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A low-magnification micrograph of
the stomach wall at the fundus
shows the relative thickness of
the four major layers: the mucosa
(M), the submu-cosa (SM), the
muscularis externa (ME), and the
serosa (S). Two rugae (folds) cut
transversely and consisting of
mucosa and submucosa are
included. The mucosa is packed
with branched tubular glands
penetrating the full thickness of
the lamina propria so that this
sublayer cannot be distinguished
at this magnification. The
muscularis mucosae (arrows),
Immediately beneath the basal
ends of the gastric glands, is
shown. The submucosa is largely
loose connective tissue, with
blood vessels (V) and lymphatics.
X12. H&E.
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(a) Stomach regions, anterior view

(&) The major stomach regions are the cardia, fundus, body, and pylorus, all with longitudinal
gastric folds, or rugae. The muscularis has three layers. (b) At the esophagogastric junction,
stratified squamous epithelium (SSE) lining 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. H&E.

Changing abruptly at the esophagogastric junction, the mucosal
surface of the stomach is a
that invaginates deeply into the lamina propria.
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(a) SEM of the stomach lining
cleared of its mucous layer
reveals closely placed gastric
pits (P) surrounded by
polygonal apical ends of
surface mucous cells. X600.

The invaginations
form millions of
gastric pits, each
with an opening to
the stomach lumen.




A section of the stomach lining shows that surface mucous cells are part of a
simple columnar epithelium continuous with the lining of the pits (P). X200. H&E.

The surface mucous cells that line the lumen and gastric pits secrete
a thick, adherent, and highly viscous mucous layer thatis rich in
bicarbonate ions and protects the mucosa from both abrasive

effects of intraluminal food and the corrosive effects of stomach acid.
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The gastric pits lead to long, branched, tubular glands
that extend through the full thickness of the lamina propria.
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(b) In the neck of a gastric gland, below the surface mucous cells (SM) lining the
gastric pit, are small mucous neck cells (MN), scattered individually or clustered
among parietal cells (P) and stem cells that give rise to all epithelial cells of the glands.

- Stem cells for the epithelium that lines the glands, pits,
and stomach lumen are found in a narrow segment
(isthmus) between each gastric pit and the gastric glands.
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* The pluripotent divide asymmetrically,
producing progenitor cells for all the other epithelial cells.
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which have a
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Other progenitor
cells migrate more
deeply and
differentiate into
the secretory cells
of the glands that
turn over much more
slowly than the
surface mucous
cells.
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 The vascularized lamina propria that surrounds and
supports the gastric pits and glands contains smooth
muscle fibers, lymphoid cells, capillaries, and lymphatics.

« Separating the mucosa from the underlying submucosa is
a layer of smooth muscle, the muscularis mucosae. 1=
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* Inthe fundus and body the gastric glands themselves
fill most of the mucosa, with several such glands formed
by branching at the isthmus or neck of each gastric pit.
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Mucous neck cells

Mucous neck cells are present in clusters or as single cells among the
other cells in the necks of gastric glands and include many progenitor
and immature surface mucous cells.

Less columnar than the surface mucous cells lining the gastric pits.
They have round nuclei and apical secretory granules

Their mucus secretion is less alkaline than that of the surface epithelial

mucous cells.
16
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Parietal (oxyntic) cells

and are present
among the mucous neck
cells and throughout
deeper parts of the gland.

They are large cells,
usually appearing rounded
or pyramidal, each with one
(sometimes two) central
round nucleus.

The cytoplasm is intensely
eosinophilic due to the high
density of mitochondria.

It also secretes Intrinsic
factor combines with
vitamin B12 to form a
complex necessary for
erythrocytes formation

17
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Secrete pepsinogen which
IS converted into pepsin in
an acid environment.

—>pepsin is an enzyme that
breaks down proteins into
small peptides.

Chief cells also produce
gastric lipase, which
digests many lipids
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TEM of a transversely sectio-
ned gastric gland shows the
ultrastructure of three major
cell types. Parietal cells (P)
contain abundant mitochondria
and intracellular canaliculi (IC).
Also shown are chief cells (C),
which have extensive rough

ER and apical secretory granu-
les near the lumen (L). An ente-
roendocrine cell (E) shows
dense basal secretory granules
and is a closed type enteroen-
docrine cell; that is, it has no
contact with the gland’s lumen
and secretes product in an
endocrine/paracrine

manner. X1200.

Enteroendocrine cells are scattered epithelial cells in the
gastric mucosa with endocrine or paracrine functions.

In the fundus small enteroendocrine cells secreting
serotonin (5-hydroxytryptamine) are found at the basal
lamina of the gastric glands.

£



Conditioned reflexes
taste
smell
chewing
swallowing
hypoglycemia

Gastrin immunostain

Parietal

In the pylorus other
enteroendocrine cells are
located in contact with the
glandular lumens, producing
the peptide gastrin.
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* |Inthe cardia and pylorus
regions of the stomach, the
mucosa also contains tubular
glands, with long pits, branching
Into coiled secretory portions,
called cardial glands and
pyloric glands.

 These glands lack both parietal
and chief cells, primarily
secreting abundant mucus.
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The pyloric region of the stomach has deep
gastric pits (P) leading to short, coiled pyloric
glands (G) in the lamina propria (LP). Cardial
glands are rather similar histologically and
functionally. Cells of these glands secrete
mucus and lysozyme primarily, with a few
enteroendocrine G cells also present. The
glands and pits are surrounded by cells of the
lamina propria connective tissue containing
capillaries, lymphatics and MALT. Immediately
beneath the glands is the smooth muscle layer
of the muscularis mucosae. X140. H&E.
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* |n all stomach regions the submucosa is composed of
connective tissue with large blood and lymph vessels and
many lymphoid cells, macrophages, and mast cells.
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The muscularis has three poorly
defined layers of smooth muscle:

v"an outer longitudinal layer,
v" a middle circular layer, and
v an innermost oblique layer.

24



phagqus

Muoing
wave
p'y.flrn'.

The more {lu sphincler

1S pushed toward the pyl

sphincter (blue amrows), whereas

the more solid center of the chyme

squeezes past the penstaitic

consinction back toward the bogy

of the stomach (orange arrow)

Penstaiuc waves (purple
arows) move In the same
direction and in the same way as

the mbang waves but are stronger

. Again, the more fluid part of the
chyme is pushed toward the
pylonc region (Diue arrows)
whereas the more sohd centor of
the chyme squeezes past the
pernstalic consinction back
toward the body of the stomach

LOrange arow)

Penstaihe contractions orce a
few milkiters of the mostly fluid
chyme through the pyl

nto the duodenum (smal red arrows)
Most of the chyme, including the mo
sold portion, is forced back toward
the body of the stomach for further

mxing (yenrow arrow)

More fiud

ch yme

Chyme

Body of
stomach

More so

chyme

thoroughly mix
Ingested food and

chyme with

mucus, HCI, and
digestive enzymes
from the gastric
mucosa.




Esophagus -

Fundus

Gastroesophageal -__
opening

Ny Body of stomach
Lower esophageal \
sphincter

w Serosa
Pyloric

sphincter Longitudinal muscle |
layer

; o N\ ] Circular muscle layer [~ Muscularis
Duodenal —____ 4 i 10558 - » L\
bulb Foll

Oblique muscle layer

————Submucosa

Duodenum

« At the pylorus the IS greatly
thickened to form the pyloric sphincter.



http://www.google.bg/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCObsgqWA1scCFUNYLAodZeEFuQ&url=http%3A%2F%2Fwww.knowyourbody.net%2Fpylorus.html&ei=QLDlVebMEMOwsQHlwpfICw&psig=AFQjCNFahFZeRT9MA_HKhqSfawQT7h0kpw&ust=1441202582802661

The stomach is covered by a
thin serosa (consists of loose
connective tissue covered by
mesothelium)

A low-magnification micrograph of the
stomach wall at the fundus shows the relative
thickness of the four major layers: the
mucosa (M), the submucosa (SM), the
muscularis externa (ME), and the serosa (S).
Two rugae (folds) cut transversely and
consisting of mucosa and submucosa are
included. The mucosa s packed with
branched tubular glands penetrating the full
thickness of the lamina propria so that this
sublayer cannot be distinguished at this
magnification. The muscularis mucosae
(arrows), immediately beneath the basal ends
of the gastric glands, is shown. The
submucosais largely loose connective tissue,
with blood vessels (V) and lymphatics. X12.
H&E.



Small Intestine



Mucosa



Viewed macroscopically,
the lining of the small
. Intestine shows a series of
. permanent circular or
- ‘ semilunar
Submucosa | a2 consisting of
e AN MucoSa andsubmucoesa:
2:::5“9““‘““3' gl which are best developed
In the jejunum.

Layers

Inner circular layer :
‘ o Muscularis
Serosa = Outer longitudinal layer

Section of small intestine




~ -y

v

-
.-:.h---"-n

e STl
. ., \
.‘ N F »-.-A\t(v.p
- /s h—-

l:y-.'

¥

st e o0

l'f \\()V‘}, \‘\\/A’\“\h‘\\;\ !\\r"\\

- . .
AL
(ol 3

(

B N el PR
P TN A e
--',V'\v.o" o

et

_.’7?3 I v._s*(@mcw A

Densely covering the entire mucosa of the small
intestine are short (0.5- to 1.5-mm) mucosal
outgrowths called villi that project into the lumen.
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These finger- or leaflike projections are covered by a
of absorptive cells called

enterocytes, with many interspersed goblet cells.
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Between the villi
are the openings of
short tubular
glands called
Intestinal glands
or crypts (or
crypts of

Lieberkuhn)

The epithelium of
each villus is
continuous with
that of the
Intervening glands.




(a) Between villi (V) throughout the
small intestine, the covering
epithelium invaginates into the
lamina propria (LP) to form short
tubular glands called intestinal
glands or intestinal crypts (IC). The
lining near the openings of the
crypts contains a population of
stem cells for the entire epithelial
lining of the small intestine.
Daughter cells slowly move with the
growing epithelium out of the
crypts, differentiating as goblet
cells, enterocytes, and
enteroendocrine cells. These cells
continue to move up each villus and
within a week are shed at the tip,
with billions shed throughout the
small intestine each day. At the
base of the crypts are many Paneth

- cells (P) with an innate immune

B O g function. The submucosa (S) has
R~ - many lymphatics draining lacteals.
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The epithelium of the intestinal glands includes differentiating cells
and pluripotent stem cells for all the cell types of the small intestine.



* These Include the following:

1. Enterocytes

2. Goblet cells

3. Paneth cells

4. Enteroendocrine cells
5. M (microfold) cells
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- Enterocytes, the absorptive cells,
are tall columnar cells, each with
an oval nucleus located basally.

« The apical end of each enterocyte
displays a prominent ordered
region called the striated (or
brush) border.

(@) 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.
Covered by a coating of glycoproteins, the brush
border, along with the mucus-secreting goblet cells
(G), stains with carbohydrate staining methods.
Other cells of the epithelium are scattered
enteroendocrine cells, which are difficult to identify
in routine preparations, and various immune cells
such as intraepithelial lymphocytes. The small
spherical nuclei of lymphocytes can be seen
between the enterocytes. X250. PAS-hematoxylin.
(b) At higher magnification individual microvilli of
enterocytes are better seen and the striated
appearance of the border is apparent. X500.
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(d) Villi are covered with a simple columnar
epithelium composed of absorptive entero-
cytes and goblet cells. X70. H&E. (e) At the
apical cell membrane of each enterocyte are
located dense microvilli, which serve to

increase greatly the absorptive surface of
the cell. X18,000. TEM.
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(d) Intestinal villi

Ultrastructurally the striated border is seen to be a layer

of densely packed microvilli covered by glycocalyx
through which nutrients are taken into the cells.




Each microvillus is a
cylindrical protrusion of
the apical cytoplasm
approximately 1 um tall
and 0.1 ym in diameter
containing actin
filaments and enclosed
by the cell membrane.
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Each enterocyte has
an average of 3000
microvilli

each 1 mm? of
mucosal surface
contains about 200
million of these
structures.

(c) TEM shows microvilli and
densely packed mitochondria
of enterocytes (E), and
enteroendocrine cells (EC)
with basal secretory granules
can be distinguished along the
basal lamina. X2500.




« Microvilli, villi, and the plicae
circulares all

In contact with
nutrients in the lumen,
which is an important
feature in an organ
specialized for nutrient
absorption.

* |tis estimated that:

» plicae increase the intestinal
surface area 3-fold,

»> the villi iIncrease it 10-fold,
and

» the microvilli increase it
another 20-fold,

, resulting in a total
S\W i el ko absorptive area of over 200
m?2 in the small intestine.
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« Goblet cells are interspersed
among the absorptive
enterocytes.

« They secrete glycoprotein
mucins that are then hydrated to
form mucus, whose main function
IS to protect and lubricate the
lining of the intestine.

(@) 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.
Covered by a coating of glycoproteins, the brush
border, along with the mucus-secreting goblet cells
(G), stains with carbohydrate staining methods.
Other cells of the epithelium are scattered
enteroendocrine cells, which are difficult to identify
in routine preparations, and various immune cells
such as intraepithelial lymphocytes. The small
spherical nuclei of lymphocytes can be seen
between the enterocytes. X250. PAS-hematoxylin.
(b) At higher magnification individual microvilli of
enterocytes are better seen and the striated
appearance of the border is apparent. X500.
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At the base of the crypts are many Paneith cells
(P) with an innate immune function. The sub-
o . mucosa (S) has many lymphatics draining
o Weesd  T.@) = lacteals. X200. H&E.
S N (b) Higher magnification at the base of an

T SR . ; : : T
T intestinal gland shows the typical 2osinophilic
o o i o yranules of Paneth cells (P), along with an

& s =g - g oOpen-type enteroendocrine cell (EC) and a
e ————T I R N SRR p S

differentiating goblet cell (G). X400. H&E.

Paneth cells, located in the basal portion of the intestinal
crypts below the stem cells, are exocrine cells with large,
eosinophilic secretory granules in their apical cytoplasm.




Paneth cells have an important role in innate immunity and in
regulating the micro-environment of the intestinal crypts.
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TABLE 15-1

Major Action

Cell Type Major Location Hormone Produced Promotes Inhibits
D cells Pylorus, duodenum, Somatostatin Secretion from other DNES
and pancreatic islets cells nearby

EC cells Stomach, small and Serotonin and substance P Increased gut motility
large intestines

G cells Pylorus Gastrin Gastric acid secretion

| cells Small intestine Cholecystokinin (CCK) Pancreatic enzyme Gastric acid secretion
secretion, gallbladder
contraction

K cells Duodenum and Gastric inhibitory Gastric acid secretion
jejunum polypeptide (GIP)

L cells lleum and colon Glucagon-like peptide Insulin secretion Gastric acid secretion
(GLP-1) Sense of hunger

L cells lleum and colon Peptide YY H,0 and electrolyte Gastric acid secretion
absorption in large intestine

Mo cells Small intestine Motilin Increased gut motility
N cells lleum Neurotensin Gastric acid secretion

S cells Small intestine Secretin Pancreatic and biliary Gastric acid secretion
bicarbonate and water Stomach emptying
secretion

are present in varying numbers throughout the
length of the small intestine, secreting various peptide hormones.




M (microfold) cells are
specialized epithelial
cells in the mucosa of
the ileum overlying the
lymphoid follicles of
Peyer patches.

These cells are

characterized by the
presence of basal
membrane

o AP . Invaginations or
syl itrs of o s eale ith ot il ol o i o Tt pockets containing
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Other Layers



=  (lymphatic

= capillary) Intestinal
glands

Lymphoid

nodule

(1134 PRRAR) FTRARRRER

[ Lamina propria J

Muscularis mucosae —

Submucosa

Submucosal plexus
Muscular layer (inner)

: : e o e e, e e e Myenteric plexus
Muscular layer (outer) I A S TSI T L b S AS AL TS '

Along the entire small intestine loose connective tissue of the

mucosal lamina propria contains extensive blood and lymph

microvasculature, nerve fibers, smooth muscle cells, and
diffuse lymphoid tissue.

The lamina propria penetrates the core of each intestinal villus,
bringing with it microvasculature, lymphatics, and nerves.




[T

[T

{ = - S
Y\ ‘ = - =
& Lacteal = = /> Smooth
£ (lymphatic = : = = || muscle
= capillary) = Intestinal =
- = - glands =

Lymphoid
nodule

AL

Lamina propria

Muscularis mucosae ——

Submucosal plexus
Submucosa P

Muscular layer (inner) e e e e e Myenteric plexus

Muscular layer (outer)

- Smooth muscle fibers extending from the muscularis mucosae
produce rhythmic movements of the villi

muscularis mucosae also produce local movements of
that help propel lymph from the lacteals into submucosal

and mesenteric lymphatics. =
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e The submucosa has:
v" larger blood and lymph vessels and

v" the diffuse, interconnected neurons of the submucosal (Meissner)
nerve plexus.
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The proximal part of the
duodenum has in the
submucosa and mucosa large
clusters of branched tubular
mucous glands, the duodenal
(or Brunner) glands (DG),
with small excretory ducts
opening among the intestinal
crypts.

Concentrated in the upper duodenum are
large masses of compound branched mucous
glands, the duodenal glands (DG), with many
lobules that occupy much of the submucosa
and may extend above the muscularis
mucosae (MM) into the mucosa. Many small
excretory ducts (D) extend from these lobules
through the lamina propria and empty into the
lumen among the small intestinal crypts.
Alkaline mucus from duodenal glands
neutralizes the pH of material entering the
duodenum and supplements the mucus from
goblet cells in lubricating and protecting the
lining of the small intestine. X100. H&E.



* In the ileum both the lamina propria and submucosa contain
well-developed mucosa-associated lymphoid tissue
(MALT), consisting of the large lymphoid nodule aggregates
known as Peyer patches underlying the epithelial M cells.
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(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. H&E.

« The muscularis is well developed in the small intestine, composed of:
v an internal circular layer
v an external longitudinal layer

v between them the neurons of the myenteric (Auerbach) nerve plexus
(MP) which produce peristalsis.
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Mucosa
Submucosa

Muscularis
Inner circular layer -
Outer longitudinal layer

[Serosa—

 The small intestine is covered by a thin serosa with mesothelium
continuous with that of mesenteries.




Large Intestine
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The mucosa of the large bowel is penetrated throughout its length by
tubular intestinal glands.
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(a) Large intestine tunics (b) Large intestine mucosa and submucosa

The intestinal glands and the intestinal lumen are lined by:

v goblet
v

v with a small number of enteroendocrine cells.
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The columnar
absorptive cells or
colonocytes have:

v"irregular microvilli

v" dilated intercellular
spaces indicating active
fluid absorption.

(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 epithelial cells.
X2500. 59



(c) Longitudinal section of one intestinal gland stained for

glycoproteins shows mucus in the lumen and two major cell
types in the epithelium: goblet cells (G) and the neighboring
columnar cells specialized for water absorption. X400. PAS.

Goblet cells producing lubricating mucus become more

numerous along the length of the colon and in the rectum.

220,
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mucosae

Large intestine mucosa and submucosa

are located in
the bottom third of each gland.




The appendix has
little or no
absorptive function
but is a significant
component of
mucosa-associated
lymphoid tissue

(MALT).

A blind evagination off the
cecum, the appendix is a
significant part of the MALT
with its lamina propria and
submucosa filled with
lymphocytes and lymphoid
follicles (L). The small lumen
contains a sample of the
microbial flora of the intestine,
along with undigested material.
X20. H&E.
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The muscularis of the colon has longitudinal and circular

layers but differs from that of the small intestine,

with fibers of the outer layer gathered in three separate
longitudinal bands called teniae coli.
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* Intraperitoneal portions of the colon are covered
by serosa, which is characterized by small,
pendulous protuberances of adipose tissue.




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

The distal end of the Gl tract is the anal canal, 3-4 cm long.

At the rectoanal junction the simple columnar mucosal lining of
the rectum is replaced by stratified squamous epithelium.
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Rectal valve

|_evator ani
muscle
Anal canal

\Veins

Internal
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External
anal sphincter

Anal columns | Anal sinuses

 The mucosa and submucosa of the anal canal form several
longitudinal folds, the anal columns, in which the lamina propria
and submucosa include sinuses of the rectal venous plexus.



Rectal valve
Near the anus

L evator ani the circular layer

muscle of the rectum’s

Anal canal muscularis
forms the
Internal anal
sphincter.

Anal columns Anal sinuses

Defecation involves the action of voluntary muscle comprising the
external anal sphincter. oo



Good Luck



