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Submucosa—Connective tissue that binds

mucosa to muscularis:

* Neuronal networks from enteric nervous
system (ENS) and autonomic nervous
system (ANS) control secretions into the
Gl tract.

* Blood and lymphatic vessels absorb food
molecules.

* Glands in submucosa secrete substances
into Gl tract.

Duct from gland
outside Gl tract

Mucosa—Inner lining of digestive tract:

* Epithelium absorbs substances.

* Lamina propria is connective tissue.

* Muscularis mucosae is a thin layer
of smooth muscle that creates folds in
the mucosa, which increases
absorptive surface area.

* Lymphatic nodules protect against
pathogens.

Muscularis—Thick layer of muscle
(mostly smooth muscle but part skeletal
in esophagus and anal sphincter
muscles) that break down food, mix it,
and move it through the Gl tract:

Serosa—OQutermost layer, which
consists of the following:
* Connective tissue

* Inner sheet of circular muscle.  Epithelium
» Quter layer of longitudinal muscle. The serosa secretes a watery fluid
* ENS neurons control frequency and that lubricates the Gl tract, allowing it

strength of muscle contractions. to slide against other organs.

Mesentery



Parotid duct
Parotid gland

Sublingual
gland

Submandibular
gland
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Mucous acinus
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‘%—Muoous celis

Serous cells




— A. Saliva secretion
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B. Electrolytes in saliva
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— C. (1) Mechanism and (2) control of saliva secretion in acinar cells

Parotid gland I
: - Salivary 'ce@
Sublingual gland '
Submandibular Sympathetic and
gland parasympathetic

activation




Parasympathetic Kallikrein
innervation (enzyme)

Kininogen i>Lysyl-bradykinin

Increased b e
capillary permeability ~ Vasodilation

rd

Vascular supply

Sp ecnfnc
vasodllator ﬂbers

Secretory duct
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Esophagus Fundus

Serosa

\f_ Muscularis:
Longitudinal
layer
Circular
layer
Oblique
layer

Body
Pyloric
sphincter Pylorus

Rugae

Duodenum (first portion
of the small intestine)

Anterior view of the stomach



Lumen of stomach

Gastric pits

Simple
columnar
epithelium

Lamina
propria
Gastric gland
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Lymphatic nodule - Submucosa
Muscularis mucosae

Lymphatic vessel

Venule - Muscularis
Arteriole

Oblique layer of muscle

Circular layer of muscle Serosa

Longitudinal =
layer of muscle =

Three-dimensional view of layers of the stomach



Gastric Glands

Fundus, corpus and antrum are anatomic divisions of the stomach.
Oxyntic and pyloric glandular regions are functional secretory Areas.

Pyloric Gland Oxyntic Gland
RRESRTE Foveolus [=%5 :
Surface
R Mucous Cell
Neck Parietal Cell
¥ C" A Mucous
G Cell v \ Slinale Neck Cell
(Gastrin) (057 fewin A_ Factor - MastCell
. D Cell
D Cell .
Somatostat
(Somatostatin) Antrum Base (Som atin)
Chief Cell
(Pepsinogen)
Mast Cell :
(i.e., Enterochromaffin Cell) Mast Cell

(i.e., Enterochromaffin Cell)



Gastric pit —

Gastric gland —

surface epithelium
® Thick, alkaline mucus.

Mucous (neck) cells
® Thin, watery mucus.

Chief cells
*Pepsinogen

G cell
® Gastrin

> gland —

itric pit —

Surface epithelium

Mucous (neck) cells

Parietal cells
Chief cells

Paracrine cells

[ Enterochromafﬁn-lilﬁ(EC L)]
* histamine



Plasma Parietal cell Lumen

CO, CO, + H,0
lCarbonic anhydrase H*
HyCOp e
HCO;~ ATP

10, ADP + Pi







Vagal
stimulation

Gastrin

Histamine

Adenylyl
cyclase

Gastric K*
hydrogen ——>
ion pump

H+



— A. HCl secretion by parietal cells

- ~— Anion exchanger
3 m
@

OH" + C <—+— co
Lumen of gland .20 £ Blood side

Na'/H" exchanger
() @) s
1 Na*
{ K* channel
K* K' -
Na™-K*-ATPase

Parietal cell
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— B. Regulation of gastric acid secretion

Vagus nerve

Mechanical

Food stimulus

< )

Gastrin

Systemic S
circulation
Pepsl 3 Antrum Vagus nerve
pH o Amino
acids,
etc. ~ PH<3

Gastrin -J L_) D cell A‘f’ CGRP
Secretin, _/

GIP




Distention of stomach Corpus
(from vagus nerve)

Preganglionic— )
TENS

Postganglionic

Histamine
Parietal < 2:: CCKe
cells — (gastrin
J H——
~ (histamine
receptor
Blood
circulation
Antrum
CCKg Digested protein,
Lumen (gastrin amino acids J
of
corpus

Somatostatin
receptor

Somatostatin

(H')
Luminal |"L1J>
acid
(H)

‘e Antrum —s.
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Right hepatic duct Left hepatic duct

Commeon hepatic duct

Cystic duct
Bile duct

Gallbladder
Pancreatic duct

Minor duodenal

papilla

Duodenum Tail of pancreas
Major duodenal Pancreatic
papilla Bile duct duct
Hepatopancreatic

sphincter

Head of pancreas

‘.v.- 'L_ .4"' ‘ \1 A

Major duadenal papilla — ‘ I
o
@\’

Intestinal lumen

d N h ' Fa l\'\.‘

Hepatopancreatic Hepatopancreatic
ampulla sphincter



Tadl of pancreas

Interlobular duct

Pancreatic

islet

Alpha cabs
(sacrete glucagan)

Beta cells
(secrete insulin)

Vein

— Lobule
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Duct lumen

CO, + H,0

R

Basolateral

i _C.A /

HCO; «
ClI'/HCO,

¥ HCOz; +H" 4

Exchanger
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e
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CFTR

> H*
NHE-1
Na*
2HCO,
NBC
Na*
+
> 3Na" gt gt
oK+ ATPase
)* K* channel
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Some of the HCO3 that enters the lumen
directly enters the cell across the basolateral

(G

Lumen of the duct

N a'® + H0 dy membrane via an Na/HCOj; cotransporter.

i

Bicarbonate secretion

Pancreatic duct cell

> ® Na* Interstitial space

4"\

p
into the lumen occurs e
via a CI-HCO;, W
exchange mechanism.
<= ®CI OH~
Cystic fibrosis — T
transmembrane
regulator (CFTR)
ATP @
receptor ~—— S
ol
Outward rectifying /

CI~ channel (ORCC)

ACh also stimulates HCOj3 secretion.
ACh activates Gq, which in turn

2 D

Additional intracellular HCOj3 is generated
by the activity of cytoplasmic carbonic
anhydrase (CA), which catalyzes the
formation of HCO3 from CO, and OH™.

The OH™ needed by the CA arises from the
splitting of H,O. This reaction is driven by
the extrusion of HT by both an Na-H
exchanger and an H* pump.

The most powerful stimulus for HCO3;
secretion is secretin, which activates
adenylyl cyclase, raises [CAMP];, stimulates
protein kinase A, and phosphorylates CFTR.

Secretin

_— M3 receptor

stimulates PLC to release DAG (which
stimulates PKC) and IP; (which

5]

The lumen-negative voltage pulls Na* into

SACh
|

releases Ca?* from internal stores).

<~——@ Na'+ iy H,0 \[

the lumen, via the tight junctions.
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1. Secratin (purple armows)
releasad from the duodenum

stimulates the pancreas 1o
release a watery secrefian rich
in HCOy ™,

2. Cholecystokinn (pink amows)
releasad from the duodenum
causes the pancreas o release
a sacretion rich in digestive
eNZYMaS.

3. Parasympathetic stimulation
from the vagus nerve (red
MTOW) CAUSAS e pancreas to

release a secretion nch in
digastive anzymes,




— C. Control of pancreatic juice secretion

> CCKD j

( (. Secrein 'f"' ?.

Pancreas ~ /agus nerve
Duodenum
— D. Trypsin: activation and effects
CCK €
Chymotrypsinogen
l, and other proenzymes
Trypsinogen

Ent.e? " i <

-




\//lP receptor

*—vVIP

Lumen
of the

acinus \ _
Secretin

/CCK

®
| ACh

@ Muscarinic
receptor

Interstitial
space

and regulatory proteins leads to
vesicle insertion and protein secretion.




Sight, taste,
smell of food
(cephalic phase)

A CEPHALIC AND
GASTRIC PHASES

Dorsal
£ motor

Food in stomach
(gastric phase)
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Enzymes ﬂ I)

( uumu

nucleus
of vagus

Peptides and |
amino acids

G cell
Antrum of stomach
(gastric phase only)

Small intestine ) | Basal ACh
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duct cells

L9804
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CCK,
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Pancreas

> Acinus
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{ Enzymes
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Protein and lipid breakdown
products stimulate a vagovagal
reflex that stimulates primarily

the acinar cells.

H* stimulates

S cells in the
duodenum to
secrete secretin,
which acts on
receptors on duct
cells, stimulating

HCOj3 secretion.

Brain Vagus
~_—nerve
.{9/-?(
0¥ — .
" 3
Fat Protein Receptor"”’”
J ACh :
- . Pancreatic
A ( 3 \ . duct cells
> receptor._' e \\
K ] : Vo e o)
< ) < — D 4-\ -
Lo H. Secretm/"/
receptor
.-—-é-E;"" CCK
receptor

Secretln

.~ CCK

Pancreas

> Acinus

A& H,0
{> Enzymes

Protein and lipid breakdown products stimulate I cells in duodenum to secrete
CCK, which acts on receptors on acinar cells, stimulating enzyme secretion.
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Falciform ligament

Left hepatic duct

Common hepatic duct

Common bile duct
»

v

Pancreatic
duct

Gallbladder

Duodenum

Common duct
to duodenum

&,

4

Anterior view

| Common bile duct I

Y
Duodenum
Key:
[ Liver
[ Gallbladder
] Pancreas



Bile duct

Branch of
hepatic portal vein

Branch of hepatic artery
Plates of hepatic cells

Central vein

Branch of
hepatic portal vein

Bile canaliculi

Bile ductule
Sinusoids

(@)

Bile duct

Branches of
hepatic artery

Hepatic sinusoids



Bile duct Bile canaliculi Bile ductule Kupffer cell Hepatic cells

Branch Branch Hepatic Central vein
of hepatic  of hepatic sinusoids (blood flow

portal vein  artery out of liver)

e
Blood flow
into liver




Hepatocytes

Bile

S canaliculi

troma
Central vein
Hepatic triad: Hepatic
Branch of sinusoid
hepatic
portal vain

Branch of :
pnmper hepatic Stroma
artery

Bile ductule




Erythrocytes
in sinusoid

Endothelial
cells

Fenestration

Sinusoid

(c)



Bile acid—-dependent flow Bile acid-independent flow
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Free bile +
salts Na
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Bile Na* *
salts CO, + H,0O
K., Conjugation Carbonic
with taurine anhydrase
or glycine
Bile salt \
Cholesterol§y HCO4

Phospholipidy
Bilirubin '

Hepatocyte

Na*
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CHOLESTEROL PRIMARY BILE ACIDS

HO HO OH

7(x -hydroxylase
Cholic acid

< C@?

Chenodeoxycholic acid

SECONDARY BILE ACIDS BILE SALTS
0
OH Bacteria C//
7a-dehydroxylase \-_ NH— CH— COO"
Conjugation
HO pKa~3.7
Deoxycholic acid Glycine
Bacteria 2 //O
7o0-dehydroxylase
ORI N1 — CH— cH— 505
Conjugation
HO pKa~1.5
Lithocholic acid Taurine



‘ 0.2 to 0.6 gid)

Storage in
galibladder

Postprandial secretion
into intestine

Biliary secretion
(3 g in pool 4-12 cycles/d)

Passive
absorption

Portal venus return to

hepatocytes
95% of biliary secretion

lleal active
transport

Colonic passive




— C. Bile flow

A s

Bile salt-

. dependent

= e e “

2 &

& Hepatocytes Bile salt-

o Bleducts . | independent
Concentration of bile salts in plasma
— D. Gallbladder — E. Micelle-mediated “dissolution”

, | Viagus nerve of cholesterol in the bile

cré@

f

C bile

\ »
“
A"’ Fats mediated

'dissolc{tion
~——\100

100 80 60 40 20 0
Bile salts (% mol)

Fatty acids

(After Small et al.)




- B. Bilirubin metabolism and excretion

/ Bilirubin

Hb Blood 230

6.5 mg/day
Macro- /“""J
phages e

/ —___N
Conjugation
7 (glucuronyltransferase) \
Other ‘

sources s Bile a.15%

enterohepatic
circulation

diglucuronide

Systemic
circulation

Sterco-
bilinogen

!

‘Stercobilin

- Anaerobic
5 bacteria

"’oz

|

in urine
(urobilin, etc.)




Dorsal
~ vagal
complax'\

Vagal
| afferent

ACh and CCK
cause smooth
muscle contraction
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2 Main effects of gastrointestinal hormones



