipid 
droplets. Brown lipofuscin pigment (see Fig. 1.25) is sometimes 
seen in the cells of this layer. The zona reticularis secretes small 
quantities of androgens and glucocorticoids. 
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Disorders of the adrenal cortex

Destruction of both adrenals (e.g. by autoimmune adrenalitis or, 
in former years, by tuberculosis) leads to failure of secretion of 
all adrenal cortical hormones (hypoadrenalism), leading to the 
clinical syndrome called Addison’s disease (weakness, 
tiredness, skin pigmentation, postural hypotension, 
hypovolaemia and low blood sodium). More common is 
hyperadrenalism where there is excess secretion of one or 
more of the cortical hormones, mainly glucocorticoids 
(producing Cushing’s syndrome) or mineralocorticoids 
(producing Conn’s syndrome). The excess hormone may be 
produced by a benign tumour (adrenal cortical adenoma) or a 

malignant tumour (adrenal cortical carcinoma) or by diffuse 
hyperplasia of the adrenal cortex. In adrenal cortical carcinoma, 
the excessive output may affect all three types of cortical 
hormone, including androgens, and hirsutism or virilisation are 
sometimes present.

Ectopic ACTH syndrome occurs when some types of 
tumour elsewhere in the body (e.g. neuroendocrine carcinomas 
in the lung) secrete excessive amounts of an ACTH-like 
substance which stimulates the zona fasciculata to produce 
excess glucocorticoids.

Adrenal gland- zona reticularis (R)
p Thin, innermost layer of the adrenal cortex and lies next to the 

adrenal medulla (M)
p Cells are much smaller than those of the adjacent zona fasciculata, 

with less cytoplasm
p Cytoplasm is darker staining because it contains considerably fewer 

lipid droplets
p Lipofuscin
p Secretes small quantities of androgens and glucocorticoids



Pineal gland
p Lies in the midline of the brain, just below the posterior end of the corpus 

callosum
p Synthesises the hormone melatonin which acts as an endocrine transducer
p Melatonin production by the pineal is induced by darkness and inhibited by light
p Melatonin has been used as a treatment for sleep disturbance (e.g. jet lag) and 

melatonin analogues are also used to treat depression.

356 Gray's Clinical Photographic Dissector of the Human Body/Head and Neck

Useful Landmarks

1. The anterior choroidal artery arises near the origin 
of the posterior communicating artery and passes 
posterolaterally along the optic tract.

2. The trochlear nerve and oculomotor nerve pass 
between the superior cerebellar and posterior 
cerebral arteries.

Make a midsagittal incision through the brain, sepa-
rating the right from the left hemisphere. Identify the 
thalamus, hypothalamus, and the three parts of the 
brainstem—midbrain, pons, and medulla oblongata 
(Fig. 23-49). Identify the corpus callosum and fornix. 
Note the lateral ventricles, which open into the 3rd 
ventricle through the foramen of Monro. The 3rd ven-
tricle is continuous inferiorly with the cerebral aque-
duct, connecting the 3rd with the 4th ventricles. 
Identify the foramen of Monro (Fig. 23-49).

Identify the tentorium cerebelli and the anterior 
clinoid process. Visualize the dura covering the tri-
geminal nerve as it passes into the middle cranial 
fossa. With scissors, make a small cut in the dura 
covering the trigeminal nerve, and pull it upward 
(Fig. 23-50). Pull the dura covering the trigeminal 
nerve away from the middle cranial fossa, and expose 
Meckel’s cave, the area where the trigeminal (semilu-
nar) ganglion resides (Fig. 23-51).

FIGURE 23-49. Sagittal section of cerebellum and brainstem 
revealing corpus callosum, genu, anterior cerebral artery, septum 
pellucidum, fornix, massa intermedia (adhesio interthalamica), 
foramen of Monro, lamina terminalis, pineal gland, cerebral aque-
duct, cerebellum, superior medullary velum, fourth ventricle, 
hypothalamus, midbrain, pons, and medulla oblongata. 
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FIGURE 23-50. Appreciate the tentorium cerebelli, anterior 
clinoid process, and dura covering the trigeminal nerve pulled 
upward. 
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FIGURE 23-51. Trigeminal nerve dura pulled from middle 
cranial fossa, exposing pituitary gland, Meckel’s cave (dashed 
arch), and clivus (bony surface of posterior cranial fossa). 
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DIFFUSE NEUROENDOCRINE SYSTEM

This is the name given to a scattered system of neuroen-
docrine cells which secrete hormones and active peptides. 
Neuroendocrine cells possess characteristic membrane-
bound neurosecretory vesicles, usually spherical, with an 
electron-dense central core (dense core vesicles). Although 
neuroendocrine-type cells form part of other endocrine 
organs (e.g. adrenal medulla) and some non-endocrine 
organs (e.g. islets of Langerhans in the pancreas, juxta-
glomerular apparatus in kidney), they are particularly 
important in the diffuse neuroendocrine systems in the gas-
trointestinal and respiratory tracts.

Gastrointestinal neuroendocrine cells are found scat-
tered in the mucosa of the gastrointestinal tract and in the 
pancreatic and biliary ducts. These cells secrete more than 
20 different peptide and amine hormones, including gastrin, 
secretin, CCK, 5-HT, enteroglucagon, somatostatin, sub-
stance P, vasoactive intestinal peptide (VIP), bombesin, 
gastric inhibitory polypeptide (GIP), motilin and pancreatic 
polypeptide (PP). These hormones constitute a system of 

interacting mediators which collectively regulate and coor-
dinate most aspects of gastrointestinal activity, in concert 
with the autonomic nervous system.

While some of these substances are true endocrine hor-
mones, acting at a distance from their site of origin, others 
are locally acting mediators known as paracrine hormones. 
A third mechanism of action (neurocrine) is by neurotrans-
mitter activity and indeed some of these substances also act 
as neurotransmitters within the central nervous system 
(gastrin, VIP, CCK and many others).

The lower respiratory tract contains scattered peptide- 
and amine-secreting endocrine cells, analogous to those in 
the gastrointestinal tract, which are probably involved in 
local and autonomically mediated regulation of respiratory 
tract function, particularly in early childhood. The endo-
crine cells are scattered individually in the epithelium or in 
clumps (see Fig. 12.11) protruding into the airway and have 
a variety of secretory products including 5-HT, calcitonin, 
bombesin and leu-enkephalin.

FIG. 17.22 Pineal gland 
H&E (MP)

The pineal consists of two main cell types: pinealocytes (pineal chief cells) and 
neuroglial cells. Pinealocytes P are highly modified neurones, arranged in clusters and 
cords surrounded by a rich network of fenestrated capillaries. Pinealocytes have 
round nuclei with prominent nucleoli and granular cytoplasm and many highly 
branched processes, some of which terminate near or upon blood vessels. The 
cytoplasmic granules of pinealocytes contain melatonin and its precursor, 5-HT.

The neuroglial cells N, which are similar to the astrocytes of the rest of the CNS, 
are dispersed between the clusters of pinealocytes and in association with capillaries.

A characteristic feature of the ageing pineal is the presence of basophilic 
extracellular bodies called pineal sand S, consisting of concentric layers of calcium 
and magnesium phosphate in an organic matrix. The calcified pineal can be seen on 
X-rays of the skull and its position can be a useful guide to pathological conditions 
causing the midline to be displaced to one side. 

N

N

S

SP

Tumours of the diffuse neuroendocrine system

The cells of the diffuse neuroendocrine system may 
occasionally give rise to tumours. The most frequent, and most 
important, is a highly malignant tumour of neuroendocrine cells 
of the bronchial tree, called small cell (oat cell) carcinoma. This 
tumour grows very rapidly and infiltrates and destroys nearby 
tissues, but also spreads to distant sites such as bones, liver, 
and brain (metastases). Some of these tumours retain some 
capacity to synthesise and, secrete, hormones or hormone-
precursor molecules and, rarely, excessive secretion of these 
can cause fatal metabolic disorders. Small cell carcinoma of 
the lung often secretes an ACTH-like substance which 
stimulates excessive and uncontrolled secretion of hormones 
from the adrenal cortex.

The most common tumour of the neuroendocrine cells in 
the alimentary tract is the carcinoid tumour. These are most 
common in the small intestine and appendix, and grow slowly. 
They secrete 5-HT which usually has no systemic effect 
because it passes from the tumour in the gut via the hepatic 
portal vein to the liver where it is broken down into inactive 
products. Although these tumours are slow-growing, they are 
potentially malignant and can spread to secondary sites away 
from the gut. In this case, 5-HT can enter the systemic blood 
circulation and produce metabolic effects; this is called 
carcinoid syndrome.

Pineal gland
p Pinealocytes (pineal chief cells) and neuroglial cells

p Pinealocytes (P)
• highly modified neurones, arranged in clusters 

and cords surrounded by a rich network of  
fenestrated capillaries

• round nuclei with prominent nucleoli and 
granular cytoplasm and many highly branched 
processes

p Neuroglial cells (N)
• similar to the astrocytes of the rest of  

the CNS
p Ageing pineal is the presence of basophilic 

extracellular bodies called pineal sand (S), 
consisting of concentric layers of calcium and 
magnesium phosphate in an organic matrix



293

O
R

G
A

N
 S

Y
S

TE
M

S
 

! C
hapter 16: U

rinary system

FIG. 16.2 Kidney 

The kidney is a bean-shaped organ lying in the upper 
retroperitoneal area and oriented with the concave surface 
directed medially. In adults, the kidney measures 10 to 12 cm. 
The hilum is the site of entry and exit of the renal blood vessels 
and the ureter.

The archetypal kidney of lower mammals consists of a 
single lobe made up of a medullary pyramid (actually cone-
shaped), the base of which is enveloped by the cortex 
containing the renal corpuscles and the proximal and distal 
parts of the tubules. Nephrons arise in the cortex, loop down 
into the medulla and return to the cortex. From here they drain 
into collecting ducts that descend again into the medulla to 
discharge urine from the apex of the medullary pyramid. The 
apical part of the pyramid (known as the renal papilla) is 
enveloped by a funnel-shaped renal pelvis, which represents 
the dilated proximal part of the ureter.

The human kidney is made up of 10 to 18 lobes. In the 
adult, the cortical components of the lobes are fused so that the 
cortex forms a continuous smooth outer zone which extends 
down between the pyramids. The renal medulla is made up of 
multiple medullary pyramids, separated by medullary 
extensions of the cortex. Each renal papilla is surrounded by a 
branch of the renal pelvis called a calyx; the whole urinary 
collecting system within the kidney being described as the 
pelvicalyceal system. The space between the branches of the 
pelvicalyceal system is filled with fatty supporting tissue and is 
known as the renal sinus.

The kidney is invested by a tough fibrous capsule which is 
surrounded by a thick layer of perinephric fat that is in turn 
encased in a delicate condensation of connective tissue known 
as Gerota’s fascia. The fat around the kidney cushions it 
against trauma. 
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FIG. 16.3 Kidney 
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This micrograph of a kidney from a stillborn child illustrates at 
low power the features of the kidney described in Fig. 16.2. The 
kidney of a baby has been chosen as it is small enough to 
section and photograph in its entirety. Furthermore its convex 
surface is irregular, reflecting the development of the many 
lobes making up the organ. In histological section, only a single 
plane through the pelvicalyceal system can be visualised. This 
plane of section includes the axes of three lobes, the papilla P of 
each one projecting into the central pelvicalyceal space; this 
drains into the ureter U that leaves the kidney via the hilum H.

The darker-stained cortex C can be clearly differentiated 
from the paler-stained medulla M. The cortex contains large 
numbers of tiny spheroidal structures, the developing renal 
corpuscles (see Fig. 16.8). The medullary pyramids are 
characterised by the numerous tubules converging towards the 
tips of the renal papillae. Note the continuity of the cortex 
throughout the outer zone of the kidney and the cortical 
extension between the two medullary pyramids at the top of 
the field. The fibrous capsule Cp of the kidney is continuous at 
the hilum with fatty supporting tissue, which packs the space 
(known as the renal sinus) between the hilar structures. The 
renal artery and vein also pass through the hilum but are not 
seen in this plane of section. 
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Kidney
p Hilum
p Medullary pyramid: the renal 

corpuscles and the proximal and 
distal parts of the tubules

p Renal papilla: apical part of pyramid
p Renal pelvis
p Calyx
p Pelvicalyceal system (腎盂腎盞系統)
p Renal sinus: space between the 

branches of the pelvicalyceal system 
is filled with fatty supporting tissue 

p Gerota’s fascia
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FIG. 16.2 Kidney 

The kidney is a bean-shaped organ lying in the upper 
retroperitoneal area and oriented with the concave surface 
directed medially. In adults, the kidney measures 10 to 12 cm. 
The hilum is the site of entry and exit of the renal blood vessels 
and the ureter.

The archetypal kidney of lower mammals consists of a 
single lobe made up of a medullary pyramid (actually cone-
shaped), the base of which is enveloped by the cortex 
containing the renal corpuscles and the proximal and distal 
parts of the tubules. Nephrons arise in the cortex, loop down 
into the medulla and return to the cortex. From here they drain 
into collecting ducts that descend again into the medulla to 
discharge urine from the apex of the medullary pyramid. The 
apical part of the pyramid (known as the renal papilla) is 
enveloped by a funnel-shaped renal pelvis, which represents 
the dilated proximal part of the ureter.

The human kidney is made up of 10 to 18 lobes. In the 
adult, the cortical components of the lobes are fused so that the 
cortex forms a continuous smooth outer zone which extends 
down between the pyramids. The renal medulla is made up of 
multiple medullary pyramids, separated by medullary 
extensions of the cortex. Each renal papilla is surrounded by a 
branch of the renal pelvis called a calyx; the whole urinary 
collecting system within the kidney being described as the 
pelvicalyceal system. The space between the branches of the 
pelvicalyceal system is filled with fatty supporting tissue and is 
known as the renal sinus.

The kidney is invested by a tough fibrous capsule which is 
surrounded by a thick layer of perinephric fat that is in turn 
encased in a delicate condensation of connective tissue known 
as Gerota’s fascia. The fat around the kidney cushions it 
against trauma. 

!"#$%%&'(
)('&*+#

,"-&%.)&)+%%&

/&)0$%"

1'"2"'

,"-&%.3"+-

,"-&%.&'2"'(

,"-&%.)"%3+0

/&%(4

/5'2"4

6+%$*

,"-&%.0+-$0

FIG. 16.3 Kidney 
H&E (LP)

This micrograph of a kidney from a stillborn child illustrates at 
low power the features of the kidney described in Fig. 16.2. The 
kidney of a baby has been chosen as it is small enough to 
section and photograph in its entirety. Furthermore its convex 
surface is irregular, reflecting the development of the many 
lobes making up the organ. In histological section, only a single 
plane through the pelvicalyceal system can be visualised. This 
plane of section includes the axes of three lobes, the papilla P of 
each one projecting into the central pelvicalyceal space; this 
drains into the ureter U that leaves the kidney via the hilum H.

The darker-stained cortex C can be clearly differentiated 
from the paler-stained medulla M. The cortex contains large 
numbers of tiny spheroidal structures, the developing renal 
corpuscles (see Fig. 16.8). The medullary pyramids are 
characterised by the numerous tubules converging towards the 
tips of the renal papillae. Note the continuity of the cortex 
throughout the outer zone of the kidney and the cortical 
extension between the two medullary pyramids at the top of 
the field. The fibrous capsule Cp of the kidney is continuous at 
the hilum with fatty supporting tissue, which packs the space 
(known as the renal sinus) between the hilar structures. The 
renal artery and vein also pass through the hilum but are not 
seen in this plane of section. 

Cp

M

C
P

P

U

H

P

M

C

C

C cortex Cp capsule H hilum M medulla P papilla U ureter

Kidney

p Papilla (P)
p Ureter (U)
p Hilum (H)
p Cortex  (C) (darker-stained)
   • renal corpuscles
p Medulla (M)
• Numerous tubules
p Capsule (Cp): fibrous 

connective tissue



p Nephron
• Renal corpuscle
• Renal tubule

p Renal corpuscle (腎小體)
• Bowman’s capsule: single layer of flattened cells resting on a basement membrane
• Glomerulus- a globular network of anastomosing capillaries 

- invested by the visceral layer of Bowman’s capsule 
(a highly specialised layer of epithelial cells called podocytes

• Bowman’s space
• Glomerular ultrafiltrate (腎絲球濾出液)
• Glomerular filtration barrier:  
capillary endothelium, the podocyte layer and 
their common basement membrane known as 
the glomerular basement membrane

 • Afferent arteriole (入球小動脈): 
supply glomerulus

• Efferent arteriole (出球小動脈)
• Vascular pole
• Urinary pole
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FIG. 16.8 Renal corpuscle 
(a) Schematic diagram  
(b) PAS (HP)

The main structural features  
of the renal corpuscle are 
demonstrated in diagram (a). 
The relatively wide-diameter 
afferent arteriole enters 
Bowman’s capsule at the 
vascular pole of the renal 
corpuscle and then branches  
to form an anastomosing 
network of glomerular 
capillaries, each major branch 
giving rise to a lobule. The 
glomerulus is thus suspended 
in Bowman’s space from the 
vascular pole. The spaces 
between the capillary loops  
in each glomerular lobule  
are filled by mesangium which 
contains mesangial cells (not 
shown).

The efferent vessel 
draining the glomerulus is 
unusual in that it has the 
structure of an arteriole and is 
thus called the efferent 
arteriole (not venule). The 
efferent arteriole is of smaller 
diameter than the afferent 
arteriole, and a pressure 
gradient is thus maintained 
that drives the filtration  
of plasma into Bowman’s 
space.

The layer of podocytes 
investing the glomerular 
capillaries (visceral epithelial 
cells) is not shown in this 
diagram. At the vascular pole, 
the podocyte layer is reflected 
to become continuous with the 
parietal epithelial cells of 
Bowman’s capsule, which in 
turn becomes continuous with 
the first part of the renal 
tubule, the proximal 
convoluted tubule.

The renal corpuscle in 
micrograph (b) has been 
sectioned through the vascular 
pole and shows the afferent 
arteriole A entering the 
glomerulus. The efferent arteriole is not seen in this plane of 
section. At the urinary pole, the start of the proximal convoluted 
tubule PCT is seen. Other proximal convoluted tubules can be 
seen cut in various planes of section embedded in the renal 
interstitium I. Glomerular capillaries C are cut in transverse, 
longitudinal and oblique sections. The numerous nuclei in the 
glomerulus are those of capillary endothelial cells, mesangial 
cells and podocytes.

The PAS stain picks out the glomerular basement 
membrane GBM and the mesangium M, which consists of 
basement membrane–like material. Mesangial cells are found 
embedded within the mesangium, but only their nuclei N can 
be discerned at this magnification. The capillary lumina are 

lined by endothelial cells, again only identifiable by their  
nuclei E.

Note the flattened nuclei of the parietal epithelial cells S 
lining Bowman’s capsule. This squamous epithelium is 
continuous with the epithelium of the proximal convoluted 
tubule and undergoes an abrupt transition to cuboidal form at 
the urinary pole. The basement membrane of Bowman’s 
capsule is a thick basement membrane which is highlighted by 
the PAS stain; it is most likely synthesised by the overlying 
epithelial cells. Bowman’s capsule is a permeability barrier 
preventing escape of the plasma ultrafiltrate into the 
interstitium. The epithelial cells are connected by tight junctions 
and also contribute to the permeability barrier. 
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Renal corpuscle
p The glomerulus is suspended in Bowman’s space from the vascular pole
p The spaces between the capillary loops in each glomerular lobule are filled by 

mesangium which contains mesangial cells
p The efferent arteriole is of smaller diameter than the afferent arteriole, and a pressure 

gradient is thus maintained that drives the filtration of plasma into Bowman’s space
p Parietal epithelial cells of Bowman’s capsule becomes continuous with the first part of 

the renal tubule, the proximal convoluted tubule. 
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(a) Schematic diagram  
(b) PAS (HP)

The main structural features  
of the renal corpuscle are 
demonstrated in diagram (a). 
The relatively wide-diameter 
afferent arteriole enters 
Bowman’s capsule at the 
vascular pole of the renal 
corpuscle and then branches  
to form an anastomosing 
network of glomerular 
capillaries, each major branch 
giving rise to a lobule. The 
glomerulus is thus suspended 
in Bowman’s space from the 
vascular pole. The spaces 
between the capillary loops  
in each glomerular lobule  
are filled by mesangium which 
contains mesangial cells (not 
shown).

The efferent vessel 
draining the glomerulus is 
unusual in that it has the 
structure of an arteriole and is 
thus called the efferent 
arteriole (not venule). The 
efferent arteriole is of smaller 
diameter than the afferent 
arteriole, and a pressure 
gradient is thus maintained 
that drives the filtration  
of plasma into Bowman’s 
space.

The layer of podocytes 
investing the glomerular 
capillaries (visceral epithelial 
cells) is not shown in this 
diagram. At the vascular pole, 
the podocyte layer is reflected 
to become continuous with the 
parietal epithelial cells of 
Bowman’s capsule, which in 
turn becomes continuous with 
the first part of the renal 
tubule, the proximal 
convoluted tubule.

The renal corpuscle in 
micrograph (b) has been 
sectioned through the vascular 
pole and shows the afferent 
arteriole A entering the 
glomerulus. The efferent arteriole is not seen in this plane of 
section. At the urinary pole, the start of the proximal convoluted 
tubule PCT is seen. Other proximal convoluted tubules can be 
seen cut in various planes of section embedded in the renal 
interstitium I. Glomerular capillaries C are cut in transverse, 
longitudinal and oblique sections. The numerous nuclei in the 
glomerulus are those of capillary endothelial cells, mesangial 
cells and podocytes.

The PAS stain picks out the glomerular basement 
membrane GBM and the mesangium M, which consists of 
basement membrane–like material. Mesangial cells are found 
embedded within the mesangium, but only their nuclei N can 
be discerned at this magnification. The capillary lumina are 

lined by endothelial cells, again only identifiable by their  
nuclei E.

Note the flattened nuclei of the parietal epithelial cells S 
lining Bowman’s capsule. This squamous epithelium is 
continuous with the epithelium of the proximal convoluted 
tubule and undergoes an abrupt transition to cuboidal form at 
the urinary pole. The basement membrane of Bowman’s 
capsule is a thick basement membrane which is highlighted by 
the PAS stain; it is most likely synthesised by the overlying 
epithelial cells. Bowman’s capsule is a permeability barrier 
preventing escape of the plasma ultrafiltrate into the 
interstitium. The epithelial cells are connected by tight junctions 
and also contribute to the permeability barrier. 
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Renal corpuscle
p Afferent arteriole (A) entering the glomerulus
p Proximal convoluted tubule (PCT)
p Renal interstitium (I)
p Glomerular capillaries (C)
p Glomerular basement membrane (GBM)
p Mesangium (M)含有類似basement membrane 的構造，所以會被PAS染上
p Endothelial cell (E) 
p Parietal epithelial cells (S)

PAS stain
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FIG. 16.16 Proximal and distal convoluted tubules 
(a) PCT, Azan (HP) (b) PCT, PAS (HP) (c) DCT, H&E (HP) (d) DCT, PAS (HP)

These micrographs compare the appearances of the proximal 
and distal convoluted tubules. The intervening loop of Henle is 
discussed in Fig. 16.19. The proximal convoluted tubule (PCT) 
is a coiled tube measuring approximately 14 mm in length and 
random sections of PCT thus occupy most of the renal cortex. 
Approximately 65% of the glomerular filtrate is reabsorbed 
from the PCT, a function reflected in the structure of the 
epithelial lining.

Micrograph (a) shows a proximal convoluted tubule PCT 
arising from a renal corpuscle; convolutions of the PCT are also 
seen in longitudinal, oblique and transverse sections. The simple 
cuboidal epithelium has a prominent blue-stained brush border 
of tall microvilli, increasing the surface area of the plasma 
membrane some 20-fold. The cytoplasm of PCT epithelial cells 
stains intensely due to a high content of organelles, principally 
mitochondria. Basement membranes stain blue by this 
technique, thus highlighting the tubular and glomerular 
basement membranes and that of Bowman’s capsule.

The PAS staining method has been used in micrograph (b) 
to demonstrate the prominent brush border BB projecting into 
the lumen of the PCT. The brush border is PAS-positive, since 
the surfaces of the microvilli are coated with a prominent 
glycocalyx (see Fig. 1.2). Like those elsewhere, the basement 
membrane BM supporting the tubular epithelium is strongly 
PAS-positive. In both micrographs, note that the epithelial cells 
of the PCT have round nuclei with prominent nucleoli.

A rich network of peritubular capillaries C arising from the 
efferent arteriole of the glomerulus (see Fig. 16.11) surrounds 
the proximal tubules and returns molecules reabsorbed from 
the glomerular filtrate back into the general circulation.

The distal tubule is a continuation of the thick ascending 
limb of the loop of Henle after its return to the cortex and 
forms the third segment of the renal tubule. Distal tubules are 
thus found within the cortex among the proximal convoluted 
tubules. The first part of the distal tubule forms the macula 
densa (see Fig. 16.18) while the remainder makes up the distal 
convoluted tubule (DCT). In the DCT, sodium ions are 
reabsorbed from the tubular fluid, with one hydrogen or 
potassium ion being secreted in exchange. This adjustment of 
acid-base balance is controlled by the hormone aldosterone 
secreted by the adrenal cortex (see Fig. 16.18).

As seen in micrograph (c), distal convoluted tubules DCT 
may be differentiated from proximal convoluted tubules PCT 
by the absence of a brush border, a larger more clearly defined 
lumen, more nuclei per cross-section (since DCT cells are 
smaller than PCT cells) and paler cytoplasm (due to fewer 
organelles). In addition, sections of DCT are less numerous than 
sections of PCT, since the DCT is much shorter than the PCT. In 
micrograph (d) the prominent brush border of the proximal 
convoluted tubule PCT is contrasted with the lack of brush 
border in the distal convoluted tubule DCT. 
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PCT
a

BM
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c

DCT

DCT

PCT

PCT

d

DCT

PCT

BB brush border BM basement membrane C peritubular capillaries CP mesangial cell cytoplasmic process 
DCT distal convoluted tubule E endothelial cell J cell junction L glomerular capillary lumen PCT proximal convoluted tubule 
MC mesangial cell MM mesangial matrix P1 podocyte primary process P2 podocyte secondary foot process 
SPS subpodocyte space

Proximal convoluted tubules
p The proximal convoluted tubule (PCT) is a coiled tube measuring approximately 14 mm in 

length and random sections of PCT thus occupy most of the renal cortex
p Approximately 65% of the glomerular filtrate is reabsorbed from the PCT
p Proximal convoluted tubule arising from a renal corpuscle
p The simple cuboidal epithelium has a prominent blue-stained brush border of tall microvilli
p The cytoplasm of PCT epithelial cells stains intensely due to a high content of organelles, 

principally mitochondria, basement membrane (BM)在此染色之下會被染成藍色
p Brush border (BB)
p PCT的細胞核是圓形，有明顯的核仁 (nucleolus)

Azan stain PAS

C: capillary
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FIG. 16.16 Proximal and distal convoluted tubules 
(a) PCT, Azan (HP) (b) PCT, PAS (HP) (c) DCT, H&E (HP) (d) DCT, PAS (HP)

These micrographs compare the appearances of the proximal 
and distal convoluted tubules. The intervening loop of Henle is 
discussed in Fig. 16.19. The proximal convoluted tubule (PCT) 
is a coiled tube measuring approximately 14 mm in length and 
random sections of PCT thus occupy most of the renal cortex. 
Approximately 65% of the glomerular filtrate is reabsorbed 
from the PCT, a function reflected in the structure of the 
epithelial lining.

Micrograph (a) shows a proximal convoluted tubule PCT 
arising from a renal corpuscle; convolutions of the PCT are also 
seen in longitudinal, oblique and transverse sections. The simple 
cuboidal epithelium has a prominent blue-stained brush border 
of tall microvilli, increasing the surface area of the plasma 
membrane some 20-fold. The cytoplasm of PCT epithelial cells 
stains intensely due to a high content of organelles, principally 
mitochondria. Basement membranes stain blue by this 
technique, thus highlighting the tubular and glomerular 
basement membranes and that of Bowman’s capsule.

The PAS staining method has been used in micrograph (b) 
to demonstrate the prominent brush border BB projecting into 
the lumen of the PCT. The brush border is PAS-positive, since 
the surfaces of the microvilli are coated with a prominent 
glycocalyx (see Fig. 1.2). Like those elsewhere, the basement 
membrane BM supporting the tubular epithelium is strongly 
PAS-positive. In both micrographs, note that the epithelial cells 
of the PCT have round nuclei with prominent nucleoli.

A rich network of peritubular capillaries C arising from the 
efferent arteriole of the glomerulus (see Fig. 16.11) surrounds 
the proximal tubules and returns molecules reabsorbed from 
the glomerular filtrate back into the general circulation.

The distal tubule is a continuation of the thick ascending 
limb of the loop of Henle after its return to the cortex and 
forms the third segment of the renal tubule. Distal tubules are 
thus found within the cortex among the proximal convoluted 
tubules. The first part of the distal tubule forms the macula 
densa (see Fig. 16.18) while the remainder makes up the distal 
convoluted tubule (DCT). In the DCT, sodium ions are 
reabsorbed from the tubular fluid, with one hydrogen or 
potassium ion being secreted in exchange. This adjustment of 
acid-base balance is controlled by the hormone aldosterone 
secreted by the adrenal cortex (see Fig. 16.18).

As seen in micrograph (c), distal convoluted tubules DCT 
may be differentiated from proximal convoluted tubules PCT 
by the absence of a brush border, a larger more clearly defined 
lumen, more nuclei per cross-section (since DCT cells are 
smaller than PCT cells) and paler cytoplasm (due to fewer 
organelles). In addition, sections of DCT are less numerous than 
sections of PCT, since the DCT is much shorter than the PCT. In 
micrograph (d) the prominent brush border of the proximal 
convoluted tubule PCT is contrasted with the lack of brush 
border in the distal convoluted tubule DCT. 
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BB brush border BM basement membrane C peritubular capillaries CP mesangial cell cytoplasmic process 
DCT distal convoluted tubule E endothelial cell J cell junction L glomerular capillary lumen PCT proximal convoluted tubule 
MC mesangial cell MM mesangial matrix P1 podocyte primary process P2 podocyte secondary foot process 
SPS subpodocyte space

Distal convoluted tubules
p Distal tubules are thus found within the cortex among the proximal convoluted 

tubules
p The first part of the distal tubule forms the macula densa while the remainder 

makes up the distal convoluted tubule (DCT)
p In the DCT, sodium ions are reabsorbed from the tubular fluid, with one 

hydrogen or potassium ion being secreted in exchange
p DCT沒有brush border, 管腔較大較乾淨, 被切到的核比較多 (因為DCT細胞比

PCT還小)，細胞質較淡染 (因為 胞器較少)
p DCT的切面數量比PCT少，因為DCT比較短

PCT有明顯的刷狀緣 (PAS 染色)
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AA afferent arteriole DCT distal convoluted tubule J juxtaglomerular cell L lacis cell MD macula densa

FIG. 16.18 Juxtaglomerular apparatus (caption and illustration (c) opposite)
(a) Azan (HP) (b) Diagram (c) Control of blood pressure
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AA afferent arteriole DCT distal convoluted tubule J juxtaglomerular cell L lacis cell MD macula densa

FIG. 16.18 Juxtaglomerular apparatus (caption and illustration (c) opposite)
(a) Azan (HP) (b) Diagram (c) Control of blood pressure

Juxtaglomerular apparatus (JGA)
p A specialization of the glomerular afferent arteriole (AA) and the distal convoluted tubule 

(DCT) of the same nephron and is involved in the regulation of systemic blood pressure via 
the renin-angiotensin- aldosterone system (RAAS)

p 由下列三種構造組成：
1. Macula densa (MD)
- an area of closely packed, specialised DCT epithelial cells where the DCT abuts    

the vascular pole of the glomerulus
-此處的細胞比較高，核明顯且靠近管腔處
- The cells of the macula densa are sensitive to the concentration of sodium ions 

in the fluid within the DCT



Lower urinary tract
p Includes the renal pelvis and calyces, the ureters, the urinary bladder and the 

urethra
p Specialised for the storage and excretion of urine
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THE LOWER URINARY TRACT

The lower urinary tract includes the renal pelvis and calyces, 
the ureters, the urinary bladder and the urethra. The lower 
urinary tract is specialised for the storage and excretion of 

urine at a convenient time; no further modification of the 
urine is possible after it leaves the renal medulla.

FIG. 16.22 Renal papilla, monkey 
Azan (LP)

The renal papilla forms the apex of the 
medullary pyramid, where it projects into the 
pelvicalyceal system PCS. Ducts of Bellini DB, 
the largest of the collecting ducts, converge to 
drain urine through a number of holes 
(cribriform area) at the tip of the papilla. 
Between the ducts are the longest loops of 
Henle and vasa recta (not visible at this 
magnification). This papilla is a simple papilla, 
but at the poles of the human kidney, the 
papillae are often fused to form complex 
papillae.

The pelvicalyceal system represents the 
proximal end of the ureter U and, as such, is 
lined by typical urinary (transitional) 
epithelium E. The wall of the pelvis contains 
smooth muscle SM, continuous with that of 
the ureter. 

DB

PCS

U

E

SM

FIG. 16.23 Ureter 
Masson trichrome (LP)

The ureters are muscular tubes that carry urine 
from the kidneys to the bladder. Urine is 
transported from the pelvicalyceal system as a 
bolus, propelled by peristaltic action of the 
ureteric wall. The wall of the ureter contains 
two layers of smooth muscle, arranged as an 
inner elongated spiral but traditionally known 
as the longitudinal layer L and an outer tight 
spiral traditionally described as the circular 
layer C. Another outer longitudinal layer is 
present in the lower third of the ureter. 
However, in reality the three layers are often 
difficult to distinguish from each other.

The lumen of the ureter is lined by 
transitional epithelium (urothelium) which is 
thrown up into folds in the relaxed state, 
allowing the ureter to dilate during the 
passage of a bolus of urine. Beneath the 
epithelium is a broad collagenous lamina 
propria LP, the collagen fibres of which are 
stained greenish-blue in this preparation. 
Surrounding the muscular wall is a loose 
collagenous adventitia A containing blood 
vessels V, lymphatics and nerves. 

V

V

LP

L C

A

A adventitia C circular muscle layer DB duct of Bellini E transitional epithelium IL inner longitudinal muscle layer of bladder 
L longitudinal muscle layer of ureter LP lamina propria OL outer longitudinal muscle layer of bladder PCS pelvicalyceal space 
SM smooth muscle U ureter Um umbrella cell V blood vessel

p Ureters
• contains two layers of smooth 
muscle, arranged as an inner 
elongated spiral but traditionally 
known as the longitudinal layer (L) 
and an outer tight spiral traditionally 
described as the circular layer (C)

• another outer longitudinal layer is 
present in the lower third of the ureter
• The lumen of the ureter is lined by 
transitional epithelium (urothelium)

• beneath the epithelium is a broad 
collagenous lamina propria (LP), the 
collagen fibres of which are stained  
greenish-blue in this preparation

• loose collagenous adventitia (A) 
containing blood vessels (V), lymphatics 
and nerves

Mallory-Azan stain
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FIG. 16.24 Bladder 
Masson trichrome (LP)

The urinary bladder serves as a urine store in 
which urine can be held until a convenient 
time and place for its excretion (micturition). 
The general structure of the bladder wall 
resembles that of the lower third of the ureters. 
The wall of the bladder consists of three 
loosely arranged layers of smooth muscle and 
elastic fibres that contract during micturition. 
Note the inner longitudinal IL, outer circular 
C and outermost longitudinal OL layers of 
smooth muscle; together the three layers are 
called the detrusor muscle. As in the ureter, the 
layers are often difficult to distinguish. The 
transitional epithelium lining the bladder is 
thrown into many folds in the relaxed state. A 
delicate, often incomplete muscularis mucosa 
(not identifiable at this magnification) 
separates the lamina propria from the 
submucosa in some but not all individuals. 
The outer adventitial coat A contains arteries, 
veins and lymphatics.

The urethra, the final conducting portion 
of the urinary tract, is discussed as part of the 
male reproductive tract in Ch. 18. 

IL

OL

C

A

FIG. 16.25 Transitional epithelium 
H&E (HP)

Transitional epithelium, also called urothelium, is found only 
within the conducting passages of the urinary system, for 
which it is especially adapted. The epithelium is stratified, 
comprising three to six layers of cells, the number of layers 
being greatest when the epithelium is least distended at the 
time of fixation.

The cells of the basal layer are compact and cuboidal in 
form, while those of the intermediate layers are more columnar, 
with their nuclei orientated at right angles to the basement 
membrane. The surface cells are called umbrella Um or dome 
cells and have unique features that allow them to maintain the 
impermeability of the epithelium to urine, even when at full 
stretch. This permeability barrier also prevents water from 
being drawn through the epithelium into hypertonic urine. The 
umbrella cells are large and ovoid with round nuclei and 
plentiful eosinophilic cytoplasm; some surface cells are 
binucleate (not illustrated). The surface outline has a 
characteristic scalloped appearance and the superficial 
cytoplasm is fuzzy, indistinct and more intensely stained than 
the rest of the cytoplasm.

Ultrastructural studies have revealed that much of the 
surface plasma membrane consists of thickened inflexible 
plaques, often called asymmetrical unit membrane, interspersed 
with narrow zones of normal membrane. These normal areas 
act as ‘hinges’, allowing sections of the membrane to fold 
inwards somewhat like a concertina, forming deep clefts and 
stacks of flattened plasma membrane segments, inappropriately 
called fusiform vesicles. This structure allows the umbrella cells 
to expand greatly and quickly when the bladder is distended 
and the epithelium is at full stretch. Plentiful junctional 
complexes between the cells maintain the cohesion of adjacent 
cells. These features of the urothelium allow it to store 
chemically toxic urine in considerable volumes for quite long 
periods of time without damage to the tissues.

Urinary epithelium rests on a basement membrane that is 
often too thin to be resolved by light microscopy. The loose 
lamina propria LP is seen underlying the epithelium. 

LP

Um

Urinary bladder
p The wall of the bladder consists of three loosely arranged layers of smooth 

muscle and elastic fibres
p Inner longitudinal (IL), outer circular (C) and outermost longitudinal (OL)
p Detrusor muscle
p The transitional epithelium lining the bladder is thrown into many folds in the 

relaxed state
p A delicate, often incomplete muscularis mucosa separates the lamina propria 

from the submucosa in some but not all individuals
p Adventitia (A)
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Lymphocytes comprise some 20% to 50% of white cells in 
the circulation. Most circulating lymphocytes measure 6 to 
9 μm (i.e. about the same size as erythrocytes) and are called 
small lymphocytes. About 3% are large lymphocytes, meas-
uring 9 to 20 μm. The light and electron microscopic fea-
tures of lymphocytes are described in Fig. 3.17. Briefly, small 
lymphocytes have a round to ovoid nucleus occupying 
about 90% of the cell volume, with a thin rim of basophilic 
(bluish) cytoplasm.

Lymphocytes constantly patrol the body, circulating in 
the blood, lymph and other extracellular fluids and pausing 
in the organised lymphoid tissues. Secondary lymphoid 
organs are arranged to optimise the chances of an antigen 
meeting a potentially reactive lymphocyte and facilitating 
lymphocyte activation. If an antigen binds to a lymphocyte 
surface receptor, the lymphocyte will be activated and a 
specific response to that antigen is triggered. Obviously, the 
immune response must be tightly controlled so as to be 

The adaptive immune system
The adaptive immune system is characterised by the ability 
to learn, so that second and subsequent encounters with 
a pathogen elicit a greater, more specific and faster response. 
This is the basis of lifelong immunity to certain infections 
after an initial infection or vaccination. The adaptive system 
builds on and is intimately associated with the innate 
immune system. Adaptive immunity depends on cell divi-
sion to produce large numbers of lymphocytes with spe-
cificity for a particular pathogen (or antigen) and thus 
takes 3 to 5 days to develop a significant response. Lym-
phocytes are able to kill or disable pathogens either by a 

cellular response (T lymphocytes or T cells) or a humoral 
response (B lymphocytes or B cells) or, commonly, a com-
bination of both. Adaptive immunity amplifies some of 
the mechanisms of the innate response. For instance, anti-
body, produced by B cells, coats bacteria (opsonisation) 
to facilitate phagocytosis by neutrophils and also directly 
activates the complement cascade. The adaptive immune 
response is also controlled by the innate response, as T 
lymphocytes require the services of antigen presenting 
cells (APCs) such as macrophages and dendritic cells for 
activation.

FIG. 11.1 The organs of the immune system 

The components of both the innate and adaptive systems are 
found throughout the body. The lymphocytes of the adaptive 
immune system are produced in the bone marrow from 
haematopoietic stem cells along with the cells of the innate 
system (see Ch. 3). As well as circulating in the blood, the cells 
of the adaptive immune system form specialised lymphoid 
tissues and also constitute a significant component of other 
tissues such as the gastrointestinal tract. The major lymphoid 
organs include:

• The thymus, situated in the anterior mediastinum, is the site 
of maturation of immature T lymphocytes.

• The bone marrow is not only the home of lymphocyte stem 
cells but is also the site of B lymphocyte maturation.

• The lymph nodes, found at the junctions of major lymphatic 
vessels, are the sites where both T and B lymphocytes may 
interact with antigen and APCs from the circulating lymph, 
leading to lymphocyte activation and cell division.

• The spleen, situated in the left upper quadrant of the 
abdomen, is the location where T and B lymphocytes may 
interact with blood-borne antigen and undergo stimulation 
and cell division.

• Mucosa-associated lymphoid tissue (MALT) includes the 
tonsils and adenoids in the oropharynx, Peyer’s patches and 
lymphoid aggregates of the small and large intestines, 
respectively, and a diffuse population of lymphocytes and 
plasma cells in the mucosae of the gastrointestinal, 
respiratory and genitourinary tracts. These specialised 
lymphoid tissues respond to antigens entering the body 
through these mucosae.

The thymus and bone marrow, where immature 
lymphocytes acquire the receptors to recognise antigen, are 
known as primary lymphoid organs. The spleen, lymph nodes 
and organised lymphoid tissues of MALT, where lymphocytes 
are activated in response to antigen, are the secondary 
lymphoid organs. 

Adenoid

Thymus

Hilar lymph
nodes

Spleen

Appendix

Bone marrow

Lymphoid
aggregates

(large
intestine) Peyer's

patches
(small
intestine)

Lymph
nodes

Lymphatics

Tonsil

p Thymus (primary)
• the site of maturation of immature T   

lymphocytes
p Bone marrow (primary)

• home of lymphocyte stem cells
• the site of B lymphocyte maturation

p Lymph nodes (secondary)
• the junctions of major lymphatic vessels
• lymphocytes interact with antigen and 

antigen-presenting cells (APCs), leading to 
lymphocyte activation and cell division 

p Spleen (secondary)
• T and B lymphocytes may interact with blood-borne 

antigen and undergo stimulation and cell division
p Mucosa-associated lymphoid tissue (MALT)

• tonsils and adenoids in oropharynx
• Peyer’ patch and lymphoid aggregates in small and 

large intestine
• diffuse population of lymphocytes in mucosa of GI, 

respiratory, and genitourinary tract
p Primary lymphoid organs: where immature 

lymphocytes acquire the receptors to recognize 
antigen

p Secondary lymphoid organs: lymphocytes are 
activated in response to antigen
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Figure 10-6. Overview of the lymphoid organs.

Locations of the principal lymphoid organs and vessels are shown on the left; the route of lymph drainage is shown on the right.

Structures of the Lymphoid Tissues and Organs

Thoracic
duct

Subclavian
vein

Right lymphatic duct

Peyer
patches
(ileum)

Appendix

Bone marrow

Palatine
tonsil

Lymph node
(inguinal node)

Lymph node
(popliteal node)

Lymph node
(axillary node)

Thoracic duct

Lymphatic vessel

Thymus

Lymph node
(cervical node)

Spleen

Pharyngeal
tonsil

Lymph

Lymphatic capillaries

Lymphatic vessels

Lymph nodes

Lymphoid
organs

Lymphatic
tissue

Lymphatic vessels

 Afferent lymphatic vessels

Efferent lymphatic vessels

Right lymphatic duct

Subclavian veins

Thoracic duct (left)

I. Mucosa-associated lymphoid tissue
A.  Gut-associated lymphoid tissue: Lymphatic tissue in the 

mucosa of the digestive tract, such as Peyer patches in 
ileum and nodules in the appendix.

B.  Bronchus-associated lymphoid tissue: Lymphatic tissue 
in the mucosa of the respiratory tract, such as lymphatic 
tissue in bronchi, bronchioles.

C. Tonsils
1. Palatine tonsils
2. Pharyngeal tonsils
3. Lingual tonsils

II. Lymphoid organs
A. Bone marrow (see Chapter 9, “Circulatory System”)
B. Thymus

1. Cortex
2. Medulla

C. Lymph nodes
1. Afferent lymphatic vessels
2. Efferent lymphatic vessels
3. Cortex
4. Paracortex
5. Medulla

D. Spleen
1. White pulp
2. Red pulp
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Thymus
p Located in the upper anterior mediastinum and lower part of the neck
p Most active during childhood, reaching a weight of about 30 to 40 g at puberty
p Highly cellular outer cortex and a less cellular central medulla
p Blood-thymus barrier: formed by thymus epithelial cells
p Functions:

• Development of immunocompetent T lymphocytes from bone marrow–derived T 
cell precursors to produce mature TH and TC cells

• Proliferation of clones of mature naïve T cells to supply the circulating 
lymphocyte pool and peripheral tissues

• Development of immunological self-tolerance
• Secrete polypeptides to regulate T cell maturation, proliferation and function
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FIG. 11.4 Thymus 
(a) Infant, H&E (LP) (b) Adult, H&E (LP)

The infant thymus (a) is a lobulated organ invested by a loose 
collagenous capsule C from which interlobular septa S 
containing blood vessels radiate into the substance of the organ. 
The thymic tissue is divided into two distinct zones, a deeply 
basophilic outer cortex Cx and an inner eosinophilic medulla 
M; distinction between the two is most marked in early 
childhood, as in this specimen.

In the adult (mid-30s in this case), the thymus (b) is already 
well into the process of involution, which involves two distinct 

processes, fatty infiltration and lymphocyte depletion. Fat cells 
(adipocytes) first begin to appear at birth, their numbers slowly 
rising until puberty when the rate of fatty infiltration increases 
markedly. Fatty infiltration of the interlobular septa occurs first, 
spreading out into the cortex and later the medulla. Thus, in the 
mature thymus islands of lymphoid tissue L are separated by 
areas of adipose tissue A. At this age, the cortex and medulla 
can still be differentiated. In the elderly, the thymus can be very 
difficult to detect both macroscopically and microscopically, 

THYMUS

The thymus is a flattened lymphoid organ located in the 
upper anterior mediastinum and lower part of the neck. The 
thymus is most active during childhood, reaching a weight 
of about 30 to 40 g at puberty, after which it undergoes  
slow involution so that in the middle-aged or older adult  
it may be difficult to differentiate from adipose tissue 
macroscopically.

In the embryo, the thymus originates from epithelial 
outgrowths of the ventral wing of the third pharyngeal 
pouch on each side. These merge in the midline, forming a 
single organ subdivided into numerous fine lobules. The 
epithelium develops into a sponge-like structure containing 
a labyrinth of interconnecting spaces that become colonised 
by immature T lymphocytes derived from haematopoietic 
tissue elsewhere in the developing embryo. Towards the 
centre of the organ, the epithelial framework has a coarser 
structure with smaller interstices and a much smaller lym-
phocyte population, so that on microscopic examination, the 
gland has a highly cellular outer cortex and a less cellular 
central medulla.

The epithelial cells of the thymus provide a mechanical 
supporting framework for the lymphocyte population. Cor-
tical epithelial cells also promote T cell differentiation and 
proliferation. Furthermore, the epithelial cells secrete a 
number of different hormones that regulate T cell 

maturation and proliferation within the thymus and in 
other lymphoid organs and tissues. The inner surfaces of the 
thymic capsule and septa are invested by a continuous layer 
of thymic epithelial cells resting on a basement membrane. 
The epithelium also forms sheaths around the blood vessels, 
creating a barrier to the entry of antigenic material into the 
thymic parenchyma. This is known as the blood-thymus 
barrier.

The functions of the thymus include:

• Development of immunocompetent T lymphocytes from 
bone marrow–derived T cell precursors to produce 
mature TH and TC cells.

• Proliferation of clones of mature naïve T cells to supply 
the circulating lymphocyte pool and peripheral tissues.

• Development of immunological self-tolerance. More 
than 98% of maturing cells die by apoptosis within the 
thymus, and many of these are self-reactive.

• The thymus secretes various polypeptides with hormo-
nal characteristics, including thymulin, thymopoietin 
and various thymosins. These hormones regulate T cell 
maturation, proliferation and function within the thymus 
and peripheral lymphoid tissues. They also interact  
with other endocrine systems in the regulation of 
inflammation.

a

C

M

M

S
S

Cx

Cx

b

A

A

L

L

p Lobulated organ invested by a loose collagenous capsule (C)
p Interlobular septa (S) containing blood vessels radiate into the substance of the organ
p Cortex (Cx): basophilic; Medulla (M): eosinophilic
p In adult: fatty infiltration and lymphocyte depletion
p Continues to provide mature T lymphocytes to the circulating pool and peripheral tissues
p Cords of epithelial cells persist and continue to secrete thymic hormones throughout life
p Postcapillary venules in the corticomedullary region have a specialized cuboidal endothelium 

which allows passage of lymphocytes into and out of the thymus
infant adult

Thymus

L: lymphoid tissue
A: adipose tissue

p No afferent 
lymphatic vessels

p Sympathetic and 
parasympathetic 
nerve fibers derived 
from the 
sympathetic chain 
and phrenic nerves, 
respectively, 
accompany the 
blood vessels into 
the thymus



Lymph Nodes (淋巴結) 
p Bean-shaped, encapsulated organs that filter lymph located along the pathway of lymphatic 

vessels (neck, axilla, groins (腹股溝), lung hila, mesentery of the bowel and para-aortic area)
p 1 mm~2 cm
p Afferent lymphatic vessels and efferent lymphatic vessels
p Supporting elements:

• Capsule (被囊)- dense connective tissue
• Trabeculae (小樑)- dense connective tissue
• Reticular tissue- composed of reticular cells and reticular fibers

Chapter 12 ! Lymphoid (Immune) System ! ! ! 291

CLINICAL CORRELATIONS

In the presence of antigens or bacteria, lympho-
cytes of the lymph node rapidly proliferate, and
the node may increase to several times its normal
size, becoming hard and palpable to the touch.

Histologically, a lymph node is subdivided into three
regions: cortex, paracortex, and medulla. All three regions
have a rich supply of sinusoids, enlarged endothelium-
lined spaces through which lymph percolates.

Lymph Node Cortex

The cortex of the lymph node is subdivided into
compartments that house B cell–rich primary and
secondary lymphoid nodules.

The dense, irregular, collagenous connective tissue
capsule sends trabeculae into the substance of the
lymph node, subdividing the outer region of the cortex
into incomplete compartments that extend to the vicinity
of the hilum (Fig. 12-8; also see Fig. 12-7). The capsule is
thickened at the hilum, and as vessels enter the sub-
stance of the node, they are surrounded by a connective
tissue sheath derived from the capsule. Suspended from

the capsule and trabeculae is a three-dimensional
network of reticular connective tissue that forms the
architectural framework of the entire lymph node.

The afferent lymph vessels pierce the capsule on the
convex surface of the node and empty their lymph into
the subcapsular sinus, which is located just deep to
the capsule. This sinus is continuous with the cortical
sinuses (paratrabecular sinuses) that parallel the tra-
beculae and deliver the lymph into the medullary
sinuses, eventually to enter the efferent lymphatic
vessels. These sinuses have a network of stellate retic-
ular cells whose processes contact those of other cells
and the endothelium-like simple squamous epithelium.
Macrophages, attached to the stellate reticular cells,
avidly phagocytose foreign particulate matter. Addition-
ally, lymphoid cells can enter or leave the sinusoids by
passing between their squamous cell lining.

Lymphoid Nodules

There are two types of lymphoid nodules: primary and
secondary. Secondary lymphoid nodules have a germinal
center.

The incomplete compartments within the cortex house
primary lymphoid nodules, which are spherical
aggregates of B lymphocytes (both virgin B cells and B
memory cells) that are in the process of entering or

Afferent lymph vessel 
Lymphoid nodule

Cortex

Capsule

Subcapsular sinus

Medulla

Paracortex

Medullary sinus

Lymph

Lymph

Arterial blood

Venous blood

Artery

Vein

Efferent lymphatic
vessels

Subcapsular sinus

Capillary bed

Postcapillary venules

Trabecula

Trabecular sinus

Figure 12–7 A typical lymph node. 
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hilum

medulla

superficial cortex

deep cortex

capsulea

capsule

afferent lymphatic
vessel

artery

vein

efferent lymphatic 
vessel

medullary sinus

subcapsular sinuslymphatic
nodules

germinal center

superficial cortex

medulla

deep cortex

trabecula

trabecular sinus

FIGURE 14.17 ! Structure of a lymph node. a. This diagram depicts the general features of a lymph node as seen in a section. The substance of 
the lymph node is divided into a cortex, including a deep cortex, and a medulla. The cortex, the outermost portion, contains spherical or oval aggregates 
of lymphocytes called lymphatic nodules. In an active lymph node, nodules contain a lighter center called the germinal center. The medulla, the innermost 
region of the lymph node, consists of lymphatic tissue that appears as irregular cords separated by lymphatic medullary sinuses. The dense population 
of lymphocytes between the superfi cial cortex and the medulla constitutes the deep cortex. It contains the high endothelial venules. Surrounding the 
lymph node is a capsule of dense connective tissue from which trabeculae extend into the substance of the node. Under the capsule and adjacent to 
the trabeculae are, respectively, the subcapsular sinus and the trabecular lymphatic sinuses. Aff erent lymphatic vessels (arrows)  penetrate the capsule and 
empty into the subcapsular sinus. The subcapsular sinus and trabecular sinuses communicate with the medullary sinuses. The upper portion of the lymph 
node shows an artery and a vein and the location of the high endothelial venules of the lymph node. b. Photomicrograph of a lymph node in a routine 
H&E preparation. The dense outer portion of the lymph node is the cortex. It consists of aggregations of lymphocytes organized as nodules and a nodule-
free deep cortex. The innermost portion of the lymph node, the medulla, extends to the surface at the hilum, where blood vessels enter or leave and 
where eff erent lymphatic vessels leave the node. Surrounding the lymph node is the capsule, and immediately beneath it is the subcapsular sinus. !18.

FIGURE 14.18 ! Photomicrograph of a lymph node. This  silver 
preparation shows the connective tissue capsule (at the top),  subcapsular 
sinus, and the superfi cial cortex of the lymph node (at the bottom). The reticu-
lar fi bers (arrows) form an irregular anastomosing network throughout the 
stroma of the lymph node. Note elongated oval nuclei of reticular cells (arrow-
heads), which are in intimate contact with reticular fi bers in the sinus. !640.

• Macrophages are both phagocytic and antigen- 
presenting cells that express MHC I, MHC II, and 
 costimulatory molecules. However, the expression levels 
of MHC II and costimulatory molecules are much lower 
than those of the dendritic cells, making them less effi  cient 
APCs. Instead, they have an immense capacity for endocy-
tosis and digestion of internalized materials. " e structure, 
microscopic characteristics, and functions of macrophages 
are described in Chapter 6, Connective Tissue.

• Follicular dendritic cells (FDCs) have multiple, thin, 
hair-like branching cytoplasmic processes that inter-
digitate between B lymphocytes in the germinal centers 
(Fig. 14.20). Antigen–antibody complexes adhere to the 
dendritic cytoplasmic processes by means of the antibody’s 
Fc receptors, and the cell can retain antigen on its surface 
for weeks, months, or years. Although this mechanism is 
similar to the adhesion of antigen–antibody complexes to 
macrophages, the antigen is not generally endocytosed, as 
it is by the macrophage. FDCs are thus not APCs because 
they lack MHC II molecules.

General Architecture of the Lymph Node
" e parenchyma of the lymph node is divided into a 
cortex and medulla (Fig. 14.21). " e cortex forms the outer 
portion of the node except at the hilum. It consists of a dense 
mass of lymphatic tissue (reticular framework, dendritic cells, 
follicular dendritic cells, lymphocytes, macrophages, and 
plasma cells) and lymphatic sinuses, the lymph channels. 
" e medulla is the inner part of the lymph node.

Pawlina_CH14.indd   461Pawlina_CH14.indd   461 9/27/14   1:46 AM9/27/14   1:46 AM

→: reticular fibers     ➤: reticular cells

Silver stain
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FIG. 11.8 Lymph node structure and vascular organisation (caption opposite) 
(a) H&E (LP) (b) Schematic diagram

Lymph Nodes (淋巴結) 
p Cortex (Cx): highly cellular
p Paracortex (P)
p Medulla (M): less cellular 
p Hilum (H): efferent lymphatic vessels, artery and vein
p Capsule (C)
p Trabeculae (T)
p Secondary follicle (SF)
p Primary follicle (PF)

p Subscapular sinus (S)
p Medullary cord (MC)
p Medullary sinus (MS)
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FIG. 11.18 Spleen 
H&E (LP)

Macroscopically the spleen appears to consist of discrete 0.5 to 
1.0 mm white nodules called the white pulp, embedded in a red 
matrix called the red pulp. Microscopically, as shown here, the 
white pulp WP consists of lymphoid aggregations and the red 
pulp RP, making up the bulk of the organ, is a highly vascular 
tissue.

The spleen has a thin fibroelastic capsule C which has an 
outer surface covering of mesothelium (the peritoneum) from 
which short trabeculae T extend into the parenchyma. The 
capsule is thickened at the hilum and is continuous with 
supporting tissues that sheath the larger blood vessels entering 

and leaving the organ. The spleen has no afferent lymphatics, 
but efferent lymphatics also exit the spleen at the hilum.

In dogs and horses the spleen is also a reservoir of blood, 
and these supporting tissues contain smooth muscle to pump 
blood out; in humans only a few smooth muscle cells persist. 
The splenic artery divides into several major branches which 
enter the hilum and branch to form numerous arterioles.

In the white pulp, the T cell areas surround the central 
arteries, forming the periarteriolar lymphoid sheath (PALS). In 
humans this lymphoid tissue is less well organised than in 
other animals, but the term PALS persists. 

C

RP

WP

WP
T

RP

WP
T

Immunodeficiency

Immunodeficiency syndromes may be either primary or 
acquired. There are many well-characterised but rare types of 
primary immunodeficiency. In severe combined 
immunodeficiency, both T and B lymphocytes are severely 
deficient and patients are subject to a wide range of infections; 
the most severe forms are fatal in infancy. Di George 
syndrome, where T cells are deficient, is due to thymic  
aplasia. Patients suffer from severe viral and fungal infections, 
as the cell-mediated arm of their immune system is defective. 
Patients with IgA deficiency are more prone to infections  
of the respiratory and gastrointestinal tracts. Common  
variable immunodeficiency is characterised by 
hypogammaglobulinaemia and frequent bacterial infection. 
X-linked agammaglobulinaemia (Bruton’s 
agammaglobulinaemia), where there is failure to rearrange 

immunoglobulin light chain genes, leads to overwhelming 
bacterial infections.

Acquired immunodeficiency disorders are much  
more common and range from the mild immunodeficiency  
that comes with old age to severe forms where the white  
blood cells are wiped out by tumour growing in the bone 
marrow (most often leukaemias and lymphomas). Many 
patients on chemotherapy for malignant tumours have 
drug-induced immunodeficiency, as have those who are 
deliberately immunosuppressed to avoid rejection of a 
transplanted organ. Possibly the most common form of all  
is the mild immunodeficiency that is common in patients  
with chronic diseases such as diabetes mellitus or who  
are taking low-dose corticosteroids for conditions such as 
asthma.

C capsule E endothelium P parenchyma RP red pulp T trabecula VS venous sinus WP white pulp

Spleen
p White pulp (WP): lymphatic aggregations
p Red pulp (RP): making up the bulk of the organ, is a highly vascular tissue
p Capsule (C)
p Trabeculae (T) 
p No afferent lymphatics but efferent lymphatics at the hilum
p In the white pulp, the T cell areas surround the central arteries, forming the 

periarteriolar lymphoid sheath (PALS)



Overview of respiratory system
p Conducting portion

• Nasal cavities
• Nasopharynx
• Oropharynx 
• Larynx
• Trachea
• Paired main (primary) bronchi
• Bronchi
• Bronchioles
• Terminal bronchioles

p Respiratory portion
• Respiratory bronchioles-
air conduction and gas exchange

• Alveolar ducts
• Alveolar sacs
• Alveoli-primary sites of gas exchange

p Conditioning
• Occurs in conducting portion
• Warming, moistening, removal of 
particulate materials

• Mucous and serous secretions
• Goblet cells and mucus-secreting glands

external to the 
lungs

within the lungs
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Blood vessels enter the lung with the bronchi. ! e ar-
teries branch into smaller vessels as they follow the bronchial 
tree into the substance of the lung. Capillaries come into in-
timate contact with the terminal respiratory units, the alveoli. 
! is intimate relationship between the alveolar air spaces and 
the pulmonary capillaries is the structural basis for gas ex-
change within the lung parenchyma. ! e essential features of 
the lung blood supply are described on pages 679–682.
Air passing through the respiratory passages must be 
 conditioned before reaching the terminal respiratory units.

Conditioning of the air occurs in the conducting portion 
of the respiratory system and includes warming, moist-
ening, and removal of particulate materials. Mucous and 
serous secretions play a major role in the conditioning 
process. ! ese secretions moisten the air and also trap par-
ticles that have managed to slip past the special short thick 
hairs, called vibrissae, in the nasal cavities. Mucus, augmented 
by these serous secretions, also prevents the dehydration of 
the underlying epithelium by the moving air. Mucus covers 
almost the entire luminal surface of the conducting passages 
and is continuously produced by goblet cells and mucus- 
secreting glands in the walls of the passages. ! e mucus and 
other secretions are moved toward the pharynx by means 
of coordinated sweeping movements of cilia and are then 
 normally swallowed.

NASAL CAVITIES
! e nasal cavities are paired chambers separated by a bony 
and cartilaginous septum. ! ey are elongated spaces with a 
wide base that rest on the hard and soft palate and a narrow 
apex that points toward the anterior cranial fossa. ! e skel-
etal framework of the nasal cavities is formed by bones and 
cartilages; most are located centrally in the skull except for 
the small anterior region that is enclosed within the  external 
nose. Each cavity or chamber communicates anteriorly 
with the external environment through the anterior nares
(nostrils); posteriorly with the nasopharynx through the 
choanae; and laterally with the paranasal sinuses and 
nasolacrimal duct, which drains tears from the eye into 
the nasal cavity (Fig. 19.2). ! e chambers are divided into 
three regions:

• Nasal vestibule, which is a dilated space of the nasal 
cavity just inside the nostrils and is lined by skin

• Respiratory region, which is the largest part (inferior 
two-thirds) of the nasal cavities and is lined by respiratory 
mucosa

• Olfactory region, which is located at the apex (upper 
one-third) of each nasal cavity and is lined by specialized 
olfactory mucosa

Vestibule of the Nasal Cavity
! e nasal vestibule forms a part of the external nose and 
communicates anteriorly with the external environment. It 
is lined with stratifi ed squamous epithelium, a continuation 
of the skin of the face, and contains a variable number of vi-
brissae that entrap large particulate matter before it is carried 
in the air stream to the rest of the cavity. Sebaceous glands 
are also present, and their secretions assist in the entrapment 

• Nasopharynx that lies behind the nasal cavities and 
above the level of the soft palate and communicates infe-
riorly with the oropharynx that is posterior to the oral 
cavity.

• Larynx that is a hollow tubular organ containing the car-
tilaginous framework responsible for producing sounds.

• Trachea that is a fl exible air tube that extends from the 
larynx to the thorax. It serves as a conduit for air, and in 
the mediastinum, it bifurcates into paired main bronchi.

• Paired main (primary) bronchi that enter the root of 
the right or left lung.

Within the lungs, the main bronchi undergo extensive 
branching to give rise ultimately to the distributing bron-
chioles. ! e bronchioles represent the terminal part of the 
conducting passages. Collectively, the internal bronchi and 
the bronchioles constitute the bronchial tree.

! e respiratory portion is that part of the respiratory 
tract in which gas exchange occurs. Sequentially, it includes 
these:

• Respiratory bronchioles that are involved in both air 
conduction and gas exchange.

• Alveolar ducts that are elongated airways formed from 
the confl uence openings to alveoli.

• Alveolar sacs that represent spaces surrounded by clus-
ters of alveoli.

• Alveoli that are the primary sites of gas exchange.

nasal cavity

nasopharynx

oropharynx

larynx

trachea

bronchiole

diaphragm

lung

bronchus

respiratory
bronchiole

alveolar
duct

alveoli
alveolar
sacs

FIGURE 19.1 ! Diagram of respiratory passages. The nasal 
cavities, nasopharynx, oropharynx, larynx, trachea, bronchi, and bron-
chioles constitute the conducting portion of the respiratory system. 
The  respiratory portion of the system, where gas exchange occurs, is 
composed of respiratory bronchioles, alveolar ducts, alveolar sacs, and 
alveoli.
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p Function
• Modified inspired air
• Facilitates olfaction
• Respiratory gas exchange
• Sound production 
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Trachea
p 2.5 cm in diameter and 10 cm long
p Divides into the two main (primary) bronchi at about the middle of the thorax
p The wall of the trachea:

• Mucosa→ ciliated, pseudostratified epithelium and an elastic, fiber-rich 
lamina propria

• Submucosa →connective tissue
• Cartilaginous layer → C-shaped hyaline cartilages 
• Adventitia → connective tissue that binds the trachea to adjacent structures 
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the farthest reaches of the air passages toward the pharynx. 
In eff ect, the ciliated cells function as a “mucociliary 
escalator” that serves as an important protective mecha-
nism for  removing small inhaled particles from the lungs.

• Mucous cells are similar in appearance to intestinal gob-
let cells and are thus often referred to by the same name. 
" ey are interspersed among the ciliated cells and also 
extend through the full thickness of the epithelium (see 
Fig. 19.9). " ey are readily seen in the light microscope 
after they have accumulated mucinogen granules in their 
cytoplasm. Although the mucinogen is typically washed 
out in hematoxylin and eosin (H&E) preparations, the 
identity of the cell is made apparent by the remaining clear 
area in the cytoplasm and the lack of cilia at the apical 
surface. In contrast to ciliated cells, the number of mucous 
cells increases during chronic irritation of the air passages.

• Brush cells have the same general features as those de-
scribed for the respiratory epithelium of the nasal cavity 
(Fig. 19.10). " ey are columnar cells that bear blunt mi-
crovilli. " e basal surface of the cells is in synaptic contact 
with an aff erent nerve ending (epitheliodendritic synapse). 
" us, the brush cell is regarded as a receptor cell.

• Small granule cells (Kulchitsky cells) are respiratory 
representatives of the general class of enteroendocrine 
cells of the gut and gut derivatives (see Fig. 19.10). 
" eir presence is explained by the development of the 

A unique feature of the trachea is the presence of a series 
of C-shaped hyaline cartilages that are stacked one on top of 
each other to form a supporting structure (Fig. 19.6). " ese 
cartilages, which might be described as a skeletal framework, 
prevent collapse of the tracheal lumen, particularly during ex-
piration. Fibroelastic tissue and smooth muscle, the trachealis 
muscle, bridge the gap between the free ends of the C-shaped 
cartilages at the posterior border of the trachea, adjacent to 
the esophagus.

Tracheal Epithelium
Tracheal epithelium is similar to respiratory epithelium in 
other parts of the conducting airway.

Ciliated columnar cells, mucous (goblet) cells, and basal 
cells are the principal cell types in the tracheal epithelium 
(Figs. 19.7 and 19.8). Brush cells are also present, but in small 
numbers, as are small granule cells.

• Ciliated cells, the most numerous of the tracheal cell 
types, extend through the full thickness of the epithe-
lium. Cilia appear in histologic sections as short, hair-
like profi les projecting from the apical surface (Plate 71, 
page 692). Each cell has approximately 250 cilia. Imme-
diately below the cilia is a dark line formed by the ag-
gregated ciliary basal bodies (Fig. 19.9). " e cilia provide 
a coordinated sweeping motion of the mucous coat from 
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FIGURE 19.6 ! Photomicrograph of a section of the trachea and esophagus. a. This specimen, obtained from an elderly individual, shows the 
relationship between the trachea and the esophagus at the base of the neck. The cartilaginous tracheal rings, which keep the trachea patent, have a C-shaped 
appearance. The cartilage gap, where the trachea is adjacent to the esophageal wall, is spanned by a fi broelastic membrane. It contains the trachealis muscle 
and numerous seromucous glands. In this specimen, the tracheal ring has been transformed, in part, to bone, a process that occurs in aging. The darker staining 
material represents cartilage, whereas the lighter staining material has been replaced by bone tissue. The very light areas (arrows) are marrow spaces. !3.25. 
b. This high-magnifi cation photomicrograph shows an area of the tracheal ring that has partially transformed into bone. The top of the micrograph shows the 
tracheal mucosa and submucosa. Below is part of the tracheal ring. In this particular region, however, a substantial portion of the cartilage has been replaced 
by bone tissue and marrow. The bone tissue exhibits typical lamellae and osteocytes. The cartilage tissue, in contrast, exhibits nests of chondrocytes. !100.
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CHAPTER 11 ! Respiratory System 209

Figure 11-7A. Respiratory epithelium, trachea. H&E, 
!284; inset !403

The respiratory epithelium is a ciliated pseudostratifi ed 
columnar epithelium that lines the inner surface of the respi-
ratory tract. It is composed of several types of cells: ciliated 
columnar cells, goblet cells, basal cells, and neuroendocrine 
cells (DNES). Ciliated columnar cells are tall and have long, 
actively motile cilia, which help to move mucus and trapped 
dust toward the mouth. Goblet cells are goblet-shaped cells 
without cilia; they secrete mucus onto the surface of the epi-
thelium. The mucus captures dust particles when air passes 
through the trachea. Basal cells are short cells capable of 
differentiating into other cell types in the epithelium. DNES 
cells have a round, dark nucleus with clear cytoplasm and 
contain granules at the basal region of the cytoplasm fac-
ing the basement membrane. These cells secrete serotonin 
and peptide hormones that act as local mediators. This may 
affect nerve endings as well as regulate mucous secretion 
and ciliary beating of nearby cells.

Ciliated
columnar cell

Neuroendocrine
cells

Goblet
 cell

Basal cell

Cilia
A

Figure 11-7B. Respiratory epithelium. TEM, !4,200

The epithelium that lines the nasal cavities, trachea, bronchi, and larger bronchioles has a characteristic composition of cell types 
arranged as pseudostratifi ed columnar epithelium. Ciliated cells and goblet cells are the most prominent cell types, and they function 
together to generate a mechanism called the mucociliary escalator, which functions to entrap airborne debris in mucus and transport 
it along the surface toward the oral cavity. The numerous cilia projecting from the apical surface of the ciliated cells (most abundant 
cell type) beat in a coordinated fashion to move material toward the oropharynx. Parts of basal cells are visible at the bottom of the 
fi eld; these serve as stem cells for replacement of the other cell types. Not visible here are two other cell types that occur in lower 
numbers in respiratory epithelium. Brush cells are columnar cells with microvilli at the apical surface. These cells are contacted by 
nerve endings, indicating a sensory function. DNES are the fi fth cell type; they are short basal cells with small cytoplasmic granules 
that contain signaling molecules. (For microstructure of cilia, see Fig. 3-12A.)

Cilia

Basal body

Mucin granules

Nucleus of 
ciliated cell

Nucleus of 
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Nucleus of
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B
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Trachea
p Tracheal cartilages

• C-shaped
• Hyaline cartilage-flexibility

p Adventitia
• Binds the trachea to adjacent structures
• Contains largest blood vessels and nerves

208 UNIT 3 ! Organ Systems

Conducting Portion: Lower Respiratory Airway

Figure 11-6A. Trachea. H&E, !7

The trachea is a fl exible tube that connects the larynx to the 
primary bronchi. It is about 10 to 12 cm long, 2 to 2.5 cm in 
diameter, and is located immediately anterior to the esopha-
gus. It is composed of mucosa, submucosa, hyaline cartilage, 
and adventitia. (1) The mucosa covers the inner surface of 
the trachea and contains respiratory epithelium and the lam-
ina propria. (2) The submucosa contains connective tissue, 
which is denser than the lamina propria. (3) Hyaline cartilage 
has a unique C-shape (some animals, e.g., the rat, may have 
O-shaped cartilage), and there are about 16 to 20 rings in the 
trachea. (4) The adventitia is composed of connective tissue, 
which covers the outer surface of the cartilage and connects 
the trachea to the adjacent structures. There are some elastic 
connective tissues and smooth muscles (trachealis muscle) in 
the opening between the two ends of the cartilage; this stabi-
lizes the opening.

Cartilage ring
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Submucosa
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pproroppriariaLamina

propria

Adventitia

B Figure 11-6B. Trachea. H&E, !35; inset !146

The luminal surface of the trachea is covered by ciliated pseu-
dostratifi ed columnar epithelium, also called respiratory epi-
thelium (Fig 11-7A,B). The epithelium plus the lamina propria 
constitute the mucosa. The lamina propria is a layer of loose 
connective tissue beneath the epithelium. The submucosa is 
a layer of dense connective tissue located between the lam-
ina propria and cartilage; it contains many trachealis glands 
(seromucous glands). Mucin and watery secretions from tra-
cheal glands are delivered through their ducts to the surface 
of the epithelium (Fig. 11-6C). The C-shaped hyaline cartilage 
rings (tracheal cartilages) provide support for the trachea. 
They are covered by  perichondrium and many chondrocytes 
are embedded in their matrix (see Fig. 5-2B).

Trachealis muscleTrachealis muscle
 (smooth muscle) (smooth muscle)

Trachealis Trachealis 
glandsglands

Duct ofDuct of
glandsglands

Trachealis muscleTrachealis muscle
 (smooth muscle) (smooth muscle)

Tracheal cartilage
(hyaline cartilage) 

Trachealis muscle
 (smooth muscle)

Trachealis 
glands

Duct of
glands

Trachealis muscle
 (smooth muscle)

C Figure 11-6C. Trachealis muscle, trachea. H&E, !35; 
inset !100

The trachealis muscle is a smooth muscle located between the 
open ends of the C-shaped cartilage rings. Trachealis muscle 
fi bers attach directly to the perichondrium of the cartilage 
together with connective tissue, which stabilizes the cartilage’s 
open ends. The contraction and expansion of smooth muscle 
help to adjust the airfl ow through the trachea.

If a foreign object enters the airway, smooth muscle in the 
trachea and bronchi contracts, narrowing the lumina, help-
ing to induce coughing. (Cough refl ex: cooperation among 
the epiglottis, vocal cords, trachea, bronchi, lungs, respira-
tory muscles, and the autonomic nervous system). In asthma, 
the smaller airways (bronchi and bronchioles) are narrowed 
because of excessive contraction of the smooth muscle of the 
lower airway in response to histamine released in an allergic 
reaction (see Fig. 6-11C).
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espiratory system

FIG. 12.1 Structure of the respiratory system 

Trachea

Main bronchus

Lobar bronchus

Segmental
bronchus

Bronchiole

Respiratory bronchiole

Terminal bronchiole

Respiratory bronchiole

Nasal cavity

Oral cavity

Larynx

Trachea

Left upper lobe

Left lower lobe

Right upper lobe

Diaphragm

Right middle lobe

Right lower lobe

Pulmonary capillaries Alveoli

p Trachea→
Right main (primary) bronchus:

wider and significantly shorter
Left main (primary) bronchus

↓
Right lobar bronchi: 3
(secondary bronchi)
Left lobar bronchi : 2

↓
Right segmental bronchi: 10
Left segmental bronchi: 8

p Intrapulmonary bronchi
• Cartilage ring →cartilage plates
• The plates ultimately disappear at the    

point where the airway reaches a  
diameter of about 1 mm, whereupon the 
branch is designated a bronchiole

• Smooth muscle forms a complete 
circumferential layer

103



Intrapulmonary bronchi
p The walls of the bronchus

• Mucosa- pseudostratified epithelium, the height ↓
- basement membrane ↓
- lamina propria ↓

• Muscularis- continuous muscle layer in the large bronchi
• Submucosa- loose connective tissue

- glands and adipose tissue
• Cartilage layer- discontinuous cartilage plates ↓
• Adventitia- dense connective tissue, continuous with pulmonary artery and 

lung parenchyma

210 UNIT 3 ! Organ Systems

Figure 11-8A. Bronchus, secondary bronchus. H&E, !11

The trachea bifurcates to give rise to two main bronchi 
( primary bronchi), which are also called extrapulmonary 
bronchi because they have not yet entered the lungs. Primary 
bronchi give rise to secondary bronchi and continue to divide 
into tertiary bronchi. The extrapulmonary bronchi have a 
similar structure to the trachea; the cartilage is still C-shaped 
and lined with ciliated pseudostratifi ed columnar epithelium. 
Bronchi that enter the lung tissue are called intrapulmonary 
bronchi; they include the secondary bronchi and tertiary (seg-
mental) bronchi. Here is an example of a secondary bronchus, 
which has bifurcated from a primary bronchus at the hilus just 
above the entry to the lung. Large plates of hyaline cartilage, 
no longer C-shaped, provide support for the secondary bron-
chi. Bronchi are also covered by respiratory epithelium.
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Figure 11-8B. Bronchus, secondary bronchus. H&E, !37; 
inset !198

Secondary bronchi are also called lobar bronchi. The right 
lung has three lobar bronchi, and the left lung has two lobar 
bronchi. The epithelial lining of secondary bronchi is similar 
to that of the trachea and primary bronchi. Goblet cells can 
be seen in this fi gure interspersed in the ciliated pseudostrati-
fi ed columnar epithelium. There is a band of smooth muscle 
that is arranged in a spiral fashion between the mucosa and 
submucosa that surround the lumen of the bronchi. This 
smooth muscle is controlled by the sympathetic and parasym-
pathetic nervous systems. Sympathetic fi bers cause relaxation 
of the smooth muscle; parasympathetic fi bers cause smooth 
muscle to contract, reducing the diameter of the lumen of the 
bronchi. Bronchial glands (seromucous glands) located in the 
submucosa, and the ducts of these glands, are visible in this 
specimen.

Figure 11-8C. Bronchus, tertiary bronchus. H&E, !17

Secondary bronchi divide into tertiary bronchi, also known 
as segmental bronchi. These decrease in size as they branch 
distally within the lung. Two tertiary bronchi are shown here. 
The luminal surfaces of the tertiary bronchi are covered with 
respiratory epithelium; smooth muscle and submucosal glands 
are also present. Elastic fi bers are prominent in the lamina pro-
pria and are stained red in this example. The cartilage plates 
of the tertiary bronchi are smaller than the plates in the sec-
ondary bronchi. As the tertiary bronchi continues to branch, 
their diameters gradually decrease; as the cartilage plates 
become smaller and fewer, the bronchial glands and goblet 
cells decrease in number as well.

The right primary bronchus is wider and shorter and more 
vertical than the left one; foreign body aspiration happens 
more often to the right lung than to the left lung.
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Figure 11-8A. Bronchus, secondary bronchus. H&E, !11

The trachea bifurcates to give rise to two main bronchi 
( primary bronchi), which are also called extrapulmonary 
bronchi because they have not yet entered the lungs. Primary 
bronchi give rise to secondary bronchi and continue to divide 
into tertiary bronchi. The extrapulmonary bronchi have a 
similar structure to the trachea; the cartilage is still C-shaped 
and lined with ciliated pseudostratifi ed columnar epithelium. 
Bronchi that enter the lung tissue are called intrapulmonary 
bronchi; they include the secondary bronchi and tertiary (seg-
mental) bronchi. Here is an example of a secondary bronchus, 
which has bifurcated from a primary bronchus at the hilus just 
above the entry to the lung. Large plates of hyaline cartilage, 
no longer C-shaped, provide support for the secondary bron-
chi. Bronchi are also covered by respiratory epithelium.
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Figure 11-8B. Bronchus, secondary bronchus. H&E, !37; 
inset !198

Secondary bronchi are also called lobar bronchi. The right 
lung has three lobar bronchi, and the left lung has two lobar 
bronchi. The epithelial lining of secondary bronchi is similar 
to that of the trachea and primary bronchi. Goblet cells can 
be seen in this fi gure interspersed in the ciliated pseudostrati-
fi ed columnar epithelium. There is a band of smooth muscle 
that is arranged in a spiral fashion between the mucosa and 
submucosa that surround the lumen of the bronchi. This 
smooth muscle is controlled by the sympathetic and parasym-
pathetic nervous systems. Sympathetic fi bers cause relaxation 
of the smooth muscle; parasympathetic fi bers cause smooth 
muscle to contract, reducing the diameter of the lumen of the 
bronchi. Bronchial glands (seromucous glands) located in the 
submucosa, and the ducts of these glands, are visible in this 
specimen.

Figure 11-8C. Bronchus, tertiary bronchus. H&E, !17

Secondary bronchi divide into tertiary bronchi, also known 
as segmental bronchi. These decrease in size as they branch 
distally within the lung. Two tertiary bronchi are shown here. 
The luminal surfaces of the tertiary bronchi are covered with 
respiratory epithelium; smooth muscle and submucosal glands 
are also present. Elastic fi bers are prominent in the lamina pro-
pria and are stained red in this example. The cartilage plates 
of the tertiary bronchi are smaller than the plates in the sec-
ondary bronchi. As the tertiary bronchi continues to branch, 
their diameters gradually decrease; as the cartilage plates 
become smaller and fewer, the bronchial glands and goblet 
cells decrease in number as well.

The right primary bronchus is wider and shorter and more 
vertical than the left one; foreign body aspiration happens 
more often to the right lung than to the left lung.
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Bronchioles
p Bronchopulmonary segments →pulmonary lobules

p Pulmonary acini →terminal bronchiole+respiratory bronchiole+alveoli
p Respiratory bronchiolar unit →single respiratory bronchiole +alveoli

(Segmental bronchi) (Bronchioles)
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CLINICAL CORRELATION

Figure 11-10C. Small Cell Neuroendocrine Carcinoma. 
     H&E, !213

Small cell neuroendocrine carcinoma is a highly malignant 
lung tumor characterized by its origin from the epithelium of 
the central airways, rapid growth, infi ltration, gradual obstruc-
tion of the airways, and early metastases. It is associated 
with genetic mutations, air pollution, and cigarette smoking. 
Patients will likely present with large hilar lymph nodes with 
prominent mediastinal adenopathy in computed tomography 
or other radioimagings. Symptoms include weight loss, cough, 
chest pain, and dyspnea. The liver, adrenals, bones, bone 
marrow, and brain are the common sites of metastasis. The 
tumor cells are round, small, and spindle shaped with spare 
cytoplasm, ill-defi ned cell borders, prominent nuclear mold-
ing, and fi nely dispersed chromatin without distinct nucleoli. 
The tumor cells are about twice the size of lymphocytes and 
have characteristic “blue” cell features. Small cell carcinoma 
is initially very sensitive to chemotherapy and radiotherapy, 
but loses its sensitivity within months. Treatment also includes 
surgery if the cancer is discovered at an early stage.

Figure 11-10A. A small tertiary bronchus and bronchioles, 
lung. H&E, !25

A small tertiary bronchus and several different sizes of 
 bronchioles are shown here. Small tertiary bronchi have much 
smaller diameters than large tertiary bronchi (Fig. 11-8C). Its 
hyaline cartilage is reduced to a few plates and the epithelial 
lining has decreased numbers of goblet cells and glands in the 
submucosal layer. These submucosal glands gradually disappear 
as the airways become smaller. Small tertiary bronchi give rise 
to smaller airways called bronchioles, which, because of the ran-
dom branching pattern of the airway, appear at various places 
in the section. The glands and the cartilage plates of the bron-
chioles have completely disappeared at this level. Bronchioles 
continue to branch and decrease in size and give rise to terminal 
bronchioles (Fig. 11-11B,C).
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Figure 11-10B. Bronchioles, lung. H&E, !71; inset !612

The bronchioles are lined by ciliated columnar or cuboidal 
 epithelium with decreased numbers of goblet cells and increased 
numbers of Clara cells. Goblets cells occasionally can be found 
in larger bronchioles. Clara cells are present in small bronchi-
oles, and their numbers are greatly increased in terminal bron-
chioles (Fig.11-11A). There are many elastic fi bers in the lamina 
propria, which are not easy to see here with H&E stain. A layer 
of smooth muscle on the bronchiole wall is shown in the inset. 
The connective tissue (adventitial) layer is attached to the sur-
rounding alveoli. Lymph nodules or diffuse lymphocytes are 
occasionally found in the connective tissue layer. The epithelium 
lining the bronchioles changes from columnar to cuboidal cells. 
Each bronchiole gives rise to several terminal bronchioles as it 
branches distally in the lung.
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Alveoli
p Site of gas exchange
p 150-250 million alveoli in each adult lung
p Alveolar ducts→no walls, only alveoli, as their peripheral boundary

→ rings of smooth muscle are present in the knob-like 
interalveolar septa 

p Alveolar sacs→ spaces surrounded by clusters of alveoli
p Alveolar septum/septal wall → tissue between adjacent alveolar air spacesChapter 15 ! Respiratory System ! ! ! 357

portion of the respiratory system. These structures
supply air to lung acini, subdivisions of the lung lobule.
The epithelium of terminal bronchioles is composed of
Clara cells and cuboidal cells, some with cilia. The
narrow lamina propria consists of fibroelastic connec-
tive tissue and is surrounded by one or two layers of
smooth muscle cells. Elastic fibers radiate from the
adventitia and, as with bronchioles, bind to elastic fibers
radiating from other members of the bronchial tree.
Terminal bronchioles branch to give rise to respiratory
bronchioles.

RESPIRATORY PORTION OF THE
RESPIRATORY SYSTEM
The respiratory portion of the respiratory system is
composed of respiratory bronchioles, alveolar ducts,
alveolar sacs, and alveoli.

Respiratory Bronchioles

Respiratory bronchioles are the first region of the
respiratory system where exchange of gases can occur.

Respiratory bronchioles are similar in structure to ter-
minal bronchioles, but their wall is interrupted by the
presence of thin-walled, pouch-like structures known as
alveoli, where gaseous exchange (O2 for CO2) can
occur. As respiratory bronchioles branch, they become
narrower in diameter and their population of alveoli
increases. Subsequent to several branchings, each 
respiratory bronchiole terminates in an alveolar duct
(Fig. 15-10).

Alveolar Duct, Atrium, and
Alveolar Sac

Alveolar ducts, atria, and alveoli are supplied by a rich
capillary network. 

Alveolar ducts do not have walls of their own; they are
merely linear arrangements of alveoli (Figs. 15-11 and
15-12). An alveolar duct that arises from a respiratory
bronchiole branches, and each of the resultant alveolar
ducts usually ends as a blind outpouching composed of
two or more small clusters of alveoli, in which each
cluster is known as an alveolar sac. These alveolar sacs
thus open into a common space, which some investiga-
tors call the atrium.

Slender connective tissue elements between alveoli,
the interalveolar septa, reinforce the alveolar duct,
stabilizing it somewhat. Additionally, the opening of
each alveolus to the alveolar duct is controlled by a
single smooth muscle cell (smooth muscle “knob”),
embedded in type III collagen, which forms a delicate
sphincter regulating the diameter of the opening.

Fine elastic fibers ramify from the periphery of 
alveolar ducts and sacs to intermingle with elastic 
fibers radiating from other intrapulmonary elements.
This network of elastic fibers not only maintains the
patency of these delicate structures during inhalation
but also protects them against damage during distention
and is responsible for nonforced exhalation.

Alveoli

Alveoli are small air sacs composed of highly attenuated
type I pneumocytes and larger type II pneumocytes.

Each alveolus is a small outpouching, about 200 µm 
in diameter, of respiratory bronchioles, alveolar ducts,
and alveolar sacs (Fig. 15-13; also see Figs. 15-11A and
B and 15-12). Alveoli form the primary structural and
functional unit of the respiratory system, because their
thin walls permit exchange of CO2 for O2 between the 
air in their lumina and blood in adjacent capillaries.
Although each alveolus is a small structure, about 

A

R

Figure 15–10 Light micrograph of a human respiratory bron-
chiole (R) giving rise to an alveolar duct (A). Respiratory bronchioles
have definite walls with alveoli interjected. Alveolar ducts have no
walls of their own; the ducts are created by neighboring alveoli.
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Bronchioles

Bronchioles possess no cartilage in their walls, are less
than 1 mm in diameter, and have Clara cells in their
epithelial lining.

Each bronchiole (or primary bronchiole) supplies air
to a pulmonary lobule. Bronchioles are considered the
10th to 15th generation of dichotomous branching 
of the bronchial tree. Their diameter commonly is
described as less than 1 mm, although this number
varies among authors from 5 mm to 0.3 mm. This dis-
agreement concerning the diameter of bronchioles may
lead to confusion in the descriptions of their structure

(but should not be regarded as a reason to complicate
the life of the student).

The epithelial lining of bronchioles ranges from cil-
iated simple columnar with occasional goblet cells in
larger bronchioles to simple cuboidal (many with cilia)
with occasional Clara cells and no goblet cells in smaller
bronchioles.

Clara cells are columnar cells with dome-shaped
apices that have short, blunt microvilli (Fig. 15-8). Their
apical cytoplasm houses numerous secretory granules
containing glycoproteins manufactured on their abun-
dant RER. Clara cells are believed to protect the bron-
chiolar epithelium by lining it with their secretory
product. Additionally, these cells degrade toxins in the
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Figure 15–7 The respiratory
system, displaying bronchioles, termi-
nal bronchioles, respiratory bron-
chioles,  alveolar ducts, alveolar pores,
and alveoli.
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Alveolar epithelium
p Type I alveolar cells (type I pneumocytes) (佔40 %，覆蓋表面積 95 %)

• Thin squamous cells
• Not capable of cell division

p Type II alveolar cells (type II pneumocytes, septal cells)
• Secretory cells: surfactant
• Cuboidal cells
• Lamellar bodies
• Progenitor cells for type I alveolar cells

p Brush cells: monitor air quality in the lung
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Figure 11-12A. Alveolus and gas exchange. H&E, !1,077

An alveolus is the terminal unit of the respiratory system. It functions as a primary site for gas exchange. Its wall is composed of type 
I and II pneumocytes. Type I pneumocytes are primary cells, which form the structure of alveolar walls and are in contact with the 
capillary walls. Type II pneumocytes are septal cells, which are located in the connective tissue of the septal junction. They produce a 
surfactant, which reduces surface tension of the alveolus. Gas exchange occurs between the alveolus and capillary wall in a structure 
called the blood-air barrier. The blood-air barrier is composed of type I pneumocytes, the endothelial cells of the capillary, and the 
fused basement laminae of these cells (Fig. 11-12B). The exchange of O2 and CO2 occurs by passive diffusion across the thin blood-
air barrier. The difference in O2 and CO2 tensions across the membrane determines the driving pressure for diffusion of the gases. 
In normal conditions, at sea level, air has a high O2 and a low CO2, concentration whereas blood in the pulmonary capillaries has a 
low O2 and a high CO2 concentration. The net driving pressure will force CO2 out of the blood into the alveolar space and O2 into 
the blood from the alveoli.

Figure 11-12B. Blood-air barrier. TEM, 
!27,000

Three elements separate the air in alveoli from 
the blood in the underlying capillaries: (1) Air 
fi rst passes through the highly fl attened type I 
pneumocyte with its coating of surfactant. The 
cytoplasm can be even thinner (25 nm) than 
the segment highlighted in this view. (2) The 
middle element is the fused basal laminae of 
the type I cell and the underlying endothelial 
cell. (3) The endothelial cell lining the alveolar 
capillary, like the type I cell, has an extremely 
thin cytoplasm, so that the total thickness of 
the blood-air barrier can be as little as 0.1 µm.
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Figure 11-12A. Alveolus and gas exchange. H&E, !1,077

An alveolus is the terminal unit of the respiratory system. It functions as a primary site for gas exchange. Its wall is composed of type 
I and II pneumocytes. Type I pneumocytes are primary cells, which form the structure of alveolar walls and are in contact with the 
capillary walls. Type II pneumocytes are septal cells, which are located in the connective tissue of the septal junction. They produce a 
surfactant, which reduces surface tension of the alveolus. Gas exchange occurs between the alveolus and capillary wall in a structure 
called the blood-air barrier. The blood-air barrier is composed of type I pneumocytes, the endothelial cells of the capillary, and the 
fused basement laminae of these cells (Fig. 11-12B). The exchange of O2 and CO2 occurs by passive diffusion across the thin blood-
air barrier. The difference in O2 and CO2 tensions across the membrane determines the driving pressure for diffusion of the gases. 
In normal conditions, at sea level, air has a high O2 and a low CO2, concentration whereas blood in the pulmonary capillaries has a 
low O2 and a high CO2 concentration. The net driving pressure will force CO2 out of the blood into the alveolar space and O2 into 
the blood from the alveoli.

Figure 11-12B. Blood-air barrier. TEM, 
!27,000

Three elements separate the air in alveoli from 
the blood in the underlying capillaries: (1) Air 
fi rst passes through the highly fl attened type I 
pneumocyte with its coating of surfactant. The 
cytoplasm can be even thinner (25 nm) than 
the segment highlighted in this view. (2) The 
middle element is the fused basal laminae of 
the type I cell and the underlying endothelial 
cell. (3) The endothelial cell lining the alveolar 
capillary, like the type I cell, has an extremely 
thin cytoplasm, so that the total thickness of 
the blood-air barrier can be as little as 0.1 µm.
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Figure 11-13A. Type I pneumocytes, lung. H&E, 
!725; inset, !1,145

Type I pneumocytes are squamous cells and make up 
95% to 97% of the alveolar wall. A small percentage 
of the alveolar wall is covered by type II pneumocytes 
(Fig. 11-14A,B). Each type I pneumocyte has a fl at, dark 
oval nucleus and very thin cytoplasm. These cells form 
the blood-air barrier together with the endothelial cells 
of the capillaries. They connect with each other by tight 
junctions to prevent leakage of fl uid into the airspace. 
Type I pneumocytes are not able to divide; if they are 
damaged, type II pneumocytes will differentiate to replace 
the damaged type I cells. There are delicate connective 
tissues (including fi broblasts, elastic, and reticular fi bers) 
and capillaries between the alveoli, forming the alveolar 
septa (Fig. 11-12A). Alveolar septa contain a blood-air 
barrier where gas exchange occurs. It is not easy to distin-
guish between type I pneumocytes and endothelial cells, 
because they are both squamous cells.

Figure 11-13B. Type I pneumocytes and other constituents of alveoli. EM, !5,250

The open spaces in this view are a mixture of air-fi lled spaces (alveoli) and the lumens of capillaries that were emptied of blood in 
the preparation of the specimen. The distinction between the air spaces and the blood spaces is not obvious because of the similar-
ity in ultrastructural appearance of the endothelial cells lining the capillaries and the type I pneumocytes lining most of the alveolar 
surfaces. Both cell types are extremely fl attened to produce thin sheets of cytoplasm. The type I pneumocyte (squamous alveolar 
cell) provides the covering of most (about 97%) of the surface of alveoli. Type II cells cover the remaining small fraction, and the 
single type II cell provides an important clue in distinguishing the capillaries from the alveoli here. Adjacent to the type II cell is 
the nucleus of a type I cell. This is the only part of the type I cell that is not extremely fl attened. The various cells and structures in 
the fi eld provide some context for appreciating the thinness of the blood-air barrier.
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