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Objectives

Discuss the role of the stomach in digestion.
Enumerate the functions of the stomach

Discuss the secretory functions of the stomach:

a
- PN

o What are the glands lining the stomach wall. we Resour.ces

o Discuss the cells lining the different glands and their specific secretions. Only Gl chapters included

o  Discuss the mechanism of HCl secretion by parietal cells.

o  Discuss control mechanisms of gastric secretions.

o  Enumerate and discuss the phases of gastric secretion. Guyton and Hall

Medical
Physiology;

Describe the different motility patterns in the stomach and theirrole in
digestion.

Describe the mechanism of stomach emptying and discuss the factors
controlling it.

Discuss the role of the stomach in digesting the main food constituents.

Discuss the pathophysiologic basis of peptic ulcer and gastritis.

MEO’S s
HUMAN PHYSIOLOGY
Systemic and Applied

Click here for a helpful channel by the team!

\ Summary of this Lecture will be in the channel soon..
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&) Introduction & Anatomy of stomach

Stomach
Anatomically Physiologically
Fundus Body Antrum Caudad (Antral Pump) Orad (Reservoir)
antrum plus lower third of fundus and upper two thirds of
R \ the body. Caudad :near legs the body. Orad:near head

Pylofus / . . a
4 Phasic contraction Tonic contraction
y
Duodenum
‘ (* J\\\\\\ B K
\ oyt A Reservoir
- sudadreaen (tonic contractions)| §
Antral pump
{phasic contractions)
Gastric Muscle Wall Female slides
< Gastric muscle wall is made of 3 layers: T
. . Orad region
1. Outerlongitudinal e Trin walled
2. Middlecircular
3. Inner oblique AR |2 .
& . astric pacemaker region
¢ Thickness of muscle layer increases as we move from i _— L
N ( ly\\xux -~ atnss s Caudad region
| Thick walled

proximal to distal regions.

Gastric mucosa

% 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.

ROIG Of pYIorus Female slides

% Itisslightly tonically contracted almost all the time “pyloric sphincter”.

< Itisusually open enough to allow water & fluids to pass.
It is controlled by nervous and hormonal reflexes from the stomach and duodenum.

Female slides

2
%*

< General motor Functions of the Stomach Important
Our second stop In purjourneywith the Storaqe_ of large Preparing.the cl_1yme for digestion in
burger is the stomach quantities of food the small intestine
The burger that reached the stomach is no
longer a burger It is called “food bolus” .
A_b:c,orptlon of water and Regulate emptying of the
lipid-soluble substances chyme from the stomach into

(alcohol and drugs) the small intestine.



2 Gastric Glands

Celllining  Secretions Location L gt 550 s

Cardiac glands - Mucus,HCO3 Cardia

| Parietal
[ cells

-Mucus (neck)

Oxyntic (gastric . tﬁilzzhief) HCI Body & fundus
or parietal) glands P ,Pepsinogen, IF, (above the
“upper %sof stonjach‘ constituted Cel IS M ucus notch)
80% of gland in the stomach” _parietal ce“s
(Oxyntic cells)
Pyloric glands
Lower part ) Antrum (below
Anirum O:’;/tlg;zjsciogls;:gted Many G cells Gastrin ,Mucus the notch)

Minly 2 type of cell but there is
other cells

-From previous table, we can conclude that Chief cells (peptic cells), they are available in
oxyntic glands and few in pyloric glands. as well as, parietal cells.
-Oxyntic glands are the most abundant gastric glands found in fundus and corpus (body).

‘ Types of cells present in the Gastric Glands

Cell Secretions Location -
Body
Oxyntic (parietal) cell HCI & IF (intrinsic factor) _ (most
distinctive cells
in stomach)
Peptic (chief ) cell Pepsinogen Body
Mucus (neck) cells Mud_:us, HC03_- antrum
top part of the surface Function:protection
: There is a deep pit lining with
Enteroendocrm? OI‘. Histamine - epithelial cells but each
Enterochromaffin -like cells e e e e A
have certain function
Gastrin
G cells (increases HCl secretion from
Parietal cells)
antrum
D Cells Somatostatin

(decreases HCl secretion)

I: Med442: Every gland has a neck and a base.

Mucus cells are found in the neck region of glands. They neutralize acidity and protect the wall of stomach.
Mucus is secreted throughout the whole stomach.

2: protect BI2 by bind to it to go to terminal ileum where it go to be absorbed

3:Med442:The only cell that releases HCL in the body is the oxyntic cell.

4: play important role in regulate HCL secretion

5:should be released in circulation to be activated



2 Gastric Glands

Structure of Oxyntic gland

HCl is secreted across the parietal cell microvillar membrane and flows out of
the intracellular canaliculi into the oxyntic gland lumen.

The surface mucous cells line the entire surface of the gastric mucosa and the
openings of the cardiac, pyloric, and oxyntic glands.

These cells secrete mucus and HCO - to protect the gastric surface from the
acidic environment of the stomach.

The distinguishing characteristic of a surface mucous cell is the presence of
numerous mucus granules at its apex.

¢ & & o

Structure of Pyloric gland

Med442: There are no chief cells or parietal cells in the pyloric region.
Med442: Mucus secreting cells are near the neck region.

Med442: Deeper within the gland, there are G cells which secrete
gastrin.

Structure of parietal cells

%  Med442 HCL is secreted by parietal cells into canaliculus, then it flows into
the lumen of the stomach through the opening. Canaliculus=(s.)

%  Female doctor : inactive cell the canaliculi system <l hidden , when it got
activated x

% Active parietal cell have : - Apical side: side that face lumen of stomach

arrange into canaliculi Basolateral side: side that face blood

R/
*

7
*

R/
*

7
*

R/
*

7
*

surface epithelium Golgi
complex

Gastric
pit

(thick, alkaline mucus)

: Intraceliular
P, { canaliculus

Gastric pit —

mugus neck cells 2\ $ FEF> Mitochondria

(thin,watery mucus) 8= §— Tubulovesicular
{159 membrane

Oxyntic gland|

chief cells
(pepsinogen)

Intracellular

canaliculus

Gastric gland —|

(gastrine)

Figr'e 1 Figure 2 Figure 3 Figure 4
. Gastric juice is composed of: P —
Mucus
HCL Electrolytes (mucus
gel layer)

Pepsinogen Intrinsic
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‘ Mechanism of HCl Secretion by Parietal Cells @

most important secretion in stomach Male slides

% Chloride ion is actively transported from the cytoplasm of the parietal cell into the lumen of the canaliculus,
and sodium ions are actively transported out of the canaliculus into the cytoplasm of the parietal cell.

%  Water becomes dissociated into hydrogen ions and hydroxyl ions in the cell cytoplasm. The hydrogen ions are
then actively secreted into the canaliculus in exchange for potassium ions.

%  Carbon dioxide, either formed during metabolism in the cell or entering the cell from the blood, combines
under the influence of carbonic anhydrase with the hydroxyl ions to form bicarbonate ions. These then diffuse
out of the cell cytoplasm into the extracellular fluid in exchange for chloride ions that enter the cell.

7

1
1
1
1
1
- 1
Figure 65-6. Postulated mechanism for secretion of hydrochloric 1
1
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Explanation by female doctor :
How does parietal cell secrete HCL ?7?

- Parietal cell on the apical side of membrane have a “ H/K ATPase
pump” it pump H out into lumen of stomach with exchange for K
into the cell.

Note : in physiology when ever | pump an ion

1- pump in opposite direction an ion in the same charge
2- or pimp in same direction an ion with negative charge
From where come H:

° Blood

° Dissociation of HCO3
CO2+H20 _____, H2CO3 _, HCO3+H

Explanation by med442 : Our body is made of water. CO2 is released
by the cell as a product of metabolism by free diffusion.

1- When CO2 and water combine together in the presence of
carbonic anhydrase enzyme they will form carbonic acid. The
carbonic acid will dissociate into bicarbonate and hydrogen.

2- The hydrogen will be pumped out of the cell canaliculus (luminal
side) by H*/K* ATPase (primary active transport). It will pump H+ in
exchange of K+. The movement of H+ outside parietal cell depends
on: H*/K* ATPase and amount of K+ found in lumen of the stomach
Where did the K+ that will be pumped into cell come from? Inside of

Carbonic anydrase the cell. Na*/K* ATPase is found on basolateral side of cell (blood
side) The main function of Na*/K* ATPase is to pump 3Na+ out and
From where come K : 2K+ onto the cell. This creates a high concentration of K+ inside the
° Because down concentration gradient by Na/K ATPase in because cell which will cause leakage of the potassium into the canaliculus
basolateral membrane with pump 3 Na out and 2 K in. side of cell through (potassium channels. In summary, the leaked
potassium will be used in exchange for H+ and will enteral cell
- HCO3 which come from dissociation of H2CO3 will be (recycled potassium).
transformers into blood by exchanger protein “HCO3/Cl exchanger” 3- The bicarbonate will be transported into blood in exchange for Cl-.
when Cl go to the cell will go again to cl channel into the lumen of When the Cl- accumulates in the cell, it will escape through the
stomach luminal side of cell via Chloride channels.
- Cl will bind in lumen of stomach to H END RESULT=
Finalllllyyy HCL formed & & The hydrogen the is pumped into the canaliculus and the CI- that
- In addition to HCL.: escaped the canalicular side will combine and form HCL. Some K+
1- little KCI will combine with Cl and form KCL. Na will also combine with CI- and
2- very little NaCl form NaCl (very little amount)

. Summary of HCl secretion

-Depends on H/K ATPase During gastric acid
-Inhibited by: omeprazole -AI/kaIine tide [HCI] drives water into secretion: amount of

: -H/K pump depends gastric content to HCO3- in blood =
Usedl to treat: Stomach on [K]out maintain osmolality amount of HCl being
peptic ulcer and gastric secreted , Alkaline tide

reflux


https://youtu.be/XhB7WNJVg3U

. Control of HCL secretion(M)

Gastric acid secretion is mediated through neural (via Vagus nerve) and hormonal pathways (via histamine and gastrin).

Parietal cellscrossess special histamine receptors, H2 receptors, whose stimulation results in increased acid secretion. they also get

activated by distension

ﬁeual neuroendocrine cells of the stomach, known as enterochromaffin like (ECL) cells, are believed to be the source of this histamine.
They are located mostly in the acid- secretlng regions of the stomach. The mechanisms that stimulate the ECL cells to release histamine

are poorly understood.

The effectiveness of cimetidine, a H2 blocker, in reducing acid secretion has indirectly demonstrated the importance of histamine as an
effector of )gastrlc acid secretion. H2 blockers are commonly used for the treatment of peptic ulcer disease or gastroesophageal reflux

disease.(M

Important
Direct

If you like to read doctor’s Notes of these

Neural
via Vagus
nerve Indirect
Gastrin
Hormonal (Endocrine
secretion)
. Histamine
Paracrine M)

______________________________________

ACETYLCHOLINE, GASTRIN, AND HISTAMINE

STIMULATE THE PARIETAL CELL

Neuron

1
G cel ECL cell 5’ A Parietal cell

1
1
1
1
1
1
1
1
1
! Neuron '\—
! i H—>
1 />
1
1
1
1
— ____Circulati —

pictures, Your finger please..

Somatostatin (D-cells) in antrum.
Secretin (S-cells) in duodenum.

Glucose-dependent insulinotropic peptide

(GIP) (K-cells) in duodenum.

Ach act on parietal cells > increases HCL secretion

Act on G cells by releasing Gastrin releasing peptide(GRP) -> secrete
gastrin which act on CCKB receptor 4 of parietal cells - increases HCL

secretion

Act on enterochromaffin like cells (ECL) which secrete histamine =
act on H2 receptor of parietal cell = increases HCL secretion.

Histamine activate H2 receptor on parietal cells thus increase HCL

secretion.

+
<+—— Castrin
+

G cells

Effects of vagal activation on gastric secretion

Acetylcholine :

Pyloric glands |

H2 blockers are used for the treatment of peptic ulcer disease or
gastroesophageal reflux disease. (e.g, Cimetidine)

Vagus G cells ECL cells D cells in

l l l antrum & corpus

1

1

| A4

1 ACh Gastrin Histamine Somatostatin  Prostaglandins
1

1

1

1

+A(ropme l + Cimeidine
My CCKg H,
receptor receptor receptor

Gq

Gastric
parietal
cell

| K

1

1

e ____ Hisecretion _ _ _ _ _ _ _ _______4 1
Agents stimulate and inhibit H+ secretion by gastric

parietal cells . Mention them
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Other Gastric Secretions

[-Mucus

Mucus cells secrete large quantities of viscid thick mucus that coats the

muscle mucosa.
The mucus is alkaline.

2-Pepsin

Peptic (chief) cells secrete pepsinogen.. What is its role in digestion?

Several types of pepsinogen secreted from chief cells. They are
activated by HCl into pepsin and once activated, they can activate

more pepsinogen. These amino acids. or peptides activate G cells to

secrete Gastrin thus increasing HCL secretion.

Peptic (chief) cells secrete pepsinogen.

The optimum pH is (1.5-3.5) (1.8-3.5).

pH > 5 inactivates pepsin.

Pepsin breaks down proteins into peptones & polypeptides®.
Pepsinogen secretion is stimulated by Ach, acid, gastrin, secretin &
CCK.

3-Intrinsic Factor:

In addition to HCI, parietal cells secrete IF. What is its importance?
Itis a glycoprotein secreted by parietal cells.

Acetylcholine

Removed Dietary
Parietal > HC! peptide protelns
cell f"’
0,8 — ;M,_.

x ___Chief

Gastric
gland

> cell
°
+ Papslnoga (actlve enzyme),,; a-l
(zymogen)

a%p %3, 3.»
Partially

digested
protein

Acid in stomach Optimum pH for pepsin = 1.8 - 3.5 ‘

pH > 5 2 inactivates pepsin

It is the only essential function of stomach as it is essential for vitamin B, absorption®.

Atrophy of gastric mucosa leads to pernicious anemia.

The Rate of Secretion

The Rate of Secretion Modify the Composition of Gastric Juice

At a low secretion rate, gastric juice contains:
I-high concentrations of Na+ and Cl- and

2-low concentrations of K+ and H+.

When the rate is increased:

I-Na+ concentration decreases.

2-H+concentration increases significantly.
3-Cl-concentration Increases.

Gastric juice is derived from the secretions of two major sources:

Male slides

lonic concentrations (MEg/L)

-Parietal cells: its secretion (HCl secretion) contributes mainly to the changes in

electrolyte composition with higher secretion rates.

-Non parietal cells: constant secretion, thus having little contribution to the

electrolyte changes.

120

8

@
o

@
o

40

20

High secretion rate (after a
meal)- high HCL.

Production & Action of Pepsin

1 2
Rate of secretion (mL/min)

Always isotonic



The Rate of Secretion (in summary)

' 180 — cr

Gastric juice
140 -
H

120 [~

-Low secretion rate —------- >high NaCl.
(Between meals)

8

lonic concentrations (mEg/L)
@
o

- secretion rate —------- > high HCL. of-
(After meal) -
-Always isotonic. A W
Peptic ulcer disease

e  What causes peptic ulcer disease ? @

-is the imbalance between damaging factors and protective factors.

e  Whatarethey?

_ Protective factors
HCL Alkaline mucus
NSAIDS Somatostatin
H.Pylori Prostaglandins

e  Whatis Zollinger—Ellison syndrome ?
-It's a tumor that produce more gastrin hormone —-> ++ acidity secretions.


https://www.youtube.com/watch?v=E0IBMWQDEH4

Phases of Gastric Secretion @

When does the stomach start secret this secretion

-Gastric secretion starts even before food reaches the stomach and when food is in the stomach and
continues even after food leaves stomach into duodenum. Sight/smell/.. will activate cerebral cortex ->
parasympathetic system will fire. Vagal stimulation through neuronal connections will stimulate
stomach to start secreting its juices.

-The stimulation of acid secretion resulting from the ingestion of food can be divided into 3 phases:

Cephalic phase: o

Looking , smell food

% 30% of HCL is secreted in this phase.

Before food arrives at stomach.

Stimuli (Smelling, taste , Chewing and swallowing).
Mechanism: ?(long reflex) vagus

K/

S

R R K2
LR XX

<&  CNSsend impulses via the vagus nerves,The nerve endings releas:
ACh, which directly stimulates acid secretion from parietal cells. :

<&  CNSsendimpulses via the vagus nerves ,nerves also release

gastrin, indirectly stimulating parietal cell acid secretion.

Gastric phase:nost important phase

Stimulate by destination of stomach, chemical in food

60% of HCL is secreted in this phase.

when food enters the stomach.

Stimuli (distention , amino acid , small peptides).

Mechanism: (long reflex vagus) (short reflex ENS) (hormonal)

II'ItEStII’Ial phase: minimal effect (mainly inhibit HCL more than stimulateit) @~ — r-------oo o _______

& Mechanism Duoderal
¢  protein digestion products in the duodenum stimulate chemoreceptors | PR Foiotains |

> Distention of the stomach stimulates mechanoreceptors, which
stimulate the parietal cells directly through short local (enteric)
reflexes and by long vago-vagal reflexes.

> Digested proteins in the stomach are also potent stimulators of

10% of HCL is secreted in this phase. Enterogastric
when chyme enters duodenum.
Stimuli (protein digestion products in the duodenum).

&

gastric acid secretion, an effect mediated through gastrin release.
Several other chemicals, such as alcohol and caffeine, stimulate
gastric acid secretion through mechanisms that are not well
understood.

reflex,

gastric acid secretion through the action of the
circulating amino acids on the parietal cells.
Distention of the small intestine, probably via the release woa Jup—
of the hormone entero-oxyntin from intestinal endocrine | " e Tk
cells, stimulates acid secretion. =~



https://youtu.be/ifDp57pvKOg

. Motor Function Of the Stomach

1-Storage of food:

Mainly in the proximal portion Involves muscle relaxation

When bolus of food in the esophagus approaches the stomach

A wave of relaxation recedes it that relaxes the LES & the orad region of
the stomach “Receptive relaxation” Peristaltic wave of esophagus is
preceded by a relaxation wave -> which relaxes LES as well as the upper
part of stomach wall. Distend upper part of stomach to allow
accommodation

Allow food to enter and the volume of stomach increases without an

increase in intragastric pressure this is because the stomach is relaxing as

food comes in -> accommodates food without significance increase in
pressure

When the stomach is stretched by food, a vagovagal reflex is initiated
from the stomach to the brain stem and back to the muscular wall of the
stomach resulting in reduction in muscular wall tone which allows
storage. Stomach can store 0.8-1.5 L of food.

Gastric contents may remain unmixed for | hour in the corpus (body of
stomach).

The pressure in the stomach remains low until the volume reaches ~I.5L
of food. This function is regulated by Receptive Relaxation Reflex
(vagovagal): Triggered by swallowing reflex.

2-Mixing Propulsion of food:

Churns food to transform it into a form that can pass through the pylorus and easy for
intestine to deal with.
Mixing of food in the stomach transforms it into a semifluid mix called "chyme”.

Antral peristalsis:

Duodenal ;:«‘

resistance

W

Vagovagal reflex

4 ~<— Fundic relaxation

y=- Fundic contraction:

emptying ! emplying
|

Pyloric
resistance

Corpus:
antral filling/mixing

Major mixing activities take place in the antrum (antral pump region, phasic contraction).
The Basic Electrical Rhythm of the Stomach Wall. The digestive gastric juices come in contact

with the food lying against the mucosal surface of the stomach.

The presence of food causes weak peristaltic constrictor waves called mixing/constrictor

waves once every I5-20 seconds. These waves are initiated by the gut wall basic electrical
rhythm of the slow spontaneous electrical waves.Note: If you remember, we said that slow

waves can't produce contractions, except in the stomach (mixing waves). If slow waves
produce a contraction, It's weak (like this one)

These waves progress from the body to the antrum and become intense, forcing the chyme to

mix and move under high pressure from the antrum toward the pylorus.

Each time a peristaltic wave passes from the antrum to the pylorus, few millimeters of antral
content move into the duodenum through the pyloric sphincter We can not depend on weak

peristaltic constrictor waves in mixing/digesting/pushing

food to duodenum. Once slow waves reach threshold, they will generate enough AP. Every

single AP in this area can last 5 sec “Very long"” (normal 10-20 msec).

Empty

Full stomach
1000 ml

\ | Pacemaker
region

ek

N
Dt — \‘
R\

Whncsphincmlj

L1 | Diwetined
/ \ peristlc
e

Chyme

When food arrives at stomach it causes
distention

Distention of the stomach causes the slow
wave potential to reach the threshold ->
generation of AP -> contraction of stomach wall
(contraction stats at mid. region of body).

A peristaltic wave will cause another constrictor
wave. When this wave reaches the pyloric
sphincter it will be tonically contracted

In order for food to leave the stomach via the
pyloric sphincter, it's size should be less than
2mm. Whatever is bigger than 2mm will
tumbled back in to antrum and goes through
the same process until it's small enough to pass
through pyloric sphincter.



. Motor Function Of the Stomach (cont-)

3-Regulate emptying of the chyme from the stomach into the small Intestine (duodenum):

< Emptying of modified gastric contents “chyme" into duodenum

0,

< If particles are < 2mm they will squeezed through the tight pyloric sphincter and get emptied into duodenum “Pyloric

pump”

< If particles are > 2mm they will pump into the tight pyloric sphincter and tumble back into antrum “retropulsion” s« Jis
alaal

%

< Chyme:Is a murky semi-fluid or paste composed of food that is thoroughly mixed with gastric secretions.

< Movement of chyme into duodenum is achieved by "Pyloric pump"”

% Each time a peristaltic wave passes from the antrum to the pylorus, few millimeters of antral content move into the
duodenum through the pyloric sphincter.

4-The main functions of the upper part of the Stomach (Reservoir part): Male slides

< To maintain a continuous compression.
%  Toaccommodate the received food without significant gastric wall distention or pressure
(Storage of food).

5-Hunger Contraction: Male slides

@ Hunger contractions occur when the stomach has been empty for several hours

& These are rhythmical peristaltic contractions that can become very strong and fuse to form a
continuing tetanic contraction lasting sometimes 2-3 minutes.

& Hunger contractions are intense in young healthy people and increase by low blood glucose levels.

L4 Hunger pain can begin after 12-24 hr of last food ingestion.

6-Absorption of water and a few highly-lipid soluble substances (alcohol and Aspirin):

Female slides

* Stomach is a poor absorptive area of GIT:
> Itlacks the villous type of absorptive membrane.
> Ithastight junctions between epithelial cells.



Three Kinds of Relaxation Occur in the Gastric Reservoir (orad):

I-Receptive
Relaxation Reflex:

%  Triggered by: L 4

swallowing reflex.

& When the esophageal
peristaltic waves reach *®
the stomach, the

stomach relaxes

through inhibition of
myenteric neurons

which prepares the

stomach to receive the *®
food that is propelled

into the esophagus

during swallowing.

)
Decrease 1\ ’Relaxahon
in volume, ’\’ Increase

A in volume

A Antral , /
pump /\ A
L% O

2-Feedback Relaxation:

Triggered by: presence of
nutrients in the small
intestine.

It can involve both local
reflex connections
between receptors in the
small intestine and the
gastric ENS (Enteric
nervous system).

or hormones that are
released from endocrine
cells in the small intestinal
mucosa and transported by
the blood to signal the
gastric ENS and stimulate
firing in vagal afferent
terminals in the stomach

3-Adaptive relaxation:

Vagal afferents

Gastric stretch
receplors

Triggered by: stretch receptors
(vago-vagal reflex).

Stomach dilates when filled,
accommodating greater and greater
quantities of food up to a limit
(0.8tol.51L).

Gastric stretch receptors -> Vagal
afferents = brain stem (medulla
oblongata) - Vagal efferents - enteric
nervous system => inhibitory motor
neurons -> Muscle Relaxation

Adaptive relaxation is lost in patients
undergone a vagotomy.

Following a vagotomy, increased tone in
the musculature of the reservoir
decreases the wall compliance, which in
turn affects the responses of gastric
stretch receptors to distention of the
reservoir.

Pressure—volume curves obtained before
and after vagotomy reflect the decrease
in compliance of the gastric wall. The loss
of adaptive relaxation after a vagotomy is
associated with a lowered threshold for
sensations of fullness and pain.

Activation of
vomiting center

Enteric nervous system

Interneuronal circuits
Fullness

Inhibitory
motor neurons

Muscle
relaxation

Intragastric pressure (cm H,0)

LR T T T T
0 100 200 300 400 500 600

Gastric volume (mL)

Retropulsion Phenomena

1

As the trailing contraction (explained
later) approaches the closed pylorus, the
gastric contents are forced into an antral
compartment of ever-decreasing volume
and progressively increasing pressure.

2

jet-like retropulsion through the orifice formed by the

trailing contraction. Repetition at 3 cycles/min

This will

Result in

reduces particle size to the I-mm to 7-mm range that
is necessary before a particle can be emptied into the
duodenum, These intense peristaltic contractions that
cause emptying increase the pressure in the stomach
to 50-70 cm of H20 (compared to a pressure of ~I0 cm
of H20 during the mixing peristaltic contractions).

Pyloric
valve
closed

\!\ﬁ\}i‘

Pyloric
valve
closed i

@ Propulsion: Per stamc —
waves move fro; vi
Tancus hrd e pylo us.

into the

Pyloric
valve

slightly

opened

inding: The most — @ Retropulsion: The pyloric end
of the stomach acts as a pump
that delivers small amoun ts of
chyme into the duodenum,
simultaneously forcing most of
its contained material backward

Discomfort



Motor Behavior of the Antral Pumps
‘ Is Initiated by a Dominant Pacemaker (Motility in the Antrum):

Male slides

%  Gastric action potentials determine the duration and strength of the phasic
contractions of the antral pump.
¢ Theyare initiated by a dominant pacemaker (ICC) (interstitial cells of Cajal).

The action potentials (AP) propagate The AP and associated ring-like
rapidly around the gastric circumference contraction then travel more
and trigger a ring-like contraction slowly toward the

gastroduodenal junction.

4%  Electrical syncytial properties of the gastric musculature account for
propagation of the action potentials from the pacemaker site to the

gastroduodenal junction.

%  The pacemaker region in humans generates AP and associated antral
contractions at a frequency of three per minute.

%  The gastric action potential lasts about 5 seconds, it has:
¢ Rising phase (depolarization)
< Plateau phase
¢ Falling phase (repolarization)

K/
%

Electrical action potentials in gastrointestinal muscles occur in four
phases, determined by specific ionic mechanisms:

Phase 2:

Phase I:

Rising phase (upstroke
depolarization) -
Activation of

voltage-gated calcium _ Plateau.phase;
channels and balance of inward calcium
voltage-gated potassium current and outward potassium
channels 2 current.
/
3
 f—

4 Phase 4:

Ve \ Falling phase
. . 0 (repolarization); inactivation
Phase 0: Resting A / of voltage-gated calcium

membrane potential; / channels and activation of

Phase 3:

outward potassium calcium-gated potassium
current channels.



. The Gastric Action Potential Triggers Two Kinds of
Contractions

%  The gastric action potential is responsible for two components of the Male slides
propulsive contractile behavior in the antral pump:

Contraction Trailing Contraction
It has a relatively constant amplitude Variable amplitude

Associated with the rising phase of the

action potential. Associated with the plateau phase.

4

%  Theleading contractions have negligible amplitude as they
propagate to the pylorus. As the rising phase reaches the
terminal antrum and spreads into the pylorus, contraction of
the pyloric muscle closes the orifice between the stomach
and duodenum.

%  Thetrailing contraction follows the leading contraction by a
few seconds.

&) Stomach emptying

%  Stomach emptying is the result of intense peristaltic antral contractions against resistance
to passage of chyme at the pylorus.

4  Roleof the Pylorus in Controlling Stomach Emptying. The distal opening is the pylorus

%  The pyloric sphincter is characterized by strong circular muscle (as compared to the antrum)
and remains slightly tonically contracted most of the time. However, during pyloric
constriction, it is usually open enough to allow watery chyme and fluids to still pass through
the pylorus into the duodenum, but not food particles.

% Pyloric constriction is determined by (both are from the duodenum and stomach):
¢  Nervous reflex signals
¢  Humoral reflex signals

%  Whatis the purpose of gastric emptying?
<&  Todeliver chyme to the intestine to continue its digestion and absorption.
¢  Therate at which chyme is delivered matters!

% Therate of stomach emptying is controlled by signals from the stomach and duodenum
with the latter being far stronger and controls emptying of
the chyme at a rate that allows the proper digestion and absorption in the small intestines.



#) Stomach emptying ot s

Factors that Regulate Gastric Emptying Important
Gastric Factors that Promote Powerful Duodenal Factors that
Emptying (usually are gastric Inhibit Emptying(usually are
factor) duodenal factor)

Distension

Trigger Neural or Hormonal Responses

I-Gastric Factors that Promote Stomach Emptying:

A-Effect of Gastric Food Volume on Rate of Stomach Emptying:

1 food volume -> pressure on pyloric sphincter = 1 gastric emptying
% Increased gastric food volume - increased stretch in the stomach wall (which elicits local
myenteric reflexes) increased pyloric pump activity & the tonic contraction of the pyloric
sphincter gets inhibited, leading to increased stomach emptying.

B-Effect of the Hormone Gastrin on Stomach Emptying:
Gastric activates oxyntic cells to secrete GCL ot also 1 activity and motility of pyloric pump & Antrapump
region = promote emptying.

%  Gastrin is released from the antral mucosa in response to the presence of digestive

products of meat.

< It promotes the secretion of acidic gastric juices (e.g. HCl) by the stomach gastric glands
(or oxyntic glands) located on the inside surface of the body and fundus of the stomach;
(i.e. proximal 80% of the stomach).
It also enhances the activity of the pyloric pump and motor stomach function (moderate

effect) and probably promotes stomach emptying.
Gastric Factors that Promote
Emptying

Proteins stimulate
release of Gastrin

O
*%*

Females Doctor: The presence of food in the stomach
causes:
I.  Distension of the stomach, which will trigger
neural response by the Vagus nerve and the
Enteric Nervous System.(long reflex vgus)
2. Theproteinsin the food stimulate G cell to release
of Gastrin.

Both of these factors increase the motility of the stomach. Increase motility of the
stomach

Neural



Male slides

&) Stomach emptying

2-Powerful Duodenal Factors That Inhibit Stomach Emptying:

i Note:The first 2 detailed boxes are in the males slides only. Alternatively, you can find the females doctors’
' simple explanation in the 3rd box in the next slide.

_____________________________________________________________________________________________________

A-Inhibitory Effect of Enterogastric Nervous Reflexes from the Duodenum:

%  Whenfood enters the duodenum, multiple nervous reflexes are initiated from the duodenal wall
and pass back to the stomach to regulate stomach emptying depending on the volume of chyme in
the duodenum.

% These duodenal reflexes are mediated by three routes: goal:
¢  Directly from the duodenum to stomach through the ENS (enteric nervous system) in the
gut wall.
<&  Through extrinsic nerves that go to the prevertebral sympathetic ganglia and then back
through inhibitory sympathetic nerve fibers to the stomach.
<& Through the vagus nerves reflex (to a slight extent) -> the brain stem > inhibit the normal
excitatory signals that are transmitted to the stomach through the vagus nerves.
%  Thesereflexes inhibit the pyloric pump and increase the tone of the pyloric sphincter thus
decreasing stomach emptying.
%  The duodenal factors that can initiate the enterogastric inhibitory reflexes include:

Duodenal distension.

Duodenal irritation.

Duodenal acidity.

Osmolality of the chyme in the duodenum.

Protein (and may be fat) content of the chyme in the duodenum.

COOOO

Very Important: The Inhibitory Effect of Enterogastric Nervous Reflexes from the Duodenum is what causes
the Feedback Relaxation

B-Hormonal Feedback from the Duodenum Inhibits Gastric Emptying — Role of
Fats and the Hormone Cholecystokinin:

%  Fat entering the duodenum or acidity of chyme or excess quantities of chyme causes (probably a
receptor mediated mechanism) the release of:
¢  Cholecystokinin (CCK), acts as an inhibitor to block increased stomach motility caused by
gastrin.
<  Otherinhibitory hormones such as secretin and gastric inhibitory peptide (GIP) from the
epithelium of the duodenum and jejunum.
Release of CCK (and probably secretin, and GIP) circulate and inhibit the pyloric pump and increase
the tone of the pyloric sphincter, thus decreasing stomach emptying.

0
°
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Powerful Duodenal Factors that Inhibit Emptying

Distension

Enterogastric
Reflex

Females Doctor:

Acid in

|

Secretion release
I from duodenal
mucosa

by blood)
+

Pancreatic duct
cells

l(Sacmtin carried Neutr

Female slides

Stomach emptying

Fat Acid Hypertonicity
GIP | Cells S Cells
f

CCK Secretin

Decrease Motility of the Stomach

decrease

alizes

ISecmtion of aqueous
NaHCO, solution into
duodenal lumen

© Brooks/Cole - Thomson Leaming

Fat and protein F—===> acidic ehy::o in duodenum
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&) Digestion in the Stomach

Carbs in diet include;

b=

Carbohydrates

Cellulose.
Starch.
Disaccharides.

Stomach digests 30-40% of consumed starch to maltose by action of salivary amylase.

(AL
Fat

Fatin diet include;

TGs.
Cholesterol

Stomach digests <10% of consumed TGs by action of lingual lipase.

@

Protein

- Initiates protein digestion.
- By action of pepsin.

- Stomach digests 10-20% of consumed proteins transforming them into polypeptides,
peptones.



These summaries are written in the boys’

“ s u m m a ri es slides, they are not extra effort from us

Phases of Gastric Secretion:

I.  Cephalic phase(30%): Smelling, Chewing and swallowing Stimulate parietal G-Cells (via GRP).
2. Gastric phase (60%): gastric distention proteins
3. Intestinal phase (10%): digested proteins

Regulation of Stomach Emptying:

Gastric Factors That Promote Emptying:

Food Volume: Increased food volume in the stomach promotes emptying from the stomach

(inhibits the pylorus).

Gastrin hormone: enhances the activity of the pyloric pump. Thus, it, too, probably promotes stomach
emptying.

Powerful Duodenal Factors That Inhibit Stomach Emptying:

o  Atthe presence of food in the duodenum, multiple nervous reflexes are initiated from the
duodenal wall that pass back to the stomach to slow or even stop stomach emptying via one of
the following routes:

Directly through ENS
Through extrinsic nerves that go to the prevertebral sympathetic ganglia and then back
through inhibitory sympathetic nerve fibers to the stomach.

o  Through the vagus nerves.

The types of factors that can initiate enterogastric inhibitory reflexes include the following:

The distention of the duodenum.

Acidity of the duodenum activates S cells to release Secretin which constricts the antrum.

Fat (monoglycerides) in the duodenum activates different cells to produce CCK and GIP that delay gastric
emptying.

Hyperosmotic or hypoosmotic solutions delay gastric emptying.

Amino acids elicit inhibitory enterogastric reflexes; by slowing the rate of stomach emptying.

Constriction of Pyloric Sphincter:

L.
2.
3.

Hormones promote constriction of pyloric sphincter and inhibit stomach emptying:
Cholecystokinin (CCK)

Secretin

Glucose-dependent insulinotropic peptide (GIP)

Sympathetic innervation



4 Summaries

(o J sl Actions

Hormone Site of secretion Stimuli for secretion
Stimulates: Inhibits:

(Acid inhibit its release)

G cells of the: Bt
. - Antrum B P['oteln. fth h - Gastric H* secretion
§astr|n(M) - Duodenum B Dlstentl-on 0 t. e stomac - Growth of gastric mucosa B
- Jejunum - Vagal stimulation
' - (GRP)
- Pancreatic enzyme secretion
L cells of the: - Protein - Pancreatic HCO, secretion
Cholecystok!n!n - Duodenum - Fatty acids - Gallbladder contraction Gastric
(CKK) - Jejunum _ Acidz - Growth of the exocrine emptying
- lleum pancreas
- Relaxation of sphincter of Oddi
s cells of the: - Pepsin secretion
P ’ . . - Pancreatic HCO™, secretion
Secretin - Duodenum - Acids & fat in the - Biliary HCO" 3
= - Jejunum p duodenum vy 3 .
~lleum - Growth of the exocrine
pancreas
Gastric H*
secretion
Glucose- s of th brotel
Dependent _ Duodlt(eriﬁms of the: : F:t)tte;ncids - Insulin secretion from
Insulinotropi - Y pancreatic B cells
su ' otropic - Jejunum - Oral glucose
Peptide (GIP)
M cells of the: - Fat
. . - Gastric motility
ﬁotllln i Du_odenum ~Adid - Intestinal motility B
-Jejunum - Nerve
Phases of gastric secretion
Smell £CL ce @
ISN'TITHE DIGESTIVE ﬁg:’f “ fm“ Vagus nerv
Hw‘oughx |
Stomach
Distention
e
pH <3

D cell Somatostatin )

Small intestine
Distention S ce G
Protein degrada-,
tion products
Lipids K cells GIP ®
- Hyper-
osmolarity
- Acidic i
f—————{ |cells ~(Cholecystokinil
chyme - ©



https://drive.google.com/file/d/1qS3US0-XuZS8zVB_kvk85ZKJOXeIdhxJ/view?usp=drivesdk

TEST YOURSELF |
MCQ:

QI) Receptive relaxation reflex triggers by?

C)presence of

A) stretch receptor B) swallowing reflex nutrients in small D) all of them
intestine

Q2) Atrophy of gastric mucosa leads to?

A) protein - . - - .

Malabsorption B) jaundice C) pernicious anemia D) diarrhea

Q3) Pepsinogen is converted to pepsin by?

A) Secretin B) CCK C) Somatostain D) HCL

Q4) Which one of the following is “Hormone acts as inhibitor to block increased stomach motility
caused by Gastrin” ?

A) Gastrin B) Secretin C) Motilin D) CCK

SAQ:

Q1) What are the three types of relaxation occur in gastric reservoir?

Q2) Mention factors that promote stomach emptying?

Ié}

Here.. for youl After studying this lecture.
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