


DIGESTIVE SYSTEM

COMPONENTS OF THE GI TRACT

The digestive tract consist of:

Oral cavity

Esophagus

Stomach

Small and large intestines

Organs associated with the digestive tract:

e Salivary glands

* Pancreas
* Liver
 Gallbladder

* FUNCTION of the Gl tract:

* To obtain from ingested food nutrients and energy

* Ingestion, fragmentation, digestion, absorption,
elimination fo waste products

* Protective barrier

Accessory digestive organs

Parotid salivary gland

Gastrointestinal tract
{digestive organs)

Taeth
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Sublingual salivary gland
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DIGESTIVE SYSTEM

BASIC HISTOLOGICAL ORGANIZATION

Glands

* Exocrine glands, aiding in digestion and/or lubrication, are located in:
* Epithelium (e.g., goblet cells throughout the intestines)
* Lamina propria (e.g., gastric glands)
e Submucosa (e.g., Brunner's glands in the duodenum)
* Glands located external to the digestive tract that open into the system (e.g., liver and pancreas)

* Endocrine and paracrine cells, belonging to the diffuse neuroendocrine system (DNES), are located throughout the
mucosa of the gastrointestinal tract, influencing the secretion of glands and the motility of the gut



DIGESTIVE SYSTEM
ORAL CAVITY

* In the oral cavity starts the digestive process with ingestion, fragmentation and moistening of food.
* Oral cavity is involved in speech, facial expression, sensory reception and breathing.

* Major structures:
* lips
* teeth
* tongue
e oral mucosa
* hard and soft palate
* associated salivary glands

Oral mucosa

* Oral mucosa, the protective mucous membrane (mucosa) lining the oral cavity, is continuous with external skin and
with the mucous membrane of the pharynx.

* Composition:
e Epithelium. Stratified squamous keratinized or nonkeratinized depending on location
e Lamina propria. Collagenous tissue
* Muscularis mucosae is not present.
e Although not part of the oral mucosa, a submucosa of dense connective tissue, containing the minor salivary
glands, underlies much of the oral mucosa.
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DIGESTIVE SYSTEM
LIPS

* Forms the anterior boundary of the oral cavity, the space between the
inner surfaces of the lips and cheeks and the outer surface of the teeth
and gingiva

* Regions:

* Exterior surface
e Covered by thin skin
e Hair follicles and sebaceous glands are present

* Vermilion zone
* Forms the red-colored portion of the lip
* Covered by a thin, stratified squamous keratinized
epithelium
* Mucosa contains numerous, densely packed dermal
papillae
* Papillae allow blood vessels close access to the surface
* Lacks hair follicles

* Inner surface
* Lined by oral mucosa, stratified squamous moist epithelium
* Minor salivary glands (labial glands) in the submucosa secrete
both mucous and serous products.
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AR A N o o ik i e LY : covered by typical oral mucosa (OM), the opposite side covered
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dry weather. Internally, the lips contain much striated muscle (M)
and many minor salivary glands (G). (¥10: H&E)




DIGESTIVE SYSTEM

TONGUE

Composition:

Mucosa:
* Dorsum of the tongue is covered by a specialized oral mucosa,
modified to form papillae.
* The ventral surface of the tongue is covered by a lining mucosa.

The submucosa possesses minor salivary glands that are mucus-
secreting except for those associated with the circumvallate papillae,
which are serous-secreting.

Intrinsic tongue muscles. Skeletal muscle bundles are arranged in three
separate planes, with connective tissue bands from the lamina propria
separating the bundles and firmly anchoring the muscle to the mucous
membrane.

=1 1 F 1y o !-1-

l._ |_-|.:.1_"L|::
')

Lkl




[ aame.] Dorsal surface, tongue, monkey,
1 H&E =65; inset x130.

This figure shows the dorsal surface of the tongue with the
filiform papillae (Fil P). They are the most numerous
of the three types of papillac. Structurally, they are bent,
conical projections of the izpn'n:h.:liurnr with the point of the projection
directed pusu:rjurl}r. Th:s:papi]la:dunutpuss:sslam buds and are
composed of stratified squamous keratinized epithelium.

The fungiform papillae are scattered about as isolated, slighdy
rounded, clevated structures situated among the filiform papillac.

A fungiform papilla is shown in the inser. A larpe connective tissue core
{primary connective tissue papilla) forms the center of the fungiform
papilla, and smaller connective tissue papillac {(sccondary connective ris-
sue papillac) project into the base of the surface epithelium (armeuwhead).
The connective tissue of the papillae is highly vascularized. Because of
the deep penetration of connective tissue into the epithelium, combined
with a very thin keratinized surface, the fungiform papillae appear as
small red dots when the domal surface of the tongue is examined by
gross inspection.

Ventral surface, tongue, monkey,
H&E x65.

The ventral surface of the tongue is shown in this figure.

The smooth surface of the stratified sgquamous

epithelium (Ep) contrasts with the irregular surface of
the dorsum of the tongue. Moreover, the epithelial surface on the
ventral surface of the tongue is usnally not keratinized. The connec-
tive tissue (C7) is immediately deep to the epithelium; deeper sill
is the striated muscle (M) The numerous connective tissue papillac
that project into the base of the :pithdiu.m of both ventral a.nd dorsal
surfaces give the epithelial-connective tissue junction an irregular
profile. Often, these connective tissue papillae are cut obliquely and

N, nerves
Fil P filiform papillag

M, striated muscle bundles

then appear as small islands of connective tissue within the epitheial
layer (sec higure above).

The connective tisu::xumds as far as the musdle withour dun.ging
character, and no submucosa is recopnized. The muscle (M) is striared
and is unique in its organization, that is, the fibers travel in three planes.
Therefore, most sections will show bundles of muscle fibers cut longi-
tudinally; at right angles to each other, and in cross-section. Nerves ()
that innervate the musde are also frequently observed in the connective
tissue septa between the musce bundles.

The surface of the tongue behind the vallate papillas (the root of
the tongue) contains lingual tonsils {not shown). These are similar in
structure and appearance to the palatine tonsils illustrated in Plate 36.

arrowhead (inset), secondary
connective tissue papilla



DIGESTIVE SYSTEM
TONGUE

* Papillae
Each consists of a connective tissue core covered by a stratified squamous
epithelium.
* Filiform
* Most numerous; cover body of tongue
e Cone-shaped protrusions angled so that they aid in movement of
food toward the pharynx
* Fungiform
* Less numerous than filiform but also located on anterior two-thirds
of tongue
* Mushroom shaped, possess taste buds on superior surface
e Circumvallate
* Eight to twelve papillae located just anterior to the sulcus
terminalis :
* Mushroom shaped and surrounded by a narrow moat; lateral wall &
of each papilla possesses taste buds
* Serous glands of von Ebner open into the base of the moat and
flush the moat for reception of new tastes.
* Foliate
* Parallel folds on the posterolateral surface of the tongue; not well
developed in humans

taste buds

oy -
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TONGUE

DIGESTIVE SYSTEM

e Taste buds are onion-shaped structures embedded in the surface of the fungiform and circumvallate papillae. Taste
buds contain taste-receptor cells (gustatory) that communicate with the surface of the papilla through a taste pore.
Other cells are supportive cells and basal stem cells. Depolarization of the taste cells leads to the stimulation of
gustatory nerve fibers and the discrimination of sweet, salty, bitter, and sour sensations.
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BASIC HISTOLOGICAL ORGANIZATION

Muscular tube with a lumen of variable diameter and wall made up

of four main layers:

* Mucosa (mucous membrane). Innermost layer facing the lumen
e Epithelium. Either a stratified squamous moist or a simple

columnar epithelium

* Lamina propria. Loose connective tissue; usually possesses

digestive glands

* Muscularis mucosae of smooth muscle is usually present.

* Submucosa. Denser connective tissue than the lamina propria.
The submucosa possesses Meissner's nerve plexus that supplies
innervation to the muscularis mucosae and to digestive glands in
the mucosa and submucosa. The submucosa possesses glands in

the esophagus and duodenum.

* Muscularis externa of smooth muscle is usually arranged into
inner circular and outer longitudinal layers. Auerbach's nerve
plexus is located between the two muscle layers and provides

innervation to this smooth muscle.

* Serosa (serous membrane) is present if the organ protrudes into
the peritoneal cavity, or an adventitia (only the connective tissue
portion of the serosa) is present if the organ is retroperitoneal.

DIGESTIVE SYSTEM

Mucosa
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Myenteric plexus
Muscularis propria: inner circular layer
Muscularis propria: outer longitudinal layer




ESOPHAGUS

extramural
glands

liver
STOMACH pancreas

ESOPHAGUS }

STOMACH

submucosa
adventitia
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submucosa
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LARGE
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FIGURE 17.1 A Diagram of general organization of the alimentary canal. This composite diagram shows the wall structure of the
alimentary canal in four representative organs: esophagus, stomach, small intestine, and large intestine. Mota that villi, a characteristic feature of the
small intestine, are not present in other parts of the alimentary canal. Mucosal glands are present throughout the kength of the alimentary canal
but sparingly in the esophagus and oral cavity. Submucosal glands are present in the esophagus and ducdenum. The extramural glands (liver and
pancreas) empty into the ducdenum (first part of the small intestine). Ciffuse lymphatic tisswes and nodules are found in the lamina propria throughout
the entire lkength of the alimentary canal (shown here only in the large intestine). Nerves, blood vessels, and lymphatic wessels reach the alimentary
canal via the mesenteries or via adjacent connective tissue (tunica adwentitia as in the retroperitoneal organs).



DIGESTIVE SYSTEM

ESOPHAGUS
* Mucosa:
* Epithelium. Stratified squamous nonkeratinized epithelium
* Lamina propria possesses esophageal cardiac glands that resemble the mucus-secreting glands of the cardiac
portion of the stomach. These glands are particularly prominent near the junction of the esophagus with the
stomach and are sometimes located in the beginning of the esophagus.
e Lamina muscularis mucosae.
e Submucosa has mucus-secreting, esophageal glands proper.
* Muscularis externa is composed of striated muscle in the upper portion of the esophagus, skeletal, and smooth muscle
in the middle portion, and smooth muscle in the lower portion.
* Adventitia. Composed of loose connective tissue.

muscularks




FIGURE 15-12 Esophagus.

(a) In cross section the four major layers of the Gl tract are clearly
seen. The esophageal mucosa is folded longitudinally, with the
lumen largely closed. (X10; H&E)
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(b) Higher magnification of the mucosa shows the stratified
squamous epithelium (E), the lamina propria (LP) with scattered
lymphocytes, and strands of smooth muscle in the muscularis
mucosae (MM). (X65; HEE)



FIGURE 17.2 A Photomicrograph of the esophagus. This low-magnification photomicrograph shows an H&E-stained saction of the
esophagus with its characteristicalky folded wall, giving the lumen an irreguiar appearance. The mucosa consists of a relatively thick stratified squamous
epithalium, a thin layer of lamina propria containing occaskonal lymphatic nodules, and muscularis mucosae. Mucous glands are present in the submu-
Cosa; their ducts, which empty into the lumen of the esophagus, are not evident in this section. External to the submucosa in this part of the esophagus
is a thick muscularis externa made up of an inner layer of circularly arranged smooth muscle and an outer layer of kongitudinally arranged smoaoth
muscle. The adventitia is sean just external to the muscularis externa. xXE&.
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FIGURE 17.32 A Photomicrograph of the esephageal mucosa.
This higher magnification photomicrograph shows the mucosa of
the wall of the esophagus in an H&E preparation. It consists of a strati-
fied sguamous epithelium, lamina propria, and musculars MUOosae.
The boundary between the epithelium and lamina propriz is distinct,
although unewven, becausa of the connactive tissue papillze. The basal
layer of the epithelium stains intensely, appearing as a dark band because
the basal cells are smaller and have a high nudeus-to-cytoplasm ratio.
Mote that the loose connective tissue of the lamina propria s very cellu-
lar, cont@ining mamy ymphocytes. The deepest part of the mucosa is the
muscularis mucosas, which is amanged in two yers (inner circular and
outer longitudinal) similar in orientation to the muscularis externa, x 240,

FIGURE 17.4 A Photomicrograph of an esophageal sub-
mucosal gland. This photomicrograph shows a mucicarmine-stained
section of the esophagus. An esophageal gland, deeply stained red by the
carmine, and an adjacent excretory duct are seenin the submucosa. These
small, compound, tubuloalveolar glands produce mucus that lubricates
the epithelial surface of the esophagus. Note the stained mucus within
the excratory duct. The remaining submucosa consists of dense irregular
connective tissue. The inner layer of the muscularis externa (bottom) is
composad of circularly arranged smooth muscle. X 110.



DIGESTIVE SYSTEM

STOMACH

Function of the stomach
* Mixed exocrine (digestion) and endocrine organ (hormones secretion)
* To continue the digestion of carbohydrates initiated in the mouth, add an
acidic fluid to the ingested food, mixes food to produce chyme
 Initial digestion of proteins with enzyme pepsin
e Gastric lipase — digestion of triglycerides
* Produces intrinsic factor for absorption of vitamin B12
e Absorbs a few nutrients
Four regions:

* Cardia
* Fundus
* Body

* Pylorus

Wall of the stomach:
* Tunica mucosa (epithelium, lamina propria, lamina muscularis mucosae)
* Tunica submucosa
* Tunica muscularis
* Tunica serosa
Rugae. Longitudinal folds of the mucosa and submucosa in the undistended
stomach allow for expansion.

fundus

duodenum

FIGURE 17.5 A Photograph of a hemisected human stomach.
This photograph shows the mucosal surface of the posterior wall of the
stomach. Numerous longitudinal gastric foids are evident. These folds or
rugae allow the stomach to distend as it fills. The histologic divisions of the
stomach differ from the anatomic division. The former is based on the types
of glands found in the mucosa. Histologically, the portion of the stomach
adjacent to the entrance of the esophagus is the crdiac region (cardia) in
which cardiac glands are located. A dashed line approximates its boundary.
A slightly larger region leading toward the pyloric sphincter, the pyloric re-
gicn (pylorus), contains the pyloric glands. Another dashed line approximates
its boundary. The remainder of the stomach, the fundic region (fundus), is lo-
cated between the two dashed lines and contains the fundic (gastric) glands.



14 Stomach.

Esophagus ——

\

Cardia

Gy Gasticioids |
(a) Stomach ragions, anterior view

Simgle columnar— N |
epithelium ‘.‘. "

Muscularis

{c) Stomach wall, sectional view

The stomach is a muscular dilation of the digestive tract where mechanical and
chemical digestion occurs.

{a) The major stomach regions are the cardia, fundus, body, and pylorus, all
with longitudinal gastric folds, or rugae. The musculans has three layars.

{b) At the esophagogastric junction, stratified squamous epithelium (SSE) lin-
ing the esophagus is abruptly replaced by simple columnar epithelium (SCE) of
the stomach. Also seen here are the mucous esophageal cardiac glands (ECG)
beneath the lamina propria (LP) and muscularis mucosae (MM). (X60; HEE)

{c) The mucosa of the stemach wall contains invaginations called gastric pits
that lead into gastric glands. Thasa structures are lined by simple celumnar api-
thelium containing five functional cell types.

{d) A histologic section of the gastric mucosa shows the gastric pits (P) and
glands (GG) surrounded by calls of the lamina propria. The underlying muscula-
ris mucosae (MM) is also seen. (X60; HEE)




A low-magnification micrograph of the stomach wall at the
fundus shows the relative thicknass of the four major layers:
the mucosa (M), the submucosa (5M), the muscularis externa
(ME), and the serosa (5). Two rugae (folds) cut transversely and
consisting of mucosa and submucosa are incduded. The mucosa
is packed with branchad tubular glands penetrating the full
thickniess of the lamina propria so that this sublayer cannot be
distinguished at this magnification. The muscularis mucosae
(arrows), immediately beneath tha basal ends of the gastric
glands, is shown. The submucosa is largely loosa connactive tis-
sue, with blood vessels (V) and Iymphatics. (X12; HEE)



DIGESTIVE SYSTEM

STOMACH

Structures present throughout the stomach

Surface epithelium
* Simple columnar epithelium facing the lumen is modified so that all cells secrete mucus, forming a sheet gland
that protects the stomach from its acidic environment.
e Gastric pit. A channel formed by the invagination of the surface epithelium into the underlying lamina propria;
connects the sheet gland with the gastric glands. The length of the gastric pit varies with each stomach region.
Gastric glands
* Simple, branched tubular glands begin at a gastric pit and extend through the lamina propria to the muscularis
mucosae.
* The region of the gland that attaches to the gastric pit is called the neck region; the base region of the gland is
located adjacent to the muscularis mucosae.
* Secretory cells in these glands vary in each region of the stomach.
Muscularis externa. Subdivisions of this smooth muscle layer frequently interdigitate, making it difficult to
distinguish one layer from another.
* Internal oblique layer
 Middle circular layer that is modified in the pyloric region to form the pyloric sphincter
e OQuter longitudinal layer is separated from the inner circular layer by Auerbach's plexus, nerve fibers from the
autonomic nervous system that supply
Serosa
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closely placed gastric pits (P) surrounded by polygonal apical

ends of surface mucous cells. (X600
and small lymphatics of the connective tissua lamina propria.

Thesa glands coil and fill most of the mucosa. Around the vari-
(X200; HEE)

lamina propria and then branches into several tubular glands.
ous cells of the closely packed gastric glands are cell

mucous calls are part of a simple columnar epithelium continu-

{b) A section of the same lining shows that these surface
ous with the lining of the pits (P). Each pit axtends into the

{a) SEM of the stomach lining clearad of its mucous
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DIGESTIVE SYSTEM
STOMACH

* Variations specific to the cardiac region (narrow region adjacent to the
esophagus)

e Abrupt transition of epithelium from stratified squamous moist of the
esophagus to a sheet gland lining the cardiac stomach

* Length of gastric pits is about equal to the length of cardiac glands

e Cardiac glands primarily secrete mucus, although other products are also
produced. Glands are frequently coiled.

* Cardiac glands of the stomach extend into the lower esophagus, forming
the esophageal cardiac glands.

FIGURE 17.14 A Photomicrograph of cardiac glands. This
photomicrograph shows the esophagogastric junction. Mote the pres-
ence of the stratified squamous epithelium of the esophagus in the upper
right cormer of the micrograph. The cardiac glands are tubular, somewhat
tortuows, and occasionally branched. They are composaed mainly of
mucus-sacreting cells similar in appearance to the cells of the esophageal

.. . glands. Mucous secretion reaches the lumen of the gastric pit via a short
Esop hagoga stric junction duct segment containing columnar cells. X240,




DIGESTIVE SYSTEM
STOMACH
* Variations specific to the pyloric region

* Pits are longer in pylorus than in the cardiac region.

* Pyloric glands, not as coiled as in the cardiac region; primarily secrete
mucus.

* Enteroendocrine cells are also present here.

* Circular layer of muscularis externa is greatly thickened to form the
pyloric sphincter.

photomicrograph shows a saction of the wall of the pylorus. The pyloric
glands are relatively straight for most of their length but are slightly coiled
near the muscularis mucosae. The lumen s relatively wide, and the secre-
tory cells are similar in appearance to the surface mucous cells, suggest-
ing a relatively viscous secretion. They are restricted to the mucosa and
empty into the gastric pits. The boundary between the pits and glands is,
however, hard to ascertain in routine H&E preparations. =1 20.



STOMACH

DIGESTIVE SYSTEM

Variations specific to the fundic and body regions (Glands in both regions are called fundic glands.)
Fundic glands are about twice as long as their gastric pits.
Cell types present in fundic glands:

Stem cells replenish both the surface epithelial cells and cells of the glands. Stem cells are located in the neck
region.

Mucous neck cells are irregular in shape and stain basophilically. They secrete protective mucus and are
located in the neck region.

Farietal cells are large, spherical, eosinophilic cells that secrete hydrogen and chloride ions and gastric
intrinsic factor. They possess numerous mitochondria. An umbrella-shaped canaliculus indents the luminal
surface, increasing surface area. Although present throughout the gland, parietal cells are more numerous in
the upper regions.

Chief or zymogen cells, typical protein-producing cells, predominate in the bases; stain blue with
hematoxylin(due to rough ER) and secrete pepsinogen (which is converted into pepsin by HCI).
Enteroendocrine cells (part of the diffuse neuroendocrine system, DNES) are located on the basement
membrane and do not usually reach the lumen of the gland. This population of cells secretes a variety of
hormones (e.g., gastrin) with endocrine and paracrine influences on digestive activity. Secretory granules
cluster toward the basement membrane for their subsequent release into the lamina propria. Most common
at the bases of the glands.



FIGURE 15-17 Gastric glands.

Throughout the fundus and bedy regions of the stomach, the gas-
tric pits lead to gastric glands with various cell types.

{a) Tha long, coiled gastric glands penetrate the complete thick-
ness of the mucosa, from the gastric pits (GP) to the muscularis
mucosas (MM

(b} In the neck of a gastric gland, below the surface mucous cells
(SM) lining tha gastric pit, are small mucous neck cells (MN), scat-
tered individually or clustered among parietal cells (P) and stem
cells that give rise to all epithelial cells of the glands. The numerous
parietal cells [P) are large distinctive cells often bulging from the
tubules, with central nuchkei surrounded by intensely aosinophilic
cytoplasm with unusual ultrastructure. Thase cells produca HO,
and the numerous mitochondria required for this process cause
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(d)

the eosinophilia. Chief cells (C) begin to appear in the neck region.
Around these tubular glands are various cells and microvasculature
in connective tissue.

(€] Mear the muscularis mucosae (MM], the bases of thesa glands
contain fewer pariatal calls (P) but many more zymaogenic chief
cells (€). Chief calls are found in clustars, with basal nuclel and
basophilic cytoplasm. From their apical ends chief calls secrete
pepsinogen, the zymogen precursor for the major protease pepsin.
Zymiogen granules are often removed or stain poorly in routine
preparations. (Both X200; HEE)

(d) Diagram showing general morphology and functions of major
gastric gland cells.
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FIGURE 17.8 A Gastric glands. a. This photomicrograph shows the fundic mucosa from an Alcian blue/PAS preparation to visualize mucus.
Mote that the surface epithelium invaginates to form the gastric pits. The surface mucous cells and the cells lining the gastric pits are readily identified
in this preparation because the neutral mucus within these calls is stained intensely. One of the gastric pits and its associated fundic gland are de-
picted by the dashed lines. This gland represents a simple branched tubular gland larrows indicate the branching pattern. It extends from the bottom
of the gastric pit to the muscularis mucosae. Nota the segments of the gland: the short isthmus, the site of call divisions; the relatively kong neck; and
3 shorter and wider fundus. The mucous secretion of mucous neck cells is different from that produced by the surface mucous cells as evidenced by
the lighter magenta staining in this region of the gland. %320, b. Schematic diagram of a gastric gland, illustrating the relationship of the gland to the
gastric pit. Mote that the isthmus region contains dividing cells and undifferentiated cells; the neck region contains mucous neck cells, parietal cells, and
enteroendocring cells, including amine precursor uptake and decarboxylation (APULDY cells. Parietal cells are large, pear-shaped acidophilic cells found
throughout the gland. The fundus of the gland contains mainky chief cells, some parietal cells, and several types of enteroendocrine cells.



FIGURE 15-20 Ultrastructure of parietal, chief, and enteroendocrine cells.

TEM of a transversely saectioned gastric gland shows the ultrastruc-
ture of three major cell types. Parietal cells (P} contain abundant
mitochondria and intracellular canaliculi (IC). Also shown are

chief calls (€}, which have extensive rough ER and apical secretory

granules near the lumen (L). An enteroendocrine call (E) shows
dense basal secretory granules and is a closad-type entaroen-
docrine cell; that is, it has no contact with the gland’s lumen and
sacretes product in an endocring/paracrine manner. (X1200)
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FIGURE 17.9 A Diagram of a chief cell. The large amount of rER
in the basal portion of the cell accounts for the intense basophilic stain-
ing seen in this region. Secretory vesicles (Zymogen granules) containing
pepsinogen and a weak lipase are not always adequately preserved, and
thus, the staining in the apical region of the cell is somewhat variable. This
cell produces and secretes the precursor anzyme of the gastric sacretion.

FIG. 14.13 Chief cell
EM =7200

This electron micrograph illustrates a chief
(zymogen) cell at the base of a gastric gland.
The typical ultrastructural features of chief
cells are those of protein-secreting cells in
general. These features include an extensive
rough endoplasmic reticulum rER and
membrane-bound secretory vesicles (zymogen
granules) ZG containing pepsinogen. These
are crowded in the apical cytoplasm, thus
restricting the nucleus to the base of the cell.
The extensive rough endoplasmic reticulum
accounts for the basophilia of chief cells in
HE&E sections.
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PARIETAL CELL
FIGURE 17.10 A Diagram of a parietal cell. The cytoplasm of
the parietal cell stains with eosin largely because of the extensive amount
of membrane comprising the intracellular canaliculus, tubulovesicular
system, mitochondria, and the relatively small number of ribosomes. This
cell produces HCl and intrinsic factor.




FIGURE 15-18 Ultrastructure of parietal cells.

Intraceliular
canaliculus

[a) ATEM of an active parietal cell shows abundant microvilli (MV)
protruding intoe the intracellular canaliculi, near the lumen and
deep in the cell. The cytoplasm contains numerous mitechondria
(M), (10,2000

(Figure 15-18a, used with permission from Dr Susumu lto, Depart-
ment of Cell Biology, Harvard Medical S5chool, Boston, MA.)
(b} Composite diagram of a parietal cell shows the ultrastructural
differences batweaean a rasting cell (left) and an active call (right). In

the rasting call a number of tubular vesicles (TV) are seen below
the apical plasmalemma (left), but the cell has few microvilli and
only short intracellular canaliculi (KK} among the mitochondria (M)
and Golgi vesicles (G). When stimulated to produce HC (right), tha
tubular vesicles fuse with the cell membrane to form large intracel-
lular canaliculi (IC) and microvilli (MV), thus providing a generous
increase in the surface of the cell membrane for diffusion and ion
pumps. Prolonged activity may produce more mitochondria.



“OPEN" CELL c

FIGURE 17.12 A Electron micregraph and diagrams of enteroendocrine cells. a. This electron micrograph shows an example of the “tlosed”
enteroendocrine cell Amowheads mark the boundary between the enteroendocrine call and the adjacent epithedial calls. At its base, the enteroandocrine
cell rasts on the basal lamina (BL). This cell does not extend to the epithelial or luminal surfaca. Numerous secretory vesicles (5] in the base of the call are
secrated in the direction of the armows across the basal lamina and into the connective tissue (CT). En, endothelium of capilary; M, mitochondriz; f£7, rough
endopdasmic reticulurm; sER, smooth endoplasmic reticulum. b This dizgram of an entercendoaine Tlosed ™ cell is drawn to show that it does not reach the
epithelial surface. The secretory vesicles are regularly lost during routine preparation. Becawse of the absence of other distinctive organelles, the nucleus
appears to be surrounded by a small amount of clear cytoplasm in HEE-stzined sections. €. The enteroendocrine open”extend to the epithelial surface.
Microwilli on the apical surface of these calls possess taste receptors and are able to detect sweeat, bitter, and umiami sensations. These calls serve as che-
morecaptor cells, which monitor an ervironment on the surface of the epithelium. They are imvolved in a regulation of gastrointestinal hormone secretion.




DIGESTIVE SYSTEM

SMALL INTESTINE

 Complete digestion of food

* Absorb final products of digestion (amino acids, monosaccharides, fatty acids, etc.)
» Secrete protective mucus

e Secrete hormones

e Subdivided into duodenum (immediately distal to pylorus of stomach), jejunum (distal to
duodenum), and ileum (most distal region)

« Common features of the small intestine
Structures that increase the surface area of the small intestine:
* Plicae circulares. Permanent circular folds formed by an up-welling of the submucosa and
its overlying mucosa into the lumen. Villi protrude from the plicae.
* Villi. Finger-like protrusions of the lamina propria and overlying epithelium into the lumen
* Villi assume different shapes in each of the three intestinal subdivisions.
* Alacteal (blind-ending lymphatic capillary) is located in the center of each villus to
absorb digested fat.
* Individual smooth muscle cells lie parallel to the long axis of each villus, "milking" the
lacteal contents to the periphery.
* Microvilli. Increase surface area of absorptive cells and, collectively, form a brush or
striated border




FIGURE 15-23 Circular folds (plicae circulares) of the jejunum.

The mucosa and submucosa (5M) of the small intestine form
distinct projecting folds called plicae (P), which encircle or spiral
around the inner circumference and are best developed in tha
jejunum. On each fold the mucosa forms a dense covering of pro-
jecting structures called villi (V). In this longitudinal section the

two layers of the muscularis (M) are clearly distinguished. The inner
layer has smiooth muscle encircling the submucosa; the outer layer
rumns lengthwise just inside the serosa (5), the gut's outer layer.

This ammangement of smooth muscle provides for strong peristaltic
movament of the gut’s contents. (X12; Masson trichromie)



DIGESTIVE SYSTEM

SMALL INTESTINE
* Common features of the small intestine e e
=P ) (absorbs nutrients)
* Intestinal glands (Crypts of Lieberkiihn) \ Sdn oW
are invaginations of epithelium into the _ & S g |
) . = Circularfolds  capiljary network ———— |
lamina propria , (
* Epithelium covering the villi and lining  Seeosa Goblet cells A
the crypts is continuous (with different ,';':g;;::;;, layer Lacteal Paneth cells
cell types in different part) Sl ens o Circular fold | (innate immunity)
. . a Q\J]’j/ : S eniea e o tel ' ')
* Small intestine: layers N C Intestinal gland -,

~ Lymphatic nodule -}

* Mucosa o .
ntestinal villi [ )
e Epithelium &/ :’d::;:lansmuoosae
e Lamina propria Submucosa Moo

* Lamina muscularis mucosae
* Submucosa
* Muscularis externa

* Inner circular layer

* Outer longitudinal layer Serosa
° Se rosa b Section of small intestine

¢ Intestinal villus

Inner circular layer )
o Muscularis
Outer longitudinal layer




DIGESTIVE SYSTEM

SMALL INTESTINE

* Mucosal epithelium is composed of:

Absorptive cells (enterocytes), forming a simple columnar epithelium with microvilli — ,brush border®,
absorb digested food

Goblet cells (unicellular glands) are interspersed among absorptive cells and secrete mucus for protection.
These cells increase in number from duodenum to rectum.

Intestinal glands (crypts of Lieberkiihn) are simple tubular glands that begin at the bases of the villi in the

mucosa and extend through the lamina propria to the muscularis mucosae.
Possess:

Absorptive cells

Goblet cells

Paneth cells possess large, eosinophilic granules whose contents, e.g, lysozyme, digest bacterial cell walls.
Deep in crypts.

Enteroendocrine cells — secrete hormones (e.g., cholecystokinin) related to digestion

Muscularis externa of inner circular and outer longitudinal layers with an intervening Auerbach's nerve plexus.

Serosa covers small intestine.
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FIGURE 17.18 A Intestinal villi in the small intestine. a. Scanning electron micrograph of the intestinal mucosa showing its villi. Note the
openings arrows) located between the bases of the villi that lead into the inbestinal glands {crypts of Lieberkihn). <800 b, This three-dimensional
diagram of the intestinal villi shows the continuity of the epithelium covering the villi with the epithelium lining the intestinzl glands. Mote blood
vizssels and the blind-ending lymphatic capillary, called a lacteal, in the core of the villus. Between the basas of the villi, the openings of the intastinal
glands can be seen [arrows). Also, the small opanings on the surface of the villi indicate the location of discharged gobdat cells.

r_‘ —— .. - L AN

FIGURE 17.19 A Photomicrograph of an intestinal villus. The
surface of the villus consists of columnar epithelial cells, chiefly entarocytes
with a striated border. Also evident are goblet cells that can be readily
identified by the presence of the apical mucous cup. Located beneath
the epithelium is the highly cellular loose connective tissue, the lamina
propria. The lamina propria contains large numbers of round calls, mostly
lymphocytes. In addition, smooth muscle cells can be identified. A ym-
phatic capillary called a lacteal occupies the center of the villus. When the
lacteal is dilated, a5 it is in this specimen, it is easily identified. > 160,



FIG. 14.10 Intestinal villi and crypts
H&E (MP)

The intestinal oilli V are lined by a simple columnar epithelium
which is continuous with that of the orypts C. As in other parts
of the gastrointestinal tract, the epithelium includes a variety of
cell types, each with its own specific function. Cell types in the

small intestine epithelium include:

» Enterocytes, the most numerous cell type, are tall columnar
cells with surface microvilli that are seen as a brush border
in light micrographs. These cells are the main absorptive
cells.

* Goblet cells are scattered a the enterocytes and
produce mucin for lubrication of the intestinal contents and
protection of the epithelium.

+ Paneth cells are found at the base of the crypts and are

by their prominent eosinophilic apical
granules. ThEE!:E]lshaveadafemwefund:m

» MNeurcendocrine cells produce In:rd}r acting hormones that
regulate gastrointestinal motili secretion.

» Stem cells, I‘nmuiatﬂ'mbaaeafthe crypts, divide

continuously to replenish all of the above four cell types.

[‘I‘III'IE'F“I:I.JII. lymphocytes, which are mostly T

provide defence against invasive organisms.

The lamina propria LP extends between the crypts and into
the core of each villus and contains a rich vascular and
lymphatic network into which digestive ucts are absorbed.
'ﬂmua:uhrﬁmu:uﬁaeh[h{hmun iately beneath the base
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FIGURE 15-24 Cells covering the villi.

{a) The columnar epithelium that covers intestinal villi consists
mainly of the tall absorptive enterocytes (E). The apical ends of
these cells are joined and covered by a brush border of microvilli.
Covared by a coating of ghycoproteins, the brush border, along
with the mucus-secreting goblet cells (G), stains with carboky-
drate staining methods. Other calls of the epithelium are scattarad
entercandocring calls, which are difficult to identify in routine
preparations, and various immune cells such as intragpithalial

Iymphocytas. The small spherical nudei of lymiphocytes can be
seen between the enterocytes. (X250; PAS-hamatoxyling

(b} At highar magnification individual microwilli of enterocytes are bet-
ter seen and the striated appearance of the border is apparent. (X500)
(€] TEM shows microwvilli and densaly packad mitochondria of

enterocytes (E), and entercendocrine calls (EC) with basal secretory
granulas can be distinguishad along the basal lamina. (X2504)



FIG. 14.22 Intestinal villi
{a) H&E, LS (MP] {b) PAS/iron-hasmatoxylin‘orange G, LS (HP) (c) H&E, TS (HP)

These micrographs illustrate the tall columnar emterocytes that The cores of the villi are extensions of the lamina propria

cover the intestinal villi, as well as the goblet cells scattered and consist of loose supporting tissue. Capillaries C lie

among them. The luminal surface of the enterocytes seen in immediately beneath the basement membrane and

micrograph (b) is strongly PAS-positive due to a icularly mast digestive products to the hepatic portal vein. Tiny

thick glycocalyx and a surface layer of goblet cell-derived lymphatic vessels drain into a single larger vessel called a

mucus. Both features protect against autodigestion. The lacteal L at the centre of the villus. The lacteals transport

glycocalyx is also the site for adsorption of pancreatic digestive  absorbed lipid into the circulatory system via the thoracic duct.

ENZYMES. Smooth muscle fibres Muo are seen in the long axds of the villous
T lymphocytes Ly are scattered among the enterocytes. core in micrograph (a) and represent extensions of the

Plasma cells P in the villous core secrete IgA into the intestinal muscularis mucosae.
lumen by transcytosis across epithelial c-eli.



{a) Betwean villi (V) throughout the small intestine, the covering
epithalium invaginates into the lamina propria (LP) to form short
tubular glands called intestinal glands or intestinal crypts (1C).

The lining near the openings of the crypts contains a population

of stem cells for the entire epithelial lining of the small intastine.
Daughter calls slowly move with the growing epithealium out of the
crypts, differentiating as goblet cells, enterocytes, and entero-
endocrine cells. These calls continue to move up each villus and
within a weak are shed at the tip, with billions shed throughout the

small intastine each day. At the base of the crypts are many Panath
cells (P} with an innate immune functicn. The submucosa (8) has
many lymphatics draining lacteals. (X200: H&E)

(b} Higher magnification at the base of an intestinal gland shows
the typical ecsinophilic granules of Paneth cells (P), along with an
open-type enteroendocring cell (EC) and a differentiating goblet
call [G). (X300; HEE)

nUscugrymuEoseey
FIGURE 17.23 A Photomicrograph of intestinal glands
showing Paneth cells. This photomicrograph shows the base of in-
testinal (jejunal) glands in an H&E preparation. The gland on the right is
sectioned longitudinally: the circular cross-sectional profile of another
gland is seen on the left. Paneth cells are typically located in the base of
the intestinal glands and are readily seen in the light microscope because
of the intensive eosin staining of their vesicles. The lamina propria con-
tains an abundance of plasma cells, lymphocytes, and other connective
tissue cells. Note several lymphocytes in the epithelium of the gland
(arrows). % 240. Inset. This high magnification of the area indicated by the
rectangle shows the characteristic basophilic cytoplasm in the basal por-
tion of the cell and large accumulations of intensely staining, eosinophilic,
refractile secretory vesicles in the apical portion of the cell. An arginine-
rich protein found in the vesicles is probably responsible for the intense
eosinophilic reaction. X680.




DIGESTIVE SYSTEM

SMALL INTESTINE

Variations specific to the intestinal
subdivisions

Brunner's glands in the submucosa are present
only in the duodenum. These compound
tubular glands open into the bases of the
intestinal glands and secrete an alkaline mucus
to neutralize the acidity of the stomach
contents.

Peyer's patches are clusters of 10-200
lymphoid nodules located primarily in the
lamina propria of the ileum. Each cluster is
positioned on the side of the intestine away
from the mesentery and forms a bulge that
may protrude into the lumen as well as into
the submucosa.

FIGURE 17.25 A Photomicrograph of Brunner's glands in the
duodenum. This photomicrograph shows part of the ducdenal wall in an
HE&E preparation. A distinctive feature of the ducdenum & the presence of
Brunner’s glands. The dashed line marks the boundary between the vill and
the typical intestinal glands {crypts of Lieberkihn). The latter exttend to the
muscularis mucosae. Under the mucasa is the submucosa, which contains
Brunner’s glands. These are branched tubular glands whose secretony com-
ponent consists of columniar cells. The duct of the Brunner's gland opens
into the lumen of the intestinal gland (armow). X 120.

circular fold

FIGURE 17.20 A Photomicrograph of Peyer’s patches. This
photomicrograph shows 2 longitudinal section through the wall of
a human ileum. Note the extensive lymphatic nodules located in the
mucosa and the section of a circular fold projecting into the lumen of
the ileum. Lymphatic nodules within the Peyer's patch are primarily
located within the lamina propria, although many extend into the sub-
mucesa. They are covered by the intestinal epithelium, which contains
enterocytes, occasional goblet cells, and specialized antigen-transporting
M celis. X 40.



FIGURE 15-25 Lipid absorption and processing by enterocytes.

@ Bile acids —— Lipids «——— Lipase

(a) TEM shows that entarocytes involvad in lipid absorption acou-
miulate many small lipid droplets in wesicles of the smooth ER
(SER]. These vesicles fusa near the nudleus, forming larger globules
that are mowved latarally and cross the cell membrane to the axtra-
cellular space (arrows) for eventual uptake by lymphatic capillaries
(lacteals) in the lamina propria. (X2000)

(Figure 15-25a, used with permission from Dr Robert B. Cardell, Jr,
Department of Cancer and Cell Biology, University of Gncnmati Col-
lege of Medicine, Cincinnati, OH.)

(b} Diagram showing lipid procassing by enterocytes. Ingested fats
are emulsified by bile acids to form a suspension of lipid droplets

from which lipids are digestad by lipases to produce glycerol,
fatty acids, and monoglycaridas (1). The products of hydrolysis
diffuse passively across the microvilli membranes and are collected
in the cisternae of the smooth ER, where they are resynthesized

as triglycerides (2). Processed through the RER and Golgi, thasa
trighycerides are surroundad by a thin layer of proteins and pack-
aged in vasicles containing chylemicrons (0.2-1 pm in diameter)
of lipid complexed with protein (3). Chylomicrons are transfemad
to the lateral cell membrane, secretad by exocytosis, and flow into
the extracellular space in the direction of the lamina propria, where
mast endar the lymph in lacteals (4).



FIGURE 15-28 Microvasculature, lymphatics, and muscle in villi.
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The villi of the small intestine contain blood microvasculature (left), lymphatic capillaries called lacteals (centar), and both innervation and
smooth muscle fibers (right).



FIGURE 15-30 Small intestine muscularis and

myenteric plexus.

(a) Transverse sactions of the small intestinal wall show the orien-
tation of the internal (IM) and external (EM) smooth muscle lay-
ars, The inner layer is predominantly circular, while the outer layer
is longitudinal. The serosa (S) s a thin connactive tissue coverad
here by a mesothelium of cuboidal or squamous calls. (3200; PT)

(b} Between the internal and external layers of muscularis (IM
and EM) are ganglia of pale-staining neurons and other cells of
- the myenteric plexus (MP). (X100: HEE)
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DIGESTIVE SYSTEM

LARGE INTESTINE (COLON)

*  Function:

Absorption of water
Secretion of mucus to lubricate dehydrated feces

* Regions:

Ascending colon. Rises on the right side of the
abdominal cavity.

Transverse colon. Horizontal region that passes
across the abdomen from right to left below the
stomach.

Descending colon. Descends on the left side of the
abdominal cavity.

Sigmoid colon. “S”-shaped

Rectum is a 12-cm-long tube continuing from the
sigmoid colon. The mucosa of the rectum is similar
to that of the majority of the large intestine. The

rectum narrows abruptly to become the anal canal.

Transversa colon
]

Ascending — - Descending
colon colon
Cacum J

Viermiform f - Sigmoid

Anal canal-{ |




Transverse colon
1

Ascanding
colon

Cecum
Vermiform
appenidix

Right colic
flencura

T
Haustrum ~|:

Supernior =

— Laft colic flexure

Omental appendices

Tenia coli

mesenternc

Descending abdominal aoria

artery

lleocecal
vahe

Cacum——

Vermiform appandix
Ractum

{a) Large intestine, antarior view

As shown at the top, the large intestine consists of the cacum; the
ascending, transversa, descending, and sigmoid regions of the
colon; and the rectum.

(a) Anterior view of the large intestine with the proximal end
axposed shows the ileocecal valve at its attachment to the ileum,
along with the sac called the cecum and its extension, the appendic
The mucosa has only shallow plicae and no villi. The muscularis has
twio layers, but the outer longitudinal layer consists only of threa
distinct bundles of muscle fibers called teniae coli that produce

the haustra in the colon wall. The serosa of the colon is continuous

:|~Anal canal

Infericr mesenteric artery

Sigmoid
masocolon

— External
anal sphincter

Anal sinuses

Anal columns
(b} Anal canal

with that of the supporting mesenteries and displays a series of
suspendad masses of adipose tissue called omental appendages.

{b) At the distal end of tha rectum, the anal canal, the mucosa,
and submucosa are highly vascularized, with venous sinusas, and
are folded as a senes of longitudinal folds called anal columns
{of Morgagnil with intervening anal sinuses. Fecal material accu-
mulates in the rectum is eliminated by muscular contraction,
including action of an internal anal sphincter continuous with
the circular layer of the muscularis and an external sphincter of
striatad (voluntary) muscle.



DIGESTIVE SYSTEM
LARGE INTESTINE (COLON)

e Layers and structures forming the wall of the large intestine:
* Mucosal epithelium:
* Absorptive cells form a simple columnar epithelium with
microvilli.
e Goblet cells increase in number toward the rectum and
provide lubrication.
* Areduced number of enteroendocrine cells is present.
* Intestinal glands (crypts of Lieberklihn) are very straight
in the large intestine.
* No villi or plicae circulares are present in the large
intestine.
* Muscularis externa
* Inner circular layer is complete around the circumference of
the tube
* OQuter longitudinal layer is segregated into three longitudinal
bands, the taeniae coli, that are placed equidistantly around
the tube. The contraction of the taenia produces permanent
sacculations in the large intestine, termed haustrae.
* Either an adventitia or a serosa is present, depending on the
particular portion of the large intestine.

5 : Mesentery of transverse colon
Taenia coli

Mucosa

Taenia coli

Submucosa

Muscularis

Taenia coli

Serosa or adventitia
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(a) Large intestine tunics

(b) Large intestine mucosa and submucosa

{a) Diagram shows the wall of the large intestine composad of the {b) The mucosa is occupied mostly by tubular intestinal glands
four typical layers. The submucosa is well vascularized. The muscu- extending as deap as the muscularis mucosae and by lamina pro-

laris has a typical inner circular layer, but the outer longitudinal mus- pria rich in MALT. (X80, HE&E)
cle is only present in three agqually spaced bands, the teniae coli.
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FIG. 14.20 Colon
{a) H&E (LP) (b} H&E [MP) (c) Alcian blue/van Gieson (MP) [d) Alcian blue/van Gieson [HP) (e) HAE [HP)



e " - = 1'#: _-: >

: . ] Al . o ¥ ; . Y - ot I r
B g ".r‘ﬁ'. . %{f#lh 2 s 4 : 1 ‘ ik -

FIGURE 17.28 A Mucosa of the large intestine. a. This photomicrograph of an H&E preparation shows the mucosa and part of the sub-
mucosa. The surface epithelium is continuous with the straight, unbranched, tubular intestinal glands {crypts of Lieberkihn). The openings of the
glands at the intestinal surfaca are identifiad (arrows). The epithelial cells consist principally of absorptive and goblet cells. As the absorptive calls are
followed into the glands, they become fawer in number, whearaas the goblet cells increase in number. The highly cellular lamina propria contains nu-
merous iymphocytes and other cells of the immune system. b. Scanning electron micrograph of the human mucosal surface of the large intestine.
The surface is divided into territories by clafts {arrows). Each territory contains 25 to 100 gland openings. X 140. (Reprinted with permission from
Fenoglio CM, Richart EM, Kaye Gl. Comparative electron-microscopic features of normal, hyperplastic, and adenomatous human colonic epithalium
Il. ¥Wariations in surface architectura found by scanning electron microscopy. Gastroenterciogy 197569 100-109)
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(d) TEM of the absorptive cells, or colonocytes, reveals short
microvilli at their apical ends and dilated intercellular spaces
with interdigitating leaflets of cell membrane (L), a sign of active
water transport. The absorption of water is passive, following the
active transport of sodium from the basolateral surfaces of the epi-
thelial cells. (X2500)



LARGE INTESTINE (COLON)

Anal canal. The terminal portion of
the intestinal tract is about 4 cm
long.

* The intestinal glands disappear
and the epithelium undergoes
an abrupt transition from
simple columnar to stratified
squamous with sebaceous and
apocrine sweat glands.

* Theinner circular portion of the
muscularis externa expands to
form the internal anal sphincter.
The external anal sphincter is
composed of skeletal muscle.

The anus is located at the level of
the external anal sphincter and is
covered by stratified squamous
keratinized epithelium (skin).

DIGESTIVE SYSTEM

Anal columns Anal sinuses
{b) Anal canal

The simple columnar epithelium with tubular intestinal glands in
the rectum (left side of photo) changes abruptly to stratified squa-
mous epithelium in the anal canal (right side of photo), as seen in
this longitudinal section. The connective tissue of the lamina pro-
pria is seen to contain many free lymphocytes. (X40; H&E)



DIGESTIVE SYSTEM

APPENDIX

e Attached to cecum

* No taenia coli

* Lots of lymphatic tissue (diffuse and in nodules) present in
lamina propria and submucosa

-:I""I_l'i]_lﬂ_ﬁﬁﬂ nod ﬂ'—m

FIGURE 17.30 k& Photomicrograph of a cross-section through
the vermiform appendix. The vermiform appendo: displays the same
four lavers as those of the large intestine except that its diameter is smaller.
Typically, lymphatic nodules are seen within the entire mucosa and usually
axtend into the submucosa. Mote the distinct germinal centars within the
ymiphatic nodules. The musoularis externa is comiposad of a relatively thick
aircular layver and a much thinmer outer kongitudinal layver. The appendix is
cowverad by a serosa that is continuous with the mesentery of the appendix
(fower right). x10.



TABLE 15-2

Region and
Subdivisions

Esophagus {upper,
middle, lower)

Stomach (cardla,
fundus, body,
pylorus)

Small Intestine
(duodenum,
Jejunum, [keum)

Large Intestine
{cecum, colon,
rectum)

Anal canal

Summary of distinguishing digestive tract features, by region and layers.

Mucosa (Epithelium,
Lamina Propria,
Muscularis Mucosae)

Monkeratinized stratified
squamous eplthelum;
cardiac glands at lower
end

Surface mucous cells and
gastric pits leading to
gastric glands with
parietal and chief cells,

(in the fundus and body) or

to mucous cardlac glands
and pyloric glands

Plicae ciroulares; willi,
with enterecytes and
goblet cells, and crypts/
glands with Paneth cells

and stem cells; Peyer

patchas in ileum

Intestinal glands with
goblet cells and
absorptive cells

Stratified squamous
epithellum; longitudinal
anal columns

Submucosa (With
Submucosal Plexuses)

Small esophageal
glands (mainly mucous)

No distinguishing
featuras

Duodenal (Brunner)
glands (entiraly mucous})

possible extensions of
Peyer patchas in fleum

Mo distinguishing
featuras

Venous sinusas

Muscularis (Inner Circular and
Quter Lengitudinal Layers,
With Myenteric Plexuses
Between Them)

Both layers striated muscle

in upper region; both layers
smooth muscle in lower region;
smooth and striated muscle
fascicles mingled in middle
ragion

Three Indistinct layers of
smooth muscle (inner oblique,
middle circular, and outer
longitudinal)

Mo distinguishing features

Outer longitudinal layer
soparatad into three bands,
the tenlae coll

Inner circular layer thickenad
as Intermal sphincter

Adventitia’Serosa

Adventitia, except at
lower end with serosa

Serosa

Mainly serosa

Mainly sarosa, with
adventitia at recturm

Adventitia



MAIJOR SALIVARY GLANDS

DIGESTIVE SYSTEM

e All major salivary glands are compound, exocrine glands, and all open into the oral cavity.
* Glandula parotis, glandula submandibularis, glandula sublingualis

*  Functions:

* Produce saliva to wet, lubricate, and buffer the oral cavity and its contents
* Produce amylase for the initial digestion of carbohydrates
* Produce lysozyme to control bacteria in the oral cavity

Parotid salivary gland

.
il [

Parotid duct

Massetar muscle

Muccsa (cut)

Sublingual ducts

¥ |— Submandibular duct
Sublingual salivary gland
Mylohyoid muscla (cut)
Submandibular salivary gland

There are three bilateral pairs of major sali-
vary glands, the parotid, submandibular,
and sublingual glands, which together
produce about 9% of saliva. Their loca-
ticns, relative sizes, and axcratory ducts are
shown here. These glands plus microscopic
minor salivary glands located throughout
the oral mucosa produce 0.75-1.50 L of
saliva daily.



DIGESTIVE SYSTEM

MAJOR SALIVARY GLANDS
Major cell types

e Serous cells
* Synthesize, store, and release a thin, protein-rich secretion containing digestive enzymes, primarily amylase
* Are pyramidal in shape and possess all organelles necessary for protein production and secretion (e.g., basal
rough endoplasmic reticulum, Golgi, and apical secretory granules)
* Are arranged into either:
* Acini (singular, acinus) or alveoli (singular, alveolus). Flask-shaped sacs with tiny lumens
e Serous demilunes. Half moon—shaped caps positioned over the ends of mucous tubules

* Mucous cells
* Synthesize, store, and release mucus, a viscous, thick, glycoprotein secretion that protects and lubricates epithelia
* Have flattened nuclei that are located at the bases of the cells along with the rough endoplasmic reticulum.
Abundant mucigen droplets are located in the apex of each cell, giving it a frothy, vacuolated appearance.
* Are organized in test tube—shaped tubules with relatively wide lumens

* Myoepithelial cells are stellate-shaped epithelial cells with contractile functions that lie between the secretory or duct
cells and the basement membrane. These cells contract to aid in movement of the secretory product.



FIGURE 16-2 Epithelial components of a submandibular gland lobule.

sacratory canaliculi

e *‘.

The secretory portions are composed of pyramidal serous (violet)
and mucous (tan) cells. Serous acini consist of typical protein-
sacrating cells with rounded nudei, basal accumulation of RER,
and apical ends filled with secretory granules. The calls of mucous
tubules have flattenad, basal nuclel with condensad chromatin.
In the submandibular gland mixed tubuloacinar secretory units

Myoapithalial cells Intercallular Myoepithalial calls

“Sarus damiluneg”
of & mixed acinus

Mucous tubule

also occur, combining short mucous tubules with distal clusters
of sarous cells called "serous demilune” The short intercalated
ducts are linad with low cuboidal epithelium. The striated ducts
consist of columnar cells with characteristics of ion-transporting
cells: basal membrane invaginations with mitochondrial acoumu-
lations. Myeepithelial cells are shown around the serous acini.



DIGESTIVE SYSTEM

MAJOR SALIVARY GLANDS
Duct system conducts secretions to oral cavity.

Ducts are more numerous with serous acini than with mucous tubules because the tubules can act as their own ducts.

* Intralobular ducts

* Intercalated ducts exit from secretory acini and are smaller in diameter than the acini they drain. These ducts are
lined by simple cuboidal epithelia.

» Striated ducts continue from intercalated ducts and are larger in diameter than the secretory units they drain.
They are lined by simple columnar epithelia. Numerous mitochondria and infoldings of the plasma membrane in
the basal region of the cells give the duct a striated periphery. Striated ducts alter the content and concentration
of the saliva.

» Interlobular ducts form by the anastomosis of striated ducts and are located in the connective septa between lobules.
Interlobular ducts are lined with simple columnar to stratified columnar epithelia.

* The main excretory duct(s) is formed by the union of interlobular ducts. An excretory duct (s) is lined by a stratified
epithelium that becomes stratified squamous moist just prior to its junction with the epithelium of the oral cavity.



DIGESTIVE SYSTEM
MAJOR SALIVARY GLANDS

Major salivary glands

Parotid glands
 Compound acinar glands producing only serous products; their secretions account for 25% of the saliva
e Possess the most highly developed duct system of the major salivary glands

Submandibular glands
* Compound tubulo-acinar glands producing both serous and mucous products, although serous acini predominate.
Their secretions account for 70% of the saliva.
e Serous cells are present as both acini and serous demilunes.

Sublingual glands
* Secrete approximately 5% of the saliva.
* These are compound tubulo-acinar glands, producing both mucous and serous products, although mucous
tubules predominate.



FIGURE 16-4 Ultrastructure of serous and
mucous cells.

Serous
demilune

A micrograph of a mixed acinus from a submandibular gland
shows both serous and mucous cells surrounding the small
lurnen (L). Mucous cells (M) have large, hydrophilic granules like
those of goblet cells, while serous calls (5) have small, densa
granules. Small myoepithelial cells (My) axtend contractile

. . processes around each acinus. (X2500)

G Ian d u Ia SUu bma nd | b u Ia ris (Used with permission from D John D. Harrison, King's Collzge
London Dental Institute, London, UK.




FIGURE 16-3 Parotid gland.
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The large parotid gland consists entirely of serous acini with cells shown in this plastic section, as well as an intercalated duct (1D)
producing amylase and other proteins for storage in secretory and striated duct (5D}, both cut transversaly. (X400: PT)

granules. {b) Striations of a duct (SD) are better seen here, along with a

(a) Micrograph of a parotid gland shows densely packed serous sopturmn (CT) and numerous serous acni (A). The connactive tissuea

acini (A) with ducts. Secretory granules of serous cells are dearly often includes adipocytes. (X200; H&E)
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PANCREAS

Located in the abdomen in the
curve of the duodenum and divided
into a head, body, and tail

Is both an exocrine and an
endocrine gland
* The exocrine portion produces
an alkaline secretion
containing digestive enzymes
that empties into the
duodenum.

* The endocrine portion
secretes insulin, glucagon, and
somatostatin that regulate
blood glucose levels.

DIGESTIVE SYSTEM

Body of pancreas

Commaon bile du::t—'l-i

r'fk’_ ' \
" /%5 L '_,:|Ducdannja]unal Y

Main panc%
f‘:i'-'! I pancreas
]_i , y!‘l r’ Lk
Duodenurm __,J:r =
Accassory

pancreatic duct
flexume
Hepatopancreatic
ampulla

Major duodanal

papilla Pancreatic «

acini

Jejunum

Head of pancreas
{a) Duodenum and pancreas, anterior view

Pancraatic
islat

Pancreatic acinus

(b)

{a) The main regions of the pancreas are shown in relation to the (b} Micrographs show a pancreatic islet and several pancreatic
two pancreatic ducts and the duadanum. acini. (X75 and X200; H&E)



Low-power view of pancreas includes sev-
eral islets (I) surrounded by many serous
acini (A). The larger intralobular ducts (D)
are lined by simple columnar epithelium.
The ducts and blood vessels (V) are located
in connective tissue, which also provides

a thin capsule to the entire gland and thin
septa separating the lobules of secretory
acini. (X20; H&E)
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DIGESTIVE SYSTEM

PANCREAS

Exocrine pancreas

Compound acinar gland; the acinar cells secrete numerous Basal lamina

digestive enzymes that break down proteins (trypsin),
carbohydrates (carbohydrates), lipids (lipase), and nucleoproteins
(nucleases).

Cells show polarity with basal rough endoplasmic reticulum and
apical secretory granules.

Duct system

* Ducts begin as centroacinar cells located within the acini.

* Intercalated ducts are lined with simple cuboidal epithelium.
Centroacinar cells and cells of the intercalated ducts secrete
bicarbonates to neutralize the acidity of the stomach
contents (chyme) entering the duodenum.

e Striated ducts are not present.

* Interlobular ducts lead into one or more excretory ducts that
empty into the duodenum.

Resembles the parotid gland except the pancreas has
centroacinar cells and fewer ducts.

Secretion is regulated by cholecystokinin and secretin from
enteroendocrine cells in the small intestine

Zymogen granules

Centroacinar cells

Acinar cells



intralobular
collecting duct

acinar cells < R intercalated duct

Zymogen granules

“centroacinar cell b

FIGURE 18.19 A Pancreatic acinus and its duct system. a. In this photomicrograph of a thin, HRE—s@ined plastic section, an intercalated duct can be
sean beginning within a pandeatic acinus. The calls formeng the duct within the acinus are the centroadinar cells. The ecsinophilic Zymogen granukes are Clearly
sean in the apical cytoplasm of the parenchymal celis. X880 b In this schematic diagram, absanse the beginning of the intencalated duct. Mote the location and
shapes of the centroadinar calls within the acinus. They reprasent the initial lineng of the intercalated duct, which drains into an ntralobular collecdting duct



{a) Micrograph of exocrine pancreas shows the serous, enzyme-
producing cells arranged in small acini (A) with very small lumens.
Acini are surrounded by only small amounts of connective tissue
with fibroblasts (F). Each acinus is drained by an intercalated duct
with its initial cells, the centroacinar calls (arrow), inserted into the
acinar lumen. (X200; HEE)

TEM of a pancreatic acinar cell shows its
pyramidal shape and the round, basal
nucleus (M) surrounded by cytoplasm
packed with cisternae of rough ER (RER).
The Golgi apparatus (G) is situated at the
apical side of the nucleus and is associ-
ated with condensing vacuoles (C) and
NUMmerous secretory granules (5) with
zvmogen. The small lumen (L) of the aci-
nus contains proteins recently released
from the cell by exocytosis. Exocytosis of
digestive enzymes from secratory gran-
ules is promoted by CCK, releasad by
entaroendacrine cells of the duodenum
when food enters that region from the
stomach. (X8000)



PANCREAS
Endocrine pancreas (islets of Langerhans)

* Small clusters of cells, richly supplied by
fenestrated capillaries, are scattered
throughout the exocrine pancreas; these
clusters show no orderly arrangement of
secretory cells within the cluster.

* Predominate cell types and secretions

* Acell (alpha cell). Secretes glucagon,
which elevates glucose levels in the
blood

* B cell (beta cell). Secretes insulin, which
lowers blood glucose levels;
predominant cell type

* D cell (delta cell). Secretes
somatostatin, which modulates release
of the other two major hormones

* Individual cell types cannot be distinguished
with routine hematoxylin and eosin staining.

DIGESTIVE SYSTEM
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DIGESTIVE SYSTEM

LIVER

e Located in right, upper quadrant of abdominal cavity under the
diaphragm; the biggest organ, weight about 1,5 kg; large right
(lobus dexter) and smaller left (lobus sinister) lobe, lobus
quadratus, lobus caudatus

* Both an exocrine and an endocrine gland
* Exocrine secretion (bile) is stored in the gall bladder and
released into the duodenum. This secretory product
contains bile acids that aid in the emulsification of lipids,
bilirubin (the breakdown product of hemoglobin),
phospholipids, and cholesterol.

* Endocrine function is the synthesis of plasma proteins,
including albumin, clotting factors, and lipoproteins that are
released into the liver sinusoids.

e Additional functions include the metabolization of digested food,
storage of glucose as glycogen, and detoxification of hormones
and drugs.

vena cava superior

vena hepatica

lobus dexter ligamentum falciforme

lobus sinister

arteria hepatica

aorta

vena portae

vesica biliaris



DIGESTIVE SYSTEM nepatic terminal hepatc venule

sinusuids (central vein)
LIVER N S bile duct
ARCHITECTURE OF THE CLASSIC LIVER LOBULE e
* The classic liver lobule resembles a column of wheels. Polyhedral shape. nepatic
Structural and functional unit of the liver. e
* Spokes of the wheels are cords or plates of hepatocytes radiating out from
a central axis.
* Spaces between the spokes are occupied by liver sinusoids (discontinuous
sinusoidal capillaries). T ——
* Central axis of the lobule is a central vein into which sinusoids drain (i.e., ?@{(:}Fﬁmﬂ‘ ’f:ﬁ{{i’?g??
blood is flowing from the periphery of the lobule to the center). The central ".u{-,f,}ﬁ%‘ ol CARAIS K R

vein runs parallel to the long axis of the lobule.
* The perimeter of the lobule is denoted by the position of three to six
hepatic portal triads situated at intervals around the lobule.
e Portal triad run parallel to the long axis of the lobule.
* Portal triad contain branches of the
* Hepatic portal vein. Lined with simple squamous epithelium; has

the largest diameter of the three structures ,,_,.“ '7",;,-.‘3”
* Hepatic artery. Lined with simple squamous epithelium and two- %{{:«é’- o
three layers of smooth muscle -:2;'“"?:“‘3” '
* Bile duct. Lined with simple cuboidal epithelium; multiple ééﬁ%‘n o
branches may be present TSI ' g



Hepatic sinusoid

Bile canaliculi

TR OR T S

(c) Portal triad and hepatic lobul

The liver, a large organ in the upper right quadrant of the abdo-
mien, immediataly below the diaphragm, 5 composed of thou-
sands of polygonal structures called hepatic lobules, which are
the basic functional units of the organ.

(a) Diagram showing a small central vein in the center of a
hepatic lobule and several sets of blood vassels at its periph-
ery. The peripheral vessals are grouped in connective tissus
of the portal tracts and include a branch of the portal vein, a

(b) Hepatocytes and e

branch of the hepatic artery, and a branch of the bile duct (the
portal triad).

(b} Both bleod vessals in this triad branch as sinusoids, which run
batween plates of hepatocytes and drain into the central vein.

(c) Micrograph of a lobule shows the central vein (C), plates of
hepatocytes (H), and in an adjacent portal area a small lymphatic
(L) and components of the portal triad: a portal venule (PY),
hapatic artericle (HA), and bile ductule (B). (X220; HEE)

This micrograph illustrates a single human
liver lobule and includes parts of a number of
hepatic acini, each centred on a portal tract.
The irregular hexagonal boundary of the
lobule is defined by portal tracts T and sparse
mllalﬂlcus tissue C. Sinusoids originate at
the e margin and course between plates
of hepatocytes to converge upon the terminal
hepatic (centrilobular) venule V. The plates of
}Epahxytaareuma]l}'ml}'mecellﬁid:
and so each hepatocyte is exposed to blood
on at least two sides. The plates of
hepatocytes branch and anastomaose to form a
three-dimensicnal structure like a sponge.
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FIGURE 16-12 Hepatic lobule.
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Cut transversaly, hapatic lobules are polygonal units show- (b} In humans these lobules have much less connective tissue and
ing plates of apithelial cells called hepatocytes radiating their boundaries are more difficult to distinguish. In both cases
from a central venule (C). {a) Hepatic lobules of some mam- peripheral connective tissue of portal areas contains the portal

mals, such as the pig, are delimited on all sides by connactive triad: small bile ductules (D), venule (V) branches of the portal vein,
tissue. and arteriole (A) branches of the hepatic artery. (Both X150; H&E)
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LIVER

FUNCTIONAL MICROANATOMY

* Hepatocytes (liver cells)

* Arranged as walls one to two cells thick that radiate out from the
central vein like the spokes of a wheel

e Histology

Cells are polyhedral in shape.

Cells possess one or two nuclei.

Cells contain abundant smooth and rough endoplasmic
reticulum, Golgi apparatus, mitochondria, and lysosomes. They
also contain large accumulations of electron-dense glycogen
granules that stain strongly with PAS. Numerous peroxisomes,
along with smooth endoplasmic reticulum, carry out
detoxification.

At intervals between adjacent cells, the plasma membranes
bulge inward to form a bile canaliculus, the beginning of the bile
transport system.

Microvilli project into the space of Disse, increasing surface area
of the cells.
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& dizgram of hepatocyte cytoplasmic organization,
with major functions localized. (1) RER is primarily
engaged in synthesis of plasma proteins for releasa
into the perisinusoidal space. (2) Potentially toxic com-
pounds, bilirubin (bound to albumin) and bile acids
are taken up from the perisinusoidal space, processed
by enzymes in the tubulovesicular system of the SER,
and secretad into the bile canaliculi. (3) Glucosa is
taken up from the perisinusoidal space and stored in
glycogen granules, with tha process reversed whan
glucosa is needed.



FIGURE 18.10 A Schematic dia-
gram of a plate of hepatocytes inter-
posed between hepatic sinusoids. This
diagram shows 3 one-cell-thick plate of
hepatocytes interposed between two sinu-
soids. If it s assumed that the call is cuboi-
dal, two sides of each cell (shown) wiould
face hepatic sinusoids, two sides of each
cell (shown) would face bile canaliculi, and
the additional two sides (not shown) wiould
face bile canaliculi. Mote the location and
features of 3 hepatic stellate cell (ito call)
filled with cCytoplasmic vacuoles contain-
ing vitamin A. The sparsa collagen fibers
found in the perisinusoidal space (of Disse)
are produced by the hepatic stellate cells
{(ito cells). In certain pathologic conditions,
these calls lose their storage vacuoles and
differentizte intoc myohbroblasts that pro-
duce colagen filbers, leading to liver fibrosis.
Observe that the steliate sinusoidal macro-
phage (Kupffer cell) forms an integral part of
the sinusoadal Ining.
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LIVER

FUNCTIONAL MICROANATOMY

e Sinusoids

A variation of discontinuous capillaries, in
that gaps exist between endothelial cells
and the fenestrations lack diaphragms
The basal lamina is lacking beneath the
fenestrations.

Fenestrations open into a subsinusoidal
space, the space of Disse, separating the
sinusoids from the hepatocytes beneath
the space.

Kupffer cells, liver macrophages, span the
sinusoids, filtering debris from the blood.

DIGESTIVE SYSTEM




FIGURE 16-15 Hepatic sinusoids.

In the endothelial ining of the hapatic sinuscids are numerous
spadalized stellate macrophages or Kupffer cells, which detect
and phagocytose effete arythrocytes.

{a) Kupffer cells (K) are seen as black calls in a liver lobule from a
rat injected with particulate India ink. (X200: H&E)

{b) In a plastic saction, Kupffar cells (K) are seen in the sinusoid (5)
betwaan two groups of hepatocytes (H). They are larger than the

flattenad endothelial calls (E). Between the endothelium and the
hepatocytes is a very thin space called the perisinusoidal space
(PS) of Disse, in which are locatad small hepatic stellate calls (HS),
or Ito cells, which maintain the very sparse ECM of this compart-
ment and also store vitamin A in small lipid droplets. These cells
are numerous but are difficult to demonstrate in routine histologic
preparations. (X750 PT)



DIGESTIVE SYSTEM
LIVER

BLOOD SUPPLY AND DRAINAGE OF THE LIVER

* Blood supply is from two sources:
* Hepatic portal vein
e Supplies about 75 % of the blood
e Carries blood drained directly from the gastrointestinal tract,
which, therefore, is deoxygenated and high in absorbed
nutrients.
* Hepatic artery. 35 % of the blood. Supplies oxygenated blood

 Branches from both vascular sources continue into smaller branches
located in the portal triad. Portal triad branches supply the hepatic

sinusoids that drain into a central vein. Multiple central veins anastomose

to eventually form the three hepatic veins that empty into the inferior
vena cava.

IN hepatic artery, portal vein
OUT hepatic vein, bile ducts

portal wein
Kupffarcell  pile duct hepatic

T
portal triad

FIGURE 128.6 A Diagram of the flow of blood and bile in the
liwer. This schematic diagram of a part of a classic lobule shows the com-
ponents of the portal trizds, hepatic sinuses, terminal hepatic wenule
{central wein), and associated plates of hepatocytes. Arows indicate
the direction of the blood flow in the sinusoids. Note that the direction of
bile flow (green grrows) is opposite that of the blood flow.



LIVER

FLOW OF BILE FROM LIVER

Bile is produced by hepatocytes in the
liver and released into bile canaliculi
located between two adjacent
hepatocytes.

Bile canaliculi form a meshwork
configuration that continues into bile
ducts lying in portal canals. These bile
ducts anastomose to form the left
and right hepatic duct.

The hepatic ducts exit from the liver
and fuse to form the common bile
duct.

The bile it contains can either:

e Travel directly to the duodenum

* Be transported via the cystic
duct to the gall bladder where it
is stored until needed

DIGESTIVE SYSTEM

Bile canaliculi

Bile canals
of Hering

Cholangiccytes

Hepatocytas

Mear the pariphery of each hepatic lobule, many bile canaliculi
join with the much larger bile canals of Hering, which ara lined
by cuboidal epithelial calls called cholangiocytes. These canals
5000 join the bile ductules in the portal areas and drain into
the biliary tree.

Left and right
hepatic ducts

Cystic duct

Gallbladder

Main pancreatic
duct
Hepatopancreatic
ampulla

Major duodenal
papilla

Duodenum
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FIGURE 18.13 A Photomicrograph of bile canaliculi. This
high-magnification photomicrograph shows several one-call-thick plates
of hepatocytes separated by hepatic sinusoids. The plane of section in
certain areas is parallel to the bile canaliculi. In this plane, the canaliculi
reveal their arrangement on four sides of the hepatocytes [armows).
Arrowheads indicate those bile canaliculi that appear only in cross-
sectional profile. =1 240,



FIGURE 16-18 Concepts of structure-function relationships in liver.

(a) Classic Hepatic Lobule (b) Portal Lobula {c) Hapatic Acinus
Drainz blood from tha portal Drains bila from Supplies oxygenatad
vein and the hepatic artery to hapatocytes to the blood o hepatocytes
the hapatic or the central vein bile duct
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Studies of lwver microanatomy, physiclegy, and pathology have
given rise to three related ways to view the liver's organization,
which emphasize diffarent aspects of hepatocyta activity.

{a) The classic lobule concept offers a basic undarstanding of the
structure-function relationship in liver organization and empha-
sizes the endocrine function of hepatocytes as blood flows past
them toward the central vein.

{b) The portal lobule emphasizes the hepatocytes' axocrine
function and the flow of bile from regions of three classic lobules
toward the bile duct in the portal triad at the center here. The area
drained by each bile duct is roughly triangular.

{c}) Tha hepatic acinus concept emphasizes the different oxygen
and nutrient contents of blood at different distances along the

sinusoids, with blood from each portal area supplying calls in
twio or more classic lobules. Major activity of each hapatocyte is
daterminad by its location along the oxygen/nutrisnt gradient:
periportal cells of zone | get the most oxygen and nutrients and
show metabolic activity generally differant from the pericentral
hepatocytes of zone Ill, exposed to the lowest oxygen and mutri-
ant concantrations. Many pathologic changes in the liver are best
understood from the point of view of liver acini.

{Used with permission from Boron WF, Bowlpoep EL. Medical
Physiology: A Celiular and Molecular Approach. Philadelphia, PA:
Saunders Elsevier, 2005.)



DIGESTIVE SYSTEM
GALL BLADDER

Columnar
e Stores and concentrates bile produced in the liver by epithelium

reabsorbing water

e Connects, via the cystic duct, with the hepatic duct from the
liver to form the common bile duct that empties into the
duodenum

* Mucosa
Composed of:

e Simple columnar epithelium with short microvilli.
Accumulations of mitochondria and glycoprotein-
filled secretory vesicles, particularly in the apices of
the cells, are prominent.

* Lamina propria

* Muscularis mucosae is not present.

Is thrown into complex, irregular folds that are particularly Smooth
. . muscle
evident when the gall bladder is empty. {oyor
* Submucosa
* Smooth muscle is arranged in an irregular network
surrounding the gall bladder. S

* A serosa covers most of the gall bladder; an adventitia
surrounds the portion that is attached to the liver.



