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Objectives

o Functions of stomach.

o Gastric secretion.
v’ Mechanism of HCI formation.
v’ Gastric digestive enzymes.

v Neural & hormonal control of gastric
secretion.

v’ Phases of gastric secretion.
o Motor functions of the stomach.
o Stomach Emptying.
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Functional Anatomy of the

Stomach

e Anatomically:

— Body
— Antrum

* Physiologically:

— Orad
— Caudad

Orad region

Caudad region
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What are the major functions of the stomach?




Layers of the Stomach Wall

Inside of the stomach
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Functional Anatomy of the
Stomach

e Gastric mucosa is formed of columnar
epithelium that is folded into “pits”.

* The pits are the opening of gastric
glands.

* There are several types of gastric glands
in the stomach and are distributed
differentially in the stomach.
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Stomach lining with gastric pits, SEM
BStomach lining™b. Coloured scanning electron
micrograph (SEM) of the inner lining of the
stomach (gastric mucosa). The indents are
gastric pits. These contain cells that secrete
enzymes, mucous and hydrochloric acid into the
stomach. Magnification: x40 when printed 10
centimetres wide.
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Types of Gastric Glands

Gastric glands

Mucus- Oxyntic .
. . Pyloric
secreting (parietal)
EN S
glands glands
Secrete; Secrete; Secrete;
mucus HCI Gastrin
HCO3 Pepsinogen Mucus
IF Pepsinogen
Found in; Mucus
Cardia Found in;
Found |n, Antrum
Body & fundus (below the notch)
(above the notch)

Proximal 80% of stomach

Distal 20% of stomach



A closer look at the Gastric
Glands

’ H : 11 y
- = Surface epithelium
Y 4 . (mucous cells)

Mucous neck cells

Submucosa
(contains
submucosal
plexus)

Enteroendocrine cell

) o o
]
Muscularis — gastric glands
externa
(contains
myenteric

plexus)
Serosa Stomach wall
(a) Layers of the stomach wall

(c) Location of the HCl-producing parietal cells
.:ld pepsin-secreting chief cells in a gastric
gland
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Types of Cells Present in Gastric
Glands

Cell type

Secretion

Oxyntic (parietal) cell

HCL & IF (intrinsic factor)

Peptic (chief )cell

Pepsinogen

Mucus cells Mucus
Enterochromaffin-like Histamine
cells

G cells Gastrin

What are enteroendocrine cells?
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(b) Sectional view of the stomach mucosa showing gastric glands and cell types



Gastric Secretions




Mechanism of HCI Secretion by
Parietal Cells

Resting PC Active PC
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membrane complex
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Mechanism of HCI Secretion by
Parietal Cells

Kaeppen & Stantan: Berne and Levy Physiology, 6th EdRion.
Copynght £ 2008 by Mosby, an imprint of Elsevier, Inc. Ml nghts reservedt

Figure 28-4 Mechanism of H* and CI” secretion by an activated parietal cell in the gastric muca




A video on Mechanism of HCL secretion

e https://youtu.be/XhB7WNJVeg3U
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Control of HCI Secretion

Control of HCl Secretion
I

Vla parasympalhetlc stimulation

Direct effect

On Parietal cells
M HCl secretion

Ach

Indirect effect

Gastrin

| |

By + G cells

Gastrin ™ HCI

secretion

By + ECL

Histamine

HCl secretion

Histamine -
activates H,
receptor
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- increases

acid segrv(?ci}p

H2
Blockers



Control of HCI Secretion

ACETYLCHOLINE, GASTRIN, AND HISTAMINE
STIMULATE THE PARIETAL CELL

Neuron

G cell
ECL cell Parietal cell

Koeppen & Stanton: Berne and Levy Physiolgy, 6th Edkion,
Copynaht £ 2008 by Mosby. an monnt of Elsvier Inc, Al riahts reserved




Agents that stimulate and inhibit H* secretion
by gastric parietal cells

Vagus G cells ECL cells
ACh Gastrin Histamine Somatostatin Prostaglandins
# Atropine # Cimetidine
\ 4

M3 CCKg Hyp
receptor receptor receptor }
o‘G'

Gq GS
®
\ \ o © Gastric
o parietal
& cell
IP4/Ca2* CAMP
& /G')
HY- K ATPase
Lumen

? Omeprazole

H* secretion
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' Other Gastric Secretions

* |n addition to HCI, parietal cells
secrete IF.. What is its importance?

' e Peptic (chief) cells secrete

pepsinogen.. What is its role in
digestion?

 Mucus cells secrete mucus.. Why?



Other Gastric Secretions-
Mucus

MUCUS GEL
Undegraded glycoprotein
polymer (high viscosity)
\ LUMEN
N < Degraded glycoprotein
subunits (low viscosity)
l ' y v v "/ - W, \/ v,
PEPSIN Y Y YYY VS
17T T [V R - [0
Protein core: protected
from further proteolysis
Glycosylated part of by carbohydrate chains
peptupe cores
(resistant to Sheath of branched
proteolysis) carbohydrate chains
with average of 15
Nonglycosylated part of sugars per chain
peptide cores with
disulfide bridges joining

subunits (site of proteolysis)

Koeppen & Stanton: Bermne and Levy Physiokqy, 6th EdRion.
Copynght © 2008 by Mosby, an imprnt of Elggvigr Inc. Al nghts reseread




' The Mucus Layer of the
Stomach

Bicarbonate —rich mucus layer protects the stomach mucosa

Stomach Lumen ~pH2

Mucous Layer HCO4

Mucous Cells

S, )
o
L AN
Interstitial Fluid

Frank Bournphrey 8.D.
2009



Other Gastric Secretions

Production & Action of Pepsin

n Removed Dietary
A, /parietal HCI N f‘-ﬂfpt'de proteins

cell

& | *"“g:l'lef : Pepsin l
; » (active enzyme) o "09, °
Pepsinogen) | ) o ® 500 o®
(zymogen) BP9, 30
. Partially
e digested
9 protein

Optimum pH for pepsin = 1.8-3.5

pH > 5 inactivates pepsin




Vagal stimulation affects
many gastric cells

VAGAL ACTIVATION STIMULATES MULTIPLE CELL
RESPONSES VIA NEUROTRANSMITTERS

Vagal efferent outflow Vagal efferent outflow

| Entenc nervous system

Ach
lPepsinogen HCI ¢ it Histamine : ' Gastrin |
Lumen Lamina Blood

ropria
Kaeppen & Stanton: chupld LfvynPhya‘oiogy, 6th Edgion,
Copynght £ 2008 hy Mashy, an imprnt of Flesder Inc. All fiqhts reseoved
Figure 28-9 Vagal parasympathetic stimulation of gastric secretions via enteric neurons. Vagal
preganglionic neurons innervate the myenteric and submucosal plexus; the terminals of the vagal
preganglionic neurons innervate many enteric neurons and thus bring about changes in function as

described in Figure 28-7.




Phases of Gastric Secretion

* https://youtu.be/ifDp57pvKOg
e https://youtu.be/pggcElaXGME
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Phases of Gastric Secretion

1. Cephalic phase - Before food arrives at
stomach (30% of gastric secretion).

' 2. Gastric phase - when food enters the

stomach (60% of gastric secretion).

3. Intestinal phase - when chyme enters
duodenum (10% of gastric secretion.)



9 Cephalic Phase

Figure 16-9 The Phases of Gastric Secretion.

p Cephalic Phase _—
Sight, smell, taste,/ @B

or thoughts of food"\%:g?j’, :

Central nervous system

plexus

Submucosal

Pe

.mV

—
. Stimulation

© 2013 Pearson Education. Inc.

Slide 1




' Gastric Phase

Figure 16-9 The Phases of Gastric Secretion.
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9 Intestinal Phase

Figure 16-9 The Phases of Gastric Secretion
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Gastric Motility




Stomach Movement

Has 3 main functions

Emptyin
Storage of PLying
food Into
duodenum
Entrance of food Weak peristaltic waves start Movement of
“Vagovagal reflex” from mid upper portion of chyme into
| muscular tone of the stomach duodenum is
body of stomach “constrictor/mixing waves” achieved by
Allowing stomach to Move toward antrum “Pyloric pump”
accommodate food T intensity Allows < 2mm to
~(0.8-1.5L Against a tight pylorus will pass
result in “retropulsion”




Stomach Movement

Pyloric —
valve
slightly
opened

(@ Propulsion: Peristaltic —> (2 Grinding: The most —> (3 Retropulsion: The pyloric end

waves move from the vigorous peristalsis of the stomach acts as a pump

fundus toward the pylorus. and mixing action that delivers small amounts of
occur close to the chyme into the duodenum,
pylorus. simultaneously forcing most of

its contained material backward
into the stomach.

© 2013 Pearson Education, Inc.



Stomach

Esophagus

Gastroesophageal
sphincter

Direction of
movement
of peristaltic
contraction

Movement
of chyme Peristaltic

contraction

0 A peristalic contraction originates in the upper fundus

and sweeps down toward the pyloric sphincter.

The contraction becomes more vigorous as it reaches
the thick-muscled antrum.

e The strong antral peristalic contraction propels the

chyme forward.

o A small portion of chyme is pushed through the partially

open sphincter into the duodenum. The stronger the
antral contraction, the more chyme is emptied with each
contractile wave.

Peristaltic
contraction

e When the peristaltic contraction reaches the pyloric

sphincter, the sphincter is tightly closed and no further
emptying takes place.

G When chyme that was being propelled forward hits

the closed sphincter, it is tossed back into the antrum.
Mixing of chyme is accomplished as chyme is
propelled forward and tossed back into the antrum
with each peristaltic contraction.

© Brooks/Cole - Thomson Learning




Role of Pylorus

* [t is slightly tonically contracted almost
all the time “pyloric sphincter”.

* Itis usually open enough to allow
water & fluids to pass.

* |tis controlled by nervous and humoral
reflexes from the stomach and
duodenum



Regulation of Gastric
Emptying

Factors that regulate
gastric emptying

Promote
Emptying

Inhibit
emptying

Usually are gastric factors

Volume of food— 1 pyloric
pump and inhibit pylorus.

Gastrin — mild to mod. 1
pyloric pump

Usually are duodenal factors

Neural & hormonal




® Duodenal Control of
Gastric Emptying
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Secretion release
from duodenal
mucosa

(Secretin carried Neutralizes

[

by blood)

+
Pancreatic duct
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[ secretion of aqueous |

NaHCO, solution into
duodenal lumen

2 Brooks/Cole - Thomson Learning

(CCK carried
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+

( Pancreatic acinar ]

Secretion of
pancreatic digestive
enzymes into
duodenal lumen

Digests

Fig. 15-12, p. 488



What are hunger contractions?




Digestion & Absorption
in Stomach




Digestion-
Carbohydrates

* Digestion of carbohydrate in mouth &
stomach

— Food mixed with saliva that contain
ptyalin (an o amylase) secreted by
parotid gland.

— It hydrolysis starch to maltose.
— |t continues in stomach for 1 hr.
— Gastric acid deactivates it.



Digestion-Proteins

* Digestion of proteins in the stomach
— Pepsin
» secreted by chief (peptic) cells.
* It is active at pH 2-3 and inactive at pH 5.

* Initiate protein digestion (10-20% of protein
digestion).

— Hydrochloric acid
» secreted by parital (oxyntic) cells.



Absorption

* Stomach is a poor absorptive area of
GIT

— It lacks the villous type of absorptive
membrane

— It has tight junctions between epithelial
cells

— Only a few highly-lipid soluble
substances can be absorbed such as:
e Alcohol
* Aspirin






