DIGESTIVE SYSTEM (PART 2)
ALIMENTARY CANAL



Functions - digestion of food
- absorption of nutrients and water

Alimentary - elimination of indigestible
Canal elements of food
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Submucosa - connective
tissue (has no glands
except in the esophagus
and duodenum !!!)

Gland in mucosa

Duct of gland
outside tract
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Esophagus - conveys the masticated food (bolus)
from oral cavity to the stomach
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Submucosa — main
esophageal glands -
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The muscularis externa L

of the esophagus Stiated

- the upper third of the
esophagus - skeletal
muscle (swallowing)

- the middle third - both
skeletal and smooth
muscle,

esophagus

- the lowest third - only
smooth muscle (inner
circular and outer
longitudinal)

Smooth



A\ columnar
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Gastro-esophageal junction
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nonkeratinized stratified o\
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Stomach -
the wall

Mucosa —
iInvaginations
of epithelium-
gastric pits.
Lamina
propria -
gastric
glands.

Submucosa

Muscularis

externa -
3 layers !
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Stomach (fundus and body) - mucosa - gastric
glands - simple columnar epithelium - six cell types:

k

1. surface lining cells,

Surface lining cell

2. stem cells,
Regenerative cell 3. mucous neCk CeIIS,

4. parietal (oxyntic) cells,
5. chief (zymogenic)
cells,

6. Enteroendocrine

cells (diffuse

neuroendocrine system
- DNES) cells
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Pit

Gland

™. Surface
g} mucous cells

. fibroblasts
capillary

"-precursor cells

1mucous neck cells

parietal cell

enteroendocrine
(APUD) cells

chief cell



Pit

Gland
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Y & 1mucous neck cells

: H% hydrochloric acid
g\. fibroblasts _and_ga_St"C
Capiliary intrinsic factor

_}"’"“C“'“' Sl 5. Chief (zymogenic)
cells - enzymes:
pepsinogen and
parietal cel gastric lipase.

6. Enteroendocrine cells
— hormones
enteroendocrine ( se roto n | n,

(APUD) cells )
gastrin,

chief cell histamine)
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Parietal (oxyntic) cells
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Parietal (oxyntic) cell - hydrochloric acid production

CI-

e in canaliculi

- H*, K*-ATPase — H"*

pumped out of the cell,

K*In.

- bicarbonate ions
exchanged for a

- chloride ions.

COHOChi, HH/CO e - CI ions transported

out of the cell -
formation of HCI.




hydrochloric acid - function

a barrier against microorganisms
digestion of food - low pH denatures proteins -

susceptible to degradation by pepsin.
low pH activates pepsinogen into the active enzyme
pepsin (breaks down proteins into peptides).

Acid e Pepsin

(Hydrochloric acid) (Enzyme)

Muscular contractions
(Peristalsis)
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Chemical Mechanical
Digestion of Digestion
proteins

Gastric juices >




Parietal cell - hydrochloric acid production - DNES cells

- stimulated by gastrin (G cells), histamine (ELS cells)
- Inhibited by gastric inhibitory peptide (K cells) and
somatostatin (D cells)
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Parietal (oxyntic) cells S
gastric intrinsic Poane &
factor (vitamin B, ES>
absorption in the Intrinsic factor
ileum)
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Chief (zymogenic) cells
- pepsinogen (proenzyme) — HCI converts pepsinogen

to active pepsin - breaks down proteins into peptides
- gastric lipase — lipid digestion
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Small intestine - ol
= = . Duodenum % — \ IS
- duodenum, jejunum, ileum \) 1Y

Jejunum

- digestion of food and
absorption of nutrients

Ileum

Intestinal villi

- Mucosa - villi
Mucosa . L% - Submucosa

| - Muscularis externa
- Serosa/adventitia

Submucosa | ===

Muscularis {




Lamina propria - highly vascularized loose connective
tissue - forms finger-like protrusions — villi (increase the
surface area by factor 10).

- invaginations of the epithelium into lamina propria

form intestinal glands — crypts of Lieberkuhn
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Villus -
- loose connective tissue with
smooth muscle cells of ymphatic & | SR
muscularis mucosae, (facteal) -2
- lymphoid cells,
- capillary blood and lymphatic

(lacteal) vessels

Lymphocyte nuclei
epithelium %3

Nuclei of simple columnar epithelium

Lumen

/ .\Cv‘:\;.{‘.,_ $

cytoplasm —
of epithelium

- Goblet cell ©
R L :

Brush border
(microvilli)

Smooth muscle cell in the
loose connective tissue of
the lamina propria




Villi

Simple columnar epithelium == - f
- surface absorptive cells, goblet ceIIs DNES cells.
- surface absorptive cells - microvilli (brush border) -
Increase the surface area by a factor 20.
.

goblet cell

absorptive cell (enterocyte)




simple columnar epithelium: surface absorptive
cells, goblet cells, DNES cells.

crypts of Lieberkuhn: surface absorptive cells, goblet

cells, regenerative cells, DNES and Paneth cells

Villus —

e 2

Crypt of Lieberkiihn

Paneth cell



Surface absorptive cells with
microvilli - terminal digestion and
absorption of water and nutrients.
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OLLOLER

Goblet cells — mucinogen -
hydrated form — mucin - a
component of mucus (protective
layer).

OUSRRN

o) [C

o
(s )
~
o
g
iy
1o
on
\.:
o
o
T
L~
A
(-
O
=
v
\"

Paneth cells — in the bottom of the
crypts - lysozyme, defensin —
protection
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Regenerative cells — stem cells

e DNES cells — polypeptide hormones



Absorption - amino acids, ions, monosaccharides,
glycerol and short-chain fatty acids - enter surface

absorptive cells, are released into lamina propria and
enter the capillary bed of the villi.
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Duodenum - ) VIR

Brunner’s glands

- in submucosa !

- branched, L Bt
tubuloalveolar glands, e=aaR S
ducts are opened at /.. sgland
the base of crypts of N
Lieberkuhn.

Secrete:
- an alkaline fluid - neutralization of the acidic chyme

from stomach
- hormone — urogastrone (inhibits hydrochloric acid

production by parietal cells of the stomach




- The ileum - absorption of vitamin B12, bile salts and
products of digestion that were not absorbed by the
jejunum

Duodenum

Jejunum

lleum - Peyer's patches - unencapsulated lymphoid
nodules (differentiate the ileum from the duodenum and
jejunum).
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The wall of ileum
Mucosa (Peyer’s patches in the lamina propria)

Submucosa
Mascularis externa

Se rosa muscularis extermna

Pever's p.'n,chcx'---‘!: NEERE
y

lymphoid
nodules in

submucosa-->

submucosa -
Strong Immune intestinal Qlun.qs‘-.'.-? NRATN |
response ST




Peyer's patches - immune

response within the mucosa - B

and T cells, macrophages, and

dendritic cells

- the part of Mucosa Associated
Lymphoid Tissue (MALT) -
lymphoid nodules in the mucosa
of the respiratory, digestive, and
urinary systems.
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GALT/BALT/NALT
(gut/bronchus/nasal-
associated lymphoid tissue)



T lymphocytes - between follicles
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Lumen

Antigen Intraepithelial
Mucosal * lymphocyte sg\
epithelium \/ M cell

Lamina

proTnia<

Effector site | Organized
lymphoid
follicle

- M (Microfold) cells transport antigens (endocytosis) to
APC (presentation) — activation of T cells
- B cells differentiate into plasma cells and produce IgA.

-



Small intestine - differences

- the number of goblet cells

Increases down the
gastrointestinal tract

- number and size of villi decrease
down the gastrointestinal tract

gohlet cells

connectivetissue
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Differences in the morphology of
various parts of the small intestine

Duodenum
- Brunner’s glands in submucosa

Jejunum H&E

Jejunum
- neither
Brunner’s glands|
nor Peyer’s
patches N re

- muscularis externa

B

lleum
- the lamina propria - permanent
clusters of lymphoid nodules —
Peyer’s patches.




Large intestine - lack of villi

- absorption of water and ions from
chyme 4\

- compaction of chyme into feces for
elimination.

Transverse

Cecum (with appendix)
Colon: ascending
transverse - |
] sgsro n|ng . Descending
descending |
sigmoid
Rectum




Large intestine

Colon H&E
lamina propria

crypt of
Lieberkiihn

has no villi
crypts of Lieberkuhn -
absence of Paneth cells!

goblet cells - the number of
goblet cells increases from the
cecum to the sigmoid colon
surface absorptive cells
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Next class - Digestive system
part 3 (6LANDS)



(A
Esophagus -\E5

Stomach - the most
dilated region of the
alimentary canal

- Cardia
- Fundus
- Body

- Pylorus

Function
- storage, digestion, mechanical breakdown of food and
production of chyme (partly digested food)




Pyloric

sphincter

(8
Isthmus < ;1

Neck <

A // T~ Muscularis mucosae

™ Submucosa

Cardiac glands (cardia) -
surface-lining cells (visible
mucus), mucous heck cells

(soluble mucus), stem cells,
DNES cells

Pyloric glands (pylorus) —
similar to cardiac glands.

i Cardiac glands and pyloric
' glands do not have parietal

(oxyntic) and chief
(zymogenic) cells

Fundus and body - Gastric
glands




Interstitial cells of Cajal - between smooth muscle cells

of muscularis externa - modified smooth muscle cells

- undergo rhythmic contractions (pacemaker cells for
the contraction of muscularis externa)

nterstitial cells of Cajal mediate enteric neurotransmission

Interstitial
| cells of Cajal
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